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Evidence Base of Diagnosis of Corona Virus 
& 

the treatment of COVID-19 
 

Ques-1:  Why the panic of corona virus? Projection Vs reality 

U.S Centre for disease Control and Prevention predicted in the month of February1 from 200000 to 1.7 
million deaths due to corona virus this season in US alone. 
 
In contrast the total flu (Covid-19 is also a Flu) death this season is about 20000 to 500002 which is less 
than the number of flu death in the previous four seasons (2018, 2017, 2016, 2015) 
 

 

 

 

 

 
 
 
 
 
 
 
 
If we extrapolate the US model to India, the total corona deaths should have been between one lakh to 70 
lakhs. In contrast the total Covid-19 death so far is 72 (till 3rd April) and 80% of them were having 
comorbid conditions  and average age more than 60 years.3   Here we must keep in mind the average life 
expectancy of India is 68 Yrs  (Source World Bank). 
 
Similarly ahead in this article you will see even in Italy there is no excess death this season. Infact every 
year in winter the ICU is 85% -90% full 4. 
 
 
 
 
 
 
 
 
 
 
 
 

Flu Hospitalization in U.S.A1
 

Year Number 

2016-2017 500000 

2017-2018 800000 

2018-2019 500000 

2019-2020 525000 



 
 
 
 

 

 

 

 

 

Ques-2: What is Covid-19 / Corona Virus? 

A Corona Virus is like any influenza virus and the disease it causes is called COVID-19. 
 
COVID-19 can be put in ILI (Influenza like Illness) group as it shares many features of Influenza 
including: 

• Mortality rate about 0.1% 
• The virus attacked the respiratory tract. 
• Common symptoms include fever, cough weakness and shortness of breath. 
• It’s a single strand RNA segment 
• It’s airborne / waterborne like any other flu virus. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Ques-3:  Now the question arises how do we get to know whether a person is a 
patient of corona virus or covid? 

There is only one way-rtPCR Test-Reverse transcription Polymerase Chain Reaction Test- a test kit by 
which you can diagnose whether a patient has contracted coronavirus or not. Whenever a machine or 
gadget is bought, whether car, camera or laptop, a manufacture’s manual is provided. Similarly, when a 
rtPCR kit is bought, a manufacturer’s manual will be provided. If you look at the manual it clearly says 
under  Regulatory Status – ‘For Research Use Only, Not For Use In Diagnostic Purpose.5   

It is very clearly mentioned that it is only for research and not to be used for diagnostic purpose. This is 
the manufacturer’s mandate. Not only  the manufacturer’s mandate, it has also been said by the inventor 
of this kit, Kary Mullis, who is a Noble Prize winner6 

Why this is not for diagnostic purpose ? The answer to this question is that- specificity of this test kit is at 
the most 99%. Specificity means that you can subject any random 100 healthy persons to undertake this 
test, and then it will declare any one person as false-positive. This was proved on 18 th  March 2020 in 
Iceland. On the 18th this test7 was carried out on 1800 healthy people and 19 people were identified as 
coronavirus patients. This is when the test kit was functional with full efficiency. If we listen to the advice 
of White House then the coordinator of corona virus in the White House, Dr. Birx, is of the opinion that 
the kit has 50% chance of proving false8. That means every second test could be proved wrong. For this 
very reason in Finland on 20th March, the health ministry in Finland, rejected this test kit9.  

To understand the confusion, we have to turn some pages of the medical journal. According to the 
American Journal of Medical Association of 27th Feb 202010, 4 patients of Wuhan were tested with this 
kit. They were declared corona virus negative by this test kit just before being released from the hospital. 
They were discharged from hospital and allowed to go home. After about 13 days, they were tested with 
the same kit and were discovered to be corona-positive. What does this mean? Either they were never 
negative in the first place and they had coronavirus, secondly, they were cured but again contracted 
infection on reaching home, thirdly, their body is coronavirus free and the test is wrong, hereby meaning 
that there is no conclusive answer with anyone. 

Now let us move on to 4th March -The Lancet11- a very important journal. There is a case study of a 
patient in Singapore in this journal. This patient was taken to the hospital in high fever, where he was 
tested for Dengue and declared dengue-positive, for which treatment began. The doctor decided to test 
him for corona virus and was found to be coronavirus -positive as well. The question is whether to 
consider him a dengue patient or a coronavirus patient? Was it false positive in both the cases? Simply 
put, there can be no conclusive answer. 

Let us move onto 5th March- New England Journal of Medicine12- the first patient to get Coronavirus In 
the U.S. A sample was taken from his nose and it was tested corona positive. A sample from his mouth 
was tested corona- negative. It is up to you to draw your conclusion. I can only say that the reliability of 
this test is zero.  

 



Even the founder of Cochrane Collaboration  Peter Gøtzsche had written in a report in the British 
Medical Journal13 of the 6th March wherein he stated that the only way to come out of the present 
environment is by removing the testing-kit. This testing kit is the root cause of all problems.. 

Actually, I have also invented a test kit by which you can by sitting at home determine whether you are a 
corona patient or not. Are you interested? This test only requires 15 seconds to find out whether you are a 
corona patient or not. Your 15 seconds start now. Akkad bakkad bambe bo , Assi nabbe poore sau, Sau 
mein nikla dhaaga Chor nikal ke bhaaga.  The finger is pointing towards you at the end of this counting, 
that means you are coronavirus patient. If there are 10 people and you want to find out the patient, then it 
is very simple. Just memorize this counting style and wherever the finger points, that person is the patient.  

You will say this is a big joke. This is a fluke. What will you believe in – science or fluke? What is the 
meaning of science – a manufacturer’s manual, or inventor? All medical journals? Science is saying that 
this test kit is illogical, illegal and crime. Who is recommending this test kit? Only one organization is 
doing it and that is WHO (World Health Organisation) which was declared a thief by PACE-
Parliamentary Assembly of Council of Europe14-10 years ago. Remember about 10 or 11 years ago there 
was a similar kind of situation and the villain then was H1N1 pandemic. After a few months the Director 
of WHO let out some secrets to unearth a big medical scam. So to adhere to any advice from such an 
organization is a sin.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Ques-4: The question is if this is a scam then why are so  many people dying in 
the world?  

11500 (as on 31st march 2020) people have died in Italy in 2 months. Will you follow the media or the 
health ministry of Italy? of Italy? Yesterday I got in touch with people of Italy to know the  real time 
status of Italy15. Besides this, the summary report of the National Health Institute of Italy 16dated 20th 
March 2020, states that  48.6% people had 3 other ailments besides corona, 26.6% people had 2 other 
ailments besides corona, 23.5% patients had 1 other ailment other than corona. Only 1.2 % had corona. If 
we have a look at the death certificates of the patients then only 12% person17 had died due to corona 
virus, as per the report of NHI. In reality only 1380 have succumbed due to corona virus.  

There is a difference- dying with corona virus  or dying from corona. They mean that 12% people died 
from corona virus and the rest died due to some other disease.  

If you are not yet convinced then please visit website-Euromomo.eu18where you will find data of the 
mortality rates of the last 5 years within Europe. You can see mortality rate in Italy or any other country 
during the last 5 years is almost the same . The only difference is that this time  each death figure was 
reported in real time through social media  and panic was created. 

The question is what to do in this situation. What is the media saying, what is the public saying? You 
have a choice. 

 Actually UK govt. in January19 released a statement that  22 Lakhs death  in USA and 5 lakhs deaths  in 
UK will occur due to corona. A special status was given to coronavirus-HCID (High Consequence 
Infectitious Disease ). Now 2 months later,  after compiling results from all over the world UK govt has 
realized that coronavirus is only a simple flu virus and can be treated in any hospital or clinic. 

 Quietly on 19th March they removed coronoavirus from HCID20 and put into normal virus. But they hid 
this fact from public and social media.  So I made a video on the 28th and reached out to you all with this 
report where UK Govt admitted that they were wrong about Corona Virus Pandemic.  And today with 
your help this report has reached every household. Oon 26th March  the New England Journal of 
Medicine 21 and 27th March Research Paper in The Lancet22, reported that this Corona virus is not so 
deadly as was expected and the death rate is 0.1% which is equivalent  in case of any normal flu 
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Ques-5:  Status of CDC 2019 – nCov- Real Time rtPCR diagnostic panel as on 
30th March 2020 23 

• Detection of viral RNA may not indicate the presence of infectious virus or that 2019-nCov is the 
causative agent for clinical symptoms. 

• False positive is more likely when prevalence is moderate or low. 
• The performance of this test has not been established for monitoring treatment of 2019-n Cov 

infection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
Ques-6:  Corona Virus Vs Flu 
 
The new corona virus causing COVID 19 has led to more than 454,000 ilnesses and more than 
20550 deaths worldwide. For comparison in the US alone the Flu (also called influenza) has 
caused an estimated 38 million illnesses, 390,000 hospitalizations and more than 23,000 deaths 
this season according to CDC24 (as of 25th march 2020)  
 
The death rate of COVID-19 and Flu is  0.1%21. The Ro  of corona virus is 2.221  whereas Ro  of 
Flu Virus is 1.324.   
Here we must remember the Ro is not an intrinsic feature of the virus. It can  be lowered through 
containment, mitigation and ultimately “herd immunity”, as the people who have recovered 
become less susceptible to infections or serious illnesses. For the epidemic to begin to end the 
reproduction rate has to drop below 125 
 
Based on the above facts and figures, here is how it compares in terms of the death rate and 
transmission rate (RO)  to other viruses. 
                                                                                                         Reference 26 

 
 
 
 
 
 
 
 



 
 
 
Symptoms : Corona V/s Flu24 
 
The new corona virus and the seasonal flu are similar in many ways. Both are respiratory 
diseases that spread through droplets of fluid from mouth and nose of someone who is infected. 
Both are contagious and produce similar symptoms such as fever, cough, muscle ache, weakness 
and are particularly hard on elderly. 
 
 
 
 
The Difference 
 

1. They come from different family of virus. 
2. People have more protection from flu virus because they are exposed to flu virus 

repeatedly every year. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
Ques-7:  Yearly Flu death figures in UK 
 
Looking at the year-to-date, the number of deaths is currently lower than the five-year average. 
The current number of deaths is 150,047, which is 3,350 fewer than the five-year average. Of the 
deaths registered by 27 March 2020, 647 mentioned the coronavirus (COVID-19) on the death 
certificate; this is 0.4% of all deaths. 27 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
Ques-8: WHO recommendation of RT-PCR test 
 
WHO has recommended to use RT-PCR test to diagnose Corona Virus.28 
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3 Most Important Questions 

 
Ques-9: Not a single extra death due to Covid 19 across the World? 
 
Looking at the above data directly from respective Government Website we can see there is no 
excess mortality in this season in US or Italy and in fact it is lower the five year average in case 
of UK. Similar trend can be seen in all European countries through EUROMOMO.EU 
In India every year respiratory infarction (Influenza like Illness) kill nearly 3,50000 people29 i.e 
regularly 1000 deaths every day due to influenza like illness (ili). Now if you compare the total 
death of COVID-19 patients till now (not every death is due to corona itself, it could be due to 
the side effects of medications as explained below), it is  coming to be a mere fraction of the total 
death due to ILI. 
 
Ques-10: It is impossible to stop corona virus with lockdown because… 
 

1) 80%30  of the corona virus carrier are asymptomatic and so cannot be detected through 
present thermal screening method, employed initially airport and subsequently in 
colonies etc. 

2)  Among the symptomatic COVID patients 57% do not have fever31 
3) The present thermal scanner used is the industrial thermal scanner32 with an acceptable error of -

40 F. 
If we combine the above three points its conclusive that 95% of the cornona carrier will never be 
detected with the present mass screening strategy employed since last week of January 2020. 
So inspite of lockdown there can be active transmission of virus through essential services like 
vegetables/fruits/milk etc. So according to the Oxford model33, inspite of the lockdown 50% of 
the UK population is already infected, leading to developing  “herd immunity” which will finally 
lead to protection from Corona Virus deaths. The same scenario can be assumed for India as well. 
 

 

Ques-11: If not corona what is the true cause of death of COVID-19 patients. 

To get the answer we have to go back 100 years. In the year   1920 H1N1 Spanish Flu the world’s worst 
flu outbreak in which 10 crore people died, which was approx.5 % of the total world population then. 
Among them were 1 crore 80 lakh Indians. It was believed that the virus was very strong, deadly and 
dangerous to have killed crores of people. But now medical science is very clear that the actual cause of 
deaths was not virus but some other reason. Which means that between 1918-1920, whenever anyone 
came down with flu, that person was dumped in the hospital-into a cramped room without fresh air, 
sunlight and adequate nutrition, and that was the cause of the death. Just then, there were very few 
hospitals in the world which were given the name of ‘Open Air Hospitals34’. This meant that the patient 
was kept in fresh air and also provided with sunlight and these patients walked out of such hospitals alive. 
So if we take that example and compare it with the present context, then if anyone is detected with corona 
virus, then that person is quarantined completely in a way that the person is cut off from fresh air and 
sunlight. Also the food is processed and packed or cooked in a way that the person can fill his stomach 
but nutrition is almost negligible. In such a situation the patient takes a longer time to recover. Also, if the 
patient has been suffering from other ailments like kidney failure, diabetes, heart disease or high blood 
pressure and administered with anti-malarial drug35along with antibiotic then it is seen the combination 

of these 2 medicines in the last 40 years has resulted in QT prolongation of heart
36

meaning the heart 



beat dangerously rises and causes sudden cardiac death. This has been seen in the research paper of 27th 
March of Journal of American Medical Association37, according to which the cause of death is 
myocardial injury, meaning injury in the heart. This happens in 1/3 of the patients. This means it is clear 
that the cause is either coronavirus or the treatment for coronavirus. Also we have cut ourselves from 
fresh air and sunlight in our quest to recover. Remember, fresh air and sunlight are 2 precious gifts to us 
from GOD and are antiviral. Not only that, these 2 plays an important role in boosting our immunity.  

Wherever there is lockdown, people suffer from blood sugar, blood pressure, weight issues and 
depression. The rate of depression has risen. Meaning that the people are falling sick because of the lock 
down protocol . Locking up in the house has its own hazards. At least 1/3 of the people are worrying 
about losing their jobs. The Economic Times quotes that 30 % of the Indian population is on the verge of 
losing their jobs, in such a situation, depression has already set in over and above the fear of losing their 
job. This is a dangerous situation. So the need of the hour is to come out of this situation by empowering 
yourself with the right kind of knowledge 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Ques-12: Lockdown V/s No Lockdown (as adapted from the Video of the same 
name) 

There are only 2 ways to tackle an enemy in this world. 1. Defence and 2. Offence. Defence means to 
protect oneself, to live in shield or hide till the enemy runs away or dies. 2. Offence meaning the attack is 
from your end. Today our enemy is coronavirus. Here also there are 2 strategies-defence and offence. In 
this world 90% of the world is on the first strategy that is defence-lockdown. What are we achieving by a 
LOCKDOWN?  We are shielding ourselves from the coronavirus, as in defence, so that it can’t attack us 
and we will continue to do so till it either vanishes or dies. 

Today there are 21 countries or 10 % of the world in which corona came at the same time and rightly  
thought of following the second strategy-offence, a strategy to attack, known in medical language as 
HERD IMMUNITY.  

There are 2 ways to fight with coronavirus. One is Lockdown and second is No lockdown. You have all 
the data to inform you about what we have achieved with a lockdown whether in Spain, Italy, US, UK, 
India or China. In all these countries they thought of their own action plan to win through defence 
meaning that we lock ourselves in while coronavirus is waiting, gets tired and runs away. How many 
people suffered or died with this? I am not providing the statistics because all of it is coming on the TV in 
real time. You would have memorized by now.  

 

But there are 21 countries in the world where there has been no Lockdown. You will be surprised to know  

 

that after following strategy 2- offence, they have not reached even double digit figures in death, in some 
cases there have been no deaths. If you study the list carefully you will find 2 countries- Japan and 
Sweden where corona death has reached 3 digit figures. To find out why there have been such few deaths 
in these 2 countries where they followed herd immunity, I investigated at my end. 



You have to understand that when coronavirus enters the body, then we are inflicted with COVID-19. 

Covid-19 is like influenza falling in the category – Influenza like illness in which category also falls 
H1N1. Every year thousands of people all over the world die due to this in Japan, US and India. I have 
studied the past 6 years in Japan38 to find out how many deaths have occurred due to influenza.  

 

In 2014-15 wherein the influenza season occurs from November-April, 2015-16, 2016-17, 2017-18, 2018-
19, 2019-20 till April 10, I have tried to analyse how many deaths have occurred due to influenza like 
illness. All the data is on the screen in between the dotted lines. In the last 5 years the death this year has 
been very less as compared to previous years. This is the story of Japan. 

Now let us talk about Sweden18. I have studied the total mortality of Sweden and you can find it on the 
screen.  

 

If you carefully look at the graph on the screen you will find that death due to corona is more but if you 
compare figures with previous year and year before that you will  see that the deaths due  to influenza is 
more than corona deaths. In Sweden and Japan the figures have crossed 3 digits but if we compare 
previous years then the situation today is much better. Meaning to say that the situation is much better in 
the 21 countries where there was NO LOCKDOWN rather than in those countries where LOCKDOWN 
was imposed to win over the fight with coronavirus. 

Now what I want to ask is why is there no story circulating in the media about these 21 countries? I tried 
to seek its answer. Here is a story. Imagine that like every year, this year will also see the mango season. 
People climb mango trees and pluck mangoes to eat. Some people however fall from the trees while 
plucking mangoes.Then there is rumour in the administration that this year there has been an unusual crop 
of mangoes such that if those mangoes are eaten it will probably result in the death of people. This means 
that everyone has been warned not to step outside till the mango season is over. You are craving for 



mangoes so the administration said that we will provide you with mangoes. They started filling the bottles 
in a way like this, so that you can have as many mangoes as possible. This mango juice contains many 
deadly chemicals. On one side is God given gift the mangoes. And on the other hand here is the manmade 
mango juice. It may be 100 % natural yet can never equal God’s mango. 

Let us talk in terms of vaccine in today’s context. Those 21 countries never needed any medicines nor 
vaccines to increase their herd immunity against corona virus. 

What is vaccine? Let me explain with an example. Let us assume this is coronavirus and when this enters 
the body, remember everyone will not fall sick. Statistics show that 80% people will not fall ill due to 
coronavirus. They will not even know that they are the carriers of coronavirus. Only 20% people fall sick. 
Even among them 10% have fever and the other 10% develop cough and these recover fast. The other 
10% who had fever out of these only 1 will die and the other 999 will recover. What I want to say is that 
when coronavirus enters your body through nose, mouth or contact then 80 % of the people will not 
know. Only a few will know and they will hope to recover soon. The benefit you will gain is that your 
body develops immunity or antivirus to fight the coronavirus so that the next time it enters your body, 
your body will be in a better position to fight. This is known as natural immunization. This is what the 
pharma company wants to achieve through vaccine.They want  you to stay locked in as there is a virus 
outside that will kill you. But then they will prepare vaccine for you by putting the virus in a bottle and 
then put this virus into your body and body will fight the virus and develop immunity. 

This vaccine is not going to be bought by 21 countries because herd immunity is already developed. If 
death due to corona occurred then pandemonium would be there and lakhs of people would have died. 
Fortunately this did not happen.  

Let’s Talk about India!  In India Lockdown has been implemented since March 25-2020. Lets rewind  and 
go back to January 2020, and consider this imaginary situation. Imagine you have been given the 
responsibility to provide  security to the entire nation and you are alert not to let any enemy enter into 
your country, loot or attack it. And you have spies all over the world and you are security in charge of the 
entire nation. Your spies inform you that smugglers are going to enter from different parts of the world 
and will eat away the whole country. You have to save the country so you ask how I will recognize them. 
Spies tell you that the smugglers look just like normal citizens and cannot be spotted easily. So you ask if 
I cannot identify them how will I catch them? They tell 
you that some of the smugglers have moustaches.  

You get an idea  atleast we can catch the smugglers with 
moustaches. So you ask how many of the smugglers have 
moustaches. Spy tells you that 10% of them have 
moustaches and 90% donot have. . So you make up your 
mind to catch at least 10% of these smugglers. So you put 
a high alert at the airport and other ports  and announce 
that any passenger with moustaches should be detained 
and scanned  and after due scrutiny should  be allowed to 
go. May be they are smugglers! Also you give your 
security guards special glasses through which any 
passenger with moustache can be easily seen and spotted. 
But unfortunately the glasses were in such a bad 
condition that passengers with moustaches could not be 
spotted at all. So the smugglers entered into the country 
even after you were on high alert crossed the airport and 
entered into the country and ransacked the whole country. 



Now this example can be related in today’s context. The smugglers here are the carriers of the corona 
virus and not patients.  I told you that 80% of the people are carriers of the virus without even knowing 
about it. And the Glasses here are the ‘THERMAL SCANNERS’  means only   10% of the people whose 
temperature is high can be detected through this thermal scanner. January last week onwards these 
thermal scanners were used at the airports to scan the passengers coming from abroad and only after 
scanning people were allowed to go.   

 

Now this thermal scanner has some real problems and to know about these problems  I have here with me  
Thermal Scanner expert  Mr. Ashutosh Mittal who is the owner of the Company Gibson that 
manufactures Thermal Scanners. Lets hear what he has to say about Thermal Scanners used at the 
airports that time from  January onwards.  

Ashutosh ji I have this thermometer manufactured in your company. In January /February when I was 
coming back from Malaysia, at the airport this kind of thermometer was used for scanning. I want to 
know what kind of thermometer is this. And this one manufactured by your company used for which 
purpose.  This I can understand is meant for measuring human body temperature and this one is for 
industrial purpose. But can this industrial thermal scanner be used for measuring human? No , Dr Saab 
this is Industrial Thermometer. Measuring range of this thermometer is 50 degree Celsius to 550 degree 
Celsius. If we talk in Fahrenheit its range is minus  58 degree to 1022 degree and the variation is 2% plus 
minus + 2 degree Fahrenheit which means 4 degree Fahrenheit Plus minus is its tolerance. And because 
this one is industrial and this one is medical thermometer. And medical thermometer performs a 
calculation after taking temperature from human body surface. But this industrial thermometer doesn’t 
use this calculation and can show variation as high as 10 degrees. Which means it can show the 
temperature of 99 degrees as 89 degrees or 109 degrees. This is industrial thermometer and using these 
thermometers for measuring temperature is a completely futile exercise.  But I saw that at airports and 
also in our colonies these industrial thermometers were being used. So that means it was useless!  
Actually  in January / February when corona started,  these infra red or Medical thermometer were 
exported out of India and when guidelines were received in India to measure temperature these were not 
available and only industrial thermometers  were available and  people did not have much knowledge 
about it  and used these industrial  thermometer unknowingly.  It cannot be used to diagnose high 
temperature. That means in the month of January, February and March the entire exercise of scanning 
done at the airports  with this thermometer was useless or completely futile. Those scanned with industrial 
one is futile. Those that used Medical thermometer could be correct but in this Medical thermometer too 
there was this issue that measuring distance of this medical thermometer is 125cm. Different 
manufacturers have different  distances and this one says 125 cms which means the distance should be 



this close but as we saw it in television or videos  measurement was done from this far. From this distance 
this will not give the right measurement as the distance should be 125cm. You mean when the 
temperature was measured and  if you remember it was done from this far this will not give the right 
picture and will be less which is again Futile. That means when this one  (Industrial Thermometer) was 
used  it was  absolutely futile and using medical thermometer a distance was quite far which again 
resulted in less measurement and a distances of 125 cm was not maintained and was measured from far 
which would have resulted in temperature difference.  

You just heard that the strategy to scan through thermal scanner to stop the corona patients failed 
completely. Which means before lockdown since January February and till march end  these corona virus 
carriers kept coming into the country from all over the world and spread throughout the country. Though 
we were quite alert but they still spread into the country. Today at this point of lockdown its obvious that 
these corona virus carriers and not corona patients who themselves are unaware about it are spread 
throughout this country. Now take this imaginary situation that I am a corona virus carrier and despite 
lockdown I am allowed to go to buy vegetables and fruits during 3-4 hrs breaks. I take  this mango and 
hold it  and I do not like it so keep it back. Then I buy some mangoes while  I keep the mango back that I 
did not like.I am carrier of Corona virus and not its victim or patient. So is this mango infected with 
corona virus. Yes it is! Now another healthy person is also there to shop for mango and buys this infected 
mango unknowingly which means corona virus reached his home. What I want to say that in spite of 
lockdown corona virus is spreading  and in a country like India it is not possible to stop its spread. India 
has a population of 140 crores and has a police force of approximately 15 lakhs and a good sizeable 
number of these policemen are  engaged in VIP security and other work. With limited number of 
policemen it is nearly impossible to keep an Indian  population of 140 crores locked inside homes. And 
whatever tits and bits you are watching on the TV and around you cannot be expanded and  generalized  
for the whole country. So that means according to me corona virus has spread all over the country. And if 
its has spread then it’s a good news because that would means India has achieved “herd immunity”.  You 
can also see that corona deaths in India are 360. In a country of 140 crores 360 deaths  is a miniscule 
number. And these 360 deaths are because or corona or not is also questionable. As I explained in my 
previous video that RT PCR test for corona virus diagnosis is questionable and not a reliable test.  
Secondly I also explained that the treatment of corona after keeping the patient in quarantine, the 
medicines used for treatment is the very cause of deaths.  The evidences say so… So even if the patient 
died of corona virus the number is just 360 but the truth is we cannot be sure if they died of corona virus 
or  due to treatment or  due to other medical complications . But overall the numbers are very less.  So 
India has achieved “Herd Immunity” so we do not have to worry much about falling sick with corona 
virus as corona has transmission rate of 2 and mortality rate of 0.1% which is just like any other flu. Now 
I have a question for you. Imagine this is corona virus with mortality rate of 0.1% which means out of 
1000 people affected with corona virus only 1 will die with this virus and 999 people will recover and its 
transmission rate is 2.2, which means 1 person will infect 2 people further.  Imagine there is  another 
situation in India or anywhere in the world where another virus or bacteria many times stronger and 
deadlier than corona which means infectious agent whose transmission rate is 10 i.e will spread to 10 
people from a single infected person  5 times stronger than corona virus and whose mortality rate is  20 
times more than Corona. A virus which can kill 5 lakh people in a year or 1 person every minute!  If this 
kind of bacteria or virus arrives in our country what to do in such a situation? You will suggest that when 
we were quarantined for corona it’s obvious that in the other case of virus or bacteria too  we should  lock 
ourselves in our homes and there should be a  lockdown till it is contained or dies or goes away. I would 
like to tell you here that this is a bacteria here in this case and the disease is Tuberculosis. Very sadly I 
have to say that every year 4-5 lakh people die due to tuberculosis. Almost 1 person dies every minute. 
Which means 10 people have lost their life due to tuberculosis while you are done watching this video.  
So my question to you whose answer you have find as I could not find any answer to this. The way every 
death due to corona virus is reported every minute and highlighted on the TV . Same way Tuberculosis 



death toll which is 1000 per day is not reported and Highlighted on TV as 1000 people died of 
tuberculosis, now  1001, 1002… reaching 5 lakhs, reached a figure of 5 lakhs!  Why such a high figure of 
Tuberculosis deaths are not reported and highlighted  on TV. The answer to this question will not be 
given by me! You will give the answer and reason through comment section of this video… 

Now I ask you the second question. Whenever a patient is infected with corona virus then that  patient is 
quarantined and given allopathic treatment. Let me tell you that HIV medicine given in allopathic, 
remdesivir, an experimental drug, which has never been approved for any ailment or anti -malarial drug 
which has no link with coronavirus whatsoever. In fact it has been seen in the last 40 years that anti 
malarial drug abnormally increases heart beat resulting in sudden cardiac death. It is clear that this 
medicine may result in heart attack or cardiac arrest. There is no evidence that a coronavirus patient can 
recover. 

1. On one hand these medicines are being administered t patients and on the other hand Ayurveda 
and homeopath is being kept separate. These 2 branches are also part of Indian culture and also 
legal. But such doctors are not allowed to treat corona patients, patients are kept at a distance. 
They are using Ayurveda for prevention. If a person is inflicted with coronavirus does he have the 
option of choosing allopathy, ayurveda, unani, naturopathy or homeopathy. He has no choice 
simply because he is a guinea pig. He is administered allopathic medicines which have no 
relevance to coronavirus. Whenever an Ayurvedic practitioner approaches the health ministry for 
patients to be handed over to them for treatment then in reply he is questioned if he has ever 
treated a corona patient. What would happen if I had to ask an allopathic doctor the same 
question. Do you have any evidence of having treated a corona patient. He also does not have 
evidence and nor do you. You have not treated a corona patient before and nor have they.But 
there is evidence that the medicine being used for treatment has resulted in many people affected 
with heart attack or cardiac arrest. On 29th March 39  , Dr Utpal Barman, a senior anaesthetist 
from Guwahati complained of chest pain after taking anti malaria drug (as a preventive measure 
from COVID-19) leading to death due to cardiac arrest. 
 

2. On the basis of which evidence are people being administered anti malarial drugs? Why isn’t 
Ayurveda being given importance. In Tehran-Iran40 200 people in a hospital were treated with the 
strategy of Ayurveda and within 1 week 190 people recovered and the remaining 10 were 
observed to be recovering fast. On one hand in some part of the world Ayurveda is being used to 
treat patients and on the other hand in our country patients are kept away from Ayurveda and 
homoeopathic doctors. Why so.  

  

Ques-13:  How to Cure Covid-19 

If you are with science then you need not worry or need to be scared just as  incase of common cold or 
flu.  Now if you want to know  how to cure Corona Virus ,you will need to follow the s protocol of 
common cold or flu . If you want to cure in 3 days all you need to do is follow 3 step diet protocol. 

 
 
 
 
 
 
 
 



 
 
 

3 Step Diet Protocol 
                              (Based on 161 reference papers from 1920-2020) 31 

 
 Day 1: Liquid Day.  

If your body weight is 70 kg. The divide it by 10 to get 7.  

 This means in the whole day drink 7 glasses of fruit juice  + 7 glasses of coconut water 

 

Day 2 :  Fluid day. 

Body wt. divided  by 20. 60 divided  by 20= 3 glasses of citrus fruit juice+ 3 glasses of  

coconut water + tomato and cucumber  by weight ( body weight multiplied by 5). 

 

Day 3:  Solid Day. 

This means 60 divided by 30=2, which means 2 glasses of citrus fresh fruit  

juice without straining + 2 glasses of coconut water till 12 noon 

After that for lunch tomato + cucumber as you had yesterday 350 grams, 

 for a 70 kg person , that is 350 grams of vegetable . 

By dinner you will be able to eat normal home cooked vegetarian food. 
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7KLV�LV�DQ�RSHQ�DFFHVV�DUWLFOH�GLVWULEXWHG�XQGHU�WKH�WHUPV�RI�WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQVH��&&�
%<���7KH�XVH��GLVWULEXWLRQ�RU�UHSURGXFWLRQ�LQ�RWKHU�IRUXPV�LV�SHUPLWWHG��SURYLGHG�WKH�RULJLQDO�DXWKRU�V��RU�
OLFHQVRU�DUH�FUHGLWHG�DQG�WKDW�WKH�RULJLQDO�SXEOLFDWLRQ�LQ�WKLV�MRXUQDO�LV�FLWHG��LQ�DFFRUGDQFH�ZLWK�DFFHSWHG�
DFDGHPLF�SUDFWLFH��1R�XVH��GLVWULEXWLRQ�RU�UHSURGXFWLRQ�LV�SHUPLWWHG�ZKLFK�GRHV�QRW�FRPSO\�ZLWK�WKHVH�WHUPV�

6LQFH�������ZKHQ�WKH�K\SRWKHVLV�WKDW�+,9�FDXVHV�$,'6�ZDV�DQQRXQFHG��PDQ\�VFKRODUV�KDYH�
TXHVWLRQHG�WKH�SUHPLVH�DQG�RIIHUHG�DOWHUQDWLYH�H[SODQDWLRQV��7KLUW\�\HDUV�ODWHU��FRPSHWLQJ�SURSRVLWLRQV�
DV�ZHOO�DV�TXHVWLRQLQJ�RI�WKH�PDLQVWUHDP�K\SRWKHVLV�SHUVLVW��RIWHQ�VXSSRUWHG�E\�SURPLQHQW�VFLHQWLVWV��
7KLV�DUWLFOH�V\QWKHVL]HV�WKH�PRVW�VDOLHQW�TXHVWLRQV�UDLVHG��DORQJVLGH�WKHRULHV�SURSRVLQJ�QRQ�YLUDO�FDXVHV�
IRU�$,'6��7KH�V\QWKHVLV�LV�RUJDQL]HG�DFFRUGLQJ�WR�IRXU�FDWHJRULHV�RI�GDWD�EHOLHYHG�WR�VXSSRUW�WKH�+,9�
$,'6�K\SRWKHVLV��UHWURYLUDO�PROHFXODU�PDUNHUV��WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��(0��LPDJHV�RI�
UHWURYLUDO�SDUWLFOHV��HIILFDF\�RI�DQWL�UHWURYLUDO�GUXJV��DQG�HSLGHPLRORJLFDO�GDWD��'HVSLWH�WKUHH�GHFDGHV�RI�
FRQFHUWHG�LQYHVWPHQWV�LQ�WKH�PDLQVWUHDP�K\SRWKHVLV��WKH�OLQJHULQJ�TXHVWLRQV�DQG�FKDOOHQJHV�
V\QWKHVL]HG�KHUHLQ�RIIHU�SXEOLF�KHDOWK�SURIHVVLRQDOV�DQ�RSSRUWXQLW\�WR�UHIOHFW�RQ�WKHLU�DVVXPSWLRQV�DQG�
SUDFWLFHV�UHJDUGLQJ�+,9�$,'6�

³7KH�+,9�$,'6�K\SRWKHVLV�LV�RQH�KHOO�RI�D�PLVWDNH´��ZURWH�.DU\�0XOOLV�LQ������>�����S����@��0XOOLV�±�
1REHO�/DXUHDWH�LQ�&KHPLVWU\�������±�DQG�RWKHU�GLVWLQJXLVKHG�VFLHQWLVWV�KDYH�FODLPHG�WKH�+,9�FDXVHV�
$,'6�K\SRWKHVLV�LV�IDOVH��XQSURGXFWLYH��DQG�XQHWKLFDO��7KH\�KDYH�GRQH�VR�VLQFH�������ZKHQ�WKH�
K\SRWKHVLV�ZDV�SURSRVHG��7KLUW\�\HDUV�DIWHU�FRXQWOHVV�VWXGLHV��UHVRXUFHV��DQG�DWWHPSWV�WR�FXUH�KDYH�
EHHQ�SRXUHG�LQWR�WKH�+,9�$,'6�K\SRWKHVLV��LW�PD\�EH�IUXLWIXO�WR�DVN��:KDW�KDSSHQHG�WR�WKRVH�YLHZV�

7KLV�DUWLFOH�KDV�EHHQ�UHWUDFWHG��
5HWUDFWLRQ�LQ��)URQW�3XEOLF�+HDOWK�������2FWREHU���������������6HH�DOVR��30&�5HWUDFWLRQ�3ROLF\

��


�



DQG�YRLFHV�WKDW�RQFH�GLVDJUHHG"�+DYH�WKH�SDVW�WKUHH�GHFDGHV��ZLWK�WKHLU�VFLHQWLILF��WHFKQRORJLFDO��DQG�
SXEOLF�KHDOWK�GHYHORSPHQWV��EHHQ�VXIILFLHQW�WR�FRQYLQFH�FULWLFV�RI�WKH�K\SRWKHVLV¶�YDOXH"�+DYH�WKHVH�
DGYDQFHV�EHHQ�DEOH�WR�VLOHQFH�WKH�TXHVWLRQLQJ"

+HUH��,�V\QWKHVL]H�WKH�PDLQ�FULWLFLVPV�DLPHG�DW�WKH�+,9�$,'6�K\SRWKHVLV��DORQJVLGH�VHOHFW�XQRUWKRGR[
WKHRULHV�SURSRVLQJ�QRQ�YLUDO�FDXVH�V��IRU�$,'6��WR�DUJXH��IDU�IURP�EHLQJ�FRQGHPQHG�WR�H[WLQFWLRQ��
FRPSHWLQJ�H[SODQDWLRQV�IRU��DQG�WKRURXJK�TXHVWLRQLQJ�RI�WKH�PDLQVWUHDP�SUHPLVH�SHUVLVW��3HUKDSV�
EHWWHU�NQRZQ�E\�WKH�OD\�SXEOLF�WKDQ�E\�KHDOWK�SURIHVVLRQDOV��PDQ\�H[SODQDWLRQV�DUH��LQ�IDFW��DWWUDFWLQJ�D�
JURZLQJ�QXPEHU�RI�V\PSDWKL]HUV��7R�VXSSRUW�WKH�DUJXPHQW��,�HPSOR\�KLVWRULFDO�UHVHDUFK�DQG�GDWD�
V\QWKHVLV�PHWKRGV��,�XWLOL]H��DV�GDWD��WUDGH�DQG�SURIHVVLRQDO�SXEOLFDWLRQV�LQ�WDQGHP�ZLWK�DXWKRULWDWLYH�
VFLHQWLILF�VRXUFHV�

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�P\�SXUSRVH�LV�QRW�WR�UHYLHZ�WKH�VWDWH�RI�WKH�VFLHQFH�UHJDUGLQJ�+,9�$,'6��
QRU�WR�SHUVXDGH�UHDGHUV�WR�UHMHFW�WKH�PDLQVWUHDP�K\SRWKHVLV��,QVWHDG��,�DLP�WR�H[SRVH�UHDGHUV�WR�WKH�
SHUVLVWLQJ�FRQWURYHUVLHV��DQG�WR�PRWLYDWH�WKHP�WR�UDLVH�TXHVWLRQV�RI�WKHLU�RZQ��8OWLPDWHO\��WKHQ��WKLV�
DUWLFOH�LQYLWHV�WKH�SXEOLF�KHDOWK�ZRUNIRUFH�WR�UHIOHFW�RQ�SUHYDLOLQJ�DVVXPSWLRQV�DQG�SUDFWLFHV�UHJDUGLQJ�
+,9�$,'6��5HIOHFWLQJ�RQ�DVVXPSWLRQV�DQG�SUDFWLFHV�UHSUHVHQWV�D�FHQWUDO�WDVN�IRU�SXEOLF�KHDOWK�
SURIHVVLRQDOV��D�YLWDO�VWHS�WR�HQVXUH�WKHLU��RXU��SUDFWLFH�FRQWLQXDOO\�JURXQGV�LWVHOI�LQ�WKH�PRVW�ULJRURXV�
HWKLFDO�VWDQGDUGV�����

+,9�&DXVHV�$,'6��+RZ�9DOLG�DUH�WKH�'$7$"

,Q�������0DUJDUHW�+HFNOHU��WKHQ�6HFUHWDU\�RI�WKH�'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��
DQQRXQFHG�D�UHWURYLUXV�ZDV�WKH�³SUREDEOH�FDXVH´�RI�WKH�DODUPLQJ�LPPXQH�V\VWHP�FROODSVH�HPHUJLQJ�LQ�
WKH�86�VLQFH�����������:KHQ�VFLHQWLVWV�LGHQWLILHG�DQWLERGLHV�WR�D�UHWURYLUXV�NQRZQ�DV�/$9��RU�+7/9�
,,,��LQ����SHUVRQV��IURP�D�VDPSOH�RI������ZLWK�DQG�ZLWKRXW�LPPXQH�GHILFLHQF\�V\PSWRPV���WKH�
UHWURYLUXV�EHFDPH�WKH�FXOSULW�RI�ZKDW�ZRXOG�EH�SHUFHLYHG�DV�³WKH�PRVW�XUJHQW�KHDOWK�SUREOHP�IDFLQJ�WKH�
FRXQWU\´�LQ�UHFHQW�KLVWRU\�>��������S���@�

7KH�DQQRXQFHPHQW�LQWHQGHG�WR�DVVXUH�WKH�SXEOLF��WKH�P\VWHU\�VXUURXQGLQJ�WKLV�DSSDUHQWO\�FRQWDJLRXV�
DQG�GHFLGHGO\�IDWDO�LOOQHVV�±�ODWHU�ODEHOHG�$,'6�IRU�DFTXLUHG�LPPXQH�GHILFLHQF\�V\QGURPH�±�ZDV�
VROYHG��7KH�QHZO\�LGHQWLILHG�YLUXV�±�VRRQ�UHQDPHG�+,9��IRU�KXPDQ�LPPXQRGHILFLHQF\�YLUXV�±�ZDV��
DOPRVW�FHUWDLQO\��UHVSRQVLEOH�IRU�GHELOLWDWLQJ�SHRSOH¶V�LPPXQH�V\VWHP�DQG�PDNLQJ�WKHP�YXOQHUDEOH�WR�
LQIHFWLRQV�ZKLFK��EHIRUH�$,'6��ZHUH�HLWKHU�UDUH�RU�QRW�SDUWLFXODUO\�GDQJHURXV��1RZ��KRZHYHU��
LQIHFWLRQV�VXFK�DV�.DSRVL¶V�6DUFRPD�DQG�3QHXPRFLVWLV�FDULQLL�3QHXPRQLD�KDG�PRUSKHG�LQWR�YLFLRXV�
NLOOHUV���������%\�LGHQWLI\LQJ�WKH�SHUSHWUDWRU��VFLHQWLVWV¶�DWWHQWLRQ�DQG�JRYHUQPHQW�UHVRXUFHV�FRXOG�WKHQ�
IRFXV�RQ�WUHDWPHQW��FXUH��DQG�YDFFLQH�GHYHORSPHQW�

<HW�DOPRVW�LPPHGLDWHO\��VFLHQWLVWV�ZKR�NQHZ�D�JUHDW�GHDO�DERXW�UHWURYLUXVHV�DQG�LPPXQRORJ\�EHJDQ�WR�
YRLFH�PLVJLYLQJV�UHJDUGLQJ�WKH�+,9�FDXVHV�$,'6�K\SRWKHVLV��DQG�WR�TXHVWLRQ�LW��7KH\�KLJKOLJKWHG�WKH�
GLIILFXOWLHV��IODZV��DQG�FRQWUDGLFWLRQV�WKH\�VDZ�LQ�WKH�K\SRWKHVLV��DQG�RIIHUHG�DOWHUQDWLYH�H[SODQDWLRQV��
0DQ\�RI�WKH�RULJLQDO�PLVJLYLQJV�KDYH�VXUYLYHG��DQG�RWKHUV�KDYH�EHHQ�UDLVHG��LQ�WKH�SDVW�WKUHH�GHFDGHV�

,Q�WKLV�SDSHU��WKHUHIRUH��,�VXPPDUL]H�VRPH�RI�WKHVH�GLIILFXOWLHV��DQG�SUHVHQW�ZKDW�FULWLFV�SURSRVH�DV�
DOWHUQDWLYH�FDXVHV�RI�$,'6��,�RUJDQL]H�WKH�FKDOOHQJHV�SXW�IRUWK�E\�XQRUWKRGR[�VFKRODUV�LQWR�IRXU�
FDWHJRULHV�RI�GDWD�WKDW�VXSSRUW�WKH�+,9�$,'6�K\SRWKHVLV �������UHWURYLUDO�PROHFXODU�PDUNHUV������
WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��(0��LPDJHV�RI�UHWURYLUDO�SDUWLFOHV������HIILFDF\�RI�DQWL�UHWURYLUDO�
�$59��GUXJV��DQG�����HSLGHPLRORJLFDO�GDWD���������%HFDXVH�WKHVH�GDWD�DUH�SURIIHUHG�DV�VROLG�HYLGHQFH�
IRU�+,9¶V�UROH�LQ�FDXVLQJ�$,'6��LW�LV�XVHIXO�WR�H[DPLQH�KRZ�FULWLFV�TXHVWLRQ�WKH�HYLGHQFH�LQ�HDFK�
FDWHJRU\��VSHFLILFDOO\�

�

�



+,9�DQWLERGLHV�

5HWURYLUDO�PROHFXODU�PDUNHUV

0DLQVWUHDP�VFLHQWLVWV�DQG�SK\VLFLDQV�FODLP�WKH�PROHFXODU�HYLGHQFH�IRU�+,9�DV�WKH�FDXVH�RI�$,'6�LV�
LUUHIXWDEOH��������DQG�FRPSULVHV���D��+,9�DQWLERGLHV�DQG��E��YLUDO�ORDG��$V�LQFRQWURYHUWLEOH�DV�WKHVH�
PROHFXODU�PDUNHUV�DSSHDU�WR�EH��XQRUWKRGR[�VFLHQWLVWV�KDYH�PHWLFXORXVO\�H[DPLQHG�HDFK�RQH�DQG�
GHWHFWHG�VLJQLILFDQW�SUREOHPV�LQ�ERWK�����

7KH�ILUVW�DYDLODEOH�WHVWV�WR�VFUHHQ�EORRG�EDQNV�IRU�+,9�GHWHFWHG�+,9�DQWLERGLHV�������
3K\VLFLDQV�VWLOO�XVH�WKHVH�WHVWV�ZKHQ�VFUHHQLQJ�EORRG�IRU�LQIHFWLRQ�DQG��VLQFH�������GLUHFW�WR�FRQVXPHU�
KRPH�WHVWV�KDYH�EHFRPH�DYDLODEOH�IRU�LGHQWLI\LQJ�DQWLERGLHV�WR�+,9�XVLQJ�RQO\�D�VDOLYD�VDPSOH��H�J���
2UD4XLFN��������<HW��IURP�WKH�WLPH�WKH�ILUVW�WHVWV�DSSHDUHG��VFLHQWLVWV�LQ�ERWK�RUWKRGR[�DQG�XQRUWKRGR[�
FDPSV�UHLWHUDWHG�WKDW��DFFRUGLQJ�WR�HVWDEOLVKHG�LPPXQRORJ\�SULQFLSOHV��DQWLERGLHV�WR�D�YLUXV�LQGLFDWH�
WKH�LPPXQH�V\VWHP�KDV�DFWHG�WR�FRQWURO�WKH�LQYDGLQJ�YLUXV��$QWLERGLHV�SRLQW�WR�SUHYLRXVO\�RFFXUULQJ�
LQIHFWLRQ�DQG�GR�QRW�VLJQDO�DFWLYH�LQIHFWLRQ��,Q�������&'&�VFLHQWLVWV��PDLQVWUHDP��ZURWH�

,W�LV�QRW�RQO\�WKLV�VLPSOH�DUJXPHQW�±�DQWLERGLHV�VXJJHVW�WKH�LPPXQH�V\VWHP�KDV�FRQWUROOHG�WKH�LQYDGLQJ�
DJHQWV�±�WKDW�XQRUWKRGR[�VFLHQWLVWV�KDYH�GHEDWHG��7KH�WHVWV�WKHPVHOYHV�UHPDLQ�WKH�WDUJHW�RI�FULWLF¶V�
LQWHQVH�VFUXWLQ\��)RU�LQVWDQFH��LQ������-RKQVRQ�UHSRUWHG����SOXV�IDFWRUV�FDSDEOH�RI�FDXVLQJ�D�IDOVH�
SRVLWLYH�UHVXOW�RQ�WHVWV�IRU�+,9�DQWLERGLHV�>HLWKHU�DQ�(/,6$�RU�D�ZHVWHUQ�EORW��:%��WHVW@�������%HFDXVH�
WKH\�UHDFW�WR�WKHVH�IDFWRUV��WKH�WHVWV�PD\�QRW�EH�GHWHFWLQJ�+,9�DW�DOO��:RUWK\�RI�QRWLFH��DPRQJ�WKH�OLVW��
DUH�HOHPHQWV�XELTXLWRXV�DPRQJ�DOO�SRSXODWLRQV�VXFK�DV�WKH�IOX��IOX�YDFFLQDWLRQV��SUHJQDQF\�LQ�ZRPHQ�
ZKR�KDYH�KDG�PRUH�WKDQ�RQH�FKLOG��WHWDQXV�YDFFLQDWLRQ��DQG�PDODULD��DQ�LPSRUWDQW�HOHPHQW�WR�FRQVLGHU�
LQ�WKH�FDVH�RI�WKH�$,'6�HSLGHPLF�LQ�$IULFD���6XSSRUWLQJ�HDFK�IDFWRU��-RKQVRQ�SURYLGHV�VFLHQWLILFDOO\�
YDOLG�HYLGHQFH�±�SXEOLVKHG�LQ�UHSXWDEOH�SHHU�UHYLHZHG�MRXUQDOV�VXFK�DV�$,'6��WKH�3URFHHGLQJV�RI�WKH�
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD��7KH�/DQFHW��WKH�&DQDGLDQ�0HGLFDO�
$VVRFLDWLRQ�-RXUQDO��DQG�WKH�-RXUQDO�RI�WKH�$PHULFDQ�0HGLFDO�$VVRFLDWLRQ��-$0$�������

&HOLD�)DUEHU¶V�ERRN��6HULRXV�$GYHUVH�(YHQWV��$Q�8QFHQVRUHG�+LVWRU\�RI�$,'6������±�DQ�H[SRVp�RI�WKH�
HSLGHPLF¶V�HWKLFDOO\�TXHVWLRQDEOH�KLVWRU\�±�FRQWDLQV�DQ�LQWHUHVWLQJ�DSSHQGL[�DXWKRUHG�E\�5RGQH\�
5LFKDUGV��5LFKDUGV�±�ZKR�KHOSHG�WR�GHYHORS�WKH�ILUVW�(/,6$�WHVW�IRU�+,9�±�RXWOLQHV�WKH�³HYROXWLRQ´�RI�
&'&¶V�VWDQFHV�UHJDUGLQJ�WKH�UROH�RI�DQWLERGLHV��LQIHFWLRQ��DQG�+,9�WHVWV��)LUVW��WKH�&'&�DOLJQHG�LWVHOI�
ZLWK�WKH�WUDGLWLRQDO�YLHZ�RI�DQWLERGLHV�VLJQDOLQJ�SDVW�SULRU�LQIHFWLRQ��DV�HYLGHQFHG�LQ�WKH�TXRWH�DERYH��
IURP��������,Q�������WKH�&'&�PRYHG�WRZDUG�D�TXDOLILHG�FODLP��VWDWLQJ�

)LQDOO\��LQ�������&'&�DGRSWHG�D�QRQ�TXDOLILHG�FODLP�WKDW�DQWLERGLHV�VLJQLI\�DFWLYH�LQIHFWLRQ�DQG�RU�
LOOQHVV��³7KH�SUHVHQFH�RI�DQWLERG\�LQGLFDWHV�FXUUHQW�LQIHFWLRQ��WKRXJK�PDQ\�LQIHFWHG�SHUVRQV�PD\�KDYH�
PLQLPDO�RU�QR�FOLQLFDO�HYLGHQFH�RI�GLVHDVH�IRU�\HDUV´�>����������S�����@�

$�PRUH�VSHFLILF�PHDVXUH�WKDQ�WKH�(/,6$�WHVW��WKH�:%�GHWHFWV�DQWLERGLHV�E\�LGHQWLI\LQJ�SURWHLQV�
EHOLHYHG�WR�EH�DVVRFLDWHG�ZLWK�+,9��DQG�RQO\�ZLWK�+,9��$�SHUVRQ�XQGHUJRHV�D�FRQILUPDWRU\�:%�DIWHU�D�
SULRU�(/,6$�VFUHHQLQJ�WHVW�UHDFWV�SRVLWLYHO\��EXW�LW�LV�LPSRUWDQW�WR�UHPHPEHU��RYHU����FRQGLWLRQV�FDQ�
\LHOG�D�IDOVH�SRVLWLYH�(/,6$�����������

$�SRVLWLYH�WHVW�IRU�PRVW�LQGLYLGXDOV�LQ�SRSXODWLRQV�DW�JUHDWHU�ULVN�RI�DFTXLULQJ�$,'6�ZLOO�SUREDEO\�
PHDQ�WKDW�WKH�LQGLYLGXDO�KDV�EHHQ�LQIHFWHG�DW�VRPH�WLPH�ZLWK�+7/9�,,,�/$9�>WKH�QDPHV�RULJLQDOO\�
XVHG�IRU�+,9@��:KHWKHU�WKH�SHUVRQ�LV�FXUUHQWO\�LQIHFWHG�RU�LPPXQH�LV�QRW�NQRZQ��EDVHG�RQ�WKH�
VHURORJLF�WHVW�DORQH�>������S�����@�

«�SDWLHQWV�ZLWK�UHSHDWHGO\�UHDFWLYH�VFUHHQLQJ�WHVWV�IRU�+7/9�,,,�/$9�DQWLERG\ࣟ«ࣟLQ�ZKRP�
DQWLERG\�LV�DOVR�LGHQWLILHG�E\�WKH�XVH�RI�VXSSOHPHQWDO�WHVWV��H�J���:%��LPPXQRIOXRUHVFHQFH�DVVD\��
VKRXOG�EH�FRQVLGHUHG�ERWK�LQIHFWHG�DQG�LQIHFWLYH�>������S�����@�



&ULWLFV�RI�WKH�RUWKRGR[�YLHZ�GHFU\�WKH�ODFN�RI�VWDQGDUGL]HG�FULWHULD�IRU�D�SRVLWLYH�UHVXOW�LQ�D�:%��DFURVV�
FRXQWULHV��ZRUOG�ZLGH�������%DXHU��7DEOH�����LQ�D������DUWLFOH�WLWOHG�³+,9�WHVWV�DUH�QRW�+,9�WHVWV´�
FODLPV��³QR�IHZHU�WKDQ�ILYH�GLIIHUHQW�FULWHULD�KDYH�EHHQ�XVHG�E\�GLIIHUHQW�JURXSV�LQ�WKH�8QLWHG�6WDWHV´�
>������S��@��0RUHRYHU�±�DGGV�%DXHU�±�LQFOXGHG�LQ�WKH�FRQWHPSRUDU\�FULWHULD�IRU�D�SRVLWLYH�:%�DUH�S���
DQG�S����SURWHLQ±DQWLJHQV�³IRXQG�LQ�EORRG�SODWHOHWV�RI�KHDOWK\�LQGLYLGXDOV�´�7KLV�PHDQV�VRPH�RI�WKH�
ELRORJLFDO�PDUNHUV�EHLQJ�XVHG�WR�³IODJ´�WKH�SUHVHQFH�RI�+,9�DUH�QRW�³VSHFLILF�WR�+,9�RU�$,'6�SDWLHQWV�
>DQG@�S���DQG�S���DUH�QRW�HYHQ�VSHFLILF�WR�LOOQHVV�´�,Q�RWKHU�ZRUGV��KHDOWK\�SHUVRQV�PD\�WHVW�SRVLWLYH�RQ�
D�:%�EXW�QRW�FDUU\�+,9�DW�DOO�>������S���@�
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7DEOH��

&UHGHQWLDOV�DQG�SURIHVVLRQDO�H[SHULHQFH�RI�VHOHFW�FULWLFV�RI�WKH�+,9�$,'6�K\SRWKHVLV�

1DPH��DOSKDEHWLFDO�
RUGHU�E\�ODVW�QDPH�

&UHGHQWLDOV

+HQU\�%DXHU��3K�'� 3URIHVVRU�(PHULWXV�RI�&KHPLVWU\�DQG�6FLHQFH�6WXGLHV

'HDQ�(PHULWXV�RI�$UWV�DQG�6FLHQFHV

9LUJLQLD�3RO\WHFKQLF�,QVWLWXWH�DQG�6WDWH�8QLYHUVLW\��9LUJLQLD�7HFK�

-DPHV�&KLQ��0'��
03+

&KLHI�RI�,QIHFWLRXV�'LVHDVH�6HFWLRQ��&DOLIRUQLD�6WDWH�'HSDUWPHQW�RI�+HDOWK�
6HUYLFHV��%HUNHOH\��&$��86$������V±�����

)RUPHU�&KLHI�RI�6XUYHLOODQFH��)RUHFDVWLQJ�DQG�,PSDFW�$VVHVVPHQW��6),���8QLW�RI�
WKH�*OREDO�3URJUDP�RQ�$,'6��*3$��RI�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ�(GLWRU��
$3+$¶V�³&RQWURO�RI�&RPPXQLFDEOH�'LVHDVHV�0DQXDO´

(WWLHQH�GH�+DUYHQ��0' (PHULWXV�3URIHVVRU�RI�3DWKRORJ\��8QLYHUVLW\�RI�7RURQWR��21��86$

6SHFLDOL]HG�LQ�HOHFWURQ�PLFURVFRS\�DW�WKH�³,QVWLWXWH�GX�&DQFHU´�LQ�3DULV

3XEOLVKHG�ILUVW�LPDJHV�RI�EXGGLQJ�YLUXV�WKURXJK�(0�������

0HPEHU��6ORDQ�.HWWHULQJ�,QVWLWXWH��1HZ�<RUN��1<��86$�LQ�����

)RUPHU�3UHVLGHQW��7KH�(OHFWURQ�0LFURVFRS\�6RFLHW\�RI�$PHULFD��LQ������

)RUPHU�3UHVLGHQW��5HWKLQNLQJ�$,'6

3HWHU�'XHVEHUJ��3K�'� 3URIHVVRU�RI�0ROHFXODU�DQG�&HOO�%LRORJ\��7KH�8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\��
&$��86$

,VRODWHG�WKH�ILUVW�FDQFHU�JHQH�DQG�PDSSHG�WKH�JHQHWLF�VWUXFWXUH�RI�UHWURYLUXVHV�
������

0HPEHU��1DWLRQDO�$FDGHP\�RI�6FLHQFHV��VLQFH������

2XWVWDQGLQJ�,QYHVWLJDWRU�$ZDUG�±�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�����

+HLQULFK�.UHPHU��0' )RXQGHU�DQG�6HQLRU�&RQVXOWDQW��&HOO�6\PELRVLV�7KHUDS\�$FDGHP\ ��EDVHG�RQ�KLV�
ZRUN�RQ�12�DQG�LWV�DVVRFLDWLRQ�ZLWK�FKURQLF�LQIODPPDWRU\�DQG�GHJHQHUDWLYH�
GLVHDVH�

&ROODERUDWLQJ�0HPEHU��6WXG\�*URXS�IRU�1XWULWLRQ�DQG�,PPXQLW\��%HUQ��*HUPDQ\�

([WHQVLYH�FOLQLFDO�ZRUN�ZLWK�\RXWK�GUXJ�DGGLFWLRQ

.DU\�0XOOLV��3K�'� 1REHO�/DXUHDWH�±�&KHPLVWU\�±�����

'HYHORSHG��SRO\PHUDVH�FKDLQ�UHDFWLRQ

)RXQGHU�DQG�&KLHI�6FLHQWLILF�$GYLVRU��$OWHUPXQH

'DYLG�5DVQLFN��3K�'� %LRFKHPLVW�ZLWK�!��ௗ\HDUV�RI�ZRUN�ZLWK�SURWHDVHV�DQG�SURWHDVH�LQKLELWRUV

)RUPHU�3UHVLGHQW��5HWKLQNLQJ�$,'6��WKH�JURXS�IRU�WKH�VFLHQWLILF�UHDSSUDLVDO�RI�WKH�
+,9�K\SRWKHVLV

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ

�&KLQ�DJUHHV�ZLWK�WKH�PDLQVWUHDP�K\SRWKHVLV�WKDW�+,9�LV�WKH�FDXVH�RI�$,'6��+LV�FULWLTXH�FHQWHUV�RQ�WKH�FROOHFWLRQ�
DQG�LQWHUSUHWDWLRQ�RI�WKH�HSLGHPLRORJLFDO�GDWD�IRU�+,9�$,'6��LQ�WKH�86�DQG�ZRUOG�ZLGH�

D

�

D



9LUDO�ORDG�

$Q�H[DPSOH�PD\�FODULI\��LI�WHVWHG�LQ�$IULFD��D�:%�VKRZLQJ�UHDFWLYLW\�WR�DQ\�WZR�RI�WKH�SURWHLQV�S�����
S�����RU�S����ZRXOG�EH�FRQVLGHUHG�SRVLWLYH�IRU�+,9��,Q�%ULWDLQ��WKH�WHVW�ZRXOG�EH�SRVLWLYH�RQO\�LI�LW�
VKRZHG�UHDFWLYLW\�WR�RQH�RI�WKHVH�WKUHH�SURWHLQV��WRJHWKHU�ZLWK�UHDFWLRQV�WR�WZR�RWKHU�SURWHLQV��S���DQG�
S����VHH�PHQWLRQ�RI�S����DERYH��DV�RFFXUULQJ�LQ�KHDOWK\�LQGLYLGXDOV���7KHUHIRUH��VRPHRQH�ZKRVH�WHVW�
UHDFWV�WR�S����DQG�S����ZRXOG�EH�FRQVLGHUHG�+,9�SRVLWLYH�LQ�$IULFD��EXW�QRW�LQ�%ULWDLQ��$�WHVW�UHDFWLRQ�
WR�S����S����DQG�S���ZRXOG�EH�FRQVLGHUHG�SRVLWLYH�LQ�%ULWDLQ��EXW�QHJDWLYH�LQ�$IULFD��OHDGLQJ�DXWKRU�
&HOLD�)DUEHU�WR�FRPPHQW��³«�D�SHUVRQ�FRXOG�UHYHUW�WR�EHLQJ�+,9�QHJDWLYH�VLPSO\�E\�EX\LQJ�D�SODQH�
WLFNHW�IURP�8JDQGD�WR�$XVWUDOLD�>RU�LQ�RXU�H[DPSOH��IURP�8JDQGD�WR�/RQGRQ´�������S�����@�

$FFRUGLQJ�WR�FULWLFV��D�GHILQLWLYH�DQVZHU�UHJDUGLQJ�ZKLFK�SURWHLQ±DQWLJHQV�DUH�VSHFLILF�WR�+,9�DQG�+,9�
DORQH�FDQ�RQO\�FRPH�IURP�VXFFHVVIXO�YLUXV�LVRODWLRQ�DQG�SXULILFDWLRQ��,VRODWLQJ�DQG�SXULI\LQJ�³ZRXOG�EH�
UHTXLUHG�WR�YHULI\�WKDW�DOO�RI�WKHVH�SURWHLQV�DFWXDOO\�RULJLQDWH�IURP�+,9�SDUWLFOHV´�>�����S����@��$WWHPSWV�
DW�SXULI\LQJ�KDYH�EHHQ�PDGH�����������EXW�KDYH�EHHQ�FULWLFL]HG�IRU�WKHLU�DPELJXRXV�ILQGLQJV�������RU�IRU�
WKHLU�XVH�RI�FXOWXUHG�VDPSOHV��VHH�GLVFXVVLRQ�EHORZ�RQ�(0�LPDJHV���7R�GDWH��WKH�LVVXH�RI�+,9�LVRODWLRQ�
LQ�SXULILHG�VDPSOHV�KDV�QRW�EHHQ�DGGUHVVHG�WR�FULWLFV¶�VDWLVIDFWLRQ������

7KH�H[SUHVVLRQ�³YLUDO�ORDG´�UHIHUV�WR�WKH�TXDQWLW\�RI�YLUXV�IRXQG�LQ�+,9�LQIHFWHG�EORRG��
$FFRUGLQJ�WR�WKH�PDLQVWUHDP�SHUVSHFWLYH��LQIRUPDWLRQ�RQ�YLUDO�ORDG�KHOSV�PRQLWRU�WKH�LQIHFWLRQ¶V�
SURJUHVV��³GHFLGH�ZKHQ�WR�VWDUW�WUHDWPHQW��DQG�GHWHUPLQH�ZKHWKHU�RU�QRW�«�+,9�PHGLFDWLRQV�DUH�
ZRUNLQJ´������

7KH�WHFKQLTXH�IRU�PHDVXULQJ�YLUDO�ORDG�LV�NQRZQ�DV�51$�3&5�±�ULERQXFOHLF�DFLG�SRO\PHUDVH�FKDLQ�
UHDFWLRQ�������0DLQVWUHDP�VFLHQWLVWV�UHJDUG�WKLV�WHVW�DV�WKH�PRVW�VSHFLILF�GRFXPHQWDWLRQ�RI�+,9¶V�
SUHVHQFH�LQ�D�SHUVRQ¶V�ERG\��,W�LV�RIWHQ�XVHG�ZKHQ�WKH�(/,6$�DQG�:%�WHVWV�DUH�QHJDWLYH��EHFDXVH�3&5�
FDQ�GHWHFW�WKH�YLUXV¶�JHQHWLF�PDWHULDO��RU�LWV�51$�'1$�IUDJPHQWV���EHIRUH�WKH�KXPDQ�ERG\�KDV�KDG�D�
FKDQFH�WR�UHFRJQL]H�WKH�YLUXV��SURGXFH�DQWLERGLHV�LQ�GHIHQVH��DQG�UHDFW�SRVLWLYHO\�LQ�DQ�DQWLERGLHV�RQO\�
WHVW������

'HVSLWH�LWV�HQKDQFHG�VSHFLILFLW\��PDQ\�PDLQVWUHDP�VFLHQWLVWV�DQG�SUDFWLWLRQHUV�UHFRPPHQG�FDXWLRQ�
ZKHQ�XVLQJ�3&5�IRU�VFUHHQLQJ�RU�GLDJQRVLQJ�LQIHFWLRQ�������)RU�LQVWDQFH��DXWKRUV�RI�D�VWXG\�SXEOLVKHG�
LQ�-$0$�LQ�������LQ�ZKLFK�3&5�ZDV�XVHG�ZLWK�D�VDPSOH�RI�DOPRVW�������SHRSOH��FRQFOXGHG��³7KH�3&5�
DVVD\�LV�QRW�VXIILFLHQWO\�DFFXUDWH�WR�EH�XVHG�IRU�WKH�GLDJQRVLV�RI�+,9�LQIHFWLRQ�ZLWKRXW�FRQILUPDWLRQ´�
>������S�����@�

3&5�WHFKQRORJ\�HYROYHG�TXLFNO\�VLQFH�LW�ZDV�LQWURGXFHG�LQ������������$OWKRXJK�EHLQJ�HPSOR\HG��
PRVWO\��IRU�DVVHVVLQJ�YLUDO�ORDG��OHVV�IRU�VFUHHQLQJ�DQG�GLDJQRVLV���LW�VKRXOG�JLYH�XV�SDXVH�WR�OHDUQ��
KRZHYHU��WKDW�'U��.DU\�0XOOLV�±�WKH�VFLHQWLVW�ZKR�ZRQ�WKH������1REHO�3UL]H�IRU�LQYHQWLQJ�WKH�3&5�WHVW�
DQG�ZKRVH�TXRWH�LQWURGXFHG�WKLV�DUWLFOH��7DEOH����±�KDV�VWURQJO\�RSSRVHG�XVLQJ�WKH�WHFKQLTXH�IRU�
GHWHUPLQLQJ�WKH�DPRXQW�RI�YLUXV�FLUFXODWLQJ�LQ�SODVPD��/DXULWVHQ�H[SODLQV�

.DU\�0XOOLV�«�LV�WKRURXJKO\�FRQYLQFHG�WKDW�+,9�LV�QRW�WKH�FDXVH�RI�$,'6��:LWK�UHJDUG�WR�WKH�
YLUDO�ORDG�WHVWV��ZKLFK�DWWHPSW�WR�XVH�3&5�IRU�FRXQWLQJ�YLUXVHV��0XOOLV�KDV�VWDWHG��³4XDQWLWDWLYH�
3&5�LV�DQ�R[\PRURQ�´�3&5�LV�LQWHQGHG�WR�LGHQWLI\�VXEVWDQFHV�TXDOLWDWLYHO\��EXW�E\�LWV�YHU\�QDWXUH�
LV�XQVXLWHG�IRU�HVWLPDWLQJ�QXPEHUV��$OWKRXJK�WKHUH�LV�D�FRPPRQ�PLVLPSUHVVLRQ�WKDW�WKH�YLUDO�ORDG�
WHVWV�DFWXDOO\�FRXQW�WKH�QXPEHU�RI�YLUXVHV�LQ�WKH�EORRG��WKHVH�WHVWV�FDQQRW�GHWHFW�IUHH��LQIHFWLRXV�
YLUXVHV�DW�DOO��WKH\�FDQ�RQO\�GHWHFW�SURWHLQV�WKDW�DUH�EHOLHYHG��LQ�VRPH�FDVHV�ZURQJO\��WR�EH�XQLTXH�
WR�+,9��7KH�WHVWV�FDQ�GHWHFW�JHQHWLF�VHTXHQFHV�RI�YLUXVHV��EXW�QRW�YLUXVHV�WKHPVHOYHV�>������S���@�



,I�WR�WKLV�SLFWXUH�ZH�DGG�KXPDQ�HQGRJHQRXV�UHWURYLUXVHV��RU�+(59V�������DV�SRWHQWLDO�FRQIRXQGHUV��WKH�
JHQHWLF�VHTXHQFHV�GHWHFWHG�LQ�D�3&5�WHVW�PD\�QRW�EH�WKRVH�IURP�DQ�H[RJHQRXV�YLUXV��DW�DOO��DQG�PD\�
H[SODLQ�WKH�WHVW¶V�VXEVWDQWLDO�IDOVH�SRVLWLYH�UDWHV�����������+(59V�FRQVLVW�RI�UHWURYLUXV�OLNH�SDUWLFOHV�
SURGXFHG�E\�KRVW�FHOOV�WKDW�DUH�VWUHVVHG�RU�G\LQJ��,Q�RWKHU�ZRUGV��ZKHQ�YDULRXV�LQIHFWLRQV�DVVDLO�WKH�
ERG\��DQG�FHUWDLQ�FHOOV�H[SHULHQFH�VWUHVV�RU�GLH�LQ�ODUJH�QXPEHUV��WKH\�FDQ�PDQXIDFWXUH�E\�SURGXFWV�
VLPLODU�WR�UHWURYLUXVHV��7KHVH�E\�SURGXFWV�FDQ�EH�UHDFWLYH�ZKHQ�WHVWLQJ�IRU�+,9�DQWLERGLHV��SURWHLQ�
DQWLJHQV��DQG�YLUDO�ORDGV�������&XOVKDZ�VXPPDUL]HV�LW�ZHOO�

7UDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\�LPDJHV�RI�UHWURYLUDO�SDUWLFOHV

$OWKRXJK�LW�VHHPV�LQWXLWLYH�WKDW�SKRWRJUDSKLQJ�+,9�ZRXOG�SURYLGH�XQGHQLDEOH�HYLGHQFH�RI�LWV�SUHVHQFH�
LQ�WKH�KRVW¶V�SODVPD��WKH�UHDOLW\�LV�PXFK�PRUH�FRPSOH[��$GHTXDWHO\�LQWHUSUHWLQJ�LPDJHV�REWDLQHG�
WKURXJK�(0�LV��HYHQ�IRU�WKH�PRVW�VNLOOHG�VFLHQWLVWV��FKDOOHQJLQJ��(0�JHQHUDWHV�KLJKO\�DPSOLILHG�LPDJHV�
RI�FHOOV�DQG�YLUDO�SDUWLFOHV��$Q�HOHFWURQ�PLFURVFRSH�XVHV�³EHDPV�RI�HOHFWURQV�IRFXVHG�E\�PDJQHWLF�
OHQVHV�LQVWHDG�RI�UD\V�RI�OLJKW´�WR�SURGXFH�LPDJHV�PDJQLILHG�XS�WR�����������î��D�OLJKW�PLFURVFRSH�KDV�
GLIILFXOW\�H[FHHGLQJ�����î�PDJQLILFDWLRQ�������

7KH�ILUVW�LPDJHV�RI�ZKDW�UHVHDUFKHUV�EHOLHYHG�WR�EH�+,9�SDUWLFOHV�EXGGLQJ�RXW�RI�KXPDQ�FHOOV�ZHUH�
SXEOLVKHG�LQ�WKH�MRXUQDO�6FLHQFH��LQ�������E\�WKH�)UHQFK�WHDP�WKDW�FR�GLVFRYHUHG�+,9��KHDGHG�E\�/XF�
$��0RQWDJQLHU��������7KHVH�LPDJHV��DQG�WKH�FRPSXWHU�JUDSKLFV�EDVHG�RQ�WKHP��ZHUH�SULQWHG�LQ�
WH[WERRNV�DQG�DUWLFOHV�GLVFXVVLQJ�$,'6��H[WHQVLYHO\��'HVSLWH�WKHLU�SRSXODULW\��WKH�LPDJHV�ZHUH�REWDLQHG�
IURP�D�³SUH�$,'6´�SDWLHQW��QRW�D�SDWLHQW�ZLWK�$,'6���DQG�WKH�VDPSOH�IXUQLVKLQJ�WKH�LPDJHV�KDG�QRW�
EHHQ�SXULILHG�DFFRUGLQJ�WR�VWDQGDUG�SURFHGXUHV������

,W�ZRXOG�EH���ௗ\HDUV�ODWHU��LQ�������ZKHQ�(0�LPDJHV�IURP�SXULILHG�VDPSOHV�ZHUH�SURGXFHG�������<HW�
DQRWKHU�VWXG\�������SXEOLVKHG�VLPXOWDQHRXVO\�ZLWK�WKHVH�LPDJHV��LQ�IDFW��SULQWHG�DV�DQ�DGMRLQLQJ�
DUWLFOH���UHSRUWHG��HYHQ�SXULILHG�+,9�VDPSOHV�KDUERU�SURWHLQ�SDUWLFOHV��FDOOHG�PLFURYHVLFOHV���FRQVLGHUHG�
WR�EH�FRQWDPLQDQWV��7KHVH�PLFURYHVLFOHV�GR�QRW�GLVDSSHDU�GXULQJ�WKH�SXULI\LQJ�SURFHVV��,Q�RWKHU�ZRUGV��
HYHQ�ZKHQ�WHFKQLFLDQV�SXULI\�+,9�VDPSOHV��FHUWDLQ�³FHOOXODU�SURWHLQV�ERXQG�WR�QRQ�YLUDO�SDUWLFOHV��L�H���
PLFURYHVLFOHV��FDQ�FRSXULI\�ZLWK�>WKH@�YLUXV�´�DQG�DSSHDU�LQ�WKH�(0�LPDJHV��7KH�TXHVWLRQ��WKHQ��
UHPDLQV��DUH�WKH�(0�LPDJHV�VHHQ�LQ�WKHVH�SXULILHG�VDPSOHV��SLFWXUHV�RI�+,9�LWVHOI��RU�RI�RWKHU�
HOHPHQWV�SDUWLFOHV"������

,Q�������(WWLHQH�GH�+DUYHQ�±�WKH�VFLHQWLVW�ZKR�³SURGXFHG�WKH�ILUVW�HOHFWURQ�PLFURJUDSK�RI�D�UHWURYLUXV�
�WKH�)ULHQG�OHXNHPLD�YLUXV�´�>������S���@�WKURXJK�(0�UHVHDUFK�LQ�������7DEOH���������±�DGGHG�WR�WKH�
GHEDWH�

$�UHWURYLUXV�LV�QRWKLQJ�PRUH�WKDQ�51$�ZLWK�DQ�RXWHU�SURWHLQ�VKHOO��7KH�VKHOO�HQDEOHV�LW�WR�ELQG�WR�
FHOOV�RI�WKH�W\SH�LW�LQIHFWV��DQG�RQFH�LW�JDLQV�HQWU\��WKH�RXWHU�FRDWLQJ�GLVDSSHDUV�DQG�WKH�51$�LV�
WUDQVFULEHG�WR�'1$�DQG�LQFRUSRUDWHG�DV�SURYLUXV�LQWR�WKH�KRVW�FHOO¶V�RZQ�JHQRPH��,W�LV�IRU�WKLV�
UHDVRQ�WKDW�UHWURYLUXVHV�DUH�FDOOHG�HQYHORSHG�YLUXVHV��DQG�LW�LV�DOVR�WKH�UHDVRQ�WKDW�LW�LV�YHU\�
GLIILFXOW�WR�GLVWLQJXLVK�EHWZHHQ�H[RJHQRXV�UHWURYLUXVHV��WKRVH�WKDW�RULJLQDWH�RXWVLGH�WKH�ERG\�IURP�
D�IRUHLJQ�LQYDGHU��DQG�HQGRJHQRXV�UHWURYLUXVHV��WKRVH�WKDW�DUH�PDQXIDFWXUHG�IURP�RXU�RZQ�
UHWURYLUDO�OLNH�JHQHWLF�VHTXHQFHV�XQGHU�FRQGLWLRQV�RI�FHOOXODU�VWUHVV��LQFOXGLQJ�GLVHDVHV��«�0XFK�
RI�WKH�JHQHWLF�PDWHULDO�DWWULEXWHG�WR�+,9�LV�LQ�IDFW�'1$�RU�51$�IURP�>WKHVH@�GHFD\LQJ�FHOOV��«��
+XPDQ�EHLQJV�DUH�ILOOHG�ZLWK�VXFK�HQGRJHQRXV�UHWURYLUXVHV�>������SS��������±��@�

$OO�WKH�LPDJHV�RI�SDUWLFOHV�VXSSRVHGO\�UHSUHVHQWLQJ�+,9�DQG�SXEOLVKHG�LQ�VFLHQWLILF�DV�ZHOO�DV�LQ�
OD\�SXEOLFDWLRQV�GHULYH�IURP�(0�VWXGLHV�RI�FHOO�FXOWXUHV��7KH\�QHYHU�VKRZ�+,9�SDUWLFOHV�FRPLQJ�
GLUHFWO\�IURP�DQ�$,'6�SDWLHQW�>�����S�����±�HPSKDVLV�DGGHG@�



:K\�LV�LW�LPSRUWDQW�WR�REWDLQ�(0�LPDJHV�RI�+,9�IURP�$,'6�SDWLHQWV��DV�RSSRVHG�WR�LPDJHV�RI�+,9�
FXOWXUHG�LQ�D�ODERUDWRU\"�$FFRUGLQJ�WR�GH�+DUYHQ��QRQ�YLUDO�PLFRRUJDQLVPV�IUHTXHQWO\�FRQWDPLQDWH�FHOO�
FXOWXUHV�DQG�VKRZ�XS�YHU\�HDVLO\�LQ�(0��,W�LV�TXLWH�GLIILFXOW�WR�REWDLQ�DEVROXWHO\�SXUH�FHOO�FXOWXUHV��
HVSHFLDOO\�EHFDXVH�WKH�FXOWXULQJ�SURFHVV�LWVHOI�±�WKH�JURZWK�IDFWRUV�DGGHG�WR�WKH�FXOWXUH��VXFK�DV�³7�FHOO�
O\PSKRF\WH�JURZWK�IDFWRU��7&*)���LQWHUOHXNLQ����RU�FRUWLFRVWHURLG�KRUPRQHV´�>������S���@�±�FDQ�
LQWURGXFH�SRWHQWLDO�FRQWDPLQDQWV��+(59V��IRU�H[DPSOH��DUH�RIWHQ�JHQHUDWHG�E\�FHOOV�WKDW�KDYH�EHHQ�
VWUHVVHG�RU�K\SHUVWLPXODWHG�WR�JURZ�LQ�FXOWXUHV��+,9�FXOWXUHV�REWDLQHG�IURP�SDWLHQWV�ZLWK�$,'6�PD\�
QRW�UHTXLUH�DV�PXFK�VWLPXODWLRQ�RU�DGGLWLRQ�RI�JURZWK�IDFWRUV��WKXV�UHVXOWLQJ�LQ�OHVV�FRQWDPLQDWHG��SXUHU�
FXOWXUHV�

0RQWDJQLHU�DOVR�DFNQRZOHGJHV�WKH�SUREOHPV�ZLWK�UHO\LQJ�RQ�(0�WR�LGHQWLI\�D�UHWURYLUXV��JLYHQ�WKH�
GLIILFXOWLHV�ZLWK�SXULI\LQJ�YLUDO�VDPSOHV��,Q�DQ�LQWHUYLHZ�JLYHQ�LQ�������KH�UHIOHFWV�RQ�WKRVH�ILUVW�+,9�
LPDJHV�IURP�FXOWXUHG�VDPSOHV��SURGXFHG�LQ�KLV�ODERUDWRU\�DW�WKH�3DVWHXU�,QVWLWXWH�

,W�DSSHDUV��WKHUHIRUH��WKHUH�LV�OLWWOH�FRQVHQVXV�UHJDUGLQJ�ZKDW�WKH�H[LVWLQJ�(0�LPDJHV�UHIOHFW��DUH�WKH�
YLVXDOL]HG�SDUWLFOHV�+,9�RU�VRPHWKLQJ�HOVH"�$FFRUGLQJ�WR�3DSDGRSXORV�(OHRSXORV�DQG�FROOHDJXHV��
³VRPH�RI�WKH�EHVW�NQRZQ�UHWURYLURORJLVWV�LQFOXGLQJ�3HWHU�'XHVEHUJ��5REHUW�*DOOR��DQG�+RZDUG�7HPLQ�
KDYH�EHHQ�WHOOLQJ�XV�WKDW�SDUWLFOHV�PD\�KDYH�WKH�PRUSKRORJLFDO�FKDUDFWHULVWLFV�RI�UHWURYLUXVHV�EXW�DUH�
QRW�YLUXVHV´�>������S���@��,W�LV�IHDVLEOH��WKHUHIRUH��WKDW�(0�LPDJHV�DUH��LQ�IDFW��GHSLFWLRQV�RI��D��
PLFURYHVLFOHV��RU�SURWHLQ�SDUWLFOHV���QRW�YLUDO�RU�LQIHFWLRXV�LQ�QDWXUH��EXW�QRW�HOLPLQDWHG�HYHQ�ZKHQ�
XVLQJ�SXULILHG�VDPSOHV�������RU��E��KXPDQ�HQGRJHQRXV�UHWURYLUXVHV�±�GHIHFWLYH��QRQ�LQIHFWLRXV�
UHWURYLUXVHV�DVVRFLDWHG�ZLWK�WKH�KRVW¶V�RZQ�JHQRPH��VHH�GLVFXVVLRQ�DERYH�RQ�+(596��

(IILFDF\�RI�DQWL�UHWURYLUDO�GUXJV

)URP�WKH�HSLGHPLF¶V�RQVHW��UHVHDUFKHUV�ZRUNHG�UHOHQWOHVVO\�WR�ILQG�D�YDFFLQH�WR�NHHS�WKH�YLUXV�IURP�
VSUHDGLQJ�DQG�WR�GHYHORS�GUXJV�IRU�PDQDJLQJ�WKH�V\PSWRPV�IURP�RSSRUWXQLVWLF�LQIHFWLRQV�������7KH�
FKDOOHQJHV�LQKHUHQW�LQ�GHYHORSLQJ�ERWK�YDFFLQH�DQG�WUHDWPHQW�ZHUH�GDXQWLQJ��SRVW�LQIHFWLRQ��+,9�
DSSHDUV�WR�PXWDWH�DQG�UHFRPELQH�FRQWLQXDOO\��WKXV�PDNLQJ�LW�GLIILFXOW�WR�GHVLJQ�DQ�HIIHFWLYH�YDFFLQH�
����������)XUWKHUPRUH��GHVLJQLQJ�WUHDWPHQWV�IRU�D�UHWURYLUXV�LV�D�WULFN\�IHDW��JLYHQ�LW�VKDUHV�PDQ\�RI�WKH�
VDPH�FKDUDFWHULVWLFV�RI�WKH�KRVW¶V�LPPXQH�FHOOV�±�WKXV��DQ�DWWDFN�RQ�WKH�YLUXV�FDQ�EHFRPH�D�
VLPXOWDQHRXV�DWWDFN�RQ�WKH�KHDOWK\�KRVW�FHOOV��������������

$IWHU�WKH�SXEOLF�DQQRXQFHPHQW�UHJDUGLQJ�WKH�SUREDEOH�FDXVH�RI�$,'6��YDULRXV�SKDUPDFHXWLFDO�
FRPSDQLHV�WULHG�WR�GHYHORS�GUXJV�WR�WKZDUW�WKH�DFWLRQ�RI�WKH�YLUXV¶�UHYHUVH�WUDQVFULSWDVH�HQ]\PH��DQ�
HQ]\PH�HVVHQWLDO�IRU�WKH�UHSOLFDWLRQ�RI�UHWURYLUXVHV���$=7�EHFDPH�WKH�ILUVW�PHGLFDWLRQ�RI�WKLV�NLQG��
DSSURYHG�VSHFLILFDOO\�IRU�WUHDWLQJ�$,'6�SDWLHQWV�LQ������������$]LGRWK\PLGLQH��$=7��±�DOVR�NQRZQ�DV�

'7��'MDPHO�7DKL���:K\�GR�WKH�(0�SKRWRJUDSKV�SXEOLVKHG�E\�\RX��FRPH�IURP�WKH�FXOWXUH�DQG�QRW�
IURP�WKH�SXULILFDWLRQ"

/0��/XF�0RQWDJQLHU���7KHUH�ZDV�VR�OLWWOH�SURGXFWLRQ�RI�YLUXV�LW�ZDV�LPSRVVLEOH�WR�VHH�ZKDW�PLJKW�
EH�LQ�D�FRQFHQWUDWH�RI�YLUXV�IURP�D�JUDGLHQW��7KHUH�ZDV�QRW�HQRXJK�YLUXV�WR�GR�WKDW�«

�«�

'7��+RZ�LV�LW�SRVVLEOH�ZLWKRXW�(0�SLFWXUHV�IURP�WKH�SXULILFDWLRQ��WR�NQRZ�ZKHWKHU�WKHVH�SDUWLFOHV�
DUH�YLUDO�DQG�DSSHUWDLQ�WR�D�UHWURYLUXV��PRUHRYHU�D�VSHFLILF�UHWURYLUXV"

/0��:HOO��WKHUH�ZHUH�WKH�SLFWXUHV�RI�WKH�EXGGLQJ��:H�SXEOLVKHG�LPDJHV�RI�EXGGLQJ�ZKLFK�DUH�
FKDUDFWHULVWLF�RI�UHWURYLUXVHV��+DYLQJ�VDLG�WKDW��RQ�WKH�PRUSKRORJ\�DORQH�RQH�FRXOG�QRW�VD\�LW�ZDV�
WUXO\�D�UHWURYLUXV�«������



5HWURYLU��D�GUXJ�RULJLQDOO\�GHVLJQHG��EXW�SURYHQ�XQVXFFHVVIXO��IRU�WUHDWLQJ�OHXNHPLD�±�PDGH�KLVWRU\�QRW�
RQO\�EHFDXVH�LW�ZDV�WKH�ILUVW�DYDLODEOH�WUHDWPHQW�VSHFLILFDOO\�IRU�$,'6��EXW�DOVR�GXH�WR�KRZ�TXLFNO\�LW�
ZDV�DSSURYHG��$=7�UHFHLYHG�³LQYHVWLJDWLRQDO�QHZ�GUXJ��,1'��VWDWXV��LQLWLDO�DSSURYDO�IRU�WHVWLQJ��
ZLWKLQ��ௗGD\V�RI�DSSOLFDWLRQ´�>������S�����@��*LYHQ�WKH�GHVSHUDWH�QHHG�IRU�VSHFLILF�WUHDWPHQW��WKH�GUXJ¶V�
SODFHER�FRQWUROOHG�WULDOV�DOVR�PRYHG�IDVW��ODVWLQJ�³RQO\��ௗPRQWKV�EHIRUH�DSSURYDO�ZDV�JLYHQ�IRU�JHQHUDO�
VDOH´�>������S�����@��3KDVH�,,�WULDOV�ZHUH�LQWHUUXSWHG��PLG�ZD\��GXH�WR�ILQGLQJV�WKDW�IHZHU�SDWLHQWV�WDNLQJ�
$=7�ZHUH�G\LQJ�RI�$,'6�ZKHQ�FRPSDUHG�WR�WKH�FRQWURO�JURXS�QRW�WDNLQJ�WKH�GUXJ����������

$SSURYLQJ�$=7��KRZHYHU��GLG�QRW�SUHYHQW�VFLHQWLVWV�IURP�WU\LQJ�WR�GHYHORS�RWKHU�GUXJV��GXULQJ�WKH�
IROORZLQJ�GHFDGH��EXW�PRVW�DWWHPSWV�ZRXOG�PDNH�OLWWOH�KHDGZD\�LQWR�WKH�WUHDWPHQW�RI�$,'6��$GGLQJ�WR�
WKHVH�GLIILFXOWLHV��$=7�ZDV�SURYLQJ�WR�EH�H[WUHPHO\�WR[LF�DQG�QRW�DV�HIIHFWLYH�DV�LQLWLDOO\�DQWLFLSDWHG��
5HVHDUFKHUV�GLG�OHDUQ��PHDQZKLOH��WKDW�SUHVFULELQJ�$=7�LQ�ORZHU�GRVDJHV�DQG�LQ�FRPELQDWLRQ�ZLWK�
RWKHU��ZHOO�NQRZQ�GUXJV�VXFK�DV�KHSDULQ��DF\FORYLU��DQG�EDFWULP��ZDV�EHJLQQLQJ�WR�FXUE�PRUWDOLW\�UDWHV�
�����

7KXV��LQ�WKH�PLG���V�³FRPELQDWLRQ�WKHUDS\´�EHFDPH�DYDLODEOH��$OVR�UHIHUUHG�WR�DV�WKH�³GUXJ�FRFNWDLO�´�
FRPELQDWLRQ�WKHUDS\�FRPSULVHG�D�MRLQW�DWWDFN�RQ�+,9�XVLQJ�WKUHH�PDLQ�FODVVHV�RI�GUXJV��
VLPXOWDQHRXVO\���D��WKRVH�LQKLELWLQJ�UHYHUVH�WUDQVFULSWDVH¶V�DELOLW\�WR�GXSOLFDWH�WKH�YLUXV¶�JHQHWLF�
PDWHULDO�XVLQJ�KRVW�'1$�VXE�GLYLGHG�LQWR�WZR�FODVVHV�±�QXFOHRVLGH�DQG�QRQ�QXFOHRVLGH�LQKLELWRUV���E��
SURWHDVH�LQKLELWRUV��GHVLJQHG�WR�OLPLW�FHUWDLQ�SURWHLQV�QHHGHG�IRU�+,9�DVVHPEO\���DQG��F��P\ULVWR\ODWLRQ�
RU�HQWU\�IXVLRQ�LQKLELWRUV��EORFNLQJ�WKH�YLUXV�IURP�HQWHULQJ�WKH�KRVW�FHOOV���7KHVH�WKUHH�FODVVHV�RI�GUXJV�
±�NQRZQ�FROOHFWLYHO\�DV�+$$57��KLJKO\�DFWLYH�$59�WKHUDS\��RU�DQWLUHWURYLUDOV��$59V��±�KDYH�EHHQ�
SUDLVHG�IRU�WKHLU�DELOLW\�WR�UHVWRUH�WKH�KHDOWK�RI�SDWLHQWV�ZLWK�$,'6�ZKR�EHFRPH�H[WUHPHO\�LOO�>���������
�����S�����@�

$QWLUHWURYLUDOV�DOVR�DUH�SUDLVHG�IRU�WKHLU�DELOLW\�WR�UHGXFH�SDWLHQWV¶�YLUDO�ORDGV�DQG��WKHUHIRUH��WKHLU�OHYHO�
RI�LQIHFWLRQ�DQG�DELOLW\�WR�WUDQVPLW�WKH�YLUXV��RU�LQIHFWLYLW\���7KLV�UHGXFWLRQ�LQ�YLUDO�ORDG�KDV�EHHQ�
GHHPHG�VR�VLJQLILFDQW�WKDW��LQ�������WKH�)'$�DSSURYHG�XVLQJ�RQH�RI�WKH�FRPELQDWLRQ�GUXJV��7UXYDGD��
IRU�SUH�H[SRVXUH�SURSK\OD[LV�RU�3U(3������

3U(3�RU�³+,9�WUHDWPHQW�DV�SUHYHQWLRQ´������LQYROYHV�DGPLQLVWHULQJ�WR�QRQ�LQIHFWHG�SHUVRQV�RQH�SLOO�RI�
WKH�DQWLUHWURYLUDO��GDLO\��WR�VWDYH�RII�LQIHFWLRQ��DQ�LQLWLDWLYH�FURZQHG�%UHDNWKURXJK�RI�WKH�<HDU�E\�WKH�
MRXUQDO�6FLHQFH��LQ������������7ULDOV�FRQGXFWHG�ZRUOG�ZLGH�KDYH�FRQVLVWHQWO\�GHPRQVWUDWHG�ORZ�UDWHV�RI�
+,9�LQIHFWLRQ�DPRQJ�SHRSOH�WDNLQJ�3U(3�����������7KH������EUHDNWKURXJK��WKHUHIRUH��ZDV�WKH�
FRQFOXVLRQ��³7KH�HDUO\�LQLWLDWLRQ�RI�$59�WKHUDS\�UHGXFHG�UDWHV�RI�VH[XDO�WUDQVPLVVLRQ�RI�+,9���DQG�
FOLQLFDO�HYHQWV��LQGLFDWLQJ�ERWK�SHUVRQDO�DQG�SXEOLF�KHDOWK�EHQHILWV�IURP�VXFK�WKHUDS\´�>������S�����@�

<HW��DV�ZLWK�PRVW�WUHDWPHQW�GUXJV��$59V�DOVR�SURGXFH�LPSRUWDQW�VLGH�HIIHFWV��(YHQ�PDLQVWUHDP�
VFLHQWLVWV�ZKR�SUDLVH�WKH�GUXJV�E\�VD\LQJ��³&RPELQDWLRQ�WKHRU\�>VLF@�ZDV�D�PLUDFOH��FRPSDUDEOH�ZLWK�
DQWLELRWLFV��DQHVWKHVLD��DQG�WKH�SROLR�YDFFLQH�LQ�WKH�DQQDOV�RI�WKH�KLVWRU\�RI�PHGLFLQH�«�D�µTXDQWXP�
OHDS´¶�±�FDQGLGO\�DGPLW��³7KH�PLUDFOH�ZDV�QRW�ZLWKRXW�FRPSOLFDWLRQV�´�>������SS����������@��%HFDXVH�
WKHVH�GUXJV�DOVR�DWWDFN�QRQ�LQIHFWHG�FHOOV��WKH\�FDQ�GHVWUR\�WKH�LPPXQH�V\VWHPV¶�KHDOWK\�7�FHOOV��DQG�
HYHQ�FDXVH�D�FROODSVH�LGHQWLFDO�WR�$,'6��$XWKRUV�RI�D�VWXG\�UHSRUWLQJ�RQ�WKH�ILUVW�GHFDGH�RI�$59�XVH�
FRQFOXGHG�

7KH�UHVXOWV�RI�WKLV�FROODERUDWLYH�VWXG\��ZKLFK�LQYROYHG����SURVSHFWLYH�FRKRUWV�DQG�RYHU��������
SDWLHQWV�ZLWK�+,9���IURP�(XURSH�DQG�1RUWK�$PHULFD��VKRZ�WKDW�WKH�YLURORJLFDO�UHVSRQVH�DIWHU�
VWDUWLQJ�+$$57�KDV�LPSURYHG�VWHDGLO\�VLQFH�������+RZHYHU��WKHUH�ZDV�QR�FRUUHVSRQGLQJ�GHFUHDVH�
LQ�WKH�UDWHV�RI�$,'6��RU�GHDWK��XS�WR��ࣟ\HDU�RI�IROORZ�XS��&RQYHUVHO\��WKHUH�ZDV�VRPH�HYLGHQFH�IRU�
DQ�LQFUHDVH�LQ�WKH�UDWH�RI�$,'6�LQ�WKH�PRVW�UHFHQW�SHULRG�>����±����@�>������S������±�HPSKDVLV�
PLQH@�



&ULWLFV¶�FRQFHUQV�FHQWHU�RQ�WKH�SRWHQWLDO�DVVRFLDWLRQ�EHWZHHQ�XVH�RI�+$$57�DQG�D�GHSUHVVHG�LPPXQH�
V\VWHP��7KLV�DVVRFLDWLRQ�FDUULHV�VLJQLILFDQW�LPSOLFDWLRQV�IRU�WKH�SURSK\ODFWLF�XVH�RI�$59V��)RU�LQVWDQFH��
VWXGLHV�KDYH�GRFXPHQWHG�SDWLHQWV¶�FRPSURPLVHG�LPPXQH�V\VWHPV�DV�SUHFHGLQJ�WKHLU�VHURFRQYHUVLRQ�
����������7KHUHIRUH��KDYLQJ�QRQ�LQIHFWHG�SHUVRQV�WDNH�+$$57�DV�SURSK\OD[LV�PD\��RYHU�WLPH��LPSDFW�
WKHLU�LPPXQH�V\VWHPV�QHJDWLYHO\��DQG�SUHGLVSRVH�WKHP�WR�EHFRPLQJ�LQIHFWHG�ZLWK�YDULRXV�DJHQWV��
LQFOXGLQJ�+,9�LWVHOI��0RUHRYHU��WKHUH�LV�HYLGHQFH�WKDW�$59V�FDQ�DFFHOHUDWH�DJLQJ�RI�FHOOV�LQ�ZD\V�WKDW�
SURPRWH�SURJUHVVLYH�PXOWL�RUJDQ�GLVHDVH�������&ULWLFV�DOVR�SRLQW�WR�GDWD�RQ�SDWLHQWV�WDNLQJ�$59V�ZKR�
GHYHORS�3QHXPRF\VWLV�&DULQLL��DQG�&DQGLGD�DOELFDQV��RSSRUWXQLVWLF�LQIHFWLRQV�W\SLFDO�RI�SDWLHQWV�ZLWK�
$,'6��ZKLOH�RQ�WKH�GUXJV��GHVSLWH�WKH�IDFW�WKH�SURWHDVH�LQKLELWRUV�KDYH�³PDUNHG�DQWLFDQGLGDO�DQG�
DQWLSQHXPRF\VWLV�HIIHFWV´�>�����S����@��(TXDOO\�YH[LQJ��DUH�WKH�GHDWKV�DPRQJ�$59�WUHDWHG�SDWLHQWV��
UHVXOWLQJ�IURP�DFXWH�OLYHU�IDLOXUH��7KHVH�GHDWKV�SRLQW�WR�WKH�$59V¶�GHWULPHQWDO�HIIHFWV��JLYHQ�WKDW�+,9��
LWVHOI��GRHV�QRW�FDXVH�OLYHU�WR[LFLW\�������������

&ULWLFV�DOVR�KLJKOLJKW�VWXGLHV�GRFXPHQWLQJ�WKH�UHGXFWLRQ�RI�SODVPD�+,9�51$�DPRQJ�SDWLHQWV�WUHDWHG�
ZLWK�$59V��EXW�WKH�QRQ�UHGXFWLRQ�LQ�+,9�'1$��VXJJHVWLQJ�WKHUH�LV�³FRQWLQXHG�H[SUHVVLRQ�RI�YLUDO�
DJHQWV´�HYHQ�DIWHU��ௗ\HDU�RI�WUHDWPHQW�>������S�����@��&RPSRXQGLQJ�WKHVH�GLIILFXOWLHV�DUH�WKH�RIWHQ�
GHELOLWDWLQJ�VLGH�HIIHFWV�������WKH�GUXJV¶�H[WUHPHO\�KLJK�FRVWV��$=7�DORQH�FRVW�DURXQG��������D�\HDU�DQG�
WKH�FRFNWDLOV�FDQ�HDVLO\�WDOO\���������±��������D�\HDU�SHU�SDWLHQW��>������SS�����±���@�DQG�WKH�
RIWHQWLPHV�GDXQWLQJ�UHJLPHQ�VRPH�SUHVFULSWLRQV�UHTXLUH��OHDGLQJ�WR�SDWLHQWV¶�OHVV�WKDQ�RSWLPDO�
FRPSOLDQFH�GXULQJ�WUHDWPHQW�

'HVSLWH�WKLV�KRVW�RI�SUREOHPV��RUWKRGR[�VFLHQWLVWV�DQG�SUDFWLWLRQHUV�VWLOO�FODLP�+$$57�KDV�FKDQJHG�WKH�
IDFH�RI�WKH�$,'6�HSLGHPLF��RQFH�FRQVLGHUHG�D�OHWKDO�V\QGURPH��WHVWLQJ�SRVLWLYH�IRU�+,9�GRHV�QRW�
HTXDWH�WR�D�GHDWK�VHQWHQFH�DQ\�ORQJHU��PHUHO\�WR�D�OLIHWLPH�RI�PDQDJLQJ�D�FKURQLF�LQIHFWLRQ�����������
&ULWLFV��RQ�WKH�RWKHU�KDQG��DVVHUW��EHFDXVH�WKH�GUXJV�DUH�DQWL�YLUDO�DQG�DQWL�EDFWHULDO�LQ�QDWXUH��WKH\�JLYH�
D�IDOVH�LPSUHVVLRQ�RI�EHLQJ�HIIHFWLYH�IRU�WUHDWLQJ�+,9�LQIHFWLRQ��:KDW�DSSHDUV�D�PLUDFXORXV�UHFRYHU\�LQ�
PDQ\�SDWLHQWV�LV��LQ�IDFW��WKH�GUXJV¶�HIIHFWV�XSRQ�WKH�RSSRUWXQLVWLF�LQIHFWLRXV�DJHQWV�WKH�SHUVRQ�PD\�
KDUERU�DW�WKH�WLPH��RWKHU�WKDQ�+,9��&RQWUDU\�WR�WKH�UHLJQLQJ�HQWKXVLDVP�IRU�$59V¶�HIIHFWLYHQHVV�IRU�
SUHYHQWLRQ�DQG�WUHDWPHQW��FULWLFV�ZLOO�DUJXH�WKH�ULVNV�DVVRFLDWHG�ZLWK�$59V�DSSHDU�WR�RXWZHLJK�WKH�
EHQHILWV��HVSHFLDOO\�LI�WKHVH�GUXJV�DUH�FRQVXPHG�RYHU�ORQJ�SHULRGV�RI�WLPH��,Q�VKRUW��XQRUWKRGR[�
VFKRODUV�EHOLHYH�WKH�DSSHDUDQFH�RI�HIIHFWLYHQHVV�RI�$59V�GRHV�QRW�UHSUHVHQW�VWURQJ�HYLGHQFH�IRU�WKH�
UROH�RI�+,9�LQ�$,'6�DQG��LQ�D�SDUDGR[LFDO�PDQQHU��$59V�PD\�DFWXDOO\�EH�WKH�FDXVH�RI�$,'6�GHILQLQJ�
LOOQHVVHV�DQG�QRQ�$,'6�GHILQLQJ�RQHV�

(SLGHPLRORJLFDO�GDWD

,W�LV�HDV\�WR�REWDLQ�FXUUHQW�VWDWLVWLFV�GHVFULELQJ�WKH�+,9�$,'6�GLVWULEXWLRQ��ZRUOG�ZLGH��2QH�KDV�RQO\�WR�
DFFHVV�WKH�ZHEVLWH�RI�WKH�-RLQW�8QLWHG�1DWLRQV�3URJUDP�RQ�+,9�WR�OHDUQ��³,Q�������WKHUH�ZHUH������
PLOOLRQ�>����±�����PLOOLRQ@�SHRSOH�OLYLQJ�ZLWK�+,9´�DQG�WKDW��LQ�WKH�VDPH�\HDU��³����PLOOLRQ�>���±����
PLOOLRQ@�SHRSOH�GLHG�IURP�$,'6�UHODWHG�FDXVHV�ZRUOGZLGH�FRPSDUHG�WR�����PLOOLRQ�>���±����PLOOLRQ@�LQ�
����´������

6FKRODUV�RQ�ERWK�VLGHV�RI�WKH�GHEDWH�DJUHH��³HSLGHPLRORJLF�VWXGLHV�DQG�GDWD�FDQ�VKRZ�RQO\�WKDW�D�ULVN�
IDFWRU�LV�VWDWLVWLFDOO\�DVVRFLDWHG��FRUUHODWHG��ZLWK�D�KLJKHU�GLVHDVH�LQFLGHQFH�LQ�WKH�SRSXODWLRQ�H[SRVHG�
WR�WKDW�ULVN�IDFWRU´�>������S����@��(SLGHPLRORJLFDO�GDWD�GR�QRW�SURYLGH�HYLGHQFH�IRU�FDXVDWLRQ��$OO�WKH�
GDWD�FDQ�GR�LV�UHYHDO�ULVN�IDFWRUV�DQG�LOOQHVV�FR�RFFXUULQJ�LQ�D�JLYHQ�JURXS��'HVSLWH�WKLV�ZHOO�NQRZQ�
FDYHDW��PDLQVWUHDP�VFLHQWLVWV�DUJXH�WKDW�EHFDXVH�+,9�KDV�VSUHDG�DPRQJ�KLJK�ULVN�JURXSV�DV�H[SHFWHG��
WKH�$,'6�HSLGHPLF�KDV��LQGHHG��D�YLUDO��LQIHFWLRXV�DJHQW��LWV�³HSLGHPLF�FXUYHV�UHVHPEOH�«�VXFK�
LQIHFWLRXV�DJHQWV�DV�KHSDWLWLV�%�DQG�JHQLWDO�KHUSHV�YLUXVHV´�>������S����@��7KHVH�VFLHQWLVWV�DOVR�ZLOO�



H[SODLQ�WKH�GLIIHUHQFHV�REVHUYHG�LQ�WKH�IUHTXHQF\�RI�FHUWDLQ�LOOQHVV�LQ�VSHFLILF�JHRJUDSKLF�UHJLRQV��H�J���
KLJKHU�QXPEHUV�RI�+,9�UHODWHG�7XEHUFXORVLV�LQ�VXE�6DKDUDQ�$IULFD��DV�FDXVHG�E\�WKH�³EDFNJURXQG�IORUD�
RI�LQIHFWLRXV�GLVHDVH�DJHQWV´�SUHVHQW�LQ�WKHVH�UHJLRQV�>������S����@�

&XULRXVO\��KRZHYHU��HYHQ�DPRQJ�PDLQVWUHDP�VFKRODUV�ZKR�EHOLHYH�HSLGHPLRORJLFDO�GDWD�FRQVWLWXWH�
YDOXDEOH�HYLGHQFH�RI�D�YLUDO�FDXVH�IRU�$,'6��WKHUH�DUH�WKRVH�ZKR�KDYH�WXUQHG�D�FULWLFDO�H\H�WRZDUG�WKH�
GDWD�WKH�86�DQG�WKH�:+2�KDYH�FRPSLOHG��-DPHV�&KLQ�±�RQH�VXFK�FULWLF��7DEOH����ZULWHV�LQ�KLV�ERRN��
7KH�$,'6�3DQGHPLF��7KH�&ROOLVLRQ�RI�(SLGHPLRORJ\�ZLWK�3ROLWLFDO�&RUUHFWQHVV�

7KH�TXHVWLRQV�UHJDUGLQJ�WKH�YDOLGLW\�DQG�UHOLDELOLW\�RI�HSLGHPLRORJLFDO�GDWD�HPHUJLQJ�IURP�ZLWKLQ�WKH�
PDLQVWUHDP�RUWKRGR[�YLHZV�KDYH�EHHQ�HFKRHG�DQG�DPSOLILHG�E\�XQRUWKRGR[�VFKRODUV��%RWK�FDPSV¶�
FRQFHUQV�FHQWHU�RQ�IRXU�SUREOHPV�SODJXLQJ�WKH�HVWLPDWHV�RI�LQFLGHQFH��QHZ�FDVHV���SUHYDOHQFH�
�UHPDLQLQJ�FDVHV���DQG�SURMHFWLRQ��IXWXUH�FDVHV��RI�+,9�LQIHFWLRQV��$,'6�GLDJQRVHV��DQG�$,'6�UHODWHG�
GHDWKV���D��WKH�YDU\LQJ�FOLQLFDO�GHILQLWLRQV�RI�$,'6��WKH�RIILFLDO�GHILQLWLRQ�KDV�FKDQJHG�IRXU�WLPHV�VLQFH�
�������������E��YDULDELOLW\�LQ�WKH�FULWHULD�IRU�VHURSRVLWLYLW\�LQ�+,9�WHVWV���F��WKH�DEVHQFH�RI�WHVWLQJ�LQ�
PDQ\�UHJLRQV�RI�WKH�ZRUOG��PDQ\�GHYHORSLQJ�FRXQWULHV�GR�QRW�KDYH�WKH�ODERUDWRULHV�QHHGHG�WR�WHVW�
HYHU\�VLQJOH�$,'6�FDVH���DQG��G��WKH�PLVWDNHV�LQ�HVWLPDWLRQ��GDWD�PDQDJHPHQW�DQG�UHSRUWLQJ��H�J���WKH�
UHYLVLRQ�RI�SURMHFWLRQV�IRU�\HDU������E\�81$,'6�����±����

7KLV�DUWLFOH¶V�VSDFH�OLPLWDWLRQV�GR�QRW�DOORZ�DQ�H[SDQGHG�WUHDWPHQW�RI�HDFK�SUREOHP�DUHD��EXW�UHDGHUV�
FDQ�ILQG�IXUWKHU�GHWDLOV�ZLWKLQ�WKH�ZRUNV�FLWHG��)RU�LQVWDQFH��LQ�5HEHFFD�&XOVKDZ¶V�ERRN�±�6FLHQFH�6ROG�
2XW��'RHV�+,9�5HDOO\�&DXVH�$,'6������±�UHDGHUV�ZLOO�ILQG����³IDLOHG�SUHGLFWLRQV´�UHJDUGLQJ�WKH�VSUHDG�
RI�+,9�DQG�$,'6��LQFOXGLQJ�WKH�SUHGLFWLRQ�WKDW�+,9�LQIHFWLRQ�ZRXOG�VSUHDG�UDQGRPO\�DPRQJ�
SRSXODWLRQV��L�H���RXWVLGH�VSHFLILF�ULVN�JURXSV���&XOVKDZ�DOVR�WHOOV�KHU�SHUVRQDO�VWRU\�RI�KDYLQJ�ZULWWHQ�D�
PDVWHU¶V�WKHVLV��UHFHLYHG�D�3K�'��EDVHG�RQ�KHU�ZRUN�ZLWK�³PDWKHPDWLFDO�PRGHOV�RI�WKH�LPPXQRORJLFDO�
DVSHFWV�RI�+,9�LQIHFWLRQ�´�DQG�HYHQWXDOO\�FRQFOXGLQJ�³WKHUH�LV�JRRG�HYLGHQFH�WKDW�WKH�HQWLUH�EDVLV�IRU�
WKLV�WKHRU\�LV�ZURQJ´�>������S��@�

8QRUWKRGR[�7KHRULHV��,I�QRW�+,9��7KHQ�:KDW"

,I�WKH�FULWLFLVPV�RXWOLQHG�DERYH�SLQSRLQW�VLJQLILFDQW�SUREOHPV�ZLWK�HDFK�W\SH�RI�GDWD�XVHG�WR�VXSSRUW�WKH�
+,9�$,'6�K\SRWKHVLV��WKH\�RQO\�FRQWULEXWH�WR�GHFRQVWUXFWLQJ�WKH�K\SRWKHVLV��QRW�WR�SURYLGLQJ�
H[SODQDWLRQV�IRU�ZKDW�PLJKW�FDXVH�$,'6�LI�QRW�D�UHWURYLUXV��+RZHYHU��DOWHUQDWLYH�K\SRWKHVHV�DERXQG��
$QFKRULQJ�WKHPVHOYHV�LQ�ZHOO�HVWDEOLVKHG�FDXVHV�RI�LPPXQH�V\VWHP�PDOIXQFWLRQ��WKHVH�K\SRWKHVHV�
SRLQW�WR�SKDUPDFRORJLFDO��GUXJ��IDFWRUV��LPPXQH�GLV�EDODQFH�IDFWRUV��ODWHQW�LQIHFWLRQ�RYHUORDG��DQG�
PDOQXWULWLRQ�DV�FXOSULWV�

$OWKRXJK�VHYHUDO�VFLHQWLVWV�LQYHVWLJDWHG�WKH�UROH�GUXJV�PLJKW�SOD\�LQ�FDXVLQJ�LPPXQH�VXSSUHVVLRQ�
EHIRUH�+,9�ZDV�LGHQWLILHG�>VHH�D�OLVW�RI�WKHVH�VWXGLHV�LQ�'XHVEHUJ�HW�DO������@��WKH�PDLQ�SURSRQHQW�RI�WKH�
GUXJ�$,'6�K\SRWKHVLV�LQ�WKH�HSLGHPLF¶V�HDUO\�\HDUV�ZDV�3HWHU�'XHVEHUJ��D�SURIHVVRU�RI�0ROHFXODU�DQG�
&HOO�%LRORJ\�DW�8&�%HUNHOH\��$FFRUGLQJ�WR�6HWK�.DOLFKPDQ��ZKR�ZURWH�'HQ\LQJ�$,'6��D�KDUVK�FULWLTXH�
RI�XQRUWKRGR[�YLHZV�DQG�RI�'XHVEHUJ�LQ�SDUWLFXODU���³,Q�HYHU\�UHVSHFW��+,9�$,'6�GHQLDOLVP�VWDUWV�DQG�
HQGV�ZLWK�3HWHU�'XHVEHUJ´�>������S�����@��'XHVEHUJ¶V�DUJXPHQWV�JDLQHG�QRWRULHW\�DPRQJ�XQRUWKRGR[�

(VWLPDWLRQ�DQG�SURMHFWLRQ�RI�+,9�LQIHFWLRQV�DQG�$,'6�FDVHV�DQG�GHDWKV��+,9�$,'6��FDQ�EH�
FRQVLGHUHG�PRUH�RI�DQ�DUW�WKDQ�D�VFLHQFH�EHFDXVH�RI�WKH�PDUNHG�OLPLWDWLRQV�RI�ERWK�DYDLODEOH�GDWD�
DQG�PHWKRGV�IRU�HVWLPDWLRQ�DQG�SURMHFWLRQ��7KHVH�OLPLWDWLRQV�PDNH�LW�SRVVLEOH�IRU�81$,'6�DQG�
RWKHU�$,'6�SURJUDP�DGYRFDWHV�DQG�DFWLYLVWV�WR�LVVXH�PLVOHDGLQJ�DQG�LQIODWHG�HVWLPDWHV�DQG�
SURMHFWLRQV�>������S�����@�



WKHRULHV�QRW�RQO\�GXH�WR�KLV�H[SHUWLVH�DQG�SURPLQHQFH��VHH�7DEOH�����EXW�DOVR�WR�KLV�FKDOOHQJH�RI�WKH�
PHGLFDO�DQG�VFLHQWLILF�HVWDEOLVKPHQWV�HDUO\�LQ�WKH�KLVWRU\�RI�WKH�HSLGHPLF��HPSOR\LQJ�FOHDU�HPSLULFDO�
ORJLF�

'XHVEHUJ�EHJDQ�FKDOOHQJLQJ�WKH�YLUDO�K\SRWKHVLV�IRU�$,'6�VRRQ�DIWHU�WKH�SXEOLFDWLRQ��LQ�������RI�WKH�
IRXU�VHPLQDO�DUWLFOHV�SRLQWLQJ�WR�+,9�DV�WKH�³SUREDEOH´�FDXVH����±�����,Q�WZR�NH\�SXEOLFDWLRQV�LQ������
DQG������±�LQ�&DQFHU�5HVHDUFK�DQG�LQ�WKH�3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV����������±�
'XHVEHUJ�FRJHQWO\�DUJXHG��UHWURYLUXVHV�DUH�QRW�NQRZQ�IRU�NLOOLQJ�FHOOV��,Q�RWKHU�ZRUGV��UHWURYLUXVHV�DUH�
QRW�³F\WRFLGDO�´�,I�DQ\WKLQJ��UHWURYLUXVHV�ZHUH�RQFH�WKRXJKW�WR�EH�DVVRFLDWHG�ZLWK�FDQFHU�EHFDXVH�WKH\�
FDXVH�SUHFLVHO\�WKH�RSSRVLWH�RI�FHOO�GHDWK��WKH\�FRQWULEXWH�WR�FHOOV¶�JURZWK�RU�SUROLIHUDWLRQ��,Q�
'XHVEHUJ¶V�ZRUGV��³«�UHWURYLUXVHV�DUH�«�FRQVLGHUHG�WR�EH�SODXVLEOH�QDWXUDO�FDUFLQRJHQV�EHFDXVH�WKH\�
DUH�QRW�F\WRFLGDO�DQG�KHQFH�FRPSDWLEOH�ZLWK�QHRSODVWLF�JURZWK�DQG�RWKHU�VORZ�GLVHDVHV�´�>������S��
����@��,Q�KLV�YLHZ��+,9¶V�LQDELOLW\�WR�NLOO�FHOOV�FRXOG�QRW�H[SODLQ�WKH�VXSSUHVVLRQ�RI�WKH�7�FHOOV�LQ�WKH�
LPPXQH�V\VWHP��DV�SURSRVHG�E\�WKH�WHDPV�ZKR�GLVFRYHUHG�+,9 ��$FFRUGLQJ�WR�)DUEHU�

)RU�'XHVEHUJ�DQG�VFLHQWLVWV�DJUHHLQJ�ZLWK�KLP��WKHQ��RWKHU�DJHQWV�ZRXOG�KDYH�WR�EH�UHVSRQVLEOH�IRU�WKH�
GLVDVWURXV�LPPXQH�IXQFWLRQ�FROODSVH�VHHQ�LQ�$,'6�SDWLHQWV��7KHVH�VFLHQWLVWV�VDZ�DV�SURPLQHQW�DPRQJ�
VXFK�FDXVHV��WKH�XVH�RI�GUXJV��ERWK�UHFUHDWLRQDO�DQG�URXWLQHO\�SUHVFULEHG�RQHV��$V�DXWKRU�*DU\�1XOO�
SRLQWV�RXW��HYHQ�EHIRUH�$,'6��UHVHDUFKHUV�ZHUH�GRFXPHQWLQJ�WKH�LPPXQH�VXSSUHVVLQJ�HIIHFWV�RI�DP\O�
QLWULWHV�RU�³SRSSHUV´��WKH�IRUP�RI�DP\O�QLWULWHV�SRSXODU�DPRQJ�JD\�PHQ�LQ�WKH�HDUO\�DQG�PLG���V��DQG�
GHWHUPLQLQJ�ERWK�WKHLU�WR[LFLW\�DQG�FDUFLQRJHQLF�SURSHUWLHV�LQ�KXPDQV�DQG�DQLPDOV�������+RZHYHU��WZR�
VWXGLHV�&'&�SXEOLVKHG�LQ�������RQH�LQ�ZKLFK�WKH\�ZHUH�XQDEOH�WR�GHWHFW�DQ\�WR[LFLW\�IURP�DP\O�
QLWULWHV��WKH�RWKHU��XQDEOH�WR�GRFXPHQW�D�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�LQKDOHG�QLWUDWHV�DQG�.DSRVL¶V�
VDUFRPD�RU�3QHXPRF\VWLV�FDULQLL�SQHXPRQLD��OHG�WKH�VHDUFK�WR�D�KDOW�����������,QYHVWLJDWRUV�ODWHU�WULHG�WR�
GHWHUPLQH�LI�FHUWDLQ�EDWFKHV�PLJKW�KDYH�EHHQ�FRQWDPLQDWHG�ZLWK�WR[LF�DJHQWV�EXW��ZKHQ�WKH\�IRXQG�QR�
FRQWDPLQDWLRQ��WKH�IRFXV�RQ�SRSSHUV�DP\O�QLWULWHV�WKHPVHOYHV�FHDVHG������1RQHWKHOHVV��LQ������
'XHVEHUJ�DQG�5DVQLFN��7DEOH���������UHYLHZHG�HYLGHQFH�SXEOLVKHG�VLQFH�������³ZKLFK�SURYH>V@�WKDW�
UHJXODU�FRQVXPSWLRQ�RI�LOOLFLW�UHFUHDWLRQDO�GUXJV�FDXVHV�DOO�$,'6�GHILQLQJ�DQG�DGGLWLRQDO�GUXJ�VSHFLILF�
GLVHDVHV�DW�WLPH�DQG�GRVH�GHSHQGHQW�UDWHV´�>������S�����@�

2WKHU�GUXJV�VXFK�DV�WKRVH�JLYHQ�WR�WUDQVSODQW�SDWLHQWV�WR�SUHYHQW�RUJDQ�UHMHFWLRQ��DV�ZHOO�DV�URXWLQHO\�
SUHVFULEHG�DQWLELRWLFV��DOVR�KDYH�EHHQ�LPSOLFDWHG�DV�SRWHQWLDO�FDXVHV�RI�LPPXQH�G\VIXQFWLRQ��6WXGLHV�
KDYH�VKRZQ�WKDW�WUDQVSODQW�SDWLHQWV�ZKR�GHYHORS�.DSRVL¶V�VDUFRPD�ZLOO�JR�LQWR�UHPLVVLRQ��RQFH�WDNHQ�
RII�WKH�GUXJV�UHTXLUHG�WR�DYRLG�RUJDQ�UHMHFWLRQ��,PPXQH�VXSSUHVVLQJ�GUXJV��DV�ZHOO�DV�DP\O�QLWULWHV��
KDYH��IRU�LQVWDQFH��EHHQ�GLUHFWO\�FRUUHODWHG�ZLWK�.DSRVL¶V�VDUFRPD��WKH�UDUH�VNLQ�FDQFHU�IRXQG�
IUHTXHQWO\�DPRQJ�$,'6�SDWLHQWV�GXULQJ�WKH�HSLGHPLFV¶�HDUO\�GD\V�>VHH�UHYLHZV�E\�1XOO������DQG�
.UHPHU�����@�

$QWL�UHWURYLUDO�GUXJV�XVHG�WR�WUHDW�+,9�LQIHFWLRQ�GLVHDVH��DOVR��DUH�LQGLFWHG�E\�'XHVEHUJ�DQG�WKRVH�ZKR�
DJUHH�ZLWK�KLP�DV�SRWHQWLDOO\�FDXVLQJ�$,'6�����������%HFDXVH�WKH�GUXJ�FRFNWDLOV�LQFOXGH�³'1$�FKDLQ�
WHUPLQDWRUV�DQG�SURWHDVH�LQKLELWRUV´�WKDW�DIIHFW�KHDOWK\�FHOOV�DV�ZHOO�DV�WKH�YLUXV��DQG�EHFDXVH�³PDQ\�
VWXGLHV�ILQG�WKDW�SHRSOH�UHFHLYLQJ�$59�PHGLFDWLRQV�H[SHULHQFH�$,'6�GHILQLQJ�GLVHDVHV�WR�D�JUHDWHU�
H[WHQW�WKDQ�FRQWUROV�QRW�UHFHLYLQJ�WKRVH�PHGLFDWLRQV´�>������S�����@��DQWLUHWURYLUDOV�DUH�YLHZHG�DV�
SRWHQWLDO�LPPXQH�VXSSUHVVRUV�

�

,Q�RWKHU�ILHOGV��VXFK�DV�JHQH�WKHUDS\��LW�LV�D[LRPDWLF�WKDW�UHWURYLUXVHV�DUH�WKH�LGHDO�FDUULHUV�IRU�
JHQHWLF�PDWHULDOV��EHFDXVH�WKH\�µGRQ¶W�NLOO�FHOOV¶��,QFUHGLEO\��WKLV�LV�ZKHUH�WKH�VR�FDOOHG�+,9�GHEDWH�
ILUVW�IRUNHG�LQ�������DQG�ZKHUH�WKH�FDPSV�UHPDLQ�ELWWHUO\�GLYLGHG�WR�WKLV�GD\�>������S����@�



,Q�D�UHYLHZ�RI�WKH�FKHPLFDO�EDVHV�IRU�$,'6��SXEOLVKHG�LQ�������'XHVEHUJ�DQG�KLV�FROOHDJXHV������
RXWOLQHG�WKH�HSLGHPLRORJLFDO�DQG�ELR�FKHPLFDO�HYLGHQFH�VXSSRUWLQJ�GLIIHUHQW�FDXVHV�IRU�WKH�$,'6�
HSLGHPLFV�LQ�WKH�86�(XURSH�DQG�LQ�$IULFD��QRQH�RI�ZKLFK�DUH�YLUDO�RU�FRQWDJLRXV��7KH�DXWKRUV�
FRQFOXGHG�

$ORQJVLGH�D�GUXJ�K\SRWKHVLV��DQRWKHU�SURSRVHG�FDXVH�IRU�$,'6�LV�WKH�L126�K\SRWKHVLV��RU�LPPXQH�GLV�
EDODQFH�K\SRWKHVLV��,Q�KLV�ERRN��7KH�6LOHQW�5HYROXWLRQ�LQ�&DQFHU�DQG�$,'6�0HGLFLQH��.UHPHU������
�7DEOH����H[SODLQV�WKDW�PXFK�RI�ZKDW�VFLHQWLVWV�QRZ�NQRZ�DERXW�WKH�LPPXQH�V\VWHP�DQG�LWV�IXQFWLRQV�
ZDV�QRW�ZHOO�XQGHUVWRRG�DW�WKH�WLPH�WKH\�LGHQWLILHG�+,9��,Q�SDUWLFXODU��WKH�UHVHDUFK�RQ�12��RU�QLWULF�
R[LGH��ZDV�VWLOO�LQ�LWV�LQIDQF\��12�LV�³DQ�LPSRUWDQW�LQWUDFHOOXODU�DQG�LQWHUFHOOXODU�VLJQDOLQJ�PROHFXOH´�
DFWLQJ�DV�³«DQ�LPSRUWDQW�KRVW�GHIHQVH�HIIHFWRU�LQ�WKH�LPPXQH�V\VWHP´�>������S�����@��(YHQ�WKRXJK�12�
�DQG�LWV�GHULYDWLYH�L12V��LV�³LQYROYHG�LQ�WKH�UHJXODWLRQ�RI�GLYHUVH�SK\VLRORJLFDO�DQG�SDWKRSK\VLRORJLFDO�
PHFKDQLVPV�LQ�FDUGLRYDVFXODU��QHUYRXV��DQG�LPPXQRORJLFDO�V\VWHPV�´�UHVHDUFKHUV�KDYH�VKRZQ�LW�FDQ�
DOVR�EHFRPH�D�KDUPIXO��³F\WRWR[LF�DJHQW�LQ�SDWKRORJLFDO�SURFHVVHV��SDUWLFXODUO\�LQ�LQIODPPDWRU\�
GLVRUGHUV´�>������SS�����±���@��3XW�VLPSO\��DW�DGHTXDWH�OHYHOV�12�KHOSV�UHJXODWH�EORRG�SUHVVXUH�DV�ZHOO�
DV�³ZRXQG�UHSDLU�DQG�KRVW�GHIHQVH�>VLF@�PHFKDQLVPV´�>������S�����@��([FHVVLYH�DPRXQWV��KRZHYHU��OHDG�
WR�7�FHOO�GHSOHWLRQ��³LQIODPPDWLRQ��LQIHFWLRQ��QHRSODVWLF�GLVHDVHV�>FDQFHU@�OLYHU�FLUUKRVLV��>DQG�GLDEHWHV´�
>������S�����@��7KLV�FKDQJH�IURP�DGHTXDWH�WR�H[FHVVLYH�DPRXQWV�RI�12�LQ�WKH�KXPDQ�ERG\�UHVXOWV�IURP�
PXOWLSOH�IDFWRUV��LQFOXGLQJ�³QLWULWH�LQKDODWLRQ�>H�J���XVLQJ�µSRSSHUV¶@��PLFURELDO�DQWLJHQ��DQG�WR[LQ�
VWLPXODWLRQ�>H�J���VXIIHULQJ�UHSHDWHG�LQIHFWLRQV�ZLWK�GLIIHUHQW�YLUXVHV�EDFWHULD@��LPPXQRWR[LF�
PHGLFDWLRQV�>H�J���WDNLQJ�$59V�DQG�DQWLELRWLFV@��>DQG@�PDQ\�RWKHU�VWUHVV�IDFWRUV´�>������S����@�

$�FORVHO\�UHODWHG�SHUVSHFWLYH��SODFLQJ�WKH�EODPH�IRU�$,'6�RQ�ELR�FKHPLFDO�SURFHVVHV�JRQH�DZU\�ZLWKLQ�
KXPDQ�FHOOV�LV�WKH�R[LGDWLYH�VWUHVV��RU�UHGR[��K\SRWKHVLV��2[LGDWLYH�VWUHVV�LV�D�FHOOXODU�OHYHO�HOHFWUR�
FKHPLFDO�SKHQRPHQRQ�WKDW�GLPLQLVKHV�D�FHOO¶V�DELOLW\�WR�DEVRUE�R[\JHQ��7KLV�GLPLQLVKHG�FDSDFLW\�WR�
SURFHVV�R[\JHQ�DW�RSWLPDO�OHYHOV�OHDGV�WR�WKH�FHOO¶V�GLVUXSWLRQ�DQG�GHDWK��6FLHQWLVWV�KDYH�HLWKHU�
K\SRWKHVL]HG�RU�HPSLULFDOO\�FRQQHFWHG�R[LGDWLYH�VWUHVV�WR�PDQ\�GLVHDVHV��LQFOXGLQJ�W\SH���GLDEHWHV�DQG�
FDQFHU���������������$FFRUGLQJ�WR�WKLV�K\SRWKHVLV¶�PDLQ�SURSRQHQWV�

)RU�WKHVH�SURSRQHQWV�RI�WKH�UHGR[�K\SRWKHVLV�HYHQ�/XF�0RQWDJQLHU��WKH�KHDG�RI�WKH�)UHQFK�WHDP�WKDW�
GLVFRYHUHG�+,9��DJUHHV�³WKDW�DQWL�R[LGDQWV�VKRXOG�EH�XVHG�IRU�WUHDWPHQW�RI�+,9�$,'6�SDWLHQWV´�>�����
�����S���@�

9LHZLQJ�D�SHUVRQ¶V�LPPXQH�V\VWHP�DV�D�FRPSOH[�G\QDPLF�EDODQFLQJ�DFW�DPRQJ�YDULRXV�HOHPHQWV��
ZKLFK�VRPHWLPHV�EHKDYH�DV�GHIHQGHUV��RWKHU�WLPHV��DV�RIIHQGHUV��LV�DOVR�FRQVLVWHQW�ZLWK�WKH�³ODWHQW�
LQIHFWLRQ�RYHUORDG�K\SRWKHVLV´�SURSRVHG�E\�.DU\�0XOOLV��7DEOH�����$FFRUGLQJ�WR�0XOOLV��DV�SHRSOH�

7KH�FKHPLFDO�$,'6�K\SRWKHVLV�SURSRVHV�WKDW�WKH�$,'6�HSLGHPLFV�RI�WKH�86�DQG�(XURSH�DUH�
FDXVHG�E\�UHFUHDWLRQDO�GUXJV��DOLDV�OLIHVW\OH��DQG�DQWL�+,9�GUXJV�«�DQG�E\�RWKHU�QRQ�FRQWDJLRXV�
ULVN�IDFWRUV�VXFK�DV�LPPXQRVXSSUHVVLYH�SURWHLQV�DVVRFLDWHG�ZLWK�WUDQVIXVLRQV�RI�EORRG�FORWWLQJ�
IDFWRUV�«�SHGLDWULF�$,'6�LV�GXH�WR�SUHQDWDO�FRQVXPSWLRQ�RI�UHFUHDWLRQDO�DQG�DQWL�+,9�GUXJV�E\�
XQERUQ�EDELHV�WRJHWKHU�ZLWK�WKHLU�SUHJQDQW�PRWKHUV�«�7KH�FKHPLFDO�EDVLV�RI�$IULFDQ�$,'6�LV�
SURSRVHG�WR�EH�PDOQXWULWLRQ�DQG�ODFN�RI�GULQNDEOH�ZDWHU�«�H[DFWO\�DV�SURSRVHG�RULJLQDOO\�E\�WKH�
QRZ�OHDGLQJ�+,9�$,'6�UHVHDUFKHUV�)DXFL�DQG�6HOLJPDQ��³7KH�FRPPRQHVW�FDXVH�RI�7�FHOO�
LPPXQRGHILFLHQF\�ZRUOGZLGH�LV�SURWHLQ�FDORULH�PDOQXWULWLRQ´�«�DQG�RWKHUV�«�>������S�����@�

$W�ILUVW�VLJKW�LW�DSSHDUV�WKDW�WKHUH�LV�QR�FRPPRQ�IDFWRU��DSDUW�IURP�+,9�LQIHFWLRQ��OLQNLQJ�WKH�
YDULRXV�$,'6�ULVN�JURXSV��+RZHYHU��KRPRVH[XDOV�DUH�H[SRVHG�WR�UHODWLYHO\�KLJK�OHYHOV�RI�QLWULWHV�
DQG�DQDOO\�GHSRVLWHG�VSHUP��GUXJ�DEXVHUV�WR�RSLDWHV�DQG�QLWULWHV��KHPRSKLOLDFV�WR�IDFWRU�9,,,��$OO�
WKHVH�DUH�NQRZQ�SRWHQW�R[LGL]LQJ�DJHQWV�«�>������S������±�HPSKDVLV�PLQH@�



EHFRPH�LQIHFWHG�ZLWK�PXOWLSOH�YLUXVHV�DQG�H[SHULHQFH�PDQ\�ODWHQW�LQIHFWLRQV��WKH�LPPXQH�V\VWHP�
HPEDUNV�RQ�D�FKDLQ�UHDFWLRQ�UHVSRQVH�WR�HDFK�YLUXV��/DWHQW�LQIHFWLRQV�DUH�WKRVH�ZLWKRXW�YLVLEOH�
V\PSWRPV��DQG�DFFRUGLQJ�WR�0XOOLV��³DW�D�JLYHQ�WLPH�PRVW�YLUDO�LQIHFWLRQV�LQ�DQ�LQGLYLGXDO�DUH�ODWHQW´�
>������S�����@��(YHQWXDOO\��WKH�V\VWHP�RYHUORDGV�LWVHOI�DQG�EHFRPHV�G\VIXQFWLRQDO��$,'6��KH�VD\V��³PD\�
EH�WKH�UHVXOW�RI�VXFK�D�FKDLQ�UHDFWLRQ�´�7KLV�K\SRWKHVLV�DVVXPHV�

3HUKDSV�WKH�PRVW�LQWULJXLQJ�DOWHUQDWLYH�K\SRWKHVLV��KRZHYHU�±�LI�QRW�IURP�LWV�ELR�FKHPLFDO�SHUVSHFWLYH��
DW�OHDVW�IURP�WKH�SHUVSHFWLYH�RI�ZKR�VXSSRUWV�LW�±�LV�WKH�RQH�SURSRVLQJ�+,9�PD\�QRW�EH�WKH�SULPDU\�
YLOODLQ��EXW�PHUHO\�DQ�DFFRPSOLFH�LQ�FDXVLQJ�$,'6�������-RVHSK�6RQQDEHQG�±�D�SURPLQHQW�
SK\VLFLDQ�UHVHDUFKHU�UHVSRQVLEOH�IRU�HQFRXUDJLQJ�KLV�JD\�SDWLHQWV�WR�OHDG�D�KHDOWK\�OLIHVW\OH�WR�DYRLG�
GHYHORSLQJ�$,'6��DQG�RQH�ZKR�³GLG�QRW�DFFHSW�+,9ௗ ௗ$'6�WKHRU\�IRU�PDQ\�\HDUV´�±�UHFHQWO\�FKDQJHG�
KLV�YLHZV�DQG�³KDV�FRPH�WR�WKLQN�WKDW�+,9��WRJHWKHU�ZLWK�RWKHU�IDFWRUV��PD\�SOD\�D�VXEVLGLDU\�FDXVDWLYH�
UROH´�>����������S�����@��(YHQ�0RQWDJQLHU�DQG�*DOOR��OHDGHUV�RI�WKH�)UHQFK�DQG�$PHULFDQ�WHDPV��
UHVSHFWLYHO\��WKDW�GLVFRYHUHG�+,9���DW�YDULRXV�WLPHV�VLQFH�WKH�HSLGHPLF�EHJDQ��KDYH�VXJJHVWHG�+,9�
PLJKW�EH�D�FR�IDFWRU�LQ�$,'6��QRW�LWV�H[FOXVLYH�FDXVDWLYH�DJHQW������

2WKHU�K\SRWKHVHV�KDYH�EHHQ�SURSRVHG�RYHU�WKH�\HDUV��EXW�QRQH�KDYH�JDUQHUHG�DV�PXFK�DWWHQWLRQ�DV�
WKRVH�RXWOLQHG�DERYH��6RPH�RI�WKHVH�RWKHU�K\SRWKHVHV�FODLP�$,'6�LV�FDXVHG�E\��D��PXOWLSOH�IDFWRUV��
VRPH�IDFWRUV�H[SODLQLQJ�VRPH�FDVHV��RWKHU�IDFWRUV�DFFRXQWLQJ�IRU�RWKHU�FDVHV���E��XQGLDJQRVHG�RU�
XQWUHDWHG�V\SKLOLV�LQIHFWLRQ���F��DXWRLPPXQLW\���G��VHOHQLXP�GHILFLHQF\��DQG��H��SV\FKRORJLFDO�IDFWRUV��
LQFOXGLQJ�VWUHVV�DQG�WUDXPD�>VHH�%DXHU�������SS����������±����IRU�GHWDLOV�RQ�WKHVH�K\SRWKHVHV@�

7KH�SRVLWLYH�RU�UHDVVXULQJ�DVSHFW�RI�WKHVH�DOWHUQDWLYH�K\SRWKHVHV�LV�WKH�WDQJLEOH�KRSH�IRU�SUHYHQWLRQ��
WUHDWPHQW��DQG�FXUH�WKH\�HPERG\��1HYHUWKHOHVV��LW�LV�GLIILFXOW�QRW�WR�DJUHH�ZLWK�%DXHU�ZKHQ�KH�
FRQFOXGHV��³«LW�LV�KDUGO\�UHDVVXULQJ�WKDW�WKLV�DUUD\�RI�VXJJHVWLRQV�KDV�EHHQ�LQ�FLUFXODWLRQ�IRU�VRPHWKLQJ�
OLNH��WKUHH��GHFDGHV�ZLWKRXW�KDYLQJ�EHHQ�DGHTXDWHO\�H[SORUHG´�>������S�����@�

'LVFXVVLRQ

$W�WKLV�SRLQW��UHDGHUV�PLJKW�EH�ZRQGHULQJ��JLYHQ�WKH�SUREOHPV�ZLWK�WKH�PDLQVWUHDP�K\SRWKHVLV��KRZ�
GLG�ZH�JHW�KHUH"�+RZ�GLG�ZH�FRPH�VR�IDU��WHWKHUHG�WR�VXFK�D�SUREOHPDWLF�SHUVSHFWLYH"�7KH�FRPSOH[LW\�
RI�WKH�DQVZHUV�WR�WKHVH�TXHVWLRQV�DVLGH��LW�PD\�KHOS�WR�EHDU�LQ�PLQG�WKH�QRWLRQ�WKDW�+,9�FDXVHV�$,'6�
HPHUJHG�DQG�GHYHORSHG�ZLWKLQ�D�YHU\�VSHFLILF�VFLHQWLILF�FXOWXUDO�KLVWRULF�FRQWH[W��$OWKRXJK�WKH�VFRSH�
RI�WKLV�DUWLFOH�SUHFOXGHV�GHDOLQJ�ZLWK�WKLV�FRPSOH[�FRQWH[W��IRU�RXU�SXUSRVHV�LW�LV�LPSRUWDQW�WR�UHFDOO�DW�
OHDVW�RQH�HOHPHQW��)XQGLQJ�IRU�3UHVLGHQW�1L[RQ¶V�:DU�RQ�&DQFHU�FDPSDLJQ�HQGHG�LQ������ZLWK�YHU\�
OLWWOH�DFKLHYHG�LQ�WKH�TXHVW�IRU�DQ�LQIHFWLRXV�FDQFHU�DJHQW��������±�����7KH�RQO\�H[FHSWLRQ�ZDV�WKH�
GLVFRYHU\�FRQQHFWLQJ�VHOHFW�UHWURYLUXVHV�WR�D�IHZ��UDUH�FDQFHUV��2WKHU�WKDQ�WKLV��VFLHQWLVWV�KDG�D�KDQGIXO�
RI�³RUSKDQHG´�YLUXVHV�ZKLFK��WKH\�VXVSHFWHG��PLJKW�SOD\�D�UROH�LQ�FDXVLQJ�LOOQHVVHV��EXW�QR�NQRZQ�
GLVHDVHV�WR�ZKLFK�WKHVH�YLUXVHV�FRXOG�EH�FRQQHFWHG��3URSRVLQJ�D�FRQQHFWLRQ�EHWZHHQ�DQ�HPHUJLQJ�
V\QGURPH�DQG�RQH�RI�WKHVH�YLUXVHV��HYHQ�LI�RQO\�D�FLUFXPVWDQWLDO�FRQQHFWLRQ��SURYHG�HQWLFLQJ�HQRXJK�WR�
SXUVXH��$QG�SXUVXH�WKH\�GLG��DV�VRRQ�DV�$,'6�EHJDQ�WR�DSSHDU�LQ�ODUJHU�WKDQ�H[SHFWHG�QXPEHUV�DPRQJ�
RWKHUZLVH�KHDOWK\�DGXOWV�

,I�YLHZHG�IURP�WKLV�SHUVSHFWLYH��WKHQ��ZK\�VFLHQWLVWV�VR�TXLFNO\�DQG�DVVXUHGO\�³MXPSHG�RQ�WKH�+,9�
EDQGZDJRQ´�PD\�QRW�EH�YHU\�GLIILFXOW�WR�XQGHUVWDQG��7KDW�WKH�VFLHQWLILF�HVWDEOLVKPHQW�ZRUOG�ZLGH�
LQVLVWHQWO\�UHIXVHV�WR�UH�H[DPLQH�WKH�+,9�$,'6�K\SRWKHVLV��KRZHYHU��LV�PRUH�GLIILFXOW�WR�DFFHSW��
HVSHFLDOO\�ZKHQ�RQH�H[DPLQHV�WKH�FUHGHQWLDOV�RI�WKRVH�SURSRVLQJ�VXFK�D�UHYLVLRQ��7KHLU�H[SHUWLVH�

«�WKHUH�LV�QRW�D�VLQJOH�RUJDQLVP�WKDW�LV�WKH�FDXVH�RI�$,'6��DQG�WKHUH�VKRXOG�H[LVW�$,'6�SDWLHQWV�
ZKR�GR�QRW�WHVW�SRVLWLYH�IRU�+,9 ���,W�LV�DQ�RYHUZKHOPLQJ�QXPEHU�RI�GLVWLQFW�RUJDQLVPV��ZKLFK�
FDXVHV�WKH�LPPXQH�G\VIXQFWLRQ��7KHVH�PD\�LQGLYLGXDOO\�EH�KDUPOHVV�>������S�����@�

�



FDUULHV�DV�PXFK�ZHLJKW�DV�WKH�WHDPV�ZKR�GHIHQG�WKH�RUWKRGR[�K\SRWKHVLV��7DEOH�����6HWK�.DOLFKPDQ��D�
FULWLF�RI�$,'6�³GHQLDOLVWV�´�UHFRPPHQGV�DGDPDQWO\��DQ\RQH�ZKR�HQWHUWDLQV�DOWHUQDWLYH�YLHZV�VKRXOG�
³FRQVLGHU�WKH�VRXUFH��FUHGLELOLW\�RI�ZKHUH�WKH�DUWLFOH�LV�UHSRUWHG�DV�ZHOO�DV�WKH�UHVHDUFKHUV�WKHPVHOYHV�
PXVW�EH�ZHLJKHG´�>������S�����@��,�FRXOG�QRW�DJUHH�PRUH��WDNLQJ�LQWR�DFFRXQW�WKH�FUHGLELOLW\�RI�WKH�
VFKRODUV�ZKR�TXHVWLRQ�WKH�+,9�$,'6�K\SRWKHVLV�LV��SHUKDSV��WKH�VWURQJHVW�DUJXPHQW�LQ�IDYRU�RI�
VHULRXVO\�FRQVLGHULQJ�WKHLU�FULWLTXHV��QRW�DJDLQVW�LW�

)XUWKHUPRUH��FUHGLELOLW\�DV�DQ�DUJXPHQW�ZRUNV�ERWK�ZD\V��LI�WR�TXHVWLRQ�WKH�WUXVWZRUWKLQHVV�RI�
XQRUWKRGR[�VFKRODUV�LV�YLWDO��LW�LV�HTXDOO\�FUXFLDO�WR�TXHVWLRQ�WKH�UHOLDELOLW\�RI�WKRVH�VXSSRUWLQJ�WKH�+,9�
$,'6�K\SRWKHVLV��5HDGHUV�ZKR�FDUH�WR�OHDUQ�DERXW�+,9�$,'6¶�KLVWRU\�ZLOO�HQFRXQWHU�HWKLFDOO\�
TXHVWLRQDEOH�DFWLRQV�FDUULHG�RXW�E\�VRPH�RI�WKH�PRVW�QRWDEOH�RUWKRGR[�UHVHDUFKHUV��DV�ZHOO�DV�HWKLFDO�
PLVFRQGXFW�FKDUJHV�PDGH�DJDLQVW�WKHP�>IRU�DQ�H[WHQVLYH�WUHDWPHQW�RI�WKHVH�HWKLFDO�DQG�OHJDO�LVVXHV��
EDFNHG�E\�H[WHQVLYH�RIILFLDO�GRFXPHQWDWLRQ��VHH�&UHZGVRQ�����@�

,I�LW�LV�GLIILFXOW�WR�GLVPLVV�WKH�XQRUWKRGR[�YLHZV�GXH�WR�WKH�FUHGLELOLW\�RI�WKHLU�VRXUFHV��WKHQ��ZK\�DUH�QRW�
RUWKRGR[�VFLHQWLVWV�DQG�SUDFWLWLRQHUV�PRUH�ZLOOLQJ�WR�UHWKLQN�WKH�K\SRWKHVLV�RU��DW�WKH�YHU\�OHDVW��WHVW�WKH�
XQRUWKRGR[�DUJXPHQWV�LQ�D�VFLHQWLILF��RSHQ�GHEDWH"�$OWKRXJK�WKHUH�KDYH�EHHQ��LQ�IDFW��VHYHUDO�DWWHPSWV�
WR�HQJDJH�WKH�RUWKRGR[�FRPPXQLW\�LQ�GLDORJ��QHDUO\�DOO�KDYH�EHHQ�XQVXFFHVVIXO�>IRU�H[DPSOHV��VHH�5HI��
������������@��0RVW�OLNHO\��UHDVRQV�IRU�GHQ\LQJ�WKH�FDOOV�WR�UH�H[DPLQH�WKH�RUWKRGR[�VWDQFH�OLH�LQ�WKH�
FRPSOH[��V\QHUJLVWLF�G\QDPLFV�ZLWKLQ�WKH�VFLHQWLILF��PHGLFDO��HFRQRPLF��DQG�SROLWLFDO�V\VWHPV�RU�
LGHRORJLHV�ZRUOGZLGH��(YHQ�EULHI�VSHFXODWLRQ�DERXW�WKHVH�UHDVRQV�ZRXOG�H[FHHG�WKH�VFRSH�RI�WKLV�
DUWLFOH��WKHUHIRUH�,�UHIHU�WKH�UHDGHU��RQFH�DJDLQ��WR�WKH�VRXUFHV�UHIHUHQFHG�>LQ�SDUWLFXODU��VHH�(SVWHLQ������
DQG�%DXHU�����@�

+HUH�,�ZRXOG�DUJXH��QRQHWKHOHVV��WKDW�WKH�GHEDWH�EHWZHHQ�RUWKRGR[�DQG�XQRUWKRGR[�VFLHQWLVWV�FRPSULVHV�
PXFK�PRUH�WKDQ�DQ�LQWHOOHFWXDO�SXUVXLW�RU�D�VFLHQWLILF�VNLUPLVK��LW�LV�D�PDWWHU�RI�OLIH�DQG�GHDWK��,W�LV�D�
PDWWHU�RI�MXVWLFH��0LOOLRQV�RI�OLYHV��ZRUOGZLGH��KDYH�EHHQ�DQG�ZLOO�EH�VLJQLILFDQWO\�DIIHFWHG�E\�DQ�+,9�
RU�$,'6�GLDJQRVLV��,I�ZH�±�WKH�SXEOLF�KHDOWK�ZRUNIRUFH�±�ORVH�VLJKW�RI�WKH�VRFLDO�MXVWLFH�LPSOLFDWLRQV�
DQG�WKH�PDJQLWXGH�RI�WKH�HIIHFW��ZH�ORVH�³WKH�YHU\�SXUSRVH�RI�RXU�PLVVLRQ´�>���������S�����@�

,Q�SDUWLFXODU��D�SUHVVLQJ�FRQFHUQ�IRU�SXEOLF�KHDOWK�LV�WKH�PRYH�RU�SXVK�WRZDUG��D��+,9�VFUHHQLQJ�IRU�
³SDWLHQWV�LQ�DOO�KHDOWK�FDUH�VHWWLQJV´��ZLWK�RSW�RXW�VFUHHQLQJ�������DQG��E��SODFLQJ�SHUVRQV�DW�ULVN��HYHQ�
LI�QRW�\HW�LQIHFWHG�ZLWK�+,9���RQ�UHWURYLUDO�PHGLFDWLRQ�DV�D�IRUP�RI�SURSK\OD[LV��VHH�GLVFXVVLRQ�DERXW�
3U(3��DERYH��������,I�LQ������WKH�&'&�UHFRPPHQGHG�YROXQWDU\�WHVWLQJ�IRU�SHRSOH�LQ�KLJK�ULVN�JURXSV��
LQ������WKH�8�6��3UHYHQWLYH�6HUYLFHV�7DVN�)RUFH�³JDYH�URXWLQH�+,9�VFUHHQLQJ�RI�DOO�DGROHVFHQWV�DQG�
DGXOWV��DJHV���±����DQ�µ$¶�UDWLQJ´�>������S���@��7KH�UHFHQWO\�DSSURYHG�$IIRUGDEOH�&DUH�$&7�³UHTXLUHV�RU�
LQFHQWLYL]HV�QHZ�SULYDWH�KHDOWK�SODQV��0HGLFDUH��DQG�0HGLFDLG�WR�SURYLGH�SUHYHQWLYH�VHUYLFHV�UDWHG�µ$¶�
RU�µ%¶�DW�QR�FRVW�WR�SDWLHQWV´�>������S���@��7KXV��URXWLQH�VFUHHQLQJ�RI�HYHU\�DGROHVFHQW�DQG�DGXOW�LQ�DOO�
SRSXODWLRQV�LV��QRZ��WKH�JRDO����������

,I��WR�WKLV�JRDO�ZH�MX[WDSRVH�WKH�SUREOHPV�ZLWK�WKH�+,9�WHVWV��ZLWK�WKH�GHILQLWLRQ�V��RI�$,'6��DQG�ZLWK�
WKH�WR[LFLW\�RI�WKH�$59V�FXUUHQWO\�SUHVFULEHG��ZH�EHJLQ�WR�XQGHUVWDQG�WKH�SRWHQWLDO�IRU�KDUP�LQKHUHQW�LQ�
WKHP��3XW�EODWDQWO\��WKHVH�UHFRPPHQGDWLRQV�FDQ�EH�KDUPIXO�RU�LDWURJHQLF������

3XEOLF�KHDOWK�ZRUNIRUFH��2XU�UROH

:KDW�FDQ�WKH�SXEOLF�KHDOWK�ZRUNIRUFH�GR��JLYHQ�VXFK�SRWHQWLDO�IRU�KDUP"�$V�VWDWHG�LQ�WKH�LQWURGXFWLRQ��
WKLV�SDSHU�UHSUHVHQWV�D�FDOO�WR�UHIOHFW�XSRQ�RXU�SXEOLF�KHDOWK�SUDFWLFH�YLV�j�YLV�+,9�$,'6��5HIOHFWLQJ�
XSRQ�DQG�TXHVWLRQLQJ�WKH�VWDWXV�TXR�FRQVWLWXWH�LPSRUWDQW�GLPHQVLRQV�RI�SXEOLF�KHDOWK�SURIHVVLRQDOV¶�
FRPSHWHQFLHV�DQG�SUDFWLFH��,I�WKH�RQO\�KRSH�WKH�+,9�$,'6�K\SRWKHVLV�FDQ�RIIHU����ௗ\HDUV�ODWHU��LV�WR�
SURYLGH�KLJKO\�WR[LF�GUXJV�WR�WUHDW�+,9�LQIHFWLRQ�DQG�WR�SUHYHQW�KLJK�ULVN�EXW�KHDOWK\�SHUVRQV�IURP�
EHFRPLQJ�LQIHFWHG��KHDOWK�SURPRWHUV�KDYH�D�SURIHVVLRQDO�GXW\�WR�UHIOHFW�RQ�WKH�DYDLODEOH�GDWD�DQG�



TXHVWLRQ�WKH�XVHIXOQHVV�RI�WKH�K\SRWKHVLV��2QO\�LQ�GRLQJ�VR�FDQ�SXEOLF�KHDOWK�SURIHVVLRQDOV�PDLQWDLQ�
WKHLU�SURIHVVLRQDO�LQWHJULW\��WHQG�WR�SXEOLF�KHDOWK¶V�URRWV�LQ�VRFLDO�MXVWLFH��DQG�FRQWULEXWH�WR�GHYHORSLQJ�
NQRZOHGJH�XVLQJ�HWKLFDO�PHWKRGV�

-DPHV�-RQHV��LQ�KLV�ERRN�%DG�%ORRG��7KH�7XVNHJHH�6\SKLOLV�([SHULPHQW�������UHPLQGV�XV�SRLJQDQWO\�
WKDW�QRW�DVNLQJ�ZKHWKHU�KHDOWK�SURIHVVLRQDOV�³VKRXOG�EH�GRLQJ´�VRPHWKLQJ��EXW�FRQWLQXLQJ�WR�GR�LW�
XQFULWLFDOO\��EHFDXVH�³LW�FDQ�EH�GRQH´�ZDV��XOWLPDWHO\��WKH�PLQG�VHW�VXVWDLQLQJ�WKH�7XVNHJHH�V\SKLOLV�
VWXG\�IRU���ௗ\HDUV�±�XQTXHVWLRQDEO\�RQH�RI�WKH�ZRUVW�FDVHV�RI�VFLHQWLILF�PLVFRQGXFW�LQ�$PHULFDQ�
KLVWRU\��7KH�$,'6�HSLGHPLF�±�LI�PDQDJHG�ZLWKRXW�TXHVWLRQLQJ�RU�ZLWKRXW�WKH�GLDORJLFDO�SURFHVV�RI�
DFWLRQ�UHIOHFWLRQ�±�PD\��ZLWK�WLPH��RYHUVKDGRZ�7XVNHJHH�LQ�WKH�PDJQLWXGH�RI�LWV�QHJDWLYH�LPSDFW�

6SHFLILFDOO\��,�SURSRVH�WKH�SXEOLF�KHDOWK�ZRUNIRUFH�FDQ�XQGHUWDNH�VXFK�DQ�DFWLRQ�UHIOHFWLRQ�SURFHVV�E\�
HQJDJLQJ�LQ�WKH�IROORZLQJ�WDVNV�

$OWKRXJK�FDUU\LQJ�RXW�WKH�WDVNV�RXWOLQHG�DERYH�PD\�UHSUHVHQW�D�QRYHOW\�IRU�PDQ\�SXEOLF�KHDOWK�
SURIHVVLRQDOV��IRU�WKH�VFLHQWLVWV��SUDFWLWLRQHUV��DQG�LQYHVWLJDWRUV�ZKR�EHOLHYH�D�YLUDO�K\SRWKHVLV�IRU�
$,'6�LV�XQSURGXFWLYH��QRQH�RI�WKLV�LV�QHZ��7KH\�KDYH�FRPEHG�KLVWRULFDO�GRFXPHQWV��RU�SOD\HG�D�UROH�LQ�
WKH�KLVWRU\��WKHPVHOYHV���WKH\�KDYH�DPDVVHG�VXEVWDQWLDO�DPRXQWV�RI�GDWD��DQG�WKH\�KDYH�PDGH�QXPHURXV�
FDOOV�IRU�GHEDWH��7KH\�KDYH�KHOG�WR�WKHLU�EHOLHIV��VWHDGIDVWO\��IRU�WKH�SDVW���ௗ\HDUV��7ZHQW\�IRXU�\HDUV�
DIWHU�WKH�ILUVW�DUWLFOH�FKDOOHQJLQJ�+,9��'XHVEHUJ�DQG�FROOHDJXHV��IRU�LQVWDQFH��VWLOO�FODLPHG�+,9�LV�RQO\�D�
³SDVVHQJHU�YLUXV´��RQH�³QRW�VXIILFLHQW�DQG�QRW�QHFHVVDU\�WR�FDXVH�D�GLVHDVH´��>������S����@��:KLOH�QRW�DOO�
XQRUWKRGR[�VFKRODUV�DJUHH�ZLWK�'XHVEHUJ��PRVW�VWLOO�DFWLYHO\�GHIHQG�WKHLU�FULWLTXHV�RI�WKH�+,9�$,'6�
K\SRWKHVLV�DQG�SHUVLVW�LQ�WKHLU�TXHVWLRQLQJ��$V�ZH�IDFH�WKH�QH[W�GHFDGH�ZLWK�$,'6�VWLOO�UDPSDQW��WKHQ��LW�
EHFRPHV�YLWDO�WKDW�SXEOLF�KHDOWK�SURIHVVLRQDOV�DWWHQG�WR�WKH�GHEDWH�DQG�HPEDUN�LQ�D�TXHVWLRQLQJ�RI�WKHLU�
RZQ�

&RQIOLFW�RI�,QWHUHVW�6WDWHPHQW

7KH�DXWKRU�GHFODUHV�WKDW�WKH�UHVHDUFK�ZDV�FRQGXFWHG�LQ�WKH�DEVHQFH�RI�DQ\�FRPPHUFLDO�RU�ILQDQFLDO�
UHODWLRQVKLSV�WKDW�FRXOG�EH�FRQVWUXHG�DV�D�SRWHQWLDO�FRQIOLFW�RI�LQWHUHVW�

$FNQRZOHGJPHQWV

7KH�RSHQ�DFFHVV�SXEOLVKLQJ�IHHV�IRU�WKLV�DUWLFOH�KDYH�EHHQ�FRYHUHG�E\�WKH�7H[DV�$	0�8QLYHUVLW\�
2QOLQH�$FFHVV�WR�.QRZOHGJH��2$.��)XQG��VXSSRUWHG�E\�WKH�8QLYHUVLW\�/LEUDULHV�DQG�WKH�2IILFH�RI�WKH�
9LFH�3UHVLGHQW�IRU�5HVHDUFK�

/HDUQLQJ�DERXW�WKH�KLVWRU\�RI�WKH�+,9�$,'6�HSLGHPLF��RI�WKH�SUREOHPV�VXUURXQGLQJ�WKH�
GLVFRYHU\�RI�+,9��DQG�DERXW�WKH�GHYHORSPHQW�RI�GUXJ�WKHUDSLHV�DQG�3U(3��3XEOLFDWLRQV�UHFRUGLQJ�
WKLV�KLVWRU\�DERXQG�LQ�WKH�SURIHVVLRQDO�DQG�WUDGH�OLWHUDWXUHV��UHSUHVHQWLQJ�ERWK�PDLQVWUHDP�DQG�
XQRUWKRGR[�YLHZ�SRLQWV��7R�XQGHUVWDQG�WKH�IRUFHV�VKDSLQJ�WKH�+,9�$,'6�HSLGHPLF��ZH�FXUUHQWO\�
H[SHULHQFH�UHSUHVHQWV�D�FUXFLDO�UHVSRQVLELOLW\�RI�D�FRPSHWHQW�DQG�HWKLFV�GULYHQ�ZRUNIRUFH�

���

&RQGXFWLQJ�LWV�RZQ�UHVHDUFK�WR�WHVW�DOWHUQDWLYH�WKHRULHV�IRU�WKH�FDXVH�V��RI�$,'6�DQG�RU�WR�SRUWUD\�
WKH�LQFRQVLVWHQFLHV�DQG�FRQWUDGLFWLRQV�LQ�WKH�RUWKRGR[�K\SRWKHVLV��4XDOLWDWLYH�LQTXLU\��IRU�
LQVWDQFH��H[SORULQJ�XQRUWKRGR[�YLHZV�DQG�WKH�SUDFWLFHV�RI�SURYLGHUV��SDWLHQWV��DQG�VFLHQWLVWV��
PLJKW�EH�D�IUXLWIXO�RSWLRQ�IRU�FKDOOHQJLQJ�SUHYDLOLQJ�DVVXPSWLRQV�

���

)RVWHULQJ�DQG�PHGLDWLQJ�D�GHEDWH�DPRQJ�+,9�LQIHFWHG�SHUVRQV��VFLHQWLVWV��DQG�KHDOWK�FDUH�
SURYLGHUV��WR�FULWLFDOO\�DVVHVV�FXUUHQW�EHOLHIV�DQG�SUDFWLFHV��3XEOLF�KHDOWK�SURIHVVLRQDOV�±�ZKR�DUH�
ZHOO�LQIRUPHG�DERXW�WKH�RUWKRGR[�DQG�XQRUWKRGR[�SHUVSHFWLYHV¶�VWUHQJWKV�DQG�ZHDNQHVVHV�±�
FRXOG�SOD\�DQ�LPSRUWDQW�UROH�DV�IDFLOLWDWRUV�LQ�WKLV�PXFK�QHHGHG�GLDORJ�

���



)RRWQRWHV
,Q�WKLV�DUWLFOH��,�ZLOO�XVH�WKH�WHUPV�XQRUWKRGR[��QRQ�RUWKRGR[��QRQ�PDLQVWUHDP��DQG�DOWHUQDWLYH��WR�UHIHU�
FROOHFWLYHO\�WR�WKRVH�ZKR�GLVDJUHH�ZLWK�WKH�SUHYDOHQW�YLHZ��DQG�WR�WKHLU�SURSRVLWLRQV��GHVSLWH�WKHLU�YDULDELOLW\���,�
ZLOO�IDYRU�WKH�WHUP�³XQRUWKRGR[´�IRU�LW�FDUULHV�WKH�QRWLRQ�RI�LQWHQWLRQ�RU�ZLOOIXO�GHYLDWLRQ�IURP�WKH�QRUP�DQG�
FRQQRWHV�D�SRZHU�GLIIHUHQWLDO�LQ�ZKLFK�RQH�VHW�RI�WKHRULHV��WKH�RUWKRGR[�RU�PDLQVWUHDP��GRPLQDWHV�DQRWKHU�±�
ZKDW�'HOERUQH�FDOOV�³WKH�HSLVWHPRORJLFDO�W\UDQQ\�RI�WKH�LQWHOOHFWXDO�PDMRULW\´�>�����S�����@�

,�DP�LQGHEWHG�WR�(��GH�+DUYHQ�����IRU�VXJJHVWLQJ�WKHVH�FDWHJRULHV�

,Q�IDFW��HYLGHQFH�VXSSRUWLQJ�WKH�QRWLRQ�³+,9�NLOOV�7�FHOOV´�KDV�EHHQ�VR�FRQVSLFXRXVO\�DEVHQW�WKDW��FXUUHQWO\��
VFLHQWLVWV�GRQ¶W�EHOLHYH�+,9�³NLOOV�7�FHOOV�LQ�DQ\�ZD\��5DWKHU��WKH\�EHOLHYH�+,9�SULPHV�7�FHOOV�WR�FRPPLW�VXLFLGH�DW�
VRPH�ODWHU�WLPH´�>������S����@

6RPH�ZRXOG�DUJXH�WKLV�LV�WKH�VWURQJHVW�HYLGHQFH�DJDLQVW�WKH�+,9�$,'6�K\SRWKHVLV��FDVHV�RI�$,'6�ZLWK�QR�
GRFXPHQWDEOH�SUHVHQFH�RI�+,9��+RZHYHU��VD\�WKH�FULWLFV��WKH�GLIILFXOW\�ZLWK�WKLV�DUJXPHQW�OLHV�LQ�WKH�GHILQLWLRQ�RI�
$,'6��EHFDXVH�$,'6�LV�GHILQHG�DV�³WKH�ILQDO�VWDJH�RI�+,9�LQIHFWLRQ´�������$,'6�SUHVXSSRVHV�LQIHFWLRQ�ZLWK�+,9��
PDNLQJ�WKH�GHILQLWLRQ�D�FLUFXODU�RQH��L�H���$,'6ௗ ௗILQDO�VWDJH�RI�+,9�LQIHFWLRQௗ ௗRSSRUWXQLVWLF�LQIHFWLRQVௗ�ௗKLJK�YLUDO�
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FDVHV�RI�SDWLHQWV�ZLWK�$,'6�GHILQLQJ�RSSRUWXQLVWLF�LQIHFWLRQV�DQG�ORZ�&' �FRXQWV�ZLWKRXW�+,9�GR�H[LVW��VHH��IRU�
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���$OWPDQ�/��)HGHUDO�2IILFLDO�6D\V�+H�%HOLHYHV�&DXVH�RI�$,'6�KDV�EHHQ�)RXQG��7KH�1HZ�<RUN�7LPHV��
����������S��>*RRJOH�6FKRODU@

���7KH�+-�.DLVHU�)DPLO\�)RXQGDWLRQ��+,9�$,'6�DW�����$�3XEOLF�2SLQLRQ�3HUVSHFWLYH��$�UHSRUW�EDVHG�
RQ�WKH�.DLVHU�)DPLO\�)RXQGDWLRQ¶V������6XUYH\�RI�$PHULFDQV�RQ�+,9�$,'6��0HQOR�3DUN��&$��7KH�
.DLVHU�)DPLO\�)RXQGDWLRQ����������$YDLODEOH�IURP��ZZZ�NII�RUJ >*RRJOH�6FKRODU@

���$OWPDQ�/��1HZ�8�6��5HSRUW�1DPHV�9LUXV�WKDW�PD\�&DXVH�$,'6��7KH�1HZ�<RUN�7LPHV������������S��
>*RRJOH�6FKRODU@

���GH�+DUYHQ�(��+XPDQ�HQGRJHQRXV�UHWURYLUXVHV�DQG�$,'6�UHVHDUFK��FRQIXVLRQ��FRQVHQVXV��RU�VFLHQFH"
-�$P�3K\V�6XUJ����������������±����>*RRJOH�6FKRODU@

���7KH�'XUEDQ�GHFODUDWLRQ��1DWXUH��������������±������������������>3XE0HG@�>&URVV5HI@�
>*RRJOH�6FKRODU@

���0DUWLQ�5��-DQNRYLF�'��*RHO�$��0XOGHUV�0��'DEEDJK�$��.KHWVXULDQL�1��HW�DO��9LWDO�VLJQV��+,9�
SUHYHQWLRQ�WKURXJK�FDUH�DQG�WUHDWPHQW�±�8QLWHG�6WDWHV��00:5�������������������±����>3XE0HG@�
>*RRJOH�6FKRODU@

����$OWPDQ�/��5HG�&URVV�(YDOXDWHV�7HVW�WR�'HWHFW�$,'6�LQ�'RQDWHG�%ORRG��7KH�1HZ�<RUN�7LPHV��
��������6HFWLRQ�&��3DJH����&ROXPQ����>*RRJOH�6FKRODU@

����2UD4XLFN��:KDW�LV�2UD4XLFN"�>,QWHUQHW@��$YDLODEOH�IURP��KWWS���ZZZ�RUDTXLFN�FRP�:KDW�LV�
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����&'&��$QWLERGLHV�WR�D�UHWURYLUXV�HWLRORJLFDOO\�DVVRFLDWHG�ZLWK�DFTXLUHG�LPPXQRGHILFLHQF\�
V\QGURPH��$,'6��LQ�SRSXODWLRQV�ZLWK�LQFUHDVHG�LQFLGHQFHV�RI�WKH�V\QGURPH��00:5��������
����������±���>3XE0HG@�>*RRJOH�6FKRODU@

����-RKQVRQ�&��:KRVH�DQWLERGLHV�DUH�WKH\�DQ\ZD\" &RQWLQXXP��������������±���>*RRJOH�6FKRODU@

����)DUEHU�&��6HULRXV�$GYHUVH�(YHQWV��$Q�8QFHQVRUHG�+LVWRU\�RI�$,'6��+RERNHQ��1-��0HOYLOOH�+RXVH�
3XEOLVKLQJ����������>*RRJOH�6FKRODU@

����&HQWHU�IRU�,QIHFWLRXV�'LVHDVHV��&'&��&XUUHQW�WUHQGV�FODVVLILFDWLRQ�V\VWHP�IRU�KXPDQ�7�
O\PSKRWURSLF�YLUXV�W\SH�,,,�O\PSKDGHQRSDWK\�DVVRFLDWHG�YLUXV�LQIHFWLRQV��00:5������������������±
���>3XE0HG@�>*RRJOH�6FKRODU@

����&'&��3HUVSHFWLYHV�LQ�GLVHDVH�SUHYHQWLRQ�DQG�KHDOWK�SURPRWLRQ�SXEOLF�KHDOWK�VHUYLFH�JXLGHOLQHV�IRU�
FRXQVHOLQJ�DQG�DQWLERG\�WHVWLQJ�WR�SUHYHQW�+,9�LQIHFWLRQ�DQG�$,'6��00:5������������������±����
>3XE0HG@�>*RRJOH�6FKRODU@

����&'&��5HYLVLRQ�RI�WKH�&'&�VXUYHLOODQFH�FDVH�GHILQLWLRQ�IRU�DFTXLUHG�LPPXQRGHILFLHQF\�V\QGURPH��
00:5������������6���6±��6��>3XE0HG@�>*RRJOH�6FKRODU@

����%DXHU�+��+,9�WHVWV�DUH�QRW�+,9�WHVWV��-�$P�3K\V�6XUJ����������������±����>*RRJOH�6FKRODU@

����3DSDGRSXORV�(OHRSXORV�(��7XUQHU�9��3DSDGLPLWULRX�-��,V�D�SRVLWLYH�ZHVWHUQ�EORW�SURRI�RI�+,9�
LQIHFWLRQ" %LRWHFKQRORJ\��������������±������������QEW���������>3XE0HG@�>&URVV5HI@�
>*RRJOH�6FKRODU@

����*OXVFKDQNRI�3��0RQGRU�,��*HOGHUEORP�+��6DWWHQWDX�4��&HOO�PHPEUDQH�YHVLFOHV�DUH�D�PDMRU�
FRQWDPLQDQW�RI�JUDGLHQW�HQULFKHG�KXPDQ�LPPXQRGHILFLHQF\�YLUXV�W\SH���SUHSDUDWLRQV��9LURORJ\��������
�������±�����������YLUR�����������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����+HOPD�-��6FKPLGWKDOV�.��/X[�9��1XVNH�6��6FKRO]�$��.UDXVVOLFK�+��HW�DO��'LUHFW�DQG�G\QDPLF�
GHWHFWLRQ�RI�+,9���LQ�OLYLQJ�FHOOV��3/R6�2QH��������������H��������������MRXUQDO�SRQH���������
>30&�IUHH�DUWLFOH@�>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����%HVV�-��*RUHOLFN�5��%RVFKH�:��+HQGHUVRQ�/��$UWKXU�/��0RFURYHVLFOHV�DUH�D�VRXUFH�RI�
FRQWDPLQDWLQJ�FHOOXODU�SURWHLQV�IRXQG�LQ�SXULILHG�+,9���SUHSDUDWLRQV��9LURORJ\���������������±
�����������YLUR�����������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����GH�+DUYHQ�(��3UREOHPV�ZLWK�,VRODWLQJ�+,9��>,QWHUQHW@��$YDLODEOH�IURP��
KWWS���ZZZ�DOWKHDO�RUJ�LVRODWLRQ�LVROKLY�KWP

����$,'6�JRY��:KDW�LV�9LUDO�/RDG"�>,QWHUQHW@��$YDLODEOH�IURP��KWWS���ZZZ�DLGV�JRY�KLY�DLGV�
EDVLFV�MXVW�GLDJQRVHG�ZLWK�KLY�DLGV�XQGHUVWDQG�\RXU�WHVW�UHVXOWV�YLUDO�ORDG�

����'RUDN�7��5HDO�7LPH�3&5��1HZ�<RUN��1<��7D\ORU�	�)UDQFLV����������>*RRJOH�6FKRODU@

����6D[�3��&RKHQ�&��.XULW]NHV�'��+,9�(VVHQWLDOV���WK�HG�%XUOLQJWRQ��0$��-RQHV�	�%DUWOHWW�/HDUQLQJ��
��������>*RRJOH�6FKRODU@

����2ZHQV�'��+RORGQL\�0��*DUEHU�$��6FRWW�-��6RQQDG�6��0RVHV�/��HW�DO��3RO\PHUDVH�FKDLQ�UHDFWLRQ�IRU�
WKH�GLDJQRVLV�RI�+,9�LQIHFWLRQ�LQ�DGXOWV��D�PHWD�DQDO\VLV�ZLWK�UHFRPPHQGDWLRQV�IRU�FOLQLFDO�SUDFWLFH�
DQG�VWXG\�GHVLJQ��$QQ�,QWHUQ�0HG������������������±�������������������������������������������
>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@



����5RGULJXH]�%��6HWKL�$��&KHUXYX�9��0DFND\�:��%RVFK�5��.LWDKDWD�0��HW�DO��3UHGLFWLYH�YDOXH�RI�
SODVPD�+,9�51$�OHYHO�RQ�UDWH�RI�&'��7�FHOO�GHFOLQH�LQ�XQWUHDWHG�+,9�LQIHFWLRQ��-$0$��������
������������±������������MDPD�������������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����/DXULWVHQ�-��+DV�3URYLQFHWRZQ�%HFRPH�3URWHDVH�7RZQ"�>,QWHUQHW@��$YDLODEOH�IURP��
KWWS���ZZZ�YLUXVP\WK�FRP�DLGV�KLY�MOSURWHDVH�KWPO

����1HOVRQ�3��&DUQHJLH�3��0DUWLQ�-��(MWHKDGL�+��+RROH\�3��5RGHQ�'��HW�DO��'HP\VWLILHG«�KXPDQ�
HQGRJHQRXV�UHWURYLUXVHV��0RO�3DWKRO�������������±���������PS���������>30&�IUHH�DUWLFOH@�>3XE0HG@�
>&URVV5HI@�>*RRJOH�6FKRODU@

����6LQJK�6.��(QGRJHQRXV�UHWURYLUXVHV��VXVSHFWV�LQ�WKH�GLVHDVH�ZRUOG��)XWXUH�0LFURELRO��������
��������±����������������������������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����&XOVKDZ�5��6FLHQFH�6ROG�2XW��'RHV�+,9�5HDOO\�&DXVH�$,'6"�%HUNHOH\��&$��1RUWK�$WODQWLF�
%RRNV����������>*RRJOH�6FKRODU@

����'LFWLRQDU\�FRP��(OHFWURQ�0LFURVFRSH��>,QWHUQHW@��$YDLODEOH�IURP��
KWWS���GLFWLRQDU\�UHIHUHQFH�FRP�EURZVH�HOHFWURQ�PLFURVFRSH

����%DUUH�6LQRXVVL�)��&KHUPDQQ�-��5H\�)��1XJH\UH�0��&KDPDUHW�6��*UXHVW�-��HW�DO��,VRODWLRQ�RI�D�7�
O\PSKRWURSLF�UHWURYLUXV�IURP�D�SDWLHQW�DW�ULVN�IRU�DFTXLUHG�LPPXQH�GHILFLHQF\�V\QGURPH��$,'6���
6FLHQFH�����������������������VFLHQFH���������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����.UHPHU�+��7KH�6LOHQW�5HYROXWLRQ�LQ�&DQFHU�DQG�$,'6�0HGLFLQH��;OLEULV�&RUSRUDWLRQ����������
>*RRJOH�6FKRODU@

����7DKL�'��%HWZHHQ�WKH�OLQHV��D�FULWLFDO�DQDO\VLV�RI�/XF�0RQWDJQLHU¶V�LQWHUYLHZ�DQVZHUV�WR�'MDPHO�
7DKL�E\�(OHQL�(OHRSXORV�DQG�FROOHDJXHV��&RQWLQXXP���������������±����>*RRJOH�6FKRODU@

����GH�+DUYHQ�(��)ULHQG�&��)XUWKHU�HOHFWURQ�PLFURVFRSH�VWXGLHV�RI�D�PRXVH�OHXNHPLD�LQGXFHG�E\�FHOO�
IUHH�ILOWUDWHV��-�&HOO�%LRO����������������±�����������MFE���������>30&�IUHH�DUWLFOH@�>3XE0HG@�
>&URVV5HI@�>*RRJOH�6FKRODU@

����7DKL�'��'LG�/XF�0RQWDJQLHU�GLVFRYHU�+,9"�³,�UHSHDW��ZH�GLG�QRW�SXULI\�´ &RQWLQXXP��������
�������±���>*RRJOH�6FKRODU@

����3DSDGRSXORV�(OHRSXORV�(��7XUQHU�9��3DSDGLPLWULRX�-��3DJH�%��&DXVHU�'��4XHVWLRQV�UHJDUGLQJ�
ZKHWKHU�WKH�UHFHQWO\�UHSRUWHG�SDUWLFOHV�DUH�DXWKHQWLF�+,9�YLULRQV"���������$YDLODEOH�IURP��
KWWS���ZZZ�WKHSHUWKJURXS�FRP�5(-(&7('�6WUXFWXUH/HWWHU3*�SGI

����(VSDU]D�-��$�EULHI�KLVWRU\�RI�WKH�JOREDO�HIIRUW�WR�GHYHORS�D�SUHYHQWLYH�+,9�YDFFLQH��9DFFLQH��������
�������±�����������M�YDFFLQH�������������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����&RKHQ�0��&KHQ�<4��0F&DXOH\�0��*DPEOH�7��+RVVHLQLSRXU�0&��.XPDUDVDP\�1��HW�DO��3UHYHQWLRQ�
RI�+,9���LQIHFWLRQ�ZLWK�HDUO\�DQWLUHWURYLUDO�WKHUDS\��1HZ�(QJO�-�0HG������������������±
������������1(-0RD��������>30&�IUHH�DUWLFOH@�>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����1DWLRQDO�,QVWLWXWH�RI�$OOHUJ\�DQG�,QIHFWLRXV�'LVHDVHV��&KDOOHQJHV�LQ�'HVLJQLQJ�+,9�9DFFLQHV��
>,QWHUQHW@��$YDLODEOH�IURP��
KWWS���ZZZ�QLDLG�QLK�JRY�WRSLFV�+,9$,'6�8QGHUVWDQGLQJ�3UHYHQWLRQ�3DJHV�YDFFLQH&KDOOH

����/DXULWVHQ�-��3RLVRQ�E\�3UHVFULSWLRQ��7KH�$=7�6WRU\��1HZ�<RUN��1<��$VNOHSLRV����������
>*RRJOH�6FKRODU@

����(QJHO�-��7KH�(SLGHPLF��$�*OREDO�+LVWRU\�RI�$,'6��1HZ�<RUN��1<��6PLWKVRQLDQ�%RRNV�+DUSHU�
&ROOLQV����������>*RRJOH�6FKRODU@



����1XOO�*��$,'6��$�6HFRQG�2SLQLRQ��1HZ�<RUN��1<��6HYHQ�6WRULHV�3UHVV����������>*RRJOH�6FKRODU@

����'XHVEHUJ�3��.RHKQOHLQ�&��5DVQLFN�'��7KH�FKHPLFDO�EDVHV�RI�WKH�YDULRXV�$,'6�HSLGHPLFV��
UHFUHDWLRQDO�GUXJV��DQWL�YLUDO�FKHPRWKHUDS\�DQG�PDOQXWULWLRQ��-�%LRVFL�����������������±
������������%)���������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����$OEHUWV�%��6FLHQFH�EUHDNWKURXJKV��6FLHQFH�����������������������VFLHQFH���������>3XE0HG@�
>&URVV5HI@�>*RRJOH�6FKRODU@

����&RKHQ�-��$�SRZHUIXO�DQG�SHUSOH[LQJ�QHZ�+,9�SUHYHQWLRQ�WRRO��6FLHQFH��������
��������������VFLHQFH���������������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����7KH�$QWLUHWURYLUDO�7KHUDS\��$57��&RKRUW�&ROODERUDWLRQ��+,9�WUHDWPHQW�UHVSRQVH�DQG�SURJQRVLV�LQ�
(XURSH�DQG�1RUWK�$PHULFD�LQ�WKH�ILUVW�GHFDGH�RI�KLJKO\�DFWLYH�DQWLUHWURYLUDO�WKHUDS\��D�FROODERUDWLYH�
DQDO\VLV��/DQFHW���������������±����������6���������������������>3XE0HG@�>&URVV5HI@�
>*RRJOH�6FKRODU@

����0RRUH�3��$OOHQ�6��6RZHOO�$��9DQ�GH�3HUUH�3��+XII�'��6UXILOLUD�$��HW�DO��5ROH�RI�QXWULWLRQDO�VWDWXV�DQG�
ZHLJKW�ORVV�LQ�+,9�VHURFRQYHUVLRQ�DPRQJ�5ZDQGDQ�ZRPHQ��-�$FT�,PPXQ�'HI�6\QG�������������±���
>3XE0HG@�>*RRJOH�6FKRODU@

����7KH�3HUWK�*URXS��+,9�,QIHFWLRQ�±�WKH�&DXVH�RU�(IIHFW�RI�$FTXLUHG�,PPXQH�'HILFLHQF\"�>,QWHUQHW@��
$YDLODEOH�IURP��KWWS���ZZZ�WKHSHUWKJURXS�FRP�5(-(&7('�$,'6FDXVHV+,9��SGI

����3D\QH�%$,��:LOVRQ�,-��+DWHOH\�&$��+RUYDWK�5��6DQWLEDQH]�.RUHI�0��6DPXHOV�'&��HW�DO��
0LWRFKRQGULDO�DJLQJ�LV�DFFHOHUDWHG�E\�DQWL�UHWURYLUDO�WKHUDS\�WKURXJK�WKH�FORQDO�H[SDQVLRQ�RI�PW'1$�
PXWDWLRQV��1DW�5HY�*HQHW�����������������±�����������QJ�����>30&�IUHH�DUWLFOH@�>3XE0HG@�
>&URVV5HI@�>*RRJOH�6FKRODU@

����$OEHUWD�5HDSSUDLVLQJ�$,'6�6RFLHW\��&RQFHUQV�DERXW�+$$57��+LJKO\�$FWLYH�$QWL�5HWURYLUDO�
7KHUDS\���>,QWHUQHW@��$YDLODEOH�IURP��KWWS���DUDV�DE�FD�KDDUW�LQHIIHFWLYH�KWPO

����0DUWLQH]�(��0LOLQNRYLF�$��%XLUD�(��GH�/D]]DUL�(��/HRQ�$��/DUURXVVH�0��HW�DO��,QFLGHQFH�DQG�FDXVHV�
RI�GHDWK�LQ�+,9�LQIHFWHG�SHUVRQV�UHFHLYLQJ�KLJKO\�DFWLYH�DQWLUHWURYLUDO�WKHUDS\�FRPSDUHG�ZLWK�HVWLPDWHV�
IRU�WKH�JHQHUDO�SRSXODWLRQ�RI�VLPLODU�DJH�DQG�IURP�WKH�VDPH�JHRJUDSKLFDO�DUHD��+,9�0HG�������������±
����������M����������������������[�>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����=DXQGHUV�--��&XQQLQJKDP�3+��.HOOHKHU�$'��.DXIPDQ�*5��-DUDPLOOR�$%��:ULJKW�5��HW�DO��3RWHQW�
DQWLUHWURYLUDO�WKHUDS\�RI�SULPDU\�KXPDQ�LPPXQRGHILFLHQF\�YLUXV�W\SH����+,9����LQIHFWLRQ��SDUWLDO�
QRUPDOL]DWLRQ�RI�7�/\PSKRF\WH�VXEVHWV�DQG�OLPLWHG�UHGXFWLRQ�RI�+,9���'1$�GHVSLWH�FOHDUDQFH�RI�
SODVPD�YLUHPLD��-�,QIHFW�'LV���������������±�����������������>3XE0HG@�>&URVV5HI@�
>*RRJOH�6FKRODU@

����9DOGLVHUUL�5��7KLUW\�\HDUV�RI�$,'6�LQ�$PHULFD��D�VWRU\�RI�LQILQLWH�KRSH��$,'6�(GXF�3UHY��������
���������±�����������DHDS���������������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����7RULDQ�/��&KHQ�0��5KRGHV�3��+DOO�,��+,9��6XUYHLOODQFH�±�8QLWHG�6WDWHV������±������00:5��������
����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

����81$,'6��)DFW�6KHHW�±�3HRSOH�/LYLQJ�ZLWK�+,9��>,QWHUQHW@��$YDLODEOH�IURP��
KWWS���ZZZ�XQDLGV�RUJ�HQ�UHVRXUFHV�FDPSDLJQV�JOREDOUHSRUW�����IDFWVKHHW�

����&KLQ�-��7KH�$,'6�3DQGHPLF��7KH�&ROOLVLRQ�RI�(SLGHPLRORJ\�ZLWK�3ROLWLFDO�&RUUHFWQHVV��2[IRUG��
5DGFOLIIH�3XEOLVKLQJ����������>*RRJOH�6FKRODU@

����5RRW�%HUQVWHLQ�5��7KH�(YROYLQJ�'HILQLWLRQ�RI�$,'6��>,QWHUQHW@��$YDLODEOH�IURP��



KWWS���ZZZ�YLUXVP\WK�FRP�DLGV�KLY�UUEGHI�KWPO

����&UDYHQ�%��6WHZDUW�*��(FRQRPLF�LPSOLFDWLRQV�RI�VRFLR�FXOWXUDO�FRUUHODWHV�RI�+,9�$,'6��DQ�DQDO\VLV�
RI�JOREDO�GDWD��$SSO�(FRQ���������������±��������������������������������>&URVV5HI@�
>*RRJOH�6FKRODU@

����'XHVEHUJ�3+��0DQGULROL�'��0F&RUPDFN�$��1LFKROVRQ�-��5DVQLFN�'��)LDOD�&��HW�DO��$,'6�VLQFH�
������QR�HYLGHQFH�IRU�D�QHZ��YLUDO�HSLGHPLF�±�QRW�HYHQ�LQ�$IULFD��,WDO�-�$QDW�(PEU\R�����������������±
����>3XE0HG@�>*RRJOH�6FKRODU@

����.DOLFKPDQ�6��'HQ\LQJ�$,'6��&RQVSLUDF\�7KHRULHV��3VHXGRVFLHQFH��DQG�+XPDQ�7UDJHG\��1HZ�
<RUN��1<��&RSHUQLFXV�%RRNV��6SULQJHU����������>*RRJOH�6FKRODU@

����6DUQJDGKDUDQ�0��3RSRYLF�0��%UXFK�/��6FKXSEDFK�-��*DOOR�5��$QWLERGLHV�UHDFWLYH�ZLWK�KXPDQ�7�
O\PSKRWURSLF�UHWURYLUXVHV��+7/9�,,,��LQ�WKH�VHUXP�RI�SDWLHQWV�ZLWK�$,'6��6FLHQFH��������
��������������VFLHQFH���������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����*DOOR�5��6DODKXGGLQ�6��3RSRYLF�0��6KHDUHU�*��.DSODQ�0��+D\QHV�%��HW�DO��)UHTXHQW�GHWHFWLRQ�DQG�
LVRODWLRQ�RI�F\WRSDWKLF�UHWURYLUXVHV��+7/9�,,,��IURP�SDWLHQWV�ZLWK�$,'6�DQG�DW�ULVN�IRU�$,'6��6FLHQFH
���������������������VFLHQFH���������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����3RSRYLF�0��6DUQJDGKDUDQ�0��5HDG�(��*DOOR�5��'HWHFWLRQ��LVRODWLRQ�DQG�FRQWLQXRXV�SURGXFWLRQ�RI�
F\WRSDWKLF�UHWURYLUXVHV��+7/9�,,,��IURP�SDWLHQWV�ZLWK�$,'6�DQG�SUH�$,'6��6FLHQFH��������
��������������VFLHQFH���������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����6FKXSEDFK�-��6DUQJDGKDUDQ�0��*DOOR�5��$QWLJHQV�RQ�+7/9�LQIHFWHG�FHOOV�UHFRJQL]HG�E\�OHXNHPLD�
DQG�$,'6�VHUD�DUH�UHODWHG�WR�+7/9�YLUDO�JO\FRSURWHLQ��6FLHQFH����������������������VFLHQFH���������
>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����'XHVEHUJ�3+��5HWURYLUXVHV�DV�FDUFLQRJHQV�DQG�SDWKRJHQV��H[SHFWDWLRQV�DQG�UHDOLW\��-�&DQ�5HV
��������������±�����>3XE0HG@�>*RRJOH�6FKRODU@

����'XHVEHUJ�3+��+XPDQ�LPPXQRGHILFLHQF\�YLUXV�DQG�DFTXLUHG�LPPXQRGHILFLHQF\�V\QGURPH��
FRUUHODWLRQ�EXW�QRW�FDXVDWLRQ��3URF�1DWO�$FDG�6FL�8�6�$��������������±�����������SQDV����������
>30&�IUHH�DUWLFOH@�>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����&'&��$Q�HYDOXDWLRQ�RI�WKH�LPPXQRWR[LF�SRWHQWLDO�RI�LVREXW\O�QLWULWH��00:5��������������±���
>*RRJOH�6FKRODU@

����-DIIH�+��&KRL�.��7KRPDV�3��+DYHUNRV�+��$XHUEDFK�'��*XLQDQ�0��HW�DO��1DWLRQDO�FDVH�FRQWURO�VWXG\�
RI�.DSRVL¶V�VDUFRPD�DQG�3QHXPRF\VWLV�FDULQLL�SQHXPRQLD�LQ�KRPRVH[XDO�PHQ��SDUW����HSLGHPLRORJLF�
UHVXOWV��$QQ�,QWHUQ�0HG�����������������±������������������������������>3XE0HG@�>&URVV5HI@�
>*RRJOH�6FKRODU@

����'XHVEHUJ�3��5DVQLFN�'��7KH�$,'6�GLOHPPD��GUXJ�GLVHDVHV�EODPHG�RQ�D�SDVVHQJHU�YLUXV��*HQHWLFD
�������������±������������$���������������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����%DXHU�+��7KH�2ULJLQ��3HUVLVWHQFH�DQG�)DLOLQJV�RI�+,9�$,'6�7KHRU\��-HIIHUVRQ��1&��0F)DUODQG�	�
&RPSDQ\��,QF���3XEOLVKHUV����������>*RRJOH�6FKRODU@

����$NWDQ�)��L126�PHGLDWHG�QLWULF�R[LGH�SURGXFWLRQ�DQG�LWV�UHJXODWLRQ��/LIH�6FL��������������±
�����������M�OIV�������������>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����/HFKQHU�0��/LUN�3��5LHGHU�-��,QGXFLEOH�QLWULF�R[LGH�V\QWKDVH��L126��LQ�WXPRU�ELRORJ\��WKH�WZR�VLGHV�
RI�WKH�VDPH�FRLQ��6HPLQ�&DQFHU�%LRO��������������±�����������M�VHPFDQFHU�������������>3XE0HG@�
>&URVV5HI@�>*RRJOH�6FKRODU@



����:DWVRQ�-'��7\SH���GLDEHWHV�DV�D�UHGR[�GLVHDVH��/DQFHW���������������±�����������6�����
��������������;�>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����3DSDGRSXORV�(OHRSXORV�(��7XUQHU�9��3DSDGLPLWULRX�-��2[LGDWLYH�VWUHVV��+,9�DQG�$,'6��5HV�
,PPXQRO���������������±���������6�������������������)�>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����*RXJHRQ�0��0RQWDJQLHU�/��$SRSWRVLV�LQ�$,'6��6FLHQFH�����������������������VFLHQFH���������
>&URVV5HI@�>*RRJOH�6FKRODU@

����3DSDGRSXORV�(OHRSXORV�(��7XUQHU�9��3DSDGLPLWULRX�-��&DXVHU�'��+HGODQG�7KRPDV�%��3DJH�%��$�
FULWLFDO�DQDO\VLV�RI�WKH�+,9�7��FHOO�$,'6�K\SRWKHVLV��,Q��'XHVEHUJ�3��HGLWRU��$,'6��9LUXV��RU�'UXJ�
,QGXFHG"�.OXZHU�$FDGHPLF�3XEOLVKHUV����������S���±���$YDLODEOH�IURP��KWWS���G[�GRL�RUJ�������������
�������������B� >*RRJOH�6FKRODU@

����0XOOLV�.��$�K\SRWKHWLFDO�GLVHDVH�RI�WKH�LPPXQH�V\VWHP�WKDW�PD\�EHDU�VRPH�UHODWLRQ�WR�WKH�DFTXLUHG�
LPPXQH�GHILFLHQF\�V\QGURPH��*HQHWLFD��������������±���������%)���������>3XE0HG@�>&URVV5HI@�
>*RRJOH�6FKRODU@

����$,'6�JRY��2YHUYLHZ�RI�+,9�7UHDWPHQWV��>,QWHUQHW@��$YDLODEOH�IURP��KWWS���DLGV�JRY�KLY�DLGV�
EDVLFV�MXVW�GLDJQRVHG�ZLWK�KLY�DLGV�WUHDWPHQW�RSWLRQV�RYHUYLHZ�RI�KLY�WUHDWPHQWV�LQGH[�KWPO

����*UHHQ�+��3DXO�0��9LGDO�/��/HLERYLF�/��3URSK\OD[LV�RI�3QHXPRF\VWLV�SQHXPRQLD�LQ�
,PPXQRFRPSURPLVHG�QRQ�+,9�LQIHFWHG�SDWLHQWV��V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�RI�UDQGRPL]HG�
FRQWUROOHG�WULDOV��0D\�&OLQ�3URF������������������±��������������������>3XE0HG@�>&URVV5HI@�
>*RRJOH�6FKRODU@

����*LUDOGR�5��³&R�IDFWRUV´�&DXVH�$,'6��>,QWHUQHW@��$YDLODEOH�IURP��
KWWS���ZZZ�UREHUWRJLUDOGR�FRP�HQJ�SDSHUV�&R)DFWRUV&DXVH$,'6�KWPO

����6RQQDEHQG�-��/HWWHU�WR�WKH�HGLWRU��/DQFHW������������������>3XE0HG@�>*RRJOH�6FKRODU@

����'XHVEHUJ�3+��HGLWRU��$,'6��9LUXV��2U�'UXJ�,QGXFHG"��9RO��9RO�����'RUGUHFKW��7KH�1HWKHUODQGV��
.OXZHU�$FDGHPLF�3XEOLVKHUV����������>*RRJOH�6FKRODU@

����3URFWRU�5��&DQFHU�:DUV��+RZ�3ROLWLFV�6KDSHV�:KDW�:H�.QRZ�DQG�'RQ¶W�.QRZ�$ERXW�&DQFHU��
1HZ�<RUN��1<��%DVLF�%RRNV����������>*RRJOH�6FKRODU@

����5RRW�%HUQVWHLQ�5��5HWKLQNLQJ�$,'6��7KH�7UDJLF�&RVW�RI�3UHPDWXUH�&RQVHQVXV��1HZ�<RUN��1<��
)UHH�3UHVV����������>*RRJOH�6FKRODU@

����&UHZGVRQ�-��6FLHQFH�)LFWLRQV��$�6FLHQWLILF�0\VWHU\��D�0DVVLYH�&RYHU�8S��DQG�WKH�'DUN�/HJDF\�RI�
5REHUW�*DOOR��%RVWRQ��0$��/LWWOH��%URZQ�DQG�&RPSDQ\����������>*RRJOH�6FKRODU@

����(SVWHLQ�6��,PSXUH�6FLHQFH��$,'6��$FWLYLVP�DQG�WKH�3ROLWLFV�RI�.QRZOHGJH��%HUNHOH\��&$��
8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV����������>3XE0HG@�>*RRJOH�6FKRODU@

����)HH�(��%URZQ�70��7KH�SDVW�DQG�IXWXUH�RI�SXEOLF�KHDOWK�SUDFWLFH��$P�-�3XEOLF�+HDOWK��������
���������±���������$-3+����������>30&�IUHH�DUWLFOH@�>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@

����%UDQVRQ�%��+DQGVILHOG�+��/DPSH�0��-DQVVHQ�5��7D\ORU�$��/\VV�6��HW�DO��5HYLVHG�UHFRPPHQGDWLRQV�
IRU�+,9�WHVWLQJ�RI�DGXOWV��DGROHVFHQWV��DQG�SUHJQDQW�ZRPHQ�LQ�KHDOWK�FDUH�VHWWLQJV��00:5��������
���55�����±����>3XE0HG@�>*RRJOH�6FKRODU@

����+LUQVFKDOO�*��+DUULHV�$��(DVWHUEURRN�3��'RKHUW\�0��%DOO�$��7KH�QH[W�JHQHUDWLRQ�RI�WKH�:RUOG�
+HDOWK�2UJDQL]DWLRQ¶V�JOREDO�DQWLUHWURYLUDO�JXLGDQFH��-�,QW�$,'6�6RF������������±
����������,$6������������>30&�IUHH�DUWLFOH@�>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@



����7KH�+-�.DLVHU�)DPLO\�)RXQGDWLRQ��)DFW�6KHHW��6WDWH�0HGLFDLG�&RYHUDJH�RI�5RXWLQH�+,9�
6FUHHQLQJ��>,QWHUQHW@��$YDLODEOH�IURP��KWWS���NII�RUJ�KLYDLGV�IDFW�VKHHW�VWDWH�PHGLFDLG�FRYHUDJH�RI�
URXWLQH�KLY�VFUHHQLQJ�

����7KH�:KLWH�+RXVH�2IILFH�RI�1DWLRQDO�$,'6�3ROLF\��1DWLRQDO�+,9�$,'6�6WUDWHJ\�IRU�WKH�8QLWHG�
6WDWHV��>,QWHUQHW@��$YDLODEOH�IURP��ZZZ�ZKLWHKRXVH�JRY�RQDS

����%XFKDQDQ�'5��$Q�(WKLF�IRU�+HDOWK�3URPRWLRQ��5HWKLQNLQJ�WKH�6RXUFHV�RI�+XPDQ�:HOO�%HLQJ��1HZ�
<RUN��1<��2[IRUG�8QLYHUVLW\�3UHVV����������>*RRJOH�6FKRODU@

����-RQHV�-+��%DG�%ORRG��7KH�7XVNHJHH�6\SKLOLV�([SHULPHQW��1HZ�DQG�([SDQGHG�(GLWLRQ��1HZ�<RUN��
7KH�)UHH�3UHVV����������>*RRJOH�6FKRODU@

$UWLFOHV�IURP�)URQWLHUV�LQ�3XEOLF�+HDOWK�DUH�SURYLGHG�KHUH�FRXUWHV\�RI�)URQWLHUV�0HGLD�6$
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a�9XUehTel�%#��%#%#��T�cTg\Xag�\a�[\f�&#f�TW`\ggXW�gb�g[X�\agXaf\iX�VTeX�ha\g��<6H��\a�6bW 
bZab�;bfc\gT_��?bW\��?b`UTeWl��<gT_l��gXfgXW�cbf\g\iX�Ybe�T�aXj�VbebaTi\ehf��fXiXeX�TVhgX�

eXfc\eTgbel�flaWeb`X�VbebaTi\ehf�%��F4EF 6bI %���g[X�i\ehf�g[Tg�VThfXf�VbebaTi\ehf�W\fXTfX�
%#$,��6BI<7 $,�!�;X�[TW�T�[\fgbel�bY�Tglc\VT_�caXh`ba\T�g[Tg�jTf�abg�eXfcbaW\aZ�gb�geXTg`Xag��
Uhg�[X�jTf�abg�Vbaf\WXeXW�Tg�e\f^�Ybe�6BI<7 $,�\aYXVg\ba!$�G[X�cbf\g\iX�eXfh_g�jTf�\``XW\TgX_l�
eXcbegXW�gb�g[X�?b`UTeWl�[XT_g[�VTeX�flfgX`�TaW�ZbiXea`XagT_�bƉVXf!�7he\aZ�g[X�aXkg�%'�
[bhef��g[X�ah`UXe�bY�eXcbegXW�cbf\g\iX�VTfXf�\aVeXTfXW�gb�&)!�G[\f�f\ghTg\ba�jTf�Vbaf\WXeXW�T�fX 
e\bhf�WXiX_bc`Xag�Ybe�fXiXeT_�eXTfbaf-�g[X�cTg\Xag��¹cTg\Xag�$º��jTf�[XT_g[l�TaW�lbhaZ.�\a�_Xff�
g[Ta�%'�[bhef��&)�TWW\g\baT_�VTfXf�jXeX�\WXag\ƎXW��j\g[bhg�_\a^f�gb�cTg\Xag�$�be�ceXi\bhf_l�\WXag\ 
ƎXW�cbf\g\iX�VTfXf�T_eXTWl�\a�g[X�Vbhagel.�\g�jTf�abg�cbff\U_X�gb�\WXag\Yl�j\g[�VXegT\agl�g[X�
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6e\g\VT_�6TeX�Hg\_\mTg\ba�Ybe�g[X�6BI<7ȏ$,�Bhg 
UeXT^�\a�?b`UTeWl��<gT_l
8Te_l�8kcXe\XaVX�TaW�9beXVTfg�7he\aZ�Ta�8`Xe 
ZXaVl�EXfcbafX

� o 4eg\V_X�<aYbe`Tg\ba

B

Bhe�jXUf\gX�hfXf�Vbb^\Xf�gb�Xa[TaVX�lbhe�XkcXe\XaVX!�5l�Vbag\ah\aZ�gb�hfX�bhe�f\gX��
be�V_\V^\aZ��6bag\ahX���lbh�TeX�TZeXX\aZ�gb�bhe�6bb^\X�Cb_\Vl o 6bag\ahX



fbheVX�bY�geTaf`\ff\ba�gb�cTg\Xag�$�Tg�g[X�g\`X.�TaW��UXVThfX�cTg\Xag�$�jTf�\a�g[X�<6H�TaW�g[XeX�
jXeX�T_eXTWl�&)�VTfXf�Ul�WTl�%��V[TaVXf�jXeX�g[Tg�T�V_hfgXe�bY�ha^abja�`TZa\ghWX�jTf�ceXfXag�
TaW�TWW\g\baT_�fceXTW�jTf�_\^X_l!

Ba�9XUehTel�%$��Ta�X`XeZXaVl�gTf^�YbeVX�jTf�Ybe`XW�Ul�g[X�:biXea`Xag�bY�?b`UTeWl�TaW�_bVT_�
[XT_g[�Thg[be\g\Xf�gb�_XTW�g[X�eXfcbafX�gb�g[X�bhgUeXT^!�G[\f�I\Xjcb\ag�cebi\WXf�T�fh``Tel�bY�
g[X�eXfcbafX�bY�g[X�6BI<7 $,�?b`UTeWl�<6H�aXgjbe^�TaW�T�YbeXVTfg�bY�Xfg\`TgXW�<6H�WX`TaW�
biXe�g[X�Vb`\aZ�jXX^f��ceb]XVgXW�gb�@TeV[�%#��%#%#�!

<a�?b`UTeWl��g[X�ceXVe\f\f�gbgT_�<6H�VTcTV\gl�jTf�Tccebk\`TgX_l�*%#�UXWf��%!,��bY�gbgT_�[bfc\gT_�
UXWf�Tg�T�gbgT_�bY�*'�[bfc\gT_f�.�g[XfX�<6Hf�hfhT__l�[TiX�+(��gb�,#��bVVhcTaVl�Whe\aZ�g[X�j\a 
gXe�`bag[f!

G[X�`\ff\ba�bY�g[X�6BI<7 $,�?b`UTeWl�<6H�AXgjbe^�jTf�gb�VbbeW\aTgX�g[X�Ve\g\VT_�VTeX�eXfcbafX�
gb�g[X�bhgUeXT^!�Gjb�gbc�ce\be\g\Xf�jXeX�\WXag\ƎXW-�\aVeXTf\aZ�fheZX�<6H�VTcTV\gl�TaW�\`c_X 
`Xag\aZ�`XTfheXf�Ybe�VbagT\a`Xag!

G[X�eXVbZa\g\ba�g[Tg�g[\f�bhgUeXT^�_\^X_l�bVVheeXW�i\T�Vb``ha\gl�fceXTW�fhZZXfgXW�g[Tg�T�_TeZX�
ah`UXe�bY�6BI<7 $,·cbf\g\iX�cTg\Xagf�jXeX�T_eXTWl�ceXfXag�\a�g[X�eXZ\ba!�G[\f�ceXW\Vg\ba�
cebiXW�VbeeXVg�\a�g[X�Yb__bj\aZ�WTlf!�5TfXW�ba�g[X�Tffh`cg\ba�g[Tg�fXVbaWTel�geTaf`\ff\ba�jTf�
T_eXTWl�bVVhee\aZ��TaW�XiXa�j\g[�VbagT\a`Xag�`XTfheXf�g[Tg�[XT_g[�Thg[be\g\Xf�jXeX�XfgTU_\f[ 
\aZ��\g�jTf�Tffh`XW�g[Tg�`Tal�aXj�VTfXf�bY�6BI<7 $,�jbh_W�bVVhe��cbff\U_l�\a�g[X�[haWeXWf�be�
g[bhfTaWf�bY�\aW\i\WhT_f!�G[hf��Tffh`\aZ�T�(��<6H�TW`\ff\ba�eTgX�%�\g�jbh_W�abg�[TiX�UXXa�YXT 
f\U_X�gb�T__bVTgX�T__�Ve\g\VT__l�\__�cTg\Xagf�gb�T�f\aZ_X�6BI<7 $,�<6H!�G[X�WXV\f\ba�jTf�gb�Vb[beg�cT 
g\Xagf�\a�$(�Ǝefg eXfcbaWXe�[hU�[bfc\gT_f��V[bfXa�UXVThfX�g[Xl�X\g[Xe�[TW�XkcXeg\fX�\a�\aYXVg\bhf�
W\fXTfX�be�jXeX�cTeg�bY�g[X�IXabhf IXabhf�86@B�EXfc\eTgbel�9T\_heX�AXgjbe^��E8FC<E4�!&

FXgg\aZ�g[X�Ce\be\g\Xf�TaW�g[X�<a\g\T_�EX 
fcbafX

<aVeXTf\aZ�<6H�FheZX�6TcTV\gl

4WiXeg\fX`Xag

Bhe�jXUf\gX�hfXf�Vbb^\Xf�gb�Xa[TaVX�lbhe�XkcXe\XaVX!�5l�Vbag\ah\aZ�gb�hfX�bhe�f\gX��
be�V_\V^\aZ��6bag\ahX���lbh�TeX�TZeXX\aZ�gb�bhe�6bb^\X�Cb_\Vl o 6bag\ahX



G[X�\WXag\ƎXW�[bfc\gT_f�jXeX�eXdhXfgXW�gb�Wb�g[X�Yb__bj\aZ!

$! 6eXTgX�Vb[beg�<6Hf�Ybe�6BI<7 $,�cTg\Xagf��TeXTf�fXcTeTgXW�Yeb`�g[X�eXfg�bY�g[X�<6H�
UXWf�gb�`\a\`\mX�e\f^�bY�\a [bfc\gT_�geTaf`\ff\ba�!

%! BeZTa\mX�T�ge\TZX�TeXT�j[XeX�cTg\Xagf�Vbh_W�eXVX\iX�`XV[Ta\VT_�iXag\_Tg\ba�\Y�aXVXffTel�
\a�XiXel�[bfc\gT_�gb�fhccbeg�Ve\g\VT__l�\__�cTg\Xagf�j\g[�fhfcXVgXW�6BI<7 $,�\aYXVg\ba��
cXaW\aZ�g[X�ƎaT_�eXfh_g�bY�W\TZabfg\V�gXfgf!

&! 8fgTU_\f[�_bVT_�cebgbVb_f�Ybe�ge\TZX�bY�cTg\Xagf�j\g[�eXfc\eTgbel�fl`cgb`f��gb�gXfg�g[X`�
eTc\W_l��TaW��WXcXaW\aZ�ba�g[X�W\TZabf\f��gb�T__bVTgX�g[X`�gb�g[X�Tccebce\TgX�Vb[beg!

'! 8afheX�g[Tg�TWXdhTgX�cXefbaT_�cebgXVg\iX�Xdh\c`Xag��CC8��Ybe�[XT_g[�cXefbaaX_�\f�
TiT\_TU_X��j\g[�g[X�beZTa\mTg\ba�bY�TWXdhTgX�fhcc_l�TaW�W\fge\Uhg\ba�T_baZ�j\g[�TWX 
dhTgX�geT\a\aZ�bY�T__�cXefbaaX_�Tg�e\f^�bY�VbagTZ\ba!

(! EXcbeg�XiXel�cbf\g\iX�be�fhfcXVgXW�Ve\g\VT__l�\__�6BI<7 $,�cTg\Xag�gb�g[X�eXZ\baT_�VbbeW\ 
aTg\aZ�VXagXe!

<a�TWW\g\ba��gb�dh\V^_l�`T^X�TiT\_TU_X�<6H�UXWf�TaW�TiT\_TU_X�cXefbaaX_��abaheZXag�cebVXWheXf�
jXeX�VTaVX_XW�TaW�Tabg[Xe�%##�<6H�UXWf�jXeX�`TWX�TiT\_TU_X�TaW�fgTƆXW�\a�g[X�Yb__bj\aZ�$#�
WTlf!�<a�gbgT_��biXe�g[X�Ǝefg�$+�WTlf��g[X�aXgjbe^�VeXTgXW�'+%�<6H�UXWf�eXTWl�Ybe�cTg\Xagf!

?bVT_�[XT_g[�Thg[be\g\Xf�XfgTU_\f[XW�fgebaZ�VbagT\a`Xag�`XTfheXf�\a�g[X�\a\g\T_�V_hfgXe�Ul�dhTe 
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G[X�XfVT_Tg\aZ�ah`UXe�bY�<gT_\Ta�cTg\Xagf�j\g[�cbf\g\iX�6BI<7ȏ$,�gXfg�eXfh_gf�VThfXf�Ta�ha`Ta 
TZXTU_X�\aVeXTfX�bY�[bfc\gT_�TW`\ff\baf��\aV_hW\aZ�bY�`\_W"`bWXeTgX�VTfXf!�<aWXXW��TUbhg�g[eXX�
ƎYg[f�bY�g[X�cTg\Xagf�j\g[�VbaƎe`XW�F4EFȏ6bIȏ%�TeX�VheeXag_l�[bfc\gT_\mXW�\a�<gT_l��j[\_X�g[X�
eXfg�TeX�[b`X�dhTeTag\aXW!�G[XeXYbeX��\g�jbh_W�UX�hfXYh_�gb�ZeTfc�j[b�bY�g[X�cTg\Xagf�TƆXVgXW�
Ul�`\_W�gb�`bWXeTgX�fl`cgb`f�eXdh\eX�[bfc\gT_�TW`\ff\ba�\afgXTW�bY�[bhfX[b_W�Yb__bj hc!�

J[\gX�U_bbW�VX__�Vbhagf�\a�F4EFȏ6bIȏ% cbf\g\iX�Uhg�abg�Ve\g\VT__l�\__�cTg\Xagf�`\Z[g�UX�T�jTl�gb�
WXgXe`\aX�j[b�eXdh\eXf�[bfc\gT_\mTg\ba!�<aWXXW��_bjXe�_l`c[bVlgX�Vbhagf�[TiX�!!!

@TeV[�$(��%#%#

5X[Ti\beT_�YTVgbef.�V_\a\VT_�6BI<7ȏ$,�XkTVXeUTg\ba.�ceXiXag\ba�TaW�eXVb``XaWTg\baf

FgXYTab�B_Z\Tg\��C[7��8c\WX`\b_bZl��o�Ha\iXef\gl�bY�5XeZT`b��5XeZT`b��<gT_l�

7XTe�9X__bj�EXfXTeV[Xef�

T!�<a�g[X�Teg\V_X��:eTffX__\�Xg�T_��%#%#��eXcbeg-��j\g[�ceXW\fcbf\aZ�YTVgbef�fhV[�Tf�eTVX��TZX��TaW�
Vb`beU\W\g\Xf�

U!�<a�g[X�6b``Xagf��ET`TWbe\��%#%#��bUfXeiXf�g[Tg-��!!!�g[X�Ǝefg�cTg\Xag�j\g[�6BI<7ȏ$,�caXh 
`ba\T�\f�T�lbhaZ�`TeTg[ba�ehaaXe�bY�&+�lXTe�bY�TZX!�

V!�9eTZ`XagXW�[XT_g[�WTgT�eXcbeg�g[Tg�g[X�`TeTg[ba�ehaaXe��TaW�bg[Xe�Ve\g\VT__l�be�fXiXeX_l�\__�
cTg\Xagf��ceTVg\VXW�[\Z[�cXeYbe`TaVX�fcbegf�TaW�"�be�bVVhcTg\baT_�TVg\i\g\Xf�Whe\aZ�g[X�Tfl`cgb 
`Tg\V�TaW�"be�`\_W�fl`cgb`Tg\V�cXe\bW.

W!�M[bh^ha�Xg�T_��%#%#��eXcbeg�g[Tg-���!!!�V_\a\VT_�fl`cgb`f�TaW�eTW\b_bZ\VT_�TUabe`T_\g\Xf�TeX�
abg�!!!
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J[Tg�TUbhg�Aba�<aiTf\iX�IXag\_Tg\ba�\a�<6H"FhU <agXaf\iX�Ha\gf

CTb_b�5baTmmT��@7��<agXeaT_�@XW\V\aX��o�>Teb_\af^T�Ha\iXef\gl�;bfc\gT_�;hWW\aZX�

9\efg�bY�T__�<�fXaW�lbh�ZeXTg�g[Ta^f�Ybe�gT^\aZ�g[X�g\`X�gb�f[TeX�lbhe�XkcXe\XaVXf�]hfg�T�YXj�WTlf�
TYgXe�lbh�UXZTa�gb�`TaTZX�g[X�6BI<7�bhgUeXT^!

4f�Ta�\agXea\fg�jbe^\aZ�\a�T�6BI<7�[\Z[ WXcXaWXaVl�ha\g��;7H��\f�\`cbegTag�gb�gel�gb�[X_c�bhe�
Ve\g\VT_�VTeX�Vb__XTZhXf�TaW�gel�gb�^abj��f\aVX�g[X�UXZ\aa\aZ�bY�g[X�bhgUeXT^��\aW\VTg\baf�Ybe��TaW�
bg[Xe�XkcXe\XaVXf�j\g[��hfX�bY�aba�\aiTf\iX�iXag\_Tg\ba!

J[Tg�Wb�lbh�[TiX�gb�fTl�TUbhg�aba�\aiTf\iX�iXag\_Tg\ba��A<I�2�5bg[�\a�<6H�Tf�jX__�;7H"FhU \a 
gXaf\iX�ha\gf!�<�eXTW�T_eXTWl�g[Tg�g[X�`T]be\gl�bY�cTg\Xagf�j\g[�TWiTaVXW�W\fXTfX�!!!

@TeV[�%#��%#%#

J[Tg�jTf�g[X�eXdh\eXW�ah`UXe�bY�<6H�UXWf�cXe�$##!###�\a[TU\gTagf2

<ZaTV\b�:TeV\T�7biT_��@7��@FV�8c\W��C[7�o�6b`c_Xkb�;bfc\gT_Te\b�Ha\iXef\gTe\b�WX�I\Zb!�FcT\a�

G[Ta^�lbh�iXel�`hV[�Ybe�g[\f�WXfVe\cg\ba�bY�Ta�\`ceXff\iX��TaW�Ye\Z[gXa\aZ��XƆbeg!�

G[X�eXfh_gf�jbh_W�UX�`beX�iT_hTU_X�X_fXj[XeX��TaW�hfXYh_�gb�c_Ta�Ybe�g[X�X`XeZXaVl��\Y�g[Xl�
jXeX�eX_TgXW�gb�g[X�cbch_Tg\ba�\a�g[X�TeXT!�J[Tg�\f�g[X�fbheVX�cbch_Tg\ba�bY�g[XfX�[bfc\gT_f2�
J[Tg�jTf�g[X�eXdh\eXW�ah`UXe�bY�<6H�UXWf�cXe�$##!###�\a[TU\gTagf2�6bh_W�g[X�Thg[bef�TafjXe2�

6BA9?<6G�B9�<AG8E8FG- AbaX�EXcbegXW

@TeV[�%&��%#%#

468%�TaW�6BI<7ȏ$,

<F>4A74E�@BA8@�<F>4A74E�54F4?��`XWfghWXag�o�Ha\iXef\gz�W\�Eb`T�?T�FTc\XamT�

GbWTl�\f�g[X�%&eW�bY�@TeV[�TaW�\g�\f�g[X�fXVbaW�WTl�\a�j[\V[�g[X�eXcbeg�bY�g[X�¹CebgXm\baX�6\i\_Xº�
[XeX�\a�<gT_l�eXZ\fgXef�T�f`T__�eXWhVg\ba�X\g[Xe�\a�g[X�ah`UXe�bY�\aYXVgXW�cXefbaf�be�g[X�ah`UXe�

Bhe�jXUf\gX�hfXf�Vbb^\Xf�gb�Xa[TaVX�lbhe�XkcXe\XaVX!�5l�Vbag\ah\aZ�gb�hfX�bhe�f\gX��
be�V_\V^\aZ��6bag\ahX���lbh�TeX�TZeXX\aZ�gb�bhe�6bb^\X�Cb_\Vl o 6bag\ahX



E847�@BE8

bY�WXTg[f!�JX�T__�[bcX�TaW�\agXafX_l�ceTl�g[\f�geXaW�gb�Vbag\ahX�\a�g[X�Yb__bj\aZ�WTlf!

J[Tg�\f�[TccXa\aZ�\a�<gT_l�[Tf�UXXa�TVghT__l�iXel�hahfhT_�TaW�g[X�[Xeb\V�XƆbegf�bY�g[X�<gT_\Ta�
[XT_g[�flfgX`�gb�YTVX�g[\f�gfhaT`\�bY�Xc\WX`\V�\f�T_eXTWl�Xi\WXag�gb�XiXelUbWl!

;bjXiXe��`Tal�TeX�Tf^\aZ�T�dhXfg\ba!�8iXa�g[X�=4@4�8W\gbe�\a�[\f�i\WXb�`XXg\aZ�j\g[�!!!

FXX�@beX�4Ubhg�

6bebaTi\ehf��6BI<7$,� 6e\g\VT_�6TeX�@XW\V\aX EXfc\eTgbel�9T\_heX�TaW�IXag\_Tg\ba

<aYXVg\bhf�7\fXTfXf :_bUT_�;XT_g[ Ch_`baTel�@XW\V\aX

S �6bebaTi\ehf�EXfbheVX�6XagXe

GeXaW\aZ�
Bc\a\ba��
FbV\T_�@XW\T�TaW�8`XeZXaVl�CeXcTeXWaXff�Ybe�g[X�6bebaTi\ehf�%#$,��6BI<7ȏ$,��CTaWX`\V�

AXjf�
6b__TUbeTg\ba�4\`f�gb�8kcXW\gX�7\TZabfg\V�GXfg\aZ�\a�8`XeZXaV\Xf�

AXjf��
ChU_\V�;XT_g[�8`XeZXaVl�CeXcTeXWaXff-�:_bUT_\m\aZ�E\f^��?bVT_\m\aZ�G[eXTgf�

FX_XVg�Lbhe�<agXeXfgf

@ɜeV[�%&��%#%#

4ce\_�%��%#$,

AbiX`UXe�)��%#$+
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7Xchgl�8W\gbe�Ybe�@XW\V\aX
Jbe_Wj\WX��EX`bgX�

<agXaf\i\fg�C[lf\V\Ta
FTa�5XeaTeW\ab��6T_\Ybea\T

6e\g\VT_�6TeX"<agXaf\i\fgf
7bg[Ta��4_TUT`T

6e\g\VT_�6TeX�C[lf\V\Ta

4WiXeg\fX`Xag
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Bg[Xef�4_fb�?\^XW�

GeXaW\aZ�

FbV\T_�@XW\T�TaW�8`Xe 
ZXaVl�CeXcTeXWaXff�Ybe�
g[X�6bebaTi\ehf�%#$,�
�6BI<7ȏ$,��CTaWX`\V

6b__TUbeTg\ba�4\`f�gb�8k 
cXW\gX�7\TZabfg\V�GXfg\aZ�
\a�8`XeZXaV\Xf

ChU_\V�;XT_g[�8`XeZXaVl�
CeXcTeXWaXff-�:_bUT_\m 
\aZ�E\f^��?bVT_\m\aZ�
G[eXTgf

FTa�4agba\b��GXkTf

C[lf\V\Ta
;Tgg\XfUheZ��@\ff\ff\cc\

FXX�`beX�Tg�=4@4�6TeXXe�6XagXe�

6e\g\VT_�6TeX�Hg\_\mTg\ba�Ybe�g[X�6BI<7ȏ$,�BhgUeXT^�\a�?b`UTeWl��<gT_l
CeTVg\VXHcWTgX��%#%#

6[TeTVgXe\fg\Vf�bY�%$�6e\g\VT__l�<__�CTg\Xagf�J\g[�6BI<7ȏ$,�\a�JTf[\aZgba�FgTgX
CeTVg\VXHcWTgX��%#%#

Bcg\`\m\aZ�Ve\g\VT_�VTeX�bY�g[X�geTh`T�cTg\Xag�Tg�g[X�\agXe`XW\TgX�VTeX�ha\g-�T�Vbfg XƉ 
V\Xag�TccebTV[
=bbfg�7�=�C_TgX�Xg�T_!��GeTh`T�FheZXel���4VhgX�6TeX�BcXa��%#$+

=4@4 o Bc\a\ba o

@ɜeV[�%&��%#%#

=4@4 o AXjf o 4ce\_�%��%#$,
=4@4 o AXjf o

AbiX`UXe�)��%#$+
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5HJXODWRU\�VWDWXV��)RU�UHVHDUFK�XVH�RQO\��QRW�IRU�XVH�LQ�GLDJQRVWLF�SURFHGXUHV�

:ULWH�D�UHYLHZ���IRUP�3URGXFWV�5HYLHZ�3URJUDP�DVS[�
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�6'6���SGI�DVS["FDW &'���57	SGI7\SH 06'6�

�2QOLQH�,QTXLU\ �$GG�WR�%DVNHW

6XPPDU\ 'RFXPHQWDWLRQ

6SHFLILFLW\
QRQ�VSHFLILF�LQWHUIHUHQFH�RI�,QIOXHQ]D�$�9LUXV��+�1����,QIOXHQ]D�%�9LUXV��<DPDJDWD���
5HVSLUDWRU\�6\QF\WLDO�9LUXV��W\SH�%��
5HVSLUDWRU\�$GHQRYLUXV��W\SH����W\SH�����3DUDLQIOXHQ]D�9LUXV��W\SH�����0\FRSODVPD�
3QHXPRQLDH��&KODP\GLD�3QHXPRQLDH��HWF�

3URGXFW�6HDUFK $//

FDW���SURGXFW�QDPH��DQG�NH\ZRUGV
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6SHFLHV�5HDFWLYLW\
+XPDQ

$SSOLFDWLRQ
4XDOLWDWLYH

6L]H
���7

6WRUDJH
$OO�UHDJHQWV�VKRXOG�EH�VWRUHG�DW����p&a���p&�ZLWK�SURWHFWLRQ�IURP�OLJKW�
7KH�UHDJHQWV�DUH�VWDEOH�IRU����PRQWKV�ZKHQ�VWRUHG�DW�WKH�UHFRPPHQGHG�FRQGLWLRQ�
7KH�H[SLUDWLRQ�GDWH�ZLOO�QRW�FKDQJH�LI�WKH�NLW�LV�RSHQHG�DQG�VWRUHG�DW�WKH�
UHFRPPHQGHG�FRQGLWLRQ�
7KH�H[SLUDWLRQ�GDWH�ZLOO�QRW�FKDQJH�LI�WKH�NLW�LV�WUDQVSRUWHG�ZLWK�LFH�SDFNV�IRU���GD\V�
DQG�RU�WUHDWHG�ZLWK����IUHH]H�WKDZ�F\FOHV�

,QWHQGHG�8VH
7KLV�SURGXFW�LV�LQWHQGHG�IRU�WKH�GHWHFWLRQ�RI������1RYHO�&RURQDYLUXV�������Q&R9���
7KH�GHWHFWLRQ�UHVXOW�RI�WKLV�SURGXFW�LV�RQO\�IRU�FOLQLFDO�UHIHUHQFH��DQG�LW�VKRXOG�QRW�EH�
XVHG�DV�WKH�RQO\�HYLGHQFH�IRU�FOLQLFDO�GLDJQRVLV�DQG�WUHDWPHQW�

3ULQFLSOHV�RI�7HVWLQJ
7KLV�SURGXFW�LV�D�GXDO�FRORU�PXOWLSOH[�IOXRUHVFHQW�SUREH�EDVHG�7DTPDQn�57�T3&5�
DVVD\�V\VWHP��7KH�7DTPDQ�IOXRUHVFHQW�SUREH�LV�D�VSHFLILF�ROLJRQXFOHRWLGH�EDVHG�RQ�D�
UHSRUWHU�TXHQFKHU�PHFKDQLVP��)RU�HDFK�SUREH��WKH��
�HQG�LV�ODEHOHG�ZLWK�D�
IOXRURSKRUH��ZKLOH�WKH��
�HQG�ZDV�ODEHOHG�ZLWK�D�TXHQFKHU��:KHQ�WKH�SUREH�LV�LQWDFW��
WKH�IOXRUHVFHQFH�HPLWWHG�E\�WKH�IOXRURSKRUH�LV�DEVRUEHG�E\�WKH�TXHQFKHU��DQG�QR�
IOXRUHVFHQW�VLJQDO�LV�GHWHFWHG��+RZHYHU��GXULQJ�DPSOLILFDWLRQ�RI�WKH�WHPSODWH��WKH�
SUREH�ZLOO�EH�GHJUDGHG�GXH�WR�WKH��
��
�H[RQXFOHDVH�DFWLYLW\�RI�7DT�'1$�SRO\PHUDVH��
DQG�WKH�IOXRUHVFHQW�UHSRUWHU�DQG�WKH�TXHQFKHU�DUH�FOHDYHG�DQG�VHSDUDWHG��WKHQ�D�
IOXRUHVFHQW�VLJQDO�FDQ�EH�GHWHFWHG��7KH�JHQHUDWLRQ�RI�HDFK�PROHFXODU�DPSOLFRQ�LV�
DFFRPSDQLHG�E\�WKH�JHQHUDWLRQ�RI�D�IOXRUHVFHQW�VLJQDO��5HDO�WLPH�PRQLWRULQJ�RI�WKH�
HQWLUH�3&5�SURFHVV�FDQ�EH�DVVHVVHG�E\�PRQLWRULQJ�WKH�DFFXPXODWLRQ�RI�IOXRUHVFHQW�
VLJQDOV�
7KLV�SURGXFW�SURYLGHV�GXDO�GHWHFWLRQV�RI�WZR�LQGHSHQGHQW�JHQHV�RI������Q&R9�LQ�D�
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VLQJOH�WXEH��6SHFLILF�SULPHUV�DQG�SUREHV�ZHUH�GHVLJQHG�IRU�WKH�GHWHFWLRQ�RI�FRQVHUYHG�
UHJLRQ�RI������Q&R9
V�25)�DE�JHQH�DQG�1�JHQH��UHVSHFWLYHO\��DYRLGLQJ�QRQ�VSHFLILF�
LQWHUIHUHQFH�RI�6$56�����DQG�%DW6$56�OLNH�YLUXV�VWUDLQV�

'HWHFWLRQ�/LPLW
����FRSLHV��P/�

5HDJHQWV�$QG�0DWHULDOV�3URYLGHG
���'HWHFWLRQ�%XIIHU������u/�����WXEHV���LQFOXGLQJ�%XIIHU��G173V��3ULPHUV��3UREHV��
���(Q]\PH�0L[������u/�����WXEH���LQFOXGLQJ�51DVH�,QKLELWRU��8'*��5HYHUVH�
7UDQVFULSWDVH��7DT�'1$�SRO\PHUDVH�
���3RVLWLYH�&RQWURO������u/�����WXEH���SODVPLG�FRQWDLQLQJ�WDUJHW�IUDJPHQW�
���1HJDWLYH�&RQWURO������u/�����WXEH���'(3&�7UHDWHG�:DWHU�
1RWH��'R�QRW�PL[�WKH�FRPSRQHQWV�IURP�GLIIHUHQW�EDWFKHV�IRU�GHWHFWLRQ�

0DWHULDOV�5HTXLUHG�%XW�1RW�6XSSOLHG
5HDO�WLPH�3&5�LQVWUXPHQW�ZLWK�ERWK�)$0�DQG�7(;$6�5('�FKDQQHOV�
VXFK�DV�$%,������$%,�4���$%,�4���5RFKH�/LJKW&\FOHU�����%LR�5DG�&);���

6SHFLPHQ�&ROOHFWLRQ�$QG�3UHSDUDWLRQ
���6XLWDEOH�VSHFLPHQ�W\SH��XSSHU�UHVSLUDWRU\�VSHFLPHQ��LQFOXGLQJ�QDVDO�VZDEV��
QDVRSKDU\QJHDO�VZDEV���DVSLUDWHV���ZDVKHV��DQG�VSXWXP��DQG�ORZHU�UHVSLUDWRU\�
VSHFLPHQ��LQFOXGLQJ�UHVSLUDWRU\�DVSLUDWHV��EURQFKLDO�ZDVKHV��EURQFKRDOYHRODU�ODYDJH�
IOXLGV��DQG�OXQJ�ELRSV\�VSHFLPHQV��
���)RU�GHWDLOHG�PHWKRGV�RI�VSHFLPHQ�FROOHFWLRQ��SOHDVH�UHIHU�WR�WKH�SURWRFRO�LQ�WKH�
�0LFURELRORJ\�6SHFLPHQ�&ROOHFWLRQ�0DQXDO��
���7KH�FROOHFWHG�VSHFLPHQ�VKRXOG�EH�XVHG�IRU�GHWHFWLRQ�ZLWKLQ�WKH�VDPH�GD\��
2WKHUZLVH��SOHDVH�VWRUH�WKH�VSHFLPHQ�DV�IROORZV�
6WRUH�DW��p&����p&�IRU�QR�PRUH�WKDQ����KRXUV�
6WRUH�DW������p&�IRU�QR�PRUH�WKDQ����GD\V�
6WRUH�DW������p&�IRU�ORQJ�WHUP��DYRLGLQJ�UHSHDWHG�IUHH]H�WKDZ�F\FOHV�
���7KH�VSHFLPHQ�VKRXOG�EH�WUDQVSRUWHG�XVLQJ�VHDOHG�IRDP�ER[�ZLWK�GU\�LFH�
6SHFLPHQ�3UHSDUDWLRQ
7KH�VDPSOHV�VKRXOG�EH�H[WUDFWHG�DFFRUGLQJ�WR�WKH�FRUUHVSRQGLQJ�UHTXLUHPHQWV�DQG�
SURFHGXUHV�RI�YLUDO�51$�H[WUDFWLRQ�NLWV��7KH�H[WUDFWHG�51$�FDQ�EH�GLUHFWO\�XVHG�IRU�
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GHWHFWLRQ��,I�WKH�H[WUDFWHG�51$�LV�QRW�XVHG�IRU�GHWHFWLRQ�LPPHGLDWHO\��SOHDVH�VWRUH�WKH�
51$�DW�EHORZ����p&��DYRLGLQJ�UHSHDWHG�IUHH]H�WKDZ�

5HDJHQW�3UHSDUDWLRQ
7KDZ�WKH�UHTXLUHG�UHDJHQWV��PL[�E\�VKDNLQJ��DQG�FHQWULIXJH�EULHIO\�EHIRUH�XVH��3UHSDUH�
WKH�PL[WXUH�LQ�D�51DVH�IUHH�FHQWULIXJH�WXEH�DV�IROORZV�

1RWH��,W�LV�UHFRPPHQGHG�WR�VHW�ERWK�QHJDWLYH�DQG�SRVLWLYH�FRQWUROV�IRU�HDFK�WHVW�
0L[�WKH�DERYH�PL[WXUH�WKRURXJKO\��DQG�PDNH�DOLTXRWV�RI����u/�LQWR�GLIIHUHQW�3&5�
UHDFWLRQ�WXEHV��7KHQ��PRYH�WR�WKH�6SHFLPHQ�3UHSDUDWLRQ�$UHD�

$VVD\�3URFHGXUH
���7HPSODWH�$GGLWLRQ��6SHFLPHQ�3UHSDUDWLRQ�$UHD�
$GG���u/�RI�1HJDWLYH�&RQWURO��QR�H[WUDFWLRQ�UHTXLUHG�����u/�RI�3RVLWLYH�&RQWURO��QR�
H[WUDFWLRQ�UHTXLUHG���DQG���u/�RI�H[WUDFWHG�51$�IURP�VSHFLPHQ�WR�GLIIHUHQW�3&5�
UHDFWLRQ�WXEHV�ZKLFK�FRQWDLQHG����u/�RI�3&5�PL[�
���57�3&5�$PSOLILFDWLRQ��'HWHFWLRQ�$UHD�
3XW�WKH�UHDFWLRQ�WXEHV�RQ�D�3&5�LQVWUXPHQW��VHWXS�DQG�UXQ�WKH�IROORZLQJ�F\FOLQJ�
SURWRFRO�

�
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6HWWLQJV�RI�GHWHFWLRQ�IOXRUHVFHQFH��25)�DE�JHQH��)$0���1�JHQH��7(;$6�5('���52;���
3OHDVH�VHW�WKH�LQWHUQDO�UHIHUHQFH�SDUDPHWHU�RI�IOXRUHVFHQFH�RI�WKH�LQVWUXPHQW�WR�
�1RQH���)RU�H[DPSOH��IRU�$%,�VHULHV�LQVWUXPHQWV��SOHDVH�VHW��3DVVLYH�5HIHUHQFH��WR�
�1RQH��
���'DWD�$QDO\VLV��UHIHU�WR�,QVWUXPHQW�8VHU�0DQXDO�
7DNH�$%,�����DV�DQ�H[DPSOH��DIWHU�WKH�T3&5�UHDFWLRQ��WKH�UHVXOWV�ZHUH�VDYHG�
DXWRPDWLFDOO\��$FFRUGLQJ�WR�WKH�DQDO\]HG�LPDJH��SOHDVH
DGMXVW�WKH�6WDUW�YDOXH��(QG�YDOXH��DQG�7KUHVKROG�YDOXH�RI�WKH�%DVHOLQH��6WDUW�YDOXH����a�
����(QG�YDOXH����a�����7KUHVKROG�YDOXH�FRXOG�EH�VHW�LQ�WKH�/RJ�ZLQGRZ��DQG�WKH�
WKUHVKROG�OLQH�VKRXOG�EH�LQ�WKH�H[SRQHQWLDO�SKDVH�RI�WKH�DPSOLILFDWLRQ�FXUYH��WKH�
DPSOLILFDWLRQ�FXUYH�RI�WKH�QHJDWLYH�FRQWURO�VKRXOG�EH�VWUDLJKW�RU�EHORZ�WKH�WKUHVKROG�
OLQH���&OLFN��$QDO\VLV��WR�REWDLQ�WKH�DQDO\VLV�UHVXOW�DXWRPDWLFDOO\��DQG�UHDG�WKH�GHWHFWLRQ�
UHVXOW�LQ�WKH��5HSRUW��ZLQGRZ�

4XDOLW\�&RQWURO

7KH�UHVXOW�LV�YDOLG�LI�$//�WKH�DERYH�FULWHULD�LV�PHW��2WKHUZLVH��WKH�UHVXOW�LV�LQYDOLG�

,QWHUSUHWDWLRQ�2I�5HVXOWV
,I�WKH�FULWHULD�RI�48$/,7<�&21752/�LV�PHW��DQDO\VLV�WKH�GDWD�RI�VDPSOH�DV�IROORZV�

3UHFLVLRQ
8VLQJ�WZR�FDVHV�RI�KLJK�DQG�ORZ�SRVLWLYH�TXDOLW\�SURGXFWV�WR�WHVW�IRU����FRQVHFXWLYH�
WLPHV��WKH�&9�RI�WKHLU�&W�YDOXHV�LVأ����

3UHFDXWLRQV
���3OHDVH�UHDG�WKLV�PDQXDO�FDUHIXOO\�EHIRUH�EHJLQQLQJ�WKH�H[SHULPHQW��DQG�VWULFWO\�
IROORZ�WKH�LQVWUXFWLRQV�
���7KLV�SURGXFW�VKRXOG�EH�RQO\�XVHG�E\�WUDLQHG�ODERU�SHUVRQQHO�LQ�VDIHW\�SURWHFWHG�
ODERUDWRULHV�DQG�ZHDU�DSSURSULDWH�SURWHFWLYH�HTXLSPHQWV�
���7KLV�SURGXFW�VKRXOG�EH�SURWHFWHG�IURP�OLJKW��3OHDVH�XVH�VWHULOH��'1DVHIUHH��DQG�
51DVH�IUHH�WXEHV�DQG�WLSV�GXULQJ�WKH�GHWHFWLRQ�
���7KH�WHVWHG�VSHFLPHQ�RI�WKLV�SURGXFW�LV�UHJDUGHG�DV�LQIHFWLRXV�PDWHULDO��7KH�
RSHUDWLRQ�DQG�WUHDWPHQW�VKRXOG�PHHW�WKH�UHTXLUHPHQWV�RI�WKH�ORFDO�UHJXODWLRQV�DQG�
ODZV�

�
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2QOLQH�,QTXLU\�

/LPLWDWLRQV
���7KH�GHWHFWLRQ�UHVXOW�RI�WKLV�SURGXFW�LV�RQO\�IRU�FOLQLFDO�UHIHUHQFH��DQG�LW�VKRXOG�QRW�EH�
XVHG�DV�WKH�RQO\�HYLGHQFH�IRU�FOLQLFDO�GLDJQRVLV�DQG�WUHDWPHQW��7KH�FOLQLFDO�
PDQDJHPHQW�RI�SDWLHQWV�VKRXOG�EH�FRQVLGHUHG�LQ�FRPELQDWLRQ�ZLWK�WKHLU�
V\PSWRPV�VLJQV��KLVWRU\��RWKHU�ODERUDWRU\�WHVWV�DQG�WUHDWPHQW�UHVSRQVHV��7KH�
GHWHFWLRQ�UHVXOWV�VKRXOG�QRW�EH�GLUHFWO\�XVHG�DV�WKH�HYLGHQFH�IRU�FOLQLFDO�GLDJQRVLV��DQG�
DUH�RQO\�IRU�WKH�UHIHUHQFH�RI�FOLQLFLDQV�
���7KH�GHWHFWLRQ�UHVXOW�FDQ�EH�DIIHFWHG�E\�RSHUDWLRQV��LQFOXGLQJ�VSHFLPHQ�FROOHFWLRQ��
VWRUDJH�DQG�WUDQVSRUWDWLRQ��)DOVH�QHJDWLYH�UHVXOW�PD\�RFFXU�LI�WKHUH�LV�DQ\�PLVWDNHV�LQ�
WKH�RSHUDWLRQ��&URVV�FRQWDPLQDWLRQ�GXULQJ�VSHFLPHQ�WUHDWPHQW�PD\�OHDG�WR�IDOVH�
SRVLWLYH�UHVXOW�
���7KH�GHWHFWHG�WDUJHW�VHTXHQFHV�RI�WKLV�SURGXFWV�DUH�WKH�FRQVHUYDWLYH�UHJLRQ�RI������
Q&R9
V�25)�DE�JHQH�DQG�1�JHQH��+RZHYHU��WDUJHW�VHTXHQFH�YDULDWLRQV�PD\�OHDG�WR�
IDOVH�QHJDWLYH�UHVXOW�

&LWDWLRQV

+DYH�\RX�FLWHG�&'���57�LQ�D�SXEOLFDWLRQ"�/HW�XV�NQRZ���IRUP�3XEOLFDWLRQ�5HZDUG�
3URJUDP�DVS[��DQG�HDUQ�D�UHZDUG�IRU�\RXU�UHVHDUFK��

&XVWRPHU�5HYLHZV

:ULWH�D�UHYLHZ���IRUP�3URGXFWV�5HYLHZ�3URJUDP�DVS[���VKDUH�\RXU�H[SHULHQFHV�ZLWK�
RWKHUV�DQG�JHW�UHZDUGHG��

�
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1DPH�

<RXU�1DPH�

3KRQH��


3KRQH�QXPEHU

(�PDLO�$GGUHVV��


(�PDLO�$GGUHVV

6HUYLFH�	�3URGXFWV�,QWHUHVWHG��


�&'���57�6$56�&R9���&RURQDYLUXV�0XOWLSOH[�57�T3&5�.LW

3URMHFW�'HVFULSWLRQ��

3OHDVH�LQSXW�3URMHFW�'HVFULSWLRQ��

9HULILFDWLRQ�&RGH��


YHULILFDWLRQ�FRGH

3OHDVH�LQSXW��GLDJQRVWLFV��DV�YHULILFDWLRQ�FRGH�

6XEPLW

6HH�2WKHU�3URGXFWV�IRU

6$56�&R9�����V\PEROVHDUFKB6$56�&R9���KWP�

$QWLERGLHV���V\PEROVHDUFKB6$56�&R9��B��KWP�

(/,6$�.LWV���V\PEROVHDUFKB6$56�&R9��B����KWP�

5DSLG�7HVW�.LWV���V\PEROVHDUFKB6$56�&R9��B����KWP�

�
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285�3520,6(�72�<28�*XDUDQWHHG�SURGXFW�TXDOLW\�H[SHUW�FXVWRPHU�

VXSSRUW

2QOLQH�,QTXLU\

2UGHU�,QIR�

6$56�&R9���&RURQDYLUXV�0XOWLSOH[�57�T3&5�.LW

�2QOLQH�,QTXLU\

,QWHUHVWHG�LQ�ODUJHU�TXDQWLWLHV�"�UHTXHVW�D�TXRWH����IRUP�EXONRUGHU�DVS["Q �&'���57�6$56�
&R9����E&RURQDYLUXV��E0XOWLSOH[��E57�T3&5��E.LW�

3URWRFRO�PD\�EH�LPSURYHG��3OHDVH�IHHO�IUHH�WR�FRQWDFW�XV�WR�REWDLQ�WKH�ODWHVW�YHUVLRQ��

2UGHULQJ�,QIRUPDWLRQ

3D\PHQW�PHWKRGV�ZH�VXSSRUW�

,QYRLFH���3XUFKDVH�2UGHU

&UHGLW�FDUG�

�
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&RQWDFW�8V

7HO������������������86$�

�����������������(XURSH�

)D[����������������

(PDLO��LQIR#FUHDWLYH�GLDJQRVWLFV�FRP��PDLOWR�LQIR#FUHDWLYH�GLDJQRVWLFV�FRP�

��KWWSV���ZZZ�IDFHERRN�FRP�&UHDWLYH'LDJQRVWLFV� ��KWWSV���WZLWWHU�FRP�ZLQVOHWNHUU\�

��KWWSV���ZZZ�OLQNHGLQ�FRP�FRPSDQ\�FUHDWLYH�GLDJQRVWLFV� ���EORJ��

%\�5HVHDUFK�$UHD

&DQFHU���FDQFHU�KWP�

&DUGLRYDVFXODU���FDUGLRYDVFXODU�KWP�

&\WRNLQHV�DQG�*URZWK�)DFWRUV���F\WRNLQHV�DQG�JURZWK�IDFWRUV�KWP�

'HYHORSPHQWDO�%LRORJ\���GHYHORSPHQWDO�ELRORJ\�KWP�

,PPXQRORJ\���LPPXQRORJ\�KWP�

&HOO�%LRORJ\���FHOO�ELRORJ\�KWP�

0LFURELRORJ\���PLFURELRORJ\�KWP�

1HXURVFLHQFH���QHXURVFLHQFH�KWP�

3URWHDVHV�	�2WKHU�(Q]\PHV���SURWHDVHV�RWKHU�HQ]\PHV�KWP�

6LJQDO�7UDQVGXFWLRQ���VLJQDO�WUDQVGXFWLRQ�KWP�

6WHP�&HOOV���VWHP�FHOOV�KWP�

&HOO�0DUNHUV���FHOO�PDUNHU�KWP�

%\�3URGXFW�7\SH

$QWLERGLHV���$QWLERGLHV�KWP�

+\EULGRPDV���+\EULGRPDV�KWP�

(/,6$�.LWV���(/,6$�.LWV�KWP�

5DSLG�7HVW�.LWV���5DSLG�7HVW�.LWV�KWP�

�
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&RS\ULJKW�j�������������&UHDWLYH�'LDJQRVWLFV��$OO�ULJKWV�UHVHUYHG��

0DWHULDOV�DQG�5HDJHQWV���0DWHULDOV�DQG�5HDJHQWV�KWP�

$QWLJHQV���$QWLJHQV�KWP�

6HUYLFHV

&XVWRP�$QWLERG\�'HYHORSPHQW���&XVWRP�$QWLERG\�'HYHORSPHQW�KWP�

&RQWUDFW�$VVD\�'HYHORSPHQW���&RQWUDFW�$VVD\�'HYHORSPHQW�KWP�

$QDO\WLFDO�6HUYLFHV���$QDO\WLFDO�6HUYLFHV�KWP�

6XEVFULEH�WR�2XU�1HZVOHWWHUV�IRU�8VHIXO�5HVRXUFHV�DQG�,QIRUPDWLRQ�

HPDLO#H[DPSOH�FRP 6LJQ�8S�1RZ

�
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)URQW�3XEOLF�+HDOWK����������������
3XEOLVKHG�RQOLQH������6HS�����GRL����������ISXEK�����������

30&,'��30&�������
30,'����������

4XHVWLRQLQJ�WKH�+,9�$,'6�+\SRWKHVLV����ௗ<HDUV�RI�'LVVHQW
3DWULFLD�*RRGVRQ

'HSDUWPHQW�RI�+HDOWK�	�.LQHVLRORJ\��7H[DV�$	0�8QLYHUVLW\��&ROOHJH�6WDWLRQ��7;��86$
(GLWHG�E\��6DQMD\�3��=RGSH\��3XEOLF�+HDOWK�)RXQGDWLRQ�RI�,QGLD��,QGLD
5HYLHZHG�E\��/DOLW�5DJKXQDWK�6DQNKH��*UDQW�*RYHUQPHQW�0HGLFDO�&ROOHJH��,QGLD��3UHHWL�1HJDQGKL��,QGLDQ�
,QVWLWXWH�RI�3XEOLF�+HDOWK�±�'HOKL��,QGLD

&RUUHVSRQGHQFH�� XGH�XPDW�QNOK#QRVGRRJS
7KLV�DUWLFOH�ZDV�VXEPLWWHG�WR�3XEOLF�+HDOWK�(GXFDWLRQ�DQG�3URPRWLRQ��D�VHFWLRQ�RI�WKH�MRXUQDO�)URQWLHUV�LQ�3XEOLF�
+HDOWK�

5HFHLYHG������-XO����$FFHSWHG������6HS���

.H\ZRUGV��+,9��$,'6��GLVVHQW��FDXVDWLRQ��PXOWLIDFWRULDO�FDXVDOLW\

&RS\ULJKW��������*RRGVRQ�

7KLV�LV�DQ�RSHQ�DFFHVV�DUWLFOH�GLVWULEXWHG�XQGHU�WKH�WHUPV�RI�WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQVH��&&�
%<���7KH�XVH��GLVWULEXWLRQ�RU�UHSURGXFWLRQ�LQ�RWKHU�IRUXPV�LV�SHUPLWWHG��SURYLGHG�WKH�RULJLQDO�DXWKRU�V��RU�
OLFHQVRU�DUH�FUHGLWHG�DQG�WKDW�WKH�RULJLQDO�SXEOLFDWLRQ�LQ�WKLV�MRXUQDO�LV�FLWHG��LQ�DFFRUGDQFH�ZLWK�DFFHSWHG�
DFDGHPLF�SUDFWLFH��1R�XVH��GLVWULEXWLRQ�RU�UHSURGXFWLRQ�LV�SHUPLWWHG�ZKLFK�GRHV�QRW�FRPSO\�ZLWK�WKHVH�WHUPV�

6LQFH�������ZKHQ�WKH�K\SRWKHVLV�WKDW�+,9�FDXVHV�$,'6�ZDV�DQQRXQFHG��PDQ\�VFKRODUV�KDYH�
TXHVWLRQHG�WKH�SUHPLVH�DQG�RIIHUHG�DOWHUQDWLYH�H[SODQDWLRQV��7KLUW\�\HDUV�ODWHU��FRPSHWLQJ�SURSRVLWLRQV�
DV�ZHOO�DV�TXHVWLRQLQJ�RI�WKH�PDLQVWUHDP�K\SRWKHVLV�SHUVLVW��RIWHQ�VXSSRUWHG�E\�SURPLQHQW�VFLHQWLVWV��
7KLV�DUWLFOH�V\QWKHVL]HV�WKH�PRVW�VDOLHQW�TXHVWLRQV�UDLVHG��DORQJVLGH�WKHRULHV�SURSRVLQJ�QRQ�YLUDO�FDXVHV�
IRU�$,'6��7KH�V\QWKHVLV�LV�RUJDQL]HG�DFFRUGLQJ�WR�IRXU�FDWHJRULHV�RI�GDWD�EHOLHYHG�WR�VXSSRUW�WKH�+,9�
$,'6�K\SRWKHVLV��UHWURYLUDO�PROHFXODU�PDUNHUV��WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��(0��LPDJHV�RI�
UHWURYLUDO�SDUWLFOHV��HIILFDF\�RI�DQWL�UHWURYLUDO�GUXJV��DQG�HSLGHPLRORJLFDO�GDWD��'HVSLWH�WKUHH�GHFDGHV�RI�
FRQFHUWHG�LQYHVWPHQWV�LQ�WKH�PDLQVWUHDP�K\SRWKHVLV��WKH�OLQJHULQJ�TXHVWLRQV�DQG�FKDOOHQJHV�
V\QWKHVL]HG�KHUHLQ�RIIHU�SXEOLF�KHDOWK�SURIHVVLRQDOV�DQ�RSSRUWXQLW\�WR�UHIOHFW�RQ�WKHLU�DVVXPSWLRQV�DQG�
SUDFWLFHV�UHJDUGLQJ�+,9�$,'6�

³7KH�+,9�$,'6�K\SRWKHVLV�LV�RQH�KHOO�RI�D�PLVWDNH´��ZURWH�.DU\�0XOOLV�LQ������>�����S����@��0XOOLV�±�
1REHO�/DXUHDWH�LQ�&KHPLVWU\�������±�DQG�RWKHU�GLVWLQJXLVKHG�VFLHQWLVWV�KDYH�FODLPHG�WKH�+,9�FDXVHV�
$,'6�K\SRWKHVLV�LV�IDOVH��XQSURGXFWLYH��DQG�XQHWKLFDO��7KH\�KDYH�GRQH�VR�VLQFH�������ZKHQ�WKH�
K\SRWKHVLV�ZDV�SURSRVHG��7KLUW\�\HDUV�DIWHU�FRXQWOHVV�VWXGLHV��UHVRXUFHV��DQG�DWWHPSWV�WR�FXUH�KDYH�
EHHQ�SRXUHG�LQWR�WKH�+,9�$,'6�K\SRWKHVLV��LW�PD\�EH�IUXLWIXO�WR�DVN��:KDW�KDSSHQHG�WR�WKRVH�YLHZV�

7KLV�DUWLFOH�KDV�EHHQ�UHWUDFWHG��
5HWUDFWLRQ�LQ��)URQW�3XEOLF�+HDOWK�������2FWREHU���������������6HH�DOVR��30&�5HWUDFWLRQ�3ROLF\

��


�



DQG�YRLFHV�WKDW�RQFH�GLVDJUHHG"�+DYH�WKH�SDVW�WKUHH�GHFDGHV��ZLWK�WKHLU�VFLHQWLILF��WHFKQRORJLFDO��DQG�
SXEOLF�KHDOWK�GHYHORSPHQWV��EHHQ�VXIILFLHQW�WR�FRQYLQFH�FULWLFV�RI�WKH�K\SRWKHVLV¶�YDOXH"�+DYH�WKHVH�
DGYDQFHV�EHHQ�DEOH�WR�VLOHQFH�WKH�TXHVWLRQLQJ"

+HUH��,�V\QWKHVL]H�WKH�PDLQ�FULWLFLVPV�DLPHG�DW�WKH�+,9�$,'6�K\SRWKHVLV��DORQJVLGH�VHOHFW�XQRUWKRGR[
WKHRULHV�SURSRVLQJ�QRQ�YLUDO�FDXVH�V��IRU�$,'6��WR�DUJXH��IDU�IURP�EHLQJ�FRQGHPQHG�WR�H[WLQFWLRQ��
FRPSHWLQJ�H[SODQDWLRQV�IRU��DQG�WKRURXJK�TXHVWLRQLQJ�RI�WKH�PDLQVWUHDP�SUHPLVH�SHUVLVW��3HUKDSV�
EHWWHU�NQRZQ�E\�WKH�OD\�SXEOLF�WKDQ�E\�KHDOWK�SURIHVVLRQDOV��PDQ\�H[SODQDWLRQV�DUH��LQ�IDFW��DWWUDFWLQJ�D�
JURZLQJ�QXPEHU�RI�V\PSDWKL]HUV��7R�VXSSRUW�WKH�DUJXPHQW��,�HPSOR\�KLVWRULFDO�UHVHDUFK�DQG�GDWD�
V\QWKHVLV�PHWKRGV��,�XWLOL]H��DV�GDWD��WUDGH�DQG�SURIHVVLRQDO�SXEOLFDWLRQV�LQ�WDQGHP�ZLWK�DXWKRULWDWLYH�
VFLHQWLILF�VRXUFHV�

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�P\�SXUSRVH�LV�QRW�WR�UHYLHZ�WKH�VWDWH�RI�WKH�VFLHQFH�UHJDUGLQJ�+,9�$,'6��
QRU�WR�SHUVXDGH�UHDGHUV�WR�UHMHFW�WKH�PDLQVWUHDP�K\SRWKHVLV��,QVWHDG��,�DLP�WR�H[SRVH�UHDGHUV�WR�WKH�
SHUVLVWLQJ�FRQWURYHUVLHV��DQG�WR�PRWLYDWH�WKHP�WR�UDLVH�TXHVWLRQV�RI�WKHLU�RZQ��8OWLPDWHO\��WKHQ��WKLV�
DUWLFOH�LQYLWHV�WKH�SXEOLF�KHDOWK�ZRUNIRUFH�WR�UHIOHFW�RQ�SUHYDLOLQJ�DVVXPSWLRQV�DQG�SUDFWLFHV�UHJDUGLQJ�
+,9�$,'6��5HIOHFWLQJ�RQ�DVVXPSWLRQV�DQG�SUDFWLFHV�UHSUHVHQWV�D�FHQWUDO�WDVN�IRU�SXEOLF�KHDOWK�
SURIHVVLRQDOV��D�YLWDO�VWHS�WR�HQVXUH�WKHLU��RXU��SUDFWLFH�FRQWLQXDOO\�JURXQGV�LWVHOI�LQ�WKH�PRVW�ULJRURXV�
HWKLFDO�VWDQGDUGV�����

+,9�&DXVHV�$,'6��+RZ�9DOLG�DUH�WKH�'$7$"

,Q�������0DUJDUHW�+HFNOHU��WKHQ�6HFUHWDU\�RI�WKH�'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��
DQQRXQFHG�D�UHWURYLUXV�ZDV�WKH�³SUREDEOH�FDXVH´�RI�WKH�DODUPLQJ�LPPXQH�V\VWHP�FROODSVH�HPHUJLQJ�LQ�
WKH�86�VLQFH�����������:KHQ�VFLHQWLVWV�LGHQWLILHG�DQWLERGLHV�WR�D�UHWURYLUXV�NQRZQ�DV�/$9��RU�+7/9�
,,,��LQ����SHUVRQV��IURP�D�VDPSOH�RI������ZLWK�DQG�ZLWKRXW�LPPXQH�GHILFLHQF\�V\PSWRPV���WKH�
UHWURYLUXV�EHFDPH�WKH�FXOSULW�RI�ZKDW�ZRXOG�EH�SHUFHLYHG�DV�³WKH�PRVW�XUJHQW�KHDOWK�SUREOHP�IDFLQJ�WKH�
FRXQWU\´�LQ�UHFHQW�KLVWRU\�>��������S���@�

7KH�DQQRXQFHPHQW�LQWHQGHG�WR�DVVXUH�WKH�SXEOLF��WKH�P\VWHU\�VXUURXQGLQJ�WKLV�DSSDUHQWO\�FRQWDJLRXV�
DQG�GHFLGHGO\�IDWDO�LOOQHVV�±�ODWHU�ODEHOHG�$,'6�IRU�DFTXLUHG�LPPXQH�GHILFLHQF\�V\QGURPH�±�ZDV�
VROYHG��7KH�QHZO\�LGHQWLILHG�YLUXV�±�VRRQ�UHQDPHG�+,9��IRU�KXPDQ�LPPXQRGHILFLHQF\�YLUXV�±�ZDV��
DOPRVW�FHUWDLQO\��UHVSRQVLEOH�IRU�GHELOLWDWLQJ�SHRSOH¶V�LPPXQH�V\VWHP�DQG�PDNLQJ�WKHP�YXOQHUDEOH�WR�
LQIHFWLRQV�ZKLFK��EHIRUH�$,'6��ZHUH�HLWKHU�UDUH�RU�QRW�SDUWLFXODUO\�GDQJHURXV��1RZ��KRZHYHU��
LQIHFWLRQV�VXFK�DV�.DSRVL¶V�6DUFRPD�DQG�3QHXPRFLVWLV�FDULQLL�3QHXPRQLD�KDG�PRUSKHG�LQWR�YLFLRXV�
NLOOHUV���������%\�LGHQWLI\LQJ�WKH�SHUSHWUDWRU��VFLHQWLVWV¶�DWWHQWLRQ�DQG�JRYHUQPHQW�UHVRXUFHV�FRXOG�WKHQ�
IRFXV�RQ�WUHDWPHQW��FXUH��DQG�YDFFLQH�GHYHORSPHQW�

<HW�DOPRVW�LPPHGLDWHO\��VFLHQWLVWV�ZKR�NQHZ�D�JUHDW�GHDO�DERXW�UHWURYLUXVHV�DQG�LPPXQRORJ\�EHJDQ�WR�
YRLFH�PLVJLYLQJV�UHJDUGLQJ�WKH�+,9�FDXVHV�$,'6�K\SRWKHVLV��DQG�WR�TXHVWLRQ�LW��7KH\�KLJKOLJKWHG�WKH�
GLIILFXOWLHV��IODZV��DQG�FRQWUDGLFWLRQV�WKH\�VDZ�LQ�WKH�K\SRWKHVLV��DQG�RIIHUHG�DOWHUQDWLYH�H[SODQDWLRQV��
0DQ\�RI�WKH�RULJLQDO�PLVJLYLQJV�KDYH�VXUYLYHG��DQG�RWKHUV�KDYH�EHHQ�UDLVHG��LQ�WKH�SDVW�WKUHH�GHFDGHV�

,Q�WKLV�SDSHU��WKHUHIRUH��,�VXPPDUL]H�VRPH�RI�WKHVH�GLIILFXOWLHV��DQG�SUHVHQW�ZKDW�FULWLFV�SURSRVH�DV�
DOWHUQDWLYH�FDXVHV�RI�$,'6��,�RUJDQL]H�WKH�FKDOOHQJHV�SXW�IRUWK�E\�XQRUWKRGR[�VFKRODUV�LQWR�IRXU�
FDWHJRULHV�RI�GDWD�WKDW�VXSSRUW�WKH�+,9�$,'6�K\SRWKHVLV �������UHWURYLUDO�PROHFXODU�PDUNHUV������
WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��(0��LPDJHV�RI�UHWURYLUDO�SDUWLFOHV������HIILFDF\�RI�DQWL�UHWURYLUDO�
�$59��GUXJV��DQG�����HSLGHPLRORJLFDO�GDWD���������%HFDXVH�WKHVH�GDWD�DUH�SURIIHUHG�DV�VROLG�HYLGHQFH�
IRU�+,9¶V�UROH�LQ�FDXVLQJ�$,'6��LW�LV�XVHIXO�WR�H[DPLQH�KRZ�FULWLFV�TXHVWLRQ�WKH�HYLGHQFH�LQ�HDFK�
FDWHJRU\��VSHFLILFDOO\�
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+,9�DQWLERGLHV�

5HWURYLUDO�PROHFXODU�PDUNHUV

0DLQVWUHDP�VFLHQWLVWV�DQG�SK\VLFLDQV�FODLP�WKH�PROHFXODU�HYLGHQFH�IRU�+,9�DV�WKH�FDXVH�RI�$,'6�LV�
LUUHIXWDEOH��������DQG�FRPSULVHV���D��+,9�DQWLERGLHV�DQG��E��YLUDO�ORDG��$V�LQFRQWURYHUWLEOH�DV�WKHVH�
PROHFXODU�PDUNHUV�DSSHDU�WR�EH��XQRUWKRGR[�VFLHQWLVWV�KDYH�PHWLFXORXVO\�H[DPLQHG�HDFK�RQH�DQG�
GHWHFWHG�VLJQLILFDQW�SUREOHPV�LQ�ERWK�����

7KH�ILUVW�DYDLODEOH�WHVWV�WR�VFUHHQ�EORRG�EDQNV�IRU�+,9�GHWHFWHG�+,9�DQWLERGLHV�������
3K\VLFLDQV�VWLOO�XVH�WKHVH�WHVWV�ZKHQ�VFUHHQLQJ�EORRG�IRU�LQIHFWLRQ�DQG��VLQFH�������GLUHFW�WR�FRQVXPHU�
KRPH�WHVWV�KDYH�EHFRPH�DYDLODEOH�IRU�LGHQWLI\LQJ�DQWLERGLHV�WR�+,9�XVLQJ�RQO\�D�VDOLYD�VDPSOH��H�J���
2UD4XLFN��������<HW��IURP�WKH�WLPH�WKH�ILUVW�WHVWV�DSSHDUHG��VFLHQWLVWV�LQ�ERWK�RUWKRGR[�DQG�XQRUWKRGR[�
FDPSV�UHLWHUDWHG�WKDW��DFFRUGLQJ�WR�HVWDEOLVKHG�LPPXQRORJ\�SULQFLSOHV��DQWLERGLHV�WR�D�YLUXV�LQGLFDWH�
WKH�LPPXQH�V\VWHP�KDV�DFWHG�WR�FRQWURO�WKH�LQYDGLQJ�YLUXV��$QWLERGLHV�SRLQW�WR�SUHYLRXVO\�RFFXUULQJ�
LQIHFWLRQ�DQG�GR�QRW�VLJQDO�DFWLYH�LQIHFWLRQ��,Q�������&'&�VFLHQWLVWV��PDLQVWUHDP��ZURWH�

,W�LV�QRW�RQO\�WKLV�VLPSOH�DUJXPHQW�±�DQWLERGLHV�VXJJHVW�WKH�LPPXQH�V\VWHP�KDV�FRQWUROOHG�WKH�LQYDGLQJ�
DJHQWV�±�WKDW�XQRUWKRGR[�VFLHQWLVWV�KDYH�GHEDWHG��7KH�WHVWV�WKHPVHOYHV�UHPDLQ�WKH�WDUJHW�RI�FULWLF¶V�
LQWHQVH�VFUXWLQ\��)RU�LQVWDQFH��LQ������-RKQVRQ�UHSRUWHG����SOXV�IDFWRUV�FDSDEOH�RI�FDXVLQJ�D�IDOVH�
SRVLWLYH�UHVXOW�RQ�WHVWV�IRU�+,9�DQWLERGLHV�>HLWKHU�DQ�(/,6$�RU�D�ZHVWHUQ�EORW��:%��WHVW@�������%HFDXVH�
WKH\�UHDFW�WR�WKHVH�IDFWRUV��WKH�WHVWV�PD\�QRW�EH�GHWHFWLQJ�+,9�DW�DOO��:RUWK\�RI�QRWLFH��DPRQJ�WKH�OLVW��
DUH�HOHPHQWV�XELTXLWRXV�DPRQJ�DOO�SRSXODWLRQV�VXFK�DV�WKH�IOX��IOX�YDFFLQDWLRQV��SUHJQDQF\�LQ�ZRPHQ�
ZKR�KDYH�KDG�PRUH�WKDQ�RQH�FKLOG��WHWDQXV�YDFFLQDWLRQ��DQG�PDODULD��DQ�LPSRUWDQW�HOHPHQW�WR�FRQVLGHU�
LQ�WKH�FDVH�RI�WKH�$,'6�HSLGHPLF�LQ�$IULFD���6XSSRUWLQJ�HDFK�IDFWRU��-RKQVRQ�SURYLGHV�VFLHQWLILFDOO\�
YDOLG�HYLGHQFH�±�SXEOLVKHG�LQ�UHSXWDEOH�SHHU�UHYLHZHG�MRXUQDOV�VXFK�DV�$,'6��WKH�3URFHHGLQJV�RI�WKH�
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD��7KH�/DQFHW��WKH�&DQDGLDQ�0HGLFDO�
$VVRFLDWLRQ�-RXUQDO��DQG�WKH�-RXUQDO�RI�WKH�$PHULFDQ�0HGLFDO�$VVRFLDWLRQ��-$0$�������

&HOLD�)DUEHU¶V�ERRN��6HULRXV�$GYHUVH�(YHQWV��$Q�8QFHQVRUHG�+LVWRU\�RI�$,'6������±�DQ�H[SRVp�RI�WKH�
HSLGHPLF¶V�HWKLFDOO\�TXHVWLRQDEOH�KLVWRU\�±�FRQWDLQV�DQ�LQWHUHVWLQJ�DSSHQGL[�DXWKRUHG�E\�5RGQH\�
5LFKDUGV��5LFKDUGV�±�ZKR�KHOSHG�WR�GHYHORS�WKH�ILUVW�(/,6$�WHVW�IRU�+,9�±�RXWOLQHV�WKH�³HYROXWLRQ´�RI�
&'&¶V�VWDQFHV�UHJDUGLQJ�WKH�UROH�RI�DQWLERGLHV��LQIHFWLRQ��DQG�+,9�WHVWV��)LUVW��WKH�&'&�DOLJQHG�LWVHOI�
ZLWK�WKH�WUDGLWLRQDO�YLHZ�RI�DQWLERGLHV�VLJQDOLQJ�SDVW�SULRU�LQIHFWLRQ��DV�HYLGHQFHG�LQ�WKH�TXRWH�DERYH��
IURP��������,Q�������WKH�&'&�PRYHG�WRZDUG�D�TXDOLILHG�FODLP��VWDWLQJ�

)LQDOO\��LQ�������&'&�DGRSWHG�D�QRQ�TXDOLILHG�FODLP�WKDW�DQWLERGLHV�VLJQLI\�DFWLYH�LQIHFWLRQ�DQG�RU�
LOOQHVV��³7KH�SUHVHQFH�RI�DQWLERG\�LQGLFDWHV�FXUUHQW�LQIHFWLRQ��WKRXJK�PDQ\�LQIHFWHG�SHUVRQV�PD\�KDYH�
PLQLPDO�RU�QR�FOLQLFDO�HYLGHQFH�RI�GLVHDVH�IRU�\HDUV´�>����������S�����@�

$�PRUH�VSHFLILF�PHDVXUH�WKDQ�WKH�(/,6$�WHVW��WKH�:%�GHWHFWV�DQWLERGLHV�E\�LGHQWLI\LQJ�SURWHLQV�
EHOLHYHG�WR�EH�DVVRFLDWHG�ZLWK�+,9��DQG�RQO\�ZLWK�+,9��$�SHUVRQ�XQGHUJRHV�D�FRQILUPDWRU\�:%�DIWHU�D�
SULRU�(/,6$�VFUHHQLQJ�WHVW�UHDFWV�SRVLWLYHO\��EXW�LW�LV�LPSRUWDQW�WR�UHPHPEHU��RYHU����FRQGLWLRQV�FDQ�
\LHOG�D�IDOVH�SRVLWLYH�(/,6$�����������

$�SRVLWLYH�WHVW�IRU�PRVW�LQGLYLGXDOV�LQ�SRSXODWLRQV�DW�JUHDWHU�ULVN�RI�DFTXLULQJ�$,'6�ZLOO�SUREDEO\�
PHDQ�WKDW�WKH�LQGLYLGXDO�KDV�EHHQ�LQIHFWHG�DW�VRPH�WLPH�ZLWK�+7/9�,,,�/$9�>WKH�QDPHV�RULJLQDOO\�
XVHG�IRU�+,9@��:KHWKHU�WKH�SHUVRQ�LV�FXUUHQWO\�LQIHFWHG�RU�LPPXQH�LV�QRW�NQRZQ��EDVHG�RQ�WKH�
VHURORJLF�WHVW�DORQH�>������S�����@�

«�SDWLHQWV�ZLWK�UHSHDWHGO\�UHDFWLYH�VFUHHQLQJ�WHVWV�IRU�+7/9�,,,�/$9�DQWLERG\ࣟ«ࣟLQ�ZKRP�
DQWLERG\�LV�DOVR�LGHQWLILHG�E\�WKH�XVH�RI�VXSSOHPHQWDO�WHVWV��H�J���:%��LPPXQRIOXRUHVFHQFH�DVVD\��
VKRXOG�EH�FRQVLGHUHG�ERWK�LQIHFWHG�DQG�LQIHFWLYH�>������S�����@�



&ULWLFV�RI�WKH�RUWKRGR[�YLHZ�GHFU\�WKH�ODFN�RI�VWDQGDUGL]HG�FULWHULD�IRU�D�SRVLWLYH�UHVXOW�LQ�D�:%��DFURVV�
FRXQWULHV��ZRUOG�ZLGH�������%DXHU��7DEOH�����LQ�D������DUWLFOH�WLWOHG�³+,9�WHVWV�DUH�QRW�+,9�WHVWV´�
FODLPV��³QR�IHZHU�WKDQ�ILYH�GLIIHUHQW�FULWHULD�KDYH�EHHQ�XVHG�E\�GLIIHUHQW�JURXSV�LQ�WKH�8QLWHG�6WDWHV´�
>������S��@��0RUHRYHU�±�DGGV�%DXHU�±�LQFOXGHG�LQ�WKH�FRQWHPSRUDU\�FULWHULD�IRU�D�SRVLWLYH�:%�DUH�S���
DQG�S����SURWHLQ±DQWLJHQV�³IRXQG�LQ�EORRG�SODWHOHWV�RI�KHDOWK\�LQGLYLGXDOV�´�7KLV�PHDQV�VRPH�RI�WKH�
ELRORJLFDO�PDUNHUV�EHLQJ�XVHG�WR�³IODJ´�WKH�SUHVHQFH�RI�+,9�DUH�QRW�³VSHFLILF�WR�+,9�RU�$,'6�SDWLHQWV�
>DQG@�S���DQG�S���DUH�QRW�HYHQ�VSHFLILF�WR�LOOQHVV�´�,Q�RWKHU�ZRUGV��KHDOWK\�SHUVRQV�PD\�WHVW�SRVLWLYH�RQ�
D�:%�EXW�QRW�FDUU\�+,9�DW�DOO�>������S���@�
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&UHGHQWLDOV�DQG�SURIHVVLRQDO�H[SHULHQFH�RI�VHOHFW�FULWLFV�RI�WKH�+,9�$,'6�K\SRWKHVLV�

1DPH��DOSKDEHWLFDO�
RUGHU�E\�ODVW�QDPH�

&UHGHQWLDOV

+HQU\�%DXHU��3K�'� 3URIHVVRU�(PHULWXV�RI�&KHPLVWU\�DQG�6FLHQFH�6WXGLHV

'HDQ�(PHULWXV�RI�$UWV�DQG�6FLHQFHV

9LUJLQLD�3RO\WHFKQLF�,QVWLWXWH�DQG�6WDWH�8QLYHUVLW\��9LUJLQLD�7HFK�

-DPHV�&KLQ��0'��
03+

&KLHI�RI�,QIHFWLRXV�'LVHDVH�6HFWLRQ��&DOLIRUQLD�6WDWH�'HSDUWPHQW�RI�+HDOWK�
6HUYLFHV��%HUNHOH\��&$��86$������V±�����

)RUPHU�&KLHI�RI�6XUYHLOODQFH��)RUHFDVWLQJ�DQG�,PSDFW�$VVHVVPHQW��6),���8QLW�RI�
WKH�*OREDO�3URJUDP�RQ�$,'6��*3$��RI�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ�(GLWRU��
$3+$¶V�³&RQWURO�RI�&RPPXQLFDEOH�'LVHDVHV�0DQXDO´

(WWLHQH�GH�+DUYHQ��0' (PHULWXV�3URIHVVRU�RI�3DWKRORJ\��8QLYHUVLW\�RI�7RURQWR��21��86$

6SHFLDOL]HG�LQ�HOHFWURQ�PLFURVFRS\�DW�WKH�³,QVWLWXWH�GX�&DQFHU´�LQ�3DULV

3XEOLVKHG�ILUVW�LPDJHV�RI�EXGGLQJ�YLUXV�WKURXJK�(0�������

0HPEHU��6ORDQ�.HWWHULQJ�,QVWLWXWH��1HZ�<RUN��1<��86$�LQ�����

)RUPHU�3UHVLGHQW��7KH�(OHFWURQ�0LFURVFRS\�6RFLHW\�RI�$PHULFD��LQ������

)RUPHU�3UHVLGHQW��5HWKLQNLQJ�$,'6

3HWHU�'XHVEHUJ��3K�'� 3URIHVVRU�RI�0ROHFXODU�DQG�&HOO�%LRORJ\��7KH�8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\��
&$��86$

,VRODWHG�WKH�ILUVW�FDQFHU�JHQH�DQG�PDSSHG�WKH�JHQHWLF�VWUXFWXUH�RI�UHWURYLUXVHV�
������

0HPEHU��1DWLRQDO�$FDGHP\�RI�6FLHQFHV��VLQFH������

2XWVWDQGLQJ�,QYHVWLJDWRU�$ZDUG�±�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�����

+HLQULFK�.UHPHU��0' )RXQGHU�DQG�6HQLRU�&RQVXOWDQW��&HOO�6\PELRVLV�7KHUDS\�$FDGHP\ ��EDVHG�RQ�KLV�
ZRUN�RQ�12�DQG�LWV�DVVRFLDWLRQ�ZLWK�FKURQLF�LQIODPPDWRU\�DQG�GHJHQHUDWLYH�
GLVHDVH�

&ROODERUDWLQJ�0HPEHU��6WXG\�*URXS�IRU�1XWULWLRQ�DQG�,PPXQLW\��%HUQ��*HUPDQ\�

([WHQVLYH�FOLQLFDO�ZRUN�ZLWK�\RXWK�GUXJ�DGGLFWLRQ

.DU\�0XOOLV��3K�'� 1REHO�/DXUHDWH�±�&KHPLVWU\�±�����

'HYHORSHG��SRO\PHUDVH�FKDLQ�UHDFWLRQ

)RXQGHU�DQG�&KLHI�6FLHQWLILF�$GYLVRU��$OWHUPXQH

'DYLG�5DVQLFN��3K�'� %LRFKHPLVW�ZLWK�!��ௗ\HDUV�RI�ZRUN�ZLWK�SURWHDVHV�DQG�SURWHDVH�LQKLELWRUV

)RUPHU�3UHVLGHQW��5HWKLQNLQJ�$,'6��WKH�JURXS�IRU�WKH�VFLHQWLILF�UHDSSUDLVDO�RI�WKH�
+,9�K\SRWKHVLV

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ

�&KLQ�DJUHHV�ZLWK�WKH�PDLQVWUHDP�K\SRWKHVLV�WKDW�+,9�LV�WKH�FDXVH�RI�$,'6��+LV�FULWLTXH�FHQWHUV�RQ�WKH�FROOHFWLRQ�
DQG�LQWHUSUHWDWLRQ�RI�WKH�HSLGHPLRORJLFDO�GDWD�IRU�+,9�$,'6��LQ�WKH�86�DQG�ZRUOG�ZLGH�
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9LUDO�ORDG�

$Q�H[DPSOH�PD\�FODULI\��LI�WHVWHG�LQ�$IULFD��D�:%�VKRZLQJ�UHDFWLYLW\�WR�DQ\�WZR�RI�WKH�SURWHLQV�S�����
S�����RU�S����ZRXOG�EH�FRQVLGHUHG�SRVLWLYH�IRU�+,9��,Q�%ULWDLQ��WKH�WHVW�ZRXOG�EH�SRVLWLYH�RQO\�LI�LW�
VKRZHG�UHDFWLYLW\�WR�RQH�RI�WKHVH�WKUHH�SURWHLQV��WRJHWKHU�ZLWK�UHDFWLRQV�WR�WZR�RWKHU�SURWHLQV��S���DQG�
S����VHH�PHQWLRQ�RI�S����DERYH��DV�RFFXUULQJ�LQ�KHDOWK\�LQGLYLGXDOV���7KHUHIRUH��VRPHRQH�ZKRVH�WHVW�
UHDFWV�WR�S����DQG�S����ZRXOG�EH�FRQVLGHUHG�+,9�SRVLWLYH�LQ�$IULFD��EXW�QRW�LQ�%ULWDLQ��$�WHVW�UHDFWLRQ�
WR�S����S����DQG�S���ZRXOG�EH�FRQVLGHUHG�SRVLWLYH�LQ�%ULWDLQ��EXW�QHJDWLYH�LQ�$IULFD��OHDGLQJ�DXWKRU�
&HOLD�)DUEHU�WR�FRPPHQW��³«�D�SHUVRQ�FRXOG�UHYHUW�WR�EHLQJ�+,9�QHJDWLYH�VLPSO\�E\�EX\LQJ�D�SODQH�
WLFNHW�IURP�8JDQGD�WR�$XVWUDOLD�>RU�LQ�RXU�H[DPSOH��IURP�8JDQGD�WR�/RQGRQ´�������S�����@�

$FFRUGLQJ�WR�FULWLFV��D�GHILQLWLYH�DQVZHU�UHJDUGLQJ�ZKLFK�SURWHLQ±DQWLJHQV�DUH�VSHFLILF�WR�+,9�DQG�+,9�
DORQH�FDQ�RQO\�FRPH�IURP�VXFFHVVIXO�YLUXV�LVRODWLRQ�DQG�SXULILFDWLRQ��,VRODWLQJ�DQG�SXULI\LQJ�³ZRXOG�EH�
UHTXLUHG�WR�YHULI\�WKDW�DOO�RI�WKHVH�SURWHLQV�DFWXDOO\�RULJLQDWH�IURP�+,9�SDUWLFOHV´�>�����S����@��$WWHPSWV�
DW�SXULI\LQJ�KDYH�EHHQ�PDGH�����������EXW�KDYH�EHHQ�FULWLFL]HG�IRU�WKHLU�DPELJXRXV�ILQGLQJV�������RU�IRU�
WKHLU�XVH�RI�FXOWXUHG�VDPSOHV��VHH�GLVFXVVLRQ�EHORZ�RQ�(0�LPDJHV���7R�GDWH��WKH�LVVXH�RI�+,9�LVRODWLRQ�
LQ�SXULILHG�VDPSOHV�KDV�QRW�EHHQ�DGGUHVVHG�WR�FULWLFV¶�VDWLVIDFWLRQ������

7KH�H[SUHVVLRQ�³YLUDO�ORDG´�UHIHUV�WR�WKH�TXDQWLW\�RI�YLUXV�IRXQG�LQ�+,9�LQIHFWHG�EORRG��
$FFRUGLQJ�WR�WKH�PDLQVWUHDP�SHUVSHFWLYH��LQIRUPDWLRQ�RQ�YLUDO�ORDG�KHOSV�PRQLWRU�WKH�LQIHFWLRQ¶V�
SURJUHVV��³GHFLGH�ZKHQ�WR�VWDUW�WUHDWPHQW��DQG�GHWHUPLQH�ZKHWKHU�RU�QRW�«�+,9�PHGLFDWLRQV�DUH�
ZRUNLQJ´������

7KH�WHFKQLTXH�IRU�PHDVXULQJ�YLUDO�ORDG�LV�NQRZQ�DV�51$�3&5�±�ULERQXFOHLF�DFLG�SRO\PHUDVH�FKDLQ�
UHDFWLRQ�������0DLQVWUHDP�VFLHQWLVWV�UHJDUG�WKLV�WHVW�DV�WKH�PRVW�VSHFLILF�GRFXPHQWDWLRQ�RI�+,9¶V�
SUHVHQFH�LQ�D�SHUVRQ¶V�ERG\��,W�LV�RIWHQ�XVHG�ZKHQ�WKH�(/,6$�DQG�:%�WHVWV�DUH�QHJDWLYH��EHFDXVH�3&5�
FDQ�GHWHFW�WKH�YLUXV¶�JHQHWLF�PDWHULDO��RU�LWV�51$�'1$�IUDJPHQWV���EHIRUH�WKH�KXPDQ�ERG\�KDV�KDG�D�
FKDQFH�WR�UHFRJQL]H�WKH�YLUXV��SURGXFH�DQWLERGLHV�LQ�GHIHQVH��DQG�UHDFW�SRVLWLYHO\�LQ�DQ�DQWLERGLHV�RQO\�
WHVW������

'HVSLWH�LWV�HQKDQFHG�VSHFLILFLW\��PDQ\�PDLQVWUHDP�VFLHQWLVWV�DQG�SUDFWLWLRQHUV�UHFRPPHQG�FDXWLRQ�
ZKHQ�XVLQJ�3&5�IRU�VFUHHQLQJ�RU�GLDJQRVLQJ�LQIHFWLRQ�������)RU�LQVWDQFH��DXWKRUV�RI�D�VWXG\�SXEOLVKHG�
LQ�-$0$�LQ�������LQ�ZKLFK�3&5�ZDV�XVHG�ZLWK�D�VDPSOH�RI�DOPRVW�������SHRSOH��FRQFOXGHG��³7KH�3&5�
DVVD\�LV�QRW�VXIILFLHQWO\�DFFXUDWH�WR�EH�XVHG�IRU�WKH�GLDJQRVLV�RI�+,9�LQIHFWLRQ�ZLWKRXW�FRQILUPDWLRQ´�
>������S�����@�

3&5�WHFKQRORJ\�HYROYHG�TXLFNO\�VLQFH�LW�ZDV�LQWURGXFHG�LQ������������$OWKRXJK�EHLQJ�HPSOR\HG��
PRVWO\��IRU�DVVHVVLQJ�YLUDO�ORDG��OHVV�IRU�VFUHHQLQJ�DQG�GLDJQRVLV���LW�VKRXOG�JLYH�XV�SDXVH�WR�OHDUQ��
KRZHYHU��WKDW�'U��.DU\�0XOOLV�±�WKH�VFLHQWLVW�ZKR�ZRQ�WKH������1REHO�3UL]H�IRU�LQYHQWLQJ�WKH�3&5�WHVW�
DQG�ZKRVH�TXRWH�LQWURGXFHG�WKLV�DUWLFOH��7DEOH����±�KDV�VWURQJO\�RSSRVHG�XVLQJ�WKH�WHFKQLTXH�IRU�
GHWHUPLQLQJ�WKH�DPRXQW�RI�YLUXV�FLUFXODWLQJ�LQ�SODVPD��/DXULWVHQ�H[SODLQV�

.DU\�0XOOLV�«�LV�WKRURXJKO\�FRQYLQFHG�WKDW�+,9�LV�QRW�WKH�FDXVH�RI�$,'6��:LWK�UHJDUG�WR�WKH�
YLUDO�ORDG�WHVWV��ZKLFK�DWWHPSW�WR�XVH�3&5�IRU�FRXQWLQJ�YLUXVHV��0XOOLV�KDV�VWDWHG��³4XDQWLWDWLYH�
3&5�LV�DQ�R[\PRURQ�´�3&5�LV�LQWHQGHG�WR�LGHQWLI\�VXEVWDQFHV�TXDOLWDWLYHO\��EXW�E\�LWV�YHU\�QDWXUH�
LV�XQVXLWHG�IRU�HVWLPDWLQJ�QXPEHUV��$OWKRXJK�WKHUH�LV�D�FRPPRQ�PLVLPSUHVVLRQ�WKDW�WKH�YLUDO�ORDG�
WHVWV�DFWXDOO\�FRXQW�WKH�QXPEHU�RI�YLUXVHV�LQ�WKH�EORRG��WKHVH�WHVWV�FDQQRW�GHWHFW�IUHH��LQIHFWLRXV�
YLUXVHV�DW�DOO��WKH\�FDQ�RQO\�GHWHFW�SURWHLQV�WKDW�DUH�EHOLHYHG��LQ�VRPH�FDVHV�ZURQJO\��WR�EH�XQLTXH�
WR�+,9��7KH�WHVWV�FDQ�GHWHFW�JHQHWLF�VHTXHQFHV�RI�YLUXVHV��EXW�QRW�YLUXVHV�WKHPVHOYHV�>������S���@�



,I�WR�WKLV�SLFWXUH�ZH�DGG�KXPDQ�HQGRJHQRXV�UHWURYLUXVHV��RU�+(59V�������DV�SRWHQWLDO�FRQIRXQGHUV��WKH�
JHQHWLF�VHTXHQFHV�GHWHFWHG�LQ�D�3&5�WHVW�PD\�QRW�EH�WKRVH�IURP�DQ�H[RJHQRXV�YLUXV��DW�DOO��DQG�PD\�
H[SODLQ�WKH�WHVW¶V�VXEVWDQWLDO�IDOVH�SRVLWLYH�UDWHV�����������+(59V�FRQVLVW�RI�UHWURYLUXV�OLNH�SDUWLFOHV�
SURGXFHG�E\�KRVW�FHOOV�WKDW�DUH�VWUHVVHG�RU�G\LQJ��,Q�RWKHU�ZRUGV��ZKHQ�YDULRXV�LQIHFWLRQV�DVVDLO�WKH�
ERG\��DQG�FHUWDLQ�FHOOV�H[SHULHQFH�VWUHVV�RU�GLH�LQ�ODUJH�QXPEHUV��WKH\�FDQ�PDQXIDFWXUH�E\�SURGXFWV�
VLPLODU�WR�UHWURYLUXVHV��7KHVH�E\�SURGXFWV�FDQ�EH�UHDFWLYH�ZKHQ�WHVWLQJ�IRU�+,9�DQWLERGLHV��SURWHLQ�
DQWLJHQV��DQG�YLUDO�ORDGV�������&XOVKDZ�VXPPDUL]HV�LW�ZHOO�

7UDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\�LPDJHV�RI�UHWURYLUDO�SDUWLFOHV

$OWKRXJK�LW�VHHPV�LQWXLWLYH�WKDW�SKRWRJUDSKLQJ�+,9�ZRXOG�SURYLGH�XQGHQLDEOH�HYLGHQFH�RI�LWV�SUHVHQFH�
LQ�WKH�KRVW¶V�SODVPD��WKH�UHDOLW\�LV�PXFK�PRUH�FRPSOH[��$GHTXDWHO\�LQWHUSUHWLQJ�LPDJHV�REWDLQHG�
WKURXJK�(0�LV��HYHQ�IRU�WKH�PRVW�VNLOOHG�VFLHQWLVWV��FKDOOHQJLQJ��(0�JHQHUDWHV�KLJKO\�DPSOLILHG�LPDJHV�
RI�FHOOV�DQG�YLUDO�SDUWLFOHV��$Q�HOHFWURQ�PLFURVFRSH�XVHV�³EHDPV�RI�HOHFWURQV�IRFXVHG�E\�PDJQHWLF�
OHQVHV�LQVWHDG�RI�UD\V�RI�OLJKW´�WR�SURGXFH�LPDJHV�PDJQLILHG�XS�WR�����������î��D�OLJKW�PLFURVFRSH�KDV�
GLIILFXOW\�H[FHHGLQJ�����î�PDJQLILFDWLRQ�������

7KH�ILUVW�LPDJHV�RI�ZKDW�UHVHDUFKHUV�EHOLHYHG�WR�EH�+,9�SDUWLFOHV�EXGGLQJ�RXW�RI�KXPDQ�FHOOV�ZHUH�
SXEOLVKHG�LQ�WKH�MRXUQDO�6FLHQFH��LQ�������E\�WKH�)UHQFK�WHDP�WKDW�FR�GLVFRYHUHG�+,9��KHDGHG�E\�/XF�
$��0RQWDJQLHU��������7KHVH�LPDJHV��DQG�WKH�FRPSXWHU�JUDSKLFV�EDVHG�RQ�WKHP��ZHUH�SULQWHG�LQ�
WH[WERRNV�DQG�DUWLFOHV�GLVFXVVLQJ�$,'6��H[WHQVLYHO\��'HVSLWH�WKHLU�SRSXODULW\��WKH�LPDJHV�ZHUH�REWDLQHG�
IURP�D�³SUH�$,'6´�SDWLHQW��QRW�D�SDWLHQW�ZLWK�$,'6���DQG�WKH�VDPSOH�IXUQLVKLQJ�WKH�LPDJHV�KDG�QRW�
EHHQ�SXULILHG�DFFRUGLQJ�WR�VWDQGDUG�SURFHGXUHV������

,W�ZRXOG�EH���ௗ\HDUV�ODWHU��LQ�������ZKHQ�(0�LPDJHV�IURP�SXULILHG�VDPSOHV�ZHUH�SURGXFHG�������<HW�
DQRWKHU�VWXG\�������SXEOLVKHG�VLPXOWDQHRXVO\�ZLWK�WKHVH�LPDJHV��LQ�IDFW��SULQWHG�DV�DQ�DGMRLQLQJ�
DUWLFOH���UHSRUWHG��HYHQ�SXULILHG�+,9�VDPSOHV�KDUERU�SURWHLQ�SDUWLFOHV��FDOOHG�PLFURYHVLFOHV���FRQVLGHUHG�
WR�EH�FRQWDPLQDQWV��7KHVH�PLFURYHVLFOHV�GR�QRW�GLVDSSHDU�GXULQJ�WKH�SXULI\LQJ�SURFHVV��,Q�RWKHU�ZRUGV��
HYHQ�ZKHQ�WHFKQLFLDQV�SXULI\�+,9�VDPSOHV��FHUWDLQ�³FHOOXODU�SURWHLQV�ERXQG�WR�QRQ�YLUDO�SDUWLFOHV��L�H���
PLFURYHVLFOHV��FDQ�FRSXULI\�ZLWK�>WKH@�YLUXV�´�DQG�DSSHDU�LQ�WKH�(0�LPDJHV��7KH�TXHVWLRQ��WKHQ��
UHPDLQV��DUH�WKH�(0�LPDJHV�VHHQ�LQ�WKHVH�SXULILHG�VDPSOHV��SLFWXUHV�RI�+,9�LWVHOI��RU�RI�RWKHU�
HOHPHQWV�SDUWLFOHV"������

,Q�������(WWLHQH�GH�+DUYHQ�±�WKH�VFLHQWLVW�ZKR�³SURGXFHG�WKH�ILUVW�HOHFWURQ�PLFURJUDSK�RI�D�UHWURYLUXV�
�WKH�)ULHQG�OHXNHPLD�YLUXV�´�>������S���@�WKURXJK�(0�UHVHDUFK�LQ�������7DEOH���������±�DGGHG�WR�WKH�
GHEDWH�

$�UHWURYLUXV�LV�QRWKLQJ�PRUH�WKDQ�51$�ZLWK�DQ�RXWHU�SURWHLQ�VKHOO��7KH�VKHOO�HQDEOHV�LW�WR�ELQG�WR�
FHOOV�RI�WKH�W\SH�LW�LQIHFWV��DQG�RQFH�LW�JDLQV�HQWU\��WKH�RXWHU�FRDWLQJ�GLVDSSHDUV�DQG�WKH�51$�LV�
WUDQVFULEHG�WR�'1$�DQG�LQFRUSRUDWHG�DV�SURYLUXV�LQWR�WKH�KRVW�FHOO¶V�RZQ�JHQRPH��,W�LV�IRU�WKLV�
UHDVRQ�WKDW�UHWURYLUXVHV�DUH�FDOOHG�HQYHORSHG�YLUXVHV��DQG�LW�LV�DOVR�WKH�UHDVRQ�WKDW�LW�LV�YHU\�
GLIILFXOW�WR�GLVWLQJXLVK�EHWZHHQ�H[RJHQRXV�UHWURYLUXVHV��WKRVH�WKDW�RULJLQDWH�RXWVLGH�WKH�ERG\�IURP�
D�IRUHLJQ�LQYDGHU��DQG�HQGRJHQRXV�UHWURYLUXVHV��WKRVH�WKDW�DUH�PDQXIDFWXUHG�IURP�RXU�RZQ�
UHWURYLUDO�OLNH�JHQHWLF�VHTXHQFHV�XQGHU�FRQGLWLRQV�RI�FHOOXODU�VWUHVV��LQFOXGLQJ�GLVHDVHV��«�0XFK�
RI�WKH�JHQHWLF�PDWHULDO�DWWULEXWHG�WR�+,9�LV�LQ�IDFW�'1$�RU�51$�IURP�>WKHVH@�GHFD\LQJ�FHOOV��«��
+XPDQ�EHLQJV�DUH�ILOOHG�ZLWK�VXFK�HQGRJHQRXV�UHWURYLUXVHV�>������SS��������±��@�

$OO�WKH�LPDJHV�RI�SDUWLFOHV�VXSSRVHGO\�UHSUHVHQWLQJ�+,9�DQG�SXEOLVKHG�LQ�VFLHQWLILF�DV�ZHOO�DV�LQ�
OD\�SXEOLFDWLRQV�GHULYH�IURP�(0�VWXGLHV�RI�FHOO�FXOWXUHV��7KH\�QHYHU�VKRZ�+,9�SDUWLFOHV�FRPLQJ�
GLUHFWO\�IURP�DQ�$,'6�SDWLHQW�>�����S�����±�HPSKDVLV�DGGHG@�



:K\�LV�LW�LPSRUWDQW�WR�REWDLQ�(0�LPDJHV�RI�+,9�IURP�$,'6�SDWLHQWV��DV�RSSRVHG�WR�LPDJHV�RI�+,9�
FXOWXUHG�LQ�D�ODERUDWRU\"�$FFRUGLQJ�WR�GH�+DUYHQ��QRQ�YLUDO�PLFRRUJDQLVPV�IUHTXHQWO\�FRQWDPLQDWH�FHOO�
FXOWXUHV�DQG�VKRZ�XS�YHU\�HDVLO\�LQ�(0��,W�LV�TXLWH�GLIILFXOW�WR�REWDLQ�DEVROXWHO\�SXUH�FHOO�FXOWXUHV��
HVSHFLDOO\�EHFDXVH�WKH�FXOWXULQJ�SURFHVV�LWVHOI�±�WKH�JURZWK�IDFWRUV�DGGHG�WR�WKH�FXOWXUH��VXFK�DV�³7�FHOO�
O\PSKRF\WH�JURZWK�IDFWRU��7&*)���LQWHUOHXNLQ����RU�FRUWLFRVWHURLG�KRUPRQHV´�>������S���@�±�FDQ�
LQWURGXFH�SRWHQWLDO�FRQWDPLQDQWV��+(59V��IRU�H[DPSOH��DUH�RIWHQ�JHQHUDWHG�E\�FHOOV�WKDW�KDYH�EHHQ�
VWUHVVHG�RU�K\SHUVWLPXODWHG�WR�JURZ�LQ�FXOWXUHV��+,9�FXOWXUHV�REWDLQHG�IURP�SDWLHQWV�ZLWK�$,'6�PD\�
QRW�UHTXLUH�DV�PXFK�VWLPXODWLRQ�RU�DGGLWLRQ�RI�JURZWK�IDFWRUV��WKXV�UHVXOWLQJ�LQ�OHVV�FRQWDPLQDWHG��SXUHU�
FXOWXUHV�

0RQWDJQLHU�DOVR�DFNQRZOHGJHV�WKH�SUREOHPV�ZLWK�UHO\LQJ�RQ�(0�WR�LGHQWLI\�D�UHWURYLUXV��JLYHQ�WKH�
GLIILFXOWLHV�ZLWK�SXULI\LQJ�YLUDO�VDPSOHV��,Q�DQ�LQWHUYLHZ�JLYHQ�LQ�������KH�UHIOHFWV�RQ�WKRVH�ILUVW�+,9�
LPDJHV�IURP�FXOWXUHG�VDPSOHV��SURGXFHG�LQ�KLV�ODERUDWRU\�DW�WKH�3DVWHXU�,QVWLWXWH�

,W�DSSHDUV��WKHUHIRUH��WKHUH�LV�OLWWOH�FRQVHQVXV�UHJDUGLQJ�ZKDW�WKH�H[LVWLQJ�(0�LPDJHV�UHIOHFW��DUH�WKH�
YLVXDOL]HG�SDUWLFOHV�+,9�RU�VRPHWKLQJ�HOVH"�$FFRUGLQJ�WR�3DSDGRSXORV�(OHRSXORV�DQG�FROOHDJXHV��
³VRPH�RI�WKH�EHVW�NQRZQ�UHWURYLURORJLVWV�LQFOXGLQJ�3HWHU�'XHVEHUJ��5REHUW�*DOOR��DQG�+RZDUG�7HPLQ�
KDYH�EHHQ�WHOOLQJ�XV�WKDW�SDUWLFOHV�PD\�KDYH�WKH�PRUSKRORJLFDO�FKDUDFWHULVWLFV�RI�UHWURYLUXVHV�EXW�DUH�
QRW�YLUXVHV´�>������S���@��,W�LV�IHDVLEOH��WKHUHIRUH��WKDW�(0�LPDJHV�DUH��LQ�IDFW��GHSLFWLRQV�RI��D��
PLFURYHVLFOHV��RU�SURWHLQ�SDUWLFOHV���QRW�YLUDO�RU�LQIHFWLRXV�LQ�QDWXUH��EXW�QRW�HOLPLQDWHG�HYHQ�ZKHQ�
XVLQJ�SXULILHG�VDPSOHV�������RU��E��KXPDQ�HQGRJHQRXV�UHWURYLUXVHV�±�GHIHFWLYH��QRQ�LQIHFWLRXV�
UHWURYLUXVHV�DVVRFLDWHG�ZLWK�WKH�KRVW¶V�RZQ�JHQRPH��VHH�GLVFXVVLRQ�DERYH�RQ�+(596��

(IILFDF\�RI�DQWL�UHWURYLUDO�GUXJV

)URP�WKH�HSLGHPLF¶V�RQVHW��UHVHDUFKHUV�ZRUNHG�UHOHQWOHVVO\�WR�ILQG�D�YDFFLQH�WR�NHHS�WKH�YLUXV�IURP�
VSUHDGLQJ�DQG�WR�GHYHORS�GUXJV�IRU�PDQDJLQJ�WKH�V\PSWRPV�IURP�RSSRUWXQLVWLF�LQIHFWLRQV�������7KH�
FKDOOHQJHV�LQKHUHQW�LQ�GHYHORSLQJ�ERWK�YDFFLQH�DQG�WUHDWPHQW�ZHUH�GDXQWLQJ��SRVW�LQIHFWLRQ��+,9�
DSSHDUV�WR�PXWDWH�DQG�UHFRPELQH�FRQWLQXDOO\��WKXV�PDNLQJ�LW�GLIILFXOW�WR�GHVLJQ�DQ�HIIHFWLYH�YDFFLQH�
����������)XUWKHUPRUH��GHVLJQLQJ�WUHDWPHQWV�IRU�D�UHWURYLUXV�LV�D�WULFN\�IHDW��JLYHQ�LW�VKDUHV�PDQ\�RI�WKH�
VDPH�FKDUDFWHULVWLFV�RI�WKH�KRVW¶V�LPPXQH�FHOOV�±�WKXV��DQ�DWWDFN�RQ�WKH�YLUXV�FDQ�EHFRPH�D�
VLPXOWDQHRXV�DWWDFN�RQ�WKH�KHDOWK\�KRVW�FHOOV��������������

$IWHU�WKH�SXEOLF�DQQRXQFHPHQW�UHJDUGLQJ�WKH�SUREDEOH�FDXVH�RI�$,'6��YDULRXV�SKDUPDFHXWLFDO�
FRPSDQLHV�WULHG�WR�GHYHORS�GUXJV�WR�WKZDUW�WKH�DFWLRQ�RI�WKH�YLUXV¶�UHYHUVH�WUDQVFULSWDVH�HQ]\PH��DQ�
HQ]\PH�HVVHQWLDO�IRU�WKH�UHSOLFDWLRQ�RI�UHWURYLUXVHV���$=7�EHFDPH�WKH�ILUVW�PHGLFDWLRQ�RI�WKLV�NLQG��
DSSURYHG�VSHFLILFDOO\�IRU�WUHDWLQJ�$,'6�SDWLHQWV�LQ������������$]LGRWK\PLGLQH��$=7��±�DOVR�NQRZQ�DV�

'7��'MDPHO�7DKL���:K\�GR�WKH�(0�SKRWRJUDSKV�SXEOLVKHG�E\�\RX��FRPH�IURP�WKH�FXOWXUH�DQG�QRW�
IURP�WKH�SXULILFDWLRQ"

/0��/XF�0RQWDJQLHU���7KHUH�ZDV�VR�OLWWOH�SURGXFWLRQ�RI�YLUXV�LW�ZDV�LPSRVVLEOH�WR�VHH�ZKDW�PLJKW�
EH�LQ�D�FRQFHQWUDWH�RI�YLUXV�IURP�D�JUDGLHQW��7KHUH�ZDV�QRW�HQRXJK�YLUXV�WR�GR�WKDW�«

�«�

'7��+RZ�LV�LW�SRVVLEOH�ZLWKRXW�(0�SLFWXUHV�IURP�WKH�SXULILFDWLRQ��WR�NQRZ�ZKHWKHU�WKHVH�SDUWLFOHV�
DUH�YLUDO�DQG�DSSHUWDLQ�WR�D�UHWURYLUXV��PRUHRYHU�D�VSHFLILF�UHWURYLUXV"

/0��:HOO��WKHUH�ZHUH�WKH�SLFWXUHV�RI�WKH�EXGGLQJ��:H�SXEOLVKHG�LPDJHV�RI�EXGGLQJ�ZKLFK�DUH�
FKDUDFWHULVWLF�RI�UHWURYLUXVHV��+DYLQJ�VDLG�WKDW��RQ�WKH�PRUSKRORJ\�DORQH�RQH�FRXOG�QRW�VD\�LW�ZDV�
WUXO\�D�UHWURYLUXV�«������



5HWURYLU��D�GUXJ�RULJLQDOO\�GHVLJQHG��EXW�SURYHQ�XQVXFFHVVIXO��IRU�WUHDWLQJ�OHXNHPLD�±�PDGH�KLVWRU\�QRW�
RQO\�EHFDXVH�LW�ZDV�WKH�ILUVW�DYDLODEOH�WUHDWPHQW�VSHFLILFDOO\�IRU�$,'6��EXW�DOVR�GXH�WR�KRZ�TXLFNO\�LW�
ZDV�DSSURYHG��$=7�UHFHLYHG�³LQYHVWLJDWLRQDO�QHZ�GUXJ��,1'��VWDWXV��LQLWLDO�DSSURYDO�IRU�WHVWLQJ��
ZLWKLQ��ௗGD\V�RI�DSSOLFDWLRQ´�>������S�����@��*LYHQ�WKH�GHVSHUDWH�QHHG�IRU�VSHFLILF�WUHDWPHQW��WKH�GUXJ¶V�
SODFHER�FRQWUROOHG�WULDOV�DOVR�PRYHG�IDVW��ODVWLQJ�³RQO\��ௗPRQWKV�EHIRUH�DSSURYDO�ZDV�JLYHQ�IRU�JHQHUDO�
VDOH´�>������S�����@��3KDVH�,,�WULDOV�ZHUH�LQWHUUXSWHG��PLG�ZD\��GXH�WR�ILQGLQJV�WKDW�IHZHU�SDWLHQWV�WDNLQJ�
$=7�ZHUH�G\LQJ�RI�$,'6�ZKHQ�FRPSDUHG�WR�WKH�FRQWURO�JURXS�QRW�WDNLQJ�WKH�GUXJ����������

$SSURYLQJ�$=7��KRZHYHU��GLG�QRW�SUHYHQW�VFLHQWLVWV�IURP�WU\LQJ�WR�GHYHORS�RWKHU�GUXJV��GXULQJ�WKH�
IROORZLQJ�GHFDGH��EXW�PRVW�DWWHPSWV�ZRXOG�PDNH�OLWWOH�KHDGZD\�LQWR�WKH�WUHDWPHQW�RI�$,'6��$GGLQJ�WR�
WKHVH�GLIILFXOWLHV��$=7�ZDV�SURYLQJ�WR�EH�H[WUHPHO\�WR[LF�DQG�QRW�DV�HIIHFWLYH�DV�LQLWLDOO\�DQWLFLSDWHG��
5HVHDUFKHUV�GLG�OHDUQ��PHDQZKLOH��WKDW�SUHVFULELQJ�$=7�LQ�ORZHU�GRVDJHV�DQG�LQ�FRPELQDWLRQ�ZLWK�
RWKHU��ZHOO�NQRZQ�GUXJV�VXFK�DV�KHSDULQ��DF\FORYLU��DQG�EDFWULP��ZDV�EHJLQQLQJ�WR�FXUE�PRUWDOLW\�UDWHV�
�����

7KXV��LQ�WKH�PLG���V�³FRPELQDWLRQ�WKHUDS\´�EHFDPH�DYDLODEOH��$OVR�UHIHUUHG�WR�DV�WKH�³GUXJ�FRFNWDLO�´�
FRPELQDWLRQ�WKHUDS\�FRPSULVHG�D�MRLQW�DWWDFN�RQ�+,9�XVLQJ�WKUHH�PDLQ�FODVVHV�RI�GUXJV��
VLPXOWDQHRXVO\���D��WKRVH�LQKLELWLQJ�UHYHUVH�WUDQVFULSWDVH¶V�DELOLW\�WR�GXSOLFDWH�WKH�YLUXV¶�JHQHWLF�
PDWHULDO�XVLQJ�KRVW�'1$�VXE�GLYLGHG�LQWR�WZR�FODVVHV�±�QXFOHRVLGH�DQG�QRQ�QXFOHRVLGH�LQKLELWRUV���E��
SURWHDVH�LQKLELWRUV��GHVLJQHG�WR�OLPLW�FHUWDLQ�SURWHLQV�QHHGHG�IRU�+,9�DVVHPEO\���DQG��F��P\ULVWR\ODWLRQ�
RU�HQWU\�IXVLRQ�LQKLELWRUV��EORFNLQJ�WKH�YLUXV�IURP�HQWHULQJ�WKH�KRVW�FHOOV���7KHVH�WKUHH�FODVVHV�RI�GUXJV�
±�NQRZQ�FROOHFWLYHO\�DV�+$$57��KLJKO\�DFWLYH�$59�WKHUDS\��RU�DQWLUHWURYLUDOV��$59V��±�KDYH�EHHQ�
SUDLVHG�IRU�WKHLU�DELOLW\�WR�UHVWRUH�WKH�KHDOWK�RI�SDWLHQWV�ZLWK�$,'6�ZKR�EHFRPH�H[WUHPHO\�LOO�>���������
�����S�����@�

$QWLUHWURYLUDOV�DOVR�DUH�SUDLVHG�IRU�WKHLU�DELOLW\�WR�UHGXFH�SDWLHQWV¶�YLUDO�ORDGV�DQG��WKHUHIRUH��WKHLU�OHYHO�
RI�LQIHFWLRQ�DQG�DELOLW\�WR�WUDQVPLW�WKH�YLUXV��RU�LQIHFWLYLW\���7KLV�UHGXFWLRQ�LQ�YLUDO�ORDG�KDV�EHHQ�
GHHPHG�VR�VLJQLILFDQW�WKDW��LQ�������WKH�)'$�DSSURYHG�XVLQJ�RQH�RI�WKH�FRPELQDWLRQ�GUXJV��7UXYDGD��
IRU�SUH�H[SRVXUH�SURSK\OD[LV�RU�3U(3������

3U(3�RU�³+,9�WUHDWPHQW�DV�SUHYHQWLRQ´������LQYROYHV�DGPLQLVWHULQJ�WR�QRQ�LQIHFWHG�SHUVRQV�RQH�SLOO�RI�
WKH�DQWLUHWURYLUDO��GDLO\��WR�VWDYH�RII�LQIHFWLRQ��DQ�LQLWLDWLYH�FURZQHG�%UHDNWKURXJK�RI�WKH�<HDU�E\�WKH�
MRXUQDO�6FLHQFH��LQ������������7ULDOV�FRQGXFWHG�ZRUOG�ZLGH�KDYH�FRQVLVWHQWO\�GHPRQVWUDWHG�ORZ�UDWHV�RI�
+,9�LQIHFWLRQ�DPRQJ�SHRSOH�WDNLQJ�3U(3�����������7KH������EUHDNWKURXJK��WKHUHIRUH��ZDV�WKH�
FRQFOXVLRQ��³7KH�HDUO\�LQLWLDWLRQ�RI�$59�WKHUDS\�UHGXFHG�UDWHV�RI�VH[XDO�WUDQVPLVVLRQ�RI�+,9���DQG�
FOLQLFDO�HYHQWV��LQGLFDWLQJ�ERWK�SHUVRQDO�DQG�SXEOLF�KHDOWK�EHQHILWV�IURP�VXFK�WKHUDS\´�>������S�����@�

<HW��DV�ZLWK�PRVW�WUHDWPHQW�GUXJV��$59V�DOVR�SURGXFH�LPSRUWDQW�VLGH�HIIHFWV��(YHQ�PDLQVWUHDP�
VFLHQWLVWV�ZKR�SUDLVH�WKH�GUXJV�E\�VD\LQJ��³&RPELQDWLRQ�WKHRU\�>VLF@�ZDV�D�PLUDFOH��FRPSDUDEOH�ZLWK�
DQWLELRWLFV��DQHVWKHVLD��DQG�WKH�SROLR�YDFFLQH�LQ�WKH�DQQDOV�RI�WKH�KLVWRU\�RI�PHGLFLQH�«�D�µTXDQWXP�
OHDS´¶�±�FDQGLGO\�DGPLW��³7KH�PLUDFOH�ZDV�QRW�ZLWKRXW�FRPSOLFDWLRQV�´�>������SS����������@��%HFDXVH�
WKHVH�GUXJV�DOVR�DWWDFN�QRQ�LQIHFWHG�FHOOV��WKH\�FDQ�GHVWUR\�WKH�LPPXQH�V\VWHPV¶�KHDOWK\�7�FHOOV��DQG�
HYHQ�FDXVH�D�FROODSVH�LGHQWLFDO�WR�$,'6��$XWKRUV�RI�D�VWXG\�UHSRUWLQJ�RQ�WKH�ILUVW�GHFDGH�RI�$59�XVH�
FRQFOXGHG�

7KH�UHVXOWV�RI�WKLV�FROODERUDWLYH�VWXG\��ZKLFK�LQYROYHG����SURVSHFWLYH�FRKRUWV�DQG�RYHU��������
SDWLHQWV�ZLWK�+,9���IURP�(XURSH�DQG�1RUWK�$PHULFD��VKRZ�WKDW�WKH�YLURORJLFDO�UHVSRQVH�DIWHU�
VWDUWLQJ�+$$57�KDV�LPSURYHG�VWHDGLO\�VLQFH�������+RZHYHU��WKHUH�ZDV�QR�FRUUHVSRQGLQJ�GHFUHDVH�
LQ�WKH�UDWHV�RI�$,'6��RU�GHDWK��XS�WR��ࣟ\HDU�RI�IROORZ�XS��&RQYHUVHO\��WKHUH�ZDV�VRPH�HYLGHQFH�IRU�
DQ�LQFUHDVH�LQ�WKH�UDWH�RI�$,'6�LQ�WKH�PRVW�UHFHQW�SHULRG�>����±����@�>������S������±�HPSKDVLV�
PLQH@�
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&ULWLFV¶�FRQFHUQV�FHQWHU�RQ�WKH�SRWHQWLDO�DVVRFLDWLRQ�EHWZHHQ�XVH�RI�+$$57�DQG�D�GHSUHVVHG�LPPXQH�
V\VWHP��7KLV�DVVRFLDWLRQ�FDUULHV�VLJQLILFDQW�LPSOLFDWLRQV�IRU�WKH�SURSK\ODFWLF�XVH�RI�$59V��)RU�LQVWDQFH��
VWXGLHV�KDYH�GRFXPHQWHG�SDWLHQWV¶�FRPSURPLVHG�LPPXQH�V\VWHPV�DV�SUHFHGLQJ�WKHLU�VHURFRQYHUVLRQ�
����������7KHUHIRUH��KDYLQJ�QRQ�LQIHFWHG�SHUVRQV�WDNH�+$$57�DV�SURSK\OD[LV�PD\��RYHU�WLPH��LPSDFW�
WKHLU�LPPXQH�V\VWHPV�QHJDWLYHO\��DQG�SUHGLVSRVH�WKHP�WR�EHFRPLQJ�LQIHFWHG�ZLWK�YDULRXV�DJHQWV��
LQFOXGLQJ�+,9�LWVHOI��0RUHRYHU��WKHUH�LV�HYLGHQFH�WKDW�$59V�FDQ�DFFHOHUDWH�DJLQJ�RI�FHOOV�LQ�ZD\V�WKDW�
SURPRWH�SURJUHVVLYH�PXOWL�RUJDQ�GLVHDVH�������&ULWLFV�DOVR�SRLQW�WR�GDWD�RQ�SDWLHQWV�WDNLQJ�$59V�ZKR�
GHYHORS�3QHXPRF\VWLV�&DULQLL��DQG�&DQGLGD�DOELFDQV��RSSRUWXQLVWLF�LQIHFWLRQV�W\SLFDO�RI�SDWLHQWV�ZLWK�
$,'6��ZKLOH�RQ�WKH�GUXJV��GHVSLWH�WKH�IDFW�WKH�SURWHDVH�LQKLELWRUV�KDYH�³PDUNHG�DQWLFDQGLGDO�DQG�
DQWLSQHXPRF\VWLV�HIIHFWV´�>�����S����@��(TXDOO\�YH[LQJ��DUH�WKH�GHDWKV�DPRQJ�$59�WUHDWHG�SDWLHQWV��
UHVXOWLQJ�IURP�DFXWH�OLYHU�IDLOXUH��7KHVH�GHDWKV�SRLQW�WR�WKH�$59V¶�GHWULPHQWDO�HIIHFWV��JLYHQ�WKDW�+,9��
LWVHOI��GRHV�QRW�FDXVH�OLYHU�WR[LFLW\�������������

&ULWLFV�DOVR�KLJKOLJKW�VWXGLHV�GRFXPHQWLQJ�WKH�UHGXFWLRQ�RI�SODVPD�+,9�51$�DPRQJ�SDWLHQWV�WUHDWHG�
ZLWK�$59V��EXW�WKH�QRQ�UHGXFWLRQ�LQ�+,9�'1$��VXJJHVWLQJ�WKHUH�LV�³FRQWLQXHG�H[SUHVVLRQ�RI�YLUDO�
DJHQWV´�HYHQ�DIWHU��ௗ\HDU�RI�WUHDWPHQW�>������S�����@��&RPSRXQGLQJ�WKHVH�GLIILFXOWLHV�DUH�WKH�RIWHQ�
GHELOLWDWLQJ�VLGH�HIIHFWV�������WKH�GUXJV¶�H[WUHPHO\�KLJK�FRVWV��$=7�DORQH�FRVW�DURXQG��������D�\HDU�DQG�
WKH�FRFNWDLOV�FDQ�HDVLO\�WDOO\���������±��������D�\HDU�SHU�SDWLHQW��>������SS�����±���@�DQG�WKH�
RIWHQWLPHV�GDXQWLQJ�UHJLPHQ�VRPH�SUHVFULSWLRQV�UHTXLUH��OHDGLQJ�WR�SDWLHQWV¶�OHVV�WKDQ�RSWLPDO�
FRPSOLDQFH�GXULQJ�WUHDWPHQW�

'HVSLWH�WKLV�KRVW�RI�SUREOHPV��RUWKRGR[�VFLHQWLVWV�DQG�SUDFWLWLRQHUV�VWLOO�FODLP�+$$57�KDV�FKDQJHG�WKH�
IDFH�RI�WKH�$,'6�HSLGHPLF��RQFH�FRQVLGHUHG�D�OHWKDO�V\QGURPH��WHVWLQJ�SRVLWLYH�IRU�+,9�GRHV�QRW�
HTXDWH�WR�D�GHDWK�VHQWHQFH�DQ\�ORQJHU��PHUHO\�WR�D�OLIHWLPH�RI�PDQDJLQJ�D�FKURQLF�LQIHFWLRQ�����������
&ULWLFV��RQ�WKH�RWKHU�KDQG��DVVHUW��EHFDXVH�WKH�GUXJV�DUH�DQWL�YLUDO�DQG�DQWL�EDFWHULDO�LQ�QDWXUH��WKH\�JLYH�
D�IDOVH�LPSUHVVLRQ�RI�EHLQJ�HIIHFWLYH�IRU�WUHDWLQJ�+,9�LQIHFWLRQ��:KDW�DSSHDUV�D�PLUDFXORXV�UHFRYHU\�LQ�
PDQ\�SDWLHQWV�LV��LQ�IDFW��WKH�GUXJV¶�HIIHFWV�XSRQ�WKH�RSSRUWXQLVWLF�LQIHFWLRXV�DJHQWV�WKH�SHUVRQ�PD\�
KDUERU�DW�WKH�WLPH��RWKHU�WKDQ�+,9��&RQWUDU\�WR�WKH�UHLJQLQJ�HQWKXVLDVP�IRU�$59V¶�HIIHFWLYHQHVV�IRU�
SUHYHQWLRQ�DQG�WUHDWPHQW��FULWLFV�ZLOO�DUJXH�WKH�ULVNV�DVVRFLDWHG�ZLWK�$59V�DSSHDU�WR�RXWZHLJK�WKH�
EHQHILWV��HVSHFLDOO\�LI�WKHVH�GUXJV�DUH�FRQVXPHG�RYHU�ORQJ�SHULRGV�RI�WLPH��,Q�VKRUW��XQRUWKRGR[�
VFKRODUV�EHOLHYH�WKH�DSSHDUDQFH�RI�HIIHFWLYHQHVV�RI�$59V�GRHV�QRW�UHSUHVHQW�VWURQJ�HYLGHQFH�IRU�WKH�
UROH�RI�+,9�LQ�$,'6�DQG��LQ�D�SDUDGR[LFDO�PDQQHU��$59V�PD\�DFWXDOO\�EH�WKH�FDXVH�RI�$,'6�GHILQLQJ�
LOOQHVVHV�DQG�QRQ�$,'6�GHILQLQJ�RQHV�

(SLGHPLRORJLFDO�GDWD

,W�LV�HDV\�WR�REWDLQ�FXUUHQW�VWDWLVWLFV�GHVFULELQJ�WKH�+,9�$,'6�GLVWULEXWLRQ��ZRUOG�ZLGH��2QH�KDV�RQO\�WR�
DFFHVV�WKH�ZHEVLWH�RI�WKH�-RLQW�8QLWHG�1DWLRQV�3URJUDP�RQ�+,9�WR�OHDUQ��³,Q�������WKHUH�ZHUH������
PLOOLRQ�>����±�����PLOOLRQ@�SHRSOH�OLYLQJ�ZLWK�+,9´�DQG�WKDW��LQ�WKH�VDPH�\HDU��³����PLOOLRQ�>���±����
PLOOLRQ@�SHRSOH�GLHG�IURP�$,'6�UHODWHG�FDXVHV�ZRUOGZLGH�FRPSDUHG�WR�����PLOOLRQ�>���±����PLOOLRQ@�LQ�
����´������

6FKRODUV�RQ�ERWK�VLGHV�RI�WKH�GHEDWH�DJUHH��³HSLGHPLRORJLF�VWXGLHV�DQG�GDWD�FDQ�VKRZ�RQO\�WKDW�D�ULVN�
IDFWRU�LV�VWDWLVWLFDOO\�DVVRFLDWHG��FRUUHODWHG��ZLWK�D�KLJKHU�GLVHDVH�LQFLGHQFH�LQ�WKH�SRSXODWLRQ�H[SRVHG�
WR�WKDW�ULVN�IDFWRU´�>������S����@��(SLGHPLRORJLFDO�GDWD�GR�QRW�SURYLGH�HYLGHQFH�IRU�FDXVDWLRQ��$OO�WKH�
GDWD�FDQ�GR�LV�UHYHDO�ULVN�IDFWRUV�DQG�LOOQHVV�FR�RFFXUULQJ�LQ�D�JLYHQ�JURXS��'HVSLWH�WKLV�ZHOO�NQRZQ�
FDYHDW��PDLQVWUHDP�VFLHQWLVWV�DUJXH�WKDW�EHFDXVH�+,9�KDV�VSUHDG�DPRQJ�KLJK�ULVN�JURXSV�DV�H[SHFWHG��
WKH�$,'6�HSLGHPLF�KDV��LQGHHG��D�YLUDO��LQIHFWLRXV�DJHQW��LWV�³HSLGHPLF�FXUYHV�UHVHPEOH�«�VXFK�
LQIHFWLRXV�DJHQWV�DV�KHSDWLWLV�%�DQG�JHQLWDO�KHUSHV�YLUXVHV´�>������S����@��7KHVH�VFLHQWLVWV�DOVR�ZLOO�



H[SODLQ�WKH�GLIIHUHQFHV�REVHUYHG�LQ�WKH�IUHTXHQF\�RI�FHUWDLQ�LOOQHVV�LQ�VSHFLILF�JHRJUDSKLF�UHJLRQV��H�J���
KLJKHU�QXPEHUV�RI�+,9�UHODWHG�7XEHUFXORVLV�LQ�VXE�6DKDUDQ�$IULFD��DV�FDXVHG�E\�WKH�³EDFNJURXQG�IORUD�
RI�LQIHFWLRXV�GLVHDVH�DJHQWV´�SUHVHQW�LQ�WKHVH�UHJLRQV�>������S����@�

&XULRXVO\��KRZHYHU��HYHQ�DPRQJ�PDLQVWUHDP�VFKRODUV�ZKR�EHOLHYH�HSLGHPLRORJLFDO�GDWD�FRQVWLWXWH�
YDOXDEOH�HYLGHQFH�RI�D�YLUDO�FDXVH�IRU�$,'6��WKHUH�DUH�WKRVH�ZKR�KDYH�WXUQHG�D�FULWLFDO�H\H�WRZDUG�WKH�
GDWD�WKH�86�DQG�WKH�:+2�KDYH�FRPSLOHG��-DPHV�&KLQ�±�RQH�VXFK�FULWLF��7DEOH����ZULWHV�LQ�KLV�ERRN��
7KH�$,'6�3DQGHPLF��7KH�&ROOLVLRQ�RI�(SLGHPLRORJ\�ZLWK�3ROLWLFDO�&RUUHFWQHVV�

7KH�TXHVWLRQV�UHJDUGLQJ�WKH�YDOLGLW\�DQG�UHOLDELOLW\�RI�HSLGHPLRORJLFDO�GDWD�HPHUJLQJ�IURP�ZLWKLQ�WKH�
PDLQVWUHDP�RUWKRGR[�YLHZV�KDYH�EHHQ�HFKRHG�DQG�DPSOLILHG�E\�XQRUWKRGR[�VFKRODUV��%RWK�FDPSV¶�
FRQFHUQV�FHQWHU�RQ�IRXU�SUREOHPV�SODJXLQJ�WKH�HVWLPDWHV�RI�LQFLGHQFH��QHZ�FDVHV���SUHYDOHQFH�
�UHPDLQLQJ�FDVHV���DQG�SURMHFWLRQ��IXWXUH�FDVHV��RI�+,9�LQIHFWLRQV��$,'6�GLDJQRVHV��DQG�$,'6�UHODWHG�
GHDWKV���D��WKH�YDU\LQJ�FOLQLFDO�GHILQLWLRQV�RI�$,'6��WKH�RIILFLDO�GHILQLWLRQ�KDV�FKDQJHG�IRXU�WLPHV�VLQFH�
�������������E��YDULDELOLW\�LQ�WKH�FULWHULD�IRU�VHURSRVLWLYLW\�LQ�+,9�WHVWV���F��WKH�DEVHQFH�RI�WHVWLQJ�LQ�
PDQ\�UHJLRQV�RI�WKH�ZRUOG��PDQ\�GHYHORSLQJ�FRXQWULHV�GR�QRW�KDYH�WKH�ODERUDWRULHV�QHHGHG�WR�WHVW�
HYHU\�VLQJOH�$,'6�FDVH���DQG��G��WKH�PLVWDNHV�LQ�HVWLPDWLRQ��GDWD�PDQDJHPHQW�DQG�UHSRUWLQJ��H�J���WKH�
UHYLVLRQ�RI�SURMHFWLRQV�IRU�\HDU������E\�81$,'6�����±����

7KLV�DUWLFOH¶V�VSDFH�OLPLWDWLRQV�GR�QRW�DOORZ�DQ�H[SDQGHG�WUHDWPHQW�RI�HDFK�SUREOHP�DUHD��EXW�UHDGHUV�
FDQ�ILQG�IXUWKHU�GHWDLOV�ZLWKLQ�WKH�ZRUNV�FLWHG��)RU�LQVWDQFH��LQ�5HEHFFD�&XOVKDZ¶V�ERRN�±�6FLHQFH�6ROG�
2XW��'RHV�+,9�5HDOO\�&DXVH�$,'6������±�UHDGHUV�ZLOO�ILQG����³IDLOHG�SUHGLFWLRQV´�UHJDUGLQJ�WKH�VSUHDG�
RI�+,9�DQG�$,'6��LQFOXGLQJ�WKH�SUHGLFWLRQ�WKDW�+,9�LQIHFWLRQ�ZRXOG�VSUHDG�UDQGRPO\�DPRQJ�
SRSXODWLRQV��L�H���RXWVLGH�VSHFLILF�ULVN�JURXSV���&XOVKDZ�DOVR�WHOOV�KHU�SHUVRQDO�VWRU\�RI�KDYLQJ�ZULWWHQ�D�
PDVWHU¶V�WKHVLV��UHFHLYHG�D�3K�'��EDVHG�RQ�KHU�ZRUN�ZLWK�³PDWKHPDWLFDO�PRGHOV�RI�WKH�LPPXQRORJLFDO�
DVSHFWV�RI�+,9�LQIHFWLRQ�´�DQG�HYHQWXDOO\�FRQFOXGLQJ�³WKHUH�LV�JRRG�HYLGHQFH�WKDW�WKH�HQWLUH�EDVLV�IRU�
WKLV�WKHRU\�LV�ZURQJ´�>������S��@�

8QRUWKRGR[�7KHRULHV��,I�QRW�+,9��7KHQ�:KDW"

,I�WKH�FULWLFLVPV�RXWOLQHG�DERYH�SLQSRLQW�VLJQLILFDQW�SUREOHPV�ZLWK�HDFK�W\SH�RI�GDWD�XVHG�WR�VXSSRUW�WKH�
+,9�$,'6�K\SRWKHVLV��WKH\�RQO\�FRQWULEXWH�WR�GHFRQVWUXFWLQJ�WKH�K\SRWKHVLV��QRW�WR�SURYLGLQJ�
H[SODQDWLRQV�IRU�ZKDW�PLJKW�FDXVH�$,'6�LI�QRW�D�UHWURYLUXV��+RZHYHU��DOWHUQDWLYH�K\SRWKHVHV�DERXQG��
$QFKRULQJ�WKHPVHOYHV�LQ�ZHOO�HVWDEOLVKHG�FDXVHV�RI�LPPXQH�V\VWHP�PDOIXQFWLRQ��WKHVH�K\SRWKHVHV�
SRLQW�WR�SKDUPDFRORJLFDO��GUXJ��IDFWRUV��LPPXQH�GLV�EDODQFH�IDFWRUV��ODWHQW�LQIHFWLRQ�RYHUORDG��DQG�
PDOQXWULWLRQ�DV�FXOSULWV�

$OWKRXJK�VHYHUDO�VFLHQWLVWV�LQYHVWLJDWHG�WKH�UROH�GUXJV�PLJKW�SOD\�LQ�FDXVLQJ�LPPXQH�VXSSUHVVLRQ�
EHIRUH�+,9�ZDV�LGHQWLILHG�>VHH�D�OLVW�RI�WKHVH�VWXGLHV�LQ�'XHVEHUJ�HW�DO������@��WKH�PDLQ�SURSRQHQW�RI�WKH�
GUXJ�$,'6�K\SRWKHVLV�LQ�WKH�HSLGHPLF¶V�HDUO\�\HDUV�ZDV�3HWHU�'XHVEHUJ��D�SURIHVVRU�RI�0ROHFXODU�DQG�
&HOO�%LRORJ\�DW�8&�%HUNHOH\��$FFRUGLQJ�WR�6HWK�.DOLFKPDQ��ZKR�ZURWH�'HQ\LQJ�$,'6��D�KDUVK�FULWLTXH�
RI�XQRUWKRGR[�YLHZV�DQG�RI�'XHVEHUJ�LQ�SDUWLFXODU���³,Q�HYHU\�UHVSHFW��+,9�$,'6�GHQLDOLVP�VWDUWV�DQG�
HQGV�ZLWK�3HWHU�'XHVEHUJ´�>������S�����@��'XHVEHUJ¶V�DUJXPHQWV�JDLQHG�QRWRULHW\�DPRQJ�XQRUWKRGR[�

(VWLPDWLRQ�DQG�SURMHFWLRQ�RI�+,9�LQIHFWLRQV�DQG�$,'6�FDVHV�DQG�GHDWKV��+,9�$,'6��FDQ�EH�
FRQVLGHUHG�PRUH�RI�DQ�DUW�WKDQ�D�VFLHQFH�EHFDXVH�RI�WKH�PDUNHG�OLPLWDWLRQV�RI�ERWK�DYDLODEOH�GDWD�
DQG�PHWKRGV�IRU�HVWLPDWLRQ�DQG�SURMHFWLRQ��7KHVH�OLPLWDWLRQV�PDNH�LW�SRVVLEOH�IRU�81$,'6�DQG�
RWKHU�$,'6�SURJUDP�DGYRFDWHV�DQG�DFWLYLVWV�WR�LVVXH�PLVOHDGLQJ�DQG�LQIODWHG�HVWLPDWHV�DQG�
SURMHFWLRQV�>������S�����@�



WKHRULHV�QRW�RQO\�GXH�WR�KLV�H[SHUWLVH�DQG�SURPLQHQFH��VHH�7DEOH�����EXW�DOVR�WR�KLV�FKDOOHQJH�RI�WKH�
PHGLFDO�DQG�VFLHQWLILF�HVWDEOLVKPHQWV�HDUO\�LQ�WKH�KLVWRU\�RI�WKH�HSLGHPLF��HPSOR\LQJ�FOHDU�HPSLULFDO�
ORJLF�

'XHVEHUJ�EHJDQ�FKDOOHQJLQJ�WKH�YLUDO�K\SRWKHVLV�IRU�$,'6�VRRQ�DIWHU�WKH�SXEOLFDWLRQ��LQ�������RI�WKH�
IRXU�VHPLQDO�DUWLFOHV�SRLQWLQJ�WR�+,9�DV�WKH�³SUREDEOH´�FDXVH����±�����,Q�WZR�NH\�SXEOLFDWLRQV�LQ������
DQG������±�LQ�&DQFHU�5HVHDUFK�DQG�LQ�WKH�3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV����������±�
'XHVEHUJ�FRJHQWO\�DUJXHG��UHWURYLUXVHV�DUH�QRW�NQRZQ�IRU�NLOOLQJ�FHOOV��,Q�RWKHU�ZRUGV��UHWURYLUXVHV�DUH�
QRW�³F\WRFLGDO�´�,I�DQ\WKLQJ��UHWURYLUXVHV�ZHUH�RQFH�WKRXJKW�WR�EH�DVVRFLDWHG�ZLWK�FDQFHU�EHFDXVH�WKH\�
FDXVH�SUHFLVHO\�WKH�RSSRVLWH�RI�FHOO�GHDWK��WKH\�FRQWULEXWH�WR�FHOOV¶�JURZWK�RU�SUROLIHUDWLRQ��,Q�
'XHVEHUJ¶V�ZRUGV��³«�UHWURYLUXVHV�DUH�«�FRQVLGHUHG�WR�EH�SODXVLEOH�QDWXUDO�FDUFLQRJHQV�EHFDXVH�WKH\�
DUH�QRW�F\WRFLGDO�DQG�KHQFH�FRPSDWLEOH�ZLWK�QHRSODVWLF�JURZWK�DQG�RWKHU�VORZ�GLVHDVHV�´�>������S��
����@��,Q�KLV�YLHZ��+,9¶V�LQDELOLW\�WR�NLOO�FHOOV�FRXOG�QRW�H[SODLQ�WKH�VXSSUHVVLRQ�RI�WKH�7�FHOOV�LQ�WKH�
LPPXQH�V\VWHP��DV�SURSRVHG�E\�WKH�WHDPV�ZKR�GLVFRYHUHG�+,9 ��$FFRUGLQJ�WR�)DUEHU�

)RU�'XHVEHUJ�DQG�VFLHQWLVWV�DJUHHLQJ�ZLWK�KLP��WKHQ��RWKHU�DJHQWV�ZRXOG�KDYH�WR�EH�UHVSRQVLEOH�IRU�WKH�
GLVDVWURXV�LPPXQH�IXQFWLRQ�FROODSVH�VHHQ�LQ�$,'6�SDWLHQWV��7KHVH�VFLHQWLVWV�VDZ�DV�SURPLQHQW�DPRQJ�
VXFK�FDXVHV��WKH�XVH�RI�GUXJV��ERWK�UHFUHDWLRQDO�DQG�URXWLQHO\�SUHVFULEHG�RQHV��$V�DXWKRU�*DU\�1XOO�
SRLQWV�RXW��HYHQ�EHIRUH�$,'6��UHVHDUFKHUV�ZHUH�GRFXPHQWLQJ�WKH�LPPXQH�VXSSUHVVLQJ�HIIHFWV�RI�DP\O�
QLWULWHV�RU�³SRSSHUV´��WKH�IRUP�RI�DP\O�QLWULWHV�SRSXODU�DPRQJ�JD\�PHQ�LQ�WKH�HDUO\�DQG�PLG���V��DQG�
GHWHUPLQLQJ�ERWK�WKHLU�WR[LFLW\�DQG�FDUFLQRJHQLF�SURSHUWLHV�LQ�KXPDQV�DQG�DQLPDOV�������+RZHYHU��WZR�
VWXGLHV�&'&�SXEOLVKHG�LQ�������RQH�LQ�ZKLFK�WKH\�ZHUH�XQDEOH�WR�GHWHFW�DQ\�WR[LFLW\�IURP�DP\O�
QLWULWHV��WKH�RWKHU��XQDEOH�WR�GRFXPHQW�D�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�LQKDOHG�QLWUDWHV�DQG�.DSRVL¶V�
VDUFRPD�RU�3QHXPRF\VWLV�FDULQLL�SQHXPRQLD��OHG�WKH�VHDUFK�WR�D�KDOW�����������,QYHVWLJDWRUV�ODWHU�WULHG�WR�
GHWHUPLQH�LI�FHUWDLQ�EDWFKHV�PLJKW�KDYH�EHHQ�FRQWDPLQDWHG�ZLWK�WR[LF�DJHQWV�EXW��ZKHQ�WKH\�IRXQG�QR�
FRQWDPLQDWLRQ��WKH�IRFXV�RQ�SRSSHUV�DP\O�QLWULWHV�WKHPVHOYHV�FHDVHG������1RQHWKHOHVV��LQ������
'XHVEHUJ�DQG�5DVQLFN��7DEOH���������UHYLHZHG�HYLGHQFH�SXEOLVKHG�VLQFH�������³ZKLFK�SURYH>V@�WKDW�
UHJXODU�FRQVXPSWLRQ�RI�LOOLFLW�UHFUHDWLRQDO�GUXJV�FDXVHV�DOO�$,'6�GHILQLQJ�DQG�DGGLWLRQDO�GUXJ�VSHFLILF�
GLVHDVHV�DW�WLPH�DQG�GRVH�GHSHQGHQW�UDWHV´�>������S�����@�

2WKHU�GUXJV�VXFK�DV�WKRVH�JLYHQ�WR�WUDQVSODQW�SDWLHQWV�WR�SUHYHQW�RUJDQ�UHMHFWLRQ��DV�ZHOO�DV�URXWLQHO\�
SUHVFULEHG�DQWLELRWLFV��DOVR�KDYH�EHHQ�LPSOLFDWHG�DV�SRWHQWLDO�FDXVHV�RI�LPPXQH�G\VIXQFWLRQ��6WXGLHV�
KDYH�VKRZQ�WKDW�WUDQVSODQW�SDWLHQWV�ZKR�GHYHORS�.DSRVL¶V�VDUFRPD�ZLOO�JR�LQWR�UHPLVVLRQ��RQFH�WDNHQ�
RII�WKH�GUXJV�UHTXLUHG�WR�DYRLG�RUJDQ�UHMHFWLRQ��,PPXQH�VXSSUHVVLQJ�GUXJV��DV�ZHOO�DV�DP\O�QLWULWHV��
KDYH��IRU�LQVWDQFH��EHHQ�GLUHFWO\�FRUUHODWHG�ZLWK�.DSRVL¶V�VDUFRPD��WKH�UDUH�VNLQ�FDQFHU�IRXQG�
IUHTXHQWO\�DPRQJ�$,'6�SDWLHQWV�GXULQJ�WKH�HSLGHPLFV¶�HDUO\�GD\V�>VHH�UHYLHZV�E\�1XOO������DQG�
.UHPHU�����@�

$QWL�UHWURYLUDO�GUXJV�XVHG�WR�WUHDW�+,9�LQIHFWLRQ�GLVHDVH��DOVR��DUH�LQGLFWHG�E\�'XHVEHUJ�DQG�WKRVH�ZKR�
DJUHH�ZLWK�KLP�DV�SRWHQWLDOO\�FDXVLQJ�$,'6�����������%HFDXVH�WKH�GUXJ�FRFNWDLOV�LQFOXGH�³'1$�FKDLQ�
WHUPLQDWRUV�DQG�SURWHDVH�LQKLELWRUV´�WKDW�DIIHFW�KHDOWK\�FHOOV�DV�ZHOO�DV�WKH�YLUXV��DQG�EHFDXVH�³PDQ\�
VWXGLHV�ILQG�WKDW�SHRSOH�UHFHLYLQJ�$59�PHGLFDWLRQV�H[SHULHQFH�$,'6�GHILQLQJ�GLVHDVHV�WR�D�JUHDWHU�
H[WHQW�WKDQ�FRQWUROV�QRW�UHFHLYLQJ�WKRVH�PHGLFDWLRQV´�>������S�����@��DQWLUHWURYLUDOV�DUH�YLHZHG�DV�
SRWHQWLDO�LPPXQH�VXSSUHVVRUV�

�

,Q�RWKHU�ILHOGV��VXFK�DV�JHQH�WKHUDS\��LW�LV�D[LRPDWLF�WKDW�UHWURYLUXVHV�DUH�WKH�LGHDO�FDUULHUV�IRU�
JHQHWLF�PDWHULDOV��EHFDXVH�WKH\�µGRQ¶W�NLOO�FHOOV¶��,QFUHGLEO\��WKLV�LV�ZKHUH�WKH�VR�FDOOHG�+,9�GHEDWH�
ILUVW�IRUNHG�LQ�������DQG�ZKHUH�WKH�FDPSV�UHPDLQ�ELWWHUO\�GLYLGHG�WR�WKLV�GD\�>������S����@�



,Q�D�UHYLHZ�RI�WKH�FKHPLFDO�EDVHV�IRU�$,'6��SXEOLVKHG�LQ�������'XHVEHUJ�DQG�KLV�FROOHDJXHV������
RXWOLQHG�WKH�HSLGHPLRORJLFDO�DQG�ELR�FKHPLFDO�HYLGHQFH�VXSSRUWLQJ�GLIIHUHQW�FDXVHV�IRU�WKH�$,'6�
HSLGHPLFV�LQ�WKH�86�(XURSH�DQG�LQ�$IULFD��QRQH�RI�ZKLFK�DUH�YLUDO�RU�FRQWDJLRXV��7KH�DXWKRUV�
FRQFOXGHG�

$ORQJVLGH�D�GUXJ�K\SRWKHVLV��DQRWKHU�SURSRVHG�FDXVH�IRU�$,'6�LV�WKH�L126�K\SRWKHVLV��RU�LPPXQH�GLV�
EDODQFH�K\SRWKHVLV��,Q�KLV�ERRN��7KH�6LOHQW�5HYROXWLRQ�LQ�&DQFHU�DQG�$,'6�0HGLFLQH��.UHPHU������
�7DEOH����H[SODLQV�WKDW�PXFK�RI�ZKDW�VFLHQWLVWV�QRZ�NQRZ�DERXW�WKH�LPPXQH�V\VWHP�DQG�LWV�IXQFWLRQV�
ZDV�QRW�ZHOO�XQGHUVWRRG�DW�WKH�WLPH�WKH\�LGHQWLILHG�+,9��,Q�SDUWLFXODU��WKH�UHVHDUFK�RQ�12��RU�QLWULF�
R[LGH��ZDV�VWLOO�LQ�LWV�LQIDQF\��12�LV�³DQ�LPSRUWDQW�LQWUDFHOOXODU�DQG�LQWHUFHOOXODU�VLJQDOLQJ�PROHFXOH´�
DFWLQJ�DV�³«DQ�LPSRUWDQW�KRVW�GHIHQVH�HIIHFWRU�LQ�WKH�LPPXQH�V\VWHP´�>������S�����@��(YHQ�WKRXJK�12�
�DQG�LWV�GHULYDWLYH�L12V��LV�³LQYROYHG�LQ�WKH�UHJXODWLRQ�RI�GLYHUVH�SK\VLRORJLFDO�DQG�SDWKRSK\VLRORJLFDO�
PHFKDQLVPV�LQ�FDUGLRYDVFXODU��QHUYRXV��DQG�LPPXQRORJLFDO�V\VWHPV�´�UHVHDUFKHUV�KDYH�VKRZQ�LW�FDQ�
DOVR�EHFRPH�D�KDUPIXO��³F\WRWR[LF�DJHQW�LQ�SDWKRORJLFDO�SURFHVVHV��SDUWLFXODUO\�LQ�LQIODPPDWRU\�
GLVRUGHUV´�>������SS�����±���@��3XW�VLPSO\��DW�DGHTXDWH�OHYHOV�12�KHOSV�UHJXODWH�EORRG�SUHVVXUH�DV�ZHOO�
DV�³ZRXQG�UHSDLU�DQG�KRVW�GHIHQVH�>VLF@�PHFKDQLVPV´�>������S�����@��([FHVVLYH�DPRXQWV��KRZHYHU��OHDG�
WR�7�FHOO�GHSOHWLRQ��³LQIODPPDWLRQ��LQIHFWLRQ��QHRSODVWLF�GLVHDVHV�>FDQFHU@�OLYHU�FLUUKRVLV��>DQG�GLDEHWHV´�
>������S�����@��7KLV�FKDQJH�IURP�DGHTXDWH�WR�H[FHVVLYH�DPRXQWV�RI�12�LQ�WKH�KXPDQ�ERG\�UHVXOWV�IURP�
PXOWLSOH�IDFWRUV��LQFOXGLQJ�³QLWULWH�LQKDODWLRQ�>H�J���XVLQJ�µSRSSHUV¶@��PLFURELDO�DQWLJHQ��DQG�WR[LQ�
VWLPXODWLRQ�>H�J���VXIIHULQJ�UHSHDWHG�LQIHFWLRQV�ZLWK�GLIIHUHQW�YLUXVHV�EDFWHULD@��LPPXQRWR[LF�
PHGLFDWLRQV�>H�J���WDNLQJ�$59V�DQG�DQWLELRWLFV@��>DQG@�PDQ\�RWKHU�VWUHVV�IDFWRUV´�>������S����@�

$�FORVHO\�UHODWHG�SHUVSHFWLYH��SODFLQJ�WKH�EODPH�IRU�$,'6�RQ�ELR�FKHPLFDO�SURFHVVHV�JRQH�DZU\�ZLWKLQ�
KXPDQ�FHOOV�LV�WKH�R[LGDWLYH�VWUHVV��RU�UHGR[��K\SRWKHVLV��2[LGDWLYH�VWUHVV�LV�D�FHOOXODU�OHYHO�HOHFWUR�
FKHPLFDO�SKHQRPHQRQ�WKDW�GLPLQLVKHV�D�FHOO¶V�DELOLW\�WR�DEVRUE�R[\JHQ��7KLV�GLPLQLVKHG�FDSDFLW\�WR�
SURFHVV�R[\JHQ�DW�RSWLPDO�OHYHOV�OHDGV�WR�WKH�FHOO¶V�GLVUXSWLRQ�DQG�GHDWK��6FLHQWLVWV�KDYH�HLWKHU�
K\SRWKHVL]HG�RU�HPSLULFDOO\�FRQQHFWHG�R[LGDWLYH�VWUHVV�WR�PDQ\�GLVHDVHV��LQFOXGLQJ�W\SH���GLDEHWHV�DQG�
FDQFHU���������������$FFRUGLQJ�WR�WKLV�K\SRWKHVLV¶�PDLQ�SURSRQHQWV�

)RU�WKHVH�SURSRQHQWV�RI�WKH�UHGR[�K\SRWKHVLV�HYHQ�/XF�0RQWDJQLHU��WKH�KHDG�RI�WKH�)UHQFK�WHDP�WKDW�
GLVFRYHUHG�+,9��DJUHHV�³WKDW�DQWL�R[LGDQWV�VKRXOG�EH�XVHG�IRU�WUHDWPHQW�RI�+,9�$,'6�SDWLHQWV´�>�����
�����S���@�

9LHZLQJ�D�SHUVRQ¶V�LPPXQH�V\VWHP�DV�D�FRPSOH[�G\QDPLF�EDODQFLQJ�DFW�DPRQJ�YDULRXV�HOHPHQWV��
ZKLFK�VRPHWLPHV�EHKDYH�DV�GHIHQGHUV��RWKHU�WLPHV��DV�RIIHQGHUV��LV�DOVR�FRQVLVWHQW�ZLWK�WKH�³ODWHQW�
LQIHFWLRQ�RYHUORDG�K\SRWKHVLV´�SURSRVHG�E\�.DU\�0XOOLV��7DEOH�����$FFRUGLQJ�WR�0XOOLV��DV�SHRSOH�

7KH�FKHPLFDO�$,'6�K\SRWKHVLV�SURSRVHV�WKDW�WKH�$,'6�HSLGHPLFV�RI�WKH�86�DQG�(XURSH�DUH�
FDXVHG�E\�UHFUHDWLRQDO�GUXJV��DOLDV�OLIHVW\OH��DQG�DQWL�+,9�GUXJV�«�DQG�E\�RWKHU�QRQ�FRQWDJLRXV�
ULVN�IDFWRUV�VXFK�DV�LPPXQRVXSSUHVVLYH�SURWHLQV�DVVRFLDWHG�ZLWK�WUDQVIXVLRQV�RI�EORRG�FORWWLQJ�
IDFWRUV�«�SHGLDWULF�$,'6�LV�GXH�WR�SUHQDWDO�FRQVXPSWLRQ�RI�UHFUHDWLRQDO�DQG�DQWL�+,9�GUXJV�E\�
XQERUQ�EDELHV�WRJHWKHU�ZLWK�WKHLU�SUHJQDQW�PRWKHUV�«�7KH�FKHPLFDO�EDVLV�RI�$IULFDQ�$,'6�LV�
SURSRVHG�WR�EH�PDOQXWULWLRQ�DQG�ODFN�RI�GULQNDEOH�ZDWHU�«�H[DFWO\�DV�SURSRVHG�RULJLQDOO\�E\�WKH�
QRZ�OHDGLQJ�+,9�$,'6�UHVHDUFKHUV�)DXFL�DQG�6HOLJPDQ��³7KH�FRPPRQHVW�FDXVH�RI�7�FHOO�
LPPXQRGHILFLHQF\�ZRUOGZLGH�LV�SURWHLQ�FDORULH�PDOQXWULWLRQ´�«�DQG�RWKHUV�«�>������S�����@�

$W�ILUVW�VLJKW�LW�DSSHDUV�WKDW�WKHUH�LV�QR�FRPPRQ�IDFWRU��DSDUW�IURP�+,9�LQIHFWLRQ��OLQNLQJ�WKH�
YDULRXV�$,'6�ULVN�JURXSV��+RZHYHU��KRPRVH[XDOV�DUH�H[SRVHG�WR�UHODWLYHO\�KLJK�OHYHOV�RI�QLWULWHV�
DQG�DQDOO\�GHSRVLWHG�VSHUP��GUXJ�DEXVHUV�WR�RSLDWHV�DQG�QLWULWHV��KHPRSKLOLDFV�WR�IDFWRU�9,,,��$OO�
WKHVH�DUH�NQRZQ�SRWHQW�R[LGL]LQJ�DJHQWV�«�>������S������±�HPSKDVLV�PLQH@�



EHFRPH�LQIHFWHG�ZLWK�PXOWLSOH�YLUXVHV�DQG�H[SHULHQFH�PDQ\�ODWHQW�LQIHFWLRQV��WKH�LPPXQH�V\VWHP�
HPEDUNV�RQ�D�FKDLQ�UHDFWLRQ�UHVSRQVH�WR�HDFK�YLUXV��/DWHQW�LQIHFWLRQV�DUH�WKRVH�ZLWKRXW�YLVLEOH�
V\PSWRPV��DQG�DFFRUGLQJ�WR�0XOOLV��³DW�D�JLYHQ�WLPH�PRVW�YLUDO�LQIHFWLRQV�LQ�DQ�LQGLYLGXDO�DUH�ODWHQW´�
>������S�����@��(YHQWXDOO\��WKH�V\VWHP�RYHUORDGV�LWVHOI�DQG�EHFRPHV�G\VIXQFWLRQDO��$,'6��KH�VD\V��³PD\�
EH�WKH�UHVXOW�RI�VXFK�D�FKDLQ�UHDFWLRQ�´�7KLV�K\SRWKHVLV�DVVXPHV�

3HUKDSV�WKH�PRVW�LQWULJXLQJ�DOWHUQDWLYH�K\SRWKHVLV��KRZHYHU�±�LI�QRW�IURP�LWV�ELR�FKHPLFDO�SHUVSHFWLYH��
DW�OHDVW�IURP�WKH�SHUVSHFWLYH�RI�ZKR�VXSSRUWV�LW�±�LV�WKH�RQH�SURSRVLQJ�+,9�PD\�QRW�EH�WKH�SULPDU\�
YLOODLQ��EXW�PHUHO\�DQ�DFFRPSOLFH�LQ�FDXVLQJ�$,'6�������-RVHSK�6RQQDEHQG�±�D�SURPLQHQW�
SK\VLFLDQ�UHVHDUFKHU�UHVSRQVLEOH�IRU�HQFRXUDJLQJ�KLV�JD\�SDWLHQWV�WR�OHDG�D�KHDOWK\�OLIHVW\OH�WR�DYRLG�
GHYHORSLQJ�$,'6��DQG�RQH�ZKR�³GLG�QRW�DFFHSW�+,9ௗ ௗ$'6�WKHRU\�IRU�PDQ\�\HDUV´�±�UHFHQWO\�FKDQJHG�
KLV�YLHZV�DQG�³KDV�FRPH�WR�WKLQN�WKDW�+,9��WRJHWKHU�ZLWK�RWKHU�IDFWRUV��PD\�SOD\�D�VXEVLGLDU\�FDXVDWLYH�
UROH´�>����������S�����@��(YHQ�0RQWDJQLHU�DQG�*DOOR��OHDGHUV�RI�WKH�)UHQFK�DQG�$PHULFDQ�WHDPV��
UHVSHFWLYHO\��WKDW�GLVFRYHUHG�+,9���DW�YDULRXV�WLPHV�VLQFH�WKH�HSLGHPLF�EHJDQ��KDYH�VXJJHVWHG�+,9�
PLJKW�EH�D�FR�IDFWRU�LQ�$,'6��QRW�LWV�H[FOXVLYH�FDXVDWLYH�DJHQW������

2WKHU�K\SRWKHVHV�KDYH�EHHQ�SURSRVHG�RYHU�WKH�\HDUV��EXW�QRQH�KDYH�JDUQHUHG�DV�PXFK�DWWHQWLRQ�DV�
WKRVH�RXWOLQHG�DERYH��6RPH�RI�WKHVH�RWKHU�K\SRWKHVHV�FODLP�$,'6�LV�FDXVHG�E\��D��PXOWLSOH�IDFWRUV��
VRPH�IDFWRUV�H[SODLQLQJ�VRPH�FDVHV��RWKHU�IDFWRUV�DFFRXQWLQJ�IRU�RWKHU�FDVHV���E��XQGLDJQRVHG�RU�
XQWUHDWHG�V\SKLOLV�LQIHFWLRQ���F��DXWRLPPXQLW\���G��VHOHQLXP�GHILFLHQF\��DQG��H��SV\FKRORJLFDO�IDFWRUV��
LQFOXGLQJ�VWUHVV�DQG�WUDXPD�>VHH�%DXHU�������SS����������±����IRU�GHWDLOV�RQ�WKHVH�K\SRWKHVHV@�

7KH�SRVLWLYH�RU�UHDVVXULQJ�DVSHFW�RI�WKHVH�DOWHUQDWLYH�K\SRWKHVHV�LV�WKH�WDQJLEOH�KRSH�IRU�SUHYHQWLRQ��
WUHDWPHQW��DQG�FXUH�WKH\�HPERG\��1HYHUWKHOHVV��LW�LV�GLIILFXOW�QRW�WR�DJUHH�ZLWK�%DXHU�ZKHQ�KH�
FRQFOXGHV��³«LW�LV�KDUGO\�UHDVVXULQJ�WKDW�WKLV�DUUD\�RI�VXJJHVWLRQV�KDV�EHHQ�LQ�FLUFXODWLRQ�IRU�VRPHWKLQJ�
OLNH��WKUHH��GHFDGHV�ZLWKRXW�KDYLQJ�EHHQ�DGHTXDWHO\�H[SORUHG´�>������S�����@�

'LVFXVVLRQ

$W�WKLV�SRLQW��UHDGHUV�PLJKW�EH�ZRQGHULQJ��JLYHQ�WKH�SUREOHPV�ZLWK�WKH�PDLQVWUHDP�K\SRWKHVLV��KRZ�
GLG�ZH�JHW�KHUH"�+RZ�GLG�ZH�FRPH�VR�IDU��WHWKHUHG�WR�VXFK�D�SUREOHPDWLF�SHUVSHFWLYH"�7KH�FRPSOH[LW\�
RI�WKH�DQVZHUV�WR�WKHVH�TXHVWLRQV�DVLGH��LW�PD\�KHOS�WR�EHDU�LQ�PLQG�WKH�QRWLRQ�WKDW�+,9�FDXVHV�$,'6�
HPHUJHG�DQG�GHYHORSHG�ZLWKLQ�D�YHU\�VSHFLILF�VFLHQWLILF�FXOWXUDO�KLVWRULF�FRQWH[W��$OWKRXJK�WKH�VFRSH�
RI�WKLV�DUWLFOH�SUHFOXGHV�GHDOLQJ�ZLWK�WKLV�FRPSOH[�FRQWH[W��IRU�RXU�SXUSRVHV�LW�LV�LPSRUWDQW�WR�UHFDOO�DW�
OHDVW�RQH�HOHPHQW��)XQGLQJ�IRU�3UHVLGHQW�1L[RQ¶V�:DU�RQ�&DQFHU�FDPSDLJQ�HQGHG�LQ������ZLWK�YHU\�
OLWWOH�DFKLHYHG�LQ�WKH�TXHVW�IRU�DQ�LQIHFWLRXV�FDQFHU�DJHQW��������±�����7KH�RQO\�H[FHSWLRQ�ZDV�WKH�
GLVFRYHU\�FRQQHFWLQJ�VHOHFW�UHWURYLUXVHV�WR�D�IHZ��UDUH�FDQFHUV��2WKHU�WKDQ�WKLV��VFLHQWLVWV�KDG�D�KDQGIXO�
RI�³RUSKDQHG´�YLUXVHV�ZKLFK��WKH\�VXVSHFWHG��PLJKW�SOD\�D�UROH�LQ�FDXVLQJ�LOOQHVVHV��EXW�QR�NQRZQ�
GLVHDVHV�WR�ZKLFK�WKHVH�YLUXVHV�FRXOG�EH�FRQQHFWHG��3URSRVLQJ�D�FRQQHFWLRQ�EHWZHHQ�DQ�HPHUJLQJ�
V\QGURPH�DQG�RQH�RI�WKHVH�YLUXVHV��HYHQ�LI�RQO\�D�FLUFXPVWDQWLDO�FRQQHFWLRQ��SURYHG�HQWLFLQJ�HQRXJK�WR�
SXUVXH��$QG�SXUVXH�WKH\�GLG��DV�VRRQ�DV�$,'6�EHJDQ�WR�DSSHDU�LQ�ODUJHU�WKDQ�H[SHFWHG�QXPEHUV�DPRQJ�
RWKHUZLVH�KHDOWK\�DGXOWV�

,I�YLHZHG�IURP�WKLV�SHUVSHFWLYH��WKHQ��ZK\�VFLHQWLVWV�VR�TXLFNO\�DQG�DVVXUHGO\�³MXPSHG�RQ�WKH�+,9�
EDQGZDJRQ´�PD\�QRW�EH�YHU\�GLIILFXOW�WR�XQGHUVWDQG��7KDW�WKH�VFLHQWLILF�HVWDEOLVKPHQW�ZRUOG�ZLGH�
LQVLVWHQWO\�UHIXVHV�WR�UH�H[DPLQH�WKH�+,9�$,'6�K\SRWKHVLV��KRZHYHU��LV�PRUH�GLIILFXOW�WR�DFFHSW��
HVSHFLDOO\�ZKHQ�RQH�H[DPLQHV�WKH�FUHGHQWLDOV�RI�WKRVH�SURSRVLQJ�VXFK�D�UHYLVLRQ��7KHLU�H[SHUWLVH�

«�WKHUH�LV�QRW�D�VLQJOH�RUJDQLVP�WKDW�LV�WKH�FDXVH�RI�$,'6��DQG�WKHUH�VKRXOG�H[LVW�$,'6�SDWLHQWV�
ZKR�GR�QRW�WHVW�SRVLWLYH�IRU�+,9 ���,W�LV�DQ�RYHUZKHOPLQJ�QXPEHU�RI�GLVWLQFW�RUJDQLVPV��ZKLFK�
FDXVHV�WKH�LPPXQH�G\VIXQFWLRQ��7KHVH�PD\�LQGLYLGXDOO\�EH�KDUPOHVV�>������S�����@�

�



FDUULHV�DV�PXFK�ZHLJKW�DV�WKH�WHDPV�ZKR�GHIHQG�WKH�RUWKRGR[�K\SRWKHVLV��7DEOH�����6HWK�.DOLFKPDQ��D�
FULWLF�RI�$,'6�³GHQLDOLVWV�´�UHFRPPHQGV�DGDPDQWO\��DQ\RQH�ZKR�HQWHUWDLQV�DOWHUQDWLYH�YLHZV�VKRXOG�
³FRQVLGHU�WKH�VRXUFH��FUHGLELOLW\�RI�ZKHUH�WKH�DUWLFOH�LV�UHSRUWHG�DV�ZHOO�DV�WKH�UHVHDUFKHUV�WKHPVHOYHV�
PXVW�EH�ZHLJKHG´�>������S�����@��,�FRXOG�QRW�DJUHH�PRUH��WDNLQJ�LQWR�DFFRXQW�WKH�FUHGLELOLW\�RI�WKH�
VFKRODUV�ZKR�TXHVWLRQ�WKH�+,9�$,'6�K\SRWKHVLV�LV��SHUKDSV��WKH�VWURQJHVW�DUJXPHQW�LQ�IDYRU�RI�
VHULRXVO\�FRQVLGHULQJ�WKHLU�FULWLTXHV��QRW�DJDLQVW�LW�

)XUWKHUPRUH��FUHGLELOLW\�DV�DQ�DUJXPHQW�ZRUNV�ERWK�ZD\V��LI�WR�TXHVWLRQ�WKH�WUXVWZRUWKLQHVV�RI�
XQRUWKRGR[�VFKRODUV�LV�YLWDO��LW�LV�HTXDOO\�FUXFLDO�WR�TXHVWLRQ�WKH�UHOLDELOLW\�RI�WKRVH�VXSSRUWLQJ�WKH�+,9�
$,'6�K\SRWKHVLV��5HDGHUV�ZKR�FDUH�WR�OHDUQ�DERXW�+,9�$,'6¶�KLVWRU\�ZLOO�HQFRXQWHU�HWKLFDOO\�
TXHVWLRQDEOH�DFWLRQV�FDUULHG�RXW�E\�VRPH�RI�WKH�PRVW�QRWDEOH�RUWKRGR[�UHVHDUFKHUV��DV�ZHOO�DV�HWKLFDO�
PLVFRQGXFW�FKDUJHV�PDGH�DJDLQVW�WKHP�>IRU�DQ�H[WHQVLYH�WUHDWPHQW�RI�WKHVH�HWKLFDO�DQG�OHJDO�LVVXHV��
EDFNHG�E\�H[WHQVLYH�RIILFLDO�GRFXPHQWDWLRQ��VHH�&UHZGVRQ�����@�

,I�LW�LV�GLIILFXOW�WR�GLVPLVV�WKH�XQRUWKRGR[�YLHZV�GXH�WR�WKH�FUHGLELOLW\�RI�WKHLU�VRXUFHV��WKHQ��ZK\�DUH�QRW�
RUWKRGR[�VFLHQWLVWV�DQG�SUDFWLWLRQHUV�PRUH�ZLOOLQJ�WR�UHWKLQN�WKH�K\SRWKHVLV�RU��DW�WKH�YHU\�OHDVW��WHVW�WKH�
XQRUWKRGR[�DUJXPHQWV�LQ�D�VFLHQWLILF��RSHQ�GHEDWH"�$OWKRXJK�WKHUH�KDYH�EHHQ��LQ�IDFW��VHYHUDO�DWWHPSWV�
WR�HQJDJH�WKH�RUWKRGR[�FRPPXQLW\�LQ�GLDORJ��QHDUO\�DOO�KDYH�EHHQ�XQVXFFHVVIXO�>IRU�H[DPSOHV��VHH�5HI��
������������@��0RVW�OLNHO\��UHDVRQV�IRU�GHQ\LQJ�WKH�FDOOV�WR�UH�H[DPLQH�WKH�RUWKRGR[�VWDQFH�OLH�LQ�WKH�
FRPSOH[��V\QHUJLVWLF�G\QDPLFV�ZLWKLQ�WKH�VFLHQWLILF��PHGLFDO��HFRQRPLF��DQG�SROLWLFDO�V\VWHPV�RU�
LGHRORJLHV�ZRUOGZLGH��(YHQ�EULHI�VSHFXODWLRQ�DERXW�WKHVH�UHDVRQV�ZRXOG�H[FHHG�WKH�VFRSH�RI�WKLV�
DUWLFOH��WKHUHIRUH�,�UHIHU�WKH�UHDGHU��RQFH�DJDLQ��WR�WKH�VRXUFHV�UHIHUHQFHG�>LQ�SDUWLFXODU��VHH�(SVWHLQ������
DQG�%DXHU�����@�

+HUH�,�ZRXOG�DUJXH��QRQHWKHOHVV��WKDW�WKH�GHEDWH�EHWZHHQ�RUWKRGR[�DQG�XQRUWKRGR[�VFLHQWLVWV�FRPSULVHV�
PXFK�PRUH�WKDQ�DQ�LQWHOOHFWXDO�SXUVXLW�RU�D�VFLHQWLILF�VNLUPLVK��LW�LV�D�PDWWHU�RI�OLIH�DQG�GHDWK��,W�LV�D�
PDWWHU�RI�MXVWLFH��0LOOLRQV�RI�OLYHV��ZRUOGZLGH��KDYH�EHHQ�DQG�ZLOO�EH�VLJQLILFDQWO\�DIIHFWHG�E\�DQ�+,9�
RU�$,'6�GLDJQRVLV��,I�ZH�±�WKH�SXEOLF�KHDOWK�ZRUNIRUFH�±�ORVH�VLJKW�RI�WKH�VRFLDO�MXVWLFH�LPSOLFDWLRQV�
DQG�WKH�PDJQLWXGH�RI�WKH�HIIHFW��ZH�ORVH�³WKH�YHU\�SXUSRVH�RI�RXU�PLVVLRQ´�>���������S�����@�

,Q�SDUWLFXODU��D�SUHVVLQJ�FRQFHUQ�IRU�SXEOLF�KHDOWK�LV�WKH�PRYH�RU�SXVK�WRZDUG��D��+,9�VFUHHQLQJ�IRU�
³SDWLHQWV�LQ�DOO�KHDOWK�FDUH�VHWWLQJV´��ZLWK�RSW�RXW�VFUHHQLQJ�������DQG��E��SODFLQJ�SHUVRQV�DW�ULVN��HYHQ�
LI�QRW�\HW�LQIHFWHG�ZLWK�+,9���RQ�UHWURYLUDO�PHGLFDWLRQ�DV�D�IRUP�RI�SURSK\OD[LV��VHH�GLVFXVVLRQ�DERXW�
3U(3��DERYH��������,I�LQ������WKH�&'&�UHFRPPHQGHG�YROXQWDU\�WHVWLQJ�IRU�SHRSOH�LQ�KLJK�ULVN�JURXSV��
LQ������WKH�8�6��3UHYHQWLYH�6HUYLFHV�7DVN�)RUFH�³JDYH�URXWLQH�+,9�VFUHHQLQJ�RI�DOO�DGROHVFHQWV�DQG�
DGXOWV��DJHV���±����DQ�µ$¶�UDWLQJ´�>������S���@��7KH�UHFHQWO\�DSSURYHG�$IIRUGDEOH�&DUH�$&7�³UHTXLUHV�RU�
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���55�����±����>3XE0HG@�>*RRJOH�6FKRODU@

����+LUQVFKDOO�*��+DUULHV�$��(DVWHUEURRN�3��'RKHUW\�0��%DOO�$��7KH�QH[W�JHQHUDWLRQ�RI�WKH�:RUOG�
+HDOWK�2UJDQL]DWLRQ¶V�JOREDO�DQWLUHWURYLUDO�JXLGDQFH��-�,QW�$,'6�6RF������������±
����������,$6������������>30&�IUHH�DUWLFOH@�>3XE0HG@�>&URVV5HI@�>*RRJOH�6FKRODU@



����7KH�+-�.DLVHU�)DPLO\�)RXQGDWLRQ��)DFW�6KHHW��6WDWH�0HGLFDLG�&RYHUDJH�RI�5RXWLQH�+,9�
6FUHHQLQJ��>,QWHUQHW@��$YDLODEOH�IURP��KWWS���NII�RUJ�KLYDLGV�IDFW�VKHHW�VWDWH�PHGLFDLG�FRYHUDJH�RI�
URXWLQH�KLY�VFUHHQLQJ�

����7KH�:KLWH�+RXVH�2IILFH�RI�1DWLRQDO�$,'6�3ROLF\��1DWLRQDO�+,9�$,'6�6WUDWHJ\�IRU�WKH�8QLWHG�
6WDWHV��>,QWHUQHW@��$YDLODEOH�IURP��ZZZ�ZKLWHKRXVH�JRY�RQDS

����%XFKDQDQ�'5��$Q�(WKLF�IRU�+HDOWK�3URPRWLRQ��5HWKLQNLQJ�WKH�6RXUFHV�RI�+XPDQ�:HOO�%HLQJ��1HZ�
<RUN��1<��2[IRUG�8QLYHUVLW\�3UHVV����������>*RRJOH�6FKRODU@

����-RQHV�-+��%DG�%ORRG��7KH�7XVNHJHH�6\SKLOLV�([SHULPHQW��1HZ�DQG�([SDQGHG�(GLWLRQ��1HZ�<RUN��
7KH�)UHH�3UHVV����������>*RRJOH�6FKRODU@

$UWLFOHV�IURP�)URQWLHUV�LQ�3XEOLF�+HDOWK�DUH�SURYLGHG�KHUH�FRXUWHV\�RI�)URQWLHUV�0HGLD�6$



7KH�VPDOO�LVODQG�QDWLRQÊV�ODUJH�VFDOH�WHVWLQJ�VWUDWHJ\�LQFOXGHV�SHRSOH�ZKR�GRQÊW�KDYH�DQ\�
V\PSWRPV��

3RVWHG�RQ�0DUFK�����������DW������S�P�

%X]])HHG�1HZV�(XURSH�(GLWRU

%X]])HHG�1HZV�5HSRUWHU

7UDYHOSL[�/WG���*HWW\�,PDJHV�

$V�FRXQWULHV�DURXQG�WKH�ZRUOG�VFUDPEOH�WR�ILJKW�EDFN�WKH�VSUHDG�RI�WKH�FRURQDYLUXV��,FHODQG�

LV�GRLQJ�WKLQJV�D�OLWWOH�GLIIHUHQWO\�IURP�WKH�UHVW�²�DQG�WKH�DSSURDFK�FRXOG�KDYH�D�PXFK�ODUJHU�

LPSDFW�RQ�RXU�XQGHUVWDQGLQJ�RI�WKH�YLUXV�



7KH�VPDOO�LVODQG�QDWLRQ�RI���������LV�FDUU\LQJ�RXW�ODUJH�VFDOH�WHVWLQJ�DPRQJ�LWV�JHQHUDO�

SRSXODWLRQ��PDNLQJ�LW�WKH�ODWHVW�FRXQWU\�WR�SXW�DJJUHVVLYH�WHVWLQJ�DW�WKH�KHDUW�RI�LWV�ILJKW�

DJDLQVW�WKH�SDQGHPLF�

%XW�²�FUXFLDOO\�²�WKH�WHVWLQJ�DOVR�LQFOXGHV�SHRSOH�ZKR�VKRZ�QR�V\PSWRPV�RI�WKH�GLVHDVH�

,FHODQG¶V�JRYHUQPHQW�VDLG�LW�KDV�VR�IDU�WHVWHG�D�KLJKHU�SURSRUWLRQ�RI�LWV�FLWL]HQV�WKDQ�

DQ\ZKHUH�HOVH�LQ�WKH�ZRUOG�

7KH�QXPEHU�RI�LQGLYLGXDOV�WHVWHG�E\�WKH�FRXQWU\¶V�KHDOWK�DXWKRULWLHV�DQG�WKH�ELRWHFKQRORJ\�

ILUP�GH&RGH�*HQHWLFV�²�������²�URXJKO\�WUDQVODWHV�WR��������SHU�PLOOLRQ��ZKLFK�FRPSDUHV�WR�

DERXW�������LQ�6RXWK�.RUHD�������LQ�,WDO\��DQG�����LQ�WKH�8.�

�,FHODQG¶V�SRSXODWLRQ�SXWV�LW�LQ�WKH�XQLTXH�SRVLWLRQ�RI�KDYLQJ�YHU\�KLJK�WHVWLQJ�FDSDELOLWLHV�

ZLWK�KHOS�IURP�WKH�,FHODQGLF�PHGLFDO�UHVHDUFK�FRPSDQ\�GH&RGH�*HQHWLFV��ZKR�DUH�RIIHULQJ�WR�

SHUIRUP�ODUJH�VFDOH�WHVWLQJ���7KRUROIXU�*XèQDVRQ��,FHODQG¶V�FKLHI�HSLGHPLRORJLVW��WROG�

%X]])HHG�1HZV�

�7KLV�HIIRUW�LV�LQWHQGHG�WR�JDWKHU�LQVLJKW�LQWR�WKH�DFWXDO�SUHYDOHQFH�RI�WKH�YLUXV�LQ�WKH�

FRPPXQLW\��DV�PRVW�FRXQWULHV�DUH�PRVW�H[FOXVLYHO\�WHVWLQJ�V\PSWRPDWLF�LQGLYLGXDOV�DW�WKLV�

WLPH��

2I�������LQGLYLGXDOV�WHVWHG�LQ�WKH�FRXQWU\��D�WRWDO�RI�����SRVLWLYH�FDVHV�KDYH�EHHQ�LGHQWLILHG�

VR�IDU���$W�OHDVW�KDOI�RI�WKRVH�LQIHFWHG�FRQWUDFWHG�WKH�YLUXV�ZKLOH�WUDYHOOLQJ�DEURDG��PRVWO\�LQ�

KLJK�ULVN�DUHDV�LQ�WKH�(XURSHDQ�$OSV��DW�OHDVW�������WKH�JRYHUQPHQW�VDLG�RQ�0RQGD\�

7KRVH�QXPEHUV�LQFOXGH�WKH�ILUVW�UHVXOWV�RI�WKH�YROXQWDU\�WHVWV�RQ�SHRSOH�ZLWK�QR�V\PSWRPV��

ZKLFK�VWDUWHG�ODVW�)ULGD\��7KH�ILUVW�EDWFK�RI�������WHVWV�SURGXFHG����SRVLWLYH�FDVHV��RU�DERXW�

���RI�WKH�VDPSOH�

�(DUO\�UHVXOWV�IURP�GH&RGH�*HQHWLFV�LQGLFDWH�WKDW�D�ORZ�SURSRUWLRQ�RI�WKH�JHQHUDO�SRSXODWLRQ�

KDV�FRQWUDFWHG�WKH�YLUXV�DQG�WKDW�DERXW�KDOI�RI�WKRVH�ZKR�WHVWHG�SRVLWLYH�DUH�QRQ�

V\PSWRPDWLF�´�VDLG�*XèQDVRQ��³7KH�RWKHU�KDOI�GLVSOD\V�YHU\�PRGHUDWH�FROG�OLNH�V\PSWRPV��

³7KLV�GDWD�FDQ�DOVR�EHFRPH�D�YDOXDEOH�UHVRXUFH�IRU�VFLHQWLILF�VWXGLHV�RI�WKH�YLUXV�LQ�WKH�

IXWXUH�´�KH�DGGHG�



0DUFR�6DEDGLQ���*HWW\�,PDJHV�

,WDOLDQ�VROGLHUV�SDWURO�E\�D�FKHFNSRLQW�DW�WKH�HQWUDQFH�RI�WKH�VPDOO�WRZQ�RI�9R�(XJDQHR��

VLWXDWHG�LQ�WKH�UHG�]RQH�RI�WKH�FRURQDYLUXV�RXWEUHDN�LQ�QRUWKHUQ�,WDO\�

0DVV�WHVWLQJ�RQ�WKH�VFDOH�DGRSWHG�LQ�,FHODQG�LV�XQOLNHO\�WR�EH�IHDVLEOH�DFURVV�ODUJHU�FRXQWULHV��

+RZHYHU��LW�KDV�SURYHG�FUXFLDO�LQ�VRPH�RI�WKH�RWKHU�DUHDV�KDUGHVW�KLW�E\�WKH�QRYHO�

FRURQDYLUXV�VR�IDU��7KH�WHVWLQJ�KDV�SURYLGHG�HYLGHQFH�UHYHDOLQJ�WKDW�D�VLJQLILFDQW�SRUWLRQ�RI�

WKRVH�ZKR�FDWFK�WKH�GLVHDVH�GR�VR�ZLWK�QR�RU�PLOG�V\PSWRPV�²�DQG�FRQILUPHG�PXOWLSOH�

SLHFHV�RI�UHVHDUFK�WKDW�KDYH�VKRZQ�WKDW�DV\PSWRPDWLF�LQGLYLGXDOV�FRQWULEXWH�WR�WKH�

WUDQVPLVVLRQ�RI�WKH�GLVHDVH�LQ�JUHDW�QXPEHUV�

,Q�WKH�VPDOO�QRUWKHUQ�,WDOLDQ�WRZQ�RI�9R��RQH�RI�WKH�FRPPXQLWLHV�ZKHUH�WKH�RXWEUHDN�ILUVW�

HPHUJHG��WKH�HQWLUH�SRSXODWLRQ�RI�������SHRSOH�ZDV�WHVWHG�²����RI�UHVLGHQWV�WHVWHG�SRVLWLYH��

DQG�RI�WKHVH��WKH�PDMRULW\�KDG�QR�V\PSWRPV��UHVHDUFKHUV�VDLG�

7KH�SRSXODWLRQ�ZDV�WHVWHG�DJDLQ�DIWHU�D�WZR�ZHHN�ORFNGRZQ�DQG�LVRODWLRQ��5HVHDUFKHUV�IRXQG�

WKDW�WUDQVPLVVLRQ�ZDV�UHGXFHG�E\�����DQG�DOO�WKRVH�VWLOO�SRVLWLYH�ZHUH�ZLWKRXW�V\PSWRPV�

DQG�FRXOG�UHPDLQ�TXDUDQWLQHG�

/XFD�=DLD��WKH�JRYHUQRU�RI�WKH�9HQHWR�UHJLRQ�WROG�,WDOLDQ�PHGLD�WKLV�ZHHN���:H�WHVWHG�

HYHU\RQH��HYHQ�LI�WKH�
H[SHUWV
�WROG�XV�WKLV�ZDV�D�PLVWDNH��������WHVWV��:H�IRXQG����SRVLWLYHV��

ZKR�ZH�LVRODWHG�IRU����GD\V��DQG�DIWHU�WKDW���RI�WKHP�ZHUH�VWLOO�SRVLWLYH��$QG�WKDW�LV�KRZ�ZH�

HQGHG�LW��

=DLD�ZDQWV�WR�QRZ�H[WHQG�PDVV�WHVWLQJ��ZKLFK�VWDUWHG�DV�D�FRQWLQJHQF\�PHDVXUH�LQ�9R��WR�WKH�

ZKROH�UHJLRQ��7KH�9HQHWR�JRYHUQRU�WROG�QHZVSDSHU�&RUULHUH�GHOOD�6HUD�WKDW�WKH�UHJLRQ�KDV�

WKH�DELOLW\�WR�FDUU\�RXW�����������VZDEV�D�GD\�

7KH�LQLWLDO�GDWD�IURP�,FHODQG�DQG�9HQHWR�DSSHDUV�WR�EH�LQ�OLQH�ZLWK�DXWKRULWDWLYH�VWXGLHV�WKDW�

KDYH�DWWHPSWHG�WR�PRGHO�WKH�QRYHO�FRURQDYLUXV�



+HLNNL�6DXNNRPDD���*HWW\�,PDJHV�

$�SHUVRQ�ZHDULQJ�SURWHFWLYH�FORWKHV�WDNHV�VDPSOHV�IURP�SHRSOH�DUULYLQJ�LQ�WKHLU�FDUV�DW�D�

WHVWLQJ�GULYH�LQ�VWDWLRQ�LQ�(VSRR��)LQODQG�

$�VWXG\�SXEOLVKHG�RQ�0RQGD\�LQ�WKH�PDJD]LQH�6FLHQFH�IRXQG�WKDW�IRU�HYHU\�FRQILUPHG�FDVH�

RI�WKH�YLUXV�WKHUH�DUH�OLNHO\�DQRWKHU�ILYH�WR����SHRSOH�ZLWK�XQGHWHFWHG�LQIHFWLRQV�LQ�WKH�

FRPPXQLW\��7KH�VFLHQWLVWV��ZKLFK�EDVHG�WKHLU�PRGHO�RQ�GDWD�IURP�&KLQD��UHSRUWHG�WKDW�WKHVH�

RIWHQ�PLOGHU�DQG�OHVV�LQIHFWLRXV�FDVHV�DUH�EHKLQG�QHDUO\�����RI�QHZ�FDVHV�

$QRWKHU�UHSRUW�SXEOLVKHG�WKLV�ZHHN�E\�WKH�,PSHULDO�&ROOHJH�&29,'����5HVSRQVH�7HDP�²�D�

JURXS�RI�H[SHUWV�ZKR�KDYH�EHHQ�DGYLVLQJ�WKH�%ULWLVK�DQG�RWKHU�(XURSHDQ�JRYHUQPHQWV�RQ�

KRZ�WKH�GLVHDVH�FRXOG�VSUHDG�²�PDNHV�D�VLPLODU�FDVH�

,W�VWDWHV��³$QDO\VHV�RI�GDWD�IURP�&KLQD�DV�ZHOO�DV�GDWD�IURP�WKRVH�UHWXUQLQJ�RQ�UHSDWULDWLRQ�

IOLJKWV�VXJJHVW�WKDW��������RI�LQIHFWLRQV�ZHUH�QRW�LGHQWLILHG�DV�FDVHV��7KLV�PD\�LQFOXGH�

DV\PSWRPDWLF�LQIHFWLRQV��PLOG�GLVHDVH�DQG�D�OHYHO�RI�XQGHU�DVFHUWDLQPHQW�´�7KH�PRGHO�DOVR�

DVVXPHV�WKDW�LQIHFWLRXVQHVV�RFFXUV�PRUH�TXLFNO\�LQ�V\PSWRPDWLF�LQGLYLGXDOV�DQG�WKDW�WKH\�

DUH�PRUH�LQIHFWLRXV�WKDQ�DV\PSWRPDWLF�RQHV�

7KH�ILQLWH�WHVWLQJ�FDSDFLW\�DYDLODEOH�WR�JRYHUQPHQWV�LV�PRVWO\�IRFXVVHG�RQ�WHVWLQJ�WKRVH�

V\PSWRPV�DQG�WUDFLQJ�WKHLU�FRQWDFWV��ZKLOH�RWKHU�PHDVXUHV�WR�VORZ�WKH�YLUXV�DQG�QRW�

RYHUZKHOP�KHDOWK�VHUYLFHV�FRYHU�WKH�SRSXODWLRQ�DW�ODUJH�



%XW�WKH�YROXPH�RI�WHVWLQJ�KDV�EHFRPH�D�FULWLFDO�LVVXH�DV�WKH�YLUXV�KDV�VSUHDG�WR�FRXQWULHV�

DURXQG�WKH�ZRUOG�DQG�QHZ�FDVHV�DUH�JURZLQJ�H[SRQHQWLDOO\�DFURVV�PXFK�RI�ZHVWHUQ�(XURSH�

7KH�:RUOG�+HDOWK�2UJDQL]DWLRQ�KDV�XUJHG�FRXQWULHV�WR�WHVW�PRUH�VXVSHFWHG�FDVHV��³<RX�

FDQQRW�ILJKW�WKH�ILUH�EOLQGIROGHG��DQG�ZH�FDQQRW�VWRS�WKLV�SDQGHPLF�LI�ZH�GRQ¶W�NQRZ�ZKR�LV�

LQIHFWHG���GLUHFWRU�JHQHUDO�'U�7HGURV�$GKDQRP�*KHEUH\HVXV�VDLG�WKLV�ZHHN���:H�KDYH�D�

VLPSOH�PHVVDJH�IRU�DOO�FRXQWULHV��7HVW��WHVW��WHVW��7HVW�HYHU\�VXVSHFWHG�FDVH�´

$QG�WKH�JRYHUQPHQWV�ILJKWLQJ�EDFN�DJDLQVW�WKH�FRURQDYLUXV�VD\�WKDW�H[WHQVLYH�WHVWLQJ�KDV�OHG�

WR�VXEVWDQWLDO�UHVXOWV�²�DQG�VDYHG�OLYHV�

(G�-RQHV���*HWW\�,PDJHV�

$�ZRPDQ�ZDWFKHV�IURP�D�ZDLWLQJ�DUHD�DV�D�QXUVH�DGPLQLVWHUV�D�&29,'����QRYHO�FRURQDYLUXV�

WHVW�DW�D�WHVWLQJ�ERRWK�RXWVLGH�<DQJML�KRVSLWDO�LQ�6HRXO��0DUFK�����$�6RXWK�.RUHDQ�KRVSLWDO�KDV�

LQWURGXFHG�SKRQH�ERRWKÇVW\OH�FRURQDYLUXV�WHVWLQJ�IDFLOLWLHV�WKDW�DYRLG�PHGLFDO�VWDII�KDYLQJ�WR�

WRXFK�SDWLHQWV�GLUHFWO\�DQG�FXW�GRZQ�GLVLQIHFWLRQ�WLPHV�

6RXWK�.RUHD��RQH�RI�WKH�FRXQWULHV�ILUVW�DQG�ZRUVW�KLW�DIWHU�&KLQD��TXLFNO\�SXW�LQ�SODFH�WKH�

PRVW�DJJUHVVLYH�WHVWLQJ�UHJLPH�LQ�WKH�ZRUOG�DIWHU�D�FOXVWHU�RI�D�IHZ�GR]HQ�FDVHV�LQ�HDUO\�

)HEUXDU\�H[SRQHQWLDOO\�EDOORRQHG�WR�DOPRVW�������FDVHV�E\�WKH�HQG�RI�WKDW�PRQWK��7KH�

FRXQWU\�QRZ�KDV�WKH�DELOLW\�WR�WHVW�DERXW��������SHRSOH�D�GD\��$�GLDJQRVLV�WDNHV�DERXW�ILYH�WR�

VL[�KRXUV�DQG�SDWLHQWV�XVXDOO\�JHW�UHVXOWV�ZLWKLQ�D�GD\����������6RXWK�.RUHDQV�KDYH�EHHQ�

WHVWHG�IRU�WKH�YLUXV�²�DERXW�RQH�LQ�HYHU\�����FLWL]HQV��DFFRUGLQJ�WR�6RXWK�.RUHDQ�IRUHLJQ�

PLQLVWHU�.DQJ�.\XQJ�ZKD�



#0DWW+DQFRFN

$�UHFRUG�������WHVWV�GRQH�RYHU�WKH�SDVW����KRXUV��0RUH�WR�FRPH�

KWWSV���W�FR�(R49V6(DNN

������30������0DU�����

5HSO\ 5HWZHHW )DYRULWH

$IWHU�VXUSDVVLQJ�������FDVHV��WKH�QXPEHU�RI�QHZ�FDVHV�LV�QRZ�VPDOOHU�WKDQ�WKH�QXPEHU�RI�

WKRVH�IXOO\�FXUHG��7KH�6RXWK�.RUHDQ�IRUHLJQ�PLQLVWHU�WROG�WKH�%%&�WKDW�WHVWLQJ�ZDV�NH\��

�7HVWLQJ�LV�FHQWUDO�EHFDXVH�WKDW�OHDGV�WR�HDUO\�GHWHFWLRQ��LW�PLQLPLVHV�IXUWKHU�VSUHDG�DQG�LW�

TXLFNO\�WUHDWV�WKRVH�IRXQG�ZLWK�WKH�YLUXV���VKH�VDLG���7KDW�LV�WKH�NH\�EHKLQG�RXU�YHU\�ORZ�

IDWDOLW\�UDWH�DV�ZHOO��

7KH�GDWD�IURP�6RXWK�.RUHD�LV�LQ�VWDUN�FRQWUDVW�WR�FRXQWULHV�OLNH�WKH�8.��ZKHUH�WKHUH�LV�

FXUUHQWO\�QR�FRPPXQLW\�WHVWLQJ�RI�SHRSOH�ZLWK�V\PSWRPV�VHOI�LVRODWLQJ�DW�KRPH��7KH�

JRYHUQPHQW�LV�XQGHU�PRXQWLQJ�SUHVVXUH�WR�GR�PRUH�

$OWKRXJK�%ULWDLQ�KDV�FDUULHG�RXW�PRUH�WHVWV�ZKHQ�FRPSDUHG�WR�PDQ\�RWKHUV�DURXQG�WKH�

ZRUOG�LW�LV�VWLOO�ODJJLQJ�ZHOO�EHKLQG�WKH�OLNHV�RI�6RXWK�.RUHD�DQG�,WDO\��ZKLFK�DV�RI�0DUFK����

KDG�FDUULHG�RXW���������WHVWV��<HVWHUGD\�WKDW�ILJXUH�VWRRG�DW�MXVW�XQGHU���������DQG�ILYH�GD\V�

DJR�LW�ZDV��������

$V�RI��DP�RQ�7XHVGD\��D�WRWDO�RI��������WHVWV�KDG�EHHQ�FDUULHG�RXW�LQ�WKH�8.��ZLWK�������

SRVLWLYH�UHVXOWV�DQG��������QHJDWLYH��+HDOWK�VHFUHWDU\�0DWW�+DQFRFN�WZHHWHG�WKDW�D�UHFRUG�

������WHVWV�KDG�EHHQ�GRQH�LQ�WKH�SDVW����KRXUV�

7KH�DFWXDO�QXPEHU�RI�FDVHV�LQ�WKH�8.�ZDV�HVWLPDWHG�RQ�0RQGD\�WR�EH�EHWZHHQ��������DQG�

��������ZLWK�WKLV�QXPEHU�H[SHFWHG�WR�JURZ�UDSLGO\�LQ�WKH�FRPLQJ�ZHHNV�

7KLV�ZHHN�WKH�8.�JRYHUQPHQW�VKLIWHG�WR�D�VWUDWHJ\�WR��VXSSUHVV��WKH�RXWEUHDN�DQG�VFDOLQJ�XS�

WHVWLQJ�FRXOG�SURYH�FKDOOHQJLQJ��7KHUH�KDV�EHHQ�JURZLQJ�FULWLFLVP�RI�LWV�DSSURDFK�RQ�WHVWLQJ��

DV�WKH�QXPEHU�RI�FDVHV�VRDUV��SHRSOH�ZLWK�PLOG�V\PSWRPV�DUH�QRZ�EHLQJ�DGYLVHG�WR�VWD\�DW�

KRPH�ZLWKRXW�EHLQJ�WHVWHG��,W�PHDQV�WKDW�PDQ\�FRURQDYLUXV�VXIIHUHUV�ZLOO�QHYHU�NQRZ�IRU�

VXUH�ZKHWKHU�RU�QRW�WKH\�KDG�LW�

$W�WKH�PRPHQW��WHVWLQJ�LV�ODUJHO\�UHVWULFWHG�WR�DOO�WKRVH�LQ�LQWHQVLYH�FDUH�XQLWV��DQG�WKRVH�ZLWK�

SQHXPRQLD�RU�VLJQLILFDQW�UHVSLUDWRU\�LQIHFWLRQV�LQ�KRVSLWDO��7KLV�LV�EHFDXVH�WKHUH�LV�OLPLWHG�

WHVWLQJ�FDSDELOLW\��DFFRUGLQJ�WR�WKH�JRYHUQPHQW�VFLHQWLVWV��ZKLFK�PXVW�EH�GLUHFWHG�WR�WKH�

PRVW�VHULRXV�SDWLHQWV�ZKHUH�GRFWRUV�QHHG�WR�PDNH�GHFLVLRQV�EDVHG�RQ�FOLQLFDO�QHHG�

2Q�7XHVGD\��WKH�JRYHUQPHQW¶V�FKLHI�VFLHQWLILF�DGYLVHU�3DWULFN�9DOODQFH�WROG�WKH�&RPPRQV�

KHDOWK�VHOHFW�FRPPLWWHH�WKDW�KH�KDG�EHHQ�³SXVKLQJ�IRU´�D�³ELJ�LQFUHDVH�LQ�WHVWLQJ´�LQ�WKH�8.�



$OEHUWR�1DUGHOOL�LV�(XURSH�HGLWRU�IRU�%X]])HHG�1HZV�DQG�LV�EDVHG�LQ�/RQGRQ��
&RQWDFW�$OEHUWR�1DUGHOOL�DW�DOEHUWR�QDUGHOOL#EX]]IHHG�FRP��

(PLO\�$VKWRQ�LV�D�VHQLRU�SROLWLFDO�FRUUHVSRQGHQW�IRU�%X]])HHG�1HZV�DQG�LV�EDVHG�LQ�/RQGRQ��
&RQWDFW�(PLO\�$VKWRQ�DW�HPLO\�DVKWRQ#EX]]IHHG�FRP��

*RW�D�FRQILGHQWLDO�WLS"�6XEPLW�LW�KHUH��

%HVW�ELUWKGD\�SUHVHQW�HYHU�

��KRXUV�DJR

+H�VDLG�WKHUH�ZDV�D�ORW�RI�ZRUN�JRLQJ�RQ�ZLWKLQ�3XEOLF�+HDOWK�(QJODQG��WKH�1+6�DQG�WKH�

'HSDUWPHQW�RI�+HDOWK�DQG�6RFLDO�&DUH�WR�VHOHFW�D�WHVW�WKDW�FRXOG�EH�XVHG�PRUH�ZLGHO\�LQ�WKH�

FRPPXQLW\�

7KH�JRYHUQPHQW�VKRXOG�ZRUN�FORVHO\�ZLWK�WKH�SULYDWH�VHFWRU��KH�DGGHG��VR�³ZH�FDQ�JHW�WKLQJV�

RXW�WKHUH�IDVWHU�RQ�WKH�FRPPXQLW\�VLGH´�

7KHUH�DUH�DOVR�GHHS�FRQFHUQV�DPRQJ�1+6�ZRUNHUV�WKDW�WKH\�DUH�QRW�JHWWLQJ�WKH�WHVWV�WKH\�
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Letters

RESEARCH LETTER

Positive RT-PCR Test Results in Patients Recovered
FromCOVID-19
Previous studies on coronavirus disease 2019 (COVID-19)
mainly focused on epidemiological, clinical, and radiological
features of patients with confirmed infection.1-4 Little atten-
tion has been paid to the follow-up of recovered patients.

Methods | One hospitalized patient and 3 patients (all medical
personnel) quarantined at home with COVID-19 were treated
at Zhongnan Hospital of Wuhan University, Wuhan, China,
from January 1, 2020, to February 15, 2020, and evalu-
ated with real-time reverse transcriptase–polymerase chain
reaction (RT-PCR) tests for COVID-19 nucleic acid to deter-
mine if they could return to work. All the following criteria5
had to be met for hospital discharge or discontinuation
of quarantine: (1) normal temperature lasting longer than
3 days, (2) resolved respiratory symptoms, (3) substantially
improved acute exudative lesions on chest computed tomog-
raphy (CT) images, and (4) 2 consecutively negative RT-PCR
test results separated by at least 1 day.

TheRT-PCR testswereperformedon throat swabs follow-
ing a previously described method.1 The RT-PCR test kits
(BioGerm)were recommended by the Chinese Center for Dis-
ease Control and Prevention. The same technician and brand
of test kit was used for all RT-PCR testing reported; both in-
ternal controls and negative controls were routinely per-
formed with each batch of tests.

Demographic information, laboratory findings, and radio-
logical features were collected from electronic medical rec-
ords. After recovery, patients and their families were con-
tacted directly, and patients were asked to visit the hospital
to collect throat swabs for the RT-PCR tests.

This study was approved by the Zhongnan Hospital of
WuhanUniversity institutional reviewboard and theneed for
informed consent was waived.

Results | All 4 patients were exposed to the novel 2019
coronavirus through work as medical professionals. Two
were male and the age range was 30 to 36 years. Among 3
of the patients, fever, cough, or both occurred at onset.
One patient was initially asymptomatic and underwent
thin-section CT due to exposure to infected patients. All
patients had positive RT-PCR test results and CT imaging
showed ground-glass opacification or mixed ground-glass
opacification and consolidation. The severity of disease was
mild to moderate.

Antiviral treatment (75 mg of oseltamivir taken orally
every 12 hours) was provided for the 4 patients. For 3 of the
patients, all clinical symptoms and CT imaging abnormalities
had resolved. The CT imaging for the fourth patient showed
delicate patches of ground-glass opacity. All 4 patients had

2 consecutive negative RT-PCR test results. The time from
symptom onset to recovery ranged from 12 to 32 days.

After hospital discharge or discontinuation of quarantine,
the patients were asked to continue the quarantine protocol
at home for 5 days. The RT-PCR tests were repeated 5 to 13
days later and all were positive. All patients had 3 repeat
RT-PCR tests performed over the next 4 to 5 days and all were
positive. An additional RT-PCR test was performed using a kit
from a different manufacturer and the results were also posi-
tive for all patients. The patients continued to be asymptom-
atic by clinician examination and chest CT findings showed
no change from previous images. They did not report contact
with any person with respiratory symptoms. No family mem-
ber was infected.

Discussion | Four patients with COVID-19 who met criteria for
hospital discharge or discontinuation of quarantine in China
(absence of clinical symptoms and radiological abnormalities
and 2 negative RT-PCR test results) had positive RT-PCR test
results 5 to 13 days later. These findings suggest that at least a
proportion of recovered patients still may be virus carriers.
Although no family members were infected, all reported
patients were medical professionals and took special care
during home quarantine. Current criteria for hospital dis-
charge or discontinuation of quarantine and continued
patient management may need to be reevaluated. Although
false-negative RT-PCR test results could have occurred as
suggested by a previous study,6 2 consecutively negative
RT-PCR test results plus evidence from clinical characteris-
tics and chest CT findings suggested that the 4 patients quali-
fied for hospital discharge or discontinuation of quarantine.

The studywas limited to a small number of patients with
mild ormoderate infection. Further studies should follow up
patients who are not health care professionals and who have
more severe infection after hospital discharge or discontinu-
ation of quarantine. Longitudinal studies on a larger cohort
would help to understand the prognosis of the disease.
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Covert COVID-19 and 
false-positive dengue 
serology in Singapore

Dengue and coronavirus disease 2019 
(COVID-19) are difficult to distinguish 
because they have shared clinical and 
laboratory features.1,2 We describe 
two patients in Singapore with false-
positive results from rapid serological 
testing for dengue, who were later 
confirmed to have severe acute 
respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection, the causative 
virus of COVID-19.

The first case is a 57-year-old man 
with no relevant past medical, travel, 
or contact history, who presented to 
a regional hospital on Feb 9, 2020, 
with 3 days of fever and cough. He 
had thrombocytopenia (platelet 
count 140 × 10⁹/mL) and a normal 
chest radiograph. He was discharged 
after a negative rapid test for dengue 
NS1, IgM, and IgG (SD Bioline Dengue 
Duo Kit; Abbott, South Korea). He 
returned to a public primary health-
care clinic with persistent fever, 
worsening thrombocytopenia 
(89 ×  10⁹/mL), and new onset 
lymphopenia (0·43 × 10⁹/mL). A 
repeat dengue rapid test was positive 
for dengue IgM and IgG (Dengue 
Combo; Wells Bio, South Korea). He 
was referred to hospital for dengue 
with worsening cough and dyspnoea. 
A chest radiograph led to testing for 
SARS-CoV-2 by RT-PCR (in-house 
laboratory-developed test detecting 
the N and ORF1ab genes) from a 
nasopharyngeal swab, which returned 
positive. The original seropositive 
sample and additional urine and blood 
samples tested negative for dengue, 
chikungunya, and Zika viruses by 
RT-PCR,3–5 and a repeat dengue rapid 
test (SD Bioline) was also negative. 
Thus, the initial dengue seroconversion 
result was deemed a false positive.

The second case is a 57-year-
old woman with no relevant past 
medical, travel, or contact history, 
who presented to a regional hospital 

on Feb 13, 2020, with fever, myalgia, 
a mild cough of 4 days, and 2 days of 
diarrhoea. She had thrombocytopenia 
(92 × 10⁹/mL) and tested positive for 
dengue IgM (SD Bioline). She was 
discharged with outpatient follow 
up for dengue fever. She returned 
2 days later with a persistent fever, 
worsening thrombocytopenia 
(65 × 10⁹/mL), and new onset 
lymphopenia (0·94 ×  10⁹/mL). 
Liver function tests were abnormal 
(aspartate aminotransferase 69 U/L 
[reference range 10–30 U/L], alanine 
aminotransferase 67 U/L [reference 
range <55 U/L], total bilirubin 
35·8 µmol/L [reference range 
4·7–23·2 µmol/L]). Chest radiography 
was normal and she was admitted for 
dengue fever. She remained febrile 
despite normalisation of her blood 
counts and developed dyspnoea 3 days 
after admission. She was found to be 
positive for SARS-CoV-2 by RT-PCR 
from a nasopharyngeal swab. A repeat 
dengue test (SD Bioline) was negative 
and an earlier blood sample also tested 
negative for dengue by RT-PCR.6 The 
initial dengue IgM result was deemed to 
be a false positive.

Failing to consider COVID-19 because 
of a positive dengue rapid test result 
has serious implications not only for 
the patient but also for public health. 
Our cases highlight the importance 
of recognising false-positive dengue 
serology results (with different 
commercially available assays) in 
patients with COVID-19. We emphasise 
the urgent need for rapid, sensitive, 
and accessible diagnostic tests for 
SARS-CoV-2, which need to be highly 
accurate to protect public health.
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Summ a r y

An outbreak of novel coronavirus (2019-nCoV) that began in Wuhan, China, has 
spread rapidly, with cases now confirmed in multiple countries. We report the first 
case of 2019-nCoV infection confirmed in the United States and describe the iden-
tification, diagnosis, clinical course, and management of the case, including the 
patient’s initial mild symptoms at presentation with progression to pneumonia on 
day 9 of illness. This case highlights the importance of close coordination between 
clinicians and public health authorities at the local, state, and federal levels, as 
well as the need for rapid dissemination of clinical information related to the care 
of patients with this emerging infection.

On December 31, 2019, China reported a cluster of cases of pneu-
monia in people associated with the Huanan Seafood Wholesale Market in 
Wuhan, Hubei Province.1 On January 7, 2020, Chinese health authorities 

confirmed that this cluster was associated with a novel coronavirus, 2019-nCoV.2 
Although cases were originally reported to be associated with exposure to the sea-
food market in Wuhan, current epidemiologic data indicate that person-to-person 
transmission of 2019-nCoV is occurring.3-6 As of January 30, 2020, a total of 9976 
cases had been reported in at least 21 countries,7 including the first confirmed 
case of 2019-nCoV infection in the United States, reported on January 20, 2020. 
Investigations are under way worldwide to better understand transmission dynam-
ics and the spectrum of clinical illness. This report describes the epidemiologic 
and clinical features of the first case of 2019-nCoV infection confirmed in the 
United States.

C a se R eport

On January 19, 2020, a 35-year-old man presented to an urgent care clinic in Snohom-
ish County, Washington, with a 4-day history of cough and subjective fever. On check-
ing into the clinic, the patient put on a mask in the waiting room. After waiting 
approximately 20 minutes, he was taken into an examination room and underwent 
evaluation by a provider. He disclosed that he had returned to Washington State 
on January 15 after traveling to visit family in Wuhan, China. The patient stated 
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Figure 1. Posteroanterior and Lateral Chest Radiographs, January 19, 2020 (Illness Day 4).

No thoracic abnormalities were noted.

A B

that he had seen a health alert from the U.S. 
Centers for Disease Control and Prevention (CDC) 
about the novel coronavirus outbreak in China and, 
because of his symptoms and recent travel, decided 
to see a health care provider.

Apart from a history of hypertriglyceridemia, 
the patient was an otherwise healthy nonsmoker. 
The physical examination revealed a body tempera-
ture of 37.2°C, blood pressure of 134/87 mm Hg, 
pulse of 110 beats per minute, respiratory rate of 
16 breaths per minute, and oxygen saturation of 
96% while the patient was breathing ambient air. 
Lung auscultation revealed rhonchi, and chest 
radiography was performed, which was reported 
as showing no abnormalities (Fig. 1). A rapid 
nucleic acid amplification test (NAAT) for influ-
enza A and B was negative. A nasopharyngeal 
swab specimen was obtained and sent for detec-
tion of viral respiratory pathogens by NAAT; this 
was reported back within 48 hours as negative 
for all pathogens tested, including influenza A 
and B, parainfluenza, respiratory syncytial virus, 
rhinovirus, adenovirus, and four common corona-
virus strains known to cause illness in humans 
(HKU1, NL63, 229E, and OC43).

Given the patient’s travel history, the local and 
state health departments were immediately noti-
fied. Together with the urgent care clinician, 
the Washington Department of Health noti-
fied the CDC Emergency Operations Center. Al-
though the patient reported that he had not 
spent time at the Huanan seafood market and 
reported no known contact with ill persons dur-

ing his travel to China, CDC staff concurred with 
the need to test the patient for 2019-nCoV on the 
basis of current CDC “persons under investigation” 
case definitions.8 Specimens were collected in 
accordance with CDC guidance and included se-
rum and nasopharyngeal and oropharyngeal swab 
specimens. After specimen collection, the patient 
was discharged to home isolation with active 
monitoring by the local health department.

On January 20, 2020, the CDC confirmed that 
the patient’s nasopharyngeal and oropharyngeal 
swabs tested positive for 2019-nCoV by real-time 
reverse-transcriptase–polymerase-chain-reaction 
(rRT-PCR) assay. In coordination with CDC sub-
ject-matter experts, state and local health offi-
cials, emergency medical services, and hospital 
leadership and staff, the patient was admitted to 
an airborne-isolation unit at Providence Region-
al Medical Center for clinical observation, with 
health care workers following CDC recommen-
dations for contact, droplet, and airborne pre-
cautions with eye protection.9

On admission, the patient reported persistent 
dry cough and a 2-day history of nausea and vom-
iting; he reported that he had no shortness of 
breath or chest pain. Vital signs were within nor-
mal ranges. On physical examination, the patient 
was found to have dry mucous membranes. The 
remainder of the examination was generally un-
remarkable. After admission, the patient received 
supportive care, including 2 liters of normal sa-
line and ondansetron for nausea.

On days 2 through 5 of hospitalization (days 
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6 through 9 of illness), the patient’s vital signs 
remained largely stable, apart from the develop-
ment of intermittent fevers accompanied by pe-
riods of tachycardia (Fig. 2). The patient contin-
ued to report a nonproductive cough and appeared 
fatigued. On the afternoon of hospital day 2, the 
patient passed a loose bowel movement and re-
ported abdominal discomfort. A second episode 
of loose stool was reported overnight; a sample 
of this stool was collected for rRT-PCR testing, 
along with additional respiratory specimens (na-
sopharyngeal and oropharyngeal) and serum. The 
stool and both respiratory specimens later tested 
positive by rRT-PCR for 2019-nCoV, whereas the 
serum remained negative.

Treatment during this time was largely sup-
portive. For symptom management, the patient 
received, as needed, antipyretic therapy consisting 
of 650 mg of acetaminophen every 4 hours and 
600 mg of ibuprofen every 6 hours. He also re-
ceived 600 mg of guaifenesin for his continued 
cough and approximately 6 liters of normal sa-
line over the first 6 days of hospitalization.

The nature of the patient isolation unit per-
mitted only point-of-care laboratory testing ini-
tially; complete blood counts and serum chemi-
cal studies were available starting on hospital 
day 3. Laboratory results on hospital days 3 and 5 

(illness days 7 and 9) reflected leukopenia, mild 
thrombocytopenia, and elevated levels of creatine 
kinase (Table 1). In addition, there were alterations 
in hepatic function measures: levels of alkaline 
phosphatase (68 U per liter), alanine aminotrans-
ferase (105 U per liter), aspartate aminotransferase 
(77 U per liter), and lactate dehydrogenase (465 U 
per liter) were all elevated on day 5 of hospital-
ization. Given the patient’s recurrent fevers, blood 
cultures were obtained on day 4; these have 
shown no growth to date.

A chest radiograph taken on hospital day 3 
(illness day 7) was reported as showing no evi-
dence of infiltrates or abnormalities (Fig. 3). How-
ever, a second chest radiograph from the night of 
hospital day 5 (illness day 9) showed evidence of 
pneumonia in the lower lobe of the left lung 
(Fig. 4). These radiographic findings coincided 
with a change in respiratory status starting on 
the evening of hospital day 5, when the patient’s 
oxygen saturation values as measured by pulse 
oximetry dropped to as low as 90% while he was 
breathing ambient air. On day 6, the patient was 
started on supplemental oxygen, delivered by na-
sal cannula at 2 liters per minute. Given the 
changing clinical presentation and concern about 
hospital-acquired pneumonia, treatment with 
vancomycin (a 1750-mg loading dose followed 

Figure 2. Symptoms and Maximum Body Temperatures According to Day of Illness and Day of Hospitalization, January 16 to January 30, 2020.
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by 1 g administered intravenously every 8 hours) 
and cefepime (administered intravenously every 
8 hours) was initiated.

On hospital day 6 (illness day 10), a fourth 
chest radiograph showed basilar streaky opacities 
in both lungs, a finding consistent with atypical 
pneumonia (Fig. 5), and rales were noted in both 
lungs on auscultation. Given the radiographic 
findings, the decision to administer oxygen sup-
plementation, the patient’s ongoing fevers, the 
persistent positive 2019-nCoV RNA at multiple 
sites, and published reports of the development 
of severe pneumonia3,4 at a period consistent with 
the development of radiographic pneumonia in 
this patient, clinicians pursued compassionate 
use of an investigational antiviral therapy. Treat-
ment with intravenous remdesivir (a novel nucleo-
tide analogue prodrug in development10,11) was 
initiated on the evening of day 7, and no adverse 
events were observed in association with the 
infusion. Vancomycin was discontinued on the 
evening of day 7, and cefepime was discontinued 
on the following day, after serial negative pro-
calcitonin levels and negative nasal PCR testing 
for methicillin-resistant Staphylococcus aureus.

On hospital day 8 (illness day 12), the patient’s 
clinical condition improved. Supplemental oxy-
gen was discontinued, and his oxygen saturation 
values improved to 94 to 96% while he was 
breathing ambient air. The previous bilateral 

lower-lobe rales were no longer present. His ap-
petite improved, and he was asymptomatic aside 
from intermittent dry cough and rhinorrhea. As 
of January 30, 2020, the patient remains hospi-
talized. He is afebrile, and all symptoms have re-
solved with the exception of his cough, which is 
decreasing in severity.

Figure 3. Posteroanterior and Lateral Chest Radiographs, January 22, 2020 (Illness Day 7, Hospital Day 3).

No acute intrathoracic plain-film abnormality was noted.

BA

Figure 4. Posteroanterior Chest Radiograph, January 24, 2020 (Illness Day 9, 
Hospital Day 5).

Increasing left basilar opacity was visible, arousing concern about pneumonia.
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Me thods

Specimen Collection

Clinical specimens for 2019-nCoV diagnostic 
testing were obtained in accordance with CDC 
guidelines.12 Nasopharyngeal and oropharyngeal 
swab specimens were collected with synthetic 
fiber swabs; each swab was inserted into a sepa-
rate sterile tube containing 2 to 3 ml of viral 
transport medium. Serum was collected in a 
serum separator tube and then centrifuged in 
accordance with CDC guidelines. The urine and 
stool specimens were each collected in sterile 
specimen containers. Specimens were stored 
between 2°C and 8°C until ready for shipment to 
the CDC. Specimens for repeat 2019-nCoV test-
ing were collected on illness days 7, 11, and 12 
and included nasopharyngeal and oropharyngeal 
swabs, serum, and urine and stool samples.

Diagnostic Testing for 2019-nCoV
Clinical specimens were tested with an rRT-PCR 
assay that was developed from the publicly released 
virus sequence. Similar to previous diagnostic as-
says for severe acute respiratory syndrome coro-
navirus (SARS-CoV) and Middle East respiratory 
syndrome coronavirus (MERS-CoV), it has three 
nucleocapsid gene targets and a positive control 
target. A description of this assay13 and sequence 
information for the rRT-PCR panel primers and 
probes14 are available on the CDC Laboratory 
Information website for 2019-nCoV.15

Genetic Sequencing
On January 7, 2020, Chinese researchers shared 
the full genetic sequence of 2019-nCoV through 
the National Institutes of Health GenBank data-
base16 and the Global Initiative on Sharing All 
Influenza Data (GISAID)17 database; a report about 
the isolation of 2019-nCoV was later published.18 
Nucleic acid was extracted from rRT-PCR–positive 
specimens (oropharyngeal and nasopharyngeal) 
and used for whole-genome sequencing on both 
Sanger and next-generation sequencing plat-
forms (Illumina and MinIon). Sequence assem-
bly was completed with the use of Sequencher 
software, version 5.4.6 (Sanger); minimap soft-
ware, version 2.17 (MinIon); and freebayes soft-
ware, version 1.3.1 (MiSeq). Complete genomes 
were compared with the available 2019-nCoV 
reference sequence (GenBank accession number 
NC_045512.2).

R esult s

Specimen Testing for 2019-nCoV
The initial respiratory specimens (nasopharyngeal 
and oropharyngeal swabs) obtained from this 
patient on day 4 of his illness were positive for 
2019-nCoV (Table 2). The low cycle threshold 
(Ct) values (18 to 20 in nasopharyngeal speci-
mens and 21 to 22 in oropharyngeal specimens) 
on illness day 4 suggest high levels of virus in 
these specimens, despite the patient’s initial mild 
symptom presentation. Both upper respiratory 

Figure 5. Anteroposterior and Lateral Chest Radiographs, January 26, 2020 (Illness Day 10, Hospital Day 6).

Stable streaky opacities in the lung bases were visible, indicating likely atypical pneumonia; the opacities have 
steadily increased in density over time.
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specimens obtained on illness day 7 remained 
positive for 2019-nCoV, including persistent high 
levels in a nasopharyngeal swab specimen (Ct val-
ues, 23 to 24). Stool obtained on illness day 7 
was also positive for 2019-nCoV (Ct values, 36 to 
38). Serum specimens for both collection dates 
were negative for 2019-nCoV. Nasopharyngeal 
and oropharyngeal specimens obtained on ill-
ness days 11 and 12 showed a trend toward de-
creasing levels of virus. The oropharyngeal spec-
imen tested negative for 2019-nCoV on illness 
day 12. The rRT-PCR results for serum obtained 
on these dates are still pending.

Genetic Sequencing
The full genome sequences from oropharyngeal 
and nasopharyngeal specimens were identical to 
one another and were nearly identical to other 
available 2019-nCoV sequences. There were only 
3 nucleotides and 1 amino acid that differed at 
open reading frame 8 between this patient’s 
virus and the 2019-nCoV reference sequence 
(NC_045512.2). The sequence is available through 
GenBank (accession number MN985325).16

Discussion
Our report of the first confirmed case of 2019-
nCoV in the United States illustrates several as-
pects of this emerging outbreak that are not yet 
fully understood, including transmission dynam-
ics and the full spectrum of clinical illness. Our 
case patient had traveled to Wuhan, China, but 
reported that he had not visited the wholesale 
seafood market or health care facilities or had 
any sick contacts during his stay in Wuhan. Al-
though the source of his 2019-nCoV infection is 
unknown, evidence of person-to-person trans-
mission has been published. Through January 

30, 2020, no secondary cases of 2019-nCoV re-
lated to this case have been identified, but 
monitoring of close contacts continues.19

Detection of 2019-nCoV RNA in specimens 
from the upper respiratory tract with low Ct 
values on day 4 and day 7 of illness is suggestive 
of high viral loads and potential for transmissi-
bility. It is notable that we also detected 2019-
nCoV RNA in a stool specimen collected on day 
7 of the patient’s illness. Although serum speci-
mens from our case patient were repeatedly 
negative for 2019-nCoV, viral RNA has been de-
tected in blood in severely ill patients in China.4 
However, extrapulmonary detection of viral RNA 
does not necessarily mean that infectious virus 
is present, and the clinical significance of the 
detection of viral RNA outside the respiratory 
tract is unknown at this time.

Currently, our understanding of the clinical 
spectrum of 2019-nCoV infection is very limited. 
Complications such as severe pneumonia, respi-
ratory failure, acute respiratory distress syn-
drome (ARDS), and cardiac injury, including fa-
tal outcomes, have been reported in China.4,18,20 
However, it is important to note that these cases 
were identified on the basis of their pneumonia 
diagnosis and thus may bias reporting toward 
more severe outcomes.

Our case patient initially presented with mild 
cough and low-grade intermittent fevers, with-
out evidence of pneumonia on chest radiography 
on day 4 of his illness, before having progres-
sion to pneumonia by illness day 9. These non-
specific signs and symptoms of mild illness 
early in the clinical course of 2019-nCoV infec-
tion may be indistinguishable clinically from 
many other common infectious diseases, particu-
larly during the winter respiratory virus season. 

Table 2. Results of Real-Time Reverse-Transcriptase–Polymerase-Chain-Reaction Testing for the 2019 Novel Coronavirus 
(2019-nCoV).*

Specimen Illness Day 4 Illness Day 7 Illness Day 11 Illness Day 12

Nasopharyngeal swab Positive 
(Ct, 18–20)

Positive 
(Ct, 23–24)

Positive 
(Ct, 33–34)

Positive 
(Ct, 37–40)

Oropharyngeal swab Positive 
(Ct, 21–22)

Positive 
(Ct, 32–33)

Positive 
(Ct, 36–40)

Negative

Serum Negative Negative Pending Pending

Urine NT Negative NT NT

Stool NT Positive 
(Ct, 36–38)

NT NT

*  Lower cycle threshold (Ct) values indicate higher viral loads. NT denotes not tested.
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In addition, the timing of our case patient’s 
progression to pneumonia on day 9 of illness is 
consistent with later onset of dyspnea (at a me-
dian of 8 days from onset) reported in a recent 
publication.4 Although a decision to administer 
remdesivir for compassionate use was based on 
the case patient’s worsening clinical status, ran-
domized controlled trials are needed to deter-
mine the safety and efficacy of remdesivir and 
any other investigational agents for treatment of 
patients with 2019-nCoV infection.

We report the clinical features of the first 
reported patient with 2019-nCoV infection in the 
United States. Key aspects of this case included 
the decision made by the patient to seek medical 
attention after reading public health warnings 
about the outbreak; recognition of the patient’s 
recent travel history to Wuhan by local providers, 
with subsequent coordination among local, state, 
and federal public health officials; and identifica-
tion of possible 2019-nCoV infection, which al-
lowed for prompt isolation of the patient and sub-
sequent laboratory confirmation of 2019-nCoV, as 
well as for admission of the patient for further 

evaluation and management. This case report 
highlights the importance of clinicians eliciting 
a recent history of travel or exposure to sick con-
tacts in any patient presenting for medical care 
with acute illness symptoms, in order to ensure 
appropriate identification and prompt isolation 
of patients who may be at risk for 2019-nCoV 
infection and to help reduce further transmis-
sion. Finally, this report highlights the need to 
determine the full spectrum and natural history 
of clinical disease, pathogenesis, and duration of 
viral shedding associated with 2019-nCoV infec-
tion to inform clinical management and public 
health decision making.

The findings and conclusions in this report are those of the 
authors and do not necessarily represent the official position of 
the Centers for Disease Control and Prevention.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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departments; staff at the Washington State Department of 
Health Public Health Laboratories and at the Centers for Dis-
ease Control and Prevention (CDC) Division of Viral Disease 
Laboratory; CDC staff at the Emergency Operations Center; and 
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%XW�KRZ�FRXOG�WKH�RUJDQL]DWLRQ�GHFODUH�D�SDQGHPLF�ZKHQ�LWV�RZQ�RIILFLDO�GHILQLWLRQ

UHTXLUHG��VLPXOWDQHRXV�HSLGHPLFV�ZRUOGZLGH�ZLWK�HQRUPRXV�QXPEHUV�RI�GHDWKV�DQG

LOOQHVV���6HYHULW\��WKDW�LV��WKH�QXPEHU�RI�GHDWKV��LV�FUXFLDO��EHFDXVH�HYHU\�\HDU�IOX�FDXVHV

�D�JOREDO�VSUHDG�RI�GLVHDVH��

(DV\��,Q�0D\��LQ�ZKDW�LW�DGPLWWHG�ZDV�D�GLUHFW�UHVSRQVH�WR�WKH�RXWEUHDN�RI�VZLQH�IOX�WKH

PRQWK�EHIRUH��:+2�SURPXOJDWHG�D�QHZ�GHILQLWLRQ�PDWFKHG�WR�VZLQH�IOX�WKDW�VLPSO\

HOLPLQDWHG�VHYHULW\�DV�D�IDFWRU��<RX�FRXOG�QRZ�KDYH�D�SDQGHPLF�ZLWK�]HUR�GHDWKV�

8QGHU�ILUH��WKH�RUJDQL]DWLRQ�LV�EROGO\�O\LQJ�DERXW�WKH�FKDQJH��WR�ZKLFK�DQ\ERG\�ZLWK�DQ

,QWHUQHW�FRQQHFWLRQ�FDQ�DWWHVW��,Q�D�PLG�-DQXDU\�YLUWXDO�FRQIHUHQFH�:+2�VZLQH�IOX

FKLHI�.HLML�)XNXGD�VWDWHG���'LG�:+2�FKDQJH�LWV�GHILQLWLRQ�RI�D�SDQGHPLF"�7KH�DQVZHU�LV

QR��:+2�GLG�QRW�FKDQJH�LWV�GHILQLWLRQ���7ZR�ZHHNV�ODWHU�DW�D�3$&(�FRQIHUHQFH�KH

LQVLVWHG���+DYLQJ�VHYHUH�GHDWKV�KDV�QHYHU�EHHQ�SDUW�RI�WKH�:+2�GHILQLWLRQ��

7KH\�GLG�LW��EXW�ZK\"

,Q�SDUW��LW�ZDV�&<$�IRU�WKH�:+2��7KH�DJHQF\�ZDV�ORVLQJ�FUHGLELOLW\�RYHU�WKH�UHIXVDO�RI

DYLDQ�IOX�+�1��WR�JR�SDQGHPLF�DQG�NLOO�DV�PDQ\�DV�����PLOOLRQ�SHRSOH�ZRUOGZLGH��DV�LWV

:K\�7KH�:+2�)DNHG�$�3DQGHPLF KWWSV���ZZZ�IRUEHV�FRP������������ZRUOG�KHDOWK�RUJDQL]DWLRQ�VZLQH�I���

��RI�� �����������������



$URXQG�WKH�ZRUOG�QDWLRQV�KHHGHG�WKH�ZDUQLQJV�DQG�VSHQW�YDVW�VXPV�GHYHORSLQJ

YDFFLQHV�DQG�PDNLQJ�RWKHU�SUHSDUDWLRQV��6R�ZKHQ�VZLQH�IOX�FRQYHQLHQWO\�WURWWHG�LQ��WKH

:+2�HVVHQWLDOO\�FURVVHG�RXW��DYLDQ���LQVHUWHG��VZLQH���DQG�:+2�'LUHFWRU�*HQHUDO

0DUJDUHW�&KDQ�DUURJDQWO\�ERDVWHG���7KH�ZRUOG�FDQ�QRZ�UHDS�WKH�EHQHILWV�RI�LQYHVWPHQWV

RYHU�WKH�ODVW�ILYH�\HDUV�LQ�SDQGHPLF�SUHSDUHGQHVV��

%XW�WKHUH
V�PRUH�WKDQ�EXUHDXFUDWLF�VHOI�LQWHUHVW�DW�ZRUN�KHUH��%L]DUUHO\�HQRXJK��WKH

:+2�KDV�DOVR�H[SORLWHG�LWV�SKRQ\�SDQGHPLF�WR�SXVK�D�KDUG�OHIW�SROLWLFDO�DJHQGD�

,Q�D�6HSWHPEHU�VSHHFK�:+2�'LUHFWRU�*HQHUDO�&KDQ�VDLG��PLQLVWHUV�RI�KHDOWK��VKRXOG

WDNH�DGYDQWDJH�RI�WKH��GHYDVWDWLQJ�LPSDFW��VZLQH�IOX�ZLOO�KDYH�RQ�SRRUHU�QDWLRQV�WR�JHW

RXW�WKH�PHVVDJH�WKDW��FKDQJHV�LQ�WKH�IXQFWLRQLQJ�RI�WKH�JOREDO�HFRQRP\��DUH�QHHGHG�WR

�GLVWULEXWH�ZHDOWK�RQ�WKH�EDVLV�RI��YDOXHV��OLNH�FRPPXQLW\��VROLGDULW\��HTXLW\�DQG�VRFLDO

MXVWLFH���6KH�IXUWKHU�GHFODUHG�LW�VKRXOG�EH�XVHG�DV�D�ZHDSRQ�DJDLQVW��LQWHUQDWLRQDO

SROLFLHV�DQG�V\VWHPV�WKDW�JRYHUQ�ILQDQFLDO�PDUNHWV��HFRQRPLHV��FRPPHUFH��WUDGH�DQG

IRUHLJQ�DIIDLUV��

&KDQ
V�GUHDP�QRZ�OLHV�LQ�WDWWHUV��$OO�WKH�:+2�KDV�GRQH��VD\V�3$&(
V�:RGDUW��LV�WR

GHVWUR\��PXFK�RI�WKH�FUHGLELOLW\�WKDW�WKH\�VKRXOG�KDYH��ZKLFK�LV�LQYDOXDEOH�WR�XV�LI

WKHUH
V�D�IXWXUH�VFDUH�WKDW�PLJKW�WXUQ�RXW�WR�EH�D�NLOOHU�RQ�D�ODUJH�VFDOH��

0LFKDHO�)XPHQWR�LV�GLUHFWRU�RI�WKH�QRQSURILW�,QGHSHQGHQW�-RXUQDOLVP�3URMHFW��ZKHUH

KH�VSHFLDOL]HV�LQ�KHDOWK�DQG�VFLHQFH�LVVXHV��+H�PD\�EH�UHDFKHG�DW�IXPHQWR#SRER[�FRP�

5HDG�PRUH�)RUEHV�2SLQLRQV�KHUH�

5(/$7('�723,&6

6((�$/62

,�FRYHU�\RXQJ�SHRSOH�GRLQJ�ELJ�WKLQJV

:K\�7KH�:+2�)DNHG�$�3DQGHPLF KWWSV���ZZZ�IRUEHV�FRP������������ZRUOG�KHDOWK�RUJDQL]DWLRQ�VZLQH�I���

��RI�� �����������������



�8SGDWHG������DP�(7��0DUFK����������

7RSOLQH��1RYHO�FRURQDYLUXV�LV�HYHU\ZKHUH²ZLWK�RYHU���������SRVLWLYH�&RYLG����FDVHV

DURXQG�WKH�ZRUOG��WKLV�LV�D�OLVW�RI�FHOHEULWLHV�ZKR�KDYH�DQQRXQFHG�WKH\¶YH�WHVWHG�SRVLWLYH

IRU�LW�

&KULV�&XRPR��7KH�&11�QHZV�DQFKRU�DQG�EURWKHU�RI�1HZ�<RUN�*RYHUQRU

$QGUHZ�&XRPR�DQQRXQFHG�YLD�7ZLWWHU�KH�LV�SRVLWLYH�IRU�&29,'������,Q�KLV�MRE�

KH
V�FRPEDWLYH�DQG�DUJXPHQWDWLYH���EXW�WKDW
V�KLV�MRE��WKDW
V�QRW�ZKR�KH�LV��+H
V�D

UHDOO\�VZHHW��EHDXWLIXO�JX\��DQG�KH
V�P\�EHVW�IULHQG���VDLG�*RYHUQRU�&XRPR�LQ

7XHVGD\¶V�SUHVV�FRQIHUHQFH�

-HII�6KHOO��7KH�&(2�RI�1%&8QLYHUVDO²ZKR�WRRN�RYHU�WKH�H[HFXWLYH�UROH�RI�WKH

QHDUO\�����ELOOLRQ�HQWHUWDLQPHQW�JLDQW�RQ�-DQXDU\��²DQQRXQFHG�KH�KDG�WHVWHG

SRVLWLYH�IRU�&29,'����LQ�DQ�HPDLO�WR�KLV�VWDII�RQ�0DUFK����

3ULQFH�&KDUOHV��7KH����\HDU�ROG�KHLU�WR�WKH�%ULWLVK�WKURQH�WHVWHG�SRVLWLYH�IRU

QRYHO�FRURQDYLUXV�RQ�0DUFK����DQG�LV�VHOI�LVRODWLQJ�LQ�6FRWWLVK�UR\DO�HVWDWH�

DFFRUGLQJ�WR�D�&ODUHQFH�+RXVH�VWDWHPHQW��+LV�ODVW�SXEOLF�HQJDJHPHQW�ZDV�0DUFK

���

+DUYH\�:HLQVWHLQ��7KH�UHFHQWO\�FRQYLFWHG�+ROO\ZRRG�PRJXO��ZKR�LV�VHUYLQJ�D

���\HDU�SULVRQ�VHQWHQFH�IRU�UDSH�DQG�VH[XDO�DVVDXOW�QHDU�%XIIDOR��1HZ�<RUN��ZDV

DQQRXQFHG�SRVLWLYH�IRU�&RURQDYLUXV�RQ�6XQGD\�DQG�LV�GRLQJ�WLPH�LQ�LVRODWLRQ�

5DQG�3DXO��7KH�.HQWXFN\�6HQDWRU�EHFDPH�WKH�ILUVW�VHQDWH�PHPEHU�WR�DQQRXQFH

SRVLWLYH�UHVXOWV�IRU�&2F9,'�����+H¶V�DV\PSWRPDWLF�DQG�VHOI�TXDUDQWLQHG�

&KULVWRSKHU�&��&XRPR
#&KULV&XRPR

:K\�7KH�:+2�)DNHG�$�3DQGHPLF KWWSV���ZZZ�IRUEHV�FRP������������ZRUOG�KHDOWK�RUJDQL]DWLRQ�VZLQH�I���

��RI�� �����������������



$QG\�&RKHQ��%UDYR¶V�³:DWFK�:KDW�+DSSHQV�/LYH´�KRVW�$QG\�&RKHQ

DQQRXQFHG�WR�KLV�����PLOOLRQ�,QVWDJUDP�IROORZHUV�WKDW�KH�KDG�WHVWHG�SRVLWLYH�IRU

&RYLG����RQ�0DUFK����ZLWK�D�VHOILH�DQG�PHVVDJH�WKDQNLQJ�PHGLFDO�SURIHVVLRQDOV�

3ULQFH�$OEHUW�,,�RI�0RQDFR��WHVWHG�SRVLWLYH�\HVWHUGD\��DFFRUGLQJ�WR�D

VWDWHPHQW�IURP�WKH�3DODFH�SDUOD\HG�WR�&11�

.HYLQ�'XUDQW��7KH�%DVNHWEDOO�WXUQHG�LQYHVWRU�PRJXO�DQQRXQFHG�KH�KDG

&RYLG����RQ�0DUFK����

$ULHOOH�&KDUQDV��7KH�VRFLDO�PHGLD�LQIOXHQFHU�DQQRXQFHG�WR�KHU�����PLOOLRQ

IROORZHUV�RQ�:HGQHVGD\�WKDW�VKH�ZDV�H[SHULHQFLQJ�V\PSWRPV�RI�FRURQDYLUXV�

6KH�WHVWHG�SRVLWLYH�RQ�:HGQHVGD\��DQG�GRFXPHQWHG�WKH�H[SHULHQFH�RQ

,QVWDJUDP�

6HQDWRU�5DQG�3DXO
#5DQG3DXO

6HQDWRU�5DQG�3DXO�KDV�WHVWHG�SRVLWLYH�IRU�&29,'�����+H�LV�
IHHOLQJ�ILQH�DQG�LV�LQ�TXDUDQWLQH��+H�LV�DV\PSWRPDWLF�DQG�ZDV�
WHVWHG�RXW�RI�DQ�DEXQGDQFH�RI�FDXWLRQ�GXH�WR�KLV�H[WHQVLYH�WUDYHO�
DQG�HYHQWV��+H�ZDV�QRW�DZDUH�RI�DQ\�GLUHFW�FRQWDFW�ZLWK�DQ\�
LQIHFWHG�SHUVRQ�

����. ������30���0DU���������

����.�SHRSOH�DUH�WDONLQJ�DERXW�WKLV

EUDYRDQG\
���P�IROORZHUV 9LHZ�3URILOH

9LHZ�0RUH�RQ�,QVWDJUDP

��������OLNHV

$GG�D�FRPPHQW���

:K\�7KH�:+2�)DNHG�$�3DQGHPLF KWWSV���ZZZ�IRUEHV�FRP������������ZRUOG�KHDOWK�RUJDQL]DWLRQ�VZLQH�I���

��RI�� �����������������



,GULV�(OED��7KH�DFWRU�EHVW�NQRZQ�IRU�KLV�UROHV�LQ�79�VKRZV�³7KH�:LUH´��³/XWKHU´

DQG�IRU�SOD\LQJ�1HOVRQ�0DQGHOD�LQ�1HOVRQ�0DQGHOD��/RQJ�:DON�WR�)UHHGRP�

DQQRXQFHG�RQ�7ZLWWHU�WKDW�KH�WHVWHG�SRVLWLYH�IRU�&RYLG�����7KRXJK�KH�ERUH�QR

V\PSWRPV��KH�FDPH�LQWR�FRQWDFW�ZLWK�VRPHRQH�ZKR�WHVWHG�SRVLWLYH�RQ�7XHVGD\�

DQG�WKXV�WKH�DFWRU�VRXJKW�WKH�WHVW��DFFRUGLQJ�WR�&11��

.ULVWRIHU�+LYMX��3HUKDSV�EHVW�NQRZQ�DV�7RUPXQG�*LDQWVEDQH��WKH�*DPH�RI

7KURQHV�VWDU�WHVWHG�SRVLWLYH�IRU�&RYLG����RQ�0DUFK����ZLWK�DQ�,QVWDJUDP�SRVW�

9LHZ�0RUH�RQ�,QVWDJUDP

��������OLNHV

,GULV�(OED
#LGULVHOED

7KLV�PRUQLQJ�,�WHVWHG�SRVLWLYH�IRU�&RYLG�����,�IHHO�RN��,�KDYH�QR�
V\PSWRPV�VR�IDU�EXW�KDYH�EHHQ�LVRODWHG�VLQFH�,�IRXQG�RXW�DERXW�
P\�SRVVLEOH�H[SRVXUH�WR�WKH�YLUXV���6WD\�KRPH�SHRSOH�DQG�EH�
SUDJPDWLF��,�ZLOO�NHHS�\RX�XSGDWHG�RQ�KRZ�,¶P�GRLQJ� �1R�
SDQLF�

:K\�7KH�:+2�)DNHG�$�3DQGHPLF KWWSV���ZZZ�IRUEHV�FRP������������ZRUOG�KHDOWK�RUJDQL]DWLRQ�VZLQH�I���

��RI�� �����������������



2OJD�.XU\OHQNR��%RQG�JLUO�.XU\OHQNR�WHVWHG�SRVLWLYH�IRU�WKH�YLUXV�ILYH�GD\V�DJR

�'RQRYDQ�0LWFKHOO��$�8WDK�-D]]�WHDPPDWH�RI�HDUO\�&RYLG����5XG\�*REHUW�

DQQRXQFHG�WKDW�KH�KDG�WHVWHG�SRVLWLYH�IRU�WKH�YLUXV��GHVSLWH�H[SHULHQFLQJ�QR

V\PSWRPV�

6RSKLH�*UHJRLUH�7UXGHDX��7KH�&DQDGLDQ�3ULPH�0LQLVWHU¶V�ZLIH�WHVWHG

SRVLWLYH�IRU�QRYHO�FRURQDYLUXV�VL[�GD\V�DJR��DQG�-XVWLQ�7UXGHDX�DQQRXQFHG�KH

ZRXOG�JR�LQWR����GD\V�RI�VHOI�LVRODWLRQ�WR�SUHYHQW�WKH�VSUHDG�

)UDQFLV�6XDUH]��7KH�PD\RU�RI�0LDPL�DQQRXQFHG�WKDW�KH�WHVWHG�SRVLWLYH�IRU

QRYHO�FRURQDYLUXV�ODVW�7KXUVGD\�DQG�SRVWHG�WKLV�RSLQLRQ�SLHFH�RQ�WKH�1HZ�<RUN

7LPHV��GLVFXVVLQJ�KLV�LVRODWLRQ�IURP�KLV�ZLIH�DQG�FKLOGUHQ�DQG�GHFLVLRQ�WR�VKXW

UHVWDXUDQWV��QLJKWFOXEV�HWF��DPLG�WKH�FRURQDYLUXV�FULVLV��VD\LQJ��³:KLOH�WKLV�PD\

VHHP�LQFRQYHQLHQW�LQ�WKH�VKRUW�WHUP��LW�FDQ�PDNH�DOO�WKH�GLIIHUHQFH�LQ�WKH�ORQJ

UXQ��:H�PXVW�SUDFWLFH�VRFLDO�LVRODWLRQ�QRZ�WR�IODWWHQ�WKH�FXUYH�´

5XG\�*REHUW���7KH�8WDK�-D]]�SOD\HU�WHVWHG�SRVLWLYH�IRU�&29,'����RQ�0DUFK����

D�NH\�IDFWRU�LQ�WKH�1%$¶V�KLDWXV�

7RP�+DQNV��5LWD�:LOVRQ��%RWK�WHVWHG�SRVLWLYH�RQ�0DUFK�����EHFRPLQJ�WKH

ILUVW�+ROO\ZRRG�D�OLVWHUV�WR�FRQILUP�WKH\�KDG�WKH�YLUXV

9LHZ�0RUH�RQ�,QVWDJUDP

��������OLNHV

$GG�D�FRPPHQW���

:K\�7KH�:+2�)DNHG�$�3DQGHPLF KWWSV���ZZZ�IRUEHV�FRP������������ZRUOG�KHDOWK�RUJDQL]DWLRQ�VZLQH�I���

��RI�� �����������������



%DFNJURXQG��&HOHEULWLHV�DQG�ZHDOWK\�SHRSOH�KDYH�D�VLJQLILFDQWO\�HDVLHU�WLPH�DFFHVVLQJ

FRURQDYLUXV�WHVWLQJ��DFFRUGLQJ�WR�7KH�1HZ�<RUN�7LPHV��7KH�VKRUWDJH�DQG�IDLOXUHV�RI

&RYLG����WHVWLQJ�KDV�EHHQ�ZHOO�GRFXPHQWHG�E\�QDWLRQDO�PHGLD�DQG�LQGLYLGXDOV�RQ�VRFLDO

PHGLD��

6HQG�PH�D�VHFXUH�WLS��

9LHZ�0RUH�RQ�,QVWDJUDP

����������OLNHV

$GG�D�FRPPHQW���

:K\�7KH�:+2�)DNHG�$�3DQGHPLF KWWSV���ZZZ�IRUEHV�FRP������������ZRUOG�KHDOWK�RUJDQL]DWLRQ�VZLQH�I���
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�ŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�ŽĨ��Ks/�Ͳϭϵ�ƉĂƚŝĞŶƚƐ�ĚǇŝŶŐ�ŝŶ�/ƚĂůǇ
ZĞƉŽƌƚ�ďĂƐĞĚ�ŽŶ�ĂǀĂŝůĂďůĞ�ĚĂƚĂ�ŽŶ�DĂƌĐŚ�ϮϬƚŚ͕�ϮϬϮϬ

ϭ͘ ^ĂŵƉůĞ�

dŚĞ� ƉƌĞƐĞŶƚ� ƌĞƉŽƌƚ� ĚĞƐĐƌŝďĞƐ� ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ� ŽĨ� ϯϮϬϬ �Ks/�Ͳϭϵ� ƉĂƚŝĞŶƚƐ� ĚǇŝŶŐ� ŝŶ� /ƚĂůǇ͘Ύ� 'ĞŽŐƌĂƉŚŝĐ�
ĚŝƐƚƌŝďƵƚŝŽŶ�ĂĐƌŽƐƐ� ƚŚĞ�ϭϵ� ƌĞŐŝŽŶƐ� ĂŶĚ�Ϯ�ĂƵƚŽŶŽŵŽƵƐ�ƉƌŽǀŝŶĐĞƐ�ŽĨ� dƌĞŶƚŽ�ĂŶĚ��ŽǌĞŶ ŝƐ�ƉƌĞƐĞŶƚĞĚ� ŝŶ� ƚŚĞ�
ƚĂďůĞ�ďĞůŽǁ͘��ĂƚĂ�ĂƌĞ�ƵƉĚĂƚĞ�ƚŽ�DĂƌĐŚ�ϮϬƚŚ͕�ϮϬϮϬ͘

Z�'/KE^ E й

�ďƌƵǌǌŽ ϳ Ϭ͘Ϯ
�ŽůǌĂŶŽ ϭϰ Ϭ͘ϰ
�ĂůĂďƌŝĂ ϭ Ϭ͘Ϭ
�ĂŵƉĂŶŝĂ ϭϳ Ϭ͘ϱ
�ŵŝůŝĂͲZŽŵĂŐŶĂ ϱϮϰ ϭϲ͘ϰ
&ƌŝƵůŝͲsĞŶĞǌŝĂ�'ŝƵůŝĂ ϯϱ ϭ͘ϭ
>ĂǌŝŽ ϯϭ ϭ͘Ϭ
>ŝŐƵƌŝĂ ϵϬ Ϯ͘ϴ
>ŽŵďĂƌĚŝĂ Ϯϭϳϱ ϲϴ͘Ϭ
DĂƌĐŚĞ ϯϲ ϭ͘ϭ
DŽůŝƐĞ ϯ Ϭ͘ϭ
WŝĞŵŽŶƚĞ ϲϵ Ϯ͘Ϯ
WƵŐůŝĂ Ϯϳ Ϭ͘ϴ
^ĂƌĚĞŐŶĂ Ϯ Ϭ͘ϭ
^ŝĐŝůŝĂ ϯ Ϭ͘ϭ
dŽƐĐĂŶĂ ϭϰ Ϭ͘ϰ
dƌĞŶƚŽ ϭϮ Ϭ͘ϰ
hŵďƌŝĂ ϰ Ϭ͘ϭ
sĞŶĞƚŽ ϭϯϲ ϰ͘ϯ

dŽƚĂů ϯϮϬϬ ϭϬϬ͘Ϭ

Ύ �Ks/�Ͳϭϵ�ƌĞůĂƚĞĚ�ĚĞĂƚŚƐ�ƉƌĞƐĞŶƚĞĚ�ŝŶ�ƚŚŝƐ�ƌĞƉŽƌƚ�ĂƌĞ�ƚŚŽƐĞ�ŽĐĐƵƌƌŝŶŐ�ŝŶ�ƉĂƚŝĞŶƚƐ�ǁŚŽ�ƚĞƐƚ�ƉŽƐŝƚŝǀĞ�ĨŽƌ�
^�Z^�ŽsͲϮ�Zd�ďǇ�W�Z͕�ŝŶĚĞƉĞŶĚĞŶƚůǇ�ĨƌŽŵ�ƉƌĞͲĞǆŝƐƚŝŶŐ�ĚŝƐĞĂƐĞƐ͘



Ϯ͘ �ĞŵŽŐƌĂƉŚŝĐƐ

DĞĂŶ� ĂŐĞ� ŽĨ� ƉĂƚŝĞŶƚƐ� ĚǇŝŶŐ� ĨŽƌ� �Ks/�ͲϮϬϭϵ� ŝŶĨĞĐƚŝŽŶ� ǁĂƐ� ϳϴ͘ϱ ;ŵĞĚŝĂŶ� ϴϬ͕� ƌĂŶŐĞ� ϯϭͲϭϬϯ͕� /YZ� ϳϯ ͲϴϱͿ͘�
tŽŵĞŶ�ǁĞƌĞ�ϵϰϮ ;Ϯϵ͘ϰйͿ͘�&ŝŐƵƌĞ�ϭ ƐŚŽǁƐ�ƚŚĂƚ�ŵĞĚŝĂŶ�ĂŐĞ�ŽĨ�ƉĂƚŝĞŶƚƐ�ĚǇŝŶŐ�ĨŽƌ��Ks/�ͲϮϬϭϵ�ŝŶĨĞĐƚŝŽŶ�ǁĂƐ�
ŵŽƌĞ� ƚŚĂŶ� ϭϱ� ǇĞĂƌƐ� ŚŝŐŚĞƌ� ĂƐ� ĐŽŵƉĂƌĞĚ�ǁŝƚŚ� ƚŚĞ� ŶĂƚŝŽŶĂů� ƐĂŵƉůĞ� ĚŝĂŐŶŽƐĞĚ�ǁŝƚŚ� �Ks/�ͲϮϬϭϵ� ŝŶĨĞĐƚŝŽŶ�
;ŵĞĚŝĂŶ� ĂŐĞ� ϲϯ ǇĞĂƌƐͿ͘� &ŝŐƵƌĞ� Ϯ ƐŚŽǁƐ� ƚŚĞ� ĂďƐŽůƵƚĞ� ŶƵŵďĞƌ� ŽĨ� ĚĞĂƚŚƐ� ďǇ� ĂŐĞ� ŐƌŽƵƉ͘�tŽŵĞŶ� ĚǇŝŶŐ� ĨŽƌ�
�Ks/�ͲϮϬϭϵ�ŝŶĨĞĐƚŝŽŶ�ŚĂĚ�ĂŶ�ŽůĚĞƌ�ĂŐĞ�ƚŚĂŶ�ŵĞŶ�;ŵĞĚŝĂŶ�ĂŐĞ�ǁŽŵĞŶ�ϴϮ Ͳ ŵĞĚŝĂŶ�ĂŐĞ�ŵĞŶ�ϳϵͿ͘�

&ŝŐƵƌĞ�ϭ͘DĞĚŝĂŶ�ĂŐĞ�ŽĨ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ��Ks/�ͲϮϬϭϵ�ŝŶĨĞĐƚŝŽŶ�ĂŶĚ��Ks/�Ͳϭϵ�ƉŽƐŝƚŝǀĞ�ĚĞĐĞĂƐĞĚ�ƉĂƚŝĞŶƚƐ

&ŝŐƵƌĞ Ϯ͘ �ďƐŽůƵƚĞ�ŶƵŵďĞƌ�ŽĨ�ĚĞĂƚŚƐ�ďǇ�ĂŐĞ�ŐƌŽƵƉ

Ϭ ϮϬ ϰϬ ϲϬ ϴϬ ϭϬϬ ϭϮϬ
DĞĚŝĂŶ�ĂŐĞ�;ǇĞĂƌƐͿ

�Ks/�ϭϵͲ�ŝĂŐŶŽƐĞĚ

�Ks/�ϭϵͲ�ĞĂƚŚƐ

Ϯ ϵ Ϯϱ ϲϮ

Ϯϱϳ

ϰϮϱ

ϭϲϮ

ϳ ϭϴ ϲϴ

Ϯϲϳ

ϴϳϳ ϴϴϰ

ϭϯϲ
ϵ Ϯϳ

ϵϯ

ϯϮϵ

ϭϭϯϰ

ϭϯϬϵ

Ϯϵϴ

Ϭ

ϮϬϬ

ϰϬϬ

ϲϬϬ

ϴϬϬ

ϭϬϬϬ

ϭϮϬϬ

ϭϰϬϬ

ϯϬͲϯϵ ϰϬͲϰϵ ϱϬͲϱϵ ϲϬͲϲϵ ϳϬͲϳϵ ϴϬͲϴϵ ϵϬн

tŽŵĞŶ

DĞŶ

�ůů



ϯ͘ WƌĞͲĞǆŝƐƚŝŶŐ�ĐŽŶĚŝƚŝŽŶƐ

dĂďůĞ� ϭ ƉƌĞƐĞŶƚƐ�ŵŽƐƚ� ĐŽŵŵŽŶ� ĐŽŵŽƌďŝĚŝƚŝĞƐ� ĚŝĂŐŶŽƐĞĚ�ďĞĨŽƌĞ� �Ks/�ͲϮϬϭϵ� ŝŶĨĞĐƚŝŽŶ͘��ĂƚĂ� ŽŶ� ĚŝƐĞĂƐĞƐ�
ǁĞƌĞ� ďĂƐĞĚ� ŽŶ� ĐŚĂƌƚ� ƌĞǀŝĞǁ� ĂŶĚ� ǁĂƐ� ĂǀĂŝůĂďůĞ� ŽŶ� ϰϴϭͬϯϮϬϬ ƉĂƚŝĞŶƚƐ� ĚǇŝŶŐ� ŝŶͲŚŽƐƉŝƚĂů� ;ϭϱ͘Ϭй ŽĨ� ƚŚĞ�
ƐĂŵƉůĞͿ͘�DĞĂŶ�ŶƵŵďĞƌ�ŽĨ�ĚŝƐĞĂƐĞƐ�ǁĂƐ�Ϯ͘ϳ ;ŵĞĚŝĂŶ�Ϯ͕�^��ϭ͘ϲͿ͘�KǀĞƌĂůů͕�ϭ͘Ϯй�ŽĨ�ƚŚĞ�ƐĂŵƉůĞ�ƉƌĞƐĞŶƚĞĚ�ǁŝƚŚ�
Ă�ŶŽ�ĐŽŵŽƌďŝĚŝƚŝĞƐ͕�Ϯϯ͘ϱй�ǁŝƚŚ�Ă�ƐŝŶŐůĞ ĐŽŵŽƌďŝĚŝƚǇ͕�Ϯϲ͘ϲй�ǁŝƚŚ�Ϯ͕�ĂŶĚ�ϰϴ͘ϲй�ǁŝƚŚ ϯ�Žƌ�ŵŽƌĞ͘

dĂďůĞ�ϭ͘DŽƐƚ�ĐŽŵŵŽŶ�ĐŽŵŽƌďŝĚŝƚŝĞƐ�ŽďƐĞƌǀĞĚ�ŝŶ��Ks/�Ͳϭϵ�ƉŽƐŝƚŝǀĞ�ĚĞĐĞĂƐĞĚ�ƉĂƚŝĞŶƚƐ

�ŝƐĞĂƐĞƐ E й

ƐĐŚĞŵŝĐ�ŚĞĂƌƚ�ĚŝƐĞĂƐĞ ϭϰϱ ϯϬ͘ϭ

�ƚƌŝĂů�&ŝďƌŝůůĂƚŝŽŶ ϭϬϲ ϮϮ͘Ϭ

^ƚƌŽŬĞ ϱϰ ϭϭ͘Ϯ

,ǇƉĞƌƚĞŶƐŝŽŶ ϯϱϱ ϳϯ͘ϴ

�ŝĂďĞƚĞƐ ϭϲϯ ϯϯ͘ϵ

�ĞŵĞŶƚŝĂ ϱϳ ϭϭ͘ϵ

�KW� ϲϲ ϭϯ͘ϳ

�ĐƚŝǀĞ�ĐĂŶĐĞƌ�ŝŶ�ƚŚĞ�ƉĂƐƚ�ϱ�ǇĞĂƌƐ ϵϰ ϭϵ͘ϱ

�ŚƌŽŶŝĐ�ůŝǀĞƌ�ĚŝƐĞĂƐĞ ϭϴ ϯ͘ϳ

�ŚƌŽŶŝĐ�ƌĞŶĂů�ĨĂŝůƵƌĞ ϵϳ ϮϬ͘Ϯ

EƵŵďĞƌ�ŽĨ�ĐŽŵŽƌďŝĚŝƚŝĞƐ

Ϭ�ĐŽŵŽƌďŝĚŝƚŝĞƐ ϲ ϭ͘Ϯ

ϭ�ĐŽŵŽƌďŝĚŝƚǇ ϭϭϯ Ϯϯ͘ϱ

Ϯ�ĐŽŵŽƌďŝĚŝƚŝĞƐ ϭϮϴ Ϯϲ͘ϲ

ϯ�ĐŽŵŽƌďŝĚŝƚŝĞƐ ĂŶĚ�ŽǀĞƌ Ϯϯϰ ϰϴ͘ϲ



ϰ͘ ^ǇŵƉƚŽŵƐ

&ŝŐƵƌĞ�ϯ ƐŚŽǁƐ�ƐǇŵƉƚŽŵƐ�ŵŽƐƚ�ĐŽŵŵŽŶůǇ�ŽďƐĞƌǀĞĚ�Ăƚ�ŚŽƐƉŝƚĂů�ĂĚŵŝƐƐŝŽŶ͘ &ĞǀĞƌ�ĂŶĚ�ĚǇƐƉŶŽĞĂ ǁĞƌĞ�ƚŚĞ�
ŵŽƐƚ� ĐŽŵŵŽŶůǇ� ŽďƐĞƌǀĞĚ� ƐǇŵƉƚŽŵƐ͕� ǁŚŝůĞ� ĐŽƵŐŚ͕� ĚŝĂƌƌŚŽĞĂ ĂŶĚ� ŚĂĞŵŽƉƚǇƐŝƐ ǁĞƌĞ� ůĞƐƐ� ĐŽŵŵŽŶůǇ�
ŽďƐĞƌǀĞĚ͘�KǀĞƌĂůů͕�ϱ͘ϳй�ŽĨ�ƉĂƚŝĞŶƚƐ�ĚŝĚ�ŶŽƚ�ƉƌĞƐĞŶƚ�ĂŶǇ�ƐǇŵƉƚŽŵƐ Ăƚ�ŚŽƐƉŝƚĂů�ĂĚŵŝƐƐŝŽŶ͘

&ŝŐƵƌĞ ϯ͘�DŽƐƚ�ĐŽŵŵŽŶ�ƐǇŵƉƚŽŵƐ�ŽďƐĞƌǀĞĚ�ŝŶ��Ks/�Ͳϭϵ�ƉŽƐŝƚŝǀĞ�ĚĞĐĞĂƐĞĚ�ƉĂƚŝĞŶƚƐ

ϱ͘ �ĐƵƚĞ�ĐŽŶĚŝƚŝŽŶƐ

�ĐƵƚĞ� ZĞƐƉŝƌĂƚŽƌǇ� �ŝƐƚƌĞƐƐ� ƐǇŶĚƌŽŵĞ ǁĂƐ� ŽďƐĞƌǀĞĚ� ŝŶ� ƚŚĞ� ŵĂũŽƌŝƚǇ� ŽĨ� ƉĂƚŝĞŶƚƐ� ;ϵϲ͘ϱй ŽĨ� ĐĂƐĞƐͿ͕
ĨŽůůŽǁĞĚ� ďǇ� ĂĐƵƚĞ� ƌĞŶĂů� ĨĂŝůƵƌĞ� ;Ϯϵ͘ϮйͿ͘� �ĐƵƚĞ� ĐĂƌĚŝĂĐ� ŝŶũƵƌǇ� ǁĂƐ� ŽďƐĞƌǀĞĚ� ŝŶ� ϭϬ͘ϰй� ŽĨ� ĐĂƐĞƐ� ĂŶĚ�
ƐƵƉĞƌŝŶĨĞĐƚŝŽŶ�ŝŶ�ϴ͘ϱй͘

ϲ͘ dƌĞĂƚŵĞŶƚƐ

�ŶƚŝďŝŽƚŝĐƐ�ǁĞƌĞ ƵƐĞĚ�ďǇ�ϴϰй�ŽĨ�ƉĂƚŝĞŶƚƐ ĚƵƌŝŶŐ�ŚŽƐƉŝƚĂů� ƐƚĂǇ͕�ǁŚŝůĞ� ůĞƐƐ�ƵƐĞĚ�ǁĞƌĞ�ĂŶƚŝǀŝƌĂůƐ ;ϱϰйͿ ĂŶĚ�
ĐŽƌƚŝĐŽƐƚĞƌŽŝĚƐ ;ϯϭйͿ͘��ŽŶĐŽŵŝƚĂŶƚ�ƵƐĞ�ŽĨ�ƚŚĞƐĞ�ϯ ƚƌĞĂƚŵĞŶƚƐ�ǁĂƐ�ŽďƐĞƌǀĞĚ�ŝŶ�ϭϴ͘ϲй ŽĨ�ĐĂƐĞƐ͘

�ĞĨŽƌĞ� ŚŽƐƉŝƚĂůŝǌĂƚŝŽŶ͕� ϯϲй�ŽĨ� �Ks/�Ͳϭϵ� ƉŽƐŝƚŝǀĞ� ĚĞĐĞĂƐĞĚ� ƉĂƚŝĞŶƚƐ� ĨŽůůŽǁĞĚ����ͲŝŶŚŝďŝƚŽƌ� ƚŚĞƌĂƉǇ� ĂŶĚ�
ϭϲй�ĂŶŐŝŽƚĞŶƐŝŶ�ƌĞĐĞƉƚŽƌ�ďůŽĐŬĞƌƐͲ�Z�Ɛ�ƚŚĞƌĂƉǇ͘�dŚŝƐ� ŝŶĨŽƌŵĂƚŝŽŶ�ĐĂŶ�ďĞ�ƵŶĚĞƌĞƐƚŝŵĂƚĞĚ�ďĞĐĂƵƐĞ�ĚĂƚĂ�
ŽŶ�ĚƌƵŐ�ƚƌĞĂƚŵĞŶƚ�ďĞĨŽƌĞ�ĂĚŵŝƐƐŝŽŶ�ǁĞƌĞ�ŶŽƚ�ĂůǁĂǇƐ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ƚŚĞ�ĐŚĂƌƚ͘�

ϳϲ

ϰϬ

ϳϯ

ϴ

ϭ

Ϭ ϮϬ ϰϬ ϲϬ ϴϬ ϭϬϬ

,ĞŵŽƉƚǇƐŝƐ

�ŝĂƌƌŚĞĂ

�ǇƐƉŶŽĞĂ

�ŽƵŐŚ

&ĞǀĞƌ

;йͿ



ϳ͘ dŝŵĞͲůŝŶĞ

&ŝŐƵƌĞ� ϰ ƐŚŽǁƐ͕� ĨŽƌ� �Ks/�Ͳϭϵ� ƉŽƐŝƚŝǀĞ� ĚĞĐĞĂƐĞĚ� ƉĂƚŝĞŶƚƐ͕� ƚŚĞ�ŵĞĚŝĂŶ� ƚŝŵĞƐ͕� ŝŶ� ĚĂǇƐ͕� ĨƌŽŵ� ƚŚĞ� ŽŶƐĞƚ� ŽĨ�
ƐǇŵƉƚŽŵƐ� ƚŽ� ĚĞĂƚŚ� ;ϴ� ĚĂǇƐͿ͕� ĨƌŽŵ� ƚŚĞ� ŽŶƐĞƚ� ŽĨ� ƐǇŵƉƚŽŵƐ� ƚŽ� ŚŽƐƉŝƚĂůŝǌĂƚŝŽŶ� ;ϰ ĚĂǇƐͿ� ĂŶĚ� ĨƌŽŵ�
ŚŽƐƉŝƚĂůŝǌĂƚŝŽŶ� ƚŽ�ĚĞĂƚŚ� ;ϰ�ĚĂǇƐͿ͘�dŚĞ� ƚŝŵĞ� ĨƌŽŵ�ŚŽƐƉŝƚĂůŝǌĂƚŝŽŶ� ƚŽ�ĚĞĂƚŚ�ǁĂƐ�ϭ�ĚĂǇ� ůŽŶŐĞƌ� ŝŶ� ƚŚŽƐĞ�ǁŚŽ�
ǁĞƌĞ�ƚƌĂŶƐĨĞƌƌĞĚ�ƚŽ�ŝŶƚĞŶƐŝǀĞ�ĐĂƌĞ�ƚŚĂŶ�ƚŚŽƐĞ�ǁŚŽ�ǁĞƌĞ�ŶŽƚ�ƚƌĂŶƐĨĞƌƌĞĚ�;ϱ�ĚĂǇƐ�ǀƐ͘��ϰ�ĚĂǇƐͿ͘

&ŝŐƵƌĞ�ϱ͘�DĞĚŝĂŶ�ŚŽƐƉŝƚĂůŝǌĂƚŝŽŶ�ƚŝŵĞƐ�;ŝŶ�ĚĂǇƐͿ�ŝŶ��Ks/�Ͳϭϵ�ƉŽƐŝƚŝǀĞ�ĚĞĐĞĂƐĞĚ�ƉĂƚŝĞŶƚƐ

ϴ͘ �ĞĂƚŚƐ�ƵŶĚĞƌ�ƚŚĞ�ĂŐĞ�ŽĨ�ϱϬ�ǇĞĂƌƐ

dŽ�ĚĂƚĞ�;DĂƌĐŚ�ƚŚĞ�ϮϬƚŚͿ͕�ϯϲ�ŽĨ�ϯϮϬϬ�;ϭ͘ϭйͿ��Ks/�Ͳϭϵ�ƉŽƐŝƚŝǀĞ�ƉĂƚŝĞŶƚƐ�ƵŶĚĞƌ�ƚŚĞ�ĂŐĞ�ŽĨ�ϱϬ�ŚĂǀĞ�ĚŝĞĚ͘�/Ŷ�
ƉĂƌƚŝĐƵůĂƌ͕�ϵ�ŽĨ�ƚŚĞƐĞ�ǁĞƌĞ�ǇŽƵŶŐĞƌ ƚŚĂŶ�ϰϬ�ǇĞĂƌƐ͕�ϴ�ŵĞŶ�ĂŶĚ�ϭ�ǁŽŵĂŶ ;ĂŐĞ�ƌĂŶŐĞ�ďĞƚǁĞĞŶ�ϯϭ�ĂŶĚ�ϯϵ�
ǇĞĂƌƐͿ͘�&Žƌ�Ϯ�ƉĂƚŝĞŶƚƐ�ƵŶĚĞƌ�ƚŚĞ�ĂŐĞ�ŽĨ�ϰϬ�ǇĞĂƌƐ͕�ŶŽ�ĐůŝŶŝĐĂů�ŝŶĨŽƌŵĂƚŝŽŶ�ŝƐ�ĂǀĂŝůĂďůĞ͖�ƚŚĞ�ƌĞŵĂŝŶŝŶŐ�ϳ�ŚĂĚ�
ƐĞƌŝŽƵƐ�ƉƌĞͲĞǆŝƐƚŝŶŐ�ƉĂƚŚŽůŽŐŝĞƐ�;ĐĂƌĚŝŽǀĂƐĐƵůĂƌ͕�ƌĞŶĂů͕�ƉƐǇĐŚŝĂƚƌŝĐ�ƉĂƚŚŽůŽŐŝĞƐ͕�ĚŝĂďĞƚĞƐ͕�ŽďĞƐŝƚǇͿ͘

dŚŝƐ�ƌĞƉŽƌƚ�ǁĂƐ�ƉƌŽĚƵĐĞĚ�ďǇ��Ks/�Ͳϭϵ�^ƵƌǀĞŝůůĂŶĐĞ�'ƌŽƵƉ

DĞŵďĞƌƐ�ŽĨ�ƚŚĞ��Ks/�Ͳϭϵ�^ƵƌǀĞŝůůĂŶĐĞ�'ƌŽƵƉ

>ƵŝŐŝ�WĂůŵŝĞƌŝ͕�yĂŶƚŚŝ��ŶĚƌŝĂŶŽƵ͕��ŶƚŽŶŝŶŽ��ĞůůĂ͕�^ƚĞĨĂŶŝĂ��ĞůůŝŶŽ͕�^ƚĞĨĂŶŽ��ŽƌŽƐ͕�DĂƌĐŽ��ĂŶĞǀĞůůŝ͕�DĂƌŝĂ�
ZŝƚĂ� �ĂƐƚƌƵĐĐŝ͕� �ůĞƐƐĂŶĚƌĂ� �ŝĞƌǀŽ͕� &ŽƌƚƵŶĂƚŽ� �Ζ�ŶĐŽŶĂ͕� DĂƌƚŝŶĂ� �Ğů� DĂŶƐŽ͕� �ŚŝĂƌĂ� �ŽŶĨƌĂŶĐĞƐĐŽ͕�
DĂƐƐŝŵŽ� &ĂďŝĂŶŝ͕� �ŶƚŽŶŝĞƚƚĂ� &ŝůŝĂ͕� �ŝŶǌŝĂ� >Ž� EŽĐĞ͕� �ůďĞƌƚŽ� DĂƚĞŽ� hƌĚŝĂůĞƐ͕� 'ƌĂǌŝĂŶŽ� KŶĚĞƌ͕� WĂƚƌŝǌŝŽ�
WĞǌǌŽƚƚŝ͕�KƌŶĞůůĂ�WƵŶǌŽ͕� sĂůĞƌŝĂ� ZĂƉĂƌĞůůŝ͕� 'ŝŽǀĂŶŶŝ�ZĞǌǌĂ͕� &ůĂǀŝĂ� ZŝĐĐĂƌĚŽ͕�DĂƌŝĂ� �ƌŝƐƚŝŶĂ� ZŽƚĂ͕� �ŶĚƌĞĂ�
^ŝĚĚƵ͕�WĂŽůĂ�^ƚĞĨĂŶĞůůŝ͕��ƌŝŐŝĚ�hŶŝŵ͕�EŝĐŽůĂ�sĂŶĂĐŽƌĞ͕�^ŝůǀŝŽ��ƌƵƐĂĨĞƌƌŽ͘

ϱ

ϰ

ϰ

ϰ

ϴ

Ϭ ϱ ϭϬ ϭϱ

KŶƐĞƚ�ŽĨ�ƐǇŵƉƚŽŵƐ�ͲͲх��ĞĂƚŚ

KŶƐĞƚ�ŽĨ�ƐǇŵƉƚŽŵƐ�ͲͲх�ŚŽƐƉŝƚĂůŝǌĂƚŝŽŶ

,ŽƐƉŝƚĂůŝǌĂƚŝŽŶ�ͲͲх��ĞĂƚŚ

,ŽƐƉŝƚĂůŝǌĂƚŝŽŶ�ͲͲх��ĞĂƚŚ�;EK�/�hͿ

,ŽƐƉŝƚĂůŝǌĂƚŝŽŶ�ͲͲх��ĞĂƚŚ�;z�^�/�hͿ

DĞĚŝĂŶ�ŶƵŵďĞƌ�ŽĨ�ĚĂǇƐ



 
 
European Mortality Bulletin, week 13, 2020: 
 
Pooled estimates from the EuroMOMO network show excess all-cause mortality, overall, for the 
participating countries; however, this pooled excess mortality is driven by a particularly high excess 
mortality in some countries, primarily seen in the age group of 65 years and above.   
 
Data from 24 participating countries or regions were included in this week’s pooled analysis of all-
cause mortality in Europe. 
 
The number of deaths in the recent weeks should be interpreted with caution as adjustments for delayed registrations may be 

imprecise. Furthermore, results of pooled analyses may vary depending on countries included in the weekly analyses. Pooled 

analyses are adjusted for variation between the included countries and for differences in the local delay in reporting. Further details 

are available on http://www.euromomo.eu. 

 

 



 

 
 



 

 



*29�8.
���+RPH��KWWSV���ZZZ�JRY�XN��
���+HDOWK�SURWHFWLRQ��KWWSV���ZZZ�JRY�XN�WRSLF�KHDOWK�SURWHFWLRQ�
���,QIHFWLRXV�GLVHDVHV��KWWSV���ZZZ�JRY�XN�WRSLF�KHDOWK�SURWHFWLRQ�LQIHFWLRXV�GLVHDVHV�

*XLGDQFH

+LJK�FRQVHTXHQFH�LQIHFWLRXV�GLVHDVHV��+&,'�
*XLGDQFH�DQG�LQIRUPDWLRQ�DERXW�KLJK�FRQVHTXHQFH�LQIHFWLRXV�GLVHDVHV�DQG�WKHLU�PDQDJHPHQW�LQ�(QJODQG�

3XEOLVKHG����2FWREHU�����
/DVW�XSGDWHG����0DUFK������²�VHH�DOO�XSGDWHV

)URP�
3XEOLF�+HDOWK�(QJODQG��KWWSV���ZZZ�JRY�XN�JRYHUQPHQW�RUJDQLVDWLRQV�SXEOLF�KHDOWK�HQJODQG�

&RQWHQWV

6WDWXV�RI�&29,'���
'HILQLWLRQ�RI�+&,'
&ODVVLILFDWLRQ�RI�+&,'V
/LVW�RI�KLJK�FRQVHTXHQFH�LQIHFWLRXV�GLVHDVHV
+&,'V�LQ�WKH�8.
+&,'�ULVNV�E\�FRXQWU\
0RQWKO\�VXPPDULHV�RI�JOREDO�+&,'�HYHQWV
,QIHFWLRQ�SUHYHQWLRQ�DQG�FRQWURO�LQ�KHDOWKFDUH�VHWWLQJV
6SHFLDOLVW�DGYLFH�IRU�KHDOWKFDUH�SURIHVVLRQDOV
+RVSLWDO�PDQDJHPHQW�RI�FRQILUPHG�+&,'�FDVHV
7UDYHO�KHDOWK�DGYLFH�IRU�+&,'V

6WDWXV�RI�&29,'���

$V�RI����0DUFK�������&29,'����LV�QR�ORQJHU�FRQVLGHUHG�WR�EH�D�KLJK�FRQVHTXHQFH�LQIHFWLRXV
GLVHDVHV��+&,'��LQ�WKH�8.�

7KH���QDWLRQV�SXEOLF�KHDOWK�+&,'�JURXS�PDGH�DQ�LQWHULP�UHFRPPHQGDWLRQ�LQ�-DQXDU\������WR�FODVVLI\
&29,'����DV�DQ�+&,'��7KLV�ZDV�EDVHG�RQ�FRQVLGHUDWLRQ�RI�WKH�8.�+&,'�FULWHULD�DERXW�WKH�YLUXV�DQG
WKH�GLVHDVH�ZLWK�LQIRUPDWLRQ�DYDLODEOH�GXULQJ�WKH�HDUO\�VWDJHV�RI�WKH�RXWEUHDN��1RZ�WKDW�PRUH�LV�NQRZQ
DERXW�&29,'�����WKH�SXEOLF�KHDOWK�ERGLHV�LQ�WKH�8.�KDYH�UHYLHZHG�WKH�PRVW�XS�WR�GDWH�LQIRUPDWLRQ
DERXW�&29,'����DJDLQVW�WKH�8.�+&,'�FULWHULD��7KH\�KDYH�GHWHUPLQHG�WKDW�VHYHUDO�IHDWXUHV�KDYH�QRZ
FKDQJHG��LQ�SDUWLFXODU��PRUH�LQIRUPDWLRQ�LV�DYDLODEOH�DERXW�PRUWDOLW\�UDWHV��ORZ�RYHUDOO���DQG�WKHUH�LV
QRZ�JUHDWHU�FOLQLFDO�DZDUHQHVV�DQG�D�VSHFLILF�DQG�VHQVLWLYH�ODERUDWRU\�WHVW��WKH�DYDLODELOLW\�RI�ZKLFK
FRQWLQXHV�WR�LQFUHDVH�

7KH�$GYLVRU\�&RPPLWWHH�RQ�'DQJHURXV�3DWKRJHQV��$&'3��LV�DOVR�RI�WKH�RSLQLRQ�WKDW�&29,'���
VKRXOG�QR�ORQJHU�EH�FODVVLILHG�DV�DQ�+&,'�
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7KH�QHHG�WR�KDYH�D�QDWLRQDO��FRRUGLQDWHG�UHVSRQVH�UHPDLQV��EXW�WKLV�LV�EHLQJ�PHW�E\�WKH�JRYHUQPHQW¶V
&29,'����UHVSRQVH��KWWSV���ZZZ�JRY�XN�FRURQDYLUXV��

&DVHV�RI�&29,'����DUH�QR�ORQJHU�PDQDJHG�E\�+&,'�WUHDWPHQW�FHQWUHV�RQO\��$OO�KHDOWKFDUH�ZRUNHUV
PDQDJLQJ�SRVVLEOH�DQG�FRQILUPHG�FDVHV�VKRXOG�IROORZ�WKH�XSGDWHG�QDWLRQDO�LQIHFWLRQ�DQG�SUHYHQWLRQ
�,3&��JXLGDQFH�IRU�&29,'�����KWWSV���ZZZ�JRY�XN�JRYHUQPHQW�SXEOLFDWLRQV�ZXKDQ�QRYHO�FRURQDYLUXV�LQIHFWLRQ�
SUHYHQWLRQ�DQG�FRQWURO���ZKLFK�VXSHUVHGHV�DOO�SUHYLRXV�,3&�JXLGDQFH�IRU�&29,'�����7KLV�JXLGDQFH
LQFOXGHV�LQVWUXFWLRQV�DERXW�GLIIHUHQW�SHUVRQDO�SURWHFWLYH�HTXLSPHQW��33(��HQVHPEOHV�WKDW�DUH
DSSURSULDWH�IRU�GLIIHUHQW�FOLQLFDO�VFHQDULRV�

'HILQLWLRQ�RI�+&,'

,Q�WKH�8.��D�KLJK�FRQVHTXHQFH�LQIHFWLRXV�GLVHDVH��+&,'��LV�GHILQHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�FULWHULD�

DFXWH�LQIHFWLRXV�GLVHDVH
W\SLFDOO\�KDV�D�KLJK�FDVH�IDWDOLW\�UDWH
PD\�QRW�KDYH�HIIHFWLYH�SURSK\OD[LV�RU�WUHDWPHQW
RIWHQ�GLIILFXOW�WR�UHFRJQLVH�DQG�GHWHFW�UDSLGO\
DELOLW\�WR�VSUHDG�LQ�WKH�FRPPXQLW\�DQG�ZLWKLQ�KHDOWKFDUH�VHWWLQJV
UHTXLUHV�DQ�HQKDQFHG�LQGLYLGXDO��SRSXODWLRQ�DQG�V\VWHP�UHVSRQVH�WR�HQVXUH�LW�LV�PDQDJHG�HIIHFWLYHO\�
HIILFLHQWO\�DQG�VDIHO\

&ODVVLILFDWLRQ�RI�+&,'V

+&,'V�DUH�IXUWKHU�GLYLGHG�LQWR�FRQWDFW�DQG�DLUERUQH�JURXSV�

FRQWDFW�+&,'V�DUH�XVXDOO\�VSUHDG�E\�GLUHFW�FRQWDFW�ZLWK�DQ�LQIHFWHG�SDWLHQW�RU�LQIHFWHG�IOXLGV��WLVVXHV
DQG�RWKHU�PDWHULDOV��RU�E\�LQGLUHFW�FRQWDFW�ZLWK�FRQWDPLQDWHG�PDWHULDOV�DQG�IRPLWHV
DLUERUQH�+&,'V�DUH�VSUHDG�E\�UHVSLUDWRU\�GURSOHWV�RU�DHURVRO�WUDQVPLVVLRQ��LQ�DGGLWLRQ�WR�FRQWDFW
URXWHV�RI�WUDQVPLVVLRQ

/LVW�RI�KLJK�FRQVHTXHQFH�LQIHFWLRXV�GLVHDVHV

$�OLVW�RI�+&,'V�KDV�EHHQ�DJUHHG�E\�D�MRLQW�3XEOLF�+HDOWK�(QJODQG��3+(��DQG�1+6�(QJODQG�+&,'
3URJUDPPH�

&RQWDFW�+&,' $LUERUQH�+&,'
$UJHQWLQH�KDHPRUUKDJLF�IHYHU��-XQLQ�YLUXV� $QGHV�YLUXV�LQIHFWLRQ��KDQWDYLUXV�
%ROLYLDQ�KDHPRUUKDJLF�IHYHU��0DFKXSR�YLUXV� $YLDQ�LQIOXHQ]D�$�+�1��DQG�+�1�
&ULPHDQ�&RQJR�KDHPRUUKDJLF�IHYHU��&&+)� $YLDQ�LQIOXHQ]D�$�+�1��DQG�+�1�
(EROD�YLUXV�GLVHDVH��(9'� 0LGGOH�(DVW�UHVSLUDWRU\�V\QGURPH��0(56�
/DVVD�IHYHU 0RQNH\SR[
/XMR�YLUXV�GLVHDVH 1LSDK�YLUXV�LQIHFWLRQ
0DUEXUJ�YLUXV�GLVHDVH��09'� 3QHXPRQLF�SODJXH��<HUVLQLD�SHVWLV�
6HYHUH�IHYHU�ZLWK�WKURPERF\WRSDHQLD�V\QGURPH��6)76� 6HYHUH�DFXWH�UHVSLUDWRU\�V\QGURPH��6$56�



1R�FDVHV�UHSRUWHG�VLQFH�������EXW�6$56�UHPDLQV�D�QRWLILDEOH�GLVHDVH�XQGHU�WKH�,QWHUQDWLRQDO�+HDOWK
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5HJXODWLRQV���������KHQFH�LWV�LQFOXVLRQ�KHUH



+XPDQ�WR�KXPDQ�WUDQVPLVVLRQ�KDV�QRW�EHHQ�GHVFULEHG�WR�GDWH�IRU�DYLDQ�LQIOXHQ]D�$�+�1����+XPDQ�WR
KXPDQ�WUDQVPLVVLRQ�KDV�EHHQ�GHVFULEHG�IRU�DYLDQ�LQIOXHQ]D�$�+�1����DOWKRXJK�WKLV�ZDV�QRW�DSSDUHQW�XQWLO
PRUH�WKDQ����KXPDQ�FDVHV�KDG�EHHQ�UHSRUWHG��%RWK�$�+�1���DQG�$�+�1���RIWHQ�FDXVH�VHYHUH�LOOQHVV�DQG
IDWDOLWLHV��7KHUHIRUH��$�+�1���KDV�EHHQ�LQFOXGHG�LQ�WKH�DLUERUQH�+&,'�OLVW�GHVSLWH�QRW�PHHWLQJ�DOO�RI�WKH
+&,'�FULWHULD�

7KH�OLVW�RI�+&,'V�ZLOO�EH�NHSW�XQGHU�UHYLHZ�DQG�XSGDWHG�E\�3+(�LI�QHZ�+&,'V�HPHUJH�WKDW�DUH�RI�UHOHYDQFH
WR�WKH�8.�

+&,'V�LQ�WKH�8.

+&,'V��LQFOXGLQJ�YLUDO�KDHPRUUKDJLF�IHYHUV��9+)V���DUH�UDUH�LQ�WKH�8.��:KHQ�FDVHV�GR�RFFXU��WKH\�WHQG�WR
EH�VSRUDGLF�DQG�DUH�W\SLFDOO\�DVVRFLDWHG�ZLWK�UHFHQW�WUDYHO�WR�DQ�DUHD�ZKHUH�WKH�LQIHFWLRQ�LV�NQRZQ�WR�EH
HQGHPLF�RU�ZKHUH�DQ�RXWEUHDN�LV�RFFXUULQJ��1RQH�RI�WKH�+&,'V�OLVWHG�DERYH�DUH�HQGHPLF�LQ�WKH�8.��DQG�WKH
NQRZQ�DQLPDO�UHVHUYRLUV�DUH�QRW�IRXQG�LQ�WKH�8.�

$V�RI�)HEUXDU\�������������WKH�8.�KDV�H[SHULHQFH�RI�PDQDJLQJ�FRQILUPHG�FDVHV�RI�/DVVD�IHYHU��(9'�
&&+)��0(56�DQG�PRQNH\SR[��7KH�YDVW�PDMRULW\�RI�WKHVH�SDWLHQWV�DFTXLUHG�WKHLU�LQIHFWLRQV�RYHUVHDV��EXW
UDUH�LQFLGHQWV�RI�VHFRQGDU\�WUDQVPLVVLRQ�RI�0(56�DQG�PRQNH\SR[�KDYH�RFFXUUHG�LQ�WKH�8.�

+&,'�ULVNV�E\�FRXQWU\

)RU�KHDOWK�SURIHVVLRQDOV�ZLVKLQJ�WR�GHWHUPLQH�WKH�+&,'�ULVN�LQ�DQ\�SDUWLFXODU�FRXQWU\��DQ�$�WR�=�OLVW�RI
FRXQWULHV�DQG�WKHLU�UHVSHFWLYH�+&,'�ULVN�LV�DYDLODEOH�

6HH�+&,'�FRXQWU\�ULVNV��KWWSV���ZZZ�JRY�XN�JXLGDQFH�KLJK�FRQVHTXHQFH�LQIHFWLRXV�GLVHDVH�FRXQWU\�VSHFLILF�ULVN�

0RQWKO\�VXPPDULHV�RI�JOREDO�+&,'�HYHQWV

3+(¶V�HSLGHPLF�LQWHOOLJHQFH�DFWLYLWLHV�PRQLWRU�JOREDO�+&,'�HYHQWV��7KHVH�DUH�SXEOLVKHG�LQ�D�PRQWKO\
VXPPDU\��KWWSV���ZZZ�JRY�XN�JRYHUQPHQW�SXEOLFDWLRQV�KLJK�FRQVHTXHQFH�LQIHFWLRXV�GLVHDVHV�PRQWKO\�VXPPDULHV��

,QIHFWLRQ�SUHYHQWLRQ�DQG�FRQWURO�LQ�KHDOWKFDUH�VHWWLQJV

6SHFLILF�LQIHFWLRQ�SUHYHQWLRQ�DQG�FRQWURO��,3&��PHDVXUHV�DUH�UHTXLUHG�IRU�VXVSHFWHG�DQG�FRQILUPHG�+&,'
FDVHV��LQ�DOO�KHDOWKFDUH�VHWWLQJV��VSHFLDOLVW�DQG�QRQ�VSHFLDOLVW��

,3&�JXLGDQFH�DSSURSULDWH�IRU�VXVSHFWHG�DQG�FRQILUPHG�FDVHV�RI�/DVVD�IHYHU��(9'��&&+)��09'��/XMR�YLUXV
GLVHDVH��$UJHQWLQLDQ�KDHPRUUKDJLF�IHYHU��%ROLYLDQ�KDHPRUUKDJLF�IHYHU�DQG�6)76��LV�DYDLODEOH�LQ�WKH�$&'3
JXLGDQFH��KWWSV���ZZZ�JRY�XN�JRYHUQPHQW�SXEOLFDWLRQV�YLUDO�KDHPRUUKDJLF�IHYHU�DOJRULWKP�DQG�JXLGDQFH�RQ�
PDQDJHPHQW�RI�SDWLHQWV��

,3&�JXLGDQFH�IRU�0(56��DYLDQ�LQIOXHQ]D��1LSDK�YLUXV�LQIHFWLRQ��PRQNH\SR[�DQG�SQHXPRQLF�SODJXH��FDQ�EH
IRXQG�LQ�WKH�UHOHYDQW�3+(�JXLGDQFH�OLVWHG�EHORZ�

/LQNV�WR�UHOHYDQW�3+(�JXLGDQFH�IRU�KHDOWKFDUH�SURIHVVLRQDOV

DYLDQ�LQIOXHQ]D��KWWSV���ZZZ�JRY�XN�JRYHUQPHQW�FROOHFWLRQV�DYLDQ�LQIOXHQ]D�JXLGDQFH�GDWD�DQG�DQDO\VLV�
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0(56��KWWSV���ZZZ�JRY�XN�JRYHUQPHQW�FROOHFWLRQV�PLGGOH�HDVW�UHVSLUDWRU\�V\QGURPH�FRURQDYLUXV�PHUV�FRY�
FOLQLFDO�PDQDJHPHQW�DQG�JXLGDQFH�
PRQNH\SR[��KWWSV���ZZZ�JRY�XN�JXLGDQFH�PRQNH\SR[�
1LSDK�YLUXV�LQIHFWLRQ��KWWSV���ZZZ�JRY�XN�JXLGDQFH�QLSDK�YLUXV�HSLGHPLRORJ\�RXWEUHDNV�DQG�JXLGDQFH�
SODJXH��KWWSV���ZZZ�JRY�XN�JXLGDQFH�SODJXH�HSLGHPLRORJ\�RXWEUHDNV�DQG�JXLGDQFH�
9+)��LQFOXGLQJ�(EROD��KWWSV���ZZZ�JRY�XN�JRYHUQPHQW�FROOHFWLRQV�YLUDO�KDHPRUUKDJLF�IHYHUV�HSLGHPLRORJ\�
FKDUDFWHULVWLFV�GLDJQRVLV�DQG�PDQDJHPHQW�

6SHFLDOLVW�DGYLFH�IRU�KHDOWKFDUH�SURIHVVLRQDOV

7KH�,PSRUWHG�)HYHU�6HUYLFH��,)6���KWWSV���ZZZ�JRY�XN�JXLGDQFH�LPSRUWHG�IHYHU�VHUYLFH�LIV��SURYLGHV����KRXU�
��GD\V�D�ZHHN�WHOHSKRQH�DFFHVV�WR�H[SHUW�FOLQLFDO�DQG�PLFURELRORJLFDO�DGYLFH��+RVSLWDO�GRFWRUV�DFURVV�WKH
8.�FDQ�FRQWDFW�WKH�,)6�DIWHU�GLVFXVVLRQ�ZLWK�WKH�ORFDO�PLFURELRORJ\��YLURORJ\�RU�LQIHFWLRXV�GLVHDVH
FRQVXOWDQW�

+RVSLWDO�PDQDJHPHQW�RI�FRQILUPHG�+&,'�FDVHV

2QFH�DQ�+&,'�KDV�EHHQ�FRQILUPHG�E\�DSSURSULDWH�ODERUDWRU\�WHVWLQJ��FDVHV�LQ�(QJODQG�VKRXOG�EH
WUDQVIHUUHG�UDSLGO\�WR�D�GHVLJQDWHG�+&,'�7UHDWPHQW�&HQWUH��2FFDVLRQDOO\��KLJKO\�SUREDEOH�FDVHV�PD\�EH
PRYHG�WR�DQ�+&,'�7UHDWPHQW�&HQWUH�EHIRUH�ODERUDWRU\�UHVXOWV�DUH�DYDLODEOH�

&RQWDFW�+&,'V

7KHUH�DUH���SULQFLSDO�&RQWDFW�+&,'�7UHDWPHQW�&HQWUHV�LQ�(QJODQG�

WKH�5R\DO�)UHH�/RQGRQ�+LJK�/HYHO�,VRODWLRQ�8QLW��+/,8�
WKH�1HZFDVWOH�5R\DO�9LFWRULD�,QILUPDU\�+/,8�

)XUWKHU�VXSSRUW�IRU�PDQDJLQJ�FRQILUPHG�FRQWDFW�+&,'�FDVHV�LV�SURYLGHG�E\�WKH�5R\DO�/LYHUSRRO�+RVSLWDO
DQG�WKH�5R\DO�+DOODPVKLUH�+RVSLWDO��6KHIILHOG�

$LUERUQH�+&,'V

7KHUH�DUH���LQWHULP�$LUERUQH�+&,'�7UHDWPHQW�&HQWUHV�LQ�(QJODQG��$GXOW�DQG�SDHGLDWULF�VHUYLFHV�DUH
SURYLGHG�E\���1+6�7UXVWV�

*X\¶V�DQG�6W�7KRPDV¶�1+6�)RXQGDWLRQ�7UXVW��DGXOW�DQG�SDHGLDWULF�VHUYLFHV�
5R\DO�)UHH�/RQGRQ�1+6�)RXQGDWLRQ�7UXVW��ZLWK�D�SDHGLDWULF�VHUYLFH�SURYLGHG�E\�,PSHULDO�&ROOHJH
+HDOWKFDUH�1+6�)RXQGDWLRQ�7UXVW
5R\DO�/LYHUSRRO�DQG�%URDGJUHHQ�8QLYHUVLW\�+RVSLWDOV�1+6�7UXVW��ZLWK�D�SDHGLDWULF�VHUYLFH�SURYLGHG�E\
$OGHU�+H\�&KLOGUHQ¶V�1+6�)RXQGDWLRQ�7UXVW
1HZFDVWOH�XSRQ�7\QH�+RVSLWDOV�1+6�)RXQGDWLRQ�7UXVW��DGXOW�DQG�SDHGLDWULF�VHUYLFHV�

&DVH�WUDQVIHU�DUUDQJHPHQWV

+RVSLWDO�FOLQLFLDQV�VHHNLQJ�WR�WUDQVIHU�FRQILUPHG�+&,'�FDVHV��RU�GLVFXVV�WKH�WUDQVIHU�RI�KLJKO\�SUREDEOH
+&,'�FDVHV��VKRXOG�FRQWDFW�WKH�1+6�(QJODQG�(355�'XW\�2IILFHU��,W�LV�H[SHFWHG�WKDW�HDFK�FDVH�ZLOO�KDYH
EHHQ�GLVFXVVHG�ZLWK�WKH�,PSRUWHG�)HYHU�6HUYLFH��KWWSV���ZZZ�JRY�XN�JXLGDQFH�LPSRUWHG�IHYHU�VHUYLFH�LIV��EHIRUH
GLVFXVVLQJ�WUDQVIHU�
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7UDYHO�KHDOWK�DGYLFH�IRU�+&,'V

7KH�1DWLRQDO�7UDYHO�+HDOWK�1HWZRUN�DQG�&HQWUH��1D7+1D&��SURYLGHV�WUDYHO�KHDOWK�LQIRUPDWLRQ�DERXW�D
QXPEHU�RI�+&,'V��IRU�KHDOWKFDUH�SURIHVVLRQDOV�DQG�WUDYHOOHUV��$GYLFH�FDQ�EH�DFFHVVHG�YLD�WKH�7UDYHO
+HDOWK�3UR�ZHEVLWH��KWWSV���WUDYHOKHDOWKSUR�RUJ�XN���

3XEOLVKHG����2FWREHU�����
/DVW�XSGDWHG����0DUFK��������VKRZ�DOO�XSGDWHV

������0DUFK�����
$GGHG�H[SODQDWLRQ�RI�WKH�UHPRYDO�RI�&29,'����IURP�WKH�OLVW�RI�+&,'V�LQ�WKH�8.�

������-DQXDU\�����
$GGHG�:XKDQ�QRYHO�FRURQDYLUXV

������0D\�����
$PHQGHG�WKH�GHILQLWLRQV�IRU�+&,'�

������$SULO�����
$GGHG�H[SODQDWLRQ�IRU�LQFOXVLRQ�RI�DYLDQ�LQIOXHQ]D�+�1��DV�DQ�+&,'�

������-DQXDU\�����
$GGHG�OLQN�WR�LQIRUPDWLRQ�RQ�+&,'�ULVNV�E\�FRXQWU\�

������2FWREHU�����
)LUVW�SXEOLVKHG�

5HODWHG�FRQWHQW

+LJK�FRQVHTXHQFH�LQIHFWLRXV�GLVHDVH��FRXQWU\�VSHFLILF�ULVN��KWWSV���ZZZ�JRY�XN�JXLGDQFH�KLJK�
FRQVHTXHQFH�LQIHFWLRXV�GLVHDVH�FRXQWU\�VSHFLILF�ULVN�
&29,'�����LQYHVWLJDWLRQ�DQG�LQLWLDO�FOLQLFDO�PDQDJHPHQW�RI�SRVVLEOH�FDVHV��KWWSV���ZZZ�JRY�XN
�JRYHUQPHQW�SXEOLFDWLRQV�ZXKDQ�QRYHO�FRURQDYLUXV�LQLWLDO�LQYHVWLJDWLRQ�RI�SRVVLEOH�FDVHV�
&29,'�����JXLGDQFH�IRU�VDPSOLQJ�DQG�IRU�GLDJQRVWLF�ODERUDWRULHV��KWWSV���ZZZ�JRY�XN�JRYHUQPHQW
�SXEOLFDWLRQV�ZXKDQ�QRYHO�FRURQDYLUXV�JXLGDQFH�IRU�FOLQLFDO�GLDJQRVWLF�ODERUDWRULHV�
9LUDO�KDHPRUUKDJLF�IHYHUV��HSLGHPLRORJ\��FKDUDFWHULVWLFV��GLDJQRVLV�DQG�PDQDJHPHQW
�KWWSV���ZZZ�JRY�XN�JRYHUQPHQW�FROOHFWLRQV�YLUDO�KDHPRUUKDJLF�IHYHUV�HSLGHPLRORJ\�FKDUDFWHULVWLFV�GLDJQRVLV�
DQG�PDQDJHPHQW�
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Covid-19 — Navigating the Uncharted

Anthony S. Fauci, M.D., H. Clifford Lane, M.D., and Robert R. Redfield, M.D.

The latest threat to global health is the ongoing 
outbreak of the respiratory disease that was re-
cently given the name Coronavirus Disease 2019 
(Covid-19). Covid-19 was recognized in Decem-
ber 2019.1 It was rapidly shown to be caused by 
a novel coronavirus that is structurally related to 
the virus that causes severe acute respiratory 
syndrome (SARS). As in two preceding instances 
of emergence of coronavirus disease in the past 
18 years2 — SARS (2002 and 2003) and Middle 
East respiratory syndrome (MERS) (2012 to the 
present) — the Covid-19 outbreak has posed 
critical challenges for the public health, research, 
and medical communities.

In their Journal article, Li and colleagues3 pro-
vide a detailed clinical and epidemiologic de-
scription of the first 425 cases reported in the 
epicenter of the outbreak: the city of Wuhan in 
Hubei province, China. Although this informa-
tion is critical in informing the appropriate re-
sponse to this outbreak, as the authors point 
out, the study faces the limitation associated with 
reporting in real time the evolution of an emerg-
ing pathogen in its earliest stages. Nonetheless, 
a degree of clarity is emerging from this report. 
The median age of the patients was 59 years, 
with higher morbidity and mortality among the 
elderly and among those with coexisting condi-
tions (similar to the situation with influenza); 
56% of the patients were male. Of note, there 
were no cases in children younger than 15 years 
of age. Either children are less likely to become 
infected, which would have important epidemio-
logic implications, or their symptoms were so 
mild that their infection escaped detection, 
which has implications for the size of the de-
nominator of total community infections.

On the basis of a case definition requiring a 

diagnosis of pneumonia, the currently reported 
case fatality rate is approximately 2%.4 In an-
other article in the Journal, Guan et al.5 report 
mortality of 1.4% among 1099 patients with 
laboratory-confirmed Covid-19; these patients had 
a wide spectrum of disease severity. If one as-
sumes that the number of asymptomatic or mini-
mally symptomatic cases is several times as high 
as the number of reported cases, the case fatal-
ity rate may be considerably less than 1%. This 
suggests that the overall clinical consequences 
of Covid-19 may ultimately be more akin to 
those of a severe seasonal influenza (which has 
a case fatality rate of approximately 0.1%) or a 
pandemic influenza (similar to those in 1957 
and 1968) rather than a disease similar to SARS 
or MERS, which have had case fatality rates of 
9 to 10% and 36%, respectively.2

The efficiency of transmission for any respi-
ratory virus has important implications for con-
tainment and mitigation strategies. The current 
study indicates an estimated basic reproduction 
number (R0) of 2.2, which means that, on aver-
age, each infected person spreads the infection 
to an additional two persons. As the authors 
note, until this number falls below 1.0, it is 
likely that the outbreak will continue to spread. 
Recent reports of high titers of virus in the oro-
pharynx early in the course of disease arouse 
concern about increased infectivity during the 
period of minimal symptoms.6,7

China, the United States, and several other 
countries have instituted temporary restrictions 
on travel with an eye toward slowing the spread 
of this new disease within China and through-
out the rest of the world. The United States has 
seen a dramatic reduction in the number of trav-
elers from China, especially from Hubei province. 

The New England Journal of Medicine 
Downloaded from nejm.org on April 6, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



Editorial

n engl j med 382;13 nejm.org March 26, 2020 1269

At least on a temporary basis, such restrictions 
may have helped slow the spread of the virus: 
whereas 78,191 laboratory-confirmed cases had 
been identified in China as of February 26, 2020, 
a total of 2918 cases had been confirmed in 37 
other countries or territories.4 As of February 26, 
2020, there had been 14 cases detected in the 
United States involving travel to China or close 
contacts with travelers, 3 cases among U.S. citizens 
repatriated from China, and 42 cases among 
U.S. passengers repatriated from a cruise ship 
where the infection had spread.8 However, given 
the efficiency of transmission as indicated in the 
current report, we should be prepared for Covid-19 
to gain a foothold throughout the world, includ-
ing in the United States. Community spread in 
the United States could require a shift from con-
tainment to mitigation strategies such as social 
distancing in order to reduce transmission. Such 
strategies could include isolating ill persons 
(including voluntary isolation at home), school 
closures, and telecommuting where possible.9

A robust research effort is currently under 
way to develop a vaccine against Covid-19.10 We 
anticipate that the first candidates will enter 
phase 1 trials by early spring. Therapy currently 
consists of supportive care while a variety of 
investigational approaches are being explored.11 
Among these are the antiviral medication lopin-
avir–ritonavir, interferon-1β, the RNA polymer ase 
inhibitor remdesivir, chloroquine, and a variety of 
traditional Chinese medicine products.11 Once 
available, intravenous hyperimmune globulin 
from recovered persons and monoclonal antibod-
ies may be attractive candidates to study in early 
intervention. Critical to moving the field for-
ward, even in the context of an outbreak, is en-
suring that investigational products are evaluated 
in scientifically and ethically sound studies.12

Every outbreak provides an opportunity to 
gain important information, some of which is 
associated with a limited window of opportunity. 
For example, Li et al. report a mean interval of 
9.1 to 12.5 days between the onset of illness and 
hospitalization. This finding of a delay in the 
progression to serious disease may be telling us 
something important about the pathogenesis of 
this new virus and may provide a unique win-
dow of opportunity for intervention. Achieving a 
better understanding of the pathogenesis of this 
disease will be invaluable in navigating our re-

sponses in this uncharted arena. Furthermore, 
genomic studies could delineate host factors 
that predispose persons to acquisition of infec-
tion and disease progression.

The Covid-19 outbreak is a stark reminder of 
the ongoing challenge of emerging and reemerg-
ing infectious pathogens and the need for con-
stant surveillance, prompt diagnosis, and robust 
research to understand the basic biology of new 
organisms and our susceptibilities to them, as 
well as to develop effective countermeasures.
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The many estimates of 
the COVID-19 case 
fatality rate

Since the outbreak of coronavirus 
disease 2019 (COVID-19) began in 
December, a question at the forefront 
of many people’s minds has been 
its mortality rate. Is the mortality 
rate of COVID-19 higher than that 
of influenza, but lower than that of 
severe acute respiratory syndrome 
(SARS)? 

The trend in mortality reporting 
for COVID-19 has been typical for 
emerging infectious diseases. The 
case fatality rate (CFR) was reported 
to be 15% (six of 41 patients) in the 
initial period,1 but this estimate was 
calculated from a small cohort of 
hospitalised patients. Subsequently, 
with more data emerging, the CFR 
decreased to between 4·3% and 
11·0%,2,3 and later to 3·4%.4 The rate 
reported outside China in February was 
even lower (0·4%; two of 464).5

This pattern of decreasing CFRs 
is not surprising during the initial 
phase of an outbreak. Hard outcomes 
such as the CFR have a crucial part in 
forming strategies at national and 
international levels from a public 
health perspective. It is imperative that 
health-care leaders and policy makers 
are guided by estimates of mortality 
and case fatality. 

However, several factors can restrict 
obtaining an accurate estimate of 
the CFR. The virus and its clinical 
course are new, and we still have 
little information about them. Health 
care capacity and capability factors, 
including the availability of health-
care workers, resources, facilities, and 
preparedness, also affect outcomes. 
For example, some countries are 
able to invest resources into contact 
tracing and containing the spread 
through quarantine and isolation 

of infected or suspected cases. In 
Singapore, where these measures 
have been implemented, the CFR of 
631 cases (as of March 25, 2020) is 
0·3%. In other places, testing might 
not be widely available, and proactive 
contact tracing and containment 
might not be employed, resulting in 
a smaller denominator and skewing 
to a higher CFR. The CFR can increase 
in some places if there is a surge of 
infected patients, which adds to the 
strain on the health-care system and 
can overwhelm its medical resources.

A major challenge with accurate 
calculation of the CFR is the 
denominator: the number of people 
who are infected with the virus. 
Asymptomatic cases of COVID-19, 
patients with mild symptoms, or 
individuals who are misdiagnosed 
could be left out of the denominator, 
leading to its underestimation and 
overestimation of the CFR. 

A unique situation has arisen for 
quite an accurate estimate of the 
CFR of COVID-19. Among individuals 
onboard the Diamond Princess cruise 
ship, data on the denominator are 
fairly robust. The outbreak of COVID-19 
led passengers to be quarantined 
between Jan 20, and Feb 29, 2020. This 
scenario provided a population living 
in a defined territory without most 
other confounders, such as imported 
cases, defaulters of screening, or lack 
of testing capability. 3711 passengers 
and crew were onboard, of whom 
705 became sick and tested positive for 
COVID-19 and seven died,6 giving a CFR 
of 0·99%. If the passengers onboard 
were generally of an older age, the CFR 
in a healthy, younger population could 
be lower.7

Although highly transmissible, the 
CFR of COVID-19 appears to be lower 
than that of SARS (9·5%) and Middle 
East respiratory syndrome (34·4%),8 
but higher than that of influenza 
(0·1%).9,10
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4XDOLW\�&RQWURO ������������������������������������������������������������������������������������������������������������������������������������������

/LPLWDWLRQV�������������������������������������������������������������������������������������������������������������������������������������������������

&RQGLWLRQV�RI�$XWKRUL]DWLRQ�IRU�WKH�/DERUDWRU\��������������������������������������������������������������������������������������

3HUIRUPDQFH�&KDUDFWHULVWLFV �������������������������������������������������������������������������������������������������������������������

'LVSRVDO�����������������������������������������������������������������������������������������������������������������������������������������������������

5HIHUHQFHV ������������������������������������������������������������������������������������������������������������������������������������������������

&RQWDFW�,QIRUPDWLRQ��2UGHULQJ��DQG�3URGXFW�6XSSRUW ����������������������������������������������������������������������������



�
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/ŶƚĞŶĚĞĚ�hƐĞ

7KH�&'&������1RYHO�&RURQDYLUXV�������Q&R9��5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LV�D�UHDO�WLPH�57�3&5�
WHVW�LQWHQGHG�IRU�WKH�TXDOLWDWLYH�GHWHFWLRQ�RI�QXFOHLF�DFLG�IURP�WKH������Q&R9�LQ�XSSHU�DQG�ORZHU�
UHVSLUDWRU\�VSHFLPHQV��VXFK�DV�QDVRSKDU\QJHDO�RU�RURSKDU\QJHDO�VZDEV��VSXWXP��ORZHU�UHVSLUDWRU\�WUDFW�
DVSLUDWHV��EURQFKRDOYHRODU�ODYDJH��DQG�QDVRSKDU\QJHDO�ZDVK�DVSLUDWH�RU�QDVDO�DVSLUDWH��FROOHFWHG�IURP�
LQGLYLGXDOV�ZKR�PHHW������Q&R9�FOLQLFDO�DQG�RU�HSLGHPLRORJLFDO�FULWHULD��IRU�H[DPSOH��FOLQLFDO�VLJQV�DQG�
V\PSWRPV�DVVRFLDWHG�ZLWK������Q&R9�LQIHFWLRQ��FRQWDFW�ZLWK�D�SUREDEOH�RU�FRQILUPHG������Q&R9�FDVH��
KLVWRU\�RI�WUDYHO�WR�JHRJUDSKLF�ORFDWLRQV�ZKHUH������Q&R9�FDVHV�ZHUH�GHWHFWHG��RU�RWKHU�HSLGHPLRORJLF�
OLQNV�IRU�ZKLFK������Q&R9�WHVWLQJ�PD\�EH�LQGLFDWHG�DV�SDUW�RI�D�SXEOLF�KHDOWK�LQYHVWLJDWLRQ���7HVWLQJ�LQ�
WKH�8QLWHG�6WDWHV�LV�OLPLWHG�WR�ODERUDWRULHV�FHUWLILHG�XQGHU�WKH�&OLQLFDO�/DERUDWRU\�,PSURYHPHQW�
$PHQGPHQWV�RI�������&/,$������8�6�&�������D��WR�SHUIRUP�KLJK�FRPSOH[LW\�WHVWV�

5HVXOWV�DUH�IRU�WKH�LGHQWLILFDWLRQ�RI������Q&R9�51$��7KH������Q&R9�51$�LV�JHQHUDOO\�GHWHFWDEOH�LQ�XSSHU�
DQG�ORZHU�UHVSLUDWRU\�VSHFLPHQV�GXULQJ�LQIHFWLRQ���3RVLWLYH�UHVXOWV�DUH�LQGLFDWLYH�RI�DFWLYH�LQIHFWLRQ�ZLWK�
�����Q&R9�EXW�GR�QRW�UXOH�RXW�EDFWHULDO�LQIHFWLRQ�RU�FR�LQIHFWLRQ�ZLWK�RWKHU�YLUXVHV��7KH�DJHQW�GHWHFWHG�
PD\�QRW�EH�WKH�GHILQLWH�FDXVH�RI�GLVHDVH��/DERUDWRULHV�ZLWKLQ�WKH�8QLWHG�6WDWHV�DQG�LWV�WHUULWRULHV�DUH
UHTXLUHG�WR�UHSRUW�DOO�SRVLWLYH�UHVXOWV�WR�WKH�DSSURSULDWH�SXEOLF�KHDOWK�DXWKRULWLHV�

1HJDWLYH�UHVXOWV�GR�QRW�SUHFOXGH������Q&R9�LQIHFWLRQ�DQG�VKRXOG�QRW�EH�XVHG�DV�WKH�VROH�EDVLV�IRU�
WUHDWPHQW�RU�RWKHU�SDWLHQW�PDQDJHPHQW�GHFLVLRQV��1HJDWLYH�UHVXOWV�PXVW�EH�FRPELQHG�ZLWK�FOLQLFDO�
REVHUYDWLRQV��SDWLHQW�KLVWRU\��DQG�HSLGHPLRORJLFDO�LQIRUPDWLRQ��

7HVWLQJ�ZLWK�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LV�LQWHQGHG�IRU�XVH�E\�WUDLQHG�
ODERUDWRU\�SHUVRQQHO�ZKR�DUH�SURILFLHQW�LQ�SHUIRUPLQJ�UHDO�WLPH�57�3&5�DVVD\V��7KH�&'&������1RYHO�
&RURQDYLUXV�������Q&R9��5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LV�RQO\�IRU�XVH�XQGHU�D�)RRG�DQG�'UXJ�
$GPLQLVWUDWLRQ¶V�(PHUJHQF\�8VH�$XWKRUL]DWLRQ�

^ƵŵŵĂƌǇ�ĂŶĚ��ǆƉůĂŶĂƚŝŽŶ

$Q�RXWEUHDN�RI�SQHXPRQLD�RI�XQNQRZQ�HWLRORJ\�LQ�:XKDQ�&LW\��+XEHL�3URYLQFH��&KLQD�ZDV�LQLWLDOO\�
UHSRUWHG�WR�:+2�RQ�'HFHPEHU�����������&KLQHVH�DXWKRULWLHV�LGHQWLILHG�D�QRYHO�FRURQDYLUXV�������Q&R9���
ZKLFK�KDV�UHVXOWHG�LQ�WKRXVDQGV�RI�FRQILUPHG�KXPDQ�LQIHFWLRQV�LQ�PXOWLSOH�SURYLQFHV�WKURXJKRXW�&KLQD�
DQG�PDQ\ FRXQWULHV�LQFOXGLQJ WKH�8QLWHG�6WDWHV��&DVHV�RI�DV\PSWRPDWLF�LQIHFWLRQ��PLOG�LOOQHVV��VHYHUH�
LOOQHVV� DQG�VRPH�GHDWKV�KDYH�EHHQ�UHSRUWHG�

7KH�&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LV�D�PROHFXODU�LQ�YLWUR GLDJQRVWLF�WHVW�WKDW�DLGV�
LQ�WKH�GHWHFWLRQ�DQG�GLDJQRVLV������Q&R9�DQG�LV�EDVHG�RQ�ZLGHO\�XVHG�QXFOHLF�DFLG�DPSOLILFDWLRQ�
WHFKQRORJ\��7KH�SURGXFW�FRQWDLQV�ROLJRQXFOHRWLGH�SULPHUV�DQG�GXDO�ODEHOHG�K\GURO\VLV�SUREHV��7DT0DQ���
DQG�FRQWURO�PDWHULDO�XVHG�LQ�U57�3&5�IRU�WKH�LQ�YLWUR TXDOLWDWLYH�GHWHFWLRQ�RI������Q&R9�51$�LQ�
UHVSLUDWRU\�VSHFLPHQV��

7KH�WHUP�³TXDOLILHG�ODERUDWRULHV´�UHIHUV�WR�ODERUDWRULHV�LQ�ZKLFK�DOO�XVHUV��DQDO\VWV��DQG�DQ\�SHUVRQ�
UHSRUWLQJ�UHVXOWV�IURP�XVH�RI�WKLV�GHYLFH�VKRXOG�EH�WUDLQHG�WR�SHUIRUP�DQG�LQWHUSUHW�WKH�UHVXOWV�IURP�WKLV�
SURFHGXUH�E\�D�FRPSHWHQW�LQVWUXFWRU�SULRU�WR�XVH���



�
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WƌŝŶĐŝƉůĞƐ�ŽĨ�ƚŚĞ�WƌŽĐĞĚƵƌĞ

7KH�ROLJRQXFOHRWLGH�SULPHUV�DQG�SUREHV�IRU�GHWHFWLRQ�RI������Q&R9�ZHUH�VHOHFWHG�IURP�UHJLRQV�RI�WKH�
YLUXV�QXFOHRFDSVLG��1��JHQH��7KH�SDQHO�LV�GHVLJQHG�IRU�VSHFLILF�GHWHFWLRQ�RI�WKH������Q&R9��WZR�
SULPHU�SUREH�VHWV���$Q�DGGLWLRQDO�SULPHU�SUREH�VHW�WR�GHWHFW�WKH�KXPDQ�51DVH�3�JHQH��53��LQ�FRQWURO�
VDPSOHV�DQG�FOLQLFDO�VSHFLPHQV�LV�DOVR�LQFOXGHG�LQ�WKH�SDQHO��

51$�LVRODWHG�DQG�SXULILHG�IURP�XSSHU�DQG�ORZHU�UHVSLUDWRU\�VSHFLPHQV�LV�UHYHUVH�WUDQVFULEHG�WR�F'1$�
DQG�VXEVHTXHQWO\�DPSOLILHG�LQ�WKH�$SSOLHG�%LRV\VWHPV������)DVW�'[�5HDO�7LPH�3&5�,QVWUXPHQW�ZLWK�6'6�
YHUVLRQ�����VRIWZDUH��,Q�WKH�SURFHVV��WKH�SUREH�DQQHDOV�WR�D�VSHFLILF�WDUJHW�VHTXHQFH�ORFDWHG�EHWZHHQ�
WKH�IRUZDUG�DQG�UHYHUVH�SULPHUV���'XULQJ�WKH�H[WHQVLRQ�SKDVH�RI�WKH�3&5�F\FOH��WKH��¶�QXFOHDVH�DFWLYLW\�
RI�7DT�SRO\PHUDVH�GHJUDGHV�WKH�SUREH��FDXVLQJ�WKH�UHSRUWHU�G\H�WR�VHSDUDWH�IURP�WKH�TXHQFKHU�G\H��
JHQHUDWLQJ�D�IOXRUHVFHQW�VLJQDO���:LWK�HDFK�F\FOH��DGGLWLRQDO�UHSRUWHU�G\H�PROHFXOHV�DUH�FOHDYHG�IURP�
WKHLU�UHVSHFWLYH�SUREHV��LQFUHDVLQJ�WKH�IOXRUHVFHQFH�LQWHQVLW\���)OXRUHVFHQFH�LQWHQVLW\�LV�PRQLWRUHG�DW�
HDFK�3&5�F\FOH�E\�$SSOLHG�%LRV\VWHPV������)DVW�'[�5HDO�7LPH�3&5�6\VWHP�ZLWK�6'6�YHUVLRQ�����
VRIWZDUH��

'HWHFWLRQ RI YLUDO�51$�QRW RQO\ DLGV LQ WKH�GLDJQRVLV�RI LOOQHVV�EXW DOVR SURYLGHV�HSLGHPLRORJLFDO�DQG
VXUYHLOODQFH LQIRUPDWLRQ�



�
&'&������������5HYLVLRQ���� &'&�'','�1&,5'��'LYLVLRQ�RI�9LUDO�'LVHDVHV����������(IIHFWLYH�����������

^ƵŵŵĂƌǇ�ŽĨ�WƌĞƉĂƌĂƚŝŽŶ�ĂŶĚ�dĞƐƚŝŶŐ�WƌŽĐĞƐƐ

5HVXVSHQG
SULPHU�SUREH�PL[�
DOLTXRW�DQG�VWRUH�DW�

����&

5HVXVSHQG�DQG�
DOLTXRW�Q&R93&��
VWRUH�DW�����&

([WUDFW�VDPSOH�51$
DQG�+6&�51$

3UHSDUH�PDVWHU�PL[
��� /�

3UHSDUH�U57�3&5
SODWH��� /�51$�

5XQ�DVVD\�RQ
$%,�����)DVW�'[

$QDO\]H�GDWD

5HSRUW�UHVXOWV

8SRQ�UHFHLSW�RI�
U57�3&5�3DQHO

UHDJHQWV

8SRQ�REWDLQLQJ
VDPSOH



�
&'&������������5HYLVLRQ���� &'&�'','�1&,5'��'LYLVLRQ�RI�9LUDO�'LVHDVHV����������(IIHFWLYH�����������

DĂƚĞƌŝĂůƐ�ZĞƋƵŝƌĞĚ�;WƌŽǀŝĚĞĚͿ�

1RWH��&'&�ZLOO�PDLQWDLQ�RQ�LWV�ZHEVLWH�D�OLVW�RI�FRPPHUFLDOO\�DYDLODEOH�ORWV�RI�SULPHU�DQG�SUREH�VHWV�
DQG�RU�SRVLWLYH�FRQWURO�PDWHULDOV�WKDW�DUH�DFFHSWDEOH�DOWHUQDWLYHV�WR�WKH�&'&�SULPHU�DQG�SUREH�VHW�
DQG�RU�SRVLWLYH�FRQWURO�LQFOXGHG�LQ�WKH�'LDJQRVWLF�3DQHO��2QO\�PDWHULDO�GLVWULEXWHG�WKURXJK�WKH�&'&�
,QWHUQDWLRQDO�5HDJHQW�5HVRXUFH�DQG�VSHFLILF�ORWV�RI�PDWHULDO�SRVWHG�WR�WKH�&'&�ZHEVLWH�DUH�DFFHSWDEOH�
IRU�XVH�ZLWK�WKLV�DVVD\�XQGHU�&'&¶V�(PHUJHQF\�8VH�$XWKRUL]DWLRQ�

7KLV�OLVW�RI�DFFHSWDEOH�DOWHUQDWLYH�ORWV�RI�SULPHU�DQG�SUREH�PDWHULDOV DQG�RU�SRVLWLYH�FRQWURO�PDWHULDOV�
ZLOO�EH�DYDLODEOH�DW�
KWWSV���ZZZ�FGF�JRY�FRURQDYLUXV������Q&R9�ODE�LQGH[�KWPO

WƌŝŵĞƌƐ�ĂŶĚ�WƌŽďĞƐ͗

�ĂƚĂůŽŐ�ηϮϬϭϵͲŶ�Žs�h�ͲϬϭ��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů��Žǆ�ηϭ͗�

ZĞĂŐĞŶƚ�>ĂďĞů WĂƌƚ�η �ĞƐĐƌŝƉƚŝŽŶ YƵĂŶƚŝƚǇ�ͬ
dƵďĞ

ZĞĂĐƚŝŽŶƐ�ͬ�
dƵďĞ

ϮϬϭϵͲŶ�ŽsͺEϭ ZsϮϬϮϬϬϭ
ZsϮϬϮϬϭϱ ϮϬϭϵͲŶ�ŽsͺEϭ��ŽŵďŝŶĞĚ�WƌŝŵĞƌͬWƌŽďĞ�Dŝǆ ϮϮ͘ϱ�ŶŵŽů ϭϬϬϬ

ϮϬϭϵͲŶ�ŽsͺEϮ ZsϮϬϮϬϬϮ
ZsϮϬϮϬϭϲ ϮϬϭϵͲŶ�ŽsͺEϮ��ŽŵďŝŶĞĚ�WƌŝŵĞƌͬWƌŽďĞ�Dŝǆ ϮϮ͘ϱ�ŶŵŽů ϭϬϬϬ

ZW ZsϮϬϮϬϬϰ
ZsϮϬϮϬϭϴ ,ƵŵĂŶ�ZEĂƐĞ�W�&ŽƌǁĂƌĚ�WƌŝŵĞƌͬWƌŽďĞ�Dŝǆ ϮϮ͘ϱ�ŶŵŽů ϭϬϬϬ

WŽƐŝƚŝǀĞ��ŽŶƚƌŽů ;ĞŝƚŚĞƌ�ŽĨ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ƉƌŽĚƵĐƚƐ�ĂƌĞ�ĂĐĐĞƉƚĂďůĞͿ
�ĂƚĂůŽŐ�ηϮϬϭϵͲŶ�Žs�h�ͲϬϭ��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů��Žǆ�ηϮ͗�

ZĞĂŐĞŶƚ
>ĂďĞů WĂƌƚ�η �ĞƐĐƌŝƉƚŝŽŶ YƵĂŶƚŝƚǇ EŽƚĞƐ

Ŷ�ŽsW� ZsϮϬϮϬϬϱ

ϮϬϭϵͲŶ�Žs�WŽƐŝƚŝǀĞ��ŽŶƚƌŽů�;Ŷ�ŽsW�Ϳ�
&Žƌ�ƵƐĞ�ĂƐ�Ă�ƉŽƐŝƚŝǀĞ�ĐŽŶƚƌŽů�ǁŝƚŚ�ƚŚĞ�����ϮϬϭϵͲ
Ŷ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů
ƉƌŽĐĞĚƵƌĞ͘�dŚĞ�Ŷ�ŽsW� ĐŽŶƚĂŝŶƐ�ŶŽŶŝŶĨĞĐƚŝŽƵƐ�
ƉŽƐŝƚŝǀĞ�ĐŽŶƚƌŽů�ŵĂƚĞƌŝĂů�ƐƵƉƉůŝĞĚ�ŝŶ�Ă�ĚƌŝĞĚ�ƐƚĂƚĞ�
ĂŶĚ�ŵƵƐƚ�ďĞ�ƌĞƐƵƐƉĞŶĚĞĚ�ďĞĨŽƌĞ�ƵƐĞ͘��Ŷ�ŽsW��
ĐŽŶƐŝƐƚƐ�ŽĨ�ŝŶ� ǀŝƚƌŽ ƚƌĂŶƐĐƌŝďĞĚ�ZE�͘��Ŷ�ŽsW��ǁŝůů�
ǇŝĞůĚ�Ă�ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚ�ǁŝƚŚ�ĞĂĐŚ�ĂƐƐĂǇ�ŝŶ�ƚŚĞ�
ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů
ŝŶĐůƵĚŝŶŐ�ZW͘�

ϰ�ƚƵďĞƐ�
WƌŽǀŝĚĞƐ�
;ϴϬϬͿ�ϱ�ђ>�

ƚĞƐƚ�ƌĞĂĐƚŝŽŶƐ�



�
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�ĂƚĂůŽŐ ηsd�ͲϬϰ�����ϮϬϭϵͲŶ�Žs�WŽƐŝƚŝǀĞ��ŽŶƚƌŽů�;Ŷ�ŽsW�Ϳ
ZĞĂŐĞŶƚ
>ĂďĞů WĂƌƚ�η �ĞƐĐƌŝƉƚŝŽŶ YƵĂŶƚŝƚǇ EŽƚĞƐ

Ŷ�ŽsW� ZsϮϬϮϬϬϱ

ϮϬϭϵͲŶ�Žs�WŽƐŝƚŝǀĞ��ŽŶƚƌŽů�;Ŷ�ŽsW�Ϳ�
&Žƌ�ƵƐĞ�ĂƐ�Ă�ƉŽƐŝƚŝǀĞ�ĐŽŶƚƌŽů�ǁŝƚŚ�ƚŚĞ�����ϮϬϭϵͲ
Ŷ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů
ƉƌŽĐĞĚƵƌĞ͘�dŚĞ�Ŷ�ŽsW� ĐŽŶƚĂŝŶƐ�ŶŽŶŝŶĨĞĐƚŝŽƵƐ�
ƉŽƐŝƚŝǀĞ�ĐŽŶƚƌŽů�ŵĂƚĞƌŝĂů�ƐƵƉƉůŝĞĚ�ŝŶ�Ă�ĚƌŝĞĚ�ƐƚĂƚĞ�
ĂŶĚ�ŵƵƐƚ�ďĞ�ƌĞƐƵƐƉĞŶĚĞĚ�ďĞĨŽƌĞ�ƵƐĞ͘��Ŷ�ŽsW��
ĐŽŶƐŝƐƚƐ�ŽĨ�ŝŶ� ǀŝƚƌŽ ƚƌĂŶƐĐƌŝďĞĚ�ZE�͘��Ŷ�ŽsW��ǁŝůů�
ǇŝĞůĚ�Ă�ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚ�ǁŝƚŚ�ĞĂĐŚ�ĂƐƐĂǇ�ŝŶ�ƚŚĞ�
ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů
ŝŶĐůƵĚŝŶŐ�ZW͘�

ϰ�ƚƵďĞƐ�
WƌŽǀŝĚĞƐ�
;ϴϬϬͿ�ϱ�ђ>�

ƚĞƐƚ�ƌĞĂĐƚŝŽŶƐ�

DĂƚĞƌŝĂůƐ�ZĞƋƵŝƌĞĚ�;�Ƶƚ�EŽƚ�WƌŽǀŝĚĞĚͿ

,ƵŵĂŶ�^ƉĞĐŝŵĞŶ��ŽŶƚƌŽů�;,^�Ϳ�
�ĞƐĐƌŝƉƚŝŽŶ YƵĂŶƚŝƚǇ �����ĂƚĂůŽŐ�EŽ͘

DĂŶƵĨĂĐƚƵƌĞĚ�ďǇ����͘�&Žƌ�ƵƐĞ�ĂƐ�ĂŶ�ZE��ĞǆƚƌĂĐƚŝŽŶ�ƉƌŽĐĞĚƵƌĂů�ĐŽŶƚƌŽů�ƚŽ�
ĚĞŵŽŶƐƚƌĂƚĞ�ƐƵĐĐĞƐƐĨƵů�ƌĞĐŽǀĞƌǇ�ŽĨ�ZE��ĂƐ�ǁĞůů�ĂƐ�ĞǆƚƌĂĐƚŝŽŶ�ƌĞĂŐĞŶƚ�
ŝŶƚĞŐƌŝƚǇ͘�dŚĞ�,^��ĐŽŶƐŝƐƚƐ�ŽĨ�ŶŽŶŝŶĨĞĐƚŝŽƵƐ�;ďĞƚĂͲWƌŽƉŝŽůĂĐƚŽŶĞ�ƚƌĞĂƚĞĚͿ�
ĐƵůƚƵƌĞĚ�ŚƵŵĂŶ�ĐĞůů�ŵĂƚĞƌŝĂů�ƐƵƉƉůŝĞĚ�ĂƐ�Ă�ůŝƋƵŝĚ�ƐƵƐƉĞŶĚĞĚ�ŝŶ�Ϭ͘Ϭϭ�D�
W�^�Ăƚ�Ɖ,�ϳ͘ϮͲϳ͘ϰ͘�

ϭϬ�ǀŝĂůƐ�ǆ�ϱϬϬƵ> <dϬϭϴϵ

$FFHSWDEOH�DOWHUQDWLYHV�WR�+6&�
1HJDWLYH�KXPDQ�VSHFLPHQ�PDWHULDO� /DERUDWRULHV�PD\�SUHSDUH�D�YROXPH�RI�KXPDQ�VSHFLPHQ�
PDWHULDO��H�J�� KXPDQ�VHUD RU SRROHG�OHIWRYHU�QHJDWLYH�UHVSLUDWRU\�VSHFLPHQV� WR�H[WUDFW�DQG�
UXQ�DORQJVLGH�FOLQLFDO�VDPSOHV�DV�DQ�H[WUDFWLRQ�FRQWURO���7KLV�PDWHULDO�VKRXOG�EH�SUHSDUHG�LQ�
VXIILFLHQW�YROXPH�WR�EH�XVHG�DFURVV�PXOWLSOH�UXQV���0DWHULDO�VKRXOG�EH�WHVWHG�SULRU�WR�XVH�DV�
WKH�H[WUDFWLRQ�FRQWURO�WR�HQVXUH�LW�JHQHUDWHV�WKH�H[SHFWHG�UHVXOWV�IRU�WKH�+6&�OLVWHG�LQ�WKHVH�
LQVWUXFWLRQV�IRU�XVH�
&RQWULYHG�KXPDQ�VSHFLPHQ�PDWHULDO� /DERUDWRULHV�PD\�SUHSDUH�FRQWULYHG�KXPDQ�VSHFLPHQ�
PDWHULDOV�E\�VXVSHQGLQJ�DQ\�KXPDQ�FHOO�OLQH��H�J���$�����+HOD�RU������LQ�3%6���7KLV�PDWHULDO�
VKRXOG�EH�SUHSDUHG�LQ�VXIILFLHQW YROXPH�WR�EH�XVHG�DFURVV�PXOWLSOH�UXQV���0DWHULDO�VKRXOG�EH�
WHVWHG�SULRU�WR�XVH�DV�WKH�H[WUDFWLRQ�FRQWURO�WR�HQVXUH�LW�JHQHUDWHV�WKH�H[SHFWHG�UHVXOWV IRU�WKH�
+6& OLVWHG�LQ�WKHVH�LQVWUXFWLRQV�IRU�XVH�

&'&�ZLOO�PDLQWDLQ�RQ�LWV�ZHEVLWH�D�OLVW�RI�FRPPHUFLDOO\ DOWHUQDWLYH�H[WUDFWLRQ�FRQWUROV��LI�DSSOLFDEOH��
WKDW�DUH�DFFHSWDEOH�IRU�XVH�ZLWK�WKLV�DVVD\�XQGHU�&'&¶V�(PHUJHQF\�8VH�$XWKRUL]DWLRQ��DW��
KWWSV���ZZZ�FGF�JRY�FRURQDYLUXV������Q&R9�ODE�LQGH[�KWPO



�
&'&������������5HYLVLRQ���� &'&�'','�1&,5'��'LYLVLRQ�RI�9LUDO�'LVHDVHV����������(IIHFWLYH�����������

ƌZdͲW�Z��ŶǌǇŵĞ�DĂƐƚĞƌŵŝǆ�KƉƚŝŽŶƐ
ZĞĂŐĞŶƚ YƵĂŶƚŝƚǇ �ĂƚĂůŽŐ�EŽ͘

YƵĂŶƚĂďŝŽ�Ƌ^ĐƌŝƉƚ�y>d�KŶĞͲ^ƚĞƉ�ZdͲƋW�Z�dŽƵŐŚDŝǆ

;ϭ�ǆ�ϭ�ŵ>Ϳ ϵϱϭϯϮͲϭϬϬ

;ϭ�ǆ�ϮϬ�ŵ>Ϳ ϵϱϭϯϮͲϬϮ<

;ϱ�ǆ�ϭ�ŵ>Ϳ ϵϱϭϯϮͲϱϬϬ

YƵĂŶƚĂďŝŽ�hůƚƌĂWůĞǆ�ϭͲ^ƚĞƉ�dŽƵŐŚDŝǆ�;ϰyͿ

ϭϬϬ�ǆ�ϮϬ�ђ>�ƌǆŶƐ�
;ϱϬϬ�ђ>Ϳ ϵϱϭϲϲͲϭϬϬ

;ϱ�ǆ�ϱϬϬ�ђ>Ϳ ϵϱϭϲϲͲϱϬϬ

ϭϬ
;ϭ ǆ�ϱ�ŵ>Ϳ ϵϱϭϲϲͲϬϭ<

WƌŽŵĞŐĂ�'ŽdĂƋΠ WƌŽďĞ�ϭͲ ^ƚĞƉ�ZdͲƋW�Z�^ǇƐƚĞŵ

ϮϬϬ�ǆ�ϮϬ�
;Ϯ�ŵ>Ϳ �ϲϭϮϬ

ϭϮϱϬ�ǆ�ϮϬ�
ϭϮ͘ϱ ŵ> �ϲϭϮϭ

dŚĞƌŵŽĨŝƐŚĞƌ�dĂƋWĂƚŚΡ�ϭͲ^ƚĞƉ�ZdͲƋW�Z�DĂƐƚĞƌ�Dŝǆ͕��'
ϭϬϬϬ�ƌĞĂĐƚŝŽŶƐ �ϭϱϮϵϵ

ϮϬϬϬ�ƌĞĂĐƚŝŽŶƐ �ϭϱϯϬϬ



�
&'&������������5HYLVLRQ���� &'&�'','�1&,5'��'LYLVLRQ�RI�9LUDO�'LVHDVHV����������(IIHFWLYH�����������

ZE���ǆƚƌĂĐƚŝŽŶ�KƉƚŝŽŶƐ
)RU�HDFK�RI�WKH�NLWV�OLVWHG�EHORZ��&'&�KDV�FRQILUPHG�WKDW�WKH�H[WHUQDO�O\VLV EXIIHU�LV�HIIHFWLYH�IRU�
LQDFWLYDWLRQ�RI�6$56�&R9���

/ŶƐƚƌƵŵĞŶƚͬDĂŶƵĨĂĐƚƵƌĞƌ �ǆƚƌĂĐƚŝŽŶ�<ŝƚ �ĂƚĂůŽŐ�EŽ͘

Y/�'�E�

ϮY/�ŵƉ��^W�sŝƌĂů�ZE��DŝŶŝ�<ŝƚ� ϱϬ�ĞǆƚƌĂĐƚŝŽŶƐ�;ϲϭϵϬϰͿ

ϮY/�ĂŵƉ�sŝƌĂů�ZE��DŝŶŝ�<ŝƚ ϱϬ�ĞǆƚƌĂĐƚŝŽŶƐ�;ϱϮϵϬϰͿ
ϮϱϬ�ĞǆƚƌĂĐƚŝŽŶƐ�;ϱϮϵϬϲͿ

Y/�'�E���ϭ��ĚǀĂŶĐĞĚ�y>

Ϯ��ϭ��^W�sŝƌƵƐ�<ŝƚ

ϰϴ�ĞǆƚƌĂĐƚŝŽŶƐ�;ϲϮϳϮϰͿ

�ƵĨĨĞƌ��s>�;ϭϵϬϳϯͿ

��ϭ��ĚǀĂŶĐĞĚ�y>��^W�sŝƌƵƐ��ĂƌĚ�;ϵϬϭϴϳϬϯͿ

Ϯ��ϭ�sŝƌƵƐ�DŝŶŝ�<ŝƚ ǀϮ͘Ϭ

ϰϴ�ĞǆƚƌĂĐƚŝŽŶƐ�;ϵϱϱϭϯϰͿ

�ƵĨĨĞƌ��s>�;ϭϵϬϳϯͿ

��ϭ �ĚǀĂŶĐĞĚ�y>�sŝƌƵƐ��ĂƌĚ�ǀϮ͘Ϭ ;ϵϬϭϴϳϬϴͿ

ϭZŽĐŚĞ�DĂŐE� WƵƌĞ�>�� ϮdŽƚĂů�EƵĐůĞŝĐ��ĐŝĚ�<ŝƚ� ϭϵϮ�ĞǆƚƌĂĐƚŝŽŶƐ�;Ϭϯ�Ϭϯϴ�ϱϬϱ�ϬϬϭͿ�

ϭZŽĐŚĞ�DĂŐE��WƵƌĞ��ŽŵƉĂĐƚ� ϮEƵĐůĞŝĐ��ĐŝĚ�/ƐŽůĂƚŝŽŶ�<ŝƚ�/� ϯϮ�ĞǆƚƌĂĐƚŝŽŶƐ�;Ϭϯ�ϳϯϬ�ϵϲϰ�ϬϬϭͿ�

ϭZŽĐŚĞ�DĂŐE��WƵƌĞ�ϵϲ� Ϯ�E��ĂŶĚ�sŝƌĂů�E��^ŵĂůů�sŽůƵŵĞ�<ŝƚ�
ϱϳϲ�ĞǆƚƌĂĐƚŝŽŶƐ�;Ϭϲ�ϱϰϯ�ϱϴϴ�ϬϬϭͿ�

�ǆƚĞƌŶĂů�>ǇƐŝƐ��ƵĨĨĞƌ�;Ϭϲ�ϯϳϰ�ϵϭϯ�ϬϬϭͿ�

ϭY/�'�E�Y/�ĐƵďĞ�

ϮY/�ŵƉ��^W�sŝƌĂů�ZE��DŝŶŝ�<ŝƚ� ϱϬ�ĞǆƚƌĂĐƚŝŽŶƐ�;ϲϭϵϬϰͿ�

ϮY/�ĂŵƉ�sŝƌĂů�ZE��DŝŶŝ�<ŝƚ
ϱϬ�ĞǆƚƌĂĐƚŝŽŶƐ�;ϱϮϵϬϰͿ
ϮϱϬ�ĞǆƚƌĂĐƚŝŽŶƐ ;ϱϮϵϬϲͿ

ϭ͕�ϯďŝŽDĠƌŝĞƵǆ�EƵĐůŝ^�E^Π�
ĞĂƐǇD�'Π�
ĂŶĚ�
ϭ͕�ϯďŝŽDĠƌŝĞƵǆ��D�'Π�
;�ƵƚŽŵĂƚĞĚ�ŵĂŐŶĞƚŝĐ�ĞǆƚƌĂĐƚŝŽŶ�
ƌĞĂŐĞŶƚƐ�ƐŽůĚ�ƐĞƉĂƌĂƚĞůǇ͘��ŽƚŚ�
ŝŶƐƚƌƵŵĞŶƚƐ�ƵƐĞ�ƚŚĞ�ƐĂŵĞ�
ƌĞĂŐĞŶƚƐ�ĂŶĚ�ĚŝƐƉŽƐĂďůĞƐ͕�ǁŝƚŚ�
ƚŚĞ�ĞǆĐĞƉƚŝŽŶ�ŽĨ�ƚŝƉƐ͘Ϳ

�ĂƐǇD�'Π�DĂŐŶĞƚŝĐ�^ŝůŝĐĂ�;ϮϴϬϭϯϯͿ�

�ĂƐǇD�'Π�>ǇƐŝƐ��ƵĨĨĞƌ�;ϮϴϬϭϯϰͿ

�ĂƐǇD�'Π�>ǇƐŝƐ��ƵĨĨĞƌ͕�Ϯ�ŵ>�;ϮϬϬϮϵϮͿ�

�ĂƐǇD�'Π�tĂƐŚ��ƵĨĨĞƌƐ�ϭ͕Ϯ͕�ĂŶĚ�ϯ�

;ϮϴϬϭϯϬ͕�ϮϴϬϭϯϭ͕�ϮϴϬϭϯϮͿ�

�ĂƐǇD�'Π��ŝƐƉŽƐĂďůĞƐ�;ϮϴϬϭϯϱͿ�

�ŝŽŚŝƚ�WŝƉĞƚƚĞ�dŝƉƐ�;ĞĂƐǇD�'Π�ŽŶůǇͿ�

;ϮϴϬϭϰϲͿ�

ϭ�ƋƵŝǀĂůĞŶĐĞ�ĂŶĚ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ƚŚĞƐĞ�ĞǆƚƌĂĐƚŝŽŶ�ƉůĂƚĨŽƌŵƐ�ĨŽƌ�ĞǆƚƌĂĐƚŝŽŶ�ŽĨ�ǀŝƌĂů�ZE��ǁĞƌĞ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ǁŝƚŚ�
ƚŚĞ�����,ƵŵĂŶ�/ŶĨůƵĞŶǌĂ�sŝƌƵƐ�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�;<ϭϵϬϯϬϮͿ͘��WĞƌĨŽƌŵĂŶĐĞ�ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�ŽĨ�
ƚŚĞƐĞ�ĞǆƚƌĂĐƚŝŽŶ�ƉůĂƚĨŽƌŵƐ�ǁŝƚŚ�ϮϬϭϵͲŶ�Žs�;^�Z^��ŽsͲϮͿ�ŚĂǀĞ�ŶŽƚ�ďĞĞŶ�ĚĞŵŽŶƐƚƌĂƚĞĚ͘
��&'&�KDV�FRQILUPHG�WKDW�WKH�H[WHUQDO�O\VLV�EXIIHU�XVHG�ZLWK�WKLV�H[WUDFWLRQ�PHWKRG�LV�HIIHFWLYH�IRU�
LQDFWLYDWLRQ�RI�6$56�&R9���
��&'&�KDV�FRPSDUHG�WKH�FRQFHQWUDWLRQ RI�LQDFWLYDWLQJ�DJHQW�LQ�WKH�O\VLV�EXIIHU�XVHG�ZLWK�WKLV�
H[WUDFWLRQ�PHWKRG�DQG�KDV�GHWHUPLQHG�WKH�FRQFHQWUDWLRQ�WR�EH�ZLWKLQ�WKH�UDQJH�RI�FRQFHQWUDWLRQV�
IRXQG�HIIHFWLYH�LQ�LQDFWLYDWLRQ�RI�6$56�&R9���



�
&'&������������5HYLVLRQ���� &'&�'','�1&,5'��'LYLVLRQ�RI�9LUDO�'LVHDVHV����������(IIHFWLYH�����������

�ƋƵŝƉŵĞŶƚ�ĂŶĚ��ŽŶƐƵŵĂďůĞƐ�ZĞƋƵŝƌĞĚ�;�Ƶƚ�EŽƚ�WƌŽǀŝĚĞĚͿ

sŽƌƚĞǆ�ŵŝǆĞƌ
DŝĐƌŽĐĞŶƚƌŝĨƵŐĞ

DƵůƚŝĐŚĂŶŶĞů�ŵŝĐƌŽƉŝƉĞƚƚĞƐ�;ϱͲ
ZĂĐŬƐ�ĨŽƌ�ϭ͘ϱ�ŵ>�ŵŝĐƌŽĐĞŶƚƌŝĨƵŐĞ�ƚƵďĞƐ
Ϯ�ǆ�ϵϲͲǁĞůů�ͲϮϬΣ��ĐŽůĚ�ďůŽĐŬƐ
ϳϱϬϬ�&ĂƐƚ��ǆ�ZĞĂůͲdŝŵĞ�W�Z�^ǇƐƚĞŵƐ�ǁŝƚŚ�^�^�ϭ͘ϰ�ƐŽĨƚǁĂƌĞ�;�ƉƉůŝĞĚ��ŝŽƐǇƐƚĞŵƐ͖�ĐĂƚĂůŽŐ�ηϰϰϬϲϵϴϱ�Žƌ�
ηϰϰϬϲϵϴϰͿ
�ǆƚƌĂĐƚŝŽŶ�ƐǇƐƚĞŵƐ�;ŝŶƐƚƌƵŵĞŶƚƐͿ͗�Y/�'�E���ϭ��ĚǀĂŶĐĞĚ�y>
DŽůĞĐƵůĂƌ�ŐƌĂĚĞ�ǁĂƚĞƌ͕�ŶƵĐůĞĂƐĞͲĨƌĞĞ
ϭϬй�ďůĞĂĐŚ�;ϭ͗ϭϬ�ĚŝůƵƚŝŽŶ�ŽĨ�ĐŽŵŵĞƌĐŝĂů�ϱ͘ϮϱͲϲ͘Ϭй�ŚǇƉŽĐŚůŽƌŝƚĞ�ďůĞĂĐŚͿ
�E��ĂƉdD ;�ŵďŝŽŶ͕�ĐĂƚ͘�η�DϵϴϵϬͿ�Žƌ�ĞƋƵŝǀĂůĞŶƚ
ZE�ƐĞ��ǁĂǇdD ;&ŝƐŚĞƌ�^ĐŝĞŶƚŝĨŝĐ͖�ĐĂƚ͘�ηϮϭͲϮϯϲͲϮϭͿ�Žƌ�ĞƋƵŝǀĂůĞŶƚ�
�ŝƐƉŽƐĂďůĞ�ƉŽǁĚĞƌͲĨƌĞĞ�ŐůŽǀĞƐ�ĂŶĚ�ƐƵƌŐŝĐĂů�ŐŽǁŶƐ
�ĞƌŽƐŽů�ďĂƌƌŝĞƌ�ƉŝƉĞƚƚĞ�ƚŝƉƐ
ϭ͘ϱ�ŵ>�ŵŝĐƌŽĐĞŶƚƌŝĨƵŐĞ�ƚƵďĞƐ�;�EĂƐĞͬZEĂƐĞ�ĨƌĞĞͿ
Ϭ͘Ϯ�ŵ>�W�Z�ƌĞĂĐƚŝŽŶ�ƉůĂƚĞƐ�;�ƉƉůŝĞĚ��ŝŽƐǇƐƚĞŵƐ͖�ĐĂƚĂůŽŐ�ηϰϯϰϲϵϬϲ�Žƌ�ηϰϯϲϲϵϯϮͿ
DŝĐƌŽ�ŵƉ�KƉƚŝĐĂů�ϴͲĐĂƉ�^ƚƌŝƉƐ�;�ƉƉůŝĞĚ��ŝŽƐǇƐƚĞŵƐ͖�ĐĂƚĂůŽŐ�ηϰϯϮϯϬϯϮͿ

tĂƌŶŝŶŐƐ�ĂŶĚ�WƌĞĐĂƵƚŝŽŶƐ

&Žƌ�ŝŶ� ǀŝƚƌŽ ĚŝĂŐŶŽƐƚŝĐ�ƵƐĞ�;/s�Ϳ͘
&Žƌ�ĞŵĞƌŐĞŶĐǇ�ƵƐĞ�ŽŶůǇ͘
&ŽůůŽǁ�ƐƚĂŶĚĂƌĚ�ƉƌĞĐĂƵƚŝŽŶƐ͘��ůů�ƉĂƚŝĞŶƚ�ƐƉĞĐŝŵĞŶƐ�ĂŶĚ�ƉŽƐŝƚŝǀĞ�ĐŽŶƚƌŽůƐ�ƐŚŽƵůĚ�ďĞ�ĐŽŶƐŝĚĞƌĞĚ�
ƉŽƚĞŶƚŝĂůůǇ�ŝŶĨĞĐƚŝŽƵƐ�ĂŶĚ�ŚĂŶĚůĞĚ�ĂĐĐŽƌĚŝŶŐůǇ͘
�Ž�ŶŽƚ�ĞĂƚ͕�ĚƌŝŶŬ͕�ƐŵŽŬĞ͕�ĂƉƉůǇ�ĐŽƐŵĞƚŝĐƐ�Žƌ�ŚĂŶĚůĞ�ĐŽŶƚĂĐƚ�ůĞŶƐĞƐ�ŝŶ�ĂƌĞĂƐ�ǁŚĞƌĞ�ƌĞĂŐĞŶƚƐ�ĂŶĚ�
ŚƵŵĂŶ�ƐƉĞĐŝŵĞŶƐ�ĂƌĞ�ŚĂŶĚůĞĚ͘
,ĂŶĚůĞ�Ăůů�ƐƉĞĐŝŵĞŶƐ�ĂƐ�ŝĨ�ŝŶĨĞĐƚŝŽƵƐ�ƵƐŝŶŐ�ƐĂĨĞ�ůĂďŽƌĂƚŽƌǇ�ƉƌŽĐĞĚƵƌĞƐ͘��ZĞĨĞƌ�ƚŽ�/ŶƚĞƌŝŵ�>ĂďŽƌĂƚŽƌǇ�
�ŝŽƐĂĨĞƚǇ�'ƵŝĚĞůŝŶĞƐ�ĨŽƌ�,ĂŶĚůŝŶŐ�ĂŶĚ�WƌŽĐĞƐƐŝŶŐ�^ƉĞĐŝŵĞŶƐ��ƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ϮϬϭϵͲŶ�Žs
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ĐĚĐ͘ŐŽǀͬĐŽƌŽŶĂǀŝƌƵƐͬϮϬϭϵͲŶ�ŽsͬůĂďͲďŝŽƐĂĨĞƚǇͲŐƵŝĚĞůŝŶĞƐ͘Śƚŵů͘
^ƉĞĐŝŵĞŶ�ƉƌŽĐĞƐƐŝŶŐ�ƐŚŽƵůĚ�ďĞ�ƉĞƌĨŽƌŵĞĚ�ŝŶ�ĂĐĐŽƌĚĂŶĐĞ�ǁŝƚŚ�ŶĂƚŝŽŶĂů�ďŝŽůŽŐŝĐĂů�ƐĂĨĞƚǇ�ƌĞŐƵůĂƚŝŽŶƐ͘
/Ĩ�ŝŶĨĞĐƚŝŽŶ�ǁŝƚŚ�ϮϬϭϵͲŶ�Žs�ŝƐ�ƐƵƐƉĞĐƚĞĚ�ďĂƐĞĚ�ŽŶ�ĐƵƌƌĞŶƚ�ĐůŝŶŝĐĂů�ĂŶĚ�ĞƉŝĚĞŵŝŽůŽŐŝĐĂů�ƐĐƌĞĞŶŝŶŐ�
ĐƌŝƚĞƌŝĂ�ƌĞĐŽŵŵĞŶĚĞĚ�ďǇ�ƉƵďůŝĐ�ŚĞĂůƚŚ�ĂƵƚŚŽƌŝƚŝĞƐ͕�ƐƉĞĐŝŵĞŶƐ�ƐŚŽƵůĚ�ďĞ�ĐŽůůĞĐƚĞĚ�ǁŝƚŚ�ĂƉƉƌŽƉƌŝĂƚĞ�
ŝŶĨĞĐƚŝŽŶ�ĐŽŶƚƌŽů�ƉƌĞĐĂƵƚŝŽŶƐ͘
WĞƌĨŽƌŵĂŶĐĞ�ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�ŚĂǀĞ�ďĞĞŶ�ĚĞƚĞƌŵŝŶĞĚ�ǁŝƚŚ�ŚƵŵĂŶ�ƵƉƉĞƌ�ƌĞƐƉŝƌĂƚŽƌǇ�ƐƉĞĐŝŵĞŶƐ�ĂŶĚ�
ůŽǁĞƌ�ƌĞƐƉŝƌĂƚŽƌǇ�ƚƌĂĐƚ�ƐƉĞĐŝŵĞŶƐ�ĨƌŽŵ�ŚƵŵĂŶ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�ƐŝŐŶƐ�ĂŶĚ�ƐǇŵƉƚŽŵƐ�ŽĨ�ƌĞƐƉŝƌĂƚŽƌǇ�
ŝŶĨĞĐƚŝŽŶ͘�
WĞƌĨŽƌŵ�Ăůů�ŵĂŶŝƉƵůĂƚŝŽŶƐ�ŽĨ�ůŝǀĞ�ǀŝƌƵƐ�ƐĂŵƉůĞƐ�ǁŝƚŚŝŶ�Ă��ůĂƐƐ�//�;Žƌ�ŚŝŐŚĞƌͿ�ďŝŽůŽŐŝĐĂů�ƐĂĨĞƚǇ�ĐĂďŝŶĞƚ�
;�^�Ϳ͘
hƐĞ�ƉĞƌƐŽŶĂů�ƉƌŽƚĞĐƚŝǀĞ�ĞƋƵŝƉŵĞŶƚ�ƐƵĐŚ�ĂƐ�;ďƵƚ�ŶŽƚ�ůŝŵŝƚĞĚ�ƚŽͿ�ŐůŽǀĞƐ͕�ĞǇĞ�ƉƌŽƚĞĐƚŝŽŶ͕�ĂŶĚ�ůĂď�ĐŽĂƚƐ�
ǁŚĞŶ�ŚĂŶĚůŝŶŐ�Ŭŝƚ�ƌĞĂŐĞŶƚƐ�ǁŚŝůĞ�ƉĞƌĨŽƌŵŝŶŐ�ƚŚŝƐ�ĂƐƐĂǇ�ĂŶĚ�ŚĂŶĚůŝŶŐ�ŵĂƚĞƌŝĂůƐ�ŝŶĐůƵĚŝŶŐ�ƐĂŵƉůĞƐ͕�
ƌĞĂŐĞŶƚƐ͕�ƉŝƉĞƚƚĞƐ͕�ĂŶĚ�ŽƚŚĞƌ�ĞƋƵŝƉŵĞŶƚ�ĂŶĚ�ƌĞĂŐĞŶƚƐ͘
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�ŵƉůŝĨŝĐĂƚŝŽŶ�ƚĞĐŚŶŽůŽŐŝĞƐ�ƐƵĐŚ�ĂƐ�W�Z�ĂƌĞ�ƐĞŶƐŝƚŝǀĞ�ƚŽ�ĂĐĐŝĚĞŶƚĂů�ŝŶƚƌŽĚƵĐƚŝŽŶ�ŽĨ�W�Z�ƉƌŽĚƵĐƚ�ĨƌŽŵ�
ƉƌĞǀŝŽƵƐ�ĂŵƉůŝĨŝĐĂƚŝŽŶƐ�ƌĞĂĐƚŝŽŶƐ͘�/ŶĐŽƌƌĞĐƚ�ƌĞƐƵůƚƐ�ĐŽƵůĚ�ŽĐĐƵƌ�ŝĨ�ĞŝƚŚĞƌ�ƚŚĞ�ĐůŝŶŝĐĂů�ƐƉĞĐŝŵĞŶ�Žƌ�ƚŚĞ�
ƌĞĂůͲƚŝŵĞ�ƌĞĂŐĞŶƚƐ�ƵƐĞĚ�ŝŶ�ƚŚĞ�ĂŵƉůŝĨŝĐĂƚŝŽŶ�ƐƚĞƉ�ďĞĐŽŵĞ�ĐŽŶƚĂŵŝŶĂƚĞĚ�ďǇ�ĂĐĐŝĚĞŶƚĂů�ŝŶƚƌŽĚƵĐƚŝŽŶ�ŽĨ�
ĂŵƉůŝĨŝĐĂƚŝŽŶ�ƉƌŽĚƵĐƚ�;ĂŵƉůŝĐŽŶͿ͘�tŽƌŬĨůŽǁ�ŝŶ�ƚŚĞ�ůĂďŽƌĂƚŽƌǇ�ƐŚŽƵůĚ�ƉƌŽĐĞĞĚ�ŝŶ�Ă�ƵŶŝĚŝƌĞĐƚŝŽŶĂů�
ŵĂŶŶĞƌ͘

DĂŝŶƚĂŝŶ�ƐĞƉĂƌĂƚĞ�ĂƌĞĂƐ�ĨŽƌ�ĂƐƐĂǇ�ƐĞƚƵƉ�ĂŶĚ�ŚĂŶĚůŝŶŐ�ŽĨ�ŶƵĐůĞŝĐ�ĂĐŝĚƐ͘
�ůǁĂǇƐ�ĐŚĞĐŬ�ƚŚĞ�ĞǆƉŝƌĂƚŝŽŶ�ĚĂƚĞ�ƉƌŝŽƌ�ƚŽ�ƵƐĞ͘���Ž�ŶŽƚ�ƵƐĞ�ĞǆƉŝƌĞĚ�ƌĞĂŐĞŶƚ͘��Ž�ŶŽƚ�ƐƵďƐƚŝƚƵƚĞ�
Žƌ�ŵŝǆ�ƌĞĂŐĞŶƚ�ĨƌŽŵ�ĚŝĨĨĞƌĞŶƚ�Ŭŝƚ�ůŽƚƐ�Žƌ�ĨƌŽŵ�ŽƚŚĞƌ�ŵĂŶƵĨĂĐƚƵƌĞƌƐ͘
�ŚĂŶŐĞ�ĂĞƌŽƐŽů�ďĂƌƌŝĞƌ�ƉŝƉĞƚƚĞ�ƚŝƉƐ�ďĞƚǁĞĞŶ�Ăůů�ŵĂŶƵĂů�ůŝƋƵŝĚ�ƚƌĂŶƐĨĞƌƐ͘
�ƵƌŝŶŐ�ƉƌĞƉĂƌĂƚŝŽŶ�ŽĨ�ƐĂŵƉůĞƐ͕�ĐŽŵƉůŝĂŶĐĞ�ǁŝƚŚ�ŐŽŽĚ�ůĂďŽƌĂƚŽƌǇ�ƚĞĐŚŶŝƋƵĞƐ�ŝƐ�ĞƐƐĞŶƚŝĂů�ƚŽ�
ŵŝŶŝŵŝǌĞ�ƚŚĞ�ƌŝƐŬ�ŽĨ�ĐƌŽƐƐͲĐŽŶƚĂŵŝŶĂƚŝŽŶ�ďĞƚǁĞĞŶ�ƐĂŵƉůĞƐ͕�ĂŶĚ�ƚŚĞ�ŝŶĂĚǀĞƌƚĞŶƚ�ŝŶƚƌŽĚƵĐƚŝŽŶ�
ŽĨ�ŶƵĐůĞĂƐĞƐ�ŝŶƚŽ�ƐĂŵƉůĞƐ�ĚƵƌŝŶŐ�ĂŶĚ�ĂĨƚĞƌ�ƚŚĞ�ĞǆƚƌĂĐƚŝŽŶ�ƉƌŽĐĞĚƵƌĞ͘�WƌŽƉĞƌ�ĂƐĞƉƚŝĐ�ƚĞĐŚŶŝƋƵĞ�
ƐŚŽƵůĚ�ĂůǁĂǇƐ�ďĞ�ƵƐĞĚ�ǁŚĞŶ�ǁŽƌŬŝŶŐ�ǁŝƚŚ�ŶƵĐůĞŝĐ�ĂĐŝĚƐ͘
DĂŝŶƚĂŝŶ�ƐĞƉĂƌĂƚĞ͕�ĚĞĚŝĐĂƚĞĚ�ĞƋƵŝƉŵĞŶƚ�;Ğ͘Ő͕͘�ƉŝƉĞƚƚĞƐ͕�ŵŝĐƌŽĐĞŶƚƌŝĨƵŐĞƐͿ�ĂŶĚ�ƐƵƉƉůŝĞƐ�;Ğ͘Ő͕͘�
ŵŝĐƌŽĐĞŶƚƌŝĨƵŐĞ�ƚƵďĞƐ͕�ƉŝƉĞƚƚĞ�ƚŝƉƐͿ�ĨŽƌ�ĂƐƐĂǇ�ƐĞƚƵƉ�ĂŶĚ�ŚĂŶĚůŝŶŐ�ŽĨ�ĞǆƚƌĂĐƚĞĚ�ŶƵĐůĞŝĐ�ĂĐŝĚƐ͘
tĞĂƌ�Ă�ĐůĞĂŶ�ůĂď�ĐŽĂƚ�ĂŶĚ�ƉŽǁĚĞƌͲĨƌĞĞ�ĚŝƐƉŽƐĂďůĞ�ŐůŽǀĞƐ�;ŶŽƚ�ƉƌĞǀŝŽƵƐůǇ�ǁŽƌŶͿ�ǁŚĞŶ�ƐĞƚƚŝŶŐ�
ƵƉ�ĂƐƐĂǇƐ͘�
�ŚĂŶŐĞ�ŐůŽǀĞƐ�ďĞƚǁĞĞŶ�ƐĂŵƉůĞƐ�ĂŶĚ�ǁŚĞŶĞǀĞƌ�ĐŽŶƚĂŵŝŶĂƚŝŽŶ�ŝƐ�ƐƵƐƉĞĐƚĞĚ͘
<ĞĞƉ�ƌĞĂŐĞŶƚ�ĂŶĚ�ƌĞĂĐƚŝŽŶ�ƚƵďĞƐ�ĐĂƉƉĞĚ�Žƌ�ĐŽǀĞƌĞĚ�ĂƐ�ŵƵĐŚ�ĂƐ�ƉŽƐƐŝďůĞ͘
WƌŝŵĞƌƐ͕�ƉƌŽďĞƐ�;ŝŶĐůƵĚŝŶŐ�ĂůŝƋƵŽƚƐͿ͕�ĂŶĚ�ĞŶǌǇŵĞ�ŵĂƐƚĞƌ�ŵŝǆ�ŵƵƐƚ�ďĞ�ƚŚĂǁĞĚ�ĂŶĚ�ŵĂŝŶƚĂŝŶĞĚ�
ŽŶ�ĐŽůĚ�ďůŽĐŬ�Ăƚ�Ăůů�ƚŝŵĞƐ ĚƵƌŝŶŐ�ƉƌĞƉĂƌĂƚŝŽŶ�ĂŶĚ�ƵƐĞ͘
tŽƌŬ�ƐƵƌĨĂĐĞƐ͕�ƉŝƉĞƚƚĞƐ͕�ĂŶĚ�ĐĞŶƚƌŝĨƵŐĞƐ�ƐŚŽƵůĚ�ďĞ�ĐůĞĂŶĞĚ�ĂŶĚ�ĚĞĐŽŶƚĂŵŝŶĂƚĞĚ�ǁŝƚŚ�ĐůĞĂŶŝŶŐ�
ƉƌŽĚƵĐƚƐ�ƐƵĐŚ�ĂƐ�ϭϬй�ďůĞĂĐŚ͕�͞�E��ĂƉΡ͟�Žƌ�͞ZEĂƐĞ��t�zΠ͟�ƚŽ�ŵŝŶŝŵŝǌĞ�ƌŝƐŬ�ŽĨ�ŶƵĐůĞŝĐ�ĂĐŝĚ�
ĐŽŶƚĂŵŝŶĂƚŝŽŶ͘�ZĞƐŝĚƵĂů�ďůĞĂĐŚ�ƐŚŽƵůĚ�ďĞ�ƌĞŵŽǀĞĚ�ƵƐŝŶŐ�ϳϬй�ĞƚŚĂŶŽů͘

ZE��ƐŚŽƵůĚ�ďĞ�ŵĂŝŶƚĂŝŶĞĚ�ŽŶ�ĐŽůĚ�ďůŽĐŬ�Žƌ�ŽŶ�ŝĐĞ�ĚƵƌŝŶŐ�ƉƌĞƉĂƌĂƚŝŽŶ�ĂŶĚ�ƵƐĞ�ƚŽ�ĞŶƐƵƌĞ�ƐƚĂďŝůŝƚǇ͘
�ŝƐƉŽƐĞ�ŽĨ�ƵŶƵƐĞĚ�Ŭŝƚ�ƌĞĂŐĞŶƚƐ�ĂŶĚ�ŚƵŵĂŶ�ƐƉĞĐŝŵĞŶƐ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�ůŽĐĂů͕�ƐƚĂƚĞ͕�ĂŶĚ�ĨĞĚĞƌĂů�
ƌĞŐƵůĂƚŝŽŶƐ͘

ZĞĂŐĞŶƚ�^ƚŽƌĂŐĞ͕�,ĂŶĚůŝŶŐ͕�ĂŶĚ�^ƚĂďŝůŝƚǇ

^ƚŽƌĞ�Ăůů�ĚƌŝĞĚ�ƉƌŝŵĞƌƐ�ĂŶĚ�ƉƌŽďĞƐ�ĂŶĚ�ƚŚĞ�ƉŽƐŝƚŝǀĞ�ĐŽŶƚƌŽů͕�Ŷ�ŽsW�͕�Ăƚ�ϮͲϴΣ��ƵŶƚŝů�ƌĞͲŚǇĚƌĂƚĞĚ�ĨŽƌ�
ͲϮϬΣ�͘

EŽƚĞ͗�^ƚŽƌĂŐĞ�ŝŶĨŽƌŵĂƚŝŽŶ�ŝƐ�ĨŽƌ�����ƉƌŝŵĞƌ�ĂŶĚ�ƉƌŽďĞ�ŵĂƚĞƌŝĂůƐ�ŽďƚĂŝŶĞĚ�ƚŚƌŽƵŐŚ�ƚŚĞ�/ŶƚĞƌŶĂƚŝŽŶĂů�
ZĞĂŐĞŶƚ�ZĞƐŽƵƌĐĞ͘��/Ĩ�ƵƐŝŶŐ�ĐŽŵŵĞƌĐŝĂů�ƉƌŝŵĞƌƐ�ĂŶĚ�ƉƌŽďĞƐ͕�ƉůĞĂƐĞ�ƌĞĨĞƌ�ƚŽ�ƚŚĞ�ŵĂŶƵĨĂĐƚƵƌĞƌ͛Ɛ�
ŝŶƐƚƌƵĐƚŝŽŶƐ�ĨŽƌ�ƐƚŽƌĂŐĞ�ĂŶĚ�ŚĂŶĚůŝŶŐ͘
�ůǁĂǇƐ�ĐŚĞĐŬ�ƚŚĞ�ĞǆƉŝƌĂƚŝŽŶ�ĚĂƚĞ�ƉƌŝŽƌ�ƚŽ�ƵƐĞ͘��Ž�ŶŽƚ�ƵƐĞ�ĞǆƉŝƌĞĚ�ƌĞĂŐĞŶƚƐ͘
WƌŽƚĞĐƚ�ĨůƵŽƌŽŐĞŶŝĐ�ƉƌŽďĞƐ�ĨƌŽŵ�ůŝŐŚƚ͘
WƌŝŵĞƌƐ͕�ƉƌŽďĞƐ�;ŝŶĐůƵĚŝŶŐ�ĂůŝƋƵŽƚƐͿ͕�ĂŶĚ�ĞŶǌǇŵĞ�ŵĂƐƚĞƌ�ŵŝǆ�ŵƵƐƚ�ďĞ�ƚŚĂǁĞĚ�ĂŶĚ�ŬĞƉƚ�ŽŶ�Ă�ĐŽůĚ�
ďůŽĐŬ�Ăƚ�Ăůů�ƚŝŵĞƐ�ĚƵƌŝŶŐ�ƉƌĞƉĂƌĂƚŝŽŶ�ĂŶĚ�ƵƐĞ͘
�Ž�ŶŽƚ�ƌĞĨƌĞĞǌĞ�ƉƌŽďĞƐ͘
�ŽŶƚƌŽůƐ�ĂŶĚ�ĂůŝƋƵŽƚƐ�ŽĨ�ĐŽŶƚƌŽůƐ�ŵƵƐƚ�ďĞ�ƚŚĂǁĞĚ�ĂŶĚ�ŬĞƉƚ�ŽŶ�ŝĐĞ�Ăƚ�Ăůů�ƚŝŵĞƐ�ĚƵƌŝŶŐ ƉƌĞƉĂƌĂƚŝŽŶ�ĂŶĚ�
ƵƐĞ͘�
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^ƉĞĐŝŵĞŶ��ŽůůĞĐƚŝŽŶ͕�,ĂŶĚůŝŶŐ͕�ĂŶĚ�^ƚŽƌĂŐĞ

/ŶĂĚĞƋƵĂƚĞ�Žƌ�ŝŶĂƉƉƌŽƉƌŝĂƚĞ�ƐƉĞĐŝŵĞŶ�ĐŽůůĞĐƚŝŽŶ͕�ƐƚŽƌĂŐĞ͕�ĂŶĚ�ƚƌĂŶƐƉŽƌƚ�ĂƌĞ�ůŝŬĞůǇ�ƚŽ�ǇŝĞůĚ�ĨĂůƐĞ�ƚĞƐƚ�
ƌĞƐƵůƚƐ͘�dƌĂŝŶŝŶŐ�ŝŶ�ƐƉĞĐŝŵĞŶ�ĐŽůůĞĐƚŝŽŶ�ŝƐ�ŚŝŐŚůǇ�ƌĞĐŽŵŵĞŶĚĞĚ�ĚƵĞ�ƚŽ�ƚŚĞ�ŝŵƉŽƌƚĂŶĐĞ�ŽĨ�ƐƉĞĐŝŵĞŶ�
ƋƵĂůŝƚǇ͘��>^/�DDϭϯͲ��ŵĂǇ�ďĞ�ƌĞĨĞƌĞŶĐĞĚ�ĂƐ�ĂŶ�ĂƉƉƌŽƉƌŝĂƚĞ ƌĞƐŽƵƌĐĞ͘�

�ŽůůĞĐƚŝŶŐ�ƚŚĞ�^ƉĞĐŝŵĞŶ
ZĞĨĞƌ�ƚŽ�/ŶƚĞƌŝŵ�'ƵŝĚĞůŝŶĞƐ�ĨŽƌ��ŽůůĞĐƚŝŶŐ͕�,ĂŶĚůŝŶŐ͕�ĂŶĚ�dĞƐƚŝŶŐ��ůŝŶŝĐĂů�^ƉĞĐŝŵĞŶƐ�ĨƌŽŵ�WĂƚŝĞŶƚƐ�
hŶĚĞƌ�/ŶǀĞƐƚŝŐĂƚŝŽŶ�;Wh/ƐͿ�ĨŽƌ�ϮϬϭϵ�EŽǀĞů��ŽƌŽŶĂǀŝƌƵƐ�;ϮϬϭϵͲŶ�ŽsͿ�
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ĐĚĐ͘ŐŽǀͬĐŽƌŽŶĂǀŝƌƵƐͬϮϬϭϵͲŶ�ŽsͬŐƵŝĚĞůŝŶĞƐͲĐůŝŶŝĐĂůͲƐƉĞĐŝŵĞŶƐ͘Śƚŵů
&ŽůůŽǁ�ƐƉĞĐŝŵĞŶ�ĐŽůůĞĐƚŝŽŶ�ĚĞǀŝĐĞ�ŵĂŶƵĨĂĐƚƵƌĞƌ�ŝŶƐƚƌƵĐƚŝŽŶƐ�ĨŽƌ�ƉƌŽƉĞƌ�ĐŽůůĞĐƚŝŽŶ�ŵĞƚŚŽĚƐ͘
^ǁĂď�ƐƉĞĐŝŵĞŶƐ�ƐŚŽƵůĚ�ďĞ�ĐŽůůĞĐƚĞĚ�ƵƐŝŶŐ�ŽŶůǇ�ƐǁĂďƐ�ǁŝƚŚ�Ă�ƐǇŶƚŚĞƚŝĐ�ƚŝƉ͕�ƐƵĐŚ�ĂƐ�ŶǇůŽŶ�Žƌ�
�ĂĐƌŽŶΠ͕�ĂŶĚ�ĂŶ�ĂůƵŵŝŶƵŵ�Žƌ�ƉůĂƐƚŝĐ�ƐŚĂĨƚ͘��ĂůĐŝƵŵ�ĂůŐŝŶĂƚĞ�ƐǁĂďƐ�ĂƌĞ�ƵŶĂĐĐĞƉƚĂďůĞ�ĂŶĚ�ĐŽƚƚŽŶ�
ƐǁĂďƐ�ǁŝƚŚ�ǁŽŽĚĞŶ�ƐŚĂĨƚƐ�ĂƌĞ�ŶŽƚ�ƌĞĐŽŵŵĞŶĚĞĚ͘�WůĂĐĞ�ƐǁĂďƐ�ŝŵŵĞĚŝĂƚĞůǇ�ŝŶƚŽ�ƐƚĞƌŝůĞ�ƚƵďĞƐ�
ĐŽŶƚĂŝŶŝŶŐ�ϭͲϯ�ŵů�ŽĨ�ǀŝƌĂů�ƚƌĂŶƐƉŽƌƚ�ŵĞĚŝĂ͘�

dƌĂŶƐƉŽƌƚŝŶŐ�^ƉĞĐŝŵĞŶƐ
^ƉĞĐŝŵĞŶƐ�ŵƵƐƚ�ďĞ�ƉĂĐŬĂŐĞĚ͕�ƐŚŝƉƉĞĚ͕�ĂŶĚ�ƚƌĂŶƐƉŽƌƚĞĚ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�ĐƵƌƌĞŶƚ�ĞĚŝƚŝŽŶ�ŽĨ�ƚŚĞ�
/ŶƚĞƌŶĂƚŝŽŶĂů��ŝƌ�dƌĂŶƐƉŽƌƚ��ƐƐŽĐŝĂƚŝŽŶ�;/�d�Ϳ��ĂŶŐĞƌŽƵƐ�'ŽŽĚƐ�ZĞŐƵůĂƚŝŽŶ͘�&ŽůůŽǁ�ƐŚŝƉƉŝŶŐ�
ƌĞŐƵůĂƚŝŽŶƐ�ĨŽƌ�hE�ϯϯϳϯ��ŝŽůŽŐŝĐĂů�^ƵďƐƚĂŶĐĞ͕��ĂƚĞŐŽƌǇ���ǁŚĞŶ�ƐĞŶĚŝŶŐ�ƉŽƚĞŶƚŝĂů�ϮϬϭϵͲŶ�Žs�
ƐƉĞĐŝŵĞŶƐ͘�^ƚŽƌĞ�ƐƉĞĐŝŵĞŶƐ�Ăƚ�ϮͲϴΣ��ĂŶĚ�ƐŚŝƉ�ŽǀĞƌŶŝŐŚƚ�ƚŽ�����ŽŶ�ŝĐĞ�ƉĂĐŬ͘�/Ĩ�Ă�ƐƉĞĐŝŵĞŶ�ŝƐ�
ĨƌŽǌĞŶ�Ăƚ�ͲϳϬΣ��Žƌ�ůŽǁĞƌ͕�ƐŚŝƉ�ŽǀĞƌŶŝŐŚƚ�ƚŽ�����ŽŶ�ĚƌǇ�ŝĐĞ͘

^ƚŽƌŝŶŐ�^ƉĞĐŝŵĞŶƐ
^ƉĞĐŝŵĞŶƐ�ĐĂŶ�ďĞ�ƐƚŽƌĞĚ�Ăƚ�ϮͲϴŽ��ĨŽƌ�ƵƉ�ƚŽ�ϳϮ�ŚŽƵƌƐ�ĂĨƚĞƌ�ĐŽůůĞĐƚŝŽŶ͘
/Ĩ�Ă�ĚĞůĂǇ�ŝŶ�ĞǆƚƌĂĐƚŝŽŶ�ŝƐ�ĞǆƉĞĐƚĞĚ͕�ƐƚŽƌĞ�ƐƉĞĐŝŵĞŶƐ�Ăƚ�ͲϳϬŽ��Žƌ�ůŽǁĞƌ͘
�ǆƚƌĂĐƚĞĚ�ŶƵĐůĞŝĐ�ĂĐŝĚ�ƐŚŽƵůĚ�ďĞ�ƐƚŽƌĞĚ�Ăƚ�ͲϳϬŽ��Žƌ�ůŽǁĞƌ͘



��
&'&������������5HYLVLRQ���� &'&�'','�1&,5'��'LYLVLRQ�RI�9LUDO�'LVHDVHV����������(IIHFWLYH�����������

^ƉĞĐŝŵĞŶ�ZĞĨĞƌƌĂů�ƚŽ����

&Žƌ�ƐƚĂƚĞ�ĂŶĚ�ůŽĐĂů�ƉƵďůŝĐ�ŚĞĂůƚŚ�ůĂďŽƌĂƚŽƌŝĞƐ͗�
^ŚŝƉ�Ăůů�ƐƉĞĐŝŵĞŶƐ�ŽǀĞƌŶŝŐŚƚ�ƚŽ����͘
^ŚŝƉ�ĨƌŽǌĞŶ�ƐƉĞĐŝŵĞŶƐ�ŽŶ�ĚƌǇ�ŝĐĞ�ĂŶĚ�ŶŽŶͲĨƌŽǌĞŶ�ƐƉĞĐŝŵĞŶƐ�ŽŶ�ĐŽůĚ�ƉĂĐŬƐ͘�
ZĞĨĞƌ�ƚŽ�ƚŚĞ�/ŶƚĞƌŶĂƚŝŽŶĂů��ŝƌ�dƌĂŶƐƉŽƌƚ��ƐƐŽĐŝĂƚŝŽŶ�;/�d��Ͳ ǁǁǁ͘ŝĂƚĂ͘ŽƌŐͿ�ĨŽƌ�ƌĞƋƵŝƌĞŵĞŶƚƐ�ĨŽƌ�
ƐŚŝƉŵĞŶƚ�ŽĨ�ŚƵŵĂŶ�Žƌ�ƉŽƚĞŶƚŝĂůůǇ�ŝŶĨĞĐƚŝŽƵƐ�ďŝŽůŽŐŝĐĂů�ƐƉĞĐŝŵĞŶƐ͘�&ŽůůŽǁ�ƐŚŝƉƉŝŶŐ�ƌĞŐƵůĂƚŝŽŶƐ�ĨŽƌ�
hE�ϯϯϳϯ��ŝŽůŽŐŝĐĂů�^ƵďƐƚĂŶĐĞ͕��ĂƚĞŐŽƌǇ���ǁŚĞŶ�ƐĞŶĚŝŶŐ�ƉŽƚĞŶƚŝĂů�ϮϬϭϵͲŶ�Žs�ƐƉĞĐŝŵĞŶƐ͘
WƌŝŽƌ�ƚŽ�ƐŚŝƉƉŝŶŐ͕�ŶŽƚŝĨǇ������ŝǀŝƐŝŽŶ�ŽĨ�sŝƌĂů��ŝƐĞĂƐĞƐ ;ƐĞĞ�ĐŽŶƚĂĐƚ�ŝŶĨŽƌŵĂƚŝŽŶ�ďĞůŽǁͿ�ƚŚĂƚ�ǇŽƵ�
ĂƌĞ�ƐĞŶĚŝŶŐ�ƐƉĞĐŝŵĞŶƐ͘
^ĞŶĚ�Ăůů�ƐĂŵƉůĞƐ�ƚŽ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ƌĞĐŝƉŝĞŶƚ͗

�ĞŶƚĞƌƐ�ĨŽƌ��ŝƐĞĂƐĞ��ŽŶƚƌŽů�ĂŶĚ�WƌĞǀĞŶƚŝŽŶ
ĐͬŽ�^d�dd

�ƚƚĞŶƚŝŽŶ͗��ƌ͘�^ƚĞƉŚĞŶ�>ŝŶĚƐƚƌŽŵ�;hŶŝƚ�ϴϰͿ
ϭϲϬϬ��ůŝĨƚŽŶ�ZĚ͕͘��ƚůĂŶƚĂ͕�'��ϯϬϯϮϵͲϰϬϮϳ

WŚŽŶĞ͗�;ϰϬϰͿ�ϲϯϵͲϯϵϯϭ�

dŚĞ�ĞŵĞƌŐĞŶĐǇ�ĐŽŶƚĂĐƚ�ŶƵŵďĞƌ�ĨŽƌ������ŵĞƌŐĞŶĐǇ�KƉĞƌĂƚŝŽŶƐ��ĞŶƚĞƌ�;�K�Ϳ�ŝƐ�
ϳϳϬͲϰϴϴͲϳϭϬϬ͘

�ůů�ŽƚŚĞƌ�ůĂďŽƌĂƚŽƌŝĞƐ ƚŚĂƚ�ĂƌĞ��>/��ĐĞƌƚŝĨŝĞĚ�ĂŶĚ�ŵĞĞƚ�ƌĞƋƵŝƌĞŵĞŶƚƐ�ƚŽ�ƉĞƌĨŽƌŵ�ŚŝŐŚ�ĐŽŵƉůĞǆŝƚǇ�ƚĞƐƚŝŶŐ͗�
WůĞĂƐĞ�ŶŽƚŝĨǇ�ǇŽƵƌ�ƐƚĂƚĞ�ĂŶĚͬŽƌ�ůŽĐĂů�ƉƵďůŝĐ�ŚĞĂůƚŚ�ůĂďŽƌĂƚŽƌǇ�ĨŽƌ�ƐƉĞĐŝŵĞŶ�ƌĞĨĞƌƌĂů�ĂŶĚ�
ĐŽŶĨŝƌŵĂƚŽƌǇ�ƚĞƐƚŝŶŐ�ŐƵŝĚĂŶĐĞ͘

ZĞĂŐĞŶƚ�ĂŶĚ��ŽŶƚƌŽůƐ�WƌĞƉĂƌĂƚŝŽŶ

EKd�͗��^ƚŽƌĂŐĞ�ŝŶĨŽƌŵĂƚŝŽŶ�ŝƐ�ĨŽƌ�ŵĂƚĞƌŝĂůƐ�ŽďƚĂŝŶĞĚ�ƚŚƌŽƵŐŚ�ƚŚĞ�����/ŶƚĞƌŶĂƚŝŽŶĂů�ZĞŐĞŶƚ�ZĞƐŽƵƌĐĞ͘��/Ĩ�
ƵƐŝŶŐ�ĐŽŵŵĞƌĐŝĂů�ƉƌŽĚƵĐƚƐ�ĨŽƌ�ƚĞƐƚŝŶŐ͕�ƉůĞĂƐĞ�ƌĞĨĞƌ�ƚŽ�ƚŚĞ�ŵĂŶƵĨĂĐƚƵƌĞƌ͛Ɛ�ŝŶƐƚƌƵĐƚŝŽŶƐ�ĨŽƌ�ƐƚŽƌĂŐĞ͕�ŚĂŶĚůŝŶŐ�
ĂŶĚ�ƉƌĞƉĂƌĂƚŝŽŶ�ŝŶƐƚƌƵĐƚŝŽŶƐ͘

WƌŝŵĞƌ�ĂŶĚ�WƌŽďĞ�WƌĞƉĂƌĂƚŝŽŶ͗

ϭͿ hƉŽŶ�ƌĞĐĞŝƉƚ͕�ƐƚŽƌĞ�ĚƌŝĞĚ�ƉƌŝŵĞƌƐ�ĂŶĚ�ƉƌŽďĞƐ�Ăƚ�ϮͲϴΣ�͘
ϮͿ WƌĞĐĂƵƚŝŽŶƐ͗�dŚĞƐĞ�ƌĞĂŐĞŶƚƐ�ƐŚŽƵůĚ�ŽŶůǇ�ďĞ�ŚĂŶĚůĞĚ�ŝŶ�Ă�ĐůĞĂŶ�ĂƌĞĂ�ĂŶĚ�ƐƚŽƌĞĚ�Ăƚ�ĂƉƉƌŽƉƌŝĂƚĞ�

ƚĞŵƉĞƌĂƚƵƌĞƐ�;ƐĞĞ�ďĞůŽǁͿ�ŝŶ�ƚŚĞ�ĚĂƌŬ͘�&ƌĞĞǌĞͲƚŚĂǁ�ĐǇĐůĞƐ�ƐŚŽƵůĚ�ďĞ�ĂǀŽŝĚĞĚ͘�DĂŝŶƚĂŝŶ�ĐŽůĚ�ǁŚĞŶ�
ƚŚĂǁĞĚ͘

ϯͿ hƐŝŶŐ�ĂƐĞƉƚŝĐ�ƚĞĐŚŶŝƋƵĞ͕�ƐƵƐƉĞŶĚ�ĚƌŝĞĚ�ƌĞĂŐĞŶƚƐ�ŝŶ�ϭ͘ϱ�ŵ>�ŽĨ�ŶƵĐůĞĂƐĞͲĨƌĞĞ�ǁĂƚĞƌ�;ϱϬy�ǁŽƌŬŝŶŐ�
ĐŽŶĐĞŶƚƌĂƚŝŽŶͿ�ĂŶĚ�ĂůůŽǁ�ƚŽ�ƌĞŚǇĚƌĂƚĞ�ĨŽƌ�ϭϱ�ŵŝŶ�Ăƚ�ƌŽŽŵ�ƚĞŵƉĞƌĂƚƵƌĞ�ŝŶ�ƚŚĞ�ĚĂƌŬ͘�

ϰͿ ͲůĂďĞůĞĚ�ƚƵďĞƐ͘�^ƚŽƌĞ�Ă�ƐŝŶŐůĞ�
ĂůŝƋƵŽƚ�ŽĨ�ƉƌŝŵĞƌƐͬƉƌŽďĞ�Ăƚ�ϮͲϴŽ��ŝŶ�ƚŚĞ�ĚĂƌŬ͘��Ž�ŶŽƚ�ƌĞĨƌĞĞǌĞ�;ƐƚĂďůĞ�ĨŽƌ�ƵƉ�ƚŽ�ϰ�ŵŽŶƚŚƐͿ͘�^ƚŽƌĞ�

ͲϮϬŽ��ŝŶ�Ă�ŶŽŶͲĨƌŽƐƚͲĨƌĞĞ�ĨƌĞĞǌĞƌ͘
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ϮϬϭϵͲŶ�Žs�WŽƐŝƚŝǀĞ��ŽŶƚƌŽů�;Ŷ�ŽsW�Ϳ�WƌĞƉĂƌĂƚŝŽŶ͗

ϭͿ WƌĞĐĂƵƚŝŽŶƐ͗�dŚŝƐ�ƌĞĂŐĞŶƚ�ƐŚŽƵůĚ�ďĞ�ŚĂŶĚůĞĚ�ǁŝƚŚ�ĐĂƵƚŝŽŶ�ŝŶ�Ă�ĚĞĚŝĐĂƚĞĚ�ŶƵĐůĞŝĐ�ĂĐŝĚ�ŚĂŶĚůŝŶŐ�
ĂƌĞĂ�ƚŽ�ƉƌĞǀĞŶƚ�ƉŽƐƐŝďůĞ�ĐŽŶƚĂŵŝŶĂƚŝŽŶ͘�&ƌĞĞǌĞͲƚŚĂǁ�ĐǇĐůĞƐ�ƐŚŽƵůĚ�ďĞ�ĂǀŽŝĚĞĚ͘�DĂŝŶƚĂŝŶ�ŽŶ�ŝĐĞ�
ǁŚĞŶ�ƚŚĂǁĞĚ͘

ϮͿ ZĞƐƵƐƉĞŶĚ�ĚƌŝĞĚ�ƌĞĂŐĞŶƚ�ŝŶ�ĞĂĐŚ�ƚƵďĞ�ŝŶ�ϭ�ŵ>�ŽĨ�ŶƵĐůĞĂƐĞͲĨƌĞĞ�ǁĂƚĞƌ�ƚŽ�ĂĐŚŝĞǀĞ�ƚŚĞ�ƉƌŽƉĞƌ�
ͲϳϬŽ�͘

ϯͿ dŚĂǁ�Ă�ƐŝŶŐůĞ�ĂůŝƋƵŽƚ�ŽĨ�ĚŝůƵƚĞĚ�ƉŽƐŝƚŝǀĞ�ĐŽŶƚƌŽů�ĨŽƌ�ĞĂĐŚ�ĞǆƉĞƌŝŵĞŶƚ�ĂŶĚ�ŚŽůĚ�ŽŶ�ŝĐĞ�ƵŶƚŝů�ĂĚĚŝŶŐ�
ƚŽ�ƉůĂƚĞ͘��ŝƐĐĂƌĚ�ĂŶǇ�ƵŶƵƐĞĚ�ƉŽƌƚŝŽŶ�ŽĨ�ƚŚĞ�ĂůŝƋƵŽƚ͘

,ƵŵĂŶ�^ƉĞĐŝŵĞŶ��ŽŶƚƌŽů�;,^�Ϳ�;ŶŽƚ�ƉƌŽǀŝĚĞĚͿ
ϭͿ ,ƵŵĂŶ�^ƉĞĐŝŵĞŶ��ŽŶƚƌŽů�;,^�Ϳ�Žƌ�ŽŶĞ�ŽĨ�ƚŚĞ�ůŝƐƚĞĚ�ĂĐĐĞƉƚĂďůĞ�ĂůƚĞƌŶĂƚŝǀĞ�ĞǆƚƌĂĐƚŝŽŶ�ĐŽŶƚƌŽůƐ�

ŵƵƐƚ�ďĞ�ĞǆƚƌĂĐƚĞĚ�ĂŶĚ�ƉƌŽĐĞƐƐĞĚ�ǁŝƚŚ�ĞĂĐŚ�ƐƉĞĐŝŵĞŶ�ĞǆƚƌĂĐƚŝŽŶ�ƌƵŶ͘�
ϮͿ ZĞĨĞƌ�ƚŽ�ƚŚĞ�,ƵŵĂŶ�^ƉĞĐŝŵĞŶ��ŽŶƚƌŽů�;,^�Ϳ�ƉĂĐŬĂŐĞ�ŝŶƐĞƌƚ�ĨŽƌ�ŝŶƐƚƌƵĐƚŝŽŶƐ�ĨŽƌ�ƵƐĞ͘

EŽ�dĞŵƉůĂƚĞ��ŽŶƚƌŽů�;Ed�Ϳ�;ŶŽƚ�ƉƌŽǀŝĚĞĚͿ
ϭͿ ^ƚĞƌŝůĞ͕�ŶƵĐůĞĂƐĞͲĨƌĞĞ�ǁĂƚĞƌ
ϮͿ �ůŝƋƵŽƚ�ŝŶ�ƐŵĂůů�ǀŽůƵŵĞƐ
ϯͿ hƐĞĚ�ƚŽ�ĐŚĞĐŬ�ĨŽƌ�ĐŽŶƚĂŵŝŶĂƚŝŽŶ�ĚƵƌŝŶŐ�ƐƉĞĐŝŵĞŶ�ĞǆƚƌĂĐƚŝŽŶ�ĂŶĚͬŽƌ�ƉůĂƚĞ�ƐĞƚͲƵƉ

'ĞŶĞƌĂů�WƌĞƉĂƌĂƚŝŽŶ

�ƋƵŝƉŵĞŶƚ�WƌĞƉĂƌĂƚŝŽŶ
�ůĞĂŶ�ĂŶĚ�ĚĞĐŽŶƚĂŵŝŶĂƚĞ�Ăůů�ǁŽƌŬ�ƐƵƌĨĂĐĞƐ͕�ƉŝƉĞƚƚĞƐ͕�ĐĞŶƚƌŝĨƵŐĞƐ͕�ĂŶĚ�ŽƚŚĞƌ�ĞƋƵŝƉŵĞŶƚ�ƉƌŝŽƌ�ƚŽ�ƵƐĞ͘�
�ĞĐŽŶƚĂŵŝŶĂƚŝŽŶ�ĂŐĞŶƚƐ�ƐŚŽƵůĚ�ďĞ�ƵƐĞĚ�ŝŶĐůƵĚŝŶŐ�ϭϬй�ďůĞĂĐŚ͕�ϳϬй�ĞƚŚĂŶŽů͕�ĂŶĚ��E�ǌĂƉΡ Žƌ�ZEĂƐĞ�
�t�zΠ ƚŽ�ŵŝŶŝŵŝǌĞ�ƚŚĞ�ƌŝƐŬ�ŽĨ�ŶƵĐůĞŝĐ�ĂĐŝĚ�ĐŽŶƚĂŵŝŶĂƚŝŽŶ͘

EƵĐůĞŝĐ��ĐŝĚ��ǆƚƌĂĐƚŝŽŶ

WĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ŝƐ�ĚĞƉĞŶĚĞŶƚ�ƵƉŽŶ�ƚŚĞ�ĂŵŽƵŶƚ�ĂŶĚ�
ƋƵĂůŝƚǇ�ŽĨ�ƚĞŵƉůĂƚĞ�ZE��ƉƵƌŝĨŝĞĚ�ĨƌŽŵ�ŚƵŵĂŶ�ƐƉĞĐŝŵĞŶƐ͘�dŚĞ�ĨŽůůŽǁŝŶŐ�ĐŽŵŵĞƌĐŝĂůůǇ�ĂǀĂŝůĂďůĞ�ZE��
ĞǆƚƌĂĐƚŝŽŶ�ŬŝƚƐ�ĂŶĚ�ƉƌŽĐĞĚƵƌĞƐ�ŚĂǀĞ�ďĞĞŶ�ƋƵĂůŝĨŝĞĚ�ĂŶĚ�ǀĂůŝĚĂƚĞĚ�ĨŽƌ�ƌĞĐŽǀĞƌǇ�ĂŶĚ�ƉƵƌŝƚǇ�ŽĨ�ZE��ĨŽƌ�ƵƐĞ�
ǁŝƚŚ�ƚŚĞ�ƉĂŶĞů͗

YŝĂŐĞŶ�Y/�ĂŵƉΠ �^W�sŝƌĂů�ZE��DŝŶŝ�<ŝƚ Žƌ�Y/�ĂŵƉΠ sŝƌĂů�ZE��DŝŶŝ�<ŝƚ

YŝĂŐĞŶ���ϭ��ĚǀĂŶĐĞĚ�y>�
<ŝƚ͗�YŝĂŐĞŶ���ϭ��^W�sŝƌƵƐ�<ŝƚ�ĂŶĚ��ƵĨĨĞƌ��s>�;ƐƵƉƉůŝĞĚ�ƐĞƉĂƌĂƚĞůǇͿ�ĨŽƌ�ŽĨĨďŽĂƌĚ�ůǇƐŝƐ
�ĂƌĚ͗���ϭ��ĚǀĂŶĐĞĚ�y>��^W�sŝƌƵƐ��ĂƌĚ

ͲĂůŝƋƵŽƚĞĚ��ƵĨĨĞƌ��s>�;ƚŽƚĂů�ŝŶƉƵƚ�ƐĂŵƉůĞ�
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<ŝƚ͗�YŝĂŐĞŶ���ϭ�sŝƌƵƐ�DŝŶŝ�<ŝƚ�ǀϮ͘Ϭ�ĂŶĚ��ƵĨĨĞƌ��s>�;ƐƵƉƉůŝĞĚ�ƐĞƉĂƌĂƚĞůǇͿ�ĨŽƌ�ŽĨĨďŽĂƌĚ�ůǇƐŝƐ
�ĂƌĚ͗���ϭ��ĚǀĂŶĐĞĚ�y>�sŝƌƵƐ��ĂƌĚ ǀϮ͘Ϭ

ͲĂůŝƋƵŽƚĞĚ��ƵĨĨĞƌ��s>�;ƚŽƚĂů�ŝŶƉƵƚ�ƐĂŵƉůĞ�

�ƋƵŝǀĂůĞŶĐĞ�ĂŶĚ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ƚŚĞ ĨŽůůŽǁŝŶŐ�ĞǆƚƌĂĐƚŝŽŶ�ƉůĂƚĨŽƌŵƐ�ǁĞƌĞ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ǁŝƚŚ�ƚŚĞ�����
,ƵŵĂŶ�/ŶĨůƵĞŶǌĂ�sŝƌƵƐ�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�;<ϭϵϬϯϬϮͿ�ĂŶĚ�ďĂƐĞĚ�ŽŶ�ƚŚŽƐĞ�ĚĂƚĂ�ĂƌĞ�
ĂĐĐĞƉƚĂďůĞ�ĨŽƌ�ƵƐĞ�ǁŝƚŚ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů͘��

Y/�'�E�Y/�ĐƵďĞ�
<ŝƚ͗�Y/�'�E�Y/�ĂŵƉΠ��^W�sŝƌĂů�ZE��DŝŶŝ�<ŝƚ�Žƌ�Y/�ĂŵƉΠ sŝƌĂů�ZE��DŝŶŝ�<ŝƚ

ZŽĐŚĞ�DĂŐE��WƵƌĞ�>��
<ŝƚ͗�ZŽĐŚĞ�DĂŐE� WƵƌĞ�dŽƚĂů�EƵĐůĞŝĐ��ĐŝĚ�<ŝƚ�
WƌŽƚŽĐŽů͗�dŽƚĂů�E���ǆƚĞƌŶĂůͺůǇƐŝƐ�

ŽĨ�ƉƌĞͲĂůŝƋƵŽƚĞĚ�dE��ŝƐŽůĂƚŝŽŶ�Ŭŝƚ�ůǇƐŝƐ�ďƵĨĨĞƌ�;ƚŽƚĂů�

ZŽĐŚĞ�DĂŐE��WƵƌĞ��ŽŵƉĂĐƚ�
<ŝƚ͗�ZŽĐŚĞ�DĂŐE��WƵƌĞ�EƵĐůĞŝĐ��ĐŝĚ�/ƐŽůĂƚŝŽŶ�<ŝƚ�/�
WƌŽƚŽĐŽů͗�dŽƚĂůͺE�ͺWůĂƐŵĂϭϬϬͺϰϬϬ�

ͲĂůŝƋƵŽƚĞĚ�dE��ŝƐŽůĂƚŝŽŶ�Ŭŝƚ�ůǇƐŝƐ�ďƵĨĨĞƌ�;ƚŽƚĂů�

ZŽĐŚĞ�DĂŐE��WƵƌĞ�ϵϲ�
<ŝƚ͗�ZŽĐŚĞ�DĂŐE��WƵƌĞ�ϵϲ��E��ĂŶĚ�sŝƌĂů�E��^ŵĂůů�sŽůƵŵĞ�<ŝƚ�
WƌŽƚŽĐŽů͗�sŝƌĂů�E��WůĂƐŵĂ��ǆƚ�>ǇƐ�^s�WƌŽƚŽĐŽů�

ͲĂůŝƋƵŽƚĞĚ��ǆƚĞƌŶĂů�>ǇƐŝƐ��ƵĨĨĞƌ�;ƐƵƉƉůŝĞĚ�

;EŽƚĞ͗�/ŶƚĞƌŶĂů��ŽŶƚƌŽů�с�EŽŶĞͿ͘��ůƵƚŝŽŶ�ǀŽůƵŵĞ

ďŝŽDĠƌŝĞƵǆ�EƵĐůŝ^�E^Π�ĞĂƐǇD�'Π�/ŶƐƚƌƵŵĞŶƚ�
WƌŽƚŽĐŽů͗�'ĞŶĞƌĂů�ƉƌŽƚŽĐŽů�;ŶŽƚ�ĨŽƌ�ďůŽŽĚͿ�ƵƐŝŶŐ�͞KĨĨͲďŽĂƌĚ�>ǇƐŝƐ͟�ƌĞĂŐĞŶƚ�ƐĞƚƚŝŶŐƐ͘�

ͲĂůŝƋƵŽƚĞĚ�ĞĂƐǇD�' ůǇƐŝƐ�ďƵĨĨĞƌ�;ƚŽƚĂů�ŝŶƉƵƚ�
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ďŝŽDĠƌŝĞƵǆ��D�'Π�/ŶƐƚƌƵŵĞŶƚ�
WƌŽƚŽĐŽů͗��ƵƐƚŽŵ�ƉƌŽƚŽĐŽů͗�����&ůƵ�sϭ�ƵƐŝŶŐ�͞KĨĨͲďŽĂƌĚ�>ǇƐŝƐ͟�ƌĞĂŐĞŶƚ�ƐĞƚƚŝŶŐƐ͘�
ZĞĐŽŵŵĞŶĚĂƚŝŽŶ;ƐͿ ͲĂůŝƋƵŽƚĞĚ�ĞĂƐǇD�'�ůǇƐŝƐ�ďƵĨĨĞƌ�;ƚŽƚĂů�ŝŶƉƵƚ�

ĐƵƐƚŽŵ�ƉƌŽƚŽĐŽů͕�����&ůƵ�sϭ͕�ŝƐ�ƉƌŽŐƌĂŵŵĞĚ�ŽŶ�ƚŚĞ�ďŝŽDĠƌŝĞƵǆ��D�'Π�ŝŶƐƚƌƵŵĞŶƚ�ǁŝƚŚ�ƚŚĞ�ĂƐƐŝƐƚĂŶĐĞ�ŽĨ�
Ă�ďŝŽDĠƌŝĞƵǆ�ƐĞƌǀŝĐĞ�ƌĞƉƌĞƐĞŶƚĂƚŝǀĞ͘�/ŶƐƚĂůůĂƚŝŽŶ�ǀĞƌŝĨŝĐĂƚŝŽŶ�ŝƐ�ĚŽĐƵŵĞŶƚĞĚ�Ăƚ�ƚŚĞ�ƚŝŵĞ�ŽĨ�ŝŶƐƚĂůůĂƚŝŽŶ͘�
>ĂďŽƌĂƚŽƌŝĞƐ�ĂƌĞ�ƌĞĐŽŵŵĞŶĚĞĚ�ƚŽ�ƌĞƚĂŝŶ�Ă�ƌĞĐŽƌĚ�ŽĨ�ƚŚĞ�ƐƚĞƉͲďǇͲƐƚĞƉ�ǀĞƌŝĨŝĐĂƚŝŽŶ�ŽĨ�ƚŚĞ�ďŝŽDĠƌŝĞƵǆ�
ĐƵƐƚŽŵ�ƉƌŽƚŽĐŽů�ŝŶƐƚĂůůĂƚŝŽŶ�ƉƌŽĐĞĚƵƌĞ͘�

DĂŶƵĨĂĐƚƵƌĞƌ͛Ɛ�ƌĞĐŽŵŵĞŶĚĞĚ�ƉƌŽĐĞĚƵƌĞƐ�;ĞǆĐĞƉƚ�ĂƐ�ŶŽƚĞĚ�ŝŶ�ƌĞĐŽŵŵĞŶĚĂƚŝŽŶƐ�ĂďŽǀĞͿ�ĂƌĞ�ƚŽ�ďĞ�ĨŽůůŽǁĞĚ�
ĨŽƌ�ƐĂŵƉůĞ�ĞǆƚƌĂĐƚŝŽŶ͘�,^��ŵƵƐƚ�ďĞ�ŝŶĐůƵĚĞĚ�ŝŶ�ĞĂĐŚ�ĞǆƚƌĂĐƚŝŽŶ�ďĂƚĐŚ͘

�ŝƐĐůĂŝŵĞƌ͗�EĂŵĞƐ�ŽĨ�ǀĞŶĚŽƌƐ�Žƌ�ŵĂŶƵĨĂĐƚƵƌĞƌƐ�ĂƌĞ�ƉƌŽǀŝĚĞĚ�ĂƐ�ĞǆĂŵƉůĞƐ�ŽĨ�ƐƵŝƚĂďůĞ�ƉƌŽĚƵĐƚ�ƐŽƵƌĐĞƐ͘�/ŶĐůƵƐŝŽŶ�ĚŽĞƐ�
ŶŽƚ�ŝŵƉůǇ�ĞŶĚŽƌƐĞŵĞŶƚ�ďǇ�ƚŚĞ��ĞŶƚĞƌƐ�ĨŽƌ��ŝƐĞĂƐĞ��ŽŶƚƌŽů�ĂŶĚ�WƌĞǀĞŶƚŝŽŶ͘

�ƐƐĂǇ�^Ğƚ�hƉ

ZĞĂĐƚŝŽŶ�DĂƐƚĞƌ�Dŝǆ�ĂŶĚ�WůĂƚĞ�^Ğƚ�hƉ
EŽƚĞ͗�WůĂƚĞ�ƐĞƚͲƵƉ�ĐŽŶĨŝŐƵƌĂƚŝŽŶ�ĐĂŶ�ǀĂƌǇ�ǁŝƚŚ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƐƉĞĐŝŵĞŶƐ�ĂŶĚ�ǁŽƌŬĚĂǇ ŽƌŐĂŶŝǌĂƚŝŽŶ͘�
Ed�Ɛ�ĂŶĚ�Ŷ�ŽsW�Ɛ�ŵƵƐƚ�ďĞ�ŝŶĐůƵĚĞĚ�ŝŶ�ĞĂĐŚ�ƌƵŶ͘

ϭͿ /Ŷ�ƚŚĞ�ƌĞĂŐĞŶƚ�ƐĞƚͲƵƉ�ƌŽŽŵ�ĐůĞĂŶ�ŚŽŽĚ͕�ƉůĂĐĞ�ƌZdͲW�Z�ďƵĨĨĞƌ͕�ĞŶǌǇŵĞ͕�ĂŶĚ�ƉƌŝŵĞƌͬƉƌŽďĞƐ�ŽŶ�ŝĐĞ�
Žƌ�ĐŽůĚͲďůŽĐŬ͘�<ĞĞƉ�ĐŽůĚ�ĚƵƌŝŶŐ�ƉƌĞƉĂƌĂƚŝŽŶ�ĂŶĚ�ƵƐĞ͘

ϮͿ Dŝǆ�ďƵĨĨĞƌ͕�ĞŶǌǇŵĞ͕�ĂŶĚ�ƉƌŝŵĞƌͬƉƌŽďĞƐ�ďǇ�ŝŶǀĞƌƐŝŽŶ�ϱ�ƚŝŵĞƐ͘
ϯͿ �ĞŶƚƌŝĨƵŐĞ�ƌĞĂŐĞŶƚƐ ĂŶĚ�ƉƌŝŵĞƌƐͬƉƌŽďĞƐ�ĨŽƌ�ϱ�ƐĞĐŽŶĚƐ�ƚŽ�ĐŽůůĞĐƚ�ĐŽŶƚĞŶƚƐ�Ăƚ�ƚŚĞ�ďŽƚƚŽŵ�ŽĨ�ƚŚĞ�

ƚƵďĞ͕�ĂŶĚ�ƚŚĞŶ�ƉůĂĐĞ�ƚŚĞ�ƚƵďĞ�ŝŶ�Ă�ĐŽůĚ�ƌĂĐŬ͘
ϰͿ >ĂďĞů�ŽŶĞ�ϭ͘ϱ�ŵ>�ŵŝĐƌŽĐĞŶƚƌŝĨƵŐĞ�ƚƵďĞ�ĨŽƌ�ĞĂĐŚ�ƉƌŝŵĞƌͬƉƌŽďĞ�ƐĞƚ͘
ϱͿ �ĞƚĞƌŵŝŶĞ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƌĞĂĐƚŝŽŶƐ�;EͿ�ƚŽ�ƐĞƚ�ƵƉ�ƉĞƌ�ĂƐƐĂǇ͘�/ƚ�ŝƐ�ŶĞĐĞƐƐĂƌǇ�ƚŽ�ŵĂŬĞ�ĞǆĐĞƐƐ�ƌĞĂĐƚŝŽŶ�

ŵŝǆ�ĨŽƌ�ƚŚĞ�Ed�͕�Ŷ�ŽsW�͕�,^��;ŝĨ�ŝŶĐůƵĚĞĚ�ŝŶ�ƚŚĞ�ZdͲW�Z�ƌƵŶͿ͕�ĂŶĚ�ZW�ƌĞĂĐƚŝŽŶƐ�ĂŶĚ�ĨŽƌ�ƉŝƉĞƚƚŝŶŐ�
ĞƌƌŽƌ͘�hƐĞ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ŐƵŝĚĞ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�E͗

/Ĩ�ŶƵŵďĞƌ�ŽĨ�ƐĂŵƉůĞƐ�;ŶͿ�ŝŶĐůƵĚŝŶŐ�ĐŽŶƚƌŽůƐ�ĞƋƵĂůƐ�ϭ�ƚŚƌŽƵŐŚ�ϭϰ͕�ƚŚĞŶ�E�с�Ŷ�н�ϭ
/Ĩ�ŶƵŵďĞƌ�ŽĨ�ƐĂŵƉůĞƐ�;ŶͿ�ŝŶĐůƵĚŝŶŐ�ĐŽŶƚƌŽůƐ�ŝƐ�ϭϱ�Žƌ�ŐƌĞĂƚĞƌ͕�ƚŚĞŶ�E�с�Ŷ�н�Ϯ

ϳͿ &Žƌ�ĞĂĐŚ�ƉƌŝŵĞƌͬƉƌŽďĞ�ƐĞƚ͕�ĐĂůĐƵůĂƚĞ�ƚŚĞ�ĂŵŽƵŶƚ�ŽĨ�ĞĂĐŚ�ƌĞĂŐĞŶƚ�ƚŽ�ďĞ�ĂĚĚĞĚ�ĨŽƌ�ĞĂĐŚ�ƌĞĂĐƚŝŽŶ�
ŵŝǆƚƵƌĞ�;E�с�η�ŽĨ�ƌĞĂĐƚŝŽŶƐͿ͘

dŚĞƌŵŽĨŝƐŚĞƌ�dĂƋWĂƚŚΡ�ϭͲ^ƚĞƉ�ZdͲƋW�Z�DĂƐƚĞƌ�Dŝǆ

^ƚĞƉ�η ZĞĂŐĞŶƚ sŽů͘ ŽĨ ZĞĂŐĞŶƚ��ĚĚĞĚ�
ƉĞƌ�ZĞĂĐƚŝŽŶ

ϭ EƵĐůĞĂƐĞͲĨƌĞĞtĂƚĞƌ E�ǆ ϴ͘ϱ ђ>

Ϯ �ŽŵďŝŶĞĚ WƌŝŵĞƌͬWƌŽďĞ�Dŝǆ E�ǆ ϭ͘ϱ ђ>

ϯ dĂƋWĂƚŚdD ϭͲ^ƚĞƉ�ZdͲƋW�Z�DĂƐƚĞƌ�Dŝǆ�;ϰǆͿ E�ǆ ϱ͘Ϭ ђ>

dŽƚĂů sŽůƵŵĞ E�ǆ�ϭϱ͘Ϭ�ђ>
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WƌŽŵĞŐĂ�'ŽdĂƋΠ�WƌŽďĞ�ϭͲ ^ƚĞƉ�ZdͲƋW�Z�^ǇƐƚĞŵ

^ƚĞƉ�η ZĞĂŐĞŶƚ sŽů͘ ŽĨ ZĞĂŐĞŶƚ��ĚĚĞĚ�
ƉĞƌ�ZĞĂĐƚŝŽŶ

ϭ EƵĐůĞĂƐĞͲĨƌĞĞtĂƚĞƌ E�ǆ ϯ͘ϭ ђ>

Ϯ �ŽŵďŝŶĞĚ WƌŝŵĞƌͬWƌŽďĞ�Dŝǆ E�ǆ ϭ͘ϱ ђ>

ϯ 'ŽdĂƋ WƌŽďĞ�ƋW�Z�DĂƐƚĞƌ�Dŝǆ�ǁŝƚŚ�ĚhdW E�ǆ ϭϬ͘Ϭ ђ>

ϰ 'Ž�^ĐƌŝƉƚ�Zd�Dŝǆ�ĨŽƌ�ϭͲ^ƚĞƉ�ZdͲƋW�Z E�ǆ�Ϭ͘ϰ�ђ>

dŽƚĂů sŽůƵŵĞ E�ǆ�ϭϱ͘Ϭ�ђ>

YƵĂŶƚĂďŝŽ�Ƌ^ĐƌŝƉƚ�y>d�KŶĞͲ^ƚĞƉ�ZdͲƋW�Z�dŽƵŐŚDŝǆ

^ƚĞƉ�η ZĞĂŐĞŶƚ sŽů͘ ŽĨ ZĞĂŐĞŶƚ��ĚĚĞĚ�
ƉĞƌ�ZĞĂĐƚŝŽŶ

ϭ EƵĐůĞĂƐĞͲĨƌĞĞtĂƚĞƌ E�ǆ ϯ͘ϱ ђ>

Ϯ �ŽŵďŝŶĞĚ WƌŝŵĞƌͬWƌŽďĞ�Dŝǆ E�ǆ ϭ͘ϱ ђ>

ϯ Ƌ^ĐƌŝƉƚ�y>d�KŶĞͲ^ƚĞƉ�ZdͲƋW�Z�dŽƵŐŚDŝǆ
;ϮyͿ

E�ǆ ϭϬ͘Ϭ ђ>

dŽƚĂů sŽůƵŵĞ E�ǆ�ϭϱ͘Ϭ�ђ>

YƵĂŶƚĂďŝŽ�hůƚƌĂWůĞǆ�ϭͲ^ƚĞƉ�dŽƵŐŚDŝǆ�;ϰyͿ

^ƚĞƉ�η ZĞĂŐĞŶƚ sŽů͘ ŽĨ ZĞĂŐĞŶƚ��ĚĚĞĚ�
ƉĞƌ�ZĞĂĐƚŝŽŶ

ϭ EƵĐůĞĂƐĞͲĨƌĞĞtĂƚĞƌ E�ǆ ϴ͘ϱ ђ>

Ϯ �ŽŵďŝŶĞĚ WƌŝŵĞƌͬWƌŽďĞ�Dŝǆ E�ǆ ϭ͘ϱ ђ>

ϯ hůƚƌĂWůĞǆ�ϭͲ^ƚĞƉ�dŽƵŐŚDŝǆ�;ϰyͿ E�ǆ ϱ͘Ϭ ђ>

dŽƚĂů sŽůƵŵĞ E�ǆ�ϭϱ͘Ϭ�ђ>

ϴͿ �ŝƐƉĞŶƐĞ�ƌĞĂŐĞŶƚƐ�ŝŶƚŽ�ĞĂĐŚ�ƌĞƐƉĞĐƚŝǀĞ�ůĂďĞůĞĚ�ϭ͘ϱ�ŵ>�ŵŝĐƌŽĐĞŶƚƌŝĨƵŐĞ�ƚƵďĞ͘��ĨƚĞƌ�ĂĚĚŝƚŝŽŶ�ŽĨ�ƚŚĞ�
ƌĞĂŐĞŶƚƐ͕�ŵŝǆ�ƌĞĂĐƚŝŽŶ�ŵŝǆƚƵƌĞƐ�ďǇ�ƉŝƉĞƚƚŝŶŐ�ƵƉ�ĂŶĚ�ĚŽǁŶ͘��Ž�ŶŽƚ�ǀŽƌƚĞǆ͘

ϵͿ �ĞŶƚƌŝĨƵŐĞ�ĨŽƌ�ϱ�ƐĞĐŽŶĚƐ�ƚŽ�ĐŽůůĞĐƚ�ĐŽŶƚĞŶƚƐ�Ăƚ�ƚŚĞ�ďŽƚƚŽŵ�ŽĨ�ƚŚĞ�ƚƵďĞ͕�ĂŶĚ�ƚŚĞŶ�ƉůĂĐĞ�ƚŚĞ�ƚƵďĞ�ŝŶ�
Ă�ĐŽůĚ�ƌĂĐŬ͘

ϭϬͿ ^Ğƚ�ƵƉ�ƌĞĂĐƚŝŽŶ�ƐƚƌŝƉ�ƚƵďĞƐ�Žƌ�ƉůĂƚĞƐ�ŝŶ�Ă�ϵϲͲǁĞůů�ĐŽŽůĞƌ�ƌĂĐŬ͘
ϭϭͿ �ŝƐƉĞŶƐĞ�ϭϱ�ђ>�ŽĨ�ĞĂĐŚ�ŵĂƐƚĞƌ�ŵŝǆ�ŝŶƚŽ�ƚŚĞ�ĂƉƉƌŽƉƌŝĂƚĞ�ǁĞůůƐ�ŐŽŝŶŐ�ĂĐƌŽƐƐ�ƚŚĞ�ƌŽǁ�ĂƐ�ƐŚŽǁŶ�

ďĞůŽǁ�;&ŝŐƵƌĞ�ϭͿ͗
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&ŝŐƵƌĞ�ϭ͗��ǆĂŵƉůĞ�ŽĨ�ZĞĂĐƚŝŽŶ�DĂƐƚĞƌ�Dŝǆ�WůĂƚĞ�^ĞƚͲhƉ�
� � � � � � � � � �� �� ��

$ 1� 1� 1� 1� 1� 1� 1� 1� 1� 1� 1� 1�

% 1� 1� 1� 1� 1� 1� 1� 1� 1� 1� 1� 1�

& 53 53 53 53 53 53 53 53 53 53 53 53

'

(

)

*

+

ϭϮͿ WƌŝŽƌ�ƚŽ�ŵŽǀŝŶŐ�ƚŽ�ƚŚĞ�ŶƵĐůĞŝĐ�ĂĐŝĚ�ŚĂŶĚůŝŶŐ�ĂƌĞĂ͕�ƉƌĞƉĂƌĞ�ƚŚĞ�EŽ�dĞŵƉůĂƚĞ��ŽŶƚƌŽů�;Ed�Ϳ�
ƌĞĂĐƚŝŽŶƐ�ĨŽƌ�ĐŽůƵŵŶ�ηϭ�ŝŶ�ƚŚĞ�ĂƐƐĂǇ�ƉƌĞƉĂƌĂƚŝŽŶ�ĂƌĞĂ͘�

ϭϯͿ WŝƉĞƚƚĞ�ϱ�ђ>�ŽĨ�ŶƵĐůĞĂƐĞͲĨƌĞĞ�ǁĂƚĞƌ�ŝŶƚŽ�ƚŚĞ�Ed��ƐĂŵƉůĞ�ǁĞůůƐ�;&ŝŐƵƌĞ�Ϯ͕�ĐŽůƵŵŶ�ϭͿ͘�^ĞĐƵƌĞůǇ�ĐĂƉ�
Ed��ǁĞůůƐ�ďĞĨŽƌĞ�ƉƌŽĐĞĞĚŝŶŐ͘�

ϭϰͿ �ŽǀĞƌ�ƚŚĞ�ĞŶƚŝƌĞ�ƌĞĂĐƚŝŽŶ�ƉůĂƚĞ�ĂŶĚ�ŵŽǀĞ�ƚŚĞ�ƌĞĂĐƚŝŽŶ�ƉůĂƚĞ�ƚŽ�ƚŚĞ�ƐƉĞĐŝŵĞŶ�ŶƵĐůĞŝĐ�ĂĐŝĚ�ŚĂŶĚůŝŶŐ�
ĂƌĞĂ͘�

EƵĐůĞŝĐ��ĐŝĚ�dĞŵƉůĂƚĞ��ĚĚŝƚŝŽŶ
ϭͿ 'ĞŶƚůǇ�ǀŽƌƚĞǆ�ŶƵĐůĞŝĐ�ĂĐŝĚ�ƐĂŵƉůĞ�ƚƵďĞƐ�ĨŽƌ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϱ�ƐĞĐŽŶĚƐ͘�
ϮͿ �ĞŶƚƌŝĨƵŐĞ�ĨŽƌ�ϱ�ƐĞĐŽŶĚƐ�ƚŽ�ĐŽůůĞĐƚ�ĐŽŶƚĞŶƚƐ�Ăƚ�ƚŚĞ�ďŽƚƚŽŵ�ŽĨ�ƚŚĞ�ƚƵďĞ͘
ϯͿ �ĨƚĞƌ�ĐĞŶƚƌŝĨƵŐĂƚŝŽŶ͕�ƉůĂĐĞ�ĞǆƚƌĂĐƚĞĚ�ŶƵĐůĞŝĐ�ĂĐŝĚ�ƐĂŵƉůĞ�ƚƵďĞƐ�ŝŶ�ƚŚĞ�ĐŽůĚ�ƌĂĐŬ͘�
ϰͿ ^ĂŵƉůĞƐ�ƐŚŽƵůĚ�ďĞ�ĂĚĚĞĚ�ƚŽ�ĐŽůƵŵŶƐ�ϮͲϭϭ�;ĐŽůƵŵŶ�ϭ�ĂŶĚ�ϭϮ�ĂƌĞ�ĨŽƌ�ĐŽŶƚƌŽůƐͿ�ƚŽ�ƚŚĞ�ƐƉĞĐŝĨŝĐ�ĂƐƐĂǇ�

ƚŚĂƚ�ŝƐ�ďĞŝŶŐ�ƚĞƐƚĞĚ�ĂƐ�ŝůůƵƐƚƌĂƚĞĚ�ŝŶ�&ŝŐƵƌĞ�Ϯ͘��ĂƌĞĨƵůůǇ�ƉŝƉĞƚƚĞ�ϱ͘Ϭ�ђ>�ŽĨ�ƚŚĞ�ĨŝƌƐƚ�ƐĂŵƉůĞ�ŝŶƚŽ�Ăůů�
ƚŚĞ�ǁĞůůƐ�ůĂďĞůĞĚ�ĨŽƌ�ƚŚĂƚ�ƐĂŵƉůĞ�;ŝ͘Ğ͘�^ĂŵƉůĞ�͞^ϭ͟�ĚŽǁŶ�ĐŽůƵŵŶ�ηϮͿ͘�<ĞĞƉ� ŽƚŚĞƌ� ƐĂŵƉůĞ� ǁĞůůƐ�
ĐŽǀĞƌĞĚ� ĚƵƌŝŶŐ� ĂĚĚŝƚŝŽŶ �͘ �ŚĂŶŐĞ� ƚŝƉƐ� ĂĨƚĞƌ� ĞĂĐŚ� ĂĚĚŝƚŝŽŶ͘

ϱͿ ^ĞĐƵƌĞůǇ�ĐĂƉ�ƚŚĞ�ĐŽůƵŵŶ�ƚŽ�ǁŚŝĐŚ�ƚŚĞ�ƐĂŵƉůĞ�ŚĂƐ�ďĞĞŶ�ĂĚĚĞĚ�ƚŽ�ƉƌĞǀĞŶƚ�ĐƌŽƐƐ�ĐŽŶƚĂŵŝŶĂƚŝŽŶ�ĂŶĚ�
ƚŽ�ĞŶƐƵƌĞ�ƐĂŵƉůĞ�ƚƌĂĐŬŝŶŐ͘�

ϲͿ �ŚĂŶŐĞ�ŐůŽǀĞƐ�ŽĨƚĞŶ�ĂŶĚ�ǁŚĞŶ�ŶĞĐĞƐƐĂƌǇ�ƚŽ�ĂǀŽŝĚ�ĐŽŶƚĂŵŝŶĂƚŝŽŶ͘
ϳͿ ZĞƉĞĂƚ�ƐƚĞƉƐ�ηϰ ĂŶĚ�ηϱ ĨŽƌ�ƚŚĞ�ƌĞŵĂŝŶŝŶŐ�ƐĂŵƉůĞƐ͘
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ϴͿ /Ĩ�ŶĞĐĞƐƐĂƌǇ͕�ĂĚĚ�ϱ�ђ>�ŽĨ�,ƵŵĂŶ�^ƉĞĐŝŵĞŶ��ŽŶƚƌŽů�;,^�Ϳ�ĞǆƚƌĂĐƚĞĚ�ƐĂŵƉůĞ�ƚŽ�ƚŚĞ�,^��ǁĞůůƐ�
;&ŝŐƵƌĞ�Ϯ͕�ĐŽůƵŵŶ�ϭϭͿ͘�^ĞĐƵƌĞůǇ�ĐĂƉ�ǁĞůůƐ�ĂĨƚĞƌ�ĂĚĚŝƚŝŽŶ͘��EKd�͗�WĞƌ��>/��ƌĞŐƵůĂƚŝŽŶƐ͕�,^��ŵƵƐƚ�ďĞ�
ƚĞƐƚĞĚ�Ăƚ�ůĞĂƐƚ�ŽŶĐĞ�ƉĞƌ�ĚĂǇ͘

ϵͿ �ŽǀĞƌ�ƚŚĞ�ĞŶƚŝƌĞ�ƌĞĂĐƚŝŽŶ�ƉůĂƚĞ�ĂŶĚ�ŵŽǀĞ�ƚŚĞ�ƌĞĂĐƚŝŽŶ�ƉůĂƚĞ�ƚŽ�ƚŚĞ�ƉŽƐŝƚŝǀĞ�ƚĞŵƉůĂƚĞ�ĐŽŶƚƌŽů�
ŚĂŶĚůŝŶŐ�ĂƌĞĂ͘

�ƐƐĂǇ��ŽŶƚƌŽů��ĚĚŝƚŝŽŶ
ϭͿ WŝƉĞƚƚĞ�ϱ�ђ>�ŽĨ�Ŷ�ŽsW��ZE��ƚŽ�ƚŚĞ�ƐĂŵƉůĞ�ǁĞůůƐ�ŽĨ�ĐŽůƵŵŶ�ϭϮ�;&ŝŐƵƌĞ�ϮͿ͘ ^ĞĐƵƌĞůǇ�ĐĂƉ�ǁĞůůƐ�ĂĨƚĞƌ�

ĂĚĚŝƚŝŽŶ�ŽĨ�ƚŚĞ�ĐŽŶƚƌŽů�ZE�͘�
EKd�͗ /Ĩ� ƵƐŝŶŐ� ϴͲƚƵďĞ� ƐƚƌŝƉƐ͕� ůĂďĞů� ƚŚĞ� d��� ŽĨ� ĞĂĐŚ� ƐƚƌŝƉ� ƚŽ� ŝŶĚŝĐĂƚĞ� ƐĂŵƉůĞ� ƉŽƐŝƚŝŽŶ �͘ �K�EKd�>���>�
d,��dKW^�K&�d,��Z���d/KE�dh��^͊
ϮͿ �ƌŝĞĨůǇ�ĐĞŶƚƌŝĨƵŐĞ�ƌĞĂĐƚŝŽŶ�ƚƵďĞ�ƐƚƌŝƉƐ�ĨŽƌ�ϭϬͲϭϱ�ƐĞĐŽŶĚƐ͘��ĨƚĞƌ�ĐĞŶƚƌŝĨƵŐĂƚŝŽŶ�ƌĞƚƵƌŶ�ƚŽ�ĐŽůĚ�ƌĂĐŬ͘
EKd� �͗ /Ĩ� ƵƐŝŶŐ� ϵϲͲǁĞůů� ƉůĂƚĞƐ͕� ĐĞŶƚƌŝĨƵŐĞ� ƉůĂƚĞƐ� ĨŽƌ� ϯϬ� ƐĞĐŽŶĚƐ� Ăƚ� ϱϬϬ� ǆ� Ő͕� ϰΣ�͘

&ŝŐƵƌĞ�Ϯ͘�ϮϬϭϵͲŶ�Žs�ƌZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů͗��ǆĂŵƉůĞ�ŽĨ�^ĂŵƉůĞ�ĂŶĚ��ŽŶƚƌŽů�^ĞƚͲƵƉ

� � � � � � � � � �� ��D ��

$ 17& 6� 6� 6� 6� 6� 6� 6� 6� 6� 6�� Q&R9�
3&

% 17& 6� 6� 6� 6� 6� 6� 6� 6� 6� 6�� Q&R9�
3&

& 17& 6� 6� 6� 6� 6� 6� 6� 6� 6� 6�� Q&R9�
3&

'

(

)

*

+
ĂZĞƉůĂĐĞ ƚŚĞ�ƐĂŵƉůĞ�ŝŶ�ƚŚŝƐ�ĐŽůƵŵŶ�ǁŝƚŚ�ĞǆƚƌĂĐƚĞĚ�,^��ŝĨ�ŶĞĐĞƐƐĂƌǇ�
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�ƌĞĂƚĞ�Ă�ZƵŶ�dĞŵƉůĂƚĞ�ŽŶ�ƚŚĞ��ƉƉůŝĞĚ��ŝŽƐǇƐƚĞŵƐ�ϳϱϬϬ�&ĂƐƚ��ǆ�ZĞĂůͲƚŝŵĞ�W�Z�/ŶƐƚƌƵŵĞŶƚ�
;ZĞƋƵŝƌĞĚ�ŝĨ�ŶŽ�ƚĞŵƉůĂƚĞ�ĞǆŝƐƚƐͿ

/Ĩ�ƚŚĞ�ƚĞŵƉůĂƚĞ�ĂůƌĞĂĚǇ�ĞǆŝƐƚƐ�ŽŶ�ǇŽƵƌ�ŝŶƐƚƌƵŵĞŶƚ͕�ƉůĞĂƐĞ�ƉƌŽĐĞĞĚ�ƚŽ�ƚŚĞ�ZhEE/E'���d�^d ƐĞĐƚŝŽŶ͘
ϭͿ >ĂƵŶĐŚ�ƚŚĞ��ƉƉůŝĞĚ��ŝŽƐǇƐƚĞŵƐ�ϳϱϬϬ�&ĂƐƚ��ǆ�ZĞĂůͲƚŝŵĞ�W�Z�/ŶƐƚƌƵŵĞŶƚ�ďǇ�ĚŽƵďůĞ�ĐůŝĐŬŝŶŐ�ŽŶ�ƚŚĞ�

�ƉƉůŝĞĚ��ŝŽƐǇƐƚĞŵƐ�ϳϱϬϬ�&ĂƐƚ��ǆ�^ǇƐƚĞŵ�ŝĐŽŶ�ŽŶ�ƚŚĞ�ĚĞƐŬƚŽƉ͘
ϮͿ ��ŶĞǁ�ǁŝŶĚŽǁ�ƐŚŽƵůĚ�ĂƉƉĞĂƌ͕�ƐĞůĞĐƚ��ƌĞĂƚĞ�EĞǁ��ŽĐƵŵĞŶƚ ĨƌŽŵ�ƚŚĞ�ŵĞŶƵ͘

&ŝŐƵƌĞ�ϯ͘�EĞǁ��ŽĐƵŵĞŶƚ�tŝǌĂƌĚ�tŝŶĚŽǁ

ϯͿ dŚĞ�EĞǁ��ŽĐƵŵĞŶƚ�tŝǌĂƌĚ ƐĐƌĞĞŶ�ŝŶ�&ŝŐƵƌĞ�ϯ ǁŝůů�ĂƉƉĞĂƌ͘�^ĞůĞĐƚ͗�
Ă͘ �ƐƐĂǇ͗�^ƚĂŶĚĂƌĚ��ƵƌǀĞ ;�ďƐŽůƵƚĞ YƵĂŶƚŝƚĂƚŝŽŶͿ
ď͘ �ŽŶƚĂŝŶĞƌ͗�ϵϲͲtĞůů��ůĞĂƌ
Đ͘ dĞŵƉůĂƚĞ͗��ůĂŶŬ��ŽĐƵŵĞŶƚ
Ě͘ ZƵŶ�DŽĚĞ͗�^ƚĂŶĚĂƌĚ�ϳϱϬϬ
Ğ͘ KƉĞƌĂƚŽƌ͗�zŽƵƌ�EĂŵĞ
Ĩ͘ �ŽŵŵĞŶƚƐ͗�^�^�ǀϭ͘ϰ
Ő͘ WůĂƚĞ�EĂŵĞ͗�zŽƵƌ��ŚŽŝĐĞ

ϰͿ �ĨƚĞƌ�ŵĂŬŝŶŐ�ƐĞůĞĐƚŝŽŶƐ�ĐůŝĐŬ EĞǆƚ Ăƚ�ƚŚĞ�ďŽƚƚŽŵ�ŽĨ�ƚŚĞ�ǁŝŶĚŽǁ͘

0DNH�VXUH�WR�FKDQJH�
5XQ�0RGH�WR�
67$1'$5'�����
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&ŝŐƵƌĞ�ϰ͘��ƌĞĂƚŝŶŐ�EĞǁ��ĞƚĞĐƚŽƌƐ

ϱͿ �ĨƚĞƌ�ƐĞůĞĐƚŝŶŐ�ŶĞǆƚ͕�ƚŚĞ�^ĞůĞĐƚ��ĞƚĞĐƚŽƌƐ ƐĐƌĞĞŶ�;&ŝŐƵƌĞ�ϰͿ�ǁŝůů�ĂƉƉĞĂƌ͘
ϲͿ �ůŝĐŬ�ƚŚĞ�EĞǁ��ĞƚĞĐƚŽƌ ďƵƚƚŽŶ�;ƐĞĞ�&ŝŐƵƌĞ�ϰͿ͘
ϳͿ dŚĞ�EĞǁ��ĞƚĞĐƚŽƌ ǁŝŶĚŽǁ�ǁŝůů�ĂƉƉĞĂƌ�;&ŝŐƵƌĞ�ϱͿ͘���ŶĞǁ�ĚĞƚĞĐƚŽƌ�ǁŝůů�ŶĞĞĚ�ƚŽ�ďĞ�ĚĞĨŝŶĞĚ�ĨŽƌ�ĞĂĐŚ�

ƉƌŝŵĞƌ�ĂŶĚ�ƉƌŽďĞ�ƐĞƚ͘��ƌĞĂƚŝŶŐ�ƚŚĞƐĞ�ĚĞƚĞĐƚŽƌƐ�ǁŝůů�ĞŶĂďůĞ�ǇŽƵ�ƚŽ�ĂŶĂůǇǌĞ�ĞĂĐŚ�ƉƌŝŵĞƌ�ĂŶĚ�ƉƌŽďĞ�ƐĞƚ�
ŝŶĚŝǀŝĚƵĂůůǇ�Ăƚ�ƚŚĞ�ĞŶĚ�ŽĨ�ƚŚĞ�ƌĞĂĐƚŝŽŶ͘
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&ŝŐƵƌĞ�ϱ͘�EĞǁ��ĞƚĞĐƚŽƌ�tŝŶĚŽǁ

ϴͿ ^ƚĂƌƚ�ďǇ�ĐƌĞĂƚŝŶŐ�ƚŚĞ�Eϭ��ĞƚĞĐƚŽƌ͘�/ŶĐůƵĚĞ�ƚŚĞ�ĨŽůůŽǁŝŶŐ͗
Ă͘ EĂŵĞ͗ Eϭ
ď͘ �ĞƐĐƌŝƉƚŝŽŶ͗�ůĞĂǀĞ� ďůĂŶŬ
Đ͘ ZĞƉŽƌƚĞƌ��ǇĞ͗�&�D
Ě͘ YƵĞŶĐŚĞƌ��ǇĞ͗�;ŶŽŶĞͿ
Ğ͘ �ŽůŽƌ͗�ƚŽ� ĐŚĂŶŐĞ� ƚŚĞ� ĐŽůŽƌ� ŽĨ� ƚŚĞ� ĚĞƚĞĐƚŽƌ� ŝŶĚŝĐĂƚŽƌ� ĚŽ� ƚŚĞ� ĨŽůůŽǁŝŶŐ͗

�ůŝĐŬ�ŽŶ�ƚŚĞ�ĐŽůŽƌ�ƐƋƵĂƌĞ�ƚŽ�ƌĞǀĞĂů�ƚŚĞ�ĐŽůŽƌ�ĐŚĂƌƚ
^ĞůĞĐƚ�Ă�ĐŽůŽƌ�ďǇ�ĐůŝĐŬŝŶŐ�ŽŶ�ŽŶĞ�ŽĨ�ƚŚĞ�ƐƋƵĂƌĞƐ
�ĨƚĞƌ�ƐĞůĞĐƚŝŶŐ�Ă�ĐŽůŽƌ�ĐůŝĐŬ�K< ƚŽ�ƌĞƚƵƌŶ�ƚŽ�ƚŚĞ�EĞǁ��ĞƚĞĐƚŽƌ�ƐĐƌĞĞŶ

Ĩ͘ �ůŝĐŬ�ƚŚĞ�K<�ďƵƚƚŽŶ�ŽĨ�ƚŚĞ�EĞǁ��ĞƚĞĐƚŽƌ�ƐĐƌĞĞŶ�ƚŽ�ƌĞƚƵƌŶ�ƚŽ�ƚŚĞ�ƐĐƌĞĞŶ�ƐŚŽǁŶ�ŝŶ�&ŝŐƵƌĞ�ϰ͘
ϵͿ ZĞƉĞĂƚ�ƐƚĞƉ�ϲͲϴ�ĨŽƌ�ĞĂĐŚ�ƚĂƌŐĞƚ�ŝŶ�ƚŚĞ�ƉĂŶĞů͘�

EĂŵĞ ZĞƉŽƌƚĞƌ��ǇĞ YƵĞŶĐŚĞƌ��ǇĞ

Eϭ &�D ;ŶŽŶĞͿ

EϮ &�D ;ŶŽŶĞͿ

ZW &�D ;ŶŽŶĞͿ
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ϭϬͿ �ĨƚĞƌ�ĞĂĐŚ��ĞƚĞĐƚŽƌ�ŝƐ�ĂĚĚĞĚ͕�ƚŚĞ��ĞƚĞĐƚŽƌ�EĂŵĞ͕��ĞƐĐƌŝƉƚŝŽŶ͕�ZĞƉŽƌƚĞƌ ĂŶĚ�YƵĞŶĐŚĞƌ ĨŝĞůĚƐ�ǁŝůů�
ďĞĐŽŵĞ�ƉŽƉƵůĂƚĞĚ�ŝŶ�ƚŚĞ�^ĞůĞĐƚ��ĞƚĞĐƚŽƌƐ ƐĐƌĞĞŶ�;&ŝŐƵƌĞ�ϲͿ͘

ϭϭͿ �ĞĨŽƌĞ�ƉƌŽĐĞĞĚŝŶŐ͕�ƚŚĞ�ŶĞǁůǇ�ĐƌĞĂƚĞĚ�ĚĞƚĞĐƚŽƌƐ�ŵƵƐƚ�ďĞ�ĂĚĚĞĚ�ƚŽ�ƚŚĞ�ĚŽĐƵŵĞŶƚ͘�dŽ�ĂĚĚ�ƚŚĞ�ŶĞǁ�
ĚĞƚĞĐƚŽƌƐ�ƚŽ�ƚŚĞ�ĚŽĐƵŵĞŶƚ͕�ĐůŝĐŬ���� ;ƐĞĞ�&ŝŐƵƌĞ�ϲͿ͘��ĞƚĞĐƚŽƌ�ŶĂŵĞƐ�ǁŝůů�ĂƉƉĞĂƌ�ŽŶ�ƚŚĞ�ƌŝŐŚƚͲŚĂŶĚ
ƐŝĚĞ�ŽĨ�ƚŚĞ�^ĞůĞĐƚ��ĞƚĞĐƚŽƌƐ ǁŝŶĚŽǁ�;&ŝŐƵƌĞ�ϲͿ͘

&ŝŐƵƌĞ�ϲ͘��ĚĚŝŶŐ EĞǁ��ĞƚĞĐƚŽƌƐ�ƚŽ��ŽĐƵŵĞŶƚ

ϭϮͿ KŶĐĞ�Ăůů�ĚĞƚĞĐƚŽƌƐ�ŚĂǀĞ�ďĞĞŶ�ĂĚĚĞĚ͕�ƐĞůĞĐƚ�;ŶŽŶĞͿ ĨŽƌ�WĂƐƐŝǀĞ�ZĞĨĞƌĞŶĐĞ Ăƚ�ƚŚĞ�ƚŽƉ�ƌŝŐŚƚͲŚĂŶĚ�ĚƌŽƉͲ
ĚŽǁŶ ŵĞŶƵ�;&ŝŐƵƌĞ�ϳͿ͘

&ŝŐƵƌĞ�ϳ͘�^ĞůĞĐƚ�WĂƐƐŝǀĞ�ZĞĨĞƌĞŶĐĞ

WĂƐƐŝǀĞ�ƌĞĨĞƌĞŶĐĞ�ƐŚŽƵůĚ�ďĞ�ƐĞƚ�ƚŽ�͞;ŶŽŶĞͿ͟�ĂƐ�ĚĞƐĐƌŝďĞĚ�ĂďŽǀĞ͘
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ϭϯͿ�ůŝĐŬ�EĞǆƚ Ăƚ�ƚŚĞ�ďŽƚƚŽŵ�ŽĨ�ƚŚĞ�^ĞůĞĐƚ��ĞƚĞĐƚŽƌƐ ǁŝŶĚŽǁ�ƚŽ�ƉƌŽĐĞĞĚ�ƚŽ�ƚŚĞ�^Ğƚ�hƉ�^ĂŵƉůĞ�WůĂƚĞ�
ǁŝŶĚŽǁ�;&ŝŐƵƌĞ�ϴͿ͘

ϭϰͿ/Ŷ�ƚŚĞ�^Ğƚ�hƉ�^ĂŵƉůĞ�WůĂƚĞ�ǁŝŶĚŽǁ�;&ŝŐƵƌĞ�ϴͿ͕�ƵƐĞ�ǇŽƵƌ�ŵŽƵƐĞ�ƚŽ�ƐĞůĞĐƚ�ƌŽǁ���ĨƌŽŵ�ƚŚĞ�ůŽǁĞƌ�
ƉŽƌƚŝŽŶ�ŽĨ�ƚŚĞ�ǁŝŶĚŽǁ͕�ŝŶ�ƚŚĞ�ƐƉƌĞĂĚƐŚĞĞƚ�;ƐĞĞ�&ŝŐƵƌĞ�ϴͿ͘�

ϭϱͿ/Ŷ�ƚŚĞ�ƚŽƉ�ƉŽƌƚŝŽŶ�ŽĨ�ƚŚĞ�ǁŝŶĚŽǁ͕�ƐĞůĞĐƚ�ĚĞƚĞĐƚŽƌ�Eϭ͘���ĐŚĞĐŬ�ǁŝůů�ĂƉƉĞĂƌ�ŶĞǆƚ�ƚŽ�ƚŚĞ�ĚĞƚĞĐƚŽƌ�ǇŽƵ�
ŚĂǀĞ�ƐĞůĞĐƚĞĚ�;&ŝŐƵƌĞ�ϴͿ͘�zŽƵ�ǁŝůů�ĂůƐŽ�ŶŽƚŝĐĞ�ƚŚĞ�ƌŽǁ�ŝŶ�ƚŚĞ�ƐƉƌĞĂĚƐŚĞĞƚ�ǁŝůů�ďĞ�ƉŽƉƵůĂƚĞĚ�ǁŝƚŚ�Ă�
ĐŽůŽƌĞĚ�͞h͟�ŝĐŽŶ�ƚŽ�ŝŶĚŝĐĂƚĞ�ǁŚŝĐŚ�ĚĞƚĞĐƚŽƌ�ǇŽƵ͛ǀĞ�ƐĞůĞĐƚĞĚ͘�

ϭϲͿZĞƉĞĂƚ�ƐƚĞƉ�ϭϰͲϭϱ�ĨŽƌ�ĞĂĐŚ�ĚĞƚĞĐƚŽƌ�ƚŚĂƚ�ǁŝůů�ďĞ�ƵƐĞĚ�ŝŶ�ƚŚĞ�ĂƐƐĂǇ͘

&ŝŐƵƌĞ�ϴ͘�^ĂŵƉůĞ�WůĂƚĞ�^ĞƚͲƵƉ

ϭϳͿ ^ĞůĞĐƚ�&ŝŶŝƐŚ ĂĨƚĞƌ�ĚĞƚĞĐƚŽƌƐ�ŚĂǀĞ�ďĞĞŶ�ĂƐƐŝŐŶĞĚ�ƚŽ�ƚŚĞŝƌ�ƌĞƐƉĞĐƚŝǀĞ�ƌŽǁƐ͘�;&ŝŐƵƌĞ�ϵͿ͘

&ŝŐƵƌĞ�ϵ͘�&ŝŶŝƐŚĞĚ�WůĂƚĞ�^ĞƚͲƵƉ
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ϭϴͿ �ĨƚĞƌ�ĐůŝĐŬŝŶŐ�͞&ŝŶŝƐŚ͕͟�ƚŚĞƌĞ�ǁŝůů�ďĞ�Ă�ďƌŝĞĨ�ƉĂƵƐĞ�ĂůůŽǁŝŶŐ�ƚŚĞ��ƉƉůŝĞĚ��ŝŽƐǇƐƚĞŵƐ�ϳϱϬϬ�&ĂƐƚ��ǆ�ƚŽ�
ŝŶŝƚŝĂůŝǌĞ͘�dŚŝƐ�ŝŶŝƚŝĂůŝǌĂƚŝŽŶ�ŝƐ�ĨŽůůŽǁĞĚ�ďǇ�Ă�ĐůŝĐŬŝŶŐ�ŶŽŝƐĞ͘�EŽƚĞ͗ dŚĞ�ŵĂĐŚŝŶĞ�ŵƵƐƚ�ďĞ�ƚƵƌŶĞĚ�ŽŶ�ĨŽƌ�
ŝŶŝƚŝĂůŝǌĂƚŝŽŶ͘

ϭϵͿ �ĨƚĞƌ�ŝŶŝƚŝĂůŝǌĂƚŝŽŶ͕�ƚŚĞ WůĂƚĞ�ƚĂď�ŽĨ�ƚŚĞ�^ĞƚƵƉ�;&ŝŐƵƌĞ�ϭϬͿ ǁŝůů�ĂƉƉĞĂƌ͘�
ϮϬͿ�ĂĐŚ�ǁĞůů�ŽĨ�ƚŚĞ�ƉůĂƚĞ�ƐŚŽƵůĚ�ĐŽŶƚĂŝŶ�ĐŽůŽƌĞĚ�h�ŝĐŽŶƐ�ƚŚĂƚ�ĐŽƌƌĞƐƉŽŶĚ�ǁŝƚŚ�ƚŚĞ�ĚĞƚĞĐƚŽƌ�ůĂďĞůƐ�ƚŚĂƚ�

ǁĞƌĞ�ƉƌĞǀŝŽƵƐůǇ�ĐŚŽƐĞŶ͘�dŽ�ĐŽŶĨŝƌŵ�ĚĞƚĞĐƚŽƌ�ĂƐƐŝŐŶŵĞŶƚƐ͕�ƐĞůĞĐƚ�dŽŽůƐ�ĨƌŽŵ�ƚŚĞ�ĨŝůĞ�ŵĞŶƵ͕�ƚŚĞŶ�
ƐĞůĞĐƚ��ĞƚĞĐƚŽƌ�DĂŶĂŐĞƌ͘

&ŝŐƵƌĞ�ϭϬ͘�WůĂƚĞ�^ĞƚͲƵƉ�tŝŶĚŽǁ
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ϮϭͿ dŚĞ��ĞƚĞĐƚŽƌ�DĂŶĂŐĞƌ�ǁŝŶĚŽǁ�ǁŝůů�ĂƉƉĞĂƌ�;&ŝŐƵƌĞ�ϭϭͿ͘

&ŝŐƵƌĞ�ϭϭ͘��ĞƚĞĐƚŽƌ�DĂŶĂŐĞƌ�tŝŶĚŽǁ

ϮϮͿ�ŽŶĨŝƌŵ�Ăůů�ĚĞƚĞĐƚŽƌƐ�ĂƌĞ�ŝŶĐůƵĚĞĚ�ĂŶĚ�ƚŚĂƚ�ĞĂĐŚ�ƚĂƌŐĞƚ�ŚĂƐ�Ă�ZĞƉŽƌƚĞƌ ƐĞƚ�ƚŽ�&�D ĂŶĚ�ƚŚĞ�YƵĞŶĐŚĞƌ
ŝƐ�ƐĞƚ�ƚŽ�;ŶŽŶĞͿ͘�

ϮϯͿ/Ĩ�Ăůů�ĚĞƚĞĐƚŽƌƐ�ĂƌĞ�ƉƌĞƐĞŶƚ͕�ƐĞůĞĐƚ��ŽŶĞ͘�dŚĞ�ĚĞƚĞĐƚŽƌ�ŝŶĨŽƌŵĂƚŝŽŶ�ŚĂƐ�ďĞĞŶ�ĐƌĞĂƚĞĚ�ĂŶĚ�ĂƐƐŝŐŶĞĚ�ƚŽ�
ǁĞůůƐ�ŽŶ�ƚŚĞ�ƉůĂƚĞ͘

�ĞĨŝŶŝŶŐ�ƚŚĞ�/ŶƐƚƌƵŵĞŶƚ�^ĞƚƚŝŶŐƐ�

ϭͿ �ĨƚĞƌ�ĚĞƚĞĐƚŽƌƐ�ŚĂǀĞ�ďĞĞŶ�ĐƌĞĂƚĞĚ�ĂŶĚ�ĂƐƐŝŐŶĞĚ͕�ƉƌŽĐĞĞĚ�ƚŽ�ŝŶƐƚƌƵŵĞŶƚ�ƐĞƚ�ƵƉ͘
ϮͿ ^ĞůĞĐƚ�ƚŚĞ�/ŶƐƚƌƵŵĞŶƚ ƚĂď�ƚŽ�ĚĞĨŝŶĞ�ƚŚĞƌŵĂů�ĐǇĐůŝŶŐ�ĐŽŶĚŝƚŝŽŶƐ͘
ϯͿ DŽĚŝĨǇ�ƚŚĞ�ƚŚĞƌŵĂů�ĐǇĐůŝŶŐ�ĐŽŶĚŝƚŝŽŶƐ�ĂƐ�ĨŽůůŽǁƐ�;&ŝŐƵƌĞ�ϭϮͿ͗

dŚĞƌŵŽĨŝƐŚĞƌ�dĂƋWĂƚŚΡ�ϭͲ^ƚĞƉ�ZdͲƋW�Z�DĂƐƚĞƌ�Dŝǆ͕��'

Ă͘ /Ŷ�^ƚĂŐĞ�ϭ͕�^Ğƚ�ƚŽ�Ϯ ŵŝŶ Ăƚ�ϮϱΣ�͖�ϭ�ZĞƉ͘
ď͘ /Ŷ�^ƚĂŐĞ�Ϯ͕�^Ğƚ�ƚŽ�ϭϱ ŵŝŶ Ăƚ�ϱϬΣ�͖�ϭ�ZĞƉ͘
Đ͘ /Ŷ�^ƚĂŐĞ�ϯ͕�^Ğƚ�ƚŽ�Ϯ�ŵŝŶ�Ăƚ�ϵϱΣ�͕�ϭ�ZĞƉ͘
Ě͘ /Ŷ�^ƚĂŐĞ�ϰ͕�^ƚĞƉ�ϭ�ƐĞƚ�ƚŽ�ϯ�ƐĞĐ Ăƚ�ϵϱΣ�͘
Ğ͘ /Ŷ�^ƚĂŐĞ�ϰ͕�^ƚĞƉ�Ϯ�ƐĞƚ�ƚŽ�ϯϬ�ƐĞĐ Ăƚ�ϱϱ͘ϬΣ�͘
Ĩ͘ /Ŷ�^ƚĂŐĞ�ϰ͕�ZĞƉƐ�ƐŚŽƵůĚ�ďĞ�ƐĞƚ�ƚŽ�ϰϱ͘
Ő͘ hŶĚĞƌ�^ĞƚƚŝŶŐƐ�;&ŝŐƵƌĞ�ϭϮͿ͕�ďŽƚƚŽŵ�ůĞĨƚͲŚĂŶĚ�ďŽǆ͕�ĐŚĂŶŐĞ�ǀŽůƵŵĞ�ƚŽ�ϮϬ�ђ>͘
Ś͘ hŶĚĞƌ ^ĞƚƚŝŶŐƐ͕ ZƵŶ�DŽĚĞ ƐĞůĞĐƚŝŽŶ�ƐŚŽƵůĚ�ďĞ�^ƚĂŶĚĂƌĚ�ϳϱϬϬ͘
ŝ͘ ^ƚĞƉ�Ϯ�ŽĨ�^ƚĂŐĞ�ϰ�ƐŚŽƵůĚ�ďĞ�ŚŝŐŚůŝŐŚƚĞĚ�ŝŶ�ǇĞůůŽǁ�ƚŽ�ŝŶĚŝĐĂƚĞ�ĚĂƚĂ�ĐŽůůĞĐƚŝŽŶ�;ƐĞĞ�&ŝŐƵƌĞ�ϭϮͿ͘

KZ
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YƵĂŶƚĂďŝŽ Ƌ^ĐƌŝƉƚdD y>d�KŶĞͲ^ƚĞƉ�ZdͲƋW�Z�dŽƵŐŚDŝǆ�Žƌ�hůƚƌĂWůĞǆ�ϭͲ^ƚĞƉ�dŽƵŐŚDŝǆ

Ă͘ /Ŷ�^ƚĂŐĞ�ϭ͕�^Ğƚ�ƚŽ�ϭϬ ŵŝŶ Ăƚ�ϱϬΣ�͖�ϭ�ZĞƉ͘
ď͘ /Ŷ�^ƚĂŐĞ�Ϯ͕�^Ğƚ�ƚŽ�ϯ ŵŝŶ�Ăƚ�ϵϱΣ�͕�ϭ�ZĞƉ͘
Đ͘ /Ŷ�^ƚĂŐĞ�ϯ͕�^ƚĞƉ�ϭ�ƐĞƚ�ƚŽ�ϯ�ƐĞĐ Ăƚ�ϵϱΣ�͘
Ě͘ /Ŷ�^ƚĂŐĞ�ϯ͕�^ƚĞƉ�Ϯ�ƐĞƚ�ƚŽ�ϯϬ�ƐĞĐ Ăƚ�ϱϱ͘ϬΣ�͘
Ğ͘ /Ŷ�^ƚĂŐĞ�ϯ͕�ZĞƉƐ�ƐŚŽƵůĚ�ďĞ�ƐĞƚ�ƚŽ�ϰϱ͘
Ĩ͘ hŶĚĞƌ�^ĞƚƚŝŶŐƐ�;&ŝŐƵƌĞ�ϭϮͿ͕�ďŽƚƚŽŵ�ůĞĨƚͲŚĂŶĚ�ďŽǆ͕�ĐŚĂŶŐĞ�ǀŽůƵŵĞ�ƚŽ�ϮϬ�ђ>͘
Ő͘ hŶĚĞƌ�^ĞƚƚŝŶŐƐ͕ ZƵŶ�DŽĚĞ ƐĞůĞĐƚŝŽŶ�ƐŚŽƵůĚ�ďĞ�^ƚĂŶĚĂƌĚ�ϳϱϬϬ͘
Ś͘ ^ƚĞƉ�Ϯ�ŽĨ�^ƚĂŐĞ�ϰ�ƐŚŽƵůĚ�ďĞ�ŚŝŐŚůŝŐŚƚĞĚ�ŝŶ�ǇĞůůŽǁ�ƚŽ�ŝŶĚŝĐĂƚĞ�ĚĂƚĂ�ĐŽůůĞĐƚŝŽŶ�;ƐĞĞ�&ŝŐƵƌĞ�ϭϮͿ͘

KZ

WƌŽŵĞŐĂ 'ŽdĂƋ WƌŽďĞ�ϭͲ^ƚĞƉ�ZdͲƋW�Z�^ǇƐƚĞŵ

Ă͘ /Ŷ�^ƚĂŐĞ�ϭ͕�^Ğƚ�ƚŽ�ϭϱ ŵŝŶ Ăƚ�ϰϱΣ�͖�ϭ�ZĞƉ͘
ď͘ /Ŷ�^ƚĂŐĞ�Ϯ͕�^Ğƚ�ƚŽ�Ϯ ŵŝŶ�Ăƚ�ϵϱΣ�͕�ϭ�ZĞƉ͘
Đ͘ /Ŷ�^ƚĂŐĞ�ϯ͕�^ƚĞƉ�ϭ�ƐĞƚ�ƚŽ�ϯ�ƐĞĐ Ăƚ�ϵϱΣ�͘
Ě͘ /Ŷ�^ƚĂŐĞ�ϯ͕�^ƚĞƉ�Ϯ�ƐĞƚ�ƚŽ�ϯϬ�ƐĞĐ Ăƚ�ϱϱ͘ϬΣ�͘
Ğ͘ /Ŷ�^ƚĂŐĞ�ϯ͕�ZĞƉƐ�ƐŚŽƵůĚ�ďĞ�ƐĞƚ�ƚŽ�ϰϱ͘
Ĩ͘ hŶĚĞƌ�^ĞƚƚŝŶŐƐ�;&ŝŐƵƌĞ�ϭϮͿ͕�ďŽƚƚŽŵ�ůĞĨƚͲŚĂŶĚ�ďŽǆ͕�ĐŚĂŶŐĞ�ǀŽůƵŵĞ�ƚŽ�ϮϬ�ђ>͘
Ő͘ hŶĚĞƌ�^ĞƚƚŝŶŐƐ͕ ZƵŶ�DŽĚĞ ƐĞůĞĐƚŝŽŶ�ƐŚŽƵůĚ�ďĞ�^ƚĂŶĚĂƌĚ�ϳϱϬϬ͘
Ś͘ ^ƚĞƉ�Ϯ�ŽĨ�^ƚĂŐĞ�ϰ�ƐŚŽƵůĚ�ďĞ�ŚŝŐŚůŝŐŚƚĞĚ�ŝŶ�ǇĞůůŽǁ�ƚŽ�ŝŶĚŝĐĂƚĞ�ĚĂƚĂ�ĐŽůůĞĐƚŝŽŶ�;ƐĞĞ�&ŝŐƵƌĞ�ϭϮͿ͘
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&ŝŐƵƌĞ�ϭϮ͘�/ŶƐƚƌƵŵĞŶƚ�tŝŶĚŽǁ

ϰͿ �ĨƚĞƌ�ŵĂŬŝŶŐ�ĐŚĂŶŐĞƐ�ƚŽ�ƚŚĞ�/ŶƐƚƌƵŵĞŶƚ ƚĂď͕�ƚŚĞ�ƚĞŵƉůĂƚĞ�ĨŝůĞ�ŝƐ�ƌĞĂĚǇ�ƚŽ�ďĞ�ƐĂǀĞĚ͘�dŽ�ƐĂǀĞ�ƚŚĞ�ƚĞŵƉůĂƚĞ͕�
ƐĞůĞĐƚ�&ŝůĞ ĨƌŽŵ�ƚŚĞ�ƚŽƉ�ŵĞŶƵ͕�ƚŚĞŶ�ƐĞůĞĐƚ�^ĂǀĞ��Ɛ͘ ^ŝŶĐĞ�ƚŚĞ�ĞŶǌǇŵĞ�ŽƉƚŝŽŶƐ�ŚĂǀĞ�ĚŝĨĨĞƌĞŶƚ�ŝŶƐƚƌƵŵĞŶƚ�
ƐĞƚƚŝŶŐƐ͕ ŝƚ�ŝƐ�ƌĞĐŽŵŵĞŶĚĞĚ�ƚŚĂƚ�ƚŚĞ�ƚĞŵƉůĂƚĞ�ďĞ�ƐĂǀĞĚ�ǁŝƚŚ�Ă�ŶĂŵĞ�ŝŶĚŝĐĂƚŝŶŐ�ƚŚĞ�ĞŶǌǇŵĞ�ŽƉƚŝŽŶ͘

ϱͿ ^ĂǀĞ�ƚŚĞ�ƚĞŵƉůĂƚĞ�ĂƐ�ϮϬϭϵͲŶ�Žs��ǆ�WĂŶĞů dĂƋWĂƚŚ�Žƌ�ϮϬϭϵͲŶ�Žs��ǆ�WĂŶĞů�YƵĂŶƚĂ� Žƌ�ϮϬϭϵͲŶ�Žs��ǆ�WĂŶĞů�
WƌŽŵĞŐĂ�ĂƐ�ĂƉƉƌŽƉƌŝĂƚĞ ŝŶ�ƚŚĞ�ĚĞƐŬƚŽƉ�ĨŽůĚĞƌ�ůĂďĞůĞĚ�͞��/�ZƵŶ�dĞŵƉůĂƚĞƐ͟�;ǇŽƵ� ŵƵƐƚ� ĐƌĞĂƚĞ� ƚŚŝƐ� ĨŽůĚĞƌͿ͘�
^ĂǀĞ�ĂƐ�ƚǇƉĞ�ƐŚŽƵůĚ�ďĞ�^�^�dĞŵƉůĂƚĞƐ�;Ύ͘ƐĚƚͿ�;&ŝŐƵƌĞ�ϭϯͿ͘

&ŝŐƵƌĞ�ϭϯ͘�^ĂǀŝŶŐ�dĞŵƉůĂƚĞ
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ZƵŶŶŝŶŐ�Ă�dĞƐƚ

ϭͿ dƵƌŶ�ŽŶ�ƚŚĞ���/�ϳϱϬϬ�&ĂƐƚ��ǆ�ZĞĂůͲdŝŵĞ�W�Z�/ŶƐƚƌƵŵĞŶƚ͘
ϮͿ >ĂƵŶĐŚ�ƚŚĞ��ƉƉůŝĞĚ��ŝŽƐǇƐƚĞŵƐ�ϳϱϬϬ�&ĂƐƚ��ǆ�ZĞĂůͲƚŝŵĞ�W�Z�^ǇƐƚĞŵ�ďǇ�ĚŽƵďůĞ�ĐůŝĐŬŝŶŐ�ŽŶ�ƚŚĞ�ϳϱϬϬ�

&ĂƐƚ��ǆ�^ǇƐƚĞŵ�ŝĐŽŶ�ŽŶ�ƚŚĞ�ĚĞƐŬƚŽƉ͘
ϯͿ ��ŶĞǁ�ǁŝŶĚŽǁ�ƐŚŽƵůĚ�ĂƉƉĞĂƌ͕�ƐĞůĞĐƚ�KƉĞŶ��ǆŝƐƚŝŶŐ��ŽĐƵŵĞŶƚ ĨƌŽŵ�ƚŚĞ�ŵĞŶƵ͘
ϰͿ EĂǀŝŐĂƚĞ�ƚŽ�ƐĞůĞĐƚ�ǇŽƵƌ���/�ZƵŶ�dĞŵƉůĂƚĞ�ĨŽůĚĞƌ�ĨƌŽŵ�ƚŚĞ�ĚĞƐŬƚŽƉ͘
ϱͿ �ŽƵďůĞ�ĐůŝĐŬ�ŽŶ�ƚŚĞ�ĂƉƉƌŽƉƌŝĂƚĞ�ƚĞŵƉůĂƚĞ�ĨŝůĞ ;ϮϬϭϵͲŶ�Žs��ǆ�WĂŶĞů dĂƋWĂƚŚ�Žƌ�ϮϬϭϵͲŶ�Žs��ǆ�WĂŶĞů�

YƵĂŶƚĂ Žƌ�ϮϬϭϵͲŶ�Žs��ǆ�WĂŶĞů�WƌŽŵĞŐĂͿ
ϲͿ dŚĞƌĞ�ǁŝůů�ďĞ�Ă�ďƌŝĞĨ�ƉĂƵƐĞ�ĂůůŽǁŝŶŐ�ƚŚĞ �ƉƉůŝĞĚ��ŝŽƐǇƐƚĞŵƐ�ϳϱϬϬ�&ĂƐƚ��ǆ�ZĞĂůͲdŝŵĞ�W�Z�/ŶƐƚƌƵŵĞŶƚ�

ƚŽ�ŝŶŝƚŝĂůŝǌĞ͘�dŚŝƐ�ŝŶŝƚŝĂůŝǌĂƚŝŽŶ�ŝƐ�ĨŽůůŽǁĞĚ�ďǇ�Ă�ĐůŝĐŬŝŶŐ�ŶŽŝƐĞ͘�EŽƚĞ͗ dŚĞ�ŵĂĐŚŝŶĞ�ŵƵƐƚ�ďĞ�ƚƵƌŶĞĚ�ŽŶ�
ĨŽƌ�ŝŶŝƚŝĂůŝǌĂƚŝŽŶ͘

&ŝŐƵƌĞ�ϭϰ͘�WůĂƚĞ�^ĞƚͲƵƉ�tŝŶĚŽǁ

ϳͿ �ĨƚĞƌ�ƚŚĞ�ŝŶƐƚƌƵŵĞŶƚ�ŝŶŝƚŝĂůŝǌĞƐ͕�Ă�ƉůĂƚĞ�ŵĂƉ�ǁŝůů�ĂƉƉĞĂƌ�;&ŝŐƵƌĞ�ϭϰͿ͘�dŚĞ�ĚĞƚĞĐƚŽƌƐ�ĂŶĚ�ĐŽŶƚƌŽůƐ�
ƐŚŽƵůĚ�ĂůƌĞĂĚǇ�ďĞ�ůĂďĞůĞĚ�ĂƐ�ƚŚĞǇ�ǁĞƌĞ�ĂƐƐŝŐŶĞĚ�ŝŶ�ƚŚĞ�ŽƌŝŐŝŶĂů�ƚĞŵƉůĂƚĞ͘
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ϴͿ �ůŝĐŬ�ƚŚĞ�tĞůů�/ŶƐƉĞĐƚŽƌ ŝĐŽŶ� ĨƌŽŵ�ƚŚĞ�ƚŽƉ�ŵĞŶƵ͘
ϵͿ ,ŝŐŚůŝŐŚƚ�ƐƉĞĐŝŵĞŶ�ǁĞůůƐ�ŽĨ�ŝŶƚĞƌĞƐƚ�ŽŶ�ƚŚĞ�ƉůĂƚĞ�ŵĂƉ͘
ϭϬͿ dǇƉĞ�ƐĂŵƉůĞ�ŝĚĞŶƚŝĨŝĞƌƐ�ƚŽ�^ĂŵƉůĞ�EĂŵĞ ďŽǆ�ŝŶ�ƚŚĞ�tĞůů�/ŶƐƉĞĐƚŽƌ ǁŝŶĚŽǁ�;&ŝŐƵƌĞ�ϭϱͿ͘

&ŝŐƵƌĞ�ϭϱ͘�>ĂďĞůŝŶŐ�tĞůůƐ

ϭϭͿ ZĞƉĞĂƚ�ƐƚĞƉƐ�ϵͲϭϬ�ƵŶƚŝů�Ăůů�ƐĂŵƉůĞ�ŝĚĞŶƚŝĨŝĞƌƐ�ĂƌĞ�ĂĚĚĞĚ�ƚŽ�ƚŚĞ�ƉůĂƚĞ�ƐĞƚƵƉ͘
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ϭϮͿ KŶĐĞ�Ăůů�ƐƉĞĐŝŵĞŶ�ĂŶĚ�ĐŽŶƚƌŽů�ŝĚĞŶƚŝĨŝĞƌƐ�ĂƌĞ�ĂĚĚĞĚ�ĐůŝĐŬ�ƚŚĞ��ůŽƐĞ ďƵƚƚŽŶ�ŽŶ�ƚŚĞ�tĞůů�/ŶƐƉĞĐƚŽƌ�
ǁŝŶĚŽǁ�ƚŽ�ƌĞƚƵƌŶ�ƚŽ�ƚŚĞ WůĂƚĞ ƐĞƚ�ƵƉ�ƚĂď͘

ϭϯͿ �ůŝĐŬ�ƚŚĞ�/ŶƐƚƌƵŵĞŶƚ ƚĂď�Ăƚ�ƚŚĞ�ƵƉƉĞƌ�ůĞĨƚ�ĐŽƌŶĞƌ͘
ϭϰͿ dŚĞ�ƌĞĂĐƚŝŽŶ�ĐŽŶĚŝƚŝŽŶƐ͕�ǀŽůƵŵĞƐ͕�ĂŶĚ�ƚǇƉĞ�ŽĨ�ϳϱϬϬ�ƌĞĂĐƚŝŽŶ�ƐŚŽƵůĚ�ĂůƌĞĂĚǇ�ďĞ�ůŽĂĚĞĚ�;&ŝŐƵƌĞ�ϭϲͿ͘

&ŝŐƵƌĞ�ϭϲ͘�/ŶƐƚƌƵŵĞŶƚ�^ĞƚƚŝŶŐƐ

ϭϱͿ �ŶƐƵƌĞ�ƐĞƚƚŝŶŐƐ�ĂƌĞ�ĐŽƌƌĞĐƚ�;ƌĞĨĞƌ�ƚŽ�ƚŚĞ��ĞĨŝŶŝŶŐ� /ŶƐƚƌƵŵĞŶƚ� ^ĞƚƚŝŶŐƐͿ͘
ϭϲͿ �ĞĨŽƌĞ�ƉƌŽĐĞĞĚŝŶŐ͕�ƚŚĞ�ƌƵŶ�ĨŝůĞ�ŵƵƐƚ�ďĞ�ƐĂǀĞĚ͖�ĨƌŽŵ�ƚŚĞ�ŵĂŝŶ�ŵĞŶƵ͕�ƐĞůĞĐƚ�&ŝůĞ͕�ƚŚĞŶ�^ĂǀĞ��Ɛ͘�^ĂǀĞ�

ŝŶ�ĂƉƉƌŽƉƌŝĂƚĞ�ƌƵŶ�ĨŽůĚĞƌ�ĚĞƐŝŐŶĂƚŝŽŶ͘
ϭϳͿ >ŽĂĚ�ƚŚĞ�ƉůĂƚĞ�ŝŶƚŽ�ƚŚĞ�ƉůĂƚĞ�ŚŽůĚĞƌ�ŝŶ�ƚŚĞ�ŝŶƐƚƌƵŵĞŶƚ͘��ŶƐƵƌĞ�ƚŚĂƚ�ƚŚĞ�ƉůĂƚĞ�ŝƐ�ƉƌŽƉĞƌůǇ�ĂůŝŐŶĞĚ�ŝŶ�

ƚŚĞ�ŚŽůĚĞƌ͘�
ϭϴͿ KŶĐĞ�ƚŚĞ�ƌƵŶ�ĨŝůĞ�ŝƐ�ƐĂǀĞĚ͕�ĐůŝĐŬ�ƚŚĞ�^ƚĂƌƚ�ďƵƚƚŽŶ͘�EŽƚĞ͗ dŚĞ� ƌƵŶ� ƐŚŽƵůĚ� ƚĂŬĞ� ĂƉƉƌŽǆŝŵĂƚĞůǇ� ϭŚƌ� ĂŶĚ� ϮϬ�

ŵŝŶƵƚĞƐ� ƚŽ� ĐŽŵƉůĞƚĞ͘
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�ĂƚĂ��ŶĂůǇƐŝƐ

ϭͿ �ĨƚĞƌ�ƚŚĞ�ƌƵŶ�ŚĂƐ�ĐŽŵƉůĞƚĞĚ͕�ƐĞůĞĐƚ�ƚŚĞ�ZĞƐƵůƚƐ�ƚĂď�Ăƚ�ƚŚĞ�ƵƉƉĞƌ�ůĞĨƚ�ĐŽƌŶĞƌ�ŽĨ�ƚŚĞ�ƐŽĨƚǁĂƌĞ͘
ϮͿ ^ĞůĞĐƚ�ƚŚĞ��ŵƉůŝĨŝĐĂƚŝŽŶ�WůŽƚ ƚĂď�ƚŽ�ǀŝĞǁ�ƚŚĞ�ƌĂǁ�ĚĂƚĂ�;&ŝŐƵƌĞ�ϭϳͿ͘

&ŝŐƵƌĞ�ϭϳ͘��ŵƉůŝĨŝĐĂƚŝŽŶ�WůŽƚ�tŝŶĚŽǁ

ϯͿ ^ƚĂƌƚ�ďǇ�ŚŝŐŚůŝŐŚƚŝŶŐ�Ăůů�ƚŚĞ�ƐĂŵƉůĞƐ�ĨƌŽŵ�ƚŚĞ�ƌƵŶ͖�ƚŽ�ĚŽ�ƚŚŝƐ͕�ĐůŝĐŬ�ŽŶ�ƚŚĞ�ƵƉƉĞƌ�ůĞĨƚͲŚĂŶĚ ďŽǆ�;ĂͿ ŽĨ�
ƚŚĞ�ƐĂŵƉůĞ�ǁĞůůƐ�;&ŝŐƵƌĞ�ϭϳͿ͘��ůů�ƚŚĞ�ŐƌŽǁƚŚ�ĐƵƌǀĞƐ�ƐŚŽƵůĚ�ĂƉƉĞĂƌ�ŽŶ�ƚŚĞ�ŐƌĂƉŚ͘

ϰͿ KŶ�ƚŚĞ�ƌŝŐŚƚͲŚĂŶĚ ƐŝĚĞ�ŽĨ�ƚŚĞ�ǁŝŶĚŽǁ�;ďͿ͕ ƚŚĞ��ĂƚĂ ĚƌŽƉ�ĚŽǁŶ�ƐĞůĞĐƚŝŽŶ�ƐŚŽƵůĚ�ďĞ�ƐĞƚ�ƚŽ��ĞůƚĂ�ZŶ�
ǀƐ͘��ǇĐůĞ͘

ϱͿ ^ĞůĞĐƚ�Eϭ�ĨƌŽŵ�;ĐͿ͕ ƚŚĞ��ĞƚĞĐƚŽƌ�ĚƌŽƉ�ĚŽǁŶ�ŵĞŶƵ͕�ƵƐŝŶŐ�ƚŚĞ�ĚŽǁŶǁĂƌĚ�ĂƌƌŽǁ͘
Ă͘ WůĞĂƐĞ�ŶŽƚĞ�ƚŚĂƚ�ĞĂĐŚ�ĚĞƚĞĐƚŽƌ�ŝƐ�ĂŶĂůǇǌĞĚ�ŝŶĚŝǀŝĚƵĂůůǇ�ƚŽ�ƌĞĨůĞĐƚ�ĚŝĨĨĞƌĞŶƚ�ƉĞƌĨŽƌŵĂŶĐĞ�

ƉƌŽĨŝůĞƐ�ŽĨ�ĞĂĐŚ�ƉƌŝŵĞƌ�ĂŶĚ�ƉƌŽďĞ�ƐĞƚ͘
ϲͿ /Ŷ�ƚŚĞ�>ŝŶĞ��ŽůŽƌ ĚƌŽƉ�ĚŽǁŶ�;ĚͿ͕ �ĞƚĞĐƚŽƌ��ŽůŽƌ ƐŚŽƵůĚ�ďĞ�ƐĞůĞĐƚĞĚ͘�
ϳͿ hŶĚĞƌ��ŶĂůǇƐŝƐ�^ĞƚƚŝŶŐƐ�ƐĞůĞĐƚ�DĂŶƵĂů��ƚ�;ĞͿ͘

ď͘ �Ž�ŶŽƚ�ĐŚĂŶŐĞ�ƚŚĞ�DĂŶƵĂů��ĂƐĞůŝŶĞ ĚĞĨĂƵůƚ�ŶƵŵďĞƌƐ͘
ϴͿ hƐŝŶŐ�ƚŚĞ�ŵŽƵƐĞ͕�ĐůŝĐŬ�ĂŶĚ�ĚƌĂŐ�ƚŚĞ�ƌĞĚ�ƚŚƌĞƐŚŽůĚ�ůŝŶĞ�ƵŶƚŝů�ŝƚ�ůŝĞƐ�ǁŝƚŚŝŶ�ƚŚĞ�ĞǆƉŽŶĞŶƚŝĂů�ƉŚĂƐĞ�ŽĨ�ƚŚĞ�

ĨůƵŽƌĞƐĐĞŶĐĞ�ĐƵƌǀĞƐ�ĂŶĚ�ĂďŽǀĞ�ĂŶǇ�ďĂĐŬŐƌŽƵŶĚ�ƐŝŐŶĂů�;&ŝŐƵƌĞ�ϭϴͿ͘

F

F

D

EF
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H
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&ŝŐƵƌĞ�ϭϴ͘��ŵƉůŝĨŝĐĂƚŝŽŶ�WůŽƚ

ϵͿ �ůŝĐŬ�ƚŚĞ �ŶĂůǇǌĞ ďƵƚƚŽŶ�ŝŶ�ƚŚĞ�ůŽǁĞƌ�ƌŝŐŚƚ�ĐŽƌŶĞƌ�ŽĨ�ƚŚĞ�ǁŝŶĚŽǁ͘�dŚĞ�ƌĞĚ�ƚŚƌĞƐŚŽůĚ�ůŝŶĞ�ǁŝůů�ƚƵƌŶ�ƚŽ�
ŐƌĞĞŶ͕�ŝŶĚŝĐĂƚŝŶŐ�ƚŚĞ�ĚĂƚĂ�ŚĂƐ�ďĞĞŶ�ĂŶĂůǇǌĞĚ͘

ϭϬͿ ZĞƉĞĂƚ�ƐƚĞƉƐ�ϱͲϵ�ƚŽ�ĂŶĂůǇǌĞ�ƌĞƐƵůƚƐ�ŐĞŶĞƌĂƚĞĚ�ĨŽƌ�ĞĂĐŚ�ƐĞƚ�ŽĨ�ŵĂƌŬĞƌƐ�;Eϭ͕�EϮ͕�ZWͿ͘
ϭϭͿ ^ĂǀĞ�ĂŶĂůǇƐŝƐ�ĨŝůĞ�ďǇ�ƐĞůĞĐƚŝŶŐ�&ŝůĞ ƚŚĞŶ�^ĂǀĞ��Ɛ ĨƌŽŵ�ƚŚĞ�ŵĂŝŶ�ŵĞŶƵ͘�
ϭϮͿ �ĨƚĞƌ�ĐŽŵƉůĞƚŝŶŐ�ĂŶĂůǇƐŝƐ�ĨŽƌ�ĞĂĐŚ�ŽĨ�ƚŚĞ�ŵĂƌŬĞƌƐ͕�ƐĞůĞĐƚ�ƚŚĞ ZĞƉŽƌƚ ƚĂď�ĂďŽǀĞ�ƚŚĞ�ŐƌĂƉŚ�ƚŽ�ĚŝƐƉůĂǇ�

ƚŚĞ��ƚ�ǀĂůƵĞƐ�;&ŝŐƵƌĞ�ϭϵͿ͘�dŽ�ĨŝůƚĞƌ�ƌĞƉŽƌƚ�ďǇ�ƐĂŵƉůĞ�ŶĂŵĞ�ŝŶ�ĂƐĐĞŶĚŝŶŐ�Žƌ�ĚĞƐĐĞŶĚŝŶŐ�ŽƌĚĞƌ͕�ƐŝŵƉůǇ�
ĐůŝĐŬ�ŽŶ�^ĂŵƉůĞ�EĂŵĞ ŝŶ�ƚŚĞ�ƚĂďůĞ͘

&ŝŐƵƌĞ�ϭϵ͘�ZĞƉŽƌƚ

([SRQHQWLDO�
3&5�3KDVH

%DFNJURXQG�QRLVH

7KUHVKROG�DGMXVWHG�
WR�IDOO�ZLWKLQ�WKH�
3&5�H[SRQHQWLDO�

SKDVH��
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/ŶƚĞƌƉƌĞƚĂƚŝŽŶ�ŽĨ�ZĞƐƵůƚƐ�ĂŶĚ�ZĞƉŽƌƚŝŶŐ

�ǆƚƌĂĐƚŝŽŶ�ĂŶĚ�WŽƐŝƚŝǀĞ��ŽŶƚƌŽů�ZĞƐƵůƚƐ�ĂŶĚ�/ŶƚĞƌƉƌĞƚĂƚŝŽŶ�
EŽ�dĞŵƉůĂƚĞ��ŽŶƚƌŽů�;Ed�Ϳ�
dŚĞ�Ed��ĐŽŶƐŝƐƚƐ�ŽĨ�ƵƐŝŶŐ�ŶƵĐůĞĂƐĞͲĨƌĞĞ�ǁĂƚĞƌ�ŝŶ�ƚŚĞ�ƌZdͲW�Z�ƌĞĂĐƚŝŽŶƐ�ŝŶƐƚĞĂĚ�ŽĨ�ZE�͘�dŚĞ�Ed��ƌĞĂĐƚŝŽŶƐ�ĨŽƌ�
Ăůů�ƉƌŝŵĞƌ�ĂŶĚ�ƉƌŽďĞ�ƐĞƚƐ�ƐŚŽƵůĚ�ŶŽƚ�ĞǆŚŝďŝƚ�ĨůƵŽƌĞƐĐĞŶĐĞ�ŐƌŽǁƚŚ�ĐƵƌǀĞƐ�ƚŚĂƚ�ĐƌŽƐƐ�ƚŚĞ�ƚŚƌĞƐŚŽůĚ�ůŝŶĞ͘�/Ĩ�ĂŶǇ�
ŽĨ�ƚŚĞ�Ed��ƌĞĂĐƚŝŽŶƐ�ĞǆŚŝďŝƚ�Ă�ŐƌŽǁƚŚ ĐƵƌǀĞ�ƚŚĂƚ�ĐƌŽƐƐĞƐ�ƚŚĞ�ĐǇĐůĞ�ƚŚƌĞƐŚŽůĚ͕�ƐĂŵƉůĞ�ĐŽŶƚĂŵŝŶĂƚŝŽŶ�ŵĂǇ�ŚĂǀĞ�
ŽĐĐƵƌƌĞĚ͘�/ŶǀĂůŝĚĂƚĞ�ƚŚĞ�ƌƵŶ�ĂŶĚ�ƌĞƉĞĂƚ�ƚŚĞ�ĂƐƐĂǇ�ǁŝƚŚ�ƐƚƌŝĐƚ�ĂĚŚĞƌĞŶĐĞ�ƚŽ�ƚŚĞ�ŐƵŝĚĞůŝŶĞƐ͘�

ϮϬϭϵͲŶ�Žs�WŽƐŝƚŝǀĞ��ŽŶƚƌŽů�;Ŷ�ŽsW�Ϳ�
dŚĞ�Ŷ�ŽsW��ĐŽŶƐŝƐƚƐ�ŽĨ�ŝŶ�ǀŝƚƌŽ�ƚƌĂŶƐĐƌŝďĞĚ�ZE�͘�dŚĞ�Ŷ�ŽsW��ǁŝůů�ǇŝĞůĚ�Ă�ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚ�ǁŝƚŚ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�
ƉƌŝŵĞƌ�ĂŶĚ�ƉƌŽďĞ�ƐĞƚƐ͗�Eϭ͕�EϮ�ĂŶĚ�ZW͘�

,ƵŵĂŶ�^ƉĞĐŝŵĞŶ��ŽŶƚƌŽů�;,^�Ϳ�;�ǆƚƌĂĐƚŝŽŶ��ŽŶƚƌŽůͿ�
tŚĞŶ�,^��ŝƐ�ƌƵŶ�ǁŝƚŚ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ƌZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�;ƐĞĞ�ƉƌĞǀŝŽƵƐ�ƐĞĐƚŝŽŶ�ŽŶ��ƐƐĂǇ�^Ğƚ�hƉͿ͕�
ƚŚĞ�,^��ŝƐ�ƵƐĞĚ�ĂƐ�ĂŶ�ZE��ĞǆƚƌĂĐƚŝŽŶ�ƉƌŽĐĞĚƵƌĂů�ĐŽŶƚƌŽů�ƚŽ�ĚĞŵŽŶƐƚƌĂƚĞ�ƐƵĐĐĞƐƐĨƵů�ƌĞĐŽǀĞƌǇ�ŽĨ�ZE��ĂƐ�ǁĞůů�
ĂƐ�ĞǆƚƌĂĐƚŝŽŶ�ƌĞĂŐĞŶƚ�ŝŶƚĞŐƌŝƚǇ͘�dŚĞ�,^��ĐŽŶƚƌŽů�ĐŽŶƐŝƐƚƐ�ŽĨ�ŶŽŶŝŶĨĞĐƚŝŽƵƐ�ĐƵůƚƵƌĞĚ�ŚƵŵĂŶ�ĐĞůů�;�ϱϰϵͿ�
ŵĂƚĞƌŝĂů͘�WƵƌŝĨŝĞĚ�ŶƵĐůĞŝĐ�ĂĐŝĚ ĨƌŽŵ�ƚŚĞ�,^��ƐŚŽƵůĚ�ǇŝĞůĚ�Ă�ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚ�ǁŝƚŚ�ƚŚĞ�ZW�ƉƌŝŵĞƌ�ĂŶĚ�ƉƌŽďĞ�ƐĞƚ�
ĂŶĚ�ŶĞŐĂƚŝǀĞ�ƌĞƐƵůƚƐ�ǁŝƚŚ�Ăůů�ϮϬϭϵͲŶ�Žs�ŵĂƌŬĞƌƐ͘

�ǆƉĞĐƚĞĚ�WĞƌĨŽƌŵĂŶĐĞ�ŽĨ��ŽŶƚƌŽůƐ�/ŶĐůƵĚĞĚ�ŝŶ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů

�ŽŶƚƌŽů�
dǇƉĞ

�ǆƚĞƌŶĂů�
�ŽŶƚƌŽů�
EĂŵĞ

hƐĞĚ�ƚŽ�
DŽŶŝƚŽƌ

ϮϬϭϵ�
Ŷ�ŽsͺEϭ

ϮϬϭϵ�
Ŷ�ŽsͺEϮ ZW �ǆƉĞĐƚĞĚ��ƚ�

sĂůƵĞƐ�

WŽƐŝƚŝǀĞ Ŷ�ŽsW��

^ƵďƐƚĂŶƚŝĂů�
ƌĞĂŐĞŶƚ�ĨĂŝůƵƌĞ�

ŝŶĐůƵĚŝŶŐ�
ƉƌŝŵĞƌ�ĂŶĚ�

ƉƌŽďĞ�ŝŶƚĞŐƌŝƚǇ

н н н ф�ϰϬ͘ϬϬ��ƚ

EĞŐĂƚŝǀĞ Ed��
ZĞĂŐĞŶƚ�ĂŶĚͬŽƌ�
ĞŶǀŝƌŽŶŵĞŶƚĂů�
ĐŽŶƚĂŵŝŶĂƚŝŽŶ

Ͳ Ͳ Ͳ EŽŶĞ�
ĚĞƚĞĐƚĞĚ

�ǆƚƌĂĐƚŝŽŶ ,^�

&ĂŝůƵƌĞ�ŝŶ�ůǇƐŝƐ�
ĂŶĚ�ĞǆƚƌĂĐƚŝŽŶ�
ƉƌŽĐĞĚƵƌĞ͕�
ƉŽƚĞŶƚŝĂů�

ĐŽŶƚĂŵŝŶĂƚŝŽŶ�
ĚƵƌŝŶŐ�

ĞǆƚƌĂĐƚŝŽŶ

Ͳ Ͳ н ф�ϰϬ͘ϬϬ��ƚ

/Ĩ�ĂŶǇ�ŽĨ�ƚŚĞ�ĂďŽǀĞ�ĐŽŶƚƌŽůƐ�ĚŽ�ŶŽƚ�ĞǆŚŝďŝƚ�ƚŚĞ�ĞǆƉĞĐƚĞĚ�ƉĞƌĨŽƌŵĂŶĐĞ�ĂƐ�ĚĞƐĐƌŝďĞĚ͕�ƚŚĞ�ĂƐƐĂǇ�ŵĂǇ�ŚĂǀĞ�ďĞĞŶ�
ƐĞƚ�ƵƉ�ĂŶĚͬŽƌ�ĞǆĞĐƵƚĞĚ�ŝŵƉƌŽƉĞƌůǇ͕�Žƌ�ƌĞĂŐĞŶƚ�Žƌ�ĞƋƵŝƉŵĞŶƚ�ŵĂůĨƵŶĐƚŝŽŶ�ĐŽƵůĚ�ŚĂǀĞ�ŽĐĐƵƌƌĞĚ͘�/ŶǀĂůŝĚĂƚĞ�
ƚŚĞ�ƌƵŶ�ĂŶĚ�ƌĞͲƚĞƐƚ͘
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ZEĂƐĞ�W�;�ǆƚƌĂĐƚŝŽŶ��ŽŶƚƌŽůͿ
�ůů�ĐůŝŶŝĐĂů�ƐĂŵƉůĞƐ�ƐŚŽƵůĚ�ĞǆŚŝďŝƚ�ĨůƵŽƌĞƐĐĞŶĐĞ�ŐƌŽǁƚŚ�ĐƵƌǀĞƐ�ŝŶ�ƚŚĞ�ZEĂƐĞ�W�ƌĞĂĐƚŝŽŶ�ƚŚĂƚ�ĐƌŽƐƐ�ƚŚĞ�
ƚŚƌĞƐŚŽůĚ�ůŝŶĞ�ǁŝƚŚŝŶ�ϰϬ͘ϬϬ�ĐǇĐůĞƐ�;ф�ϰϬ͘ϬϬ��ƚͿ͕�ƚŚƵƐ�ŝŶĚŝĐĂƚŝŶŐ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ƚŚĞ�ŚƵŵĂŶ�ZEĂƐĞ�W�
ŐĞŶĞ͘�&ĂŝůƵƌĞ�ƚŽ�ĚĞƚĞĐƚ�ZEĂƐĞ�W�ŝŶ�ĂŶǇ�ĐůŝŶŝĐĂů�ƐƉĞĐŝŵĞŶƐ�ŵĂǇ�ŝŶĚŝĐĂƚĞ͗�

/ŵƉƌŽƉĞƌ�ĞǆƚƌĂĐƚŝŽŶ�ŽĨ�ŶƵĐůĞŝĐ�ĂĐŝĚ�ĨƌŽŵ�ĐůŝŶŝĐĂů ŵĂƚĞƌŝĂůƐ�ƌĞƐƵůƚŝŶŐ�ŝŶ�ůŽƐƐ�ŽĨ�ZE��ĂŶĚͬŽƌ�ZE��
ĚĞŐƌĂĚĂƚŝŽŶ͘�
�ďƐĞŶĐĞ� ŽĨ� ƐƵĨĨŝĐŝĞŶƚ� ŚƵŵĂŶ� ĐĞůůƵůĂƌ� ŵĂƚĞƌŝĂů� ĚƵĞ� ƚŽ� ƉŽŽƌ� ĐŽůůĞĐƚŝŽŶ� Žƌ� ůŽƐƐ� ŽĨ� ƐƉĞĐŝŵĞŶ�
ŝŶƚĞŐƌŝƚǇ͘
/ŵƉƌŽƉĞƌ�ĂƐƐĂǇ�ƐĞƚ�ƵƉ�ĂŶĚ�ĞǆĞĐƵƚŝŽŶ͘
ZĞĂŐĞŶƚ�Žƌ�ĞƋƵŝƉŵĞŶƚ�ŵĂůĨƵŶĐƚŝŽŶ͘

/Ĩ�ƚŚĞ�ZW�ĂƐƐĂǇ�ĚŽĞƐ�ŶŽƚ�ƉƌŽĚƵĐĞ�Ă�ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚ�ĨŽƌ�ŚƵŵĂŶ�ĐůŝŶŝĐĂů�ƐƉĞĐŝŵĞŶƐ͕�ŝŶƚĞƌƉƌĞƚ�ĂƐ�ĨŽůůŽǁƐ͗�
/Ĩ�ƚŚĞ�ϮϬϭϵͲŶ�Žs�Eϭ ĂŶĚ�EϮĂƌĞ�ƉŽƐŝƚŝǀĞ�ĞǀĞŶ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�Ă�ƉŽƐŝƚŝǀĞ�ZW͕�ƚŚĞ�ƌĞƐƵůƚ�ƐŚŽƵůĚ�
ďĞ�ĐŽŶƐŝĚĞƌĞĚ�ǀĂůŝĚ͘�/ƚ�ŝƐ�ƉŽƐƐŝďůĞ͕�ƚŚĂƚ�ƐŽŵĞ�ƐĂŵƉůĞƐ�ŵĂǇ�ĨĂŝů�ƚŽ�ĞǆŚŝďŝƚ�ZEĂƐĞ�W�ŐƌŽǁƚŚ�ĐƵƌǀĞƐ�
ĚƵĞ�ƚŽ�ůŽǁ�ĐĞůů�ŶƵŵďĞƌƐ�ŝŶ�ƚŚĞ�ŽƌŝŐŝŶĂů�ĐůŝŶŝĐĂů�ƐĂŵƉůĞ͘���ŶĞŐĂƚŝǀĞ�ZW�ƐŝŐŶĂů�ĚŽĞƐ�ŶŽƚ�ƉƌĞĐůƵĚĞ�
ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ϮϬϭϵͲŶ�Žs�ǀŝƌƵƐ�ZE��ŝŶ�Ă�ĐůŝŶŝĐĂů�ƐƉĞĐŝŵĞŶ͘
/Ĩ� Ăůů� ϮϬϭϵͲŶ�Žs�ŵĂƌŬĞƌƐ� �E� ZEĂƐĞ� W� ĂƌĞ� ŶĞŐĂƚŝǀĞ� ĨŽƌ� ƚŚĞ� ƐƉĞĐŝŵĞŶ͕� ƚŚĞ� ƌĞƐƵůƚ� ƐŚŽƵůĚ� ďĞ�
ĐŽŶƐŝĚĞƌĞĚ� ŝŶǀĂůŝĚ� ĨŽƌ� ƚŚĞ� ƐƉĞĐŝŵĞŶ͘� /Ĩ� ƌĞƐŝĚƵĂů� ƐƉĞĐŝŵĞŶ� ŝƐ� ĂǀĂŝůĂďůĞ͕� ƌĞƉĞĂƚ� ƚŚĞ� ĞǆƚƌĂĐƚŝŽŶ�
ƉƌŽĐĞĚƵƌĞ�ĂŶĚ�ƌĞƉĞĂƚ�ƚŚĞ�ƚĞƐƚ͘�/Ĩ�Ăůů�ŵĂƌŬĞƌƐ�ƌĞŵĂŝŶ�ŶĞŐĂƚŝǀĞ�ĂĨƚĞƌ�ƌĞͲƚĞƐƚ͕�ƌĞƉŽƌƚ�ƚŚĞ�ƌĞƐƵůƚƐ�ĂƐ�
ŝŶǀĂůŝĚ�ĂŶĚ�Ă�ŶĞǁ�ƐƉĞĐŝŵĞŶ�ƐŚŽƵůĚ�ďĞ�ĐŽůůĞĐƚĞĚ�ŝĨ�ƉŽƐƐŝďůĞ͘

ϮϬϭϵͲŶ�Žs�DĂƌŬĞƌƐ�;Eϭ ĂŶĚ�EϮͿ
tŚĞŶ�Ăůů�ĐŽŶƚƌŽůƐ�ĞǆŚŝďŝƚ�ƚŚĞ�ĞǆƉĞĐƚĞĚ�ƉĞƌĨŽƌŵĂŶĐĞ͕�Ă�ƐƉĞĐŝŵĞŶ�ŝƐ�ĐŽŶƐŝĚĞƌĞĚ�ŶĞŐĂƚŝǀĞ�ŝĨ�Ăůů�ϮϬϭϵͲ
Ŷ�Žs�ŵĂƌŬĞƌ�;Eϭ͕�EϮͿ�ĐǇĐůĞ�ƚŚƌĞƐŚŽůĚ�ŐƌŽǁƚŚ�ĐƵƌǀĞƐ��K�EKd�ĐƌŽƐƐ�ƚŚĞ�ƚŚƌĞƐŚŽůĚ�ůŝŶĞ�ǁŝƚŚŝŶ ϰϬ͘ϬϬ�
ĐǇĐůĞƐ�;ф�ϰϬ͘ϬϬ��ƚͿ��E��ƚŚĞ�ZEĂƐĞ�W�ŐƌŽǁƚŚ�ĐƵƌǀĞ��K�^�ĐƌŽƐƐ�ƚŚĞ�ƚŚƌĞƐŚŽůĚ�ůŝŶĞ�ǁŝƚŚŝŶ�ϰϬ͘ϬϬ�ĐǇĐůĞƐ�;ф�
ϰϬ͘ϬϬ��ƚͿ͘�
tŚĞŶ�Ăůů�ĐŽŶƚƌŽůƐ�ĞǆŚŝďŝƚ�ƚŚĞ�ĞǆƉĞĐƚĞĚ�ƉĞƌĨŽƌŵĂŶĐĞ͕�Ă�ƐƉĞĐŝŵĞŶ�ŝƐ�ĐŽŶƐŝĚĞƌĞĚ�ƉŽƐŝƚŝǀĞ�ĨŽƌ�ϮϬϭϵͲŶ�Žs�
ŝĨ�Ăůů�ϮϬϭϵͲŶ�Žs�ŵĂƌŬĞƌ�;Eϭ͕�EϮͿ�ĐǇĐůĞ�ƚŚƌĞƐŚŽůĚ�ŐƌŽǁƚŚ�ĐƵƌǀĞƐ ĐƌŽƐƐ�ƚŚĞ�ƚŚƌĞƐŚŽůĚ�ůŝŶĞ�ǁŝƚŚŝŶ�ϰϬ͘ϬϬ�
ĐǇĐůĞƐ�;ф�ϰϬ͘ϬϬ��ƚͿ͘ dŚĞ�ZEĂƐĞ�W�ŵĂǇ�Žƌ�ŵĂǇ�ŶŽƚ�ďĞ�ƉŽƐŝƚŝǀĞ�ĂƐ�ĚĞƐĐƌŝďĞĚ�ĂďŽǀĞ͕�ďƵƚ�ƚŚĞ�ϮϬϭϵͲŶ�Žs�
ƌĞƐƵůƚ�ŝƐ�Ɛƚŝůů�ǀĂůŝĚ͘
tŚĞŶ�Ăůů�ĐŽŶƚƌŽůƐ�ĞǆŚŝďŝƚ�ƚŚĞ�ĞǆƉĞĐƚĞĚ�ƉĞƌĨŽƌŵĂŶĐĞ�ĂŶĚ�ƚŚĞ�ŐƌŽǁƚŚ�ĐƵƌǀĞƐ�ĨŽƌ�ƚŚĞ�ϮϬϭϵͲŶ�Žs�
ŵĂƌŬĞƌƐ�;Eϭ͕�EϮͿ��E��ƚŚĞ�ZEĂƐĞ�W�ŵĂƌŬĞƌ��K�EKd�ĐƌŽƐƐ�ƚŚĞ�ĐǇĐůĞ�ƚŚƌĞƐŚŽůĚ�ŐƌŽǁƚŚ�ĐƵƌǀĞ�ǁŝƚŚŝŶ�
ϰϬ͘ϬϬ�ĐǇĐůĞƐ�;ф�ϰϬ͘ϬϬ��ƚͿ͕�ƚŚĞ�ƌĞƐƵůƚ�ŝƐ�ŝŶǀĂůŝĚ͘�dŚĞ�ĞǆƚƌĂĐƚĞĚ�ZE��ĨƌŽŵ�ƚŚĞ�ƐƉĞĐŝŵĞŶ�ƐŚŽƵůĚ�ďĞ�ƌĞͲ
ƚĞƐƚĞĚ͘�/Ĩ�ƌĞƐŝĚƵĂů�ZE��ŝƐ�ŶŽƚ�ĂǀĂŝůĂďůĞ͕�ƌĞͲĞǆƚƌĂĐƚ�ZE��ĨƌŽŵ�ƌĞƐŝĚƵĂů�ƐƉĞĐŝŵĞŶ�ĂŶĚ�ƌĞͲƚĞƐƚ͘�/Ĩ�ƚŚĞ�ƌĞͲ
ƚĞƐƚĞĚ�ƐĂŵƉůĞ�ŝƐ�ŶĞŐĂƚŝǀĞ�ĨŽƌ�Ăůů�ŵĂƌŬĞƌƐ�ĂŶĚ�ZEĂƐĞ�W͕�ƚŚĞ�ƌĞƐƵůƚ�ŝƐ�ŝŶǀĂůŝĚ�ĂŶĚ�ĐŽůůĞĐƚŝŽŶ�ŽĨ�Ă�ŶĞǁ�
ƐƉĞĐŝŵĞŶ�ĨƌŽŵ�ƚŚĞ�ƉĂƚŝĞŶƚ�ƐŚŽƵůĚ�ďĞ�ĐŽŶƐŝĚĞƌĞĚ͘
tŚĞŶ�Ăůů�ĐŽŶƚƌŽůƐ�ĞǆŚŝďŝƚ�ƚŚĞ�ĞǆƉĞĐƚĞĚ�ƉĞƌĨŽƌŵĂŶĐĞ�ĂŶĚ�ƚŚĞ�ĐǇĐůĞ�ƚŚƌĞƐŚŽůĚ�ŐƌŽǁƚŚ�ĐƵƌǀĞ�ĨŽƌ�ĂŶǇ�ŽŶĞ
ŵĂƌŬĞƌ�;Eϭ Žƌ EϮ ďƵƚ�ŶŽƚ�ďŽƚŚ ŵĂƌŬĞƌƐͿ�ĐƌŽƐƐĞƐ�ƚŚĞ�ƚŚƌĞƐŚŽůĚ�ůŝŶĞ�ǁŝƚŚŝŶ�ϰϬ͘ϬϬ�ĐǇĐůĞƐ�;ф�ϰϬ͘ϬϬ��ƚͿ�ƚŚĞ�
ƌĞƐƵůƚ�ŝƐ�ŝŶĐŽŶĐůƵƐŝǀĞ͘�dŚĞ�ĞǆƚƌĂĐƚĞĚ�ZE��ƐŚŽƵůĚ�ďĞ�ƌĞƚĞƐƚĞĚ͘�/Ĩ�ƌĞƐŝĚƵĂů�ZE��ŝƐ�ŶŽƚ�ĂǀĂŝůĂďůĞ͕�ƌĞͲ
ĞǆƚƌĂĐƚ�ZE��ĨƌŽŵ�ƌĞƐŝĚƵĂů�ƐƉĞĐŝŵĞŶ�ĂŶĚ�ƌĞͲƚĞƐƚ͘�/Ĩ�ƚŚĞ�ƐĂŵĞ�ƌĞƐƵůƚ�ŝƐ�ŽďƚĂŝŶĞĚ͕�ƌĞƉŽƌƚ�ƚŚĞ�
ŝŶĐŽŶĐůƵƐŝǀĞ�ƌĞƐƵůƚ͘���ŽŶƐƵůƚ�ǁŝƚŚ�ǇŽƵƌ�ƐƚĂƚĞ�ƉƵďůŝĐ�ŚĞĂůƚŚ�ůĂďŽƌĂƚŽƌǇ�Žƌ����͕�ĂƐ�ĂƉƉƌŽƉƌŝĂƚĞ͕�ƚŽ�
ƌĞƋƵĞƐƚ ŐƵŝĚĂŶĐĞ ĂŶĚͬŽƌ�ƚŽ�ĐŽŽƌĚŝŶĂƚĞ�ƚƌĂŶƐĨĞƌ�ŽĨ�ƚŚĞ�ƐƉĞĐŝŵĞŶ ĨŽƌ�ĂĚĚŝƚŝŽŶĂů�ĂŶĂůǇƐŝƐ͘
/Ĩ�,^��ŝƐ�ƉŽƐŝƚŝǀĞ�ĨŽƌ�Eϭ Žƌ EϮ͕�ƚŚĞŶ�ĐŽŶƚĂŵŝŶĂƚŝŽŶ�ŵĂǇ�ŚĂǀĞ�ŽĐĐƵƌƌĞĚ�ĚƵƌŝŶŐ�ĞǆƚƌĂĐƚŝŽŶ�Žƌ�ƐĂŵƉůĞ�
ƉƌŽĐĞƐƐŝŶŐ͘��/ŶǀĂůŝĚĂƚĞ�Ăůů�ƌĞƐƵůƚƐ�ĨŽƌ�ƐƉĞĐŝŵĞŶƐ�ĞǆƚƌĂĐƚĞĚ�ĂůŽŶŐƐŝĚĞ�ƚŚĞ�,^�͘ ZĞͲĞǆƚƌĂĐƚ�ƐƉĞĐŝŵĞŶƐ�
ĂŶĚ�,^��ĂŶĚ�ƌĞͲƚĞƐƚ͘
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ϮϬϭϵͲŶ�Žs�ƌZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ZĞƐƵůƚƐ�/ŶƚĞƌƉƌĞƚĂƚŝŽŶ�'ƵŝĚĞ

dŚĞ�ƚĂďůĞ�ďĞůŽǁ�ůŝƐƚƐ�ƚŚĞ�ĞǆƉĞĐƚĞĚ�ƌĞƐƵůƚƐ�ĨŽƌ�ƚŚĞ�ϮϬϭϵͲŶ�Žs�ƌZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů͘�/Ĩ�Ă�ůĂďŽƌĂƚŽƌǇ�
ŽďƚĂŝŶƐ ƵŶĞǆƉĞĐƚĞĚ�ƌĞƐƵůƚƐ�ĨŽƌ�ĂƐƐĂǇ�ĐŽŶƚƌŽůƐ�Žƌ�ŝĨ�ŝŶĐŽŶĐůƵƐŝǀĞ�Žƌ�ŝŶǀĂůŝĚ�ƌĞƐƵůƚƐ�ĂƌĞ�ŽďƚĂŝŶĞĚ�ĂŶĚ�ĐĂŶŶŽƚ�ďĞ�
ƌĞƐŽůǀĞĚ�ƚŚƌŽƵŐŚ�ƚŚĞ�ƌĞĐŽŵŵĞŶĚĞĚ�ƌĞͲƚĞƐƚŝŶŐ͕�ƉůĞĂƐĞ�ĐŽŶƚĂĐƚ�����ĨŽƌ�ĐŽŶƐƵůƚĂƚŝŽŶ�ĂŶĚ�ƉŽƐƐŝďůĞ�ƐƉĞĐŝŵĞŶ�
ƌĞĨĞƌƌĂů͘�^ĞĞ�ƉĂŐĞƐ�ϭϬ�ĂŶĚ�ϰϬ�ĨŽƌ�ƌĞĨĞƌƌĂů�ĂŶĚ�ĐŽŶƚĂĐƚ�ŝŶĨŽƌŵĂƚŝŽŶ͘

ϮϬϭϵ�
Ŷ�ŽsͺEϭ

ϮϬϭϵ�
Ŷ�ŽsͺEϮ ZW ZĞƐƵůƚ�

/ŶƚĞƌƉƌĞƚĂƚŝŽŶĂ ZĞƉŽƌƚ� �ĐƚŝŽŶƐ

н н ц ϮϬϭϵͲŶ�Žs�
ĚĞƚĞĐƚĞĚ WŽƐŝƚŝǀĞ�ϮϬϭϵͲŶ�Žs

ZĞƉŽƌƚ�ƌĞƐƵůƚƐ�ƚŽ�����ĂŶĚ�
ƐĞŶĚĞƌ͘

/Ĩ�ŽŶůǇ�ŽŶĞ ŽĨ�ƚŚĞ�ƚǁŽ�
ƚĂƌŐĞƚƐ�ŝƐ�ƉŽƐŝƚŝǀĞ ц /ŶĐŽŶĐůƵƐŝǀĞ�

ZĞƐƵůƚ /ŶĐŽŶĐůƵƐŝǀĞ

ZĞƉĞĂƚ�ƚĞƐƚŝŶŐ�ŽĨ�ŶƵĐůĞŝĐ�ĂĐŝĚ�
ĂŶĚͬŽƌ�ƌĞͲĞǆƚƌĂĐƚ�ĂŶĚ�ƌĞƉĞĂƚ
ƌZdͲW�Z͘��/Ĩ�ƚŚĞ�ƌĞƉĞĂƚĞĚ�ƌĞƐƵůƚ�
ƌĞŵĂŝŶƐ�ŝŶĐŽŶĐůƵƐŝǀĞ͕�ĐŽŶƚĂĐƚ�
ǇŽƵƌ�^ƚĂƚĞ�WƵďůŝĐ�,ĞĂůƚŚ�
>ĂďŽƌĂƚŽƌǇ�Žƌ�����ĨŽƌ�
ŝŶƐƚƌƵĐƚŝŽŶƐ�ĨŽƌ�ƚƌĂŶƐĨĞƌ�ŽĨ�ƚŚĞ�
ƐƉĞĐŝŵĞŶ�Žƌ ĨƵƌƚŚĞƌ�ŐƵŝĚĂŶĐĞ͘�

Ͳ Ͳ н ϮϬϭϵͲŶ�Žs�ŶŽƚ�
ĚĞƚĞĐƚĞĚ EŽƚ��ĞƚĞĐƚĞĚ

ZĞƉŽƌƚ�ƌĞƐƵůƚƐ�ƚŽ�ƐĞŶĚĞƌ͘�
�ŽŶƐŝĚĞƌ�ƚĞƐƚŝŶŐ�ĨŽƌ�ŽƚŚĞƌ�
ƌĞƐƉŝƌĂƚŽƌǇ�ǀŝƌƵƐĞƐ͘ď

Ͳ Ͳ Ͳ /ŶǀĂůŝĚ�ZĞƐƵůƚ /ŶǀĂůŝĚ

ZĞƉĞĂƚ�ĞǆƚƌĂĐƚŝŽŶ�ĂŶĚ�ƌZdͲW�Z͘��
/Ĩ�ƚŚĞ�ƌĞƉĞĂƚĞĚ�ƌĞƐƵůƚ�ƌĞŵĂŝŶƐ�
ŝŶǀĂůŝĚ͕�ĐŽŶƐŝĚĞƌ�ĐŽůůĞĐƚŝŶŐ�Ă�
ŶĞǁ�ƐƉĞĐŝŵĞŶ�ĨƌŽŵ�ƚŚĞ�ƉĂƚŝĞŶƚ͘

D/DERUDWRULHV VKRXOG�UHSRUW�WKHLU�GLDJQRVWLF�UHVXOW�DV�DSSURSULDWH�DQG�LQ�FRPSOLDQFH�ZLWK�WKHLU�VSHFLILF�UHSRUWLQJ�
V\VWHP��
E2SWLPXP�VSHFLPHQ�W\SHV�DQG�WLPLQJ�IRU�SHDN�YLUDO�OHYHOV�GXULQJ�LQIHFWLRQV�FDXVHG�E\������Q&R9�KDYH�QRW�EHHQ�
GHWHUPLQHG��&ROOHFWLRQ�RI�PXOWLSOH�VSHFLPHQV�IURP�WKH�VDPH�SDWLHQW�PD\�EH�QHFHVVDU\�WR�GHWHFW�WKH�YLUXV� 7KH�
SRVVLELOLW\�RI�D�IDOVH�QHJDWLYH�UHVXOW�VKRXOG�HVSHFLDOO\�EH�FRQVLGHUHG�LI�WKH�SDWLHQW¶V�UHFHQW�H[SRVXUHV�RU�FOLQLFDO�
SUHVHQWDWLRQ�VXJJHVW�WKDW������Q&R9�LQIHFWLRQ�LV�SRVVLEOH��DQG�GLDJQRVWLF�WHVWV�IRU�RWKHU�FDXVHV�RI�LOOQHVV��H�J���RWKHU�
UHVSLUDWRU\�LOOQHVV��DUH�QHJDWLYH��,I������Q&R9�LQIHFWLRQ�LV�VWLOO�VXVSHFWHG��UH�WHVWLQJ�VKRXOG�EH�FRQVLGHUHG�LQ�
FRQVXOWDWLRQ�ZLWK�SXEOLF�KHDOWK�DXWKRULWLHV�
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YƵĂůŝƚǇ��ŽŶƚƌŽů

YƵĂůŝƚǇ�ĐŽŶƚƌŽů�ƌĞƋƵŝƌĞŵĞŶƚƐ�ŵƵƐƚ�ďĞ�ƉĞƌĨŽƌŵĞĚ�ŝŶ�ĐŽŶĨŽƌŵĂŶĐĞ�ǁŝƚŚ�ůŽĐĂů͕�ƐƚĂƚĞ͕�ĂŶĚ�ĨĞĚĞƌĂů�
ƌĞŐƵůĂƚŝŽŶƐ�Žƌ�ĂĐĐƌĞĚŝƚĂƚŝŽŶ�ƌĞƋƵŝƌĞŵĞŶƚƐ�ĂŶĚ�ƚŚĞ�ƵƐĞƌ͛Ɛ�ůĂďŽƌĂƚŽƌǇ͛Ɛ�ƐƚĂŶĚĂƌĚ�ƋƵĂůŝƚǇ�ĐŽŶƚƌŽů�
ƉƌŽĐĞĚƵƌĞƐ͘�&Žƌ�ĨƵƌƚŚĞƌ�ŐƵŝĚĂŶĐĞ�ŽŶ�ĂƉƉƌŽƉƌŝĂƚĞ�ƋƵĂůŝƚǇ�ĐŽŶƚƌŽů�ƉƌĂĐƚŝĐĞƐ͕�ƌĞĨĞƌ�ƚŽ�ϰϮ��&Z�ϰϵϯ͘ϭϮϱϲ͘
YƵĂůŝƚǇ�ĐŽŶƚƌŽů�ƉƌŽĐĞĚƵƌĞƐ�ĂƌĞ�ŝŶƚĞŶĚĞĚ�ƚŽ�ŵŽŶŝƚŽƌ�ƌĞĂŐĞŶƚ�ĂŶĚ�ĂƐƐĂǇ�ƉĞƌĨŽƌŵĂŶĐĞ͘
dĞƐƚ�Ăůů�ƉŽƐŝƚŝǀĞ�ĐŽŶƚƌŽůƐ�ƉƌŝŽƌ�ƚŽ�ƌƵŶŶŝŶŐ�ĚŝĂŐŶŽƐƚŝĐ�ƐĂŵƉůĞƐ�ǁŝƚŚ�ĞĂĐŚ�ŶĞǁ�Ŭŝƚ�ůŽƚ�ƚŽ�ĞŶƐƵƌĞ�Ăůů�
ƌĞĂŐĞŶƚƐ�ĂŶĚ�Ŭŝƚ�ĐŽŵƉŽŶĞŶƚƐ�ĂƌĞ�ǁŽƌŬŝŶŐ�ƉƌŽƉĞƌůǇ͘
'ŽŽĚ�ůĂďŽƌĂƚŽƌǇ�ƉƌĂĐƚŝĐĞ�;Đ'>WͿ�ƌĞĐŽŵŵĞŶĚƐ�ŝŶĐůƵĚŝŶŐ�Ă�ƉŽƐŝƚŝǀĞ�ĞǆƚƌĂĐƚŝŽŶ�ĐŽŶƚƌŽů�ŝŶ�ĞĂĐŚ�ŶƵĐůĞŝĐ�
ĂĐŝĚ�ŝƐŽůĂƚŝŽŶ�ďĂƚĐŚ͘
�ůƚŚŽƵŐŚ�,^��ŝƐ�ŶŽƚ�ŝŶĐůƵĚĞĚ�ǁŝƚŚ�ƚŚĞ�ϮϬϭϵͲŶ�Žǀ�ƌZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů͕�ƚŚĞ�,^��ĞǆƚƌĂĐƚŝŽŶ�
ĐŽŶƚƌŽů�ŵƵƐƚ�ƉƌŽĐĞĞĚ�ƚŚƌŽƵŐŚ�ŶƵĐůĞŝĐ�ĂĐŝĚ�ŝƐŽůĂƚŝŽŶ�ƉĞƌ�ďĂƚĐŚ�ŽĨ�ƐƉĞĐŝŵĞŶƐ�ƚŽ�ďĞ�ƚĞƐƚĞĚ͘�
�ůǁĂǇƐ�ŝŶĐůƵĚĞ�Ă�ŶĞŐĂƚŝǀĞ�ĐŽŶƚƌŽů�;Ed�Ϳ͕�ĂŶĚ�ƚŚĞ�ĂƉƉƌŽƉƌŝĂƚĞ�ƉŽƐŝƚŝǀĞ�ĐŽŶƚƌŽů�;Ŷ�ŽsW�Ϳ�ŝŶ�ĞĂĐŚ�
ĂŵƉůŝĨŝĐĂƚŝŽŶ�ĂŶĚ�ĚĞƚĞĐƚŝŽŶ�ƌƵŶ͘��ůů�ĐůŝŶŝĐĂů�ƐĂŵƉůĞƐ�ƐŚŽƵůĚ�ďĞ�ƚĞƐƚĞĚ�ĨŽƌ�ŚƵŵĂŶ�ZE�ƐĞ�W�ŐĞŶĞ�ƚŽ�
ĐŽŶƚƌŽů�ĨŽƌ�ƐƉĞĐŝŵĞŶ�ƋƵĂůŝƚǇ�ĂŶĚ�ĞǆƚƌĂĐƚŝŽŶ͘

>ŝŵŝƚĂƚŝŽŶƐ

�ůů�ƵƐĞƌƐ͕�ĂŶĂůǇƐƚƐ͕�ĂŶĚ�ĂŶǇ�ƉĞƌƐŽŶ�ƌĞƉŽƌƚŝŶŐ�ĚŝĂŐŶŽƐƚŝĐ�ƌĞƐƵůƚƐ�ƐŚŽƵůĚ�ďĞ�ƚƌĂŝŶĞĚ�ƚŽ�ƉĞƌĨŽƌŵ�ƚŚŝƐ�
ƉƌŽĐĞĚƵƌĞ�ďǇ�Ă�ĐŽŵƉĞƚĞŶƚ�ŝŶƐƚƌƵĐƚŽƌ͘�dŚĞǇ�ƐŚŽƵůĚ�ĚĞŵŽŶƐƚƌĂƚĞ�ƚŚĞŝƌ�ĂďŝůŝƚǇ�ƚŽ�ƉĞƌĨŽƌŵ�ƚŚĞ�ƚĞƐƚ�ĂŶĚ�
ŝŶƚĞƌƉƌĞƚ�ƚŚĞ�ƌĞƐƵůƚƐ�ƉƌŝŽƌ�ƚŽ�ƉĞƌĨŽƌŵŝŶŐ�ƚŚĞ�ĂƐƐĂǇ�ŝŶĚĞƉĞŶĚĞŶƚůǇ͘�
WĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ŚĂƐ�ŽŶůǇ�ďĞĞŶ�ĞƐƚĂďůŝƐŚĞĚ�ŝŶ�
ƵƉƉĞƌ�ĂŶĚ�ůŽǁĞƌ�ƌĞƐƉŝƌĂƚŽƌǇ�ƐƉĞĐŝŵĞŶƐ�;ƐƵĐŚ�ĂƐ�ŶĂƐŽƉŚĂƌǇŶŐĞĂů�Žƌ�ŽƌŽƉŚĂƌǇŶŐĞĂů�ƐǁĂďƐ͕�ƐƉƵƚƵŵ͕�
ůŽǁĞƌ�ƌĞƐƉŝƌĂƚŽƌǇ�ƚƌĂĐƚ�ĂƐƉŝƌĂƚĞƐ͕�ďƌŽŶĐŚŽĂůǀĞŽůĂƌ�ůĂǀĂŐĞ͕�ĂŶĚ�ŶĂƐŽƉŚĂƌǇŶŐĞĂů�ǁĂƐŚͬĂƐƉŝƌĂƚĞ�Žƌ�ŶĂƐĂů�
ĂƐƉŝƌĂƚĞͿ͘
EĞŐĂƚŝǀĞ�ƌĞƐƵůƚƐ�ĚŽ�ŶŽƚ�ƉƌĞĐůƵĚĞ�ϮϬϭϵͲŶ�Žs�ŝŶĨĞĐƚŝŽŶ�ĂŶĚ�ƐŚŽƵůĚ�ŶŽƚ�ďĞ�ƵƐĞĚ�ĂƐ�ƚŚĞ�ƐŽůĞ�ďĂƐŝƐ�ĨŽƌ�
ƚƌĞĂƚŵĞŶƚ�Žƌ�ŽƚŚĞƌ�ƉĂƚŝĞŶƚ�ŵĂŶĂŐĞŵĞŶƚ�ĚĞĐŝƐŝŽŶƐ͘�KƉƚŝŵƵŵ�ƐƉĞĐŝŵĞŶ�ƚǇƉĞƐ�ĂŶĚ�ƚŝŵŝŶŐ�ĨŽƌ�ƉĞĂŬ�
ǀŝƌĂů�ůĞǀĞůƐ�ĚƵƌŝŶŐ�ŝŶĨĞĐƚŝŽŶƐ�ĐĂƵƐĞĚ�ďǇ�ϮϬϭϵͲŶ�Žs�ŚĂǀĞ�ŶŽƚ�ďĞĞŶ�ĚĞƚĞƌŵŝŶĞĚ͘��ŽůůĞĐƚŝŽŶ�ŽĨ�ŵƵůƚŝƉůĞ�
ƐƉĞĐŝŵĞŶƐ�;ƚǇƉĞƐ�ĂŶĚ�ƚŝŵĞ�ƉŽŝŶƚƐͿ�ĨƌŽŵ�ƚŚĞ�ƐĂŵĞ�ƉĂƚŝĞŶƚ�ŵĂǇ�ďĞ�ŶĞĐĞƐƐĂƌǇ�ƚŽ�ĚĞƚĞĐƚ�ƚŚĞ�ǀŝƌƵƐ͘
��ĨĂůƐĞ�ŶĞŐĂƚŝǀĞ�ƌĞƐƵůƚ�ŵĂǇ�ŽĐĐƵƌ�ŝĨ�Ă�ƐƉĞĐŝŵĞŶ�ŝƐ�ŝŵƉƌŽƉĞƌůǇ�ĐŽůůĞĐƚĞĚ͕�ƚƌĂŶƐƉŽƌƚĞĚ�Žƌ�ŚĂŶĚůĞĚ͘�&ĂůƐĞ�
ŶĞŐĂƚŝǀĞ�ƌĞƐƵůƚƐ�ŵĂǇ�ĂůƐŽ�ŽĐĐƵƌ�ŝĨ�ĂŵƉůŝĨŝĐĂƚŝŽŶ�ŝŶŚŝďŝƚŽƌƐ�ĂƌĞ�ƉƌĞƐĞŶƚ�ŝŶ�ƚŚĞ�ƐƉĞĐŝŵĞŶ�Žƌ�ŝĨ�ŝŶĂĚĞƋƵĂƚĞ�
ŶƵŵďĞƌƐ�ŽĨ�ŽƌŐĂŶŝƐŵƐ�ĂƌĞ�ƉƌĞƐĞŶƚ�ŝŶ�ƚŚĞ�ƐƉĞĐŝŵĞŶ͘�
WŽƐŝƚŝǀĞ�ĂŶĚ�ŶĞŐĂƚŝǀĞ�ƉƌĞĚŝĐƚŝǀĞ�ǀĂůƵĞƐ�ĂƌĞ�ŚŝŐŚůǇ�ĚĞƉĞŶĚĞŶƚ�ŽŶ�ƉƌĞǀĂůĞŶĐĞ͘�&ĂůƐĞ�ŶĞŐĂƚŝǀĞ�ƚĞƐƚ�
ƌĞƐƵůƚƐ�ĂƌĞ�ŵŽƌĞ�ůŝŬĞůǇ�ǁŚĞŶ�ƉƌĞǀĂůĞŶĐĞ�ŽĨ�ĚŝƐĞĂƐĞ�ŝƐ�ŚŝŐŚ͘�&ĂůƐĞ�ƉŽƐŝƚŝǀĞ�ƚĞƐƚ�ƌĞƐƵůƚƐ�ĂƌĞ�ŵŽƌĞ�ůŝŬĞůǇ�
ǁŚĞŶ�ƉƌĞǀĂůĞŶĐĞ�ŝƐ�ŵŽĚĞƌĂƚĞ�ƚŽ�ůŽǁ͘�
�Ž�ŶŽƚ�ƵƐĞ�ĂŶǇ�ƌĞĂŐĞŶƚ�ƉĂƐƚ�ƚŚĞ�ĞǆƉŝƌĂƚŝŽŶ�ĚĂƚĞ͘
/Ĩ�ƚŚĞ�ǀŝƌƵƐ�ŵƵƚĂƚĞƐ�ŝŶ�ƚŚĞ�ƌZdͲW�Z�ƚĂƌŐĞƚ�ƌĞŐŝŽŶ͕�ϮϬϭϵͲŶ�Žs�ŵĂǇ�ŶŽƚ�ďĞ�ĚĞƚĞĐƚĞĚ�Žƌ�ŵĂǇ�ďĞ�ĚĞƚĞĐƚĞĚ�
ůĞƐƐ�ƉƌĞĚŝĐƚĂďůǇ͘�/ŶŚŝďŝƚŽƌƐ�Žƌ�ŽƚŚĞƌ�ƚǇƉĞƐ�ŽĨ�ŝŶƚĞƌĨĞƌĞŶĐĞ�ŵĂǇ�ƉƌŽĚƵĐĞ�Ă�ĨĂůƐĞ�ŶĞŐĂƚŝǀĞ�ƌĞƐƵůƚ͘��Ŷ�
ŝŶƚĞƌĨĞƌĞŶĐĞ�ƐƚƵĚǇ�ĞǀĂůƵĂƚŝŶŐ�ƚŚĞ�ĞĨĨĞĐƚ�ŽĨ�ĐŽŵŵŽŶ�ĐŽůĚ�ŵĞĚŝĐĂƚŝŽŶƐ�ǁĂƐ�ŶŽƚ�ƉĞƌĨŽƌŵĞĚ͘
dĞƐƚ�ƉĞƌĨŽƌŵĂŶĐĞ�ĐĂŶ�ďĞ�ĂĨĨĞĐƚĞĚ�ďĞĐĂƵƐĞ�ƚŚĞ�ĞƉŝĚĞŵŝŽůŽŐǇ�ĂŶĚ�ĐůŝŶŝĐĂů�ƐƉĞĐƚƌƵŵ�ŽĨ�ŝŶĨĞĐƚŝŽŶ�ĐĂƵƐĞĚ�
ďǇ�ϮϬϭϵͲŶ�Žs�ŝƐ�ŶŽƚ�ĨƵůůǇ�ŬŶŽǁŶ͘�&Žƌ�ĞǆĂŵƉůĞ͕�ĐůŝŶŝĐŝĂŶƐ�ĂŶĚ�ůĂďŽƌĂƚŽƌŝĞƐ�ŵĂǇ�ŶŽƚ�ŬŶŽǁ�ƚŚĞ�ŽƉƚŝŵƵŵ�
ƚǇƉĞƐ�ŽĨ�ƐƉĞĐŝŵĞŶƐ�ƚŽ�ĐŽůůĞĐƚ͕�ĂŶĚ͕ ĚƵƌŝŶŐ�ƚŚĞ�ĐŽƵƌƐĞ�ŽĨ�ŝŶĨĞĐƚŝŽŶ͕�ǁŚĞŶ ƚŚĞƐĞ�ƐƉĞĐŝŵĞŶƐ�ĂƌĞ�ŵŽƐƚ�
ůŝŬĞůǇ�ƚŽ�ĐŽŶƚĂŝŶ�ůĞǀĞůƐ�ŽĨ�ǀŝƌĂů�ZE��ƚŚĂƚ�ĐĂŶ�ďĞ�ƌĞĂĚŝůǇ�ĚĞƚĞĐƚĞĚ͘
�ĞƚĞĐƚŝŽŶ� ŽĨ� ǀŝƌĂů� ZE��ŵĂǇ� ŶŽƚ� ŝŶĚŝĐĂƚĞ� ƚŚĞ� ƉƌĞƐĞŶĐĞ� ŽĨ� ŝŶĨĞĐƚŝŽƵƐ� ǀŝƌƵƐ� Žƌ� ƚŚĂƚ� ϮϬϭϵͲŶ�Žs� ŝƐ� ƚŚĞ�
ĐĂƵƐĂƚŝǀĞ�ĂŐĞŶƚ�ĨŽƌ�ĐůŝŶŝĐĂů�ƐǇŵƉƚŽŵƐ͘��
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dŚĞ� ƉĞƌĨŽƌŵĂŶĐĞ� ŽĨ� ƚŚŝƐ� ƚĞƐƚ� ŚĂƐ� ŶŽƚ� ďĞĞŶ� ĞƐƚĂďůŝƐŚĞĚ� ĨŽƌ� ŵŽŶŝƚŽƌŝŶŐ� ƚƌĞĂƚŵĞŶƚ� ŽĨ� ϮϬϭϵͲŶ�Žs�
ŝŶĨĞĐƚŝŽŶ͘
dŚĞ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ƚŚŝƐ�ƚĞƐƚ�ŚĂƐ�ŶŽƚ�ďĞĞŶ�ĞƐƚĂďůŝƐŚĞĚ�ĨŽƌ�ƐĐƌĞĞŶŝŶŐ�ŽĨ�ďůŽŽĚ�Žƌ�ďůŽŽĚ�ƉƌŽĚƵĐƚƐ�ĨŽƌ�ƚŚĞ�
ƉƌĞƐĞŶĐĞ�ŽĨ�ϮϬϭϵͲŶ�Žs͘
dŚŝƐ�ƚĞƐƚ�ĐĂŶŶŽƚ�ƌƵůĞ�ŽƵƚ�ĚŝƐĞĂƐĞƐ�ĐĂƵƐĞĚ�ďǇ�ŽƚŚĞƌ�ďĂĐƚĞƌŝĂů�Žƌ�ǀŝƌĂů�ƉĂƚŚŽŐĞŶƐ͘

�ŽŶĚŝƚŝŽŶƐ�ŽĨ��ƵƚŚŽƌŝǌĂƚŝŽŶ�ĨŽƌ�ƚŚĞ�>ĂďŽƌĂƚŽƌǇ

dŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�>ĞƚƚĞƌ�ŽĨ��ƵƚŚŽƌŝǌĂƚŝŽŶ͕�ĂůŽŶŐ�ǁŝƚŚ�ƚŚĞ�ĂƵƚŚŽƌŝǌĞĚ�
&ĂĐƚ�^ŚĞĞƚ ĨŽƌ�,ĞĂůƚŚĐĂƌĞ�WƌŽǀŝĚĞƌƐ͕�ƚŚĞ�ĂƵƚŚŽƌŝǌĞĚ�&ĂĐƚ�^ŚĞĞƚ�ĨŽƌ�WĂƚŝĞŶƚƐ�ĂŶĚ�ĂƵƚŚŽƌŝǌĞĚ�ůĂďĞůŝŶŐ�ĂƌĞ�
ĂǀĂŝůĂďůĞ�ŽŶ�ƚŚĞ�&���ǁĞďƐŝƚĞ͗�
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ĨĚĂ͘ŐŽǀͬDĞĚŝĐĂů�ĞǀŝĐĞƐͬ^ĂĨĞƚǇͬ�ŵĞƌŐĞŶĐǇ^ŝƚƵĂƚŝŽŶƐͬƵĐŵϭϲϭϰϵϲ͘Śƚŵ
hƐĞ�ŽĨ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ŵƵƐƚ�ĨŽůůŽǁ�ƚŚĞ�ƉƌŽĐĞĚƵƌĞƐ�ŽƵƚůŝŶĞĚ�ŝŶ�ƚŚĞƐĞ�
ŵĂŶƵĨĂĐƚƵƌĞƌ͛Ɛ�/ŶƐƚƌƵĐƚŝŽŶƐ�ĨŽƌ�hƐĞ�ĂŶĚ�ƚŚĞ�ĐŽŶĚŝƚŝŽŶƐ�ŽĨ�ĂƵƚŚŽƌŝǌĂƚŝŽŶ�ŽƵƚůŝŶĞĚ�ŝŶ�ƚŚĞ�>ĞƚƚĞƌ�ŽĨ�
�ƵƚŚŽƌŝǌĂƚŝŽŶ͘��ĞǀŝĂƚŝŽŶƐ�ĨƌŽŵ�ƚŚĞ�ƉƌŽĐĞĚƵƌĞƐ�ŽƵƚůŝŶĞĚ�ĂƌĞ�ŶŽƚ�ƉĞƌŵŝƚƚĞĚ�ƵŶĚĞƌ�ƚŚĞ��ŵĞƌŐĞŶĐǇ�hƐĞ�
�ƵƚŚŽƌŝǌĂƚŝŽŶ�;�h�Ϳ͘�dŽ�ĂƐƐŝƐƚ�ĐůŝŶŝĐĂů�ůĂďŽƌĂƚŽƌŝĞƐ�ƌƵŶŶŝŶŐ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�
WĂŶĞů͕�ƚŚĞ�ƌĞůĞǀĂŶƚ��ŽŶĚŝƚŝŽŶƐ�ŽĨ��ƵƚŚŽƌŝǌĂƚŝŽŶ�ĂƌĞ�ůŝƐƚĞĚ�ǀĞƌďĂƚŝŵ�ďĞůŽǁ͕�ĂŶĚ�ĂƌĞ�ƌĞƋƵŝƌĞĚ�ƚŽ�ďĞ�ŵĞƚ�ďǇ�
ůĂďŽƌĂƚŽƌŝĞƐ�ƉĞƌĨŽƌŵŝŶŐ�ƚŚĞ��h��ƚĞƐƚ͘

�ƵƚŚŽƌŝǌĞĚ�ůĂďŽƌĂƚŽƌŝĞƐϭ ǁŝůů�ŝŶĐůƵĚĞ�ǁŝƚŚ�ƌĞƉŽƌƚƐ�ŽĨ�ƚŚĞ�ƌĞƐƵůƚƐ�ŽĨ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲ
W�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů͕�Ăůů�ĂƵƚŚŽƌŝǌĞĚ�&ĂĐƚ�^ŚĞĞƚƐ͘��hŶĚĞƌ�ĞǆŝŐĞŶƚ ĐŝƌĐƵŵƐƚĂŶĐĞƐ͕�ŽƚŚĞƌ�ĂƉƉƌŽƉƌŝĂƚĞ�
ŵĞƚŚŽĚƐ�ĨŽƌ�ĚŝƐƐĞŵŝŶĂƚŝŶŐ�ƚŚĞƐĞ�&ĂĐƚ�^ŚĞĞƚƐ�ŵĂǇ�ďĞ�ƵƐĞĚ͕�ǁŚŝĐŚ�ŵĂǇ�ŝŶĐůƵĚĞ�ŵĂƐƐ�ŵĞĚŝĂ͘

�ƵƚŚŽƌŝǌĞĚ�ůĂďŽƌĂƚŽƌŝĞƐ�ǁŝůů�ƉĞƌĨŽƌŵ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ĂƐ�
ŽƵƚůŝŶĞĚ�ŝŶ�ƚŚĞ�����ϮϬϭϵͲEŽǀĞů��ŽƌŽŶĂǀŝƌƵƐ�;ϮϬϭϵͲŶ�ŽsͿ�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�
/ŶƐƚƌƵĐƚŝŽŶƐ�ĨŽƌ�hƐĞ͘��ĞǀŝĂƚŝŽŶƐ�ĨƌŽŵ�ƚŚĞ�ĂƵƚŚŽƌŝǌĞĚ�ƉƌŽĐĞĚƵƌĞƐ͕�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�ĂƵƚŚŽƌŝǌĞĚ�ZdͲW�Z�
ŝŶƐƚƌƵŵĞŶƚƐ͕�ĂƵƚŚŽƌŝǌĞĚ�ĞǆƚƌĂĐƚŝŽŶ�ŵĞƚŚŽĚƐ͕�ĂƵƚŚŽƌŝǌĞĚ�ĐůŝŶŝĐĂů�ƐƉĞĐŝŵĞŶ�ƚǇƉĞƐ͕�ĂƵƚŚŽƌŝǌĞĚ�ĐŽŶƚƌŽů�
ŵĂƚĞƌŝĂůƐ͕�ĂƵƚŚŽƌŝǌĞĚ�ŽƚŚĞƌ�ĂŶĐŝůůĂƌǇ�ƌĞĂŐĞŶƚƐ�ĂŶĚ�ĂƵƚŚŽƌŝǌĞĚ�ŵĂƚĞƌŝĂůƐ�ƌĞƋƵŝƌĞĚ�ƚŽ�ƉĞƌĨŽƌŵ�ƚŚĞ�����
ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ĂƌĞ�ŶŽƚ�ƉĞƌŵŝƚƚĞĚ͘ Ϯ

�ƵƚŚŽƌŝǌĞĚ�ůĂďŽƌĂƚŽƌŝĞƐ�ƚŚĂƚ�ƌĞĐĞŝǀĞ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ŵƵƐƚ�
ŶŽƚŝĨǇ�ƚŚĞ�ƌĞůĞǀĂŶƚ�ƉƵďůŝĐ�ŚĞĂůƚŚ�ĂƵƚŚŽƌŝƚŝĞƐ�ŽĨ�ƚŚĞŝƌ�ŝŶƚĞŶƚ�ƚŽ�ƌƵŶ�ƚŚĞ�ƚĞƐƚ�ƉƌŝŽƌ�ƚŽ�ŝŶŝƚŝĂƚŝŶŐ�ƚĞƐƚŝŶŐ͘

�ƵƚŚŽƌŝǌĞĚ�ůĂďŽƌĂƚŽƌŝĞƐ�ǁŝůů�ŚĂǀĞ�Ă�ƉƌŽĐĞƐƐ�ŝŶ�ƉůĂĐĞ�ĨŽƌ�ƌĞƉŽƌƚŝŶŐ�ƚĞƐƚ�ƌĞƐƵůƚƐ�ƚŽ�ŚĞĂůƚŚĐĂƌĞ�ƉƌŽǀŝĚĞƌƐ�
ĂŶĚ�ƌĞůĞǀĂŶƚ�ƉƵďůŝĐ�ŚĞĂůƚŚ�ĂƵƚŚŽƌŝƚŝĞƐ͕�ĂƐ ĂƉƉƌŽƉƌŝĂƚĞ͘�

�ƵƚŚŽƌŝǌĞĚ�ůĂďŽƌĂƚŽƌŝĞƐ�ǁŝůů�ĐŽůůĞĐƚ�ŝŶĨŽƌŵĂƚŝŽŶ�ŽŶ�ƚŚĞ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ƚŚĞ�ƚĞƐƚ�ĂŶĚ�ƌĞƉŽƌƚ�ƚŽ�
�D�ͬK,dϳͲK/ZͬKW�Yͬ��Z,�;ǀŝĂ�ĞŵĂŝů͗���Z,Ͳ�h�ͲZĞƉŽƌƚŝŶŐΛĨĚĂ͘ŚŚƐ͘ŐŽǀͿ�ĂŶĚ�����

�$XWKRUL]HG�/DERUDWRULHV��)RU�HDVH�RI�UHIHUHQFH��WKH�/HWWHU�RI�$XWKRUL]DWLRQ�UHIHUV�WR�³ODERUDWRULHV�FHUWLILHG�XQGHU�WKH�&OLQLFDO�
/DERUDWRU\�,PSURYHPHQW�$PHQGPHQWV�RI�������&/,$������8�6�&�������D��WR�SHUIRUP�KLJK�FRPSOH[LW\�WHVWV´�DV�³DXWKRUL]HG�
ODERUDWRULHV�´
�,I�DQ�DXWKRUL]HG�ODERUDWRU\�LV�LQWHUHVWHG�LQ�LPSOHPHQWLQJ�FKDQJHV�WR�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�WKDW�
DUH QRW�LQ�WKH�VFRSH��6HFWLRQ�,,��RI�WKLV�OHWWHU�RI�DXWKRUL]DWLRQ�)'$�UHFRPPHQGV�\RX�GLVFXVV�ZLWK�)'$�DIWHU�FRQVLGHULQJ�WKH�SROLF\�
RXWOLQHG�LQ�,PPHGLDWHO\�LQ�(IIHFW�*XLGDQFH�IRU�&OLQLFDO�/DERUDWRULHV�DQG�)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ�6WDII��3ROLF\�IRU�'LDJQRVWLFV�
7HVWLQJ�LQ�/DERUDWRULHV�&HUWLILHG�WR�3HUIRUP�+LJK�&RPSOH[LW\�7HVWLQJ�XQGHU�&/,$�SULRU�WR�(PHUJHQF\�8VH�$XWKRUL]DWLRQ�IRU�
&RURQDYLUXV�'LVHDVH������GXULQJ�WKH�3XEOLF�+HDOWK�(PHUJHQF\ �KWWSV���ZZZ�IGD�JRY�PHGLD��������GRZQORDG��
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;ƌĞƐƉǀŝƌƵƐΛĐĚĐ͘ŐŽǀͿ�ĂŶǇ�ƐƵƐƉĞĐƚĞĚ�ŽĐĐƵƌƌĞŶĐĞ�ŽĨ�ĨĂůƐĞ�ƉŽƐŝƚŝǀĞ�Žƌ�ĨĂůƐĞ�ŶĞŐĂƚŝǀĞ�ƌĞƐƵůƚƐ�ĂŶĚ�
ƐŝŐŶŝĨŝĐĂŶƚ�ĚĞǀŝĂƚŝŽŶƐ�ĨƌŽŵ�ƚŚĞ�ĞƐƚĂďůŝƐŚĞĚ�ƉĞƌĨŽƌŵĂŶĐĞ�ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�ŽĨ�ƚŚĞ�ƚĞƐƚ�ŽĨ�ǁŚŝĐŚ�ƚŚĞǇ�
ďĞĐŽŵĞ�ĂǁĂƌĞ͘

�ƵƚŚŽƌŝǌĞĚ�ůĂďŽƌĂƚŽƌŝĞƐ�ǁŝůů�ƌĞƉŽƌƚ�ĂĚǀĞƌƐĞ�ĞǀĞŶƚƐ͕�ŝŶĐůƵĚŝŶŐ�ƉƌŽďůĞŵƐ�ǁŝƚŚ�ƚĞƐƚ�ƉĞƌĨŽƌŵĂŶĐĞ�Žƌ�
ƌĞƐƵůƚƐ͕�ƚŽ�DĞĚtĂƚĐŚ�ďǇ�ƐƵďŵŝƚƚŝŶŐ�ƚŚĞ�ŽŶůŝŶĞ�&���&Žƌŵ�ϯϱϬϬ�
;ŚƚƚƉƐ͗ͬͬǁǁǁ͘ĂĐĐĞƐƐĚĂƚĂ͘ĨĚĂ͘ŐŽǀͬƐĐƌŝƉƚƐͬŵĞĚǁĂƚĐŚͬŝŶĚĞǆ͘ĐĨŵ͍ĂĐƚŝŽŶсƌĞƉŽƌƚŝŶŐ͘ŚŽŵĞͿ�Žƌ�ďǇ�ĐĂůůŝŶŐ�
ϭͲϴϬϬͲ&��ͲϭϬϴϴ

�ůů�ůĂďŽƌĂƚŽƌǇ�ƉĞƌƐŽŶŶĞů�ƵƐŝŶŐ�ƚŚĞ�ƚĞƐƚ�ŵƵƐƚ�ďĞ�ĂƉƉƌŽƉƌŝĂƚĞůǇ�ƚƌĂŝŶĞĚ�ŝŶ�ZdͲW�Z�ƚĞĐŚŶŝƋƵĞƐ�ĂŶĚ�ƵƐĞ�
ĂƉƉƌŽƉƌŝĂƚĞ�ůĂďŽƌĂƚŽƌǇ�ĂŶĚ�ƉĞƌƐŽŶĂů�ƉƌŽƚĞĐƚŝǀĞ�ĞƋƵŝƉŵĞŶƚ�ǁŚĞŶ�ŚĂŶĚůŝŶŐ�ƚŚŝƐ�Ŭŝƚ�ĂŶĚ�ƵƐĞ�ƚŚĞ�ƚĞƐƚ�ŝŶ�
ĂĐĐŽƌĚĂŶĐĞ�ǁŝƚŚ�ƚŚĞ�ĂƵƚŚŽƌŝǌĞĚ�ůĂďĞůŝŶŐ͘

���͕�/ZZ͕�ŵĂŶƵĨĂĐƚƵƌĞƌƐ�ĂŶĚ�ĚŝƐƚƌŝďƵƚŽƌƐ�ŽĨ�ĐŽŵŵĞƌĐŝĂů�ŵĂƚĞƌŝĂůƐ�ŝĚĞŶƚŝĨŝĞĚ�ĂƐ�ĂĐĐĞƉƚĂďůĞ�ŽŶ�ƚŚĞ�����
ǁĞďƐŝƚĞ͕�ĂŶĚ�ĂƵƚŚŽƌŝǌĞĚ�ůĂďŽƌĂƚŽƌŝĞƐ�ǁŝůů�ĞŶƐƵƌĞ�ƚŚĂƚ�ĂŶǇ�ƌĞĐŽƌĚƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ƚŚŝƐ��h��ĂƌĞ�
ŵĂŝŶƚĂŝŶĞĚ�ƵŶƚŝů�ŽƚŚĞƌǁŝƐĞ�ŶŽƚŝĨŝĞĚ�ďǇ�&��͘��^ƵĐŚ�ƌĞĐŽƌĚƐ�ǁŝůů�ďĞ�ŵĂĚĞ�ĂǀĂŝůĂďůĞ�ƚŽ�&���ĨŽƌ�
ŝŶƐƉĞĐƚŝŽŶ�ƵƉŽŶ�ƌĞƋƵĞƐƚ͘

WĞƌĨŽƌŵĂŶĐĞ��ŚĂƌĂĐƚĞƌŝƐƚŝĐƐ

�ŶĂůǇƚŝĐĂů�WĞƌĨŽƌŵĂŶĐĞ͗

>ŝŵŝƚ� ŽĨ� �ĞƚĞĐƚŝŽŶ� ;>Ž�Ϳ͗

>Ž� ƐƚƵĚŝĞƐ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ůŽǁĞƐƚ�ĚĞƚĞĐƚĂďůĞ�ĐŽŶĐĞŶƚƌĂƚŝŽŶ�ŽĨ�ϮϬϭϵͲŶ�Žs�Ăƚ�ǁŚŝĐŚ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϵϱй�ŽĨ�Ăůů�
;ƚƌƵĞ�ƉŽƐŝƚŝǀĞͿ�ƌĞƉůŝĐĂƚĞƐ�ƚĞƐƚ�ƉŽƐŝƚŝǀĞ͘��dŚĞ�>Ž��ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ�ďǇ�ůŝŵŝƚŝŶŐ�ĚŝůƵƚŝŽŶ�ƐƚƵĚŝĞƐ�ƵƐŝŶŐ�
ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ƐĂŵƉůĞƐ͘

dŚĞ�ĂŶĂůǇƚŝĐĂů�ƐĞŶƐŝƚŝǀŝƚǇ�ŽĨ�ƚŚĞ�ƌZdͲW�Z�ĂƐƐĂǇƐ�ĐŽŶƚĂŝŶĞĚ�ŝŶ�ƚŚĞ�����ϮϬϭϵ�EŽǀĞů��ŽƌŽŶĂǀŝƌƵƐ�;ϮϬϭϵͲŶ�ŽsͿ�
ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ǁĞƌĞ�ĚĞƚĞƌŵŝŶĞĚ�ŝŶ�>ŝŵŝƚ�ŽĨ��ĞƚĞĐƚŝŽŶ�ƐƚƵĚŝĞƐ͘�^ŝŶĐĞ�ŶŽ�ƋƵĂŶƚŝĨŝĞĚ�ǀŝƌƵƐ�
ŝƐŽůĂƚĞƐ�ŽĨ�ƚŚĞ�ϮϬϭϵͲŶ�Žs�ĂƌĞ�ĐƵƌƌĞŶƚůǇ�ĂǀĂŝůĂďůĞ͕�ĂƐƐĂǇƐ�ĚĞƐŝŐŶĞĚ�ĨŽƌ�ĚĞƚĞĐƚŝŽŶ�ŽĨ�ƚŚĞ�ϮϬϭϵͲŶ�Žs�ZE��ǁĞƌĞ�
ƚĞƐƚĞĚ�ǁŝƚŚ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ƐƚŽĐŬƐ�ŽĨ�ŝŶ�ǀŝƚƌŽ�ƚƌĂŶƐĐƌŝďĞĚ�ĨƵůů�ůĞŶŐƚŚ�ZE��;E�ŐĞŶĞ͖�'ĞŶ�ĂŶŬ�ĂĐĐĞƐƐŝŽŶ͗�
DEϵϬϴϵϰϳ͘ϮͿ�ŽĨ�ŬŶŽǁŶ�ƚŝƚĞƌ�;ZE��ĐŽƉŝĞƐͬђ>Ϳ�ƐƉŝŬĞĚ�ŝŶƚŽ�Ă�ĚŝůƵĞŶƚ�ĐŽŶƐŝƐƚŝŶŐ�ŽĨ�Ă�ƐƵƐƉĞŶƐŝŽŶ�ŽĨ�ŚƵŵĂŶ��ϱϰϵ�
ĐĞůůƐ�ĂŶĚ�ǀŝƌĂů�ƚƌĂŶƐƉŽƌƚ�ŵĞĚŝƵŵ�;sdDͿ�ƚŽ�ŵŝŵŝĐ�ĐůŝŶŝĐĂů�ƐƉĞĐŝŵĞŶ͘�^ĂŵƉůĞƐ�ǁĞƌĞ�ĞǆƚƌĂĐƚĞĚ�ƵƐŝŶŐ�ƚŚĞ�
Y/�'�E���ϭ��ĚǀĂŶĐĞĚ�y>�ŝŶƐƚƌƵŵĞŶƚ�ĂŶĚ���ϭ��^W�sŝƌƵƐ�<ŝƚ�;�Ăƚη�ϲϮϳϮϰͿ�ĂŶĚ�ŵĂŶƵĂůůǇ�ǁŝƚŚ�ƚŚĞ�Y/�'�E��^W�
sŝƌĂů�ZE��DŝŶŝ�<ŝƚ�;�Ăƚη�ϲϭϵϬϰͿ͘�ZĞĂůͲdŝŵĞ�ZdͲW�Z�ĂƐƐĂǇƐ�ǁĞƌĞ�ƉĞƌĨŽƌŵĞĚ�ƵƐŝŶŐ�ƚŚĞ�dŚĞŵŽ&ŝƐŚĞƌ�^ĐŝĞŶƚŝĨŝĐ�
dĂƋWĂƚŚΡ�ϭͲ^ƚĞƉ�ZdͲƋW�Z�DĂƐƚĞƌ�Dŝǆ͕��'�;�Ăƚη��ϭϱϮϵϵͿ�ŽŶ�ƚŚĞ��ƉƉůŝĞĚ��ŝŽƐǇƐƚĞŵƐΡ�ϳϱϬϬ�&ĂƐƚ��ǆ�ZĞĂůͲ
dŝŵĞ�W�Z�/ŶƐƚƌƵŵĞŶƚ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ŝŶƐƚƌƵĐƚŝŽŶƐ�ĨŽƌ�
ƵƐĞ͘

��ƉƌĞůŝŵŝŶĂƌǇ�>Ž��ĨŽƌ�ĞĂĐŚ�ĂƐƐĂǇ�ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ�ƚĞƐƚŝŶŐ�ƚƌŝƉůŝĐĂƚĞ�ƐĂŵƉůĞƐ�ŽĨ�ZE��ƉƵƌŝĨŝĞĚ�ƵƐŝŶŐ�ĞĂĐŚ�
ĞǆƚƌĂĐƚŝŽŶ�ŵĞƚŚŽĚ͘�dŚĞ�ĂƉƉƌŽǆŝŵĂƚĞ�>Ž��ǁĂƐ�ŝĚĞŶƚŝĨŝĞĚ�ďǇ�ĞǆƚƌĂĐƚŝŶŐ�ĂŶĚ�ƚĞƐƚŝŶŐ�ϭϬͲĨŽůĚ�ƐĞƌŝĂů�ĚŝůƵƚŝŽŶƐ�ŽĨ�
ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ƐƚŽĐŬƐ�ŽĨ�ŝŶ�ǀŝƚƌŽ�ƚƌĂŶƐĐƌŝďĞĚ�ĨƵůůͲůĞŶŐƚŚ�ZE�͘���ĐŽŶĨŝƌŵĂƚŝŽŶ�ŽĨ�ƚŚĞ�>Ž��ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ�ƵƐŝŶŐ�
ϯͲĨŽůĚ�ƐĞƌŝĂů�ĚŝůƵƚŝŽŶ�ZE��ƐĂŵƉůĞƐ�ǁŝƚŚ�ϮϬ�ĞǆƚƌĂĐƚĞĚ�ƌĞƉůŝĐĂƚĞƐ͘�dŚĞ�>Ž��ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ�ĂƐ�ƚŚĞ�ůŽǁĞƐƚ�
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dĂďůĞ�ϰ͘�>ŝŵŝƚ�ŽĨ��ĞƚĞĐƚŝŽŶ��ŽŶĨŝƌŵĂƚŝŽŶ�ŽĨ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ǁŝƚŚ�
Y/�'�E���ϭ��^W

dĂƌŐĞƚƐ ϮϬϭϵͲŶ�ŽsͺEϭ ϮϬϭϵͲŶ�ŽsͺEϮ
ZE���ŽŶĐĞŶƚƌĂƚŝŽŶϭ ϭϬ�Ϭ͘ϱ ϭϬ�Ϭ͘Ϭ ϭϬ�ͲϬ͘ϱ ϭϬ�Ϭ͘ϱ ϭϬ�Ϭ͘Ϭ ϭϬ�ͲϬ͘ϱ

WŽƐŝƚŝǀĞƐͬdŽƚĂů ϮϬͬϮϬ ϭϵͬϮϬ ϭϯͬϮϬ ϮϬͬϮϬ ϭϳͬϮϬ ϵͬϮϬ

DĞĂŶ��ƚϮ ϯϮ͘ϱ ϯϱ͘ϰ E� ϯϱ͘ϴ E� E�
^ƚĂŶĚĂƌĚ��ĞǀŝĂƚŝŽŶ�

;�ƚͿ Ϭ͘ϱ Ϭ͘ϴ E�� ϭ͘ϯ E� E�
ϭ �ŽŶĐĞŶƚƌĂƚŝŽŶ�ŝƐ�ƉƌĞƐĞŶƚĞĚ�ŝŶ�ZE��ĐŽƉŝĞƐͬђ>
Ϯ

E��ŶŽƚ�ĂƉƉůŝĐĂďůĞ

dĂďůĞ�ϱ͘�>ŝŵŝƚ�ŽĨ��ĞƚĞĐƚŝŽŶ��ŽŶĨŝƌŵĂƚŝŽŶ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ǁŝƚŚ�Y/�'�E�
Y/�ŵƉ��^W�sŝƌĂů�ZE��DŝŶŝ�<ŝƚ

dĂƌŐĞƚƐ ϮϬϭϵͲŶ�ŽsͺEϭ ϮϬϭϵͲŶ�ŽsͺEϮ
ZE���ŽŶĐĞŶƚƌĂƚŝŽŶϭ ϭϬ�Ϭ͘ϱ ϭϬ�Ϭ͘Ϭ ϭϬ�ͲϬ͘ϱ ϭϬ�Ϭ͘ϱ ϭϬ�Ϭ͘Ϭ ϭϬ�ͲϬ͘ϱ ϭϬ�Ͳϭ͘Ϭ

WŽƐŝƚŝǀĞƐͬdŽƚĂů ϮϬͬϮϬ ϮϬͬϮϬ ϲͬϮϬ ϮϬͬϮϬ ϮϬͬϮϬ ϮϬͬϮϬ ϴͬϮϬ
DĞĂŶ��ƚϮ ϯϮ͘Ϭ ϯϮ͘ϴ E� ϯϯ͘Ϭ ϯϱ͘ϰ ϯϲ͘Ϯ E�

^ƚĂŶĚĂƌĚ��ĞǀŝĂƚŝŽŶ�
;�ƚͿ Ϭ͘ϳ Ϭ͘ϴ E� ϭ͘ϰ Ϭ͘ϵ ϭ͘ϵ E�

ϭ �ŽŶĐĞŶƚƌĂƚŝŽŶ�ŝƐ�ƉƌĞƐĞŶƚĞĚ�ŝŶ�ZE��ĐŽƉŝĞƐͬђ>
Ϯ ƉŽƐŝƚŝǀĞ͘��ĂůĐƵůĂƚŝŽŶƐ�ŽŶůǇ�ŝŶĐůƵĚĞ�ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚƐ͘
E��ŶŽƚ�ĂƉƉůŝĐĂďůĞ

dĂďůĞ�ϲ͘�>ŝŵŝƚ�ŽĨ��ĞƚĞĐƚŝŽŶ�ŽĨ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů

sŝƌƵƐ DĂƚĞƌŝĂů
>ŝŵŝƚ�ŽĨ��ĞƚĞĐƚŝŽŶ�;ZE��ĐŽƉŝĞƐͬ >Ϳ
Y/�'�E���ϭ�
�ĚǀĂŶĐĞĚ�y>

Y/�'�E��^W�sŝƌĂů�
ZE��DŝŶŝ�<ŝƚ

ϮϬϭϵ�EŽǀĞů�
�ŽƌŽŶĂǀŝƌƵƐ

E�'ĞŶĞ�ZE��
dƌĂŶƐĐƌŝƉƚ ϭϬϬ͘ϱ ϭϬϬ

&���^ĞŶƐŝƚŝǀŝƚǇ��ǀĂůƵĂƚŝŽŶ͗�dŚĞ�ĂŶĂůǇƚŝĐĂů�ƐĞŶƐŝƚŝǀŝƚǇ�ŽĨ�ƚŚĞ�ƚĞƐƚ�ǁŝůů�ďĞ�ĨƵƌƚŚĞƌ�ĂƐƐĞƐƐĞĚ�ďǇ�ĞǀĂůƵĂƚŝŶŐ�ĂŶ�&��Ͳ
ƌĞĐŽŵŵĞŶĚĞĚ�ƌĞĨĞƌĞŶĐĞ�ŵĂƚĞƌŝĂů�ƵƐŝŶŐ�ĂŶ�&���ĚĞǀĞůŽƉĞĚ�ƉƌŽƚŽĐŽů�ŝĨ�ĂƉƉůŝĐĂďůĞ�ĂŶĚͬŽƌ�ǁŚĞŶ�ĂǀĂŝůĂďůĞ͘�

/Ŷ� ^ŝůŝĐŽ� �ŶĂůǇƐŝƐ� ŽĨ� WƌŝŵĞƌ� ĂŶĚ� WƌŽďĞ� ^ĞƋƵĞŶĐĞƐ͗

�Ŷ�ĂůŝŐŶŵĞŶƚ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ�ǁŝƚŚ�ƚŚĞ�ŽůŝŐŽŶƵĐůĞŽƚŝĚĞ�ƉƌŝŵĞƌ�ĂŶĚ�ƉƌŽďĞ�ƐĞƋƵĞŶĐĞƐ�ŽĨ�ƚŚĞ�����ϮϬϭϵ�Ŷ�Žs�
ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ǁŝƚŚ�Ăůů�ƉƵďůŝĐůǇ�ĂǀĂŝůĂďůĞ�ŶƵĐůĞŝĐ�ĂĐŝĚ�ƐĞƋƵĞŶĐĞƐ�ĨŽƌ�ϮϬϭϵͲŶ�Žs�ŝŶ�
'ĞŶ�ĂŶŬ�ĂƐ�ŽĨ�&ĞďƌƵĂƌǇ�ϭ͕�ϮϬϮϬ�ƚŽ�ĚĞŵŽŶƐƚƌĂƚĞ�ƚŚĞ�ƉƌĞĚŝĐƚĞĚ�ŝŶĐůƵƐŝǀŝƚǇ�ŽĨ�ƚŚĞ�����ϮϬϭϵ�Ŷ�Žs�ZĞĂůͲdŝŵĞ�
ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�ƉĂŶĞů͘��ůů�ƚŚĞ�ĂůŝŐŶŵĞŶƚƐ�ƐŚŽǁ�ϭϬϬй�ŝĚĞŶƚŝƚǇ�ŽĨ�ƚŚĞ�����ƉĂŶĞů�ƚŽ�ƚŚĞ�ĂǀĂŝůĂďůĞ�ϮϬϭϵͲŶ�Žs�
ƐĞƋƵĞŶĐĞƐ�ǁŝƚŚ�ƚŚĞ�ĞǆĐĞƉƚŝŽŶ�ŽĨ�ŽŶĞ�ŶƵĐůĞŽƚŝĚĞ�ŵŝƐŵĂƚĐŚ�ǁŝƚŚ�ƚŚĞ�Eϭ�ĨŽƌǁĂƌĚ�ƉƌŝŵĞƌ ŝŶ�ŽŶĞ�ĚĞƉŽƐŝƚĞĚ�
ƐĞƋƵĞŶĐĞ͘�dŚĞ�ƌŝƐŬ ŽĨ�Ă�ƐŝŶŐůĞ�ŵŝƐŵĂƚĐŚ�ƌĞƐƵůƚŝŶŐ�ŝŶ�Ă�ƐŝŐŶŝĨŝĐĂŶƚ�ůŽƐƐ�ŝŶ�ƌĞĂĐƚŝǀŝƚǇ͕�ĂŶĚ�ĨĂůƐĞ�ŶĞŐĂƚŝǀĞ�ƌĞƐƵůƚ͕�ŝƐ�
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ůŽǁ�ĚƵĞ�ƚŽ�ƚŚĞ�ĚĞƐŝŐŶ�ŽĨ�ƚŚĞ�ƉƌŝŵĞƌƐ�ĂŶĚ�ƉƌŽďĞƐ�ǁŝƚŚ�ŵĞůƚŝŶŐ�ƚĞŵƉĞƌĂƚƵƌĞƐ�х�ϲϬΣ��ĂŶĚ�ƌƵŶ�ĐŽŶĚŝƚŝŽŶƐ�ŽĨ�ƚŚĞ�
ĂƐƐĂǇ�ǁŝƚŚ�ĂŶŶĞĂůŝŶŐ�ƚĞŵƉĞƌĂƚƵƌĞ�Ăƚ�ϱϱΣ��ƚŽ�ƚŽůĞƌĂƚĞ�ŽŶĞ�ƚŽ�ƚǁŽ�ŵŝƐŵĂƚĐŚĞƐ͘�

^ƉĞĐŝĨŝĐŝƚǇͬ�ǆĐůƵƐŝǀŝƚǇ� dĞƐƚŝŶŐ͗� /Ŷ� ^ŝůŝĐŽ� �ŶĂůǇƐŝƐ

�>�^dŶ�ĂŶĂůǇƐŝƐ�ƋƵĞƌŝĞƐ�ŽĨ�ƚŚĞ�ϮϬϭϵͲŶ�Žs�ƌZdͲW�Z�ĂƐƐĂǇƐ�ƉƌŝŵĞƌƐ�ĂŶĚ�ƉƌŽďĞƐ�ǁĞƌĞ�ƉĞƌĨŽƌŵĞĚ�ĂŐĂŝŶƐƚ�ƉƵďůŝĐ�
ĚŽŵĂŝŶ�ŶƵĐůĞŽƚŝĚĞ�ƐĞƋƵĞŶĐĞƐ͘�dŚĞ�ĚĂƚĂďĂƐĞ�ƐĞĂƌĐŚ�ƉĂƌĂŵĞƚĞƌƐ�ǁĞƌĞ�ĂƐ�ĨŽůůŽǁƐ͗�ϭͿ�dŚĞ�ŶƵĐůĞŽƚŝĚĞ�ĐŽůůĞĐƚŝŽŶ�
ĐŽŶƐŝƐƚƐ�ŽĨ�'ĞŶ�ĂŶŬн�D�>н���:нW��нZĞĨ^ĞƋ�ƐĞƋƵĞŶĐĞƐ͕�ďƵƚ�ĞǆĐůƵĚĞƐ��^d͕�^d^͕�'^^͕�t'^͕�d^�͕�ƉĂƚĞŶƚ�
ƐĞƋƵĞŶĐĞƐ�ĂƐ�ǁĞůů�ĂƐ�ƉŚĂƐĞ�Ϭ͕�ϭ͕�ĂŶĚ�Ϯ�,d'^�ƐĞƋƵĞŶĐĞƐ�ĂŶĚ�ƐĞƋƵĞŶĐĞƐ�ůŽŶŐĞƌ�ƚŚĂŶ�ϭϬϬDď͖�ϮͿ�dŚĞ�ĚĂƚĂďĂƐĞ�
ŝƐ�ŶŽŶͲƌĞĚƵŶĚĂŶƚ͘�/ĚĞŶƚŝĐĂů�ƐĞƋƵĞŶĐĞƐ�ŚĂǀĞ�ďĞĞŶ�ŵĞƌŐĞĚ�ŝŶƚŽ�ŽŶĞ�ĞŶƚƌǇ͕�ǁŚŝůĞ�ƉƌĞƐĞƌǀŝŶŐ�ƚŚĞ�ĂĐĐĞƐƐŝŽŶ͕�'/͕�
ƚŝƚůĞ�ĂŶĚ�ƚĂǆŽŶŽŵǇ�ŝŶĨŽƌŵĂƚŝŽŶ�ĨŽƌ�ĞĂĐŚ�ĞŶƚƌǇ͖�ϯͿ��ĂƚĂďĂƐĞ�ǁĂƐ�ƵƉĚĂƚĞĚ�ŽŶ�ϭϬͬϬϯͬϮϬϭϵ͖�ϰͿ�dŚĞ�ƐĞĂƌĐŚ�
ƉĂƌĂŵĞƚĞƌƐ�ĂƵƚŽŵĂƚŝĐĂůůǇ�ĂĚũƵƐƚ�ĨŽƌ�ƐŚŽƌƚ�ŝŶƉƵƚ�ƐĞƋƵĞŶĐĞƐ�ĂŶĚ�ƚŚĞ�ĞǆƉĞĐƚ�ƚŚƌĞƐŚŽůĚ�ŝƐ�ϭϬϬϬ͖�ϱͿ�dŚĞ�ŵĂƚĐŚ�
ĂŶĚ�ŵŝƐŵĂƚĐŚ�ƐĐŽƌĞƐ�ĂƌĞ�ϭ�ĂŶĚ�Ͳϯ͕�ƌĞƐƉĞĐƚŝǀĞůǇ͖�ϲͿ�dŚĞ�ƉĞŶĂůƚǇ�ƚŽ�ĐƌĞĂƚĞ�ĂŶĚ�ĞǆƚĞŶĚ�Ă�ŐĂƉ�ŝŶ�ĂŶ�ĂůŝŐŶŵĞŶƚ�ŝƐ�
ϱ�ĂŶĚ�Ϯ�ƌĞƐƉĞĐƚŝǀĞůǇ͘�

ϮϬϭϵͲŶ�ŽsͺEϭ��ƐƐĂǇ͗
WƌŽďĞ�ƐĞƋƵĞŶĐĞ�ŽĨ�ϮϬϭϵͲŶ�Žs�ƌZdͲW�Z�ĂƐƐĂǇ�Eϭ�ƐŚŽǁĞĚ�ŚŝŐŚ�ƐĞƋƵĞŶĐĞ�ŚŽŵŽůŽŐǇ�ǁŝƚŚ�^�Z^�ĐŽƌŽŶĂǀŝƌƵƐ�
ĂŶĚ��Ăƚ�^�Z^ͲůŝŬĞ�ĐŽƌŽŶĂǀŝƌƵƐ�ŐĞŶŽŵĞ͘�,ŽǁĞǀĞƌ͕�ĨŽƌǁĂƌĚ�ĂŶĚ�ƌĞǀĞƌƐĞ�ƉƌŝŵĞƌƐ�ƐŚŽǁĞĚ�ŶŽ�ƐĞƋƵĞŶĐĞ�
ŚŽŵŽůŽŐǇ�ǁŝƚŚ�^�Z^�ĐŽƌŽŶĂǀŝƌƵƐ�ĂŶĚ��Ăƚ�^�Z^ͲůŝŬĞ�ĐŽƌŽŶĂǀŝƌƵƐ�ŐĞŶŽŵĞ͘��ŽŵďŝŶŝŶŐ�ƉƌŝŵĞƌƐ�ĂŶĚ�ƉƌŽďĞ͕�
ƚŚĞƌĞ�ŝƐ�ŶŽ�ƐŝŐŶŝĨŝĐĂŶƚ�ŚŽŵŽůŽŐŝĞƐ�ǁŝƚŚ�ŚƵŵĂŶ�ŐĞŶŽŵĞ͕�ŽƚŚĞƌ�ĐŽƌŽŶĂǀŝƌƵƐĞƐ�Žƌ�ŚƵŵĂŶ�ŵŝĐƌŽĨůŽƌĂ�ƚŚĂƚ�ǁŽƵůĚ�
ƉƌĞĚŝĐƚ�ƉŽƚĞŶƚŝĂů�ĨĂůƐĞ�ƉŽƐŝƚŝǀĞ�ƌZdͲW�Z�ƌĞƐƵůƚƐ͘

ϮϬϭϵͲŶ�ŽsͺEϮ��ƐƐĂǇ͗�
dŚĞ�ĨŽƌǁĂƌĚ�ƉƌŝŵĞƌ�ƐĞƋƵĞŶĐĞ�ŽĨ�ϮϬϭϵͲŶ�Žs�ƌZdͲW�Z�ĂƐƐĂǇ�EϮ�ƐŚŽǁĞĚ�ŚŝŐŚ�ƐĞƋƵĞŶĐĞ�ŚŽŵŽůŽŐǇ�ƚŽ��Ăƚ�^�Z^Ͳ
ůŝŬĞ�ĐŽƌŽŶĂǀŝƌƵƐĞƐ͘�dŚĞ�ƌĞǀĞƌƐĞ�ƉƌŝŵĞƌ�ĂŶĚ�ƉƌŽďĞ�ƐĞƋƵĞŶĐĞƐ�ƐŚŽǁĞĚ�ŶŽ�ƐŝŐŶŝĨŝĐĂŶƚ�ŚŽŵŽůŽŐǇ�ǁŝƚŚ�ŚƵŵĂŶ�
ŐĞŶŽŵĞ͕�ŽƚŚĞƌ�ĐŽƌŽŶĂǀŝƌƵƐĞƐ�Žƌ�ŚƵŵĂŶ�ŵŝĐƌŽĨůŽƌĂ͘��ŽŵďŝŶŝŶŐ�ƉƌŝŵĞƌƐ�ĂŶĚ�ƉƌŽďĞ͕�ƚŚĞƌĞ�ŝƐ�ŶŽ�ƉƌĞĚŝĐƚŝŽŶ�ŽĨ�
ƉŽƚĞŶƚŝĂů�ĨĂůƐĞ�ƉŽƐŝƚŝǀĞ�ƌZdͲW�Z�ƌĞƐƵůƚƐ͘

/Ŷ�ƐƵŵŵĂƌǇ͕�ƚŚĞ�ϮϬϭϵͲŶ�Žs�ƌZdͲW�Z�ĂƐƐĂǇ�Eϭ�ĂŶĚ�EϮ͕�ĚĞƐŝŐŶĞĚ�ĨŽƌ�ƚŚĞ�ƐƉĞĐŝĨŝĐ�ĚĞƚĞĐƚŝŽŶ�ŽĨ�ϮϬϭϵͲŶ�Žs͕�
ƐŚŽǁĞĚ�ŶŽ�ƐŝŐŶŝĨŝĐĂŶƚ�ĐŽŵďŝŶĞĚ�ŚŽŵŽůŽŐŝĞƐ�ǁŝƚŚ�ŚƵŵĂŶ�ŐĞŶŽŵĞ͕�ŽƚŚĞƌ�ĐŽƌŽŶĂǀŝƌƵƐĞƐ͕�Žƌ�ŚƵŵĂŶ�ŵŝĐƌŽĨůŽƌĂ�
ƚŚĂƚ�ǁŽƵůĚ�ƉƌĞĚŝĐƚ�ƉŽƚĞŶƚŝĂů�ĨĂůƐĞ�ƉŽƐŝƚŝǀĞ�ƌZdͲW�Z�ƌĞƐƵůƚƐ͘�

/Ŷ�ĂĚĚŝƚŝŽŶ�ƚŽ�ƚŚĞ�ŝŶ� ƐŝůŝĐŽ ĂŶĂůǇƐŝƐ͕�ƐĞǀĞƌĂů�ŽƌŐĂŶŝƐŵƐ�ǁĞƌĞ�ĞǆƚƌĂĐƚĞĚ�ĂŶĚ�ƚĞƐƚĞĚ�ǁŝƚŚ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�
ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ƚŽ�ĚĞŵŽŶƐƚƌĂƚĞ�ĂŶĂůǇƚŝĐĂů�ƐƉĞĐŝĨŝĐŝƚǇ�ĂŶĚ�ĞǆĐůƵƐŝǀŝƚǇ͘��^ƚƵĚŝĞƐ�ǁĞƌĞ�
ƉĞƌĨŽƌŵĞĚ�ǁŝƚŚ�ŶƵĐůĞŝĐ�ĂĐŝĚƐ�ĞǆƚƌĂĐƚĞĚ�ƵƐŝŶŐ�ƚŚĞ�Y/�'�E���ϭ��ĚǀĂŶĐĞĚ�y>�ŝŶƐƚƌƵŵĞŶƚ�ĂŶĚ���ϭ��^W�sŝƌƵƐ�<ŝƚ͘�

ϱ ϲ �&hͬŵ>Ϳ͘�dĞƐƚŝŶŐ�
ǁĂƐ�ƉĞƌĨŽƌŵĞĚ�ƵƐŝŶŐ�ƚŚĞ�dŚĞŵŽ&ŝƐŚĞƌ�^ĐŝĞŶƚŝĨŝĐ�dĂƋWĂƚŚΡ�ϭͲ^ƚĞƉ�ZdͲƋW�Z�DĂƐƚĞƌ�Dŝǆ͕��'�ŽŶ�ƚŚĞ��ƉƉůŝĞĚ�
�ŝŽƐǇƐƚĞŵƐΡ�ϳϱϬϬ�&ĂƐƚ��ǆ�ZĞĂůͲdŝŵĞ�W�Z�ŝŶƐƚƌƵŵĞŶƚ͘�dŚĞ�ĚĂƚĂ�ĚĞŵŽŶƐƚƌĂƚĞ�ƚŚĂƚ�ƚŚĞ�ĞǆƉĞĐƚĞĚ�ƌĞƐƵůƚƐ�ĂƌĞ�
ŽďƚĂŝŶĞĚ�ĨŽƌ�ĞĂĐŚ�ŽƌŐĂŶŝƐŵ�ǁŚĞŶ�ƚĞƐƚĞĚ�ǁŝƚŚ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů͘
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dĂďůĞ�ϳ͘�^ƉĞĐŝĨŝĐŝƚǇͬ�ǆĐůƵƐŝǀŝƚǇ�ŽĨ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů

sŝƌƵƐ ^ƚƌĂŝŶ ^ŽƵƌĐĞ
ϮϬϭϵͲ
Ŷ�Žsͺ
Eϭ

ϮϬϭϵͲ
Ŷ�Žsͺ
EϮ

&ŝŶĂů�
ZĞƐƵůƚ

,ƵŵĂŶ�ĐŽƌŽŶĂǀŝƌƵƐ ϮϮϵ� ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
,ƵŵĂŶ�ĐŽƌŽŶĂǀŝƌƵƐ K�ϰϯ ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
,ƵŵĂŶ�ĐŽƌŽŶĂǀŝƌƵƐ E>ϲϯ ĐůŝŶŝĐĂů�ƐƉĞĐŝŵĞŶ Ϭͬϯ Ϭͬϯ EĞŐ͘
,ƵŵĂŶ�ĐŽƌŽŶĂǀŝƌƵƐ ,<hϭ ĐůŝŶŝĐĂů�ƐƉĞĐŝŵĞŶ Ϭͬϯ Ϭͬϯ EĞŐ͘
D�Z^ͲĐŽƌŽŶĂǀŝƌƵƐ ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
^�Z^ͲĐŽƌŽŶĂǀŝƌƵƐ ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
ďŽĐĂǀŝƌƵƐ� Ͳ ĐůŝŶŝĐĂů�ƐƉĞĐŝŵĞŶ Ϭͬϯ Ϭͬϯ EĞŐ͘
DǇĐŽƉůĂƐŵĂ� ƉŶĞƵŵŽŶŝĂĞ ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
^ƚƌĞƉƚŽĐŽĐĐƵƐ ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
/ŶĨůƵĞŶǌĂ��;,ϭEϭͿ ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
/ŶĨůƵĞŶǌĂ��;,ϯEϮͿ ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
/ŶĨůƵĞŶǌĂ�� ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
,ƵŵĂŶ�ĂĚĞŶŽǀŝƌƵƐ͕�ƚǇƉĞ�ϭ �Ěϳϭ ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
,ƵŵĂŶ�ŵĞƚĂƉŶĞƵŵŽǀŝƌƵƐ Ͳ ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
ƌĞƐƉŝƌĂƚŽƌǇ�ƐǇŶĐǇƚŝĂů�ǀŝƌƵƐ� >ŽŶŐ�� ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
ƌŚŝŶŽǀŝƌƵƐ� ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
ƉĂƌĂŝŶĨůƵĞŶǌĂ�ϭ� �ϯϱ ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
ƉĂƌĂŝŶĨůƵĞŶǌĂ�Ϯ� 'ƌĞĞƌ ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
ƉĂƌĂŝŶĨůƵĞŶǌĂ�ϯ� �Ͳϰϯ ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘
ƉĂƌĂŝŶĨůƵĞŶǌĂ�ϰ� DͲϮϱ ŝƐŽůĂƚĞ Ϭͬϯ Ϭͬϯ EĞŐ͘

�ŶĚŽŐĞŶŽƵƐ� /ŶƚĞƌĨĞƌĞŶĐĞ� ^ƵďƐƚĂŶĐĞƐ� ^ƚƵĚŝĞƐ͗

dŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ƵƐĞƐ�ĐŽŶǀĞŶƚŝŽŶĂů�ǁĞůůͲĞƐƚĂďůŝƐŚĞĚ�ŶƵĐůĞŝĐ�ĂĐŝĚ�
ĞǆƚƌĂĐƚŝŽŶ�ŵĞƚŚŽĚƐ�ĂŶĚ�ďĂƐĞĚ�ŽŶ�ŽƵƌ�ĞǆƉĞƌŝĞŶĐĞ�ǁŝƚŚ����͛Ɛ�ŽƚŚĞƌ��h��ĂƐƐĂǇƐ͕�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�����EŽǀĞů�
�ŽƌŽŶĂǀŝƌƵƐ�ϮϬϭϮ�ZĞĂůͲƚŝŵĞ�ZdͲW�Z��ƐƐĂǇ�ĨŽƌ�ƚŚĞ�ƉƌĞƐƵŵƉƚŝǀĞ�ĚĞƚĞĐƚŝŽŶ�ŽĨ�DŝĚĚůĞ��ĂƐƚ�ZĞƐƉŝƌĂƚŽƌǇ�
^ǇŶĚƌŽŵĞ��ŽƌŽŶĂǀŝƌƵƐ�;D�Z^Ͳ�ŽsͿ�ĂŶĚ�ƚŚĞ�����,ƵŵĂŶ�/ŶĨůƵĞŶǌĂ�sŝƌƵƐ�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞůͲ
/ŶĨůƵĞŶǌĂ��ͬ,ϳ�;�ƵƌĂƐŝĂŶ�>ŝŶĞĂŐĞͿ��ƐƐĂǇ�ĨŽƌ�ƚŚĞ�ƉƌĞƐƵŵƉƚŝǀĞ�ĚĞƚĞĐƚŝŽŶ�ŽĨ�ŶŽǀĞů�ŝŶĨůƵĞŶǌĂ���;,ϳEϵͿ�ǀŝƌƵƐ�ƚŚĂƚ�
ĂƌĞ�ďŽƚŚ�ŝŶƚĞŶĚĞĚ�ĨŽƌ�ƵƐĞ�ǁŝƚŚ�Ă�ŶƵŵďĞƌ�ŽĨ�ƌĞƐƉŝƌĂƚŽƌǇ�ƐƉĞĐŝŵĞŶƐ͕�ǁĞ�ĚŽ�ŶŽƚ�ĂŶƚŝĐŝƉĂƚĞ�ŝŶƚĞƌĨĞƌĞŶĐĞ�ĨƌŽŵ�
ĐŽŵŵŽŶ�ĞŶĚŽŐĞŶŽƵƐ�ƐƵďƐƚĂŶĐĞƐ͘

^ƉĞĐŝŵĞŶ� ^ƚĂďŝůŝƚǇ� ĂŶĚ� &ƌĞƐŚͲĨƌŽǌĞŶ� dĞƐƚŝŶŐ͗�

dŽ�ŝŶĐƌĞĂƐĞ�ƚŚĞ�ůŝŬĞůŝŚŽŽĚ�ŽĨ�ĚĞƚĞĐƚŝŶŐ�ŝŶĨĞĐƚŝŽŶ͕�����ƌĞĐŽŵŵĞŶĚƐ�ĐŽůůĞĐƚŝŽŶ�ŽĨ�ůŽǁĞƌ�ƌĞƐƉŝƌĂƚŽƌǇ�ĂŶĚ�ƵƉƉĞƌ�
ƌĞƐƉŝƌĂƚŽƌǇ�ƐƉĞĐŝŵĞŶƐ�ĨŽƌ�ƚĞƐƚŝŶŐ͘�/Ĩ�ƉŽƐƐŝďůĞ͕�ĂĚĚŝƚŝŽŶĂů�ƐƉĞĐŝŵĞŶ�ƚǇƉĞƐ�;Ğ͘Ő͕͘�ƐƚŽŽů͕�ƵƌŝŶĞͿ�ƐŚŽƵůĚ�ďĞ�
ĐŽůůĞĐƚĞĚ�ĂŶĚ�ƐŚŽƵůĚ�ďĞ�ƐƚŽƌĞĚ�ŝŶŝƚŝĂůůǇ�ƵŶƚŝů�ĚĞĐŝƐŝŽŶ�ŝƐ�ŵĂĚĞ�ďǇ�����ǁŚĞƚŚĞƌ�ĂĚĚŝƚŝŽŶĂů�ƐƉĞĐŝŵĞŶ�ƐŽƵƌĐĞƐ�
ƐŚŽƵůĚ�ďĞ�ƚĞƐƚĞĚ͘�^ƉĞĐŝŵĞŶƐ�ƐŚŽƵůĚ�ďĞ�ĐŽůůĞĐƚĞĚ�ĂƐ�ƐŽŽŶ�ĂƐ�ƉŽƐƐŝďůĞ�ŽŶĐĞ�Ă�Wh/�ŝƐ�ŝĚĞŶƚŝĨŝĞĚ�ƌĞŐĂƌĚůĞƐƐ�ŽĨ�
ƐǇŵƉƚŽŵ�ŽŶƐĞƚ͘�DĂŝŶƚĂŝŶ�ƉƌŽƉĞƌ�ŝŶĨĞĐƚŝŽŶ�ĐŽŶƚƌŽů�ǁŚĞŶ�ĐŽůůĞĐƚŝŶŐ�ƐƉĞĐŝŵĞŶƐ͘�^ƚŽƌĞ�ƐƉĞĐŝŵĞŶƐ�Ăƚ�ϮͲϴΣ��ĂŶĚ�
ƐŚŝƉ�ŽǀĞƌŶŝŐŚƚ�ƚŽ�����ŽŶ�ŝĐĞ�ƉĂĐŬ͘�>ĂďĞů�ĞĂĐŚ�ƐƉĞĐŝŵĞŶ�ĐŽŶƚĂŝŶĞƌ�ǁŝƚŚ�ƚŚĞ�ƉĂƚŝĞŶƚ͛Ɛ�/��ŶƵŵďĞƌ�;Ğ͘Ő͕͘�ŵĞĚŝĐĂů�
ƌĞĐŽƌĚ�ŶƵŵďĞƌͿ͕�ƵŶŝƋƵĞ�ƐƉĞĐŝŵĞŶ�/��;Ğ͘Ő͕͘�ůĂďŽƌĂƚŽƌǇ�ƌĞƋƵŝƐŝƚŝŽŶ�ŶƵŵďĞƌͿ͕�ƐƉĞĐŝŵĞŶ�ƚǇƉĞ ;Ğ͘Ő͕͘�ŶĂƐĂů�ƐǁĂďƐͿ�
ĂŶĚ�ƚŚĞ�ĚĂƚĞ�ƚŚĞ�ƐĂŵƉůĞ�ǁĂƐ�ĐŽůůĞĐƚĞĚ͘��ŽŵƉůĞƚĞ�Ă�����&Žƌŵ�ϱϬ͘ϯϰ�ĨŽƌ�ĞĂĐŚ�ƐƉĞĐŝŵĞŶ�ƐƵďŵŝƚƚĞĚ͘
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�ůŝŶŝĐĂů�WĞƌĨŽƌŵĂŶĐĞ͗

�Ɛ�ŽĨ�&ĞďƌƵĂƌǇ�ϮϮ͕�ϮϬϮϬ͕�����ŚĂƐ�ƚĞƐƚĞĚ�ϮϬϳϭ ƌĞƐƉŝƌĂƚŽƌǇ�ƐƉĞĐŝŵĞŶƐ�ĨƌŽŵ�ƉĞƌƐŽŶƐ�ƵŶĚĞƌ�ŝŶǀĞƐƚŝŐĂƚŝŽŶ�;Wh/Ϳ�
ŝŶ�ƚŚĞ�h͘^͘�ƵƐŝŶŐ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů͘��^ƉĞĐŝŵĞŶ�ƚǇƉĞƐ�ŝŶĐůƵĚĞ�ďƌŽŶĐŚŝĂů�
ĨůƵŝĚͬǁĂƐŚ͕�ďƵĐĐĂů�ƐǁĂď͕�ŶĂƐĂů�ǁĂƐŚͬĂƐƉŝƌĂƚĞ͕�ŶĂƐŽƉŚĂƌǇŶŐĞĂů�ƐǁĂď͕�ŶĂƐŽƉŚĂƌǇŶŐĞĂůͬƚŚƌŽĂƚ�ƐǁĂď͕�ŽƌĂů�
ƐǁĂď͕�ƐƉƵƚƵŵ͕ ŽƌŽƉŚĂƌǇŶŐĞĂů�;ƚŚƌŽĂƚͿ�ƐǁĂď͕�ƐǁĂď�;ƵŶƐƉĞĐŝĨŝĞĚͿ͕�ĂŶĚ�ƚŚƌŽĂƚ�ƐǁĂď͘�

dĂďůĞ�ϴ͗� ^ƵŵŵĂƌǇ�ŽĨ�����ϮϬϭϵͲEŽǀĞů��ŽƌŽŶĂǀŝƌƵƐ� ;ϮϬϭϵͲŶ�ŽsͿ�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů��ĂƚĂ�
'ĞŶĞƌĂƚĞĚ�ďǇ�dĞƐƚŝŶŐ�,ƵŵĂŶ�ZĞƐƉŝƌĂƚŽƌǇ�^ƉĞĐŝŵĞŶƐ��ŽůůĞĐƚĞĚ�ĨƌŽŵ�Wh/�^ƵďũĞĐƚƐ�ŝŶ�ƚŚĞ�h͘^͘

^ƉĞĐŝŵĞŶ�dǇƉĞ
ϮϬϭϵ�Ŷ�Žs�
EĞŐĂƚŝǀĞ

ϮϬϭϵ�Ŷ�Žs�
WŽƐŝƚŝǀĞ /ŶĐŽŶĐůƵƐŝǀĞ /ŶǀĂůŝĚ dŽƚĂů

�ƌŽŶĐŚŝĂů�
ĨůƵŝĚͬǁĂƐŚ Ϯ Ϭ Ϭ Ϭ Ϯ
�ƵĐĐĂů�ƐǁĂď ϱ ϭ Ϭ Ϭ ϲ
EĂƐĂů�
ǁĂƐŚͬĂƐƉŝƌĂƚĞ ϲ Ϭ Ϭ Ϭ ϲ
EĂƐŽƉŚĂƌǇŶŐĞĂů�
ƐǁĂď ϵϮϳ Ϯϯ Ϭ Ϭ ϵϱϬ
EĂƐŽƉŚĂƌǇŶŐĞĂů�
ƐǁĂďͬƚŚƌŽĂƚ�
ƐǁĂď ϰ Ϭ Ϭ Ϭ ϰ
KƌĂů�ƐǁĂď ϰϳϲ ϵ Ϭ Ϭ ϰϴϱ
WŚĂƌǇŶŐĞĂů�
;ƚŚƌŽĂƚͿ�ƐǁĂď ϯϲϯ ϭϬ Ϭ ϭ ϯϳϰ
^ƉƵƚƵŵ ϭϲϱ ϱ Ϭ Ϭ ϭϳϬ
^ǁĂď�
;ƵŶƐƉĞĐŝĨŝĞĚͿϭ ϳϭ ϭ Ϭ Ϭ ϳϮ
dŝƐƐƵĞ�;ůƵŶŐͿ Ϯ Ϭ Ϭ Ϭ Ϯ
dŽƚĂů ϮϬϮϭ ϰϵ Ϭ ϭ ϮϬϳϭ

ϭ�ĐƚƵĂů�ƐǁĂď�ƚǇƉĞ�ŝŶĨŽƌŵĂƚŝŽŶ�ǁĂƐ�ŵŝƐƐŝŶŐ�ĨƌŽŵ�ƚŚĞƐĞ�ƵƉƉĞƌ�ƌĞƐƉŝƌĂƚŽƌǇ�ƚƌĂĐƚ�ƐƉĞĐŝŵĞŶƐ͘

dǁŽ�ƚŚŽƵƐĂŶĚ�ƚǁĞŶƚǇͲŽŶĞ�;ϮϬϮϭͿ�ƌĞƐƉŝƌĂƚŽƌǇ�ƐƉĞĐŝŵĞŶƐ�ŽĨ�ƚŚĞ�ϮϬϳϭ ƌĞƐƉŝƌĂƚŽƌǇ�ƐƉĞĐŝŵĞŶƐ�ƚĞƐƚĞĚ�ŶĞŐĂƚŝǀĞ�
ďǇ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů͘�&ŽƌƚǇͲŶŝŶĞ�;ϰϵͿ�ŽĨ�ƚŚĞ�ϮϬϳϭ�ƌĞƐƉŝƌĂƚŽƌǇ�ƐƉĞĐŝŵĞŶƐ�
ƚĞƐƚĞĚ�ƉŽƐŝƚŝǀĞ�ďǇ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů͘�KŶůǇ�ŽŶĞ�ƐƉĞĐŝŵĞŶ�
;ŽƌŽƉŚĂƌǇŶŐĞĂů�;ƚŚƌŽĂƚͿ�ƐǁĂďͿ�ǁĂƐ�ŝŶǀĂůŝĚ͘�KĨ�ƚŚĞ�ϰϵ�ƌĞƐƉŝƌĂƚŽƌǇ�ƐƉĞĐŝŵĞŶƐ�ƚŚĂƚ�ƚĞƐƚĞĚ�ƉŽƐŝƚŝǀĞ�ďǇ�ƚŚĞ ����
ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů͕�ƐĞǀĞŶƚĞĞŶ�;ϭϳͿ�ǁĞƌĞ FRQILUPHG�E\�JHQHWLF�VHTXHQFLQJ�
DQG�RU�YLUXV�ĐƵůƚƵƌĞ�;ƉŽƐŝƚŝǀĞ�ƉĞƌĐĞŶƚ�ĂŐƌĞĞŵĞŶƚ�с�ϭϳͬϭϳ͕�ϵϱй��/͗�ϴϭ͘ϲйͲϭϬϬйͿ

�ƵƌŝŶŐ�ƚŚĞ�ĞĂƌůǇ�ƉŚĂƐĞ�ŽĨ�ƚŚĞ�ƚĞƐƚŝŶŐ͕�Ă�ƚŽƚĂů�ŽĨ�ϭϭϳ�ƌĞƐƉŝƌĂƚŽƌǇ�ƐƉĞĐŝŵĞŶƐ�ĐŽůůĞĐƚĞĚ�ĨƌŽŵ�ϰϲ�Wh/�ƐƵďũĞĐƚƐ�
ǁĞƌĞ�ĂůƐŽ�ƚĞƐƚĞĚ�ǁŝƚŚ�ƚǁŽ�ĂŶĂůǇƚŝĐĂůůǇ�ǀĂůŝĚĂƚĞĚ�ƌĞĂůͲƚŝŵĞ�ZdͲW�Z�ĂƐƐĂǇƐ�ƚŚĂƚ�ƚĂƌŐĞƚ�ƐĞƉĂƌĂƚĞ�ĂŶĚ�
ŝŶĚĞƉĞŶĚĞŶƚ�ƌĞŐŝŽŶƐ�ŽĨ�ƚŚĞ�ŶƵĐůĞŽĐĂƉƐŝĚ�ƉƌŽƚĞŝŶ�ŐĞŶĞ�ŽĨ�ƚŚĞ�ϮϬϭϵͲŶ�Žs͕�Eϰ�ĂŶĚ�Eϱ�ĂƐƐĂǇƐ͘�dŚĞ�
ŶƵĐůĞŽĐĂƉƐŝĚ�ƉƌŽƚĞŝŶ�ŐĞŶĞ�ƚĂƌŐĞƚƐ�ĨŽƌ�ƚŚĞ�Eϰ�ĂŶĚ�Eϱ�ĂƐƐĂǇƐ�ĂƌĞ�ĚŝĨĨĞƌĞŶƚ�ĂŶĚ�ŝŶĚĞƉĞŶĚĞŶƚ�ĨƌŽŵ�ƚŚĞ�
ŶƵĐůĞŽĐĂƉƐŝĚ�ƉƌŽƚĞŝŶ�ŐĞŶĞ�ƚĂƌŐĞƚƐ�ĨŽƌ�ƚŚĞ�ƚǁŽ�ZdͲW�Z�ĂƐƐĂǇƐ�ŝŶĐůƵĚĞĚ�ŝŶ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲ
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W�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů͕�Eϭ�ĂŶĚ�EϮ͘��ŶǇ�ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚ�ĨƌŽŵ�ƚŚĞ�Eϰ�ĂŶĚͬŽƌ�ƚŚĞ�Eϱ�ĂƐƐĂǇ�ǁĂƐ�ĨƵƌƚŚĞƌ�
ŝŶǀĞƐƚŝŐĂƚĞĚ�ďǇ�ŐĞŶĞƚŝĐ�ƐĞƋƵĞŶĐŝŶŐ͘

WĞƌĨŽƌŵĂŶĐĞ�ŽĨ ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů ƚĞƐƚŝŶŐ�ƚŚĞƐĞ�ϭϭϳ�ƌĞƐƉŝƌĂƚŽƌǇ�
ƐƉĞĐŝŵĞŶƐ�ǁĂƐ�ĞƐƚŝŵĂƚĞĚ�ĂŐĂŝŶƐƚ�Ă�ĐŽŵƉŽƐŝƚĞ�ĐŽŵƉĂƌĂƚŽƌ͘���ƐƉĞĐŝŵĞŶ�ǁĂƐ�ĐŽŶƐŝĚĞƌĞĚ�ĐŽŵƉĂƌĂƚŽƌ�ŶĞŐĂƚŝǀĞ�
ŝĨ�ďŽƚŚ�ƚŚĞ�Eϰ�ĂŶĚ�ƚŚĞ�Eϱ�ĂƐƐĂǇƐ�ǁĞƌĞ�ŶĞŐĂƚŝǀĞ͘���ƐƉĞĐŝŵĞŶ�ǁĂƐ�ĐŽŶƐŝĚĞƌĞĚ�ĐŽŵƉĂƌĂƚŽƌ�ƉŽƐŝƚŝǀĞ�ǁŚĞŶ�ƚŚĞ�
Eϰ�ĂŶĚͬŽƌ�ƚŚĞ�Eϱ�ĂƐƐĂǇ�ŐĞŶĞƌĂƚĞĚ�Ă�ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚ͕�ĂŶĚ�ƚŚĞ�ĐŽŵƉĂƌĂƚŽƌ�ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚ;ƐͿ�ǁĞƌĞ�ĨƵƌƚŚĞƌ�
ŝŶǀĞƐƚŝŐĂƚĞĚ�ĂŶĚ�ĐŽŶĨŝƌŵĞĚ�ƚŽ�ďĞ�ϮϬϭϵͲŶ�Žs�ZE��ƉŽƐŝƚŝǀĞ�ďǇ�ŐĞŶĞƚŝĐ�ƐĞƋƵĞŶĐŝŶŐ͘��

dĂďůĞ�ϵ͗�WĞƌĐĞŶƚ��ŐƌĞĞŵĞŶƚ�ŽĨ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲdŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ǁŝƚŚ�ƚŚĞ��ŽŵƉŽƐŝƚĞ�
�ŽŵƉĂƌĂƚŽƌ

����ϮϬϭϵͲŶ�Žs�
WĂŶĞů ZĞƐƵůƚ

�ŽŵƉŽƐŝƚĞ��ŽŵƉĂƌĂƚŽƌ�ZĞƐƵůƚ
WŽƐŝƚŝǀĞ EĞŐĂƚŝǀĞ

WŽƐŝƚŝǀĞ ϭϯϭ Ϭ
/ŶĐŽŶĐůƵƐŝǀĞ Ϭ Ϭ
EĞŐĂƚŝǀĞ Ϭ ϭϬϰ

ϭ�ŽŵƉŽƐŝƚĞ�ĐŽŵƉĂƌĂƚŽƌ�ƌĞƐƵůƚƐ�ǁĞƌĞ�ĂǀĂŝůĂďůĞ�ĨŽƌ�ϭϯ�ŽĨ�ϰϵ�����ϮϬϭϵͲŶ�Žs�WĂŶĞů�ƉŽƐŝƚŝǀĞ�ƐƉĞĐŝŵĞŶƐ�ŽŶůǇ͘

WŽƐŝƚŝǀĞ�ƉĞƌĐĞŶƚ�ĂŐƌĞĞŵĞŶƚ�с�ϭϯͬϭϯ�с�ϭϬϬй�;ϵϱй��/͗�ϳϳ͘Ϯй�Ͳ ϭϬϬйͿ
EĞŐĂƚŝǀĞ�ƉĞƌĐĞŶƚ�ĂŐƌĞĞŵĞŶƚ�с�ϭϬϰͬϭϬϰ�с�ϭϬϬй�;ϵϱй��/͗�ϵϲ͘ϰй�Ͳ ϭϬϬйͿ

�ŶǌǇŵĞ�DĂƐƚĞƌ�Dŝǆ��ǀĂůƵĂƚŝŽŶ͗

dŚĞ�ůŝŵŝƚ�ŽĨ�ĚĞƚĞĐƚŝŽŶ�ĞƋƵŝǀĂůĞŶĐĞ�ďĞƚǁĞĞŶ�ƚŚĞ�dŚĞƌŵŽ&ŝƐŚĞƌ�dĂƋWĂƚŚΡ�ϭͲ^ƚĞƉ�ZdͲƋW�Z�DĂƐƚĞƌ�Dŝǆ�ĂŶĚ�ƚŚĞ�
ĨŽůůŽǁŝŶŐ�ĞŶǌǇŵĞ�ŵĂƐƚĞƌ�ŵŝǆĞƐ�ǁĂƐ�ĞǀĂůƵĂƚĞĚ͗�YƵĂŶƚĂďŝŽ�Ƌ^ĐƌŝƉƚ�y>d�KŶĞͲ^ƚĞƉ�ZdͲƋW�Z�dŽƵŐŚDŝǆ͕�
YƵĂŶƚĂďŝŽ�hůƚƌĂWůĞǆ�ϭͲ^ƚĞƉ�dŽƵŐŚDŝǆ�;ϰyͿ͕�ĂŶĚ�WƌŽŵĞŐĂ�'ŽdĂƋΠ�WƌŽďĞ�ϭͲ ^ƚĞƉ�ZdͲƋW�Z�^ǇƐƚĞŵ͘��^ĞƌŝĂů�
ĚŝůƵƚŝŽŶƐ�ŽĨ�ϮϬϭϵ�ŶŽǀĞů�ĐŽƌŽŶĂǀŝƌƵƐ�;^�Z^��ŽsͲϮͿ�ƚƌĂŶƐĐƌŝƉƚ�ǁĞƌĞ�ƚĞƐƚĞĚ�ŝŶ�ƚƌŝƉůŝĐĂƚĞ�ǁŝƚŚ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�
ZĞĂůͲƚŝŵĞ�ZdͲW�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ƵƐŝŶŐ�Ăůů�ĨŽƵƌ�ĞŶǌǇŵĞ�ŵĂƐƚĞƌ�ŵŝǆĞƐ͘��ŽƚŚ�ŵĂŶƵĨĂĐƚƵƌĞĚ�ǀĞƌƐŝŽŶƐ�ŽĨ�
ŽůŝŐŽŶƵĐůĞŽƚŝĚĞ�ƉƌŽďĞ͕��,Y�ĂŶĚ���E͕�ǁĞƌĞ�ƵƐĞĚ�ŝŶ�ƚŚĞ�ĐŽŵƉĂƌŝƐŽŶ͘�dŚĞ�ůŽǁĞƐƚ�ĚĞƚĞĐƚĂďůĞ�ĐŽŶĐĞŶƚƌĂƚŝŽŶ�ŽĨ�
ƚƌĂŶƐĐƌŝƉƚ�Ăƚ�ǁŚŝĐŚ�Ăůů�ƌĞƉůŝĐĂƚĞƐ�ƚĞƐƚĞĚ�ƉŽƐŝƚŝǀĞ�ƵƐŝŶŐ�ƚŚĞ�YƵĂŶƚĂďŝŽ�Ƌ^ĐƌŝƉƚ�y>d�KŶĞͲ^ƚĞƉ�ZdͲƋW�Z�dŽƵŐŚDŝǆ�
ĂŶĚ�YƵĂŶƚĂďŝŽ�hůƚƌĂWůĞǆ�ϭͲ^ƚĞƉ�dŽƵŐŚDŝǆ�;ϰyͿ�ǁĂƐ�ƐŝŵŝůĂƌ�ƚŽ�ƚŚĂƚ�ŽďƐĞƌǀĞĚ�ĨŽƌ�ƚŚĞ�dŚĞŵŽ&ŝƐŚĞƌ�dĂƋWĂƚŚΡ�
ϭͲ^ƚĞƉ�ZdͲƋW�Z DĂƐƚĞƌ�Dŝǆ͘�dŚĞ�ůŽǁĞƐƚ�ĚĞƚĞĐƚĂďůĞ�ĐŽŶĐĞŶƚƌĂƚŝŽŶ�ŽĨ�ƚƌĂŶƐĐƌŝƉƚ�ǁŚĞŶ�ƵƐŝŶŐ�ƚŚĞ�WƌŽŵĞŐĂ�
'ŽdĂƋΠ�WƌŽďĞ�ϭͲ ^ƚĞƉ�ZdͲƋW�Z�^ǇƐƚĞŵ�ǁĂƐ�ŽŶĞ�ĚŝůƵƚŝŽŶ�ĂďŽǀĞ�ƚŚĂƚ�ŽďƐĞƌǀĞĚ�ĨŽƌ�ƚŚĞ�ŽƚŚĞƌ�ĐĂŶĚŝĚĂƚĞƐ�ǁŚĞŶ�
ĞǀĂůƵĂƚĞĚ�ǁŝƚŚ�ƚŚĞ��,Y�ǀĞƌƐŝŽŶ�ŽĨ�ƚŚĞ�����ĂƐƐĂǇƐ͘��dŚĞ�ĐĂŶĚŝĚĂƚĞ�ŵĂƐƚĞƌ�ŵŝǆĞƐ�Ăůů�ƉĞƌĨŽƌŵĞĚ�ĞƋƵŝǀĂůĞŶƚůǇ�
Žƌ�Ăƚ�ŽŶĞ�ĚŝůƵƚŝŽŶ�ďĞůŽǁ�ƚŚĞ��dŚĞŵŽ&ŝƐŚĞƌ�dĂƋWĂƚŚΡ�ϭͲ^ƚĞƉ�ZdͲƋW�Z�DĂƐƚĞƌ�Dŝǆ�ǁŚĞŶ�ĞǀĂůƵĂƚĞĚ�ǁŝƚŚ�ƚŚĞ�
��E�ǀĞƌƐŝŽŶ�ŽĨ�ƚŚĞ�����ĂƐƐĂǇƐ͘�



��
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dĂďůĞ�ϭϬ͗�>ŝŵŝƚ�ŽĨ��ĞƚĞĐƚŝŽŶ��ŽŵƉĂƌŝƐŽŶ�ĨŽƌ��ŶǌǇŵĞ�DĂƐƚĞƌ�DŝǆĞƐ�ʹ �,Y�WƌŽďĞ�^ƵŵŵĂƌǇ�ZĞƐƵůƚƐ

�ŽƉǇ�EƵŵďĞƌ

dŚĞŵŽ&ŝƐŚĞƌ�dĂƋWĂƚŚΡ�
ϭͲ^ƚĞƉ�ZdͲƋW�Z�DĂƐƚĞƌ�

Dŝǆ

YƵĂŶƚĂďŝŽ�Ƌ^ĐƌŝƉƚ�y>d�
KŶĞͲ^ƚĞƉ�ZdͲƋW�Z�

dŽƵŐŚDŝǆ

YƵĂŶƚĂďŝŽ�hůƚƌĂWůĞǆ�ϭͲ
^ƚĞƉ�dŽƵŐŚDŝǆ�;ϰyͿ

WƌŽŵĞŐĂ�'ŽdĂƋΠ�WƌŽďĞ�
ϭͲ ^ƚĞƉ�ZdͲƋW�Z�^ǇƐƚĞŵ

ϮϬϭϵͲ
Ŷ�ŽsͺEϭ

ϮϬϭϵͲ
Ŷ�ŽsͺEϮ

ϮϬϭϵͲ
Ŷ�ŽsͺEϭ

ϮϬϭϵͲ
Ŷ�ŽsͺEϮ

ϮϬϭϵͲ
Ŷ�ŽsͺEϭ

ϮϬϭϵͲ
Ŷ�ŽsͺEϮ

ϮϬϭϵͲ
Ŷ�ŽsͺEϭ

ϮϬϭϵͲ
Ŷ�ŽsͺEϮ

ϭϬϮ ĐŽƉŝĞƐͬђ> ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ

ϭϬϭ ĐŽƉŝĞƐͬђ> ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ

ϭϬϬ ĐŽƉŝĞƐͬђ> ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ Ϯͬϯ

ϭϬͲϭ ĐŽƉŝĞƐ�ђ> Ϯͬϯ Ϭͬϯ ϭͬϯ ϭͬϯ ϭͬϯ ϭͬϯ Ϭͬϯ Ϭͬϯ

dĂďůĞ�ϭϭ͗�>ŝŵŝƚ�ŽĨ��ĞƚĞĐƚŝŽŶ��ŽŵƉĂƌŝƐŽŶ�ĨŽƌ��ŶǌǇŵĞ�DĂƐƚĞƌ�DŝǆĞƐ�ʹ ��E�WƌŽďĞ�^ƵŵŵĂƌǇ�ZĞƐƵůƚƐ

�ŽƉǇ�EƵŵďĞƌ

dŚĞŵŽ&ŝƐŚĞƌ�dĂƋWĂƚŚΡ�
ϭͲ^ƚĞƉ�ZdͲƋW�Z�DĂƐƚĞƌ�

Dŝǆ

YƵĂŶƚĂďŝŽ�Ƌ^ĐƌŝƉƚ�y>d�
KŶĞͲ^ƚĞƉ�ZdͲƋW�Z�

dŽƵŐŚDŝǆ

YƵĂŶƚĂďŝŽ�hůƚƌĂWůĞǆ�ϭͲ
^ƚĞƉ�dŽƵŐŚDŝǆ�;ϰyͿ

WƌŽŵĞŐĂ�'ŽdĂƋΠ�WƌŽďĞ�
ϭͲ ^ƚĞƉ�ZdͲƋW�Z�^ǇƐƚĞŵ

ϮϬϭϵͲ
Ŷ�ŽsͺEϭ

ϮϬϭϵͲ
Ŷ�ŽsͺEϮ

ϮϬϭϵͲ
Ŷ�ŽsͺEϭ

ϮϬϭϵͲ
Ŷ�ŽsͺEϮ

ϮϬϭϵͲ
Ŷ�ŽsͺEϭ

ϮϬϭϵͲ
Ŷ�ŽsͺEϮ

ϮϬϭϵͲ
Ŷ�ŽsͺEϭ

ϮϬϭϵͲ
Ŷ�ŽsͺEϮ

ϭϬϮ ĐŽƉŝĞƐͬђ> ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ

ϭϬϭ ĐŽƉŝĞƐͬђ> ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ

ϭϬϬ ĐŽƉŝĞƐͬђ> ϯͬϯ Ϯͬϯ ϯͬϯ ϯͬϯ ϯͬϯ Ϯͬϯ ϯͬϯ ϯͬϯ

ϭϬͲϭ ĐŽƉŝĞƐ�ђ> ϭͬϯ ϭͬϯ Ϭͬϯ Ϭͬϯ Ϭͬϯ ϭͬϯ ϭͬϯ ϭͬϯ

ZĞƚƌŽƐƉĞĐƚŝǀĞ�ƉŽƐŝƚŝǀĞ�;ϭϴͿ�ĂŶĚ�ŶĞŐĂƚŝǀĞ�;ϭϳͿ�ĐůŝŶŝĐĂů�ƌĞƐƉŝƌĂƚŽƌǇ�ƐƉĞĐŝŵĞŶƐ�ǁĞƌĞ�ĞǆƚƌĂĐƚĞĚ�ƵƐŝŶŐ�ƚŚĞ�Y/�'�E�
��ϭ��ĚǀĂŶĐĞĚ�y>�ŝŶƐƚƌƵŵĞŶƚ�ĂŶĚ���ϭ��^W�sŝƌƵƐ�<ŝƚ�ĂŶĚ�ǁĞƌĞ�ƚĞƐƚĞĚ�ǁŝƚŚ�ƚŚĞ�����ϮϬϭϵͲŶ�Žs�ZĞĂůͲƚŝŵĞ�ZdͲ
W�Z��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů�ƵƐŝŶŐ�ƚŚĞ�YƵĂŶƚĂďŝŽ�Ƌ^ĐƌŝƉƚ�y>d�KŶĞͲ^ƚĞƉ�ZdͲƋW�Z�dŽƵŐŚDŝǆ͕�YƵĂŶƚĂďŝŽ�hůƚƌĂWůĞǆ�ϭͲ
^ƚĞƉ�dŽƵŐŚDŝǆ�;ϰyͿ͕�ĂŶĚ�WƌŽŵĞŐĂ�'ŽdĂƋΠ�WƌŽďĞ�ϭͲ ^ƚĞƉ�ZdͲƋW�Z�^ǇƐƚĞŵ�ŵĂƐƚĞƌ�ŵŝǆĞƐ͘��ůů�ƚŚƌĞĞ�ĞŶǌǇŵĞ�
ŵĂƐƚĞƌ�ŵŝǆĞƐ�ƉĞƌĨŽƌŵĞĚ�ĞƋƵŝǀĂůĞŶƚůǇ͕�ĚĞŵŽŶƐƚƌĂƚŝŶŐ�ϭϬϬй�ƉŽƐŝƚŝǀĞ�ĂŶĚ�ϭϬϬй�ŶĞŐĂƚŝǀĞ�ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ�
ĞǆƉĞĐƚĞĚ�ƌĞƐƵůƚƐ�ĂŶĚ�Ă�ϵϱй�ĐŽŶĨŝĚĞŶĐĞ�ŝŶƚĞƌǀĂů�ŽĨ�ϴϮ͘ϰйͲϭϬϬй�ĂŶĚ�ϴϭ͘ϲйͲϭϬϬй͕�ƌĞƐƉĞĐƚŝǀĞůǇ͘

dĂďůĞ�ϭϮ͗��ůŝŶŝĐĂů��ŽŵƉĂƌŝƐŽŶ�ʹ ZĞƚƌŽƐƉĞĐƚŝǀĞ�^ƚƵĚǇ�^ƵŵŵĂƌǇ�ZĞƐƵůƚƐ

����ϮϬϭϵͲŶ�Žs�
ZĞĂůͲƚŝŵĞ�ZdͲ
W�Z��ŝĂŐŶŽƐƚŝĐ�
WĂŶĞů�ZĞƐƵůƚ�

YƵĂŶƚĂďŝŽ�Ƌ^ĐƌŝƉƚ�y>d�
KŶĞͲ^ƚĞƉ�ZdͲƋW�Z�

dŽƵŐŚDŝǆ

YƵĂŶƚĂďŝŽ�hůƚƌĂWůĞǆ�ϭͲ^ƚĞƉ�
dŽƵŐŚDŝǆ�;ϰyͿ

WƌŽŵĞŐĂ�'ŽdĂƋΠ�WƌŽďĞ�ϭͲ
^ƚĞƉ�ZdͲƋW�Z�^ǇƐƚĞŵ

WŽƐŝƚŝǀĞ EĞŐĂƚŝǀĞ WŽƐŝƚŝǀĞ EĞŐĂƚŝǀĞ WŽƐŝƚŝǀĞ EĞŐĂƚŝǀĞ
WŽƐŝƚŝǀĞ� ϭϴ Ϭ ϭϴ Ϭ ϭϴ Ϭ
EĞŐĂƚŝǀĞ� Ϭ ϭϳ Ϭ ϭϳ Ϭ ϭϳ
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�ŝƐƉŽƐĂů

�ŝƐƉŽƐĞ�ŽĨ�ŚĂǌĂƌĚŽƵƐ�Žƌ�ďŝŽůŽŐŝĐĂůůǇ�ĐŽŶƚĂŵŝŶĂƚĞĚ�ŵĂƚĞƌŝĂůƐ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�ƉƌĂĐƚŝĐĞƐ�ŽĨ�ǇŽƵƌ�ŝŶƐƚŝƚƵƚŝŽŶ͘

ZĞĨĞƌĞŶĐĞƐ

ϭ͘ �ĂůůĞǁ͕�,͘��͕͘�Ğƚ� Ăů͘�͞�ĂƐŝĐ�>ĂďŽƌĂƚŽƌǇ�DĞƚŚŽĚƐ�ŝŶ�sŝƌŽůŽŐǇ͕͟��,,^͕�WƵďůŝĐ�,ĞĂůƚŚ�^ĞƌǀŝĐĞ�ϭϵϳϱ�;ZĞǀŝƐĞĚ�
ϭϵϴϭͿ͕��ĞŶƚĞƌƐ�ĨŽƌ��ŝƐĞĂƐĞ��ŽŶƚƌŽů�ĂŶĚ�WƌĞǀĞŶƚŝŽŶ͕��ƚůĂŶƚĂ͕�'ĞŽƌŐŝĂ�ϯϬϯϯϯ͘

Ϯ͘ �ůŝŶŝĐĂů�>ĂďŽƌĂƚŽƌǇ�^ƚĂŶĚĂƌĚƐ�/ŶƐƚŝƚƵƚĞ�;�>^/Ϳ͕�͞�ŽůůĞĐƚŝŽŶ͕�dƌĂŶƐƉŽƌƚ͕�WƌĞƉĂƌĂƚŝŽŶ�ĂŶĚ�^ƚŽƌĂŐĞ�ŽĨ�
^ƉĞĐŝŵĞŶƐ�ĨŽƌ�DŽůĞĐƵůĂƌ�DĞƚŚŽĚƐ͗�WƌŽƉŽƐĞĚ�'ƵŝĚĞůŝŶĞ͕͟�DDϭϯͲ�

ϯ͘ >ŝĞďĞƌ͕�D͕͘�Ğƚ� Ăů͘�Η���ŽŶƚŝŶƵŽƵƐ�dƵŵŽƌ��Ğůů�>ŝŶĞ�ĨƌŽŵ�Ă�,ƵŵĂŶ�>ƵŶŐ��ĂƌĐŝŶŽŵĂ�ǁŝƚŚ�WƌŽƉĞƌƚŝĞƐ�ŽĨ�dǇƉĞ�//�
�ůǀĞŽůĂƌ��ƉŝƚŚĞůŝĂů��ĞůůƐ͘Η�/ŶƚĞƌŶĂƚŝŽŶĂů� :ŽƵƌŶĂů� ŽĨ� �ĂŶĐĞƌ ϭϵϳϲ͕�ϭϳ;ϭͿ͕�ϲϮͲϳϬ͘



��
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ZĞǀŝƐŝŽŶ�,ŝƐƚŽƌǇ

ZĞǀŝƐŝŽŶ η �ĨĨĞĐƚŝǀĞ��ĂƚĞ ^ƵŵŵĂƌǇ�ŽĨ�ZĞǀŝƐŝŽŶƐ
ϭ &ĞďƌƵĂƌǇ�ϰ͕�ϮϬϮϬ KƌŝŐŝŶĂů�/ŶƐƚƌƵĐƚŝŽŶƐ�ĨŽƌ�hƐĞ
Ϯ DĂƌĐŚ�ϭϱ͕�ϮϬϮϬ /ŶƚĞŶĚĞĚ�ƵƐĞ�ƵƉĚĂƚĞ

ZĞŵŽǀĂů�ŽĨ�Eϯ�ƉƌŝŵĞƌ�ĂŶĚ�ƉƌŽďĞ�ƐĞƚ�ĨƌŽŵ��ŝĂŐŶŽƐƚŝĐ�WĂŶĞů
WĞƌĨŽƌŵĂŶĐĞ�ĚĂƚĂ�ƵƉĚĂƚĞ
�ĚĚŝƚŝŽŶ�ŽĨ�ĂůƚĞƌŶĂƚŝǀĞ�ŶƵĐůĞŝĐ�ĂĐŝĚ�ĞǆƚƌĂĐƚŝŽŶ�ƉůĂƚĨŽƌŵƐ
�ĚĚŝƚŝŽŶ�ŽĨ�ĂĐĐĞƉƚĂďůĞ�ĂůƚĞƌŶĂƚŝǀĞƐ�ƚŽ�,^��ĂŶĚ�ĂĚĚŝƚŝŽŶ�ŽĨ�
Y/�'�E�ZhK�ĞǆƚƌĂĐƚŝŽŶ�ƌĞĂŐĞŶƚƐ
WŽƐŝƚŝǀĞ�ƌĞƐƵůƚƐ�ŶŽ�ůŽŶŐĞƌ�ƉƌĞƐƵŵƉƚŝǀĞ͘��EŽ�ĐŽŶĨŝƌŵĂƚŝŽŶ�ŽĨ�
ƉŽƐŝƚŝǀĞ�ƌĞƐƵůƚƐ�ƌĞƋƵŝƌĞĚ

ϯ DĂƌĐŚ�ϯϬ͕�ϮϬϮϬ �ĚĚŝƚŝŽŶ�ŽĨ�ĂůƚĞƌŶĂƚŝǀĞ�ĞŶǌǇŵĞ�ŵĂƐƚĞƌ�ŵŝǆ�ŽƉƚŝŽŶƐ

�ŽŶƚĂĐƚ�/ŶĨŽƌŵĂƚŝŽŶ͕�KƌĚĞƌŝŶŐ͕�ĂŶĚ�WƌŽĚƵĐƚ�^ƵƉƉŽƌƚ�

&Žƌ�ƚĞĐŚŶŝĐĂů�ĂŶĚ�ƉƌŽĚƵĐƚ�ƐƵƉƉŽƌƚ͕�ĐŽŶƚĂĐƚ�ƚŚĞ������ŝǀŝƐŝŽŶ�ŽĨ�sŝƌĂů��ŝƐĞĂƐĞƐ�ĚŝƌĞĐƚůǇ͘

^ĞŶĚ�ĞŵĂŝů ƚŽ͗�ƌĞƐƉǀŝƌƵƐΛĐĚĐ͘ŐŽǀ

EŽƚĞ͗�/Ĩ�ǇŽƵƌ�ůĂďŽƌĂƚŽƌǇ�ŝƐ�ƵƐŝŶŐ�ƌĞĂŐĞŶƚƐ�ƐŽƵƌĐĞĚ�ĨƌŽŵ�ƐŽŵĞŽŶĞ�ŽƚŚĞƌ�ƚŚĂŶ�ƚŚĞ�����/ŶƚĞƌŶĂƚŝŽŶĂů�ZĞĂŐĞŶƚ�
ZĞƐŽƵƌĐĞ͕�ƉůĞĂƐĞ�ƌĞĨĞƌ�ƚŽ ƚŚĞ�ŵĂŶƵĨĂĐƚƵƌĞƌ͛Ɛ�ŝŶƐƚƌƵĐƚŝŽŶƐ�ƉƌŽǀŝĚĞĚ�ǁŝƚŚ�ƚŚĞ�ĐŽŵŵĞƌĐŝĂů�ŵĂƚĞƌŝĂůƐ͘



'LYLVLRQ�RI�9LUDO�'LVHDVHV�5HVSLUDWRU\�9LUXVHV�%UDQFK

�����Q&R9�(8$��� &'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO
3URGXFW�,QIRUPDWLRQ�6KHHW

'RFXPHQW����&'&���������� 5HYLVLRQ������ (IIHFWLYH�'DWH������������ 3DJH�� RI��




'2�127�',6&$5'���,PSRUWDQW�SURGXFW�VSHFLILF�LQIRUPDWLRQ




&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO
)RU�XVH�XQGHU�(0(5*(1&<�86(�$87+25,=$7,21��(8$��RQO\�

5[�RQO\

&$7$/2*��������Q&R9 (8$���
.,7�/27���
(;3,5$7,21�'$7(���<<<<�00�''����<HDUV�IURP�'20�

,17(1'('�86(
7KH�&'&������1RYHO�&RURQDYLUXV�������Q&R9��5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LV�D�UHDO�WLPH�57�3&5�WHVW�LQWHQGHG�
IRU�WKH�TXDOLWDWLYH�GHWHFWLRQ�RI�QXFOHLF�DFLG�IURP�WKH������Q&R9�LQ�XSSHU�DQG�ORZHU�UHVSLUDWRU\�VSHFLPHQV��VXFK�DV�
QDVRSKDU\QJHDO�RU�RURSKDU\QJHDO�VZDEV��VSXWXP��ORZHU�UHVSLUDWRU\�WUDFW�DVSLUDWHV��EURQFKRDOYHRODU�ODYDJH��DQG�
QDVRSKDU\QJHDO�ZDVK�DVSLUDWH�RU�QDVDO�DVSLUDWH��FROOHFWHG�IURP�LQGLYLGXDOV�ZKR�PHHW������Q&R9�FOLQLFDO�DQG�RU�
HSLGHPLRORJLFDO�FULWHULD��IRU�H[DPSOH��FOLQLFDO�VLJQV�DQG�V\PSWRPV�DVVRFLDWHG�ZLWK������Q&R9�LQIHFWLRQ��FRQWDFW�ZLWK�D�
SUREDEOH�RU�FRQILUPHG������Q&R9�FDVH��KLVWRU\�RI�WUDYHO�WR�D�JHRJUDSKLF�ORFDWLRQV�ZKHUH������Q&R9�FDVHV�ZHUH�
GHWHFWHG��RU�RWKHU�HSLGHPLRORJLF�OLQNV�IRU�ZKLFK������Q&R9�WHVWLQJ�PD\�EH�LQGLFDWHG�DV�SDUW�RI�D�SXEOLF�KHDOWK�
LQYHVWLJDWLRQ���7HVWLQJ�LQ�WKH�8QLWHG�6WDWHV�LV�OLPLWHG�WR�ODERUDWRULHV�FHUWLILHG�XQGHU�WKH�&OLQLFDO�/DERUDWRU\�,PSURYHPHQW�
$PHQGPHQWV�RI�������&/,$������8�6�&�������D��WR�SHUIRUP�KLJK�FRPSOH[LW\�WHVWV�

5HVXOWV�DUH�IRU�WKH�LGHQWLILFDWLRQ�RI������Q&R9�51$��7KH������Q&R9�51$�LV�JHQHUDOO\�GHWHFWDEOH�LQ�XSSHU�DQG�ORZHU�
UHVSLUDWRU\�VSHFLPHQV�GXULQJ�LQIHFWLRQ���3RVLWLYH�UHVXOWV�DUH�LQGLFDWLYH�RI�DFWLYH�LQIHFWLRQ�ZLWK������Q&R9�EXW�GR�QRW�UXOH�
RXW�EDFWHULDO�LQIHFWLRQ�RU�FR�LQIHFWLRQ�ZLWK�RWKHU�YLUXVHV��7KH�DJHQW�GHWHFWHG�PD\�QRW�EH�WKH�GHILQLWH�FDXVH�RI�GLVHDVH��
/DERUDWRULHV�ZLWKLQ�WKH�8QLWHG�6WDWHV�DQG�LWV�WHUULWRULHV�DUH�UHTXLUHG�WR�UHSRUW�DOO�SRVLWLYH�UHVXOWV�WR�WKH�DSSURSULDWH�
SXEOLF�KHDOWK�DXWKRULWLHV�

1HJDWLYH�UHVXOWV�GR�QRW�SUHFOXGH������Q&R9�LQIHFWLRQ�DQG�VKRXOG�QRW�EH�XVHG�DV�WKH�VROH�EDVLV�IRU�WUHDWPHQW�RU�RWKHU�
SDWLHQW�PDQDJHPHQW�GHFLVLRQV��1HJDWLYH�UHVXOWV�PXVW�EH�FRPELQHG�ZLWK�FOLQLFDO�REVHUYDWLRQV��SDWLHQW�KLVWRU\��DQG�
HSLGHPLRORJLFDO�LQIRUPDWLRQ��

7HVWLQJ�ZLWK�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LV�LQWHQGHG�IRU�XVH�E\�WUDLQHG�ODERUDWRU\�SHUVRQQHO�
ZKR�DUH�SURILFLHQW�LQ�SHUIRUPLQJ�UHDO�WLPH�57�3&5�DVVD\V��7KH�&'&������1RYHO�&RURQDYLUXV�������Q&R9��5HDO�7LPH�
57�3&5�'LDJQRVWLF�3DQHO�LV�RQO\�IRU�XVH�XQGHU�D�)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ¶V�(PHUJHQF\�8VH�$XWKRUL]DWLRQ��

3$&.$*(�&217(176

3$&.$*,1* &20321(17
3$57�

180%(5
&20321(17�
/27�180%(5

9,$/6
3(5�.,7

48$17,7<
�9,$/ 67$7(

2OLJRQXFOHRWLGH�
%R[

�����Q&R9B1��&RPELQHG�
3ULPHU�3UREH�0L[ 59������ � ϮϮ͘ϱ�ŶŵŽů 'ULHG

�����Q&R9B1��&RPELQHG�
3ULPHU�3UREH�0L[ 59������ � ϮϮ͘ϱ�ŶŵŽů 'ULHG

53�&RPELQHG�3ULPHU�3UREH�
0L[ 59������ � ϮϮ͘ϱ�ŶŵŽů 'ULHG

&RQWURO�%R[
Q&R93&������Q&R9�3RVLWLYH�
&RQWURO��QRQ�LQIHFWLRXV� 59������ � ϭ�ǆ�ϭϬϰ

ĐŽƉŝĞƐͬђ> 'ULHG

6725$*(�,16758&7,216��
8SRQ�UHFHLSW��VWRUH�DW�����&��5HIHU�WR�WKH�&'&������1RYHO�&RURQDYLUXV�������Q&R9��5HDO�7LPH�57�3&5�'LDJQRVWLF�
3DQHO�,QVWUXFWLRQV�IRU�8VH�EHIRUH�RSHQLQJ�DQG�SUHSDULQJ�UHDJHQWV�IRU�XVH���

352&('85(�,17(535(7$7,21�/,0,7$7,216�
8VHUV�VKRXOG�UHIHU�WR�WKH�&'&������1RYHO�&RURQDYLUXV�������Q&R9��5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�
,QVWUXFWLRQV�IRU�8VH SRVWHG�RQ�WKH�)'$�ZHEVLWH�IRU�DOO�,9'�SURGXFWV�XVHG�XQGHU�(PHUJHQF\�8VH�$XWKRUL]DWLRQ��
KWWS���ZZZ�IGD�JRY�0HGLFDO'HYLFHV�6DIHW\�(PHUJHQF\6LWXDWLRQV�XFP�������KWP�

35(&$87,216

/s�



'LYLVLRQ�RI�9LUDO�'LVHDVHV�5HVSLUDWRU\�9LUXVHV�%UDQFK

�����Q&R9�(8$��� &'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO
3URGXFW�,QIRUPDWLRQ�6KHHW

'RFXPHQW����&'&���������� 5HYLVLRQ������ (IIHFWLYH�'DWH������������ 3DJH�� RI��

7KLV�UHDJHQW�VKRXOG�EH�KDQGOHG�LQ�DQ�DSSURYHG�%6/���KDQGOLQJ�DUHD�WR�DYRLG�FRQWDPLQDWLRQ�RI�ODERUDWRU\�HTXLSPHQW�
DQG�UHDJHQWV�WKDW�FRXOG�FDXVH�IDOVH�SRVLWLYH�UHVXOWV���7KLV�SURGXFW�LV�QRQ�LQIHFWLRXV���+RZHYHU��WKLV�SURGXFW�VKRXOG�EH�
KDQGOHG�LQ�DFFRUGDQFH�ZLWK�*RRG�/DERUDWRU\�3UDFWLFHV���

5($*(17�&203/$,176�48(67,216�
,I�\RX�KDYH�D�TXHVWLRQ�FRPPHQW�DERXW�WKLV�SURGXFW��SOHDVH�FRQWDFW�WKH�&'&�'LYLVLRQ�RI�9LUDO�'LVHDVHV�5HVSLUDWRU\�
9LUXVHV�%UDQFK�E\�HPDLO�DW�UHVSYLUXV#FGF�JRY�

',675,%87('�%<�
0DQXIDFWXUHG�E\�WKH�&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ�������&OLIWRQ�5RDG��$WODQWD��*HRUJLD���������86$

/s�



'LYLVLRQ�RI�9LUDO�'LVHDVHV����5HVSLUDWRU\�9LUXVHV�%UDQFK

&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�± 9HULILFDWLRQ�
5HTXLUHPHQWV




�'2�127�',6&$5'���,PSRUWDQW�SURGXFW�VSHFLILF�LQIRUPDWLRQ�




'RFXPHQW��� &'&���������� 5HYLVLRQ��� �� (IIHFWLYH�'DWH� ���������� 3DJH�� RI��

&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�±
9HULILFDWLRQ�5HTXLUHPHQWV

3OHDVH�FRQVXOW�WKH�IROORZLQJ�JXLGDQFH�IURP�&06�UHJDUGLQJ�(PHUJHQF\�8VH�$XWKRUL]HG�
GLDJQRVWLF�WHVWV��KWWSV���ZZZ�FPV�JRY�0HGLFDUH�3URYLGHU�(QUROOPHQW�DQG�
&HUWLILFDWLRQ�6XUYH\&HUWLILFDWLRQ*HQ,QIR�3ROLF\�DQG�0HPRV�WR�6WDWHV�DQG�5HJLRQV�
,WHPV�462������&/,$

,17(1'('�86(

7KH�&'&������1RYHO�&RURQDYLUXV�������Q&R9��5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LV�D�UHDO�
WLPH�57�3&5�WHVW�LQWHQGHG�IRU�WKH�TXDOLWDWLYH�GHWHFWLRQ�RI�QXFOHLF�DFLG�IURP�WKH������Q&R9�LQ�
XSSHU�DQG�ORZHU�UHVSLUDWRU\�VSHFLPHQV��VXFK�DV�QDVRSKDU\QJHDO�RU�RURSKDU\QJHDO�VZDEV��
VSXWXP��ORZHU�UHVSLUDWRU\�WUDFW�DVSLUDWHV��EURQFKRDOYHRODU�ODYDJH��DQG�QDVRSKDU\QJHDO�
ZDVK�DVSLUDWH�RU�QDVDO�DVSLUDWH��FROOHFWHG�IURP�LQGLYLGXDOV�ZKR�PHHW������Q&R9�FOLQLFDO�
DQG�RU�HSLGHPLRORJLFDO�FULWHULD��IRU�H[DPSOH��FOLQLFDO�VLJQV�DQG�V\PSWRPV�DVVRFLDWHG�ZLWK�
�����Q&R9�LQIHFWLRQ��FRQWDFW�ZLWK�D�SUREDEOH�RU�FRQILUPHG������Q&R9�FDVH��KLVWRU\�RI�WUDYHO�
WR�D�JHRJUDSKLF�ORFDWLRQV�ZKHUH������Q&R9�FDVHV�ZHUH�GHWHFWHG��RU�RWKHU�HSLGHPLRORJLF�OLQNV�
IRU�ZKLFK������Q&R9�WHVWLQJ�PD\�EH�LQGLFDWHG�DV�SDUW�RI�D�SXEOLF�KHDOWK�LQYHVWLJDWLRQ���7HVWLQJ�
LQ�WKH�8QLWHG�6WDWHV�LV�OLPLWHG�WR�ODERUDWRULHV�FHUWLILHG�XQGHU�WKH�&OLQLFDO�/DERUDWRU\�
,PSURYHPHQW�$PHQGPHQWV�RI�������&/,$������8�6�&�������D��WR�SHUIRUP�KLJK�FRPSOH[LW\�
WHVWV�

5HVXOWV�DUH�IRU�WKH�LGHQWLILFDWLRQ�RI������Q&R9�51$��7KH������Q&R9�51$�LV�JHQHUDOO\�
GHWHFWDEOH�LQ�XSSHU�DQG�ORZHU�UHVSLUDWRU\�VSHFLPHQV�GXULQJ�LQIHFWLRQ���3RVLWLYH�UHVXOWV�DUH�
LQGLFDWLYH�RI�DFWLYH�LQIHFWLRQ�ZLWK������Q&R9�EXW�GR�QRW�UXOH�RXW�EDFWHULDO�LQIHFWLRQ�RU�FR�
LQIHFWLRQ�ZLWK�RWKHU�YLUXVHV��7KH�DJHQW�GHWHFWHG�PD\�QRW�EH�WKH�GHILQLWH�FDXVH�RI�GLVHDVH��
/DERUDWRULHV�ZLWKLQ�WKH�8QLWHG�6WDWHV�DQG�LWV�WHUULWRULHV�DUH�UHTXLUHG�WR�UHSRUW�DOO�SRVLWLYH�
UHVXOWV�WR�WKH�DSSURSULDWH�SXEOLF�KHDOWK�DXWKRULWLHV�

1HJDWLYH�UHVXOWV�GR�QRW�SUHFOXGH������Q&R9�LQIHFWLRQ�DQG�VKRXOG�QRW�EH�XVHG�DV�WKH�VROH�EDVLV�
IRU�WUHDWPHQW�RU�RWKHU�SDWLHQW�PDQDJHPHQW�GHFLVLRQV��1HJDWLYH�UHVXOWV�PXVW�EH�FRPELQHG�ZLWK�
FOLQLFDO�REVHUYDWLRQV��SDWLHQW�KLVWRU\��DQG�HSLGHPLRORJLFDO�LQIRUPDWLRQ��

7HVWLQJ�ZLWK�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LV�LQWHQGHG�IRU�XVH�E\�
WUDLQHG�ODERUDWRU\�SHUVRQQHO�ZKR�DUH�SURILFLHQW�LQ�SHUIRUPLQJ�UHDO�WLPH�57�3&5�DVVD\V��7KH�
&'&������1RYHO�&RURQDYLUXV�������Q&R9��5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LV�RQO\�IRU�XVH�
XQGHU�D�)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ¶V�(PHUJHQF\�8VH�$XWKRUL]DWLRQ�

5(48,5('�0$7(5,$/6

7KH������QRYHO�FRURQDYLUXV�SRVLWLYH�FRQWURO��Q&R93&� LV�SURYLGHG�ZLWK�WKH�&'&������Q&R9�
5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�DQG�VKRXOG�EH�SUHSDUHG�DFFRUGLQJ�WR�WKH�LQVWUXFWLRQV�IRU�
XVH��7KH�Q&R93&�FRQVLVWV�RI�DQ 51$�WUDQVFULSW RI�WKH������Q&R9�1�JHQH�DV�ZHOO�DV�KXPDQ�
51DVH�3�JHQH�VHJPHQW��Q&R93&�ZLOO�\LHOG�D�SRVLWLYH�UHVXOW�ZLWK�WKH�IROORZLQJ�SULPHU�DQG�SUREH�
VHWV�������Q&R9B1��������Q&R9B1���DQG�53��

$SSUR[LPDWHO\���P/�RI�DQ�XSSHU�UHVSLUDWRU\�VSHFLPHQ��H�J��QDVRSKDU\QJHDO�VZDEV��136��LQ�
WUDQVSRUW�PHGLD��ZLOO�EH�QHHGHG�IRU�WHVWLQJ��6SHFLPHQV�PD\�EH�SRROHG�LI�OHVV�WKDQ��P/�RI�RQH�
VSHFLPHQ�LV�DYDLODEOH�

5HIHU�WR�&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�SDFNDJH�LQVHUW��PDQXIDFWXUHU�
LQVWUXFWLRQV��IRU�DGGLWLRQDO�UHDJHQWV��PDWHULDOV��DQG�LQVWUXFWLRQV�

35(&$87,216

7KLV�UHDJHQW�VKRXOG�EH�KDQGOHG�LQ�DQ�DSSURYHG�%6/���KDQGOLQJ�DUHD�WR�DYRLG�FRQWDPLQDWLRQ�RI�
ODERUDWRU\�HTXLSPHQW�DQG�UHDJHQWV�WKDW�FRXOG�FDXVH�IDOVH�SRVLWLYH�UHVXOWV���7KLV�SURGXFW�LV�DQ�



'LYLVLRQ�RI�9LUDO�'LVHDVHV����5HVSLUDWRU\�9LUXVHV�%UDQFK

&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�± 9HULILFDWLRQ�
5HTXLUHPHQWV




�'2�127�',6&$5'���,PSRUWDQW�SURGXFW�VSHFLILF�LQIRUPDWLRQ�




'RFXPHQW��� &'&���������� 5HYLVLRQ��� �� (IIHFWLYH�'DWH� ��������� 3DJH�� RI��

51$�WUDQVFULSW�DQG�LV�QRQ�LQIHFWLRXV���+RZHYHU��WKH�Q&R93&�VKRXOG�EH�KDQGOHG�LQ�DFFRUGDQFH�
ZLWK�*RRG�/DERUDWRU\�3UDFWLFHV���

6WRUH�UHDJHQW�DW�DSSURSULDWH�WHPSHUDWXUHV��VHH�LQVWUXFWLRQV�IRU�XVH��DQG�KROG�RQ�LFH�ZKHQ�
WKDZHG�

3OHDVH�XVH�VWDQGDUG�SUHFDXWLRQV�ZKHQ�KDQGOLQJ�UHVSLUDWRU\�VSHFLPHQV�

,16758&7,216�)25�35(3$5,1*�6$03/(6�%()25(�(;75$&7,21�:,7+�7+(�4,$DPS�
'63�9,5$/ 51$�0,1,�.,7 25�7+( 4,$DPS 9,5$/ 51$�0,1,�.,7

5HIHU�WR�WKH������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LQVWUXFWLRQV�IRU�XVH IRU�
UHFRQVWLWXWLRQ�RI�WKH�PDWHULDOV IRU�XVH��51$�VKRXOG�EH�NHSW�FROG�GXULQJ�SUHSDUDWLRQ�DQG�XVH�
0DNH�D������GLOXWLRQ�RI�Q&R93&�E\�DGGLQJ��� /�RI�Q&R93&�LQWR���� /�RI�QXFOHDVH�IUHH�ZDWHU�
RU����P0�7ULV
$OLTXRW����� /�RI�O\VLV�EXIIHU�LQWR�HDFK�RI�QLQH�WXEHV ODEHOHG�����
$GG����� /�RI�XSSHU�UHVSLUDWRU\�VSHFLPHQ��H�J��136 LQ�YLUDO�WUDQVSRUW�PHGLD��LQWR�HDFK�RI�
WKH�QLQH�ODEHOHG�WXEHV ZLWK�O\VLV�EXIIHU
7R�SUHSDUH�VDPSOHV�DW�D�PRGHUDWH�FRQFHQWUDWLRQ��VSLNH��� /�RI�XQGLOXWHG�Q&R93&�
�UHK\GUDWHG�DV�GHVFULEHG�LQ�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�
LQVWUXFWLRQV�IRU�XVH��LQWR�HDFK�WXEH�ODEHOHG���� FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ
7R�SUHSDUH�VDPSOHV�DW�D�ORZ�FRQFHQWUDWLRQ��VSLNH��� /�RI������GLOXWLRQ�RI�Q&R93& LQWR�
HDFK�WXEH ODEHOHG�����FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ
7R�SUHSDUH�QHJDWLYH�VDPSOHV��VSLNH���� /�RI�QXFOHDVH�IUHH�ZDWHU LQWR�HDFK�WXEH�ODEHOHG�����
FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ
3HUIRUP�H[WUDFWLRQV�RI�DOO�QLQH�VDPSOHV�DFFRUGLQJ�WR�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�
'LDJQRVWLF�3DQHO�LQVWUXFWLRQV�IRU�XVH

,16758&7,216�)25�35(3$5,1*�6$03/(6 %()25(�(;75$&7,21�:,7+�7+(�4,$*(1�
(=��$'9$1&(' ;/

5HIHU�WR�WKH������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LQVWUXFWLRQV�IRU�XVH�IRU�
UHFRQVWLWXWLRQ�RI�WKH�PDWHULDOV�IRU�XVH��51$�VKRXOG�EH�NHSW�FROG�GXULQJ�SUHSDUDWLRQ�DQG�XVH�
0DNH�D������GLOXWLRQ�RI�Q&R93&�E\�DGGLQJ��� /�RI�Q&R93&�LQWR���� /�RI�QXFOHDVH�IUHH�ZDWHU�
RU����P0�7ULV
$OLTXRW����� /�RI�O\VLV�EXIIHU�LQWR�HDFK�RI�QLQH�WXEHV�ODEHOHG�����
$GG����� /�RI�XSSHU�UHVSLUDWRU\�VSHFLPHQ��H�J��136�LQ�YLUDO�WUDQVSRUW�PHGLD��LQWR�HDFK�RI�
WKH�QLQH�ODEHOHG�WXEHV�ZLWK�O\VLV�EXIIHU
7R�SUHSDUH�VDPSOHV�DW�D�PRGHUDWH�FRQFHQWUDWLRQ��VSLNH���� /�RI�XQGLOXWHG�Q&R93&�
�UHK\GUDWHG�DV�GHVFULEHG�LQ�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�
LQVWUXFWLRQV�IRU�XVH��LQWR�HDFK�WXEH�ODEHOHG�����FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ�
7R�SUHSDUH�VDPSOHV�DW�D�ORZ�FRQFHQWUDWLRQ��VSLNH���� /�RI������GLOXWLRQ�RI�Q&R93& LQWR�
HDFK�WXEH�ODEHOHG�����FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ
7R�SUHSDUH�QHJDWLYH�VDPSOHV��VSLNH���� /�RI�QXFOHDVH�IUHH�ZDWHU LQWR�HDFK�WXEH�ODEHOHG�����
FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ
3HUIRUP�H[WUDFWLRQV�RI�DOO�QLQH�VDPSOHV�DFFRUGLQJ�WR�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�
'LDJQRVWLF�3DQHO�LQVWUXFWLRQV�IRU�XVH

,16758&7,216�)25�35(3$5,1*�6$03/(6�%()25(�(;75$&7,21�:,7+�7+( 52&+(
0DJ1$�385(�727$/�18&/(,&�$&,'�.,7�25�7+(�52&+( 0DJ1$�385(�18&/(,&�$&,'�
,62/$7,21�.,7�,�

5HIHU�WR�WKH������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LQVWUXFWLRQV�IRU�XVH�IRU�
UHFRQVWLWXWLRQ�RI�WKH�PDWHULDOV�IRU�XVH��51$�VKRXOG�EH�NHSW�FROG�GXULQJ�SUHSDUDWLRQ�DQG�XVH�
0DNH�D������GLOXWLRQ�RI�Q&R93&�E\�DGGLQJ��� /�RI�Q&R93&�LQWR���� /�RI�QXFOHDVH�IUHH�ZDWHU�
RU����P0�7ULV
$OLTXRW����� /�RI�O\VLV�EXIIHU�LQWR�HDFK�RI�QLQH�WXEHV�ODEHOHG�����
$GG����� /�RI�XSSHU�UHVSLUDWRU\�VSHFLPHQ��H�J��136�LQ�YLUDO�WUDQVSRUW�PHGLD��LQWR�HDFK�RI�
WKH�QLQH�ODEHOHG�WXEHV�ZLWK�O\VLV�EXIIHU



'LYLVLRQ�RI�9LUDO�'LVHDVHV����5HVSLUDWRU\�9LUXVHV�%UDQFK

&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�± 9HULILFDWLRQ�
5HTXLUHPHQWV




�'2�127�',6&$5'���,PSRUWDQW�SURGXFW�VSHFLILF�LQIRUPDWLRQ�




'RFXPHQW��� &'&���������� 5HYLVLRQ��� �� (IIHFWLYH�'DWH� ��������� 3DJH�� RI��

7R�SUHSDUH�VDPSOHV�DW�D�PRGHUDWH�FRQFHQWUDWLRQ��VSLNH��� /�RI�XQGLOXWHG�Q&R93&�
�UHK\GUDWHG�DV�GHVFULEHG�LQ�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�
LQVWUXFWLRQV�IRU�XVH��LQWR�HDFK�WXEH�ODEHOHG�����FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ�
7R�SUHSDUH�VDPSOHV�DW�D�ORZ�FRQFHQWUDWLRQ��VSLNH��� /�RI������GLOXWLRQ�RI�Q&R93& LQWR�
HDFK�WXEH�ODEHOHG�����FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ
7R�SUHSDUH�QHJDWLYH�VDPSOHV��VSLNH��� /�RI�QXFOHDVH�IUHH�ZDWHU LQWR�HDFK�WXEH�ODEHOHG�����
FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ
3HUIRUP�H[WUDFWLRQV�RI�DOO�QLQH�VDPSOHV�DFFRUGLQJ�WR�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�
'LDJQRVWLF�3DQHO�LQVWUXFWLRQV�IRU�XVH

,16758&7,216�)25�35(3$5,1*�6$03/(6�%()25(�(;75$&7,21�:,7+�7+( 52&+(
0DJ1$�385(����'1$�$1'�9,5$/�1$�60$//�92/80(�.,7

5HIHU�WR�WKH������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LQVWUXFWLRQV�IRU�XVH�IRU�
UHFRQVWLWXWLRQ�RI�WKH�PDWHULDOV�IRU�XVH��51$�VKRXOG�EH�NHSW�FROG�GXULQJ�SUHSDUDWLRQ�DQG�XVH�
0DNH�D������GLOXWLRQ�RI�Q&R93&�E\�DGGLQJ��� /�RI�Q&R93&�LQWR���� /�RI�QXFOHDVH�IUHH�ZDWHU�
RU����P0�7ULV
$OLTXRW����� /�RI�O\VLV�EXIIHU�LQWR�HDFK�RI�QLQH�WXEHV�ODEHOHG�����
$GG����� /�RI�XSSHU�UHVSLUDWRU\�VSHFLPHQ��H�J��136�LQ�YLUDO�WUDQVSRUW�PHGLD��LQWR�HDFK�RI�
WKH�QLQH�ODEHOHG�WXEHV�ZLWK�O\VLV�EXIIHU
7R�SUHSDUH�VDPSOHV�DW�D PRGHUDWH�FRQFHQWUDWLRQ��VSLNH��� /�RI�XQGLOXWHG�Q&R93&�
�UHK\GUDWHG�DV�GHVFULEHG�LQ�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�
LQVWUXFWLRQV�IRU�XVH��LQWR�HDFK�WXEH�ODEHOHG�����FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ�
7R�SUHSDUH�VDPSOHV�DW�D�ORZ�FRQFHQWUDWLRQ��VSLNH��� /�RI������GLOXWLRQ�RI�Q&R93& LQWR�
HDFK�WXEH�ODEHOHG�����FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ
7R�SUHSDUH�QHJDWLYH�VDPSOHV��VSLNH��� /�RI�QXFOHDVH�IUHH�ZDWHU LQWR�HDFK�WXEH�ODEHOHG�����
FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ
3HUIRUP�H[WUDFWLRQV�RI�DOO�QLQH�VDPSOHV�DFFRUGLQJ�WR�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�
'LDJQRVWLF�3DQHO�LQVWUXFWLRQV�IRU�XVH

,16758&7,216�)25�35(3$5,1*�6$03/(6�%()25(�(;75$&7,21�:,7+�7+(
%,20e5,(8; 1XFOL6(16�HDV\0$*�25�7+(�%,20e5,(8; (0$*

5HIHU�WR�WKH������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LQVWUXFWLRQV�IRU�XVH�IRU�
UHFRQVWLWXWLRQ�RI�WKH�PDWHULDOV�IRU�XVH��51$�VKRXOG�EH�NHSW�FROG�GXULQJ�SUHSDUDWLRQ�DQG�XVH�
0DNH�D������GLOXWLRQ�RI�Q&R93&�E\�DGGLQJ��� /�RI�Q&R93&�LQWR���� /�RI�QXFOHDVH�IUHH�ZDWHU�
RU����P0�7ULV
$OLTXRW� RU������ /�RI�SUH�DOLTXRWHG�HDV\0$*�O\VLV�EXIIHU�LQWR�HDFK�RI�QLQH�WXEHV�
ODEHOHG�����IRU�WKH�HDV\0$*�RU�H0$*��UHVSHFWLYHO\�
$GG����� /�RI�XSSHU�UHVSLUDWRU\�VSHFLPHQ��H�J��136�LQ�YLUDO�WUDQVSRUW�PHGLD��LQWR�HDFK�RI�
WKH�QLQH�ODEHOHG�WXEHV�ZLWK�O\VLV�EXIIHU
7R�SUHSDUH�VDPSOHV�DW�D�PRGHUDWH�FRQFHQWUDWLRQ��VSLNH���� /�RI�XQGLOXWHG�Q&R93&�
�UHK\GUDWHG�DV�GHVFULEHG�LQ�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�
LQVWUXFWLRQV�IRU�XVH��LQWR�HDFK�WXEH�ODEHOHG�����FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ�
7R�SUHSDUH�VDPSOHV�DW�D�ORZ�FRQFHQWUDWLRQ��VSLNH���� /�RI������GLOXWLRQ�RI�Q&R93& LQWR�
HDFK�WXEH�ODEHOHG�����FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ
7R�SUHSDUH�QHJDWLYH�VDPSOHV��VSLNH���� /�RI�QXFOHDVH�IUHH�ZDWHU LQWR�HDFK�WXEH�ODEHOHG�����
FRQWDLQLQJ�O\VLV�EXIIHU�DQG�VSHFLPHQ
3HUIRUP�H[WUDFWLRQV�RI�DOO�QLQH�VDPSOHV�DFFRUGLQJ�WR�WKH�&'&������Q&R9�5HDO�7LPH�57�3&5�
'LDJQRVWLF�3DQHO�LQVWUXFWLRQV�IRU�XVH

352&('85(

)ROORZ�WKH &'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�LQVWUXFWLRQV�IRU�XVH�IRU�WHVWLQJ�
WKH���H[WUDFWHG�VDPSOHV�DW�OHDVW�RQFH�

(;3(&7('�5(68/76

0RGHUDWH Q&R93&�VDPSOHV�VKRXOG�EH�SRVLWLYH�IRU������Q&R9�
/RZ Q&R93&�VDPSOHV�VKRXOG�EH�SRVLWLYH�IRU������Q&R9�
1HJDWLYH XSSHU�UHVSLUDWRU\�VDPSOHV VKRXOG�EH�QHJDWLYH�IRU������Q&R9�



'LYLVLRQ�RI�9LUDO�'LVHDVHV����5HVSLUDWRU\�9LUXVHV�%UDQFK

&'&������Q&R9�5HDO�7LPH�57�3&5�'LDJQRVWLF�3DQHO�± 9HULILFDWLRQ�
5HTXLUHPHQWV




�'2�127�',6&$5'���,PSRUWDQW�SURGXFW�VSHFLILF�LQIRUPDWLRQ�




'RFXPHQW��� &'&���������� 5HYLVLRQ��� �� (IIHFWLYH�'DWH� ��������� 3DJH�� RI��

����RI�WHVW�UHVXOWV�VKRXOG�EH�LQ�DJUHHPHQW ZLWK�WKH�H[SHFWHG�UHVXOWV��,I�WHVW�UHVXOWV�DUH�OHVV�
WKDQ�����LQ�DJUHHPHQW�ZLWK�H[SHFWHG�UHVXOWV��FRQWDFW�&'&�DW�UHVSYLUXV#FGF�JRY�

48(67,216

3OHDVH�VHQG�TXHVWLRQV�RU�FRPPHQWV�E\�HPDLO�WR�UHVSYLUXV#FGF�JRY�

',675,%87,21�

'LVWULEXWHG�WR�TXDOLILHG�ODERUDWRULHV�E\ &HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ�������
&OLIWRQ�5RDG��$WODQWD��*$��������86$�



&RURQDYLUXV�YV�WKH�)OX��$UH�7KH\�'LIIHUHQW"���7KH�1HZ�<RUN�7LPHV KWWSV���ZZZ�Q\WLPHV�FRP�DUWLFOH�FRURQDYLUXV�YV�IOX�KWPO

��RI�� �����������������



&RURQDYLUXV�YV�WKH�)OX��$UH�7KH\�'LIIHUHQW"���7KH�1HZ�<RUN�7LPHV KWWSV���ZZZ�Q\WLPHV�FRP�DUWLFOH�FRURQDYLUXV�YV�IOX�KWPO

��RI�� �����������������



&RURQDYLUXV�YV�WKH�)OX��$UH�7KH\�'LIIHUHQW"���7KH�1HZ�<RUN�7LPHV KWWSV���ZZZ�Q\WLPHV�FRP�DUWLFOH�FRURQDYLUXV�YV�IOX�KWPO

��RI�� �����������������



&RURQDYLUXV�YV�WKH�)OX��$UH�7KH\�'LIIHUHQW"���7KH�1HZ�<RUN�7LPHV KWWSV���ZZZ�Q\WLPHV�FRP�DUWLFOH�FRURQDYLUXV�YV�IOX�KWPO

��RI�� �����������������



&RURQDYLUXV�YV�WKH�)OX��$UH�7KH\�'LIIHUHQW"���7KH�1HZ�<RUN�7LPHV KWWSV���ZZZ�Q\WLPHV�FRP�DUWLFOH�FRURQDYLUXV�YV�IOX�KWPO

��RI�� �����������������



'HPRFUDF\�'LHV�LQ�'DUNQHVV

�

�
!`.!$k/�!

7KUHH�PRQWKV�LQWR�WKLV�SDQGHPLF��VFLHQWLVWV�DUH�FRPLQJ�WR�XQGHUVWDQG�WKH�

QRYHO�FRURQDYLUXV��7KH\�NQRZ��IRU�H[DPSOH��WKDW�DV�KRUULEOH�DV�WKLV�YLUXV�LV��

LW�LV�QRW�WKH�ZRUVW��PRVW�DSRFDO\SWLF�YLUXV�LPDJLQDEOH��&RYLG�����WKH�GLVHDVH�

FDXVHG�E\�WKH�YLUXV��LV�QRW�DV�FRQWDJLRXV�DV�PHDVOHV��DQG�DOWKRXJK�LW�LV�YHU\�

GDQJHURXV��LW�LV�QRW�DV�OLNHO\�WR�NLOO�DQ�LQIHFWHG�SHUVRQ�DV��VD\��(EROD�

%XW�WKHUH�LV�RQH�FULWLFDOO\�LPSRUWDQW��FDODPLWRXV�IHDWXUH�RI�6$56�&R9����WKH�

QRYHOW\��:KHQ�LW�MXPSHG�IURP�DQ�DQLPDO�KRVW�LQWR�WKH�KXPDQ�SRSXODWLRQ�

VRPHWLPH�ODWH�ODVW�\HDU��QR�RQH�KDG�LPPXQLW\�WR�LW��7KDW�LV�RQH�UHDVRQ�WKH�

QHZ�FRURQDYLUXV�LV�QRW�FRPSDUDEOH�WR�D�KDUVK�VWUDLQ�RI�WKH�IOX�JRLQJ�DURXQG�

F7o�$`3�oNKn3�



7KH�ILUVW�FOXVWHU�RI�P\VWHULRXV��SQHXPRQLD�OLNH�UHVSLUDWRU\�LOOQHVVHV�ZDV�

UHSRUWHG�LQ�:XKDQ��&KLQD��DW�WKH�HQG�RI�'HFHPEHU��DQG�LQ�WKH�GD\V�WKDW�

IROORZHG��LW�VSUHDG�H[SORVLYHO\��:LWK�DVWRQLVKLQJ�VSHHG��WKLV�VXEPLFURVFRSLF�

SDWKRJHQ�KDV�FRQWDPLQDWHG�WKH�SODQHW��LQIHFWLQJ�PRUH�WKDQ���������DV�RI�

6DWXUGD\�DQG�NLOOLQJ�DW�OHDVW���������JULQGLQJ�JOREDO�FRPPHUFH�WR�D�QHDU�

VWDQGVWLOO�DQG�UDWWOLQJ�WKH�QHUYHV�RI�HYHU\RQH�EUDYH�HQRXJK�WR�EH�IROORZLQJ�

WKH�QHZV�

³7KLV�LV�D�QHZ�YLUXV�WKDW�KDV�ODQGHG�LQ�WKH�KXPDQ�FRPPXQLW\��:H�DUH�D�

EUDQG�QHZ��QDLYH�SRSXODWLRQ��:H¶UH�NLQG�RI�VLWWLQJ�GXFNV��ULJKW"´�VDLG�,OKHP�

0HVVDRXGL��D�YLURORJLVW�DW�WKH�8QLYHUVLW\�RI�&DOLIRUQLD�DW�,UYLQH�

0RVW�YLUDO�FRQWDJLRQV�LQ�FLUFXODWLRQ�IDFH�REVWDFOHV�LQ�WKH�IRUP�RI�SHRSOH�ZLWK�

DW�OHDVW�SDUWLDO�LPPXQLW\��%XW�WKLV�FRURQDYLUXV�LV�D�EXOOGR]HU��,W�FDQ�IODWWHQ�

HYHU\RQH�LQ�LWV�SDWK�



:KHQ�WKH�YLUXV�LQIHFWV�SHRSOH��WKH\�GRQ¶W�JHW�VLFN�ULJKW�DZD\��5HVHDUFKHUV�

EHOLHYH�WKH�LQFXEDWLRQ�SHULRG�EHIRUH�V\PSWRPV�LV�URXJKO\�ILYH�GD\V�RQ�

DYHUDJH��,Q�VWXG\LQJ�WKH�SDWWHUQ�RI�LOOQHVV��HSLGHPLRORJLVWV�KDYH�PDGH�WKH�

GLVPD\LQJ�GLVFRYHU\�WKDW�SHRSOH�VWDUW�VKHGGLQJ�WKH�YLUXV�²�SRWHQWLDOO\�

PDNLQJ�RWKHUV�VLFN�²�LQ�DGYDQFH�RI�V\PSWRPV��7KXV��WKH�YLUXV�KDV�D�JLIW�IRU�

VWHDOWK�WUDQVPLVVLRQ��,W�VHHGV�LWVHOI�LQ�FRPPXQLWLHV�IDU�DQG�ZLGH��ZKHUH�

YXOQHUDEOH�KXPDQ�EHLQJV�UHSUHVHQW�HQGOHVV�IHUWLOH�WHUUDLQ�

$W�WKH�JHQHWLF�OHYHO��WKH�QHZ�YLUXV�LV�QRW�WHUULEO\�GLIIHUHQW�IURP�WKH�6$56�

YLUXV�WKDW�HPHUJHG�LQ�&KLQD�LQ������²�ZKLFK�LV�ZK\�WKH�QHZ�RQH�KDV�WKH�

GHULYDWLYH�QDPH�6$56�&R9����6$56�NLOOHG�QHDUO\���LQ����SDWLHQWV��%XW�

SHRSOH�ZLWK�6$56�LQIHFWLRQV�GLG�QRW�VKHG�WKH�YLUXV�XQWLO�WKH\�ZHUH�DOUHDG\�

TXLWH�VLFN��DQG�YLFWLPV�ZHUH�W\SLFDOO\�KRVSLWDOL]HG��6$56�ZDV�VQXIIHG�RXW�

DIWHU�FDXVLQJ�DERXW�������LQIHFWLRQV�DQG�����GHDWKV�ZRUOGZLGH�

7KDW�VXFFHVVIXO�ILJKW�PD\�KDYH�OHG�WR�VRPH�FRPSODFHQF\��UHVHDUFKHUV�VD\�

IXQGLQJ�IRU�6$56�UHVHDUFK�GULHG�XS�LQ�UHFHQW�\HDUV�



³:H�WKRXJKW�ZH�FXUHG�LW��:H�WKRXJKW�WKH�YLUXV�GLVDSSHDUHG��:HOO��WKH�YLUXV�

GLGQ¶W�GLVDSSHDU��GLG�LW"´�VDLG�0LFKDHO�%XFKPHLHU��D�8&�,UYLQH�YLURORJLVW�

ZKR�KDV�VWXGLHG�FRURQDYLUXVHV�IRU�WKUHH�GHFDGHV�

%HFDXVH�WKLV�LV�VXFK�D�FRQWDJLRXV�YLUXV��D�ODUJH�SHUFHQWDJH�RI�WKH�ZRUOG¶V�

SRSXODWLRQ��SRWHQWLDOO\�ELOOLRQV�RI�SHRSOH��FRXOG�EHFRPH�LQIHFWHG�ZLWKLQ�WKH�

QH[W�FRXSOH�RI�\HDUV��)UDQWLF�HIIRUWV�WR�GHYHORS�D�VDIH�DQG�HIIHFWLYH�YDFFLQH�

DUH�OLNHO\�WR�WDNH�D�\HDU�RU�PRUH�

3UHVLGHQW�7UXPS�DQG�RWKHUV�KDYH�UHSHDWHGO\�GRZQSOD\HG�WKH�WKUHDW�RI�

FRYLG����E\�FRPSDULQJ�LWV�OHWKDOLW\�WR�VHDVRQDO�LQIOXHQ]D��ZKLFK�FODLPV�WHQV�

RI�WKRXVDQGV�RI�OLYHV�LQ�WKH�8QLWHG�6WDWHV�HYHU\�\HDU��%XW�FRYLG����PD\�EH�

PDQ\�WLPHV�DV�OHWKDO�IRU�DQ�LQIHFWHG�SHUVRQ�DV�VHDVRQDO�IOX�

0HVVDRXGL�QRWHG�WKDW�WKH�KHDOWK�V\VWHP�LV�VHW�XS�WR�GHDO�ZLWK�WKH�VHDVRQDO�

IOX��EXW�QRW�ZLWK�D�QHZ��SDQGHPLF�GLVHDVH�



³:H�KDYH�D�YDFFLQH�IRU�WKH�IOX��$QG�DQWLYLUDOV��,W¶V�VHDVRQDO��ZH�SUHSDUH�IRU�

LW��ZH�WU\�WR�JHW�YDFFLQDWLRQ�FRYHUDJH��WKLV�LV�DOUHDG\�ZKDW�RXU�V\VWHP�LV�

GHDOLQJ�ZLWK�´�VKH�VDLG��³7KLV�LV�WKH�ZURQJ�WLPH�WR�GHDO�ZLWK�DQRWKHU�VXUJH�RI�

D�UHVSLUDWRU\�GLVHDVH�WKDW�FDXVHV�D�ORW�RI�PRUELGLW\�DQG�SRWHQWLDOO\�

PRUWDOLW\�´

7KH�EXOOGR]HU�QDWXUH�RI�FRURQDYLUXV�PHDQV�ZLGHVSUHDG�VHYHUH�LOOQHVVHV�DQG�

GHDWKV�IURP�FRYLG����FDQ�KDSSHQ�ZLWK�WHUULI\LQJ�VSHHG��7KLV�KDSSHQHG�LQ�

QRUWKHUQ�,WDO\��ZKHUH�KRVSLWDOV�EHFRPH�RYHUZKHOPHG�DQG�PDQ\�SDWLHQWV�

FRXOGQ¶W�JHW�VWDQGDUG�OLIHVDYLQJ�WUHDWPHQW�

7KH�SDQGHPLF�DSSHDUV�WR�EH�ODUJHO\�GULYHQ�E\�GLUHFW��KXPDQ�WR�KXPDQ�

WUDQVPLVVLRQ��7KDW�LV�ZK\�SXEOLF�KHDOWK�RIILFLDOV�KDYH�WROG�SHRSOH�WR�HQJDJH�

LQ�VRFLDO�GLVWDQFLQJ��D�VLPSOH�EXW�HIIHFWLYH�ZD\�WR�GULYH�GRZQ�YLUXV¶V�

UHSURGXFWLYH�QXPEHU�²�NQRZQ�DV�5���SURQRXQFHG�³5�QDXJKW�´�7KDW�LV�WKH�

DYHUDJH�QXPEHU�RI�QHZ�LQIHFWLRQV�JHQHUDWHG�E\�HDFK�LQIHFWHG�SHUVRQ�



7KH�5��LV�QRW�DQ�LQWULQVLF�IHDWXUH�RI�WKH�YLUXV��,W�FDQ�EH�ORZHUHG�WKURXJK�

FRQWDLQPHQW��PLWLJDWLRQ�DQG�XOWLPDWHO\�³KHUG�LPPXQLW\�´�DV�SHRSOH�ZKR�

KDYH�UHFRYHUHG�EHFRPH�OHVV�VXVFHSWLEOH�WR�LQIHFWLRQV�RU�VHULRXV�LOOQHVVHV��)RU�

WKH�HSLGHPLF�WR�EHJLQ�WR�HQG��WKH�UHSURGXFWLRQ�UDWH�KDV�WR�GURS�EHORZ���

,Q�WKH�HDUO\�GD\V�LQ�&KLQD��EHIRUH�WKH�JRYHUQPHQW�LPSRVHG�H[WUHPH�WUDYHO�

UHVWULFWLRQV�LQ�:XKDQ�DQG�QHDUE\�DUHDV��DQG�EHIRUH�HYHU\RQH�UHDOL]HG�

H[DFWO\�KRZ�EDG�WKH�HSLGHPLF�PLJKW�EH��WKH�5��ZDV�������DFFRUGLQJ�WR�D�

VWXG\�SXEOLVKHG�LQ�WKH�MRXUQDO�6FLHQFH��7KDW�LV�D�KLJKO\�FRQWDJLRXV�GLVHDVH�

%XW�RQ�-DQ������&KLQD�LPSRVHG�H[WUHPH�WUDYHO�UHVWULFWLRQV�DQG�VRRQ�SXW�

KXQGUHGV�RI�PLOOLRQV�RI�SHRSOH�LQWR�VRPH�IRUP�RI�ORFNGRZQ�DV�DXWKRULWLHV�

DJJUHVVLYHO\�OLPLWHG�VRFLDO�FRQWDFW��7KH�5��SOXPPHWHG�EHORZ����DQG�WKH�

HSLGHPLF�KDV�EHHQ�WKURWWOHG�LQ�&KLQD��DW�OHDVW�IRU�QRZ�



7KH�YLUXV�GRHV�KDYH�DQ�LQQDWH�LQIHFWLYLW\��EDVHG�RQ�KRZ�LW�ELQGV�WR�UHFHSWRUV�

LQ�FHOOV�LQ�WKH�UHVSLUDWRU\�WUDFW�DQG�WKHQ�WDNHV�RYHU�WKH�PDFKLQHU\�RI�WKRVH�

FHOOV�WR�PDNH�FRSLHV�RI�LWVHOI��%XW�LWV�DELOLW\�WR�VSUHDG�GHSHQGV�DOVR�RQ�WKH�
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1 . Main points

The provisional number of deaths registered in England and Wales in the week ending 27 March 2020 
(Week 13) was 11,141; this represents an increase of 496 deaths registered compared with the previous 
week (Week 12) and 1,011 more than the five-year average.

A total of 150,047 deaths were registered in England and Wales between 28 December 2019 and 27 
March 2020 (year to date), and of these, 647 involved the coronavirus (COVID-19) (0.4%); including deaths 
that occurred up to 27 March but were registered up to 1 April, the number involving COVID-19 was 1,639.

For deaths that occurred up to 27 March, there were 1,568 deaths in England registered by 1 April 
involving COVID-19 compared with 1,649 deaths reported by NHS England for the same period in a newly 
published dataset.

Of the deaths registered in Week 13, 539 mentioned "novel coronavirus (COVID-19)", which is 4.8% of all 
deaths; this compared with 103 (1.0% of all deaths) in Week 12.

This is slightly lower than the figures reported by the Department of Health and Social Care (DHSC) for 
Week 13 (739) as it takes time for deaths to be reported and included in Office for National Statistics 
(ONS) figures.

Of deaths involving COVID-19 in Week 13, 92.9% (501 deaths) occurred in hospital with the remainder 
occurring in hospices, care homes and private homes.

Please note, where Easter falls in previous years will have an impact on the five-year average used for 
comparison.

2 . Comparisons of COVID-19 death counts

The Department of Health and Social Care (DHSC) release daily updates on the GOV.UK website counting the 
total number of deaths reported to them that have occurred in hospitals among patients who have tested positive 
for the coronavirus (COVID-19) up until 5pm the day before.

Since 2 April, NHS England have been releasing daily updates of  among patients who have deaths in hospitals
tested positive for COVID-19 in England, which includes updates on previous days numbers.

The Office for National Statistics (ONS) provides figures based on all deaths registered involving COVID-19 
according to death certification, whether in or out of hospital settings. More information can be found in the 

 section.Measuring the Data

Using these three sources for England only, Figure 1 shows for each day:

the numbers of deaths involving COVID-19 that were announced each day by DHSC

the numbers of deaths that occurred each day, as released by NHS England (the same data as DHSC 
announce, but counted by date of death)

the numbers of deaths that occurred each day for those that were registered by and informed to the ONS 
by 1 April

At the time of publication, further work is in progress across government to reconcile all sources of COVID-19 
deaths data. We will be reviewing the comparisons section in light of these developments in the coming weeks.
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Figure 1: The cumulative number of deaths involving COVID-19 in England using different data sources, 
up to 27 March 2020

Cumulative number of deaths involving COVID-19 in England

Source: Department of Health and Social Care, NHS England, Office for National Statistics

Notes:

DHSC figures.

NHS England figures.

Figures include deaths of non-residents.

Estimates are provisional.

The ICD-10 definitions for COVID-19 are U07.1 and U07.2.

Figure 1 shows that on 27 March, the DHSC reported 926 total deaths had taken place in hospitals in England 
(deaths by 5pm on the 27 March as announced on the 28 March). NHS England’s reconciled figures now report 
1,649 deaths in hospitals by the same date (published on 5 April). The number of deaths registered by 1 April 
involving COVID-19, by the same date of death, was 1,568 occurring both within and outside of hospitals. This is 
more than double that published by the DHSC but slightly lower than NHS England’s latest reconciled figures. 
This is because of the time taken for deaths to be registered.

We have undertaken some preliminary analysis to understand how many deaths registered in England and Wales 
so far have taken place outside of hospital settings. The analysis shows that of deaths involving COVID-19 in 
Week 13, 92.9% (501 deaths) occurred in hospital with the remainder occurring in hospices, care homes and 
private homes.
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Table 1: The majority of COVID-19 deaths occurred within hospitals 
England and Wales

Number of deaths Number of COVID-19 deaths

Home 2,785 15

Hospitals (acute or community not 
psychiatric)

5,105 501

Hospice 504 2

Care Home 2,489 20

Other communal establishments 33 0

Elsewhere 225 1

Total 11,141 539

Source: Office for National Statistics – Deaths registered weekly in England and Wales, provisional: week ending 
27 March 2020

Notes

For all deaths registered from 20 to 27 March 2020. Back to table

Figures include deaths of non-residents. Back to table

Estimates are provisional. Back to table

The International Classification of Diseases and Related Health Problems (ICD-10) definitions for COVID-
19 are U07.1 and U07.2. Back to table

The figures published on GOV.UK are valuable because they are available very quickly and give an indication of 
what is happening day by day. Their definition is also clear, so the limitations of the data can be understood. But 
they will not necessarily include all deaths involving COVID-19, such as those in England that are not in a 
hospital or where no test result was available. Although the main GOV.UK figure reported is for the whole UK, 
breakdowns by area are available.

NHS England’s reconciled numbers are valuable as they give a good indication of the lags in the daily deaths in 
hospital reporting process. They allow analysis by date of death to be carried out, which is a better indicator of 
the growth in the number of deaths.

Numbers produced by the ONS take longer to prepare because they have to be certified by a doctor, registered 
and processed. But once ready, they are the most accurate and complete information. The ONS provides figures 
based on deaths registered in England and Wales with COVID-19 (more information can be found in the 

).Measuring the data section

Comparisons of data sources at the England and Wales level are available in the .accompanying datasets
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3 . Deaths registered by week

Figure 2: The number of deaths involving COVID-19 and "Influenza and Pneumonia" increased compared 
with the previous week

Number of deaths registered by week, England and Wales, 28 December 2019 to 27 March 2020

Source: Office for National Statistics – Death registrations

Notes:

Figures include deaths of non-residents.

Based on date a death was registered rather than occurred.

Estimates for 2020 are provisional.

The ICD-10 definitions are as follows: COVID-19 (U07.1 and U07.2), Influenza and Pneumonia (J09-J18).

A death can be registered with both COVID-19 and Influenza and Pneumonia mentioned on the death 
certificate, therefore a death may be counted in both categories.

The provisional number of deaths registered in England and Wales in Week 13 (week ending 27 March 2020) 
increased from 10,645 in Week 12 (week ending 20 March 2020) to 11,141. This is 1,011 more deaths than the 
five-year average of 10,130.
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The number of death registrations involving coronavirus (COVID-19) increased from 103 in Week 12 to 539 in 
Week 13. Including deaths that occurred in Week 13 but were registered up to 1 April, the number involving 
COVID-19 was 1,268 (this is not shown in Figure 2).

The number of deaths mentioning “Influenza or pneumonia” on the death certificate increased from 1,841 in 
Week 12 to 2,090 in Week 13.

In Week 13, 18.8% of all deaths mentioned “Influenza or Pneumonia”, COVID-19, or both. In comparison, for the 
five-year average, 19.6% of deaths mentioned “Influenza and Pneumonia”. “Influenza and Pneumonia” has been 
included for comparison, as a well-understood cause of death involving respiratory infection that is likely to have 
somewhat similar risk factors to COVID-19.

4 . Deaths registered by age group

Figure 3: Deaths involving COVID-19 were registered in all age groups apart from those 
aged under 15 years

Deaths by age group, England and Wales, week ending 27 March 2020

Download the data

In Week 13 (week ending 27 March 2020), there were no deaths registered involving the coronavirus (COVID-19) 
in the two youngest age groups (that is, those aged 1 year or under and those aged 1 to 14 years). There were 
99 deaths among those aged 65 to 74 years, which was 5.5% of deaths of that age group, the highest proportion. 
The highest number of deaths in a specific age group occurred in those aged 85 years and over, with 188 deaths 
(4.2% of deaths in this age group).

5 . Deaths by region

Figure 4: The highest number of deaths involving COVID-19 was recorded in London, while 
the lowest number was in the East and Yorkshire and The Humber

Deaths by regions in England and Wales, week ending 27 March 2020

Download the data

In Week 13 (week ending 27 March 2020), there were 12 deaths involving coronavirus (COVID-19) registered in 
both the East of England region and Yorkshire and The Humber region. The region with the largest number and 
proportion of deaths involving COVID-19 was London with 237 deaths; 18.3% of all London deaths.
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6 . Deaths registered in the year-to-date, Week 1 to 13

Figure 5: The number of deaths in the year-to-date was lower than the five-year average

Year-to-date analysis for deaths registered in England and Wales, 2020

Source: Office for National Statistics – Death registrations

Notes:

Figures include deaths of non-residents.

Based on date a death was registered rather than occurred.

Estimates for 2020 are provisional.

The ICD-10 definitions for COVID-19 are U07.1 and U07.2.

Individual weeks may not sum to the year-to-date analysis as previous weeks have been recalculated in 
order to have the most up-to-date estimates.

Looking at the year-to-date (using refreshed data to get the most accurate estimates), the number of deaths is 
currently lower than the five-year average. The current number of deaths is 150,047, which is 3,350 fewer than 
the five-year average. Of the deaths registered by 27 March 2020, 647 mentioned the coronavirus (COVID-19) on 
the death certificate; this is 0.4% of all deaths.
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Figure 6: The number of deaths involving COVID-19 for females was lower than males in all age groups

Year-to-date analysis for deaths registered involving COVID-19, by sex and age group, England and Wales, 2020

Source: Office for National Statistics – Death registrations

Notes:

Figures include deaths of non-residents.

Based on date a death was registered rather than occurred.

Estimates for 2020 are provisional.

The ICD-10 definitions for COVID-19 are U07.1 and U07.2.

Individual weeks may not sum to the year-to-date analysis as previous weeks have been recalculated in 
order to have the most up-to-date estimates.

In each age group there have been more deaths involving COVID-19 in males than in females. The largest 
difference was in age group 75 to 84 years where there were 138 deaths involving COVID-19 in males and 77 in 
females.
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7 . Deaths data

Deaths registered weekly in England and Wales, provisional  
Dataset | Released 7 April 2020 
Provisional counts of the number of deaths registered in England and Wales, by age, sex and region, in the 
latest weeks for which data are available. Includes data on the coronavirus (COVID-19) deaths.

8 . Glossary

Coronavirus (COVID-19) deaths

Coronavirus (COVID-19) deaths are those deaths registered in England and Wales in the stated week where 
COVID-19 was mentioned on the death certificate as “deaths involving COVID-19”. A doctor can certify the 
involvement of COVID-19 based on symptoms and clinical findings – a positive test result is not required.

9 . Measuring the data

More quality and methodology information on strengths, limitations, appropriate uses, and how the data were 
created is available in the .Mortality statistics in England and Wales QMI

To meet user needs, we publish very timely but provisional counts of death registrations in England and Wales in 
our  dataset. These are presented by sex, age group Deaths registered weekly in England and Wales, provisional
and regions (within England) as well as for Wales as a whole. To allow time for registration and processing, these 
figures are published 11 days after the week ends. Because of the rapidly changing situation, in this bulletin we 
have also given provisional updated totals based on the latest available death registrations, up to 1 April 2020.

Because of the coronavirus (COVID-19) pandemic, our regular weekly deaths release now provides a separate 
breakdown of the numbers of deaths involving COVID-19: that is, where COVID-19 or suspected COVID-19 was 
mentioned anywhere on the death certificate, including in combination with other health conditions. If a death 
certificate mentions COVID-19 it will not always be the main cause of death, but may be a contributory factor. 
This new bulletin summarises the latest weekly information and will be updated each week during the pandemic.

These figures are different from the daily surveillance figures on COVID-19 deaths published by the Department 
of Health and Social Care (DHSC) on the  website, for the UK as a whole and constituent countries. GOV.UK
Figures in this report are derived from the formal process of death registration and may include cases where the 
doctor completing the death certificate diagnosed possible cases of COVID-19, for example, where this was 
based on relevant symptoms but no test for the virus was conducted. Our figures also include any deaths that 
occur outside hospital.

In contrast to the GOV.UK figures, we include only deaths registered in England and Wales, which is the legal 
remit of the Office for National Statistics (ONS). Table 1 provides an overview of the differences in definitions 
between sources.
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Table 2: Definitions of COVID-19 deaths between different sources

DHSC COVID-19 (as 
published on Gov.uk)

ONS COVID-19 deaths 
registered

ONS COVID-19 death 
occurrence (actual date of 
death)

Coverage

UK (however we only include 
England and Wales 
breakdowns for comparable 
coverage to ONS data)

Registrations in England & 
Wales

In discussions with devolved 
nations to create UK 
estimates in the near future

Registrations in England & 
Wales

In discussions with devolved 
nations to create UK 
estimates in the near future

Inclusion

Deaths in hospitals Any place of death, including 
Nursing homes

Any place of death, including 
Nursing homes

Deaths where patient has been 
tested for COVID-19

Deaths where COVID-19 has 
been mentioned on the death 
certificate

Deaths where COVID-19 has 
been mentioned on the death 
certificate

Timeliness

Provided daily but not officially 
registered. Data is provided to 
NHS-E directly by hospitals.

Weekly registrations are 11 
days behind due to the time 
taken to register, process and 
publish.

Weekly registrations are 11 
days behind due to the time 
taken to register, process and 
publish.

Data only published once 
confirmed family have been 
notified of death

Registered in the week 
ending the 20th March (week 
12)

Deaths which occurred in 
week 12 but were registered 
up to 26 March

Source: Office for National Statistics

We will publish accompanying articles periodically, giving enhanced information such as age-standardised and 
age-specific mortality rates for recent time periods and breakdowns of deaths involving COVID-19 by associated 
pre-existing health conditions.

There is usually a delay of at least five days between occurrence and registration. More information on this issue 
can be found in our .impact of registration delays release

Our  provides further information on data quality, legislation and procedures User guide to mortality statistics
relating to mortality and includes a .glossary of terms

10 . Strengths and limitations

Figures are based on the date the death was registered, not when it occurred. There is usually a delay of at least 
five days between occurrence and registration. More information on this issue can be found in our impact of 

.registration delays release
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11 . Related links

Deaths registered in England and Wales: 2018 
Bulletin | Released 6 August 2019 
Registered deaths by age, sex, selected underlying causes of death and the leading causes of death. 
Contains death rates and death registrations by area of residence and single year of age.

Coronavirus (COVID-19) product page 
Product page | Updated when new data are available 
Brings together the latest data and analysis on the coronavirus (COVID-19) pandemic in the UK and its 
effect on the economy and society.
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Summary
Background Many countries, including India, seek locally constructed disease burden estimates comprising mortality 
and loss of health to aid priority setting for the prevention and treatment of diseases. We created the National Burden 
Estimates (NBE) to provide transparent and understandable disease burdens at the national and subnational levels, 
and to identify gaps in knowledge.

Methods To calculate the NBE for India, we combined 2017 UN death totals with national and subnational mortality 
rates for 2010–17 and causes of death from 211 166 verbal autopsy interviews in the Indian Million Death Study for 
2010–14. We calculated years of life lost (YLLs) and years lived with disability (YLDs) for 2017 using published 
YLD–YLL ratios from WHO Global Health Estimates. We grouped causes of death into 45 groups, including ill-
defined deaths, and summed YLLs and YLDs to calculate disability-adjusted life-years (DALYs) for these causes in 
eight age groups covering rural and urban areas and 21 major states of India.

Findings In 2017, there were about 9·7 million deaths and 486 million DALYs in India. About three quarters of deaths 
and DALYs occurred in rural areas. More than a third of national DALYs arose from communicable, maternal, perinatal, 
and nutritional disorders. DALY rates in rural areas were at least twice those of urban areas for perinatal and nutritional 
conditions, chronic respiratory diseases, diarrhoea, and fever of unknown origin. DALY rates for ischaemic heart 
disease were greater in urban areas. Injuries caused 11·4% of DALYs nationally. The top 15 conditions that accounted 
for the most DALYs were mostly those causing mortality (ischaemic heart disease, perinatal conditions, chronic 
respiratory diseases, diarrhoea, respiratory infections, cancer, stroke, road traffic accidents, tuberculosis, and liver and 
alcohol-related conditions), with disability mostly due to a few conditions (nutritional deficiencies, neuropsychiatric 
conditions, vision and other sensory loss, musculoskeletal disorders, and genitourinary diseases). Every condition that 
was common in one part of India was uncommon elsewhere, suggesting state-specific priorities for disease control.

Interpretation The NBE method quantifies disease burden using transparent, intuitive, and reproducible methods. It 
provides a simple, locally operable tool to aid policy makers in priority setting in India and other low-income and 
middle-income countries. The NBE underlines the need for many more countries to collect nationally representative 
cause of death data, paired with focused surveys of disability.

Funding Ministry of Health and Family Welfare, Government of India.

Copyright © 2019 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
In 1993, the World Bank proposed using burden of disease 
estimation paired with cost-effectiveness and economic 
analyses as quantitative tools to set priorities for disease 
control.1 The Bank’s measure of the global burden of 
disease drew upon three inputs: earlier work at WHO 
on consistent estimates of death by cause worldwide,2 
methodologies developed in the 1970s to combine fatal and 
non-fatal health events3—now known as disability-adjusted 
life-years (DALYs)—and an illustra tion of national burden 
in Ghana that combined non-fatal out comes with cause 
of death estimates.4,5 Many governments, especially of 
low-income and middle-income countries (LMICs), now 
conduct local cost-effectiveness studies.5 By contrast, most 

LMICs lack nationally representative mortality data, and 
hence most burden of disease estimates are done by the 
Global Burden of Diseases, Injuries, and Risk Factors 
Study (GBD) secretariat in Seattle, USA.5,6

GBD is an important advance by ensuring consistent 
estimates of the global numbers of death by cause, and 
attempting to combine death and disability into a single 
metric.1,6 At the national level, GBD estimates for LMICs 
of death by cause rely primarily on econometric models. 
Where no consistent and reliable national cause of death 
data are available, GBD or similar might be the only 
choice.5,7,8 Where such data are available, however, they can 
be used for independent and locally relevant estimates, 
based on actual deaths. Here, we report a simple method 
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to create a measure called National Burden Estimates 
(NBE), which combines nationally representative cause of 
death data from the Million Death Study (MDS) with UN 
demographic totals and WHO estimates of deaths and 
disability.9,10 We provide details on the methodology to 
encourage replication in other LMICs.

About a fifth of all deaths worldwide occur in India.10,11 
The NBE was created in response to a request from 
India’s Ministry of Health and Family Welfare to the 
Indian Council of Medical Research (ICMR) to provide 
transparent and understandable disease burdens at the 
national and subnational levels, and to identify gaps in 
knowledge, particularly from disability.12

Methods
Data sources
To calculate our estimates, we used national-level 
population and mortality data for 2017 from the UN 
Population Division11 and state-level population and 
mortality data for 2010–17 from the Registrar General of 
India’s Sample Registration System,13,14 a continuous 
demographic surveillance system that reports state-level 
vital rates every year. For cause of death data, we used 
2010–14 data from the MDS,14 to which we applied the 
classifications of specific disease groups used in the WHO 
Global Health Estimates (GHE) for 2016.10 We drew on the 
average of 2010–14 deaths, which are the latest available, 
for stability across age groups and cause of death 
categories.

Full details, including data limitations, of the UN 
demographic data, the Sample Registration System 

vital rates, and the WHO GHE have been published 
elsewhere.9–11,13 The methods, strengths, and limitations 
of the MDS and key results for various diseases have 
also been extensively reviewed and published.14–17 Briefly, 
in collaboration with the Registrar General of India, 
the MDS monitored approximately 14 million people in 
2·4 million nationally representative households in India 
from 1998 to 2014.18 About 900 non-medical surveyors 
recorded the details of each death that occurred in these 
households during the preceding 6 months using a 
well validated verbal autopsy instrument, which is based 
on the 2012 WHO instrument and includes a half-
page local language narrative. Each record is converted 
to an electron  ic form and randomly assigned to two of 
400 trained physicians, who assign a cause according to 
the International Classification of Diseases, 10th revision 
(ICD-10). Disagreements in assignment undergo anonym-
ous reconciliation, and persisting differences undergo 
adjudication by a third physician.

Subnational analyses focused on the 21 major states of 
India, comprising the 20 most populous states as defined 
by the Registrar General of India plus seven northeastern 
states which we grouped as one state.14 We included the 
recently created state of Telagana within Andhra Pradesh. 
These 21 states were home to more than 99% of India’s 
total population in 2017.

Causes of death
We grouped ICD-10 codes into 44 overarching categories 
(appendix pp 5–7), informed by public health goals, in 
consultation with ICMR’s Burden of Disease Technical 

Research in context

Evidence before this study
We searched MEDLINE, Popline, CABI Global Health, and 
websites of WHO and the Global Burden of Diseases, Injuries, 
and Risk Factors Study (GBD) using the terms “burden of 
disease”, “DALY”, “India”, and “causes of death” for national 
studies in people of all ages in India, from Jan 1, 2010, to 
March 1, 2019, with no language restrictions. From 795 articles 
screened, we found that GBD and WHO published modelled 
annual national estimates of disability-adjusted life-years 
(DALYs) for more than five diseases in 2013, 2015, 2016, and 
2017. Ischaemic heart disease was consistently the leading 
cause of DALYs in GBD estimates, but the rank of other causes 
varied by year. It was difficult to separate changes in model 
specifications from changes in actual disease burdens. We were 
unable to reproduce the GBD method for burdens in India.

Added value of this study
We have developed and implemented an indigenous, simple, 
and intuitive method to calculate deaths and disability at 
national and state levels in India. The National Burden 
Estimates (NBE) establishes the plausible distribution of the 
major causes of death and disability across the major states of 
India. In 2017, there were about 9·7 million deaths and 

486 million DALYs in India. Non-communicable diseases 
comprised 46·6% of national DALYs, but a notably higher 
55·0% in urban areas. Injuries comprised 11·4% of DALYs. 
The conditions that accounted for the top 15 DALYs were led 
mainly by deaths in childhood and early adulthood. Together, 
these conditions accounted more than 70% of total 
DALYs—a proportion consistent with WHO and GBD results. 
The remarkable variation in years of life lost across India 
suggests that diseases common in one part of the country are 
relatively uncommon elsewhere, for reasons that are not well 
understood. Five conditions comprise much of the uncertainty 
in years lived with disability, and should be the focus of future 
research to derive better disability estimates. The NBE and GBD 
results for years of live lost and overall DALYs were moderately 
comparable, and the gaps identified in disability should help to 
improve future modelling and inform direct surveys of the 
major conditions causing disability.

Implications of all the available evidence
Much of Indian disease burden is avoidable. The NBE method is 
simple, locally operable, and widely replicable within India and 
in many other low-income and middle-income countries to 
track progress in human health.

See Online for appendix
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Advisory Group.12 These 44 categories were further 
grouped into three main disease categories: communicable, 
mater nal, perinatal, and nutritional diseases (13 causes); 
non-communicable diseases (NCDs; 24 causes); and 
injuries (seven causes). We retained ill-defined deaths as 
an additional category. By contrast, the GBD reassigns ill-
defined deaths using unpublished algorithms whereas the 
GHE redistributes them to a published list of other specific 
causes.6,9,10 Ill-defined deaths are a check on the quality of a 
cause of death system, with generally low levels before old 
age in the MDS.15

The NBE method
Calculation of the NBE involves seven steps (figure 1). 
First, we obtained UN age-specific and sex-specific 
country population and death counts for 2017 and 
deaths and population by state and for rural and urban 
strata for 2010–17. Second, we summed the subnational 
deaths and adjusted these (usually upwards by small 
amounts) to match the UN national total for each age 
and sex stratum.

In the third step, we applied the cause of death 
proportions from the MDS for 2010–14,14 weighted by 
the sampling probability for rural and urban strata for 
each state, to these adjusted death totals to obtain age-
specific and sex-specific numbers of deaths for each 
cause. We aggregated the death and population totals 
into eight age groups: 0–4 years, 5–14 years, 15–29 years, 
30–49 years, 50–59 years, 60–69 years, 70–79 years, 
and 80 years or older. Fourth, we mapped the MDS 
classification of ICD-10 codes to the WHO GHE 
classification for India (appendix pp 5–7).10 For each 
condition in the GHE, we derived the years lived with 
disability (YLDs) and years of life lost (YLLs) and 
calculated the YLD–YLL ratio for the specified age 
groups (appendix p 8). The GHE assigns no deaths to 
major depression; hence, to calculate YLDs for 
depression, we applied the GHE proportion of YLDs 
due to depression to the estimated overall YLDs from 
neuropsychiatric conditions.

Fifth, we calculated the median age at death for each 
cause from the MDS, subtracted this from the WHO 
standard life expectancy of 92 years, and multiplied this 
by the number of deaths from step 3 to obtain YLLs. 
Thus, the YLLs for cause i for age group j are given by

Sixth, we multiplied the YLLs by the GHE YLD–YLL 
ratios from step 4 to obtain YLDs. The final step summed 
YLLs and YLDs to obtain DALYs for each cause by age and 
sex. A worked example of the calculations for respiratory 
infection deaths at ages 5–14 years is shown in the 
appendix (p 4).

For subnational (rural or urban and state-specific) 
estimates, we used the same method, applying the national 

median age of deaths and 684 age-specific and sex-specific 
YLD–YLL ratios. We summed state-level vital rates to 
national totals in step 2, and applied the state-specific 
proportion of deaths in step 3. We compared state variation 
in DALY, YLL, and YLD rates after standardising for age 
using the World Standard Population 2000–25.19

Statistical analysis
We applied chance-corrected mortality fraction accuracy 
to calculate the population-level concordance between 
the NBE and GBD, taking into account chance 
agreement.20 100% concordance would mean identical 
cause of death distribution in the two comparisons. The 
major source of uncertainty in the NBE does not arise 
from random errors: the sample size for the MDS is very 
large and completeness of the sources of vital rates is 
high, as evaluated independently by the UN.13,14,21 Rather, 
uncertainty arises mostly from the misclassification of 
causes of death. The appendix (p 114) presents the 
uncertainty bounds based on dual or single physician 
agreement on the underlying cause of death. We used 
Stata version 15.1 for statistical analyses. The ICMR has 
developed a user-friendly estimation and visualisation 
tool. The Stata code and tools are available on written 
request to the first author.

Role of the funding source
The sponsors of the study had no role in the study 
design, data collection, or data interpretation. The 
corresponding authors had full access to the study data 
and had final responsibility for the decision to submit 
for publication.

Figure 1: Summary of the steps in the National Burden Estimates of combined death and disability
The orange tinted box (ie, step 3) indicates the required input dataset on country-specific causes of death. All other 
steps use publicly accessible datasets from the UN Population Division11 or the WHO Global Health Estimates.10 
MDS=Million Death Study. YLD=year lived with disability. YLL=year of life lost. DALY=disability-adjusted life-year.
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1. Obtain age-specific and 
sex-specific country population 
and death counts for 2017 
from the UN World Population
Prospects 2018

2. Apply age composition for 
population and deaths from 
census and vital statistics 
reports (2010–17) to obtain 
national and state population 
and deaths, summed to match
2017 UN country totals

5. Subtract the median age at 
death from 92 years to obtain 
average YLLs per death, and
multiply by number of deaths 
to obtain YLLs

6. Multiply the YLD–YLL ratio 
with YLLs to obtain YLDs

7. Sum YLLs and YLDs to obtain 
DALYs

3. Apply cause-specific
proportion of deaths by age 
and sex for the national and 
state levels from the MDS 
(2010–14)

4. Map the MDS causes of 
death to the WHO Global 
Health Estimates causes of 
death to calculate the YLD–YLL
ratios for each cause of
death

YLLsi,j =(92 – median age at deathi,j) 
                           × adjusted UN deathsi,j
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Results
We analysed 211 166 deaths from 2010 to 2014 in the MDS 
covering the whole of India (table). The full results for 
deaths, DALYs, YLLs, and YLDs by sex and age for each 
major state, and for rural and urban areas nationally, are 
provided in the appendix (pp 9–112). For ease of 
understanding, we present these results in formats 
identical to WHO GHE tables, the only difference being 
the number of causes (45 major causes in NBE vs 
136 major or subcauses in the GHE).

In 2017, India had about 9·7 million deaths and 
486 million DALYs, so the ratio of DALYs to deaths was 
about 50 to one (table). More than three quarters of 
deaths and DALYs occurred in rural areas, and males 
accounted for 54·3% of all DALYs. At all ages, the DALY 
rate per 100 000 population was 36 300, but rates were 
higher among rural residents and among males (table). 
DALY rates in rural areas were at least twice those of 
urban areas for perinatal and nutritional conditions, 
chronic respiratory diseases, diarrhoea, and fever of 
unknown origin. By contrast, DALY rates for ischaemic 
heart disease were considerably greater in urban areas 
(table). DALY rates showed a U-shaped relationship with 
age, starting high at ages 0–4 years, dropping to their 
lowest among children aged 5–14 years, and rising again 
to highest levels at 70–79 years. 35·7% of total national 
DALYs arose from communicable, maternal, perinatal, 
and nutritional causes, and this proportion was greater 
among females and rural residents (appendix pp 89–90). 
NCDs comprised 46·6% of DALYs overall, which 
increased to 55·0% in urban areas. Injuries comprised 
11·4% of DALYs. Ill-defined causes comprised 3·3% of 
all DALYs before age 70 years but a higher proportion 
(27·9%) above age 70 years (appendix pp 89, 113). NCD 
and injury DALY rates were higher in males than females 
(table).

The top 15 conditions that accounted for the most 
DALYs at all ages arose mostly from YLLs—namely, 
ischaemic heart disease (9·6% of all DALYs), perinatal 
conditions (8·5%), chronic respiratory diseases (5·7%), 
diarrhoea (4·7%), respiratory infections (4·5%), cancer 
(4·0%), stroke (3·6%), road traffic injuries (3·3%), 
tuberculosis (3·1%), and liver and alcohol-related 
conditions (3·0%). DALYs for five conditions arose mostly 
from YLDs as opposed to YLLs: neuropsychiatric 
conditions including epilepsy (6·2% of all DALYs), 
nutritional deficiencies (6·0%), vision and other sensory 
loss (4·5%), musculoskeletal disorders (2·7%), and 
genitourinary diseases excluding renal failure (0·8%).

More than 70% of DALYs at all ages resulted from YLLs 
(346 million of 486 million years; figure 2), with YLLs 
dominating DALYs among the communicable, perinatal, 
maternal, and nutritional disorders and among injuries. 
By contrast, YLDs constituted 86·8% of DALYs for 
nutritional deficiencies. YLLs also dominated most of the 
NCDs, including all cancers and vascular and respiratory 
diseases. Among the NCDs, YLDs contributed more than 
the YLLs for four conditions: genitourinary diseases 
(excluding renal failure), neuropsychiatric conditions 
(mostly major depression, but also including other 
psychiatric conditions and epilepsy), musculoskeletal 
disorders, and vision and other sensory loss. Collectively, 
these four NCDs plus nutritional deficiencies accounted 
for 62·8% of all YLDs and fewer than 18·1% of all DALYs 
(table; appendix p 65, 89).

YLLs continued to dominate DALYS when we restricted 
analyses to below age 70 years, and for ages 30–69 years 

Sex Location

Both Male Female Urban Rural

Population, millions 1339 694 645 418 921

Deaths, thousands 9652 5298 4354 2397 7255

DALYs at all ages, millions 486 264 222 114 372

DALYs at age <70 years, millions 427 234 193 99 328

MDS deaths, 2010–14 211 166 120 912 90 254 47 695 163 471

DALYs per 100 000 population*

By age, years

All ages 36 300 38 100 34 400 27 400 40 400

0–4 84 400 83 800 85 000 58 100 93 700

5–14 13 300 14 400 12 100 9300 14 800

15–29 17 400 16 800 18 100 16 100 18 100

30–49 27 900 31 000 24 600 20 400 31 900

50–59 52 200 59 200 44 900 36 800 60 600

60–69 85 000 94 000 76 000 66 800 92 500

70–79 127 600 137 900 118 400 109 700 135 100

≥80 112 900 120 400 106 800 99 600 118 600

By major cause groups

Communicable, maternal, perinatal, 
and nutritional

13 000 12 900 13 000 7600 15 400

Non-communicable 16 900 18 000 15 800 15 100 17 800

Injuries 4100 5100 3100 3100 4600

Ill-defined at age <70 years 1100 1000 1200 800 1200

By top 15 causes of DALYs

Ischaemic heart disease 3500 4300 2500 4000 3200

Perinatal conditions 3100 3200 3000 1800 3700

Nutritional deficiencies 2200 2200 2200 1200 2600

Chronic respiratory diseases 2100 2300 1800 1200 2500

Neuropsychiatric conditions 2000 1800 2300 1500 2300

Diarrhoea 1700 1600 1800 900 2100

Vision and other sensory loss 1600 1500 1900 1300 1800

Respiratory infections 1600 1600 1600 1000 1900

Cancers 1400 1400 1500 1300 1500

Stroke 1300 1400 1200 1100 1400

Road traffic accidents 1200 1900 400 1100 1200

Tuberculosis 1100 1500 800 700 1300

Liver and alcohol-related conditions 1100 1500 600 1000 1100

Musculoskeletal disorders 1000 800 1200 1000 1000

Fever of unknown origin 900 800 1000 500 1100

DALYs=disability-adjusted life-years. MDS=Million Death Study. *Rounded to nearest 100. Totals might not sum due 
to rounding.

Table: Burden of disease in India due to major causes in different age groups, by sex and location, 2017
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(corresponding to the ages for the UN Sustainable 
Development Goals for NCDs; appendix p 117), and ages 
15–59 years (corresponding to the ages in the current 
World Bank Human Capital Index;22 appendix p 118).

We observed a clear geographical distribution across 
states of YLLs and YLDs (appendix pp 11–14). We pre-
sent differences in the age-standardised YLL rates per 
100 000 population across the major states for selected 
causes that showed marked variation across states 
(figures 3, 4); we included smaller states and Union 
Territories in separate analyses of all remaining states 
(appendix pp 89–112). We defined the levels of each of the 
chosen diseases separately to highlight differences. Each 
is shown in descending order of YLL rates. Nearly every 
condition that is common in one state was far less 
common in another state, and hence must be mostly 
avoidable.

Among the infectious diseases, tuberculosis YLL rates 
were much higher in the north, particularly in Uttar 
Pradesh and Rajasthan, than in southern India (figure 3). 
Respiratory infection YLL rates were high in the northern 
and northeastern states. By contrast, diarrhoea YLL rates 
showed an east–west gradient, being much higher 
in Odisha, Jharkhand, Bihar, and Uttar Pradesh, and 
comparatively lower in western India. The high-burden 
states accounted for 52% of the absolute national total 
YLLs for tuberculosis, 41% for respiratory infections, 
and 15% for diarrhoea (figure 3).

Among NCDs, cancer YLLs were particularly high 
in northeastern states, Uttar Pradesh, Rajasthan, West 
Bengal, Haryana, Assam, Gujarat and Madhya Pradesh, 
and in the southern states of Kerala and Karnataka 
(figure 4), but the YLLs from specific causes of cancer 
varied even within those states with high cancer burden;12 
these high-burden states accounted for 44% of national 
YLLs from cancer. Chronic respiratory YLL rates were 
high in Rajasthan and Uttar Pradesh, accounting together 
for 7% of national YLL totals. Liver and alcohol-related 
YLL rates were high in the northeastern states, Assam, 
Bihar, Karnataka, and Maharashtra, accounting for 18% of 
national YLLs. Suicide YLL rates were highest in the 
southern states, accounting for 15% of national totals.23 
Road traffic injuries were high in the northern states 
of Uttar Pradesh, Punjab, Uttarakhand, Haryana and 
Himachel Pradesh, accounting for 33% of national totals. 
Drowning YLL rates were highest in the central states of 
Madhya Pradesh and Chhattisgarh and in Assam in the 
northeast, accounting for 11% of national totals.

GBD estimates, which we derived from GBD data,6 and 
NBE DALY results correlated moderately (figure 5). 
Compared with the NBE, GBD underestimated absolute 
totals of nutritional conditions for males, overestimated 
most NCDs for both sexes, and, surprisingly, under-
estimated road traffic injury deaths among males. There 
were differences in both directions for specific conditions, 
with some overestimates and some underestimates when 
comparing NBE and GBD estimates. The contribution of 

YLDs to overall DALYs in the NBE is similar to that in the 
GHE and GBD, at around 30% (appendix p 116). The 
most notable discrepancies between NBE, GHE, and 
GBD were for YLDs for just a few conditions (appendix 
pp 115–116).

There is no reference standard for disability, only the 
modelled estimates from the GBD, which WHO also 
uses.24 We examined our NBE estimates of major 
depression, which causes much disability but little 
mortality. At ages 30–59 years, major depression caused 
4·1 million YLDs, approximately 40% of all YLDs 
attributable to neuropsychiatric conditions. Based on 
GBD median disability weights,24 this would constitute 
about 10 million people in India with prevalent 
depression. This prevalence is close to the estimate of 
13 million adults of these ages reporting major depression 
in a recent multistate survey of mental health.25

If we take NBE to be the comparison standard, 
the GBD yields similar YLD rates for vision loss, under-
estimates YLD rates for nutritional and other genitourinary 
diseases, and over estimates YLD rates for neuro psychiatric 
conditions and musculoskeletal disorders. Had we 
substituted our NBE rates with the GBD rates, then the 
total from these conditions would have been 96 million 
YLDs versus 87 million YLDs in the NBE. This change 
would add less than 2% to total DALYs.

Figure 2: Contribution of YLLs and YLDs for selected major causes of death in India at all ages, 2017
Sexually transmitted infections, selected vaccine-preventable diseases, maternal conditions, epilepsy, rheumatic 
heart diseases, gastro-oesophageal diseases, and interpersonal violence resulted in a total of 181 000 deaths, 
with total DALYs comprised of 81% YLLs and 19% YLDs. YLLs=years of life lost. YLDs=years lived with disability. 
DALY=disability-adjusted life-year. *Digestive excludes gastro-oesophageal diseases and liver and alcohol-related 
conditions.
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Discussion
We have developed and implemented an indigenous, 
transparent, and reproducible method to calculate deaths 
and disability at national and state levels in India, using a 

combination of the UN mortality totals for India,11 
disability–mortality ratios published by WHO for many 
years,10 and, most importantly, nationally representative 
cause of death data from the MDS.14–18 The NBE establishes 
the plausible distribution of the major causes of death and 
disability across the major states of India, showing that 
the largest burdens of disease occur in rural areas, 
especially from communicable, maternal, perinatal, and 
nutritional causes, and a large burden of NCDs exists in 
urban areas. Importantly, premature deaths, expressed as 
YLLs, account for more than 70% of the total DALYs.

The MDS mortality data have been incorporated 
recently into GBD analyses, but GBD data and the 
modelling techniques are not in the public domain and 
hence have not been reproduced in other studies. 
Unsurprisingly, this has led to discrepant results between 
GBD and country-led estimates, even for high-income 
countries with complete mortality data.26–28 In India, for 
example, the availability of MDS data from 2001 onwards 
should have decreased GBD’s reliance on modelled 
inputs. However, it is not possible to determine how 
these data were used because changes in model 
specifications and variable data inputs are not public,7,9,29 
leading to an inability to understand trends or to compare 
them with estimates using other methods, such as NBE. 
For example, in the GBD estimates for India, premature 
birth ranked as the second leading cause of death at all 
ages in 2015 but seventh in 2016 and fifth in 2017.6 

The NBE method avoids so-called black boxes of 
complex econometric models that have uncertain 
validity,7 even for countries with high-quality mortality 
data.27,28 The NBE will allow the Indian Government to 
reliably monitor progress in the major states, including 
the impact on mortality of the new Ayushman Bharat 
national health insurance programme intended to cover 
about 500 million Indians.30

We observed remarkable variation in YLLs across India, 
showing that each disease that is common in one part of 
the country is relatively uncommon elsewhere. This disease 
variation contributes particularly to marked differences in 
adult mortality, where differences in life expectancy 
between districts can exceed a full decade.31 This variation 
in disease rates across India indicates the existence of 
differences in underlying social, behavioural, or biological 
risk factors, suggesting important avoidable causes that 
await discovery. Much more remains to be understood 
about the novel genomic, proteomic, and other biochemical 

Figure 3: Variation in YLLs using age-standardised rates for selected 
communicable causes of death across the major states of India, 2017
Northeastern states include Tripura, Meghalaya, Manipur, Nagaland, Arunachal 
Pradesh, Mizoram, and Sikkim. YLLs=years of life lost. AP=Andhra Pradesh. 
AS=Assam. BR=Bihar. CG=Chhattisgarh. DL=Delhi. GJ=Gujarat. HP=Himachal 
Pradesh. HR=Haryana. JH=Jharkhand. JK=Jammu and Kashmir. KA=Karnataka. 
KL=Kerala. MH=Maharashtra. MP=Madhya Pradesh. OD=Odisha. PB=Punjab. 
RJ=Rajasthan. TN=Tamil Nadu. UK=Uttarakhand. UP=Uttar Pradesh. WB=West 
Bengal.
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Figure 4: Variation in YLLs 
using age-standardised rates 
for selected 
non-communicable diseases 
and injuries across the major 
states of India, 2017
Northeastern states include 
Tripura, Meghalaya, Manipur, 
Nagaland, Arunachal Pradesh, 
Mizoram, and Sikkim. 
YLLs=years of life lost. 
AP=Andhra Pradesh. 
AS=Assam. BR=Bihar. 
CG=Chhattisgarh. DL=Delhi. 
GJ=Gujarat. HP=Himachal 
Pradesh. HR=Haryana. 
JH=Jharkhand. JK=Jammu and 
Kashmir. KA=Karnataka. 
KL=Kerala. MH=Maharashtra. 
MP=Madhya Pradesh. 
OD=Odisha. PB=Punjab. 
RJ=Rajasthan. TN=Tamil Nadu. 
UK=Uttarakhand. UP=Uttar 
Pradesh. WB=West Bengal.
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correlates of respiratory, intestinal, or other infections in 
general, and of the avoidable causes of chronic diseases 
such as cancer, heart attack, stroke, and respiratory disease 
that currently account for most of the adult mortality in 
India.31,32 Even for infections such as tuberculosis, there 
might be biological causes that make particular infections, 
or progression from infection to disease, more probable in 
some people. Variation in secondary treatment and in 
smoking has already been identified as one explanation for 
the rising rates over the last 15 years in ischaemic heart 
disease mortality in rural areas.33

YLLs alone can be a robust measure to monitor disease 
burden, particularly trends over time.34 Indeed, the 
inconsistent results between NBE and GBD for disability 
point to measurement error in disability. This error 
often exceeds any change in health outcomes that govern-
ments might want to monitor. For example, in seeking 
a 10% annual improvement in health outcomes 
in children, it is not possible to assess accurately the 
outcome of a child health programme if the measurement 
error exceeds 10%. As death is a discernible, objective 
outcome, focusing analyses of trends on mortality should 
reduce measurement error and allow reliable monitoring 
of the impact of disease control programmes.7 An 
argument can be made that rather than a composite 
metric such as DALYs, priority setting could focus on the 
major causes of mortality for children and adolescents 
(eg, age ≤19 years) and for adults in middle and older age, 
and separately consider the major causes of disability at 
all ages. This would have the specific benefit of tying 
better survey methods to each of these three outcomes.

Nonetheless, governments commonly demand some 
reasonable measurement of disability. Most of the GBD 
and GHE disability data use disability weights that relate 
a preference of disability relative to mortality, and then 
apply these to estimated incidence and duration for 
various diseases.24 These disability weights come from a 
multicountry (including India) but non-representative 
household survey that asked 18–65 year olds to self-report 
their health states.35 Aside from the obvious biases in 
self-reporting, there are other limitations to such 
weights.36 The YLDs in our analyses correlated poorly 
with those in the GBD. However, the uncertainties in 
disability probably had only a minor effect on overall 
DALY totals, rates, or the relative ranking of diseases. 
Verbal autopsies cannot capture all conditions, especially 
conditions leading mostly to disability.7,8 We identify five 
conditions that contributed the most to YLDs but to a 
relatively small proportion of DALYs: nutritional deficien-
cies, genitourinary diseases, neuropsychiatric conditions, 
musculoskeletal disorders, and vision and other sensory 
loss. Improved estimates of YLDs from major depression 
can use a recent multistate survey.25 Similar studies of 
the most common disabilities are lacking in India and 
most other countries.24 Ideally, nationally representative 
disability surveys should accompany expanded cause of 
death studies.

Figure 5: Comparison of the absolute total of DALYs in India in the GBD model-based estimates to the NBE by 
condition, 2017
To calculate concordance in cause of death distribution between NBE and GBD, we excluded the causes fever of 
unknown origin and ill-defined or cause unknown due to the lack of comparable categories between the NBE and 
GBD. DALYs=disability-adjusted life-years. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. 
NBE=National Burden Estimates. PC=population-level concordance. ARI=respiratory infections. DRH=diarrhoea. 
HEP=hepatitis. INF=other infectious and parasitic. MAL=malaria. MAT=maternal. MEN=meningitis and 
encephalitis. NUTR=nutritional deficiencies. PERI=perinatal conditions. STI=sexually transmitted infections. 
TB=tuberculosis. VPD=selected vaccine preventable. CAN=cancers. CON=congenital anomalies. CRD=chronic 
respiratory diseases. DIA=diabetes and other endocrine. DIG=digestive. EPI=epilepsy. GTO=gastro-oesophageal 
diseases. GTU=genitourinary diseases. IHD=ischaemic heart disease. L&A=liver and alcohol-related conditions. 
MSK=musculoskeletal disorders. NEU=neuropsychiatric conditions. REN=renal failure. RHD=rheumatic heart 
diseases. SENS=vision and other sensory loss. STR=stroke. DRO=drowning. FALL=falls. INJ=all other injuries. 
IPV=interpersonal violence. RTI=road traffic injuries. SUI=suicide. VEN=venomous deaths.
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Our results are subject to uncertainties in the key 
demographic inputs, such as the age-specific totals of 
deaths. The Indian census and Sample Registration 
System data provide a reasonably robust time series of 
death rates by age, sex, and location, and we grouped 
results for 5 years to reduce temporal fluctuations. We 
used 2010–14 cause of death rates, the latest available, 
applied to 2017 UN death totals, probably resulting 
in modest overestimates of the rapidly declining burden 
of some childhood and infectious conditions.17 Earlier 
evaluations of the MDS have shown high compar-
ability with relevant hospital or clinical data, strong 
reproducibility of the dual physician-coded verbal 
autopsies, and generally low rates of misclassification in 
children and young and middle-age adults.15,16,20 Moreover, 
the uncertainty in diagnosis on verbal autopsy is not likely 
to affect the relative ranking of diseases.

The NBE method is replicable in other LMICs, as well as 
in the districts of India. A benefit of the method is that it 
draws mostly on well established and respected WHO and 
UN demographic inputs, which are available widely.21 
Although GBD estimates for India have drawn on MDS 
data in recent years, this is not the case for many other 
countries as they do not have nationally representative 
cause of death data.7,29 Earlier assessments in Africa have 
found GBD results to be more plausible when local cause 
of death data were available.8 As an interim solution, 
LMICs without nationally representative cause of death 
data could use results from similar settings (such as 
Mozambique’s 2007 post-census mortality survey37 in 
Africa, or from the MDS in Asia). Another option is to use 
pooled regional cause of death data from the INDEPTH 
network, despite these not being nationally representative.8 
However, the main priority for countries is to implement 
nationwide representative mortality studies.7,16,29 Well 
validated cause of death data will decrease reliance on 
modelled data and improve burden estimates.38

Decentralised and improved burden estimates would 
complement the expanding use of local cost-effectiveness 
and poverty analyses.5 The NBE could help countries to 
address data and reporting needs relevant to the WHO 
and UN goals for universal health coverage. Countries 
require open-source, locally operable, transparent, and 
believable data paired with simple, transparent and 
reproducible tools to track progress towards the 2030 UN 
Sustainable Development Goals.1,29,39
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Covid-19: four fifths of cases are asymptomatic, China
figures indicate
Michael Day
London

New evidence has emerged from China indicating that the large
majority of coronavirus infections do not result in symptoms.
Chinese authorities began publishing daily figures on 1 April
on the number of new coronavirus cases that are asymptomatic,
with the first day’s figures suggesting that around four in five
coronavirus infections caused no illness. Many experts believe
that unnoticed, asymptomatic cases of coronavirus infection
could be an important source of contagion.
A total of 130 of 166 new infections (78%) identified in the 24
hours to the afternoon of Wednesday 1 April were
asymptomatic, said China’s National Health Commission. And
most of the 36 cases in which patients showed symptoms
involved arrivals from overseas, down from 48 the previous
day, the commission said.
China is rigorously testing arrivals from overseas for fear of
importing a fresh outbreak of covid-19.
Tom Jefferson, an epidemiologist and honorary research fellow
at the Centre for Evidence-Based Medicine at the University of
Oxford, said the findings were “very, very important.” He told
The BMJ, “The sample is small, and more data will become
available. Also, it’s not clear exactly how these cases were
identified. But let’s just say they are generalisable. And even if
they are 10% out, then this suggests the virus is everywhere.
If—and I stress, if—the results are representative, then we have
to ask, ‘What the hell are we locking down for?’”
Jefferson said that it was quite likely that the virus had been
circulating for longer than generally believed and that large
swathes of the population had already been exposed.
Users of Chinese social media have expressed fears that carriers
with no symptoms could be spreading the virus unknowingly,
especially now that infections have subsided and authorities
have eased curbs on travel for people in previous hotspots in
the epidemic.
Zhong Nanshan, a senior medical adviser to the Chinese
government, said that asymptomatic infections would not be
able to cause another major outbreak of covid-19 if such people
were kept in isolation. Officials have said this is usually for 14
days.

Nanshan said that once asymptomatic infected people were
identified, they and their contacts would be isolated and kept
under observation.
Citing classified data, the South China Morning Post said that
China had already found more than 43 000 cases of
asymptomatic infection through contact tracing.
The latest findings seem to contradict a World Health
Organization report in February that was based on covid-19 in
China. This suggested that “the proportion of truly asymptomatic
infections is unclear but appears to be relatively rare and does
not appear to be a major driver of transmission.”1

But since that WHO report other researchers, including Sergio
Romagnani, a professor of clinical immunology at the University
of Florence, have said they have evidence that most people
infected by the virus do not show symptoms. Romagnani led
the research that showed that blanket testing in a completely
isolated village of roughly 3000 people in northern Italy saw
the number of people with covid-19 symptoms fall by over 90%
within 10 days by isolating people who were symptomatic and
those who were asymptomatic.2

In an article on the website of the Centre for Evidence-Based
Medicine, Jefferson and Carl Heneghan, director of the centre
and editor of BMJ EBM, write, “There can be little doubt that
covid-19 may be far more widely distributed than some may
believe. Lockdown is going to bankrupt all of us and our
descendants and is unlikely at this point to slow or halt viral
circulation as the genie is out of the bottle.
“What the current situation boils down to is this: is economic
meltdown a price worth paying to halt or delay what is already
amongst us?”3

1 World Health Organization. Report of the WHO-China Joint Mission on coronavirus disease
2019 (COVID-19). 2020. https://www.who.int/docs/default-source/coronaviruse/who-china-
joint-mission-on-covid-19-final-report.pdf.

2 Day M. Covid-19: identifying and isolating asymptomatic people helped eliminate virus
in Italian village. BMJ 2020;368:m1165. 10.1136/bmj.m1165 32205334

3 Jefferson T, Hennegan C. Covid-19—The tipping point? Mar 2020. Centre for
Evidence-Based Medicine. Mar 2020. https://www.cebm.net/2020/03/covid-19-the-tipping-
point.
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BACKGROUND
Since December 2019, when coronavirus disease 2019 (Covid-19) emerged in Wuhan 
city and rapidly spread throughout China, data have been needed on the clinical 
characteristics of the affected patients.

METHODS
We extracted data regarding 1099 patients with laboratory-confirmed Covid-19 from 
552 hospitals in 30 provinces, autonomous regions, and municipalities in mainland 
China through January 29, 2020. The primary composite end point was admission 
to an intensive care unit (ICU), the use of mechanical ventilation, or death.

RESULTS
The median age of the patients was 47 years; 41.9% of the patients were female. 
The primary composite end point occurred in 67 patients (6.1%), including 5.0% 
who were admitted to the ICU, 2.3% who underwent invasive mechanical ventila-
tion, and 1.4% who died. Only 1.9% of the patients had a history of direct contact 
with wildlife. Among nonresidents of Wuhan, 72.3% had contact with residents of 
Wuhan, including 31.3% who had visited the city. The most common symptoms 
were fever (43.8% on admission and 88.7% during hospitalization) and cough 
(67.8%). Diarrhea was uncommon (3.8%). The median incubation period was 4 days 
(interquartile range, 2 to 7). On admission, ground-glass opacity was the most 
common radiologic finding on chest computed tomography (CT) (56.4%). No radio-
graphic or CT abnormality was found in 157 of 877 patients (17.9%) with nonsevere 
disease and in 5 of 173 patients (2.9%) with severe disease. Lymphocytopenia was 
present in 83.2% of the patients on admission.

CONCLUSIONS
During the first 2 months of the current outbreak, Covid-19 spread rapidly 
throughout China and caused varying degrees of illness. Patients often presented 
without fever, and many did not have abnormal radiologic findings. (Funded by 
the National Health Commission of China and others.)
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In early December 2019, the first pneu-
monia cases of unknown origin were identi-
fied in Wuhan, the capital city of Hubei 

province.1 The pathogen has been identified as a 
novel enveloped RNA betacoronavirus2 that has 
currently been named severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), which 
has a phylogenetic similarity to SARS-CoV.3 Pa-
tients with the infection have been documented 
both in hospitals and in family settings.4-8

The World Health Organization (WHO) has re-
cently declared coronavirus disease 2019 (Covid-19) 
a public health emergency of international con-
cern.9 As of February 25, 2020, a total of 81,109 
laboratory-confirmed cases had been document-
ed globally.5,6,9-11 In recent studies, the severity of 
some cases of Covid-19 mimicked that of SARS-
CoV.1,12,13 Given the rapid spread of Covid-19, we 
determined that an updated analysis of cases 
throughout mainland China might help identify 
the defining clinical characteristics and severity of 
the disease. Here, we describe the results of our 
analysis of the clinical characteristics of Covid-19 
in a selected cohort of patients throughout China.

Me thods

Study Oversight
The study was supported by National Health 
Commission of China and designed by the in-
vestigators. The study was approved by the insti-
tutional review board of the National Health 
Commission. Written informed consent was 
waived in light of the urgent need to collect 
data. Data were analyzed and interpreted by the 
authors. All the authors reviewed the manuscript 
and vouch for the accuracy and completeness of 
the data and for the adherence of the study to 
the protocol, available with the full text of this 
article at NEJM.org.

Data Sources
We obtained the medical records and compiled 
data for hospitalized patients and outpatients 
with laboratory-confirmed Covid-19, as reported 
to the National Health Commission between 
December 11, 2019, and January 29, 2020; the 
data cutoff for the study was January 31, 2020. 
Covid-19 was diagnosed on the basis of the 
WHO interim guidance.14 A confirmed case of 
Covid-19 was defined as a positive result on high-

throughput sequencing or real-time reverse-tran-
scriptase–polymerase-chain-reaction (RT-PCR) 
assay of nasal and pharyngeal swab specimens.1 
Only laboratory-confirmed cases were included 
in the analysis.

We obtained data regarding cases outside 
Hubei province from the National Health Com-
mission. Because of the high workload of clini-
cians, three outside experts from Guangzhou 
performed raw data extraction at Wuhan Jinyin-
tan Hospital, where many of the patients with 
Covid-19 in Wuhan were being treated.

We extracted the recent exposure history, 
clinical symptoms or signs, and laboratory find-
ings on admission from electronic medical rec-
ords. Radiologic assessments included chest radi-
ography or computed tomography (CT), and all 
laboratory testing was performed according to 
the clinical care needs of the patient. We deter-
mined the presence of a radiologic abnormality 
on the basis of the documentation or description 
in medical charts; if imaging scans were avail-
able, they were reviewed by attending physicians 
in respiratory medicine who extracted the data. 
Major disagreement between two reviewers was 
resolved by consultation with a third reviewer. 
Laboratory assessments consisted of a complete 
blood count, blood chemical analysis, coagula-
tion testing, assessment of liver and renal func-
tion, and measures of electrolytes, C-reactive 
protein, procalcitonin, lactate dehydrogenase, 
and creatine kinase. We defined the degree of 
severity of Covid-19 (severe vs. nonsevere) at the 
time of admission using the American Thoracic 
Society guidelines for community-acquired pneu-
monia.15

All medical records were copied and sent to 
the data-processing center in Guangzhou, under 
the coordination of the National Health Com-
mission. A team of experienced respiratory clini-
cians reviewed and abstracted the data. Data 
were entered into a computerized database and 
cross-checked. If the core data were missing, 
requests for clarification were sent to the coor-
dinators, who subsequently contacted the attend-
ing clinicians.

Study Outcomes
The primary composite end point was admission 
to an intensive care unit (ICU), the use of me-
chanical ventilation, or death. These outcomes 
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were used in a previous study to assess the se-
verity of other serious infectious diseases, such 
as H7N9 infection.16 Secondary end points were 
the rate of death and the time from symptom 
onset until the composite end point and until 
each component of the composite end point.

Study Definitions
The incubation period was defined as the inter-
val between the potential earliest date of contact 
of the transmission source (wildlife or person 
with suspected or confirmed case) and the poten-
tial earliest date of symptom onset (i.e., cough, 
fever, fatigue, or myalgia). We excluded incuba-
tion periods of less than 1 day because some 
patients had continuous exposure to contamina-
tion sources; in these cases, the latest date of 
exposure was recorded. The summary statistics 
of incubation periods were calculated on the 
basis of 291 patients who had clear information 
regarding the specific date of exposure.

Fever was defined as an axillary temperature 
of 37.5°C or higher. Lymphocytopenia was de-
fined as a lymphocyte count of less than 1500 
cells per cubic millimeter. Thrombocytopenia was 
defined as a platelet count of less than 150,000 
per cubic millimeter. Additional definitions — 
including exposure to wildlife, acute respiratory 
distress syndrome (ARDS), pneumonia, acute 
kidney failure, acute heart failure, and rhabdo-
myolysis — are provided in the Supplementary 
Appendix, available at NEJM.org.

Laboratory Confirmation
Laboratory confirmation of SARS-CoV-2 was per-
formed at the Chinese Center for Disease Preven-
tion and Control before January 23, 2020, and 
subsequently in certified tertiary care hospitals. 
RT-PCR assays were performed in accordance 
with the protocol established by the WHO.17 De-
tails regarding laboratory confirmation processes 
are provided in the Supplementary Appendix.

Statistical Analysis
Continuous variables were expressed as medians 
and interquartile ranges or simple ranges, as ap-
propriate. Categorical variables were summarized 
as counts and percentages. No imputation was 
made for missing data. Because the cohort of 
patients in our study was not derived from ran-
dom selection, all statistics are deemed to be 

descriptive only. We used ArcGIS, version 10.2.2, 
to plot the numbers of patients with reportedly 
confirmed cases on a map. All the analyses were 
performed with the use of R software, version 
3.6.2 (R Foundation for Statistical Computing).

R esult s

Demographic and Clinical Characteristics
Of the 7736 patients with Covid-19 who had been 
hospitalized at 552 sites as of January 29, 2020, 
we obtained data regarding clinical symptoms 
and outcomes for 1099 patients (14.2%). The 
largest number of patients (132) had been ad-
mitted to Wuhan Jinyintan Hospital. The hospi-
tals that were included in this study accounted 
for 29.7% of the 1856 designated hospitals 
where patients with Covid-19 could be admitted 
in 30 provinces, autonomous regions, or munici-
palities across China (Fig. 1).

The demographic and clinical characteristics 
of the patients are shown in Table 1. A total of 
3.5% were health care workers, and a history of 
contact with wildlife was documented in 1.9%; 
483 patients (43.9%) were residents of Wuhan. 
Among the patients who lived outside Wuhan, 
72.3% had contact with residents of Wuhan, in-
cluding 31.3% who had visited the city; 25.9% of 
nonresidents had neither visited the city nor had 
contact with Wuhan residents.

The median incubation period was 4 days 
(interquartile range, 2 to 7). The median age of 
the patients was 47 years (interquartile range, 35 
to 58); 0.9% of the patients were younger than 
15 years of age. A total of 41.9% were female. 
Fever was present in 43.8% of the patients on 
admission but developed in 88.7% during hospi-
talization. The second most common symptom 
was cough (67.8%); nausea or vomiting (5.0%) 
and diarrhea (3.8%) were uncommon. Among 
the overall population, 23.7% had at least one 
coexisting illness (e.g., hypertension and chronic 
obstructive pulmonary disease).

On admission, the degree of severity of 
 Covid-19 was categorized as nonsevere in 926 
patients and severe in 173 patients. Patients with 
severe disease were older than those with non-
severe disease by a median of 7 years. Moreover, 
the presence of any coexisting illness was more 
common among patients with severe disease than 
among those with nonsevere disease (38.7% vs. 
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21.0%). However, the exposure history between 
the two groups of disease severity was similar.

 Radiologic and Laboratory Findings
Table 2 shows the radiologic and laboratory 
findings on admission. Of 975 CT scans that 
were performed at the time of admission, 86.2% 
revealed abnormal results. The most common 
patterns on chest CT were ground-glass opacity 
(56.4%) and bilateral patchy shadowing (51.8%). 
Representative radiologic findings in two pa-
tients with nonsevere Covid-19 and in another 

two patients with severe Covid-19 are provided 
in Figure S1 in the Supplementary Appendix. No 
radiographic or CT abnormality was found in 
157 of 877 patients (17.9%) with nonsevere dis-
ease and in 5 of 173 patients (2.9%) with severe 
disease.

On admission, lymphocytopenia was present 
in 83.2% of the patients, thrombocytopenia in 
36.2%, and leukopenia in 33.7%. Most of the 
patients had elevated levels of C-reactive protein; 
less common were elevated levels of alanine 
aminotransferase, aspartate aminotransferase, 

Figure 1. Distribution of Patients with Covid-19 across Mainland China.

Shown are the official statistics of all documented, laboratory-confirmed cases of coronavirus disease 2019 (Covid-19) throughout China, 
according to the National Health Commission as of February 4, 2020. The numerator denotes the number of patients who were included 
in the study cohort and the denominator denotes the number of laboratory-confirmed cases for each province, autonomous region, or 
provincial municipality, as reported by the National Health Commission.
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creatine kinase, and D-dimer. Patients with severe 
disease had more prominent laboratory abnor-
malities (including lymphocytopenia and leuko-
penia) than those with nonsevere disease.

Clinical Outcomes
None of the 1099 patients were lost to follow-up 
during the study. A primary composite end-point 
event occurred in 67 patients (6.1%), including 
5.0% who were admitted to the ICU, 2.3% who 
underwent invasive mechanical ventilation, and 
1.4% who died (Table 3). Among the 173 patients 
with severe disease, a primary composite end-point 
event occurred in 43 patients (24.9%). Among all 
the patients, the cumulative risk of the compos-
ite end point was 3.6%; among those with severe 
disease, the cumulative risk was 20.6%.

Treatment and Complications
A majority of the patients (58.0%) received intra-
venous antibiotic therapy, and 35.8% received 
oseltamivir therapy; oxygen therapy was admin-
istered in 41.3% and mechanical ventilation in 
6.1%; higher percentages of patients with severe 
disease received these therapies (Table 3). Me-
chanical ventilation was initiated in more pa-
tients with severe disease than in those with 
nonsevere disease (noninvasive ventilation, 32.4% 
vs. 0%; invasive ventilation, 14.5% vs. 0%). Sys-
temic glucocorticoids were given to 204 patients 
(18.6%), with a higher percentage among those 
with severe disease than nonsevere disease (44.5% 
vs. 13.7%). Of these 204 patients, 33 (16.2%) 
were admitted to the ICU, 17 (8.3%) underwent 
invasive ventilation, and 5 (2.5%) died. Extracor-
poreal membrane oxygenation was performed in 
5 patients (0.5%) with severe disease.

The median duration of hospitalization was 
12.0 days (mean, 12.8). During hospital admis-
sion, most of the patients received a diagnosis of 
pneumonia from a physician (91.1%), followed 
by ARDS (3.4%) and shock (1.1%). Patients with 
severe disease had a higher incidence of physi-
cian-diagnosed pneumonia than those with non-
severe disease (99.4% vs. 89.5%).

Discussion

During the initial phase of the Covid-19 out-
break, the diagnosis of the disease was compli-
cated by the diversity in symptoms and imaging 

findings and in the severity of disease at the 
time of presentation. Fever was identified in 
43.8% of the patients on presentation but devel-
oped in 88.7% after hospitalization. Severe ill-
ness occurred in 15.7% of the patients after ad-
mission to a hospital. No radiologic abnormalities 
were noted on initial presentation in 2.9% of the 
patients with severe disease and in 17.9% of those 
with nonsevere disease. Despite the number of 
deaths associated with Covid-19, SARS-CoV-2 
appears to have a lower case fatality rate than 
either SARS-CoV or Middle East respiratory syn-
drome–related coronavirus (MERS-CoV). Com-
promised respiratory status on admission (the 
primary driver of disease severity) was associat-
ed with worse outcomes.

Approximately 2% of the patients had a history 
of direct contact with wildlife, whereas more than 
three quarters were either residents of Wuhan, 
had visited the city, or had contact with city 
residents. These findings echo the latest reports, 
including the outbreak of a family cluster,4 
transmission from an asymptomatic patient,6 
and the three-phase outbreak patterns.8 Our 
study cannot preclude the presence of patients 
who have been termed “super-spreaders.”

Conventional routes of transmission of SARS-
CoV, MERS-CoV, and highly pathogenic influenza 
consist of respiratory droplets and direct con-
tact,18-20 mechanisms that probably occur with 
SARS-CoV-2 as well. Because SARS-CoV-2 can be 
detected in the gastrointestinal tract, saliva, and 
urine, these routes of potential transmission 
need to be investigated21 (Tables S1 and S2).

The term Covid-19 has been applied to pa-
tients who have laboratory-confirmed symptom-
atic cases without apparent radiologic manifes-
tations. A better understanding of the spectrum 
of the disease is needed, since in 8.9% of the 
patients, SARS-CoV-2 infection was detected be-
fore the development of viral pneumonia or viral 
pneumonia did not develop.

In concert with recent studies,1,8,12 we found 
that the clinical characteristics of Covid-19 mimic 
those of SARS-CoV. Fever and cough were the 
dominant symptoms and gastrointestinal symp-
toms were uncommon, which suggests a differ-
ence in viral tropism as compared with SARS-CoV, 
MERS-CoV, and seasonal influenza.22,23 The ab-
sence of fever in Covid-19 is more frequent than 
in SARS-CoV (1%) and MERS-CoV infection 
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(2%),20 so afebrile patients may be missed if the 
surveillance case definition focuses on fever 
detection.14 Lymphocytopenia was common and, 
in some cases, severe, a finding that was consis-
tent with the results of two recent reports.1,12 We 
found a lower case fatality rate (1.4%) than the 
rate that was recently reportedly,1,12 probably 
because of the difference in sample sizes and 
case inclusion criteria. Our findings were more 
similar to the national official statistics, which 
showed a rate of death of 3.2% among 51,857 
cases of Covid-19 as of February 16, 2020.11,24 
Since patients who were mildly ill and who did 
not seek medical attention were not included in 
our study, the case fatality rate in a real-world 
scenario might be even lower. Early isolation, 
early diagnosis, and early management might 
have collectively contributed to the reduction in 
mortality in Guangdong.

Despite the phylogenetic homogeneity between 
SARS-CoV-2 and SARS-CoV, there are some clini-
cal characteristics that differentiate Covid-19 from 
SARS-CoV, MERS-CoV, and seasonal influenza 
infections. (For example, seasonal influenza has 
been more common in respiratory outpatient 
clinics and wards.) Some additional characteris-
tics that are unique to Covid-19 are detailed in 
Table S3.

Our study has some notable limitations. First, 
some cases had incomplete documentation of 
the exposure history and laboratory testing, 
given the variation in the structure of electronic 
databases among different participating sites 
and the urgent timeline for data extraction. 
Some cases were diagnosed in outpatient set-
tings where medical information was briefly 
documented and incomplete laboratory testing 
was performed, along with a shortage of infra-
structure and training of medical staff in non-
specialty hospitals. Second, we could estimate 
the incubation period in only 291 of the study 
patients who had documented information. The 
uncertainty of the exact dates (recall bias) might 
have inevitably affected our assessment. Third, 
because many patients remained in the hospital 
and the outcomes were unknown at the time of 
data cutoff, we censored the data regarding their 
clinical outcomes as of the time of our analysis. 
Fourth, we no doubt missed patients who were 
asymptomatic or had mild cases and who were 
treated at home, so our study cohort may repre-
sent the more severe end of Covid-19. Fifth, Va
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

many patients did not undergo sputum bacterio-
logic or fungal assessment on admission because, 
in some hospitals, medical resources were over-
whelmed. Sixth, data generation was clinically 
driven and not systematic.

Covid-19 has spread rapidly since it was first 
identified in Wuhan and has been shown to have 
a wide spectrum of severity. Some patients with 
Covid-19 do not have fever or radiologic abnor-
malities on initial presentation, which has com-
plicated the diagnosis.
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User Manual
 Model：HA-650

Thanks for purchasing Infrared Forehead Thermometer,It is 
mainly designed for measuring human body temperature.
Before using the device, please read this manual carefully 
to ensure proper and safe operation.
Please take good care of the manual for future reference.

 
Welcome your advice and support.

Infrared 
Forehead Thermometer
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About the Products

1．Advantage of this Thermometer
2．The Constitute of the Product

How to Use

1．Batteries Installation
2．How to setup
3．Direction for use

About the Products
1．The Advantage of this Thermometer
               1. Measurement in one second
               2. Accurate and reliable
               3. 50 memories places
               4. Fever alarm
               5. Changing between Centigrade and Fahrenheit 
               6. Beeper function

2.  The Constitute of the Product

 How to Use
1．Batteries Installation
3UHVV�WKH�LQGLFDWRU�ź�RQ�WKH�EDWWHU\�FRYHU�DQG�VOLGH�WKH�FRYHU�LQ�WKH�
direction of the arrow.

Insert 2 “AAA” size batteries, ensure correct polarity as shown by the 
symbols.

2. How to setup.

In power off condition, press SET for 2 seconds to enter setup interface 
with F0 display.  press SET to enter into the switch of setup content 
“ F0->F1-> F2 ”

F0 interface, press M+ to object mode, press M- to body mode .

F1 interface, press M+ to Fahrenheit, press M- to Centigrade.

F2 interface, press M+ to beeper off, press M- to beeper on.

Press SET again to save the setup content, the thermometer will be 
turned off.

Measuring sensor

SET button

M+ button

M - button

Start button

LCD display

4．How to recall memory
5．Safety instruction
6．Abnormal Phenomenon
7．Cleaning instruction
8．Technical Specifications

Measuring in Object mode
Measuring in body mode



 3.   Direction for Use

-5- -7-

-6- -8-

Measuring in body mode
 
1. Aim the thermometer at center of the forehead with a distance of 1~5 cm.
    Pls remove the hair and sweat from the forehead before measuring to
    improve the accuracy of the measurement.

2. Press START button, the measurement result will be displayed within 
    1 second.

Measuring in Object mode
 
1. Aim the thermometer at center of the object with a distance of 1~5 cm.

2. Press START button, the measurement result will be displayed within 
   1 second.

3. The thermometer will be automatically powered off in 10 seconds 
    without any operation.

Body mode

Object mode

Notes: Object mode can not be used for medical purpose.

 4.   How to recall memory
Press M+ button to read last reading.
Press and release M+ button to read more stored memories.

Note: 
The thermometer can memorize 50 data. The thermometer will delete 
the earliest data automatically when the number of data is beyond 50.

Note:

Ɣ�If thermometer is stored in a location that is cooler or warmer than where it 
    is being used, let it sit in the patient’s room for 30 minutes before taking 
    the measurement.
Ɣ�Do not take the measurement in an extreme condition
Ɣ�Avoid drinking, exercising, bathing before/ while taking temperature.
Ɣ�Always taking the temperature in the same position, since temperature
    readings may vary according to different position.
Ɣ� Do not move the thermometer during taking temperature.
Ɣ� It is recommended to take three temperatures, choose average data
    when three readings are different.

WARNING
The measurement results given by this device is not a diagnosis.
It is not replacing the need for the consultation of a physician. Do not rely
on the measurement result only, self-diagnosis of measurement results 
and self-treatment are dangerous.

 5.   Safety Instructions
Ɣ�This device may only be used for the purposes described in these
    instruction. Do not use the device for any other purpose.
Ɣ�Do not disassemble or attempt to repair the unit of components.
Ɣ�Wireless communications equipment such as wireless home network
   devices, mobile phones, cordless telephones and their base stations, 
   walkie-talkies can affect this equipment and should be kept at least a
  distance d = 3, 3 m away from the equipment.

6.  Abnormal Phenomenon
Ɣ�Display <H>      measured temperature too high.

Measured temperature is higher than 43.0℃/  109.4℉ in body mode or 50.5℃
/ 122.9 ℉in object mode.

Ɣ�Display <L>      measured temperature too low.
Measured temperature is lower than 34.0℃/ 93.2℉in body mode or 10.0℃
/ 50℉in object mode

Ɣ�Display <EH>    ambient temperature too high
 Ambient temperature is heigher than 40.0℃/104.0 ℉ 

Ɣ�Display <EL>     ambient temperature too low
 Ambient temperature is lower than 10.0℃/ 50.0℉ 

 8.  Technical Specifications
Type:                     Infrared Forehead Thermometer

Ɣ�Low battery 
 Please replace the batteries with new batteries

Measurement 
rage : 

Body mode 34.0-43.0℃ (93.2 - 109.4℉)

Resolution: 0.1℃/ ℉

Accurancy
(Laboratory):

 ± 0.2℃ （35.0 ~ 42.0℃） 
/ ± 0.4℉（95.0 ~ 107.6℉）

Object mode 10.0-50.5℃( 50 - 122.9℉)

Operating 
Condition:

Temperature: 10 - 40 ℃ （50.0- 104.0℉）
+XPLGLW\�������5+
Air Pressure: 700hPa~1060hPa

Storage 
Condition:

Temperature: -20 - 55 ℃ （-4 - 131.0℉）
+XPLGLW\�������5+

Automatic
Switch off:

Approx 10 seconds after last measurement
has been taken

Battery: 2X 1.5V AAA batteries

Dimensions: 136 x 86 x 39 mm

Weight: About 100g (with batteries)

Memory: 50 Memories

Backlight: The display light will be blue when a measurement 
lower than 37.5℃/99.5℉

Ɣ�Display               error function display

 The system has a malfunction, reinstall batteries and start again

Xiamen Ants-Bro Technology Co., Ltd.
4F,5th Building, Technology business
establishing center, 289 Wengjiao Road,
Haicang, Xiamen, P.R.China
Zip Code:361022
Tel: 86-592-6519591

 

Version 1.0 10/10/2017

 7.  Cleaning instruction
Use cotton tissue moistened with DOFRKRO�����a�����WR�FOHDQ�WKH�
thermometer casing, ensure no liquid enters the interior of the device. 
Never use abrasive cleaning agents, thinner for cleaning and never
immerse the device in water or other cleaning liquids. 

The display light will be orange when a measurement 
between 37.5℃~38.4℃（99.5℉~101.1℉)
The display light will be red when a measurement 
equal to or higher than 38.5℃（101.3℉)

± 0.3℃ （34.0 ~ 34.9℃）（42.1 ~ 43.0℃）
/ ± 0.5℉（93.2 ~ 94.8℉）（107.8 ~ 109.4℉）

3. The thermometer will be automaticly powered off in 10 seconds without 
    any operation.

 Well Kang Limited
The Black Church, St. Mary's Place, 
Dublin 7, Ireland
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The Open-Air Treatment of PANDEMIC INFLUENZA

Richard A. Hobday, PhD and John W. Cason, PhD

Abstract

The H1N1 “Spanish flu” outbreak of 1918–1919 was the most devastating pandemic on record, killing between 50 million and 100

million people. Should the next influenza pandemic prove equally virulent, there could be more than 300 million deaths globally.

The conventional view is that little could have been done to prevent the H1N1 virus from spreading or to treat those infected;

however, there is evidence to the contrary. Records from an “open-air” hospital in Boston, Massachusetts, suggest that some

patients and staff were spared the worst of the outbreak. A combination of fresh air, sunlight, scrupulous standards of hygiene, and

reusable face masks appears to have substantially reduced deaths among some patients and infections among medical staff. We

argue that temporary hospitals should be a priority in emergency planning. Equally, other measures adopted during the 1918

pandemic merit more attention than they currently receive.

THREE INFLUENZA PANDEMICS occurred during the last century: in 1918, 1957, and 1968. Each was caused by a novel type A

influenza virus of avian origin. The H1N1 influenza pandemic of 1918–1919 is notorious because of the infectivity of the virus and

the number of lives it claimed. Although the fatality rate was relatively low, the incidence of infection was so great that the number

of deaths was high. No other pandemic in history killed so many in such a short time.

Global mortality from the pandemic is not known, because there are large areas of the world for which there is little information. In

the 1920s, it was estimated that the disease had killed 21 million people. In 1991, this figure was revised to between 24.7 million

and 39.3 million, and more-recent scholarship suggests 50 million to 100 million people may have died.  Morbidity was high, at

anywhere from 25% to 90%, and the fatality rate was between 1% to 3%.  However, some regions reported mortality rates for the

entire population as high as 5% to 10%.  Most deaths occurred between mid-September and mid-December of 1918.  Unusually,

many of those who died were young adults, who normally have a low death rate from influenza. Another striking feature was the

discoloration of the seriously ill, who often exhibited “heliotrope cyanosis,” which is characterized by a blue-gray tinge to the face

and other parts of the body.  Many victims died of pneumonia caused by secondary bacterial infections. Others succumbed to a

condition similar to acute respiratory distress syndrome that could kill within days or hours.  Pleurisy, hemorrhage, edema,

inflammation of the middle ear, meningitis, nephritis, and pericarditis were among the many complications reported.

There were 3 waves of infection between 1918 and 1919. The first, in the spring of 1918, spread through parts of the United States,

Europe, and Asia. This was a fairly mild form of influenza and caused relatively few fatalities. The second wave, which spread

around the world in a few months, was disastrous. In less than a year, 220 000 influenza-related deaths occurred in Britain, and

between September 1918 and June 1919 it proved fatal to at least half a million US citizens.  Death rates in Africa were

comparable to or higher than those in North America and Europe.  Figures suggest that China was spared the worst of the

pandemic, although this may simply reflect a lack of accurate records. The mortality in India alone has been estimated at 18

million.  According to one estimate of the period, 800 of every 1000 people who showed symptoms suffered from

uncomplicated influenza. This was more severe than the so-called “three-day fever” of the spring of 1918, but no worse than

ordinary influenza. The remaining 200 suffered pulmonary complications; of these, the mortality rate for those developing

heliotrope cyanosis was 95%.

With so many infected, and so many dying within a few weeks, the burden on medical staff and the funerary industry were

immense, as was the accompanying economic and social disruption.  There was much debate about the origins of the illness and

whether it was indeed influenza. The symptoms were so severe that there was speculation that it was some other disease such as
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“trench fever,” dengue, anthrax, cholera, or even plague.  Mortality reached alarming levels. The pandemic arrived in Boston,

Massachusetts, early in September and by October 19 had claimed 4000 lives out of a total population of less than 800 000.  At

the peak of the outbreak, more than 25% of patients at an emergency hospital in Philadelphia died each night, many without seeing

a nurse or doctor. The bodies of those who succumbed were stored in the cellar of the building, from where they were tossed onto

trucks and taken away. Attempts at therapy for those still alive were described as “exercises in futility.”

The demands of wartime meant that many doctors had been called into military service; those not in uniform were caring for the

wounded in hospitals at home or inspecting potential recruits at medical boards. The shortage of nurses was even more acute: as

they and other medical staff fell ill, patient care rapidly deteriorated.  Hospitals were turning patients away; mortuaries were

overflowing, some handling 10 times their normal capacity. Gravediggers, many of whom were ill, could not keep up with the

demand for burials.  Early in October 1918, a delegate from a health department in the US Midwest went east to find out how

best to combat the infection. Officials there offered the following advice:

This was not meant to cause undue alarm; it was merely a practical solution to a problem that had to be addressed once the

pandemic arrived.  In an attempt to prevent the infection from spreading, many cities banned public assembly, closed their

schools, isolated those infected, and mandated the wearing of surgical face masks.  Recent studies suggest that when such

measures were introduced quickly—before the pandemic was fully established—and then sustained, death rates were reduced.

Yet for those who contracted the disease and went on to develop pneumonia, the prospects were poor. Anyone fortunate enough to

gain admission to an “open-air” hospital, however, may have improved their chances of survival.

THE ORIGINS OF THE OPEN-AIR REGIMEN

By the time of the 1918–1919 pandemic, it was common practice to put the sick outside in tents or in specially designed open

wards. Among the first advocates of what was later to become known as the “open-air method” was the English physician John

Coakley Lettsom (1744–1815), who exposed children suffering from tuberculosis to sea air and sunshine at the Royal Sea Bathing

Hospital in Kent, England, in 1791.  Lettsom's enthusiasm for fresh air attracted little support at the time, and the next doctor to

recommend it met with fierce opposition. George Bodington (1799–1882) was the proprietor of the first institution that could be

described as a tuberculosis sanatorium, at Sutton Coldfield near Birmingham, England. He treated pulmonary tuberculosis with a

combination of fresh air, gentle exercise in the open, a nutritious, varied diet, and the minimum of medicines.

In 1840, Bodington published the results of his work in An Essay on the Treatment and Cure of Pulmonary Consumption, On

Principles Natural, Rational and Successful.  Bodington's essay includes accounts of six cases; one patient died, as he

acknowledged, but the others were either cured or greatly improved. This was at a time when, he estimated, one in five people in

England were dying of the disease and little was being done to prevent it. Tuberculosis was generally regarded as hereditary,

noninfectious, and incurable. Bodington argued otherwise, objecting strongly to the use of blistering, bleeding, and the popular

purgative drugs of the day as well as the practice of confining patients in warm, badly ventilated rooms to protect them from the

supposedly harmful effects of cold air, “thus forcing them to breathe over and over again the same foul air contaminated with the

diseased effluvia of their own persons.”

Bodington had noticed that people who spent their time indoors were susceptible to tuberculosis, whereas those who worked

outdoors, such as farmers, shepherds, and plowmen, were usually free of the disease. He reasoned that patients should copy the

lifestyles of those who appeared immune to tuberculosis. They should live in well-ventilated houses in the country and spend much
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When you get back home, hunt up your wood-workers and cabinet-makers and set them to making coffins. Then
take your street laborers and set them to digging graves. If you do this you will not have your dead accumulating
faster than you can dispose of them.12(p787)
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of their time outside breathing fresh air. According to Bodington,

It is not known when Bodington started treating tuberculosis in this way, but there is evidence that he was doing so by 1833. By

1840, he had taken the tenancy of the “White House” at Maney, Sutton Coldfield, to provide suitable accommodation for his

tubercular patients. Bodington's tenancy of this seminal building was brief—only three to four years. The Lancet published a

sarcastic review of his essay and methods, and he abandoned the White House to devote himself to the care of the mentally ill.

George Bodington had anticipated the principles of sanatorium treatment that were to become the main line of defense against the

disease.  By the 1850s, Florence Nightingale (1820–1910) was writing about the importance of sunlight and copious amounts of

fresh air in the recovery of hospital patients,  but her ideas were slow to gain acceptance. And so it was in Germany that the

open-air regimen reemerged, most notably at the Nordrach-Kolonie in the Black Forest, a sanatorium established in 1888 by Otto

Walter (1853–1919). It was so well known that “Nordrach” became the term for open-air sanatoria. By 1908, there were at least 90

of them in Britain, many of which were enthusiastic imitations of Nordrach.  An open-air recovery school for tubercular children,

founded in 1904 at Charlottenburg, a suburb of Berlin, was the first of its type and, as with Germany's open-air sanatoria, was

widely imitated.  In 1884, Edward Livingston Trudeau (1848–1915) opened America's first sanatorium at Saranac Lake in New

York State.  The first open-air orthopedic hospital was set up in the Shropshire village of Baschurch in England in 1907.  In the

two decades before World War I, charitable associations, leagues, and societies dedicated to preventing and eliminating

tuberculosis among the poor flourished, as did sanatoria.

THE OPEN-AIR TREATMENT OF THE WOUNDED

There is evidence that the open-air regimen may have improved the health of some tuberculosis patients. Records for the

Dreadnought Hospital in Greenwich, one of the first British hospitals in which such methods were adopted, appear to show that

there were benefits to this approach. From 1900 to 1905, the overall mortality of consumptive patients in open-air wards was less

than half that of those who received the orthodox treatment of the day. An improvement in their state of “well-being” was also

reported.  Later, during World War I, the use of open-air therapy extended to nontubercular conditions, and on a large scale.

Temporary open-air hospitals were built to take casualties from the Western Front.

An early example stood on one of Cambridge University's best cricket pitches at the King's and Clare Athletic Ground. The First

Eastern General Hospital, which was mobilized in August 1914, was originally designed to provide 520 beds and to be erected in 4

weeks. It proved so popular with the authorities, however, that within 8 weeks its complement of beds more than doubled to 1240.

The hospital's wards were completely open to the south except for some low railings and adjustable sun blinds.

In June 1915, the eminent scientist and Master of Christ's College, A. E. Shipley (1861–1927), judged the open-air treatment of

sick and wounded soldiers at the First Eastern a success, particularly for those with pneumonia. Some 6600 patients had passed

through the hospital, with a death rate of 4.6 per 1000. Sixty patients with pneumonia had been treated, and 95% of them

recovered. Critics ascribed the low mortality at the hospital to the absence of “bad cases,” but according to Shipley, some convoys

arrived from the trenches almost entirely made up of them. In his opinion, the open wards produced much better results than closed

ones. Instead of patients losing their bodily health and strength during the period of recovery from infections or wounds, they

maintained their vigor and even improved it. The only people who felt the cold at the hospital were apparently the nurses, the

patients having comfortable beds with plenty of blankets and hot-water bottles.  Nearer the front, the British Army put its

casualties in tents. As the military surgeon Lieutenant Colonel Sir Berkeley Moynihan observed in 1916,

The application of cold pure air to the interior surface of the lungs is the most powerful sedative that can be
applied, and does more to promote the healing of cavities and ulcers of the lungs than any other means that can be
employed.22(p17)
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INFLUENZA AT THE CAMP BROOKS OPEN-AIR HOSPITAL

When the influenza virus pandemic took hold in the United States in 1918, emergency hospitals were started in schools, halls, and

large private houses, and open-air hospitals were being “thrown up” all over the country.  In the harbor of East Boston, 1200 out of

5100 merchant sailors onboard training ships had contracted influenza. The seriously ill were too numerous for local hospitals to

accommodate. The Massachusetts State Guard responded by building the Camp Brooks Open Air Hospital at Corey Hill in

Brookline, near Boston.  The hospital comprised 13 tents, 12 of which were occupied by one or two patients each and the other

by the head nurse. The State Guard took seven hours to erect the tents, make sure the site was properly drained, and provide

running water, latrines, and sewerage. Portable buildings were then set up for the medical staff and nurses. From the time the camp

opened on September 9, 1918, until its closure a month later on October 12, a total of 351 victims of the pandemic were admitted,

one third of whom were diagnosed with pneumonia. In total, 36 of the 351 sailors received at the hospital died.

The treatment at Camp Brooks Hospital took place outdoors, with “a maximum of sunshine and of fresh air day and night.”

The medical officer in charge, Major Thomas F. Harrington, had studied the history of his patients and found that the worst cases

of pneumonia came from the parts of ships that were most badly ventilated. In good weather, patients were taken out of their tents

and put in the open. They were kept warm in their beds at night with hot-water bottles and extra blankets and were fed every few

hours throughout the course of the fever. Anyone in contact with them had to wear an improvised facemask, which comprised five

layers of gauze on a wire frame covering the nose and mouth. The frame was made out of an ordinary gravy strainer, shaped to fit

the face of the wearer and to prevent the gauze filter from touching the nostrils or mouth. Nurses and orderlies were instructed to

keep their hands away from the outside of the masks as much as possible. A superintendent made sure the masks were replaced

every two hours, were properly sterilized, and contained fresh gauze.

Other measures to prevent infection included the wearing of gloves and gowns, including a head covering. Doctors, nurses, and

orderlies had to wash their hands in disinfectant after contact with patients and before eating. The use of common drinking cups,

towels, and other items was strictly forbidden. Patients’ dishes and utensils were kept separate and put in boiling water after each

use. Pneumonia and meningitis patients used paper plates, drinking cups, and napkins; paper bags with gauze were pinned to

pillowcases for sputum. Extensive use was made of mouthwash and gargle, and twice daily, the proprietary silver-based

antimicrobial ointment Argyrol was applied to nasal mucous membranes to prevent ear infection.

Of the camp's medical staff—15 doctors, 45 nurses and aids, 20 sanitary corps men, and 74 sailors acting as orderlies—only six

nurses and two orderlies developed influenza. In five of these cases, exposure to the virus was reported to have taken place outside

the camp. A few medicines were used to relieve the patients’ symptoms and aid their recovery, but these were considered less

important than were regular meals, warmth, and plenty of fresh air and sunlight.

VENTILATION AND SUNLIGHT

The curative effects of fresh air were investigated at length by the physiologist Sir Leonard Hill (1866–1952) in the years following

World War I. He reported favorably on the effects of sun and air when judiciously applied, particularly for tuberculosis.  In

1919, Hill wrote in the British Medical Journal that the best way to combat influenza infection was deep breathing of cool air and

sleeping in the open.  Whether the patients at Camp Brooks or other temporary hospitals were spared the worst of the influenza

In the treatment of all gunshot wounds where the septic processes are raging, and the temperature varies through
several degrees, an immense advantage will accrue from placing patients out of doors. While in France I
developed a great affection for the tented hospitals. There is great movement of air, warmth and comfort; when a
sunny day comes the side of the tent may be lifted and the patient enjoys the advantage of open-air
treatment.”36(p337)
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pandemic because they slept in the open is uncertain. The apparent success in reducing the number of infections and deaths

reported at this open-air hospital may simply have been caused by patients and staff experiencing levels of natural ventilation far

higher than in a conventional hospital ward. Significantly, the minimum amount of ventilation needed to prevent the spread of

infectious diseases such as severe acute respiratory syndrome (SARS) and tuberculosis is unknown. Much more fresh air may be

needed than is currently specified for hospitals, schools, offices, homes, and isolation rooms.

The patients at Camp Brooks recovered in direct sunlight when available. This may have kept infection rates down, because

laboratory experiments have shown that ultraviolet radiation inactivates influenza virus and other viral pathogens and that sunlight

kills bacteria.  In addition, exposure to the sun's rays may have aided patients’ recovery, because sunlight is known to promote

healing in other conditions such as septic war wounds.  There is evidence that heart attack victims stand a better chance of

recovery if they are in sunlit wards.  Depressed psychiatric patients fare better if they get some sun while hospitalized, as do

premature babies with jaundice.  In one study, patients in hospital wards exposed to an increased intensity of sunlight

experienced less perceived stress and less pain and took 22% less analgesic medication per hour.  One advantage of placing

patients outside in the sun is that they can synthesize vitamin D in their skin, which they cannot do indoors behind glass. Rickets,

the classic childhood disease of vitamin D deficiency, has long been associated with respiratory infections; it has been

hypothesized that low levels of vitamin D may increase susceptibility to influenza.

The surgeon general of the Massachusetts State Guard, William A. Brooks, had no doubt that open-air methods were effective at

the hospital, despite much opposition to the therapy. Many doctors felt that patients would get the same benefits if the windows of

a conventional ward were open or the patients were put in a hospital “sun parlor.” Brooks, however, held that patients did not do as

well in an ordinary hospital, no matter how well ventilated, as they did outdoors. Patients in indoor sun parlors were not exposed to

direct sunlight all day as they were when outdoors. He reported that in one general hospital with 76 cases, 20 patients died within

three days and 17 nurses fell ill.  By contrast, according to one estimate, the regimen adopted at the camp reduced the fatality of

hospital cases from 40% to about 13%.  Brooks wrote that “The efficacy of open air treatment has been absolutely proven, and

one has only to try it to discover its value.”

Coincidentally, in 1918 a British soldier, Patrick Collins, reached a similar conclusion. When Collins developed the first signs of

influenza, he dragged himself and his tent up a hill away from his regiment. There he sweated, shivered, and was delirious for

several days, sustained only by his rum ration. He was one of the few survivors of his regiment.

DISCUSSION

The seeming success of the medical team who confronted pandemic influenza on Corey Hill in 1918 was in stark contrast to

others’ experience of the infection. The high standard of personal and environmental hygiene upheld by staff at the camp may have

played a large part in the relatively low rates of infection and mortality there compared with other hospitals. Significantly, the

outbreak of SARS in Hong Kong in 2003 showed that basic infection controls, such as those employed at Camp Brooks Hospital,

can help to contain the spread of a virulent respiratory infection.

Of the measures introduced to combat pandemic influenza at the hospital, the use of improvised facemasks—including their design

and the frequency with which they were changed—is noteworthy. Another is the fresh air the patients enjoyed. When Major

Harrington, the medical officer at Camp Brooks, discovered that sailors from the most poorly ventilated areas of the ships in East

Boston also had the worst cases of pneumonia, he put his patients outdoors. Sailors, such as those on board the ships at East

Boston, were particularly vulnerable to influenza infection, because the influenza virus is readily transmitted in confined quarters.

In 1977, for example, an influenza outbreak on board a commercial airliner with deficient ventilation resulted in an infection rate

of 72%. The aircraft was grounded for over four hours with the passengers on board and the ventilation system turned off.
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There is still much uncertainty surrounding the transmission and epidemiology of influenza. As yet, the proportion of influenza

infections that occur by the airborne route is not known,  nor is there any evidence to support the idea that fresh air helps those

infected to recover. Given the threat to public health posed by the avian influenza virus, both merit further study. So too does the

part played by sunlight in preventing the spread of the virus. Solar radiation may retard its transmission by directly inactivating

virions and by increasing immunity to them. A combination of outdoor air and sunlight could also reduce the likelihood of

secondary respiratory infections.

The current H5N1 avian influenza virus has high virulence and lethality but as yet is not readily transmitted from person to

person.  We do not know how virulent the next type A pandemic will be, but should it prove to be as pathogenic as that of 1918,

there could be 180 million to 360 million deaths globally.  Vaccines, antiviral drugs, and antibiotics may be effective in

controlling avian influenza and dealing with secondary infection; however, for much of the world's population, access to them will

be limited. In many countries, the only viable strategy would be to disrupt the transmission of the virus by banning public

gatherings, closing schools, isolating infected people, and wearing surgical masks, as was the case during the 1918–1919

pandemic.

Epidemiological studies show that the wearing of masks in public places in Hong Kong and Beijing during the SARS outbreak was

associated with a lower incidence of infection.  However, no controlled studies have been undertaken to assess the effectiveness

of surgical masks in preventing influenza from passing from one host to the next.  In addition, it is uncertain whether transmission

of the influenza virus from person to person is chiefly by large droplets or aerosols. If droplets are the main mode of transmission,

the isolation of patients in private rooms and the use of ordinary surgical face masks may suffice.  If airborne transmission is

significant, reusable respirators could be pivotal in preventing infection, because surgical masks do not offer reliable protection

from aerosols.  Also, measures that prevent the influenza virus from spreading through buildings would assume greater

importance. Improvements in air-handling equipment, portable filtration units, and the introduction of physical barriers in the form

of partitions or doors may offer some protection.

However, more might be gained by introducing high levels of natural ventilation or, indeed, by encouraging the public to spend as

much time outdoors as possible. It might also be prudent to stockpile tents and beds, because hospitals in the United Kingdom, the

United States, and elsewhere are not prepared for a severe pandemic.  Temporary accommodation would be required to deal

with the most seriously ill, just as it was in 1918. The Camp Brooks Open Air Hospital might serve as a useful model.

Article information

Am J Public Health. 2009 October; 99(Suppl 2): S236–S242.

doi: 10.2105/AJPH.2008.134627

PMCID: PMC4504358

PMID: 19461112

Richard A. Hobday, PhD  and John W. Cason, PhD

At the time of the study, Richard A. Hobday was with the School of the Built and Natural Environment, University of the West of

England, Bristol. John W. Cason was with the Department of Infectious Diseases, King's College London School of Medicine,

London, England.

Corresponding author.

Requests for reprints should be sent to Richard Hobday, PhD, Department of Architectural Studies, University of Wales Institute,

Cardiff, Llandaff Campus, Western Avenue, Cardiff, CF5 2YB, United Kingdom, and Natural Environment, University of the West

of England, Frenchay Campus, Coldharbour Lane, Bristol BS16 1QY, England (e-mail: ra.hobday@virgin.net).

63

64

65

66,67

68,69

70

63

71,72

73

74–80

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4504358/ 4/8/20, 2:30 PM
Page 6 of 11



Peer Reviewed

Contributors

R. A. Hobday originated the study and led the writing. J. W. Cason assisted with the study and analyses. Both authors

conceptualized ideas, interpreted findings, and reviewed drafts of the article.

Accepted July 8, 2008.

Copyright © 2009 by the American Public Health Association

This article has been cited by other articles in PMC.

Articles from American Journal of Public Health are provided here courtesy of American Public Health Association

References

1. Crosby AW. America's Forgotten Pandemic: The Influenza of 1918. 2nd ed Cambridge, England: Cambridge University Press; 2003.

[Google Scholar]

2. Johnson NP, Mueller J. Updating the accounts: global mortality of the 1918–1920 “Spanish” influenza pandemic. Bull Hist Med.

2002;76:105–115. [PubMed] [Google Scholar]

3. Johnson N. Britain and the 1918–19 Influenza Pandemic. A Dark Epilogue. Oxford, England: Routledge; 2006. [Google Scholar]

4. Barry JM. The site of origin of the 1918 influenza pandemic and its public health implications. J Transl Med. 2004;2:3. [PMC free article]

[PubMed] [Google Scholar]

5. Morens DM, Fauci AS. The 1918 influenza pandemic: insights for the 21st Century. J Infect Dis. 2007;195:1018–1028. [PubMed]

[Google Scholar]

6. Barry JM. The Great Influenza: The Epic Story of the Greatest Pandemic in History. London, England: Penguin; 2005. [Google Scholar]

7. French H. The clinical features of the influenza epidemic of 1918–19. : Great Britain Ministry of Health. Reports on Public Health and

Medical Subjects No. 4: Report on the Pandemic of Influenza, 1918–19. London, England: His Majesty's Stationery Office; 1920: 66–109.

[Google Scholar]

8. Patterson KD. The influenza pandemic of 1918–19 in the Gold Coast. J Afr Hist. 1983;24:485–502. [PubMed] [Google Scholar]

9. Mills ID. 1918–1919 influenza pandemic: the Indian experience. Indian Econ Soc Hist Rev. 1986;23:1–40. [PubMed] [Google Scholar]

10. Cheng KF, Leung PC. What happened in China during the 1918 influenza pandemic? Int J Infect Dis. 2007;11:360–364. [PubMed]

[Google Scholar]

11. Tognotti E. Scientific triumphalism and learning from facts: bacteriology and the “Spanish flu” challenge of 1918. Soc Hist Med.

2003;16:97–110. [PubMed] [Google Scholar]

12. Anon Weapons against influenza. Am J Public Health. 1918;8:787–788. [PMC free article] [PubMed] [Google Scholar]

13. Starr I. Influenza in 1918: recollections of the epidemic in Philadelphia. 1976. Ann Intern Med. 2006;145: 138–140. [PubMed]

[Google Scholar]

14. Carnwath T. Lessons of the influenza pandemic 1918. J State Med. 1919;27:142–157. [Google Scholar]

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4504358/ 4/8/20, 2:30 PM
Page 7 of 11



15. Schoch-Spana M. “Hospital's full-up”: the 1918 influenza pandemic. Public Health Rep. 2001;116(suppl 2): 32–33. [PMC free article]

[PubMed] [Google Scholar]

16. Markel H, Lipman HB, Navarro JA, et al. Nonpharmaceutical interventions implemented by US cities during the 1918–1919 influenza

pandemic. JAMA. 2007;298:644–654. [PubMed] [Google Scholar]

17. Hatchett RJ, Mecher CE, Lipsitch M. Public health interventions and epidemic intensity during the 1918 influenza pandemic. Proc Natl

Acad Sci USA. 2007;104:7582–7587. [PMC free article] [PubMed] [Google Scholar]

18. Bootsma MJ, Ferguson NM. The effect of public health measures on the 1918 influenza pandemic in US cities. Proc Natl Acad Sci USA.

2007;104: 7588–7593. [PMC free article] [PubMed] [Google Scholar]

19. Halloran ME, Ferguson NM, Eubank S, et al. Modeling targeted layered containment of an influenza pandemic in the United States. Proc

Natl Acad Sci USA. 2008;105:4639–4644. [PMC free article] [PubMed] [Google Scholar]

20. St Clair Strange FG. The History of the Royal Sea Bathing Hospital Margate 1791–1991. Rainham, England: Meresborough Books; 1991.

[Google Scholar]

21. Jones ER. Lettsom and the Royal Sea Bathing Hospital. Trans Med Soc Lond. 1973;89:285–287. [PubMed] [Google Scholar]

22. Bodington G. An Essay on the Treatment and Cure of Pulmonary Consumption, On Principles Natural, Rational and Successful. London,

England: Simpkin, Marshall, Hamilton and Kent; 1906. [Google Scholar]

23. Cyriax RJ. George Bodington: the pioneer of the sanatorium treatment of pulmonary tuberculosis. Br J Tuberc. 1925;19:1–16.

[Google Scholar]

24. Keers RY. Two forgotten pioneers—James Carson and George Bodington. Thorax. 1980;35:483–489. [PMC free article] [PubMed]

[Google Scholar]

25. McCarthy OR. The key to the sanatoria. J R Soc Med. 2001;94:413–417. [PMC free article] [PubMed] [Google Scholar]

26. Nightingale F. Notes on Hospitals. 3rd ed London, England: Longman, Green, Longman, Roberts and Green; 1863. [Google Scholar]

27. Nightingale F. Notes on Nursing; What It Is and What It Is Not. New York, NY: Dover Publications; 1969. [Google Scholar]

28. Smith FB. The Retreat of Tuberculosis 1850–1950. London, England: Croom Helm; 1988. [Google Scholar]

29. Connolly C. Pale, poor, and “pretubercular” children: a history of pediatric antituberculosis efforts in France, Germany, and the United

States, 1899–1929. Nurs Inq. 2004;11:138–147. [PubMed] [Google Scholar]

30. Mera FE. History of the sanatorium movement in America. Chest. 1935;1:8–9. [Google Scholar]

31. Carter AJ. A breath of fresh air. Proc R Coll Physicians Edinb. 1994;24:397–405. [PubMed] [Google Scholar]

32. Dormandy T. The White Death: A History of Tuberculosis. London, England: Hambledon Press; 1999. [Google Scholar]

33. Cook GC. Early use of “open-air” treatment for “pulmonary phthisis” at the Dreadnought Hospital, Greenwich, 1900–1905. Postgrad Med J.

1999;75:326–327. [PMC free article] [PubMed] [Google Scholar]

34. Anon A military open-air hospital. Br Med J. 1915;1:1015–1016. [Google Scholar]

35. Shipley AE. The Open-Air Treatment of the Wounded (The First Eastern General Hospital). 2nd ed London, England: Country Life Library;

1915. [Google Scholar]

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4504358/ 4/8/20, 2:30 PM
Page 8 of 11



36. Moynihan B. An address on the treatment of gunshot wounds. Br Med J. 1916;1:333–339. [PMC free article] [PubMed] [Google Scholar]

37. Anon Influenza at the Camp Brooks Open Air Hospital. JAMA. 1918;71:1746–1747. [Google Scholar]

38. Brooks WA. The open air treatment of influenza. Am J Public Health. 1918;8:746–750. [PMC free article] [PubMed] [Google Scholar]

39. Hill AB, Hill B. The life of Sir Leonard Erskine Hill FRS (1866–1952). Proc R Soc Med. 1968;61:307–316. [PMC free article] [PubMed]

[Google Scholar]

40. Hill LE, Campbell A. Health and Environment. London, England: Edward Arnold & Co; 1925. [Google Scholar]

41. Hill LE. The defence of the respiratory membrane against influenza, etc. Br Med J. 1919;1:238–240. [PMC free article] [PubMed]

[Google Scholar]

42. Li Y, Leung GM, Tang JW, et al. Role of ventilation in airborne transmission of infectious agents in the built environment—a

multidisciplinary systematic review. Indoor Air. 2007;17:2–18. [PubMed] [Google Scholar]

43. Tang JW, Li Y, Eames I, Chan PK, Ridgway GL. Factors involved in the aerosol transmission of infection and control of ventilation in

healthcare premises. J Hosp Infect. 2006;64:100–114. [PMC free article] [PubMed] [Google Scholar]

44. Escombe AR, Oeser CC, Gilman RH, et al. Natural ventilation for the prevention of airborne contagion. PLoS Med. 2007;4:e68.

[PMC free article] [PubMed] [Google Scholar]

45. Hollaender A, Oliphant JW. The inactivating effect of monochromatic ultraviolet radiation on influenza virus. J Bacteriol. 1944;48:447–454.

[PMC free article] [PubMed] [Google Scholar]

46. Tamm I, Fluke DJ. The effect of monochromatic ultraviolet radiation on the infectivity and hemagglutinating ability of the influenza virus

type A strain PR-8. J Bacteriol. 1950;59:449–461. [PMC free article] [PubMed] [Google Scholar]

47. Jensen MM. Inactivation of airborne viruses by ultraviolet irradiation. Appl Microbiol. 1964;12:418–420. [PMC free article] [PubMed]

[Google Scholar]

48. Jakab GJ, Knight ME. Decreased influenza virus pathogenesis by infection with germicidal UV-irradiated airborne virus. Environ Int.

1982;8:415–418. [Google Scholar]

49. Sagripanti JL, Lytle CD. Inactivation of influenza virus by solar radiation. Photochem Photobiol. 2007;83:1278–1282. [PubMed]

[Google Scholar]

50. Hockberger PE. A history of ultraviolet photobiology for humans, animals and microorganisms. Photochem Photobiol. 2002;76:561–579.

[PubMed] [Google Scholar]

51. Beauchemin KM, Hays P. Dying in the dark: sunshine, gender, and outcomes in myocardial infarction. J R Soc Med. 1998;91:352–354.

[PMC free article] [PubMed] [Google Scholar]

52. Beauchemin KM, Hays P. Sunny rooms expedite recovery from severe and refractory depressions. J Affect Disord. 1996;40:49–51.

[PubMed] [Google Scholar]

53. Benedetti F, Colombo C, Barbini B, Campori E, Smeraldi E. Morning sunlight reduces length of hospitalization in bipolar depression. J

Affect Disord. 2001;62:221–223. [PubMed] [Google Scholar]

54. Dobbs RH, Cremer RJ. Phototherapy. Arch Dis Child. 1975;50:833–836. [PMC free article] [PubMed] [Google Scholar]

55. Barss P, Comfort K. Ward design and jaundice in the tropics: report of an epidemic. Br Med J (Clin Res Ed). 1985;291:400–401.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4504358/ 4/8/20, 2:30 PM
Page 9 of 11



[PMC free article] [PubMed] [Google Scholar]

56. Walch JM, Rabin BS, Day R, Williams JN, Choi K, Kang JD. The effect of sunlight on postoperative analgesic medication use: a

prospective study of patients undergoing spinal surgery. Psychosom Med. 2005;67:156–163. [PubMed] [Google Scholar]

57. Hobday RA. The Light Revolution: Health Architecture and the Sun. Forres, Scotland: Findhorn Press; 2006. [Google Scholar]

58. Cannell JJ, Vieth R, Umhau JC, et al. Epidemic influenza and vitamin D. Epidemiol Infect. 2006;134:1129–1140. [PMC free article]

[PubMed] [Google Scholar]

59. Moriarty KJ. The 1918 influenza pandemic: a survivor's tale. BMJ. 2006;332:889. [Google Scholar]

60. Chan WF, Wong TK. Preparing for pandemic influenza: revisit the basics. J Clin Nurs. 2007;16:1858–1864. [PubMed] [Google Scholar]

61. Seto WH, Tsang D, Yung RW, et al. Advisors of Expert SARS Group of Hospital Authority. Effectiveness of precautions against droplets

and contact in prevention of nosocomial transmission of severe acute respiratory syndrome (SARS). Lancet. 2003;361:1519–1520.

[PMC free article] [PubMed] [Google Scholar]

62. Moser MR, Bender TR, Margolis HS, Noble GR, Kendal AP, Ritter DG. An outbreak of influenza aboard a commercial airliner. Am J

Epidemiol. 1979;110:1–6. [PubMed] [Google Scholar]

63. Oshitani H. Potential benefits and limitations of various strategies to mitigate the impact of an influenza pandemic. J Infect Chemother.

2006;12:167–171. [PMC free article] [PubMed] [Google Scholar]

64. Gambotto A, Barratt-Boyes SM, de Jong MD, Neumann G, Kawaoka Y. Human infection with highly pathogenic H5N1 influenza virus.

Lancet. 2008;371:1464–1475. [PubMed] [Google Scholar]

65. Osterholm MT. Preparing for the next pandemic. N Engl J Med. 2005;352:1839–1842. [PubMed] [Google Scholar]

66. Toner E. Do public health and infection control measures prevent the spread of flu? Biosecur Bioterror. 2006;4:84–86. [PubMed]

[Google Scholar]

67. Low DE. Pandemic planning: non-pharmaceutical interventions. Respirology. 2008;13(suppl 1):S44–S48. [PubMed] [Google Scholar]

68. Wu J, Xu F, Zhou W, et al. Risk factors for SARS among persons without known contact with SARS patients, Beijing, China. Emerg Infect

Dis. 2004;10:210–216. [PMC free article] [PubMed] [Google Scholar]

69. Lau JT, Tsui H, Lau M, Yang X. SARS transmission, risk factors, and prevention in Hong Kong. Emerg Infect Dis. 2004;10:587–592.

[PMC free article] [PubMed] [Google Scholar]

70. Bell DM, World Health Organization Writing Group. Non-pharmaceutical interventions for pandemic influenza, national and community

measures. Emerg Infect Dis. 2006;12:88–94. [PMC free article] [PubMed] [Google Scholar]

71. Tellier R. Review of aerosol transmission of influenza A virus. Emerg Infect Dis. 2006;12:1657–1662. [PMC free article] [PubMed]

[Google Scholar]

72. Weiss MM, Weiss PD, Weiss DE, Weiss JB. Disrupting the transmission of influenza A: face masks and ultraviolet light as control

measures. Am J Public Health. 2007;97(suppl 1):S32–S37. [PMC free article] [PubMed] [Google Scholar]

73. Morse SS, Garwin RL, Olsiewski PJ. Next flu pandemic: what to do until the vaccine arrives? Science. 2006;314:929. [PubMed]

[Google Scholar]

74. Bartlett JG. Planning for avian influenza. Ann Intern Med. 2006;145:141–144. [PubMed] [Google Scholar]

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4504358/ 4/8/20, 2:30 PM
Page 10 of 11



75. Toner E, Waldhorn R, Maldin B, et al. Hospital preparedness for pandemic influenza. Biosecur Bioterror. 2006;4:207–217. [PubMed]

[Google Scholar]

76. Menon DK, Taylor BL, Ridley SA. Modelling the impact of an influenza pandemic on critical care services in England. Anaesthesia.

2005;60:952–954. [PubMed] [Google Scholar]

77. Sobieraj JA, Reyes J, Dunemn KN, et al. Modeling hospital response to mild and severe influenza pandemic scenarios under normal and

expanded capacities. Mil Med. 2007;172:486–490. [PubMed] [Google Scholar]

78. Giacomet V, Tarallo L, De Marco G, Giannattasio A, Barbarino A, Guarino A. Preparing for an influenza pandemic in Italy: resources and

procedures in paediatric hospital units. Euro Surveill. 2007;12:E7–E8. [PubMed] [Google Scholar]

79. De Cauwer HG, Mortelmans LJ, d'Orio V. Are Belgian hospitals prepared for an H5N1-pandemic? Eur J Emerg Med. 2007;14:204–206.

[PubMed] [Google Scholar]

80. Brundage JF. Interactions between influenza and bacterial respiratory pathogens: implications for pandemic preparedness. Lancet Infect Dis.

2006;6:303–312. [PMC free article] [PubMed] [Google Scholar]

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4504358/ 4/8/20, 2:30 PM
Page 11 of 11



9HQWULFXODU�$UUK\WKPLD�5LVN�'XH�WR�
+\GUR[\FKORURTXLQH�$]LWKURP\FLQ�7UHDWPHQW�
)RU�&29,'���

-(;�21á065

Ĳ 5CHGV[�EQPUKFGTCVKQPU�HQT�KPRCVKGPV�CPF�QWVRCVKGPV�WUG�QH�
J[FTQZ[EJNQTQSWKPG�CPF�EJNQTQSWKPG�KP�ENKPKECN�RTCEVKEG�CTG�QWVNKPGF�DGNQY�

Ĳ +[FTQZ[EJNQTQSWKPG�QT�EJNQTQSWKPG�VJGTCR[�UJQWNF�QEEWT�KP�VJG�EQPVGZV�QH�C�
ENKPKECN�VTKCN�QT�TGIKUVT[��WPVKN�UWÞEKGPV�GXKFGPEG�KU�CXCKNCDNG�HQT�WUG�KP�ENKPKECN�
RTCEVKEG�

Ĳ +[FTQZ[EJNQTQSWKPG�QT�EJNQTQSWKPG�WUG�QWVUKFG�QH�C�ENKPKECN�VTKCN�UJQWNF�
QEEWT�CV�VJG�FKTGEVKQP�QH�CP�KPHGEVKQWU�FKUGCUG�QT�&18á'����GZRGTV��YKVJ�
ECTFKQNQI[�KPRWV�TGICTFKPI�36�OQPKVQTKPI�

Ĳ $FFKVKQPCN�UQWTEGU�QH�GZRGTV�IWKFCPEG�YKVJ�FGVCKNGF�CPF�IGPGTCN�
CTTJ[VJOKC�OQPKVQTKPI�EQPUKFGTCVKQPU�CTG�CNUQ�CXCKNCDNG�

Ĳ 6JG�KPVGPUKV[�QH�36�CPF�CTTJ[VJOKC�OQPKVQTKPI�UJQWNF�DG�EQPUKFGTGF�KP�VJG�
EQPVGZV�QH�RQVGPVKCN�FTWI�DGPGÕV��FTWI�UCHGV[��TGUQWTEG�CXCKNCDKNKV[�CPF�
SWCTCPVKPG�EQPUKFGTCVKQPU�

Ĳ á4%�CRRTQXGF�RTQVQEQNU�UJQWNF�IWKFG�WUG�QH�J[FTQZ[EJNQTQSWKPG�QT�
EJNQTQSWKPG�HQT�RCPFGOKE�TGUGCTEJ��UWIIGUVKQPU�HQT�TGUGCTEJGTU�CTG�QWVNKPGF�
JGTG�

áP�XKVTQ�CPF�RTGNKOKPCT[�ENKPKECN�TGUGCTEJ�JCXG�
UWIIGUVGF�VJCV�J[FTQZ[EJNQTQSWKPG�CNQPG�CPF�KP�

/CT����������

&DUGLRORJ\�0DJD]LQH

6JKU�UKVG�WUGU�EQQMKGU�VQ�KORTQXG�[QWT�GZRGTKGPEG�
']�GSRXMRYMRK� XS�YWI�SYV�WMXI��]SY�EKVII� XS�SYV�(SSOMI�5SPMG]��5VMZEG]�5SPMG]�ERH�8IVQW�SJ��IVZMGI��

40



EQODKPCVKQP�YKVJ�C\KVJTQO[EKP�EQWNF�RTQXG�VQ�DG�CP�
GàGEVKXG�VTGCVOGPV�HQT�&18á'����

$�UOCNN�UVWF[�KP�)TCPEG�GPTQNNKPI����VTGCVGF�RCVKGPVU�
CPF����PQP�TCPFQOK\GF�EQPVTQNU�UJQYGF�VJCV�
J[FTQZ[EJNQTQSWKPG�CNQPG�QT�KP�EQODKPCVKQP�YKVJ�
C\KVJTQO[EKP�UJQTVGPGF�VJG�VKOG�VQ�TGUQNWVKQP�QH�XKTCN�UJGFFKPI�QH�&18á'�����

%CUGF�QP�VJKU�UVWF[��ENKPKEKCPU�KP�OCP[�EQWPVTKGU�JCXG�DGIWP�WUKPI�VJGUG�
OGFKECVKQPU�KP�ENKPKECN�RTCEVKEG��CPF�OWNVKRNG�TCPFQOK\GF�VTKCNU�CTG�DGKPI�KPKVKCVGF��
+QYGXGT��EJNQTQSWKPG��J[FTQZ[EJNQTQSWKPG�CPF�C\KVJTQO[EKP�CNN�RTQNQPI�36�
KPVGTXCN��TCKUKPI�EQPEGTPU�CDQWV�VJG�TKUM�QH�CTTJ[VJOKE�FGCVJ�HTQO�KPFKXKFWCN�QT�
EQPEWTTGPV�WUG�QH�VJGUG�OGFKECVKQPU�

%QVJ�VJG�EQPEGTPU�TGICTFKPI�OQTVCNKV[�TKUM��CPF�VJG�KPVGPUKV[�QH�36�CPF�CTTJ[VJOKC�
OQPKVQTKPI�UJQWNF�DG�EQPUKFGTGF�KP�VJG�EQPVGZV�QH�UGXGTCN�KORQTVCPV�OKVKICVKPI�
HCEVQTU�

�� 6JG�FWTCVKQP�QH�WUG�HQT�VJGUG�OGFKECVKQPU�HQT�&18á'����KPHGEVKQP�KU�UJQTV����VQ�
���FC[U�HQT�CEWVG�KNNPGUU��

�� 9JKNG�36�RTQNQPIKPI�OGFKECVKQP�WUG�JCU�DGGP�CUUQEKCVGF�YKVJ�KPETGCUGF�TKUM�QH�
FGCVJ��VJKU�TKUM�OC[�DG�UOCNNGT�VJCP�VJG�RQVGPVKCN�DGPGÕV�HTQO�VTGCVOGPV�QH�
&18á'����HQT�UQOG�RCVKGPVU�

�� 6JGTG�CTG�NCTIG�RQVGPVKCN�RQRWNCVKQP�JGCNVJ�DGPGÕVU�HTQO�JCUVGPKPI�XKTCN�
ENGCTCPEG�QH�&18á'����

9G�UVTQPIN[�GPEQWTCIG�GPTQNNOGPV�QH�RCVKGPVU�KP�ENKPKECN�TGUGCTEJ�RTQVQEQNU��
YJGPGXGT�CXCKNCDNG��$NN�ENKPKECN�WUG�VJCV�QEEWTU�QWVUKFG�QH�C�TGUGCTEJ�UGVVKPI�UJQWNF�
KPEQTRQTCVG�CPVKEKRCVGF�DGPGÕVU�DCNCPEGF�CICKPUV�TKUMU�

&WTTGPVN[��VJGTG�KU�JQRG�HQT�DGPGÕV�HTQO�J[FTQZ[EJNQTQSWKPG��[GV�VJGTG�KU�NKVVNG�
GXKFGPEG��6JCV�KU�NKMGN[�VQ�TCRKFN[�EJCPIG��IKXGP�OCP[�RGPFKPI�ENKPKECN�UVWFKGU�

$TTJ[VJOQIGPKEKV[�QH�+[FTQZ[EJNQTQSWKPG�CPF�$\KVJTQO[EKP

'TWI�KPFWEGF�36�RTQNQPICVKQP�JCU�NQPI�UGTXGF�CU�C�
UWTTQICVG�KPFKECVQT�HQT�KPETGCUGF�TKUM�QH�FTWI�
CUUQEKCVGF�VQTUCFGU�FG�RQKPVGU��6F2���C�RQVGPVKCNN[�
NGVJCN�RQN[OQTRJKE�XGPVTKEWNCT�VCEJ[ECTFKC��+QYGXGT��
VJG�TGNCVKQPUJKR�DGVYGGP�36�RTQNQPICVKQP�CPF�TKUM�

6JKU�UKVG�WUGU�EQQMKGU�VQ�KORTQXG�[QWT�GZRGTKGPEG�
']�GSRXMRYMRK� XS�YWI�SYV�WMXI��]SY�EKVII� XS�SYV�(SSOMI�5SPMG]��5VMZEG]�5SPMG]�ERH�8IVQW�SJ��IVZMGI��

40



QH�6F2�KU�KORGTHGEV�CPF�EQORNGZ��6JG�TKUM�QH�6F2�KU�
PQV�C�NKPGCT�HWPEVKQP�QH�36�FWTCVKQP�PQT�VJG�GZVGPV�
QH�EJCPIG��UQOG�FTWIU�YJKEJ�RTQNQPI�36E�CTG�PQV�
CUUQEKCVGF�YKVJ�KPETGCUGF�CTTJ[VJOKE�FGCVJ����

$NVJQWIJ�QPN[�C�UOCNN�RTQRQTVKQP�QH�RCVKGPVU�YKVJ�36E�RTQNQPICVKQP�UWàGT�6F2��
FTWI�CUUQEKCVGF�36�RTQNQPICVKQP�KU�CUUQEKCVGF�YKVJ�KPETGCUGF�CTTJ[VJOKE�CPF�PQP�
CTTJ[VJOKE�OQTVCNKV[�CPF�KV�VJGTGHQTG�EQPVKPWGU�VQ�DG�CP�KORQTVCPV�OGVTKE�QH�FTWI�
UCHGV[����

&JNQTQSWKPG��CPF�KVU�OQTG�EQPVGORQTCT[�FGTKXCVKXG�J[FTQZ[EJNQTQSWKPG��JCXG�
TGOCKPGF�KP�ENKPKECN�WUG�HQT�OQTG�VJCP�C�JCNH�EGPVWT[�CU�CP�GàGEVKXG�VJGTCR[�HQT�
VTGCVOGPV�QH�UQOG�OCNCTKCU��NWRWU��CPF�TJGWOCVQKF�CTVJTKVKU��'CVC�UJQY�KPJKDKVKQP�
QH�K-T�CPF�TGUWNVCPV�OKNF�36�RTQNQPICVKQP�CUUQEKCVGF�YKVJ�DQVJ�CIGPVU�

'GURKVG�VJGUG�UWIIGUVKXG�ÕPFKPIU��UGXGTCN�JWPFTGF�OKNNKQP�EQWTUGU�QH�EJNQTQSWKPG�
JCXG�DGGP�WUGF�YQTNFYKFG�OCMKPI�KV�QPG�QH�VJG�OQUV�YKFGN[�WUGF�FTWIU�KP�JKUVQT[��
YKVJQWV�TGRQTVU�QH�CTTJ[VJOKE�FGCVJ�WPFGT�9QTNF�+GCNVJ�1TICPK\CVKQP�
UWTXGKNNCPEG��

0QPGVJGNGUU��VJG�CDUGPEG�QH�CP�CEVKXG�FTWI�UCHGV[�UWTXGKNNCPEG�U[UVGO�KP�OQUV�
EQWPVTKGU�NKOKVU�TGCUUWTCPEG�HTQO�VJGUG�QDUGTXCVKQPU�

$\KVJTQO[EKP��C�HTGSWGPVN[�WUGF�OCETQNKFG�
CPVKDKQVKEU�NCEMU�UVTQPI�RJCTOCEQF[PCOKE�GXKFGPEG�
QH�K-T�KPJKDKVKQP��(RKFGOKQNQIKE�UVWFKGU�JCXG�
GUVKOCVGF�CP�GZEGUU�QH����ECTFKQXCUEWNCT�FGCVJU�
YJKEJ�CTG�RTGUWOGF�CTTJ[VJOKE�RGT���OKNNKQP�
EQORNGVGF�EQWTUGU��CNVJQWIJ�TGEGPV�UVWFKGU�UWIIGUV�
VJKU�OC[�DG�QXGTGUVKOCVGF����

6JGTG�KU�NKOKVGF�FCVC�GXCNWCVKPI�VJG�UCHGV[�QH�
EQODKPCVKQP�VJGTCR[��JQYGXGT�KP�XKXQ�UVWFKGU�JCXG�UJQYP�PQ�U[PGTIKUVKE�
CTTJ[VJOKE�GàGEVU�QH�C\KVJTQO[EKP�YKVJ�QT�YKVJQWV�EJNQTQSWKPG��

$�PWODGT�QH�HCEVQTU�CTG�MPQYP�VQ�EQPVTKDWVG�VQ�KPETGCUGF�TKUM�QH�FTWI�KPFWEGF�
6F2�KPENWFKPI�HGOCNG�UGZ��UVTWEVWTCN�JGCTV�FKUGCUG��EQPIGPKVCN�NQPI�36�U[PFTQOGU��
GNGEVTQN[VG�FKUVWTDCPEGU��JGRCVKE�TGPCN�HCKNWTG�CPF�EQPEQOKVCPV�36�RTQNQPIKPI�
OGFKECVKQPU��
6JKU�UKVG�WUGU�EQQMKGU�VQ�KORTQXG�[QWT�GZRGTKGPEG�
']�GSRXMRYMRK� XS�YWI�SYV�WMXI��]SY�EKVII� XS�SYV�(SSOMI�5SPMG]��5VMZEG]�5SPMG]�ERH�8IVQW�SJ��IVZMGI��

40



6JG�UCHGV[�QH�36�RTQNQPIKPI�OGFKECVKQPU�OC[�DG�OCZKOK\GF�D[�ENQUG�OQPKVQTKPI�
CPF�QRVKOK\CVKQP�QH�VJGUG�HCEVQTU��$�TKUM�UEQTG�JCU�DGGP�FGTKXGF�CPF�XCNKFCVGF�D[�
6KUFCNG�GV�CN���HQT�RTGFKEVKQP�QH�FTWI�CUUQEKCVGF�36�RTQNQPICVKQP�COQPI�ECTFKCE�
ECTG�WPKV�JQURKVCNK\GF�RCVKGPVU��6CDNG�����

6CDNG����4KUM�5EQTG�)QT�'TWI�$UUQEKCVGF�36E�2TQNQPICVKQP�

4KUM�)CEVQTU 2QKPVU

$IG�����[ �

)GOCNG�UGZ �

.QQR�FKWTGVKE �

5GTWO�-�������O(S�. �

$FOKUUKQP�36E������OU �

$EWVG�/á �

���36E�RTQNQPIKPI�FTWIU �

UGRUKU �

+GCTV�HCKNWTG �

1PG�36E�RTQNQPIKPI�FTWI �

/CZKOWO�4KUM�5EQTG ��

-��KPFKECVGU�RQVCUUKWO��CPF�/á��O[QECTFKCN�KPHCTEVKQP�

$�6KUFCNG�UEQTG�QH�����RTGFKEVU�NQY�TKUM�������OGFKWO�TKUM��CPF������JKIJ�TKUM�QH�
FTWI�CUUQEKCVGF�36�RTQNQPICVKQP��6CDNG����

6CDNG����4KUM�.GXGNU�)QT�'TWI�$UUQEKCVGF�36�2TQNQPICVKQP�

.QY�TKUM� ����RQKPVU

/QFGTCVG�TKUM� ������RQKPVU

+KIJ�TKUM� �����RQKPVU

5WIIGUVGF�/QPKVQTKPI�)QT�áPRCVKGPV�&NKPKECN�7UG

2CVKGPVU�CFOKVVGF�YKVJ�&18á'����CTG�NKMGN[�VQ�JCXG�
NQPIGT�DCUGNKPG�36E�CPF�JCXG�JKIJGT�RQVGPVKCN�
CTTJ[VJOKE�TKUMU�CU�C�TGUWNV�QH�VJG�OGVCDQNKE�CPF�

6CDNG����36E�
)QTOWNCU��&QPUKFGT�

6JKU�UKVG�WUGU�EQQMKGU�VQ�KORTQXG�[QWT�GZRGTKGPEG�
']�GSRXMRYMRK� XS�YWI�SYV�WMXI��]SY�EKVII� XS�SYV�(SSOMI�5SPMG]��5VMZEG]�5SPMG]�ERH�8IVQW�SJ��IVZMGI��

40



RJ[UKQNQIKE�UGSWGNCG�QH�VJGKT�KNNPGUU��CPF�C�V[RKECNN[�
ITGCVGT�DWTFGP�QH�EQOQTDKF�FKUGCUG�

+QYGXGT��IKXGP�VJG�UGXGTKV[�QH�KNNPGUU��JQURKVCNK\GF�
CPF�ETKVKECNN[�KNN�RCVKGPVU�OC[�CNUQ�FGTKXG�VJG�OQUV�
DGPGÕV�HTQO�RQVGPVKCNN[�GàGEVKXG�VJGTCRKGU�

6JG�IQCN�QH�36E�UETGGPKPI�KP�VJKU�UGVVKPI�KU�PQV�VQ�
KFGPVKH[�RCVKGPVU�YJQO�CTG�PQV�ECPFKFCVGU�HQT�
VJGTCR[��DWV�VQ�KFGPVKH[�VJQUG�YJQ�CTG�CV�KPETGCUGF�
TKUM�HQT�6F2�UQ�CIITGUUKXG�EQWPVGTOGCUWTGU�OC[�DG�
KORNGOGPVGF�

áH�QVJGTYKUG�TGCF[�HQT�FKUEJCTIG��RCVKGPVU�YJQ�JCXG�
JCF�36�KPVGTXCNU�VJCV�CTG�YGNN�YKVJKP�PQTOCN�TCPIG�
CPF�JCXG�JCF�PQ�EQPEGTPKPI�CTTJ[VJOKCU�QP�
VGNGOGVT[�UJQWNF�PQV�DG�JGNF�KP�VJG�JQURKVCN�
GZENWUKXGN[�HQT�VJG�RWTRQUG�QH�J[FTQZ[EJNQTQSWKPG�
TGNCVGF�CTTJ[VJOKC�OQPKVQTKPI�

�� %CUGNKPG

C� 'KUEQPVKPWG�CPF�CXQKF�CNN�QVJGT�PQP�ETKVKECN�36�RTQNQPIKPI�CIGPVU�

D� $UUGUU�C�DCUGNKPG�(&*��TGPCN�HWPEVKQP��JGRCVKE�HWPEVKQP��UGTWO�RQVCUUKWO�
CPF�UGTWO�OCIPGUKWO�

E� 9JGP�RQUUKDNG��JCXG�CP�GZRGTKGPEGF�ECTFKQNQIKUV�GNGEVTQRJ[UKQNQIKUV�
OGCUWTG�36E��CPF�UGGM�RJCTOCEKUV�KPRWV�KP�VJG�UGVVKPI�QH�CEWVG�TGPCN�QT�
JGRCVKE�HCKNWTG�

�� 4GNCVKXG�EQPVTCKPFKECVKQPU��UWDLGEV�VQ�OQFKÕECVKQP�DCUGF�QP�RQVGPVKCN�DGPGÕVU�
QH�VJGTCR[�

C� +KUVQT[�QH�NQPI�36�U[PFTQOG��QT

D� %CUGNKPG�36E�!����OUGE��QT�!��������OUGE�KP�RCVKGPVU�YKVJ�345�ITGCVGT�
VJCP�!����OUGE�

�� 1PIQKPI�OQPKVQTKPI��FQUG�CFLWUVOGPV�CPF�FTWI�FKUEQPVKPWCVKQP

C� 2NCEG�QP�VGNGOGVT[�RTKQT�VQ�UVCTV�QH�VJGTCR[�

D� /QPKVQT�CPF�QRVKOK\G�UGTWO�RQVCUUKWO�FCKN[�

E� $ESWKTG�CP�(&*�����JQWTU�CHVGT�VJG�UGEQPF�FQUG�QH�J[FTQZ[EJNQTQSWKPG��
CPF�FCKN[�VJGTGCHVGT�

7UKPI�)TKFGTKEKC�QT�
)TCOKPIJCO�
&QTTGEVKQP��(URGEKCNN[�
HQT�+GCTV�4CVGU�1XGT�
���%2/��

)TKFGTKEKC

)TCOKPIJCO 36E� �36�����������44�

+QFIGU 36E� �36��������+4����

%C\GVV

36E� �36��

36E� �36��

6JKU�UKVG�WUGU�EQQMKGU�VQ�KORTQXG�[QWT�GZRGTKGPEG�
']�GSRXMRYMRK� XS�YWI�SYV�WMXI��]SY�EKVII� XS�SYV�(SSOMI�5SPMG]��5VMZEG]�5SPMG]�ERH�8IVQW�SJ��IVZMGI��

40



F� áH�36E�KPETGCUGU�D[�!���OUGE�QT�CDUQNWVG�36E�!���OUGE��QT�!��������OUGE�
KH�345�!����OUGE���FKUEQPVKPWG�C\KVJTQO[EKP��KH�WUGF��CPF�QT�TGFWEG�FQUG�QH�
J[FTQZ[EJNQTQSWKPG�CPF�TGRGCV�(&*�FCKN[�

G� áH�36E�TGOCKPU�KPETGCUGF�!���OUGE�CPF�QT�CDUQNWVG�36E�!����OUGE��QT�
!��������OUGE�KH�345�!����OUGE���TGGXCNWCVG�VJG�TKUM�DGPGÕV�QH�QPIQKPI�
VJGTCR[��EQPUKFGT�EQPUWNVCVKQP�YKVJ�CP�GNGEVTQRJ[UKQNQIKUV��CPF�EQPUKFGT�
FKUEQPVKPWCVKQP�QH�J[FTQZ[EJNQTQSWKPG�

5WIIGUVGF�/QPKVQTKPI�)QT�1WVRCVKGPV�&NKPKECN�7UG

2CVKGPVU�YJQ�CTG�UVCDNG�HQT�QWVRCVKGPV�VJGTCR[�OC[�
DG�NGUU�CV�TKUM�HQT�EQORNKECVKQPU��DWV�CTG�WPNKMGN[�VQ�
JCXG�CEEGUU�VQ�ENQUG�OQPKVQTKPI�

$U�HQT�KPRCVKGPVU��36E�UETGGPKPI�UJQWNF�DG�
KPEQTRQTCVGF�KPVQ�CP�KPFKXKFWCNK\GF�TKUM�DGPGÕV�
EQPUKFGTCVKQP�HQT�VTGCVOGPV�

áH�QWVRCVKGPV�(&*�CUUGUUOGPV�KU�KORQUUKDNG�QT�RQUGU�
WPFWG�TKUM�QH�KPHGEVKQP�HQT�QVJGTU��VJG�PGEGUUKV[�QH�VTGCVOGPV�UJQWNF�DG�DCNCPEGF�
CICKPUV�TKUM�YJGP�EQPUKFGTKPI�CNVGTPCVKXG�OQPKVQTKPI�OGVJQFU�QT�QOKVVKPI�
OQPKVQTKPI�

�� %CUGNKPG

C� 'KUEQPVKPWG�CPF�CXQKF�CNN�QVJGT�PQP�ETKVKECN�36�RTQNQPIKPI�CIGPVU�

D� $UUGUU�C�DCUGNKPG�(&*��TGPCN�HWPEVKQP��JGRCVKE�HWPEVKQP��UGTWO�RQVCUUKWO�
CPF�UGTWO�OCIPGUKWO�

E� 9JGP�RQUUKDNG��JCXG�CP�GZRGTKGPEGF�ECTFKQNQIKUV�GNGEVTQRJ[UKQNQIKUV�
OGCUWTG�36E�

F� $XQKF�QWVRCVKGPV�KPKVKCVKQP�KP�VJG�UGVVKPI�QH�CEWVG�TGPCN�QT�JGRCVKE�HCKNWTG�

�� 4GNCVKXG�EQPVTCKPFKECVKQPU��UWDLGEV�VQ�OQFKÕECVKQP�DCUGF�QP�RQVGPVKCN�DGPGÕVU�
QH�VJGTCR[�

C� +KUVQT[�QH�NQPI�36�U[PFTQOG��QT

D� %CUGNKPG�36E�!����OUGE��QT�!��������OUGE�KH�345�!����OUGE���QT

E� 6KUFCNG�TKUM�UEQTG����

�� 1PIQKPI�OQPKVQTKPI��FQUG�CFLWUVOGPV�CPF�FTWI�FKUEQPVKPWCVKQP

6JKU�UKVG�WUGU�EQQMKGU�VQ�KORTQXG�[QWT�GZRGTKGPEG�
']�GSRXMRYMRK� XS�YWI�SYV�WMXI��]SY�EKVII� XS�SYV�(SSOMI�5SPMG]��5VMZEG]�5SPMG]�ERH�8IVQW�SJ��IVZMGI��

40



C� áH�SWCTCPVKPG�QT�TGUQWTEG�EQPUVTCKPVU�CTG�RTQJKDKVKXG��EQPUKFGT�PQ�HWTVJGT�
(&*���VGNGOGVT[�CUUGUUOGPV�KH�6KUFCNG�TKUM�UEQTG�����$NUQ�EQPUKFGT�WUG�QH�
CNVGTPCVKXG�OGEJCPKUOU�QH�36�CPF�CTTJ[VJOKC�CUUGUUOGPV�QWVNKPGF�DGNQY�

D� 1VJGTYKUG��TGRGCV�(&*�����JQWTU�CHVGT�FQUKPI�QP�FC[���QH�VJGTCR[��áH�36E�
KPETGCUGU�D[�!������OUGE�QT�CDUQNWVG�36E�!���OUGE��QT�!��������OUGE�KH�
345�!����OUGE���EQPUKFGT�FKUEQPVKPWKPI�VJGTCR[�

2TQVQEQN�/QFKÕECVKQPU�KP�VJG�5GVVKPI�QH�.KOKVGF�4GUQWTEGU�QT�
3WCTCPVKPGU

36�RTQNQPIKPI�OGFKECVKQP�KPKVKCVKQP�OC[�DG�EQPUKFGTGF�KP�VJG�CDUGPEG�QH�(&*��
VGNGOGVT[�QT�KP�QÞEG�CUUGUUOGPV�ECRCDKNKV[�HQT�RCVKGPVU�YKVJ�6KUFCNG�TKUM�UEQTG�����
KP�VJG�UGVVKPI�QH�TGUQWTEG�UECTEKV[�

$FFKVKQPCN�EQPUKFGTCVKQPU�OC[�KPENWFG�

�� 2GTUQPCN�RTQVGEVKXG�GSWKROGPV��22(��UJQTVCIGU� 6Q�OKPKOK\G�WUG�QH�22(��
(&*U�OC[�DG�RGTHQTOGF�VQ�EQKPEKFG�YKVJ��ENWUVGTGF��ECTG�DGVYGGP���CPF���
JQWTU�CHVGT�FQUKPI��6Q�HWTVJGT�TGFWEG�GZRQUWTG�QT�UCXG�22(�TGUQWTEGU��36E�
OQPKVQTKPI�OC[�DG�RGTHQTOGF�WUKPI�UWTTQICVGU�HQT����NGCF�(&*�CUUGUUOGPV��
KPENWFKPI�36E�OQPKVQTKPI�XKC�KPRCVKGPV�VGNGOGVT[��FKTGEV�VQ�EQPUWOGT�OQDKNG�
FGXKEGU��G�I���-CTFKC/QDKNG���NGCF��-CTFKC/QDKNG���NGCF�CPF�$RRNG�9CVEJ���
NGCF���QT�RTGUETKRVKQP�OQDKNG�ECTFKCE�QWVRCVKGPV�VGNGOGVT[�FGXKEGU��G�I���
K4J[VJO��%KQ6GN�CPF�2TGXGPVKEG��

�� 6GNGOGVT[�UJQTVCIGU� áH�VGNGOGVT[�TGUQWTEGU�CTG�NKOKVGF��VJGKT�WUG�OWUV�DG�
VTKCIGF�DCUGF�QP�ENKPKECN�KORQTVCPEG��.QECN�RTQVQEQNU�UJQWNF�DG�ETGCVGF�VQ�
YGKIJ�VJG�CTTJ[VJOKC�TKUMU�CETQUU�VJG�URGEVTWO�QH�JQURKVCNK\GF�RCVKGPVU��
2CVKGPVU�CNTGCF[�QP�VJGTCR[�YKVJ�36E�XCNWGU�KP�VJG�ENGCTN[�CEEGRVCDNG�TCPIG�
EQWNF�DG�EQPUKFGTGF�HQT�QPIQKPI�J[FTQZ[EJNQTQSWKPG�WUG�YKVJQWV�VGNGOGVT[��
2CVKGPVU�KPKVKCVKPI�VJGTCR[�YKVJ�6KUFCNG�TKUM�UEQTG����ECP�UKOKNCTN[�DG�
EQPUKFGTGF�HQT�WUG�YKVJQWV�OQPKVQTKPI��)QT�JKIJGT�TKUM�RCVKGPVU�YJQ�YQWNF�
QVJGTYKUG�PQV�JCXG�CEEGUU�VQ�KPRCVKGPV�VGNGOGVT[��OQDKNG�ECTFKCE�QWVRCVKGPV�
VGNGOGVT[�EQWNF�DG�EQPUKFGTGF�HQT�WUG�KP�VJG�JQURKVCN��áP�VJKU�VGNGOGVT[�VTKCIG�
EQPVGZV��CP[�U[PEQRG�UJQWNF�DG�EQPUKFGTGF�FWG�VQ�RQN[OQTRJKE�86�CPF�UJQWNF�
RTQORV�(&*�CPF�TGKPKVKCVKQP�QH�VGNGOGVT[�

�� /KPKOK\KPI�GZRQUWTG�EQPVCEV� áV�OC[�DG�TGCUQPCDNG�VQ�HQTGIQ�(&*�UETGGPKPI�
VQ�CNNQY�RCVKGPVU�VQ�TGOCKP�KP�SWCTCPVKPG�KH�PQ�JKIJ�TKUM�HGCVWTGU�GZKUV��JKUVQT[�
QH�NQPI�36�U[PFTQOG��EQPEQOKVCPV�36�RTQNQPIKPI�OGFKECVKQPU��UVTWEVWTCN�QT�

6JKU�UKVG�WUGU�EQQMKGU�VQ�KORTQXG�[QWT�GZRGTKGPEG�
']�GSRXMRYMRK� XS�YWI�SYV�WMXI��]SY�EKVII� XS�SYV�(SSOMI�5SPMG]��5VMZEG]�5SPMG]�ERH�8IVQW�SJ��IVZMGI��

40



KUEJGOKE�JGCTV�FKUGCUG��JKUVQT[�QH�RTQNQPIGF�36E�QP�CP[�(&*��JKUVQT[�QH�
CDPQTOCN�TGPCN�HWPEVKQP�CPF�QT�GNGEVTQN[VGU��

�� /CZKOK\KPI�VGNGRJQPG�CUUGUUOGPV� $NN�RCVKGPVU��TGUGCTEJ�UWDLGEVU�UJQWNF�
JCXG�ENQUG�OQPKVQTKPI�QH�U[ORVQOU�YKVJ�CVVGPVKQP�VQ�KPFKECVQTU�QH�CTTJ[VJOKC�
TKUM��U[PEQRG��FGJ[FTCVKQP��KPKVKCVKQP�QH�PGY�OGFKECVKQPU�CPF�YQTUGPKPI�QH�
JGCNVJ�UVCVWU��

Ň�6YGGV��&CTÌ

6JKU�CTVKENG�KU�CWVJQTGF�D[�6KOQVJ[�)��5KORUQP��/'��2JCTO'��4KEJCTF�,��
-QXCEU��/'��)$&&��CPF�(TKE�&��5VGEMGT��/'��/2+��)$&&�

4GHGTGPEGU

�� *WCVTGV�GV�CN���������+[FTQZ[EJNQTQSWKPG�CPF�C\KVJTQO[EKP�CU�C�VTGCVOGPV�QH�
&18á'�����TGUWNVU�QH�CP�QRGP�NCDGN�PQP�TCPFQOK\GF�ENKPKECN�VTKCN��áPV�,�QH�$PVKOK�
$IGPVU��'1á���������L�KLCPVKOKECI�������������

�� 4QEM�(2��)KPMNG�,��)KPIGTV�+,��GV�CN��$UUGUUKPI����RTQCTTJ[VJOKE�RQVGPVKCN�QH�
FTWIU�YJGP�QRVKOCN�UVWFKGU����CTG�KPHGCUKDNG��$O�+GCTV�,������������������
����G������/GFNKPG����������FQK���������L�CJL���������������

�� +QJPNQUGT�5+��-NKPIGPJGDGP�6��5KPIJ�%0��$OKQFCTQPG����CUUQEKCVGF�
RTQCTTJ[VJOKE�GàGEVU��C�TGXKGY�YKVJ�URGEKCN����TGHGTGPEG�VQ�VQTUCFG�FG�RQKPVGU�
VCEJ[ECTFKC��$PP�áPVGTP�/GF�����������������������/GFNKPG�����������
FQK����������������������������������������

�� &JWIJ�55��4GKPKGT�-��5KPIJ�6��GV�CN��'GVGTOKPCPVU�QH�RTQNQPIGF�36�KPVGTXCN�CPF�
VJGKT�EQPVTKDWVKQP�VQ�UWFFGP�FGCVJ�TKUM�KP�EQTQPCT[�CTVGT[�FKUGCUG��6JG�1TGIQP�
5WFFGP�7PGZRGEVGF�'GCVJ�5VWF[��&KTEWNCVKQP��������������������

�� 5KORUQP�6��5CNC\CT�,��8KVVKPIJQà�(��GV�CN��$UUQEKCVKQP�QH�36�RTQNQPIKPI�
OGFKECVKQPU�YKVJ�TKUM�QH�CWVQRU[�ECWUGU�QH�UWFFGP�FGCVJ��,$/$�áPV�/GF��
�����������������

�� �6JG�&CTFKQVQZKEKV[�QH�$PVKOCNCTKCNU���9QTNF�+GCNVJ�1TICPK\CVKQP��/CNCTKC�2QNKE[�
$FXKUQT[�&QOOKVVGG�/GGVKPI�����/CT��������$XCKNCDNG�JGTG�

�� 4C[�9��/WTTC[�-��+CNN�-��$TDQICUV�2��5VGKP�/��$\KVJTQO[EKP�CPF�VJG�TKUM�QH�
ECTFKQXCUEWNCT�FGCVJ��0GY�(PIN�,�/GF���������������������

�� )QUUC�$��9KUKCNQYUMK�6��'WPECP�,��GV�CN��$\KVJTQO[EKP�EJNQTQSWKPG�EQODKPCVKQP�
FQGU�PQV�KPETGCUG�ECTFKCE�KPUVCDKNKV[�FGURKVG�CP�KPETGCUG�KP�OQPQRJCUKE�CEVKQP�

6JKU�UKVG�WUGU�EQQMKGU�VQ�KORTQXG�[QWT�GZRGTKGPEG�
']�GSRXMRYMRK� XS�YWI�SYV�WMXI��]SY�EKVII� XS�SYV�(SSOMI�5SPMG]��5VMZEG]�5SPMG]�ERH�8IVQW�SJ��IVZMGI��

40



�������$PHULFDQ�&ROOHJH�RI�&DUGLRORJ\�)RXQGDWLRQ��$OO�ULJKWV�UHVHUYHG�

RQVGPVKCN�FWTCVKQP�KP�VJG�CPGUVJGVK\GF�IWKPGC�RKI��$O�,�6TQR�/GF�+[I��
��������������������

�� 6KUFCNG�,(��,C[GU�+$��-KPIGT[�,4��GV�CN��'GXGNQROGPV�CPF�XCNKFCVKQP�QH�C�TKUM�
UEQTG�VQ�RTGFKEV�36�KPVGTXCN�RTQNQPICVKQP�KP�JQURKVCNK\GF�RCVKGPVU��&KTE�
&CTFKQXCUE�3WCN�1WVEQOGU������������������

��� 8CPFGTDGTM�%��8CPFCGN�(��4QD[PU�6��GV�CN��9JKEJ�36�EQTTGEVKQP�VQ�WUG�HQT�36�
OQPKVQTKPI"��,�$O�+GCTV�$UUQE����������G�������

5JCTG�XKC��

&NKPKECN�6QRKEU� $TTJ[VJOKCU�CPF�&NKPKECN�(2��&QPIGPKVCN�+GCTV�'KUGCUG�CPF�
2GFKCVTKE�&CTFKQNQI[�� áORNCPVCDNG�'GXKEGU��*GPGVKE�$TTJ[VJOKE�&QPFKVKQPU��
5&'�8GPVTKEWNCT�$TTJ[VJOKCU��$VTKCN�)KDTKNNCVKQP�5WRTCXGPVTKEWNCT�$TTJ[VJOKCU��
&QPIGPKVCN�+GCTV�'KUGCUG��&+'�CPF�2GFKCVTKEU�CPF�$TTJ[VJOKCU��&+'�CPF�
2GFKCVTKEU�CPF�3WCNKV[�áORTQXGOGPV��0QXGN�$IGPVU��5VCVKPU

-G[YQTFU� &CTFKQNQI[�/CIC\KPG��$&&�2WDNKECVKQPU��&QTQPCXKTWU��$EWVG�'KUGCUG��$PVK�
%CEVGTKCN�$IGPVU��$TTJ[VJOKCU��&CTFKCE��$\KVJTQO[EKP��&JNQTQSWKPG��&NKPKECN�2TQVQEQNU��
&QOOWPKECDNG�'KUGCUGU��&18á'�����'GJ[FTCVKQP��(NGEVTQECTFKQITCRJ[��(VJKEU�&QOOKVVGGU��
4GUGCTEJ��+[FTQZ[EJNQTQSWKPG�� áPRCVKGPVU��.QPI�36�5[PFTQOG��/CIPGUKWO��/CNCTKC��
1WVRCVKGPVU��3WCTCPVKPG��4GIKUVTKGU��2QVCUUKWO��5GXGTG�$EWVG�4GURKTCVQT[�5[PFTQOG��5QFKWO�
&JNQTKFG�5[ORQTVGT� áPJKDKVQTU��6QTUCFGU�FG�2QKPVGU��8KTWU�5JGFFKPI

���.

6JKU�UKVG�WUGU�EQQMKGU�VQ�KORTQXG�[QWT�GZRGTKGPEG�
']�GSRXMRYMRK� XS�YWI�SYV�WMXI��]SY�EKVII� XS�SYV�(SSOMI�5SPMG]��5VMZEG]�5SPMG]�ERH�8IVQW�SJ��IVZMGI��

40



European Heart Journal Supplements (2001) 3 (Supplement K), K70–K80

Spectrum of drugs prolonging QT interval and the
incidence of torsades de pointes

B. Darpö

Department of Cardiology, Karolinska Hospital, Stockholm, and Quintiles Services, Stockholm, Sweden

The incidence of drug-induced proarrhythmias in the
general population is largely unknown. Knowledge regard-
ing incidence and risk factors is mainly derived from studies
during clinical development of drugs and is therefore
limited to antiarrhythmic compounds with a relatively high
incidence. For non-cardiovascular drugs, proarrhythmias
are rarely seen during clinical development but usually
appear later, several years after registration. Both
spontaneous adverse reaction reports and epidemiological
studies have severe limitations when used to estimate the
incidence of proarrhythmias with non-cardiovascular
compounds. QT prolongation and torsades de pointes
have been associated with non-sedating antihistamines,
antibiotics, antipsychotics, antidepressants and a gastro-
intestinal prokinetic agent; drugs within these classes
constitute the vast majority of non-cardiovascular

compounds associated with this potentially serious side-
effect. Epidemiological studies on non-sedating anti-
histamines and on cisapride have largely failed to
demonstrate an increased risk for sudden death or ventricu-
lar arrhythmias, which is most likely due to the low
specificity of the end-points studied. A careful case
ascertainment, which requires access to electrocardiograms
and clinical records, and prospectively defined, strict
definitions for the classification of proarrhythmias, is of
great importance in these studies.
(Eur Heart J Supplements 2001; 3 (Suppl K): K70–K80)
! 2001 The European Society of Cardiology

Key Words: Torsades de pointes, QT prolongation, non-
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Introduction

Torsades de pointes (TdP) may be caused by a large
number of different drugs and is a well-known side-
effect of all antiarrhythmic drugs that prolong cardiac
repolarization. In addition, a large number of non-
cardiovascular drugs used for a variety of non-related
diseases have been associated with or suspected to cause
TdP. Examples include drugs used in the treatment of
urinary incontinence (terodiline, now withdrawn), anti-
histamines (terfenadine, now largely withdrawn, and
astemizole), antimicrobials (erythromycin), gastric
prokinetic (cisapride), antipsychotics and antidepres-
sants. The aim of this presentation is to discuss different
classes of drugs that have been associated with QT
prolongation or TdP, the incidence of events and certain
characteristics of commonly used databases in studies of
drug-induced proarrhythmias.

Incidence of torsade de pointes

The incidence of drug-induced TdP in the general
population is largely unknown. Our knowledge of the
incidence and risk factors is mainly based on clinical
studies during drug development, on epidemiological
data and on post-marketing surveillance through
spontaneous adverse drug reactions (ADR) reports. The
considerable attention paid to drug-induced TdP during
the last few years has resulted in an increased number
of spontaneous reports, although the absolute total
number is still very low (Table 1). The degree of
under-reporting of ADRs varies widely and is particu-
larly high when physicians and pharmacists regard the
adverse reaction as ‘expected’ in relation to the under-
lying disease of the patient[1]. Examples of under-
reporting may include an increased incidence of bleeding
in patients on anticoagulation therapy, and sudden
death or ventricular arrhythmias in patients with cor-
onary artery disease. An episode of polymorphic ven-
tricular tachycardia in a previously healthy female
patient on cisapride and erythromycin therapy is likely
to be reported as an adverse drug reaction. Such a report
will most probably not be made for a male patient with
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severe congestive heart failure and previous episodes of
monomorphic ventricular tachycardia.

Between 1983 and December, 1999, 761 cases of TdP,
of which 34 were fatal, were reported to the WHO Drug
Monitoring Centre. ADR reports are sent to this centre
from the member states, but the content and clinical
information vary widely between different countries and
sources. These reports merely represent a suspicion of
association between a drug and an adverse event. The
likelihood for a specific ADR to be reported is influ-
enced by various factors, such as the patient’s under-
lying disease, whether the ADR is well known or not
previously described and, evidently, how much attention
is focused on a specific ADR within the medical com-
munity. The 20 most commonly reported compounds
are shown in Table 2.

As an initial effort to explore the incidence of
drug-associated proarrhythmias, the Swedish Medical
Products Agency conducted a one-month pilot study in
1999 (DRAMA pilot study, personal communication
from Professor B. Beerman, Swedish Medical Products
Agency, and B. Wiholm, MD, PhD, December, 1999).
The study involved 32 hospitals with a total reference
population of approximately 4·2 million inhabitants.
The studied end-points were any episode of ventricu-
lar fibrillation or polymorphic tachycardia, whether
associated with a prolonged QT interval or not, and
episodes of monomorphic ventricular tachycardias last-
ing more than nine beats. Ventricular tachyarrythmias
associated with ischaemic events (acute myocardial
infarction or unstable angina pectoris) were excluded.
The study period was 28 days and all episodes encoun-
tered during admission to hospital, or tracked by
Holter recordings at the hospitals during this time
period, were reported. All collected episodes were
evaluated by three cardiologists and were classified
according to prospectively defined and previously de-
scribed algorithm[2]. A total of 68 episodes of ventricu-
lar arrhythmias were collected and of these 14 were

regarded as ‘medium- or high-confidence TdP’ by the
expert group. This corresponded to an incidence in
this population of 3·3 cases per million for the 28
days, which equalled an annual incidence of 4/100 000.
Although it is difficult to base any firm conclusions on
14 patients with TdP, it may be worth pointing out
that eight of the 14 (57%) were women and 64% of the
patients had either a previous history of ventricular
arrhythmias or structural heart disease (Table 3).
These observations are consistent with previously
reported risk factors for drug-induced TdP[3]. Three of
the torsade patients were not on any medication. The
most common drugs prescribed to the remaining
patients (n=11, Table 4) were sotalol and diuretics,
which is noteworthy, since only one patient was
hypokalaemic at admission.

The annual incidence of TdP in this study, 4/100 000,
is strikingly high and in sharp contrast to the spon-
taneous ADR reporting. If it was assumed that the
arrhythmia is drug-induced in only one-third of these
cases, an annual incidence in Sweden of more than 100
cases (among 9 million inhabitants) would result. In
contrast, the total number of ADR reports with TdP to
the Swedish Medical Products Agency during 1991 to
1999 was 62, i.e. less than eight per year. These numbers
thus confirm the opinion that post-marketing surveil-
lance via spontaneous reports under-reports the true
incidence of serious adverse reactions by a factor of at
least 10[4].

Table 1 Annual number of ADR reports submitted to the
WHO Drug Monitoring Centre, 1983 to 1999

Year Reports of TdP

1983 1
1986 1
1987 5
1988 1
1989 3
1990 7
1991 24
1992 19
1993 28
1994 102
1995 162
1996 166
1997 121
1998 62
1999 59

Table 2 The 20 drugs most commonly reported in associ-
ation with TdP between 1983 and 1999 (based on ADR
reports to WHO)

Drug name TdP
(n)

Fatal
(n)

Total
(n)

TdP/total
(%)

Sotalol 130 1 2758 4·71
Cisapride 97 6 6489 1·49
Amiodarone 47 1 13 725 0·34
Erythromycin 44 2 24 776 0·18
Ibutilide 43 1 173 24·86
Terfenadine 41 1 10 047 0·41
Quinidine 33 2 7353 0·45
Clarithromycin 33 0 17 448 0·19
Haloperidol 21 6 15 431 0·14
Fluoxetine 20 1 70 929 0·03
Digoxin 19 0 18 925 0·10
Procainamide 19 0 5867 0·32
Terodiline 19 0 2248 0·85
Fluconazole 17 0 5613 0·30
Disopyramide 16 1 3378 0·47
Bepridil 15 0 384 3·91
Furosemide 15 0 15 119 0·10
Thioridazine 12 0 6565 0·18
Flecainide 11 2 3747 0·29
Loratidine 11 1 5452 0·20

Abbreviations: TdP (n): total number of ADR reports named TdP
for this drug. Fatal (n): number of ADR reports named TdP with
a fatal outcome. Total (n): total number of ADR reports for this
drug.
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Drugs that may cause QT prolongation
or torsade de pointes

In all, 225 pharmaceutical compounds have been
associated with torsade de pointes in spontaneous
ADR reports collected by the WHO Drugs Monitoring
Centre. Of the 20 most commonly reported drugs, 10
were cardiovascular agents and these appeared in 348 of
the reports (46%). This presentation will mainly deal
with non-cardiovascular drugs (Table 5). The infor-
mation on drug-associated TdP is constantly growing
in line with the increasing awareness and concern, and
the reader is asked to use the Internet for updates.
Professor R. Woosley, Department of Pharmacology at
Georgetown University Medical School in Washington,
DC, USA, provides information from the FDA-
approved drug labelling and from the medical literature
(available at http://www.dml.georgetown.edu/depts/
pharmacology/torsades.html). The Sudden Arrhythmia

Death Syndromes Foundation (webside http://
www.sads.org/) provides updated information on which
drugs should be avoided by patients with congenital
long QT syndrome or who have previously experienced
TdP.

Antiarrhythmic drugs

Class I antiarrhythmic drugs

All class I antiarrhythmic drugs have the potential to
cause life-threatening ventricular proarrhythmias. The
use of these agents is decreasing because of safety
concerns[5–9]. It has been estimated that 1–8% of patients
treated with quinidine will develop TdP[10–12]. The
proarrhythmia is frequently ‘idiosyncratic’, occurring
after low doses and at low plasma concentrations[3,13].
Disopyramide and procainamide have also been associ-
ated with TdP[13]. Furthermore, the Cardiac Arrhythmia
Suppression Trial (CAST) demonstrated an increased
mortality from class IC drugs in patients with frequent
premature ventricular contractions and previous myo-
cardial infarction, and their use should therefore be
restricted to patients with structurally normal hearts and
preserved left ventricular function[8,14]. The mechanism
underlying the results of the CAST study is not fully
elucidated, but a likely explanation seems to be one of
fatal proarrhythmia in susceptible individuals[15]. In a
meta-analysis of quinidine treatment in patients with
atrial fibrillation, a threefold mortality was found com-
pared to placebo or no treatment[6]. In the Stroke
Prevention in Atrial Fibrillation study, a 2·5-fold
increase in mortality was reported in patients with a
history of congestive heart failure and who were treated
with antiarrhythmic drugs, mainly quinidine and
procainamide[16].

Table 3 Clinical characteristics for patients with ventricular tachyarrhythmias in the
Swedish DRAMA pilot study

Characteristic

Torsades de pointes
(n=14)

Other ventricular tachycardia
(n=54)

Number % Number %

Sex
Female 8 57 15 34
Male 6 43 39 66

Age, years (mean) 68 61
Previous TdP 1 7 1 7

Medical history
Other VT 2 14 18 35
IHD 4 28 21 39
CHF 6 43 18 33
IHD"CHF 8 57 29 54
Any heart disease 9 64 35 65

Laboratory findings
Creatinine >120 mmol . l#1 5 35 12 (n=44) 27
S-K <3·5 mmol . l#1 2 14 5 (n=44) 11

Table 4 Concomitant medication in 14 patients with
TdP in the Swedish DRAMA pilot study

Drug Number on drug

None 3
Diuretics 9
Thrombocyte inhibitor 7
Sotalol 6
Digitalis 4
ACE inhibitors 3
Antidepressants 2
Calcium antagonists 1
Beta-blockers (other than sotalol) 1
Antibiotics 1
Cisapride 1

Torsades de pointes, n=14.
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Class III antiarrhythmic drugs

Both d,l-sotalol and amiodarone have substantial side-
effects in addition to their electrophysiological effects.
This, and safety concerns surrounding class I com-
pounds, were the rationale for substantial research
efforts during the 1980s to develop drugs with ‘pure’
class III properties. Most of these newer agents, e.g.
dofetilide, d-sotalol and sematilide, are powerful IKr
blockers, but other mechanisms may also contribute to
the antiarrhythmic effects (as may be the case with, for
example, ibutilide and azimilide). For amiodarone the
incidence of TdP is very low[17]. In seven clinical trials,
with a total of 882 patients, no proarrhythmia occurred
during treatment with intravenous amiodarone for con-
version of atrial arrhythmias to sinus rhythm[18–24]. For
d,1-sotalol the incidence of torsade is about 2% (three
trials, 462 patients)[25–28]. For dofetilide (six trials, 567
patients)[29–34], ibutilide (six trials, 1468 patients)[35–39]

and almokalant (two studies, 180 patients)[40,41], the
incidence varies between 1% and 8% in the different
clinical trials.

Calcium antagonists

One of the first non-cardiovascular drugs associated
with TdP was terodiline, used for treatment of urinary
incontinence. This drug is a calcium antagonist and
was launched as such during the 1960s. Due to its
anticholinergic effects, terodiline was eventually used
for treatment of urinary incontinence, but was with-
drawn because of association with TdP[42,43]. Bepridil
is a calcium antagonist which in some countries is
labelled for use only in patients who are refractory to
other antianginal drugs. The drug prolongs the QT
interval and several cases of TdP have been
described[44,45]. Although several alternative calcium
antagonists without proarrhythmic effects are avail-
able, bepridil is allowed, since it may be beneficial in
selected patients with severe drug-refractory angina.
Mibefradil, a T channel blocker, was withdrawn after
only one year on the market, largely due to numerous
drug-to-drug interactions, since it inhibited both
CYP3A4 and 2D6[46] isozymes. Mibefradil also gave
rise to QT prolongation and marked T wave morpho-
logical changes that resembled those seen with selective
class III antiarrhythmics, and this caused a consider-
able debate as to whether the drug had proarrhythmic
potentials. There were several reports of TdP in
patients on mibefradil during its short time on the
market, but it is not fully clear whether it was a
proarrhythmic propensity of the drug or pharmaco-
kinetic interactions with other drugs that prolonged the
QT interval. In either case, it is still noteworthy that
the combination of mibefradil and class I and III
antiarrhythmics was particularly harmful in a large
trial on 2590 patients with congestive heart failure[47].

Table 5 Drugs which may cause QT prolongation or
have been associated with torsades de pointes

Cardiovascular compounds
Antiarrhythmic drugs

Class I
Class III

Calcium antagonists
Bepridil
Terodilin (withdrawn)
Mibefradil (withdrawn)

Non-cardiovascular compounds
Antihistamines

Terfenadine
Astemizole

Antibiotics
Macrolide

Erythromycin
Clarithromycin

Quinolone
Sparfloxacin
Levofloxacin
Grepafloxacin (withdrawn)
Moxifloxacin

Antimalarials
Quinine
Halofantrine
Pentamidine

Imidazole antifungals
Ketoconazole

Other
Trimethoprim-sulfamethoxazole

Antipsychotic and antidepressant agents
Neuroleptic

Thioridazine
Chlorpromazine
Haloperidol
Droperidol
Pimozide

Antidepressants
Amitriptyline
Desipramine
Imipramine
Maprotiline
Doxepin
Fluoxetin

Atypical antipsychotics
Sertindole
Risperidone
Clozapine
Zimeldine
Citalopram

Miscellaneous
Cisapride
Tamoxifen
Tacrolimus
Sevoflurane
Isoflurane
Probucol

Antimigraine drugs
Sumatriptan
Naratriptan
Zolmitriptan

This list is not meant to be complete, and the reader is asked to
update the information on a continuous basis, by using, e.g., the
websites referred to in the text. The association between these drugs
and QT interval prolongation or TdP is not always clear, is often
based on case reports and the methods for heart rate correction of
the QT interval may in some instances be criticized.
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Antihistamines

Antihistamines have received considerable attention
since the early 1990s, when terfenadine and astemizole
were associated with proarrhythmias[48–52]. The first 25
reported cases with terfenadine-associated TdP indi-
cated that the parent substance, but not its main
metabolite, was the problem[52], and the importance of
pharmacokinetic interaction with ketaconazole was
identified[51]. Since then, several quite large epidemio-
logical studies have been performed in an effort to assess
the cardiac safety profile of antihistamines[53–55].
Pharmaco-epidemiological studies are often performed
using large databases that include information on
medical diagnoses and prescriptions in a specified popu-
lation. Even though ADR reports often may be useful
for initial drug surveillance, the exposed population is
often insufficiently known, and the random nature of the
reports make their value limited as a measure of the true
incidence. For ADRs with a very low incidence,
population-based studies using large databases are often
the only feasible approach. In some of these studies of
antihistamines, risk factors for proarrhythmias could be
identified, but the studies largely failed to establish an
increased risk. This ‘negative’ outcome may be explained
by factors associated with the primary end-points, the
weakness of the ‘signal’ in relation to background noise
and the lack of source data, such as ECG registrations.
The primary end-points in the cited studies are shown in
Table 6. Common to all studies was that events with a
low specificity for drug-associated TdP (such as ven-
tricular arrhythmia without further specifications, sud-
den death, cardiac arrest, syncope) were pooled with
more specific diagnoses (such as prolonged QT interval
and TdP). Despite this, the absolute number of events
was low (ranging from 53 to 317). The risk for ventricu-
lar arrhythmias was lower or identical for terfenadine
compared to other antihistamines or ibuprofen[53,54],
and there was no difference in the risk for astemizole
compared to sedating antihistamines[55]. A markedly
increased risk with concomitant use of terfenadine and
ketokonazole was, however, identified[53]. In a recently
published cohort study with a nested case-control analy-
sis using the U.K.-based General Practice Research
Database, 18 cases of validated ‘idiopathic’ (no alterna-
tive cause in the clinical records) ventricular arrhythmias
were identified[56]. Using this approach, current use of

any antihistamine (astemizole, terfenadine, loratadine,
cetirizin and acrivastine) carried a marginally increased
risk for ventricular arrhythmias [odds ratio(OR): 1·9;
95% confidence level(CI): 1·0 to 3·6], whereas recent
astemizole use carried a markedly increased risk (OR
19·0; (95% CI) 4·8 to 76·0). The risk with terfenadine use
was within the range of other antihistamines. The
number of cardiac ADR reports, related to the sales, on
the same five antihistamines has also been reported[57].
The frequency of selected cardiac events (Table 6) and
deaths were all below 0·1 per million defined daily doses
sold. In this survey, loratadine, astemizole and terfena-
dine carried a similar risk for cardiac events, but it
should be emphasized that the specificity of the end-
points must be regarded as low for correct identification
of drug-induced proarrhythmias.

The limitations of epidemiological
studies — the cisapride example

The limitations of epidemiological studies using data-
bases without adequate validation of the studied end-
points are well illustrated by cisapride, a drug used for
treatment of gastro-oesophagel reflux. In July, 1996, the
FDA issued a report on 34 patients who had developed
proarrhythmias and 23 patients with prolonged QT
intervals during medication with cisapride[4]. Four
patients died and another 16 survived resuscitation.
Fifty-six per-cent of the patients were on con-
comitant treatment with other drugs that affected
the metabolism of cisapride through inhibition of the
hepatic CYP3A4 isozyme, namely macrolide antibiotics
(e.g. erythromycin) or antifungals (e.g. ketokonazole).
The incidence of proarrhythmias or prolonged QT inter-
vals with cisapride was estimated at 1/120 000 based
on spontaneous reports and an estimated, substantial
under-reporting. These observations were further
expanded in a study in which all suspected cases and
ECG strips were reviewed and classified into levels of
confidence (high-, medium- and low-confidence TdP)[2].
Recognized cofactors for cisapride-related proarrhyth-
mias, such as CYP3A4 inhibitors, electrolyte distur-
bances and other drugs with a QT prolonging effect,
were substantially more common in the group with
high- and medium-confidence TdP compared to the

Table 6 End-points in four epidemiological studies of antihistamines

Pratt et al.[53] Cardiac arrest, sudden death, paroxysmal ventricular tachycardia, ventricular fibrillation and flutter
(torsades de pointes not separately coded).

Hanrahan et al.[54] Sudden death, torsades de pointes, other ventricular arrhythmia, syncope, ventricular ectopy
(graded according to severity).

Lindquist and Edwards[57] Arrhythmia, ventricular arrhythmia, cardiac arrest, ventricular fibrillation, QT prolongation,
supraventricular tachycardia, ventricular tachycardia, torsades de pointes, sudden deaths, deaths
related to rhythm disorders.

Staffa et al.[55] Paroxysmal ventricular tachycardia, ventricular fibrillation, ventricular flutter, sudden death
(cardiac arrest).
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low confidence group. In subsequent studies, it was
demonstrated that cisapride affects cardiac repolariz-
ation, presumably through blockade of the rapid com-
ponent of the delayed rectifier potassium current[58]. On
the basis of these reports, the drug received a restricted
labelling in several countries, and physicians were asked
to avoid concomitant treatment with drugs that inter-
acted either pharmacokinetically (through the metabolic
inhibition) or pharmacodynamically (other drugs associ-
ated with TdP or with known effect on the QT interval).
An epidemiological study based on computerized
medical claims data on 36 743 patients prescribed
cisapride failed, however, to identify an increased risk
for ventricular arrhythmias with recent cisapride use[59].
The studied end-points were sustained ventricular tachy-
cardia, ventricular fibrillation, TdP, sudden death or
cardiac arrest. There were a total of 52 events, of which
34 occurred during periods of nonrecent cisapride use
and 18 during recent use. Male gender (RR 2·6; 95% CI
1·5 to 4·5) and age above 70 years (RR 1·7; 95% CI 1·0
to 3·1) carried an increased risk for ventricular arrhyth-
mias, but not recent cisapride use (RR 1·6; 95% CI 0·9 to
2·9). The authors therefore concluded that the results
were ‘consistent with an absence of any cisapride-
induced increase in rates of arrhythmic events’ and
furthermore ‘by contrast, advanced age, male gender,
diabetes, a history of arrhythmia or ischaemic heart
disease and the use of a QT prolonging drug did appear
to be associated with an increased risk’. Taken into
consideration the expected, very low incidence of TdP
among cisapride users (1/120 000), a different conclusion
might have been considered: the identified end-points
may mainly have been associated with other risk factors,
such as ischaemic heart disease, and the study was not
sufficiently powered to identify an increased risk with
cisapride (which was pointed out by the authors).
Furthermore, this assumption is supported by the influ-
ence of gender; male gender is a known risk factor for
ventricular arrhythmias associated with ischaemic heart
disease, whereas female gender is a firmly established
risk factor for proarrhythmias with antiarrhythmics and
non-cardiovascular drugs[60]. The annual incidence of
sudden death in the adult general US population has
been estimated to range from 84 to 200 per 100 000[61,62],
which, most likely, is several orders of magnitude higher
than the incidence of fatal TdP. Since the incidence of
ventricular arrhythmias and sudden death associated
with structural heart disease is markedly higher than the
incidence of TdP, any study must enable the correct
discrimination between TdP (polymorphic ventricular
tachycardia in the setting of prolonged QT interval) and
other forms of ventricular arrhythmias.

Antibiotics

Macrolides, quinolones, imidazole antifungals and anti-
malarials have been associated with prolonged cardiac
repolarization and TdP.

Macrolides

Erythromycin exhibits electrophysiological effects that
resemble those of class III antiarrhythmic drugs. In
transmural strips, arterially perfused wedges and single
myocytes isolated from the canine left ventricle, eryth-
romycin prolonged the action potential and induced
early after-depolarizations mainly in the M cells, pro-
longed the QT interval and increased the transmural
dispersion of repolarization[63]. Episodes of TdP have
been described after intravenous erythromycin[64–66],
and 36 cases of TdP or ventricular tachycardia in the
presence of prolonged QT were found in a survey of
the FDA’s Medwatch Database in 1998[67]. Besides the
potential for pharmacodynamic interaction with other
drugs that also block IKr, erythromycin is an inhibitor of
the CYP3A4 isozyme and causes significant inter-
actions with, for example, the metabolism of cis-
apride[68]. Two cases of TdP after oral clarithromycin in
critically ill patients with hepatic and/or renal impair-
ment have been reported[69], as well as TdP in patients
treated concomitantly with clarithromycin and cis-
apride. This, again, may be an example of both
pharmacodynamic and pharmacokinetic interaction,
since clarithromycin also inhibits the metabolism of
cisapride[70].

Quinolones

Quinolone-associated TdP has been described on rare
occasions, and only with sparfloxacin[71,72], levofloxacin
and grepafloxacin[73]. All quinolones, however, seem
to prolong cardiac repolarization, when adequately
studied[74,75], and this has led to restrictions in the
labelling. Moxifloxacin, which prolonged the QT inter-
val by approximately 6 ms in early clinical studies[76],
received, when recently registered, a labelling of con-
traindication for concomitant use with antiarrhythmic
drugs and proarrhythmic conditions, and should be
cautiously given with other drugs that affect the QT
interval. At a time when more than one million patients
had been treated with moxifloxacin, there had been
only a single case of possibly associated torsades
in an elderly female patient with several other risk
factors[77].

Imidazole antifungals

Ketaconazole is a very potent CYP3A4 inhibitor and
has been associated with numerous cases of TdP in
patients using drugs that affect the QT interval and
which are metabolized via this route, e.g. terfenadine
and cisapride. In addition, ketoconazole also blocks
HERG (human ether-à-gogo-related gene) and may
therefore have an intrinsic effect on the potassium
currents[78], which may further accentuate the propensity
for proarrhythmias[51].
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Trimethoprim-sulfamethoxazole

Trimethoprim-sulfamethoxazole has been associated
with TdP in case reports in which the casual relation-
ship, however, was not fully established[79,80].

Antimalarials

Quinine is the optical isomer to quinidine, but clearly
has a much smaller effect on cardiac repolarization.
Nevertheless, quinine has been shown to prolong the QT
interval and to induce morphological changes of the T
wave similar to those observed with quinidine[81], but
has only occasionally been associated with TdP[82].
Halofantrine prolonged the QT interval in patients with
malaria[83], and this effect was particularly pronounced
when the drug was instituted as retreatment after failure
with mefloquine, which may implicate a drug inter-
action. TdP has been reported in two patients with
congenital long QT syndrome[84]. Inravenous penta-
midine has also been shown to prolong the QT interval
and to cause TdP[85–87].

Antipsychotic and antidepressant
agents

Neuroleptics

It has long been debated whether the unexplained high
incidence of sudden death in psychiatric patients could
be explained by drug-induced arrhythmias. Dose-
dependent QT prolongation has been observed in
patients on neuroleptic medication[88]. Phenothiazines
(e.g. thioridazine and chlorpromazine), and butyro-
phenones (droperidol and haloperidol) have been linked
to proarrhythmic events[89–92]. In a recently published
study, electrocardiograms obtained from 495 psychiatric
patients were compared with 101 healthy reference indi-
viduals[93]. QTc prolongation, as defined from the
healthy group (QTc!456 ms), was present in 8% of the
psychiatric patients. Age above 65 years (OR: 3·0), use
of tricyclic antidepressants (OR: 4·4), thioridazine (OR:
5·4) droperidol (OR: 6·7) and dose of neuroleptic drug
(high-dose OR: 5·3; very-high-dose OR: 8·2) predicted
QTc prolongation. The risk was substantially higher
with thioridazine and droperidol compared to other
neuroleptics. In contrast to most other antipsychotics,
thioridazine may prolong the QT interval at therapeutic
concentrations, and both this drug and droperidol have
been shown to prolong the cardiac action potential
through blockage of the delayed rectifier potassium
current[94,95].

Pimozide is a diphenylpiperidine neuroleptic drug
that also may prolong the QT interval, and TdP has
been described after ingestion of high doses in suicide
attempts[96] or as the result of inhibition of its

metabolism via the hepatic CYP3A4 isozyme through
pharmacokinetic interaction with clarithromycin[97].

Atypical antipsychotics

Several of the so-called atypical antipsychotics, in par-
ticular sertindole, risperidone and clozapine, have also
been shown to affect the cardiac action potential[98,99].
Sertindole was withdrawn from the market in 1998 due
to cardiovascular safety concerns. There seem, however,
to be clear differences in the propensity for different
atypical antipsychotics to prolong the QT interval, with
effects ranging from zero (e.g. olanzapine) to approxi-
mately 20 ms (serindole)[100,101]. Zimeldine[102], as well as
citalopram[103,104], has also caused TdP after ingestion of
toxic doses.

Antidepressants

After intoxication with tricyclic antidepressants the
predominant electrocardiographic effect seems to be a
widening of the QRS complex, prolongation of the QT
interval and evolvement of polymorphic ventricular
arrhythmias[105]. TdP has been observed in this
setting, but also after pharmacokinetic interaction[106].
Amitriptyline, desipramine[107], imipramine and mapro-
tiline[108] have all been associated with TdP. In a study
using signal-averaged electrocardiograms, doxepin,
but not fluoxetin, prolonged the QT interval[109], but
both drugs have sporadically been associated with
TdP[110–112].

Antimigraine drugs

Naratriptan, sumatriptan and zolmitriptan have all been
shown to prolong the QT interval, but no cases of TdP
are reported in the literature.

Anticancer

Tamoxifen, an anti-oestrogen drug commonly used to
treat breast cancer, prolongs the QT interval at high
doses[113] and has been demonstrated to block the IKr
and calcium currents in rabbit myocytes[114], but has not
been shown to induce TdP.

Miscellaneous

QT prolongation has been described with probucol, a
cholesterol-lowering drug, since the early 1980s[115,116].
In a study that reviewed articles and ADR reports filed
with the FDA, 16 cases of tachyarrhythmic events were
found, of which 11 were TdP[117]. All 11 cases occurred
in women and, in a further analysis of 395 probucol-
treated patients, an abnormal QT prolongation was
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observed more often in women (22%) than in men (7%).
Tacrolimus, a macrolide used for prevention of hepatic
allograft rejection, has also been described as the cause
of TdP in a case report[118], and animal studies have
shown a sustained QT prolongation after intravenous
administration[119]. Certain inhalation anaesthetics, such
as sevoflurane and isoflurane, prolong the QT inter-
val[120,121]. Also worth mentioning is that a Chinese
herbal remedy that contains extract from the same root
as is used in liquorice[122], as well as liquorice itself, may
cause TdP, presumably through hypokalaemia[123].

Conclusions

A whole range of non-cardiovascular compounds from
non-related classes has been shown to effect cardiac
repolarization and to induce proarrhythmias in
susceptible individuals. Non-sedating antihistamines,
antibiotics, antipsychotics and antidepressants and
cholinergic antagonists (cisapride) are the classes most
commonly associated with this potentially fatal side
effect. Epidemiological studies have to a large extent
failed to identify an increased risk for proarrhythmias
with the use of these non-cardiovascular drugs, possibly
due to poor specificity of the studied end-points.
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Cardiovascular Implications of Fatal Outcomes
of PatientsWith Coronavirus Disease 2019 (COVID-19)
Tao Guo, MD; Yongzhen Fan, MD; Ming Chen, MD; XiaoyanWu, MD; Lin Zhang, MD; Tao He, MD;
HairongWang, MD; JingWan, MD; XinghuanWang, MD; Zhibing Lu, MD

IMPORTANCE Increasing numbers of confirmed cases andmortality rates of coronavirus
disease 2019 (COVID-19) are occurring in several countries and continents. Information
regarding the impact of cardiovascular complication on fatal outcome is scarce.

OBJECTIVE To evaluate the association of underlying cardiovascular disease (CVD) and
myocardial injury with fatal outcomes in patients with COVID-19.

DESIGN, SETTING, AND PARTICIPANTS This retrospective single-center case series analyzed
patients with COVID-19 at the Seventh Hospital of Wuhan City, China, from January 23, 2020,
to February 23, 2020. Analysis began February 25, 2020.

MAIN OUTCOMES ANDMEASURES Demographic data, laboratory findings, comorbidities, and
treatments were collected and analyzed in patients with and without elevation of troponin T
(TnT) levels.

RESULT Among 187 patients with confirmed COVID-19, 144 patients (77%) were discharged
and 43 patients (23%) died. Themean (SD) age was 58.50 (14.66) years. Overall, 66 (35.3%)
had underlying CVD including hypertension, coronary heart disease, and cardiomyopathy,
and 52 (27.8%) exhibitedmyocardial injury as indicated by elevated TnT levels. Themortality
during hospitalization was 7.62% (8 of 105) for patients without underlying CVD and normal
TnT levels, 13.33% (4 of 30) for those with underlying CVD and normal TnT levels, 37.50% (6
of 16) for those without underlying CVD but elevated TnT levels, and 69.44% (25 of 36) for
those with underlying CVD and elevated TnTs. Patients with underlying CVDweremore likely
to exhibit elevation of TnT levels compared with the patients without CVD (36 [54.5%] vs 16
[13.2%]). Plasma TnT levels demonstrated a high and significantly positive linear correlation
with plasma high-sensitivity C-reactive protein levels (β = 0.530, P < .001) and N-terminal
pro–brain natriuretic peptide (NT-proBNP) levels (β = 0.613, P < .001). Plasma TnT and
NT-proBNP levels during hospitalization (median [interquartile range (IQR)], 0.307
[0.094-0.600]; 1902.00 [728.35-8100.00]) and impending death (median [IQR], 0.141
[0.058-0.860]; 5375 [1179.50-25695.25]) increased significantly compared with admission
values (median [IQR], 0.0355 [0.015-0.102]; 796.90 [401.93-1742.25]) in patients who died
(P = .001; P < .001), while no significant dynamic changes of TnT (median [IQR], 0.010
[0.007-0.019]; 0.013 [0.007-0.022]; 0.011 [0.007-0.016]) and NT-proBNP (median [IQR],
352.20 [174.70-636.70]; 433.80 [155.80-1272.60]; 145.40 [63.4-526.50]) was observed in
survivors (P = .96; P = .16). During hospitalization, patients with elevated TnT levels hadmore
frequent malignant arrhythmias, and the use of glucocorticoid therapy (37 [71.2%] vs 69
[51.1%]) andmechanical ventilation (41 [59.6%] vs 14 [10.4%]) were higher compared with
patients with normal TnT levels. Themortality rates of patients with and without use of
angiotensin-converting enzyme inhibitors/angiotensin receptor blockers was 36.8% (7 of 19)
and 25.6% (43 of 168).

CONCLUSIONS AND RELEVANCEMyocardial injury is significantly associated with fatal outcome
of COVID-19, while the prognosis of patients with underlying CVD but without myocardial
injury is relatively favorable. Myocardial injury is associated with cardiac dysfunction and
arrhythmias. Inflammationmay be a potential mechanism for myocardial injury. Aggressive
treatment may be considered for patients at high risk of myocardial injury.
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C oronavirus disease 2019 (COVID-19) is a newly recog-
nized infectiousdiseasethathasspreadrapidly through-
out Wuhan, Hubei, China, to other provinces in China

and several countries around theworld. Thenumber of fatali-
ties owing toCOVID-19 is escalating. Previous studieshavede-
scribed the general clinical characteristics and epidemiologi-
cal findingsofpatientswithCOVID-19, andsomeof theclinical
observations have shown that the condition of some patients
with COVID-19 deteriorates rapidly.1-4

With the increasing number of confirmed cases and the
accumulating clinical data, in addition to the common clini-
cal presentation of respiratory failure caused by COVID-19,
the cardiovascular manifestations induced by this viral
infection has generated considerable concern. Huang et al5
reported that 12% of patients with COVID-19 were diag-
nosed as having acute myocardial injury, manifested mainly
by elevated levels of high-sensitive troponin I. From other
recent data, among 138 hospitalized patients with COVID-19,
16.7% had arrhythmias and 7.2% had acute myocardial
injury.6 However, at present, specific information character-
izing whether patients with COVID-19 with underlying
cardiovascular disease (CVD) who develop myocardial
injury during hospitalization face greater risk and have
worse in-hospital outcomes remains unknown. The present
study investigated the association of underlying CVD and
myocardial injury with fatal outcomes of patients with
COVID-19.

Methods
Study Design and Participants
This single-center, retrospective, observational studywasper-
formed at the Seventh Hospital of Wuhan City, China, which
is a designated hospital to treat patients with COVID-19 and
supervised by the ZhongnanHospital ofWuhanUniversity in
Wuhan, China. We retrospectively analyzed patients with
COVID-19whowere diagnosed according to the interim guid-
anceof theWorldHealthOrganization7 fromJanuary23,2020,
to February 23, 2020, and who were either treated and dis-
chargedordiedduringhospitalization.Clinical informationwas
collected on admission and during hospitalization by attend-
ing physicians.

This study complied with the edicts of the 1975 Declara-
tion of Helsinki8 and was approved by the institutional eth-
ics board of Zhongnan Hospital of Wuhan University and the
Seventh Hospital of Wuhan City (no. 2020026). Consent
was obtained from patients or patients’ next of kin.

Data Collection
The electronic medical records of the patients were
reviewed by a trained team of physicians who worked in
Seventh Hospital of Wuhan City during the epidemic period.
Patient data including demographics, medical history, labo-
ratory examinations, comorbidities, complication, treat-
ment measures (antiviral, antibiotic, corticosteroid thera-
pies, immune glucocorticoid therapy, and respiratory
support), and outcomes were collected and analyzed.

Outcome
The end point was incidence of COVID-19–associated death.
Successful treatment towardhospital discharge comprised re-
lieved clinical symptoms, normal body temperature, signifi-
cant resolution of inflammation as shown by chest radiogra-
phy, andat least2 consecutivenegative results shownby real-
time reverse transcription–polymerase chain reaction assay6
for COVID-19.

Acute respiratory distress syndromewas defined accord-
ing to the Berlin Definition.9 Malignant arrhythmia was de-
finedas rapidventricular tachycardia lastingmore than30 sec-
onds, inducing hemodynamic instability and/or ventricular
fibrillation. Patients were considered to have acute myocar-
dial injury if serum levels of troponin T (TnT) were above the
99th percentile upper reference limit.5

Statistical Analysis
Categorical variables are shown as frequency rates and per-
centages, and continuous variables asmean (SD) andmedian
(interquartile range [IQR]). The means for continuous vari-
ables were compared using independent group t tests when
the data were normally distributed, otherwise, the Mann-
Whitney testwasused.ThePearsoncorrelationcoefficientand
Spearman rank correlation coefficientwereused for liner cor-
relation analysis. Proportions for categorical variables were
comparedusing the χ2 test, although theFisher exact testwas
used when data were limited. Wilcoxon rank sum matched-
pair tests were used to assess differences among the admis-
sion,hospitalization,and impendingdeath.All statisticalanaly-
ses were performed with SPSS, version 19.0 (IBM Corp) for
Windows. A 2-sided P < .05 was considered statistically sig-
nificant. Analysis began February 25, 2020.

Results
Clinical Characteristics on Admission
Datawere collected in consecutive patients hospitalizedwith
COVID-19, including211patientswhoweresuccessfully treated
anddischarged and45patientswhodied.Weexcluded67dis-
charged patients and 2 patients who died because of incom-
plete data, leaving 144 discharged individuals and 43 indi-

Key Points
Question What is the impact of underlying cardiovascular disease
(CVD) andmyocardial injury on fatal outcomes in patients with
coronavirus disease 2019 (COVID-19)?

Findings In this case series study of 187 patients with COVID-19,
27.8% of patients hadmyocardial injury, which resulted in cardiac
dysfunction and arrhythmias. Myocardial injury has a significant
association with fatal outcome of COVID-19, while the prognosis of
patients with underlying CVD but without myocardial injury were
relatively favorable.

Meaning It is reasonable to triage patients with COVID-19
according to the presence of underlying CVD and evidence of
myocardial injury for prioritized treatment and evenmore
aggressive strategies.
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viduals who died included for final analysis. Of 187 patients,
66 (35.3%)hadunderlyingCVD includinghypertension, coro-
nary heart disease, and cardiomyopathy, and 52 (27.8%)
exhibited myocardial injury as indicated by elevated TnT
levels.

On admission, none showed evidence of acute myocar-
dial infarction, chronic liver disease, thromboembolic dis-
eases, or rheumatism. In patients with elevated plasma TnT
levels who eventually were discharged or died, the median
(IQR) duration from illness onset to discharge or deathwas 28
(22-33) and 23.5 (18.25-34.5) days, respectively.Mortalitywas
markedly higher in patients with elevated plasma TnT levels
than inpatientswithnormalTnTlevels (31 [59.6%]vs 12 [8.9%])
(Table 1).

Comparedwith patientswith normal TnT levels (Table 1),
thosewithelevatedTnTlevelswereolder (mean[SD]age,71.40
[9.43] vs 53.53 [13.22]) andhadahigher proportionofmen (34
[65.4%] vs 57 [42.2%]). Patientswith elevated TnT levels had
significantly higher rates of comorbidities including hyper-
tension (33 [63.5%] vs 28 [20.7%]), coronary heart disease (17
[32.7%]vs4 [3.0%]), cardiomyopathy (8 [15.4%]vs0), diabetes

(16 [30.8%] vs 12 [8.9%]), chronic obstructive pulmonary dis-
ease (4 [7.7%] vs 0), and chronic kidney disease (1 [0.7%] vs 5
[9.6%]). Rates of smoking and malignant neoplasms did not
differ between those with normal (11 [8.1%] vs 7 [13.5%]) and
elevated TnT levels (7 [5.2%] vs 6 [11.5%]).

Laboratory Findings on Admission
Patients with elevated TnT levels presented with signifi-
cantlyhigherwhitebloodcell count (median[IQR],4640 [6170-
3740] vs 7390 [4890-11 630] /μL [to convert to ×109 per liter,
multiplyby0.001]) andneutrophil counts (median [IQR],3070
[2350-4870] vs6010 [3540-10 120] /μL [to convert to×109per
liter, multiply by 0.001]) (P < .001 for both) and lower lym-
phocyte counts (median [IQR], 840 [630-1130] vs 690 [340-
1010] /μL[toconvert to×109per liter,multiplyby0.001;P = .01)
than thosewith normal TnT levels (Table 2). Patients with el-
evated TnT levels also had significantly longer prothrombin
time (median [IQR], 12.4 [12.0-13.0] vs 13.3 [12.2-15.3] sec-
onds;P = .005), shorter activatedpartial thromboplastin time
(median [IQR], 31.2 [27.5-33.2] vs 32.7 [31.0-35.8] seconds;
P = .003), and a significant higher level of D-dimer (median

Table 1. Demographics and Clinical Characteristics of PatientsWith COVID-19

Characteristic

No. (%)

P valueaTotal

TnT level

Normal Elevated
No. of patients 187 135 52 NA

Male 91 (48.7) 57 (42.2) 34 (65.4) .005

Age, mean (SD), y 58.50 (14.66) 53.53 (13.22) 71.40 (9.43) <.001

Smoking 18 (9.6) 11 (8.1) 7 (13.5) .27

Hospitalization, mean (SD), d 16.63 (8.12) 17.27 (7.68) 14.94 (9.03) .08

Duration, mean (SD), db 26.30 (8.96) 27.49 (8.55) 23.23 (9.35) .003

Comorbidities

Hypertension 61 (32.6) 28 (20.7) 33 (63.5) <.001

CHD 21 (11.2) 4 (3.0) 17 (32.7) <.001

Cardiomyopathy 8 (4.3) 0 (0) 8 (15.4) <.001

Diabetes 28 (15.0) 12 (8.9) 16 (30.8) <.001

COPD 4 (2.1) 0 (0) 4 (7.7) .001

Malignant neoplasm 13 (7.0) 7 (5.2) 6 (11.5) .13

Chronic kidney disease 6 (3.2) 1 (0.7) 5 (9.6) .002

ACEI/ARB use history 19 (10.1) 8 (5.9) 11 (21.1) .002

Complication

ARDS 46 (24.6) 16 (11.9) 30 (57.7) <.001

VT/VF 11 (5.9) 2 (1.5) 9 (17.3) <.001

Acute

Coagulopathy 42 (34.1) 17 (20.0) 25 (65.8) <.001

Liver injury 19 (15.4) 14 (16.5) 5 (13.2) .89

Kidney injury 18 (14.6) 4 (4.7) 14 (36.8) <.001

Therapy

Antivirus 166 (88.8) 120 (88.9) 46 (88.5) .93

Antibiotic 183 (97.9) 131 (97.0) 52 (100.0) .21

Glucocorticoid 106 (56.7) 69 (51.1) 37 (71.2) .01

Immune globulin 21 (11.2) 14 (10.4) 7 (13.5) .5

Mechanical ventilation 45 (24.1) 14 (10.4) 31 (59.6) <.001

Clinical outcome

Death 43 (23.0) 12 (8.9) 31 (59.6) <.001

Abbreviations: ACEI,
angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor
blocker; ARDS, acute respiratory
distress syndrome; CHD, coronary
heart disease; COPD, chronic
obstructive pulmonary disease;
COVID-19, coronavirus disease 2019;
NA, not applicable; TnT, troponin T;
VF, ventricular fibrillation; VT,
ventricular tachycardia.
a Statistical differences between the
normal TnT and elevated TnT
groups.

bDuration indicates days from onset
of symptoms to death or discharge.
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[IQR],0.29 [0.17-0.60] vs 3.85 [0.51-25.58]μg/mL [to convert
to nanomoles per liter, multiply by 5.476]; P < .001). Hemo-
globin and neutrophil counts of the 2 groups were similar.

Total, high-density lipoprotein, and low-density lipopro-
tein cholesterol levels did not differ according to TnT levels,
but patients with elevated TnT levels had higher triglyceride
levels (median [IQR], 92.04 [69.91-159.29] vs 82.30 [59.29-
115.04] mg/dL [to convert to millimoles per liter, multiply by
0.0259];P=.04).The inflammatorybiomarkers, includinghigh-
sensitivity C-reactive protein (median [IQR], 8.55 [4.87-
15.165] vs 3.13 [1.24-5.75]mg/dL [to convert tomilligrams per
liter,multiply by 10]), procalcitonin (median [IQR],0.21 [0.11-
0.45] vs0.05 [0.04-0.11] ng/mL), andglobulin (median [IQR],

29.7 [27.0-34.6] vs 27.4 [25.6-29.6] grams per liter) were sig-
nificantlyhigher inpatientswith elevatedTnT levels (P < .001
for all).

Notably, patientswithnormal andelevatedTnT levels dif-
fered with respect to multiple indexes of organ function in-
cluding theheart, liver, kidney, and lungs (Table2). Thosewith
elevatedTnT levelshadsignificantlyhigher levelsofotherbio-
markers of cardiac injury, specifically creatine kinase–
myocardial band test (median [IQR], 3.34 [2.11-5.80] vs 0.81
[0.54-1.38], ng/mL [to convert tomicrograms per liter, multi-
ply by 1]) andmyoglobin (median [IQR], 128.7 [65.8-206.9] vs
27.2 [21.0-49.8] µg/L [to convert to nanomoles per liter, mul-
tiply by0.05814]) (P < .001, for all) and also had higher levels

Table 2. Laboratory Results Among Different Groups

Characteristic

Median (IQR)

P valueaTotal

TnT level

Normal Elevated
No. of patients 187 135 52 NA

Complete blood cell count, /μL

White blood cell 4970 (3810-7460) 4640 (6170-3740) 7390 (4890-11 630) <.001

Neutrophil 3700 (2410-6120) 3070 (2350-4870) 6010 (3540-10 120) <.001

Lymphocyte 810 (560-1060) 840 (630-1130) 690 (340-1010) .01

Coagulation profiles

Prothrombin time, s 12.8 (12.0-14.0) 12.4 (12.0-13.0) 13.3 (12.2-15.3) .005

APTT, s 32.0 (30.1-35.0) 32.7 (31.0-35.8) 31.2 (27.5-33.2) .003

D-dimer, μg/mL 0.43 (0.19-2.66) 0.29 (0.17-0.60) 3.85 (0.51-25.58) <.001

Blood lipids and electrolytes

Cholesterol, mg/dL

Total, mean (SD) 137.45 (34.75) 139.38 (35.14) 132.82 (33.20) .27

Triglyceride 85.84 (62.83-123.01) 82.30 (59.29-115.04) 92.04
(69.91-159.29)

.04

HDL, mean (SD) 43.24 (10.42) 44.02 (10.81) 40.93 (8.88) .08

LDL, mean (SD) 77.99 (25.48) 79.15 (25.87) 75.29 (23.94) .42

Serum

Potassium, mEq/L 3.67 (3.35-3.98) 3.67 (3.34-3.96) 3.62 (3.36-4.23) .51

Calcium, mg/dL 8.52 (8.16-8.96) 8.60 (8.24-9.00) 8.36 (8.08-8.76) .01

Inflammatory biomarkers

hsCRP, mg/dL 4.04 (1.64-8.14) 3.13 (1.24-5.75) 8.55 (4.87-15.165) <.001

Procalcitonin, ng/mL 0.08 (0.04-0.16) 0.05 (0.04-0.11) 0.21 (0.11-0.45) <.001

Globulin, g/L 27.7 (25.8-31.0) 27.4 (25.6-29.6) 29.7 (27.0-34.6) <.001

Other cardiac biomarkers

Creatine kinase–MB fraction,
ng/mL

1.14 (0.66-2.95) 0.81 (0.54-1.38) 3.34 (2.11-5.80) <.001

Myoglobin, μg/L 38.5 (21.0-78.0) 27.2 (21.0-49.8) 128.7 (65.8-206.9) <.001

NT-proBNP, pg/mL 268.4 (75.3-689.1) 141.4 (39.3-303.6) 817.4
(336.0-1944.0)

<.001

Blood gas analysis

PaO2, mm Hg 83.0 (64.8-118.0) 91.0 (75.0-121.0) 64.0 (51.0-93.0) <.001

PaO2/FiO2, mm Hg 366.7 (202.3-447.8) 390.5 (285.7-461.9) 153.3 (103.3-323.8) <.001

Lactic acid, mm Hg 1.80 (1.40-2.25) 1.80 (1.30-2.10) 2.10 (1.40-3.10) .004

HCO3, mEq/L 25.2 (22.9-27.7) 25.7 (23.8-27.9) 23.3 (20.0-27.1) .001

Liver and renal function

Aminotransferase, U/L

Alanine 23.0 (14.0-35.0) 23.0 (14.0-33.0) 28.5 (16.2-39.8) .11

Aspartate 21.0 (22.0-31.0) 29.0 (21.0-39.0) 39.5 (27.2-57.8) <.001

Creatinine, mg/dL 0.69 (0.58-0.84) 0.63 (0.55-0.79) 0.79 (0.71-1.17) <.001

Abbreviations: APTT, activated partial
thromboplastin time; HDL,
high-density lipoprotein; hsCRP,
high-sensitivity C-reactive protein;
IQR, interquartile range; LDL,
low-density lipoprotein; NA, not
applicable; NT-proBNP, N-terminal
pro–brain natriuretic peptide; TnT,
troponin T.
SI conversion factor: To convert
aminotransferase to microkatal per
liter, multiply by 0.0167; blood cell
counts to ×109 per liter, multiply by
0.001; calcium tomillimoles per liter,
multiply by 0.25; cholesterol to
millimoles per liter, multiply by
0.0259; creatinine to μmol/L,
multiply by 88.4; creatine kinase–MB
fraction tomicrograms per liter,
multiply by 1; CRP tomilligrams per
liter, multiply by 10; D-dimer to
nanomoles per liter, multiply by
5.476; HCO3 tomillimoles per liter,
multiply by 1; myoglobin to
nanomoles per liter, multiply by
0.05814; NT-proBNP to ng/L,
multiply by 1; triglyceride to
millimoles per liter, multiply by
0.0113; potassium tomillimoles per
liter, multiply by 1.
a Statistical differences between the
normal TnT and elevated TnT
groups.
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ofN-terminal pro–brainnatriuretic peptide (NT-proBNP) (me-
dian [IQR], 817.4 (336.0-1944.0] vs 141.4 [39.3-303.6] pg/mL
[toconvert tonanogramsper liter,multiplyby 1]). Patientswith
elevated TnT levels had evidence of more severe respiratory
dysfunction,with lowerpartial pressureof oxygen (PaO2) (me-
dian [IQR],64.0 [51.0-93.0] vs91.0 [75.0-121.0]mmHg),HCO3

(median [IQR], 23.3 [20.0-27.1] vs 25.7 [23.8-27.9] mEq/L [to
convert to to millimoles per liter, multiply by 1]), and PaO2/
fractionof inspiredoxygen (FiO2) (median [IQR], 153.3 [103.3-
323.8] vs 390.5 [285.7-461.9]mmHg), andhigher levels of lac-
tic acid (median [IQR], 2.10 [1.40-3.10] vs 1.80 [1.30-2.10]mm
Hg) (P < .001,P < .001,P = .004,P = .001, respectively). Those
with elevated TnT levels also had higher levels of creatinine
(median [IQR], 0.79 [0.71-1.17] vs 0.63 [0.55-0.79] mg/dL [to
convert tomicromoles per liter,multiply by 88.4]) and aspar-
tate aminotransferase (median [IQR], 39.5 [27.2-57.8] vs 29.0
[21.0-39.0] U/L [to convert tomicrokatal per liter,multiply by
0.0167]) (P < .001, both), but alanineaminotransferasedidnot
differ between the 2 groups.

PlasmaTnT levels inpatientswithCOVID-19correlatedsig-
nificantly with both plasma high-sensitivity C-reactive pro-
tein levels (β = 0.530, P < .001) (Figure 1A) and plasma NT-
proBNP levels (β = 0.613, P < .001) (Figure 1B).

Comparison of Complications
and Treatment During Hospitalization
Patients with underlying CVD were more likely to exhibit
elevation of TnT levels (36 [54.5%]) compared with patients
without CVD (16 [13.2%]). During hospitalization, patients
with elevated TnT levels developed more frequent compli-
cations (Table 1), including acute respiratory distress syn-
drome (30 [57.7%] vs 16 [11.9%]), malignant arrhythmias (6
[11.5%] vs 7 [5.2%]) including ventricular tachycardia/
ventricular fibrillation, acute coagulopathy (25 [65.8%] vs 17
[20.0%]), and acute kidney injury (14 [36.8%] vs 4 [4.7%]),
compared with those with normal TnT levels. However,
there was no significant differences in incidence of acute
liver injury between the 2 groups. Antiviral (oseltamivir, 75

mg twice a day; ribavirin, 0.5 g twice a day; umifenovir, 0.2
g 3 times a day), antibacterial (moxifloxacin, 0.4 g every
day), glucocorticoid (methylprednisolone, 40-80 mg every
day), and respiratory support were the main treatment
approaches for the hospitalized patients (Table 1). During
hospitalization, the majority of patients underwent antiviral
and antibacterial therapy, with no significant difference in
such therapies between patients with normal and elevated
TnT levels. However, the rates of glucocorticoid therapy and
mechanical ventilation were much higher in patients with
elevated TnT levels compared with those with normal TnT
levels.

Long-termoutpatientmedicationsprior toadmission, such
as antihypertensive drugs and hypoglycemic drugs, were not
discontinued. Notably, the use of angiotensin-converting en-
zyme inhibitors (ACEIs)/angiotensin receptor blockers (ARBs)
was higher in patients with elevated TnT levels (11 [21.1%] vs
8 [5.9%]; Table 1), reflecting thehigher rates of CVD. Themor-
tality ratesofpatientswithandwithoutuseofACEIs/ARBswas
36.8% (7 of 19) and 25.6% (43 of 168).

Mortality of PatientsWith COVID-19With/Without CVD
andWith/Without Elevated TnT Levels
Among 187 patients, 7.62% (8 of 105) with normal TnT levels
withoutunderlyingCVD, 13.33%(4of30)withnormalTnT lev-
els with underlying CVD, 37.50% (6 of 16) with elevated TnT
levelswithout underlyingCVD, and69.44%(25of 36)with el-
evated TnT levels with underlying CVD died during hospital-
ization (Figure 2).

Dynamic Changes of TnT and NT-proBNP Levels
During Hospitalization
Figure 3 shows the dynamic escalation of TnT and NT-
proBNP levels for patients who died and thosewhowere suc-
cessfully treatedanddischarged.BothTnTandNT-proBNP lev-
els increased significantlyduring the courseofhospitalization
in those who ultimately died, but no such dynamic changes
of TnT or NT-proBNP levels were evident in survivors.

Figure 1. Correlation Between Plasma TnT and NT-proBNPWith hsCRP
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Discussion

Association ofMyocardial InjuryWith Prognosis
This reportprovidesdetailedcardiovascular informationof the
association between underlying CVD, myocardial injury, and
fatal outcomes of patients with COVID-19. The Chinese Cen-
ter for Disease Control and Prevention recently published the
largest case series to date of COVID-19 inmainlandChina; the
overall case fatality ratewas 2.3% (1023 deaths among 44672
confirmed cases), but themortality reached 10.5%inpatients
with underlying CVD.10

In the current study, among 187 patients with COVID-19,
52 (27.8%)exhibitedmyocardial injury asdemonstratedbyel-
evation of TnT levels, and themortality wasmarkedly higher
in patientswith elevatedTnT levels than inpatientswithnor-
mal TnT levels (59.6% vs 8.9%). The median (IQR) duration
from illness onset to deathwas 23.23 (8-41) days in the group
with elevated TnT levels. Patients with underlying CVD and
escalationofTnT levelshadthehighestmortality (69.44%)and
the shortest survival term. However, patients with underly-
ing CVD but with normal TnT levels during the course of dis-
ease experienced amore favorable prognosis, comparedwith
patientswith elevatedTnT levels butwithoutunderlyingCVD

Figure 2. Mortality of PatientsWith Coronavirus Disease 2019 (COVID-19)With/Without Cardiovascular Disease
(CVD) andWith/Without Elevated Troponin T (TnT) Levels
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Figure 3. Dynamic Changes of TnT and NT-proBNPDuring Hospitalization
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(mortality, 13.3% vs 37.5%). The dynamic escalation of NT-
proBNPand increased incidenceofmalignantarrhythmiasdur-
ing the course of disease in patients with elevated TnT levels
is evidence thatmyocardial injury played a greater role in the
fataloutcomeofCOVID-19 thanthepresenceofunderlyingCVD
itself.

NT-proBNP elevation and malignant arrhythmias were
significantly more common in patients with elevated TnT
levels, and NT-proBNP was significantly correlated with TnT
levels (Figure 1). This suggests that those with myocardial
injury were more likely to experience impairment in cardiac
function.

Potential MechanismUnderlyingMyocardial Injury
The current study demonstrates that patients with underly-
ing CVDandother comorbid conditions aremore prone to ex-
periencemyocardial injuryduring the courseofCOVID-19. For
patients with underlying CVD, including hypertension, coro-
nary heart disease, and cardiomyopathy, viral illness can fur-
therdamagemyocardial cells through severalmechanisms in-
cluding direct damage by the virus, systemic inflammatory
responses, destabilized coronary plaque, and aggravated hy-
poxia. Therefore, patients with CVD are more likely to expe-
riencemyocardial injury after COVID-19 infection and higher
risk of death. However, it is also notable that the 16% of pa-
tients with underlying CVD but with normal TnT levels had a
relatively favorable outcome in this study. These data sug-
gest that myocardial biomarkers should be evaluated in pa-
tients with CVD who develop COVID-19 for risk stratification
and possible early andmore aggressive intervention.

Although the exact pathophysiological mechanism un-
derlyingmyocardial injury causedbyCOVID-19 is not fullyun-
derstood, a previous report showed that in 35% of the pa-
tients with severe acute respiratory syndrome coronavirus
(SARS-CoV) infection, the SARS-CoV genome was positively
detected in theheart. This raises thepossibility of direct dam-
age of cardiomyocytes by the virus.11 SARS-CoV-2 may share
the samemechanismwithSARS-COVbecause the2virusesare
highlyhomologous ingenome.12,13 In thecurrent study,plasma
TnT levelswere significantly positively linear correlatedwith
plasmahigh-sensitivityC-reactiveprotein levels (Figure2), in-
dicating thatmyocardial injurymaybe closely associatedwith
inflammatorypathogenesis during theprogress of disease.Vi-
ral particles spread through respiratory mucosa and simulta-
neously infect other cells, which could precipitate a cytokine
storm and a series of immune responses. Huang et al5 high-
lighted that in patients with COVID-19, the imbalance of T
helper 1 andThelper2 responses resulted in a cytokine storm,
whichmay contribute tomyocardial injury. The release of in-
flammatory cytokines after infectionmay cause reduction in
coronary blood flow, decreases in oxygen supply, destabiliza-
tion of coronary plaque, and microthrombogenesis.

Consideration of Prevention and Treatment
forMyocardial Injury
Unfortunately, until now, no specific antiviral drugs or vac-
cineshavebeen recommended forCOVID-19 except for symp-
tomatic supportive treatment and intervention. As patients

with underlying CVD are more likely to develop more severe
adverse outcomes when myocardial injury occurs after
COVID-19 infectionand facehigher riskofdeath, itmaybe rea-
sonable to triagepatientswithCOVID-19according to thepres-
ence of underlyingCVDandevidenceofmyocardial injury for
prioritizedtreatmentandevenmoreaggressive treatmentstrat-
egies. Other cardiac biomarkers such as NT-proBNP and elec-
trocardiograms should be closely monitored for early warn-
ing and intervention.

There remains controversy concerning the use of ACEI/
ARB for COVID-19. In this study, with a limited number of pa-
tients, the mortality of those treated with or without use of
ACEI/ARB did not show a significant difference in outcome.
Concerns aboutACEI/ARBhavebeen raised sinceangiotensin-
converting enzyme 2 (ACE2) is a potential target for COVID-19
infection, and the increasedACE2expression inducedbyACEI
or ARB would aggravate lung injury of patients with COVID-
19. However, a previous study14 showed a beneficial effect of
ACEI/ARB inpatients admittedwithviral pneumonia, as it sig-
nificantly reduced thepulmonary inflammatory response and
cytokine release caused by virus infection. The beneficial ef-
fect of ACEI/ARB may be related to a compensatory increase
in ACE2.15 However, the evidence regarding the use of ACEI/
ARB inpatientswithCOVID-19 infection is still emerging, and
larger clinical studiesare required.Atpresent, forpatientswith
COVID-19 who previously used ACEI/ARB, the use of these
drugsmaynot need to bediscontinuedbasedon current data.

Limitations
Our study has several limitations. First, only 187 patients
with confirmed COVID-19were included, and a larger cohort
study is needed to verify our conclusions. Second, as a ret-
rospective study, some other specific information regarding
cardiovascular complications and inflammation such as
echocardiography and interleukin 6 were not presented in
the study because the data were incomplete owing to the
limited conditions in the isolation ward and the urgency of
containing the COVID-19 epidemic. Third, the data in this
study permit a preliminary assessment of the clinical course
and outcomes of patients with COVID-19. The causes of
death may involve multiple organ dysfunction in most
cases, and it is difficult to differentiate the myocardial
injury as the main and direct cause in an individual case.
Long-term observation and prospective study design on the
effectiveness of treatments specific for the myocardial
injury are needed.

Conclusions
Myocardial injury has a significant associationwith fatal out-
comes of COVID-19, while the prognosis of patients with un-
derlying CVD but without myocardial injury appears rela-
tively favorable. Myocardial injury is associated with
impairment of cardiac function andventricular tachyarrhyth-
mias. Inflammation may be associated with myocardial in-
jury. Aggressive treatment may be considered for the pa-
tients with myocardial injury.
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Letters

RESEARCH LETTER

Seasonal Influenza Activity During the SARS-CoV-2
Outbreak in Japan
Since the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) outbreak began,measures for avoiding disease
transmissionhavebeenwidelypromoted in Japan, suchasuse

of masks and handwashing,
remote work, and cancella-
tion of large events. If effec-
tive, thesemeasuresmayalso
reduce the spreadof other in-

fectiousdiseases, suchas seasonal influenza.Wecompared the
weekly influenza activity in the 2019/2020 season vs 5 previ-
ous seasons.

Methods | We used data from 2014 to 2020 from the National
Institute of Infectious Diseases Japan, which gathers the
number of cases of seasonal influenza weekly, diagnosed by
physicians based on clinical symptoms or laboratory find-
ings, from approximately 5000 sentinel centers, including
hospitals and clinics (60% pediatrics and 40% internal or
general medicine clinics).1,2 We grouped the weekly reports
into seasons (week 40 of the year through week 11 of the fol-
lowing year [September 30, 2019, through March 15, 2020,
for the 2019/2020 season]; the season was truncated after
week 11 because this was the latest available data for 2020).
In each season we assessed the weekly influenza activity,
presented as a crude standardized estimate of influenza
activity nationally, calculated by multiplying the mean num-
ber of reported cases per sentinel center with a constant

Related article
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Figure. Influenza Activity and Predominant Subtype by Influenza Season and Events Related toMeasures
Taken to Contain orMitigate the SARS-CoV-2 Outbreak in the 2019/2020 Season
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Events during the 2019/2020 season

WHO informed of a cluster of cases of pneumonia of unknown cause detected
in Wuhan, China (Dec 31; week 1).

The Ministry of Health, Labour and Welfare of Japan asks the public to adhere
to “coughing etiquette” and handwashing (Jan 14; week 3).

First reports of face masks and hand sanitizer being sold out in stores
(Jan 24-31; week 3-4).

Reports of companies implementing remote work (Jan 27; week 5); an
increasing number of employers follow suit in the subsequent weeks.

Cancellations of the Tokyo Marathon for nonprofessional runners and of the
emperor’s birthday celebrations are announced (Feb 17; week 8).

The Ministry of Health, Labour and Welfare of Japan requests pharmacies and
supermarkets to impose restrictions on purchases of face masks and
disinfectants to avoid shortages (Feb 7; week 6).

The government announces the closure of schools from the following week,
requests suspension of large-scale gatherings, and urges individuals with light
symptoms to stay at home instead of seeking medical care (Feb 27; week 9).

Calendar week

SARS-COV-2 indicates severe acute
respiratory syndrome coronavirus 2;
WHO,World Health Organization.
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number (n = 72 201) representing the number of outpatient
visits to hospitals and clinics in the country in 20193 vs the
health care institutions in the surveillance system.1,4 We esti-
mated the change in influenza activity after the SARS-CoV-2
outbreak using a “difference-in-difference” regression model
that included a variable for each week, a variable represent-
ing the average difference in influenza activity per week for
the 2019/2020 season vs the 2014 to 2019 seasons before the
outbreak (week 1-11), and interaction variables for each week
after the outbreak and the 2019/2020 season. The difference-
in-difference value was considered statistically significant if
the 95% CI did not overlap 0. Approximately 10% of the sen-
tinel centers provided samples from a subset of influenza
cases from week 36 through week 7 in the 2019/2020 season
and from week 36 through week 35 in the 2014 to 2019 sea-
sons for analysis using polymerase chain reaction (PCR) test-
ing. Using these data we assessed the predominant subtype
of the influenza virus and compared the distribution of cases
by age group (aged <15, 15-54, and ≥55 y) in the 2019/2020
season vs the 2014 to 2019 seasons (not including the 2015/
2016 season, for which age-specific data were not available)
using the χ2 test. Stata version 16.1 (StataCorp) was used.
Institutional board review was not required because no
individual-level data were used.

Results | Analyses were based on 8414693 cases of influenza
(981 373 from the 2019/2020 season). Across all seasons,

influenza activity increased toward the end of the year. While
influenza activity reached its peak between week 4 and 6 in
the 2014 to 2019 seasons, there was a plateau in the begin-
ning of the year and a decrease from week 5 onwards in the
2019/2020 season (Figure). In the difference-in-difference
analysis, influenza activity was significantly lower fromweek
3 through week 7 in the 2019/2020 season vs the 2014 to
2019 seasons (Table). PCR test results were available on
51847 samples. The predominant subtypes of influenza virus
are shown in the Figure. The number of PCR-confirmed cases
in the 2014 to 2019 seasons was 25930 (63.3%) in individuals
younger than 15 years, 10 215 (24.9%) in individuals aged 15
to 54 years, and 4801 (11.7%) in individuals aged at least 55
years; in the 2019/2020 season, the numbers were 2267
(68.9%) in individuals younger than 15 years, 770 (23.4%) in
individuals aged 15 to 54 years, and 254 (7.7%) in individuals
aged at least 55 years. A lower proportion of cases in the
2019/2020 season vs previous seasons included individuals
aged at least 15 years (P < .001).

Discussion | Seasonal influenza activity was lower in 2020
than in previous years in Japan. Influenza activity may have
been affected by temperature5 or virulence (although influ-
enza activity in the 2019/2020 season was moderately severe
in other parts of the world6), but also by measures taken to
constrain the SARS-CoV-2 outbreak. While closure of schools
and suspension of large events occurred late in the influenza

Table. Results From the Difference-in-DifferenceModel Assessing the Difference in the Estimated Number
of Seasonal Influenza Cases in the 2019/2020 Season vs Previous 5 Seasons

Calendar week

Estimated No. of casesa Difference-in-difference value
in 2019/2020 vs 2014-2019 seasons
(95% CI)a,b2019/2020 season 2014-2019 seasons

40 71 10

41 65 10

42 52 13

43 58 17

44 69 22

45 74 30

46 133 44

47 225 71

48 402 117

49 688 185

50 1127 340

51 1533 652

52 1678 947

1 1006 965 –245 (–1535 to 1046)

2 1322 1703 –667 (–1957 to 624)

3 1209 2634 –1712 (–3002 to –421)

4 1301 3048 –2033 (–3324 to –743)

5 1019 2883 –2150 (–3440 to –859)

6 654 2306 –1937 (–3228 to –647)

7 541 1668 –1413 (–2704 to –123)

8 447 1344 –1182 (–2473 to 108)

9 344 1129 –1071 (–2361 to 220)

10 227 864 –923 (–2214 to 368)

11 93 681 –874 (–2164 to 417)

a Numbers are reported in thousands.
b Subtraction of differences before
week 1 fromweek 1 to 11 differences.
Negative values represent fewer
cases in the 2019/2020 season
vs the 2014 to 2019 seasons. The
difference-in-difference regression
model included categorical variables
for each week of the season and for
the 2019/2020 season (vs previous
seasons) and interaction variables
between each of weeks 1 to 11 and
the 2019/2020 season.
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season, awareness regarding measures to reduce the risk of
disease transmission was high among the Japanese public
from early in the year. Limitations of this study include lack
of availability of age-specific weekly data on influenza activ-
ity and information regarding means of diagnosis. Concerns
regarding the SARS-CoV-2 outbreak may have changed detec-
tion of influenza through changes in symptomatic individu-
als seeking medical attention or in physicians’ inclination to
test for influenza.
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Coronavirus in India: Guwahati doctor dies after 
allegedly taking hydroxychloroquine 
Some other doctors had also taken hydroxychloroquine along 
with the deceased, Dr Utpal Barman. 

 
Hemanta Kumar Nath 
Guwahati 
March 30, 2020 
UPDATED: March 30, 2020 23:11 IST 

 



A Guwahati-based doctor who allegedly took anti-malaria drug hydroxychloroquine amid the novel 
coronavirus (Covid-19) outbreak died at a private hospital in the capital city of Assam. 

The colleagues of the deceased doctor said that he died due to a cardiac arrest. 

According to the reports, 44-year-old Dr Utpal Barman - a senior anaesthetist at Guwahati-based 
Pratiksha Hospital was admitted at Guwahati Neurological Research Centre (GNRC) on Sunday evening 
following his heart-related complications. 

Pratiksha Hospital Superintendent Dr Nirmal Kumar Hazarika said that on Sunday he and other doctors 
of Pratiksha Hospital had rushed to the residence of Dr Utpal Barman and admitted him to another 
hospital in Guwahati. 

"He complained of some chest pain and other complications and we immediately admitted him to GNRC 
hospital. All symptoms have indicated that, it could be marked gum infection," Dr Nirmal Kumar 
Hazarika said. 

Dr Nirmal Hazarika said that earlier Dr Utpal Barman took the anti-malaria drug hydroxychloroquine. 

"Many of doctors have taken hydroxychloroquine, they are having this drug. I came to know that one 
super specialty hospital in Karnataka had directed the employees to have this medicine. They had also 
directed to their employees to collect the medicine from their store. Many doctors have accepted this. We 
know that every medicine has adverse effect," Dr Nirmal Kumar Hazarika said. 

The senior doctor of Pratiksha Hospital added that some other doctors had also taken hydroxychloroquine 
along with Dr Utpal Barman. 

However, it is not clear if the doctor's death is linked with hydroxychloroquine. 

The national taskforce for Covid-19 constituted by Indian Council for Medical Research (ICMR) has 
recommended the use of hydroxychloroquine for prophylaxis of SARS-CoV-2 infection for high-risk 
population. 

READ | Don't use hydroxychloroquine without prescription: Govt after people panic-buy 'miracle' cure to 
Covid-19 
ALSO READ | Medicines go out of stock as coronavirus lockdown hits Delhi pharmacies 
ALSO WATCH | ICMR recommends anti-malarial drug for high-risk coronavirus cases 
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Vitamin C intake and susceptibility to
pneumonia
HARRI HEMILÄ, PHD

Feeding guinea pigs a diet deficient in vitamin C
increases their susceptibility to infections, which may
be caused by the effects of the vitamin on T lympho-
cytes and phagocytes.1 A few studies suggest that
vitamin C intake affects human susceptibility to infec-
tions to some as yet unknown extent.1 In particular
four trials involving British males showed an average
30% decrease in common cold incidence in groups given
vitamin C, suggesting effects in certain population
groups.2 Controlled trials have consistently found that
large dose vitamin C supplementation alleviates the
symptoms of the common cold, but the mechanism of
this effect is poorly understood.1-3 Here  we  assess  the
relation of vitamin C intake to the incidence of pneumo-
nia by analyzing findings from three controlled trials.

The literature on vitamin C and infectious diseases
has already been explored thoroughly1,2 and all con-
trolled trials that reported the number of pneumonia
cases in the study groups were selected for this analy-
sis (Table 1). Fisher's exact test was used to calculate
the one-tailed mid-P values4 for each set of data sepa-
rately. Exact hypothesis test for several 2 × 2 contin-
gency tables4 was used to calculate an one-tailed mid-P
value for the combined data of two or three studies.

Three controlled trials have reported the number of
pneumonia  cases  in  a  vitamin  C  group  and  a  control
group, each trial finding a considerably lower incidence
of pneumonia in the group given vitamin C (Table 1).

Glazebrook and Thomson5 studied schoolboys (15 to
20 years old) in an institution in the UK. No cases of
pneumonia occurred in the vitamin C group. Placebo
was not used, but because the vitamin was added to the
food  in  the  kitchen  the  placebo  effect  does  not  seem
relevant. For practical reasons the subjects were not
randomly allocated to the study groups, but certain
administrative divisions were served vitamin-supple-
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mented food and others remained as controls. A tonsil-
litis epidemic that affected all divisions uniformly the
year before had shown that they could not be consid-
ered discrete units.5

Kimbarowski and Mokrow6 in the former Soviet
Union investigated military recruits who had acquired
influenza A infection. The number of pneumonia cases
was significantly smaller in the vitamin C group.
Placebo was not used and the allocation method was
not described. Nevertheless the distribution of influ-
enza severity was similar in both study groups.

Pitt and Costrini,7 primarily interested in whether
vitamin C affects the common cold, carried out a
randomized double blind placebo-controlled trial with
military recruits in a training camp in the United
States. Pneumonia incidence was substantially lower
in the vitamin C group.

Each  of  these  three  trials  found  a  �80%  lower
incidence of pneumonia in the vitamin C group. It is
highly unlikely that the differences reported between
the study groups in favor of the vitamin C groups
would have occurred purely by chance (P = 0.00002).
The study of Pitt and Costrini7 is the most carefully
conducted of the three, but the size of the effect is
similar to the others. Thus there is no obvious tendency
for  the  technically  superior  trial  to  show  a  smaller
effect. If the Kimbarowski-Mokrow study is excluded
from  the  analysis  because  it  is  technically  the  least
satisfactory, there is still a highly significant difference
in the pneumonia incidence between the vitamin C and
control groups in the remaining two trials (P = 0.0004).

The notion that vitamin C intake may effect various
infections is an old one.1,  5,8, 9 In 1917 Hess10 concluded
from his clinical experience with children that one of
the important consequences of vitamin C deficiency
was a markedly increased susceptibility to infection,
pneumonia being a particular danger. In 1939 Sabin11

reported about 5 cases of pneumonia in 25 rhesus
monkeys deficient in vitamin C whereas no cases were
seen in 21 monkeys with adequate vitamin C intake
(P = 0.02). The controlled trials assessed here suggest
that vitamin C intake may affect susceptibility to
pneumonia at least in some population groups.

A pertinent question as regards the interpretation of
the three pneumonia trials is whether the differences
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between the study groups result mainly from a mar-
ginal deficiency in the control group or the high dose
supplementation in the vitamin group. It was proposed
previously that the reported decrease in common cold
incidence in British males was better explained by a
low dietary intake of vitamin C in the control group
than by high dose supplements.2 Glazebrook and
Thomson5 estimated that their subjects obtained only
10 to 15 mg of  vitamin C per  day.  Kimbarowski  and
Mokrow6 did not explicitly estimate the dietary intake
of their subjects but it seems likely that military
recruits in the former Soviet Union also had a low
intake. In both trials the vitamin dose administered
was rather small, being in the range quite easily
obtainable from diet (0.05 to 0.3 g/day). Accordingly the
subjects of these two trials may have suffered from a
marginal deficiency of vitamin C. Pitt and Costrini7 did
not estimate the dietary intake of their subjects but the
whole blood vitamin C level was rather high initially
(10 mg/1) and increased by only 36% when high vitamin
C doses were administered (2 g/day), indicating the
absence of marginal deficiency in the control group.
Consequently the high dose supplementation seems to
explain the difference between the study groups in this
trial. In this respect these three trials do not invite a
consistent and straightforward interpretation.

Because  of  the  technical  deficiencies  in  two  trials5,6

and the small  number of  pneumonia cases in  each of
the three trials, no firm conclusions can be drawn.
Nevertheless the considerably lower pneumonia inci-

dence in the vitamin C groups indicates that further
work should be performed to address the question of
whether vitamin C affects susceptibility to pneumonia
more explicitly.
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KWWSV���ZZZ�UHVHDUFKJDWH�QHW�SXEOLFDWLRQ���������B%DWWOLQJB4XDFNHU\B$WWLWXGHVB$ERXWB0LFURQXWULHQWB6XSSOHPHQWVBLQB$PHULFDQB$FDGHPLFB0« ���

QH�'LIIHUHQW�&RPSRVLWLRQV�LQ�3DWLHQWV�5HIHUUHG�WR�D�/LWKRWULSV\�&HQWHU�LQ�,ODP��:HVW�RI�,UDQ

OH

Q�0RUDGL�ā� 0LODG�$]DPL�ā� 0LODG�%RUML

KH�/HQJWK�RI�6WD\�LQ�WKH�,&8��$�0HWD�$QDO\VLV

OH

K�&KDONHU

G�2XWFRPH�RI�6LQRQDVDO�7XPRUV�LQ�D�1LJHULDQ�7HUWLDU\�+RVSLWDO�±���\HDU�5HYLHZ

OH

VKROD�$IRODEL�ā� +DEHHE�2PRNDQ\H�ā� 2OX\RPL�$\RGHOH

OH

RPPHQWDULHV

$�%,2/

V��D�FXUUHQW�FRQXQGUXP

OH

DWLRQ��UDFH��EDFNJURXQG�GLVHDVHV��DQG�OLIHVW\OH�FDQ�EH�PHQWLRQHG�DPRQJ�WKH�XQGHUO\LQJ�IDFWRUV�RI�NLGQH\
YHU\�PXFK�GHSHQGV�RQ�WKH�GLHW�>������� ���@ ��,Q�RXU�VWXG\��WKH�SUHYDOHQFH�RI�VWRQHV�ZDV�������IRU�&D2[�
IRU�XULF�DFLG��DQG�����IRU�F\VWHLQH�VWRQHV�����
3��XULF�DFLG�DQG�&D2[�VWRQHV�ZDV������WKH�IUHTXHQF\�RI�&D3�DQG�&D2[�VWRQHV�ZDV��������WKH
XULF�DFLG�7DEOH����)UHTXHQF\�RI�PL[HG�VWRQHV�E\�JHQGHU�>�@��,Q�WKH�VWXG\�E\�$OWDI�HW�DO��WKH�SUHYDOHQFH�RI
V�ZDV������DQG�WKH�SUHYDOHQFH�RI�&D2[���&D3�VWRQHV�ZDV���� >��@ ��ZKLFK�LV�FORVH�WR�WKH�UHVXOWV�RI�RXU
KLJKHVW�IUHTXHQF\�RI�XULF�DFLG���&D2[�VWRQHV�ZDV�VHHQ�LQ�PHQ�ZLWK����FDVHV�DQG�WKH�PDOH�WR�IHPDOH�UDWLR
�����ZKLFK�LV�FORVH�WR�WKH�UHVXOWV�RI�D�VWXG\�E\�5L\DGK�HW�DO�>��@�����
YDOHQFH�RI�WKH�VWRQHV�ZDV�VHHQ�LQ�WKH�DJH�JURXS�������\HDUV���������DQG�������\HDUV����������ZKLFK�LV
XOWV�RI�WKH�VWXG\�E\�7DGD\\RQ�HW�DO�>�@��,Q�DQRWKHU�VWXG\�FRQGXFWHG�LQ�1HZ�<RUN�LQ�������WKH�KLJKHVW
HG�LQ�WKH�DJH�JURXS�������\HDUV� >��@ ��,Q�RXU�VWXG\��D�VLJQLILFDQW�UHODWLRQVKLS�ZDV�IRXQG�EHWZHHQ�DJH�DQG
QVLVWHQW�ZLWK�WKH�UHVXOWV�RI�D�VWXG\�E\�$QWRQLD�%R]D�>��@�����

VLQJ�WKH�SUHFRQFHSWLRQV�LQ�DFDGHPLF�PHGLFLQH�RQ�PLFURQXWULHQW�VXSSOHPHQWV��*RRGZLQ�DQG�7DQJXP�JDYH
SSRUW�WKH�FRQFOXVLRQ�WKDW�WKHUH�KDV�EHHQ�V\VWHPDWLF�ELDV�DJDLQVW�WKH�FRQFHSW�WKDW�YLWDPLQV�PLJKW�EH
HU�WKDQ�WKH�PLQLPXP�UHTXLUHG�WR�DYRLG�FODVVLF�GHILFLHQF\�GLVHDVHV� >���@ ��,Q�RWKHU�SDSHUV��*RRGZLQ�DQG
HUDO�FDVHV�LQ�ZKLFK�DQ�HIIHFWLYH�PHWKRG�RI�WUHDWPHQW�ZDV�HUURQHRXVO\�UHMHFWHG��WKH�UHMHFWLRQ�VHHPHG�WR�EH
QGHUVWDQGLQJ�RI�WKH�SK\VLRORJLFDO�PHFKDQLVP�RI�WKH�HIIHFW�>�������@�����
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%UXFH�5�%LVWULDQ

JOH�WR�UHODWH�HSLGHPLRORJ\�WR�UHDO�SHRSOH���$XWKRU
V�UHVSRQVH�WR�FRPPHQWDULHV

$�%,2/

H���$SSOLHG�QXWULWLRQDO�PHGLFLQH

$QWLR[LGDQW�$FWLYLW\�DQG�,Q�9LWUR�*URZWK�,QKLELWLRQ�RI�6WUXYLWH�&U\VWDOV�E\�,SRPRHD�(ULRFDUSD�/HDI

P

D�0DOLSHGGL�ā�1�$UXQDL�1DPELUDM�ā� 5HVKPD�5DMDQ

5HFRPPHQGDWLRQV

6KRZ�PRUH



��������� �3')��%DWWOLQJ�4XDFNHU\��$WWLWXGHV�$ERXW�0LFURQXWULHQW�6XSSOHPHQWV�LQ�$PHULFDQ�$FDGHPLF�0HGLFLQH
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3URMHFW

'HPRJUDSKLF��6HDVRQDO��DQG�*HRJUDSKLF�'LIIHUHQFHV�LQ�(PHUJHQF\�'HSDUWPHQW�9LVLWV�IRU�(SLVWD[LV

0RKDPDG�&KDDEDQ�ā� -DPHV�6�*RRGZLQ�ā�'RQJ�=KDQJ

9LHZ�SURMHFW

$UWLFOH

0LFURQXWULHQWV�DQG�EUHDVW�FDQFHU

-DQXDU\������ā�(XURSHDQ�-RXUQDO�RI�&DQFHU�3UHYHQWLRQ

6�)UDQFHVFKL

$�ODUJH�SDUW�RI�WKH�HSLGHPLRORJLFDO�GHEDWH�RQ�GLHW�DQG�EUHDVW�FDQFHU�KDV�EHHQ�GRPLQDWHG�E\�WKH�LVVXH�RI�ZKHWKHU�IDW��SDUWLFXODUO\
DQLPDO�IDW��LQFUHDVHV�ULVN��/DWHO\��WKH�SRVVLEOH�SURWHFWLYH�HIIHFW�RI�YDULRXV�GLHWDU\�FRQVWLWXHQWV�KDV�UHFHLYHG�PRUH�DWWHQWLRQ�
9LWDPLQV�&�DQG�(��DQG�EHWD�FDURWHQH�KDYH�DQWLR[LGDQW�DFWLYLW\�DQG�PD\�WKXV�SURYLGH�D�FHOOXODU�GHIHQFH�DJDLQVW�UHDFWLYH�R[\JHQ
VSHFLHV�WKDW�����>6KRZ�IXOO�DEVWUDFW@

5HDG�PRUH

$UWLFOH

>(IIHFW�RI�KLJK�GRVH�YLWDPLQ�&�RQ�WKH�IRUPDWLRQ�RI�H[SHULPHQWDO�UHQDO�VWRQHV�LQ�WKH�UDW@

$SULO������ā�=KRQJKXD�ZDL�NH�]D�]KL�>&KLQHVH�MRXUQDO�RI�VXUJHU\@

6�/�&DL�ā�.�;�:HL�ā�6�6�<DQJ

5HDG�PRUH



KWWSV���ZZZ�UHVHDUFKJDWH�QHW�SXEOLFDWLRQ���������B%DWWOLQJB4XDFNHU\B$WWLWXGHVB$ERXWB0LFURQXWULHQWB6XSSOHPHQWVBLQB$PHULFDQB$FDGHPLFB0« ���

/DVW�8SGDWHG�����2FW�����

$UWLFOH

$QWLR[LGDQWV�LQ�+,9�SRVLWLYH�FKLOGUHQ

0D\������ā�7KH�,QGLDQ�-RXUQDO�RI�3HGLDWULFV

$UXQD�6ULQLYDV�ā�%LQD�)��'LDV

7R�DVVHVV�WKH�DQWLR[LGDQW�VWDWXV�LQ�+,9�SRVLWLYH�FKLOGUHQ��+,9�SRVLWLYH�FKLOGUHQ�XQGHU�WKH�DJH�JURXS�RI������\HDUV�IURP�ORZHU
VRFLR�HFRQRPLF�VWUDWD�ZHUH�FKRVHQ�IRU�WKH�VWXG\��*URXS�����7KH�YDOXHV�ZHUH�FRPSDUHG�ZLWK�QRUPDO�FKLOGUHQ��*URXS����QRW
VXIIHULQJ�IURP�DQ\�GLVHDVH�LQ�WKH�VDPH�DJH�JURXS�DQG�VLPLODU�VRFLR�HFRQRPLF�VWUDWD��7KH�DQWLR[LGDQWV�FKRVHQ�IRU�WKH�SUHVHQW
VWXG\�ZHUH�YLWDPLQ�$�����>6KRZ�IXOO�DEVWUDFW@

5HDG�PRUH

&KDSWHU )XOO�WH[W�DYDLODEOH

0HWDO�LRQV�PHGLDWHG�SUR�R[LGDWLYH�UHDFWLRQV�ZLWK�YLWDPLQ�&��3RVVLEOH�LPSOLFDWLRQV�IRU�WUHDWPHQW�RI�G���

-DQXDU\������ā�,QWHUQDWLRQDO�MRXUQDO�RI�FDQFHU�SUHYHQWLRQ

-RKQ�*UXLD�,RQHVFX�ā� %RUXW�3ROMãDN

9LWDPLQ�&�LV�DQ�DFLGLF�PROHFXOH�ZLWK�VWURQJ�UHGXFLQJ�DFWLYLW\��,W�LV�DQ�HVVHQWLDO�PLFURQXWULHQW�LQ�PDQ��GXH�WR�WKH�DEVHQFH�RI�/�
JXORQRODFWRQH�R[LGDVH��9LWDPLQ�&�KDV�VHYHUDO�LPSRUWDQW�UROHV�DQG�WKHUH�DUH�PDQ\�HQ]\PHV�XWLOL]LQJ�DVFRUEDWH�DV�D�FR�IDFWRU�
%HVLGHV��YLWDPLQ�&�SURWHFWV�KXPDQ�KHDOWK�E\�VFDYHQJLQJ�WR[LF�IUHH�UDGLFDOV�DQG�RWKHU�UHDFWLYH�R[\JHQ�VSHFLHV��526��IRUPHG�LQ
FHOO�PHWDEROLVP��2Q�����>6KRZ�IXOO�DEVWUDFW@

9LHZ�IXOO�WH[W

$UWLFOH

3ODVPD�YLWDPLQ�&�DVVD\V��D�(XURSHDQ�H[SHULHQFH��(&�)/$,5�&RQFHUWHG�$FWLRQ�1R������0LFURQXWULHQW�0HDV���

)HEUXDU\������ā�,QWHUQDWLRQDO�-RXUQDO�IRU�9LWDPLQ�DQG�1XWULWLRQ�5HVHDUFK

&�-�%DWHV

$VVD\�SURFHGXUHV�IRU�SODVPD�FRQFHQWUDWLRQV�RI�YLWDPLQ�&��DQG�KHQFH�IRU�YLWDPLQ�&�VWDWXV��FXUUHQWO\�LQ�XVH�LQ�(XURSHDQ
SRSXODWLRQ�VXUYHLOODQFH�ODERUDWRULHV�DQG�HOVHZKHUH��DUH�EDVHG�RQ�D�ZLGH�UDQJH�RI�GLVSDUDWH�WHFKQLTXHV�DQG�UHDFWLRQV��7KH
SUREOHP�RI�DFKLHYLQJ�KDUPRQLVDWLRQ�EHWZHHQ�WKHVH�WHFKQLTXHV��DQG�EHWZHHQ�ODERUDWRULHV��LV�IXUWKHU�FRPSOLFDWHG�E\�WKH�LQVWDELOLW\
RI�WKH�YLWDPLQ��DQG�WKH�����>6KRZ�IXOO�DEVWUDFW@

5HDG�PRUH

'LVFRYHU�PRUH
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&RPSDQ\

$ERXW�XV
1HZV
&DUHHUV

6XSSRUW

+HOS
&HQWHU

%XVLQHVV
VROXWLRQV

$GYHUWLVLQJ
5HFUXLWLQJ

������������5HVHDUFK*DWH�*PE+��$OO�ULJKWV�UHVHUYHG� 7HUPV�ā�3ULYDF\�ā�&RS\ULJKW�ā�,PSULQW



ILOH����&��8VHUV�6KDLO\�5DZDO�'HVNWRS�9,7$0,1��3')��%HQHILFLDO�HIIHFWV�RI�LQWUDYHQRXV�LURQ�WKHUDS\�LQ�D�UDW�PRGHO�RI�KHDUW�IDLOXUH�ZLWK�SUHVHUYHG�V« ���

HQRXV�LURQ�WKHUDS\�LQ�D�UDW�PRGHO�RI�KHDUW�IDLOXUH�ZLWK�SUHVHUYHG�V\VWHPLF�LURQ�VWDWXV�EXW�GHSOHWHG�LQWUDFHOOXODU�FDUGLDF�VWRUHV

Q ௐ 6FLHQWLILF�5HSRUWV������ā�'HFHPEHU�����ௐ ZLWKௐ ����5HDGVௐ
�������

6KRZ�PRUH�DXWKRUV

RPPRQO\�RFFXUV�LQ�FKURQLF�KHDUW�IDLOXUH��+)��DQG�LV�DVVRFLDWHG�ZLWK�SRRU�SURJQRVLV��1HLWKHU�LWV�FDXVHV�QRU
JQLILFDQFH�DUH�FOHDUO\�XQGHUVWRRG��:H�DLPHG�WR�DVVHVV�LURQ�VWDWXV�DQG�WKH�HIIHFW�RI�LURQ�VXSSOHPHQWDWLRQ�LQ�WKH�UDW
UGLDO�LQIDUFWLRQ��0,��+)��)RXU�ZHHNV�DIWHU�LQGXFWLRQ�RI�0,�WR�LQGXFH�+)�RU�VKDP�VXUJHU\��UDWV�UHFHLYHG�LQWUDYHQRXV�LURQ
H� RU�VDOLQH����GRVHV�LQ���ZHHN�LQWHUYDOV��+)�DORQH�GLG�QRW�FDXVH�DQHPLD��V\VWHPLF�RU�P\RFDUGLDO�,'��EXW�UHGXFHG
JJHVWLQJ�GHSOHWHG�FDUGLRP\RF\WH�LURQ�VWRUHV��,URQ�WKHUDS\�LQFUHDVHG�VHUXP�)H��IHUULWLQ�DQG�WUDQVIHUULQ�VDWXUDWLRQ�DV
HSDWLF�LURQ�FRQWHQW�LQ�+)�UDWV��EXW�GLG�QRW�LQFUHDVH�P\RFDUGLDO�IHUULWLQ��7KLV�ZDV�DFFRPSDQLHG�E\������EHWWHU
QWULFXODU��/9��HMHFWLRQ�IUDFWLRQ�DQG�VPDOOHU�/9�GLODWLRQ������SUHVHUYDWLRQ�RI�IXQFWLRQ�RI�&Dðၰ�KDQGOLQJ�SURWHLQV�LQ�/9
�� UHGXFHG�OHYHO�RI�LQIODPPDWRU\�PDUNHU��&53��)XUWKHUPRUH��LURQ�VXSSOHPHQWDWLRQ�GLG�QRW�SRWHQWLDWH�R[LGDWLYH�VWUHVV�RU
FDUGLRP\RF\WH�IXQFWLRQ��EXW�LQFUHDVHG�DFWLYLW\�RI�DQWLR[LGDQW�GHIHQVHV��FDUGLDF�VXSHUR[LGH�GLVPXWDVH���'HVSLWH�ODFN�RI
DO�,'�ZH�IRXQG�HYLGHQFH�RI�GHSOHWHG�FDUGLRP\RF\WH�LURQ�VWRUHV�LQ�WKH�UDW�PRGHO�RI�+)��)XUWKHUPRUH�ZH�REVHUYHG
VXSSOHPHQWDWLRQ�DQG�FRQILUPHG�VDIHW\�RI�LURQ�VXSSOHPHQWDWLRQ�LQ�WKLV�VHWWLQJ�

QVH��&&�%<����
FRS\ULJKW�

$05,7'+$5$��P\�+RVSLWDO
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HQWUXP�0HG\F]QH�.V]WDOFHQLD�3RG\SORPRZHJR

ĔVND
HQWUXP�0HG\F]QH�.V]WDOFHQLD�3RG\SORPRZHJR
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VW\WXW�&KHPLL�L�7HFKQLNL�-ąGURZHM

(ZHOLQD�&KDMGXN
������ā�,QVW\WXW�&KHPLL�L�7HFKQLNL�-ąGURZHM

UHVHDUFK

EHUV

FDWLRQV

URMHFWV

$GYHUWLVH

5HFUXLW�UHVHDUFKHUV -RLQ�IRU�IUHH /RJLQ

6HH�DOO�¾
��&LWDWLRQV

6HH�DOO�¾
���5HIHUHQFHV

6HH�DOO�¾
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('

KUD�(Oဨ+DIQ\ဨ5DKEL�ā� $OHNVDQGUD�3DWHUHN�ā� &ODXGLQH�.LHGD

DGLJP�VKLIW�IURP�V\VWHPLF�WR�FDUGLRP\RF\WH�DEQRUPDOLWLHV

2/

HIHUHQFHV�����

FXVHG�RQ�LQFUHDVLQJ�WKH�FRQFHQWUDWLRQ�RI�KDHPRJORELQ��DQ�R[\JHQ�FDUU\LQJ�SURWHLQ��%XW�QHLWKHU�HU\WKURSRLHWLQ�DQDORJV
ORELQ�FRQFHQWUDWLRQ���QRU�LQWUDYHQRXV�LURQ�WKDW�SURYLGHG�DQ�HVVHQWLDO�HOHPHQW�QRW�RQO\�IRU�KDHPRJORELQ��EXW�DOVR�RWKHU
UGLDF�HQHUJHWLFV���SURYLGHG�XQHTXLYRFDO�EHQHILWV�LQ�KXPDQ�FOLQLFDO�WULDOV��WKRXJK�UHFHQW�GDWD��LQFOXGLQJ�RXU�RZQ�ZRUN�� �
EH�RI�VRPH�YDOXH�KHUH�����

RVWP\RFDUGLDO�LQIDUFWLRQ�KHDUW�IDLOXUH��ZKLFK�KDG�WKH�DGYDQWDJH�RI�LGHQWLFDO�JHQHWLF�EDFNJURXQG��GLHW�DV�ZHOO�DV�WKH
HV�DQG�FRQFRPLWDQW�WKHUDSLHV��ZH�GHPRQVWUDWHG�ODFN�RI�V\VWHPLF�,'�LQ�KHDUW�IDLOXUH��:H�DOVR�GLG�QRW�ILQG�VLJQV�RI
U��ZH�QRWLFHG�GHSOHWHG�P\RFDUGLDO�LURQ�VWRUHV� �3DWHUHN�HW�DO�������� ��6LPLODU�UHVXOWV�ZHUH�IRXQG�LQ�UDWV�ZLWK�LVFKHPLF
H�QR�DOWHUDWLRQ�RI�LURQ�VWDWXV�ZDV�REVHUYHG��LQ�SDUWLFXODU�VHUXP��P\RFDUGLDO�DQG�KHSDWLF�LURQ�UHPDLQHG�XQFKDQJHG�����
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%ULGJHW�$QQH�.LUZDQ�ā�6WHIDQ�'��$QNHU�ā� (ZD�$QLWD�-DQNRZVND

Q�+HDUW�)DLOXUH��&RPPRQ��&OLQLFDOO\�5HOHYDQW�DQG�7UHDWDEOH

OH

,

*RUDQ�/RQFDU�ā� $QGHOND�,VDNRYLF�ā� -HUQHMD�)DUNDV

5HFRPPHQGDWLRQV

3URMHFW

+HDUW�UHPRGHOLQJ

3U]HP\VáDZ�/HV]HN�ā� 3LRWU�.RáVXW�ā� 7RPDV]�5\ZLN�ā�>���@�ā� %DUEDUD�6RFKDQRZLF]

9LHZ�SURMHFW

3URMHFW

$1$/<6,6�2)�7+(�3266,%,/,7<�2)�85$1,80�6833/<�)520�'20(67,&�5(6285&(6

'RURWD�*DMGD�ā� .DWDU]\QD�.LHJLHO�ā� *UD]\QD�=DNU]HZVND�ā�>���@�ā�.��.XOLVD

9LHZ�SURMHFW



��������� �3')��%HQHILFLDO�HIIHFWV�RI�LQWUDYHQRXV�LURQ�WKHUDS\�LQ�D�UDW�PRGHO�RI�KHDUW�IDLOXUH�ZLWK�SUHVHUYHG�V\VWHPLF�LURQ�VWDWXV�EXW�GHSOHWHG�LQ«

ILOH����&��8VHUV�6KDLO\�5DZDO�'HVNWRS�9,7$0,1��3')��%HQHILFLDO�HIIHFWV�RI�LQWUDYHQRXV�LURQ�WKHUDS\�LQ�D�UDW�PRGHO�RI�KHDUW�IDLOXUH�ZLWK�SUHVHUYHG�V« ���

3URMHFW

RPHJD���38)$�DQG�WKH�KHDUW
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&KDSWHU

$QHPLD�DQG�,URQ�'HILFLHQF\�LQ�+HDUW�)DLOXUH

-DQXDU\�����

2WPDU�3ILVWHU

$QHPLD�DQG�LURQ�GHILFLHQF\��,'��DUH�FRPPRQ�FR�PRUELGLWLHV�LQ�FKURQLF�KHDUW�IDLOXUH��&+)��SDWLHQWV�DQG�DUH�ERWK�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK
LQFUHDVHG�PRUELGLW\�DQG�PRUWDOLW\��$QHPLD�DIIHFWV�RQH�RI�WKUHH�&+)�SDWLHQWV�DQG�,'�LV�SUHVHQW�LQ�KDOI�RI�&+)�SDWLHQWV��:KLOH�WKH�WUHDWPHQW�RI
DQHPLD�UHPDLQV�D�FKDOOHQJH��,'�KDV�EHFRPH�D�YDOLG�WUHDWPHQW�WDUJHW��,'�LV�GLDJQRVHG�ZKHQ�IHUULWLQ�LV�ORZHU�WKDQ���������>6KRZ�IXOO�DEVWUDFW@

5HDG�PRUH

$UWLFOH )XOO�WH[W�DYDLODEOH

,URQ�'HILFLHQF\�DPRQJ�3UHJQDQW�:RPHQ�$WWHQGLQJ�$QWHQDWDO�&OLQLF�DW�WKH�.1867�+RVSLWDO��.XPDVL��*KDQD

-DQXDU\�����

&KULVWLDQ�2ELULNRUDQJ�ā� /LQGD�$KHQNRUDK�)RQGMR�ā�6DPXHO�$GRPDNR�ā�>���@�ā� ,VDDF�$FKHDPSRQJ

%DFNJURXQG��3UHJQDQW�ZRPHQ�FRQVWLWXWH�D�KLJK�ULVN�JURXS�IRU�LURQ�GHILFLHQF\�GXH�WR�LQFUHDVHG�LURQ�UHTXLUHPHQWV�IRU�IRHWDO�DQG�PDWHUQDO�WLVVXHV
JURZWK��7KLV�VWXG\�VRXJKW�WR�ILQG�RXW�WKH�SUHYDOHQFH�RI�LURQ�GHILFLHQF\�DPRQJ�*KDQDLDQ�SUHJQDQW�ZRPHQ�REWDLQLQJ�DQWHQDWDO�FDUH�DW�WKH
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$UWLFOH )XOO�WH[W�DYDLODEOH
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0D\������ā�.DUGLRORJLLD

1��Ɍ��9DWXWLQ�ā� *HQQDGL\�7DUDGLQ�ā� ,ULQD�.DQLVKHYD�ā� 9LFWRULD�9HQ]KHKD
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ɩɪɨɝɧɨɡ�ɷɬɨɝɨ�ɫɨɫɬɨɹɧɢɹ��ɋɮɨɪɦɭɥɢɪɨɜɚɧɨ�ɨɩɪɟɞɟɥɟɧɢɟ�ɚɧɟɦɢɢ�ɢ�ɀȾ�ɧɚ�ɨɫɧɨɜɟ�ɨɰɟɧɤɢ�ɪɚɡɥɢɱɧɵɯ�ɥɚɛɨɪɚɬɨɪɧɵɯ�ɞɚɧɧɵɯ��ȼ
ɱɚɫɬɧɨɫɬɢ��ɨɛɫɭɠɞɚɟɬɫɹ�ɞɢɚɝɧɨɫɬɢɱɟɫɤɚɹ�ɡɧɚɱɢɦɨɫɬɶ�ɨɩɪɟɞɟɥɟɧɢɹ�ɫɵɜɨɪɨɬɨɱɧɨɝɨ�ɠɟɥɟɡɚ��ɮɟɪɪɢɬɢɧɚ�ɫɵɜɨɪɨɬɤɢ�ɤɪɨɜɢ��ɤɨɷɮɮɢɰɢɟɧɬɚ
ɧɚɫɵɳɟɧɢɹ�ɬɪɚɧɫɮɟɪɪɢɧɚ��ɨɛɳɟɣ�����>6KRZ�IXOO�DEVWUDFW@

9LHZ�IXOO�WH[W
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7UHDWPHQW�RI�DQDHPLD�LQ�SDWLHQWV�ZLWK�FKURQLF�KHDUW�IDLOXUH��&+)��DQG�UHGXFHG�OHIW�YHQWULFXODU�HMHFWLRQ�IUDFWLRQ�KDV�WUDGLWLRQDOO\�IRFXVHG�RQ
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ABSTRACT

As part of a continuing study of health problems pertinent to Canadian Northern Military
operations, two aspects of Vitamin C have been examined in land element personnel participating on Northern
Winter Exercises. This report describes results of an ongoing Vitamin C survey designed to examine both the
Vitamin C status of troops and the effects of a daily Vitamin C supplement on the incidence and severity of
colds in troops undergoing operational training. Results indicate that a daily 1000 mg supplement of Vitamin C
reduced significantly the incidence of colds as assessed on the basis of symptom complexes reported on health
survey cards. While the overall incidence of colds was influenced significantly by Vitamin C, both on an
individual and a tent group basis, the duration of local cold symptoms was not. In those individuals who
contracted a cold, nasal and throat and chest symptoms were observed to persist for similar periods of time in
both placebo and Vitamin C supplemented groups. The Vitamin C group, however, did show a significant
reduction in the duration of the more constitutional symptoms related to a general feeling of "well-being". The
Vitamin C status of individuals was assessed on the basis of whole blood ascorbate levels determined before and
after participation on Northern exercises. A significant reduction of whole blood ascorbate was observed post-
exercise on three separate serials of Exercise New Viking, the troops of which were supplied with RP-4 field
rations. In view of the fact that only a minor reduction of whole blood ascorbate was observed on another
serial, the troops of which were supplied with IRP field rations, it is not possible to determine whether the
reduction in ascorbate status was a reflection of altered dietary intake or an increased requirement for Vitamin
C under the activity and exposure conditions experienced on Northern operations. Further work is required to
clarify this situation.

(iii)



HEALTH PROBLEMS AND VITAMIN C
IN CANADIAN NORTHERN MILITARY OPERATIONS

Since the early part of 1972, the Biosciences Division of the Defence and Civil Institute of
Environmental Medicine (DCIEM) has been involved in an extensive field program designed to examine some of
the health problems pertinent to Canadian Northern Military operations.

Table 1 lists some of the potential health problem areas encountered in a transit military
population operating under Arctic or sub-Arctic conditions. These have been divided, somewhat arbitrarily, into
two groups: Environmental and Operational.

TABLE 1

POTENTIAL HEALTH PROBLEM AREAS
NORTHERN OPERATIONS

ENVIRONMENTAL OPERATIONAL

Cold Injury
Frostbite
Trench Foot

Hypothermia
Snow Blindness
Sunburn

Cold Sores

Nutrition
Rations

Dehydration
Constipation
Tent Eye
Physical Fitness
Wound Heating
Upper Respiratory

Infection
Dental

(1) Environmental problems are those which arise as a consequence of direct insult upon the
individual by his environment.

(2) Operational problems are those which arise as a consequence of restrictions placed upon
an individual by his environment.

This report describes results dealing with some problems in the operational category, specifically
with regard to rations and Vitamin C, the Vitamin C status of individuals, and the effect of Vitamin C
supplementation on symptoms of respiratory distress.

One of the approaches which has been applied throughout the field program has been the
administration of a health survey to men taking part in military winter exercises. This survey was established
primarily to answer the questions, "does the abrupt introduction of a man into the Northern climate produce
any demonstrable change in health pattern?    If so, what is the nature of this alteration? "
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The majority of health surveys which have investigated environmental factors impinging on
health have been concerned with indigenous populations or isolated communities. Data derived from such
studies are not applicable directly to transit populations such as members of mobile military forces. Recognition
of this fact prompted DCIEM to establish a protocol for obtaining epidemiologic data on military men making
periodic excursions into the North. The survey has been restricted to members of the land element for it is
these individuals who are exposed most directly to the adverse environment for periods of greater than a few
hours.

Table 2 lists the exercises which have been surveyed to date. With one exception (Northern Ramble,
May 1972) the field program has utilized men taking part in New Viking training exercises. It is important to
recognize the fact that these are training exercises and that as such, the men are living under the most "ideal"
Arctic conditions in the sense that experienced instructors are with them at all times. Consequently, the men are
under constant supervision to ensure that they protect themselves adequately from the environment. Hence, any
health problems which arise on such exercises should be taken as a minimal estimate of problems which may
arise on more operational missions.

TABLE 2

NORTHERN EXERCISES UTILIZED FOR THE
INVESTIGATION OF HEALTH PROBLEMS, 1972-73

The health survey card used in the collection of field data is shown in Figure 1. The health survey
has been conducted on an individual tent-group basis and extensive use has been made of the tent-group
commanders who have been responsible for administering the survey cards on a daily basis. The survey period
has extended typically from one week before the exercise to one week after the exercise. Tabulation of the
incidence of individual symptoms and symptom complexes has been carried out post-exercise and it has become
apparent that, to one degree or another, the incidence of individual symptoms is affected by movement into the
North. The most marked alteration in symptoms reported has been noted in symptoms related to the upper
respiratory system and it is these symptoms which have been examined in greater detail in DCIEM Vitamin C
studies.



FIGURE  1

IN-FIELD HEALTH SURVEY CARD
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An assessment of Vitamin C was undertaken for a number of reasons:

(1) The whole question of Vitamin C and its effect on colds is a topical and debatable issue. It
was hoped that some light would be shed on this problem by utilizing a very restricted population of comparable
age, typical cold history, common dietary regimen, activity schedule and environmental exposure.

(2) It has been suggested that Vitamin C may play a role in increasing cold tolerance - with
particular regard to maintaining peripheral circulation.

(3) Finally, it was determined that the RP-4 rations (1970-71) on which the men were living,
apparently provided a maximum of 37–41 mg Vitamin C per day in a single fruit-drink mix. As previous
observations suggested that the fruit-drink mix was an unpopular item in the rations and tended to be
discarded, it appeared that the individual intake of Vitamin C could be below the recommended daily allowance.

Accordingly, a protocol was established for dispensing tablets of either Vitamin C or placebo to
individuals in each tent. Men in each tent group were assigned randomly to either the Vitamin C or placebo
group. Extensive use was made again, of tent-group commanders who carried with them the supply of pills for
their own tent. Two pill vials were provided for each tent, one containing Vitamin C and one containing placebo.
Each vial contained the names of the men who were to receive the respective pills. Pills were dispensed twice a day,
once with the morning meal and once with the evening meal. The total dose of Vitamin C received each day was
1000 mg.

At the completion of the exercise the incidence and duration of colds was examined by assessing
the presence or absence of a cold on the basis of symptom constellations. In order for a man to be classified as
having a cold, he had to have two nasal symptoms in conjunction with a minimum of sore throat or chest cough
which persisted for two or more days. As a further restriction, the sore throat or chest cough had to be absent at
the time the nasal symptoms began. Frequently, it was found that more constitutional symptoms such as
headache, chills and fever, general malaise, nausea or vomiting were indicated at some time during the symptom
constellation.

Table 3 indicates that the random allocation of men to the two treatment groups resulted in two well-
matched populations with respect to age and typical cold history.

TABLE 3

THE MEAN AGE AND COMMON COLD HISTORY OF MEMBERS OF A
SINGLE INFANTRY COMPANY OF 112 MEN ALLOCATED
RANDOMLY TO VITAMIN C AND PLACEBO PREPARATIONS



Table 4 depicts the frequency of colds assessed in a single infantry company on a Northern
Military exercise. The incidence of colds in two other companies participating on the exercise, but not
subjected to pill supplementation, was 21.0% and 29.4% respectively.

TABLE 4

INDIVIDUAL INCIDENCE OF COLDS ASSESSED IN A
SINGLE INFANTRY COMPANY OF 112 MEN PARTICIPATING

ON A NORTHERN MILITARY EXERCISE

The results indicate that the Vitamin C group experienced significantly fewer colds than the
corresponding placebo group. This ameliorating effect of Vitamin C was also reflected in the frequency of
colds reported by individual tent groups (Table 5). Of the 14 tent groups involved in this study, nine groups
(64.3%) indicated the presence of at least one cold during the exercise period. Of these nine groups, six
(66.6%) indicated colds present only in placebo individuals, whereas the remaining three (33.3%) indicated
colds present in both placebo and Vitamin C groups. In no case did a tent group indicate the presence of
colds in Vitamin C individuals only.

TABLE 5

TENT GROUP INCIDENCE OF COLDS IN AN INFANTRY
COMPANY OF 112 MEN PARTICIPATING ON A NORTHERN MILITARY EXERCISE

5
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The data presented in Table 6 indicate that despite a reduction in the frequency of colds in
Vitamin C individuals, the duration of cold symptoms as related to the presence of nasal, throat or chest
complaints was not significantly influenced. In other words, if an individual experienced a cold while on
Vitamin C, the continued daily intake of 1000 mg/day did not alter the course of the cold with respect to the
local symptoms. Examination of the more constitutional symptoms however (Table 7) revealed that the
duration of these was significantly reduced in the Vitamin C group. This perhaps is a significant finding
for it is these symptoms which are related to the general feeling of "well-being" and it is these symptoms
which, in a civilian population, could predispose a person to remain at home. In a military population where
refuge cannot be sought easily, it is these symptoms which would tend to reduce a man's level of effectiveness.

TABLE 6

THE MEAN DURATION OF UPPER RESPIRATORY SYMPTOMS
REPORTED BY MEN AFFLICTED WITH A COMMON COLD

TABLE7

THE MEAN DURATION OF CONSTITUTIONAL SYMPTOMS
RELATED TO A FEELING OF WELL-BEING REPORTED

BY MEN AFFLICTED WITH A COMMON COLD

On subsequent exercises an examination of the Vitamin C status of men was carried out by
examining the whole-blood ascorbate levels before and immediately after the exercise.  Table 8 shows the
incidence of altered ascorbate status on four Northern exercises. In all cases, a significant number of men
demonstrated a decrease in whole-blood ascorbate, however the magnitude of this decrease (Table 9) was
significant on only three of the exercises. Coincidentally, these three exercises were supplied with the RP4
ration while the fourth exercise (Serial 56) received IRP field rations. The IRP ration provides approximately
50–90 mg of Vitamin C per day, about 50% of which is in a single fruit-drink mix and 50% is distributed throughout
other ration components.



TABLE 8

INCIDENCE OF ALTERED WHOLE-BLOOD ASCORBATE STATUS
OCCURRING ON NORTHERN EXERCISES

One further point with reference to Table 8 is the rather surprising number of men who
demonstrated whole-blood ascorbate levels lower than 0.50 mg%. This value is generally taken to indicate
the threshold of a possible sub-clinical scorbutic condition. Two of the four serials examined post-exercise
demonstrated a definite shift towards this subclinical scorbutic state, one (Serial 56) remained unchanged and
the other (Serial 55) demonstrated a shift in the opposite direction.

In view of the variation in diet and distribution of change in ascorbate status, it is not possible
from these data to determine whether the reduction in ascorbate levels, observed post-exercise on three of the
four serials, was a consequence of reduced dietary intake of Vitamin C or a reflection of a possible increased
requirement for this vitamin under the activity and exposure conditions existing on Northern operations.
Clearly, a determination of ascorbate excretion is required before any estimate of requirement under these
conditions can be made.

This study is part of a continuing program to assess the nature and incidence of health problems
pertinent to Canadian military Northern operations. With regards to Vitamin C and its influence on general
body health the data to date suggest that a daily supplement of 1000 mg Vitamin C appears to reduce the overall
incidence of colds in transit military populations. It must be appreciated however, that the nature of the
military exercise itself represents a marked departure from the "normal" daily routine.  Over the period of
this study, the men are transported by air into an adverse environment and live in close association with that

TABLE 9

MEAN WHOLE-BLOOD ASCORBATE STATUS BEFORE AND
AFTER PARTICIPATION ON NORTHERN EXERCISES
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environment. Their dietary regimen is altered dramatically with regards both to frequency of meals and nature
of food eaten. In view of these factors the results reported here do not necessarily characterize the civilian
population in general. Further, insufficient data exist to enable us to determine whether the observed beneficial
effect of Vitamin C observed in this study, is prophylactic or therapeutic, although the analysis of colds by tent
groups suggests that the effect may be prophylactic. In addition the study was restricted to an examination of the
efficacy of a daily 1000 mg dose of Vitamin C, which may represent neither the optimal nor minimal daily
supplement required. The whole-blood ascorbate levels of individuals receiving a Vitamin C supplement were
increased well above normal (100–150%). In view of the demonstrated decrease in whole-blood ascorbate occurring
in non-supplemented men, the optimal dose of Vitamin C may be in a range which is sufficient to prevent such a
decrease. Further work is required to clarify this situation.
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Fruits, Vegetables, and Plasma Nutrients Block et al.

Which Plasma Antioxidants Are Most Related to Fruit and Vegetable
Consumption?

Gladys Block,1 Edward Norkus,2 Mark Hudes,1 Shelly Mandel,1 and Kathy Helzlsouer3

Substantial evidence suggests that fruit and vegetable intake reduces the risk of some cancers and other
chronic diseases. While a varied diet containing fruits and vegetables may confer benefits greater than those of
any single nutrient, it would be useful to have data on the plasma nutrients most influenced by fruit and vegetable
intake.The authors examined the correlation between fruit and vegetable intake as measured by the abbreviated
CLUE II food frequency questionnaire and several plasma antioxidants. This study includes 116 male subjects
aged 35–72 years who were nonsmokers and nonusers of vitamin supplements and who provided blood
samples in the CLUE II Study in Washington County, Maryland. Plasma was assayed for ascorbic acid, beta-
carotene, beta-cryptoxanthin, and alpha- and gamma-tocopherol. Lipid- and energy-adjusted partial correlation
for the relation with fruit and vegetable intake was r = 0.64 for ascorbic acid, r = 0.44 for beta-carotene, and r =
0.50 for beta-cryptoxanthin. While this study does not address efficacy, the stronger association of ascorbic acid
with fruit and vegetable intake seen here may imply that ascorbic acid is an important component of the
protective effect seen for fruits and vegetables in numerous epidemiologic studies. Am J Epidemiol
2001;154:1113–18.
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Numerous studies have found a significant inverse rela-
tion between cancer risk and intake of fruits and vegetables
(1). Although the consumption of whole foods provides a
complex nutrient mix that may confer a benefit superior to
that of any particular component, it would be useful to
understand which nutrients are most associated with a high
intake of fruits and vegetables. A number of studies using
food frequency questionnaires (FFQs) have examined the
relation between dietary estimates of particular nutrients and
the corresponding plasma nutrient levels. Very few, how-
ever, have examined the plasma nutrient levels simply in
relation to reported intake of foods rather than to estimates
of nutrients. In other words, what plasma nutrient levels are
most influenced by a diet high in fruits and vegetables? This
study examines plasma levels of several antioxidants in rela-
tion to intake of fruits and vegetables.

MATERIALS AND METHODS

Subjects were selected from among participants in the
Washington County, Maryland, CLUE II Study, a blood col-

lection campaign conducted by the Johns Hopkins Training
Center for Epidemiologic Research and the Washington
County Health Department. In 1989, CLUE II recruited res-
idents of Washington County and surrounding counties; most
samples were obtained in the fall. CLUE II obtained plasma
samples, brief personal data, and a brief food frequency
questionnaire. More than 30,000 persons from Washington
County and surrounding counties provided samples.

Respondents for this study were selected from counties
surrounding Washington County. Subjects were men aged
35–72 years (mean, 53 years) who did not smoke and did
not take vitamin supplements. Respondents with an esti-
mated energy intake of less than 1,000 kcal were dropped to
exclude persons who may have been ill, were dieting, or had
completed the questionnaire incorrectly.

The questionnaire used in the CLUE II Study is a 60-item
scannable version of the Block/National Cancer Institute
(NCI) questionnaire. The questionnaire contained 10 veg-
etable items and six fruit items (table 1). Collectively, these
foods contribute 70.6 percent of the carotenoid intake in the
US diet among men in this age range and 57.8 percent of the
dietary vitamin C in the United States, on the basis of the
Third National Health and Nutrition Examination Survey
(G. Block, unpublished data, 1997). Frequency of consump-
tion of these foods was summed to estimate total fruit and
vegetable consumption. (The “GRPFRQ” variables pro-
duced by the software were used rather than the portion
size-related measures; summary “global” questions were not
asked in this FFQ.) Questionnaires were analyzed by using
the Block/NCI software (2), and estimates were made of
usual dietary intake of nutrients and food groups. Subjects
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were included in this analysis if their reported dietary intake
placed them in either the top or bottom quintile on both fruit
and vegetable consumption (FV) and meat intake (Heme).
(Heme was obtained for a different analysis, and those
results are reported elsewhere (3).) Subjects were selected in
groups of four (HiFV + HiHeme, HiFV + LoHeme, LoFV +
HiHeme, and LoFV + LoHeme), matched within each group
on age and body weight. A total of 29 subjects were selected
for each of the four groups, resulting in a sample of 116 men
for these analyses.

Venous blood was drawn in heparinized Vacutainers
(Becton, Dickinson, & Co., Franklin Lakes, New Jersey),
centrifuged, and processed within a few hours. One aliquot
was prepared by using 10 percent metaphosphoric acid to
stabilize ascorbic acid. All samples were stored at –70˚C.
The long-term stability of these nutrients, when stored at
–70˚C to –80˚C, has been examined in numerous studies and
found to be acceptable (4–6). Masked duplicate samples
were sent to each laboratory and included in the assays. In
addition, a single pooled blood sample was divided into
multiple aliquots and shipped with samples over the course
of the study to permit analyses of laboratory drift.
Reproducibility of all assays was excellent.

Plasma was assayed for ascorbate, beta-carotene, beta-
cryptoxanthin, and alpha- and gamma-tocopherol by one of
the investigators (E. N.). Plasma ascorbate concentration was
determined spectrophotometrically by using 2,4-dinitro-
phenylhydrazine as chromogen (7), which has been shown to
correlate highly with high-pressure liquid chromatography
methods (8–11). Plasma carotenoids and vitamin E were
determined by reversed-phase high-pressure liquid chro-
matography (12).

Analysis of variance, t tests, and Pearson and Spearman
correlations were used. Variables were examined for normal-

ity and skewness and transformed by using log or square root,
as appropriate. Pearson correlations using the transformed
variables were almost identical to Spearman correlations, so
only the latter are reported here. Statistical analyses were per-
formed using PC-SAS version 6.11 (SAS Institute, Inc., Cary,
North Carolina).

RESULTS

The characteristics of the participants in this analysis are
shown in table 2. Body weight ranged from 120 to 250
pounds (54.48 to 11.35 kg), and mean frequency of fruit and
vegetable intake was 2.9 times per day. Analysis of variance
including the meat category, the fruit and vegetable cate-
gory, and their interaction term indicated that meat con-
sumption and the interaction term were not related to any
plasma antioxidant (data not shown). Consequently, all
analyses in this report related to plasma antioxidant level
consider only the fruit and vegetable intake.

Correlations between frequency of FV and plasma antiox-
idants are shown in table 3. Both carotenoids and ascorbic
acid are highly significantly associated with frequency of
consumption of fruits and vegetables. However, the correla-
tion with ascorbic acid is considerably higher than that for
the carotenoids, both unadjusted and after adjustment for
several covariates. This higher correlation of FV with ascor-
bic acid remained after standardization of the plasma
carotenoids by plasma cholesterol. Plasma alpha-tocopherol
is positively associated with FV only after standardization
with plasma cholesterol, while gamma-tocopherol is signif-
icantly negatively correlated with FV. Partial correlations
adjusted for age, education, body weight, energy intake, or
fat intake did not change this pattern. After adjustment for
age and energy intake, the correlation between fruit and veg-
etable intake and ascorbic acid was 0.64, while lipid-
adjusted total carotenoids reached only 0.44. The highest
correlation besides that of ascorbic acid was lipid-adjusted
beta-cryptoxanthin (which is found largely in oranges and
orange juice), at 0.50.

DISCUSSION

Although numerous investigators have examined the rela-
tion between serum antioxidant nutrient levels and estimates
of antioxidant intake from food frequency questionnaires,
few have reported the correlations between serum antioxi-
dants and fruit and vegetable frequency as opposed to 
nutrient estimates (13–19). Only two studies were of non-
smokers (16, 17), and the results presented here correspond
well to the carotenoid correlations observed in these earlier
reports. Campbell et al. (16) recruited 50 male and 49 female
nonsmokers aged 18–37 years, selecting only those in the
highest or lowest quintile of FV; 29 percent were supplement
users. (Smoking lowers plasma beta-carotene and ascorbic
acid levels, and supplement use increases them, irrespective
of fruit and vegetable intake. Inclusion of subjects with these
behaviors makes it difficult to detect a relation between these
plasma nutrients and fruit and vegetable intake.) The 153-
item Willett FFQ was self-administered and included 35 veg-

TABLE 1. Foods used to rank subjects on fruit and 
vegetable intake*, Washington County, Maryland, 1989

Fruits and vegetables on the CLUE II questionnaire

Carrots or mixed vegetables containing carrots
Spinach
Broccoli
Sweet potatoes, yams
Tomatoes, tomato juice
Vegetable or tomato soups
Coleslaw, cabbage, sauerkraut
Mustard greens, turnip greens, collards
Green salad
Any other vegetables, including green beans, corn, peas
Oranges
Grapefruit
Orange juice or grapefruit juice
Cantaloupe
Apples, applesauce, pears
Any other fruit, including bananas, fruit cocktail

* These items comprise foods that contribute the following 
proportions of US nutrient intake of carotenoids: 70.6% (65.4% from
the 14 foods excluding “Any other vegetables” and “Any other fruit”)
and of dietary vitamin C: 57.8% (44.8% from the 14 foods excluding
“Any other vegetables” and “Any other fruit”). (Block, unpublished
data, 1997).
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etable items and 24 fruit items. Lipid- and energy-adjusted
correlations between total fruit and vegetable intake and the
average of two measurements of plasma beta-carotene and
cryptoxanthin were 0.45 and 0.47, respectively, for men and
women combined. (Results were not reported separately by
gender.) Michaud et al. (17) analyzed data from 110 male
nonsmokers from the Health Professionals Follow-up Study.
The study questionnaire contained 131 food items (including
31 vegetables and 15 fruits). Supplement use was not
addressed, but was presumably present for some participants.
Plasma carotenoids were adjusted for lipids, body mass
index, and age; fruit and vegetable estimates were based on
the average of two FFQs and two 1-week diet records. For
men, correlations were 0.35 and 0.36 for beta-carotene and

cryptoxanthin, respectively. Thus, our results of 0.38 and
0.50 for these two plasma carotenoids are consistent with
previous data on nonsmokers.

Other studies of fruit and vegetable intake and plasma
nutrients examined correlations with serum carotenoids and
included both smokers and supplement users (18, 19).
Tucker et al. (18) reported on the relation between total fruit
and vegetable intake, as estimated by the 126-item Willett
FFQ, in participants in the Framingham Heart Study. Ten
percent of the 201 men were smokers, and 11.9 percent used
beta-carotene supplements. Among men, after adjustment
for energy and other risk factors, correlations were r ! 0.25
for alpha- and beta-carotene, 0.16 for beta-cryptoxanthin,
0.17 for lycopene, and 0.14 for lutein-zeaxanthin. Resnicow

TABLE 2. Characteristics of the sample, for 116 men aged 35–72 years, Washington County,
Maryland, 1989

Age group (% in each 
category)

35–44 (19.0)
45–54 (32.8)
55–64 (33.6)
65–74 (6.9)
Missing (7.8)

Body weight (pounds)†
Fruit and vegetable

frequency (times/day)‡
Ascorbic acid (mg/dl)
Total carotenoids (mg/dl)
Beta-carotene (mg/dl)
Cryptoxanthin (mg/dl)
Alpha-tocopherol (mg/dl)
Gamma-tocopherol (mg/dl)

Mean (SD)* 25th percentile Median 
(50th percentile) 75th percentile Range

182 (24.4)

2.9 (1.9)
1.0 (0.4)

80.6 (34.0)
13.5 (11.4)
11.2 (9.1)

0.96 (0.2)
0.24 (0.1)

165

1.3
0.76

57.7
6.5
6.7
0.81
0.17

180

2.6
1.0

72.6
10.4

9.5
0.95
0.23

195

4.1
1.3

98.5
17.3
13.5

1.12
0.29

120–250

0.1–9.5
0.2–2.7

21.3–227
1.2–75.2
1.6–71.5

0.46–1.73
0.04–0.56

* SD, standard deviation.
† 1 pound = 0.454 kg.
‡ Frequency of consumption; does not take serving size into account.

TABLE 3. Spearman correlations and partial correlations between fruit/vegetable frequency of consumption and several plasma
antioxidants for 116 men aged 35–72 years, Washington County, Maryland, 1989

Unadjusted correlation 
with fruit and
vegetable frequency

Adjusted for
Age
Education
Body weight
Dietary energy intake
Dietary fat intake
Age and energy intake

Ascorbic
acid*

Total caro-
tene**

Lipid-
adjusted

total
carotene*

b-caro-
tene**

Lipid-
adjusted
crypto-

xanthin*

Crypto-
xanthin*

Lipid- 
adjusted
b-

carotene*

a-toc††,‡
Lipid-

adjusted 
a-toc†

Gamma-
toc***

Lipid-
adjusted
gamma-

toc†

0.59

0.59
0.58
0.61
0.62
0.60
0.64

0.34

0.37
0.33
0.35
0.34
0.34
0.37

0.40

0.43
0.40
0.42
0.41
0.40
0.44

0.35

0.34
0.35
0.36
0.36
0.34
0.36

0.38

0.36
0.38
0.38
0.39
0.37
0.38

0.43

0.43
0.41
0.43
0.44
0.42
0.46

0.46

0.47
0.45
0.47
0.49
0.46
0.50

0.06

0.03
0.07
0.06
0.06
0.05
0.03

0.26

0.22
0.27
0.26
0.28
0.25
0.24

"0.25

"0.26
"0.24
"0.25
"0.26
"0.24
"0.28

"0.20

"0.21
"0.18
"0.20
"0.20
"0.19
"0.22

* All correlations in this column, p < 0.0001.
** All correlations in this column, p < 0.001.
*** All correlations in this column, p < 0.01.
† All correlations in this column, p < 0.05.
†† All correlations in this column, p > 0.10.
‡ a-toc, alpha-tocopherol.
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et al. (19) studied fruit and vegetable intake and plasma
carotenoids in 775 African-American men and women in
Atlanta, Georgia. Smokers and vitamin supplement users
were included. A modification of the full-length Block/NCI
questionnaire was used, which contained 36 fruit and veg-
etable items. Correlations were r ! 0.34 for alpha-carotene,
0.31 for beta-carotene, 0.26 for beta-cryptoxanthin, and 0.21
for lutein. In a subset of 68 persons who completed three 24-
hour recalls, correlations between the 36-item fruit and veg-
etable questionnaire and these serum carotenoids were much
higher (r ! 0.52, 0.46, 0.43, and 0.30, respectively). Other
studies have examined serum nutrient relations with indi-
vidual foods (14, 15) or have conducted small feeding stud-
ies with subjects, many of whom were vitamin supplement
users (20).

To our knowledge, only one other study has examined
both plasma carotenoids and ascorbic acid in relation to fruit
and vegetable intake. In France, Drewnowski et al. (13)
studied a community-based sample of 837 subjects, of
whom 23.1 percent of the women and 41.6 percent of the
men were current smokers. Supplement use was not
reported. Data were collected by using a dietary history
interview. Correlations with energy-adjusted fruit and veg-
etable intake were r ! 0.36 for serum beta-carotene and
0.29 for ascorbic acid.

In our study, ascorbic acid was considerably more highly
associated with fruit and vegetable intake than were the
carotenoids. Thus, it is possible that ascorbic acid is as
important as or more important than carotenoids in confer-
ring the protective benefit of fruits and vegetables. Unless
studies examine plasma ascorbic acid in addition to other
plasma antioxidants, conclusions regarding the active agent
may be misleading. Interestingly, both this study and that of
Michaud et al. (17) found beta-cryptoxanthin to be more
highly correlated with fruit and vegetable intake than was
beta-carotene (although others have not observed this (18,
19)). In this context, it should be noted that the major con-
tributors of beta-cryptoxanthin are oranges and orange
juice. Thus, if ascorbic acid is high, beta-cryptoxanthin
may also be high. Without a measurement of plasma ascor-
bic acid, it may be difficult to attribute effects to the proper
nutrient.

This study does not directly address the potential efficacy
of ascorbic acid or other nutrients in affecting disease pre-
vention. That would require epidemiologic studies that
obtain a wide range of plasma nutrients and precursors of
endogenous antioxidant systems. The stronger association
of ascorbic acid with fruit and vegetable intake seen here
may imply that ascorbic acid is an important component of
the protective effect seen for fruits and vegetables in numer-
ous epidemiologic studies. However, it is also possible that
ascorbic acid appeared to be more strongly associated than
carotenoids because of differences in storage or metabolism
or in the difficulties of measurement. Ascorbic acid is water
soluble, with major stores in muscle tissue, and the rate of
utilization depends on numerous factors, including body
weight, smoking, vigorous exercise, exposure to stressors,
and, possibly, gender. Carotenoids are lipid soluble, with
storage in fatty tissue, and utilization also depends on smok-

ing and body weight, although possibly to a lesser extent. It
is possible that had carotenoids been measured in adipose
tissue, correlations with fruit and vegetable intake would
have been higher.

The inverse association of gamma-tocopherol with fruit
and vegetable intake is not well understood. In an unsup-
plemented diet, vegetable oils and salad dressings are the
main sources of both tocopherols, although vegetables do
provide some alpha-tocopherol. Supplementation with
alpha-tocopherol is known to suppress gamma-tocopherol
levels, and these data suggest an inverse relation between
alpha- and gamma-tocopherol, even in an unsupple-
mented diet. Some studies suggest that gamma-tocopherol
is a more potent antioxidant than alpha-tocopherol in
some assay conditions, but the inverse relation between
gamma-tocopherol and fruit and vegetable intake seen
here seems inconsistent with a beneficial effect of
gamma-tocopherol.

Often, investigators in major studies do not obtain
plasma ascorbic acid because of the belief that it is too dif-
ficult to process and too labile to be feasible. This study
shows that this is not the case. The CLUE II Study
obtained blood samples from 32,808 respondents in a
period of 6 months. Samples were obtained in multiple
sites across Washington County, including temporary
interviewing locations such as in mobile trailers. Blood
samples were transported to a central site as whole blood,
and processing was done centrally, usually within 6 hours
of collection. Ascorbic acid is stable in whole blood for
several hours (21), and after centrifugation, the processing
of samples for ascorbic acid involves only the preparation of
one additional tube containing a stabilizing agent (in our
case, metaphosphoric acid). Ascorbic acid in plasma pre-
pared in this way has been shown to be stable at –70˚C over
a period of several years.

In addition, investigators sometimes fail to include ascor-
bic acid because of the belief that blood levels represent
only the previous few hours or that fasting blood is essen-
tial. Again, this appears not to be the case. Most participants
in this study were not fasting at the time the blood was
drawn, and the correlations shown are with dietary estimates
from a questionnaire that asked about average intake in the
previous year. These data suggest that plasma ascorbic acid
is not as labile or as difficult to process in large studies as
has been feared and should be included when studies assess
antioxidant status.

A strength of this study is that the effect of fruit and veg-
etable intake on plasma nutrients could be examined without
the effect modification by smoking (22, 23) and without
confounding by supplement use (24). In addition, it is
notable that the plasma correlations shown here are with
reported frequency of consumption of fruits and vegetables,
not with dietary estimates of nutrient intake or with grams of
intake estimated using reported portion size. Thus, the
observed correlations are not influenced by possible inaccu-
racies in the nutrient database for carotenoids or by prob-
lems with portion size estimation. Furthermore, this
approach provides data that are directly relevant to the bulk
of epidemiologic literature; that body of literature has typi-
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cally been based on frequency rather than on portion-based
servings and has tended to find stronger etiologic associa-
tions with fruit and vegetable intake rather than with spe-
cific nutrient estimates.

While the list of fruits and vegetables on the CLUE II
questionnaire is not long (10 vegetable items and six fruit
items), it encompasses the major sources of these nutrients
in the US diet, including eight of the top 10 sources of
carotenoids and seven of the top 10 sources of vitamin C.
Not counting the two “any other fruit” and “any other veg-
etable” items, the remaining 14 items represent more than
two thirds of all the mentions of fruits and vegetables in
the Third National Health and Nutrition Examination
Survey database among men in this age group (Block,
unpublished data, 1997). If the “any other…” items are
considered, then, of course, the list represents the great
majority of all fruits and vegetables consumed in the
United States. Eight of the 14 specific foods on the ques-
tionnaire are major dark green or deep yellow vegetables
or fruits. Thus, while the higher correlation of ascorbic
acid with fruit and vegetable intake seen here is with this
particular list of fruits and vegetables, it should be noted
that the list actually encompasses a higher proportion of
carotenoids in the US diet (70.6 percent) than of vitamin C
(57.8 percent).

As in the study by Campbell et al. (16), subjects were
selected for this research by virtue of being either in the
upper or the lower quintile of the distribution of fre-
quency of fruit and vegetable intake. This approach tends
to result in correlations that are higher than might be
observed in studies that include the middle ranges of
intake. However, the approach may also make it possible
to see relations between intake and plasma most clearly,
unobscured by the greater misclassification found in the
middle ranges of intake. Estimates at the top and bottom
of a frequency-of-consumption distribution are easiest for
respondents to report and are reported with less error than
estimates in the middle ranges. For example, it is easy and
reasonably accurate to say “I eat carrots almost every
day” or “I eat carrots only once a year.” What is more dif-
ficult, and thus measured with more error, is deciding
whether carrots are eaten once a month or twice a month.
Thus, we believe that our sample selection approach gives
a more accurate picture of the plasma nutrients that may
be represented by questionnaires asking about fruits and
vegetables.

In summary, this study has found that while both
carotenoids and ascorbic acid are elevated in those with
higher fruit and vegetable intakes, ascorbic acid is consid-
erably more highly correlated with fruit and vegetable
intake than are the carotenoids. Thus, it is possible that
raising ascorbic acid levels may be an important mecha-
nism by which fruit and vegetable consumption confers
protective benefits. The study has also demonstrated the
feasibility of obtaining plasma vitamin C measures in
large-scale epidemiologic studies. Epidemiologic studies
should include measures of plasma or serum ascorbic acid,
in addition to other nutrients, to fully understand etiology
and mechanisms.

REFERENCES

1. Block G, Patterson B, Subar A. Fruit, vegetables, and cancer
prevention: a review of the epidemiologic evidence. Nutr
Cancer 1992;18:1–29.

2. Block G, Coyle LM, Hartman AM, et al. Revision of dietary
analysis software for the Health Habits and History
Questionnaire. Am J Epidemiol 1994;139:1190–6.

3. Block G. Meat intake, iron status, and oxidative damage. Final
report to the National Livestock and Meat Board. Chicago, IL:
National Livestock and Meat Board, 1996.

4. Knekt P, Aromaa A, Maatela J, et al. Serum vitamin E and risk
of cancer among Finnish men during a 10-year follow-up. Am
J Epidemiol 1988;127:28–41.

5. Hsing AW, Comstock GW, Polk BF. Effect of repeated freez-
ing and thawing on vitamins and hormones in serum. Clin
Chem 1989;35:2145.

6. Comstock GW, Alberg AJ, Helzlsouer KJ. Effects of long-term
freezer storage on concentrations of retinol, beta-carotene, and
alpha-tocopherol in serum or plasma. Clin Chem 1993;39:
1075–8.

7. US Department of Health and Human Services, Public Health
Service, Centers for Disease Control and Prevention, and
Clinical Chemistry Division. Laboratory procedures used by
the clinical chemistry division for the Second National Health
and Nutrition Examination Survey (NHANES II), 1976–1980.
IV. Analytical methods, vitamin C. Atlanta, GA: Centers for
Disease Control and Prevention, 1979.

8. Schaus EE, Kutnink MA, O’Connor DK, et al. A comparison
of leukocyte ascorbate levels measured by the 2,4-dinitro-
phenylhydrazine method with high-performance liquid chro-
matography using electrochemical detection. Biochem Med
Metab Biol 1986;36:369–76.

9. Sauberlich HE, Kretsch MJ, Taylor PC, et al. Ascorbic acid
and erythorbic acid metabolism in nonpregnant women. Am J
Clin Nutr 1989;50:1039–49.

10. Tessier F, Birlouez-Aragon I, Tjani C, et al. Validation of a
micromethod for determining oxidized and reduced vitamin C
in plasma by HPLC-fluorescence. Int J Vitam Nutr Res 1996;
66:166–70.

11. Otles S. Comparative determination of ascorbic acid in bass
(Morone lebrax) liver by HPLC and DNPH methods. Int J
Food Sci Nutr 1995;46:229–32.

12. Craft NE, Brown ED, Smith JC. Effects of storage and han-
dling procedures on concentrations of individual carote-
noids, retinol, and tocopherol in plasma. Clin Chem 1988;
34:44–8.

13. Drewnowski A, Rock CL, Henderson SA, et al. Serum beta-
carotene and vitamin C as biomarkers of vegetable and fruit
intakes in a community-based sample of French adults. Am J
Clin Nutr 1997;65:1769–1802.

14. Shibata A, Sasaki R, Ito Y, et al. Serum concentration of beta-
carotene and intake frequency of green-yellow vegetables
among healthy inhabitants of Japan. Int J Cancer 1989;44:
48–52.

15. Buiatti E, Munoz N, Kato I, et al. Determinants of plasma anti-
oxidant vitamin levels in a population at high risk for stomach
cancer. Int J Cancer 1996;65:317–22.

16. Campbell DR, Gross MD, Martini MC, et al. Plasma
carotenoids as biomarkers of vegetable and fruit intake. Cancer
Epidemiol Biomarkers Prev 1994;3:493–500.

17. Michaud DS, Giovannucci EL, Ascherio A, et al. Associations
of plasma carotenoid concentrations and dietary intake of spe-
cific carotenoids in samples of two prospective cohort studies
using a new carotenoid database. Cancer Epidemiol Biomarkers
Prev 1998;7:283–90.

18. Tucker KL, Chen H, Vogel S, et al. Carotenoid intakes,
assessed by dietary questionnaire, are associated with plasma
carotenoid concentrations in an elderly population. J Nutr
1999;129:438–45.

19. Resnicow K, Odom E, Wang T, et al. Validation of three food
frequency questionnaires and 24-hour recalls with serum
carotenoid levels in a sample of African-American adults. Am

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article-abstract/154/12/1113/64349 by guest on 20 M

arch 2020



1118 Block et al.

Am J Epidemiol Vol. 154, No. 12, 2001

J Epidemiol 2000;152:1072–80.
20. Le Marchand L, Hankin JH, Carter FS, et al. A pilot study on

the use of plasma carotenoids and ascorbic acid as markers of
compliance to a high fruit and vegetable dietary intervention.
Cancer Epidemiol Biomarkers Prev 1994;3:245–51.

21. Bradley DW, Maynard JE, Emery G. Comparison of ascorbic
acid concentrations in whole blood obtained by venipuncture
or by finger prick. Clin Chem 1972;18:968–70.

22. Stryker WS, Kaplan LA, Stein EA, et al. The relation of diet,

cigarette smoking, and alcohol consumption to plasma beta-
carotene and alpha-tocopherol levels. Am J Epidemiol
1988;127:283–96.

23. Kallner AB, Hartmann D, Hornig DH. On the requirements of
ascorbic acid in man: steady-state turnover and body pool in
smokers. Am J Clin Nutr 1981;34:1347–55.

24. Dickinson VA, Block G, Russek-Cohen E. Supplement use,
other dietary and demographic variables, and serum vitamin C
in NHANES II. J Am Coll Nutr 1994;13:22–32.

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article-abstract/154/12/1113/64349 by guest on 20 M

arch 2020



&29,'����LV�DQ�HPHUJLQJ��UDSLGO\�HYROYLQJ�VLWXDWLRQ�
*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��

*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

-$0$�������0DU��������������������

$VFRUELF�DFLG�IRU�WKH�FRPPRQ�FROG��$�SURSK\ODFWLF�DQG�
WKHUDSHXWLF�WULDO�
.DUORZVNL�75��&KDOPHUV�7&��)UHQNHO�/'��.DSLNLDQ�$=��/HZLV�7/��/\QFK�-0�

$EVWUDFW
7KUHH�KXQGUHG�HOHYHQ�HPSOR\HHV�RI�WKH�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�YROXQWHHUHG�WR�WDNH���
JP�RI�DVFRUELF�DFLG�RU�ODFWRVH�SODFHER�LQ�FDSVXOHV�WKUHH�WLPHV�D�GD\�IRU�QLQH�PRQWKV��$W�WKH�
RQVHW�RI�D�FROG��WKH�YROXQWHHUV�ZHUH�JLYHQ�DQ�DGGLWLRQDO���JP�GDLO\�RI�HLWKHU�D�SODFHER�RU�
DVFRUELF�DFLG��2QH�KXQGUHG�QLQHW\�YROXQWHHUV�FRPSOHWHG�WKH�VWXG\��'URSRXWV�ZHUH�GHILQHG�
DV�WKRVH�ZKR�PLVVHG�DW�OHDVW�RQH�PRQWK�RI�GUXJ�LQJHVWLRQ��7KH\�UHSUHVHQWHG�����RI�WKH�
SODFHER�JURXS�DQG�����RI�WKRVH�WDNLQJ�DVFRUELF�DFLG��$QDO\VLV�RI�WKHVH�GDWD�VKRZHG�WKDW�
DVFRUELF�DFLG�KDG�DW�EHVW�RQO\�D�PLQRU�LQIOXHQFH�RQ�WKH�GXUDWLRQ�DQG�VHYHULW\�RI�FROGV��DQG�
WKDW�WKH�HIIHFWV�GHPRQVWUDWHG�PLJKW�EH�H[SODLQHG�HTXDOO\�ZHOO�E\�D�EUHDN�LQ�WKH�GRXEOH�
EOLQG�

30,'� ������

>,QGH[HG�IRU�0('/,1(@�

)RUPDW��$EVWUDFW

3XEOLFDWLRQ�W\SHV��0H6+�WHUPV��6XEVWDQFHV

)XOO�WH[W�OLQNV

3XE0HG �

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK=RRP�MV



/LQN2XW���PRUH�UHVRXUFHV

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK=RRP�MV



&29,'����LV�DQ�HPHUJLQJ��UDSLGO\�HYROYLQJ�VLWXDWLRQ�
*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��

*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

,QW�-�6SRUWV�0HG�������-XO��������������

9LWDPLQ�&�DQG�FRPPRQ�FROG�LQFLGHQFH��D�UHYLHZ�RI�VWXGLHV�
ZLWK�VXEMHFWV�XQGHU�KHDY\�SK\VLFDO�VWUHVV�
+HPLOl�+ �

$EVWUDFW
6HYHUDO�VWXGLHV�KDYH�REVHUYHG�DQ�LQFUHDVHG�ULVN�RI�UHVSLUDWRU\�LQIHFWLRQV�LQ�VXEMHFWV�GRLQJ�
KHDY\�SK\VLFDO�H[HUFLVH��9LWDPLQ�&�KDV�EHHQ�VKRZQ�WR�DIIHFW�VRPH�SDUWV�RI�WKH�LPPXQH�
V\VWHP��DQG�DFFRUGLQJO\�LW�VHHPV�ELRORJLFDOO\�FRQFHLYDEOH�WKDW�LW�FRXOG�KDYH�HIIHFWV�RQ�WKH�
LQFUHDVHG�LQFLGHQFH�RI�UHVSLUDWRU\�LQIHFWLRQV�FDXVHG�E\�KHDY\�SK\VLFDO�VWUHVV��,Q�WKLV�UHSRUW�
WKH�UHVXOWV�RI�WKUHH�SODFHER�FRQWUROOHG�VWXGLHV�WKDW�KDYH�H[DPLQHG�WKH�HIIHFW�RI�YLWDPLQ�&�
VXSSOHPHQWDWLRQ�RQ�FRPPRQ�FROG�LQFLGHQFH�LQ�VXEMHFWV�XQGHU�DFXWH�SK\VLFDO�VWUHVV�DUH�
DQDO\]HG��,Q�RQH�VWXG\�WKH�VXEMHFWV�ZHUH�VFKRRO�FKLOGUHQ�DW�D�VNLLQJ�FDPS�LQ�WKH�6ZLVV�$OSV��
LQ�DQRWKHU�WKH\�ZHUH�PLOLWDU\�WURRSV�WUDLQLQJ�LQ�1RUWKHUQ�&DQDGD��DQG�LQ�WKH�WKLUG�WKH\�ZHUH�
SDUWLFLSDQWV�LQ�D����NP�UXQQLQJ�UDFH��,Q�HDFK�RI�WKH�WKUHH�VWXGLHV�D�FRQVLGHUDEOH�UHGXFWLRQ�
LQ�FRPPRQ�FROG�LQFLGHQFH�LQ�WKH�JURXS�VXSSOHPHQWHG�ZLWK�YLWDPLQ�&���������J�GD\��ZDV�
IRXQG��7KH�SRROHG�UDWH�UDWLR��55��RI�FRPPRQ�FROG�LQIHFWLRQV�LQ�WKH�VWXGLHV�ZDV�����������
&,�������������LQ�IDYRXU�RI�YLWDPLQ�&�JURXSV��$FFRUGLQJO\��WKH�UHVXOWV�RI�WKH�WKUHH�VWXGLHV�
VXJJHVW�WKDW�YLWDPLQ�&�VXSSOHPHQWDWLRQ�PD\�EH�EHQHILFLDO�IRU�VRPH�RI�WKH�VXEMHFWV�GRLQJ�
KHDY\�H[HUFLVH�ZKR�KDYH�SUREOHPV�ZLWK�IUHTXHQW�XSSHU�UHVSLUDWRU\�LQIHFWLRQV�

30,'� ������� '2,� ��������V������������

>,QGH[HG�IRU�0('/,1(@�

)RUPDW��$EVWUDFW

�

$XWKRU�LQIRUPDWLRQ

)XOO�WH[W�OLQNV

3XE0HG �



3XEOLFDWLRQ�W\SH��0H6+�WHUPV��6XEVWDQFH

/LQN2XW���PRUH�UHVRXUFHV



��������� $�WULDO�RI�DVFRUELF�DFLG�LQ�WKH�WUHDWPHQW�RI�WKH�FRPPRQ�FROG�

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&������� ���

%U�-�3UHY�6RF�0HG�������6HS������������±����
GRL����������MHFK���������

30&,'��30&������
30,'��������

$�WULDO�RI�DVFRUELF�DFLG�LQ�WKH�WUHDWPHQW�RI�WKH�FRPPRQ�FROG�
'�$�7\UUHOO��-�:�&UDLJ��7�:�0HDGD��DQG�7�:KLWH

&RS\ULJKW�QRWLFH

$EVWUDFW

$�UDQGRPLVHG�FRQWUROOHG�WULDO�ZDV�FDUULHG�RXW�WR�VWXG\�WKH�HIIHFW�RI����J�RI�DVFRUELF�DFLG�WDNHQ�GXULQJ
WKH�ILUVW�������GD\V�RQ�WKH�V\PSWRPV�RI�WKH�FRPPRQ�FROG��$OWRJHWKHU������YROXQWHHUV�ZHUH�UHFUXLWHG
IURP�D�QXPEHU�RI�ZRUNLQJ�JURXSV�LQ�GLIIHUHQW�SDUWV�RI�WKH�FRXQWU\������GHYHORSHG�FROGV��7KHUH�ZDV�QR
HYLGHQFH�WKDW�XSSHU�UHVSLUDWRU\�RU�JHQHUDO�FRQVWLWXWLRQDO�V\PSWRPV�ZHUH�DOOHYLDWHG�E\�DVFRUELF�DFLG�
$PRQJ�WKH�PHQ�ZKR�KDG�DQ\�FROGV�DW�DOO��VLJQLILFDQWO\�IHZHU�RQ�DFWLYH�WKDQ�RQ�SODFHER�WUHDWPHQW�KDG
WZR�RU�PRUH�FROGV��KRZHYHU��WKLV�HIIHFW�ZDV�QRW�VHHQ�LQ�ZRPHQ��$VFRUELF�DFLG�LV�RI�QR�YDOXH�LQ�WKH
WUHDWPHQW�RI�WKH�FRPPRQ�FROG��LWV�SUHYHQWLYH�HIIHFW��LI�DQ\��LV�QRW�VXFK�DV�WR�MXVWLI\�DGYLVLQJ�LWV�JHQHUDO
XVH�DV�D�SURSK\ODFWLF�PHDVXUH�

)XOO�WH[W

)XOO�WH[W�LV�DYDLODEOH�DV�D�VFDQQHG�FRS\�RI�WKH�RULJLQDO�SULQW�YHUVLRQ��*HW�D�SULQWDEOH�FRS\��3')�ILOH��RI�WKH
FRPSOHWH�DUWLFOH�����.���RU�FOLFN�RQ�D�SDJH�LPDJH�EHORZ�WR�EURZVH�SDJH�E\�SDJH��/LQNV�WR�3XE0HG�DUH
DOVR�DYDLODEOH�IRU�6HOHFWHG�5HIHUHQFHV�

6HOHFWHG�5HIHUHQFHV

7KHVH�UHIHUHQFHV�DUH�LQ�3XE0HG��7KLV�PD\�QRW�EH�WKH�FRPSOHWH�OLVW�RI�UHIHUHQFHV�IURP�WKLV�DUWLFOH�

$QGHUVRQ�7:��5HLG�'%��%HDWRQ�*+��9LWDPLQ�&�DQG�WKH�FRPPRQ�FROG��D�GRXEOH�EOLQG�WULDO��&DQ
0HG�$VVRF�-�������6HS��������������±�����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@
$QGHUVRQ�7:��6XUDQ\L�*��%HDWRQ�*+��7KH�HIIHFW�RQ�ZLQWHU�LOOQHVV�RI�ODUJH�GRVHV�RI�YLWDPLQ�&�
&DQ�0HG�$VVRF�-�������-XO������������±����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@
&DUVRQ�0��&R[�+��&RUEHWW�0��3ROOLWW�1��9LWDPLQ�&�DQG�WKH�FRPPRQ�FROG��-�6RF�2FFXS�0HG�
�����-XO���������±�����>3XE0HG@�>*RRJOH�6FKRODU@
&KDOPHUV�7&��(IIHFWV�RI�DVFRUELF�DFLG�RQ�WKH�FRPPRQ�FROG��$Q�HYDOXDWLRQ�RI�WKH�HYLGHQFH��$P�-
0HG�������$SU����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

��� ��� ���



��������� $�WULDO�RI�DVFRUELF�DFLG�LQ�WKH�WUHDWPHQW�RI�WKH�FRPPRQ�FROG�

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&������� ���

&RXOHKDQ�-/��(EHUKDUG�6��.DSQHU�/��7D\ORU�)��5RJHUV�.��*DUU\�3��9LWDPLQ�&�DQG�DFXWH�LOOQHVV�LQ
1DYDMR�VFKRRO�FKLOGUHQ��1�(QJO�-�0HG�������2FW���������������±�����>3XE0HG@
>*RRJOH�6FKRODU@
&RXOHKDQ�-/��5HLVLQJHU�.6��5RJHUV�.'��%UDGOH\�':��9LWDPLQ�&�SURSK\OD[LV�LQ�D�ERDUGLQJ
VFKRRO��1�(QJO�-�0HG�������-DQ�����������±����>3XE0HG@�>*RRJOH�6FKRODU@
(OZRRG�3&��+XJKHV�6-��/HJHU�$6��$�UDQGRPL]HG�FRQWUROOHG�WULDO�RI�WKH�WKHUDSHXWLF�HIIHFW�RI
YLWDPLQ�&�LQ�WKH�FRPPRQ�FROG��3UDFWLWLRQHU�������-DQ��������������±�����>3XE0HG@
>*RRJOH�6FKRODU@
+XPH�5��:H\HUV�(��&KDQJHV�LQ�OHXFRF\WH�DVFRUELF�DFLG�GXULQJ�WKH�FRPPRQ�FROG��6FRWW�0HG�-�
�����-DQ��������±���>3XE0HG@�>*RRJOH�6FKRODU@
.DUORZVNL�75��&KDOPHUV�7&��)UHQNHO�/'��.DSLNLDQ�$=��/HZLV�7/��/\QFK�-0��$VFRUELF�DFLG�IRU
WKH�FRPPRQ�FROG��$�SURSK\ODFWLF�DQG�WKHUDSHXWLF�WULDO��-$0$�������0DU����������������±�����
>3XE0HG@�>*RRJOH�6FKRODU@
6FKZDUW]�$5��7RJR�<��+RUQLFN�5%��7RPLQDJD�6��*OHFNPDQ�5$��(YDOXDWLRQ�RI�WKH�HIILFDF\�RI
DVFRUELF�DFLG�LQ�SURSK\OD[LV�RI�LQGXFHG�UKLQRYLUXV����LQIHFWLRQ�LQ�PDQ��-�,QIHFW�'LV������
2FW�����������±�����>3XE0HG@�>*RRJOH�6FKRODU@
:DONHU�*+��%\QRH�0/��7\UUHOO�'$��7ULDO�RI�DVFRUELF�DFLG�LQ�SUHYHQWLRQ�RI�FROGV��%U�0HG�-�
�����0DU���������������±�����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@
:LOVRQ�&:��/RK�+6��&RPPRQ�FROG�DQG�YLWDPLQ�&��/DQFHW�������0DU���������������±����
>3XE0HG@�>*RRJOH�6FKRODU@

$UWLFOHV�IURP�%ULWLVK�-RXUQDO�RI�3UHYHQWLYH�	�6RFLDO�0HGLFLQH�DUH�SURYLGHG�KHUH�FRXUWHV\�RI�%0-�3XEOLVKLQJ
*URXS



° FACES OF PUBLIC HEALTH °

American Journal of Public Health | November 2012, Vol 102, No. 112026 | Faces of Public Health | Betts

fair number of chances,” Meier 
said in a 2003 interview in the 
journal Clinical Trials.3(p137) “For 
a fairly long time randomization 
was not thought of so highly,” he 
explained. He said that in 2001,

a very distinguished statistician 
told me that I had a major in-
fluence on the Food and Drug 
Administration’s policies on ran-
domized clinical trials. I don’t 
know how true that was, but if 
so, it would be something of 
which I am very proud,

adding that his success in en-
couraging the use of randomiza-
tion in clinical trials is the 
achievement he prized most 
highly.3(p137)

Together with Edward L. Ka-
plan of the California Radiation 
Laboratory, Meier also helped for-
mulate what the Society for Clini-
cal Trials terms “our most popular 
method of estimating survival 
functions from continuously ob-
served data.”4 Published in the 
Journal of the American Statistical 
Association4 in 1958, it went on 
to become one of the most widely 
cited articles in the medical litera-
ture. At the time of Meier’s death, 
the Kaplan-Meier article had been 
cited more than 34 000 times. 
Theo dore Karrison, PhD, director 
of the University of Chicago 
Depart ment of Health Studies’ 
Biostat Lab and one of Meier’s 
docto ral students, attested to 
the article’s continuing relevance 

IN 1951, WHEN PAUL MEIER 
received his doctorate in mathe-
matics from Princeton University 
and became one of the first stat-
isticians to enter medical re-
search, potential new medical 
treatments were evaluated in a 
very different fashion than they 
are today. At the time, research-
ers commonly followed practices 
such as giving a new remedy to 
patients they thought might ben-
efit from it and comparing the 
outcomes with other patients 
who were not treated. In other 
situations, patients who stopped 
taking a new medicine might be 
counted as controls who had 
never been exposed to it.

Meier, who died on August 7, 
2011, at the age of 87, had a 
profound impact on how clinical 
trials now evaluate the efficacy 
of new drugs and treatment 
methodologies throughout the 
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world. Meier’s “many published 
works and writings have had a 
huge influence on the application 
of statistics to medical research—
particularly the design, conduct, 
and analysis of randomized clini-
cal trials and in the advancement 
of evidence-based medicine in 
general,” according to the Society 
of Clinical Trials, which Meier 
helped found in 1978.1

Meier was tireless in his pro-
motion of the now-standard prac-
tice of randomly assigning pa-
tients enrolled in clinical trials to 
receive either the conventional 
remedy or the new treatment 
being evaluated. This is now con-
sidered the most rigorous way to 
conduct a study and the best way 
to gather evidence of a new drug 
or treatment’s effectiveness. “Per-
haps more than any other U.S. 
statistician, [Dr. Meier] influenced 
U.S. drug regulatory agencies, 
and hence clinical researchers 
throughout the U.S. and other 
countries, to insist on the central 
importance of randomized evi-
dence,” said Sir Richard Peto of 
Oxford University, who was also 
a leading advocate for random-
ization, in Meier’s New York 
Times obituary.2 “That strategic 
decision half a century ago has 
already saved millions of lives, 
and those millions should be at-
tributed to Paul,” Peto said.

“I defended randomization 
every chance I got, and I had a 

Paul Meier
A Man Behind the Method

Paul Meier. Courtesy of the University 
of Chicago. Printed with permission.

PAUL MEIER HAD A PROFOUND IMPACT on how clinical trials 
now evaluate the efficacy of new drugs and treatment methodologies 
throughout the world. Meier’s tireless promotion of the now-standard 
practice of randomly assigning patients enrolled in clinical trials to re-
ceive either the conventional remedy or the new treatment being evalu-
ated helped ensure its current status as the most rigorous way to gather 
evidence of a new drug or treatment’s effectiveness. Meier also helped 
formulate the Kaplan-Meier estimator, which is now the most popular 
method of estimating clinical trial participant survival. It is one of the 
most widely cited articles in the medical literature.
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Princeton University to pursue a 
doctorate in mathematics, where 
he studied under the celebrated 
mathematician John Tukey. Meier’s 
dissertation project involved a 
statistical problem suggested by 
William Cochran, the noted stat-
istician who chaired Johns Hop-
kins University’s Department of 
Biostatistics from 1948 to 1958. 
At the time, Meier was also very 
interested in “the notion that ran-
domization could clear away 
confounders that you did not 
know about.”3(p133) As one of a 
very few mathematicians focus-
ing on medical applications, 
Meier recognized the potential 
value of randomization’s applica-
tion in medicine.3

After Meier earned his doctor-
ate, he spent one more year at 
Lehigh University, where he had 
been teaching since 1948. Tukey 
recommended that he accept a 
position at Hopkins with Co-
chran, who was enthusiastic 
about Meier’s dissertation. 

I was a little nervous because 
by and large, biostatistics was 
not a field with a lot of mathe-
matics in it, and I wished more 
or less to be a mathematician, 

Meier said. But when Cochran 
insisted that going to Hopkins 
was a good idea, Meier accepted 
his first position as a statistician.3

In those early days, Meier said, 
“I was looked at with amazement 
by my medical colleagues,” when 
he brought up the idea of ran-
domization for assessing new 
medical treatments, he recalled. 
The physicians would say “‘Ran-
domize? We know that this treat-
ment is better than that one,’” he 
explained. “People who knew 
and respected me were as-
tounded that I should want to 
randomize their patients.”3(p133)

Then Meier became involved 
with the controversial 1954 Salk 

by noting: “If you open up at ran-
dom a medical journal you’re 
likely to see in at least one of the 
articles a citation to the Kaplan-
Meier paper” (oral communication, 
December 1, 2011).

Over his long and distinguished 
career, Meier earned many hon-
ors—as well as widespread admi-
ration for being quick on his feet. 

At professional meetings . . . he 
often astonished me by giving 
comments from the audience, 
which, though spontaneous, 
displayed a depth of reasoning 
and perfect eloquence, which 
few others could have matched 
with any amount of advanced 
preparation,

recalled Rick Chappell (written 
communication, November 8, 
2011; and oral communication, 
November 23, 2011), who was 
Meier’s last doctoral student and 
is now a professor of biostatistics 
and medical informatics at the Uni-
versity of Wisconsin at Madison.

Through it all, including the 
stroke in 1995 that robbed him 
of some of his eloquence, Meier 
was also a kind and gentle man, 
according to a statement issued 
by the Statistics Department at 
Columbia University,5 where 
Meier spent his final years (he 
also held a joint appointment at 
Columbia’s Mailman School of 
Public Health). Karrison, Chap-
pell, and Daniel Heitjan, PhD, a 
professor of biostatistics at the 
University of Pennsylvania’s 
Perelman School of Medicine, at-
tested that Meier was both widely 
respected and loved. “He was a 
person who cared about people
. . . and someone you could go to 
with a problem,” Karrison said.

A RELUCTANT 
BIOSTATISTICIAN

Meier graduated from Oberlin 
College in 1945 and went on to 

Meier´s Recollections of the Salk Polio Vaccine Trial

The 1954 field trial of Jonas Salk's polio vaccine “was the most elab-
orate trial that was ever done,” Meier recalled. One of the reasons 
that the trial was so complicated is because polio was very scarce, 
he explained. “I’ve not been involved in many trials like that and I’ve 
been involved in lots of multicenter studies,” he said.3(p133)

The situation was further handicapped because the diagnosis of 
polio is tricky, Meier said. “We need to have the entire country’s phy-
sicians participate, because we can’t look over every case where 
there’s some kind of paralysis. So physicians reported the cases they 
thought were polio according to the protocol, and we accepted those 
cases.” Meier estimated that “about half those cases were probably 
not polio at all.”3(p133)

But the biggest issue, for Meier, emerged during a seminar at-
tended by many of the researchers working on the project, where it 
became apparent that members of the team were suppressing the 
data related to some of the test vaccine lots. As soon became clear, 
the polio virus used in the trial vaccines was not always properly in-
activated. Jonas Salk, the vaccine’s inventor, “cut out data in order 
not to show what happened to some lots,” Meier charged.3(p134) He 
said that the National Foundation for Infantile Paralysis, which spon-
sored the study, dropped from its advisory committee scientists who 
did not agree with how the results were being presented.3

The field trial’s findings were reported to show the vaccine’s effec-
tiveness, over the objections of some of the committee members, 
Meier said. Soon after, the US Public Health Service reported cases 
of paralytic polio in children inoculated with the vaccine. The original 
cases were traced back to lots produced by Cutter Laboratories, of 
Berkeley, CA, one of six manufacturers licensed to produce the vac-
cine. However, Meier said that the problem was more widespread. 
He said: 

I got some data from a physician who was working on this, and we found that not only 
was Cutter wrong, but there were various other companies that had the same polio 
virus in their samples, although not as much as the samples from Cutter Laboratories. 
But because there were so many improperly diagnosed cases out there, and because 
the other manufacturers went around to various newspapers and threatened to cut 
their advertising, it was dumped on Cutter. Cutter was responsible because they did 
things in producing and testing the vaccine they were told not to do.3(p134)
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Clinical Trials in the 1970s, he 
wrote some influential articles 
about the ethics of performing 
them.7,8 In his spare time, Meier
enjoyed music, particularly folk 
songs, and played the flute, re-
called Chappell, Heitjan, and 
Karrison. Meier was also a sailor, 
and he took out his small sail-
boat, The Salty Dog, in the wa-
ters near his summer home near 
Lake Michigan during his years 
at the University of Chicago. 
After Meier moved to New York 
City in 1992, he sailed in the 
Hudson River outside Dutchess 
County, New York.

Over the course of his 50-plus-
year career, Meier’s facility for 
explaining statistical concepts to 
people outside the discipline re-
sulted in calls to testify before 
the US Congress and popularity 
with journalists such as Gina Ko-
lata of the New York Times, Chap-
pell remembered. It also made 
him popular with clinicians, such 
as the University of Chicago 
medical school students he 
taught about clinical trials, Karri-
son said.

Meier’s stroke occurred three 
years after he retired from the 
University of Chicago in 1992 
and moved to Columbia Univer-
sity. There, he held appointments 
as both the Howard Levene Pro-
fessor of Statistics in the statistics 
department and head of the 
Mailman School of Public 
Health’s biostatistics department, 
and he remained active profes-
sionally for years after his stroke. 
“He still kept going to meetings,” 
Karrison recalled. Meier “strug-
gled courageously,” added Heit-
jan, who worked closely with 
him at Columbia (oral communi-
cation, November 22, 2012).

Heitjan collaborated with Meier 
during the Randomized Evalua-
tion of Mechanical Assistance for 
the Treatment of Congestive 

the University of Chicago in 
1957. He stayed there until 
1992, and taught at different 
schools and departments—includ-
ing the college, graduate school, 
law school, and medical school—
over the years. For more than a 
decade, he led the Department 
of Statistics as chair or acting 
chair.

In 1958, Meier published his 
highly cited article describing 
what is now known as the Ka-
plan-Meier estimator in the Jour-
nal of the American Statistical As-
sociation.4 Kaplan was also a 
student of Tukey at Princeton. 
Working independently, Meier 
and Kaplan solved a problem 
that was dogging medical re-
searchers at the time. The issue 
revolved around the fact that 
many participants in clinical trials 
do not participate in the experi-
ment for the same length of time 
because of the time required to 
recruit study volunteers. The Ka-
plan-Meier statistic enables re-
searchers to take into account 
observable time of survival and 
death.

Initially, Meier recalled, both 
he and Kaplan had submitted 
separate articles. The publica-
tion’s editor asked them to col-
laborate to produce one article. 
“I swallowed hard, and I guess 
Kaplan swallowed hard as well,” 
Meier said. “We worked quite 
hard and at one place he solved 
a problem that I couldn’t solve; 
other cases I solved problems he 
couldn’t.”3(p133)

LOVE FOR CLINICAL 
TRIALS

In the subsequent decades, 
Meier’s stature continued to 
grow, and he was involved in 
many clinical trials, which he 
called his “true love.” In addition 
to helping found the Society for 

Polio Vaccine field trials. The 
Society for Clinical Trials called 
the polio vaccine trial “the proj-
ect that put randomized trials on 
the map in this country” in part 
because of the key role Meier 
played by publishing a critical 
article in Science in 1957.6 The 
article reviewed “some aspects 
of the poliomyelitis vaccine test-
ing program which seem to have 
important implications for scien-
tists generally.”6(p1067) It indicted 
both the National Foundation 
for Infantile Paralysis and the 
government for withholding 

information from the participants. 
It also faulted the testing pro-
gram for accepting without scru-
tiny Salk’s assertion that the vac-
cine was “absolute[ly] safe,” and 
for not employing the expensive 
and difficult tests that had been 
suggested to ensure that the 
final product was free of residual 
live virus. Meier said that many 
journals turned his manuscript 
down and their editors warned 
him that publishing such an arti-
cle would limit his career path.3

Although Meier was denied 
tenure at Hopkins, he succeeded 
in securing an appointment to 

Honors and Awards

Meier was named as a fellow of the American Association for the Ad-
vancement of Science, the American Statistical Association, the Institute of 
Mathematical Statistics, the American Academy of Arts and Sciences, the 
Royal Statistical Society, and the John Guggenheim Memorial Foundation. 
He served as president of both the Institute of Mathematical Statistics 
and the Society for Clinical Trials. He was also elected to senior member-
ship in the National Academy of Sciences’ Institute of Medicine.5,11

He also held temporary appointments as a National Institutes of 
Health Special Fellow at the University of London and Imperial College; 
he was a visiting professor at Harvard University and Jerusalem’s He-
brew University; and he was a fellow of Stanford University’s Center for 
Advanced Study in the Behavioral Sciences.5,11
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physician–scientists came up to 
greet Meier, pay homage to him, 
and testify to how he had 
opened their eyes to the critical 
importance of the randomized 
clinical trial, Heitjan remem-
bered.

“Being with [Meier] lifted you 
up,” Heitjan summarized. Per-
haps just as important as his in-
tellect and accomplishments, 
Meier “was a genuinely good 
human being,” Karrison said. He 
was a “great and gentle man,” 
Chappell agreed.  Q
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In a recent article1 Dykes and Meier
discussed some of the clinical data pub-
lished since 1938 on the efficacy of
pharmacologic doses of ascorbic acid
in the prevention and treatment of the
common cold and both clinical data
and data obtained from intact animals
that relate to the possible toxicity of
ascorbic acid. They pointed out that in
several studies the subjects receiving
ascorbic acid had less illness than those
receiving the placebo, but they criti-
cized most of the studies with respect
to some details of design or execution
and concluded that there is little con-
vincing evidence of a protective effect
large enough to be clinically important.
They also stated that many hypothetical
adverse reactions to the intake of large
amounts of ascorbic acid have been
suggested, but that there is little evi-
dence about the possible incidence of
such reactions currently available.

The conclusions reached by Dykes
and Meier have been widely misrepre-
sented in press releases, newspapers,
and magazines. For example, it has
been said, on the basis of their paper
and another paper published at the
same time2, that "Vitamin C will not
prevent or cure the common cold".3 In
fact, their conclusion was that "Until
such time as pharmacologic doses of
ascorbic acid have been shown to have

obvious, important clinical value in the
prevention and treatment of the com-
mon  cold,  and  to  be  safe  in  a  large
varied population, we cannot advocate
its unrestricted use for such purposes."
Moreover, some significant studies in
this field were not mentioned by Dykes
and Meier, and some important aspects
of the studies discussed by them were
also not mentioned by them. My con-
clusions, presented below, from the
thorough analysis of the existing infor-
mation, are somewhat different from
those of Dykes and Meier.

Dykes and Meier mention that the
evaluation of efficacy may be made
uncertain by its partial dependence on
subjective reports by the patients. The
number of colds is especially unreliable
because of uncertainty as to whether or
not to record as a cold a mild indispo-
sition lasting only one or two days. I
consider the average number of days
of illness per person (the integrated
morbidity4) to be the best quantity to
use in determining the relative efficacy
of ascorbic acid and placebo. This
quantity, which can be assessed in a
reasonably objective way (by signs re-
corded by the physician, number of
days of absence from school or work,
etc.), is emphasized in the following
discussion.

COWAN, DIEHL, AND BAKER

In the study by Cowan, Diehl, and
Baker5 208  students  in  the  University
of Minnesota received about 200 mg
of vitamin C per day for 28 weeks and
155 students received a placebo. Dr.
Cowan has written me that the study
was a double-blind one. The average
number of days lost from school per
person was 1.1 for the ascorbic-acid
group and 1.6 for the placebo group,
with standard deviations not given. 1fhis
measure of the integrated morbidity
thus shows 31% (range 26 to 36%)
less illness per subject for the ascorbic-
acid subjects than for the placebo sub-
jects. The information given in the pa-
per does not permit an accurate calcu-
lation to be made of the statistical sig-
nificance of the rejection of the null
hypothesis that ascorbic acid and the
placebo have the same effect. I have
made the conservative estimate4 that  P
is less than 0.02.

Dykes and Meier have criticized this
study on several points. I may add that
the investigators were at fault in not
reporting their observations precisely
(rounding off the average number of
days of illness and not giving the stand-
ard deviations).

FRANZ, SANDS, AND HEYL

Franz, Sands, and Heyl carried out
a double-blind study in Dartmouth
Medical School with 89 volunteer med-
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Brief descriptions are given of the thirteen controlled trials that have been made
of ascorbic acid in comparison with a placebo in relation to the common cold, with
the ascorbic acid or placebo given to subjects over a period of time and with the
subjects in good health at the beginning of the trial and exposed to cold viruses in
the ordinary way. The integrated morbidity (amount of illness per person) found
in these trials was an average of 36% less for the ascorbic-acid subjects (average
intake 1 g per day) than for the placebo subjects. Several investigators have re-
ported that no serious adverse effects of ascorbic acid were observed. So far there
is no significant evidence for the various adverse reactions that have been hypothe-
sized. The apparent benefit in health from an increase in intake of ascorbic acid
justifies its widespread use.



ical students.6 They were divided in a
random way into four groups, receiving
ascorbic acid (205 mg per day), as-
corbic acid and a bioflavonoid, a pla-
cebo, or the bioflavonoid alone. No ef-
fect of the bioflavonoid was observed.
The number of colds in the combined
ascorbic-acid groups was 14 (for 44
subjects) and that in the placebo groups
was 15 (for 45 subjects). The number
of colds not cured or improved in 5
days was only 1 for the ascorbic-acid
group, much less than the value 8 for
the placebo group. The authors state
that "those receivin:: ascorbic acid
showed more rapid improvement in
their colds than those not receiving it
.. . statistically significant at the 0.05
level." My estimate of the statistical
significance (based on the assumption
mentioned in the following paragraph)
is P (one-tailed) = 0.01. Dykes and
Meier state that I apparently used an
erroneous summary result; their treat-
ment of the data gives P (one-tailed)
< 0.0283, P (two-tailed) < 0.0566.
We all agree that the null hypothestis
of equal effect jaf ascorbic acid and
placebo is to be rejected.

I have estimated the average num-
ber of days of illness per person for the
two groups by making the assumption
that the distribution function for colds
in respect to their duration is the one
given by observations made in another
investigation.7 This calculation leads to
the conclusion that the integrated mor-
bidity per person was 40% less for the
ascorbic-acid subjects than for the pla-
cebo subjects.

RlTZEL

Ritzel8 reported observations made
in a double-blind study on 279 school-
boys, 15 to 17 years old, on two week-
long stays in a ski camp. Half of the
subjects (139) received 1 g of ascorbic
acid each day, and the other half (140)
a placebo. There were 17 colds in the
ascorbic-acid subjects •(total days of
illness 31) and 31 -colds in the placebo
subjects (total days of illness 80). The
number of total individual signs and
symptoms recorded by the physicians
in their daily inspections of the subjects
was 42 for the ascorbic-acid subjects
and 119 for the placebo subjects. The
integrated morbidity is 63% less for the

ascorbic-acid group than for the pla-
cebo group (average of 61.0% from
average days of illness per person and
64.5% from average number of re-
corded signs and symptoms). The sta-
tistical significance of this difference is
high, P (one-tailed) < 0.01.

Dykes and Meier criticize Ritzel on
several points, and do not mention the
results that he reported. One criticism
is that he does not give in his tables
the total number of colds in each group.
They state that "Pauling infers the
number of subjects by dividing 'illness
days' by 'mean illness days' and con-
cludes that there is a significant dif-
ference in proportions of subjects ex-
periencing colds. If his interpretation
is correct, the difference is indeed sig-
nificant."

It is hard for me to understand why
Dykes and Meier should suggest that
my interpretation might be incorrect.
It involves a very simple calculation.
Ritzel states (in his Table 1) that the
total number of days of illness for the
ascorbic-acid subjects was 31. He also
states  (page  66)  that  the  average  num-
ber of days per episode of illness was
1.8. The ratio 31/1.8 is 17.2; that is,
there were 17 episodes of illness in this
group. A similar calculation gives 31
colds for the placebo subjects (80 total
days of illness, 2.6 average number of
days per episode). It is safe to assume
that no subjects had two colds in the
same week. With this assumption, the
null hypothesis of equal probability of
colds for the two groups is rejected at
the level P (one-tailed) < 0.015.

Dykes and Meier mention that I give
great weight to the Ritzel study. I do
give great weight to it, and I find it
strange that they should reject it on
the basis of trivial complaints, such as
their apparent failure to understand
the simple calculation described above.

ANDERSON, REID, AND BEATON

In the 1972 double-blind Toronto
study9'10 407 subjects received ascorbic
acid (1 g per day plus 3 g per day for 3
days at the onset of any illness) and 411
subjects received a closely matching
placebo. The duration of the study was
four months. The number of days
confined to house per subject was 30%
less for the ascorbic-acid group than for
the placebo group, and the number

of days off work per subject was 33%
less. The authors mention that these
differences have high statistical signifi-
cance (P< 0.001).

Dykes and Meier present these re-
sults with little comment, except to
state that the observed effect is con-
siderably less than had been predicted
by me.4 This is true; I predicted about
twice as much protection, on the basis
of the study by Ritzel. I surmise that
two effects may be involved in this
difference. First, the amount of protec-
tion, relative to the placebo subjects, is
probably less when the basic intake of
ascorbic acid is high (Toronto) than
when it is low (Switzerland), and sec-
ond, the observed protection is prob-
ably less in a long test (4 months) than
in a short one (one week).

Anderson, Reid, and Beaton re-
ported also a smaller amount (by 40%)
of non-respiratory illness in the ascor-
bic-acid subjects than in the placebo
subjects.

ANDERSON, SURANYI, AND BEATON

A second double-blind study, with
over 2000 subjects, was also carried
out in Toronto.11 In this very large
study there were two placebo groups,
one with 285 and the other with 293
subjects, and six ascorbic-acid groups
(receiving various amounts), with 275
to 331 subjects. The study continued
for three months.

A complication in the analysis of this
study is presented by the fact that the
results observed for the two placebo
groups do not agree with one another.
One placebo group had the greatest
amount of illness of all eight groups,
and the other had the smallest amount.
The authors conclude that their ob-
servations are compatible with an effect
of small magnitude (less than 20%)
from both the prophylactic regimen
(250 mg, 1 g, or 2 g of ascorbic acid
per day) and the therapeutic regimen
(4 or 8 g on the first day of illness),
with an effect of somewhat greater mag-
nitude from the combined regimen (1 g
per day and 4 g on the first day of ill-
ness).  They  state  also  that  there  was
no evidence of side effects from the 1 g
or  2  g  of  ascorbic  acid  per  day  and
no evidence of a rebound increase in
illness during the month following with-
drawal of the daily vitamin supplement.



The authors give the amounts of ill-
ness per subject (days of symptoms,
days indoors, days off work) relative
to the first placebo and relative to tj)e
first plus the second (there is sonpe
reason to suspect that the second pla-
cebo group was not a representative
sample of the general population). I
have averaged these two sets of values,
and have obtained 9% as the average
decrease in integrated morbidity of the
ascorbic-acid subjects.

WILSON, LOH, AND FOSTER

Some studies involving several hun-
dred students in four boarding schools
in Dublin have been reported by Wilson
and his collaborators.1213-U As  is  men-
tioned  by  Dykes  and  Meier,  their  anal-
ysis of prophylactic benefit is much
complicated by the subdivision of colds
into three somewhat overlapping cate-
gories, catarrhal, toxic, and whole. The
investigators state that the girls, in two
schools were benefited, with statistical
significance, by ascorbic acid, and that
the boys, in the other two schools, were
not. I have not been able to abstract
from their papers any reliable value of
the integratedmiorbidity for their sub-
jects.

COULEHAN, REISINGER, ROGERS,
AND BRADLEY

A double-blind study of 641 children
in a Navajo boarding school was car-
ried out over a 14-week period.15 The
younger children received 1 g and the
older children 2 g of ascorbic acid (or
placebo) per day. The number of days
of illness per subject was 28% less for
the ascorbic-acid group of younger chil-
dren than for the placebo group, and
34% less for the older children (weight-
ed average 30%). The statistical sig-
nificance of this difference is uncertain.

KARLOWSKI ET AL.

The results of a double-blind nine-
months study with 190 employees of
the National Institutes of Health have
been reported recently by Karlowski,
Chalmers, Frenkel, Kapikian, Lewis,
and Lynch.2 The  study  was  well  de-
signed and well executed except for
the use of a poor placebo, easily dis-
tinguished from ascorbic acid by taste.
Ascorbic acid, 1 g per day, was taken
by 101 subjects (groups C and D,
Table 1 ) of whom 57 (group D) also
received an additional 3 g per day for
the first five days of any illness, be-

ginning, however, only after the sub-
jects had returned to the pharmacy to
have their symptoms and clinical ob-
servations recorded and to receive their
supplemental capsules. A group (A)
of 46 received only placebo capsules,
and a group (B) of 43 received daily
placebo capsules and ascorbic-acid
supplementary capsules.

The reported average number of
colds and average days of illness per
cold are given in Table 1. The product
of these (sixth column) is the average
number of days of illness per person,
which is a measure of the integrated
morbidity. The subjects regularly tak-
ing 1 g of ascorbic acid per day (group
C) had 21% less illness than the con-
trol group (A). Nearly the same
amount of decreased illness was found
for the group taking only supplemental
ascorbic acid (B, 16% ) and the group
taking both daily and supplemental as-
corbic acid (D, 22%). The weighted
average, 20%, of these three values is
the observed decrease in integrated
morbidity for all ascorbic-acid subjects
relative to the placebo subjects. The
statistical significance of this decrease
cannot be calculated because the in-
vestigators do not give standard devia-
tions of the averages or equivalent in-
formation.

Many of the subjects had tasted the
contents of their capsules and correctly
interpreted the taste. Much of the de-
creased illness was found in the sub-
jects who learned in this way that they
were receiving ascorbic acid. The in-
vestigators indicate that much of the
apparent protective effect of ascorbic
acid might be the result of a psycho-
logical effect, the power of suggestion.
I doubt, as do some others, that such
psychological effects can operate sig-
nificantly in a large population over
periods of several months, and I accept

the results of the National Institutes of
Health study with about as much con-
fidence as the others.

Karlowski et al. conclude "that as-
corbic acid had at best only a minor
influence on the duration and severity
of colds, and that the effects demon-
strated might be explained equally well
by a break in the double blind." They
also say that "the effects of ascorbic
acid on the number of colds seem to
be nil," and this statement has been
quoted in the AMA press release3 with-
out the additional information about
the number of colds given by Karlow-
ski  et  al.  In  fact  (Table  1),  the  group
receiving prophylactic ascorbic acid
had 16% fewer colds than the control
group, and the three ascorbic-acid
groups together had 10% fewer. It is
not correct to say that the effects seem
to be nil.
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GHILFLHQF\�LQ�JXLQHD�SLJV�UHVXOWHG�LQ�GHFUHDVHG�DFWLYLW\�RI�KHSDWLF�JDPPD�EXW\UREHWDLQH�
K\GUR[\ODVH�DQG�UHQDO�EXW�QRW�KHSDWLF�HSVLORQ�1�WULPHWK\OOVLQH�K\GUR[\ODVH�ZKHQ�
H[RJHQRXV�VXEVWUDWHV�ZHUH�SURYLGHG��,W�UHPDLQV�XQFOHDU�ZKHWKHU�YLWDPLQ�&�GHILFLHQF\�KDV�D�
VLJQLILFDQW�LPSDFW�RQ�WKH�RYHUDOO�UDWH�RI�FDUQLWLQH�V\QWKHVLV�IURP�HQGRJHQRXV�VXEVWUDWHV��
1HYHUWKHOHVV��UHVXOWV�RI�VWXGLHV�RI�HQ]\PH�SUHSDUDWLRQV�DQG�SHUIXVHG�OLYHU�LQ�YLWUR�DQG�RI�
VFRUEXWLF�JXLQHD�SLJV�LQ�YLYR�SURYLGH�FRPSHOOLQJ�HYLGHQFH�IRU�SDUWLFLSDWLRQ�RI�DVFRUELF�DFLG�
LQ�FDUQLWLQH�ELRV\QWKHVLV�
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1XPEHU�RI
SDJHV� �
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,661� ���������
85,� KWWS���KGO�KDQGOH�QHW�������������

$EVWUDFW�

,Q�WKLV�DUWLFOH��ZH�ILUVW�WDNH�D�FULWLFDO�ORRN�DW�WKH�GHILQLWLRQV�RI�HYLGHQFH�EDVHG�PHGLFLQH��(%0�
DQG�FRPSOHPHQWDU\�DQG�DOWHUQDWLYH�PHGLFLQH��&$0���:H�WKHQ�H[SORUH�WKH�TXHVWLRQ�RI�ZKHWKHU
WKHUH�FDQ�EH�HYLGHQFH�EDVHG�IRUPV�RI�&$0��:LWK�WKH�KHOS�RI�WKUHH�H[DPSOHV��ZH�VKRZ�WKDW
(%0�DQG�&$0�DUH�QRW�RSSRVLWHV��EXW�UDWKHU�FRQFHSWV�SRLQWLQJ�DW�GLIIHUHQW�GLPHQVLRQV��(DFK�RI
WKH�WKUHH�H[DPSOHV�LV�DQ�HYLGHQFH�EDVHG�WUHDWPHQW�DFFRUGLQJ�WR�WKUHH�WR�ILYH�UDQGRPLVHG�
GRXEOH�EOLQG�SODFHER�FRQWUROOHG�WULDOV�ZLWK�FRQVLVWHQW�ILQGLQJV�DQG�QDUURZ�SRROHG�FRQILGHQFH
LQWHUYDOV��7KH�PRVW�UHDVRQDEOH�LQWHUSUHWDWLRQ�IRU�WKH�H[LVWHQFH�RI�HYLGHQFH�EDVHG�&$0
WUHDWPHQWV�VHHPV�WR�EH�WKDW�WKH�RSSRVLWH�RI�&$0�LV�µPDLQVWUHDP�PHGLFLQH¶��DQG�WKH
GHPDUFDWLRQ�OLQH�EHWZHHQ�&$0�DQG�PDLQVWUHDP�PHGLFLQH�LV�QRW�VLPSO\�GHILQHG�E\�WKH
TXHVWLRQ�RI�ZKHWKHU�D�WUHDWPHQW�ZRUNV�RU�QRW��6RPH�HIIHFWLYH�WUHDWPHQWV�PD\�EHORQJ�WR�WKH
&$0�GRPDLQ�IRU�KLVWRULFDO�UHDVRQV�DQG�EHFDXVH�RI�SUHFRQFHSWLRQV�ZLWKLQ�PDLQVWUHDP
PHGLFLQH��7KHUHIRUH��VRPH�WUHDWPHQWV�WKDW�FXUUHQWO\�OLH�RXWVLGH�PDLQVWUHDP�PHGLFLQH�FDQ�EH
HYLGHQFH�EDVHG�

6XEMHFW�
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1&%,�/RJR 5HVRXUFHV +RZ�7R

3XE0HG
86�1DWLRQDO�/LEUDU\�RI�0HGLFLQH 1DWLRQDO�,QVWLWXWHV�RI�+HDOWK
3XE0HG �

6HDUFK

� $GYDQFHG
� +HOS

7U\�WKH�QHZ�3XE0HG�

� )RUPDW��$EVWUDFW

6HQG�WR

%LRFKHP�&HOO�%LRO�������2FW����������������

&HOOXODU�IXQFWLRQV�RI�DVFRUELF�DFLG�
3DGK�+��

$EVWUDFW

,W�KDV�ORQJ�EHHQ�VXVSHFWHG�WKDW�DVFRUELF�DFLG�LV�LQYROYHG�LQ�PDQ\�FHOOXODU�UHDFWLRQV��7KLV�LV�HYLGHQW�
IURP�WKH�PXOWLWXGH�RI�VHHPLQJO\�XQUHODWHG�V\PSWRPV�VHHQ�LQ�VFXUY\��+RZHYHU��XQWLO�UHFHQWO\��RXU�
XQGHUVWDQGLQJ�RI�LWV�LQYROYHPHQW�ZDV�FRQILQHG�WR�LWV�UROH�LQ�WKH�V\QWKHVLV�RI�FROODJHQ��6WXGLHV�LQ�WKH�
SDVW�IHZ�\HDUV�KDYH�XQYHLOHG�PHFKDQLVPV�RI�LWV�DFWLRQV�LQ�FROODJHQ�IRUPDWLRQ�DQG�PDQ\�RWKHU�
HQ]\PDWLF�UHDFWLRQV��,Q�DGGLWLRQ��QXPHURXV�SK\VLRORJLFDO�UHVSRQVHV�DUH�UHSRUWHGO\�DIIHFWHG�E\�
DVFRUELF�DFLG��)URP�WKH�ZHOO�FKDUDFWHUL]HG�HQ]\PDWLF�UHDFWLRQV�LQYROYLQJ�DVFRUELF�DFLG��LW�KDV�EHFRPH�
FOHDU�WKDW�LQ�DQLPDO�FHOOV�WKH�DVFRUEDWH�GRHV�QRW�VHHP�WR�EH�GLUHFWO\�LQYROYHG�LQ�FDWDO\WLF�F\FOHV��
5DWKHU�LWV�PDMRU�IXQFWLRQ�VHHPV�WR�NHHS�SURVWKHWLF�PHWDO�LRQV�LQ�WKHLU�UHGXFHG�IRUP��7KH�UROH�RI�
DVFRUEDWH�DV�D�UHGXFWDQW�LQ�WKHVH�HQ]\PDWLF�UHDFWLRQV�FRPSOHPHQWV�LWV�RWKHU�DQWLR[LGDQW�IXQFWLRQV�
ZKLFK�KDYH�EHHQ�UHFHQWO\�DSSUHFLDWHG��LQFOXGLQJ�WKDW�DV�D�VFDYHQJHU�RI�IUHH�UDGLFDOV��7KHUHIRUH��LW�
VHHPV�WKDW�WKH�PDMRU�IXQFWLRQ�RI�DVFRUEDWH�LV�WR�SURWHFW�WLVVXHV�IURP�KDUPIXO�R[LGDWLYH�SURGXFWV�DQG�WR�
NHHS�FHUWDLQ�HQ]\PHV�LQ�WKHLU�UHTXLUHG�UHGXFHG�IRUPV��+RZHYHU��LW�UHPDLQV�XQFOHDU�KRZ�WKH�GHILFLHQF\�
RI�DVFRUEDWH�OHDGV�WR�WKH�SDWKRORJLFDO�V\PSWRPV�IRXQG�LQ�VFXUY\�
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Efficacy of Vitamin C in Counteracting Tetanus
Toxin Toxicity
P. K. DRY

Department of Physiology, University College of Science,
Calcutta

The author has shown [7] that ascorbic acid is most effective
as prophylactic and therapeutic agent in nullifying the lethal
and convulsive properties of strychnine. He now examined
the efficacy of ascorbic acid in counteracting the toxic action
of tetanus toxin since SHERRINGTON [2] observed that the
effects of strychnine poisoning are similar to those appearing
in tetanus toxin toxicity and BROOKS et al. [3] confirmed the
findings of SHERRINGTON that the action of tetanus toxin in
the spinal cord closely resembles that of strychnine. Also,
JUNGBLUT [4] has shown that the toxin is destroyed in vitro
by vitamin C.
Adult rats were used in all the experiments. Diet, temp, and
space allowed for movement were kept uniform. The gastroc-
nemius muscle was the site used for the intramuscular ad-
ministration of toxin.
Group 1. 5 rats were given 2MLD (minimum lethal dose) of
tetanus toxin, rhe symptoms of toxicity were then noted. —
Group 2: 5 rats were given simultaneously 2MLD of toxin and 1
gm/kg of vitamin C intraperitoneally. Then for subsequent
three days, vitamin C (l gm/kg) was only administered twice
daily  i .  p.  — Group 3: 5 rats  were administered ascorbic
acid l gm/kg twice daily for three days. Then 2MLD of toxin
was given, followed again by administration of vitamin C for
subsequent three days at the previous dose. — Group 4: 5 rats
were given 2MLD of toxin. Usally after 16 to 26 hours, local
tetanus appeared in the affected leg. When such beginning
of symptoms were noted, vitamin C (1 gm/kg) was given i. p.
twice daily for 3 days. — Group 5: 10 rats were given 2MLD
of toxin. After 40 to 47 hours, general tetanic symptoms
markedly developed, vitamin C (300 mg) was administered
intravenously after anaesthetizeing the animal with Na-thio-
pental.
Results: Group 1. Following tetanus toxin, local tetanus ap-
peared in 16 to 26 hours. The affected leg was in fixed position
and toes were extended. Within 27 to 39 hours, the tail, ex-
tremity and hip deviated to the injection side. Both extre-
mities assumed a parallel extended position. In 40 to 47 hours,
spasticity of the abdominal and thoracic musculature and
flexor muscles of the spine and neck was seen. Tachycardia,
dyspnoea, and convulsions were oberved. Death followed in
47 to 65 hours. — Group 2: All the animals survived. Only
very mild local tetanus were seen at the affected leg after
18 hours. — Group 3: All the animals survived. No symptoms
of toxicity appeared. — Group 4: When the initial symptoms
of local tetanus appeared, administration of vitamin C pre-
vented the further spread of the symptoms and they finally
survived. — Group 5: Administration of vitamin C through

intravenous route at an advanced stage of tetanus led to the
survival of the animals.
From the above results, it definitely appears that vitamin C
can be effectively used as a simple prophylactic and thera-
peutic tool to combat the neurotoxic effects of tetanus toxin.
Thanks  are  due  to  Prof.  S.  R. MOITRA for his interest in this
work.

Eingegangen am 31. Marz 1966

[1] DEY, P. K.: (a) Naturwissenschaften 52, 164 (1964); — (b) Ind.
J. Exptl. Biol. (communicated, 1966). — [2] SHERRINGTON, C. S.:
The Integrative Action of Nervous System, p. 303, 112. New York:
Yale University Press 1906. — [3] BROOKS, B. V., D. R. CURTIS, and
J. C. ECCLES: Nature 175, 120 (1955)- — [4] JUNGBLUT, C. W.:
J. Immunol. 33, 203 (1937).
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of toxicity appeared. — Group 4: When the initial symptoms
of local tetanus appeared, administration of vitamin C pre-
vented the further spread of the symptoms and they finally
survived. — Group 5: Administration of vitamin C through

intravenous route at an advanced stage of tetanus led to the
survival of the animals.
From the above results, it definitely appears that vitamin C
can be effectively used as a simple prophylactic and thera-
peutic tool to combat the neurotoxic effects of tetanus toxin.
Thanks  are  due  to  Prof.  S.  R. MOITRA for his interest in this
work.
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ABSTRACT

Background: We have previously found a 28% reduction in common cold incidence 

with 50 mg/day vitamin E supplementation in a subgroup of the Alpha-Tocopherol Beta-Carotene 

Cancer Prevention (ATBC) Study cohort: older city-dwelling men (≥65 years) who smoked 

only 5–14 cigarettes/day.

Objective: To carry out more detailed analyses to explore the modification of vitamin E 

effect by age, smoking, and residential neighborhood.

Methods: We examined the effect of vitamin E on common cold risk in subjects consisting 

of the placebo and vitamin E arms (n = 14,573) of the ATBC Study, which recruited males 

aged 50–69 years who smoked ≥5 cigarettes/day at the baseline. The ATBC Study was conducted 

in southwestern Finland in 1985–1993; the active follow-up lasted for 4.7 years (mean). 

We modeled common cold risk as a function of age-at-follow-up in the vitamin E arm 

compared with the placebo arm using linear splines in Poisson regression.

Results: In participants of 72 years or older at follow-up, the effect of vitamin E diverged. 

Among those smoking 5–14 cigarettes per day at baseline and living in cities, vitamin E 

reduced common cold risk (RR = 0.54; 95% CI 0.37–0.80), whereas among those smoking 

more and living away from cities, vitamin E increased common cold risk (RR = 1.58; 1.23–2.01).

Conclusions: Vitamin E may cause beneficial or harmful effects on health depending on 

various modifying factors. Accordingly, caution should be maintained in public health 

recommendations on vitamin E supplementation until its effects are better understood.
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INTRODUCTION

Animal studies have found that vitamin E may affect susceptibility to and severity of 

diverse viral and bacterial respiratory infections (1-5). Although several studies found 

that vitamin E may have beneficial effects on various laboratory measures of the immune 

system in animals and humans (5,6), harmful effects on the immune system have also 

been reported (7,8). Two animal studies found positive effects on the immune system 

with moderate vitamin E doses, but adverse effects with large doses (9,10).

Only a few trials have examined the effect of vitamin E supplementation on clinical 

infectious disease outcomes, such as respiratory and urinary tract infections (5,11-15) 

and tuberculosis (16) in human subjects. On the whole, these trials found no unequivocal 

benefit from vitamin E and, paradoxically, one trial found an increase in the severity 

of acute respiratory illness with 200 mg per day of vitamin E (12). Three trials examined 

the effect of vitamin combinations containing vitamin E on respiratory infections; 

however, no specific conclusions of vitamin E can be drawn of these trials (17-19).

We previously found no overall effect on common cold risk with 50 mg per day of 

vitamin E in the Alpha-Tocopherol Beta-Carotene Cancer Prevention (ATBC) Study (20).

However, in a small subgroup of older city-dwelling men (≥65 years) who smoked only 

5–14 cigarettes per day, vitamin E supplementation was associated with a statistically 

highly significant, but quantitatively modest, reduction in common cold incidence 

(RR = 0.72; 95% CI: 0.62–0.83) (20). Whether this observation resulted from 

a physiological effect or emerged by chance from a series of subgroup analyses 

remained an open question. Since the number of common cold episodes recorded 

in the ATBC Study was very high, we carried out more detailed analyses to explore 

the possibility that vitamin E effect is modified by age, smoking, and residential 

neighborhood.
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PARTICIPANTS AND METHODS

Study Participants and Intervention Groups
The design and methods of the ATBC Study examining the effects of vitamin E (dl-α-tocopheryl acetate (AT), 
50 mg/day) and β-carotene (BC, 20 mg/day) on the incidence of lung cancer and other cancers have already been 
described in detail (20,21). In brief, the trial participants were recruited in 1985–88 from the total male population 
aged 50–69 years living in southwestern Finland (n = 290,406). To be eligible, participants had to smoke ≥5 cigarettes 
per day at entry. The eligible participants (n = 29,133) were randomized to one of four intervention arms and 
administered placebo, AT, BC, or AT + BC. The planned intervention continued for 5 to 8 years (median 6.1 years) 
until April 30, 1993, with 3 follow-up visits annually, but because of deaths and drop-outs the active follow-up lasted 
for 4.7 years (mean). The trial was approved by the institutional review boards of the participating institutions; 
all participants gave written informed consent. At baseline, prior to randomization, the men completed a questionnaire 
on their medical and smoking histories and general background characteristics. In the current analysis we excluded 
participants who were administered β-carotene to avoid any problems caused by potential interaction between 
vitamin E and β-carotene, so that we restricted ourselves to the placebo and AT arms of the trial (n = 14,573; Table 1).

Outcome Definition and Smoking Status Evaluation during Follow-Up

At each follow-up visit to the local study center, 3 times per year with 4-month intervals (Table 1), the participant was 
asked "Have you had a common cold since the previous visit, and if so, how many times?" The occurrence of "other 
upper respiratory tract infection" and "acute bronchitis" was also asked about. The number of colds reported at each 
follow-up visit was used as the outcome for this study. This outcome, self-reported colds, is based on subjective 
symptoms and not on any laboratory findings. However, since it is the subjective symptoms that lead a person to seek 
medical attention and obtain sick-leave, in this respect the subjective outcome is most relevant for public health 
purposes. The manifestations of the common cold are so typical that self-diagnosis by the patient is usually correct (22).
During 69,094 person-years of active follow-up covered by visits to the study centers, 55,770 common cold episodes 
were recorded.

At each follow-up visit, the participant was asked: "Have you been smoking since the previous visit?" with the 
following alternative responses provided: 1) no, 2) yes, but now I have quit, 3) yes, continuously (Table 1). In this study
we used responses 1) and 3) when exploring the effect of smoking cessation before the follow-up visit.

Statistical Methods

Because we analyzed the modification of vitamin E effect by age, and the ATBC Study lasted for some 6 years, 
in the current analyses we used the age of participant at the follow-up visit. This is the biological age at the point 
of time when the outcome for the preceding 4-month period is evaluated.

The number of common cold episodes was modeled using Poisson regression. The risk ratio (RR) and the likelihood 
ratio-based 95% confidence interval (95% CI) were calculated using the SAS PROC GENMOD program (release 8.1, 
SAS Institute, Inc., Cary, NC). Linear spline-modeling (23) was carried out for the four groups defined by baseline 
smoking and residential neighborhood as follows.

First, using a base model containing the mean vitamin E-effect, and a linear trend to adjust for the average reduction 
in common cold incidence with age, we added ten linear splines to both trial arms at 2 year-intervals starting 
at 52 years of age-at-follow-up. Thereafter, linear spline terms for the vitamin E arm were added to the same knots, 
and the statistical significance of the vitamin E—age-at-follow-up interaction was calculated from the change in the 
–2 × Log(Likelihood) difference. This saturated model was simplified by dropping the knots that had the least effect on 
the vitamin E spline model, starting with those with the lowest Wald-test χ2 value. The corresponding knots covering 
both arms were concurrently dropped out. The models were simplified until all remaining vitamin E arm knots gave 
a significant contribution to the spline model (χ2 > 4). Thus, the final model contained knots at the same years for 
both arms to provide the baseline, and for the vitamin E arm to provide the age-modification. Visually, the final 
models captured all the main features of the saturated models (graphs for saturated models not shown). The optimized 
models are described in Table 2 and the corresponding graphs in Fig. 1. Two-tailed p-values were used.

We tested the modifying effect of residential neighborhood on the vitamin E effect separately in participants who 
smoked 5–14 and those who smoked ≥15 cigarettes per day. Based on the appearance of the spline curves (Fig. 1), 
we restricted this analysis to participants aged ≥62 and ≥65 years at the follow-up visit, respectively, in the light and 
heavy smokers. First we added a linear trend to adjust for the average reduction in common cold incidence with age, 
the mean vitamin E-effect, mean effect of residential neighborhood, and a linear spline to the vitamin E arm at 62 or 65 
years. To test the role of residential neighborhood, we further added the mean vitamin E effect and a linear spline to 
the vitamin E arm to the city-dwellers. The change in the –2 × Log(Likelihood) gives χ2(2 df), which was used to 
calculate the p[2-tail]-value to test the role of residential neighborhood in the vitamin E spline-models.

As to supplementation, the analyses were carried out following the intention-to-treat principle. Compliance with 
supplementation was high: some 80% of participants took more than 95% of their prescribed capsules during their 
active participation in the trial; there were no differences in capsule consumption among the intervention groups (21). 
The outcome was, however, available only for those participants who continued with the trial and participated in 
the follow-up visits.
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Table 1. Baseline Characteristics of Participants, and the Age and Smoking Status at Follow-Up 

Visits, The ATBC Study 1985–1993; No β-Carotene Participants

Baseline characteristics No. of

participants

All participants 14,573 (100%)

Baseline age (years)

50–54 5,275 (36%)

55–59 4,639 (32%)

60–64 3,183 (22%)

65–69 1,476 (10%)

Smoking (cigarettes/day) 

5–14 2,910 (20%)

15– 11,663 (80%)

Age of smoking initiation*

<21 years 10,842 (74%)

≥21 years 3,727 (26%)

Residential neighborhood during 
the last 20 years*

City (>50,000 inhab.) 6,233 (43%)

Town 3,093 (21%)

Village 2,092 (14%)

Countryside 3,153 (22%)

Follow-up visit variables No. of visits

All visits 207,284 (100%)

Age at follow-up visit

50–51 5,265

52–53 16,603 (8%)

54–55 25,517 (12%)

56–57 29,240 (14%)

58–59 28,127 (14%)

60–61 25,902 (12%)

62–63 22,588 (11%)

64–65 18,685 (9%)

66–67 14,513 (7%)

68–69 10,642 (5%)

70–71 6,485 (3%)

72–73 2,805 (1.5%)

74–77 912 (0.5%)

Smoking since the previous visit 

No 23,032 (11%)

Yes, but quit before current visit 5,817 (3%)

Yes, continuously 178,433 (86%)

* Data on residential neighborhood was missing from 2 participants,
and on age at smoking initiation from 4 participants.
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Table 2. Optimizing the Spline Models for the Age-Modification 

of Vitamin E Effect on Common Cold Incidence

Group Saturated model* Simple model*

≥15 cigarettes per day χ2(10 df) = 40.9 χ2(4 df) = 36.5

living away from cities p = 0.0000002

knots at 52, 56, 58, 68 yrs

≥15 cigarettes per day χ2(10 df) = 17.3 χ2(2 df) = 7.8

living in a city p = 0.02

knots at 64, 66 yrs

5–14 cigarettes per day χ2(10 df) = 22.3 χ2(1 df) = 18.9

living away from cities p = 0.00002

knot at 56 yrs

5–14 cigarettes per day χ2(10 df) = 46.5 χ2(2 df) = 38.7

living in a city p = 0.000000004

knots at 60, 62 yrs

* The χ2 measures the improvement in the Poisson model when the knots indicated

are added to the vitamin E arm in the simple model. 

In the saturated model, 10 knots at 2-year intervals were added, starting at 52 years. 
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RESULTS

Table 1 shows the distributions for the baseline data for age, smoking level, age of smoking 

initiation, residential neighborhood, and follow-up data for age and smoking at the follow-up 

visits. On average, 0.27 common cold episodes were reported at each four-monthly follow-up 

visit, corresponding to an annual rate of 0.8 cold episodes.

There is no overall effect, with a narrow confidence interval, of vitamin E supplementation in 

the four groups defined by baseline smoking and residential neighborhood (Table 3). To examine 

the potential modification of vitamin E effect by age, we constructed linear spline models 

for the vitamin E effect as a function of age-at-follow-up separately for the four groups defined 

by baseline smoking and residential neighborhood. These groups show statistically highly 

significant modification of vitamin E effect by age-at-follow-up, except for city-dwellers 

smoking ≥15 cigarettes per day (Fig. 1, Table 2).

Fig. 1. The effect of vitamin E on the relative risk of

common cold as a function of age at follow-up.
Participants smoking more (A) and less (B) are further

divided into subgroups by residential neighborhood.
RR indicates the relative risk of colds between the

vitamin E and placebo arms. See Table 2 for the
description of the statistical models.

See Fig. 1. redrawn in 2014 at the end of this paper.

Among participants who smoked ≥15 cigarettes 

per day at baseline, the spline curve of vitamin E

effect shows a trend towards harm for old

participants (Fig. 1A). Among the heavy 

smokers living away from cities, there is 

a peak of increased risk at 56 years of age.

Although there is no apparent biological 

rationale for such a sharp peak in the common

cold risk, dropping out the knots at 52, 56, 

and 58 years would reduce the χ2 value 

by 17.9 (3 df; p = 0.0005) so that these 

knots are retained in the spline model.

Among participants who smoked only 5–14 cigarettes per day at baseline, the spline curves suggest 

slight harm for young participants, but there is an age-dependent trend towards benefit in old 

participants (Fig. 1B). Among the city-dwellers who smoke less, there is a peak indicating harm at 

about 62 years of age. Although there is no apparent biological rationale for such a sharp peak here 

either, omitting the knot at 62 years reduces the χ2 value by 16.3 (1 df; p = 0.0001); therefore both 

knots are retained in the spline model. The knot at 56 years in the participants smoking less, who 

live away from cities, remained after the stepwise reduction of the spline model, but there was no 

meaningful difference compared with spline models with a single knot located at 52, 54 or 58 years.
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Because this work was motivated by the effect of vitamin E observed in the subgroup 

of ≥65 year old city-dwellers who smoked 5–14 cigarettes per day (20) and inclusion of that 

subgroup in the vitamin E spline model does not provide a test independent of the original 

finding, we examined whether age is a modifier outside of this small subgroup. When the 

participants aged ≥65 years at baseline were excluded from the spline model of the city-dwellers 

who smoked 5–14 cigarettes per day at baseline, the vitamin E spline model was still highly 

significant (χ2[2 df] = 12.3, p = 0.002). The other three of the four subgroups test the 

age-modification of vitamin E effect independently of the original hypothesis-generating 

subgroup (Table 2).

Among the oldest participants, the effect of vitamin E on common cold incidence substantially 

diverges in the light and heavy smokers, but the role of residential neighborhood is less evident 

(Fig. 1). Therefore we tested whether including the residential neighborhood significantly 

improves the vitamin E spline models at the upper age range. Among participants who smoked 

5–14 cigarettes per day there was strong evidence that the age at visit of 62 years or more modifies 

the vitamin E effect differently in city-dwellers and those who live away from cities (p = 0.018). 

In contrast, for those who smoked ≥15 cigarettes per day there was weaker evidence that 

the age at visit of 65 years or more modifies the vitamin E effect differently in the residential 

neighborhood groups (p = 0.042).

Based on the appearance of the spline curves, certain age-ranges were selected for explicit 

calculation of the effect estimate of vitamin E supplementation and its confidence interval 

(Fig. 1, Table 3). Vitamin E supplementation for participants smoking less was associated with 

a significant increase in the risk of colds at 50–56 years in those who live away from cities, 

and at 61–63 years in the city-dwellers. For city-dwellers who smoke less, vitamin E 

supplementation caused a substantial reduction in the risk of colds for participants aged 

69 years or more, but the benefit was smaller among participants living away from cities. 

Among the heavy smokers, vitamin E supplementation significantly increased the risk of 

colds among the oldest participants (Table 3).

It is noteworthy that among the ≥72 year old participants the greatest benefit was seen in 

city-dwellers smoking 5–14 cigarettes per day, whereas the greatest harm was seen in the mirror 

image, i.e., participants living outside cities and smoking ≥15 cigarettes per day (Fig. 1, Table 3). 

The confidence intervals for the vitamin E effect on these two groups are strikingly different. 

It is also noteworthy that in both of these groups there is a peak of harm at 62 and 54 years 

respectively, whereas the remaining two groups do not show comparable peaks for the younger 

participants.

The preceding analysis is based on defining the subgroups by smoking level at baseline. 

To explore whether other measures of cigarette smoke exposure would further modify 

the effect of vitamin E, we analyzed the risk of colds in participants aged ≥72 years by combining 

the residential neighborhood groups, but keeping the baseline low and heavy smoking groups 

separate. Among the old participants who smoked heavily at baseline, the vitamin E effect 

is significantly modified by the age of smoking initiation (Table 4). In these heavy smokers, 

there was no definite evidence of harm from vitamin E in those who quit smoking before the visit, 

but the number of quitters is low. Among participants who smoked less at baseline, 

age of smoking initiation did not modify the vitamin E effect, and smoking cessation 

did not lead to a greater vitamin E benefit (Table 4).
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Table 3. The Effect of Vitamin E Supplementation on the Risk of the Common Cold 

in Selected Age-Groups by Baseline Smoking and Residential Neighborhood

≥15 cigarettes per day 5–14 cigarettes per day 

Town, village, City Town, village, City 

or countryside or countryside 

Number of participants: 6,587 5,074 1,751 1,159

All visits (207,270 visits) 

RR 0.98 1.00 1.02 1.02

95% CI 0.95–1.01 0.97–1.03 0.97–1.08 0.96–1.08 

Age at visit 

50–56 yrs (62,054 visits)

RR 1.01 0.98 1.20 1.07

95% CI 0.96–1.05 0.93–1.03 1.08–1.32 0.96–1.20

61–63 yrs (35,182 visits)

RR 0.93 1.02 0.97 1.30

95% CI 0.87–0.99 0.95–1.10 0.86–1.09 1.13–1.50 

69–71 yrs (11,321 visits)

RR 1.11 1.04 0.80 0.68

95% CI 0.98–1.27 0.90–1.19 0.67–0.96 0.54–0.84 

72–77 yrs (3,717 visits)

RR 1.58 1.35 0.90 0.54

95% CI 1.23–2.01 1.03–1.76 0.63–1.28 0.37–0.80 
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Table 4. Modification of Vitamin E Effect on Common Cold Risk 

by Age at Smoking Initiation and by Recent Smoking 

among Participants Aged 72 Years or More at the Follow-Up Visit

Risk of colds in Test of

the vitamin E arm interaction

RR; 95% CI p

Baseline smoking ≥15 cigarettes per day

All in the subgroup (2,513 visits) 1.42; 1.18–1.70

Age at smoking initiation

<21 years (1,482 visits) 1.68; 1.34–2.12 0.02

≥21 years (1,031 visits) 1.09; 0.82–1.45

Smoking at follow-up

Continued (1,992 visits) 1.48; 1.21–1.80 0.10

Quit (444 visits) 0.96; 0.59–1.55

Baseline smoking 5–14 cigarettes per day

All in the subgroup (1,204 visits) 0.71; 0.54–0.91

Age at smoking initiation

<21 years (578 visits) 0.67; 0.45–0.98 0.6

≥21 years (626 visits) 0.75; 0.53–1.06

Smoking at follow-up

Continued (788 visits) 0.62; 0.45–0.87 0.12

Quit (368 visits) 0.98; 0.61–1.55
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DISCUSSION

In a previous paper we reported a 28% reduction in common cold incidence with vitamin E 

supplementation in older city-dwelling men who smoked only 5–14 cigarettes per day (20). 

The present work was carried out to analyze whether the three characteristics specifying 

the small subgroup, i.e., age, smoking, and residential neighborhood, would cause a more general 

modification of the vitamin E effect. The current spline model analyses over age-at-follow-up 

seem to show that the reduction of common cold incidence with vitamin E in the previously 

identified small subgroup (20) is explained by its physiological effects rather than by a chance 

occurrence emerging from a series of subgroup analyses.

Age and smoking are plausible modifying factors for the effect of vitamin E on common cold 

incidence, but a biological rationale for the role of residential neighborhood as a modifying factor 

is not as apparent. Possibly higher level of air pollution or much more frequent use of public 

transport with concomitant exposure to infectious agents could explain the observed difference 

between cities and smaller communities.

Recently, a small trial with 617 elderly participants in long-term care facilities found a slightly 

lower incidence of colds among participants administered 200 mg per day of vitamin E 

(RR = 0.83; 95% CI: 0.68–1.01) (13). Another small trial with 652 elderly noninstitutionalized 

people found a slightly higher incidence of respiratory infection among participants administered 

200 mg per day of vitamin E (RR = 1.12; 0.88–1.25), and a statistically significant increase in 

symptom severity, fever and restriction in activity (12). Although such divergence may result 

from the small size of the trials, it might also result from biological heterogeneity, as we found 

both increases and decreases in common cold risk with 50 mg per day of vitamin E supplementation

in our current study, depending on the characteristics of the subgroup.

We found quite sharp peaks of increase in common cold risk at 54 and 62 years with vitamin E 

supplementation in two of our four subgroups (Fig. 1), both highly unlikely to be due to chance, 

although there is no apparent biological rationale for such peaks. Possibly the peaks may be related 

to social factors such as retirement, which in Finland occurs usually at about 58 to 60 years; 

however, retirement does not occur as such a sharp peak as seen in the spline models. 

The modification of the vitamin E effect on the common cold risk by age, smoking, and residential 

neighborhood may be of more general interest as regards the physiological effects of antioxidants. 

There is evidence indicating that free radical production may be important in the emergence 

of various chronic diseases such as cancer and cardiovascular diseases (24,25) as well as 

in the pathogenesis of certain viral and bacterial diseases (26–28). It is sometimes assumed 

that antioxidants, including vitamin E, might have a consistent unidirectional broad-spectrum 

benefit on the human system by protecting it against the free radicals (24,25). Our finding that 

vitamin E supplementation significantly increases or decreases common cold risk depending 

on the three variables in question is inconsistent with the notion of uniform benefits from 

antioxidant supplementation.

In the current work we had available a very large number of outcomes (55,770 episodes of the 

common cold) which rendered it possible to analyze the age-dependence of the vitamin E effect 

in the four subgroups accurately. With severe diseases such as cancers or cardiovascular diseases, 

the statistical power is usually too small to permit analyses similar to the current spline models. 

Still, it is possible that comparable effect-modification occurs in the case of more serious diseases, 

even though directly extrapolating the particular modifying factors observed in this work to any 

other diseases is not justified. In a previous analysis of the ATBC Study cohort, we found that the 

effect of vitamin E on the risk of pneumonia was modified by the age of smoking initiation so that 

vitamin E reduced pneumonia risk in participants who began smoking at a later age, whereas 

vitamin E slightly increased the risk among participants who began smoking at an early age (14) 

11



(see also Table 4). Thus, our findings for pneumonia risk also suggest substantial heterogeneity 

between population groups in the effects of vitamin E supplementation.

A recent meta-analysis focusing on the potential harm of vitamin E supplementation found 

that, starting from approximately 150 mg/day of vitamin E, there was increased mortality 

among people supplemented with vitamin E (29). However, it is possible that there is biological 

heterogeneity between population groups, so that people’s characteristics may determine 

whether vitamin E supplementation caused net benefit or harm. In our current study, the vitamin E 

dose was 50 mg/day, which is substantially less than the estimated threshold level in the 

above-mentioned meta-analysis (29); however, our current analyses on common cold incidence and 

our previous analyses on pneumonia incidence make it seem probable that some population groups 

are harmed at levels of 50 mg/day, even though the same low dose seems beneficial for other 

population groups (14,15). Thus, it may be unjustifiable to assume that there is a single threshold 

level for harmful effects that is valid for the entire population. Another recent review on vitamin E 

safety concluded that supplements appear harmless for most adults in amounts up to 1 g/day (30), 

whereas our subgroup analyses indicate harmful effects on restricted population groups at doses as 

low as 50 mg/day (Tables 3 and 4).

The definition of a common cold episode in our study was based on self-diagnosis, which is 

usually reliable (22). Although subjective perception of what is classified as a cold varies 

between participants, such inaccuracy in outcome assessment does not lead to consistent 

differences between our double-blinded study arms; rather, the inaccuracy renders the differences 

smaller than they may actually be. Our implicit assumption in this work was that the effect 

of vitamin E is based on its reported effects on the immune system (5,6), but even if the mechanism 

of the effect of vitamin E would be on other factors that determine whether a person has subjective 

symptoms of the common cold, the conclusions of our double-blind trial are not affected. 

Furthermore, even though a proportion of the self-reported colds may be caused by non-infectious 

etiology, this does not affect the validity of our observation that this common set of symptoms 

seems to be affected differently with vitamin E in different subgroups of people.

The modification of the vitamin E effect on common cold risk also bears on the heterogeneity 

of findings in common cold trials examining vitamin C, the major water-soluble antioxidant, 

which interacts with lipid-soluble vitamin E (5,31,32). The largest vitamin C trials found no effect 

on the risk of the common cold; however, low dietary vitamin C intake and acute physical stress 

were proposed as modifying factors that may explain statistically significant reduction in common 

cold risk with vitamin C supplementation in several small trials (5,33,34). Thus, it seems possible 

that these two closely related antioxidants, vitamin E and vitamin C, may affect common cold risk 

in restricted groups of people, even though there seems to be no overall effect in the general 

Western population. 

The main finding of our study is that vitamin E supplementation may cause benefit or harm 

to health depending on several modifying factors. It is premature to draw any practical conclusions 

from our study except that general caution should be maintained in public health recommendations 

on vitamin E supplementation until the effects of this vitamin are better understood. The possibility 

that vitamin E may reduce the risk of the ubiquitous common cold infection by half in some groups 

of elderly people would seem to warrant further study to define more precisely the population 

groups that might benefit from supplementation.
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Fig. 1. The effect of vitamin E on the relative risk of common cold as a function of age at 

follow-up. Participants smoking more (A) and less (B) are further divided into subgroups by 

residential neighborhood. RR indicates the relative risk of colds between the vitamin E and placebo 

arms. See Table 2 for the description of the statistical models. These versions were redrawn in 2014.
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PRYHPHQW�RI�FRPSHQVDWLQJ�LRQV�SURGXFHV�FRQGLWLRQV�LQ�WKH�YDFXROH�FRQGXFLYH�WR�PLFURELDO�NLOOLQJ�DQG�
GLJHVWLRQ�E\�HQ]\PHV�UHOHDVHG�LQWR�WKH�YDFXROH�IURP�WKH�F\WRSODVPLF�JUDQXOHV�

.H\ZRUGV��EDFWHULD��SURWHDVH��IUHH�UDGLFDO��PLFURELFLGDO��LRQ�FKDQQHO��HQ]\PH

,1752'8&7,21

1HXWURSKLOV�DUH�KLJKO\�PRWLOH�SKDJRF\WLF�FHOOV�WKDW�FRQVWLWXWH�WKH�ILUVW�OLQH�RI�GHIHQVH�RI�WKH�LQQDWH�
LPPXQH�V\VWHP��7KH\�ZHUH�ILUVW�GLVFRYHUHG�E\�(OLH�0HWFKQLNRII�ZKHQ�KH�LQVHUWHG�URVH�WKRUQV�LQWR�
VWDUILVK�ODUYDH�DQG�IRXQG�WKDW�ZDQGHULQJ�PHVRGHUPDO�FHOOV�DFFXPXODWHG�DW�WKH�SXQFWXUH�VLWH��+H�VKRZHG�
WKHVH�FHOOV�WR�EH�SKDJRF\WLF�DQG�GHVFULEHG�WKH�ODUJHU�FHOOV�DV�PDFURSKDJRF\WHV��RU�PDFURSKDJHV��DQG�
WKH�VPDOOHU�DV�PLFURSKDJRF\WHV��QRZ�NQRZQ�DV�JUDQXORF\WHV��RI�ZKLFK�E\�IDU�WKH�PRVW�QXPHURXV�DUH�
WKH�QHXWURSKLOV�

7KH�DELOLW\�RI�WKHVH�FHOOV�WR�HQJXOI�DQG�GHJUDGH�EDFWHULD�ZDV�ORJLFDOO\�DVVXPHG�WR�LQGLFDWH�D�NLOOLQJ�
IXQFWLRQ��$�PLFURELFLGDO�IXQFWLRQ�ZDV�DVFULEHG�WR�WKH�FRQWHQWV�RI�WKHLU�DEXQGDQW�F\WRSODVPLF�JUDQXOHV�
WKDW�ZHUH�GLVFKDUJHG�LQWR�WKH�SKDJRF\WLF�YDFXROH�FRQWDLQLQJ�WKH�PLFUREH������)LJXUH�����$WWHQWLRQ�ZDV�
WKHQ�GLUHFWHG�WRZDUG�WKH�FKDUDFWHUL]DWLRQ�RI�WKH�JUDQXOHV�E\�HOHFWURQ�PLFURVFRS\��IUDFWLRQDWLRQ��DQG�
ELRFKHPLFDO�DQDO\VLV��6HYHUDO�RI�WKH�SXULILHG�JUDQXOH�SURWHLQV�ZHUH�VKRZQ�WR�NLOO�PLFUREHV�



u

�

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ
)LJXUH��

7UDQVPLVVLRQ�HOHFWURQ�PLFURJUDSK�RI�D�KXPDQ�QHXWURSKLO��,QVHW�LV�DQ�LPDJH�WDNHQ�IURP�D�QHXWURSKLO����V�
DIWHU�WKH�SKDJRF\WRVLV�RI�ODWH[�SDUWLFOHV�RSVRQL]HG�ZLWK�,J*��9��YDFXROH���7KH�VHFWLRQ�ZDV�VWDLQHG�IRU�
P\HORSHUR[LGDVH��032��WR�UHYHDO�WKH�HOHFWURQ�GHQVH�SURGXFW�LQ�WKH�D]XURSKLO�JUDQXOHV��VRPH�RI�ZKLFK�FDQ�
EH�VHHQ�GHJUDQXODWLQJ�LQWR�WKH�SKDJRF\WLF�YDFXROH��DUURZV���%DU� ���ȝP���)LJXUH�IURP�����

3DUDOOHO�ZLWK�VWXGLHV�LQWR�PLFURELFLGDO�DFWLYLW\�RI�WKH�JUDQXOH�FRQWHQWV��LQYHVWLJDWLRQV�ZHUH�XQGHUWDNHQ�
LQWR�WKH�PHWDEROLVP�RI�SKDJRF\WRVLQJ�QHXWURSKLOV��7KH�QHXWURSKLOV�GHPRQVWUDWHG�D�VLJQLILFDQW�³H[WUD�
UHVSLUDWLRQ�RI�SKDJRF\WRVLV�´�ZKLFK�ZDV�QRQ�PLWRFKRQGULDO�DQG�ZDV�DVVRFLDWHG�ZLWK�D�GUDPDWLF�
LQFUHDVH�LQ�WXUQRYHU�RI�WKH�KH[RVH�PRQRSKRVSKDWH��+03��VKXQW�DQG�WKH�SURGXFWLRQ�RI�ODUJH�DPRXQWV�RI�
+ 2 ������7KHVH�PHWDEROLF�FKDQJHV�ZHUH�VKRZQ�WR�EH�HVVHQWLDO�IRU�PLFURELDO�NLOOLQJ�� �



,Q�WKH�ODWH�����V�DQG�HDUO\�����V��D�QXPEHU�RI�UHODWHG�GLVFRYHULHV�FDVW�D�YHU\�GLIIHUHQW�SHUVSHFWLYH�RQ�
WKH�NLOOLQJ�SURFHVV��&KURQLF�JUDQXORPDWRXV�GLVHDVH��&*'���D�SURIRXQG�LPPXQRGHILFLHQF\�WR�EDFWHULDO�
DQG�IXQJDO�LQIHFWLRQV��ZDV�DVVRFLDWHG�ZLWK�IDLOXUH�RI�WKHVH�PHWDEROLF�FKDQJHV������,Q�DGGLWLRQ��
P\HORSHUR[LGDVH��032��PHGLDWHG�KDORJHQDWLRQ��ZKLFK�LV�PLFURELFLGDO�LQ�WKH�WHVW�WXEH��ZDV�DOVR�
GHIHFWLYH�LQ�WKHVH�SDWLHQWV�����

6RRQ�DIWHU�LWV�GLVFRYHU\�LQ�������VXSHUR[LGH�GLVPXWDVH�ZDV�XVHG�WR�VKRZ�WKDW�DFWLYDWHG�QHXWURSKLOV�
JHQHUDWH�VXSHUR[LGH�����DQG�WKDW�WKLV�SURFHVV�LV�ODFNLQJ�LQ�&*'��7KLV�LPSRUWDQW�GHYHORSPHQW�SURYLGHG�
D�GLUHFW�OLQN�EHWZHHQ�IUHH�UDGLFDO�FKHPLVWU\�DQG�ELRORJ\��$W�WKH�WLPH��PRVW�IUHH�UDGLFDO�FKHPLVWU\�ZDV�
FRQGXFWHG�E\�UDGLDWLRQ�ELRORJLVWV�LQ�WHVW�WXEHV��DQG�LWV�DSSOLFDWLRQ�WR�ELRORJ\�ZDV�SXUHO\�WKHRUHWLFDO��
7KLV�QHZ�GLVFRYHU\�ZDV�WKRXJKW�WR�SURYH�WKDW�WKH�SURGXFWLRQ�RI�IUHH�UDGLFDO�UHDFWLRQV�LQ�D�ELRORJLFDO�
SURFHVV�ZDV�WR[LF�HQRXJK�WR�NLOO�RUJDQLF�VWUXFWXUHV�DV�WRXJK�DV�EDFWHULD�DQG�IXQJDO�VSRUHV��6RRQ�WKHVH�
REVHUYDWLRQV�ZHUH�H[WUDSRODWHG�WR�LPSOLFDWH�IUHH�UDGLFDO�UHDFWLRQV�LQ�D�KRVW�RI�SDWKRORJLFDO�SURFHVVHV�
LQYROYLQJ�QHXWURSKLO�LQILOWUDWLRQ�DQG�WLVVXH�GDPDJH�

'XULQJ�WKH�SDVW�IHZ�\HDUV��WKH�SHQGXOXP�KDV�VZXQJ�ILUPO\�EDFN�WR�LPSOLFDWLQJ�D�PDMRU�SULPDU\�UROH�IRU�
WKH�JUDQXOH�SURWHLQV�LQ�WKH�NLOOLQJ�SURFHVV������ZLWK�D�OHVV�GLUHFW�EXW�VWLOO�IDFLOLWDWLQJ�DQG�DFWLYDWLQJ�UROH�
IRU�WKH�UHVSLUDWRU\�EXUVW�WKURXJK�WKH�1$'3+�R[LGDVH��7KLV�UHYLHZ�FRQFHQWUDWHV�RQ�WKH�HOXFLGDWLRQ�RI�
WKHVH�UHFHQW�GHYHORSPHQWV�LQ�RXU�XQGHUVWDQGLQJ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�R[LGDVH�DQG�JUDQXOH�
HQ]\PH�DFWLYDWLRQ��%HFDXVH�RI�WKH�EUHDGWK�RI�WKH�VXEMHFW�DQG�VSDFH�OLPLWDWLRQV��UHIHUHQFHV�DUH�PDGH�WR�
DXWKRULWDWLYH�UHYLHZV�ZKHUH�DYDLODEOH�

/,0,7$7,216�72�81'(567$1',1*�.,//,1*�6<67(06

1HXWURSKLOV�DUH�HVVHQWLDO�IRU�UHVLVWDQFH�WR�EDFWHULDO�DQG�IXQJDO�LQIHFWLRQV��6HYHUH�QHXWURSDHQLD�
LQYDULDEO\�OHDGV�WR�LQIHFWLRQ�E\�D�ZLGH�UDQJH�RI�RUJDQLVPV������PRVW�RI�ZKLFK�DUH�QRW�QRUPDOO\�
SDWKRJHQLF��HYHQ�LQ�&*'��7KLV��FRXSOHG�ZLWK�WKH�IDFW�WKDW�PRVW�&*'�SDWLHQWV�DUH�DEOH�WR�NLOO�PRVW�
LQYDGLQJ�PLFUREHV�PRVW�RI�WKH�WLPH������LQGLFDWHV�WKDW�NLOOLQJ�V\VWHPV�RI�WKH�QHXWURSKLO�DUH�KLJKO\�
HIILFLHQW�DQG�PXOWLOD\HUHG��,QYHVWLJDWRUV�RQFH�FRQVLGHUHG�R[\JHQ�GHSHQGHQW�PHFKDQLVPV�HVVHQWLDO�IRU�
NLOOLQJ�LQYDGLQJ�PLFUREHV��EXW�VXFK�PLFUREHV�FDQ�LQ�IDFW�EH�NLOOHG�E\�RWKHU�V\VWHPV������,Q�JHQHUDO��
UHVHDUFK�KDV�FRQFHQWUDWHG�RQ�GHWHUPLQLQJ�WKRVH�PHFKDQLVPV�LQYROYHG�LQ�NLOOLQJ�WKH�PRVW�UHVLVWDQW�
RUJDQLVPV��7KH�DGYHQW�RI�JHQH�WDUJHWLQJ�WHFKQRORJ\�DOORZV�UHVHDUFKHUV�WR�GHWHUPLQH�WKH�UROHV�RI�WKH�
GLIIHUHQW�DQWLPLFURELDO�PROHFXOHV�DQG�WKHLU�IXQFWLRQDO�LQWHUUHODWLRQVKLSV�ZLWK�YDULRXV�PLFUREHV��
$GGLWLRQDOO\��PRVW�VWXGLHV�KDYH�H[DPLQHG�WKH�NLOOLQJ�RI�PLFUREHV�ZLWKLQ�WKH�SKDJRF\WLF�YDFXROH��:H�GR�
QRW�NQRZ�ZKHWKHU�QHXWURSKLOV�DUH�FDSDEOH�RI�NLOOLQJ�RUJDQLVPV�H[WUDFHOOXODUO\�LQ�YLYR��QRU�WKH�
PHFKDQLVPV�LQYROYHG�LI�WKH\�DUH�

:H�KDYH�GHULYHG�WKH�EXON�RI�RXU�GHWDLOHG�LQIRUPDWLRQ�IURP�WKH�VWXG\�RI�LQIHFWLRQ�LQ�&*'�DQG�WKH�UROH�
RI�WKH�R[LGDVH�LQ�PLFURELDO�NLOOLQJ��%HFDXVH�&*'�SDWLHQWV�FDQ�UHPDLQ�IUHH�RI�LQIHFWLRQ�IRU�PDQ\�\HDUV�
�����WKHVH�PHWKRGV�DUH�LPSUHFLVH�EHFDXVH�WKH\�RQO\�PHDVXUH�VRPH�FRPSRQHQWV�RI�WKH�OHWKDO�V\VWHPV��
1RQHWKHOHVV��R[\JHQ�GHSHQGHQW��LQWUDYDFXRODU�NLOOLQJ�SURYLGHV�D�FOHDUO\�GHILQHG�VHW�RI�SURFHVVHV��WKH�
H[DPLQDWLRQ�RI�ZKLFK�KDV�DGYDQFHG�NQRZOHGJH�RI�LPSRUWDQW�SK\VLRORJLFDO�PHFKDQLVPV�

7+(�1$'3+�2;,'$6(

7KH�1$'3+�R[LGDVH�SOD\V�D�SLYRWDO�UROH�LQ�PLFURELDO�NLOOLQJ�EHFDXVH�LWV�G\V�IXQFWLRQ�FDXVHV�&*'��
FKDUDFWHUL]HG�E\�D�SURIRXQG�SUHGLVSRVLWLRQ�WR�EDFWHULDO�DQG�IXQJDO�LQIHFWLRQ����������DQG�NLOOLQJ�LV�
FRPSURPLVHG�XQGHU�DQDHURELF�FRQGLWLRQV������

'HWDLOHG�UHYLHZV�RI�WKH�ELRFKHPLVWU\�DQG�ELRHQHUJHWLFV�RI�WKLV�V\VWHP�KDYH�UHFHQWO\�EHHQ�XQGHUWDNHQ�
����������WR�ZKLFK�,�UHIHU�UHDGHUV��$�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�R[LGDVH�LV�VKRZQ�LQ�)LJXUH���



&�7HUPLQXV��1$'3+�DQG�)$'�%LQGLQJ�

)LJXUH��

6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�1$'3+�R[LGDVH��)ODYRF\WRFKURPH�E �LV�D�KHWHURGLPHU�RI�JS�� ��
ZKLFK�FRQWDLQV�WKH�KDHP��DQG�IODYLQ�ELQGLQJ�VLWHV��DQG�S�� ��(OHFWURQ�WUDQVSRUW�LV�DFWLYDWHG�E\�
SKRVSKRU\ODWLRQ�DQG�WUDQVORFDWLRQ�WR�WKH�YDFXRODU�PHPEUDQH�RI�S�� �DQG�S�� ��S�� ��LQ�WKH�*73�
ERXQG�IRUP��LV�DOVR�UHTXLUHG������

7KH�(OHFWURQ�7UDQVSRUW�&KDLQ�7KURXJK�WKH�0HPEUDQH

)ODYRF\WRFKURPH�E �LV�WKH�FRUH�FRPSRQHQW�RI�WKH�1$'3+�R[LGDVH��,W�LV�GLVWULEXWHG�EHWZHHQ�WKH�
SODVPD�PHPEUDQH�DQG�WKH�PHPEUDQH�RI�WKH�VSHFLILF�JUDQXOHV��DQG�LW�LV�LQFRUSRUDWHG�LQWR�WKH�ZDOO�RI�WKH�
SKDJRF\WLF�YDFXROH��ZKHUH�LW�IRUPV�D�FRQGXLW�IRU�HOHFWURQV�WR�EH�SXPSHG�IURP�1$'3+�LQ�WKH�F\WRVRO�
RQWR�R[\JHQ�LQ�WKH�YDFXROH�

)ODYRF\WRFKURPH�E �LV�D�KHWHURGLPHU�FRPSRVHG�RI�RQH�PROHFXOH�RI�S�� ��Į�VXEXQLW��WKH�SURGXFW�
RI�WKH�&<%$�JHQH��DQG�RQH�PROHFXOH�RI�JS�� ��ȕ�VXEXQLW��&<%%�JHQH��

JS��

JS�� �FRQWDLQV�WKH�HQWLUH�HOHFWURQ�WUDQVSRUWLQJ�PDFKLQHU\�RI�WKH�IODYRF\WRFKURPH�E��,W�LV�FRPSRVHG�
RI�WZR�PDMRU��DQG�YHU\�GLIIHUHQW��GRPDLQV�

7KH�K\GURSKLOLF�&�WHUPLQDO�����±�����SRUWLRQ�RI�JS��
FRQWDLQV�WKH�)$'��DQG�1$'3+�ELQGLQJ�VLWHV��7KHVH�KDYH�GLVWDQW��EXW�UHFRJQL]DEOH�KRPRORJ\�WR�WKH�
ODUJH�IDPLO\�RI�IHUUHGR[LQ�1$'3�UHGXFWDVH��)15��SURWHLQV��RI�ZKLFK�F\WRFKURPH�3����UHGXFWDVH��
QLWULF�R[LGH��12��V\QWKDVH��DQG�\HDVW�IHUULF�UHGXFWDVH�DUH�PHPEHUV��7KLV�KRPRORJ\�KDV�DOORZHG�WKH�
FRQVWUXFWLRQ�RI�D�PRGHO�ZLWK�WKH�GHSLFWLRQ�RI�WKH�)$'��DQG�1$'3+�ELQGLQJ�VLWHV�
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1�7HUPLQXV��+DHP�&RRUGLQDWLRQ�

S��

S��

S��

7KH�K\GURSKRELF�1�WHUPLQDO�KDOI�RI�JS�� FRQWDLQV�VL[�PHPEUDQH�
VSDQQLQJ�Į�KHOLFHV��+HOLFHV�,,,�DQG�9�HDFK�FRQWDLQ�WZR�KLVWLGLQH�UHVLGXHV�DSSURSULDWHO\�SRVLWLRQHG�
���������DQG����������WR�FRRUGLQDWH�WZR�KDHP�SURVWKHWLF�JURXSV�SHUSHQGLFXODU�WR�WKH�SODQH�RI�WKH�
PHPEUDQH��7KHVH�KLVWLGLQH�UHVLGXHV�DUH�FRPSOHWHO\�FRQVHUYHG�DPRQJ�DOO�WKH�1$'3+�2;,'$6(�
�12;��IDPLO\�PHPEHUV��6LWH�GLUHFWHG�PXWDJHQHVLV�VWXGLHV�VXSSRUW�WKH�SURSRVDO�WKDW�WKHVH�KLVWLGLQH�
UHVLGXHV�IRUP�WKH�D[LDO�OLJDQGV�WR�WKH�KDHP�JURXSV��7KH�SUHGLFWHG�SODFLQJ�RI�WKH�KDHP�JURXSV��RQH�
WRZDUG�WKH�LQQHU�IDFH�DQG�RQH�WRZDUG�WKH�RXWHU�IDFH��LV�FRQVLVWHQW�ZLWK�WKHLU�IXQFWLRQ�WR�WUDQVSRUW�
HOHFWURQV�IURP�WKH�1$'3+��YLD�)$'��RQ�WKH�LQVLGH��F\WRVRO��DFURVV�WKH�PHPEUDQH�WR�WKH�LQWHULRU�RI�WKH�
SKDJRF\WLF�YDFXROH�ZKHUH�PROHFXODU�2 �LV�UHGXFHG�WR�IRUP� ��%LRORJLFDO�PHPEUDQHV�DUH׽����Ⴒ�
WKLFN��DQG�WKXV�DW�OHDVW�WZR�UHGR[�FHQWHUV�DUH�UHTXLUHG�WR�VSDQ�WKHP�WR�DOORZ�HOHFWURQV�WR�WUDQVIHU�DW�
NLQHWLFDOO\�VLJQLILFDQW�UDWHV��7KH�KDHP�JURXSV�DUH�QRQHTXLYDOHQW�DQG�KDYH�GLIIHUHQW�UHGR[�SRWHQWLDOV�

7KH�VHFRQG�����±�����DQG�WKLUG�����±�����H[WHUQDO�ORRSV�RI�JS�� �FRQWDLQ�WKH�1�OLQNHG�
JO\FRV\ODWLRQ�VLWHV��DVSDUDJLQHV�����������DQG������

S�� �LV�D�����DPLQR�DFLG��׽���N'D��SURWHLQ�ZLWK�D�K\GURSKRELF��PHPEUDQH�VSDQQLQJ�1�
WHUPLQXV����������,W�SURYLGHV�KLJK�DIILQLW\�ELQGLQJ�VLWHV�IRU�WKH�F\WRVROLF�1$'3+�R[LGDVH�VXEXQLWV��
S�� �ELQGV�WR�D�SUROLQH�ULFK�GRPDLQ�����±�����LQ�WKH�F\WRSODVPLF�K\GURSKLOLF�&�WHUPLQXV�DQG�
FRQIHUV�VWDELOLW\�RQ�JS�� �

7KH�$FWLYDWLQJ�3URWHLQV�LQ�WKH�&\WRVRO

)RU�HOHFWURQ�WUDQVSRUW�WR�RFFXU�WKURXJK�WKH�IODYRF\WRFKURPH��LW�PXVW�LQWHUDFW�ZLWK�D�QXPEHU�RI�
F\WRVROLF�SURWHLQV�WKDW�WUDQVORFDWH�WR�WKH�PHPEUDQH�RI�WKH�SKDJRF\WLF�YDFXROH��7KLV�DFWLYDWLRQ�GHSHQGV�
RQ�D�FKDQJH�LQ�WKH�FRQIRUPDWLRQ�RI�WKH�IODYRF\WRFKURPH��SRVVLEO\�E\�GLVSODFLQJ�WKH�VPDOO�KHOL[�WKDW�LV�
SUHGLFWHG�LQ�WKH�PROHFXODU�PRGHO�WR�RFFXS\�WKH�1$'3+�ELQGLQJ�VLWH�LQ�WKH�LQDFWLYH�VWDWH������RU�
WKURXJK�WKH�IDFLOLWDWLRQ�RI�HOHFWURQ�WUDQVIHU�EHWZHHQ�WKH�IODYLQ�DQG�KDHP�

%HFDXVH�RI�WKHLU�LQWHUDFWLRQ�ZLWK�HDFK�RWKHU��ZLWK�OLSLGV��DQG�ZLWK�SKR[�SURWHLQV�LQ�WKH�PHPEUDQHV��
WKHVH�F\WRVROLF�SKR[�SURWHLQV�KDYH�UHODWLYHO\�ODUJH�QXPEHUV�RI�VSHFLILF�LQWHUDFWLRQ�GRPDLQV��7DUJHWLQJ�
WKHVH�PROHFXOHV�VSHFLILFDOO\�WR�WKDW�UHJLRQ�RI�WKH�SODVPD�PHPEUDQH�WKDW�PDNHV�XS�WKH�ZDOO�RI�WKH�
YDFXROH�UHTXLUHV�VSHFLILF�ORFDO�FKDQJHV��ZKLFK�PLJKW�LQFOXGH�WKH�DFFXPXODWLRQ�RI�SKRVSKDWLG\OLQRVLWRO�
SKRVSKDWHV��3,3V��DW�WKLV�VLWH��2QO\�D�VPDOO�SURSRUWLRQ�RI�WKHVH�F\WRVROLF�SURWHLQV�WUDQVORFDWH�WR�WKH�
PHPEUDQHV��DQG�WKHVH�DSSHDU�WR�EH�SKRVSKRU\ODWHG��DV�GRHV�WKH�IODYRF\WRFKURPH�

S�� ��12;$��IURP�12; $FWLYDWRU��LV�D��������'D�SURWHLQ������DPLQR�DFLGV��ZLWK�D�S,�RI�
������3URWHLQ�SURWHLQ�LQWHUDFWLRQ�GRPDLQV�LQFOXGH�WZR�6+��GRPDLQV��WZR�SUROLQH�ULFK�UHJLRQV�IODQNLQJ�
WKH�FHQWUDO�6+��GRPDLQ��DQ�1�WHUPLQDO�735��WHWUDWULFRSHSWLGH�UHSHDW���DQG�D�3%��GRPDLQ�&�WHUPLQDO�WR�
WKH�FHQWUDO�6+��GRPDLQ��7KH�735�GRPDLQV�DUH�WKRXJKW�WR�ELQG�UDF��3%��GRPDLQV�DUH�NQRZQ�WR�LQWHUDFW�
ZLWK�RFWLFRVDSHSWLGH�PRWLIV��DQG�S�� �ELQGV�WR�S�� �WKURXJK�WKLV�GRPDLQ��S�� �DWWDFKHV�
GLUHFWO\�WR�IODYRF\WRFKURPH�E ��DQG�DW�KLJK�FRQFHQWUDWLRQ��LQ�FRPELQDWLRQ�ZLWK�UDF�RU�LQ�WKH�IRUP�RI�D�
S�� �FKLPHUD��S�� �LV�VXIILFLHQW�WR�LQGXFH�HOHFWURQ�WUDQVSRUW�

S�� ��12;2��IURP�12; 2UJDQL]HU��LV�D�EDVLF�SURWHLQ��S,� ������RI�PROHFXODU�ZHLJKW�
�������'D������DPLQR�DFLGV��WKDW�LV�KHDYLO\�SKRVSKRU\ODWHG�GXULQJ�QHXWURSKLO�DFWLYDWLRQ��,W�FRQWDLQV�D�
QXPEHU�RI�ZHOO�GHILQHG�PRWLIV��LQFOXGLQJ�D�3;�GRPDLQ��LQYROYHG�LQ�SKRVSKRLQRVLWLGH�ELQGLQJ���WZR�
6+��GRPDLQV��LQYROYHG�LQ�SURWHLQ�SURWHLQ�LQWHUDFWLRQV���DQG�DW�OHDVW�RQH�SUROLQH�ULFK�PRWLI��WKH�
UHFLSURFDO�WDUJHW�IRU�6+��GRPDLQ�LQWHUDFWLRQV���,W�DSSHDUV�WR�EH�DQ�DGDSWRU�PROHFXOH�IRUPLQJ�D�EULGJH�
EHWZHHQ�S�� �DQG�S�� ��DQG�LW�DOVR�ELQGV�WR�F\WRSODVPLF�UHJLRQV�RI�JS�� ��WKHUHE\�VWDELOL]LQJ�
WKH�DWWDFKPHQW�RI�S�� �WR�IODYRF\WRFKURPH�E �,W�PLJKW�DOVR�GLUHFWO\�LQIOXHQFH�WKH�IXQFWLRQ�RI�
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IODYRF\WRFKURPH�E ��7KH�1�WHUPLQDO�UHJLRQV�RI�S�� �DQG�S�� �FRQWDLQ�KRPRORJRXV�VWUHWFKHV�RI�
���±����DPLQR�DFLGV�WKDW�IRUP�D�VWUXFWXUH�FDOOHG�WKH�SKR[�KRPRORJ\��RU�3;�GRPDLQ��ZKLFK�ELQGV�WR�
3,3V�DQG�GLUHFWV�WKHVH�SURWHLQV�WR�WKLV�DFWLYDWHG�PHPEUDQH��UHYLHZHG�LQ�����

7KH�WZR�6+��GRPDLQV�IDFH�HDFK�RWKHU�WR�IRUP�D�JURRYH�LQ�ZKLFK�LWV�&�WHUPLQDO�SRO\EDVLF�UHJLRQ�ILWV��
,QYHVWLJDWRUV�KDYH�VXJJHVWHG�WKDW�WKLV�SRO\EDVLF�UHJLRQ�LV�SKRVSKRU\ODWHG�XSRQ�DFWLYDWLRQ��UHOHDVLQJ�LW�
IURP�LWV�DXWR�LQKLELWRU\�UROH�DQG�PDNLQJ�WKH�JURRYH�DFFHVVLEOH�WR�ELQG�WKH�SUROLQH�ULFK�WDLO�LQ�WKH�&�
WHUPLQDO�SRUWLRQ�RI�S�� �

S�� �ZDV�GLVFRYHUHG�ZKHQ�LW�FRSXULILHG�ZLWK�S�� ��WR�ZKLFK�LW�LV�WLJKWO\�ERXQG��,W�LV�D�
SURWHLQ�RI��������'D������DPLQR�DFLGV���VWURQJO\�KRPRORJRXV�ZLWK�S�� ��ZLWK�DQ�1�WHUPLQDO�3;�
GRPDLQ��IROORZHG�E\�DQ�6+��GRPDLQ��7RZDUG�WKH�&�WHUPLQXV��WKHUH�LV�DQ�RFWLFRVDSHSWLGH�UHSHDW��DOVR�
NQRZQ�DV�D�3&�GRPDLQ��WKDW�VHHPV�WR�EH�LQYROYHG�LQ�WKH�ELQGLQJ�RI�S�� �WR�S�� ��7KH�SURWHLQ
SUREDEO\�IXQFWLRQV�DV�D�VKXWWOH�SDUWQHU��WUDQVSRUWLQJ�S�� ��ZKLFK�GRHV�QRW�FRQWDLQ�D�3;�GRPDLQ��WR
WKH�PHPEUDQH�RI�WKH�SKDJRF\WLF�YDFXROH�E\�ELQGLQJ�WR�3,3V�

$IWHU�WKH�GLVFRYHU\�RI�S�� �DQG�S�� ��LW�EHFDPH�FOHDU�WKDW�WKH\�ZHUH�QRW�VXIILFLHQW�WR�
UHFRQVWLWXWH�WKH�DFWLYH�R[LGDVH�ZKHQ�FRPELQHG�ZLWK�PHPEUDQHV��$�WKLUG�SURWHLQ��D�JXDQRVLQH��ƍ�
WULSKRVSKDWDVH��*73��GHSHQGHQW�IDFWRU��ZDV�VKRZQ�WR�EH�UDF��RU�UDF��DQG�ZDV�SXULILHG�IURP�F\WRVRO��
7KH�FDXVHV�RI�WKH�VHSDUDWLRQ�RI�UDF�IURP�LWV�FRPSOH[�ZLWK�JXDQLQH�QXFOHRWLGH�GLVVRFLDWLRQ�LQKLELWRUV�
�*',��LQ�WKH�F\WRVRO�DUH�QRW�NQRZQ��5DF�WUDQVORFDWHV�WR�WKH�PHPEUDQH�LQGHSHQGHQWO\�IURP�S�� �DQG�
S�� ��,WV�JXDQRVLQH�GLSKRVSKDWH��*'3��LV�SUREDEO\�H[FKDQJHG�IRU�*73�RQ�WKH�PHPEUDQH�WKURXJK�
WKH�DFWLRQ�RI�3�5H[���D�����N'D�JXDQLQH�QXFOHRWLGH�H[FKDQJH�IDFWRU��*()��WKDW�LV�DFWLYDWHG�E\�
SKRVSKDWLG\OLQRVLWRO�������WULVSKRVSKDWH�DQG�E\�WKH�ȕȖ�VXEXQLWV�RI�KHWHURWULPHULF�*�SURWHLQV�

0ROHFXODU�*HQHWLFV�RI�&*'

'HIHFWV�LQ�DQ\�RQH�RI�IRXU�JHQHV�JLYH�ULVH�WR�WKH�NQRZQ�IRUPV�RI�&*'��&<%%��FRGLQJ�IRU�JS�� ��
12;���LV�ORFDWHG�RQ�WKH�;�FKURPRVRPH�DQG�DFFRXQWV�IRU�DERXW�����RI�FDVHV��DOPRVW�H[FOXVLYHO\�LQ�
PDOHV��H[FHSW�LQ�UDUH�IHPDOH�FDUULHUV�LQ�ZKRP�WKHUH�LV�H[WUHPH�O\RQL]DWLRQ���7KH�RWKHU�WKUHH�JHQHV�DUH�
DOO�DXWRVRPDO��ZLWK�GHIHFWV�LQ�1&)���S�� �RU�12;2��SURWHLQ���1&)���S�� �RU�12;$����DQG
&<%$��S�� ���FDXVLQJ�DSSUR[LPDWHO\����������DQG����RI�FDVHV��UHVSHFWLYHO\��1R�LQVWDQFHV�RI�&*'�
KDYH�EHHQ�LGHQWLILHG�LQ�ZKLFK�D�OHVLRQ�RI�S�� �LV�FDXVDO�

$�VPDOO�VXEJURXS�RI�&*'�SDWLHQWV�KDYH�ZKDW�LV�NQRZQ�DV�³YDULDQW´�&*'�������,Q�WKHVH�FDVHV�WKHUH�LV�
SDUWLDO�ORVV�RI�D�SURWHLQ�RU�LWV�IXQFWLRQ��2IWHQ�DV�PXFK�DV������DQG�XS�WR������+��0DOHFK��SHUVRQDO�
FRPPXQLFDWLRQ���RI�QRUPDO�R[LGDVH�DFWLYLW\�FDQ�EH�PHDVXUHG�

352'8&76�2)�7+(�2;,'$6(�$1'�7+(,5�,03/,&$7,21�,1�0,&52%,$/�
.,//,1*

,QLWLDWLRQ�RI�1$'3+�R[LGDVH�DFWLYLW\�FRLQFLGHV�ZLWK�GHJUDQXODWLRQ��ZLWK�D�ODJ�SKDVH�RI�DSSUR[LPDWHO\�
���V�������,W�RFFXUV�DIWHU�FORVXUH�RI�WKH�YDFXROH�DQG�LV�OLPLWHG�WR�WKH�SODVPD�PHPEUDQH�FRPSULVLQJ�WKH�
YDFXRODU�PHPEUDQH�������7KXV��VXSHUR[LGH�FDQQRW�EH�GHWHFWHG�RQ�WKH�H[WHULRU�RI�D�SKDJRF\WRVLQJ�FHOO�
���������XQOHVV�HQJXOIPHQW�LV�³IUXVWUDWHG´�E\�DQ�RYHUZKHOPLQJ�H[FHVV�RI�SDUWLFOHV�DQG�YDFXRODU�FORVXUH�
EHFRPHV�LPSRVVLEOH�

%HFDXVH�DFWLYLW\�RI�WKH�1$'3+�R[LGDVH�LV�HVVHQWLDO�IRU�HIILFLHQW�PLFURELDO�NLOOLQJ��LQYHVWLJDWRUV�KDYH�
IRFXVHG�DWWHQWLRQ�RQ�WKH�SURGXFWV�RI�WKH�R[LGDVH�WKHPVHOYHV�DV�WKH�OHWKDO�DJHQWV�
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2[\JHQ�UDGLFDOV�DQG�WKHLU�UHDFWLRQ�SURGXFWV��FROOHFWLYHO\�UHIHUUHG�WR�DV�UHDFWLYH�R[\JHQ�VSHFLHV��526���
DUH�SURGXFHG�DV�D�FRQVHTXHQFH�RI�1$'3+�R[LGDVH�DFWLYLW\��ZKLFK�SXPSV�VXSHUR[LGH�� ��LQWR�WKH�
SKDJRF\WLF�YDFXROH��%HFDXVH�526�FDQ�UHDFW�ZLWK�RUJDQLF�PROHFXOHV��DQ�HQRUPRXV�ERG\�RI�OLWHUDWXUH�
KDV�GHYHORSHG�WKDW�FDXVDOO\�OLQNV�526�WR�WKH�GHDWK�RI�WKH�PLFUREH�

DQG�+ 2

7KH�VXSHUR[LGH�DQLRQ�UDGLFDO�KDV�EHHQ�UHFRJQL]HG�LQ�FKHPLFDO�V\VWHPV�IRU�PDQ\�\HDUV��3URRI�RI�LWV�
H[LVWHQFH�LQ�ELRORJ\�IROORZHG�WKH�GLVFRYHU\�RI�WKH�HQ]\PDWLF�IXQFWLRQ�RI�VXSHUR[LGH�GLVPXWDVH��ZKLFK�
DFFHOHUDWHV�WKH�GLVPXWDWLRQ�RI� ������,QYHVWLJDWRUV�����VRRQ�VKRZHG�WKDW�QHXWURSKLOV�
SURGXFH�ODUJH�DPRXQWV�RI� ��HVWLPDWHG�EHWZHHQ�DSSUR[LPDWHO\��������DQG�������0�O�LQ�WKH�YDFXROH��
7KH�VWHDG\�VWDWH�FRQFHQWUDWLRQ�KDV�EHHQ�HVWLPDWHG�WR�EH�LQ�WKH�ȝ0�UDQJH������EHFDXVH�GLVPXWDWLRQ�WR�
+ 2 �����LV�YHU\�UDSLG������SS����±����XQGHU�WKH�SUHYDLOLQJ�FRQGLWLRQV�

([SHULPHQWV�ZHUH�SHUIRUPHG�WKDW�DSSHDUHG�WR�GHPRQVWUDWH�WKH�NLOOLQJ�RI�PLFUREHV�E\� JHQHUDWHG�E\�
[DQWKLQH�R[LGDVH�����������,W�LV�QRW�FOHDU�ZKDW��LI�DQ\��526�RWKHU�WKDQ� DQG�+ 2 �����DUH�SURGXFHG�LQ�
VLJQLILFDQW�TXDQWLWLHV�LQ�WKH�YDFXROH�

+2

DQG�+ 2 �FDQ�FRPELQH�WR�JHQHUDWH�WKH�KLJKO\�UHDFWLYH�K\GUR[\O�UDGLFDO��+2 ��YLD�WKH�+DEHU�:HLVV�
UHDFWLRQ��7KLV�UHTXLUHV�D�PHWDO�VXFK�DV�LURQ�LQ�WKH�)HQWRQ�UHDFWLRQ��)H ���+ 2 �ĺ�)H ���+2 ���+2 ��
+2 �KDV�EHHQ�PHDVXUHG�LQ�D�EURNHQ�FHOO�SUHSDUDWLRQ������DQG�KDV�EHHQ�LPSOLFDWHG�DV�D�PLFURELFLGDO�
DJHQW�������7KHVH�UDGLFDOV�DUH�SUREDEO\�QRW�IRXQG�LQ�LQWDFW�FHOOV������EHFDXVH�ODFWRIHUULQ��ZKLFK�LV�
XQVDWXUDWHG�LQ�QHXWURSKLO�JUDQXOHV�����������LQKLELWV�WKH�JHQHUDWLRQ�RI�+2 ������DQG�RWKHU�IUHH�UDGLFDO
UHDFWLRQV������E\�ELQGLQJ�IUHH�FRSSHU�DQG�LURQ��7KH�UHDFWLRQ�EHWZHHQ�+2&O�DQG� FRXOG�SURGXFH�+2
EXW�GRHV�QRW�DSSHDU�WR�GR�VR������

&REDOW�EDVHG�UDGLFDOV�FRXOG�EH�SURGXFHG�E\�WKH�&R�LQ�F\DQRFREDODPLQ�������EXW�D�ELQGLQJ�SURWHLQ��
WUDQVFREDODPLQ����SUHVHQW�LQ�VSHFLILF�JUDQXOHV��PLJKW�EH�WKHUH�WR�SUHYHQW�WKLV�IURP�RFFXUULQJ�

2]RQH

,W�KDV�UHFHQWO\�EHHQ�VXJJHVWHG�WKDW�R]RQH�JHQHUDWHG�E\�DQ�DQWLERG\�EDVHG�FDWDO\VLV�LV�LQYROYHG�LQ�WKH�
NLOOLQJ�RI�EDFWHULD�ZLWKLQ�QHXWURSKLOV�����������'RXEW�KDV�EHHQ�VXEVHTXHQWO\�UDLVHG��KRZHYHU��RQ�WKH�
VSHFLILFLW\�RI�WKH�LQGLFDWRU�XVHG�IRU�R]RQH��ZKLFK�FDQ�DSSDUHQWO\�DOVR�GHWHFW� �����

0\HORSHUR[LGDVH�0HGLDWHG�+DORJHQDWLRQ

0\HORSHUR[LGDVH��032��LV�D�GL�KDHP�SURWHLQ�FRPSRVHG�RI�WZR�LGHQWLFDO�KHWHURGLPHUV��(DFK�
KHWHURGLPHU�LV�IRUPHG�IURP�WKH�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQ�RI�D�VLQJOH�SRO\SHSWLGH�SUHFXUVRU��7KH�
WZR�V\PPHWULF�KDOYHV�DUH�OLQNHG�E\�GLVXOSKLGH�ERQGV�EHWZHHQ�WKH�WZR�KHDY\�FKDLQV��7KH�FRYDOHQWO\�
ERXQG�KDHP�KDV�D�XQLTXH�VWUXFWXUH�DQG�H[KLELWV�XQXVXDO�VSHFWUDO�SURSHUWLHV�WKDW�DUH�UHVSRQVLEOH�IRU�LWV�
JUHHQ�FRORU�������032�FRQVWLWXWHV�DERXW����RI�WKH�WRWDO�QHXWURSKLO�SURWHLQ�DQG�LV�SUHVHQW�LQ�WKH�
F\WRSODVPLF�JUDQXOHV�DW�YHU\�KLJK�FRQFHQWUDWLRQV��,W�PDNHV�XS�DERXW�����RI�WKH�JUDQXOH�SURWHLQ��DQG�
WKLV�DFKLHYHV�FRQFHQWUDWLRQV�RI�DERXW�����PJ�PO����P0��LQ�WKH�YDFXROH�

,QYHVWLJDWRUV�WKRXJKW�WKDW�WKLV�HQ]\PH�FDWDO\]HV�WKH�+ 2 �GHSHQGHQW�R[LGDWLRQ�RI�KDOLGHV�WKDW�FDQ�UHDFW�
ZLWK�DQG�NLOO�PLFUREHV��([SHULPHQWV�ZLWK�WKH�032�+ 2 �KDOLGH�V\VWHP�GHPRQVWUDWHG�WKDW�WKLV�HQ]\PH�
FDQ�NLOO�EDFWHULD�LQ�WKH�WHVW�WXEH��������������DQG�032�PHGLDWHG�KDORJHQDWLRQ�KDV�EHHQ�DFFHSWHG�DV�DQ�
LPSRUWDQW�DQWLPLFURELDO�PHFKDQLVP�IRU�VHYHUDO�GHFDGHV�
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$�IHZ�SDWLHQWV�ZHUH�GLVFRYHUHG�ZKRVH�QHXWURSKLOV�ODFNHG�032�DQG�ZKR�ZHUH�DOVR�WKRXJKW�WR�EH�
LPPXQRGHILFLHQW�������5HFHQWO\�032�NQRFNRXW�PLFH�KDYH�DOVR�VKRZQ�DQ�XQGXH�VXVFHSWLELOLW\�WR�
EDFWHULDO�DQG�IXQJDO�LQIHFWLRQV���������

1LWULF�2[LGH

$OWKRXJK�HYLGHQFH�VXJJHVWV�WKDW�QHXWURSKLOV�FDQ�LQGXFH�WKH�V\QWKHVLV�RI�QLWULF�R[LGH��12��V\QWKDVH�
GXULQJ�VHSVLV�������OLWWOH�HYLGHQFH�LPSOLFDWHV�WKH�LQYROYHPHQW�RI�12�LQ�PLFURELDO�NLOOLQJ��(YHQ�LQ�PLFH��
LQ�WKH�QHXWURSKLOV�RI�ZKLFK�12�V\QWKDVH�LV�H[SUHVVHG�DW�PXFK�KLJKHU�OHYHOV�WKDQ�LQ�KXPDQV��NQRFNLQJ�
RXW�WKLV�PROHFXOH�KDV�OLWWOH�HIIHFW�RQ�WKH�NLOOLQJ�RI�PLFUREHV�IRU�ZKLFK�QHXWURSKLOV�DUH�QRUPDOO\�
UHVSRQVLEOH��,Q�FRQWUDVW��WKHVH�PLFH�DUH�SURIRXQGO\�VXVFHSWLEOH�WR�LQWUDFHOOXODU�RUJDQLVPV�VXFK�DV�6��
HQWHULFD�DQG�0��WXEHUFXORVLV�������ZKLFK�FODVVLFDOO\�SUROLIHUDWH�ZLWKLQ�PDFURSKDJHV�

&<723/$60,&�*5$18/(6�$1'�7+(,5�&217(176

5HVHDUFKHUV�KDYH�NQRZQ�IRU�DOPRVW�D�FHQWXU\�WKDW�QHXWURSKLOV�SKDJRF\WRVH�DQG�NLOO�PLFUREHV��
$OH[DQGHU�)OHPLQJ�GLVFRYHUHG�DQG�QDPHG�O\VR]\PH��ZKLFK�KH�WHUPHG�³D�UHPDUNDEOH�EDFWHULRO\WLF�
HOHPHQW�IRXQG�LQ�WLVVXHV�DQG�VHFUHWLRQV�´�LQFOXGLQJ�OHXNRF\WHV�������+H�VKRZHG�WKDW�LW�O\VHG�DERXW�WZR�
WKLUGV�RI�WKH�EDFWHULD�KH�PL[HG�ZLWK�LW��5HVHDUFKHUV�VXEVHTXHQWO\�VKRZHG�WKDW�SKDJRF\WRVLV�ZDV�
DVVRFLDWHG�ZLWK�GLVFKDUJH�RI�WKH�F\WRSODVPLF�JUDQXOHV�LQWR�WKH�YDFXROH������)LJXUH�����$WWHQWLRQ�WKHQ�
IRFXVHG�RQ�PLFURELFLGDO�FRPSRQHQWV�ZLWKLQ�WKHVH�JUDQXOHV��7KH�ILUVW�PLFURELFLGDO�JUDQXOH�H[WUDFW�ZDV�
FDOOHG�SKDJRF\WLQ�������ZKLFK�ZDV�ODWHU�VKRZQ�WR�EH�FRPSRVHG�RI�DQ�DUUD\�RI�FDWLRQLF�DQWLEDFWHULDO�
SURWHLQV������

6XEVWDQWLDO�UHYLHZV�KDYH�UHFHQWO\�FRYHUHG�WKLV�VXEMHFW�����������'LIIHUHQW�VXEVHWV�RI�JUDQXOHV�KDYH�EHHQ�
FKDUDFWHUL]HG�E\�HOHFWURQ�PLFURVFRS\�������E\�YDULRXV�VWDLQLQJ�WHFKQLTXHV��E\�FHOO�IUDFWLRQDWLRQ�������
DQG�E\�WKHLU�GLIIHUHQW�IXQFWLRQV��7KHUH�DUH�WZR�SUHGRPLQDQW�W\SHV�RI�JUDQXOHV��WKH�D]XURSKLO�DQG�WKH�
VSHFLILF��7KH\�DUH�SURGXFHG�LQ�WKH�SURP\HORF\WLF�DQG�P\HORF\WLF�VWDJHV��DQG�WKHLU�FRQWHQWV�GHSHQG�RQ�
WKH�SURWHLQV�WKDW�DUH�EHLQJ�V\QWKHVL]HG�DW�WKDW�WLPH�DV�ZHOO�DV�RQ�WKH�SUHVHQFH�RI�DSSURSULDWH�VLJQDOLQJ�
SHSWLGHV�����������7KH�JUDQXOHV�DOVR�GLIIHU�LQ�WKHLU�SULPDU\�IXQFWLRQV��DV�GLVFXVVHG�EHORZ�

$]XURSKLO��RU�3ULPDU\��*UDQXOHV

7KH�D]XURSKLOV�ODUJHO\�FRQWDLQ�SURWHLQV�DQG�SHSWLGHV�GLUHFWHG�WRZDUG�PLFURELDO�NLOOLQJ�DQG�GLJHVWLRQ��
ZKHUHDV�WKH�VSHFLILF�JUDQXOHV�UHSOHQLVK�PHPEUDQH�FRPSRQHQWV�DQG�KHOS�WR�OLPLW�IUHH�UDGLFDO�UHDFWLRQV��
$]XURSKLO��RU�SULPDU\��JUDQXOHV�DUH�WKH�ILUVW�WR�EH�SURGXFHG��7KH\�FRQWDLQ�032�DQG�WKUHH�SUHGRPLQDQW�
QHXWUDO�SURWHLQDVHV��FDWKHSVLQ�*��HODVWDVH��DQG�SURWHLQDVH����%DFWHULFLGDO�SHUPHDELOLW\�LQFUHDVLQJ�
SURWHLQ��%3,��ZDV�ILUVW�SXULILHG�DV�D�IDFWRU�WKDW�SHUPHDELOL]HG�DQG�NLOOHG�(��FROL�����������,W�KDV�
OLSRSRO\VDFFKDULGH�ELQGLQJ�DQG�QHXWUDOL]LQJ�DFWLYLWLHV������DQG�DSSHDUV�WR�EH�DWWDFKHG�WR�WKH�JUDQXOH�
PHPEUDQH��'HIHQVLQV�DUH�SHSWLGHV�ZLWK�PROHFXODU�ZHLJKWV�RI�����±�����'D��DQG�HDFK�FRQWDLQV�VL[�
GLVXOSKLGH�OLQNHG�F\VWHLQHV�������7KH\�H[KLELW�DQWLEDFWHULDO�DFWLYLW\��EXW�WKLV�LV�LQKLELWHG�E\�
SK\VLRORJLFDO�FRQFHQWUDWLRQV�RI�VDOW��$ERXW�RQH�WKLUG�RI�WKH�WRWDO�O\VR]\PH������LV�IRXQG�LQ�WKHVH�
JUDQXOHV�

7KHVH�JUDQXOHV�FRQWDLQ�DQ�DEXQGDQW�PDWUL[�FRPSRVHG�RI�VWURQJO\�QHJDWLYHO\�FKDUJHG�VXOSKDWHG�
SURWHRJO\FDQV�������7KLV�PDWUL[�VWURQJO\�ELQGV�DOPRVW�DOO�WKH�SHSWLGHV�DQG�SURWHLQV�RWKHU�WKDQ�
O\VR]\PH��ZKLFK�DUH�VWURQJO\�FDWLRQLF��7KLV�VHTXHVWUDWLRQ�WRJHWKHU�ZLWK�WKH�DFLGLF�S+�DW�ZKLFK�WKH�
JUDQXOH�LQWHULRU�LV�PDLQWDLQHG������NHHSV�WKHVH�HQ]\PHV�LQ�D�TXLHVFHQW��LQDFWLYDWHG�VWDWH�



6SHFLILF��RU�6HFRQGDU\��*UDQXOHV

6SHFLILF�JUDQXOHV�FRQWDLQ�XQVDWXUDWHG������ODFWRIHUULQ��ZKLFK�ELQGV�DQG�VHTXHVWHUV�LURQ�DQG�FRSSHU��
WUDQVFREDODPLQ�,,��ZKLFK�ELQGV�F\DQRFREDODPLQ��DERXW�WZR�WKLUGV�RI�WKH�O\VR]\PH�������QHXWURSKLO�
JHODWLQDVH�DVVRFLDWHG�OLSRFDOLQ�������DQG�D�QXPEHU�RI�PHPEUDQH�SURWHLQV�DOVR�SUHVHQW�LQ�WKH�SODVPD�
PHPEUDQH��LQFOXGLQJ�IODYRF\WRFKURPH�E �RI�WKH�1$'3+�R[LGDVH������

*HODWLQDVH��RU�7HUWLDU\��*UDQXOHV

6RPH�JUDQXOHV�FRQWDLQ�JHODWLQDVH�LQ�WKH�DEVHQFH�RI�ODFWRIHUULQ��DOWKRXJK�PRVW�RI�WKH�ODFWRIHUULQ�
FRQWDLQLQJ�VSHFLILF�JUDQXOHV�DOVR�FRQWDLQ�JHODWLQDVH�������7KH�GHVLJQDWLRQ�RI�JUDQXOHV�DV�³JHODWLQDVH�
JUDQXOH´�UHIHUV�WR�JUDQXOHV�WKDW�FRQWDLQ�JHODWLQDVH�EXW�QRW�ODFWRIHUULQ��WKH\�PD\�UHSUHVHQW�RQH�HQG�RI�WKH�
VSHFWUXP�RI�D�VLQJOH�W\SH�RI�JUDQXOH�ZLWK�WKH�VDPH�FRQWHQWV�EXW�LQ�GLIIHULQJ�SURSRUWLRQV�

/\VRVRPHV

/\VRVRPHV�FRQWDLQ�DFLG�K\GURODVHV��7KH�DFWLYLW\�RI�WKHVH�HQ]\PHV�DSSHDUV�WR�IUDFWLRQDWH�ZLWK�WKH�
D]XURSKLO�JUDQXOHV��7KH\�DUH��KRZHYHU��UHOHDVHG�LQWR�WKH�SKDJRF\WLF�YDFXROH�PXFK�ODWHU�WKDQ�WKH�
D]XURSKLO�FRQWHQWV�DQG�WKHUHIRUH�PXVW�EH�LQ�D�GLVWLQFW�FRPSDUWPHQW������

6HFUHWRU\�9HVLFOHV

7KHVH�HQGRF\WLF�YHVLFOHV�FRQWDLQ�VHUXP�DOEXPLQ������DQG�DUH�SUREDEO\�WKH�HPSW\�YHVLFXODU�VWUXFWXUHV�
GHVFULEHG�SUHYLRXVO\�������7KH\�SURYLGH�D�YDOXDEOH�UHVHUYRLU�RI�PHPEUDQH�FRPSRQHQWV��7KHLU�
UHDVVRFLDWLRQ�ZLWK�WKH�SODVPD�PHPEUDQH�UHSOHQLVKHV�WKDW�ZKLFK�LV�FRQVXPHG�GXULQJ�SKDJRF\WRVLV��DV�
ZHOO�DV�LWV�FRPSRQHQW�SURWHLQV�VXFK�DV�FRPSOHPHQW�UHFHSWRU������DQG�IODYRF\WRFKURPH�E �

&21',7,216�,1�7+(�3+$*2&<7,&�9$&82/(

2QH�PXVW�FOHDUO\�XQGHUVWDQG�WKH�FRQGLWLRQV�LQ�WKH�SKDJRF\WLF�YDFXROH�ZKHQ�DWWHPSWLQJ�WR�GHILQH�NLOOLQJ�
PHFKDQLVPV��$�KHDYLO\�RSVRQL]HG�SDUWLFOH�LV�WDNHQ�XS�LQWR�WKH�SKDJRF\WLF�YDFXROH�ZLWKLQ����V�����������
DQG�NLOOLQJ�LV�DOPRVW�LPPHGLDWH�������7KH�DSSDUHQW�GHOD\�LQ�PDQ\�DVVD\V�UHVXOWV�IURP�D�ORZ�FROOLVLRQ�
IUHTXHQF\�EHWZHHQ�QHXWURSKLOV�DQG�PLFUREHV��ZKLFK�LV�GXH�WR�ORZ�GHQVLWLHV�RI�ERWK��FRXSOHG�ZLWK�VORZ�
PL[LQJ������DQG�VXERSWLPDO�RSVRQL]DWLRQ�

7R�GHWHUPLQH�WKH�FRQFHQWUDWLRQ�RI�WKH�YDFXRODU�FRQWHQWV��RQH�PXVW�NQRZ�WKH�YROXPH�RI�WKH�VSDFH�
EHWZHHQ�WKH�VXUIDFH�RI�WKH�RUJDQLVP�DQG�WKH�PHPEUDQH�RI�WKH�SKDJRF\WLF�YDFXROH��,W�LV�FHUWDLQO\�YHU\�
VPDOO�������)LJXUH�����DQG�SRVVLEO\�QHJOLJLEOH��DV�KDV�EHHQ�VKRZQ�LQ�PDFURSKDJHV������

7KH�KXPDQ�QHXWURSKLO�KDV�QXPHURXV�JUDQXOHV��WKH�FRQWHQWV�RI�ZKLFK�DUH�UHOHDVHG�LQWR�WKH�YDFXROH�DQG�
VTXHH]HG�RQWR�WKH�VXUIDFH�RI�WKH�RUJDQLVP�LQ�YHU\�KLJK�FRQFHQWUDWLRQV��DOPRVW�OLNH�DWWDFKLQJ�D�OLPSHW�
PLQH�WR�D�WDUJHW�������5HVHDUFKHUV�KDYH�HVWLPDWHG�WKDW�WKH�JUDQXOH�SURWHLQ�PDNHV�XS�DERXW�����RI�WKH�
YDFXRODU�YROXPH�������DFKLHYLQJ�SURWHLQ�FRQFHQWUDWLRQV�RI�DERXW�����PJ�PO������,W�ZDV�LQLWLDOO\�WKRXJKW�
WKDW�WKH�VSHFLILF�JUDQXOHV�GHJUDQXODWHG�ILUVW��IROORZHG�E\�WKH�D]XURSKLOV��7KHVH�VWXGLHV�ZHUH�FRQGXFWHG�
RQ�UDEELW�QHXWURSKLOV��DQG�DONDOLQH�SKRVSKDWDVH��ZKLFK�ZH�QRZ�NQRZ�WR�EH�D�PDUNHU�IRU�PHPEUDQHV��
ZDV�XVHG�DV�WKH�PDUNHU�IRU�WKH�VSHFLILF�JUDQXOHV�������,Q�IDFW��ERWK�RI�WKHVH�JUDQXOH�W\SHV�IXVH�ZLWK�WKH�
SKDJRF\WLF�YDFXROH�ZLWK�URXJKO\�VLPLODU�NLQHWLFV�DSSUR[LPDWHO\����V�DIWHU�SDUWLFOH�XSWDNH�������7KH�
DFLG�K\GURODVHV�RQO\�HQWHU�WKH�YDFXROH�DIWHU�DERXW���PLQ��ZKHQ�WKH�S+�KDV�VWDUWHG�WR�IDOO�WR�OHYHOV�
DSSURSULDWH�IRU�WKH�RSWLPDO�DFWLYLW\�RI�WKHVH�HQ]\PHV�

,QYHVWLJDWRUV�KDG�LQLWLDOO\�UHSRUWHG�WKDW�WKH�S+�LQ�WKH�YDFXROH�IHOO�WR�DERXW���DIWHU���PLQ�DQG�WR���DIWHU���
PLQ�������+RZHYHU��VXEVHTXHQW�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�1$'3+�R[LGDVH�HOHYDWHV�WKH�S+�WR�DERXW�
���±����LQ�WKH�ILUVW���PLQ�DIWHU�SKDJRF\WRVLV��DIWHU�ZKLFK�LW�JUDGXDOO\�IDOOV�WR�DERXW�����DIWHU���±���PLQ�
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��������������7KH�1$'3+�R[LGDVH�FRQVXPHV�����IPROV�RI�2 �ZKHQ�D�SDUWLFOH�WKH�VL]H�RI�D�EDFWHULXP�LV�
HQJXOIHG��7KLV�HTXDWHV�WR�PDVVLYH�DPRXQWV�RI� ��RQ�WKH�RUGHU�RI��±��0ROV�O��WKDW�DUH�LQMHFWHG�LQWR�WKH�
YDFXROH�

1(875$/�3527($6(6�$5(�(66(17,$/�)25�%$&7(5,$/�$1'�)81*$/�
.,//,1*

$OWKRXJK�WKH�SURSRVDO�WKDW�526�DUH�WR[LF�WR�LQJHVWHG�PLFUREHV�ZDV�DWWUDFWLYH��LW�ZDV�QHYHU�DGHTXDWHO\�
WHVWHG�XQGHU�WKH�FRQGLWLRQV�SHUWDLQLQJ�WR�WKH�SKDJRF\WLF�YDFXROH��7KH�RSSRUWXQLW\�ZDV�SURYLGHG�E\�WKH�
GHYHORSPHQW�RI�JHQH�WDUJHWLQJ��7KLV�WHFKQLTXH�DOORZHG�WKH�SURGXFWLRQ�RI�D�PRXVH�PRGHO�WKDW�ODFNV�WKH�
PDMRU�QHXWURSKLO�SURWHDVHV��QHXWURSKLO�HODVWDVH��1(�����������FDWKHSVLQ�*������RU�ERWK�HQ]\PHV���������
�����)LJXUH����
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2SHQ�LQ�D�VHSDUDWH�ZLQGRZ
)LJXUH��

7KH�QHXWUDO�SURWHDVHV�HODVWDVH�DQG�FDWKHSVLQ�*�DV�ZHOO�DV�. �IOX[�DUH�UHTXLUHG�IRU�PLFURELDO�NLOOLQJ�DQG�
GLJHVWLRQ�E\�QHXWURSKLOV��&DWKHSVLQ�*��QHXWURSKLO�HODVWDVH��1(���DQG�S�� ��&*'��NQRFNRXW�PLFH�DUH�
VXVFHSWLEOH�WR�6��DXUHXV��D��DQG�&��DOELFDQV��E��LQ�YLYR��DQG�WKHLU�QHXWURSKLOV�NLOO�WKHVH�RUJDQLVPV�SRRUO\�LQ�
WKH�WHVW�WXEH��F��DQG��G���DGDSWHG�IURP�����,QKLELWLRQ�RI�WKH�%. �. �FKDQQHO�ZLWK�VSHFLILF�LQKLELWRUV�
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SD[LOOLQH��3$;��DQG�LEHULRWR[LQ��,%7;��SUHYHQWV�NLOOLQJ�RI�6��DXUHXV��H���6��PDUVFHVFHQV��I����DQG�&��
DOELFDQV��J��E\�QHXWURSKLOV��ZKHUHDV�WKH�RSHQHU�16�����DQG�QRQVSHFLILF�LQKLELWRU���DPLQRS\ULGLQH�ZHUH�
ZLWKRXW�HIIHFW��7KH�%. �. �FKDQQHO�EORFNHUV�DOVR�LQKLELWHG�GLJHVWLRQ�RI�UDGLRODEHOHG��NLOOHG�6��DXUHXV��K��
�DGDSWHG�IURP������1HLWKHU�WKH�ORVV�RI�WKH�SURWHDVHV�QRU�EORFNDJH�RI�WKH�%. �FKDQQHO�DIIHFWHG�
SKDJRF\WRVLV��R[LGDVH�DFWLYLW\��RU�LRGLQDWLRQ�

1(�GHILFLHQW�PLFH�ZHUH�H[FHVVLYHO\�VXVFHSWLEOH�WR�LQIHFWLRQ�ZLWK�*UDP�QHJDWLYH��.��SQHXPRQLDH�DQG�
(��FROL�������EXW�QRW�*UDP�SRVLWLYH��6��DXUHXV��EDFWHULD��1(�ZDV�DOVR�QHFHVVDU\�IRU�SURWHFWLRQ�DJDLQVW�
&��DOELFDQV������%RWK�HQ]\PHV�ZHUH�UHTXLUHG�WR�NLOO�$��IXPLJDWXV��7KH�ORVV�RI�FDWKHSVLQ�*�DORQH�ZDV�
IRXQG�E\�RWKHUV������WR�EH�ZLWKRXW�HIIHFW�RQ�WKH�NLOOLQJ�RI�YDULRXV�RI�EDFWHULD��7KH�ORVV�RI�ERWK�1(�DQG�
FDWKHSVLQ�*�FRQIHUUHG�DV�SURIRXQG�D�GHIHFW�RI�EDFWHULDO�NLOOLQJ�DV�ZDV�REVHUYHG�ZLWK�WKH�&*'�PRXVH�
PRGHO�����

,Q�WKHVH�VWXGLHV�RQ�SURWHDVH�GHILFLHQW�PLFH��PLFURELDO�NLOOLQJ�ZDV�DEROLVKHG�GHVSLWH�D�FRPSOHWHO\�
QRUPDO�UHVSLUDWRU\�EXUVW�DQG�QRUPDO�OHYHOV�RI�LRGLQDWLRQ��7KLV�HVWDEOLVKHG�WKDW�526�DQG�PHWDEROLWHV�RI�
WKH�DFWLRQ�RI�032�JHQHUDWHG�LQ�WKH�YDFXROH�DUH�QRW�VXIILFLHQW�WR�NLOO�WKHVH�EDFWHULD�DQG�IXQJL�

7KXV��LW�ZDV�FOHDU�WKDW�WKH�FRPELQDWLRQ�RI�1$'3+�R[LGDVH�DFWLYLW\�DQG�QHXWUDO�SURWHDVH�HQ]\PHV�DUH�
UHTXLUH�IRU�PLFURELDO�NLOOLQJ�WR�WDNH�SODFH��7KLV�UDLVHV�WKH�TXHVWLRQ�RI�WKH�FRQQHFWLRQ�EHWZHHQ�WKHVH�WZR�
SURFHVVHV�

7+(�5(/$7,216+,3�%(7:((1�7+(�1$'3+�2;,'$6(�$1'�.,//,1*�%<�
*5$18/(�&217(176

$FWLYLW\�RI�WKH�1$'3+�2[LGDVH�$OWHUV�WKH�$SSHDUDQFH�RI�WKH�&RQWHQWV�RI�WKH�3KDJRF\WLF�
9DFXROH

7KH�DFWLYLW\�RI�WKH�1$'3+�R[LGDVH�DOWHUV�WKH�DSSHDUDQFH�RI�WKH�FRQWHQWV�RI�SKDJRF\WLF�YDFXROHV�LQ�
HOHFWURQ�PLFURJUDSKV�RI�QHXWURSKLOV�H[DPLQHG�VRRQ�DIWHU�WKH\�KDG�SKDJRF\WRVHG�EDFWHULD������,Q�QRUPDO�
FHOOV��WKH�FRQWHQWV�RI�WKH�YDFXROH�KDG�D�GLIIXVH��DOPRVW�JURXQG�JODVV�DSSHDUDQFH��ZLWK�YHU\�IHZ�LQWDFW�
DJJUHJDWHV�RI�JUDQXOH�FRQWHQWV��%\�FRQWUDVW��LQ�&*'�FHOOV�WKHUH�ZDV�OLWWOH�GLVSHUVLRQ��ZLWK�REYLRXV�
FOXPSLQJ�RI�WKH�JUDQXODU�FRQWHQWV��7KLV�DEQRUPDO�DSSHDUDQFH�ZDV�DOVR�DSSDUHQW�LQ�YDFXROHV�IURP�D�
SDWLHQW�ZLWK�YDULDQW�&*'�ZLWK�����RI�WKH�QRUPDO�R[LGDVH�DFWLYLW\�

7KHVH�REYLRXV�VWUXFWXUDO�GLIIHUHQFHV��FRXSOHG�ZLWK�WKH�PDVVLYH�DPRXQWV�RI� LQMHFWHG�LQWR�WKH�YDFXROH�
DQG�WKH�IDFW�WKDW�����RI�WKLV�DPRXQW�RI� LQ�YDULDQW�&*'��DPRXQWLQJ�WR�VRPH����±����P0ROV�O��ZDV�
LQVXIILFLHQW��VXJJHVWHG�WR�UHVHDUFKHUV�WKDW�WKH�R[LGDVH�ZDV�H[HUWLQJ�VRPH�SK\VLFR�FKHPLFDO�LQIOXHQFH�
RQ�WKH�JUDQXOH�FRQWHQWV�UDWKHU�WKDQ�VLPSO\�SURGXFLQJ�526�RU�VXEVWUDWH�IRU�032��6HJDO�DQG�FROOHDJXHV�
����WKHUHIRUH�WXUQHG�WKHLU�DWWHQWLRQ�WR�HOHFWURQ�WUDQVSRUW�DFURVV�WKH�PHPEUDQH�DQG�LWV�FRQVHTXHQFHV�IRU�
WKH�PRYHPHQW�RI�RWKHU�LRQV�

&KDUJH�&RPSHQVDWLRQ�$FURVV�WKH�9DFXRODU�:DOO

7KH�R[LGDVH�LV�HOHFWURJHQLF��WUDQVIHUULQJ�HOHFWURQV��XQDFFRPSDQLHG�E\�SURWRQV��DFURVV�WKH�YDFXRODU�
PHPEUDQH����������7KH�YDFXRODU�YROXPH�LV�DERXW�����ȝP ��ZLWK�D�PHPEUDQH�VXUIDFH�DUHD�RI�DERXW������
ȝP �,Q�HDFK�YDFXROH�����±����IPROV�RI� DUH�SURGXFHG��DQG�WKXV�DERXW��±���î��� �HOHFWURQV�SDVV�
DFURVV�HDFK�ȝ �RI�PHPEUDQH��7KH�FKDUJH�RQ�RQH�HOHFWURQ�LV�����î��� �FRXORPEV��VR��±��î���
FKDUJHV�LQ�RQH�VTXDUH�PLFURQ�ZRXOG�SURGXFH�IURP�����î��� �WR�����î��� �FRXORPEV�FP ��:LWK�WKH�
FDSDFLWDQFH�RI�WKH�PHPEUDQH�DW�DSSUR[LPDWHO\���PLFURIDUDG�FP �������WKLV�FKDUJH�ZRXOG�GHSRODUL]H�WKH�
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PHPEUDQH�SRWHQWLDO�E\������±�������YROWV��'HSRODUL]DWLRQ�RI�WKH�PHPEUDQH�WR������P9�VKXWV�GRZQ�
1$'3+�R[LGDVH�DFWLYLW\�FRPSOHWHO\�������7KXV��IRU�VLJQLILFDQW�R[LGDVH�DFWLYLW\�WR�RFFXU��WKH�FKDUJH�
PXVW�EH�FRPSHQVDWHG�

7KH�FKDQJHV�LQ�WKH�YDFXRODU�S+��ZKLFK�LV�HOHYDWHG�IURP�WKDW�RI�WKH�H[WUDFHOOXODU�PHGLXP�WR����±����
�����GHVSLWH�WKH�UHOHDVH�LQWR�WKH�YDFXROH�RI�����PJ�PO�RI�DFLGLF�JUDQXOH�SURWHLQ�FRQWHQWV������KROG�WKH�
NH\�WR�XQGHUVWDQGLQJ�WKH�QDWXUH�RI�WKH�FRPSHQVDWLQJ�LRQV��)LJXUH�����7KHVH�JUDQXOH�FRQWHQWV�DUH�
PDLQWDLQHG�DW�S+�����LQ�WKH�JUDQXOH�E\�D�SURWRQ�SXPS������DQG�KDYH�VWURQJ�EXIIHULQJ�SRZHUV��$ERXW�
����ȝPRO�SRWDVVLXP�K\GUR[LGH�LV�UHTXLUHG�SHU�JUDP�RI�JUDQXOH�SURWHLQ�WR�HOHYDWH�WKH�S+�IURP�����WR�����
����

)LJXUH��

$FWLYLW\�RI�WKH�1$'3+�R[LGDVH�GHSRODUL]HV�WKH�PHPEUDQH��7KH�QDWXUH�RI�WKH�FRPSHQVDWLQJ�FKDUJH�
JRYHUQV�WKH�FKDQJHV�LQ�YDFXRODU�S+�DQG�WRQLFLW\��(OHFWURQV�DUH�WUDQVSRUWHG�DFURVV�WKH�YDFXRODU�PHPEUDQH�
WR�IRUP� ��ZKLFK�GLVPXWDWHV�WR� �� DQG� EHFRPH�SURWRQDWHG�WR�IRUP�+2 �DQG�+ 2 ��WKHUHE\�

FRQVXPLQJ�SURWRQV�DQG�HOHYDWLQJ�WKH�S+�LQ�WKH�YDFXROH�GHVSLWH�WKH�HQWU\�RI�DFLGLF�JUDQXOH�FRQWHQWV��7KLV�
SURFHVV�FDQ�RQO\�RFFXU�LI�SDUW�RI�WKH�FKDUJH�LV�FRPSHQVDWHG�E\�LRQV�RWKHU�WKDQ�SURWRQV��ZKLFK�LQ�SDUW�
RFFXUV�WKURXJK�WKH�SDVVDJH�RI�. �LRQV���������

7KH�YDFXROH�EHFRPHV�DONDOLQH�GHVSLWH�WKH�HQWU\�RI�DFLGLF�JUDQXOH�FRQWHQWV��LQGLFDWLQJ�WKDW�WKH� DQG�
DUH�FRQVXPLQJ�SURWRQV�LQ�WKH�YDFXROH��7KLV�ZRXOG�QRW�KDSSHQ�LI�HDFK�HOHFWURQ�SDVVLQJ�DFURVV�WKH�

PHPEUDQH�ZDV�DFFRPSDQLHG�E\�D�SURWRQ��GHPRQVWUDWLQJ�WKDW�FRPSHQVDWLQJ�FKDUJHV�FDQQRW�EH�VROHO\�LQ�
WKH�IRUP�RI�+ �IURP�WKH�F\WRSODVP�
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7KH�PDMRU�FDWLRQ�LQ�WKH�F\WRSODVP�LV�. ��ZKLFK�DFFXPXODWHV�LQ�WKH�YDFXROH�DW�FRQFHQWUDWLRQV�RI�XS�WR�
DERXW�����P0�DV�D�FRQVHTXHQFH�RI�R[LGDVH�DFWLYLW\������7UDQVSRUW�RI�. �LRQV�LV�PDUNHGO\�GLPLQLVKHG�
ZKHQ�WKH�S+�ULVHV�DERYH������LQGLFDWLQJ�WKDW�WKH�. �FKDQQHO�SURYLGHV�DQ�LPSRUWDQW�VHOI�UHJXODWLQJ
PHFKDQLVP�IRU�HOHYDWLQJ�WKH�YDFXRODU�S+�ZKLOH�DOVR�HQVXULQJ�WKDW�LW�GRHV�QRW�JR�WRR�KLJK�

. �IOX[�RQO\�DFFRXQWV�IRU�DERXW����RI�WKH�FRPSHQVDWLQJ�FKDUJH������7KH�SXWDWLYH�SURWRQ�FKDQQHO�
GLVFXVVHG�EHORZ�GRHV�QRW�DSSHDU�WR�FRPSHQVDWH�IRU�DOO�WKH�UHVW�RI�WKH�FKDUJH�EHFDXVH�LWV�LQKLELWLRQ�ZLWK�
=Q �DQG�&G �IDLOV�WR�EORFN�WKH�1$'3+�R[LGDVH�������7KHUHIRUH��VRPH�RWKHU�PDMRU�LRQ�IOX[�PXVW�DOVR�
EH�LQYROYHG��$V�LV�GHVFULEHG�EHORZ��WKLV�LV�DFFRPSOLVKHG�E\�WKH�IOX[�RI�FKORULGH�LRQV�WKURXJK�D�JO\FLQH�
JDWHG��VWU\FKQLQH�VHQVLWLYH�FKDQQHO�

7KH�. �(QWHUV�WKH�3KDJRF\WLF�9DFXROH�7KURXJK�%. �&KDQQHOV

. �HQWHUV�WKH�YDFXROH�WKURXJK�WKH�ODUJH�FRQGXFWDQFH�&D �DFWLYDWHG�. �FKDQQHO�������,EHULRWR[LQ�
�,%7;��DQG�SD[LOOLQH��3$;���ERWK�KLJKO\�VHOHFWLYH�DQG�SRWHQW�LQKLELWRUV�RI�WKLV�FKDQQHO�����������
SUHYHQW�WKH�DONDOLQL]DWLRQ�RI�WKH�YDFXROH��FRQILUPLQJ�WKH�LPSRUWDQFH�RI�WKH�LQIOX[�RI�. �LQWR�WKH
YDFXROH�RQ�DONDOLQL]DWLRQ�RI�WKLV�FRPSDUWPHQW��7KH�,& �YDOXHV�IRU�WKLV�HIIHFW�ZHUH�LQ�WKH�UHJLRQ�RI����
Q0�IRU�,%7;�DQG�3$;��FRQVLVWHQW�ZLWK�WKHLU�,& �IRU�FKDQQHO�EORFN��,Q�DGGLWLRQ��WKH�%. FKDQQHO�
RSHQHU��16�����������VLJQLILFDQWO\�DXJPHQWHG�WKH�ULVH�LQ�S+�WR�VXSUDQRUPDO�OHYHOV��$�YDULHW\�RI�
EORFNHUV�DQG�RSHQHUV�RI�RWKHU�. �FKDQQHOV�ZHUH�ZLWKRXW�HIIHFW�

5E �UHOHDVH�IURP�DFWLYDWHG�QHXWURSKLOV�DIWHU�VWLPXODWLRQ�ZLWK�SKRUERO�P\ULVWDWH�DFHWDWH��30$��ZDV�
DOVR�LQGXFHG�E\�16�����DQG�HYHQ�IXUWKHU�HQKDQFHG�E\�WKH�FRPELQDWLRQ�RI�WKLV�RSHQHU�DQG�30$��30$�
LQGXFHG�DQG�16�����LQGXFHG�HIIOX[�ZHUH�ERWK�FRPSOHWHO\�DEURJDWHG�E\�,%7;�DQG�3$;��7KH�VDPH�ZDV�
IRXQG�WR�DSSO\�WR�HRVLQRSKLOV�

%. �FKDQQHOV�DUH�FODVVLFDOO\�RSHQHG�E\�WKH�FRPELQDWLRQ�RI�PHPEUDQH�GHSRODUL]DWLRQ�DQG�HOHYDWHG�
F\WRVROLF�&D �������7KH�VDPH�KROGV�WUXH�IRU�WKLV�FKDQQHO�LQ�QHXWURSKLOV�DQG�HRVLQRSKLOV��1HLWKHU�
GHSRODUL]LQJ�WKH�PHPEUDQH�QRU�HOHYDWLQJ�WKH�F\WRVROLF�&D �ZDV�VXIILFLHQW�WR�IXOO\�RSHQ�WKH�.
FKDQQHO��ZKHUHDV�WKH�FRPELQDWLRQ�RI�WKH�WZR�FDXVHG�DV�PXFK�FKDQQHO�RSHQLQJ�DV�GLG�VWLPXODWLRQ�ZLWK�
30$��$OWKRXJK�30$�VWLPXODWLRQ�LV�ZHOO�NQRZQ�WR�GHSRODUL]H�WKH�QHXWURSKLO�SODVPD�PHPEUDQH�������LW�
LV�JHQHUDOO\�WKRXJKW�QRW�WR�HOHYDWH�F\WRVROLF�&D ��2QH�PHFKDQLVP�E\�ZKLFK�WKLV�PLJKW�RFFXU�LV�
WKURXJK�D�GURS�LQ�S+�MXVW�EHQHDWK�WKH�SODVPD�PHPEUDQH�DV�D�FRQVHTXHQFH�RI�FKDUJH�VHSDUDWLRQ�LQGXFHG�
E\�WKH�R[LGDVH��&RUUHVSRQGLQJ�HOHYDWLRQV�LQ�&D �DQG�IDOOV�LQ�S+�ZHUH�VHHQ�MXVW�EHQHDWK�WKH�SODVPD�
PHPEUDQH�LQ�DFWLYDWHG�FHOOV������

&KDUJH�&RPSHQVDWLRQ�E\�3URWRQV

3URWRQV�UHPDLQ�LQ�WKH�F\WRSODVP�DV�D�UHVXOW�RI�FKDUJH�VHSDUDWLRQ��ZKLFK�RFFXUV�ZKHQ�WKH�HOHFWURQV�DUH�
WUDQVSRUWHG�IURP�1$'3+�DFURVV�WKH�ZDOO�RI�WKH�SKDJRF\WLF�YDFXROH��$GGLWLRQDO�SURWRQV�DUH�SURGXFHG�
LQ�WKH�F\WRVRO�E\�WKH�+03�VKXQW��ZKLFK�JHQHUDWHV�1$'3+�������DV�ZHOO�DV�GXULQJ�WKH�SURGXFWLRQ�RI�
HQHUJ\�E\�JO\FRO\VLV��7KLV�SURWRQ�JHQHUDWLRQ�E\�DQ�DFWLYH�R[LGDVH��HVWLPDWHG�WR�EH�DERXW�����P0ROV�O�
������FDXVHV�DQ�LQLWLDO�VOLJKW�IDOO�LQ�F\WRVROLF�S+�WKDW�UDSLGO\�UHWXUQV�WR�QRUPDO�

7KUHH�PHFKDQLVPV�DSSHDU�WR�EH�DVVRFLDWHG�ZLWK�WKH�H[WUXVLRQ�RI�WKHVH�SURWRQV��ZKLFK�DUH�H[WUXGHG�LQ�
URXJKO\�HTXLPRODU�TXDQWLWLHV�ZLWK�WKH� WKDW�LV�JHQHUDWHG�����������7KH�SUHGRPLQDQW�RQH�LV�D�1D �+
DQWLSRUW�����������,WV�LQKLELWLRQ�E\�WKH�UHPRYDO�RI�H[WUDFHOOXODU�1D �RU�EORFNDJH�ZLWK�DPLORULGH�FDXVHV�
DFLGLILFDWLRQ�RI�WKH�F\WRVRO�XSRQ�VWLPXODWLRQ�RI�WKH�FHOOV��,Q�DGGLWLRQ��ERWK�=Q �DQG�&G �VHQVLWLYH�
SURWRQ�FKDQQHOV����������DQG�YDFXRODU��9��W\SH�+ �SXPSV��LQKLELWHG�E\�EDILORP\FLQV�������DUH�DOVR�
SUHVHQW�
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,QYHVWLJDWRUV�JHQHUDOO\�DJUHH�WKDW�WKH�FKDUJH�LQGXFHG�E\�HOHFWURQ�WUDQVORFDWLRQ��, ��WKURXJK�WKH�1$'3+�
R[LGDVH�LV�FRPSHQVDWHG�E\�SURWRQ�HIIOX[���������������DOWKRXJK�WKH�LGHQWLW\�RI�WKH�SURSRVHG�FKDQQHO�LV�
FXUUHQWO\�KLJKO\�FRQWHQWLRXV��2QH�VFKRRO�RI�WKRXJKW�KROGV�WKDW�SURWRQV�SDVV�WKURXJK�YROWDJH�JDWHG�
SURWRQ�FKDQQHOV�WKDW�DUH�GLVWLQFW�IURP�DQ\�1$'3+�R[LGDVH�FRPSRQHQW�������7KH�RSSRVLQJ�YLHZ�LV�WKDW�
WKH\�SDVV�WKURXJK�IODYRF\WRFKURPH�E �RI�WKH�R[LGDVH��JS�� ��LWVHOI����������

2QH�RI�WKH�KDOOPDUNV�RI�WKH�DVVXPSWLRQ�WKDW�, �LV�ODUJHO\�FRPSHQVDWHG�E\�SURWRQ�IOX[HV�LV�WKDW�ERWK�
=Q �DQG�&G ��NQRZQ�SURWRQ�FKDQQHO�EORFNHUV�����������������ZHUH�DOVR�WKRXJKW�WR�LQKLELW�
SURGXFWLRQ�����������7KH�GLVFUHSDQF\�EHWZHHQ�WKH�ORZ�ȝ0�FRQFHQWUDWLRQV�RI�WKHVH�FDWLRQV�WKDW�EORFN�
SURWRQ�FKDQQHOV�DQG�WKH�P0�FRQFHQWUDWLRQV�QHHGHG�WR�LQKLELW�F\WRFKURPH�F�UHGXFWLRQ�ZDV�UHFHQWO\�
H[SODLQHG�E\�WKH�YROWDJH�GHSHQGHQFH�RI�, ��=Q �DQG�&G �VKLIW�WKH�WKUHVKROG�YROWDJH�IRU�DFWLYDWLQJ�
YROWDJH�JDWHG�SURWRQ�FKDQQHOV�LQWR�WKH�VWHHSO\�YROWDJH�GHSHQGHQW�UHJLRQ�RI�, ��WKHUHE\�DWWHQXDWLQJ�
SURGXFWLRQ������

+RZHYHU��=Q �DQG�&G �LQKLELWLRQ�RI�YROWDJH�JDWHG�SURWRQ�FKDQQHOV�GR�QRW�LQKLELW�WKH�1$'3+�
R[LGDVH��7KH\�KDYH�QR�HIIHFW�RQ�30$�LQGXFHG�R[\JHQ�FRQVXPSWLRQ��WKH�WUXH�PHDVXUH�RI�R[LGDVH�
DFWLYLW\��=Q �DQG�&G �LQWHUIHUH�ZLWK�WKH�UHGXFWLRQ�RI�F\WRFKURPH�F�E\�DFFHOHUDWLQJ�WKH�GLVPXWDWLRQ�RI�
2 �WR�+ 2 �������,Q�D�V\VWHP�LQ�ZKLFK�[DQWKLQH�[DQWKLQH�R[LGDVH�JHQHUDWHG� ����P0�FRQFHQWUDWLRQV�
RI�WKHVH�HOHPHQWV�LQGXFHG�WKH�GLVPXWDWLRQ�RI� WR�+ 2 �DW�D�UDWH�LQGLVWLQJXLVKDEOH�IURP�WKDW�FDWDO\]HG�
E\�VXSHUR[LGH�GLVPXWDVH����ȝJ�PO���=Q ��DW�FRQFHQWUDWLRQV�WKUHH�RUGHUV�RI�PDJQLWXGH�JUHDWHU�WKDQ�
WKRVH�FDXVLQJ�DOPRVW�FRPSOHWH�EORFNDJH�WR�SURWRQ�FKDQQHOV��ZDV�DOVR�ZLWKRXW�HIIHFW�RQ�WKH�FXUUHQWV�
PHDVXUHG�LQ�HOHFWURSK\VLRORJLFDO�VWXGLHV�SHUIRUPHG�RQ�QHXWURSKLOV��HRVLQRSKLOV��RU�RQ�30$�LQGXFHG�
5E�HIIOX[�IURP�WKHVH�FHOOV�������7KLV�GRHV�QRW�PHDQ�WKDW�+ �PRYHPHQW�WKURXJK�SURWRQ�FKDQQHOV�GRHV�

QRW�FRPSHQVDWH�VRPH�RI�WKH�FKDUJH��EXW�RQO\�WKDW�WKH�MXVWLILFDWLRQ�KLWKHUWR�SURYLGHG�LV�LQFRUUHFW�

&KDUJH�&RPSHQVDWLRQ�E\�&O

:H�VKRZHG�WKDW�. �DFFRXQWV�IRU�RQO\�DERXW���±����RI�WKH�FRPSHQVDWLRQ�RI�WKH�WRWDO�HOHFWURQ�
WUDQVSRUW��DQG��FRQWUDU\�WR�WKH�GHVFULSWLRQ�LQ�D�UHFHQW�FULWLTXH�RI�RXU�ZRUN��������ZH�QHYHU�FODLPHG�WKDW�
LW�ZDV�WKH�RQO\�FRPSHQVDWLQJ�LRQ��0RUH�UHFHQWO\��ZH��-��$KOXZDOLD��*��*DEHOOD��6��3RSH��$��:DUOH\��$��
6HJDO��XQSXEOLVKHG��KDYH�GLVFRYHUHG�WKDW�WKDW�&O ��SDVVLQJ�WKURXJK�VWU\FKQLQH�VHQVLWLYH��JO\FLQH�
DFWLYDWHG�KRPRPHULF�FKDQQHOV��FRPSHQVDWHV�DERXW�����RI�WKH�FKDUJH��7KHVH�FKDQQHOV�ZHUH�
FKDUDFWHUL]HG�E\�SDWFK�FODPSLQJ�ZKROH�FHOOV�DQG�LVRODWHG�SKDJRF\WLF�YDFXROHV��DQG�E\�:HVWHUQ�EORWWLQJ��
7KH�UHPRYDO�RI�&O �RU�WKH�EORFNDJH�RI�WKLV�FKDQQHO�DEROLVKHG�ERWK�WKH�UHVSLUDWRU\�EXUVW�DQG�PLFURELDO�
NLOOLQJ��+LJK�FRQFHQWUDWLRQV�RI�&O �DQG�JO\FLQH�UHTXLUHG�IRU�WKH�RSWLPDO�IXQFWLRQ�RI�WKHVH�FKDQQHOV�DUH�
FRQWDLQHG�ZLWKLQ�WKH�F\WRSODVPLF�JUDQXOHV��ZKLFK�HPSW\�LQWR�WKH�YDFXROH��1$'3+�R[LGDVH�DFWLYLW\�
ZDV�ORVW�ZKHQ�WKH�JUDQXOHV�ZHUH�UHPRYHG�DQG�UHJDLQHG�ZKHQ�&O �ZDV�UHLQWURGXFHG�LQWR�WKH�YDFXROH��
/\VR]\PH��FDWKHSVLQ�*��DQG�HODVWDVH�ZHUH�LQDFWLYDWHG�E\�K\SHUWRQLF�&O ��WKH�UHPRYDO�RI�ZKLFK�ZRXOG�
EH�LPSRUWDQW�IRU�WKHLU�IXQFWLRQ��7KHVH�&O �IOX[HV�SURYLGH�D�GLUHFW�FRXSOH�EHWZHHQ�WKH�H[WHQW�RI�
GHJUDQXODWLRQ�DQG�R[LGDVH�DFWLYLW\�UHTXLUHG�WR�DFWLYDWH�WKH�UHOHDVHG�HQ]\PHV�

7KH�0RYHPHQW�RI�. �LQWR�WKH�9DFXROH�$FWLYDWHV�1(�DQG�&DWKHSVLQ�*

7KH�FRQWHQWV�RI�WKH�F\WRSODVPLF�D]XURSKLO�JUDQXOHV�DUH�QRW�IUHHO\�LQ�VROXWLRQ��7KH\�DUH�DOPRVW�
H[FOXVLYHO\�KLJKO\�FDWLRQLF�SURWHLQV�WKDW�DUH�VWURQJO\�ERXQG�WR�WKH�KLJKO\�QHJDWLYHO\�FKDUJHG�
SURWHRJO\FDQV�KHSDULQ�DQG�FKRQGURLWLQ�VXOSKDWH�������LQ�ZKLFK�VWDWH�WKH\�DUH�LQDFWLYH��7KH\�DUH�
DFWLYDWHG�LQ�WKH�YDFXROH�ERWK�E\�WKH�HOHYDWLRQ�LQ�S+�GHVFULEHG�DERYH�DQG�E\�WKH�K\SHUWRQLF�. ��7KH�
ODWWHU�EUHDNV�WKH�FKDUJHG�LQWHUDFWLRQ�EHWZHHQ�WKH�HQ]\PHV�DQG�WKH�PDWUL[��UHOHDVLQJ�WKHP�LQ�D�VROXEOH�
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IRUP������)LJXUH�����)RU�WKHVH�K\SHUWRQLF�FRQGLWLRQV�WR�GHYHORS��ZDWHU�PXVW�EH�SUHYHQWHG�IURP�HQWHULQJ�
WKH�YDFXROH�LQ�UHVSRQVH�WR�WKH�RVPRWLF�DWWUDFWLRQ�RI�WKH�VDOWV��7KLV�LV�DFKLHYHG�E\�HQFDVLQJ�WKH�YDFXROH�
LQ�D�PHVKZRUN�RI�F\WRVNHOHWDO�SURWHLQV��LQFOXGLQJ�SD[LOOLQ�DQG�YLQFXOLQ�

)LJXUH��

6FKHPDWLF�UHSUHVHQWDWLRQ�RI�LQWHUDFWLRQ�EHWZHHQ�1$'3+�R[LGDVH�DQG�JUDQXOH�SURWHDVHV��(OHFWURQ�WUDQVSRUW�
WKURXJK�IODYRF\WRFKURPH�E �FRQVXPHV�SURWRQV�LQ�WKH�YDFXROH��HOHYDWLQJ�S+�WR�D�OHYHO�RSWLPDO�IRU�QHXWUDO�
SURWHDVHV��ZKLFK�DUH�DOVR�DFWLYDWHG�E\�. �GULYHQ�LQWR�WKH�YDFXROH�WR�FRPSHQVDWH�WKH�FKDUJH�DFURVV�WKH�
PHPEUDQH��7KH�K\SHUWRQLF�. �VROXELOL]HV�WKH�FDWLRQLF�JUDQXOH�SURWHDVHV�DQG�SHSWLGHV�E\�GLVSODFLQJ�WKHP�
IURP�WKH�DQLRQLF�VXOSKDWHG�SURWHRJO\FDQ�JUDQXOH�PDWUL[��7KH�UHTXLUHPHQW�IRU�DQ�DONDOLQH��K\SHUWRQLF�
HQYLURQPHQW�UHVWULFWV�WKH�WR[LFLW\�RI�WKHVH�SURWHLQV�WR�WKH�YDFXRODU�FRPSDUWPHQW��WKHUHE\�OLPLWLQJ�GDPDJH�
WR�QRUPDO�WLVVXHV�

7KH�LPSRUWDQFH�RI�WKH�DFFXPXODWLRQ�RI�. �LQ�WKH�YDFXROH�ZDV�VKRZQ�ZKHQ�WKLV�ZDV�GLPLQLVKHG�HLWKHU�
ZLWK�WKH�. �LRQRSKRUH�YDOLQRP\FLQ������RU�E\�EORFNLQJ�WKH�%. �FKDQQHO�ZLWK�WKH�VSHFLILF�LQKLELWRUV�
,%7;�RU�3$;�������,Q�ERWK�FDVHV��PLFURELDO�NLOOLQJ�DQG�GLJHVWLRQ�ZDV�DOPRVW�FRPSOHWHO\�SUHYHQWHG��
)LJXUH����GHVSLWH�WKH�JHQHUDWLRQ�RI�QRUPDO�TXDQWLWLHV�RI�526�DQG�QRUPDO�OHYHOV�RI�LRGLQDWLRQ�

:K\�:DV�WKH�,PSRUWDQFH�RI�*UDQXOH�&RQWHQWV�LQ�WKH�.LOOLQJ�3URFHVV�VR�2YHUVKDGRZHG�E\�
526�DQG�032�0HGLDWHG�+DORJHQDWLRQ"

7KH�WKHRU\�WKDW�PLFUREHV�DUH�NLOOHG�ZLWKLQ�WKH�SKDJRF\WLF�YDFXROH�E\�526�KDG�IHUWLOH�JURXQG�RQ�ZKLFK�
WR�GHYHORS��7KH�ODFN�RI�SURGXFWLRQ�RI� DQG�+ 2 �LQ�DQDHURELF�FHOOV�DQG�LQ�&*'�ZLWK�LPSDLUHG�
NLOOLQJ�XQGHU�WKHVH�FRQGLWLRQV�VXSSRUWHG�WKLV�WKHRU\����������DV�GLG�WKH�FRQFHSW�RI�WR[LFLW\�HQJHQGHUHG�LQ�
WKH�QDPH�³UHDFWLYH�R[\JHQ�VSHFLHV�´�$OWKRXJK�H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ�VXSSRUW�RI�WKHVH�LGHDV��
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WKH�FRQGLWLRQV�XQGHU�ZKLFK�WKH\�ZHUH�SHUIRUPHG�LQ�QR�ZD\�UHIOHFWHG�WKH�FRQGLWLRQV�SHUWDLQLQJ�LQ�WKH�
YDFXROH��7KH\�ZHUH�RIWHQ�GRQH�DW�WKH�ZURQJ�S+��DQG�QHYHU�LQ�WKH�SUHVHQFH�RI�WKH�HQRUPRXVO\�KLJK�
FRQFHQWUDWLRQV�RI�SURWHLQ�WKDW�RFFXU�QDWXUDOO\�

,QLWLDO�VWXGLHV�FODLPHG�WKDW�NLOOLQJ�RFFXUUHG�E\� JHQHUDWHG�E\�WKH�UHDFWLRQ�RI�[DQWKLQH�ZLWK�[DQWKLQH�
R[LGDVH��EXW�LQ�IDFW�LQ�WKRVH�H[SHULPHQWV�WKH�PLFUREHV�ZHUH�NLOOHG�LQ�WKH�DEVHQFH�RI�WKH�VXEVWUDWH�
[DQWKLQH��DQG�NLOOLQJ�ZDV�QRW�LQKLELWHG�E\�VXSHUR[LGH�GLVPXWDVH�������,Q�D�VLPLODU�H[SHULPHQW��QR�
NLOOLQJ�RI�EDFWHULD�E\� ZDV�REVHUYHG�DIWHU����PLQ������

+ 2

+ 2 ��ZKLFK�LV�XVHG�DV�D�WRSLFDO�DQWLVHSWLF��������LV�SURGXFHG�E\�QHXWURSKLOV�DQG�KDV�EHHQ�WKRXJKW�RI�
DV�FDSDEOH�RI�NLOOLQJ�PLFUREHV�ZLWKLQ�WKHP�������������6XSSRUWLYH�HYLGHQFH�ZDV�SURYLGHG�E\�WKH�
ILQGLQJ�WKDW�FDWDODVH�QHJDWLYH�RUJDQLVPV�UDUHO\�LQIHFW�SDWLHQWV�ZLWK�&*'��������7KH�H[SODQDWLRQ�ZDV�
WKDW�WKHVH�EDFWHULD�JHQHUDWHG�HQRXJK�+ 2 �WR�FDWDO\]H�WKHLU�RZQ�032�PHGLDWHG�KDORJHQDWLRQ�ZLWKLQ�
WKH�YDFXROH�RI�WKH�QHXWURSKLO�������������,Q�YLWUR�PXWDJHQHVLV�ZDV�XVHG�WR�JHQHUDWH�VWUDLQV�RI�6��DXUHXV�
FRQWDLQLQJ�YDU\LQJ�OHYHOV�RI�FDWDODVH��DQG�WKHLU�YLUXOHQFH�LQ�PLFH�ZDV�IRXQG�WR�EH�LQYHUVHO\�
SURSRUWLRQDO�WR�WKHLU�FDWDODVH�FRQWHQW��������5HFHQWO\��KRZHYHU��GRXEWV�KDYH�EHHQ�FDVW�RQ�WKLV�WKHRU\��
&DWDODVH�GHILFLHQW�$��QLGXODQV�������DQG�6��DXUHXV�������DUH�DV�YLUXOHQW�DV�WKH�FDWDODVH�SRVLWLYH�YDULHWLHV�
LQ�PRXVH�PRGHOV�RI�&*'��DQG�WKH�EDFWHULD�FRXOG�QHYHU�FRPH�QHDU�WR�SURGXFLQJ�WKH�UHODWLYHO\�HQRUPRXV�
TXDQWLWLHV�RI�+ 2 �JHQHUDWHG�HYHQ�E\�FHOOV�IURP�SDWLHQWV�ZLWK�YDULDQW�&*'�

:KHQ�JOXFRVH�R[LGDVH�ZDV�DGPLQLVWHUHG�WR�&*'�FHOOV�LQ�OLSRVRPHV��LW�DSSHDUHG�WR�FRUUHFW�WKH�NLOOLQJ�
GHIHFW�������������+RZHYHU��QR�H[SODQDWLRQ�ZDV�SURYLGHG�DV�WR�KRZ�JOXFRVH�ZRXOG�JDLQ�DFFHVV�WR�WKH�
YDFXROH�LQ�DGHTXDWH�DPRXQWV�WR�JHQHUDWH�VXIILFLHQW�TXDQWLWLHV�RI�+ 2 ��DQG�WKH�NLOOLQJ�RI�EDFWHULD�LQ�WKH�
H[WUDFHOOXODU�PHGLXP�ZDV�QRW�H[FOXGHG�

032

([SHULPHQWV�WKDW�GHPRQVWUDWHG�WKDW�WKH�032�+ 2 �KDOLGH�V\VWHP�FDQ�NLOO�EDFWHULD�LQ�WKH�WHVW�WXEH������
�������ZHUH�FRQGXFWHG�XQGHU�QRQSK\VLRORJLFDO�FRQGLWLRQV��ZLWK�UHODWLYHO\�ORZ�FRQFHQWUDWLRQV�RI�032�
����ȝJ�PO�UDWKHU�WKDQ�����PJV�PO���DW�ORZ�S+������UDWKHU�WKDQ����±������DQG��PRVW�LPSRUWDQW�RI�DOO��LQ�
WKH�DEVHQFH�RI�WKH�KLJK�OHYHOV�RI�SURWHLQV��DSSUR[LPDWHO\�����PJV�PO��IRXQG�LQ�WKH�YDFXROH��:KHQ�
EDFWHULD�ZHUH�H[SRVHG�WR�����P0�+ 2 �RU���P0�+2&O�LQ�WKH�SUHVHQFH�RI����PJ�PO�JUDQXOH�SURWHLQV�
�WHFKQLFDOO\�PXFK�PRUH�PDQDJHDEOH�WKDQ�WKH�H[SHULPHQWDOO\�GHWHUPLQHG�����PJ�PO���NLOOLQJ�ZDV�
DOPRVW�DEROLVKHG�������

1HXWURSKLOV�FOHDUO\�LRGLQDWH�DQG�FKORULQDWH�SURWHLQV�ZKHQ�EDFWHULD�DUH�SKDJRF\WRVHG��DQG�WKLV�
KDORJHQDWLRQ�LV�GHSHQGHQW�RQ�DQ�DFWLYH�1$'3+�R[LGDVH�DQG�032��������+RZHYHU��LW�LV�ODUJHO\�WKH�
SURWHLQV�RI�WKH�QHXWURSKLO�JUDQXOH�UDWKHU�WKDQ�WKH�PLFURELDO�SURWHLQV�WKDW�DUH�LRGLQDWHG������������DQG�
FKORULQDWHG��������D�KLJKO\�LQHIILFLHQW�V\VWHP�LI�LWV�SULPDU\�SXUSRVH�LV�WR�KDORJHQDWH�EDFWHULDO�SURWHLQV��
)XUWKHU�LQGLFDWLRQV�DV�WR�WKH�LQHIILFLHQF\�RI�WKH�SURSRVHG�V\VWHP�FRPH�IURP�WKH�DPRXQWV�RI�+ 2
JHQHUDWHG��,W�VHHPV�KLJKO\�XQOLNHO\�WKDW�VXEVWUDWH�ZRXOG�QHHG�WR�EH�SURYLGHG�DW�PRODU�FRQFHQWUDWLRQV�
DQG�WKDW�WKH�����P0�+ 2 �SURGXFHG�E\�SDWLHQWV�ZLWK�YDULDQW�&*'�ZRXOG�EH�LQVXIILFLHQW�ZKHQ�LW�LV�
HIIHFWLYH�DW����ȝ0�LQ�WKH�WHVW�WXEH������

$�IHZ�SDWLHQWV�ZHUH�GLVFRYHUHG�ZKRVH�QHXWURSKLOV�ODFNHG�032�ZKR�ZHUH�DOVR�WKRXJKW�WR�EH�
LPPXQRGHILFLHQW�������DQG�DQ�032�NQRFNRXW�PRXVH�ZDV�VKRZQ�WR�EH�VXVFHSWLEOH�WR�\HDVW�EXW�QRW�
EDFWHULDO�LQIHFWLRQ�������+RZHYHU��WKH�DGYHQW�RI�DXWRPDWHG�GLIIHUHQWLDO�OHXNRF\WH�FRXQWLQJ�PDFKLQHV��LQ�
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ZKLFK�WKH�LGHQWLILFDWLRQ�RI�QHXWURSKLOV�GHSHQGHG�RQ�D�SHUR[LGDVH�VWDLQ��UHYHDOHG�WKDW�DERXW���LQ������RI�
WKH�JHQHUDO�SRSXODWLRQ�DUH�032�GHILFLHQW�ZLWKRXW�DQ\�XQGXH�SUHGLVSRVLWLRQ�WR�LQIHFWLRQ��������7KH�
QHXWURSKLOV�RI�ELUGV�DOVR�ODFN�032�������

2QH�SRVVLEOH�IXQFWLRQ�RI�032�LV�WR�SURWHFW�WKH�GLJHVWLYH�HQ]\PHV�IURP�R[LGDWLYH�GHQDWXUDWLRQ�������E\�
UHPRYLQJ�+ 2 �IURP�WKH�SKDJRF\WLF�YDFXROH��032�KDV�FDWDODVH�DFWLYLW\��������EXW�WKLV�RQO\�IXQFWLRQV�
HIILFLHQWO\�LI�WKH�FRPSRXQG�,,�WKDW�DFFXPXODWHV�LV�UHGXFHG�EDFN�WR�WKH�QDWLYH�HQ]\PH��7KLV�UHGXFWLRQ�
FDQ�EH�DFKLHYHG�E\�WKH�KLJK�FRQFHQWUDWLRQV�RI� LQ�WKH�YDFXROH�ZLWK�ZKLFK�032�IRUPV�DQ�DGGXFW�WR�
SURGXFH�FRPSRXQG�,,,��������7KH�LPSDLUHG�PLFURELDO�NLOOLQJ�REVHUYHG�LQ�WKH�032�NQRFNRXW�PRXVH�
������FRXOG�UHVXOW�IURP�R[LGDWLYH�LQDFWLYDWLRQ�RI�DQWLPLFURELDO�SURWHLQV�E\�WKH�+ 2 �WKDW�DFFXPXODWHV�
XQGHU�WKHVH�FRQGLWLRQV�������

032�PD\�DOVR�KDYH�GXDO�IXQFWLRQV��RQH�DV�D�FDWDODVH�XQGHU�WKH�FRQGLWLRQV�SHUWDLQLQJ�LQ�WKH�YDFXROH��
EXW�DQRWKHU�LQ�D�PLFURELFLGDO�FDSDFLW\�RXWVLGH�WKH�FHOO�ZKHUH�HQ]\PH�DQG�VXEVWUDWH�LV�PXFK�PRUH�GLOXWH��
DQG�WKH�S+��ZKLFK�LV�JHQHUDOO\�ORZ�DW�VLWHV�RI�LQIHFWLRQ�DQG�LQIODPPDWLRQ��LV�PRUH�FRQGXFLYH�WR�
KDORJHQDWLRQ�UHDFWLRQV�

&21&/8',1*�5(0$5.6�$1'�3(563(&7,9(6

7KH�FRPSOH[LW\�RI�WKH�1$'3+�R[LGDVH�DQG�LWV�DVVRFLDWHG�LRQ�IOX[HV�PLJKW�VHHP�H[FHVVLYH�IRU�WKH�
DSSDUHQWO\�VLPSOH�SXUSRVH�RI�DFWLYDWLQJ�HQ]\PHV�ZLWKLQ�WKH�SKDJRVRPH��7KHVH�HQ]\PHV��KRZHYHU��
KDYH�WKH�SRWHQWLDO�WR�EH�KLJKO\�GHVWUXFWLYH�WR�QRUPDO�WLVVXHV��DQG�\HW�RUJDQV�KRXVLQJ�WKH�PRVW�H[XEHUDQW�
LQIODPPDWLRQ�DQG�QHXWURSKLO�LQILOWUDWLRQ�FDQ�XQGHUJR�UHVROXWLRQ�DQG�UHWXUQ�FRPSOHWHO\�WR�QRUPDO�D�
ZHHN�RU�WZR�ODWHU��6RPH�RI�WKH�QHXWURSKLO�DUH�UHPRYHG�E\�DSRSWRVLV��EXW�PDQ\�DOVR�QHFURVH�ZLWK�WKH�
UHVXOWDQW�UHOHDVH�RI�WKHLU�JUDQXOHV��7KH�UHTXLUHPHQW�RI�WKH�FRPELQDWLRQ�RI�K\SHUWRQLFLW\�DQG�DONDOLQLW\��
QHLWKHU�RI�ZKLFK�RFFXUV�QDWXUDOO\�LQ�LQIODPPDWRU\�IRFL��IRU�WKH�DFWLYDWLRQ�RI�WKHVH�HQ]\PHV�VHYHUHO\�
OLPLWV�WKH�WR[LFLW\�RI�JUDQXOHV�UHOHDVHG�LQWR�WKH�WLVVXHV��)LJXUH����

7KH�GHPRQVWUDWLRQ�WKDW�526�DQG�032�PHGLDWHG�KDORJHQDWLRQ�DUH�QRW�WKH�SULPDU\�NLOOLQJ�V\VWHPV�WKH\�
ZHUH�ORQJ�EHOLHYHG�WR�EH�KDV�UHRSHQHG�PDQ\�TXHVWLRQV�UHODWLQJ�WR�PHFKDQLVPV�RI�LQQDWH�LPPXQLW\�LQ�
WKH�QHXWURSKLO��7KH�UROHV�RI�WKH�GLIIHUHQW�JUDQXOH�FRQVWLWXHQWV�LQ�WKH�NLOOLQJ�DQG�GLJHVWLRQ�RI�VSHFLILF�
RUJDQLVPV�LV�RI�LQWHUHVW��DV�DUH�WKH�FRQVHTXHQFHV�RI�WKH�LQWHUDFWLRQ�RI�526�ZLWK�WKHVH�JUDQXOH�FRQWHQWV�
RQ�WKHLU�ELRSK\VLFDO��ELRFKHPLFDO��DQG�KHQFH�DQWLPLFURELDO�SURSHUWLHV�

$�QXPEHU�RI�SUREOHPV�VWLOO�QHHG�WR�EH�UHVROYHG�WR�FODULI\�WKH�PHFKDQLVPV�LQYROYHG�LQ�FKDUJH�
FRPSHQVDWLRQ�DFURVV�WKH�YDFXRODU�PHPEUDQH��7KHVH�LQFOXGH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�FKDQQHOV�
FRQGXFWLQJ�WKHVH�FKDUJHV�DQG�HOHFWURQ�WUDQVSRUW�WKURXJK�IODYRF\WRFKURPH�E �DQG�WKH�PHFKDQLVPV�
UHVSRQVLEOH�IRU�DFWLYDWLQJ��UHJXODWLQJ��DQG�LQWHJUDWLQJ�WKH�IOX[HV�RI�WKHVH�GLIIHUHQW�LRQV�

$&.12:/('*0(176

,�WKDQN�WKH�:HOOFRPH�7UXVW�DQG�&*'�5HVHDUFK�7UXVW�IRU�VXSSRUW��DQG�-DWLQGHU�$KOXZDOLD��6LPRQ�3RSH��
DQG�'DQLHO�0DUNV�IRU�UHDGLQJ�WKH�PDQXVFULSW��,�DSRORJL]H�WR�DOO�LQYHVWLJDWRUV�ZKRVH�ZRUN�KDV�QRW�EHHQ�
FLWHG�RZLQJ�WR�VSDFH�UHVWULFWLRQV�

/,7(5$785(�&,7('

�� &RKQ�=$��+LUVFK�-*��7KH�LQIOXHQFH�RI�SKDJRF\WRVLV�RQ�WKH�LQWUDFHOOXODU�GLVWULEXWLRQ�RI�JUDQXOH�
DVVRFLDWHG�FRPSRQHQWV�RI�SRO\PRUSKRQXFOHDU�OHXFRF\WHV��-��([S��0HG���������������±���
>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

�� ,\HU�*<1��,VODP�'0)��4XDVWHO�-+��%LRFKHPLFDO�DVSHFWV�RI�SKDJRF\WRVLV��1DWXUH��������������±���
>*RRJOH�6FKRODU@
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���+ROPHV�%��3DJH�$5��*RRG�5$��6WXGLHV�RI�WKH�PHWDEROLF�DFWLYLW\�RI�OHXNRF\WHV�IURP�SDWLHQWV�ZLWK�D�
JHQHWLF�DEQRUPDOLW\�RI�SKDJRF\WH�IXQFWLRQ��-��&OLQ��,QYHVW��������������±��� >30&�IUHH�DUWLFOH@
>3XE0HG@�>*RRJOH�6FKRODU@

���.OHEDQRII�6-��:KLWH�/5��,RGLQDWLRQ�GHIHFW�LQ�WKH�OHXNRF\WHV�RI�D�SDWLHQW�ZLWK�FKURQLF�JUDQXORPDWRXV�
GLVHDVH�RI�FKLOGKRRG��1��(QJO��-��0HG��������������±����>3XE0HG@�>*RRJOH�6FKRODU@

���%DELRU�%0��.LSQHV�56��&XUQXWWH�-7��%LRORJLFDO�GHIHQFH�PHFKDQLVPV��WKH�SURGXFWLRQ�E\�OHXNRF\WHV�
RI�VXSHUR[LGH��D�SRWHQWLDO�EDFWHULFLGDO�DJHQW��-��&OLQ��,QYHVW�������������±��� >30&�IUHH�DUWLFOH@
>3XE0HG@�>*RRJOH�6FKRODU@

���5HHYHV�(3��/X�+��-DFREV�+/��0HVVLQD�&*��%ROVRYHU�6��HW�DO��.LOOLQJ�DFWLYLW\�RI�QHXWURSKLOV�LV�
PHGLDWHG�WKURXJK�DFWLYDWLRQ�RI�SURWHDVHV�E\�. �IOX[��1DWXUH��������������±����>3XE0HG@�
>*RRJOH�6FKRODU@

���9HQWR�6��&DLQHOOL�)��,QIHFWLRQV�LQ�SDWLHQWV�ZLWK�FDQFHU�XQGHUJRLQJ�FKHPRWKHUDS\��DHWLRORJ\��
SUHYHQWLRQ��DQG�WUHDWPHQW��/DQFHW�2QFRO������������±�����>3XE0HG@�>*RRJOH�6FKRODU@

���:LQNHOVWHLQ�-$��0DULQR�0&��-RKQVWRQ�5%-��%R\OH�-��&XUQXWWH�-��HW�DO��&KURQLF�JUDQXORPDWRXV�
GLVHDVH��5HSRUW�RQ�D�QDWLRQDO�UHJLVWU\�RI�����SDWLHQWV��0HGLFLQH��%DOWLPRUH�������������±���
>3XE0HG@�>*RRJOH�6FKRODU@

���6HJDO�$:��+DUSHU�$0��*DUFLD�5&��0HU]EDFK�'��7KH�DFWLRQ�RI�FHOOV�IURP�SDWLHQWV�ZLWK�FKURQLF�
JUDQXORPDWRXV�GLVHDVH�RQ�6WDSK\ORFRFFXV�DXUHXV��-��0HG��0LFURELRO�������������±����>3XE0HG@�
>*RRJOH�6FKRODU@

����7KUDVKHU�$-��.HHS�1+��:LHQWMHV�)��6HJDO�$:��&KURQLF�JUDQXORPDWRXV�GLVHDVH��%LRFKLP��%LRSK\V��
$FWD�������������±����>3XE0HG@�>*RRJOH�6FKRODU@

����0DQGHOO�*/��%DFWHULFLGDO�DFWLYLW\�RI�DHURELF�DQG�DQDHURELF�SRO\PRUSKRQXFOHDU�QHXWURSKLOV��,QIHFW��
,PPXQ������������±��� >30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

����&URVV�$5��6HJDO�$:��7KH�1$'3+�R[LGDVH�RI�SURIHVVLRQDO�SKDJRF\WHV²SURWRW\SH�RI�WKH�12;�
HOHFWURQ�WUDQVSRUW�FKDLQ�V\VWHPV��%LRFKHP��%LRSK\VLFD�$FWD²%LRHQHUJHWLFV�������������±���
>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

����9LJQDLV�39��7KH�VXSHUR[LGH�JHQHUDWLQJ�1$'3+�R[LGDVH��VWUXFWXUDO�DVSHFWV�DQG�DFWLYDWLRQ�
PHFKDQLVP��&HOO��0RO��/LIH�6FL��������������±����>3XE0HG@�>*RRJOH�6FKRODU@

����7D\ORU�:5��-RQHV�'7��6HJDO�$:��$�VWUXFWXUDO�PRGHO�IRU�WKH�QXFOHRWLGH�ELQGLQJ�GRPDLQV�RI�WKH�
IODYRF\WRFKURPH�E ȕ�FKDLQ��3URWHLQ�6FL�������������±��� >30&�IUHH�DUWLFOH@�>3XE0HG@�
>*RRJOH�6FKRODU@

����:LHQWMHV�)%��6HJDO�$:��3;�GRPDLQ�WDNHV�VKDSH��&XUU��2SLQ��+HPDWRO�����������±���>3XE0HG@�
>*RRJOH�6FKRODU@

����/HZ�3'��6RXWKZLFN�)6��6WRVVHO�73��:KLWLQ�-&��6LPRQV�(��&RKHQ�+-��$�YDULDQW�RI�FKURQLF�
JUDQXORPDWRXV�GLVHDVH��GHILFLHQW�R[LGDWLYH�PHWDEROLVP�GXH�WR�D�ORZ�DIILQLW\�1$'3+�R[LGDVH��1��(QJO��
-��0HG���������������±����>3XE0HG@�>*RRJOH�6FKRODU@

����6HJDO�$:��'RUOLQJ�-��&RDGH�6��.LQHWLFV�RI�IXVLRQ�RI�WKH�F\WRSODVPLF�JUDQXOHV�ZLWK�SKDJRF\WLF�
YDFXROHV�LQ�KXPDQ�SRO\PRUSKRQXFOHDU�OHXNRF\WHV��%LRFKHPLFDO�DQG�PRUSKRORJLFDO�VWXGLHV��-��&HOO�
%LRO������������±��� >30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@
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��� %ULJJV�57��5RELQVRQ�-0��.DUQRYVN\�0/��.DUQRYVN\�0-��6XSHUR[LGH�SURGXFWLRQ�E\
SRO\PRUSKRQXFOHDU�OHXNRF\WHV��$F\WRFKHPLFDO�DSSURDFK��+LVWRFKHPLVWU\�������������±����>3XE0HG@�
>*RRJOH�6FKRODU@

��� 6HJDO�$:��0HVKXODP�7��3URGXFWLRQ�RI�VXSHUR[LGH�E\�QHXWURSKLOV��D�UHDSSUDLVDO��)(%6�/HWW�
�����������±����>3XE0HG@�>*RRJOH�6FKRODU@

��� 7KRPDV�0-��+HGULFN�&&��6PLWK�6��3DQJ�-��-HURPH�:*��HW�DO��6XSHUR[LGH�JHQHUDWLRQ�E\�WKH�KXPDQ
SRO\PRUSKRQXFOHDU�OHXNRF\WH�LQ�UHVSRQVH�WR�ODWH[�EHDGV��-��/HXNRF��%LRO�������������±����>3XE0HG@�
>*RRJOH�6FKRODU@

��� 0F&RUG�-0��)ULGRYLFK�,��6XSHUR[LGH�GLVPXWDVH��$Q�HQ]\PLF�IXQFWLRQ�IRU�HU\WKURFXSUHLQ
�KHPRFXSUHLQ��-��%LRO��&KHP���������������±����>3XE0HG@�>*RRJOH�6FKRODU@

��� +DPSWRQ�0%��.HWWOH�$-��:LQWHUERXUQ�&&��,QVLGH�WKH�QHXWURSKLO�SKDJRVRPH��R[LGDQWV�
P\HORSHUR[LGDVH��DQG�EDFWHULDO�NLOOLQJ��%ORRG��������������±����>3XE0HG@�>*RRJOH�6FKRODU@

��� +DOOLZHOO�%��*XWWHULGJH�-0&��)UHH�5DGLFDOV�LQ�%LRORJ\�DQG�0HGLFLQH��1HZ�<RUN��2[IRUG�8QLY�
3UHVV��������>*RRJOH�6FKRODU@

��� %DELRU�%0��&XUQXWWH�-7��.LSQHV�56��%LRORJLFDO�GHIHQVH�PHFKDQLVPV��(YLGHQFH�IRU�WKH
SDUWLFLSDWLRQ�RI�VXSHUR[LGH�LQ�EDFWHULDO�NLOOLQJ�E\�[DQWKLQH�R[LGDVH��-��/DE��&OLQ��0HG�������������±���
>3XE0HG@�>*RRJOH�6FKRODU@

��� 5RVHQ�+��.OHEDQRII�6-��%DFWHULFLGDO�DFWLYLW\�RI�D�VXSHUR[LGH�DQLRQ�JHQHUDWLQJ�V\VWHP��$�PRGHO�IRU
WKH�SRO\PRUSKRQXFOHDU�OHXNRF\WH��-��([S��0HG�������������±��� >30&�IUHH�DUWLFOH@�>3XE0HG@�
>*RRJOH�6FKRODU@

��� $PEUXVR�'5��-RKQVWRQ�5%���-U�/DFWRIHUULQ�HQKDQFHV�K\GUR[\O�UDGLFDO�SURGXFWLRQ�E\�KXPDQ
QHXWURSKLOV��QHXWURSKLO�SDUWLFXODWH�IUDFWLRQV��DQG�DQ�HQ]\PDWLF�JHQHUDWLQJ�V\VWHP��-��&OLQ��,QYHVW��
�����������±��� >30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

��� 5RVHQ�+��5ROH�RI�K\GUR[\O�UDGLFDO�LQ�SRO\PRUSKRQXFOHDU�OHXNRF\WH�PHGLDWHG�EDFWHULFLGDO�DFWLYLW\�
$JHQWV�$FWLRQV�6XSSO������������±����>3XE0HG@�>*RRJOH�6FKRODU@

��� &RKHQ�06��%ULWLJDQ�%(��3RX�6��5RVHQ�*0��$SSOLFDWLRQ�RI�VSLQ�WUDSSLQJ�WR�KXPDQ�SKDJRF\WLF
FHOOV��LQVLJKW�LQWR�FRQGLWLRQV�IRU�IRUPDWLRQ�DQG�OLPLWDWLRQ�RI�K\GUR[\O�UDGLFDO��)UHH�5DGLF��5HV��
&RPPXQ���������±���3W�������±����>3XE0HG@�>*RRJOH�6FKRODU@

��� *XWWHULGJH�-0��3DWHUVRQ�6.��6HJDO�$:��+DOOLZHOO�%��,QKLELWLRQ�RI�OLSLG�SHUR[LGDWLRQ�E\�WKH�LURQ�
ELQGLQJ�SURWHLQ�ODFWRIHUULQ��%LRFKHP��-��������������±��� >30&�IUHH�DUWLFOH@�>3XE0HG@�
>*RRJOH�6FKRODU@

��� :LQWHUERXUQ�&&��/DFWRIHUULQ�FDWDO\VHG�K\GUR[\O�UDGLFDO�SURGXFWLRQ��$GGLWLRQDO�UHTXLUHPHQW�IRU�D
FKHODWLQJ�DJHQW��%LRFKHP��-�������������±��� >30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

��� %ULWLJDQ�%(��+DVVHWW�'-��5RVHQ�*0��+DPLOO�'5��&RKHQ�06��1HXWURSKLO�GHJUDQXODWLRQ�LQKLELWV
SRWHQWLDO�K\GUR[\O�UDGLFDO�IRUPDWLRQ��5HODWLYH�LPSDFW�RI�P\HORSHUR[LGDVH�DQG�ODFWRIHUULQ�UHOHDVH�RQ�
K\GUR[\O�UDGLFDO�SURGXFWLRQ�E\�LURQ�VXSSOHPHQWHG�QHXWURSKLOV�DVVHVVHG�E\�VSLQ�WUDSSLQJ�WHFKQLTXHV��
%LRFKHP��-��������������±��� >30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

��� 5RVHQ�*0��3RX�6��5DPRV�&/��&RKHQ�06��%ULWLJDQ�%(��)UHH�UDGLFDOV�DQG�SKDJRF\WLF�FHOOV��)$6(%
-������������±���>3XE0HG@�>*RRJOH�6FKRODU@

��� %DQHUMHH�5��5DJVGDOH�6:��7KH�PDQ\�IDFHV�RI�YLWDPLQ�%����FDWDO\VLV�E\�FREDODPLQ�GHSHQGHQW
HQ]\PHV��$QQX��5HY��%LRFKHP�������������±����>3XE0HG@�>*RRJOH�6FKRODU@



��� :HQWZRUWK�3��-U��0F'XQQ�-(��:HQWZRUWK�$'��7DNHXFKL�&��1LHYD�-��HW�DO��(YLGHQFH�IRU�DQWLERG\�
FDWDO\]HG�R]RQH�IRUPDWLRQ�LQ�EDFWHULDO�NLOOLQJ�DQG�LQIODPPDWLRQ��6FLHQFH���������������±���
>3XE0HG@�>*RRJOH�6FKRODU@

��� %DELRU�%0��7DNHXFKL�&��5XHGL�-��*XWLHUUH]�$��:HQWZRUWK�3���-U�,QYHVWLJDWLQJ�DQWLERG\�FDWDO\]HG
R]RQH�JHQHUDWLRQ�E\�KXPDQ�QHXWURSKLOV��3URF��1DWO��$FDG��6FL��86$���������������±���
>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

��� .HWWOH�$-��&ODUN�%0��:LQWHUERXUQ�&&��6XSHUR[LGH�FRQYHUWV�LQGLJR�FDUPLQH�WR�LVDWLQ�VXOIRQLF�DFLG�
LPSOLFDWLRQV�IRU�WKH�K\SRWKHVLV�WKDW�QHXWURSKLOV�SURGXFH�R]RQH��-��%LRO��&KHP����������������±���
>3XE0HG@�>*RRJOH�6FKRODU@

��� )LHGOHU�7-��'DYH\�&$��)HQQD�5(��;�UD\�FU\VWDO�VWUXFWXUH�DQG�FKDUDFWHUL]DWLRQ�RI�KDOLGH�ELQGLQJ
VLWHV�RI�KXPDQ�P\HORSHUR[LGDVH�DW�����Ⴒ�UHVROXWLRQ��-��%LRO��&KHP����������������±����>3XE0HG@�
>*RRJOH�6FKRODU@

��� .OHEDQRII�6-��0\HORSHUR[LGDVHKDOLGH�K\GURJHQ�SHUR[LGH�DQWLEDFWHULDO�V\VWHP��-��%DFWHULRO�
������������±��� >30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

��� .OHEDQRII�6-��$QWLPLFURELDO�PHFKDQLVPV�LQ�QHXWURSKLOLF�SRO\PRUSKRQXFOHDU�OHXNRF\WHV��6HPLQ�
+HPDWRO�������������±����>3XE0HG@�>*RRJOH�6FKRODU@

��� .OHEDQRII�6-��,RGLQDWLRQ�RI�EDFWHULD��D�EDFWHULFLGDO�PHFKDQLVP��-��([S��0HG���������������±���
>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

��� +DPSWRQ�0%��.HWWOH�$-��:LQWHUERXUQ�&&��,QYROYHPHQW�RI�VXSHUR[LGH�DQG�P\HORSHUR[LGDVH�LQ
R[\JHQ�GHSHQGHQW�NLOOLQJ�RI�6WDSK\ORFRFFXV�DXUHXV�E\�QHXWURSKLOV��,QIHFW��,PPXQ��������������±���
>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

��� /HKUHU�5,��+DQLILQ�-��&OLQH�0-��'HIHFWLYH�EDFWHULFLGDO�DFWLYLW\�LQ�P\HORSHUR[LGDVH�GHILFLHQW�KXPDQ
QHXWURSKLOV��1DWXUH�������������±����>3XE0HG@�>*RRJOH�6FKRODU@

��� $UDWDQL�<��.XUD�)��:DWDQDEH�+��$NDJDZD�+��7DNDQR�<��HW�DO��'LIIHUHQWLDO�KRVW�VXVFHSWLELOLW\�WR
SXOPRQDU\�LQIHFWLRQV�ZLWK�EDFWHULD�DQG�IXQJL�LQ�PLFH�GHILFLHQW�LQ�P\HORSHUR[LGDVH��-��,QIHFW��'LV��
�������������±����>3XE0HG@�>*RRJOH�6FKRODU@

��� *DXW�-3��<HK�*&��7UDQ�+'��%\XQ�-��+HQGHUVRQ�-3��HW�DO��1HXWURSKLOV�HPSOR\�WKH�P\HORSHUR[LGDVH
V\VWHP�WR�JHQHUDWH�DQWLPLFURELDO�EURPLQDWLQJ�DQG�FKORULQDWLQJ�R[LGDQWV�GXULQJ�VHSVLV��3URF��1DWO��$FDG��
6FL��86$���������������±��� >30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

��� $UDWDQL�<��.R\DPD�+��1\XL�6��6X]XNL�.��.XUD�)��0DHGD�1��6HYHUH�LPSDLUPHQW�LQ�HDUO\�KRVW
GHIHQVH�DJDLQVW�&DQGLGD�DOELFDQV�LQ�PLFH�GHILFLHQW�LQ�P\HORSHUR[LGDVH��,QIHFW��,PPXQ��������������±
��� >30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

��� :KHHOHU�0$��6PLWK�6'��*DUFLD�&DUGHQD�*��1DWKDQ�&)��:HLVV�50��6HVVD�:&��%DFWHULDO�LQIHFWLRQ
LQGXFHV�QLWULF�R[LGH�V\QWKDVH�LQ�KXPDQ�QHXWURSKLOV��-��&OLQ��,QYHVW�������������±��� >30&�IUHH�DUWLFOH@
>3XE0HG@�>*RRJOH�6FKRODU@

��� &KDNUDYRUWW\�'��+HQVHO�0��,QGXFLEOH�QLWULF�R[LGH�V\QWKDVH�DQG�FRQWURO�RI�LQWUDFHOOXODU�EDFWHULDO
SDWKRJHQV��0LFUREHV��,QIHFW������������±����>3XE0HG@�>*RRJOH�6FKRODU@

��� )OHPLQJ�$��2Q�D�UHPDUNDEOH�EDFWHULRO\WLF�HOHPHQW�IRXQG�LQ�WLVVXHV�DQG�VHFUHWLRQV��3URF��5��6RF�
/RQGRQ�������������±���� >*RRJOH�6FKRODU@

��� +LUVFK�-*��3KDJRF\WLQ��D�EDFWHULFLGDO�VXEVWDQFH�IURP�SRO\PRUSKRQXFOHDU�OHXFRF\WHV��-��([S��0HG�
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INTRODUCTION
IN any institution, where large numbers of people are supplied with food from
central kitchens, the diet usually contains only small amounts of vitamin C.
Destruction of this vitamin takes place during overcooking and the reheating
of the food while it is awaiting distribution. Fresh fruit and vegetables are
rarely supplied.

Crandon, Lund & Dill (1940) concluded that the maximal utilization of
vitamin C lies between 30 and 45 mg. daily. Their figures were derived from a
study of experimental human scurvy. The 'minimal-optimum' intake of
vitamin C for adults has been computed at 25 mg. a day per 10 stones of
body weight, and this results in an excretion of 13-15 mg. a day (Abbasy,
Harris, Ray & Marrack, 1935; Harris & Abbasy, 1937). The 'minimal-optimum'
intake is based on the amount found necessary to prevent a tendency to
increased capillary fragility (Gothlin, 1937). Fox (1941) reviewed the results
of the experiments of Fox, Dangerfield, Gottlich & Jokl (1940), Crandon et al.
(1940) and Kellie & Zilva (1939), and concluded that remarkably good health
can be maintained on 15 mg. of vitamin C daily, but he remarked on the
precarious nature of such meagre supplies.

Certainly large numbers of people live on a diet containing less than the
'minimal-optimum' intake, without apparent ill effect. Investigations by
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Effect of vitamin C on health
Orr (1936) and by Crawford & Broadley (1938) indicate that the diet of
one-half to three-quarters of the population of Great Britain contains in-
adequate quantities of vitamin C, the lower figure being obtained by adopting
'minimum' (British Medical Association) standards, and the higher figure by
adopting 'minimal-optimum' (League of Nations) standards.

There are, of course, wide variations in the extent to which individuals
will tolerate low vitamin C diets. Jennings & Glazebrook (1938) described a
man who had taken a scorbutic diet for 40 years before he showed ill effects.
On the other hand, children have developed scurvy while receiving generous
supplements of vitamin C, such as orange juice, and the condition is cured
by giving ascorbic acid parenterally, or in large amounts by mouth (Hess, 1923;
Hagmann, 1937; Parsons, 1938). 0

The requirements of the body for vitamin C vary with several factors.
Children require a larger amount per kg. of body weight than do adults
(Abbasy et al. 1935; Smith, 1938), and it is probable that adolescents also
require a .greater intake.

The body's requirements are increased if the metabolism is increased
(Parsons, 1938). Thus, hard exercise and exposure to cold may precipitate
scurvy, and at one time scurvy was considered to be due to damp and exposure.
Crandon et al. (1940) found an abnormally high level of blood lactate after
muscular exercise in their case of experimentally induced human scurvy. The
subject was capable of a maximum effort corresponding to that of a man
80 years old. Stewart, Learmonth & Pollock (1941) suggest that ascorbic acid
secures a more adequate supply of oxygen to the tissues.

Certain intestinal conditions, by permitting the growth of vitaminolytic
bacteria (Kendall & Chinn, 1938), may markedly increase requirements owing
to the great destruction of the vitamin and consequent failure of absorption.

Many infective states increase the body's requirements, and this has been
shown in tuberculosis by Hasselbach (1936a, b), Heise & Martin (1936) and
by Abbasy, Harris & Ellman (1937); in rheumatoid arthritis by Abbasy, Harris
and Ellinan (1937) and by Rinehart, Greenberg & Baker (1936); in osteomyelitis
by Abbasy, Harris & Hill (1937); in juvenile rheumatism by Abbasy, Hill &
Harris (1936). It has been recorded in other infections by Harde, Rothstein
& Ratish (1935).

Abbasy & Harris (1937) found a correlation between the erythrocyte
sedimentation rate and the excretion of vitamin C in cases of tuberculosis and
rheumatoid arthritis. They concluded that the excretion of vitamin C varied
inversely with the severity of the condition, probably because of increased
utilization in the body. The Groth-Petersons (1939) found that tuberculous
patients require a greater intake of ascorbic acid to maintain a normal serum
level than do healthy people.

Rinehart, Greenberg, Olney & Choy (1938) found a low level of ascorbic
acid in the blood of cases of rheumatism, not only in the acute phase, but also
in convalescence and in very low-grade infections.
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This increased destruction of vitamin C in febrile illnesses may be incidental

to the disordered metabolism, and serve no useful purpose. It seems clear,
however, that there is an increased liability to infection in both man and
animals in cases of frank scurvy (Hess, 1920; Hamburger & Goldschmidt,
1922-3; Werkman, Nelson & Fulmer, 1924; Grant, 1926; Schmidt-Weyland
& Koltzsch, 1928; Grant, 1930; Bloch, 1931; Mackay, 1934; Robertson, 1934).

In cases of so-called 'latent scurvy' the evidence is equivocal. Hess (1917
first suggested that this condition occurs and is analogous to latent tetany.
It is thought that this state is a cause of ill-health and may lower resistance
to infection (Harris, 1937; Bourne, 1938; Szent-Gyorgyi, 1938). Vitamin C is
said to control outbreaks of pneumonia (Funck, 1931), and a deficiency of it
to play a part in the production of both acute juvenile rheumatism and
rheumatoid arthritis (Rinehart & Mettier, 1934; Rinehart, 1935). Vogl (1937)
claimed to have used it successfully in the prophylaxis of post-operative
pneumonia. On the other hand, Fox et al. (1940) administered vitamin C over
a period of 7 months to adult negroes, previously subsisting on a low intake,
and found no difference in illness as compared with controls.

The evidence that vitamin C exerts a beneficial effect in cases of actual
illness is not clear. Fresh fruits and-their juices, particularly lemons and
black currants, have long been common household remedies for simple acute
infections. Low levels of vitamin C have been found in many illnesses, so
low in some instances that the vitamin has been thought to have some specific
aetiological significance. Hopes that saturation with the vitamin would cure
such diseases have not been realized. While full tissue saturation is probably
unnecessary, it would seem desirable to increase the intake of vitamin C
during illness.

Otani (1936) and Ormerod & Unkauf (1937) considered that vitamin C
improved cases of whooping cough. Gairdner (1938) in a controlled experiment
found that the duration of illness in a group receiving vitamin C was shorter
than in controls. The difference in the two groups was not a significant one,
and he considered that the alleged benefits of vitamin C in whooping cough
were unproven.

Beneficial results have been claimed in diphtheria (Bamberger & Wendt,
1935; Bamberger & Zell, 1936; Dieckhoff & Schuler, 1938; Szirmai, 1940).
Zilva (1938) found that vitamin C saturation made no difference to the fate
of guinea-pigs injected with diphtheria toxin.

An acceleration of healing, or a general improvement, in cases of tuber-
culosis treated with vitamin C has been claimed by several workers (Radford,
de Savitsch & Sweeney, 1937; Albrecht, 1938; Bakhsh & Rabbani, 1939;
Warns, 1938; Birkhaug, 1939). Some of these observations were based on
controlled experiments. Hurford (1938), on the other hand; saw no significant
change after saturation, except in the blood picture of anaemic cases. Erwin,
Wright & Doherty (1940) state quite definitely that vitamin C is of no value
in the treatment of tuberculosis. This conclusion was arrived at as a result of

1-2
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their observations upon a series of chronic, or acute broncho-pneumonic, cases,
'unlikely to improve on any known form of treatment'. With such un-
promising material, disappointing results would seem to be inevitable.

There is evidence that it is of value in pneumonia, particularly in hastening
convalescence, and the claims made do not appear to have been contradicted
(Gander & Niederberger, 1936; Vogl, 1937; Bonnholtzer, 1937; Hochwald,
1937; Gunzel & Kroehnert, 1937; Sennewald, 1938; Szirmai, 1940). Szirmai
(1940) noted that while tissue saturation is necessary to obtain maximal
benefit in pneumonia, cases of typhoid fever and diphtheria were improved by
daily supplements of vitamin C without producing saturation.

ESTIMATIONS OF DEFICIENCY

Of the various methods of estimating a deficiency of vitamin C in the
body, that described by Harris, Abbasy & Yudkin (1936) is the most popular.
It is recognized that the excretion of vitamin C in the urine is dependent on
the reserve in the body as well as on the amount ingested during the previous
few days. Accordingly, a test dose (300-600 mg.) of ascorbic acid is given and
the amount excreted in the urine during the following 24 hr. is measured. The
procedure is repeated for several days until large amounts of ascorbic acid are
excreted. It is recognized that although the amount excreted in the urine of
normal people depends on the previous amounts in the diet, this amount
cannot be used to measure the degree of saturation of the tissues. Abbasy et al.
(1935) have found that a daily intake of 90 mg. will result in an excretion of
50 mg. in the urine, but an intake of 15 mg. will result in an excretion of 15 mg.
Accordingly, it is considered that any deficiency of vitamin C is best measured
in terms of saturation of the tissues (Hess & Benjamin, 1934; Johnson & Zilva,
1934; Harris, Ray & Ward, 1933; Harris & Ray, 1935; Pemberton, 1940).
Following the same principle, estimations of vitamin C in the blood have been
made and an ascorbic acid tolerance curve devised, following an intravenous
injection of 1000 mg. (Farmer & Abt, 1935; Mirsky, Swadesh & Soskin, 1935;
Wright, Lilieifield & Maclenathen, 1937; Portnoy & Wilkinson, 1938).

In a large training school under our observation there were some 1500
youths aged 15-20 years. For the most part they were drawn from the lower
wage-earning classes, and a large proportion came from Scotland and the
North Midlands, where economic conditions are probably below the average
for the country. It is a reasonable assumption that the previous dietary of the
recruits had been somewhat deficient in vitamin C judged by the standards
already quoted.

The diet of the institution allowed over 4000 cal. per student per day. The
food- distribution was badly managed. Electric ovens were used to reheat the
food, and to keep it hot whilst awaiting distribution. Often 8 hr. elapsed
between the time the food was cooked and its arrival on the dining tables.
The minimum time that heat was applied to the food, including the original
cooking and the subsequent reheating, was 2 hr.
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The daily ration of potatoes was 12 oz. The vitamin C content of potatoes

varies, but this quantity in the raw state should contain approximately 50 mg.
A full ration of potatoes, as served on the dining tables, after cooking and
reheating, was found to contain, on the average, about 4 mg.

The other vegetables suffered an equal loss, with the exception of turnips,
portions of which contained up to 6 mg. The milk was pasteurized, and half
a pint of it contained about 1l5 mg. The other cooked foods contributed
negligible amounts. The total intake of vitamin C varied from about 10 to
15 mg. per student per day..

Menus for one month
Day and date Breakfast Dinner

Week ending 4 December 1937
Tea Supper

Bacon and Tomato soup
egg Roast pork

Cabbage
Steamed apple pud.
ding and custard
sauce

Porridge Mulligatawny soup
Smoked fillets Roast beef

Marrowfat peas
Suet roll and syrup
sauce

Bacon and Julienne soup
beans Roast mutton

Cabbage
Dundee pudding

Liver and Scotch broth
chips Steak and kidney pie

Mashed turnips
Prunes and custard

Bacon and Pea soup
sausage Roast beef -

Cabbage
Sultana roll and
custard sauce

Porridge Pea soup
Fried fish Meat pudding

Haricot beans
Tapioca pudding

Fried sausages Pot mess
Carrots
Doughboys
Bananas

Week ending 11 December
Bacon and Tomato soup
egg Roast mutton

Cabbage
Bananas and custard

Porridge Pea soup
Bloaters Roast beef

Marrowfat peas
Snowdon pudding

Fried sausages Pea soup
Beef steak pudding
Cabbage
Tapioca pudding

Assorted pastries Veal loaf
Beetroqt

Jam, marmalade Highland hash
or-syrup Mashed potatoes

Doughnuts Irish stew
* Doughboys

Mashed potatoes

Jam, marmalade Fish and crisps
or syrup

Bananas Bubble and squeak
and bacon

Jam, marmalade Durham cutlets
or syrup Marrowfat peas

Tea cakes

1937
Assorted pastries

Pea soup
Cheese

Preserved meat
Beetroot

Jam, marmalade Cottage pie
or syrup

Jam, marmalade Layer pie
or syrup

Sunday, 28 Nov.

Monday, 29 Nov.

Tuesday, 30 Nov.

Wednesday, 1 Dec.

Thursday, 2 Dec.

Friday, 3 Dec.

Saturday, 4 Dec.

Sunday, B Dec.

Monday, 6 Dec.

Tuesday, 7 Dec.
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Week ending 11 December 1937 (continued)

Day and date Breakfast Dinner
Wednesday, 8 Dec. Bacon and

liver

Thursday, 9 Dec.

Friday, 10 Dec.

Saturday, 11 Dec.

Sunday, 23 Jan.

Monday, 24 Jan.

Tuesday, 25 Jan.

Wednesday, 26 Jan.

Thursday, 27 Jan.

Friday, 28 Jan.

Saturday, 29 Jan.

Sunday, 12 June

Monday, 13 June

Fried or
boiled eggs

Porridge
Fried fish

Bacon and
sausage

Bacon and
egg

Fried or
boiled eggs

Porridge
Kippers

Fried sausa

Bacon and
tomatoes

Porridge
Fresh fish

Sausaie an'
egg

Bacon and
egg

Porridge
Kippers

Potato soup Assorted pa
Ragout of rabbit
Marrowfat peas
Suet pudding and jam
Pea soup Fish paste
Roast beef
Cabbage
Apple pudding and
custard sauce

Pea soup Jam, marm
Steak and kidney pie or syrup
Carrots
Prunes and custard
Pott mess Doughnuts
Doughboys
Butter beans
Rice custard

Week ending 29 January 1938
Tomato soup Slab cake
Roast pork
Cabbage
Apple tart and
custard
Pea soup Jam, mari

3 Roast beef or syrup
Marrowfat peas
Sultana roll and
custard sauce

Pea soup Rock cakeQ
Steak and kidney pie
Cabbage
Rice custard

ges Potato soup Jam, marn
Roast beef or syrup
Turnips
Ginger pudding
Pea soup Fish paste
Preserved meat
Braized onions
Durban pudding
Mulligatawny soup Doughnuts
Roast mutton
Cabbage
Prunes and custard

d Pot mess Currant bri
Doughboys
Carrots
Bananas

Week ending 18 June 1938
Tomato soup Slab cake
Roast mutton
Cabbage
Rhubarb tart
Custard
Pea soup Syrup
Roast beef
Marrowfat peas
Snowdon pudding
and custard sauce

astries Fish and chips

aalade

nalade

nalade

read

Saveloys and
pease pudding

Savoury
Mince and
haricot beans

Salmon
Beetroot

Salmon
Beetroot

Cottage pie

Fried steak
Mashed potatoes

Fish and chips

Lamb's heart
Potatoes

Bacon and bubble
and squeak

Cheese and sauce

Salmon
Cucumber

Cambridge stew

6
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Week ending 18 June 1938 (continued)
Day and Date

Tuesday, 14 June

Wednesday, 15 June

Thursday, 16 June

Friday, 17 June

Saturday, 18 June

Extra to menu.
stand easy.

Breakfast Dinner
Fried eggs Lancashire hot-pot

Doughboys
Onions
Blanc-mange and
prunes

Liver and Pea soup
bacon Baked and steamed

pies
Cabbage
Sponge trifle

Fried eggs Stewed rabbits and
pork

Dumplings
Butter beans
Macaroni pudding

Sausages and Pea soup
gravy Roast mutton

Cabbage
Durban pudding
Custard

Porridge Irish stew
Fresh fish Doughboys

Haricot beans
Rice pudding

Tea Supper
Assorted pastries Fish and chips

Bananas

Lemon curd

Bananas

Roast beef
Potatoes

Fish and chips

Lamb's heart
Peas

Doughnuts Cheese and
pickles

Tea, sugar, milk, bread, butter and potatoes, cocoa and biscuits: buns at

METHODS
For a preliminary survey seventy-seven tests, were carried out on otherwise

healthy youths by giving them 300 mg. of ascorbic acid, and not one excreted
appreciable amounts in his urine. Using the same method on twenty of the
administrative staff who had a different dietary, it was found that fifteen
excreted a considerable proportion of their test dose. Although it is recognized
that other substances in the urine reduce the dye, 2: 6-dichlorindophenol, the
investigation revealed a difference between the two groups.

Estimations of the resting level of excretion, i.e. the total amount excreted
in 24 hr. in the absence of a 'test dose', were also made. The amounts varied
between 5-6 and 141 mg. with an average of about 2-5 mg. as compared with
the normal amount of 13-15 mg.

These preliminary observations, therefore, indicated that the intake of
vitamin C was at a very low level. This was to be expected from a cons'ideration
of the vitamin C content of the diet, and the probable 'minimal-optimum'
requirements of the boys.

Daily excretion levels
Pure ascorbic acid powder was added to. the diet of a group of boys

numbering 350, 'whose average age was 16. Initially, 200 mg. per day were
given to each boy, 100 mg. being placed in the morning cocoa, and 100 mg. in
an evening glass of milk. The mixing was done in bulk in the kitchens before
issue. The powder dissolved quickly and easily, and did not alter the appearance
or taste of the vehicle.
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Effect of vitamin ( on health
From time to time samples of milk and cocoa were titrated after issue, in

order to ensure that the mixing was properly carried out, and that full doses
reached the youths. Figures varying from 78 to 118 mg. per glass were obtained
in the case of the milk, and from 58 to 68 mg. per cup in the case of the cocoa.
Heating of the cocoa no doubt explained the loss. Together with the amount
occurring naturally in the diet, the intake per boy was approximately 200 mg.
per day. The daily output of vitamin C was measured in different groups of
boys each day, the titration of each sample of urine being carried out im-
mediately after it was passed.

Fig. 1 shows the slow rise in urinary output which occurred. It was not
until the 8th day that figures approximating to the resting level of normal
adults were obtained, and high figures indicative of saturation point were not
noted until the 22nd day. In other words, saturation was not achieved until
22 doses of 200 mg. per day had been given, or a total of some 4000 mg. This
figure was probably too high, since it was likely that on occasions the boys
under test did not pass all their urine in the Sick Quarters as ordered.

On the 28th day the dosage was reduced to 50 mg. twice a day, and on
this dosage excretion continued at a level rather higher than that of a normal
adult on optimum intake.

A fresh group of boys was observed, and the initial dosage was increased
to 150 mg. twice a day. Figures indicative of saturation were obtained on
the 15th day, and subsequently the dose was reduced to 25 mg. twice a day,
when an excretion level approximating to the normal adult level was maintained.
This is shown in Fig. 2.

A third batch of boys was examined. In th-is batch all the boys selected
were recruits who showed possible clinical evidence of a vitamin C deficiency
in the form of a mild gingivo-stomatitis. The ascorbic acid in this case was
given in tablet form (Redoxon, Roche Products), in a dosage of 200 mg. once
daily. Instead of estimating the vitamin C excretion of individual boys as
in the two previous experiments, several were instructed to pass their urine
each day and night in the Sick Quarters. The urine specimens were pooled.
From the mixed specimens a sample was taken and acidified by the addition
of one-ninth the volume of glacial acetic acid. The samples were titrated, and
the amount of ascorbic acid per 1500 c.c. of urine recorded and charted
(Fig. 3). This chart is very similar in form to Fig. 1. High outputs were
observed on the 23rd day; the dose was then reduced to 50 mg. once a day
in tablet form.

These charts show that, in order to maintain an optimal excretion level,
a daily addition of 50 mg. of ascorbic acid was required.

8



A. J. GLAZEBROOK AND SCOTT THOMSON

(cu6>w C7O/3V O/VbOOSVe

9
0

0

p4P4
O0

'~4.
0p4

.5
.S

0

'4

+.

.5
v

4-

0



Effect of vitamin C on health

(sw6w 0e O

10

0

C1

-

.;-

0

; ._e

Vu

, 0IE
.S

4.
.

0



A. J. GLAZEBROOK AND SCOTT THOMSON

0I1I1 i

1z '@ t l °IN QvS >/D :> k-o:>

I I i I I I I I I



Effect of vitamin C on health

THE RELATIONSHIP OF VITAMIN C TO RESISTANCE

In the institution, there were some 1500 students whose ages ranged from
15 to 20 years. The establishment was divided into seven groups or divisions
for administrative purposes. The youths of one division worked as a unit,
and occupied certain tables in the dining hall. To some extent each division
occupied particular dormitories, but this separation was not absolute, and
there was a fair amount of mixing of divisions in the,sleeping quarters.
Sleeping and feeding conditions were, of course, the same for all divjsions.
Careful records had been kept of the incidence of all infections for 14 years
before the observations described here were begun. In the preceding year
there had been an epidemic of tonsillitis, which had affected-all the divisions
uniformly, so that they could not be regarded as separate units within the
larger population.

The observations were made by supplying vitamin C in the form of pure
ascorbic acid to one or more divisions. This -was considered to be the only
practical method of carrying out the observations ,without introducing un-
necessary complications. For example, it was not possible to choose boys at
random as it would have been impossible to supply them with vitamin C-
treated cocoa or milk in the dining room. With the method actually chosen,
all that was necessary was to add vitamin C to the supplies of cocoa, or milk
serving the tables for the appropriate divisions.

Moreover, all of the divisions had a population more or less the same as
regaTds duration of stay in the establishment ('institution age'). Infectious
diseases were more common amongst those who had more recently joined the
institution. This was known from our previous records of infectious illnesses
in the institution (Thomson & Glazebrook, 1942), and in view of these points
the method of supplying the vitamin C to a whole division was decided upon.

Many minor infective conditions, such as conjunctivitis, boils, impetigo,
etc., were not reviewed, as the number of cases of each disease was small.

The most common infective conditions which occurred were coryza and
tonsillitis. The term 'tonsillitis' is used here to be an index of haemolytic
streptococcal disease of the nose and throat, and covers all such termsI as
'tonsillitis', 'sore throat', 'otitis media', 'pharyngitis' and 'cervical adenitis',
as nearly all these cases are of haemolytic streptococcal origin. Throat swabs
were taken of large numbers of cases of tonsillitis to determine that the
haemolytic streptococcus was the causative orgainism.

Table 1 shows the number of cases of tonsillitis and common colds recorded
in the two groups.

Table 1. Incidence of tonsillitis and common colds in the two groups
Youths on vitamin C Controls

(335 youths) (1100 youths)
Colds 72=21-2o% 286=26%
Tonsillitis 29 = 8-5% 94 = 8.6%

12
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It is obvious, therefore, that vitamin C had no effect on the incidence

either of common cold or tonsillitis.
The experiment was complicated, however, by the admission of 250 recruits

into the two groups in the middle of the observations, replacing fully trained
youths. This was of special interest, as it was known from previous experience
that infections were more common amongst those who had more recently
entered the institution. This would be true of any institution where infectious
diseases were common. The test group admitted relatively more of the recruits
into its population. No recruits were admitted during the 3 months preceding
the period of the observations.

The recruits were those of group 6 (Thomson & Glazebrook, 1942), and
no observations were made until they had been in the institution for a month.
During this period the recruits who entered the test divisions were saturated
with vitamin C, and it was during this same period that the recruits experienced
much of their heavier incidence of disease. After a month had elapsed a record
was kept of sixty youths who entered a test division and ninety who entered
a control division. There was still a heavier incidence of infectious diseases
amongst them as compared with the others who had been in the institution
for some time. The duration of the peri6d over which the recruits were
observed was about one-half of the duration of the whole investigation.
Table 2 shows that there was a greater incidence of disease amongst the
recruits as a whole as compared with the others, but no difference in incidence
of disease between the two groups of recruits.

The numbers of cases of tonsillitis and common cold which occurred
amongst the 250 recruits were not sufficiently great to alter the incidence rates
in the two experimental groups.

Table 2. Incidence of infection amongst recruits
Youths on vitamin C Controls

(60 youths) (90 youths)
Colds 17=28-3% 29=32.2%
Tonsillitis 1 7= 8%

The next point examined was to see what effect, if any, the vitamin C had
on the duration of the illness.

When a youth fell ill he was admitted to Sick Quarters unless his complaint
was very mild. In the latter case he was placed on the out-patients list and
excused all duties except attendance at school instruction. Most of the cases
of common cold and tonsillitis were admitted to Sick Quarters. In analysing.
the durations of illnesses, observations were restricted to the cases in the Sick
Quarters. The number of days spent there was obviously a more reliable index
of the duration of illness, since the patient was under constant medical
supervision. Frequently when a youth was discharged from the Sick Quarters
he was put on the out-patients list, and this 'convalescent period' was
neglected. The admission to and discharge from the hospital was not under
our control.
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The diet in the Sick Quarters was basically similar to that of the healthy

boys. It was modified, of course, to suit the needs of the sick, but was prepared
in the central kitchens and suffered an equally drastic loss of its vitamin C.
When a student from the experimental division fell ill and was admitted to
Sick Quarters, his dosage of ascorbic acid was continued there.

In a period of 6 months the average number of days spent in the sick room
per boy due to infective conditions was 2-5 in the vitamin-C treated division,
and 4-98 in the control division. In a period of 6 weeks, within the period
of 6 months, the corresponding figures among the recruits were 3-2 in the
vitamin-C treated group, and 4'0 in the control group.

It would appear that the saturation with vitamin C probably had some
effect on duration of illnesses, and accordingly an analysis was made of this.

Days ill with common cold
In the vitamin C classes fifty-nine of the seventy-two cases (81.9%) were

treated in the Sick Quarters, and the average period of stay was 6-32 days.
Among the controls 253 cases out of 286 (88.5%) were treated in the

Sick Quarters, and the average period of stay was 6-4 days.
There was, therefore, no difference in the two groups either in incidence

or duration of illness of common cold, and there was no difference in the
proportion of total cases admitted to hospital.

Days ill with tonsillitis
The results are shown in Table 3.

Table 3. Duration of attack of tonsillitis
Hospital cases

Total No. expressed as Average
no. of admitted percentage stay in Standard

Class cases to hospital of total hospital deviation
Vitamin C class 29 18 62 10-05 6-96 (1)
Controls 94 83 88 16-7 11-86 (2)

An analysis showed that a difference as great or greater than that obtained
would be expected once in fifty times in a homogeneous population.

Analysis of the more severe illnesses
It has been shown that youths on vitamin C spent 2-5 days in hospital

due to infective conditions as compared with 4-98 in the control group. No
conclusions were drawn from this observation, and it has been shown above
that some of this difference was due to the duration of illness of tonsillitis in
the two groups.

Some of this difference, however, was due to the occurrence of acute
rheumatism and pneumonia in the control group with no case of either
disease in the vitamin C-treated group.
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There were seventeen cases of pneumonia and sixteen cases of acute

rheumatism among 1100 controls, and no case of either disease among
335 youths having vitamin C. It would appear that the vitamin C exerted
a considerable effect on the prevention of these two diseases. Of the sixteen
cases of acute rheumatism, eleven were primary attacks, while five were
recurrences.

The incidence of the diseases in the various divisions of the institution is
shown in Table 4.

Table 4. Incidence of pneumonia and rheumatism in the various
divisions of the institution

Number of cases

Division Pneumonia Rheumatism
Vitamin C divisions A . 0 0

B 0 0
Control divisions C 5 3

D 3 5
E 2 3
F .4 3
G 3 2

Thus, the most marked effect of the vitamin C was to reduce the incidence
of two severe illnesses.

Analysis shows that a difference as great or greater than this would be
expected once in fifty times in a homogeneous population.

DIsCUSSION
In a large institution there was a marked difference between the degree

of vitamin C saturation of the students and the teaching staff as determined
by a simple 'test-dose' method. The students were given a high calorie diet,
which was subjected to prolonged heating. This overcooking resulted in a
reduction of the total daily vitamin C intake to a level of 10-15 mg. per head.
A daily addition of 50 mg. of ascorbic acid per head was required to maintain
an optimal excretion level.

Better management of the food distribution and cooking arrangements
might have achieved this result. The potato ration alone, allowing for normal
cooking losses, should have supplied at least 25 mg. of vitamin C daily.

Some vitamin loss, of course, is unavoidable when food is cooked for
communities in central kitchens. Normally, this can easily be countered
by the supply of uncooked fresh or canned foods. In this case, for instance,
the reduction of the diet from 4000 cal. to the more reasonable level of
3000 cal. per day, would at this time (1938) have probably offset the cost of
an orange a day.

The dietary of the teaching staff included the supply of fresh fruit at each
of the main meals. It was prepared in separate kitchens and escaped the
overcooking. Nevertheless, judging from a single 'test-dose', 25 % of the staff
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were 'deficient' in vitamin C, in spite of their adequate intake. Harrison,
Mourane & Wormall (1938) similarly found that the method indicated a
'deficiency' in 25 % of medical students. The single 'test-dose' is not, of course,
a reliable measure when applied to individuals.

The surprisingly large amount of 4000 mg. of vitamin C was required to
produce tissue saturation of the youths. Attention has been drawn to the
possibilities of experimental error, and many of the factors which increase
utilization were present.

The subjects were adolescents. Infections were very common in the
institution, and there had been a very severe epidemic of tonsillitis during
the preceding session. The experiments were carried out during the winter
months. Physical training and games occupied much of the day, and it was
found that youths at rest in bed required approximately half the quantity of
vitamin C, i.e. 2000 mg., to produce full saturation.

A special group of boys exhibited a mild gingivo-stomatitis, considered to
be probably a scorbutic manifestation. Their saturation cur-e, however, was
very similar to that of the other groups. The clinical appearance of this
gingivo-stomatitis has been described (Roff & Gla2ebrook, 1939, 1940). It
proved resistant to ordinary methods of dental treatment, and responded only
to vitamin C saturation. It would appear that, under exactly similar con-
ditions of suboptimal vitamin C intake, a gingivitis occurs in only a proportion
of the cases. This, of course, was known to Lind (1772), who wrote: 'In Haslar
Hospital the appearances of the disease [scurvy] were various-the gums were
not always affected.'

No differences in the incidences of common cold and tonsillitis were found
in two groups of boys, one of which received large doses of vitamin C. It was
found, however, that the average duration of illness of the cases of tonsillitis
in the control group was much longer than in the vitamin C-treated group.
No such difference was found in the cases of common cold.

The period of treatment of cases of tonsillitis and common cold in the
Sick Quarters was completely outside our control, and no biased attitudes
influenced these durations from which we have drawn our conclusions.

In addition, there were seventeen cases of pneumonia and sixteen cases of
rheumatic fever in the control group, with no case of either disease in the
vitamin C-treated group. These cases were subjected to special investigations
by us (X-rays, etc.) to establish certain criteria for the diagnosis. There was,
however, in our opinion a relationship between these conditions.

Rheumatic 'pneumonitis' is a condition which is now recognized to occur
not infrequently as a complication of rheumatic fever. The post-mortem
appearance and pathology of this pneumonitis have been demonstrated by
Hadfield (1938).

In the institution a type of fow-grade basal lung consolidation or 'pneu-
monitis' occurred, and appeared to be related both to rheumatism and
vitamin C deficiency. It was characterized on the one hand by its tendency
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to progress into rheumatism, and on the other hand by its rapid disappearance
when treated with ascorbic acid. This pneumonitis, apart from a vague picture
of ill health, gave little clinical evidence of its pTesence, but it probably
predisposed towards the development of acute pneumonia.

It is agreed that cases of rheumatic fever almost invariably give a history
of upper respiratory tract infection, usually -some 2 weeks previously. Such
an infection depletes the reserves of vitamin C, more especially in those
individuals whose intake is already at a low and precarious level. When the
vitamin C reserves have fallen, it may be that the reaction of the body to an
infection with the haemolytic streptococcus is altered. This may help to
determine the onset of the syndrome of rheumatism in some cases, even
although vitamin C has no specific action upon the established disease. In
some cases of pneumonia, too, a similar train of events may occur, and there
is much evidence that vitamin C does assist recovery.

Certainly, protracted mild deficiencies of vitamin C produce bone and
cartilage changes, the histological and skiagraphical appearances of which have
been accurately described (Park, Guild, Jackson & Bond, 1935; Wolbach
& Howe, 1926). Ham & Elliott (1936) showed that the epiphyseal changes
occurred when the vitamin C intake was sufficient to prevent scurvy although
less than the basic requirements. These changes are marked during the period
of growth. Under similar circumstances Mouriquand & Edel (1940) have
demonstrated osteophytic formation. Rinehart & Mettier (1933, 1934)
produced lesions simulating rheumatism in the myocardium of guinea-pigs
fed on a scorbutic diet. Wolbach (1936) showed the presence of vitamin C to
be essential for the formation of collagen. Swelling of the collagen is the
earliest pathological change in rheumatism.

The calcium and vitamin B content of the dietary of the institution could
perhaps be criticized, but the only outstanding deficiency, according to modern
standards, was in vitamin C. As far as this one factor was concerned, the
boys were almost certainly worse off, subsisting on the institution diet, than
they would have been at home.

SUMMARY
1. The vitamin C in the dietary of an institution was largely destroyed

by the methods of cooking and distribution.
2. Some 50 mg. of ascorbic acid per head per day were required to be

added to the diet to produce an optimum excretion level.
3. Large doses of ascorbic acid were given to a group of adolescents in

the institution over a period of several months. A record was kept of the
incidences of infectious diseases in this treated group and in the remainder
(controls). The following conclusions were reached:

(a) The incidences of common cold and tonsillitis were the same in the
two groups.

J. Hygiene 42 2
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18 Effect of vitamin C on health
(b) The average duration of illness due to the common cold was the same

in the two groups.
(c) The duration of,llness of tonsillitis was longer in the control group

than in the test group.
(d) Cases of rheumatic fever and pneumonia occurred in the control group

but no case of either disease occurred in the test group.

We wish to acknowledge our gratitude to Profs. T. J. Mackie, C. H.
Browning and D. M. Lyon and Dr W. 0. Kermack for their stimulating en-
couragement, helpful criticism and support.

The ascorbic acid used in these experiments was a generous gift from
Messrs Roche Products.

The expenses of this investigation were met by grants from the Carnegie
Universities' Trust and the Leverhulme Trust.
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investigation of ascorblc acid
as a therapeutic agenù in treatment of ca-
nino distemper complex was iniÙiated in the
author's pract'ico early in 1967' This move
was prompted by reading a report that
vltamin C had been use¿l clinically, with
notable success, in treating 12 casos of
diðtemper coinplex (canine and felìno) in
ono practice.'

Ten year,s of practice lrad led me to
view skeptiaally all reports of the type
cited. Howeveq experience during tlrose
s$me yeals had made me alvate that the
recovery ruüe amo¡rg rny patients showing
signs of CNS clisturbance, ancl treated-with
the generally acceptod therapoutic tegimen,
wos a dismal1/o 1;o 10%. With manY of
these patients, the prognosis appeared to be
hopelãss from the first examination. Many
otÈers progressed rapidly from showing
signs of thJdistemper complex to a state of
chorea followed bY death'

With this background in mind, intra-
venous injection of ascorbic acicl (250 mg./
cc.), Sco¡bateo fnjection (Burns Pharma-
ceulicale) was added tq the course of
treatment given for canine distemper in our
practice. .

About a year after the Ínvestigation
was started, John E. Reinert, Ivf.D., a local
neurologist and neurosurgeon' became in-
terested in the work and theteaftet was
aseoclated with the study. Dr. Reinerl¡ ex-
amined many of the dogs for neurologic
impai¡ment and observed their plogress
after treatment. After aseessing the resultg
in dogg he began using ascoubic acicl to

Josoph l. LoYequs, D.V.M.
2631 South Hlghland Drlve

Las Vegæ, Nevada 6S102
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üreat some of his own patients, wiüh favor-
able results.

Ðuring the 22 montl¡s before this pa-
per \ìras prepared, 67 dogs in which canine
distemper had been diagnosed were treated
with ascorbic acid and a running sum-
mary of their histories was kept.+ The fol-
lowing case histories are typical examples.

Case Histories
Case No, J

This Z-year-old male Miniature Poodle
with typical signs of distemper had been
under treatment for 10 days. On the elev-
enth da¡ co¡vulsions began to occur al-
most continuously. Wiihin 24 hours, the
animal was semicomatose, unable to stand,
a¡d stricken with chompìng and foaming
seizures. During the next five days, while
ttre dog remained in the same condition
and failed to respond to treatmen! the
owner refuged permission for euthanasia to
be performed.

On the morning of the sixth day fol.
lowing the onset of convulsions, 1,600 mg.of asco¡bic acid was given intravenously.
Late tbat afternoon, although mildly in-
coordinated, the dog was standing, walkingin the cage and drinking water.

By the following morning, the¡e were
no signs of incoo¡dination and the tempera-
ture had dropped from 108 F,. to 101.9 F.After a second 1,500-mg. dqse of ascorbic
acid was injected, the condition continued
to improve. The dog drank water and ate
several meals of solid food during the day.A third dose of 1,500 mg. a"corbio ucid
was given the next da¡ although by thattime no signs of disùemper were present.

tr'ive days after the beginning of treaL
menü with ascorbic acid, the dog was dis-
charged. Weekly checkups for the nart
three weeks indicated a complete return to
clinìcal normalcy. When last examÍned, one

rA tabultr Éuü¡nta,ry sholvlnE cllnlo4t slgns, deilyternpcrs,tures, dosagee of &Bcorbtc a,clit, arlJuncttvãther&Þy ând r€snlt6 for oach p&ilent, ls avalls,bleurron r€queat to the eilltor.s.

and a half years later, the patient was
physically sound and in apparent good
health.

Case No. 22

A 2t/z-year-old male Shetland Sheep-
dog had been treated elsewhere for one
month. Throughout that time, this dog's
ternperature had remained wÌttrin a range
of 108 F. to 104 F. The general condition
of the animal upon presentation at our
hospitat was classified as poor.

In addition to our standard treatment,
for distemper, a 2,000-mg. intravenous dose
of ascorbic acid was given daily for three
days. By the second day, the temperature
had dropped üo 102 Ir. fi.om 104 F.l on the
third day it was 101.6 F.

The patient was dÍscharged on the
fifth day. Recovery was uneventful.

Case No. 43

Clinical signs in thÍs 9-month-old male
Foodle were convulsions, tremors over the
entÍre body, incoordination, and a tempera-
üu¡e of 106.4 F.

Treatment was Ímmediately started
with 4000 mg. ascorbÍc acid in conjunction
with DÍlantin@ Suspension (Parke-Davis),
Sparine@ (Wyeth), ahopine, and pheno.
ba¡bital. ït¡ithin 24 hours, the convulsions
had ceased. The temperature was 101 F.,
and it remained normal throughouü the rest
of the treatrnent period.

By the third day, the tremors had dis-
appeared and all medication but ascorbic
acid was discontinued. After the fifth day
of treatment with assorbic acid, the patient
was discharged, giving every indication of
being r:ompletely normal.

Case lVo. 65

When presented, this Zþ-year-old male
Poodle had been exhibiting signs of hard-
pad distemper for six weeks. A slight pos-
terior paralysÍs and mild incoo¡dination
were present. The temperature $'ag 108.6 F.

After ünro daily doses of 2,000 mg. as-
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TABTE l: Recovery Roles omong Dogs freoted with Ascorbic
Acid* fãr Cqnine Distemper Complex

t

ii

No.
lrsoled

No.
Recovsred

Recovery
RoloPclirnl Group

All dogr lroctod

Corar rhowlng CNS di¡lurbonca

Alyplcal cq¡e¡ wllh CNS dlslurbonce
þu¡ ¡q ¡e¡yslrionr

Typlcol corar wilh convulslon¡

Cøro¡ wilhout CNS dlslurbonce

Typlcol core: wilh convul¡lon¡ ond given
3 or fowor do¡o¡ of o¡corblc qcld

Iyplcol coror wllh convul¡lonr ond glven

mors lhon 3 do¡e¡ of o¡corblc ocld

Typlcol corer wllhoul convul¡lonr ond glvcn

moro lhdn 3 do¡o¡ of q¡corbic qcld

67

ló

^
t2

5t

48

7

3

71.61%

13.75%

75,O0lo

33.33%

80.3996

A

1t

7

5

11,299¿,

ó0.00%

t4 ìl 78.57!c

3

rtttul,$lt(Ù Inlsr(lrilt lllIw I'lllrtrlllr${tlt'rlrl

TABIE 2¡ Dog¡ Given Mq¡sive Dose¡ of Ascorblc Acld
ov; o Three'DoY Period

Aso

I Yr,

I Mo,

,{ Â{o.

t ó,5 Lb.

l3 rb.

25 tb.

Wrlght Tolol Do¡t*
Br¡rd 5¡x

Poodle-X

Terrler-X

Shcphcrd-X

[\
F

F

,{5,0@ mg.

45,000 mg.

¡{5,0O0 mg'

rli,00ll frf, ilxrúúlÍ Mkl, llilt¡l[t![,0 Itrl{rlkrll (lltrrtr; I'hlrxltrrullt ül¡{l IlKtr lntr{TrnnHly ¡llrQ0 ltu(r û illy f{r lltroc (lll$

corbic acid, tho temperature wag reduced
to 101.4 F. After four more days oI tteat-
ment \ieith ascorbic acid, the potient \ryag

discharged.
T\¡ro and a half weeks later, the owner

requested euthûnasif¡ because of a le'
currence of tìre Irare$is and incoordination
whlch were becoming plogressively $'orse'

condition was in ân advânced etage' Al-
though relatively few animals exhibited con-
vuhi;ns in conjunction with the typical
signs of distempor, the recovery rate for
those in this group thut werc given more
than three doses of ascorbic acid was muoh
higlrer than that Jor ühose given fewer dosos
(60% as compared b L4%)'Te-p"t 

tures were elevated in most of
the 6? dogs at the time of the first exami-
nation, but in almost all cases $'ere within
normal limits at 24 or 48 hou¡s after treat-
ment was started. During the latter paÌt of
the investigation, when hourly temperaüure
chârts \ryere kept, many temperatures were
founcl to be normal within 2 to 6 hours

Discuesion
Rpcovnnv nlrlcs observed during the in'
vestigation are thown in Table 1. As might
be expeoted, treatmenü beginning at the
onset;I cünical signs gave more favorable
results than treatmont delayed until the
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a{ter the first iniection of ascorbic acid.
In all instances, the sscorbic acid was

administered intravenousþ at a rapid rate.
Some drowsiness, which lasted only a few
minutesr.v/as seen in 2 dogs ímrnediately
after injection of the vitamin. I{owever,
there were no other visible sitle effects and
no toxicity attributable to treatment. To
help establish dosage and determine the
possible consequence of giving large doses
of asco¡bic acid, I dogs were obtained frçm
a sheltêr and given 5,000 mg. ascolbic acid
three times daily for three days (Table 2).
No side effects vrere seen in any of these
dogs. All tl¡ree were placed in homos, and
are doing woll to date.

Conclusion
Fno¡vr rr¡n results obsorved in 67 clinical
cases. of canine. distemper complex, it ap-
pears that a daily dose of 1.,000 mg. to 2,600
mg. of ascorbic acid given int'ravenously for
at least tlrreo days is beneficial in the treaþ
ment of canine distemper, and thaü the re'
covery raüe. can be markedly improved by
including aseorbic acid in tho treatment
legimen.

I)uring this investigution, ascorbic acid
produced a lapid clrop Íu tempeuature' The
recovery rtrte during a 2Z-rnonth period was
7L.64To, When mote thnn three doses wore
given, the Ìål,e rose Io 78,6770 for dogs that
ditl not have convulsions. '\ryhen more tbsn
three doses $,ere gÍven to dogs that exhib'
ited convulsions, tlre recovery rate rose
tuom 14.29% to 60Vo.

Fully recognizing that this investiga-
tion did not constitute a controlled study,
but encouurged by the results, tlre author
l¡as l¡resented these observations in the hope
that they will be of help to other practi-
tionerc and per.traps stimulate additional
work Ín tlris area. Certainl¡ rnore basic
research is needed to define the mecha-
niems involved and to validate the obsewa-
tions reported here.
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Massive Doses of Vitamin C
In the Treatment of Viral Diseases

WILSON L DALTON, M.D.
Shelbyville

TREATMENT OF VIRAL DISEASES
presents to the physician a perplexing
and frequently unrewarding problem, par-
ticularly since some 50 different diseases of
man are of viral etiology. To date no gen-
erally effective therapeutic measures have
been devised for treating viral diseases, al-
though some diseases caused by the largest
of the known viruses appear to be affected
by some chemotherapeutic agents. Therapy
with specific antisera is useful as a preven-
tive measure during the incubation period
of some viral diseases, but is generally of
little value once clinical manifestations of
the infection have ensued.1 Therefore, an
effective therapeutic agent that would sub-
stantially reduce the morbidity of the
majority of viremias would provide the
physician  with  a  most  valuable  adjunct  to
treatment.

There have been a number of reports in
the literature suggesting that infectious
disease processes rapidly accelerate vitamin
C depletion and greatly increase vitamin C
requirement." The role of vitamin C in
maintaining stability and tensile strength
of connective tissue is well known. This
property favors, among other things, the
building of a protective barrier against in-
fectious invasion.4 When ascorbic acid
stores are severely depleted during the
course of infectious diseases, capillary re-
sistance decreases and susceptibility to the
action of certain toxins appears to increase.2

It has been suggested that means of alter-
ing the susceptibility of cells to invasion by
viruses could provide a method of control-
ling as well as preventing infection.7

Several investigators have reported em-
ploying massive parenteral doses of ascorbic
acid in the adjunctive treatment of viral
diseases. Klenner3 has advocated and em-
ployed massive doses of intravenous ascor-

bic acid for many years in the treatment
of various viral diseases including measles,
mumps, chickenpox, viral pneumonia and
viral encephalitis, and has reported remark-
able results. Even with doses as high as
65 mg./Kg. Klenner rarely encountered any
adverse effects and those were limited to
the site of injection. Klenner has admin-
istered chemotherapeutic agents along with
ascorbic acid to reduce secondary bacterial
infection and has recommended the subse-
quent use of Vitamin BI following infec-
tious diseases involving the nervous sys-
tem. He further theorizes that the near
absence of ascorbic acid in infectious states
may be attributed to the vitamin combin-
ing with the toxin and/or virus to form a
new complex which is easily destroyed by
oxidation.

Free from Reaction
McCormick4 administered ascorbic acid

intravenously or intramuscularly in massive
repeated doses, 500 to 1000 mg. every four
hours. He reported that this approach ex-
hibited a potent chemotherapeutic-like ac-
tion in acute infectious processes which
compared favorably to that of the sulfona-
mides or antibiotics but with the advantage
of complete freedom from toxic or allergic
reactions. Baur and Staub5 reported highly
satisfactory results were obtained with
daily intravenous infusions of 10 gm. of
ascorbic acid in 1000 cc. of isotonic saline
solution administered for an average of five
days to patients with infectious hepatitis.
They have described the action of ascorbic
acid as "virucidal." Calleja and Brooks6 re-
ported that daily intravenous infusion of
5 gms. of ascorbic acid for 24 days resulted
in remarkable improvement in a patient
with acute hepatitis when other therapeutic
measures had proved futile.

Reports  from  German  literature  show
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that high doses of vitamin C are beneficial
in epidemic hepatitis in children. These
beneficial effects were clearly observed in
63 cases of epidemic hepatitis treated with
high doses of vitamin C in doses of 10 gms.
daily for an average of five days given
either by rectal infusion or intravenously,
or both.9

This investigator evaluated a product
trademarked Viron-1* as an adjunct in the
treatment of a series of cases involving
diseases of probable viral etiology. Viron
is a preparation for intravenous administra-
tion consisting of 2000 mg. of ascorbic acid
per dose fortified with certain B-vitamins.
I was primarily concerned with patient re-
sponse to this mode of therapy since time of
recovery was of major economic importance
to these patients. It has been my past ex-
perience that the more intense the patient's
symptoms the greater the morbidity and
the longer the convalescent period.

The following case histories are repre-
sentative of this therapeutic regime:

Infectious Hepatitis
A 20-year-old white female hospital med-

ical technician was first seen for the present
illness on Nov. 9, 1959. The illness dates
back to the spring of 1959 when she began
to feel progressively weaker, exhibited ma-
laise, anorexia, slight nausea, when it was
discovered that she had an icteric tinge in
her  serum. She was treated with bed rest
for four days and the sub-clinical jaundice
disappeared with a return of her icterus
index to normal.

Later in November her symptoms of ma-
laise were intensified, she began to lose
weight, became progressively weaker, and
presented herself for examination. It was
decided that she had clinical jaundice of a
minor degree; however, the liver was not
palpable and her physical examination was
essentially normal.

She was hospitalized on Nov. 11 and was
seen in consultation by an internist who
confirmed the diagnosis of hepatitis, etiol-
ogy unknown. Her admission laboratory
work revealed a urine which was essentially

* Viron-l was supplied by Lincoln Laboratories,
Inc., Decatur, 111.

negative, except for the presence of bile.
Her heterophile antibody titer was nega-
tive; the icterus index was 13.8 units (nor-
mal  being  4  to  6  for  the  method  used);  her
hemoglobin level was 7.5 gms., hematocrit
reading was 21%, white blood count was
13,000 with 72% polymorphs, 22% lymph-
ocytes, 3% monocytes and 3% eosinophiles.
Prothrombin time was 105%- of standard.
Occult blood was found in her stool. Other
diagnostic procedures including chest x-ray
and gastrointestinal series were normal.

The patient was treated with bed rest for
three days while confirming laboratory
tests, observations and examinations were
made. Her icterus index rose to 32.5 on
Nov. 14. The patient's temperature re-
mained "low grade" being 99.2-99.4 orally
at the highest points. After a period of
complete bed rest and high carbohydrate
diet, the diagnosis was confirmed by the
internist, a second consultant, and this
clinician. At no time in her illness did she
receive chemotherapeutic agents.

Dramatic Improvement
The administration of Viron-1 was ini-

tiated and she received six intravenous 10
cc. injections during the remainder of her
hospital stay. Following the second injec-
tion of Viron-1 the patient was amazed with
her progress and remarked that she had
lost the feeling of "being sick." She wanted
to go home within 24 hours after Viron-1.
injections were initiated, but hospitalization
was continued. She was dismissed on Nov.
20, 1959, markedly improved in subjective
feeling and dramatically improved clinically.

The patient was seen in my office on Dec.
1,  1959  at  which  time  her  white  count  had
dropped to 7,000 with 53 % polymorphs,
37% lymphocytes, 3% monocytes and 4%
eosinophiles. Hemoglobin level was 12.8
gms. and her icterus index had dropped to
8.0.

There is no question in the mind of this
investigator that the intravenous adminis-
tration of Viron-1 had a profound therapeu-
tic effect upon this patient. She had ob-
tained minimal benefit from complete bed
rest and high carbohydrate diet before the
administration of Viron-1. She outwardly
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exhibited, and freely discussed with the at-
tending physicians, her feeling of well-being
following the administration of intravenous
Viron-1. An accurate diagnosis of the exact
type of hepatitis was impossible. It was
assumed to be viral in nature; however, it
may well have been a toxic condition. Other
than the academics involved, the exact eti-
ology is relative. The important factor to
consider is that she responded to Viron-1 in
a most satisfactory manner and one cannot
but assume that the medication exerted a
profound effect upon her progress.

Past experience with hepatitis of various
etiologies has given this observer the im-
pression that recovery from hepatitis, re-
gardless of etiology, is extremely slow and
painstaking. The rapid and complete re-
sponse of this patient to Viron-1 has not
been observed following classic and accepted
therapeutic measures for treating hepatitis.
It is difficult to comprehend a set of cir-
cumstances that would coincidentally ex-
plain the marked and rapid improvement
in a patient as sick as this girl. It was
certainly the most dramatic recovery from
hepatitis that I have ever observed.

Infectious Mononucleosis
A while female, age 36, complained of

generalized aching, exhaustion, anorexia
and malaise. Her physical condition prior
to these symptoms had been normal.
Fever, remittent in type, accompanied the
symptomatic complaints. A complete blood
count revealed large vacuolated lympho-
cytes. A positive heterophile antibody titer
of 1:226 was recorded. A diagnosis of acute
infectious mononucleosis was made and in-
travenous Viron-1 therapy was initiated.
Clinical and subjective response to three
consecutive daily 10 cc. injections was ex-
cellent. Symptoms remitted in one week
following beginning of therapy. The over-
all morbidity was reduced beyond expecta-
tion for the diagnosed condition. The medi-
cation was well tolerated and no adverse
side effects were noted. The rapidity of
patient response to Viron-1 was dramatic
since full recovery from infectious mono-
nucleosis rarely takes place in less than
two to three weeks in my experience.

Virus Pneumonia
A 60-year-old male physician presented

himself with a history of excellent health
except for his present illness. His symp-
toms were exhaustion, cough, low grade
fever, anorexia, generalized aching and pro-
fuse sweating upon exertion. Viral pneu-
monia—patchy type—of the right upper
lobe was found and confirmed by x-ray
findings. Treatment consisted of 10 ce. in-
travenous Viron-1 for three days, bed rest,
and ASA Compound. The response was ex-
cellent—strength returned on the fourth
day and on the fifth day the physician re-
turned to work. The I. V. Viron-1 was well
tolerated and no untoward side effects were
observed. Viron certainly shortened the
expected morbidity for a case of this nature.

Acute Viral Type Pneumonia
A female, age 47, was in excellent general

physical condition with exception of chronic
bronchiectasis. When first seen for her pres-
ent illness this woman was completely de-
bilitated. She was confined to her bed and
complained of exhaustion, anorexia and
generalized chest pain. Temperature eleva-
tion ranged from minimal to normal. A
diagnosis was made of acute viral type
pneumonia with secondary bacterial in-
volvement of sinus and bronchial tree. She
was given intravenous Viron-1, 10 cc. in-
jections, on Oct. 26, 27 and SO and Nov. 3,
6, 9,1959. No other medication was utilized.
Patient felt better after the second injec-
tion of Viron-1 and insisted on continued
therapy. Her exhaustion syndrome con-
tinued to show remarkable improvement.
Progress was continuous and the admin-
istration of Viron-1 markedly reduced
morbidity as compared to her previous
recurrent pneumonias. She tolerated the
injections well and no adverse side effects
were observed.

Viral Pneumonia and Bronchitis
A male, age 41, was in good physical con-

dition except for the present illness and re-
curring pain from a herniated lumbosacral
disk. He complained of headache, general-
ized muscular aching and exhaustion. His
temperature was 100°-100.4° orally. The
diagnosis was acute viral pneumonia and
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bronchitis, following acute sinusitis. Injec-
tions of intravenous Viron-1, 10 cc., were
given on July 14, 15, 16, 1959. The patient
was seen for follow-up examination on July
23 and was symptom free. He had experi-
enced marked relief both from sinusitis and
viral pneumonia symptoms and had re-
turned to work on fifth day following ther-
apy without my permission. The morbidity
period in this case was definitely shortened
beyond expectation. Viron-1 was well tol-
erated by the patient and no side effects
were observed.

Generalized Viremia
This  male,  age  72,  was  in  fair  general

physical condition. Patient complained of
"feeling bad", hoarseness, exhaustion and
depression following "influenza." His tem-
perature was normal, but he had a per-
sistent cough. I made a diagnosis of gen-
eralized viremia with bronchitis and right
recurrent laryngeal neuritis. Viron-1 was
given intravenously on Oct. 28, 30 and Nov.
6, 1959. He experienced a relief of symp-
toms and felt better. Marked improvement
in symptoms of viremia were observed. The
medication was of questionable benefit to
the neuritis. Viron-1 was well tolerated—
no untoward side effects were observed.

Summary
In these selected six cases of probable

viral infections, Viron-1 promoted prompt
patient response. In four of the above men-
tioned cases improvement was especially
rapid and dramatic. The patients were of
different groups and conditions treated
were varied. Of significant interest is the
shortened morbidity period observed when
Viron-1 was given either singly or in con-
junction with other therapy. No untoward
side effects were observed.

Conclusion
In the experience of this investigator

daily doses of 2000 mg. of ascorbic acid
fortified with B-complex vitamins given in-
travenously provides a valuable adjunct in
the routine management of a variety of
acute viral infections. Further investigation
is warranted to determine the complete
range of  viral  diseases which can be treated
beneficially with this therapeutic adjunct.
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Massive Doses of Vitamin C and the Virus Diseases 
F. R. KLENNER, M.D., Reidsville, North Carolina 

T has been reported that one of the mold-derived 
drugs, in addition to being a good antibiotic, is a 

super-vitamin Conversely, we argue that vitamin C, 
besides being an essential vitamin, is a super-
antibiotic. Vitamin C in vitro, if maintained at 
body temperature, inactivates certain toxins at an 
unbelievable rate. Five parts per thousand of vita-
min C with toxins and appropriate controls, incu-
bated at 37° C. for 48 hours showed when tested 
on mice the minimal lethal dose for the control 
tubes to be 1 16,000 c.c., while that from the mix-
ture of vitamin C and toxin was only 1/1,000 of a 
c.c. (Klegler, Guggenheim, Warburg, 1938). In 
this study the loss of vitamin C in toxin broth and 
ordinary broth controls followed a constant pat-
tern: the loss, however, was always greater in the 
toxin broth tube. The difference between the rate 
of disappearance of vitamin C in toxin and ordi-
nary broth was more striking the greater the con-
centration of vitamin C. It is. therefore, reasonable 
to conclude that the degree of neutralization in a 
virus infection will be in proportion to the concen-
tration of the vitamin and the length of time in 
which it is employed. 

Since it has long been known that the virus or-
ganism resembles more the toxins and ferments 
than the common animate causes of disease, it 
would seem plausible that the detoxication effected 

Presented in the Fifty-second Annual Meeting of the 
Tri-State Medical Association of the Carolinas and Vir-
cinia. held at Columbia, February 19th and 20th, 1951. 

by vitamin C is produced by a direct combination 
of the vitamin with the toxin and/or virus, this 
followed by the oxidation of the new compound 
which destroys both the virus and/or toxin and the 
vitamin. This destruction of the virus by oxidation 
has been concurred in by many investigators. 
Since vitamin C is an integral part of the oxidation-
reduction  system  of  the  body,  its  function  in  the  
role of an antibiotic becomes intelligible. To appre-
ciate the antagonistic properties of vitamin C 
against the virus organism and the chemical fer-
ments of exotoxin-producing microorganisms, one 
must forget its present academic status as a factor 
essential for life. A cow is valuable to the farmer 
not only for her ability to produce milk, but also 
as a source of organic fertilizer. Vitamin C, like-
wise, is important, not only as a detoxifying agent, 
as a catalyst aiding cellular respiration by acting 
as a hydrogen transport, as a catalyst in the as-
similation of iron, and as a conservator of collagen 
fibers and bundles in tissues of mesenchymal 
origin; but, also, because of its function as a re-
ducing agent or the precursor of such a substance. 
In this latter capacity it fulfills the requirements 
of an antibiotic. A striking phenomenon of vitamin 
C is the similarity of response, whether to correct 
pathologic processes due to a deficiency of this 
compound, acting as a vitamin; or to destroy the 
ferments of microorganisms, acting as an antibiotic. 
Within a few hours after institution of adequate 
vitamin C therapy to correct an avitaminosis, his- 
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tological evidence of bone improvement is obtain-
able Fibroblasts begin to form normal connective 
tissue and capillary buds are invading hemorrhagic 
areas (Youmans, 1941). Similar is its dramatic 
antibiotic action, the rule being clear evidence of 
clinical response within a few hours. 

The purpose of this paper is to present clinical 
proof of such action for this vitamin. 

Case I is one of premeasles in a ten-months-old 
baby. The term "premeasles" is adopted to express 
the syndrome of fever, redness of eyes and throat, 
catarrh, spasmodic bronchial cough and Koplik 
spots. Vitamin C, 65 mgm. per Kg. of body weight, 
was injected intramuscularly every four hours. The 
fever dropped from 105 to 97.6° F. within 12 
hours. All symptoms showed marked clearing. This 
sudden drop in the fever was thought to be ex-
plainable on one of three grounds: 1) Common 
right drop. 2) Due to the antibiotic action of 
vitamin C. 3) Even if the vitamin C adminis-
tration had been continued, possibly a moderate 
rise would have occurred in the late afternoon of 
the second day, granting a highly virulent organ-
ism and a poorly resisting host. To determine 
which of these deductions was valid, vitamin C 
was discontinued for a period of eight hours. At 
this point the rectal temperature was back up to 
103.4. Vitamin C therapy was resumed and instead 
of the expected 8 P  M. climb, the temperature was 
down to 99.2 (R) eight hours later. The vitamin 
C injections were continued, the baby made an 
uneventful recovery and was discharged 60 hours 
following admission. No measles rash developed. 
Eighteen months have elapsed since this illness 
and the child has not had clinical measles. This is 
not due to the establishment of active immunity 
but to the lack of a second exposure. 

Case 2 confirms the previous case. This case is 
that of a 22-months-old infant with symptoms 
identical with that just described. The same medi-
cation was followed; the same clinical course fol-
lowed. Under parental pressure the child was dis-
charged from the hospital within 36 hours, appar-
ently  well.  Four  days  later  the  child's  brother  and  
sister broke out with measles, which ran the usual 
course, having received no specific therapy. Seven 
days later the 22-months child broke out with 
measles. This time vitamin C was not given. The 
case was judged as modified. 

The response as observed in measles was charac-
teristic for vitamin C versus virus infections. Two 
cases of virus pneumonia complicated by encepha-
litis were so unusual that case histories are given. 

Case  3  is  that  of  a  colored  woman,  aged  28.  
with history (given by a relative) of chills and 
fever  and  chest  and  head  cold  for  14  days,  severe  
headache  for  three  days.  In  stupor  when first  seen,  
eye lids closed, a white foam at the mouth which 

she periodically tried to spit out. Temperature by 
axilla 106.8. Dehydration was much in evidence, 
breath sounds diminished to absent, tactile fremitus 
increased over the entire right lung. The sulfa 
drugs, penicillin and streptomycin with supportive 
treatment had been exhausted. Four grams of vita-
min C was given intravenously along with 1000 
c.c. of 5 per cent dextrose in saline solution. Tem-
perature dropped to 100 (Ax.) within 11 hours. 
Four hours later, vitamin C was resumed—every 
two  to  three  hours,  in  dosage  of  2  to  4  grams  de-
pending upon the response. After 72 hours the pa-
tient was awake, sitting up in bed and taking 
fluids freely by mouth. There was no fever at this 
time, nor for the remainder of the time in hospital. 
Vitamin C was continued for a period of two 
weeks;  the  frequency  was  cut  to  every  12  hours,  
two grams at a dose. An interesting complication 
was deafness; her speech gave a loud, monotonous, 
bell-sound  effect.  It  was  debated  whether  this  was  
the result of the streptomycin or to the encepha-
litis. Prostigmin 1:2000, 1 c.c., and vitamin BI, 
200 mgm., were given IM twice daily. On the tenth 
day of treatment the hearing suddenly returned to 
normal. The x-ray picture of the right lung was 
one of almost complete consolidation. Although the 
patient was clinically well of her pneumonia after 
72 hours, the x-ray picture was not completely 
clear until 90 days later. 

This phenomenon of Nature clearing the debris 
after killing out the virus organism was observed 
in five other cases. The time required was in 
direct proportion to the degree of pulmonary in-
volvement. There is nothing new about this pro-
cedure; Nature merely duplicating a stage in the 
metamorphosis of the frog in getting rid of its 
tadpole tail. 

Case  4.  that  of  a  white  baby  19  months  old,  
bothered with a little cold for two weeks, not very 
sick until the last 24 hours, in which the baby had 
been "runnings high_fever that could not be_bro- 
ken with aspirin." Clonic convulsive seizures of the 
right arm and leg began 12 hours before admission. 
An undernourished infant, lying rigid in its 
mother's arms, skin cold to touch, color cadaver-like, 
eyes closed, grade -2 mucopurulent nasal discharge, 
throat red. The temperature was 103.8 (R). 
Breath and heart sounds practically inaudible. 
Areas of skin over the back presented an appearance 
similar to that seen in rigor mortis. 

Vitamin C, 1000 mg., was given IM. repeated 
every four to six hours. At the first injection the 
baby did not move and the sensation was like 
that of sticking an orange. To give rapid external 
heat, mustard plasters were applied to the anterior 
and posterior chest in a mixture of one part mus-
tard to three parts flour. A croup tent was set up. 
the vapor carrying compound tincture benzoin; 50 
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c.c. of 5 per cent dextrose in saline was given under 
the skin in the scapular areas. Two hours after the 
first injection of vitamin C the baby drank 240 c.c. 
of orange juice, the first food of any type taken 
by the baby in 24 hours. This was repeated 1l/2
hours later. At this time there was total paralysis 
of  the  right  arm  and  leg.  Twelve  hours  after  ad-
mission the baby moved ks right leg and one hour 
later grasped a bottle of orange juice with both 
hands. From this point on the recovery was un-
eventful. Of secondary importance is the laboratory 
report of Ascaris lumbricoides ova and hemoglobin 
55 per cent. 

Cases 5 and 6 are of pulmonary virus infection, 
(a) in a boy of 14 years, and (b) in a man of 58 
years. In the case of the boy the fever curve was 
of the type showing a fast response to heavy vita-
min C injections. The WBC was 4,300, urine sugar 
++ Twenty-six grams of vitamin C was given IV 
to this patient in a 44-hour period. 

In the case of the man, Case 6, the fever decline 
was after a modified step-ladder fashion. In this 
instance the amount of vitamin C injected was 
less than half of the recommended dose. The WBC 
was 5,850, admission urine sugar +++. Thirty-
one grams of vitamin C was injected intravenously 
over  a  period  of  60  hours.  It  is  to  be  noted  that  
the same amount of vitamin C (2 grams every four 
hours) was given to the boy and to the man, dis-
regarding the factor of body weight. Had the man 
received four or five grams every four hours, or 
two grams every two hours, his hospital course 
would probably have followed the same pattern as 
that of the boy. A point of great interest was that 
at subsequent examinations the urine was consist-
ently negative for sugar. The course in these cases 
emphasizes the necessity of administering massive 
doses of vitamin C at frequent, regular intervals 
so as -to maintain the proper level of this antibiotic 
in the tissues. 

The amount of vitamin C for optimal effect will 
vary greatly with the individual The type of the 
disease and the degree of toxemia are important 
guides in determining the dosage. Although the 
usual dose of vitamin C is calculated on the basis 
of 65 mgm. per Kg. of body weight, and given 
every two to four hours by needle, under certain 
conditions larger single injections can be used to 
good advantage. Vitamin C given to a child with 
measles, mumps or chickenpox will abort or modify 
the attack, depending upon the intensity of the 
treatment. If the activity of the pathogen is 
stopped, the development of active immunity will 
be interrupted. In handling these particular child-
hood diseases, when uncomplicated, the treatment 
should be aimed at modification of the infection as 
the plan of choice. To accomplish this end vitamin 
C should be increased to 250 mgm. per Kg. of 

body weight, and the injection given intramuscu-
larly. It will be necessary, at .times, to repeat with 
half of this amount eight hours later. The vitamin 
was given in a concentration of 500 mg. per c.c. 
of solution. Pain was slight and lasted only a few 
minutes. Procaine, 0.5 to 2 per cent, instilled from 
a second syringe into the gluteal muscle through a 
placed needle just before giving the vitamin might 
solve this problem. The itch of measles and of 
chickenpox, the occasional vomiting of these ill-
nesses, and the pain of mumps were fully con-
trolled within one hour, when 250 mg./Kg. body 
weight was used. Instead of repeating waves of 
macules in chickenpox, and the usual seven to nine 
days required for crusting, following the heavy 
modifying injection no new eruptions appeared 
and crusting was present within six hours. Fur-
ther clinical studies may prove that the routine 
use of the higher dose (250 mg./Kg. body wt.) 
replacing the usual (65 mg./Kg. body wt.) is indi-
cated in all virus infections and the results pro-
duced may be even more dramatic. 

The greatest value of vitamin C in virus infec-
tions does not rest with these lesser kinds of dis-
eases, some of which, e.g. measles, can be modified 
or prevented by the proper use of immune globulin. 
The value above all others is its positive action 
against the virus causing poliomyelitis. A report of 
this  usage  was  published  in  the  official  journal  of  
this association in 1949. Many physicians refuse 
to employ vitamin C in the amounts suggested, 
simply  because  it  is  counter  to  their  fixed  ideas  of  
what is reasonable; but it is not against their rea-
son to try some new product being advertised by 
an  alert  drug firm.  It  is  difficult  for  me to  recon-
cile these two attitudes. On the other hand, many 
physicians who have been willing to try vitamin C 
against the virus of poliomyelitis have obtained the 
same striking results as we reported. Scores of 
letters from practitioners here in the United States 
and in Canada could be presented in evidence. In 
some instances doctors have cured their own chil-
dren of poliomyelitis by giving vitamin C and in 
other cases doctors themselves have been cured- 

In poliomyelitis vitamin C performs three im-
portant functions: 1) It destroys the virus; 2) 
acting as the dehydrator and diuretic of first choice, 
it removes the edema fluid from the brain and the 
cord; 3) it preserves the lining of the central canal 
and maintains more regular spacing and less crowd-
ing of the ependymal cells (Altman). The pressure 
within the bony vault of the central nervous system 
resulting from the inflammatory process excited by 
the virus, acts as a haemostat to cut off the blood 
supply to the anterior horn cells. This compression 
of their vessels denies to the horn cells the essen-
tials for function, for life even. 

It is of more than academic interest to review 
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the findings of McCormick in 50 confirmed cases 
of poliomyelitis in and around Toronto, Canada, 
during the epidemic of 1949. This report is that 
children of families eating brown bread who came 
down with poliomyelitis did not develop paralysis; 
whereas in those families eating white bread many 
of the children having poliomyelitis did develop 
paralysis. The point here is that brown bread has 
28 times more vitamin B1 than does white bread 
Obviously, then, the paralysis which complicates 
acute poliomyelitis appears to be due to a B1 
avitaminosis. Vitamin C by removing edema fluid 
relieves from pressure these vessels that supply 
nutriment to the horn cells, thus allowing the nor-
mal complement of vitamin B1 to reach these cells. 
In December, 1949, a 5-year-old white girl was 
brought to my office with paralysis of both lower 
extremities of 4½ days' duration. The child had 
been ill for 12 days. There was complete flaccid 
paralysis of the right leg, 85 per cent paralysis of 
the  left  leg.  Pain  was  directed  to  the  knee  and  to  
the lumbar back. In hospital the diagnosis of polio-
myelitis was confirmed by four consulting physi-
cians.  Spinal  fluid  cells  were  82.  No medication  of  
any type was given exclusive of vitamin C. Mas-
sage was started immediately. The rationale of 
using early massage had two bases: 1) In the 
course of general practice patients would give a 
history of having had poliomyelitis when a child 
and that their mother rubbed the paralyzed mem-
ber day and night until function returned. 2) That 
paralyzed muscle was in profound shock and "artifi-
cial respiration" would maintain proper metabolism 

during .the emergency phase. To the first injection 
of vitamin C there was definite response. After 96 
hours  the  child  was  moving  both  legs.  The  flexion  
was slow and deliberate. She was discharged from 
the hospital at this time, vitamin C being continued 
by mouth—1000 mg. every two hours with fruit 
juice for seven days. On the llth day of treatment 
the child was walking about the house, but her 
gait was slow and her posture was poor, being 
bent forward. Vitamin C was discontinued and 
vitamin B1 started—10 mg. before meals and bed 
hour- Carbonated drinks were encouraged for their 
sugar content and mild stimulating action. Nine-
teen days after starting treatment there was com-
plete return of sensory and motor function which 
has persisted to this date. 

A boy of eight years was brought to my office 
with a h istory of having had "flu" for a week, 
and four days previously having developed photo-
phobia, conjunctivitis, sore throat, nausea, vomit-
ing and a back-of-the-eyes type headache of such 
intensity that adult doses of aspirin had no effect. 
The boy was either rubbing his neck on the left 
side or holding his head between his hands, begging 
for something to relieve his pain. The fever was 
104.4 (Ax.) He was tender in the lumbar region 
and he had a drawing sensation referred to the 
hamstring attachments at the knee. Two grams of 
vitamin C was given IV while in the office. He 
was then sent to the local hospital where he receiv-
ed promptly a second injection of 2 grams of tjie 
vitamin, after which it was given every four hours. 
Six hours after commencing therapy the neck pain 
was gone, the headache completely relieved, he 
could tolerate the ceiling light, his eyes were dry 
and the redness clearing. Nausea and vomiting 
had disappeared, the fever was down to 100.6 
(Ax.), and he was sitting up in bed in a jovial 
mood while he drank a carbonated beverage. He 
was discharged from the hospital after receiving 26 
grams of the vitamin in a 48-hour period, clinically 
well. Vitamin C was continued by mouth, 1500 
mg. every two hours with fruit juice for one week, 
then change was made to vitamin B1, 25 mg. be-
fore  meals  and  bed  hour.  Vitamin  B1 in these cases 
should be continued for a period of no less than 
three months as nerve tissue is slow in recovering 
from damage. 

In using vitamin C as an antibiotic minor com-
plications were occasionally seen. These fall into 
six  groups:  1)  Diarrhea  in  two  cases.  In  each  in-
stance the preparation contained sodium bisulfate. 
The enteritis cleared on giving a preparation of 
vitamin C not containing this salt. 2) Induration 
in 42 cases—seen either immediately following the 
injection (allergy), or delayed. In the latter it was 
found that the injections were being given too close 
to the surface. Applications of warm magnesium 
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sulfate  as  a.  compress  gave  prompt  relief  of  the  
pain -and swelling. In two of these cases fluctuation 
ensued and healing was effected by surgical drain-
age and the application of compresses. The impres-
sion  in  these  two  cases  was  that  a  vein  had  been  
opened by the needle. The exudate was dark and 
both the slide and culture studies were negative 
for bacteria. 3) Endothelial irritation in three 
cases. Acute pain radiated from the site of the 
injection to the shoulder. In each instance the con-
centration of the vitamin was one gram to each 5 
c.c. solution and the amount given exceeded two 
grams. After slowing the rate of injection this re-
action did not occur. 4) Venous thrombosis in one 
case. The concentration was 500 mg..per c.c. solu-
tion; the total dose 5 c-c. Compressing relieved the 
pain. The pathology was very similar to that fol-
lowing the use of 50 per cent dextrose solution. 5) 
Syncope—In maximum doses given IV a sensation 
of fainting and dyspnea occurred seven times. Five 
of these patients were over 55 years of age. The 
disagreeable symptoms were relieved by slowing 
the speed of the injections. 6) Rash—In three cases 
a pin-point dermatitis occurred, limited to the face 
and upper third of the torso, identical to that seen 
in infants taking orange juice. This did not necessi-
tate discontinuance of therapy and cleared spon-
taneously several days after vitamin C was stopped. 

Calcium, in vivo, duplicates the chemical behav-
ior of vitamin C in many respects. Calcium glu-
conate and calcium lexulinate were used in con-
junction with vitamin C therapy in a small series 
of pulmonary virus infections and in mild cases of 
influenza. There was a definite synergistic response. 
Patients with colds derived most benefit from this 
combined treatment. Because of its action on car-
diac muscle, the use of calcium was limited to 
adults and the amount injected to two grams per 
day- One gram administered IV at moderate speed 
will so slow the heart as in many cases to produce 
syncope. If the concentration becomes great enough 
cardiac arrest in a tonically contracted state might 
result. It is, however, quite possible that, with the 
proper ionic balance of oalcium and vitamin C in 
the same solution, larger amounts could be given 
without side effects. The massive dose schedule 
limits the usefulness of the calcium ion in virus 
diseases to that of an adjuvant only. 

In all of the cases of virus infection reviewed 
in this study one laboratory finding stood out as 
of great significance. On admission to the hospital 
the first routine urine examination showed some 
degree of glycosuria. The pattern of the qualitative 
Benedict's reaction was constant enough to postu-
late that the higher the reading the more severe 
was the pathology. Repeat urine sugar studies fol-
lowing vitamin C therapy revealed complete clear-
ing. This was true even though fruit juices were 
forced to tolerance. This finding confirmed the 

knowledge that interference with the normal phy-
siology of the adrenal glands, either by the toxins 
produced by microorganisms or by surgery, has a 
profound influence on metabolism, especially of the 
carbohydrates. Adrenalin in the blood stream 
causes hyperglycemia with resulting glycosuria. 
Adrenalin acts either by stimulation of the sym-
pathetic nervous system or directly via the 
blood. This action of adrenalin is via the blood 
only, because the effect, as demonstrated in experi-
mental animals, is still realized after destruction 
of the cord and sympathetic plexuses and degener-
ation of the peripheral post-ganglionic fibers 
(Evans, 1930). The glycosuria found in these cases 
was not due to a lowering of the threshold for 
sugar excretion by the kidney, paralleling a phlor-
idzin diabetes, since the carbohydrate mechanism 
was associated with a hyperglycemia (Zuelzer, 
1901, Metzger, 1902, Paton, 1903). Likewise 
there was no evidence of kidney damage. Albumin 
was reported negative and the microscopic exam-
ination showed no cells or casts. Apparently this 
is a condition of artificial diabetes mellitus, which 
would suggest the answer for the diabetic who 
loses ability to maintain sugar-insulin balance when 
embarrassed with an acute infection. 

The story of a 7-year-old boy may have a les-
son. He has been known to be diabetic since the 
age of four years. Any incident of infection in this 
lad produced an alarming interference of his sugar-
insulin-diet equilibrium. Recently he contracted 
measles, and as the disease process developed to-
ward its height the urine sugar curve swung 
sharply upward. From an occasional dose of 5 
units regular insulin his requirement rose to 30 
units regular insulin, three times each day, while 
still running a 3- or 4-plus Benedict's test. (Other 
forms of insulin proved by trial to be too danger-
ous.) At the peak of his infection vitamin C was 
started in a modifying dose of one gram every four 
hours. His general condition soon improved and in 
the course of several days he returned to his usual 
diet-insulin schedule and his usual urine sugar. In 
patients with diabetes, vitamin C should be discon-
tinued  just  as  soon  as  the  temperature  returns  to  
normal. Prolonged use of vitamin C might prove 
undesirable due to its dehydrating and diuretic 
powers. 

The pathologic process at work here is only com-
patible with abnormal amounts of adrenalin in the 
blood stream. It is not a response to an emotional 
stimulus to the adrenal medulla, since free adre-
nalin in the circulating blood has a transitory ac-
tion, being so rapidly oxidized that none gets into 
the urine. This suggested that the regulator of the 
adrenalin mechanism had been removed, so that a 
constant supply of adrenalin would be present in 
the blood, making possible a concentration suffi-
ciently high to cause constant vasoconstriction. 
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Ritzmann (1909) found that adrenalin affected 
carbohydrate metabolism only when this vasocon-
striction phase existed. This finding was concurred 
in by Lusk (1914), who further concluded that 
ihis  action  on  blood  vessels  caused  asphyxia  of  the  
tissues which tended to increase the acidity of the 
blood and the tissues. This superimposed acidity 
further promotes the production of .adrenalin hy-
perglycemia (Peters and Geyelin, 1917). McDan-
nell and Underbill (1919), studying these phe-
nomena in rabbits, found that slight hyperglycemia 
could be controlled by the administration of sodium 
carbonate. 

The rationale of forcing fruit juices in the old 
treatment  of  colds  was  based  on  this  theory  as  
postulated by Hawley et al. (1936) that a highly 
alkaline urine would have lower amounts of vita-
min C than a highly acid urine; the alkaline ash 
from the organic acids serving to retain the vita-
min C in the blood and tissues where Nature had 
assigned it to guard against the many enemies of 
the body—the toxins and ferments of bacteria. As 
a result of avitaminosis C, liver glycogen is mobil-
ized—glycogenolysis; and further storing of sugar 
ir the liver is prevented—glycogenesis (Macken-
zie, 1917). To further enhance the hyperglycemia 
this vasoconstriction brings about a decrease in the 
pancreatic secretions by lessening the amount of 
blood passing through the gland {Mann and Mc-
Lachlan, 1917). 

That the adrenal glands and vitamin C are 
closely allied in the defense of the body has been 
proven by experimentation and by autopsy. In 
normal persons any excess of vitamin C is excreted 
in the urine. In persons suffering with an acute in-
fection, particularly a virus infection, vitamin C is 
riot only absent from the urine but is also missing 
from the blood serum. This is true even when 
moderate amounts are given intravenously. These 
observations on serum were made with a Klett-
Summerson photoelectric colorimeter using the 
method described by Mindlin and Butler. The obser-
vations on the urine were conducted according to 
the instructions of Goldsmith and Ellenger. Harde 
and Benjamin (1934-35) found the vitamin C frac-
tion of the adrenal glands greatly reduced in mon-
keys killed or paralyzed by the virus of poliomy-
elitis. Yavorsky, Almoden and King (1934) re-
ported identical findings in humans having died of 
various infectious agents. 

This gives us an important concept of the value 
of vitamin C in virus diseases. The explanation for 
the absence of vitamin C in the infectious states is 
that this agent joins with the toxin and/or virus to 
form a new compound which is then destroyed by 
oxidation. Since the body is dependent on food 
for vitamin C to meet its daily needs, it is ob-
vious that the body tissues would soon be depleted, 
and we would expect to find evidence of a prescor- 

butic state in patients who had hypovitaminosis C. 
In patients seriously ill with a virus invader, the 
added strain on the capillaries by the application 
of a tourniquet, even for a few seconds, produced 
petechial hemorrhages at the site of constriction, 
bince not all patients thus demonstrated this ca-
pillary weakness, all .patients ill with a virus infec-
tion were investigated by the aid of a petechiom-
eter. Increased capillary fragility was found to exist 
in all cases, and the number of petechiae as ex-
pressed in centimeters of mercury followed the 
urine sugar findings. This deficiency syndrome was 
reversed as the glycosuria cleared, indicating that 
both were responsive to a proper plasma level for 
vitamin C. 

At this same time the anaerobic conditions in 
the tissues will be relieved by the catalytic action 
of vitamin C acting as a gas transport to aid this 
cellular respiration. The abnormal acidity of the 
blood and tissues will be removed and abnormal 
amounts of free adrenalin will disappear from the 
blood stream. Following this the constriction of the 
blood vessels will cease, 'allowing the liver and pan-
creatic tissue to return to nftrmal function. Con-
tinuance of frequent injections of properly calcu-
lated doses of vitamin C will restore the normal 
physiology of the body. This is not all of the story. 

Lojkin (1937), studying the various phases of 
the inactivation of crystalline tobacco mosaic virus 
by 1-ascorbic acid, suggested that the action was 
not due to reduced vitamin C nor to the irreversi-
bly oxidized dehydroascorbic acid. Lojkin felt that 
il was due to a specific intermediate product which 
is formed in the course of the catalytic auto-oxida-
tion of vitamin C, an action stimulated by the 
presence of copper ions. This intermediate product 
must .be a peroxide because a peroxide is formed 
during copper-catalyzed oxidation of vitamin C. 
This peroxide is decomposed as rapidly as it is 
formed (Barrow, De Meio, Klemperer, 1935-36). 
Lyman and associates (1937) confirmed the pe-
roxide theory by observing that the oxygen uptake, 
beyond that calculated for the reaction ascorbic 
acid to dehydroascorbic acid, was not due to fur-
ther oxidation of dehydroascorbic acid to an irre-
versible oxidation product, because treatment of 
the oxidized solution with hydrogen sulfide gave 
complete recovery of the ascorbic acid. These men 
also found that copper catalysis accelerates not 
only the reversible oxidation of vitamin C, but also 
further oxidation of dehydroascorbic acid. This 
action of the copper ion elucidates the findings 
that vitamin C in massive, frequent doses works 
better in the body than in a laboratory test tube. 

Hippocrates declared the highest duty of medi-
cine to be to get the patient well. He further de-
clared that, of several remedies physicians should 
choose the least sensational- Vitamin C would seem 
to meet both these requirements. 
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QHZ�PHGLFLQH�PLJKW�EH�FRXQWHG�DV�FRQWUROV�ZKR�KDG�QHYHU�EHHQ�H[SRVHG�WR�LW�
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3$8/�0(,(5�+$'�$�352)281'�,03$&7�RQ�KRZ�FOLQLFDO�WULDOV�QRZ�HYDOXDWH�WKH�HIILFDF\
RI�QHZ�GUXJV�DQG�WUHDWPHQW�PHWKRGRORJLHV�WKURXJKRXW�WKH�ZRUOG��0HLHU¶V�WLUHOHVV�SURPRWLRQ�RI�WKH
QRZ�VWDQGDUG�SUDFWLFH�RI�UDQGRPO\�DVVLJQLQJ�SDWLHQWV�HQUROOHG�LQ�FOLQLFDO�WULDOV�WR�UHFHLYH�HLWKHU�WKH
FRQYHQWLRQDO�UHPHG\�RU�WKH�QHZ�WUHDWPHQW�EHLQJ�HYDOXDWHG�KHOSHG�HQVXUH�LWV�FXUUHQW�VWDWXV�DV�WKH
PRVW�ULJRURXV�ZD\�WR�JDWKHU�HYLGHQFH�RI�D�QHZ�GUXJ�RU�WUHDWPHQW¶V�HIIHFWLYHQHVV��0HLHU�DOVR�KHOSHG
IRUPXODWH�WKH�.DSODQ�0HLHU�HVWLPDWRU��ZKLFK�LV�QRZ�WKH�PRVW�SRSXODU�PHWKRG�RI�HVWLPDWLQJ�FOLQLFDO
WULDO�SDUWLFLSDQW�VXUYLYDO��,W�LV�RQH�RI�WKH�PRVW�ZLGHO\�FLWHG�DUWLFOHV�LQ�WKH�PHGLFDO�OLWHUDWXUH�

0HLHU��ZKR�GLHG�RQ�$XJXVW����������DW�WKH�DJH�RI�����KDG�D�SURIRXQG�LPSDFW�RQ�KRZ�FOLQLFDO�WULDOV�QRZ
HYDOXDWH�WKH�HIILFDF\�RI�QHZ�GUXJV�DQG�WUHDWPHQW�PHWKRGRORJLHV�WKURXJKRXW�WKH�ZRUOG��0HLHU¶V�³PDQ\
SXEOLVKHG�ZRUNV�DQG�ZULWLQJV�KDYH�KDG�D�KXJH�LQIOXHQFH�RQ�WKH�DSSOLFDWLRQ�RI�VWDWLVWLFV�WR�PHGLFDO
UHVHDUFK²SDUWLFXODUO\�WKH�GHVLJQ��FRQGXFW��DQG�DQDO\VLV�RI�UDQGRPL]HG�FOLQLFDO�WULDOV�DQG�LQ�WKH
DGYDQFHPHQW�RI�HYLGHQFH�EDVHG�PHGLFLQH�LQ�JHQHUDO�´�DFFRUGLQJ�WR�WKH�6RFLHW\�RI�&OLQLFDO�7ULDOV�
ZKLFK�0HLHU�KHOSHG�IRXQG�LQ�������

0HLHU�ZDV�WLUHOHVV�LQ�KLV�SURPRWLRQ�RI�WKH�QRZ�VWDQGDUG�SUDFWLFH�RI�UDQGRPO\�DVVLJQLQJ�SDWLHQWV
HQUROOHG�LQ�FOLQLFDO�WULDOV�WR�UHFHLYH�HLWKHU�WKH�FRQYHQWLRQDO�UHPHG\�RU�WKH�QHZ�WUHDWPHQW�EHLQJ
HYDOXDWHG��7KLV�LV�QRZ�FRQVLGHUHG�WKH�PRVW�ULJRURXV�ZD\�WR�FRQGXFW�D�VWXG\�DQG�WKH�EHVW�ZD\�WR�JDWKHU
HYLGHQFH�RI�D�QHZ�GUXJ�RU�WUHDWPHQW¶V�HIIHFWLYHQHVV��³3HUKDSV�PRUH�WKDQ�DQ\�RWKHU�8�6��VWDWLVWLFLDQ�
>'U��0HLHU@�LQIOXHQFHG�8�6��GUXJ�UHJXODWRU\�DJHQFLHV��DQG�KHQFH�FOLQLFDO�UHVHDUFKHUV�WKURXJKRXW�WKH
8�6��DQG�RWKHU�FRXQWULHV��WR�LQVLVW�RQ�WKH�FHQWUDO�LPSRUWDQFH�RI�UDQGRPL]HG�HYLGHQFH�´�VDLG�6LU�5LFKDUG
3HWR�RI�2[IRUG�8QLYHUVLW\��ZKR�ZDV�DOVR�D�OHDGLQJ�DGYRFDWH�IRU�UDQGRPL]DWLRQ��LQ�0HLHU¶V�1HZ�<RUN
7LPHV�RELWXDU\���³7KDW�VWUDWHJLF�GHFLVLRQ�KDOI�D�FHQWXU\�DJR�KDV�DOUHDG\�VDYHG�PLOOLRQV�RI�OLYHV��DQG
WKRVH�PLOOLRQV�VKRXOG�EH�DWWULEXWHG�WR�3DXO�´�3HWR�VDLG�

³,�GHIHQGHG�UDQGRPL]DWLRQ�HYHU\�FKDQFH�,�JRW��DQG�,�KDG�D�IDLU�QXPEHU�RI�FKDQFHV�´�0HLHU�VDLG�LQ�D
�����LQWHUYLHZ�LQ�WKH�MRXUQDO�&OLQLFDO�7ULDOV�� �³)RU�D�IDLUO\�ORQJ�WLPH�UDQGRPL]DWLRQ�ZDV�QRW
WKRXJKW�RI�VR�KLJKO\�´�KH�H[SODLQHG��+H�VDLG�WKDW�LQ������

DGGLQJ�WKDW�KLV�VXFFHVV�LQ�HQFRXUDJLQJ�WKH�XVH�RI�UDQGRPL]DWLRQ�LQ�FOLQLFDO�WULDOV�LV�WKH�DFKLHYHPHQW�KH
SUL]HG�PRVW�KLJKO\��

7RJHWKHU�ZLWK�(GZDUG�/��.DSODQ�RI�WKH�&DOLIRUQLD�5DGLDWLRQ�/DERUDWRU\��0HLHU�DOVR�KHOSHG�IRUPXODWH
ZKDW�WKH�6RFLHW\�IRU�&OLQLFDO�7ULDOV�WHUPV�³RXU�PRVW�SRSXODU�PHWKRG�RI�HVWLPDWLQJ�VXUYLYDO�IXQFWLRQV
IURP�FRQWLQXRXVO\�REVHUYHG�GDWD�´��3XEOLVKHG�LQ�WKH�-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ�
LQ�������LW�ZHQW�RQ�WR�EHFRPH�RQH�RI�WKH�PRVW�ZLGHO\�FLWHG�DUWLFOHV�LQ�WKH�PHGLFDO�OLWHUDWXUH��$W�WKH�WLPH
RI�0HLHU¶V�GHDWK��WKH�.DSODQ�0HLHU�DUWLFOH�KDG�EHHQ�FLWHG�PRUH�WKDQ�������WLPHV��7KHRGRUH�.DUULVRQ�
3K'��GLUHFWRU�RI�WKH�8QLYHUVLW\�RI�&KLFDJR�'HSDUWPHQW�RI�+HDOWK�6WXGLHV¶�%LRVWDW�/DE�DQG�RQH�RI
0HLHU¶V�GRFWRUDO�VWXGHQWV��DWWHVWHG�WR�WKH�DUWLFOH¶V�FRQWLQXLQJ�UHOHYDQFH�E\�QRWLQJ��³,I�\RX�RSHQ�XS�DW
UDQGRP�D�PHGLFDO�MRXUQDO�\RX¶UH�OLNHO\�WR�VHH�LQ�DW�OHDVW�RQH�RI�WKH�DUWLFOHV�D�FLWDWLRQ�WR�WKH�.DSODQ�
0HLHU�SDSHU´��RUDO�FRPPXQLFDWLRQ��'HFHPEHU����������

2YHU�KLV�ORQJ�DQG�GLVWLQJXLVKHG�FDUHHU��0HLHU�HDUQHG�PDQ\�KRQRUV²DV�ZHOO�DV�ZLGHVSUHDG�DGPLUDWLRQ
IRU�EHLQJ�TXLFN�RQ�KLV�IHHW�

UHFDOOHG�5LFN�&KDSSHOO��ZULWWHQ�FRPPXQLFDWLRQ��1RYHPEHU����������DQG�RUDO�FRPPXQLFDWLRQ�
1RYHPEHU������������ZKR�ZDV�0HLHU¶V�ODVW�GRFWRUDO�VWXGHQW�DQG�LV�QRZ�D�SURIHVVRU�RI�ELRVWDWLVWLFV�DQG
PHGLFDO�LQIRUPDWLFV�DW�WKH�8QLYHUVLW\�RI�:LVFRQVLQ�DW�0DGLVRQ�

�S����

D�YHU\�GLVWLQJXLVKHG�VWDWLVWLFLDQ�WROG�PH�WKDW�,�KDG�D�PDMRU�LQIOXHQFH�RQ�WKH�)RRG�DQG�'UXJ
$GPLQLVWUDWLRQ¶V�SROLFLHV�RQ�UDQGRPL]HG�FOLQLFDO�WULDOV��,�GRQ¶W�NQRZ�KRZ�WUXH�WKDW�ZDV��EXW�LI�VR��LW
ZRXOG�EH�VRPHWKLQJ�RI�ZKLFK�,�DP�YHU\�SURXG�

�S����

$W�SURIHVVLRQDO�PHHWLQJV�«�KH�RIWHQ�DVWRQLVKHG�PH�E\�JLYLQJ�FRPPHQWV�IURP�WKH�DXGLHQFH��ZKLFK�
WKRXJK�VSRQWDQHRXV��GLVSOD\HG�D�GHSWK�RI�UHDVRQLQJ�DQG�SHUIHFW�HORTXHQFH��ZKLFK�IHZ�RWKHUV
FRXOG�KDYH�PDWFKHG�ZLWK�DQ\�DPRXQW�RI�DGYDQFHG�SUHSDUDWLRQ�
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7KURXJK�LW�DOO��LQFOXGLQJ�WKH�VWURNH�LQ������WKDW�UREEHG�KLP�RI�VRPH�RI�KLV�HORTXHQFH��0HLHU�ZDV�DOVR�D
NLQG�DQG�JHQWOH�PDQ��DFFRUGLQJ�WR�D�VWDWHPHQW�LVVXHG�E\�WKH�6WDWLVWLFV�'HSDUWPHQW�DW�&ROXPELD
8QLYHUVLW\���ZKHUH�0HLHU�VSHQW�KLV�ILQDO�\HDUV��KH�DOVR�KHOG�D�MRLQW�DSSRLQWPHQW�DW�&ROXPELD¶V
0DLOPDQ�6FKRRO�RI�3XEOLF�+HDOWK���.DUULVRQ��&KDSSHOO��DQG�'DQLHO�+HLWMDQ��3K'��D�SURIHVVRU�RI
ELRVWDWLVWLFV�DW�WKH�8QLYHUVLW\�RI�3HQQV\OYDQLD¶V�3HUHOPDQ�6FKRRO�RI�0HGLFLQH��DWWHVWHG�WKDW�0HLHU�ZDV
ERWK�ZLGHO\�UHVSHFWHG�DQG�ORYHG��³+H�ZDV�D�SHUVRQ�ZKR�FDUHG�DERXW�SHRSOH�«�DQG�VRPHRQH�\RX�FRXOG
JR�WR�ZLWK�D�SUREOHP�´�.DUULVRQ�VDLG�

$�5(/8&7$17�%,267$7,67,&,$1

0HLHU�JUDGXDWHG�IURP�2EHUOLQ�&ROOHJH�LQ������DQG�ZHQW�RQ�WR�3ULQFHWRQ�8QLYHUVLW\�WR�SXUVXH�D
GRFWRUDWH�LQ�PDWKHPDWLFV��ZKHUH�KH�VWXGLHG�XQGHU�WKH�FHOHEUDWHG�PDWKHPDWLFLDQ�-RKQ�7XNH\��0HLHU¶V
GLVVHUWDWLRQ�SURMHFW�LQYROYHG�D�VWDWLVWLFDO�SUREOHP�VXJJHVWHG�E\�:LOOLDP�&RFKUDQ��WKH�QRWHG�VWDWLVWLFLDQ
ZKR�FKDLUHG�-RKQV�+RSNLQV�8QLYHUVLW\¶V�'HSDUWPHQW�RI�%LRVWDWLVWLFV�IURP������WR�������$W�WKH�WLPH�
0HLHU�ZDV�DOVR�YHU\�LQWHUHVWHG�LQ�³WKH�QRWLRQ�WKDW�UDQGRPL]DWLRQ�FRXOG�FOHDU�DZD\�FRQIRXQGHUV�WKDW�\RX
GLG�QRW�NQRZ�DERXW�´� �$V�RQH�RI�D�YHU\�IHZ�PDWKHPDWLFLDQV�IRFXVLQJ�RQ�PHGLFDO�DSSOLFDWLRQV�
0HLHU�UHFRJQL]HG�WKH�SRWHQWLDO�YDOXH�RI�UDQGRPL]DWLRQ¶V�DSSOLFDWLRQ�LQ�PHGLFLQH��

$IWHU�0HLHU�HDUQHG�KLV�GRFWRUDWH��KH�VSHQW�RQH�PRUH�\HDU�DW�/HKLJK�8QLYHUVLW\��ZKHUH�KH�KDG�EHHQ
WHDFKLQJ�VLQFH�������7XNH\�UHFRPPHQGHG�WKDW�KH�DFFHSW�D�SRVLWLRQ�DW�+RSNLQV�ZLWK�&RFKUDQ��ZKR�ZDV
HQWKXVLDVWLF�DERXW�0HLHU¶V�GLVVHUWDWLRQ�

0HLHU�VDLG��%XW�ZKHQ�&RFKUDQ�LQVLVWHG�WKDW�JRLQJ�WR�+RSNLQV�ZDV�D�JRRG�LGHD��0HLHU�DFFHSWHG�KLV�ILUVW
SRVLWLRQ�DV�D�VWDWLVWLFLDQ��

,Q�WKRVH�HDUO\�GD\V��0HLHU�VDLG��³,�ZDV�ORRNHG�DW�ZLWK�DPD]HPHQW�E\�P\�PHGLFDO�FROOHDJXHV�´�ZKHQ�KH
EURXJKW�XS�WKH�LGHD�RI�UDQGRPL]DWLRQ�IRU�DVVHVVLQJ�QHZ�PHGLFDO�WUHDWPHQWV��KH�UHFDOOHG��7KH�SK\VLFLDQV
ZRXOG�VD\�³µ5DQGRPL]H"�:H�NQRZ�WKDW�WKLV�WUHDWPHQW�LV�EHWWHU�WKDQ�WKDW�RQH�¶´�KH�H[SODLQHG��³3HRSOH
ZKR�NQHZ�DQG�UHVSHFWHG�PH�ZHUH�DVWRXQGHG�WKDW�,�VKRXOG�ZDQW�WR�UDQGRPL]H�WKHLU�SDWLHQWV�´�

0HLHU�V�5HFROOHFWLRQV�RI�WKH�6DON�3ROLR�9DFFLQH�7ULDO

7KH������ILHOG�WULDO�RI�-RQDV�6DON
V�SROLR�YDFFLQH�³ZDV�WKH�PRVW�HODERUDWH�WULDO�WKDW�ZDV�HYHU�GRQH�´
0HLHU�UHFDOOHG��2QH�RI�WKH�UHDVRQV�WKDW�WKH�WULDO�ZDV�VR�FRPSOLFDWHG�LV�EHFDXVH�SROLR�ZDV�YHU\
VFDUFH��KH�H[SODLQHG��³,¶YH�QRW�EHHQ�LQYROYHG�LQ�PDQ\�WULDOV�OLNH�WKDW�DQG�,¶YH�EHHQ�LQYROYHG�LQ�ORWV
RI�PXOWLFHQWHU�VWXGLHV�´�KH�VDLG��

7KH�VLWXDWLRQ�ZDV�IXUWKHU�KDQGLFDSSHG�EHFDXVH�WKH�GLDJQRVLV�RI�SROLR�LV�WULFN\��0HLHU�VDLG��³:H
QHHG�WR�KDYH�WKH�HQWLUH�FRXQWU\¶V�SK\VLFLDQV�SDUWLFLSDWH��EHFDXVH�ZH�FDQ¶W�ORRN�RYHU�HYHU\�FDVH
ZKHUH�WKHUH¶V�VRPH�NLQG�RI�SDUDO\VLV��6R�SK\VLFLDQV�UHSRUWHG�WKH�FDVHV�WKH\�WKRXJKW�ZHUH�SROLR
DFFRUGLQJ�WR�WKH�SURWRFRO��DQG�ZH�DFFHSWHG�WKRVH�FDVHV�´�0HLHU�HVWLPDWHG�WKDW�³DERXW�KDOI�WKRVH
FDVHV�ZHUH�SUREDEO\�QRW�SROLR�DW�DOO�´�

%XW�WKH�ELJJHVW�LVVXH��IRU�0HLHU��HPHUJHG�GXULQJ�D�VHPLQDU�DWWHQGHG�E\�PDQ\�RI�WKH�UHVHDUFKHUV
ZRUNLQJ�RQ�WKH�SURMHFW��ZKHUH�LW�EHFDPH�DSSDUHQW�WKDW�PHPEHUV�RI�WKH�WHDP�ZHUH�VXSSUHVVLQJ�WKH
GDWD�UHODWHG�WR�VRPH�RI�WKH�WHVW�YDFFLQH�ORWV��$V�VRRQ�EHFDPH�FOHDU��WKH�SROLR�YLUXV�XVHG�LQ�WKH�WULDO
YDFFLQHV�ZDV�QRW�DOZD\V�SURSHUO\�LQDFWLYDWHG��-RQDV�6DON��WKH�YDFFLQH¶V�LQYHQWRU��³FXW�RXW�GDWD�LQ
RUGHU�QRW�WR�VKRZ�ZKDW�KDSSHQHG�WR�VRPH�ORWV�´�0HLHU�FKDUJHG�� �+H�VDLG�WKDW�WKH�1DWLRQDO
)RXQGDWLRQ�IRU�,QIDQWLOH�3DUDO\VLV��ZKLFK�VSRQVRUHG�WKH�VWXG\��GURSSHG�IURP�LWV�DGYLVRU\�FRPPLWWHH
VFLHQWLVWV�ZKR�GLG�QRW�DJUHH�ZLWK�KRZ�WKH�UHVXOWV�ZHUH�EHLQJ�SUHVHQWHG��

7KH�ILHOG�WULDO¶V�ILQGLQJV�ZHUH�UHSRUWHG�WR�VKRZ�WKH�YDFFLQH¶V�HIIHFWLYHQHVV��RYHU�WKH�REMHFWLRQV�RI
VRPH�RI�WKH�FRPPLWWHH�PHPEHUV��0HLHU�VDLG��6RRQ�DIWHU��WKH�86�3XEOLF�+HDOWK�6HUYLFH�UHSRUWHG
FDVHV�RI�SDUDO\WLF�SROLR�LQ�FKLOGUHQ�LQRFXODWHG�ZLWK�WKH�YDFFLQH��7KH�RULJLQDO�FDVHV�ZHUH�WUDFHG�EDFN

�S����

,�ZDV�D�OLWWOH�QHUYRXV�EHFDXVH�E\�DQG�ODUJH��ELRVWDWLVWLFV�ZDV�QRW�D�ILHOG�ZLWK�D�ORW�RI�PDWKHPDWLFV
LQ�LW��DQG�,�ZLVKHG�PRUH�RU�OHVV�WR�EH�D�PDWKHPDWLFLDQ�

�S����

�S����

�S����

�S����
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WR�ORWV�SURGXFHG�E\�&XWWHU�/DERUDWRULHV��RI�%HUNHOH\��&$��RQH�RI�VL[�PDQXIDFWXUHUV�OLFHQVHG�WR
SURGXFH�WKH�YDFFLQH��+RZHYHU��0HLHU�VDLG�WKDW�WKH�SUREOHP�ZDV�PRUH�ZLGHVSUHDG��+H�VDLG�

7KHQ�0HLHU�EHFDPH�LQYROYHG�ZLWK�WKH�FRQWURYHUVLDO������6DON�3ROLR�9DFFLQH�ILHOG�WULDOV��7KH�6RFLHW\
IRU�&OLQLFDO�7ULDOV�FDOOHG�WKH�SROLR�YDFFLQH�WULDO�³WKH�SURMHFW�WKDW�SXW�UDQGRPL]HG�WULDOV�RQ�WKH�PDS�LQ
WKLV�FRXQWU\´�LQ�SDUW�EHFDXVH�RI�WKH�NH\�UROH�0HLHU�SOD\HG�E\�SXEOLVKLQJ�D�FULWLFDO�DUWLFOH�LQ�6FLHQFH�LQ
�������7KH�DUWLFOH�UHYLHZHG�³VRPH�DVSHFWV�RI�WKH�SROLRP\HOLWLV�YDFFLQH�WHVWLQJ�SURJUDP�ZKLFK�VHHP�WR
KDYH�LPSRUWDQW�LPSOLFDWLRQV�IRU�VFLHQWLVWV�JHQHUDOO\�´� �,W�LQGLFWHG�ERWK�WKH�1DWLRQDO�)RXQGDWLRQ
IRU�,QIDQWLOH�3DUDO\VLV�DQG�WKH�JRYHUQPHQW�IRU�ZLWKKROGLQJ�LQIRUPDWLRQ�IURP�WKH�SDUWLFLSDQWV��,W�DOVR
IDXOWHG�WKH�WHVWLQJ�SURJUDP�IRU�DFFHSWLQJ�ZLWKRXW�VFUXWLQ\�6DON¶V�DVVHUWLRQ�WKDW�WKH�YDFFLQH�ZDV
³DEVROXWH>O\@�VDIH�´�DQG�IRU�QRW�HPSOR\LQJ�WKH�H[SHQVLYH�DQG�GLIILFXOW�WHVWV�WKDW�KDG�EHHQ�VXJJHVWHG�WR
HQVXUH�WKDW�WKH�ILQDO�SURGXFW�ZDV�IUHH�RI�UHVLGXDO�OLYH�YLUXV��0HLHU�VDLG�WKDW�PDQ\�MRXUQDOV�WXUQHG�KLV
PDQXVFULSW�GRZQ�DQG�WKHLU�HGLWRUV�ZDUQHG�KLP�WKDW�SXEOLVKLQJ�VXFK�DQ�DUWLFOH�ZRXOG�OLPLW�KLV�FDUHHU
SDWK��

+RQRUV�DQG�$ZDUGV

0HLHU�ZDV�QDPHG�DV�D�IHOORZ�RI�WKH�$PHULFDQ�$VVRFLDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH��WKH
$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��WKH�,QVWLWXWH�RI�0DWKHPDWLFDO�6WDWLVWLFV��WKH�$PHULFDQ�$FDGHP\
RI�$UWV�DQG�6FLHQFHV��WKH�5R\DO�6WDWLVWLFDO�6RFLHW\��DQG�WKH�-RKQ�*XJJHQKHLP�0HPRULDO
)RXQGDWLRQ��+H�VHUYHG�DV�SUHVLGHQW�RI�ERWK�WKH�,QVWLWXWH�RI�0DWKHPDWLFDO�6WDWLVWLFV�DQG�WKH�6RFLHW\
IRU�&OLQLFDO�7ULDOV��+H�ZDV�DOVR�HOHFWHG�WR�VHQLRU�PHPEHUVKLS�LQ�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV¶
,QVWLWXWH�RI�0HGLFLQH�����

+H�DOVR�KHOG�WHPSRUDU\�DSSRLQWPHQWV�DV�D�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�6SHFLDO�)HOORZ�DW�WKH
8QLYHUVLW\�RI�/RQGRQ�DQG�,PSHULDO�&ROOHJH��KH�ZDV�D�YLVLWLQJ�SURIHVVRU�DW�+DUYDUG�8QLYHUVLW\�DQG
-HUXVDOHP¶V�+HEUHZ�8QLYHUVLW\��DQG�KH�ZDV�D�IHOORZ�RI�6WDQIRUG�8QLYHUVLW\¶V�&HQWHU�IRU�$GYDQFHG
6WXG\�LQ�WKH�%HKDYLRUDO�6FLHQFHV�����

$OWKRXJK�0HLHU�ZDV�GHQLHG�WHQXUH�DW�+RSNLQV��KH�VXFFHHGHG�LQ�VHFXULQJ�DQ�DSSRLQWPHQW�WR�WKH
8QLYHUVLW\�RI�&KLFDJR�LQ�������+H�VWD\HG�WKHUH�XQWLO�������DQG�WDXJKW�DW�GLIIHUHQW�VFKRROV�DQG
GHSDUWPHQWV²LQFOXGLQJ�WKH�FROOHJH��JUDGXDWH�VFKRRO��ODZ�VFKRRO��DQG�PHGLFDO�VFKRRO²RYHU�WKH�\HDUV�
)RU�PRUH�WKDQ�D�GHFDGH��KH�OHG�WKH�'HSDUWPHQW�RI�6WDWLVWLFV�DV�FKDLU�RU�DFWLQJ�FKDLU�

,Q�������0HLHU�SXEOLVKHG�KLV�KLJKO\�FLWHG�DUWLFOH�GHVFULELQJ�ZKDW�LV�QRZ�NQRZQ�DV�WKH�.DSODQ�0HLHU
HVWLPDWRU�LQ�WKH�-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ���.DSODQ�ZDV�DOVR�D�VWXGHQW�RI�7XNH\
DW�3ULQFHWRQ��:RUNLQJ�LQGHSHQGHQWO\��0HLHU�DQG�.DSODQ�VROYHG�D�SUREOHP�WKDW�ZDV�GRJJLQJ�PHGLFDO
UHVHDUFKHUV�DW�WKH�WLPH��7KH�LVVXH�UHYROYHG�DURXQG�WKH�IDFW�WKDW�PDQ\�SDUWLFLSDQWV�LQ�FOLQLFDO�WULDOV�GR
QRW�SDUWLFLSDWH�LQ�WKH�H[SHULPHQW�IRU�WKH�VDPH�OHQJWK�RI�WLPH�EHFDXVH�RI�WKH�WLPH�UHTXLUHG�WR�UHFUXLW
VWXG\�YROXQWHHUV��7KH�.DSODQ�0HLHU�VWDWLVWLF�HQDEOHV�UHVHDUFKHUV�WR�WDNH�LQWR�DFFRXQW�REVHUYDEOH�WLPH
RI�VXUYLYDO�DQG�GHDWK�

,QLWLDOO\��0HLHU�UHFDOOHG��ERWK�KH�DQG�.DSODQ�KDG�VXEPLWWHG�VHSDUDWH�DUWLFOHV��7KH�SXEOLFDWLRQ¶V�HGLWRU
DVNHG�WKHP�WR�FROODERUDWH�WR�SURGXFH�RQH�DUWLFOH��³,�VZDOORZHG�KDUG��DQG�,�JXHVV�.DSODQ�VZDOORZHG
KDUG�DV�ZHOO�´�0HLHU�VDLG��³:H�ZRUNHG�TXLWH�KDUG�DQG�DW�RQH�SODFH�KH�VROYHG�D�SUREOHP�WKDW�,�FRXOGQ¶W
VROYH��RWKHU�FDVHV�,�VROYHG�SUREOHPV�KH�FRXOGQ¶W�´�

,�JRW�VRPH�GDWD�IURP�D�SK\VLFLDQ�ZKR�ZDV�ZRUNLQJ�RQ�WKLV��DQG�ZH�IRXQG�WKDW�QRW�RQO\�ZDV
&XWWHU�ZURQJ��EXW�WKHUH�ZHUH�YDULRXV�RWKHU�FRPSDQLHV�WKDW�KDG�WKH�VDPH�SROLR�YLUXV�LQ�WKHLU
VDPSOHV��DOWKRXJK�QRW�DV�PXFK�DV�WKH�VDPSOHV�IURP�&XWWHU�/DERUDWRULHV��%XW�EHFDXVH�WKHUH
ZHUH�VR�PDQ\�LPSURSHUO\�GLDJQRVHG�FDVHV�RXW�WKHUH��DQG�EHFDXVH�WKH�RWKHU�PDQXIDFWXUHUV
ZHQW�DURXQG�WR�YDULRXV�QHZVSDSHUV�DQG�WKUHDWHQHG�WR�FXW�WKHLU�DGYHUWLVLQJ��LW�ZDV�GXPSHG�RQ
&XWWHU��&XWWHU�ZDV�UHVSRQVLEOH�EHFDXVH�WKH\�GLG�WKLQJV�LQ�SURGXFLQJ�DQG�WHVWLQJ�WKH�YDFFLQH
WKH\�ZHUH�WROG�QRW�WR�GR���S����

�S�����

�S����
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,Q�WKH�VXEVHTXHQW�GHFDGHV��0HLHU¶V�VWDWXUH�FRQWLQXHG�WR�JURZ��DQG�KH�ZDV�LQYROYHG�LQ�PDQ\�FOLQLFDO
WULDOV��ZKLFK�KH�FDOOHG�KLV�³WUXH�ORYH�´�,Q�DGGLWLRQ�WR�KHOSLQJ�IRXQG�WKH�6RFLHW\�IRU�&OLQLFDO�7ULDOV�LQ�WKH
����V��KH�ZURWH�VRPH�LQIOXHQWLDO�DUWLFOHV�DERXW�WKH�HWKLFV�RI�SHUIRUPLQJ�WKHP�����,Q�KLV�VSDUH�WLPH�
0HLHU�HQMR\HG�PXVLF��SDUWLFXODUO\�IRON�VRQJV��DQG�SOD\HG�WKH�IOXWH��UHFDOOHG�&KDSSHOO��+HLWMDQ��DQG
.DUULVRQ��0HLHU�ZDV�DOVR�D�VDLORU��DQG�KH�WRRN�RXW�KLV�VPDOO�VDLOERDW��7KH�6DOW\�'RJ��LQ�WKH�ZDWHUV�QHDU
KLV�VXPPHU�KRPH�QHDU�/DNH�0LFKLJDQ�GXULQJ�KLV�\HDUV�DW�WKH�8QLYHUVLW\�RI�&KLFDJR��$IWHU�0HLHU
PRYHG�WR�1HZ�<RUN�&LW\�LQ�������KH�VDLOHG�LQ�WKH�+XGVRQ�5LYHU�RXWVLGH�'XWFKHVV�&RXQW\��1HZ�<RUN�

2YHU�WKH�FRXUVH�RI�KLV����SOXV�\HDU�FDUHHU��0HLHU¶V�IDFLOLW\�IRU�H[SODLQLQJ�VWDWLVWLFDO�FRQFHSWV�WR�SHRSOH
RXWVLGH�WKH�GLVFLSOLQH�UHVXOWHG�LQ�FDOOV�WR�WHVWLI\�EHIRUH�WKH�86�&RQJUHVV�DQG�SRSXODULW\�ZLWK�MRXUQDOLVWV
VXFK�DV�*LQD�.RODWD�RI�WKH�1HZ�<RUN�7LPHV��&KDSSHOO�UHPHPEHUHG��,W�DOVR�PDGH�KLP�SRSXODU�ZLWK
FOLQLFLDQV��VXFK�DV�WKH�8QLYHUVLW\�RI�&KLFDJR�PHGLFDO�VFKRRO�VWXGHQWV�KH�WDXJKW�DERXW�FOLQLFDO�WULDOV�
.DUULVRQ�VDLG�

0HLHU¶V�VWURNH�RFFXUUHG�WKUHH�\HDUV�DIWHU�KH�UHWLUHG�IURP�WKH�8QLYHUVLW\�RI�&KLFDJR�LQ������DQG�PRYHG
WR�&ROXPELD�8QLYHUVLW\��7KHUH��KH�KHOG�DSSRLQWPHQWV�DV�ERWK�WKH�+RZDUG�/HYHQH�3URIHVVRU�RI�6WDWLVWLFV
LQ�WKH�VWDWLVWLFV�GHSDUWPHQW�DQG�KHDG�RI�WKH�0DLOPDQ�6FKRRO�RI�3XEOLF�+HDOWK¶V�ELRVWDWLVWLFV�GHSDUWPHQW�
DQG�KH�UHPDLQHG�DFWLYH�SURIHVVLRQDOO\�IRU�\HDUV�DIWHU�KLV�VWURNH��³+H�VWLOO�NHSW�JRLQJ�WR�PHHWLQJV�´
.DUULVRQ�UHFDOOHG��0HLHU�³VWUXJJOHG�FRXUDJHRXVO\�´�DGGHG�+HLWMDQ��ZKR�ZRUNHG�FORVHO\�ZLWK�KLP�DW
&ROXPELD��RUDO�FRPPXQLFDWLRQ��1RYHPEHU�����������

+HLWMDQ�FROODERUDWHG�ZLWK�0HLHU�GXULQJ�WKH�5DQGRPL]HG�(YDOXDWLRQ�RI�0HFKDQLFDO�$VVLVWDQFH�IRU�WKH
7UHDWPHQW�RI�&RQJHVWLYH�+HDUW�)DLOXUH��5(0$7&+��WULDO��ZKLFK�EHJDQ�LQ������DQG�UDQ�WKURXJK�����
DQG�LQYROYHG����FDUGLDF�WUDQVSODQW�FHQWHUV�DURXQG�WKH�FRXQWU\������$OWKRXJK�WKLV�DUWLILFLDO�KHDUW�WULDO
ZDV�UHODWLYHO\�VPDOO�FRPSDUHG�ZLWK�PDQ\�GUXJ�WULDOV��LW�ZDV�RQH�RI�WKH�PRVW�VLJQLILFDQW�GHYLFH�WULDOV
HYHU�FRQGXFWHG��+HLWMDQ�VDLG��0HLHU�LQVLVWHG�WKDW�WKH�WULDO�QHHGHG�WR�EH�UDQGRPL]HG�DQG�KH�UHIXVHG�WR
DOORZ�WKH�JURXS�FDUU\LQJ�LW�RXW�WR�FXW�FRUQHUV��+HLWMDQ�UHFDOOHG�

+HLWMDQ�H[SODLQHG��7KH�WULDO�ZDV�UDQGRPL]HG�VR�LW�FRXOG�GHWHUPLQH�ZKHWKHU�WKH�GHYLFHV�FRXOG�H[WHQG
DQG�LPSURYH�WKH�TXDOLW\�RI�UHFLSLHQWV¶�OLYHV�VXIILFLHQWO\�WR�MXVWLI\�WKH�H[SHQVH�RI�LPSODQWLQJ�WKHP��KH
VDLG�

,W�ZDV�WKH�ILUVW�KLJK�SURILOH�UDQGRPL]HG�FOLQLFDO�WULDO�WKDW�+HLWMDQ�KDG�ZRUNHG�RQ��DQG�³KDYLQJ�3DXO
DURXQG�WR�EH�P\�PHQWRU�DQG�JXLGH�ZDV�YHU\�LPSRUWDQW�WR�PH�´�:KHQ�WKH�WZR�ZRXOG�DWWHQG�PHHWLQJV
UHODWHG�WR�WKH�WULDO��0HLHU�ZDV�TXLHW�PRVW�RI�WKH�WLPH

+HLWMDQ�VDLG��1HYHUWKHOHVV�LW�ZDV�FOHDU�WKDW�0HLHU¶V�XQGHUVWDQGLQJ�RI�ERWK�WKH�WHFKQLFDO�DQG�SROLWLFDO
LVVXHV�LQ�WKH�WULDO�ZDV�XQGLPLQLVKHG��+HLWMDQ�VDLG�

+HLWMDQ�UHFDOOHG�DWWHQGLQJ�D�6RFLHW\�IRU�&OLQLFDO�7ULDOV�PHHWLQJ�ZLWK�0HLHU�LQ�������2QH�DIWHU�DQRWKHU�
GLVWLQJXLVKHG�VHQLRU�SK\VLFLDQ±VFLHQWLVWV�FDPH�XS�WR�JUHHW�0HLHU��SD\�KRPDJH�WR�KLP��DQG�WHVWLI\�WR
KRZ�KH�KDG�RSHQHG�WKHLU�H\HV�WR�WKH�FULWLFDO�LPSRUWDQFH�RI�WKH�UDQGRPL]HG�FOLQLFDO�WULDO��+HLWMDQ
UHPHPEHUHG�

³%HLQJ�ZLWK�>0HLHU@�OLIWHG�\RX�XS�´�+HLWMDQ�VXPPDUL]HG��3HUKDSV�MXVW�DV�LPSRUWDQW�DV�KLV�LQWHOOHFW�DQG
DFFRPSOLVKPHQWV��0HLHU�³ZDV�D�JHQXLQHO\�JRRG�KXPDQ�EHLQJ�´�.DUULVRQ�VDLG��+H�ZDV�D�³JUHDW�DQG
JHQWOH�PDQ�´�&KDSSHOO�DJUHHG�

$FNQRZOHGJPHQWV

&OLQLFDO�WULDOV�LQ�WKH�GHYLFH�ZRUOG�DUH�RIWHQ�VPDOO��VLQJOH�DUP�WULDOV�>ZKHUH�UHVXOWV�DUH�FRPSDUHG
ZLWK�KLVWRULFDO�FRQWUROV@�«�LQ�SDUW�EHFDXVH�D�ORW�RI�WKH�FRPSDQLHV�WKDW�PDNH�GHYLFHV�DUH�VPDOO�DQG
FDQ¶W�VXSSRUW�PDMRU�WULDOV�

EHFDXVH�LW�ZDV�D�OLWWOH�KDUGHU�IRU�KLP�WR�FRPPXQLFDWH�DQG�JHW�KLV�SRLQW�DFURVV�VR�KH�KDG�WR�FKRRVH
KLV�EDWWOHV�FDUHIXOO\��+H�ZRXOG�RQO\�VSHDN�RXW�DW�ZKDW�,�FRQVLGHUHG�FULWLFDO�PRPHQWV�
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Paul Meier
Statistician who was a leading proponent of 
randomised clinical trials and who co-developed 
a system for estimating survival rates. Born on 
July 24, 1924, in New York, NY, USA, he died 
from complications of a stroke in New York on 
Aug 7, 2011, aged 87 years.

Randomised trials have a prominent place in modern clinical 
research. Assigning participants in a random way to receive 
diff erent treatments allows investigators to eliminate bias 
in their fi ndings. But half a century ago, when Paul Meier 
was advocating for this approach, his enthusiasm raised 
eyebrows: “When I said ‘randomize’ in breast cancer trials 
I was looked at with amazement by my clinical colleagues”, 
Meier said in a 2004 interview published in the journal 
Clinical Trials. “‘Randomize? We know this treatment is 
better than that one’, they said. I said ‘Not really…’” 

Meier was a leading fi gure in the generation of 
statisticians who, during the mid-20th century, helped 
establish randomisation as a key part of clinical research, 
says Sir Richard Peto, Professor of Medical Statistics and 
Epidemiology at the University of Oxford, UK. In doing 
so, they helped save countless lives. “Perhaps more than 
any other American statistician, Paul Meier was the one 
who infl uenced US drug regulatory agencies, and hence 
clinical researchers, to insist upon the central importance of 
randomised evidence”, Peto told The Lancet. 

The son of a chemist and a schoolteacher, Meier graduated 
from Oberlin College in 1945 with a bachelor’s degree 
in mathematics and physics, before earning a master’s 

in mathematical logic and a doctorate in statistics from 
Princeton University. After teaching at Lehigh University, he 
moved to Johns Hopkins University where he began the work 
that led to one of his major contributions to medical research: 
the Kaplan-Meier estimator. Meier and Edward Kaplan had 
independently developed the same elegant method to 
estimate survival rates, which took appropriate account of 
the fact that although some patients die at known times, 
others survive beyond the end of the study. Both submitted 
the method to the Journal of the American Statistical 
Association, and the editor convinced them to produce a 
combined paper, which was published in 1958. Kaplan-
Meier curves are now widely used in clinical research. 

In 1957, Meier moved to the Department of Statistics at 
the University of Chicago where he remained for 35 years, 
serving as departmental chairman or acting chairman for 
more than 10 years. After leaving Chicago, he became Head 
of Biostatistics at Columbia University. Theodore Karrison, 
Director of Chicago University’s Biostatistics Laboratory, was 
a student of Meier’s who worked with him on multicentre 
clinical trials and remembers how “Paul was a person who 
displayed a deep concern for others; he would go out of his 
way to help people whenever he could, whether it was a 
struggling student, an individual coping with an illness, or a 
colleague making a diffi  cult career choice or other decision.” 

Throughout his career, clinical trials were Meier’s “true 
love”, as he put it in the Clinical Trials interview. An early 
and prominent example of his work was his involvement 
in the US fi eld trials of the Salk polio vaccine in 1954, which 
Meier, as statistician, ensured included a large number of 
participants randomly assigned to vaccine or placebo. In 
doing this, Meier followed in the path of British statistician 
Sir Austin Bradford Hill, most notably in the well known 1948 
Medical Research Council trial of streptomycin in tuberculosis. 
“Randomisation would probably have been introduced 
anyway some time around the middle of the century, as it 
was so essential if moderate diff erences in treatment effi  cacy 
were to be established or refuted reliably”, said Peto. “A few 
investigators had used it or proposed it before Hill did so, but 
they didn’t trigger the avalanche of randomised evidence 
that Hill triggered and Meier helped propagate.”

Meier helped found the Society for Clinical Trials, and was its 
President in 1986–87. He was also an adviser to the US Food 
and Drug Administration (FDA), where he could be relied on 
to demand credible data, says Robert Temple, Deputy Center 
Director for Clinical Science at the FDA’s Center for Drug 
Evaluation and Research: “I remember Paul as unfailingly 
polite but quite fi rm—although I recall no rudeness—and he 
made his views and disagreements, where necessary, quite 
visible. He was a powerful force whenever he was present.” 
Meier is survived by his wife of 63 years, Louise Goldstone 
Meier, and their three daughters and fi ve grandchildren.

Stephen Pincock
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Dutch medical association calls halt to euthanasia prosecutions

The Royal Dutch Medical
- Association wants Justice

Minister Winnie Sorgdrager to stop
test cases on euthanasia being
brought to court, especially those on
assisted deaths in neonates. The
association’s chairwoman, Joke
Lanphen, says in the association’s
magazine, Medisch Contact, this

week, that she is "very unhappy that
juridical clarity has to be obtained at
the expense of a few individual
doctors’ distress".
From this month, the association

has introduced new procedures that
could form the basis for changes in
the law. A crucial move is that a

committee of doctors, ethicists, and
lawyers has been set up to review

selected cases. The association hopes
that the results of this project will
help them succeed in changing the
system to one in which doctors will
be subject to the criminal law only
when they ignore legal guidelines.
Lanphen refers to the widespread

disappointment in medical circles
that the way euthanasia is handled in
the Dutch legal system-ie, a doctor
automatically faces criminal prosecu-
tion when he complies with the rules
to report non-natural deaths-is
inconsistent with the conclusions of
all serious reports and discussions
that the association has initiated.
Because of the attitude of former

(Christian Democrat) Justice
Minister, Ernst Hirsch Ballin,

prosecution officers are holding
juridical inquiries into the actions of
several doctors. Lanphen wants these
inquiries stopped and the charges
dismissed. She wants instead talks
with Sorgdrager about the minister’s
suggestion in the evening newspaper
NRC Handelsblad to create a "med-
ical exception" in the law for doctors
who act according to the rules. The
effect of the guidelines laid down in
law in 1994 on assisted deaths are

being examined. The evaluation is

expected to be ready in the second
half of this year, so that will be the

political moment to change the legis-
lators’ opinion, says Lanphen.

Marjanke Spanjer

Thomas C Chalmers

Thomas Chalmers, who pioneered- the use of randomised control
trials (RCTs), died on Dec 27, 1995,
aged 78. Despite serious illness he
worked with his collaborators world
wide almost to the day he died.

I first met Tom 14 years ago, when
he was visiting professor at the
Harvard School of Public Health,
teaching and recruiting
young colleagues to

projects that critically
appraised the existing
research. It was hard
not to absorb the
enthusiasm of this

gentleman already at a
point in his professional
life when many are con-
tent to wind down their
research career.
A theme running

through Tom’s scientific
life was the posing of
challenging questions
about the effectiveness
of medical practice. He was promot-
ing the use of RCTs at a time when
the method was far from accepted in
clinical research. A good example of
how RCTs can alter long-standing
practice based on the observational
approach is the 1951 trial that chal-

lenged the wisdom of bed rest and
diet in the treatment of acute hepati-
tis.
Tom’s lifelong concern was quality

of clinical research. For several years
he worked on a quality score-still
referred to as "Chalmers’ quality
score"-for assessing trials. Although
he did not succeed in validating it,

standards of reporting of scientific
articles have improved, thanks to his
work.
At a time when the issue was

largely unrecognised, he published in
1978 a paper critical to our current

understanding of the danger of RCTs
of inadequate statistical power. In
that oaner he reviewed 71 "nesative"

RCTs published in lead-
, ing medical journals and
, 

showed that the vast

; majority of them could
have missed important
clinical benefits. This led

. 
Tom to become one of

; the pioneers of the use
of meta-analysis in clini-

! cal medicine, where he
contributed important

; publications in gastro-
enterology and cardiol-

ogy, among others.
! In 1992, he intro-

duced the concept of
"cumulative meta-

analysis". Reviewing RCTs on the
treatment of myocardial infarction,
he made a strong plea for systematic
reviews of clinical trials by showing
that medical textbooks often give
advice that contradicts results of such
reviews.
Amongst all these activities Tom

always found time to be generous,
supportive, and friendly to many
people, especially young colleagues.
To me he was a great teacher and an

extraordinary example.

Alessandro Liberati

Netherlands seeks
heroin for addicts

ill Dutch Health Minister ElsW Borst-Eilers get permission
from Vienna to purchase the 50 kg
heroin needed for the planned heroin
maintenance programmes? When

approved by parliament (see Lancet
Sept 16, p 761), such pilot
programmes will be introduced in
Rotterdam and Amsterdam, and

perhaps in Arnhem.
In keeping with routine procedure,

Borst-Eilers has put in a preliminary
request to the UN drugs bureau in
Vienna for permission to buy 50 kg
heroin, ahead of the formal round, in
November, of estimations of need.
The Netherlands usually asks for

200g. But there is concern about the
dificulties of overcoming objections
by the Vienna bureau, known to be
conservative and critical. When the
Swiss first sought permission in 1993
to obtain heroin for 800 addicts in
their maintenance programmes, they
had to wait 6 months while every
detail of their project was scrutinised.
For the Dutch their first hurdle is

to get the Rotterdam and Amsterdam
authorities to agree on the design of
maintenance programmes. A sticking
point is whether to include a "smoke-
able" form of heroin, especially now
that the Swiss have observed compli-
cations such as haemoptysis. Making
addicts change their habits (to inject-
ing heroin) for the sake of an experi-
ment is thought by some to be
unethical.

Marjanke Spanjer
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R E V I E W Role of free radicals in viral pathogenesis and
mutation
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SUMMARY

Oxygen radicals and nitric oxide (NO) are generated in excess in a diverse array of microbial infections.
Emerging concepts in free radical biology are now shedding light on the pathogenesis of various diseases. Free-
radical induced pathogenicity in virus infections is of great importance, because evidence suggests that NO and
oxygen radicals such as superoxide are key molecules in the pathogenesis of various infectious diseases.
Although oxygen radicals and NO have an antimicrobial effect on bacteria and protozoa, they have opposing
effects in virus infections such as influenza virus pneumonia and several other neurotropic virus infections. A
high output of NO from inducible NO synthase, occurring in a variety of virus infections, produces highly
reactive nitrogen oxide species, such as peroxynitrite, via interaction with oxygen radicals and reactive oxygen
intermediates. The production of these various reactive species confers the diverse biological functions of NO.
The reactive nitrogen species cause oxidative tissue injury and mutagenesis through oxidation and nitration of
various biomolecules. The unique biological properties of free radicals are further illustrated by recent evidence
showing accelerated viral mutation by NO-induced oxidative stress. NO appears to affect a host’s immune
response, with immunopathological consequences. For example, NO is reported to suppress type 1 helper T cell-
dependent immune responses during infections, leading to type 2 helper T cell-biased immunological host
responses. NO-induced immunosuppression may thus contribute to the pathogenesis of virus infections and help
expansion of quasispecies population of viral pathogens. This review describes the pathophysiological roles of
free radicals in the pathogenesis of viral disease and in viral mutation as related to both nonspecific inflammatory
responses and immunological host reactions modulated by NO. Copyright # 2001 John Wiley & Sons, Ltd.
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INTRODUCTION
To date, much attention has been paid to the
pathogenic roles of free radicals produced in
excess in various pathological settings. Free

radical species are potentially reactive because
of the physical instability of oxygen- or nitrogen-
based unpaired electrons in their orbits, which
leads to a number of deleterious pathological
consequences in vivo. Among a series of free
radicals, superoxide anion radical (O2

x) and nitric
oxide (NO) are now considered to be the most
biologically relevant elements derived from hosts
during microbial infections [1–7]. During the past
decade, considerable evidence has revealed
unique and diverse biological functions of NO, a
gaseous nitrogen-centred inorganic free radical
produced endogenously in a number of cells and
tissues [8–10]. NO and reactive oxygen species,
including O2

x, hydrogen peroxide (H2O2) and
hypochlorite anion (OClx), are generated by
infiltrating phagocytic cells and xanthine oxidase
(XO) expressed in inflamed tissues [6,7,11–15].
They are believed to contribute to nonspecific
(innate) and immunological host defence as well
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[1–7]. It is now well accepted that the chemical and
biological reactivities of NO produced in environ-
ments such as inflamed tissues are greatly affected
by concomitantly formed oxygen radicals, particu-
larly O2

x, via the formation of reactive nitrogen
oxides such as peroxynitrite (ONOOx) [16–21].
These reactive nitrogen intermediates, rather than
NO or O2

x, seem to be involved in the pathogenesis
of various diseases. The pathophysiological action of
ONOOx is particularly important for pathogenesis
of virus infection, because ONOOx is not only a
potent oxidant but also a nitrating agent of proteins,
nucleic acids and membrane unsaturated lipids
[16–18,22,23]. In addition, reactive nitrogen oxides
formed endogenously during virus infection have a
potential impact on mutagenesis of both the intrud-
ing viruses and the hosts, as well as causing host cell
and tissue injuries by induction of oxidative stresses.

A major goal in medical microbiology is a general
understanding of the mechanisms of host–pathogen
interactions, which determine the pathological
consequences of infection. An understanding of
host–pathogen interactions at the molecular level
requires the characterisation of host-derived small
radical molecules, which appear to play an impor-
tant role in the pathogenesis of virus infection. An
emerging concept related to free radicals will help
us to gain insight into the molecular mechanisms of
pathological events occurring as a result of interac-
tions between viruses and hosts [11–15]. In this
review, I place particular emphasis on the host
response to various virus infections, in view of the
pathological consequences, such as oxidative tissue
injuries and viral mutations, that result from over-
production of free radicals during virus infection.

INDUCTION OF OXYGEN RADICALS AND
PRODUCTION OF NO IN VIRUS
INFECTION
It is now well documented that O2

x and NO
production is elevated in inflamed tissues. O2

x and
its related reactive oxygen intermediates are gener-
ated by two components of the host response:
cellular reactions, mediated by inflammatory pha-
gocytic cells such as neutrophils and macrophages
expressing phagocyte NADPH oxidase and
humoral responses involving xanthine oxidase
(XO). Host reactions occur in response to foreign
matter, microorganisms and damage caused by
trauma, radiation or ischaemia–reperfusion injury.
Because the genetic deficiency of components of an

O2
x-generating NADPH oxidase in phagocytic

cells gives rise to chronic granulomatous disease
(CGD), which is associated with severe chronic
bacterial infections, oxygen radical formation is
important in antimicrobial actions of the host
[24,25]. However, excessive production of O2

x

induces lipid peroxidation, membrane damage,
mitochondrial dysfunction and inflammatory and
ischaemia–reperfusion injuries [26–28]. A high
production of O2

x is most clearly observed in
murine pneumonia caused by influenza A virus,
Sendai virus (SeV) and cytomegalovirus (CMV)
[11,12,29–31]. Experimental evidence shows that
O2

x contributes to the pathogenesis of viral
disease, because inhibitors of O2

x effectively
improve lung pathology and survival in viral
pneumonia. Evidence indicates that O2

x itself is
not the molecular species that causes the patho-
logical effects but is a precursor of a more potent
oxidant such as hydroxyl radical (eOH) [32,33].
Earlier studies indicated that O2

x might function
as a reducing agent for ferric iron, forming
ferrous iron to act as a catalyst for the production
of highly reactive eOH from H2O2 [32,33].
Because eOH was suggested to mediate cell
and tissue damage, at the initial stage of our
study of viral pathogenesis almost a decade ago
we sought to identify eOH generation in influ-
enza virus-infected mouse lung by electron spin
resonance (ESR), but no proof of appreciable
eOH generation was obtained (Akaike et al.,
unpublished observation).

Of great interest are the similarities in the
physiological and pathophysiological effects of
O2

x and NO, such as host defence and oxidative
stress, although NO has much more complicated
and diverse functions than does O2

x [8,14,17,18]
Both free radicals are often generated concomi-
tantly in inflammatory and infectious sites and
from the same cellular origins in the host. For
example, rapid and transient production of O2

x

from phagocytes is triggered by appropriate
membrane stimulation leading to a respiratory
burst in which O2 is consumed [7]; XO generates
constant O2

x generation together with H2O2,
depending on the supply of the substrates
hypoxanthine/xanthine plus O2 [11,28–30]. Ele-
vated levels of O2

x produced by both phagocyte
NADPH oxidase and XO occur during virus
infections in vitro and in vivo [29–31,34,35].

In contrast, overproduction of NO is mainly
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caused by inducible NO synthase (iNOS), which
is usually expressed by inflammatory phagocytic
cells and other types of cells (e.g. epithelial and
neuronal cells) [1–3,8,9]. iNOS produces a much
larger amount of NO (i.e. 10–100 times more) for a
longer time than do the other two constitutive
enzymes, neuronal NOS and endothelial NOS.

It seems that iNOS is ubiquitously expressed
during host responses to viral replication in vivo.
iNOS expression is observed in human diseases
caused by human immunodeficiency virus-1
(HIV-1) and hepatitis B virus (HBV) [36,37]. It is
induced in a variety of experimental virus infec-
tions in rats and mice, including infections with
neuroviruses, such as Borna disease virus, herpes
simplex virus type 1 (HSV-1) and rabies virus, and
pneumotropic and cardiotropic viruses, such
as influenza virus, SeV and coxsackievirus
[12–15,38–45]. For example, iNOS is expressed by
exudate macrophages and bronchial epithelial
cells in lung tissues infected with either influenza
virus or SeV in mice; the high output of NO has
been clearly identified and quantified by ESR spin
trapping with the use of a dithiocarbamate–iron
complex [13–15,43–45]. NO–dithiocarbamate–iron
adducts with a triplet hyperfine structure of
g perpendicular 2.04 are generated (Figure 1).
The production of these adducts is completely
nullified by pharmacological inhibition of NOS by
the use of Nv-monomethyl-L-arginine (L-NMMA)
or by genetic disruption of iNOS [43–45], indicat-
ing that excessive production of NO is due to
localised iNOS expression in the tissues infected
with virus.

iNOS induction in virus infection is mediated
by proinflammatory cytokines such as interferon-c
(IFN-c) (Figure 2). IFN-c is known to be associated
with type 1 helper T cell (Th1) responses. In
pneumonia induced by influenza virus or SeV,
NO production is greatly attenuated in IFN-c-
deficient mice (Akaike et al., unpublished observa-
tion). Furthermore, the iNOS-inducing potential in
bronchoalveolar lavage fluid in influenza virus
pneumonia is attributable solely to IFN-c, as
revealed by an immunoadsorption study using a
specific anti-IFN-c antibody [43]. These results
strongly support the suggestion that IFN-c is a
major cytokine inducing iNOS and NO over-
production in the pathogenesis of virus infection.

Downregulation of iNOS expression is also
reported for some cytokines, e.g. interleukin

(IL)-4, IL-10 and transforming growth factor-b
[46–48]. In addition, these suppressor cytokines
may reduce NO production indirectly via induc-
tion of arginase [49–51], which diminishes the
supply of the substrate (L-arginine) for iNOS.
Because IL-4 and IL-10 are induced by type 2
helper T cell (Th2) responses, iNOS expression
may be regulated by a balance between Th1 and
Th2 responses involved in the host immune
response to the intruding virus. In fact, in our
influenza model, induction of IL-4 seems to be
inversely related to INF-c and iNOS induction in
virus-infected lungs, suggesting downregulation
by IL-4 of NO overproduction [13]. Induction of
arginase 1 mRNA has been identified in virus-
infected lung, and the time profile of its induction
paralleled the induction of IL-4 (our unpublished
observation). Therefore, iNOS expression and the
resultant NO biosynthesis seem to undergo
elegant regulation by a polarised Th1–Th2 balance
(Figure 2).

In some viral diseases, viral replication or viral
components directly induce iNOS without media-
tion by proinflammatory cytokines (Figure 2).
iNOS expression in HIV-1 encephalitis is of
particular interest in this regard [36]. An envelope
glycoprotein of HIV, gp41, triggers iNOS expres-
sion in human astrocytes and murine cortical
brain cells in culture [52,53]. Thus, NO produced
by iNOS may contribute directly to the pathogen-
esis of HIV-associated dementia and cardiomyo-
pathy as well [36,52–55]. Similarly, the human
paramyxovirus respiratory syncytial virus directly
upregulates iNOS in human type 2 alveolar
epithelial cells (A549 cells) through a pathway
independent of proinflammatory cytokines [56].
It is also interesting that double-stranded RNA
(dsRNA) formed during viral replication upregu-
lates iNOS in human respiratory epithelial cells by
triggering dsRNA-activated protein kinase
coupled with nuclear factor-kB and IFN regula-
tory factor 1 activation [57]. There are therefore
two pathways for iNOS induction in virus infec-
tions: cytokine-dependent mechanisms and direct
upregulation by virus.

VIRUS-INDUCED OXIDATIVE STRESS
CAUSED BY FREE RADICALS AND ITS
MOLECULAR MECHANISM
NO has antimicrobial activity against bacteria,
parasites and fungi [1–7,58–63]. NO itself,
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however, has a limited bactericidal effect, and
NO-dependent antimicrobial actions are
expressed by other reactive nitrogen oxides such
as ONOOx, nitrogen dioxide (NO2), dinitrogen

trioxide (N2O3), and nitrosothiols [nitrosonium
cation (NO+) adducts of sulphhydryls] [64–69].
Also, antiviral effects of NO are known for some
types of virus, most typically DNA viruses such as
murine poxvirus (ectromelia virus) and herpes-
viruses including HSV and Epstein–Barr virus,
and some RNA viruses such as coxsackievirus
[58,70–75].

Activity of NO against other viruses remains
unclear, however. Recent reports suggest that NO
has no appreciable antiviral effect on several types
of viruses such as ortho- and paramyxovirus,
murine vaccinia virus, coronavirus (mouse hepa-
titis virus), lymphocytic choriomeningitis virus,
murine encephalomyocarditis virus (EMCV), tick-
born encephalitis virus (TBE-V) and others
[76–81]. This lack of antiviral activity of NO has
been verified in murine pneumotropic virus
infections caused by influenza virus and SeV in
a series of our in vitro and in vivo studies (Akaike
et al., unpublished observation) [43,45]. More
importantly, antiviral host defence is not impaired
by pharmacological interventions resulting in

Figure 2. Mechanisms of iNOS induction in viral diseases. In
many virus infections, iNOS expression appears to be regulated
indirectly via interferon-c (IFN-c) induction, which depends on
the Th1 response. The host’s Th2 response, in contrast, down-
regulates iNOS induction. Direct iNOS induction may occur in
some cases, such as with respiratory syncytial virus, HIV-1
(gp41), and viral replicative intermediate dsRNA. Modified
from Akaike and Maeda [15] with permission from Blackwell
Science

Figure 1. (A) Time profile of NO production in the lung after influenza virus infection. Influenza infection in mice was produced by
inhalation of 2rLD50 of influenza A virus. The amount of NO generated in the lung with or without L-NMMA treatment was
quantified by ESR spectroscopy (110 K) with (N-dithiocarboxy)sarcosine (DTCS)-Fe2+ complex as a spin trap. L-NMMA (2 mg/mouse)
was given i.p. to mice 2 h before ESR measurement. Data are meantSEM (n=4). (B) NO signals as identified by ESR spectroscopy with
DTCS-Fe2+ complexes in influenza virus-infected lung (7 days after virus infection). Wild-type mice (C57BL/6, B6), iNOS heterozygotes
(iNOS+/x) and mice deficient in iNOS (iNOSx/x) were infected with influenza virus in the same manner as in (A). The chemical
structure of the adduct is shown at the top of the figure. Adapted from Akaike et al. [12,15] with permission from Blackwell Science and
Society for Experimental Biology and Medicine
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NOS inhibition or by genetic iNOS deficiency in
mice infected with either influenza virus or SeV
[43,45]. Such NO inhibition and lack of NO
biosynthesis, however, significantly reduce the
pathological consequences of various virus infec-
tions including viral pneumonia in mice caused by
influenza virus, SeV and HSV-1; HSV-1-induced
encephalitis in rats; EMCV-induced carditis and
diabetes; and murine encephalitis induced by
flavivirus (Murray Valley encephalitis virus;
TBE-V) [43–45,77,81–85]. It is thus conceivable
that NO is not entirely an antiviral molecule, but it
can be pathogenetic in various, if not all, virus
infections. A similar pathogenicity with a lack of
antiviral effect is observed for O2

x in several
experimental models of virus-induced pneumonia
including those caused by influenza virus and
CMV [11,12,29–31,86].

What are the molecular mechanisms related to
the NO- and O2

x-dependent pathogenesis of
certain virus infections? Both O2

x and NO are
inert radicals and are much less reactive compared
with other naturally occurring oxygen and alkyl
radicals [16–18,20,21,32,33,64–69]. Oxidised nitro-
gen intermediates are formed via pathways
mediated by heavy metal ions, molecular oxygen
(O2), O2

x and peroxidases [e.g. myeloperoxidase

(MPO)], and their biological consequences are
summarised in Figure 3 [17,18,64,68,69,87–89]. Of
the complex chemistry of NO, the most important
and biologically relevant reaction is the formation
of ONOOx via a very rapid radical coupling with
O2

x (NO+O2
x p ONOOx: k=6.7r109 Mx1sx1)

[16–18,20,21]. Although NO can function as an
antioxidant, particularly in lipid peroxidation [18],
it also has indirect prooxidant activity after
conversion to a strong oxidant and is a potent
nitrating agent (ONOOx) causing oxidative stress
[17]. In addition, although NO and nitrosothiols
show strong anti-apoptotic effects [69,89],
ONOOx induces apoptosis, possibly via mito-
chondrial damage leading to cytochrome c release
[19,90]. The reaction between NO and O2

x takes
place in virus-infected inflammatory tissues, lead-
ing to the formation of ONOOx. ONOOx nitrates
aromatic organic compounds such as tyrosine
very effectively, so that nitration of free or
protein-bound tyrosine to give 3-nitrotyrosine
can serve as a footprint of ONOOx formed
in vivo [17,20,21]. Indeed, immunohistochemical
analysis with antinitrotyrosine antibody shows
positive staining in macrophages and neutrophils
infiltrating the alveoli and interstitial tissues, as
well as in inflammatory intraalveolar exudate

Figure 3. Mechanisms of formation of various reactive nitrogen intermediates from NO and their biological effects. Reactive nitrogen
oxides are produced by interactions of NO with molecular oxygen (O2), active oxygen and oxygen radicals such as O2

x and H2O2 and
heavy metals (particularly iron and copper). ONOOx and NO2 mediate oxidative and nitrative stresses through oxidation and nitration
of various biomolecules including protein, lipid and nucleic acid [16-21]. NO2 is generated via oxidation of nitrite catalysed by
peroxidases such as myeloperoxidase (MPO) (plus H2O2) from neutrophils [137]. Ceruloplasmin (CP) and copper ion catalyse one-
electron oxidation of NO to form nitrosonium cation (NO+), which is involved in nitrosative signalling [69,88]. The best known NO-
dependent pathway is mediated by cyclic guanosine 3k,5k-monophosphate (cGMP), which is produced by soluble guanylate cyclase
activation by NO-heme iron binding in the vicinity of the catalytic site of the enzyme [138]
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from virus-infected lung in our experimental
models [43,45], which provides indirect evidence
of ONOOx generation during virus infection.

In addition to causing various pathological
events in virus infections, such as host cell
apoptosis and necrosis, ONOOx may be involved
in NO-induced suppressive effects on immune
effector cells such as macrophages and lympho-
cytes, as described in detail in a later section.
We also found that ONOOx activates matrix
metalloproteinases (MMPs), which are involved
in extracellular tissue damage and remodelling
[91]. Oxidative injury in virus-infected tissues may
thus be mediated by ONOOx-induced MMP
activation. In fact, remarkable improvements in
pathological conditions in the lung and in the
survival rate of virus-infected mice were observed
with L-NMMA treatment, with the use of the
O2

x scavenger superoxide dismutase (SOD) and
the XO inhibitor allopurinol, and when
there was a genetic lack of NOS expression
[29–31,43,45,77,82,86]. Furthermore, a therapeutic
effect on influenza pathogenesis was found with a
selenium-containing organic compound, ebselen
(unpublished observation), which shows potent
ONOOx-scavenging action [92]. These beneficial
effects of suppression of ONOOx generation
indicate that ONOOx could be an important
molecular species responsible for the pathogenesis
of viral diseases.

It was recently suggested that NO and O2
x

contribute in concert to antimicrobial host defence
[3,6,66]. These oxygen and nitrogen reactive
intermediates, however, cannot discriminate
between exogenous invading pathogens and the
hosts themselves, so they function as mediators of
nonspecific innate defence against various
microbes. Autotoxicity can also occur so that
host organisms discard expendable parts. To
minimise such self-sacrifice during the elimination
of pathogens, a host has primitive tactics, using
recruited phagocytes, for physical containment of
pathogens in infectious foci (Figure 4, right panel).
Most bacteria, for example, can be phagocytosed
and confined to septic foci, which are typically
abscesses or granulomas. Therefore, chemically
reactive NO, O2

x and ONOOx can affect bacteria
rather selectively; the surrounding normal tissue
remains intact. In virus infections, in contrast,
free radical mediators cause nonspecific oxidative
damage in virus-infected tissue and produce

oxidative stress, because virus cannot be con-
fined to limited areas by the nonspecific host
defence mediated by phagocytes, NO and O2

x

(Figure 4, left panel) [12–14]. Oxidative stress
induced by free radical generation during virus
infections may thus cause deleterious events in
host–pathogen relationships.

FREE RADICAL-INDUCED VIRAL
MUTATION AND ITS POTENTIAL ROLE
IN VIRAL EVOLUTION
Among the pathological effects associated with
oxidative stress, the mutagenic potential of oxygen
radicals and NO for microbial pathogens is highly
intriguing. As described in earlier sections, over-
production of NO and oxygen radicals appears to
be a common phenomenon in various infections.
The resultant reactive molecular species such as
ONOOx nonselectively affect the host’s cells and
tissues. Obviously, such host defence effectors are
originally produced to kill the intruding patho-
gens, which then suffer oxidative stress because of
the host. It may therefore be logical to assume that
mutagenesis of various pathogens occurs during
infections in biological systems as a result of host
defence.

It was previously shown that human leukocytes
producing O2

x, but not leukocytes from patients
with CGD, are mutagenic for Salmonella typhimur-
ium TA100 [93]. Also, the degree of RNA virus
mutation was reported to be increased by chemi-
cal mutagens including nitrous acid (HNO2)
[94–97], although the degree of mutation appears
to be slight compared with that of spontaneous
viral mutation [98]. HNO2 is an oxidised metabo-
lite that can be formed from N2O3 (N2O3+H2O p
2 HNO2) via reaction of NO2 and NO during the
oxidation reaction of NO by O2 in biological
systems (cf. Figure 3), and it is involved in
nitrosylation, oxidation and deamination reac-
tions, at least in vitro. However, because of the
low pKa (3.3) of HNO2 and the strong buffering
actions of biological fluids, HNO2 after generation
would be neutralised to form NO2

x, which is
much less reactive and is more stable at physio-
logical pH. The chemical reactivity of HNO2

would thus be greatly limited.
In contrast, as described above, ONOOx

formed via O2
x and NO generation during

infections shows potent nitrating and oxidising
potential for many biomolecules including nucleic
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acids [17,18,22,23]. ONOOx has mutagenic effects
on prokaryotic DNA, possibly via nitration
of guanine residues of DNA [99]. A typical
base substitution caused by ONOOx is G to T
transversion, which is an indirect result of depuri-
nation of nitroguanine in DNA [22,23]. A recent
study by Wogan’s group documented that a high
output of NO induced mutations in an endo-
genous hypoxanthine-guanine phosphoribosyl-
transferase (hprt) gene of murine macrophages
expressing iNOS [100]. Genetic analysis of the
mutated gene induced by NO indicated that the
NO-associated mutational spectrum was similar
to that arising spontaneously, but small deletions
and insertions were found in the NO-induced
mutant gene. The same group showed that
mutagenicity is enhanced with NO overproduc-
tion in vivo, as assessed by mutation of an exo-
genously expressed lacZ by using lacZ-containing
pUR288 plasmid-transgenic mice [101]. Also
important, Ohshima’s group reported that p53 is
inactivated by ONOOx, which may indirectly

increase genetic mutation related to oxidative
damage of DNA [102]. Excess production of NO
by iNOS induced by inflammatory cytokines,
possibly through reactive nitrogen intermediates
(particularly ONOOx), caused DNA damage and
impaired DNA repair in human cholangiocarci-
noma cells, as assessed by the comet assay,
suggesting NO-dependent development and pro-
gression of cholangiocarcinoma [103].

It has been known for a long time that many
naturally occurring mutagens and carcinogens may
act as free radical generators [104]. Moreover,
oxygen radicals and reactive oxygen species, as
endogenous initiators of DNA damage and muta-
tion, are involved in multiple stages of carcinogen-
esis [105–108]. Free radical species such as O2

x and
NO are thus considered to be potent endogenous
mutagens that may be implicated in the pathogen-
esis of numerous diseases or states involving DNA
degeneration, e.g. cancer and aging.

The most striking feature of a virus is its
considerable adaptability to various environmental

Figure 4. Schematic drawing of the different mechanisms of biological effects of free radicals such as O2
x and NO, and their product

ONOOx, in virus and bacterial infections. Adapted from Akaike et al. [12] by copyright permission from Society for Experimental
Biology and Medicine
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stresses [109,110]. Viruses containing RNA as
their nucleic acid include a number of important
pathogens causing various diseases in humans,
animals and plants. RNA viruses exist as highly
heterogeneous populations called quasispecies,
primarily because of the error-prone nature of
the replicase of the viruses. In fact, RNA viruses
share a high mutation rate, ranging from 10x5 to
10x3 misincorporation/nucleotide site/round of
copying, which is more than 104-fold higher than
the rate error for DNA viruses [109–112]. The low
fidelity of RNA replication is believed to be due
to the lack of proofreading and repair functions
of RNA polymerase or reverse transcriptase
[109,113]. Our recent preliminary study, however,
showed that RNA is chemically unstable, so that
base modifications via ONOOx-induced oxida-
tion and nitration occur more readily in viral
RNA than in eukaryotic DNA (unpublished
observation). Thus, the higher incidence of
erroneous viral RNA replication may be partly
due to RNA’s greater susceptibility to oxidative
damage compared with DNA.

Only a few reports have explored a possible
association between oxidative stress and viral
mutation, however. A previous study indicated
that oxidative stress augmented the integration of
duck HBV DNA into genomic DNA in cells by
means of DNA damage and impairment of DNA
repair [114]. Although this increased integration is
related to proto-oncogene activation induced by
hepatitis virus during carcinogenic processes
rather than related to viral mutation, it may
suggest that oxidative stress causes molecular
alteration of viral DNA through mutagenic activ-
ities. Beck et al. showed that the pathogenicity of
coxsackievirus B3 is strongly potentiated in vivo in
mice fed a selenium-deficient diet [115]. More
important, an avirulent strain of the virus is
converted to a potent cardiotoxic variant during
infection in selenium-depleted animals. The defi-
ciency of selenium may result in an ineffective
antioxidant system, e.g. low levels of glutathione
peroxidase. The results of similar studies extended
to animals deficient in vitamin E and glutathione
peroxidase suggest that oxidative stress facilitates
selection and generation of virulent mutants [116].
More specifically, the impaired immunological viral
clearance related to oxidative stress may cause
increased survival of heterogeneous mutants,
resulting in the selection of highly pathogenic

variants of coxsackievirus [117]. In this context, it
is of great interest that NO has an immunosup-
pressive effect by means of modulation of the T cell
immune response during virus infection, as
described in the next section of this article.

Many methods are available for estimating viral
mutation, including measurement of mutation
frequencies of phenotypic variations such as
temperature-sensitive growth, plaque morphol-
ogy, host range and pathogenicity. These criteria,
however, cannot be used for accurate and quanti-
tative assessment of viral mutation, because such
phenotypic variants often contain multiple base
alterations in different genes [118]. Identification
of the escape mutant from neutralising antibody is
much more reliable for the quantification of viral
mutation. For example, escape of a virus from a
particular neutralising monoclonal antibody
occurs by a single base substitution, leading to a
single codon change on the epitope. The frequency
of escape mutants thus determined in cultured
cells in vitro was within the same range, y10x4.5,
for four different negative-strand RNA viruses: i.e.
SeV, vesicular stomatitis virus, Newcastle disease
virus and influenza A virus [119,120]. Never-
theless, selection via antibody is not entirely
established to be definitive and reproducible,
because the frequencies fluctuate greatly, even
within a given virus species, depending on the
antibodies used for the selection [118]. This
selection method has another flaw: it is not used
for in vivo studies because of the natural immu-
nological selection of the escape mutants during a
host’s immune response.

We therefore sought to develop a quantitative
assay that is applicable to in vivo study of
mutagenesis [45]. A recombinant SeV was
constructed with an exogenous genome, green
fluorescent protein (GFP), for the virus. Base
substitutions occurring in the GFP in SeV, whether
synonymous or non-synonymous, are primarily
neutral and do not affect viral replication and
clearance of virus from the host. Viral mutation is
readily quantified, based on the loss of strong
fluorescence caused by GFP gene mutations. This
GFP-based assay is convenient and useful for
estimating in vivo viral mutagenesis. Our recent
study thus verifies, for the first time, that oxidative
stress induced by a high output of NO accelerates
are mutation of the RNA virus [45]. By using the
GFP-based mutation analysis and iNOS-deficient
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(iNOSx/x) mice, we clearly showed that oxida-
tive stress induced in vivo by NO in wild-type
mice remarkably increases and accelerates viral
mutation rates compared with the situation in
iNOSx/x mice (Figure 5A). The same method
used in cultured cells revealed the strong muta-
genic potential of ONOOx (Figure 5B).

This process of accelerated mutation may occur
in other virus infections in vivo. For example, NO-
induced oxidative stress may cause greater hetero-
geneity of variants of RNA viruses including HIV
and influenza virus, leading to rapid viral evolu-
tion under selective pressure and to the produc-
tion of drug-resistant and immunologically
tolerant and cell tropism-altered mutants [121].
We now know that NO and O2

x and hence
ONOOx and other reactive molecular species
such as NO2, OClx and H2O2 are generated
universally as a result of host responses during
infections. Therefore, we may expect such chemi-
cal mutagenesis in DNA viruses, bacteria and
even host cells, although it may not be as effective
as that in single-strand RNA viruses.

SUPPRESSIVE EFFECTS OF NO ON
IMMUNOLOGICAL RESPONSES DURING
VIRUS INFECTION
The effect of oxidative stress on the host immune
response is another important facet of viral

pathogenesis and mutation. There is growing
awareness of the unique immunoregulatory func-
tion of NO, which appears to be mediated through
cytotoxic or suppressive effects of NO on parti-
cular subsets of immune cells [3,122–124]. Th cells,
divided into two subsets (Th1 and Th2), protect
hosts from intruding viral pathogens via virus-
specific Th1 responses, potentiation of CD8+

cytotoxic T lymphocyte (CTL) activity, and B cell
proliferation [125,126]. It has been suggested that
NO affects the polarised Th1–Th2 response,
causing a Th2-biased immunoregulatory balance,
via a relatively specific suppressive effect on Th1
subpopulations [122–124]. Such NO-induced
immunomodulation occurs during virus infection
in mice, as revealed by recent studies of HSV-1
and influenza virus infections [77,127], although
such immunoregulatory effects of NO on the
Th1–Th2 balance are commonly observed only
with specific viruses, not all viruses [76,78]. These
biased Th2 responses are clearly demonstrated by
using iNOSx/x mice, which show enhanced Th1
immune responses after virus infections [77,127].
NO seems to downregulate the Th1-associated
cytokine IFN-c, which is a major iNOS-inducing
cytokine in virus infections as described above,
and CTL responses as well, possibly through the
suppression of IL-12 production [128–130].

In noncytopathic virus infections CTLs, rather

Figure 5. NO-dependent SeV mutation as revealed by genetic mutation of GFP in a recombinant SeV (GFP-constructed SeV, GFP-SeV).
(A) The mutation frequency of the virus (GFP-SeV) isolated from the lung of wild-type B6 mice and iNOSx/x mice was quantified by
use of the GFP-based mutation assay. (B) Increase in mutation frequency of SeV by ONOOx. GFP-SeV was treated in a constant-flux
ONOOx (0.8 mM) system, and the mutation frequency was determined by the GFP-based mutation assay. Data are meantSEM (n=4).
*p<.05, **p<.01, compared with controls or iNOSx/x mice (t-test). Adapted from Akaike et al. [45] by copyright permission from
Federation of American Societies for Experimental Biology
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than Th1–Th2 cells, are important for antiviral
host defence [125,131]. However, some types of
viruses such as influenza virus can be eradicated
without the help of CTLs [132]. For influenza
virus, a virus-specific Th1 response is more
important for antiviral defence than are Th2
responses, because Th2 cells exacerbate patholo-
gical lung reactions in influenza pneumonia [133].
In this context, Karupiah et al. reported that NO
impairs the anti-influenza virus response of the
host by suppressing Th1-dependent IFN-c induc-
tion [77]. However, it has now been demonstrated
that IFN-c, a Th1-dependent cytokine, is even-
tually inefficient in clearance of influenza virus
from infectious foci [134]. Our recent experiments
using iNOSx/x mice indicate that clearance of
virus from lungs infected with either influenza
virus or SeV is not affected by a lack of
iNOS expression (Akaike et al., unpublished
observation) [45]. In fact, iNOSx/x mice recuper-
ate from viral pneumonia much better than do
wild-type animals, because of reduced levels of
oxidative stress in virus-infected tissues [45].
Therefore, not only NO-induced Th1 suppression
but also NO-induced oxidative injury may be
attributable to pathogenesis of infection with
certain viruses that are resistant to the direct
antiviral actions of NO.

In addition, NO seems to have profound
immunosuppressive and immunopathological
effects, most typically in Mycobacterium avium
and S. typhimurium infections [4,135,136], which
may be due to NO-induced cytotoxic effects on
immune effector cells such as macrophages.
Similar immunosuppression by NO is clearly

demonstrated with vaccinia virus-infected
murine macrophages, which show a loss of
antiviral activity because of inhibition of IFN-a/b
production by NO [80].

In summary, NO has complex roles in immu-
nological host responses to viruses. The immuno-
suppression caused by NO may result from NO-
induced oxidative stress on professional immune
effector cells such as T cells and macrophages. An
immunocompromised state of the host caused by
NO production not only may enhance the patho-
genicity of the virus but also may help the
generation and expansion of new mutant viruses
by oxidative mutagenesis (Figure 6).

CONCLUSIONS
The pathological consequences of free radical
generation during virus infections and the
implications for viral pathogenesis and mutation
are discussed in terms of current concepts
concerning free radicals. It is now recognised
more than ever that free radicals, produced
primarily as effector molecules of the host defence
response, have quite diverse functions in virus
infections. Their biological effects are not necessa-
rily beneficial to the virus-infected host; indeed,
they are often detrimental. Understanding of the
pathophysiological functions of NO and oxygen
radicals will provide profound insights into many
aspects of infectious diseases.
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19. Estévez AG, Crow JP, Sampson JB, et al. Induction
of nitric oxide-dependent apoptosis in motor
neurons by zinc-deficient superoxide dismutase.
Science 1999; 286: 2498–2500.

20. Sawa T, Akaike T, Maeda H. Tyrosine nitration by
peroxynitrite formed from nitric oxide and super-
oxide generated by xanthine oxidase. J Biol Chem
2000; 275: 32467–32474.

21. Reiter CD, Teng RJ, Beckman JS. Superoxide reacts
with nitric oxide to nitrate tyrosine at physiolo-
gical pH via peroxynitrite. J Biol Chem 2000; 275:
32460–32466.
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INTRODUCTION

In many of the investigtions on the relation between the vitamins
and resistance to infection rations lacking hi several essentials have been
employed, usually in an effort to test the effect-of inadequate human
dietaries. Although such investigations have yielded results of prac-
tical value, they do not disclose the roles played by the diverse missing
substances. More definite information on this question can be ob-
tained from experiments in which diets deficient in one vitamin only
are utilized and the following review has been limited, with very few.
exceptions, to the discussion of such work. Very numerous papers
on this subject have appeared and some no doubt have been over-
looked by the author. Wherever possible the investigations have been
described in sufficient detail for the reader critically to appraise them.
Unfortunately many of the experiments have been carried out on such
small numbers of annuals that the results are not statistically significant.

The problem of whether the metabolic changes resulting from the
deficiency of a vitamin are .accompanied by changes in the defense
mechanism has been attacked by at least four different methods, as
follows:

(1) By the determination of any changes in the natural immune
bodies or cellular reactions, due to the deficiency.
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VITAMIN C

1. Variations in the natural immune bodies or tissue reactions in
vitamin C deficiency

(a) Results indicating that these are reduced. Fortenato (1) reported in
1921 that the opsonic index was lower in scorbutic than in normal
guinea pigs. In the following year, Leichentritt and Zielaskowski (2)
measured the trypanocidal substance in the blood of guinea pigs suffer-
ing with scurvy and found that it was reduced. Hojer (3) however
criticized the latter's experiments on the grounds that they were
carried out on too few animals.

According to Prausnitz and Schilf (4) tuberculous scorbutic guinea
pigs show considerably smaller tuberculin reactions, which also dis-
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appear more quickly than those in tuberculous guinea pigs subsisting
on normal diets. The febrile reaction after the tuberculin injection
was also less marked in the scorbutic animals. This reduced skin
reactivity was not correlated with a generalized unsusceptibility to
tuberculin (5) as the animals with scurvy died more frequently than
the normal controls when this substance was injected subcutaneously
in large amounts (5 cc.).

In addition, Bieling (6) and also Arkwright and Zilva (7) found that
markedly scorbutic guinea pigs gave smaller skin reactions to diph-
theria toxin than normal. The former author noted that the necrosis of
the skin was slower coming on, and that the subcutaneous oedema was
absent or very slight. The latter authors reported that animals on
diets which contained suboptimal amounts of vitamin C, but enough
to allow a gain in weight of about 25 per cent, still showed large Schick
reactions, whereas if this vitamin was further reduced so that a loss
of about the same magnitude occurred, the reactions were very small.
Scorbutic guinea pigs however are definitely more susceptible to large
doses of diphtheria toxin and die earlier than normal animals according
to Bieling. A possible clinical application of these findings was pro-
vided by Hess (8) in 1932. He had encountered nasal diphtheria
very commonly in children with scurvy. The Schick reactions were
regularly negative, although the patients showed the bloody mucous
nasal discharge which is typical of this disease, and one child apparently
died from it. In three cases, virulence tests showed the bacilli to be
virulent. The last of these three cases gave no skin reaction to dilu-
tions of from 1/50 to 1/5 M.L.D. of  toxin.  In  his  brief  review  the
author does not discuss the possibility of these cases being carriers,
already self-immunized. He suggests that in scurvy the pharyngeal
mucous membrane loses its immunity to the diphtheria bacilli,
whereas the general immunity as reflected by the negative Schick test
is still maintained. A simpler explanation however might be that the
scorbutic skin does not react in the usual manner to the toxin,
although the organism as a whole is not immune to it.

Lawrynowicz (9) suggests that scurvy may so reduce the resistance
that a carrier may become the victim of bacteria which it previously
carried with impunity. For example, a guinea pig that had been well



192 ELIZABETH CHANT ROBERTSON

for one month after it had been used in a crude test for B. diphtheria
was placed on a scorbutic diet. Thirty-seven days later it died. The
post-mortem showed the changes found in diphtheritic deaths and the
organism was recovered from the spleen.

When Vercellana (10) injected strychnine nitrate or aqueous extracts
of poisonous fungi subcutaneously into scorbutic guinea pigs, he found
that they were killed more frequently by these substances than con-
trols fed normal diets. The ration of the deficient animals consisted
of oats exclusively. Also aleuronat, broth, peptone, cinnabar and
other substances, when injected by Dluzewski (11) into the peritoneal
cavities of scorbutic animals, did not provoke the normal inflammatory
reaction with the outpouring of leucocytes.

(b) Results indicating that these are not reduced. Li contrast to some
of the above findings, Lawrynowicz and Bohdanowicz (9). state that
they have never established any difference between the Schick reac-
tions of normal and scorbutic guinea pigs.

In 1919, Zilva (12) determined the complement titres in normal and
scorbutic guinea pigs and found that they were the same. Four years
later, Hamburger and Goldschmidt (13) reported that the complement
titres were not lowered in scorbutic children and guinea pigs. In fact,
some of the latter animals showed increased complement titres, which
were apparently correlated with high albumin concentrations in the
serum. Koch and Smith (14) found consistently increased complement
titres in a series of twelve scorbutic guinea pigs. When an antiscor-
butic was added to the diet, the titres fell, but still remained somewhat
higher than they had been before the onset of the scurvy. On the
other hand, Bohdanowicz and Lawrynowicz (9) found that complement
did not show any constant or characteristic chanjges in guinea pig
scurvy.

The phagocytic indices in scorbutic guinea pigs were reported by
Werkman et al. (15) to be unaltered.

Hamburger and Goldschmidt (13) also determined the bactericidal
titres of the sera of scorbutic and normal guinea pigs and of scorbutic
and normal children to the same strain of colon bacillus and found that
they were similar, This organism was used because the pyelonephritis
which frequently complicates guinea pig scurvy is usually caused by it.
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2. Variations in acquired immune bodies due to vitamin C deficiency
(a) Results indicating that these immune bodies are altered.  When

scorbutic guinea pigs were sensitized to horse serum, or red blood
corpuscles, Zolog (16) found that they were much less sensitive to
anaphylactic shock than normal diet controls.   The minimum lethal
dose was three to ten times higher in the animals with scurvy.    Sereni
(17), on the other hand, reported that scorbutic guinea pigs showed
much more severe anaphylactic shock than the control animals.   Hur-
witz and Wessels (18) went further into the question and found that
the uterine muscles of sensitized vitamin C deficient guinea pigs would
not react either to the specific antigen or to smooth muscle stimulants,
whereas the bronchial muscles of such animals reacted normally.    In
addition, when Bieling (5) immunized scorbutic guinea pigs with diph-
theria toxin, he found that they did not produce as much antitoxin
as the adequately fed controls.

(b) Results indicating that these immune bodies are not reduced. Scor-
butic and normal guinea pigs produced agglutinins to B. typhosus
equally well according to both Zilva (12) and Werkman (15).    In addi-
tion, the former author stated that amboceptors to the same organism
were also produced in normal amounts by guinea pigs on vitamin C
deficient diets, and the same findings also held true for the rat.    In
1922, Hess (19) reported that the diphtheria antitoxin production in
scorbutic guinea pigs was as good as that in normal controls.

Summary of immunological investigations. I. Non-immune animals. In
several of these studies conflicting results have been obtained. For
example, Werkman reported that the opsonic indices of non-immune
scorbutic guinea pigs were as high as those of normal animals, whereas
Fortenato found them reduced. And again, Lawrynowicz stated that
the presence or absence of scurvy did not affect the size of the Schick
reaction in guinea pigs, whereas Bieling and also Arkwright found these
reactions considerably reduced when scurvy was present.  Other
workers reported that tuberculin reactions were also considerably de-
creased. As the immunological significance of the Schick andituber-
culin reactions are entirely different, one would infer that the general
reactivity of scorbutic skin was depressed. The smaller Schick reac-
tions were not due to any increased antitoxin in the animal, as Bieling
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showed that these guinea pigs died more frequently and more quickly
after the injection of large amounts of toxin. In fact, scorbutic guinea
pigs seem more susceptible to the subcutaneous injections of toxic
substances generally, e.g., to tuberculin, strychnine and poisonous fun-
gus extract. Lawrynowicz suggests, on evidence gathered from the
study  of  one  animal  only,  that  scurvy  so  lowers  the  resistance  of  a
healthy carrier that it may become the prey of bacteria which formerly
did not harm it. This sequence of events however might have occurred
without the aid of the scurvy-producing diet. Leichentritt found that
the substance in the blood which destroyed trypanosomes was reduced
in scurvy, and further evidence of the reduced capacity of the scorbutic
animal to cope with infections was provided by Dluzewski, who re-
ported that the inflammatory reactions which followed the injection
of foreign substances into the peritoneum were much reduced. Two
authors stated that the complement titre was unchanged in scurvy,
but a similar number of investigators found it increased. One of the
latter however did not find it  consistently raised, but at  least  it  was
never lowered.

II. Immune animals. Comparatively few studies have been carried
out on such animals, and many of the results are conflicting.

For instance, Hess found that scorbutic guinea pigs could produce
diphtheria antitoxin as well as normal animals, whereas Bieling states
that this is not the case. Zilva and Werkman were not able to demon-
strate any difference between the amounts of anti-typhoid antibodies
produced by guinea pigs and rats lacking vitamin C and those fed
adequate diets.

The results of the anaphylaxis experiments are of interest because
most of them suggest a reduced activity in the tissues of animals suffer-
ing from scurvy, analogous to the lessened skin reactions.

3. Occurrence of spontaneous infections in vitamin C deficiency
(a) Infections indicating a reduced resistance. I. Experimental. In

1932, Suzuki (20) stated that the nasal mucous membrane and glands
were atrophied and showed catarrhal inflammation in vitamin C de-
ficient guinea pigs. The crushed oats, autoclaved milk diet that Mc-
Carrison (21) fed his guinea pigs is mainly lacking in vitamin C. He
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found that the bladders in such animals at postmortem examination
were tightly contracted and that the mucous membrane of this organ
was congested and necrotic. The duodenum was also intensely con-
gested and punched out ulcers were present in the intestines and some-
times in the stomach. Mackie and Chitre (22) gave their monkeys
very small amounts of orange juice, but most of them developed scurvy,
and in addition they showed in their large intestines very marked nec-
rotic and ulcerated lesions, which were laden with common intestinal
bacteria. These various pathological findings provide possible ex-
planations for some of the frequent secondary infections that occur in
cases of human scurvy.

In Höjer's (3) series only about 30 per cent of his severely scorbutic
guinea pigs showed infections. This low figure may be partly explained
by the fact that they survived for just a few weeks. On the other hand,
50 per cent of the animals with mild scurvy developed infectious
lesions, and about 20 per cent of the much longer-lived normal animals
showed similar lesions.

In the course of his experiments, Heymann (23) reported that he
lost a large number of scorbutic guinea pigs with pneumococcic pneu-
monia.

II. Clinical—latent scurvy. Even before the onset of definite symp-
toms of human scurvy, in the so-called period of latent scurvy, the
affected individual is particulaly susceptible to infections (24) and if
these are contracted they run an unusually severe course.

In 1919, Wiltshire (25) described the occurrence of small conical
swellings in the hair follicles of the legs of scorbutic Serbian troops
and he also found them during the scurvy season (January and June)
in apparently normal individuals. The latter were probably suffering
from latent scurvy.

One of the most typical pathological lesions in scurvy is the increased
permeability of the blood vessel wall which allows the blood to ooze
into the tissues. Gothlin (26) was able to devise a method of measur-
ing the permeability of the cutaneous capillaries. In 1931, he found
that 18 per cent of a group of apparently healthy Swedish country
school children (11 to 14 years) were suffering from vitamin C under-
nourishment. Hopkins (27) was able to associate a period of ill
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health in boys in a preparatory school with a lack of fresh fruit and
vegetables during the winter months. When a little fresh fruit was
supplied, the minor ailments and the listlessness disappeared.

In children who are suffering from undiagnosed latent scurvy, vac-
cination may precipitate acute scorbutic symptoms (28, 29). Abels
(29) quotes the case of an anemic, atrophic ten months old child who
developed both scurvy and a high prolonged fever after vaccination.
This may explain the reluctance of parents in backward regions of Aus-
tria towards having their children vaccinated in the winter, when no
doubt their diets are partially deficient in this vitamin. In such chil-
dren, coryza and pharyngitis may be surprisingly severe and may
usher in evident scurvy, and skin ulcers and cystitis are also very
prevalent. In fact, this author has gone so far as to say that manifest
scurvy is always preceded by an infection. Other investigators (30)
however have found this sequence of events to occur frequently, but
not invariably. The increased metabolism caused by the infection
probably accentuates the vitamin deficiency and hastens the appear-
ance of active scurvy.

As in the case of the other deficiency diseases, there seems to be some
predisposition to scurvy, as only a certain number of those on a uni-
formly deficient diet develop it (24b).

Manifest scurvy. Infections are very commonly associated with
active scurvy (31), and Von Niedner (31) reported that scorbutic sol-
diers succumb to the slightest infection. Numerous authors (29, 32)
have found respiratory infections, including grippe and pneumonia, to
be very common in such individuals. One of these authors, Erdheim
(33), stated that such diseases were frequently very grave and persistent
in scorbutic children. Tuberculosis was also very prevalent in several
series (32b, 34). In one of these, Salle and Rosenberg (34) found that
all the deaths (17) in their 461 cases were from tuberculosis and that 9
to 22 per cent of their different groups of scorbutic patients suffered
from this disease. They also remarked on the great frequency with
which cases of infantile scurvy were complicated by florid tuberculosis.
Diphtheria (8, 32b, 34b) and dysentery and typhoid (29, 34a, 35) were
also very often encountered by various clinicians in scorbutic indi-
viduals. Mackie (22) described an epidemic of dysentery (Shiga)
among scorbutic war refugees in the near East, which was almost as
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virulent as cholera. Many investigators (32b, 35, 36) have reported
that cystopyelitis and nephritis were very common, and that furuncles,
paronychia and gun shot wounds (2, 32b, 35, 36) were often very dif-
ficult to clear up in scorbutic patients.

In 1927, Funk (37) stated that an epidemic of pneumonia in the
Sudan disappeared when antiscorbutic treatment was given to the
numerous cases of scurvy which appeared at about the same time.
This would suggest that scurvy lowered the resistance to this infection.

Oral infections. If a guinea pig is kept on a completely vitamin C
free diet for even two days, marked abnormalities are seen in its teeth
(3, 30), and if such a diet is kept up for a few weeks, the teeth may
become devitalized. Apical abscesses are prone to appear in such
teeth later on. The same processes may occur in man (38), and the
resistance to infection may be indirectly lowered by the presence of
these bacterial foci. Höjer and Westin (30) also found that although
enough vitamin C was given (1.2 minimum protective doses of orange
juice) to prevent the appearance of any scorbutic changes in the teeth,
except perhaps an uncertain hyperemia in the pulp cavity, the animals
were still markedly susceptible to infection.

After analyzing the diets of groups of individuals, Hanke (39) stated
that those whose diets were complete suffered from dental caries,
gingival irritation or pyorrhoea much less frequently than those whose
diets were deficient in either or both vitamin C and vitamin D. The
details of the diets were unfortunately not given. Spongy gums, as-
sociated with infections, were cleared up by the use of an adequate diet
plus 1 pint of orange juice, the juice of a lemon and from one-fourth to
one-half a head of lettuce daily. The resistance to other infections,
especially to colds, was raised at the same time, and in one individual
a long standing osteo-myelitis was also cured. When pyorrhoea was
present surgical measures had usually to be combined with the dietetic
treatment unless the condition was very mild.

4. Susceptibility to artificially induced infections

(a) Reduced resistance in vitamin C deficient animals. In 1923,
Findlay (40) reported that guinea pigs fed on a vimamin C deficient diet
died more frequently after mtraperitoneal injections of bacteria than
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controls fed on normal diets. The organisms used were B. coli, staph-
ylococcus aureus, streptococcus hemolyticus and pneumococcus.

In the same year, Werkman and his co-workers (15) found that there
was a definitely, although not markedly, increased susceptibility to
intraperitoneal injections of pneumococci or B. anthracis in scorbutic
guinea pigs as compared with controls.

According to Abels (41), guinea pigs with scurvy die after intra-
peritoneal injection of B. coli, whereas normal animals withstand
several times this dose.

B. aertrycke cultures were fed to 2 scorbutic and 2 normal guinea
pigs by Grant (42). One of the scorbutic animals died and the three
others were killed so that the spread of the bacilli to the various organs
and the blood could be determined. Liver, spleen, lung and blood
cultures were negative in the normal animals, whereas both the spleen
and one of the blood and one of the liver cultures from the scorbutic
animals yielded B. aertrycke. These findings would suggest that in
scurvy the intestinal wall is more permeable to bacteria.

Schmidt-Weyland and Koltzsch (43) infected normal and scorbutic
guinea pigs by either inhalation or feeding, or by the combination of
both methods, with a mixture of pneumococci and a fowl cholera
pasteurella strain. They found that the animals on the scurvy pro-
ducing diet were much more susceptible to such infections and that
many of them died of pneumonia.

A trypanosome infection was set up in half their scorbutic guinea
pigs by Nassau and Scherzer (44). They reported that this procedure
hastened the onset of the scurvy, but only slightly decreased the dura-
tion of life.

Hojer (3) divided about ninety guinea pigs into several groups
which were fed normal, completely vitamin C deficient, and several
different partially C deficient diets. Half of each group was infected
intramuscularly with probably too large a dose of a low virulent
human strain of B. tuberculosis. All of the four severely scorbutic
animals showed larger lesions than many of the rest. Only one guinea
pig, which was fed the normal diet, showed no evidence of the disease,
except for fibrous healing at the site of the subcutaneous injection.
The course of the disease did not parallel the degree of scurvy in the
partially scorbutic animals, but microscopic examination showed that
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the connective tissue reaction to the tuberculous foci at a specified time
after infection varied directly with the amount of vitamin C in the diet.
The more vitamin C fed, the more adequate was the connective tissue
response.

Coulard (45) stated that the tuberculous processes at the site of in-
jection, the enlargement of the glands, and the lesions in the spleen
developed much more rapidly in the scorbutic than in the normal
guinea pig.

Guinea pigs suffering from slight scurvy were reported by Heymann
(23) to be no more susceptible to tuberculosis than normal animals.
When however the scurvy was moderately severe, marked loss in
weight and early death (73 days) followed infection with a human
strain of tuberculosis. Similarly infected guinea pigs fed on a normal
diet lived 141 days on the average.

In order to induce intestinal tuberculosis in the guinea pig after the
feeding of tuberculous sputum, McConkey (46) found that a partial
deficiency of vitamins A, C and D was necessary. However, the lack
of vitamin C seemed to be especially important.

Bieling (5) was able to produce a localized chronic tuberculosis in
his guinea pigs. These animals were strong and well nourished and
remained in such condition for over a year. If, however, they were
put on a vitamin C free diet, they seemed particularly susceptible to
scurvy and died long before the non-infected controls. These early
deaths could be attributed to an activation of the chronic tuberculosis
by the scurvy, although the sections showed neither very marked
scurvy nor tuberculosis extensive or severe enough to explain the rapid
deaths. This increased susceptibility of the tuberculous animal to
scurvy was gradually built up, as recently infected animals did not
react differently from uninfected ones. If the amount of vitamin C
in the diet was reduced but not absent, the same phenomena were
observed, but the onset of scurvy and the deaths were delayed.
Apparently therefore the development of scurvy is accelerated when
tuberculosis is present.

Quite a number of studies on this subject have been carried out by
Mouriquand and his collaborators. In 1924, they (5b) showed that
a larger percentage of scorbutic than of normal guinea pigs died after
the injection of tuberculin. In 1925 (47), they determined the effect
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of the injection of fairly large (10 million) and very small numbers
(400) of tubercle bacilli into chronic scorbutic and normal guinea pigs.
When the massive dose was used, for the first three weeks the deficient
animals showed less extensive lesions and less loss in weight than the
controls. After this time the scorbutic animals went rapidly down
hill and died before the controls. With the smaller dose no initial
refractory stage was seen, and the lesions in the animals with scurvy
progressed more rapidly and led to earlier death. Two years later,
they reported that if after feeding a diet completely deficient hi vitamin
C, a ration partially lacking in this factor was given, a chronic scurvy
was established which was characterized by a tendency to relapses of
the active scurvy, and by great susceptibility to infection with B.
tuberculosis. When such an infection was set up, the animals suffering
from chronic scurvy lost weight and died after a short time, and there
was not the slightest evidence of tissue reaction against the bacilli,
even though these were much attenuated. Normal animals
 similarly infected reacted with "multiple" sclerosis and lived con-
siderably longer.

(6) Increased resistance due to the addition of vitamin C. The addi-
tion of vitamin C rich lemon juice to an adequate diet favorably influ-
enced the course of tuberculosis in guinea pigs, according to Leichen-
tritt (48), The experiments of Hericourt and Richet (49) may
possibly be interpreted as providing further confirmation of the
important rdle played by vitamin C in this disease. They found that
if dogs were injected with raw meat juice they withstood a tuberculous
infection better than similar animals injected with cooked meat juice.
The cooking no doubt destroyed the vitamin C, but it may have had
other deleterious effects on the meat juice as well. When the diet
contained vitamin D, Grant (50) found that increasing the amount of
vitamin C seemed to decrease the severity and extent of the tubercu-
lous lesions in the lungs of guinea pigs.

(c) No reduced resistance in vitamin C deficient animals. In some of
Grant's (50) other experiments she used diets in which the vitamins
were unbalanced and the results were entirely different. For example,
she reported that if vitamin D was deficient in the diet, the addition
of vitamin C tended to increase the amount of tuberculosis in the
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lungs, and the same effect also followed the substitution of vitamin C
for vitamin D at the time of inoculation.

In one of their earlier publications (1922), Mouriquand (51) and
his co-workers reported that chronic scurvy did not accelerate the
course of tuberculosis in the guinea pig. Their later work gave
results entirely opposed to those of this early investigation.

Bieling (5a) stated that "transitory milk or hunger scurvy" did not
lead to a decreased resistance to infection.

When Jaffe (52) infected the leg bones, muscles or skin with staphy-
lococci and put the guinea pigs on a scorbutogenic diet at the same
time, he found that about half of them developed severe infections and
that these animals lived longer (42 days) than the uninfected controls,
and did not show scorbutic changes at death. If the infections were
mild, death from scurvy occurred at about the usual tune (21 to 30
days). If the annuals were on the deficient diet for 10 days before
infection, they died abnormally quickly from the scurvy (7 to 12 days).
Baj (53) partially confirmed these findings when he reported that the
characteristic bone changes of scurvy were less marked in animals
infected with staphylococci. He suggested that antiscorbutic sub-
stances were formed by the bacteria. He also stated that the infec-
tions in scorbutic animals were no more severe than those in controls
fed normal diets.

As many mice on a vitamin C deficient diet survived after intra-
peritoneal injections of mouse typhoid bacilli as mice on a complete
diet, according to Hotta's (54) results.

Summary of artificial infection experiments. Relatively few of these
investigators have brought forward evidence to the effect that a
deficiency of vitamin C does not lead to a lower resistance to infection,
and some criticism of their work is possible. For example, Hotta's
results were based on one experiment including at the most 32 rats,
and the rat is apparently able to synthesize this vitamin, and Mouri-
quand's numerous later results contradicted his earlier report, which
need not therefore be considered further.

Qn the other hand, Findlay, Werkman and also Nassau found that
a greater proportion of scorbutic than of normal guinea pigs died after
intraperitoneal injections of bacteria or trypanosomes. The last two



202 ELIZABETH CHANT ROBERTSON -

authors stated that the reduction in the resistance was not marked.
Jaffe infected the legs of guinea pigs that had been on a scurvy produc-
ing diet for ten days with staphylococci and found that they died very
quickly. As Schmidt-Weyland's method of infection more nearly
simulates that occurring in nature, it is probably preferable to those
used by the above mentioned authors. Schmidt-Weyland's results
showed many more deaths from pneumonia among the scorbutic
animals.

The interest in the question of whether scurvy renders an annual
particularly susceptible to tuberculosis was possibly engendered by
clinical reports to that effect. The guinea pig develops scurvy readily
and it is also very susceptible to tuberculosis. It is probably more
susceptible to both these conditions than man. Consequently, in
most of these experiments the resistance has had to be gauged either
by variations in the duration of life or in the extent and nature of the
lesions. As the course of tuberculosis in even normal guinea pigs is
variable, these criteria are somewhat unsatisfactory. According to
Heymann, the susceptibility varies with the severity of the scurvy.
Slight scurvy does not affect the resistance, whereas animals suffering
from moderately severe scurvy are less resistant and die quickly from
tuberculosis. Hojer's experiments, which might have confirmed
Heymann's, gave variable results from the point of view of duration of
life. Goulard and also Mouriquand found that tuberculosis was fatal
more quickly in scorbutic than in normal guinea pigs. When Hojer
examined his animals in regard to the extent of the lesions, his results
were more consistent, as the markedly scorbutic animals showed the
greatest involvement, the normal the least, and in the slightly scorbu-
tic the lesions were variable. Goulard also remarked on the more
extensive tuberculosis found in scorbutic animals. Mouriquand noted
that guinea pigs affected with chronic scurvy were unable to produce
the usual connective tissue reaction to tubercle infection. Hojer also
reported that the efficiency with which this reaction took place varied
directly with the amount of vitamin C in the diet.

Several authors have provided information on the part played by
bacteria in precipitating acute scurvy. Bieling found that animals
with chronic tuberculosis were very susceptible to scurvy and Nassau
also stated that the presence of a trypanosome infection seemed to
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accelerate the onset of scurvy. Jaffe, on the other hand, found that a
marked subcutaneous or osseous infection prevented the onset of
scurvy and that a mild infection did not affect the course of this
avitaminosis.

However, Jaffe's results may possibly have been due to the produc-
tion of the vitamin by the bacteria. Baj, who suggested the above
explanation, also found that the presence of a staphylococcic infection
lessened the severity of the scurvy.

From Grant's experiment it would appear that the intestinal mucous,
membrane in animals suffering from scurvy is more permeable to
bacteria, and McConkey indicates that the intestine in such animals
is more susceptible to infection.

Three investigators also have shown that added amounts of vitamin
C assist animals on normal diets in their reactions against tuberculosis.

5. The use of vitamin C in clinical infections
Numerous reports demonstrating the good effect of vitamin rich

diets in clinical tuberculosis have been published, but it is impossible
to decide what role vitamin C plays in such treatment. Also, one can
not be sure that the good results which Höjer (3) obtained when he fed
a series of twenty tuberculous children raw blood serum (50 to 100 cc.)
daily for four months were due to the vitamin C contained in that
substance. In a later experiment, the same author (30) compared the
effect of the addition of vitamin C (one orange daily) or of added
carbohydrate (a pastry) on samtorium cases of tuberculosis. The
patients were grouped in pairs as closely alike in age, sex, tuberculous
involvement, and prognosis as possible. One of each pair received the
orange and one the pastry. The sanitorium was in an isolated region
where the supply of vegetables and fruit was limited, especially in thd
three months of the experiment (March, April and May). The high-
est mortality from this disease also usually occurred in these three
months. Of the cases fed the extra vitamin C, 17 showed better, 3
showed similar, and 1 showed worse results than the controls. The
cases were examined regularly by expert clinicians, and although the
effects were not easy to evaluate, it appeared that the provision of
plenty of vitamin C assisted in the healing of the tuberculous lesions.
Woringer and Sala (55) advised generous additions of vitamin C to
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whooping cough cases, for although scurvy is very rare in Strassburg,
they saw four cases of whooping cough and scurvy together. McCon-
key (56) reported that the administration of cod liver oil and tomato
juice has a favorable effect on intestinal tuberculosis which was second-
ary to a pulmonary infection. In order to determine whether the
vitamin C was of value he gave three patients on normal diets a cod
liver oil concentrate alone. No change could be seen until orange
juice was added also, when two of them began to show satisfactory
improvement. In a second test, he gave two cases irradiated brewer's
yeast. Again they did not improve until the orange juice was admin-
istered also. The possibility that the good effects were due to the
combination of the vitamins can not be ruled out, as none of the
patients were given vitamin C alone. Bloch (57) is of the opinion
that vitamin A is of more importance than vitamin C in the treatment
of tuberculosis, but other authors (31) claim that generous amounts
of vitamin C are essential in the treatment of such cases.

Summary. The results which have been published up to date sug-
gest that this factor plays a very important r61e in the combatting of
tuberculous infections, but further investigations will be necessary
before this can be conclusively settled.

6. The mechanism underlying the decreased resistance in scurvy
According to Höjer (3), the decreased resistance in scurvy is due to

the atrophy of the various organs hi the body that protect it against
infections. These organs include the lymph nodes, spleen and bone
marrow. Findlay (40) had previously ascribed the low resistance
which he found in scorbutic animals to the changes that were present
hi the bone marrow.
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$UWLFOH
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*RRJOH�6FKRODU

����'H�/XQD�5+��&ROOH\�%-��UG��6PLWK�.��'LYHUV�6*�
5LQHKDUW�-��0DUTXHV�0%��6FXUY\��DQ�RIWHQ�IRUJRWWHQ
FDXVH�RI�EOHHGLQJ��$P�-�+HPDWR������������±���

$UWLFOH
*RRJOH�6FKRODU

����6WHSKHQ�5��8WHFKW�7��6FXUY\�LGHQWLILHG�LQ�WKH
HPHUJHQF\�GHSDUWPHQW��D�FDVH�UHSRUW��-�(PHUJ
0HG������������±����

$UWLFOH
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3XE0HG
*RRJOH�6FKRODU

����-RKQVWRQ�&6��7KRPSVRQ�//��9LWDPLQ�&�VWDWXV�RI�DQ
RXWSDWLHQW�SRSXODWLRQ��-�$P�&ROO�1XWU������������±
����

&$6
3XE0HG
*RRJOH�6FKRODU

����)DLQ�2��3DULpV�-��-DFTXDUW�%��/H�0RsO�*��.HWWDQHK�$�
6WLUQHPDQQ�-��HW�DO��+\SRYLWDPLQRVLV�&�LQ
KRSVLWDOL]HG�SDWLHQWV��(XU�-�,QWHUQ�0HG������������±
����

$UWLFOH
3XE0HG
*RRJOH�6FKRODU
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����7KXUQDP�',��,PSDFW�RI�GLVHDVH�RQ�PDUNHUV�RI
PLFURQXWULHQWV�VWDWXV��3URF�1XWU�6RF������������±
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*RRJOH�6FKRODU
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&$6
3XE0HG
*RRJOH�6FKRODU

����%DXHU�-0��9RJO�7��:LFNOHLQ�6��7U|JQHU�-��0�KOEHUJ
:��6LHEHU�&&��&RPSDULVRQ�RI�WKH�0LQL�1XWULWLRQDO
$VVHVVPHQW��6XEMHFWLYH�*OREDO�$VVHVVPHQW��DQG
1XWULWLRQDO�5LVN�6FUHHQLQJ��156�������IRU
QXWULWLRQDO�VFUHHQLQJ�DQG�DVVHVVPHQW�LQ�JHULDWULF
KRVSLWDO�SDWLHQWV��=�*HURQWRO�*HULDWU�������������±
����

$UWLFOH
&$6
3XE0HG
*RRJOH�6FKRODU

����5LHPHUVPD�5$��:RRG�'$��0DFLQW\UH�&&��(OWRQ�5$�
*H\�.)��2OLYHU�0)��$QWLR[LGDQWV�DQG�SUR�R[LGDQWV�LQ
FRURQDU\�KHDUW�GLVHDVH��/DQFHW��������������

*RRJOH�6FKRODU

����%ROWRQ�6PLWK�&��&DVH\�&(��*H\�.)��6PLWK�:&�
7XQVWDOO�3HGRH�+��$QWLR[\GDQW�YLWDPLQ�LQWDNHV
DVVHVVHG�XVLQJ�D�IRRG�IUHTXHQF\�TXHVWLRQQDLUH�
FRUUHODWLRQ�ZLWK�ELRFKLPLFDO�VWDWXV�LQ�VPRNHUV�DQG
QRQ�VPRNHUV��%U�-�1XWU������������±����

$UWLFOH
&$6
3XE0HG
*RRJOH�6FKRODU

����(QVWURP�-(��.DQLP�/(��.OHLQ�0$��9LWDPLQ�&�LQWDNH
DQG�PRUWDOLW\�DPRQJ�D�VDPSOH�RI�WKH�8QLWHG�6WDWHV
SRSXODWLRQ��(SLGHPLRORJ\�����������±����

$UWLFOH
&$6
3XE0HG
*RRJOH�6FKRODU

����.KDZ�.7��%LQJKDP�6��:HOFK�$��/XEHQ�5��:DUHKDP
1��2DNHV�6��HW�DO��5HODWLRQ�EHWZHHQ�SODVPD�DVFRUELF
DFLG�DQG�PRUWDOLW\�LQ�PHQ�DQG�ZRPHQ�LQ�(3,&�
1RUIRON�SURVSHFWLYH�VWXG\��D�SURVSHFWLYH�SRSXODWLRQ
VWXG\��(XURSHDQ�3URVSHFWLYH�LQYHVWLJDWLRQ�LQWR
&DQFHU�DQG�1XWULWLRQ��/DQFHW�������������±����

$UWLFOH
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3XE0HG
*RRJOH�6FKRODU

2YHU����PLOOLRQ�VFLHQWLILF�GRFXPHQWV�DW�\RXU�ILQJHUWLSV

6ZLWFK�(GLWLRQ

$FDGHPLF�(GLWLRQ
&RUSRUDWH�(GLWLRQ

+RPH
,PSUHVVXP
/HJDO�LQIRUPDWLRQ
3ULYDF\�VWDWHPHQW
+RZ�ZH�XVH�FRRNLHV
$FFHVVLELOLW\
&RQWDFW�XV

1RW�ORJJHG�LQ���������������

1RW�DIILOLDWHG

6SULQJHU�1DWXUH�

�������6SULQJHU�1DWXUH�6ZLW]HUODQG�$*��3DUW�RI�6SULQJHU�1DWXUH�
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&DQDGLDQ�-RXUQDO�RI�%LRFKHPLVWU\�DQG�3K\VLRORJ\������������������������KWWSV���GRL�RUJ���������R������

$%675$&7
7KLV�H[SHULPHQW�ZDV�SODQQHG�WR�VWXG\�WKH�SUREOHP�RI�DFFOLPDWL]DWLRQ�LQ�KXPDQV�DQG�WR�GHWHUPLQH�
WKH�HIIHFW�RI�DVFRUELF�DFLG�LQ�PHQ�H[SRVHG�WR�FROG�ZKLOH�EHLQJ�IHG�D�QRUPDO�RU�VXUYLYDO�UDWLRQ��
$VFRUELF�DFLG�KDV�JUHDWO\�LPSURYHG�WKH�UHVLVWDQFH�RI�PHQ�H[SRVHG�WR�FROG�DQG�IHG�D�VXUYLYDO�UDWLRQ��
1R�EHQHILFLDO�HIIHFW�ZDV�REVHUYHG�ZKHQ�WKH�VXEMHFWV�ZHUH�IHG�D�QRUPDO�UDWLRQ��7KLV�GLIIHUHQFH�LQ�
UHVSRQVH�PD\�EH�GXH�WR�WKH�IDFW�WKDW�WKH�H[SHULPHQWDO�FRQGLWLRQV�GLIIHUHG�VRPHZKDW�EHWZHHQ�
WKHVH�WZR�H[SHULPHQWV��,Q�DQ\�HYHQW��WKH�VXEMHFWV�RQ�D�UHVWULFWHG�IRRG�LQWDNH�ZHUH�FHUWDLQO\�XQGHU�
JUHDWHU�FRQGLWLRQV�RI�VWUHVV��(YLGHQFH�RI�DFFOLPDWL]DWLRQ�ZDV�REWDLQHG�ZLWK�VXUYLYDO�UDWLRQV�EXW�QRW�
ZLWK�QRUPDO�UDWLRQV��6RPH�FRQFOXVLRQV�KDYH�EHHQ�PDGH�RQ�WKH�XVH��E\�PHQ�H[SRVHG�WR�FROG��RI�
VXUYLYDO�UDWLRQV�FRPSRVHG�H[FOXVLYHO\�RI�FDUERK\GUDWHV��)LQDOO\��LW�LV�HVWLPDWHG�WKDW������FDORULHV�LV�
WKH�GDLO\�UHTXLUHPHQW�IRU�PHQ�UHODWLYHO\�LQDFWLYH��ZHDULQJ�RQO\�VKRUWV��ORZ�VKRHV��DQG�VRFNV��DQG�
H[SRVHG�WR�DQ�DPELHQW�WHPSHUDWXUH�RI����)�

&LWHG�E\
9LHZ�DOO���FLWLQJ�DUWLFOHV

7ZHHW

$UWLFOH�7RROV

6KDUH

$GG�WR�)DYRULWHV�

'RZQORDG�&LWDWLRQ�

(PDLO�D�&ROOHDJXH�

5HTXHVW�3HUPLVVLRQV�

&LWDWLRQ�$OHUWV�

'RZQORDG�$GREH�5HDGHU�IRU�3')V
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/RJLQ 5HJLVWHU 6KLEEROHWK �0RELOH� &DUW�

/LNH �

+RPH $ERXW�8V -RXUQDOV %RRNV &RPSLODWLRQV 2SHQ�$FFHVV $XWKRUV /LEUDULDQV 6RFLHWLHV %ORJ &RQWDFW )UDQoDLV



&RQQHFW�:LWK�8V $OHUWV &63�%ORJ )DFHERRN 7ZLWWHU <RX7XEH /LQNHG�,Q 566

��&RS\ULJKW������±�&DQDGLDQ�6FLHQFH�3XEOLVKLQJ�



/RJR�RI�FOLQHSLG

&OLQ�(SLGHPLRO�������������±����
3XEOLVKHG�RQOLQH������)HE�����GRL����������&/(3�6�����
30&,'��30&�������
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6XEJURXS�DQDO\VLV�RI�ODUJH�WULDOV�FDQ�JXLGH�IXUWKHU�
UHVHDUFK��D�FDVH�VWXG\�RI�YLWDPLQ�(�DQG�SQHXPRQLD
+DUUL�+HPLOl�DQG�-DDNNR�.DSULR
'HSDUWPHQW�RI�3XEOLF�+HDOWK��8QLYHUVLW\�RI�+HOVLQNL��+HOVLQNL��)LQODQG
&RUUHVSRQGHQFH��+DUUL�+HPLOl��'HSDUWPHQW�RI�3XEOLF�+HDOWK��8QLYHUVLW\�RI�+HOVLQNL��32%�����+HOVLQNL��),1��������
)LQODQG��7HO�������������������)D[�������������������(PDLO� LI�LNQLVOHK#DOLPHK�LUUDK
5HFHLYHG������)HE���
&RS\ULJKW��������+HPLOl�DQG�.DSULR��SXEOLVKHU�DQG�OLFHQVHH�'RYH�0HGLFDO�3UHVV�/WG�
7KLV�LV�DQ�2SHQ�$FFHVV�DUWLFOH�ZKLFK�SHUPLWV�XQUHVWULFWHG�QRQFRPPHUFLDO�XVH��SURYLGHG�WKH�RULJLQDO�ZRUN�LV�SURSHUO\�
FLWHG�

$EVWUDFW

%DFNJURXQG�

%LRORJ\�LV�FRPSOH[�DQG�WKH�HIIHFWV�RI�PDQ\�LQWHUYHQWLRQV�PD\�YDU\�EHWZHHQ�SRSXODWLRQ�JURXSV��6XEJURXS�
DQDO\VLV�FDQ�JLYH�HVWLPDWHV�IRU�VSHFLILF�SRSXODWLRQV��EXW�WULDOV�DUH�XVXDOO\�WRR�VPDOO�IRU�VXFK�DQDO\VHV�

3XUSRVH�

7R�WHVW�ZKHWKHU�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD�ULVN�LV�XQLIRUP�RYHU�VXEJURXSV�GHILQHG�E\�VPRNLQJ�
DQG�H[HUFLVH�

0HWKRGV�

7KH�$OSKD�7RFRSKHURO�%HWD�&DURWHQH�&DQFHU�3UHYHQWLRQ�6WXG\�H[DPLQHG�WKH�HIIHFWV�RI�YLWDPLQ�(�����PJ�
SHU�GD\��DQG�ȕ�FDURWHQH�����PJ�SHU�GD\��RQ�OXQJ�FDQFHU�LQ��������PDOH�VPRNHUV�DJHG���±���\HDUV�XVLQJ�D���
î���IDFWRULDO�GHVLJQ��7KH�WULDO�ZDV�FRQGXFWHG�DPRQJ�WKH�JHQHUDO�FRPPXQLW\�LQ�)LQODQG�GXULQJ�����±������
WKH�LQWHUYHQWLRQ�ODVWHG�IRU�����\HDUV��PHGLDQ���,Q�WKH�SUHVHQW�VWXG\��ZH�WHVWHG�WKH�XQLIRUPLW\�RI�YLWDPLQ�(�
HIIHFW�RQ�WKH�ULVN�RI�KRVSLWDO�WUHDWHG�SQHXPRQLD������FDVHV��E\�DGGLQJ�D�GXPP\�YDULDEOH�WR�DOORZ�HDFK�
VXEJURXS�LWV�RZQ�YLWDPLQ�(�HIIHFW�LQ�D�&R[�PRGHO�FRYHULQJ�DOO�SDUWLFLSDQWV�

5HVXOWV�

9LWDPLQ�(�HIIHFW�ZDV�QRW�XQLIRUP�RYHU�HLJKW�VXEJURXSV�GHILQHG�E\�EDVHOLQH�VPRNLQJ���±���YV�����FLJDUHWWHV�
SHU�GD\���DJH�RI�VPRNLQJ�LQLWLDWLRQ������YV�����\HDUV���DQG�H[HUFLVH�GXULQJ�OHLVXUH�WLPH��\HV�YV�QR���9LWDPLQ�
(�GHFUHDVHG�SQHXPRQLD�ULVN�E\����������&,������WR������DPRQJ�SDUWLFLSDQWV�ZKR�KDG�WKH�OHDVW�H[SRVXUH�
WR�VPRNLQJ�DQG�H[HUFLVHG�GXULQJ�OHLVXUH�WLPH��9LWDPLQ�(�LQFUHDVHG�SQHXPRQLD�ULVN�E\����������&,������WR�
������DPRQJ�WKRVH�ZKR�KDG�WKH�KLJKHVW�H[SRVXUH�WR�VPRNLQJ�DQG�GLG�QRW�H[HUFLVH�

/LPLWDWLRQV�

$OWKRXJK�WKH�HYLGHQFH�RI�KHWHURJHQHLW\�LV�VWURQJ��LW�LV�QRW�HYLGHQW�WR�ZKDW�H[WHQW�WKH�HVWLPDWHV�RI�HIIHFW�RU�)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



WKH�OLPLWV�EHWZHHQ�WKH�VXEJURXSV�FDQ�EH�H[WUDSRODWHG�WR�RWKHU�SRSXODWLRQV�

&RQFOXVLRQ�

6XEJURXS�DQDO\VLV�RI�ODUJH�WULDOV�VKRXOG�EH�HQFRXUDJHG��WKRXJK�FDXWLRQ�LV�QHHGHG�LQ�WKH�LQWHUSUHWDWLRQ�RI�
ILQGLQJV��7KH�UROH�RI�YLWDPLQ�(�LQ�VXVFHSWLELOLW\�WR�SQHXPRQLD�LQ�SK\VLFDOO\�DFWLYH�QRQVPRNHUV�ZDUUDQWV�
IXUWKHU�VWXG\�

7ULDO�UHJLVWUDWLRQ�

&OLQLFDO7ULDOV�JRY 1&7���������

.H\ZRUGV��YLWDPLQ�(��SQHXPRQLD��VPRNLQJ��OHLVXUH�WLPH�H[HUFLVH��Į�WRFRSKHURO��ȕ�FDURWHQH��VXEJURXS�
DQDO\VLV

,QWURGXFWLRQ
7KH�VL]H�RI�D�FRQWUROOHG�WULDO�LV�XVXDOO\�EDVHG�RQ�D�SRZHU�FDOFXODWLRQ��WKH�JRDO�RI�ZKLFK�LV�WR�GHWHUPLQH�WKH�
PLQLPDO�QXPEHU�RI�SDUWLFLSDQWV�QHHGHG�WR�WHVW�ZKHWKHU�DQ�RYHUDOO�GLIIHUHQFH�H[LVWV�EHWZHHQ�WKH�LQWHUYHQWLRQ�
DQG�FRQWURO�JURXSV��6XFK�WULDOV�DUH�WRR�VPDOO�WR�WHVW�VXEJURXS�GLIIHUHQFHV��)XUWKHUPRUH��FDUU\LQJ�RXW�
QXPHURXV�VXEJURXS�FRPSDULVRQV�OHDGV�WR�WKH�PXOWLSOH�WHVWLQJ�SUREOHP��6XFK�UHDVRQLQJ�LV�WKH�PDMRU�FDXVH�
IRU�GLVFRXUDJLQJ�VXEJURXS�DQDO\VHV��±�

7KH�DERYH�DUJXPHQW�KDV�OLPLWDWLRQV��KRZHYHU��)RU�H[DPSOH��LI�D�WULDO�FROOHFWV�GDWD�RQ�D�VHFRQGDU\�RXWFRPH�
ZKLFK�DUH�PXFK�PRUH�QXPHURXV�WKDQ�WKH�SULPDU\�RXWFRPH��VD\�OXQJ�FDQFHU��VXEJURXS�DQDO\VLV�RQ�WKH�
VHFRQGDU\�RXWFRPH��VXFK�DV�WKH�FRPPRQ�FROG���GRHV�QRW�VXIIHU�IURP�ORZ�VWDWLVWLFDO�SRZHU��)XUWKHUPRUH��
PRVW�FRQWUROOHG�WULDOV�VWXG\�WKH�HIIHFW�RI�GUXJV�KDYLQJ�D�VSHFLILF�ELRFKHPLFDO�WDUJHW�ZLWKLQ�SDWLHQWV�ZKR�DUH�
QDUURZO\�VHOHFWHG��DQG�D�ODUJH�ZLWKLQ�WULDO�YDULDWLRQ�LQ�WKH�HIIHFW�PD\�EH�XQOLNHO\�LQ�VXFK�FDVHV��+RZHYHU��LW�
LV�SRVVLEOH�WKDW�WKH�ZLWKLQ�WULDO�YDULDWLRQ�LQ�WKH�HIIHFW�LV�VXEVWDQWLDOO\�JUHDWHU�IRU�LQWHUYHQWLRQV�WKDW�KDYH�
FRPSOH[�DQG�EURDG�HIIHFWV�RQ�WKH�KXPDQ�V\VWHP��LQ�SDUWLFXODU�ZKHQ�WKH�HIIHFWV�DUH�VWXGLHG�LQ�KHWHURJHQHRXV�
SRSXODWLRQV��7KXV��ZKLOH�UHDVRQV�H[LVW�IRU�EHLQJ�FDXWLRXV�DERXW�VXEJURXS�DQDO\VLV�LQ�JHQHUDO��WKHUH�DUH�
FRQGLWLRQV�ZKHQ�VXEJURXS�DQDO\VHV�PD\�EH�MXVWLILHG�

3UHYLRXVO\��ZH�H[SORUHG�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD�ULVN�DPRQJ�WKH��������PDOH�VPRNHUV�RI�WKH�
$OSKD�7RFRSKHURO�%HWD�&DURWHQH�>$7%&@�6WXG\�����:H�IRXQG�VLJQLILFDQW�PRGLILFDWLRQ�RI�YLWDPLQ�(�HIIHFW�
E\�DJH�RI�VPRNLQJ�LQLWLDWLRQ��LQ�WKDW�WKH�YLWDPLQ�UHGXFHG�WKH�ULVN�LQ�WKRVH�ZKR�VWDUWHG�VPRNLQJ�DW�D�ODWH�DJH�
DQG��ZLWKLQ�WKLV�VXEJURXS��EDVHOLQH�VPRNLQJ�IXUWKHU�PRGLILHG�WKH�HIIHFW�VR�WKDW�WKH�EHQHILW�ZDV�JUHDWHVW�
DPRQJ�WKRVH�ZKR�VPRNHG�WKH�OHDVW���6LQFH�SK\VLFDO�DFWLYLW\�OHDGV�WR�R[LGDWLYH�VWUHVV����ZH�VHSDUDWHO\�
K\SRWKHVL]HG�WKDW�YLWDPLQ�(�PLJKW�UHGXFH�SQHXPRQLD�ULVN�DPRQJ�SK\VLFDOO\�DFWLYH�$7%&�6WXG\�
SDUWLFLSDQWV��DQG�IRXQG�WKDW�WKH�YLWDPLQ�KDOYHG�WKH�ULVN�LQ�WKRVH�ZKR�H[HUFLVHG�GXULQJ�OHLVXUH�WLPH����7KHVH�
ILQGLQJV�LQGLFDWH�WKDW�FLJDUHWWH�VPRNLQJ�DQG�H[HUFLVH�PLJKW�PRGLI\�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD�
ULVN��+RZHYHU��VLQFH�VHYHUDO�FRPSDULVRQV�ZHUH�PDGH��WKH�PXOWLSOH�WHVWLQJ�SUREOHP�FDQQRW�EH�HQWLUHO\�
GLVPLVVHG��7KHUHIRUH��LQ�WKLV�SDSHU�ZH�DQDO\]H�WKH�VXEJURXS�GLIIHUHQFHV�LQ�DOO�$7%&�6WXG\�SDUWLFLSDQWV�
VLPXOWDQHRXVO\�

,I�WKHUH�LV�ILUP�HYLGHQFH�WKDW�WKH�HIIHFW�RI�YLWDPLQ�(�VXSSOHPHQWDWLRQ�RQ�KHDOWK�RXWFRPHV�RI�WKH�$7%&�
SDUWLFLSDQWV�LV�KHWHURJHQHRXV��WKLV�ZRXOG�LPSO\�WKDW�VXEJURXS�DQDO\VHV�LQ�RWKHU�ODUJH�VFDOH�WULDOV�RQ�YLWDPLQ�
(��DQG�SRVVLEO\�LQ�ODUJH�VFDOH�WULDOV�RQ�RWKHU�VXEMHFWV��VKRXOG�EH�HQFRXUDJHG�UDWKHU�WKDQ�GLVFRXUDJHG�

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



0DWHULDO�DQG�PHWKRGV

3DUWLFLSDQWV

7KH�UDWLRQDOH��GHVLJQ��DQG�PHWKRGV�RI�WKH�$7%&�6WXG\�H[DPLQLQJ�WKH�HIIHFWV�RI�YLWDPLQ�(��GO�Į�WRFRSKHU\O�
DFHWDWH��$7�����PJ�GD\��DQG�ȕ�FDURWHQH��%&�����PJ�GD\��RQ�WKH�LQFLGHQFH�RI�OXQJ�FDQFHU�DQG�RWKHU�FDQFHUV�
KDYH�EHHQ�GHVFULEHG�LQ�GHWDLO��±��7KH�$7%&�6WXG\�LV�UHJLVWHUHG�DW�&OLQLFDO7ULDOV�JRY�XQGHU�WKH�LGHQWLILHU�
1&7���������

,Q�EULHI��WR�EH�HOLJLEOH��PDOH�SDUWLFLSDQWV�DJHG���±���\HDUV�KDG�WR�VPRNH����FLJDUHWWHV�SHU�GD\�DW�HQWU\��DQG�
WKRVH�HQUROOHG�LQ�WKH�WULDO��1� ���������ZHUH�UDQGRPL]HG�WR�RQH�RI�IRXU�LQWHUYHQWLRQ�DUPV�DQG�DGPLQLVWHUHG�
SODFHER��$7��%&��RU�$7���%&��XVLQJ�D���î���IDFWRULDO�GHVLJQ��&RPSDUHG�ZLWK�EDVHOLQH�OHYHOV��
VXSSOHPHQWDWLRQ�LQFUHDVHG�WKH�VHUXP�OHYHO�RI�Į�WRFRSKHURO�E\���������7KH�LQWHUYHQWLRQ�FRQWLQXHG�IRU���WR���
\HDUV�XQWLO�$SULO�������7KH�WULDO�ZDV�DSSURYHG�E\�WKH�UHYLHZ�ERDUGV�RI�WKH�SDUWLFLSDWLQJ�LQVWLWXWLRQV�DQG�DOO�
SDUWLFLSDQWV�JDYH�ZULWWHQ�LQIRUPHG�FRQVHQW��&RPSOLDQFH�ZLWK�VXSSOHPHQWDWLRQ�ZDV�KLJK��VRPH�����RI�WKH�
VXEMHFWV�WRRN�PRUH�WKDQ�����RI�WKHLU�SUHVFULEHG�FDSVXOHV�GXULQJ�WKHLU�DFWLYH�SDUWLFLSDWLRQ�LQ�WKH�WULDO����

%DVHOLQH�FKDUDFWHULVWLFV

%HIRUH�UDQGRPL]DWLRQ�DW�EDVHOLQH��WKH�SDUWLFLSDQWV�FRPSOHWHG�TXHVWLRQQDLUHV�RQ�PHGLFDO�DQG�VPRNLQJ�
KLVWRULHV�DQG�JHQHUDO�EDFNJURXQG�FKDUDFWHULVWLFV��$�GHWDLOHG�GLHWDU\�KLVWRU\�TXHVWLRQQDLUH�ZDV�FRPSOHWHG�WKDW�
SURYLGHG�GDWD�UHJDUGLQJ�YLWDPLQV�&�DQG�(��DQG�FRIIHH�FRQVXPSWLRQ����$JH�RI�VPRNLQJ�LQLWLDWLRQ�ZDV�QRW�
DYDLODEOH�IRU�VHYHQ�SDUWLFLSDQWV�DQG�GLHWDU\�GDWD�IRU�������SDUWLFLSDQWV�

3UHYLRXVO\��ZH�IRXQG�WKDW�GLFKRWRPL]DWLRQ�RI�WKH�DJH�RI�VPRNLQJ�LQLWLDWLRQ�ZLWK�WKH�FXWRII�SRLQW�DW����\HDUV�
DSSURSULDWHO\�FDSWXUHG�WKH�YDULDWLRQ�RI�WKH�YLWDPLQ�(�HIIHFW���DQG�WKH�VDPH�FXWRII�ZDV�XVHG�LQ�WKLV�VWXG\��
$OWKRXJK�VPRNLQJ�LV�D�FRQWLQXRXV�YDULDEOH��LW�LV�KHDYLO\�FOXVWHUHG�WR�PXOWLSOHV�RI�����DQG�����FLJDUHWWHV�SHU�
GD\��,Q�WKLV�VWXG\��ZH�GLFKRWRPL]HG�FLJDUHWWH�VPRNLQJ�WR��±���FLJDUHWWHV�SHU�GD\�DQG�WR�����SHU�GD\��$V�ZH�
UHFRJQL]HG�WKDW�LQ�ERWK�FDVHV�GLFKRWRPL]DWLRQ�OHDGV�WR�D�ORVV�RI�LQIRUPDWLRQ�RI�WKH�FRQWLQXRXV�YDULDEOHV��ZH�
H[DPLQHG�WKH�HIIHFW�RI�YLWDPLQ�(�LQ�VPDOOHU�UDQJHV�LQ�7DEOHV���DQG���

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV
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7KH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD�LQFLGHQFH�LQ�$7%&�SDUWLFLSDQWV�ZKR�LQLWLDWHG�VPRNLQJ�DW�����
\HDUV��VPRNHG��±���FLJDUHWWHV�SHU�GD\��DQG�H[HUFLVHG�GXULQJ�OHLVXUH�WLPH
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1RWHV�)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



D7KH�QXPEHU�RI�SDUWLFLSDQWV�LQ�WKH�YLWDPLQ�(�DQG�QR�YLWDPLQ�(�JURXSV�ZDV�WKH�VDPH�ZLWKLQ����DFFXUDF\�LQ�DOO�
VXEJURXSV�VKRZQ�
E$�%�UHIHUV�WR�$�FDVHV�RI�SQHXPRQLD�DPRQJ�WKH�YLWDPLQ�(�SDUWLFLSDQWV�DQG�%�FDVHV�RI�SQHXPRQLD�DPRQJ�WKH�QR�YLWDPLQ�
(�SDUWLFLSDQWV�
F7KH�&R[�PRGHO�FRPSDULQJ�SDUWLFLSDQWV�ZKR�UHFHLYHG�YLWDPLQ�(�ZLWK�WKRVH�ZKR�GLG�QRW�
G'DWD�RQ�GLHW�ZHUH�PLVVLQJ�IRU�����SDUWLFLSDQWV��ZKLFK�LQFOXGHG�RQH�FDVH�RI�SQHXPRQLD�LQ�WKH�YLWDPLQ�(�JURXS�DQG�WKUHH�
FDVHV�LQ�WKH�QR�YLWDPLQ�(�JURXS�

$EEUHYLDWLRQV��55��ULVN�UDWLR��&,��FRQILGHQFH�LQWHUYDO�

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



7DEOH��

7KH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD�LQFLGHQFH�LQ�$7%&�SDUWLFLSDQWV�ZKR�LQLWLDWHG�VPRNLQJ�DW�����
\HDUV��VPRNHG�����FLJDUHWWHV�SHU�GD\��DQG�GLG�QRW�H[HUFLVH�GXULQJ�OHLVXUH�WLPH

6XEJURXS 1R��RI�PHQD &DVHV�RI�SQHXPRQLDE (IIHFW�RI�YLWDPLQ�(

55������&,�F 7HVW�IRU�LQWHUDFWLRQ��3�

$OO ����� ������� ����������������
ȕ�&DURWHQH�VXSSOHPHQWDWLRQ
1R ����� ����� ���������������� ����
<HV ����� ����� ����������������
5HVWULFWLRQ�WR�WKH�QR�ȕ�FDURWHQH�SDUWLFLSDQWV�
1R�ȕ�FDURWHQH ����� ����� ����������������
&LJDUHWWHV����GD\�
��±�� ����� ����� ���������������� ���
��±�� ����� ����� ����������������
$JH�RI�VPRNLQJ�LQLWLDWLRQ��\HDUV�
�±�� ����� ����� ���������������� ���
��±�� ����� ����� ����������������
$JH�DW�EDVHOLQH��\HDUV�
��±�� ����� ����� ���������������� ���
��±�� ��� ����� ����������������

'LHWDU\�YLWDPLQ�(��PJ�GD\�G

�� ����� ����� ���������������� ���
�� ����� ����� ����������������

'LHWDU\�YLWDPLQ�&��PJ�GD\�G

��� ����� ����� ���������������� ���
��� ����� ����� ����������������

&RIIHH��P/�GD\�G

���� ����� ����� ���������������� ���
���� ����� ����� ����������������

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ

1RWHV�

D7KH�QXPEHU�RI�SDUWLFLSDQWV�LQ�WKH�YLWDPLQ�(�DQG�QR�YLWDPLQ�(�JURXSV�ZDV�WKH�VDPH�ZLWKLQ����DFFXUDF\�LQ�DOO�
VXEJURXSV�VKRZQ�
E$�%�UHIHUV�WR�$�FDVHV�RI�SQHXPRQLD�DPRQJ�WKH�YLWDPLQ�(�SDUWLFLSDQWV�DQG�%�FDVHV�RI�SQHXPRQLD�DPRQJ�WKH�QR�YLWDPLQ�
(�SDUWLFLSDQWV�
F7KH�&R[�PRGHO�FRPSDULQJ�SDUWLFLSDQWV�ZKR�UHFHLYHG�YLWDPLQ�(�ZLWK�WKRVH�ZKR�GLG�QRW�
G'DWD�RQ�GLHW�ZHUH�PLVVLQJ�IRU�����SDUWLFLSDQWV��ZKLFK�LQFOXGHG�QLQH�FDVHV�RI�SQHXPRQLD�LQ�WKH�YLWDPLQ�(�JURXS�DQG�
WKUHH�FDVHV�LQ�WKH�QR�YLWDPLQ�(�JURXS�

$EEUHYLDWLRQV��55��ULVN�UDWLR��&,��FRQILGHQFH�LQWHUYDO�)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



7KH�EDVHOLQH�TXHVWLRQQDLUH�RQ�SK\VLFDO�DFWLYLW\�GXULQJ�OHLVXUH�WLPH�ZDV�D�PRGLILFDWLRQ�RI�WKDW�XVHG�RULJLQDOO\�
LQ�WKH�*RWKHQEXUJ�VWXG\�IRFXVLQJ�RQ�FDUGLRYDVFXODU�GLVHDVHV����7KH�LQWHQVLW\�RI�DYHUDJH�SK\VLFDO�DFWLYLW\�
GXULQJ�OHLVXUH�WLPH�RYHU�WKH�SUHYLRXV����PRQWKV�ZDV�HQTXLUHG�DERXW�XVLQJ�WKH�IROORZLQJ�DOWHUQDWLYHV�����
OLJKW��UHDGLQJ��ZDWFKLQJ�79��OLVWHQLQJ�WR�WKH�UDGLR��RU�JRLQJ�WR�PRYLHV��LH��DFWLYLWLHV�WKDW�DUH�QRW�SK\VLFDOO\�
GHPDQGLQJ�����PRGHUDWH��ZDONLQJ��ILVKLQJ��KXQWLQJ��RU�JDUGHQLQJ�TXLWH�UHJXODUO\��DQG����KHDY\��DFWXDO�
SK\VLFDO�H[HUFLVH��VXFK�DV�MRJJLQJ��VNLLQJ��VZLPPLQJ��J\PQDVWLFV��DQG�FRXUW�DQG�ILHOG�VSRUWV�TXLWH�UHJXODUO\��
,Q�WKH�FXUUHQW�DQDO\VHV�ZH�FRPELQHG�DQVZHUV����>Q� �������@�DQG����>Q� ������@�WR�WKH�FDWHJRU\�³H[HUFLVH�
GXULQJ�OHLVXUH�WLPH´��'DWD�RQ�H[HUFLVH�ZHUH�QRW�DYDLODEOH�IRU����SDUWLFLSDQWV�

2XWFRPH�DQG�IROORZ�XS�WLPH

7KH�HYHQWV�IRU�WKLV�VWXG\��WKH�ILUVW�KRVSLWDO�WUHDWHG�FDVHV�RI�SQHXPRQLD�DIWHU�UDQGRPL]DWLRQ��ZHUH�DVFHUWDLQHG�
IURP�WKH�QDWLRQDO�+RVSLWDO�'LVFKDUJH�5HJLVWHU�XVLQJ�WKH�XQLTXH�SHUVRQDO�LGHQWLILFDWLRQ�QXPEHUV�IRU�OLQNDJH�
�VHH�GHWDLOV�LQ�+HPLOl�HW�DO����3QHXPRQLD�FDVHV�UHFRUGHG�LQ�WKH�+RVSLWDO�'LVFKDUJH�5HJLVWHU�UHIOHFW�FOLQLFDOO\�
PRUH�VHYHUH�FDVHV�RI�JUHDWHU�KHDOWK�DQG�HFRQRPLF�VLJQLILFDQFH��ZKHUHDV�OHVV�VHYHUH�FDVHV�RI�SQHXPRQLD�
WUHDWHG�DV�RXWSDWLHQWV�DUH�QRW�UHFRUGHG�LQ�WKH�5HJLVWHU��8VH�RI�WKH�+RVSLWDO�'LVFKDUJH�5HJLVWHU�DOORZHG�IRU�
WKH�REWDLQLQJ�RI�LQIRUPDWLRQ�RQ�SQHXPRQLD�LQ�DOO�VWXG\�SDUWLFLSDQWV�LUUHVSHFWLYH�RI�ZKHWKHU�WKH\�FRQWLQXHG�LQ�
RU�KDG�GURSSHG�RXW�RI�WKH�WULDO�

)ROORZ�XS�WLPH�IRU�HDFK�SDUWLFLSDQW�EHJDQ�IURP�WKH�GD\�RI�UDQGRPL]DWLRQ��DQG�FRQWLQXHG�XQWLO�WKH�GDWH�RI�
ILUVW�KRVSLWDO�GLVFKDUJH�IRU�SQHXPRQLD��GHDWK��RU�WKH�HQG�RI�WKH�WULDO��$SULO�����������ZKLFKHYHU�FDPH�ILUVW��
7KH�PHGLDQ�IROORZ�XS�WLPH�RI�WKH�SDUWLFLSDQWV�ZDV�����\HDUV��DQG�WKHUH�ZDV�D�WRWDO�RI���������SHUVRQ�\HDUV�
RI�REVHUYDWLRQ�

6WDWLVWLFDO�PHWKRGV

:H�HVWLPDWHG�WKH�HIIHFW�RI�YLWDPLQ�(�VXSSOHPHQWDWLRQ�RQ�SQHXPRQLD�LQFLGHQFH�WKURXJK�&R[�PRGHOV��:H�
FDOFXODWHG�WKH�ULVN�UDWLR��55��DQG�WKH�����FRQILGHQFH�LQWHUYDO��&,��RI�WKH�55�XVLQJ�WKH�352&�3+5(*�
SURJUDP�RI�WKH�6$6�SDFNDJH�RI�SURJUDPV��UHOHDVH������6$6�,QVWLWXWH��,QF���&DU\��1&���1R�FRYDULDWHV�ZHUH�
LQFOXGHG�LQ�WKH�PRGHOV�DQDO\]LQJ�WKH�WUHDWPHQW�HIIHFWV��$V�WR�VXSSOHPHQWDWLRQ��ZH�FDUULHG�RXW�WKH�DQDO\VHV�
IROORZLQJ�WKH�LQWHQWLRQ�WR�WUHDW��,77��SULQFLSOH�

,Q�7DEOH����ZH�FRPSDUHG�WKH�WULDO�SDUWLFLSDQWV�DGPLQLVWHUHG�YLWDPLQ�(��$7�DQG�$7���%&��ZLWK�WKRVH�QRW�
UHFHLYLQJ�YLWDPLQ�(��WKH�QR�YLWDPLQ�(�SDUWLFLSDQWV��SODFHER�DQG�%&���6LQFH��LQ�7DEOH����ZH�REVHUYHG�WKDW�$7�
DQG�%&�VXSSOHPHQWDWLRQV�LQWHUDFWHG��ZH�UHVWULFWHG�IXUWKHU�VXEJURXS�DQDO\VHV�RI�7DEOH���WR�WKH�QR�%&�
SDUWLFLSDQWV��$7�DQG�SODFHER�DUPV���%HFDXVH�RI�WKLV�LQWHUDFWLRQ��ZH�DOVR�UH�WHVWHG�WKH�KHWHURJHQHLW\�RI�
7DEOH���E\�UHVWULFWLQJ�WR�WKH�QR�%&�SDUWLFLSDQWV�

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV
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GXULQJ�OHLVXUH�WLPH��$7%&�6WXG\�����±����

$JH�RI�VPRNLQJ�
LQLWLDWLRQ��\HDUV�
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EDVHOLQH
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<HV 1R
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��� ��� 55D������&,�D ������������
�����

������������
�����

&DVHV�RI�
SQHXPRQLDE
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1R��RI�PHQF ����� �����

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ

1RWHV�

D7KH�&R[�PRGHO�FRPSDULQJ�SDUWLFLSDQWV�ZKR�UHFHLYHG�YLWDPLQ�(�ZLWK�WKRVH�ZKR�GLG�QRW�
E$�%�UHIHUV�WR�$�FDVHV�RI�SQHXPRQLD�DPRQJ�WKH�YLWDPLQ�(�SDUWLFLSDQWV�DQG�%�FDVHV�RI�SQHXPRQLD�DPRQJ�WKH�QR�YLWDPLQ�
(�SDUWLFLSDQWV��'DWD�RQ�DJH�RI�VPRNLQJ�LQLWLDWLRQ�RU�H[HUFLVH�ZHUH�PLVVLQJ�IURP�WZR�SQHXPRQLD�FDVHV�DPRQJ�WKH�
YLWDPLQ�(�SDUWLFLSDQWV�DQG�IURP�RQH�FDVH�DPRQJ�WKH�QR�YLWDPLQ�(�SDUWLFLSDQWV��WKHVH�FDVHV�DUH�QRW�LQFOXGHG�LQ�WKLV�WDEOH�
F7KH�QXPEHU�RI�SDUWLFLSDQWV�LQ�WKH�YLWDPLQ�(�DQG�QR�YLWDPLQ�(�JURXSV�ZDV�WKH�VDPH�ZLWKLQ����DFFXUDF\�LQ�HDFK�RI�WKH�
HLJKW�JURXSV��7KH�XQLIRUPLW\�RI�WKH�YLWDPLQ�(�HIIHFW�ZDV�WHVWHG�E\�DGGLQJ�D�GXPP\�YDULDEOH�IRU�YLWDPLQ�(�HIIHFW�LQ�
VHYHQ�JURXSV�RI�WKH�WDEOH��DOORZLQJ�HDFK�RI�WKH�HLJKW�JURXSV�WKHLU�RZQ�YLWDPLQ�(�HIIHFW��7KH�UHJUHVVLRQ�PRGHO�ZDV�
LPSURYHG�E\�Ȥ����GI�� �������3� ���������FRPSDUHG�WR�WKH�PRGHO�ZLWK�D�XQLIRUP�YLWDPLQ�(�HIIHFW��+HWHURJHQHLW\�LV�
PDLQO\�FDXVHG�E\�WKH�XSSHU�OHIW�DQG�ORZHU�ULJKW�FHOOV��WKH�DGGLWLRQ�RI�RQO\�WKHVH�WZR�FHOOV�LPSURYHG�WKH�PRGHO�E\�Ȥ����
GI�� �������7KH�GLIIHUHQFH�EHWZHHQ�WKH�DERYH�WZR�PRGHOV�LV�IXOO\�H[SODLQHG�E\�FKDQFH��Ȥ����GI�� ������7KH�DGGLWLRQ�RI�
WKH�WKLUG�RUGHU�LQWHUDFWLRQ�WHUP��EHWZHHQ�YLWDPLQ�(�VXSSOHPHQWDWLRQ��DJH�RI�VPRNLQJ�LQLWLDWLRQ��FLJDUHWWHV�SHU�GD\��DQG�
OHLVXUH�WLPH�H[HUFLVH��WR�WKH�PRGHO�FRQWDLQLQJ�DOO�ORZHU�OHYHO�LQWHUDFWLRQ�WHUPV��LPSURYHG�WKH�UHJUHVVLRQ�PRGHO�E\�Ȥ����
GI�� ������3� �������6LQFH�YLWDPLQ�(�DQG�ȕ�FDURWHQH�VXSSOHPHQWDWLRQV�LQWHUDFW�LQ�WKH�ORZHU�ULJKW�FHOO��VHH�7DEOH�����ZH�
DOVR�WHVWHG�WKH�XQLIRUPLW\�RI�YLWDPLQ�(�HIIHFW�DPRQJ�WKH�QR�ȕ�FDURWHQH�SDUWLFLSDQWV��Q� ����������$GGLQJ�D�GXPP\�

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



YDULDEOH�IRU�YLWDPLQ�(�HIIHFW�LQ�VHYHQ�JURXSV�RI�WKH�WDEOH�LPSURYHG�WKH�PRGHO�E\�Ȥ����GI�� �������3� ��������$GGLQJ�RQO\�
WKH�XSSHU�OHIW�DQG�ORZHU�ULJKW�FHOOV�LPSURYHG�WKH�PRGHO�E\�Ȥ����GI�� �������LQGLFDWLQJ�WKDW�WKH�HIIHFW�RI�YLWDPLQ�(�LV�
UHVWULFWHG�WR�WKH�XSSHU�OHIW�DQG�ORZHU�ULJKW�FHOOV��7KH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�PRGHOV�LV�IXOO\�H[SODLQHG�E\�FKDQFH��
Ȥ����GI�� ������1HYHUWKHOHVV��DGGLQJ�WKH�WKLUG�RUGHU�LQWHUDFWLRQ�WHUP�WR�D�PRGHO�FRQWDLQLQJ�DOO�ORZHU�OHYHO�LQWHUDFWLRQV�
GLG�QRW�VLJQLILFDQWO\�LPSURYH�WKH�PRGHO��Ȥ����GI�� ������3� �������9LWDPLQ�(�DQG�ȕ�FDURWHQH�VXSSOHPHQWDWLRQV�GLG�QRW�
LQWHUDFW�LQ�FHOOV�RI�WKLV�WDEOH�RWKHU�WKDQ�WKH�ORZHU�ULJKW�FHOO�

$EEUHYLDWLRQV��55��ULVN�UDWLR��&,��FRQILGHQFH�LQWHUYDO�

7R�WHVW�WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI�LQWHUDFWLRQ�EHWZHHQ�YLWDPLQ�(�VXSSOHPHQWDWLRQ�DQG�SRWHQWLDO�PRGLI\LQJ�
IDFWRUV��ZH�ILUVW�DGGHG�YLWDPLQ�(�DQG�WKH�PRGLI\LQJ�IDFWRU�WR�WKH�UHJUHVVLRQ�PRGHO��7KH�VWDWLVWLFDO�
VLJQLILFDQFH�RI�WKH�LQWHUDFWLRQ�ZDV�WKHUHDIWHU�FDOFXODWHG�IURP�WKH�FKDQJH�LQ�í��î�ORJ��OLNHOLKRRG��ZKHQ�WKH�
LQWHUDFWLRQ�WHUP�IRU�YLWDPLQ�(�VXSSOHPHQWDWLRQ�DQG�WKH�PRGLI\LQJ�IDFWRU�ZHUH�DGGHG�WR�WKH�PRGHO��,Q�RXU�
VXEJURXS�DQDO\VHV�LQ�7DEOHV���DQG����ZH�VSOLW�WKH�VXEJURXS�YDULDEOHV�DW�OHYHOV�OHDGLQJ�WR�D�UHDVRQDEO\�VLPLODU�
QXPEHU�RI�FDVHV�LQ�WKH�FRQWURO�JURXSV�

1HOVRQ�$DOHQ�FXPXODWLYH�KD]DUG�IXQFWLRQV�ZHUH�FRQVWUXFWHG�XVLQJ�WKH�67$7$�VWV�SURJUDP��5HOHDVH����6WDWD�
&RUS��&ROOHJH�6WDWLRQ��7;���7ZR�WDLOHG�3�YDOXHV�DUH�SUHVHQWHG�

5HVXOWV
$PRQJ�DOO�$7%&�SDUWLFLSDQWV��WKH�FDVHV�RI�SQHXPRQLD�ZHUH�LGHQWLFDOO\�GLYLGHG�EHWZHHQ�WKH�YLWDPLQ�(�DQG�
QR�YLWDPLQ�(�JURXSV������YV������FRUUHVSRQGLQJ�WR�55� �����������&,��������������

:H�GLYLGHG�WKH�SDUWLFLSDQWV�LQWR�HLJKW�VXEJURXSV�RQ�WKH�EDVLV�RI�DJH�RI�VPRNLQJ�LQLWLDWLRQ��OHYHO�RI�VPRNLQJ�
DW�WKH�EDVHOLQH�RI�WKH�WULDO��DQG�H[HUFLVH�GXULQJ�OHLVXUH�WLPH��7DEOH�����:H�WHVWHG�WKH�XQLIRUPLW\�RI�WKH�YLWDPLQ�
(�HIIHFW�E\�DGGLQJ�D�GXPP\�YDULDEOH�IRU�YLWDPLQ�(�HIIHFW�LQ�VHYHQ�JURXSV�RI�WKH�WDEOH��DQG�WKLV�VLJQLILFDQWO\�
LPSURYHG�WKH�&R[�PRGHO��3� ����������7KH�KHWHURJHQHLW\�LQ�7DEOH���LV�IXOO\�H[SODLQHG�E\�WKH�XSSHU�OHIW�DQG�
ORZHU�ULJKW�FRUQHUV��LH��E\�WKH�RSSRVLWH�FRUQHUV�RI�WKH�WDEOH��)XUWKHUPRUH��WKH�WKLUG�OHYHO�LQWHUDFWLRQ�WHUP�
EHWZHHQ�YLWDPLQ�(�VXSSOHPHQWDWLRQ��DJH�RI�VPRNLQJ�LQLWLDWLRQ��OHYHO�RI�VPRNLQJ��DQG�H[HUFLVH�ZDV�
VLJQLILFDQW�ZKHQ�FRPSDULQJ�WKH�YLWDPLQ�(�DQG�QR�YLWDPLQ�(�SDUWLFLSDQWV��6LQFH�WKH�HIIHFW�RI�YLWDPLQ�(�ZDV�
UHVWULFWHG�WR�WKH�XSSHU�ULJKW�DQG�ORZHU�OHIW�FRUQHUV��ZH�DQDO\]HG�WKHVH�WZR�JURXSV�IXUWKHU�

$PRQJ�WKH�������SDUWLFLSDQWV�ZKR�LQLWLDWHG�VPRNLQJ�DW�D�ODWH�DJH��VPRNHG�OHVV�WKDQ�D�SDFN�RI�FLJDUHWWHV�SHU�
GD\��DQG�H[HUFLVHG�GXULQJ�OHLVXUH�WLPH��YLWDPLQ�(�VXSSOHPHQWDWLRQ�UHGXFHG�SQHXPRQLD�ULVN�E\������XSSHU�
OHIW�FHOO�LQ�7DEOH����)LJXUH�����7KH�HVWLPDWHG�HIIHFW�RI�YLWDPLQ�(�LQ�WKLV�VXEJURXS�ZDV�UREXVW�LQ�VHYHUDO�
IXUWKHU�VXEJURXS�DQDO\VHV��7KH�HIIHFW�ZDV�QRW�PRGLILHG�E\�%&�VXSSOHPHQWDWLRQ��DJH��RU�GLHWDU\�YLWDPLQV�&�
DQG�(��7DEOH�����'LYLGLQJ�WKH�SDUWLFLSDQWV�E\�WKH�DJH�RI�VPRNLQJ�LQLWLDWLRQ�DQG�EDVHOLQH�VPRNLQJ�DOVR�OHG�WR�
FRPSDWLEOH�HIIHFWV�ZLWKLQ�WKH�VPDOOHU�VXEJURXSV��3UHYLRXVO\��ZH�IRXQG�WKDW�FRIIHH�FRQVXPSWLRQ�VLJQLILFDQWO\�
PRGLILHG�WKH�EHQHILW�RI�YLWDPLQ�(�LQ�WKRVH�ZKR�VWDUWHG�VPRNLQJ�DW�D�ODWH�DJH���7KH�VXEJURXS�GLIIHUHQFHV�LQ�
7DEOH���DUH�LQ�OLQH�ZLWK�WKH�HDUOLHU�ILQGLQJV��EXW�QRW�VLJQLILFDQWO\�

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



u

�

$Q�H[WHUQDO�ILOH�WKDW�KROGV�D�SLFWXUH��LOOXVWUDWLRQ��HWF�
2EMHFW�QDPH�LV�FOHS������I��MSJ

)LJXUH��

9LWDPLQ�(�DQG�SQHXPRQLD�ULVN�LQ�$7%&�6WXG\�SDUWLFLSDQWV�ZKR�VWDUWHG�VPRNLQJ�DW�����\HDUV��VPRNHG��±���
FLJDUHWWHV�SHU�GD\��DQG�H[HUFLVHG��Q� ���������1HOVRQ�$DOHQ�FXPXODWLYH�KD]DUG�IXQFWLRQV�IRU�YLWDPLQ�(�DQG�QR�
YLWDPLQ�(�JURXSV�DUH�VKRZQ��(DFK�VWHS�LQGLFDWHV�RQH�FDVH�RI�SQHXPRQLD��)RU�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�
VXUYLYDO�FXUYHV��WKH�ORJUDQN�WHVW�JLYHV�3� ����������7KH�VXUYLYDO�FXUYHV�DUH�FXW�DW�����\HDUV�EHFDXVH�WKH�QXPEHU�
RI�SDUWLFLSDQWV�GHFOLQHV�DEUXSWO\�WKHUHDIWHU��QR�FDVHV�DIWHU�����\HDUV���$W�VL[�\HDU�IROORZ�XS�����DQG�����
SDUWLFLSDQWV�UHPDLQHG�LQ�WKH�YLWDPLQ�(�DQG�WKH�QR�YLWDPLQ�(�JURXSV��UHVSHFWLYHO\�

$PRQJ�WKH�������SDUWLFLSDQWV�ZKR�LQLWLDWHG�VPRNLQJ�DW�DQ�HDUO\�DJH��VPRNHG�D�SDFN�RI�FLJDUHWWHV�GDLO\�RU�
PRUH��DQG�GLG�QRW�H[HUFLVH��YLWDPLQ�(�LQFUHDVHG�SQHXPRQLD�ULVN�E\�����ZKHQ�FRPSDUHG�ZLWK�WKH�QR�
YLWDPLQ�(�JURXS��ORZHU�ULJKW�FHOO�LQ�7DEOH�����+RZHYHU��LQ�WKLV�VXEJURXS�WKH�YLWDPLQ�(�HIIHFW�ZDV�PRGLILHG�
E\�%&�VXSSOHPHQWDWLRQ�VR�WKDW�WKH�KDUP�RI�YLWDPLQ�(�ZDV�UHVWULFWHG�WR�WKRVH�ZKR�ZHUH�QRW�DGPLQLVWHUHG�%&�
�7DEOH�����7KHUHIRUH��ZH�UHVWULFWHG�WKH�IXUWKHU�VXEJURXS�DQDO\VHV�RI�7DEOH���WR�WKH�QR�%&�SDUWLFLSDQWV��
$PRQJ�WKH�QR�%&�SDUWLFLSDQWV��YLWDPLQ�(�LQFUHDVHG�SQHXPRQLD�ULVN�E\������DQG�WKLV�HIIHFW�ZDV�UREXVW�LQ�
IXUWKHU�VXEJURXS�DQDO\VHV��7DEOH����

3UHYLRXVO\��ZH�K\SRWKHVL]HG�WKDW�WKH�PDUJLQDOO\�VLJQLILFDQW�����LQFUHDVH�LQ�SQHXPRQLD�ULVN�DPRQJ�WKRVH�
$7%&�SDUWLFLSDQWV�ZKR�VWDUWHG�VPRNLQJ�DW�DQ�HDUO\�DJH��Q� ���������WKH�IRXU�ORZHVW�FHOOV�LQ�7DEOH����PLJKW�
FRUUHVSRQG�WR�D�PRUH�XQDPELJXRXV�KDUPIXO�HIIHFW�DPRQJ�ORZ�ZHLJKW�SDUWLFLSDQWV��EDVHG�RQ�DQ�DVVXPSWLRQ�
RI�GRVH�GHSHQGHQF\����7KHQ�ZH�IRXQG�WKDW�YLWDPLQ�(�LQFUHDVHG�SQHXPRQLD�ULVN�LQ�SDUWLFLSDQWV�ZHLJKLQJ�
OHVV�WKDQ����NJ��8QH[SHFWHGO\��YLWDPLQ�(�DOVR�LQFUHDVHG�SQHXPRQLD�ULVN�DW�WKH�RSSRVLWH�HQG�RI�WKH�ZHLJKW�
VFDOH��DPRQJ�WKRVH�ZHLJKLQJ�RYHU�����NJ����)XUWKHUPRUH��LQ�ERWK�JURXSV��KDUP�FDXVHG�E\�YLWDPLQ�(�ZDV�
UHVWULFWHG�WR�WKRVH�ZKR�KDG�D�GLHWDU\�YLWDPLQ�&�LQWDNH�DERYH�WKH�PHGLDQ��7KHUHIRUH��ZH�H[DPLQHG�ZKHWKHU�
ZHLJKW�DQG�YLWDPLQ�&�LQWDNH�PLJKW�PRGLI\�WKH�HIIHFW�RI�VXSSOHPHQWDWLRQ�RXWVLGH�RI�WKH�ORZHU�ULJKW�FRUQHU�LQ�
7DEOH���

2I�WKH�ORZ�ZHLJKW�KLJK�YLWDPLQ�&�SDUWLFLSDQWV�����������RI������ZHUH�RXWVLGH�WKH�ORZHU�ULJKW�FRUQHU�RI�
7DEOH����LQ�WKHVH�����SDUWLFLSDQWV�WKHUH�ZHUH����SQHXPRQLD�FDVHV�DPRQJ�WKH�YLWDPLQ�(�DQG�HLJKW�FDVHV�
DPRQJ�WKH�QR�YLWDPLQ�(�SDUWLFLSDQWV��55� ����������&,������±������2I�WKH�RYHUZHLJKW�KLJK�YLWDPLQ�&�
SDUWLFLSDQWV�����������RI������ZHUH�RXWVLGH�WKH�ORZHU�ULJKW�FRUQHU�RI�7DEOH����LQ�WKHVH�����SDUWLFLSDQWV�WKHUH�
ZHUH����SQHXPRQLD�FDVHV�DPRQJ�WKH�YLWDPLQ�(�DQG�RQH�FDVH�DPRQJ�WKH�QR�YLWDPLQ�(�SDUWLFLSDQWV��3� �������
)LVKHU¶V�WHVW���&RQVHTXHQWO\��ZHLJKW�DQG�GLHWDU\�YLWDPLQ�&�DSSHDU�WR�PRGLI\�WKH�HIIHFW�RI�YLWDPLQ�(�
LQGHSHQGHQW�RI�VPRNLQJ�DQG�H[HUFLVH�

'LVFXVVLRQ
7KH�QXPEHUV�RI�SQHXPRQLD�FDVHV�LQ�WKH�$7%&�6WXG\�ZHUH�HTXDOO\�GLVWULEXWHG�EHWZHHQ�WKH�YLWDPLQ�(�DQG�
QR�YLWDPLQ�(�SDUWLFLSDQWV��LQGLFDWLQJ�D�ODFN�RI�RYHUDOO�HIIHFW�ZLWK�JUHDW�DFFXUDF\��+RZHYHU��LQ�WKLV�VWXG\�ZH�
KDYH�VKRZQ�WKDW�WKH�HIIHFW�RI�YLWDPLQ�(�LV�QRW�XQLIRUPO\�QLO�RYHU�DOO�WKH�$7%&�6WXG\�SRSXODWLRQ��'HSHQGLQJ�
VLPXOWDQHRXVO\�RQ�WKH�WZR�GLIIHUHQW�PHDVXUHV�RI�FLJDUHWWH�VPRNLQJ�DQG�RQ�WKH�OHYHO�RI�H[HUFLVH��YLWDPLQ�(�
VXSSOHPHQWDWLRQ�GHFUHDVHG��LQFUHDVHG�RU�KDG�QR�HIIHFW�RQ�WKH�LQFLGHQFH�RI�SQHXPRQLD��7DEOH����

$PRQJ�WKRVH�ZKR�KDG�WKH�OHDVW�H[SRVXUH�WR�VPRNLQJ�DQG�H[HUFLVHG�GXULQJ�OHLVXUH�WLPH��YLWDPLQ�(�GHFUHDVHG�
WKH�ULVN�RI�SQHXPRQLD�E\������7KLV�JURXS�FRYHUV����RI�WKH�$7%&�6WXG\�SDUWLFLSDQWV��7KH�HIIHFW�HVWLPDWH�
ZDV�UREXVW�LQ�IXUWKHU�VXEJURXS�DQDO\VHV��7DEOH����

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



7KH�JURXS�WKDW�KDG�WKH�KLJKHVW�H[SRVXUH�WR�VPRNLQJ�DQG�GLG�QRW�H[HUFLVH�FRYHUHG�����RI�WKH�$7%&�
SDUWLFLSDQWV��,Q�WKLV�JURXS��YLWDPLQ�(�LQFUHDVHG�SQHXPRQLD�ULVN�E\�����LQ�WKH�QR�%&�SDUWLFLSDQWV��7DEOH�����
7KLV�HIIHFW�HVWLPDWH�ZDV�DOVR�UREXVW�LQ�IXUWKHU�VXEJURXS�DQDO\VHV��KRZHYHU�VLPXOWDQHRXV�%&�
VXSSOHPHQWDWLRQ�QXOOLILHG�WKH�KDUPIXO�HIIHFWV�RI�YLWDPLQ�(�

,Q�RXU�VXEJURXS�DQDO\VLV�IRFXVLQJ�RQ�VPRNLQJ�DQG�H[HUFLVH������RI�WKH�$7%&�SDUWLFLSDQWV�IHOO�LQWR�WKH�VL[�
PLGGOH�JURXSV�WKDW�ZHUH�FRQVLVWHQW�ZLWK�YLWDPLQ�(�KDYLQJ�QR�HIIHFW��7DEOH�����1HYHUWKHOHVV��LW�LV�SRVVLEOH�
WKDW�WKHUH�DUH�IXUWKHU�PRGLI\LQJ�IDFWRUV�LQ�DGGLWLRQ�WR�VPRNLQJ�DQG�SK\VLFDO�DFWLYLW\��3UHYLRXVO\��ZH�IRXQG�
WKDW�FRIIHH�GULQNLQJ�PRGLILHG�WKH�HIIHFW�RI�YLWDPLQ�(�DPRQJ�WKRVH�ZKR�VWDUWHG�VPRNLQJ�DW�D�ODWH�DJH��
$PRQJ�WKRVH�ZKR�VWDUWHG�VPRNLQJ�DW�DQ�HDUO\�DJH��ZHLJKW�DQG�GLHWDU\�YLWDPLQ�&�LQWDNH�PRGLILHG�WKH�YLWDPLQ�
(�VXSSOHPHQWDWLRQ�HIIHFW����7KH�FXUUHQW�DQDO\VHV�DUH�QRW�LQFRQVLVWHQW�ZLWK�WKHVH�HDUOLHU�VXEJURXS�ILQGLQJV��
7KXV��LW�VHHPV�SRVVLEOH�WKDW�YLWDPLQ�(�FDQ�DIIHFW�SQHXPRQLD�ULVN�LQ�VRPH�JURXSV�RI�SHRSOH�GHSHQGLQJ�RQ�VL[�
RU�PRUH�PRGLI\LQJ�IDFWRUV�PHDQLQJ�WKDW�WKH�PRGLILFDWLRQ�LV�FRPSOH[�DQG�GRHV�QRW�IROORZ�D�VLPSOH�
PXOWLSOLFDWLYH�PRGHO�

,W�LV�RIWHQ�VXJJHVWHG�WKDW�VXEJURXS�ILQGLQJV�VKRXOG�EH�WUXVWHG�RQO\�ZKHQ�WKH\�DUH�UHSOLFDWHG�LQ�RWKHU�WULDOV��
$OWKRXJK�VXFK�D�VXJJHVWLRQ�VHHPV�VRXQG��WKH�KHWHURJHQHLW\�ZH�IRXQG�LQ�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�
SQHXPRQLD�VXJJHVWV�WKDW�WHVWLQJ�D�VXEJURXS�GLIIHUHQFH�LQ�DQRWKHU�VDPSOH�RI�SHRSOH�FDQ�EH�DOO�EXW�VLPSOH��
:KHQ�WKH�HIIHFW�RI�YLWDPLQ�(�PD\�GHSHQG�VLPXOWDQHRXVO\�RQ�VL[�RU�PRUH�PRGLI\LQJ�IDFWRUV��WKH�ILQGLQJV�IRU�
WKH�ILUVW�OHYHO�LQWHUDFWLRQV�GHSHQG�RQ�WKH�VHOHFWLRQ�RI�SDUWLFLSDQWV�

)RU�H[DPSOH��LQ�WKH�ZKROH�$7%&�6WXG\��EDVHOLQH�VPRNLQJ�GLG�QRW�PRGLI\�WKH�HIIHFW�RI�YLWDPLQ�(��3� �������
+RZHYHU��7DEOH���LQGLFDWHV�WKDW�EDVHOLQH�VPRNLQJ�PRGLILHV�WKH�YLWDPLQ�(�HIIHFW�FRQGLWLRQDOO\�RQ�WKH�DJH�RI�
VPRNLQJ�LQLWLDWLRQ�DQG�WKH�OHYHO�RI�H[HUFLVH��7KLV�PHDQV�WKDW�GHSHQGLQJ�RQ�WKH�FRPSRVLWLRQ�RI�WKH�
SRSXODWLRQ��EDVHOLQH�VPRNLQJ�PD\�RU�PD\�QRW�PRGLI\�WKH�HIIHFW�RI�YLWDPLQ�(��6LPLODUO\��ZH�SUHYLRXVO\�
IRXQG�WKDW�YLWDPLQ�(�KDOYHG�WKH�ULVN�RI�SQHXPRQLD�LQ�$7%&�SDUWLFLSDQWV�ZKR�H[HUFLVHG�GXULQJ�OHLVXUH�
WLPH����KRZHYHU��7DEOH���LQGLFDWHV�WKDW�WKLV�HIIHFW�LV�FRQGLWLRQDO�RQ�ORZ�OHYHO�RI�H[SRVXUH�WR�VPRNLQJ��2Q�
WKH�EDVLV�RI�WKHVH�H[DPSOHV��UHSOLFDWLRQ�LV�QRW�D�XQLYHUVDOO\�YDOLG�PHWKRG�IRU�GHFLGLQJ�ZKHWKHU�WKH�VXEJURXS�
GLIIHUHQFHV�REVHUYHG�LQ�RQH�WULDO�DUH�UHDO�RU�QRW�

3HWR�HW�DO�DUJXHG�WKDW�³EHOLHYLQJ�WKDW�D�WUHDWPHQW�HIIHFW�H[LVWV�LQ�RQH�VWUDWXP�RI�SDWLHQWV��HYHQ�WKRXJK�QR�
RYHUDOO�VLJQLILFDQW�WUHDWPHQW�HIIHFW�H[LVWV��LV�D�FRPPRQ�HUURU´���7KLV�FRPPHQW�PD\�EH�VRXQG�ZLWK�UHVSHFW�WR�
UDWKHU�VPDOO�WKHUDSHXWLF�WULDOV��+RZHYHU��7DEOH���DQG�RXU�SUHYLRXV�$7%&�6WXG\�VXEJURXS�DQDO\VHV���������±
���VKRZ�WKDW�WKHUH�FDQ�EH�VWURQJ�HYLGHQFH�RI�YLWDPLQ�(�HIIHFW�LQ�VSHFLILF�JURXSV�RI�SHRSOH��HYHQ�WKRXJK�QR�
RYHUDOO�HIIHFW�H[LVWV��$FFRUGLQJO\��3HWR�HW�DO¶V�DUJXPHQW�VKRXOG�QRW�EH�WDNHQ�DV�D�XQLYHUVDO�REMHFWLRQ�WR�
DQDO\]LQJ�VXEJURXSV�LQ�WKH�DEVHQFH�RI�RYHUDOO�HIIHFW�

6HYHUDO�LQYHVWLJDWRUV�KDYH�VWURQJO\�GLVFRXUDJHG�VXEJURXS�DQDO\VLV��±��+RZHYHU��RWKHU�DXWKRUV�KDYH�
FRQVLGHUHG�WKDW�D�XQLYHUVDO�GHQLDO�RI�VXEJURXS�DQDO\VLV�LV�DQ�H[DJJHUDWHG�UHDFWLRQ��)HLQVWHLQ�ZDQWHG�WR�
³UHVFXH�WKH�VFLHQWLILF�LPSRUWDQFH�RI�YDOLG�SDWKRSK\VLRORJLF�VXEJURXSV�IURP�EHLQJ�IRUJRWWHQ�RU�GHVWUR\HG�E\�
H[FHVVLYH�YHKHPHQFH�LQ�VXJJHVWLRQV�WKDW�DOO�VXEJURXSV�DUH�HYLO´����/DJDNRV�QRWHG�WKDW�³DYRLGLQJ�DQ\�
SUHVHQWDWLRQ�RI�VXEJURXS�DQDO\VLV�EHFDXVH�RI�WKHLU�KLVWRU\�RI�EHLQJ�RYHULQWHUSUHWHG�LV�D�VWHHS�SULFH�WR�SD\�IRU�
D�SUREOHP�WKDW�FDQ�EH�UHPHGLHG�E\�PRUH�UHVSRQVLEOH�DQDO\VLV�DQG�UHSRUWLQJ´����5RWKZHOO�UHVSRQGHG�WR�
SRSXODU�DUJXPHQWV�DJDLQVW�VXEJURXS�DQDO\VLV�DQG�GHVFULEHG�VLWXDWLRQV�ZKHUH�VXEJURXS�DQDO\VLV�VHHPV�WR�EH�
MXVWLILHG���

$OWPDQ�FRQVLGHUHG�WKDW�ELRORJLFDO�SODXVLELOLW\�LV�D�ZHDN�FULWHULRQ�ZKHQ�GHFLGLQJ�ZKHWKHU�D�VXEJURXS�ILQGLQJ�
LV�OLNHO\�WR�EH�UHDO��VLQFH��DFFRUGLQJ�WR�KLP��SK\VLFLDQV�VHHP�DEOH�WR�ILQG�D�ELRORJLFDOO\�SODXVLEOH�H[SODQDWLRQ�
IRU�DQ\�ILQGLQJ���7KHUH�LV�PXFK�URRP�IRU�VSHFXODWLRQ�DW�WKH�ELRFKHPLFDO�OHYHO��EHFDXVH�WKH�QXPEHU�RI�JHQHV�
DQG�WKHLU�HIIHFWV�LV�KXJH��DQG�$OWPDQ¶V�DUJXPHQW�FDQ�KDYH�YDOLGLW\�LQ�VXFK�D�FRQWH[W��+RZHYHU��WKH�QXPEHU�
RI�YDULDEOHV�UHOHYDQW�DW�WKH�SRSXODWLRQ�OHYHO�RI�ELRORJ\�LV�PXFK�PRUH�OLPLWHG��)RU�H[DPSOH��IHZ�IDFWRUV�
FRPSDUH�ZLWK�WKH�LPSRUWDQFH�RI�VPRNLQJ�DV�D�IDFWRU�LQIOXHQFLQJ�WKH�KHDOWK�RI�WKH�OXQJV��3K\VLFDO�DFWLYLW\�LV�
DOVR�D�IXQGDPHQWDOO\�LPSRUWDQW�IDFWRU�GHWHUPLQLQJ�KHDOWK��6PRNLQJ�DIIHFWV�WKH�PHWDEROLVP�RI�YLWDPLQ�(��
DQG�VSRUDGLF�SK\VLFDO�VWUHVV�FDXVHV�R[LGDWLYH�VWUHVV�ZKLFK�LV�QRW�FRPSHQVDWHG�E\�DQ�LQFUHDVH�LQ�DQWLR[LGDWLYH�
HQ]\PH�OHYHOV��XQOLNH�UHJXODU�SK\VLFDO�DFWLYLW\����7KHUHIRUH��ERWK�VPRNLQJ�DQG�H[HUFLVH�DUH�SODXVLEOH�
PRGLI\LQJ�IDFWRUV�IRU�WKH�HIIHFWV�RI�YLWDPLQ�(�VXSSOHPHQWDWLRQ��ZKLFK�LQFUHDVHV�WKH�FUHGLELOLW\�RI�WKH�
KHWHURJHQHLW\�VHHQ�LQ�7DEOH���)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



3UHYLRXVO\��WZR�VPDOO�WULDOV�H[DPLQHG�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�UHVSLUDWRU\�LQIHFWLRQV�LQ�HOGHUO\�SHRSOH��ERWK�
ZLWK�OHVV�WKDQ�����SDUWLFLSDQWV�DQG�ODVWLQJ�IRU�DERXW�RQH�\HDU��,Q�WKH�ILUVW��0H\GDQL�HW�DO�FDOFXODWHG����3�
YDOXHV�IRU�,77�FRPSDULVRQV�EHWZHHQ�����PJ�GD\�YLWDPLQ�(�DQG�SODFHER�JURXSV��DQG�RQO\�RQH�RI�WKHP�
VXJJHVWHG�WKDW�YLWDPLQ�(�PLJKW�UHGXFH�WKH�LQFLGHQFH�RI�UHVSLUDWRU\�LQIHFWLRQV��\HW�YHU\�PDUJLQDOO\�VR��3� �
����������,Q�WKH�VHFRQG��*UDDW�HW�DO�IRXQG�WKDW�����PJ�GD\�RI�YLWDPLQ�(�GLG�QRW�LQIOXHQFH�WKH�LQFLGHQFH�RI�
UHVSLUDWRU\�LQIHFWLRQV��\HW�PDGH�WKH�V\PSWRPV�PRUH�VHYHUH��3� ����������%HFDXVH�ERWK�RI�WKHVH�WULDOV�DUH�
VPDOO�DQG�WKHUH�DUH�GLIIHUHQFHV�LQ�RXWFRPH�GHILQLWLRQV�HWF��LW�LV�QRW�SRVVLEOH�WR�GHFLGH�ZKHWKHU�WKHLU�ILQGLQJV�
DUH�LQFRQVLVWHQW�RU�QRW��*UDDW�HW�DO¶V�ILQGLQJV�LQGLFDWLQJ�KDUPIXO�HIIHFWV�RI�YLWDPLQ�(�FRQIOLFW�ZLWK�WKH�ZLGH�
VSUHDG�EHOLHI�WKDW�WKH�YLWDPLQ�LV�EHQHILFLDO��RU�DW�OHDVW�QRW�KDUPIXO����7KHUHIRUH��LW�LV�QRW�REYLRXV�ZKHWKHU�
*UDDW�HW�DO¶V�ILQGLQJV�VKRXOG�EH�LQWHUSUHWHG�DV�D�UHIOHFWLRQ�RI�UHDO�KDUP�RU�DV�D�UHVXOW�RI�FKDQFH��*LYHQ�WKH�
VWURQJ�HYLGHQFH�RI�KHWHURJHQHLW\�ZH�REVHUYHG�LQ�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD��7DEOH����DQG�RQ�WKH�
FRPPRQ�FROG���LW�VHHPV�SODXVLEOH�WKDW�WKH�KDUPIXO�HIIHFWV�REVHUYHG�E\�*UDDW�HW�DO�DUH�UHDO�DQG�DUH�H[SODLQHG�
E\�WKH�VHOHFWLRQ�RI�SDUWLFLSDQWV��EXW�GR�QRW�UHIOHFW�D�XQLYHUVDO�KDUPIXO�HIIHFW�RI�YLWDPLQ�(��,Q�WKLV�UHVSHFW��WKH�
REVHUYHG�KHWHURJHQHLW\�LQ�WKH�$7%&�6WXG\�FDQ�LQIOXHQFH�WKH�LQWHUSUHWDWLRQ�RI�VPDOOHU�WULDOV��1HYHUWKHOHVV��
ZH�DUH�VNHSWLFDO�DV�UHJDUGV�WKH�SRVVLELOLW\�RI�H[WUDSRODWLQJ�WKH�HIIHFW�HVWLPDWHV�DQG�WKH�H[DFW�OLPLWV�RI�WKH�
VXEJURXSV�RI�7DEOH���WR�RWKHU�FRQWH[WV�

$OWKRXJK�WKH�GLYLVLRQ�RI�SDUWLFLSDQWV�RQ�WKH�EDVLV�RI�EDVHOLQH�SK\VLFDO�DFWLYLW\�DQG�VPRNLQJ�LV�VRXQG��ERWK�RI�
WKHVH�IDFWRUV�FDQ�FKDQJH�ZLWK�WLPH��6RPH�SDUWLFLSDQWV�VWRSSHG�H[HUFLVLQJ�RU�VPRNLQJ�RYHU�WKH�VHYHUDO�\HDUV�
ORQJ�IROORZ�XS��\HW�WKH\�UHPDLQHG�FODVVLILHG�LQ�WKH�VDPH�VXEJURXSV��7KLV�SKHQRPHQRQ�FDQ�GLOXWH�WKH�
GLIIHUHQFHV�EHWZHHQ�WKH�VXEJURXSV�DQG�VKLIW�WKH�HVWLPDWHV�RI�HIIHFW�FORVHU�WR�XQLW\��KRZHYHU��LW�FDQQRW�
H[SODLQ�WKH�VLJQLILFDQW�KHWHURJHQHLW\�REVHUYHG�ZKHQ�WKH�SDUWLFLSDQWV�DUH�GLYLGHG�E\�WKH�EDVHOLQH�
PHDVXUHPHQWV��)XUWKHUPRUH��H[HUFLVH�DQG�VPRNLQJ�DUH�FRUUHODWHG�ZLWK�QXPHURXV�RWKHU�OLIH�VW\OH�YDULDEOHV�
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KHWHURJHQHLW\�H[LVWV�DFURVV�YDULRXV�SRSXODWLRQ�JURXSV�LQ�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD�ULVN��HYHQ�LI�
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7KH�$7%&�6WXG\�LQFOXGHG��������SDUWLFLSDQWV�ZKLFK�LV�RYHU����WLPHV�PRUH�WKDQ�WKH�QXPEHU�RI�SDUWLFLSDQWV�
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2XU�VXEJURXS�DQDO\VHV�RI�WKH�UHVSLUDWRU\�LQIHFWLRQV�RI�$7%&�SDUWLFLSDQWV����������PDGH�LW�DOVR�SRVVLEOH�WR�
K\SRWKHVL]H�WKDW�WKH�LGHQWLILHG�PRGLI\LQJ�IDFWRUV�PLJKW�PRGLI\�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�WKH�PRUWDOLW\�RI�
WKHVH�SDUWLFLSDQWV��:H�IRXQG�WKDW��FRQGLWLRQDO�RQ�D�KLJK�OHYHO�RI�GLHWDU\�YLWDPLQ�&�LQWDNH��DJH�PRGLILHG�WKH�
HIIHFW�RI�YLWDPLQ�(�RQ�PRUWDOLW\�������7KXV��ZH�FRXOG�SDUWLDOO\�H[WUDSRODWH�WKH�PRGLI\LQJ�IDFWRUV�LGHQWLILHG�
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ZKHWKHU�DQ�LQWHUYHQWLRQ�ZRUNV�RU�QRW��6HFRQG��PRVW�EDVLF�PHGLFDO�VFLHQFH�HPSKDVL]HV�GLVFRYHU\�±�VHDUFKLQJ�
IRU�WKH�ELRORJLFDO�PHFKDQLVPV�DQG�FDXVHV�RI�GLVHDVHV��DQG�IRU�H[SODQDWLRQV�LQ�JHQHUDO��7KLV�GLYHUJHQFH�LQ�
YLHZV�LV�UHOHYDQW�ZKHQ�FRQVLGHULQJ�D�SURSHU�DWWLWXGH�WR�VXEJURXS�DQDO\VLV��(YLGHQWO\��JUHDW�FDXWLRQ�PXVW�EH�
H[HUFLVHG�ZKHQ�SURSRVLQJ�D�WUHDWPHQW�RQ�WKH�EDVLV�RI�XQDQWLFLSDWHG�VXEJURXS�ILQGLQJV��2Q�WKH�RWKHU�KDQG��
VXEJURXS�DQDO\VLV�FDQ�JHQHUDWH�QHZ�K\SRWKHVHV�DQG�GLUHFW�UHVHDUFK�WR�QHZ�SDWKV��ZKLFK�LV�WKH�VHFRQG�JRDO�
RI�PHGLFDO�VFLHQFH��5HIXVLQJ�WR�FRQGXFW�WKH�VXEJURXS�DQDO\VLV�RI�ODUJH�WULDOV�ZRXOG�OHDG�WR�DQ�LQHIILFLHQW�XVH�
RI�GDWD��WKH�FROOHFWLRQ�RI�ZKLFK�KDV�UHTXLUHG�D�VXEVWDQWLDO�DPRXQW�RI�UHVRXUFHV�)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV
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SDWK�WKDW�VKRXOG�EH�H[SORUHG��GRHV�YLWDPLQ�(�DIIHFW�WKH�LQFLGHQFH�RI�SQHXPRQLD�LQ�SK\VLFDOO\�DFWLYH�PDOHV�
ZKR�DUH�QRQVPRNHUV�RU�ZKR�KDYH�KDG�RQO\�OLWWOH�H[SRVXUH�WR�VPRNLQJ"

$FNQRZOHGJPHQWV
:H�WKDQN�WKH�$7%&�6WXG\��7KH�1DWLRQDO�,QVWLWXWH�IRU�+HDOWK�DQG�:HOIDUH��)LQODQG�DQG�1DWLRQDO�&DQFHU�
,QVWLWXWH��86$��IRU�DFFHVV�WR�WKH�GDWD�

)RRWQRWHV
'LVFORVXUH

7KH�DXWKRUV�UHSRUW�QR�FRQIOLFWV�RI�LQWHUHVW�LQ�WKLV�ZRUN�
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FOLQLFDO�WULDOV��/DQFHW���������������±������>3XE0HG@�>*RRJOH�6FKRODU@
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6FKRODU@
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�����������±�����>3XE0HG@�>*RRJOH�6FKRODU@
�� +HPLOl�+��9LUWDPR�-��$OEDQHV�'��.DSULR�-��7KH�HIIHFW�RI�YLWDPLQ�(�RQ�FRPPRQ�FROG�LQFLGHQFH�LV
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�� +HPLOl�+��9LUWDPR�-��$OEDQHV�'��.DSULR�-��9LWDPLQ�(�DQG�EHWD�FDURWHQH�VXSSOHPHQWDWLRQ�DQG�KRVSLWDO�
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DGPLQLVWHUHG�YLWDPLQ�(�DQG�ȕ�FDURWHQH��,QW�-�6SRUWV�0HG�������������±�����>3XE0HG@�>*RRJOH�6FKRODU@
��� 3LHWLQHQ�3��+DUWPDQ�$0��+DDSD�(��HW�DO��5HSURGXFLELOLW\�DQG�YDOLGLW\�RI�GLHWDU\�DVVHVVPHQW�LQVWUXPHQWV�
D�VHOI�DGPLQLVWHUHG�IRRG�XVH�TXHVWLRQQDLUH�ZLWK�D�SRUWLRQ�VL]H�SLFWXUH�ERRNOHW��$P�-�(SLGHPLRO��
������������±�����>3XE0HG@�>*RRJOH�6FKRODU@
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&29,'����LV�DQ�HPHUJLQJ��UDSLGO\�HYROYLQJ�VLWXDWLRQ�
*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��

*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

1XWULWLRQ�������1RY�'HF�����������������

9LWDPLQ�&�VXSSOHPHQWDWLRQ�DQG�FRPPRQ�FROG�V\PSWRPV��
SUREOHPV�ZLWK�LQDFFXUDWH�UHYLHZV�
+HPLOl�+ �

$EVWUDFW
,Q�������/LQXV�3DXOLQJ�FDUULHG�RXW�D�PHWD�DQDO\VLV�RI�IRXU�SODFHER�FRQWUROOHG�WULDOV�DQG�
FRQFOXGHG�WKDW�LW�ZDV�KLJKO\�XQOLNHO\�WKDW�WKH�GHFUHDVH�LQ�WKH��LQWHJUDWHG�PRUELGLW\�RI�WKH�
FRPPRQ�FROG��LQ�YLWDPLQ�&�JURXSV�ZDV�FDXVHG�E\�FKDQFH�DORQH��3�������������6WXGLHV�
FDUULHG�RXW�VLQFH�WKHQ�KDYH�FRQVLVWHQWO\�IRXQG�WKDW�YLWDPLQ�&��!�RU� ���J�G��DOOHYLDWHV�
FRPPRQ�FROG�V\PSWRPV��LQGLFDWLQJ�WKDW�WKH�YLWDPLQ�GRHV�LQGHHG�KDYH�SK\VLRORJLF�HIIHFWV�RQ�
FROGV��+RZHYHU��ZLGHVSUHDG�FRQYLFWLRQ�WKDW�WKH�YLWDPLQ�KDV�QR�SURYHQ�HIIHFWV�RQ�WKH�
FRPPRQ�FROG�VWLOO�UHPDLQV��7KUHH�RI�WKH�PRVW�LQIOXHQWLDO�UHYLHZV�GUDZLQJ�WKLV�FRQFOXVLRQ�DUH�
FRQVLGHUHG�LQ�WKH�SUHVHQW�DUWLFOH��7ZR�RI�WKHP�DUH�FLWHG�LQ�WKH�FXUUHQW�HGLWLRQ�RI�WKH�5'$�
QXWULWLRQDO�UHFRPPHQGDWLRQV�DV�HYLGHQFH�WKDW�YLWDPLQ�&�LV�LQHIIHFWLYH�DJDLQVW�FROGV��,Q�WKLV�
DUWLFOH��WKHVH�WKUHH�UHYLHZV�DUH�VKRZQ�WR�FRQWDLQ�VHULRXV�LQDFFXUDFLHV�DQG�VKRUWFRPLQJV��
PDNLQJ�WKHP�XQUHOLDEOH�VRXUFHV�RQ�WKH�WRSLF��7KH�VHFRQG�SXUSRVH�LV�WR�VXJJHVW�SRVVLEOH�
FRQFHSWXDO�UHDVRQV�IRU�WKH�SHUVLVWHQW�UHVLVWDQFH�WR�WKH�QRWLRQ�WKDW�YLWDPLQ�&�PLJKW�KDYH�
HIIHFWV�RQ�FROGV��$OWKRXJK�SODFHER�FRQWUROOHG�WULDOV�KDYH�VKRZQ�WKDW�YLWDPLQ�&�GRHV�DOOHYLDWH�
FRPPRQ�FROG�V\PSWRPV��LPSRUWDQW�TXHVWLRQV�VWLOO�UHPDLQ�
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*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�
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9LWDPLQ�&�VXSSOHPHQWDWLRQ�DQG�UHVSLUDWRU\�LQIHFWLRQV��D�
V\VWHPDWLF�UHYLHZ�
+HPLOl�+ �

'HSDUWPHQW�RI�3XEOLF�+HDOWK��8QLYHUVLW\�RI�+HOVLQNL��+HOVLQNL��)LQODQG�

$EVWUDFW
,Q�WKLV�UHYLHZ��WKH�YLWDPLQ�&�WULDOV�ZLWK�PLOLWDU\�SHUVRQQHO�DQG�ZLWK�RWKHU�VXEMHFWV�OLYLQJ�XQGHU�
FRQGLWLRQV�FRPSDUDEOH�WR�WKRVH�RI�PLOLWDU\�UHFUXLWV�DUH�DQDO\]HG�WR�ILQG�RXW�ZKHWKHU�YLWDPLQ�
&�VXSSOHPHQWDWLRQ�DIIHFWV�UHVSLUDWRU\�LQIHFWLRQV��)RU�WKLV�V\VWHPDWLF�UHYLHZ��ZH�LGHQWLILHG�
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Summary (Authors‘ summary in english)

Possible anti-asthmatic effectiveness of ascorbic acid was checked, in a double blind study, on patients
with infection-related bronchial asthma. Basic medication to 29 out-patients was accompanied by 
three oral doses of 5 g/day of ascorbic acid, as compared to placebo, through 35 days. Testing periods 
were randomised by cross-over design with seven-day washout periods. The following parameters 
were investigated and were evaluated:
- Daily asthma symptom score;
- Four measurements per day of expiratory peak flow, throughout the entire study;
- Three checks throughout study of bronchial hyperreactivity, using histamine provocation;
- Broncho-alveolar lavage at the end of testing periods, with determination of alveolar differential 

cell count and measurement of metabolic activity of broncho-alveolar cells, using 
chemiluminescence;

- Global assessment of effectiveness and tolerance by doctor and patient.
Ascorbic acid exhibited merely poor broncholytic action. Symptom scores were slightly improved in 
the course of treatment, and peak flow values were slightly increased, as well. Hence, clinically 
relevant anti-asthmatic and, more specifically, broncholytic effects were not observed. However, 
bronchial hyperreactivity was reduced by uptake of ascorbic acid in 52 percent of all asthma patients 
involved. Alveolar differential cell count in patients with infection-related bronchial asthma was 
characterised by alveolar lymphocytosis. Chemiluminescence measurements were applied to alveolar 
macrophages and revealed reduced chemiluminescence response under the impact of ascorbic acid. 
These findings are likely to support the assumption that ascorbic acid, an anti-oxidant, reduced the 
buildup of reactive oxygen metabolites in patients with infection-related asthma and thus counteracted 
the inflammatory pathogenetic mechanism and, consequently, might be conducive to moderate 
lowering of bronchial hyperreactivity. The use of ascorbic acid for prophylactic medication on patients
with bronchial hyperreactivity or mild forms of asthma appears to be a possible option, as a result of 
this study. Due consideration should be given to contraindications to administration of anti-oxidants, 
such as purulent infections.

Summary (Translation from German; English translation by original authors above)

The potential anti-asthmatic effectiveness of ascorbic acid was studied in patients with 
infection-related bronchial asthma. In addition to the basic medication, 29 outpatients were 
additionally treated for a period of 35 days with 5 g/day of ascorbic acid in comparison to oral placebo
in 3 daily doses. The allocation of the testing periods was randomized by cross-over design with 7-day
washout periods. The following parameters were investigated and evaluated: daily asthma symptom 
score, measurement of the expiratory peak flow 4 times per day during the entire course of the study, 
testing of bronchial reactivity using histamine provocation at 3 time points during the course of the 
study, broncho-alveolar lavage at the end of the study periods with determination of the alveolar 
differential cell count and measurement of metabolic activity of the bronchoalveolar cells using 
chemiluminescence, and global assessment of the efficacy and tolerability by doctor and patient.

Ascorbic acid exhibited a weak broncholytic effect. During treatment, symptom scores were 
slightly improved and there was also a slight increase in peak flow values. Hence, a clinically relevant 
anti-asthmatic and in particular, broncholytic effect was not observed. However, bronchial 
hyperreactivity was reduced by taking ascorbic acid in 52 percent of the asthma patients. The alveolar 
differential cell count was characterized by alveolar lymphocytosis in patients with infection-related 
bronchial asthma. Chemiluminescence measurements of alveolar macrophages revealed a reduced 
chemiluminescence response under the impact of ascorbic acid. These findings suggest that ascorbic 
acid, as an antioxidant, reduces the formation of reactive oxygen metabolites in patients with 
infection-related asthma and thus counteracts the inflammatory pathomechanism and consequently 
might be able to bring about moderate lowering of bronchial hyperreactivity. The use of ascorbic acid 
as prophylactic medication for patients with bronchial hyperreactivity or mild forms of asthma appears
to be a possibility as a result of this study. Due consideration should be given to possible 
contraindications to administration of antioxidants, e.g., the presence of purulent infections.
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Introduction

In the past 40 years, a number of works have been published that deal with the effect of 

ascorbic acid (4, 29) on the clinical course of bronchial asthma or on the histamine, antigen or

metacholine induced bronchospasm, although some of the results that were achieved were 

contradictory. While in some studies, a protective effect (1, 12, 15, 19, 28, 35) of ascorbic 

acid on the pharmacodynamic or allergen induced bronchospasm or clinical course of 

bronchial asthma was established, in other cases, no effect of ascorbic acid (16, 17) could be 

found. The possible positive effect of ascorbic acid on bronchial asthma could be due to its 

antioxidative properties (2, 3, 5, 9). Lipid peroxide and reactive oxygen metabolites (ROM) 

(O2
–, H2O2, OCl–, OH–) which can be formed in excess in the lungs under pathological 

conditions stimulate, e.g., arachidonic acid metabolism and lead to the formation of cyclo-

oxygenase and lipoxygenase products which have a bronchoconstrictive effect, such as 

prostaglandins and leukotrienes (8, 12).

In general, in vivo, various antioxidants (including ascorbic acid) and antioxidant 

enzymes, so-called radical scavengers protect the lungs from damage due to reactive oxygen 

metabolites and lipid peroxide (10). In the presence of increased activity of the pulmonary 

inflammatory cells (e.g., alveolar macrophages, granulocytes) with bronchial asthma, the 

equilibrium between oxidative and antioxidative capacity in the lungs may be displaced in 

favor of the oxidative process, such that additional administration of ascorbic acid at a high 

dose (5 g/day) and over a longer period of time may be expected to provide a therapeutic 

effect. In the present work, the hypothesis of an anti-asthmatic effect of ascorbic acid is to be 

tested (6, 7).
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Materials and methods

A total of 29 patients with infection-related bronchial asthma (18 men and 11 women from 18 to 60 
years of age) were recruited for the double blind crossover study under ambulatory conditions. 
Inhaled and systemic corticosteroids, renal disease and acute and serious purulent infections were 
considered to be exclusion criteria. The study was conducted over a period of 35 days. It was 
divided into a 2-week placebo period, 1-week wash-out test and 2-week ascorbic acid period. The 
sequence of the test periods was chosen at random (Fig. 1).

For the present study, in addition to the basic medication, a daily dose of 5 g ascorbic acid 
(Ascorvit containing 500 mg) was defined in comparison to oral placebo in 3 individual doses. 
Coated tablets from VEB Jenapharm, Clinical Research Division, lot numbers 150485 and 050886 
were used. The patients received packages furnished with lot numbers that were coded according to 
the double blind study conditions. The code was not broken during the study.

During a pre-period of 2 weeks, the starting values for pulmonary function parameters were 
to be determined under the anti-asthmatic treatment up to that time. At the same time during this 
period, the patients were to learn how to complete the diary and determine the maximum expiratory 
peak flow with the peak flow meter.

During the 35-day double blind treatment period, the patients were seen 4 times: on the 8th, 
14th, 29th and 35th day after the start of treatment. In the middle of the verum [HH: verum = active 
intervention] and placebo periods, measurements of bronchial hyperreactivity were performed again
and at the end of the test period, a broncho-alveolar lavage with cytological examination and 
chemiluminescence measurement were performed.

In principle, the efficacy of an anti-asthmatic agent cannot be determined by a single target 
parameter. Even asthma symptoms are expressed in distinctly different ways. To record the 
symptoms, the complaints were listed separately in a diary (Table 1).

Each patient was given a peak flow monitor (Vitalograph) at the start of the study to 
measure the maximum expiratory velocity during the course of the study. The measurement was 
performed 4 times a day (6 a.m., 9 a.m., 12 noon, and 6 p.m.) by the patients while sitting. The 
highest value (l/min) out of each of three measurements was noted in the diary.

The measurement of nonspecific BHR was performed on the Bronchoscreen Measuring 
Station (Jaeger, Wuerzburg/West Germany) under the use of histamine dihydrochloride at a 
concentration of 1 mg/ml as the pharmacodynamic provocation substance [20]. The advantage of 
this method is that in contrast to conventional measuring procedures, better quantification of the 
bronchial reaction can be achieved with a distinct reduction in time needed for the examination. The
histamine aerosol administration was performed breath for breath during the inspiratory phase 
during spontaneous respiration (nebulizer output per breath: 5 µmol). The bronchial reaction was 
simultaneously determined on the same instrument with the airway resistance method (RAW). As 
target criteria of the BHR, a 50% increase in respiratory tract resistance (RAW) in comparison to the 
starting value with simultaneous exceedance of the RAW value of 0.3 kPa/(l ∙ s) post provocation was
defined. The following pulmonary function parameters prior to inhalative provocation were valid as
exclusion criterion for the examination: RAW > 0.5 kPa/(l ∙ s) or FEV1 < 80 % of the target value. 
Through pre-testing, BHR to a cumulative histamine dose of ≤8 µmol was demonstrated for all 29 
patients. To enable a semiquantitative evaluation in the hyperreactivity zone, during the test periods,
the threshold dose for the BHR to 1 µmol histamine was determined that corresponds to 40 
respirations. The BHR (PD50RAW) was defined as positive at a cumulative provocation dose of ≤1 
µmol histamine, and negative at >1 µmol histamine. 

Z. Klin. Med. 45 (1990), Issue 20 Page 5



Broncho-alveolar lavage (BAL): The alveolar macrophages (AM) were obtained under 
outpatient conditions by broncho-alveolar lavage. The BAL was performed in the medial lobe with 
a fiber optic bronchoscope under local anesthesia with sterile physiological NaCl solution in 
individual portions (20 ml 57 times) (18, 20, 21, 31). The rinse fluid was pooled in a siliconized 
Erlenmeyer flask cooled in ice water, then filtered through a wire sieve (250 µm) and centrifuged at 
4°C (500 g, 10 min). The cell sediment was treated for 10 min. at 4°C with 10 ml sterile erythrocyte
lysis buffer (pH = 7.4) and then washed twice with phosphate buffered physiologic saline solution 
(PBS) and set to a cell density of 106 AM/ml PBS.

Cytologic investigations: The total cell count and the proportion of AM in the cell 
suspension were determined in the cell chamber according to Neubauer using morphological criteria
and by an esterase test with α-naphthyl acetate. The cell differentiation was performed after staining
the cell suspension with a mixture of equal parts of 1 % aqueous Nile blue chloride and thionine 
tartaric acid solution according to Feyrter (1 g thionine + 0.5 g tartaric acid/100 ml distilled H2O) at 
a 1:1 ratio.

Chemiluminescence (CL) measurement

Measuring technique: The measurement was performed with the liquid scintillation counter 
Isocap300 (Searle Nuclear Chicago Division, Holland) in out-of-coincidence mode and recycling 
operating mode. The measuring time per sample was 0.2 min at an interval of approximately 6 min. 
Polypropylene test tubes (so-called mini vials) were used (measurement temperature 24°C). The 
work room was completely darkened and equipped with dark room illumination (33).

Reagents: As a medium for the CL measurement was veronal buffered physiological NaCl 
solution with an adjuvant of albumin, glucose, Ca2+ and Mg2+ according to information provided by 
Wulf et al. (34). The yeast cell walls for the stimulation of the AM were isolated from baker’s yeast 
(23). The opsonization of the yeast cell walls was performed with human serum (concentration of 
the yeast cell wall dispersion 5 mg/1 ml PBS). Luminol (CL intensifier) was brought into solution at
a concentration of 6 mg/3 ml PBS with the addition of 24 µl diethylamine by ultrasound treatment. 
Lucigenin (Cl intensifier) was dissolved in PBS (10.2 mg/2 ml).

Measuring technique: 2 ml veronal buffer, 20 µl Luminal or Lucigenin solution and 100 µl 
of AM suspension (1 ∙ 105 AM) were mixed in a measuring tube and pre-incubated for 
approximately 15 minutes with liquid scintillation counter. Afterwards, the yeast cell wall 
suspension (500 µg) was added and the CL measurement performed.

The Luminol and Lucigenin intensified CL was measured in parallel for this1). For 
quantitative analysis of the measurement results, the peak heights (IPM) and areas under the CL 
curves (IP) were determined within 200 min after stimulation with the yeast cell wall suspension.

For characterization of the pharmacokinetics of ascorbic acid for the therapy regimen used, 
the daily profile of the serum level of ascorbic acid was determined enzymatically with the L-
ascorbic acid color test (Boehringer, Mannheim, West Germany). Global evaluation of efficacy and 
tolerability were recorded by patient and physician.

The arithmetic mean (x) and the standard deviation (s) were determined for the statistical 
analysis of the measured variables.

The statistical comparison of the groups was performed with the paired t-test and the 
Wilcoxon test.

1) The Lucigenin intensified chemiluminescence shows the formation of superoxide anion (O2
–), 

while the Luminol dependent chemiluminescence is specific for hypohalogenite.

Z. Klin. Med. 45 (1990), Issue 20 Page 6



Fig. 1: Schedule for the controlled double blind trial with ascorbic acid/placebo in patients with 
infection-related bronchial asthma. BHR – bronchial hyperreactivity, BAL – broncho-alveolar 
lavage

Test periods
Pre-

period
Placebo-Verum Washout

period
Verum-Placebo

Days 8 14 21 29 35

Peak flow diary 4 times a day [over all study]
Physician consultation * * * * *
BHR * * *
BAL * *
Ascorbic acid serum 
level measurement

* * * *

Note [HH]:
Verum: active treatment, here vitamin C

Table 1:  Symptom scores

Analysis of asthmatic symptoms:

0 = no symptoms

1 = mild or brief symptoms that do not require additional use of medication

2 = more severe symptoms that are relieved within 15 minutes by additional medication

3 = more severe symptoms that do not respond adequately to or in a delayed manner to additional 

medication or require repeated use

Symptoms can include: intermittent dyspnea, wheezing, sensation of tightness in the morning or dry

irritating cough
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Results

The overall mean peak flow value for all asthmatics was 410 l/min in the placebo 
phase and 419 l/min in the verum phase. This slight increase of an average of 9 l/min in 
the ascorbic acid group was statistically not significant and may also not be clinically 
relevant. A similar impression resulted from the analysis of the symptom scores. The mean 
in the placebo phase was 0.72 points and under ascorbic acid it was 0.65 points. 
Consequently, a slight decrease in symptoms could be observed in the treatment period 
with ascorbic acid.

The investigations on bronchial hyperreactivity were performed at each of 
3 time points, in the pre-period, after 8 days and on the 29th day. The course of bronchial 
hyperreactivity in 23 subjects during the investigation period is presented in Table 2. 
In 11 asthmatics, no change occurred during both periods. In 12 subjects, bronchial 
hyperreactivity was detectable during the placebo phase, while in the ascorbic acid phase, 
a negative reaction was observed. The opposite case did not occur. This asymmetry is 
significant (p ≤ 0.0003; test on the basis of the binomial distribution). As a result of this, 
in 52% of patients with bronchial asthma, bronchial hyperreactivity could be effectively 
lowered.

The analysis of the bronchial lavage showed that 8 out of 24 patients exhibited 
an alveolar differential cell count that was commensurate with standards during both test 
periods. In 5 patients, normalization of the alveolar cell count resulted under ascorbic acid 
treatment, and in 6 other patients, the alveolar lymphocytes primarily present subsided. 
In 3 cases, alveolar eosinophilia persisted. Of note, there was considerable lymphocytosis 
(>28%) in 3 patients during both periods (Table 3).

The results of the CL measurements on AM from the BAL fluid show that under 
ascorbic acid, a reduction in the chemiluminescence response results with the Lucigenin 
as well as the Luminol intensification (Table 4).

The difference between the two groups (placebo period, ascorbic acid period) 
is statistically significant for the peak heights (p ~ 0.03).

The changes in the alveolar macrophage activity measured on the basis of 
the formation of ROM do not correlate or only weakly correlate with the changes 
in peak flow values and symptom scores ( | r | < 0.04 in all cases). 

In the analysis of the results, more precise characterization of those patients 
for whom definite therapeutic or hyperreactivity lowering effects could be proven was 
attempted (Fig. 2). However, the search for responder-typical commonalities was 
unsuccessful.

The serum level on the 8th day was 13.8–26.8 mg and 10.1–28.4 mg ascorbic 
acid/l on the 14th day, corresponding to the administration rhythm. As was expected, 
they were considerably above the normal range for men (Fig. 3).

The evaluation of the tolerability of the test preparation by the physician and 
the patient did not reveal any relevant differences between the test periods.

Only 1 patient complained of nausea during the ascorbic acid period; another 
indicated increased sensation of thirst over the entire test period. 3 patients noted 
temperature increases up to 38.2°C once in the evening on the day of the broncho-alveolar 
lavage.
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Table 2: Course of bronchial hyperreactivity (BHR) with oral ascorbic acid (5 g/day for 35 days) in 
comparison to placebo (n = 23)
Positive criteria:  PD50RAW ≤ 1 µmol histamine

BHP in the vitamin C period
Positive Negative Totals

BHR in the 
placebo period

Positive 9 12 21
Negative 0 2 2
Totals 9 14 23

Table 3: Cell distribution in the broncho-alveolar fluid in patients with infection-related bronchial asthma: 
0 = conforms to standards, ↑ = elevated, ↑↑ = strongly elevated 
(estimation of results based on normal values according to Hunninghake and Crystal [31])

Placebo period Ascorbic acid period
n Lymphocytes Eosinophils Lymphocytes Eosinophils
8 0 0 0 0
2 0 (5%) ↑ 0 0
3 (15%) ↑ 0 0 0
3 (15%) ↑ (5%) ↑ 0 (5%) ↑
3 (34%) ↑ (3%) ↑ (53%) ↑↑ 0
1 (16%) ↑ (8%) ↑ (14%) ↑ (25%) ↑
1 0 (8%) ↑ (18%) ↑ 0
1 (17%) ↑ 0 0 (5%) ↑
1 0 0 (53%) ↑↑ 0
1 (16%) ↑ 0 (26%) ↑ (8%) ↑
24 (Total)

Table 4: Comparison of the parameter of the chemiluminescence (CL) curves of the alveolar macrophages of
patients with infection-related bronchial asthma (n = 24)

Area under the CL curve Peak height
IP 10-8 * IPM 10-6 **

x ± s x ± s
Placebo period

Lucigenin 1.78 ± 1.51 2.11 ± 1.93
Luminol 2.17 ± 2.94 2.23 ± 2.77
Ascorbic acid period

Lucigenin 1.29 ± 0.74 1.41 ± 0.87
Luminol 1.81 ± 1.72 1.91 ± 2.07

Statistics a:c   p ~ 0.08 a:c   p ~ 0.03
Wilcoxon test b:d  p ~ 0.09 b:d   p ~ 0.03
* IP = impulses
** IPM = impulses per minute
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Fig. 2: Peak flow course curve of an asthma patient during the entire study

L l/min      Days [Tage]

see the German versions for the figure:
As characters: http://www.mv.helsinki.fi/home/hemila/A/Schertling_1990_ch.pdf 
As a bitmat: http://www.mv.helsinki.fi/home/hemila/A/Schertling_1990_bm.pdf 

Fig. 3: Daily profile of the serum level of ascorbic acid in a male asthmatic.

Ascorbic acid [mg/l]
Intake  [Einnahme]

14th day [14. Tage]
8th day   [8. Tage]

Normal range for men [Normbereich fur Manner]
Time [h.] [Zeit]

see the German versions for the figure:
As characters: http://www.mv.helsinki.fi/home/hemila/A/Schertling_1990_ch.pdf 
As a bitmat: http://www.mv.helsinki.fi/home/hemila/A/Schertling_1990_bm.pdf 

Z. Klin. Med. 45 (1990), Issue 20 Page 10



Discussion

In comparison to the individual studies with ascorbic acid in bronchial asthma to date in which low 
doses were used over a shorter administration time period (11, 15, 17, 19, 25, 30), for the first time 
in a complex study a therapeutic effect of ascorbic acid could be proven by including pulmonary 
function, symptom scores, bronchial hyperreactivity and broncho-alveolar lavage, which is most 
notably expressed by significant lowering of bronchial hyperreactivity. Bronchial hyperreactivity is 
an important quantifiable characteristic in asthmatic disease. Hyperreactivity is usually already 
recognizable before the manifestation of ‘clinical asthma’ and is consequently causally involved in 
the pathogenesis of asthma. Nowadays, bronchial hyperreactivity is even considered to be common 
denominator of all asthma forms (27). The inhaled provocation with histamine has proven to be the 
established quantitative method for the study of bronchial hyperreactivity (20). A clinically relevant 
raising of the threshold of bronchial reactivity resulted in 52% of asthmatics, and indeed, in contrast
to the placebo period, a hyperreactivity lowering effect could be measured in 11 subjects under 
ascorbic acid.

An effective reduction in bronchial hyperreactivity must be considered to be a decisive 
element of asthma prevention measures today (26). At the same time, bronchial hyperreactivity is 
considered to be the most important determining factor for the course of asthma disease. Pulmonary
function studies frequently give varying results depending on external influences, daily rhythm and 
medication. For this reason, the peak flow value, as a more objective pulmonary function parameter,
was measured four times a day and documented in the diary. Relatively rare, selective 
measurements of pulmonary function parameters by more extensive measuring techniques such as 
spirometry or body plethysmography, in spite of higher personnel/technical expenditure, do not 
result in more reliable results than the significantly more frequently measured peak flow value that 
records the daily variation range of pulmonary function of asthmatics in a more representative 
manner. The peak flow values and the symptom scores indeed showed a tendency toward 
improvement during ascorbic acid therapy, but the differences in both test time periods were not 
significant.

The results of the chemiluminescence measurements on alveolar macrophages demonstrated
that under ascorbic acid treatment, a reduced chemiluminescence response resulted. This indicates 
that ascorbic acid reduces the formation of reactive oxygen metabolites in patients with bronchial 
asthma and consequently could also have an inhibitory effect on the biosynthesis of cyclo-
oxygenase and lipoxygenase products which have a bronchoconstrictive effect. Ascorbic acid 
probably does not directly reduce the formation of reactive oxygen metabolites e.g., by the 
NAD(P)H oxidase system of inflammatory cells. The oxygen radicals and toxic oxidants that arise 
are reduced and are thus rendered innocuous before they can react with the pulmonary cells or the 
lung tissue. Furthermore, the present study underlines the value of bronchial alveolar lavage in 
bronchial asthma (13, 24, 32). Statements about the degree of inflammation in infection-related 
bronchial asthma and the therapeutic effect of anti-asthmatic/allergic acting substances can be made
from the alveolar differential cell count (14, 22). From the results, it can be concluded that ascorbic 
acid at a high dose (5 g/day) is a suitable antioxidant for reduction of radical formation in infection-
related bronchial asthma and consequently could favorably affect the clinical course of asthma. This
must be further clarified in other comprehensive studies.
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UHFRJQL]HG��+RZHYHU��IXOO�DQG�SDUWLDO�VHTXHQFLQJ�RI�+59V�OHG�WR�WKH�GLVFRYHU\�RI�D�WKLUG�VSHFLHV
RI�+59��+59�&��WKDW�KDV�GLVWLQFW�VWUXFWXUDO�DQG�ELRORJLF�IHDWXUHV��5LVN�IDFWRUV�DQG�SDWKRJHQLF
PHFKDQLVPV�IRU�PRUH�VHYHUH�+59�LQIHFWLRQV�DUH�EHLQJ�GHILQHG��DQG�\HW�IXQGDPHQWDO�TXHVWLRQV
SHUVLVW�DERXW�PHFKDQLVPV�UHODWLQJ�WKLV�FRPPRQ�SDWKRJHQ�WR�DOOHUJLF�GLVHDVHV�DQG�DVWKPD��7KH
FORVH�UHODWLRQVKLS�EHWZHHQ�+59�LQIHFWLRQV�DQG�DVWKPD�VXJJHVWV�WKDW�DQWLYLUDO�WUHDWPHQWV�FRXOG
KDYH�D�PDMRU�LPSDFW�RQ�WKH�PRUELGLW\�DVVRFLDWHG�ZLWK�WKLV�FKURQLF�UHVSLUDWRU\�GLVHDVH�

30,'����������� 30&,'��30&�������� '2,����������-9,���������

>,QGH[HG�IRU�0('/,1(@� )UHH�30&�$UWLFOH

)RUPDW��$EVWUDFW

�

$XWKRU�LQIRUPDWLRQ

,PDJHV�IURP�WKLV�SXEOLFDWLRQ� 6HH�DOO�LPDJHV���� )UHH
WH[W �

3XEOLFDWLRQ�W\SHV��0H6+�WHUPV��*UDQW�VXSSRUW

/LQN2XW���PRUH�UHVRXUFHV

�

)XOO�WH[W�OLQNV

3XE0HG



��������� 7KH�$%&V�RI�UKLQRYLUXVHV��ZKHH]LQJ��DQG�DVWKPD����3XE0HG���1&%,

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG��������� ���



7RS�RI�$UWLFOH

� $EVWUDFW

� 0HWKRGV

� 5HVXOWV

� &RPPHQW

� $UWLFOH�,QIRUPDWLRQ

� 5HIHUHQFHV

'RZQORDG�3')

u

�

*HW�WKH�ODWHVW�IURP�-$0$�,QWHUQDO�0HGLFLQH

3ULYDF\�3ROLF\ �_� 7HUPV�RI�8VH

-$0$�,QWHUQDO�0HGLFLQH

-$0$�1HWZRUN�

+HOS

(PDLO�DGGUHVV

2XU�ZHEVLWH�XVHV�FRRNLHV�WR�HQKDQFH�\RXU�H[SHULHQFH��%\�FRQWLQXLQJ�WR�XVH�RXU�VLWH��
RU�FOLFNLQJ��&RQWLQXH���\RX�DUH�DJUHHLQJ�WR�RXU�&RRNLH�3ROLF\ _ &RQWLQXH

)8//�7(;7



�������$PHULFDQ�0HGLFDO�$VVRFLDWLRQ��$OO�5LJKWV�5HVHUYHG�

7HUPV�RI�8VH _ 3ULYDF\�3ROLF\ _ $FFHVVLELOLW\�6WDWHPHQW

2XU�ZHEVLWH�XVHV�FRRNLHV�WR�HQKDQFH�\RXU�H[SHULHQFH��%\�FRQWLQXLQJ�WR�XVH�RXU�VLWH��
RU�FOLFNLQJ��&RQWLQXH���\RX�DUH�DJUHHLQJ�WR�RXU�&RRNLH�3ROLF\ _ &RQWLQXH

)8//�7(;7



��������� 7KH�HIIHFW�RI�YLWDPLQ�&�RQ�XSSHU�UHVSLUDWRU\�LQIHFWLRQV�LQ�DGROHVFHQW�VZLPPHUV��D�UDQGRPL]HG�WULDO����3XE0HG���1&%,

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG��������� ���

&29,'����LV�DQ�HPHUJLQJ��UDSLGO\�HYROYLQJ�VLWXDWLRQ�
*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��

*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

(XU�-�3HGLDWU�������-DQ���������������GRL����������V���������������]��(SXE������$XJ���

7KH�HIIHFW�RI�YLWDPLQ�&�RQ�XSSHU�UHVSLUDWRU\�LQIHFWLRQV�LQ
DGROHVFHQW�VZLPPHUV��D�UDQGRPL]HG�WULDO�
&RQVWDQWLQL�1: ��'XEQRY�5D]�*��(\DO�%%��%HUU\�(0��&RKHQ�$+��+HPLOl�+�

$EVWUDFW
7KH�ULVN�RI�XSSHU�UHVSLUDWRU\�LQIHFWLRQV��85,V��LV�LQFUHDVHG�LQ�SHRSOH�ZKR�DUH�XQGHU�KHDY\
SK\VLFDO�VWUHVV��LQFOXGLQJ�UHFUHDWLRQDO�DQG�FRPSHWLWLYH�VZLPPHUV��$GGLWLRQDO�WUHDWPHQW�RSWLRQV�DUH
QHHGHG��HVSHFLDOO\�LQ�WKH�\RXQJHU�DJH�JURXS��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�ZKHWKHU��
J�GD\�YLWDPLQ�&�VXSSOHPHQWDWLRQ�DIIHFWV�WKH�UDWH��OHQJWK��RU�VHYHULW\�RI�85,V�LQ�DGROHVFHQW
VZLPPHUV��:H�FDUULHG�RXW�D�UDQGRPL]HG��GRXEOH�EOLQG��SODFHER�FRQWUROOHG�WULDO�GXULQJ�WKUHH�ZLQWHU
PRQWKV��DPRQJ����FRPSHWLWLYH�\RXQJ�VZLPPHUV��PHDQ�DJH������������\HDUV��LQ�-HUXVDOHP�
,VUDHO��9LWDPLQ�&�KDG�QR�HIIHFW�RQ�WKH�LQFLGHQFH�RI�85,V��UDWH�UDWLR� �����������FRQILGHQFH
LQWHUYDO��&,�ௗ �������������7KH�GXUDWLRQ�RI�UHVSLUDWRU\�LQIHFWLRQV�ZDV�����VKRUWHU�LQ�YLWDPLQ�&
JURXS��EXW�WKH�GLIIHUHQFH�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��+RZHYHU��ZH�IRXQG�D�VLJQLILFDQW
LQWHUDFWLRQ�EHWZHHQ�YLWDPLQ�&�HIIHFW�DQG�VH[��VR�WKDW�YLWDPLQ�&�VKRUWHQHG�WKH�GXUDWLRQ�RI
LQIHFWLRQV�LQ�PDOH�VZLPPHUV�E\����������&,�������WR��������EXW�KDG�QR�HIIHFW�RQ�IHPDOH
VZLPPHUV��GLIIHUHQFH�LQ�GXUDWLRQ������������&,�������WR��������7KH�HIIHFW�RI�YLWDPLQ�&�RQ�WKH
VHYHULW\�RI�85,V�ZDV�DOVR�GLIIHUHQW�EHWZHHQ�PDOH�DQG�IHPDOH�VZLPPHUV��VR�WKDW�YLWDPLQ�&�ZDV
EHQHILFLDO�IRU�PDOHV��EXW�QRW�IRU�IHPDOHV��2XU�VWXG\�LQGLFDWHV�WKDW�YLWDPLQ�&�GRHV�QRW�DIIHFW�WKH
UDWH�RI�UHVSLUDWRU\�LQIHFWLRQV�LQ�FRPSHWLWLYH�VZLPPHUV��1HYHUWKHOHVV��ZH�IRXQG�WKDW�YLWDPLQ�&
GHFUHDVHG�WKH�GXUDWLRQ�DQG�VHYHULW\�RI�UHVSLUDWRU\�LQIHFWLRQV�LQ�PDOH�VZLPPHUV��EXW�QRW�LQ
IHPDOHV��7KLV�ILQGLQJ�ZDUUDQWV�IXUWKHU�UHVHDUFK�

30,'����������� '2,����������V���������������]

>,QGH[HG�IRU�0('/,1(@

)RUPDW��$EVWUDFW

�

$XWKRU�LQIRUPDWLRQ

3XEOLFDWLRQ�W\SH��0H6+�WHUPV��6XEVWDQFH

/LQN2XW���PRUH�UHVRXUFHV

)XOO�WH[W�OLQNV

3XE0HG



��������� 7KH�HIIHFW�RI�YLWDPLQ�&�RQ�XSSHU�UHVSLUDWRU\�LQIHFWLRQV�LQ�DGROHVFHQW�VZLPPHUV��D�UDQGRPL]HG�WULDO����3XE0HG���1&%,

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG��������� ���



��������� 7KH�HIIHFW�RQ�ZLQWHU�LOOQHVV�RI�ODUJH�GRVHV�RI�YLWDPLQ�&

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&�������� ���

&DQ�0HG�$VVRF�-�������-XO��������������±��� 30&,'��30&�������
30,'���������

7KH�HIIHFW�RQ�ZLQWHU�LOOQHVV�RI�ODUJH�GRVHV�RI�YLWDPLQ�&
7��:��$QGHUVRQ��*��6XUDQ\L��DQG�*��+��%HDWRQ

&RS\ULJKW�QRWLFH

$EVWUDFW

%HWZHHQ�'HFHPEHU������DQG�)HEUXDU\������������YROXQWHHUV�SDUWLFLSDWHG�LQ�D�GRXEOH�EOLQG�WULDO�WR
DVVHVV�WKH�HIIHFW�RI�ODUJH�GRVHV�RI�YLWDPLQ�&�RQ�WKH�LQFLGHQFH�DQG�VHYHULW\�RI�ZLQWHU�LOOQHVV��,Q�DGGLWLRQ�
UHFRUGV�ZHUH�NHSW�EXW�QR�WDEOHWV�WDNHQ�GXULQJ�0DUFK��6XEMHFWV�ZHUH�UDQGRPO\�DOORFDWHG�WR�HLJKW
WUHDWPHQW�UHJLPHQV��WKUHH�SURSK\ODFWLF�RQO\��GDLO\�GRVH���������RU���J���WZR�WKHUDSHXWLF�RQO\����RU���J
RQ�WKH�ILUVW�GD\�RI�LOOQHVV���RQH�FRPELQDWLRQ����J�GDLO\�DQG���J�RQ�WKH�ILUVW�GD\�RI�LOOQHVV���DQG�WZR�DOO�
SODFHER��1RQH�RI�WKH�JURXSV�UHFHLYLQJ�YLWDPLQ�&�VKRZHG�D�GLIIHUHQFH�LQ�VLFNQHVV�H[SHULHQFH�WKDW�ZDV
VWDWLVWLFDOO\�VLJQLILFDQW�IURP�WKDW�RI�WKH�SODFHER�JURXSV��EXW�WKH�UHVXOWV�REWDLQHG�ZHUH�FRPSDWLEOH�ZLWK
DQ�HIIHFW�RI�VPDOO�PDJQLWXGH�IURP�ERWK�WKH�SURSK\ODFWLF�DQG�WKHUDSHXWLF�UHJLPHQV��DQG�DQ�HIIHFW�RI
VRPHZKDW�JUHDWHU�PDJQLWXGH�IURP�WKH�FRPELQDWLRQ�UHJLPHQ��7KH�FRPELQDWLRQ�UHJLPHQ�ZDV�DVVRFLDWHG
PRUH�ZLWK�D�UHGXFWLRQ�LQ�VHYHULW\�WKDQ�IUHTXHQF\�RI�LOOQHVV��DOWKRXJK�WKH�H[WUD�GRVDJH�ZDV�OLPLWHG�WR�WKH
ILUVW�GD\�RI�LOOQHVV��,Q�VSLWH�RI�WKH�HLJKWIROG�UDQJH�LQ�GDLO\�GRVH��WKH�WKUHH�SURSK\ODFWLF�RQO\�UHJLPHQV
VKRZHG�QR�HYLGHQFH�RI�D�GRVH�UHODWHG�HIIHFW��EXW�WKH���J�WKHUDSHXWLF�GRVH�ZDV�DVVRFLDWHG�ZLWK�OHVV
LOOQHVV�WKDQ�WKH���J�WKHUDSHXWLF�GRVH��7KHUH�ZDV�QR�HYLGHQFH�RI�VLGH�HIIHFWV�IURP�WKH���DQG���J
SURSK\ODFWLF�GRVHV�RI�YLWDPLQ�&��DQG�QR�HYLGHQFH�RI�D�UHERXQG�LQFUHDVH�LQ�LOOQHVV�GXULQJ�WKH�PRQWK
IROORZLQJ�ZLWKGUDZDO�RI�WKH�GDLO\�YLWDPLQ�VXSSOHPHQWV��2Q�WKH�EDVLV�RI�WKLV�DQG�RWKHU�VWXGLHV�LW�LV
VXJJHVWHG�WKDW�WKH�RSWLPXP�GDLO\�GRVH�RI�YLWDPLQ�&�LV�OHVV�WKDQ�����PJ��H[FHSW�SRVVLEO\�DW�WKH�WLPH�RI
DFXWH�LOOQHVV��ZKHQ�D�ODUJHU�GDLO\�LQWDNH�PD\�EH�EHQHILFLDO�

)XOO�WH[W

)XOO�WH[W�LV�DYDLODEOH�DV�D�VFDQQHG�FRS\�RI�WKH�RULJLQDO�SULQW�YHUVLRQ��*HW�D�SULQWDEOH�FRS\��3')�ILOH��RI�WKH
FRPSOHWH�DUWLFOH�����0���RU�FOLFN�RQ�D�SDJH�LPDJH�EHORZ�WR�EURZVH�SDJH�E\�SDJH��/LQNV�WR�3XE0HG�DUH
DOVR�DYDLODEOH�IRU�6HOHFWHG�5HIHUHQFHV�

�



��������� 7KH�HIIHFW�RQ�ZLQWHU�LOOQHVV�RI�ODUJH�GRVHV�RI�YLWDPLQ�&

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&�������� ���

�

6HOHFWHG�5HIHUHQFHV

7KHVH�UHIHUHQFHV�DUH�LQ�3XE0HG��7KLV�PD\�QRW�EH�WKH�FRPSOHWH�OLVW�RI�UHIHUHQFHV�IURP�WKLV�DUWLFOH�

$QGHUVRQ�7:��5HLG�'%��%HDWRQ�*+��9LWDPLQ�&�DQG�WKH�FRPPRQ�FROG��D�GRXEOH�EOLQG�WULDO��&DQ
0HG�$VVRF�-�������6HS��������������±�����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@
&RXOHKDQ�-/��5HLVLQJHU�.6��5RJHUV�.'��%UDGOH\�':��9LWDPLQ�&�SURSK\OD[LV�LQ�D�ERDUGLQJ
VFKRRO��1�(QJO�-�0HG�������-DQ�����������±����>3XE0HG@�>*RRJOH�6FKRODU@
3DXOLQJ�/��7KH�VLJQLILFDQFH�RI�WKH�HYLGHQFH�DERXW�DVFRUELF�DFLG�DQG�WKH�FRPPRQ�FROG��3URF�1DWO
$FDG�6FL�8�6�$�������1RY������������±������>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@
6SHUR�/0��$QGHUVRQ�7:��/HWWHU��$VFRUELF�DFLG�DQG�FRPPRQ�FROGV��%U�0HG�-�������1RY
��������������±�����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

$UWLFOHV�IURP�&DQDGLDQ�0HGLFDO�$VVRFLDWLRQ�-RXUQDO�DUH�SURYLGHG�KHUH�FRXUWHV\�RI�&DQDGLDQ�0HGLFDO
$VVRFLDWLRQ

�� �� �� ��

�� ��



��������� 7KH�HIIHFWV�RI�DVFRUELF�DFLG�DQG�IODYRQRLGV�RQ�WKH�RFFXUUHQFH�RI�V\PSWRPV�QRUPDOO\�DVVRFLDWHG�ZLWK�WKH�FRPPRQ�FROG����3XE0HG���«

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG������� ���

&29,'����LV�DQ�HPHUJLQJ��UDSLGO\�HYROYLQJ�VLWXDWLRQ�
*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��

*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

$P�-�&OLQ�1XWU�������$XJ���������������

7KH�HIIHFWV�RI�DVFRUELF�DFLG�DQG�IODYRQRLGV�RQ�WKH�RFFXUUHQFH�RI
V\PSWRPV�QRUPDOO\�DVVRFLDWHG�ZLWK�WKH�FRPPRQ�FROG�
%DLUG�,0��+XJKHV�5(��:LOVRQ�+.��'DYLHV�-(��+RZDUG�$1�

$EVWUDFW
$�FRQWUROOHG�VWXG\�ZDV�PDGH�RI�WKH�HIIHFWV�RI�QDWXUDO�RUDQJH�MXLFH��V\QWKHWLF�RUDQJH�MXLFH��DQG
SODFHER�LQ�WKH�SUHYHQWLRQ�RI�WKH�FRPPRQ�FROG��ERWK�QDWXUDO�DQG�V\QWKHWLF�RUDQJH�MXLFHV�FRQWDLQHG
���PJ�RI�DVFRUELF�DFLG�GDLO\��7KUHH�KXQGUHG�VL[W\�WZR�KHDOWK\�QRUPDO�\RXQJ�DGXOW�YROXQWHHUV�
DJHV����WR����\HDUV��ZHUH�VWXGLHG�IRU����GD\V�ZLWK�����RI�SDUWLFLSDQWV�FRPSOHWLQJ�WKH�WULDO��7KHUH
ZDV�D����WR�����UHGXFWLRQ�LQ�WRWDO�V\PSWRPV�GXH�WR�WKH�FRPPRQ�FROG�LQ�WKH�VXSSOHPHQWHG
JURXSV�WKDW�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW��3�OHVV�WKDQ��������$VFRUELF�DFLG�VXSSOHPHQWDWLRQ�DOVR
LQFUHDVHG�WKH�QXPEHU�RI��HSLVRGH�IUHH��VXEMHFWV��+RZHYHU��WKH�FOLQLFDO�XVHIXOQHVV�RI�WKH�UHVXOWV
GRHV�QRW�VXSSRUW�SURSK\ODFWLF�DVFRUELF�DFLG�VXSSOHPHQWV�LQ�WKH�ZHOO�QRXULVKHG�DGXOW��7KH�UHVXOWV
LQ�WKLV�VWXG\�ZLWK�ERWK�QDWXUDO�DQG�V\QWKHWLF�RUDQJH�MXLFH�RI�SK\VLRORJLFDO�FRQWHQW�RI�DVFRUELF�DFLG�
DUH�VLPLODU�WR�WKRVH�REWDLQHG�XVLQJ�D��PHJDGRVH��RI�DVFRUELF�DFLG�

30,'��������� '2,����������DMFQ����������

>,QGH[HG�IRU�0('/,1(@

)RUPDW��$EVWUDFW

3XEOLFDWLRQ�W\SHV��0H6+�WHUPV��6XEVWDQFHV

/LQN2XW���PRUH�UHVRXUFHV

)XOO�WH[W�OLQNV

3XE0HG



��������� 7KH�3ROLWLFV�RI�7KHUDSHXWLF�(YDOXDWLRQ��7KH�9LWDPLQ�&�DQG�&DQFHU�&RQWURYHUV\���(YHOOHHQ�5LFKDUGV������

KWWSV���MRXUQDOV�VDJHSXE�FRP�GRL��������������������������� ���

6RFLDO�6WXGLHV�RI�6FLHQFH

)LUVW�3XEOLVKHG�1RYHPEHU��������� 5HVHDUFK�$UWLFOH
KWWSV���GRL�RUJ���������������������������

$EVWUDFW
7KLV�SDSHU�UHFRQVWUXFWV�DQG�DQDO\]HV�WKH�FRQWHQW�DQG�FRQWH[W�RI�WKH�GHEDWH�RYHU�WKH
HIILFDF\�RI�YLWDPLQ�&�LQ�WKH�WUHDWPHQW�RI�FDQFHU��DQG�FRPSDUHV�LW�ZLWK�PHGLFDO
UHVSRQVHV�WR��DQG�HYDOXDWLRQV�RI��WZR�RWKHU�FDQFHU�GUXJV�²�WKH�F\WRWR[LF�GUXJ�6)8
�FRQYHQWLRQDOO\�XVHG�LQ�WKH�WUHDWPHQW�RI�JDVWUR�LQWHVWLQDO�FDQFHUV��DQG�WKH�CQDWXUDOO\�
RFFXUULQJ
��EXW�UHFRPELQDQW�'1$�SURGXFHG��GUXJ�LQWHUIHURQ��7KLV�FRPSDUDWLYH
DSSURDFK�LV�GHVLJQHG�WR�IDFLOLWDWH�WKH�LQWHJUDWLRQ�RI�PLFURVRFLRORJLFDO�DQG�VWUXFWXUDO
OHYHOV�RI�DQDO\VLV�RI�WKH�SURFHVVHV�E\�ZKLFK�NQRZOHGJH�FODLPV�DERXW�WKHUDSHXWLF
HIILFDF\�DUH�HYDOXDWHG�E\�WKH�SRZHUIXO�DGMXGLFDWLQJ�PHGLFDO�FRPPXQLW\��,W�LV�DUJXHG�WKDW
WKH�DVVHVVPHQW�RI�PHGLFDO�WKHUDSLHV�LV�LQKHUHQWO\�D�VRFLDO�DQG�SROLWLFDO�SURFHVV��WKDW
WKH�LGHD�RI�QHXWUDO�DSSUDLVDO�LV�D�P\WK��WKDW�FOLQLFDO�WULDOV��QR�PDWWHU�KRZ�ULJRURXV�WKHLU
PHWKRGRORJ\��LQHYLWDEO\�HPERG\�WKH�SURIHVVLRQDO�YDOXHV�RU�FRPPLWPHQWV�RI�WKH
DVVHVVRUV��DQG�WKDW�MXGJHPHQWV�DERXW�H[SHULPHQWDO�ILQGLQJV�PD\�EH�VWUXFWXUHG�E\
ZLGHU�VRFLDO�LQWHUHVWV��VXFK�DV�FRQVXPHU�FKRLFH�RU�PDUNHW�IRUFHV��,W�LV�FRQFOXGHG�WKDW
WKH�QHFHVVDULO\�VRFLDO�FKDUDFWHU�RI�PHGLFDO�NQRZOHGJH�FDQQRW�EH�HOLPLQDWHG�E\
PHWKRGRORJLFDO�UHIRUP��DQG�WKDW�WKLV�KDV�LPSRUWDQW�LPSOLFDWLRQV�IRU�WKH�VRFLDO
LPSOHPHQWDWLRQ�RI�PHGLFDO�WKHUDSLHV�DQG�WHFKQLTXHV�

7KH�3ROLWLFV�RI�7KHUDSHXWLF�(YDOXDWLRQ��7KH�9LWDPLQ�&�DQG�&DQFHU
&RQWURYHUV\
(YHOOHHQ�5LFKDUGV

(PDLO��UHTXLUHG��

0\�$FFRXQW



��������� 7KH�3ROLWLFV�RI�7KHUDSHXWLF�(YDOXDWLRQ��7KH�9LWDPLQ�&�DQG�&DQFHU�&RQWURYHUV\���(YHOOHHQ�5LFKDUGV������

KWWSV���MRXUQDOV�VDJHSXE�FRP�GRL��������������������������� ���

6LPLODU�$UWLFOHV� 9LHZ�DOO�!

3DVVZRUG��UHTXLUHG��

5HPHPEHU�PH

6LJQ�LQ

)RUJRWWHQ�\RXU�SDVVZRUG"
1HHG�WR�DFWLYDWH"

1HHG�+HOS"

6KLEEROHWK

2SHQ�$WKHQV

,QVWLWXWLRQDO�$FFHVV

1HHG�+HOS"

���KRXUV�RQOLQH�DFFHVV�WR�GRZQORDG�FRQWHQW

3XUFKDVH�$UWLFOH�IRU�������

3XUFKDVH�,VVXH�IRU��������

6XEVFULEH�WR�WKLV�MRXUQDO
5HFRPPHQG�WR�\RXU�OLEUDU\

5HQW�ZLWK�'HHS'\YH

5HQW�$UWLFOH

3XUFKDVH�&RQWHQW

1HHG�+HOS"



��������� 7KH�3ROLWLFV�RI�7KHUDSHXWLF�(YDOXDWLRQ��7KH�9LWDPLQ�&�DQG�&DQFHU�&RQWURYHUV\���(YHOOHHQ�5LFKDUGV������
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ABSTRACT

As part of a continuing study of health problems pertinent to Canadian Northern Military
operations, two aspects of Vitamin C have been examined in land element personnel participating on Northern
Winter Exercises. This report describes results of an ongoing Vitamin C survey designed to examine both the
Vitamin C status of troops and the effects of a daily Vitamin C supplement on the incidence and severity of
colds in troops undergoing operational training. Results indicate that a daily 1000 mg supplement of Vitamin C
reduced significantly the incidence of colds as assessed on the basis of symptom complexes reported on health
survey cards. While the overall incidence of colds was influenced significantly by Vitamin C, both on an
individual and a tent group basis, the duration of local cold symptoms was not. In those individuals who
contracted a cold, nasal and throat and chest symptoms were observed to persist for similar periods of time in
both placebo and Vitamin C supplemented groups. The Vitamin C group, however, did show a significant
reduction in the duration of the more constitutional symptoms related to a general feeling of "well-being". The
Vitamin C status of individuals was assessed on the basis of whole blood ascorbate levels determined before and
after participation on Northern exercises. A significant reduction of whole blood ascorbate was observed post-
exercise on three separate serials of Exercise New Viking, the troops of which were supplied with RP-4 field
rations. In view of the fact that only a minor reduction of whole blood ascorbate was observed on another
serial, the troops of which were supplied with IRP field rations, it is not possible to determine whether the
reduction in ascorbate status was a reflection of altered dietary intake or an increased requirement for Vitamin
C under the activity and exposure conditions experienced on Northern operations. Further work is required to
clarify this situation.

(iii)



HEALTH PROBLEMS AND VITAMIN C
IN CANADIAN NORTHERN MILITARY OPERATIONS

Since the early part of 1972, the Biosciences Division of the Defence and Civil Institute of
Environmental Medicine (DCIEM) has been involved in an extensive field program designed to examine some of
the health problems pertinent to Canadian Northern Military operations.

Table 1 lists some of the potential health problem areas encountered in a transit military
population operating under Arctic or sub-Arctic conditions. These have been divided, somewhat arbitrarily, into
two groups: Environmental and Operational.

TABLE 1

POTENTIAL HEALTH PROBLEM AREAS
NORTHERN OPERATIONS

ENVIRONMENTAL OPERATIONAL

Cold Injury
Frostbite
Trench Foot

Hypothermia
Snow Blindness
Sunburn

Cold Sores

Nutrition
Rations

Dehydration
Constipation
Tent Eye
Physical Fitness
Wound Heating
Upper Respiratory

Infection
Dental

(1) Environmental problems are those which arise as a consequence of direct insult upon the
individual by his environment.

(2) Operational problems are those which arise as a consequence of restrictions placed upon
an individual by his environment.

This report describes results dealing with some problems in the operational category, specifically
with regard to rations and Vitamin C, the Vitamin C status of individuals, and the effect of Vitamin C
supplementation on symptoms of respiratory distress.

One of the approaches which has been applied throughout the field program has been the
administration of a health survey to men taking part in military winter exercises. This survey was established
primarily to answer the questions, "does the abrupt introduction of a man into the Northern climate produce
any demonstrable change in health pattern?    If so, what is the nature of this alteration? "
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The majority of health surveys which have investigated environmental factors impinging on
health have been concerned with indigenous populations or isolated communities. Data derived from such
studies are not applicable directly to transit populations such as members of mobile military forces. Recognition
of this fact prompted DCIEM to establish a protocol for obtaining epidemiologic data on military men making
periodic excursions into the North. The survey has been restricted to members of the land element for it is
these individuals who are exposed most directly to the adverse environment for periods of greater than a few
hours.

Table 2 lists the exercises which have been surveyed to date. With one exception (Northern Ramble,
May 1972) the field program has utilized men taking part in New Viking training exercises. It is important to
recognize the fact that these are training exercises and that as such, the men are living under the most "ideal"
Arctic conditions in the sense that experienced instructors are with them at all times. Consequently, the men are
under constant supervision to ensure that they protect themselves adequately from the environment. Hence, any
health problems which arise on such exercises should be taken as a minimal estimate of problems which may
arise on more operational missions.

TABLE 2

NORTHERN EXERCISES UTILIZED FOR THE
INVESTIGATION OF HEALTH PROBLEMS, 1972-73

The health survey card used in the collection of field data is shown in Figure 1. The health survey
has been conducted on an individual tent-group basis and extensive use has been made of the tent-group
commanders who have been responsible for administering the survey cards on a daily basis. The survey period
has extended typically from one week before the exercise to one week after the exercise. Tabulation of the
incidence of individual symptoms and symptom complexes has been carried out post-exercise and it has become
apparent that, to one degree or another, the incidence of individual symptoms is affected by movement into the
North. The most marked alteration in symptoms reported has been noted in symptoms related to the upper
respiratory system and it is these symptoms which have been examined in greater detail in DCIEM Vitamin C
studies.



FIGURE  1

IN-FIELD HEALTH SURVEY CARD
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An assessment of Vitamin C was undertaken for a number of reasons:

(1) The whole question of Vitamin C and its effect on colds is a topical and debatable issue. It
was hoped that some light would be shed on this problem by utilizing a very restricted population of comparable
age, typical cold history, common dietary regimen, activity schedule and environmental exposure.

(2) It has been suggested that Vitamin C may play a role in increasing cold tolerance - with
particular regard to maintaining peripheral circulation.

(3) Finally, it was determined that the RP-4 rations (1970-71) on which the men were living,
apparently provided a maximum of 37–41 mg Vitamin C per day in a single fruit-drink mix. As previous
observations suggested that the fruit-drink mix was an unpopular item in the rations and tended to be
discarded, it appeared that the individual intake of Vitamin C could be below the recommended daily allowance.

Accordingly, a protocol was established for dispensing tablets of either Vitamin C or placebo to
individuals in each tent. Men in each tent group were assigned randomly to either the Vitamin C or placebo
group. Extensive use was made again, of tent-group commanders who carried with them the supply of pills for
their own tent. Two pill vials were provided for each tent, one containing Vitamin C and one containing placebo.
Each vial contained the names of the men who were to receive the respective pills. Pills were dispensed twice a day,
once with the morning meal and once with the evening meal. The total dose of Vitamin C received each day was
1000 mg.

At the completion of the exercise the incidence and duration of colds was examined by assessing
the presence or absence of a cold on the basis of symptom constellations. In order for a man to be classified as
having a cold, he had to have two nasal symptoms in conjunction with a minimum of sore throat or chest cough
which persisted for two or more days. As a further restriction, the sore throat or chest cough had to be absent at
the time the nasal symptoms began. Frequently, it was found that more constitutional symptoms such as
headache, chills and fever, general malaise, nausea or vomiting were indicated at some time during the symptom
constellation.

Table 3 indicates that the random allocation of men to the two treatment groups resulted in two well-
matched populations with respect to age and typical cold history.

TABLE 3

THE MEAN AGE AND COMMON COLD HISTORY OF MEMBERS OF A
SINGLE INFANTRY COMPANY OF 112 MEN ALLOCATED
RANDOMLY TO VITAMIN C AND PLACEBO PREPARATIONS



Table 4 depicts the frequency of colds assessed in a single infantry company on a Northern
Military exercise. The incidence of colds in two other companies participating on the exercise, but not
subjected to pill supplementation, was 21.0% and 29.4% respectively.

TABLE 4

INDIVIDUAL INCIDENCE OF COLDS ASSESSED IN A
SINGLE INFANTRY COMPANY OF 112 MEN PARTICIPATING

ON A NORTHERN MILITARY EXERCISE

The results indicate that the Vitamin C group experienced significantly fewer colds than the
corresponding placebo group. This ameliorating effect of Vitamin C was also reflected in the frequency of
colds reported by individual tent groups (Table 5). Of the 14 tent groups involved in this study, nine groups
(64.3%) indicated the presence of at least one cold during the exercise period. Of these nine groups, six
(66.6%) indicated colds present only in placebo individuals, whereas the remaining three (33.3%) indicated
colds present in both placebo and Vitamin C groups. In no case did a tent group indicate the presence of
colds in Vitamin C individuals only.

TABLE 5

TENT GROUP INCIDENCE OF COLDS IN AN INFANTRY
COMPANY OF 112 MEN PARTICIPATING ON A NORTHERN MILITARY EXERCISE

5
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The data presented in Table 6 indicate that despite a reduction in the frequency of colds in
Vitamin C individuals, the duration of cold symptoms as related to the presence of nasal, throat or chest
complaints was not significantly influenced. In other words, if an individual experienced a cold while on
Vitamin C, the continued daily intake of 1000 mg/day did not alter the course of the cold with respect to the
local symptoms. Examination of the more constitutional symptoms however (Table 7) revealed that the
duration of these was significantly reduced in the Vitamin C group. This perhaps is a significant finding
for it is these symptoms which are related to the general feeling of "well-being" and it is these symptoms
which, in a civilian population, could predispose a person to remain at home. In a military population where
refuge cannot be sought easily, it is these symptoms which would tend to reduce a man's level of effectiveness.

TABLE 6

THE MEAN DURATION OF UPPER RESPIRATORY SYMPTOMS
REPORTED BY MEN AFFLICTED WITH A COMMON COLD

TABLE7

THE MEAN DURATION OF CONSTITUTIONAL SYMPTOMS
RELATED TO A FEELING OF WELL-BEING REPORTED

BY MEN AFFLICTED WITH A COMMON COLD

On subsequent exercises an examination of the Vitamin C status of men was carried out by
examining the whole-blood ascorbate levels before and immediately after the exercise.  Table 8 shows the
incidence of altered ascorbate status on four Northern exercises. In all cases, a significant number of men
demonstrated a decrease in whole-blood ascorbate, however the magnitude of this decrease (Table 9) was
significant on only three of the exercises. Coincidentally, these three exercises were supplied with the RP4
ration while the fourth exercise (Serial 56) received IRP field rations. The IRP ration provides approximately
50–90 mg of Vitamin C per day, about 50% of which is in a single fruit-drink mix and 50% is distributed throughout
other ration components.



TABLE 8

INCIDENCE OF ALTERED WHOLE-BLOOD ASCORBATE STATUS
OCCURRING ON NORTHERN EXERCISES

One further point with reference to Table 8 is the rather surprising number of men who
demonstrated whole-blood ascorbate levels lower than 0.50 mg%. This value is generally taken to indicate
the threshold of a possible sub-clinical scorbutic condition. Two of the four serials examined post-exercise
demonstrated a definite shift towards this subclinical scorbutic state, one (Serial 56) remained unchanged and
the other (Serial 55) demonstrated a shift in the opposite direction.

In view of the variation in diet and distribution of change in ascorbate status, it is not possible
from these data to determine whether the reduction in ascorbate levels, observed post-exercise on three of the
four serials, was a consequence of reduced dietary intake of Vitamin C or a reflection of a possible increased
requirement for this vitamin under the activity and exposure conditions existing on Northern operations.
Clearly, a determination of ascorbate excretion is required before any estimate of requirement under these
conditions can be made.

This study is part of a continuing program to assess the nature and incidence of health problems
pertinent to Canadian military Northern operations. With regards to Vitamin C and its influence on general
body health the data to date suggest that a daily supplement of 1000 mg Vitamin C appears to reduce the overall
incidence of colds in transit military populations. It must be appreciated however, that the nature of the
military exercise itself represents a marked departure from the "normal" daily routine.  Over the period of
this study, the men are transported by air into an adverse environment and live in close association with that

TABLE 9

MEAN WHOLE-BLOOD ASCORBATE STATUS BEFORE AND
AFTER PARTICIPATION ON NORTHERN EXERCISES
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environment. Their dietary regimen is altered dramatically with regards both to frequency of meals and nature
of food eaten. In view of these factors the results reported here do not necessarily characterize the civilian
population in general. Further, insufficient data exist to enable us to determine whether the observed beneficial
effect of Vitamin C observed in this study, is prophylactic or therapeutic, although the analysis of colds by tent
groups suggests that the effect may be prophylactic. In addition the study was restricted to an examination of the
efficacy of a daily 1000 mg dose of Vitamin C, which may represent neither the optimal nor minimal daily
supplement required. The whole-blood ascorbate levels of individuals receiving a Vitamin C supplement were
increased well above normal (100–150%). In view of the demonstrated decrease in whole-blood ascorbate occurring
in non-supplemented men, the optimal dose of Vitamin C may be in a range which is sufficient to prevent such a
decrease. Further work is required to clarify this situation.
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Fruits, Vegetables, and Plasma Nutrients Block et al.

Which Plasma Antioxidants Are Most Related to Fruit and Vegetable
Consumption?

Gladys Block,1 Edward Norkus,2 Mark Hudes,1 Shelly Mandel,1 and Kathy Helzlsouer3

Substantial evidence suggests that fruit and vegetable intake reduces the risk of some cancers and other
chronic diseases. While a varied diet containing fruits and vegetables may confer benefits greater than those of
any single nutrient, it would be useful to have data on the plasma nutrients most influenced by fruit and vegetable
intake.The authors examined the correlation between fruit and vegetable intake as measured by the abbreviated
CLUE II food frequency questionnaire and several plasma antioxidants. This study includes 116 male subjects
aged 35–72 years who were nonsmokers and nonusers of vitamin supplements and who provided blood
samples in the CLUE II Study in Washington County, Maryland. Plasma was assayed for ascorbic acid, beta-
carotene, beta-cryptoxanthin, and alpha- and gamma-tocopherol. Lipid- and energy-adjusted partial correlation
for the relation with fruit and vegetable intake was r = 0.64 for ascorbic acid, r = 0.44 for beta-carotene, and r =
0.50 for beta-cryptoxanthin. While this study does not address efficacy, the stronger association of ascorbic acid
with fruit and vegetable intake seen here may imply that ascorbic acid is an important component of the
protective effect seen for fruits and vegetables in numerous epidemiologic studies. Am J Epidemiol
2001;154:1113–18.
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Numerous studies have found a significant inverse rela-
tion between cancer risk and intake of fruits and vegetables
(1). Although the consumption of whole foods provides a
complex nutrient mix that may confer a benefit superior to
that of any particular component, it would be useful to
understand which nutrients are most associated with a high
intake of fruits and vegetables. A number of studies using
food frequency questionnaires (FFQs) have examined the
relation between dietary estimates of particular nutrients and
the corresponding plasma nutrient levels. Very few, how-
ever, have examined the plasma nutrient levels simply in
relation to reported intake of foods rather than to estimates
of nutrients. In other words, what plasma nutrient levels are
most influenced by a diet high in fruits and vegetables? This
study examines plasma levels of several antioxidants in rela-
tion to intake of fruits and vegetables.

MATERIALS AND METHODS

Subjects were selected from among participants in the
Washington County, Maryland, CLUE II Study, a blood col-

lection campaign conducted by the Johns Hopkins Training
Center for Epidemiologic Research and the Washington
County Health Department. In 1989, CLUE II recruited res-
idents of Washington County and surrounding counties; most
samples were obtained in the fall. CLUE II obtained plasma
samples, brief personal data, and a brief food frequency
questionnaire. More than 30,000 persons from Washington
County and surrounding counties provided samples.

Respondents for this study were selected from counties
surrounding Washington County. Subjects were men aged
35–72 years (mean, 53 years) who did not smoke and did
not take vitamin supplements. Respondents with an esti-
mated energy intake of less than 1,000 kcal were dropped to
exclude persons who may have been ill, were dieting, or had
completed the questionnaire incorrectly.

The questionnaire used in the CLUE II Study is a 60-item
scannable version of the Block/National Cancer Institute
(NCI) questionnaire. The questionnaire contained 10 veg-
etable items and six fruit items (table 1). Collectively, these
foods contribute 70.6 percent of the carotenoid intake in the
US diet among men in this age range and 57.8 percent of the
dietary vitamin C in the United States, on the basis of the
Third National Health and Nutrition Examination Survey
(G. Block, unpublished data, 1997). Frequency of consump-
tion of these foods was summed to estimate total fruit and
vegetable consumption. (The “GRPFRQ” variables pro-
duced by the software were used rather than the portion
size-related measures; summary “global” questions were not
asked in this FFQ.) Questionnaires were analyzed by using
the Block/NCI software (2), and estimates were made of
usual dietary intake of nutrients and food groups. Subjects
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were included in this analysis if their reported dietary intake
placed them in either the top or bottom quintile on both fruit
and vegetable consumption (FV) and meat intake (Heme).
(Heme was obtained for a different analysis, and those
results are reported elsewhere (3).) Subjects were selected in
groups of four (HiFV + HiHeme, HiFV + LoHeme, LoFV +
HiHeme, and LoFV + LoHeme), matched within each group
on age and body weight. A total of 29 subjects were selected
for each of the four groups, resulting in a sample of 116 men
for these analyses.

Venous blood was drawn in heparinized Vacutainers
(Becton, Dickinson, & Co., Franklin Lakes, New Jersey),
centrifuged, and processed within a few hours. One aliquot
was prepared by using 10 percent metaphosphoric acid to
stabilize ascorbic acid. All samples were stored at –70˚C.
The long-term stability of these nutrients, when stored at
–70˚C to –80˚C, has been examined in numerous studies and
found to be acceptable (4–6). Masked duplicate samples
were sent to each laboratory and included in the assays. In
addition, a single pooled blood sample was divided into
multiple aliquots and shipped with samples over the course
of the study to permit analyses of laboratory drift.
Reproducibility of all assays was excellent.

Plasma was assayed for ascorbate, beta-carotene, beta-
cryptoxanthin, and alpha- and gamma-tocopherol by one of
the investigators (E. N.). Plasma ascorbate concentration was
determined spectrophotometrically by using 2,4-dinitro-
phenylhydrazine as chromogen (7), which has been shown to
correlate highly with high-pressure liquid chromatography
methods (8–11). Plasma carotenoids and vitamin E were
determined by reversed-phase high-pressure liquid chro-
matography (12).

Analysis of variance, t tests, and Pearson and Spearman
correlations were used. Variables were examined for normal-

ity and skewness and transformed by using log or square root,
as appropriate. Pearson correlations using the transformed
variables were almost identical to Spearman correlations, so
only the latter are reported here. Statistical analyses were per-
formed using PC-SAS version 6.11 (SAS Institute, Inc., Cary,
North Carolina).

RESULTS

The characteristics of the participants in this analysis are
shown in table 2. Body weight ranged from 120 to 250
pounds (54.48 to 11.35 kg), and mean frequency of fruit and
vegetable intake was 2.9 times per day. Analysis of variance
including the meat category, the fruit and vegetable cate-
gory, and their interaction term indicated that meat con-
sumption and the interaction term were not related to any
plasma antioxidant (data not shown). Consequently, all
analyses in this report related to plasma antioxidant level
consider only the fruit and vegetable intake.

Correlations between frequency of FV and plasma antiox-
idants are shown in table 3. Both carotenoids and ascorbic
acid are highly significantly associated with frequency of
consumption of fruits and vegetables. However, the correla-
tion with ascorbic acid is considerably higher than that for
the carotenoids, both unadjusted and after adjustment for
several covariates. This higher correlation of FV with ascor-
bic acid remained after standardization of the plasma
carotenoids by plasma cholesterol. Plasma alpha-tocopherol
is positively associated with FV only after standardization
with plasma cholesterol, while gamma-tocopherol is signif-
icantly negatively correlated with FV. Partial correlations
adjusted for age, education, body weight, energy intake, or
fat intake did not change this pattern. After adjustment for
age and energy intake, the correlation between fruit and veg-
etable intake and ascorbic acid was 0.64, while lipid-
adjusted total carotenoids reached only 0.44. The highest
correlation besides that of ascorbic acid was lipid-adjusted
beta-cryptoxanthin (which is found largely in oranges and
orange juice), at 0.50.

DISCUSSION

Although numerous investigators have examined the rela-
tion between serum antioxidant nutrient levels and estimates
of antioxidant intake from food frequency questionnaires,
few have reported the correlations between serum antioxi-
dants and fruit and vegetable frequency as opposed to 
nutrient estimates (13–19). Only two studies were of non-
smokers (16, 17), and the results presented here correspond
well to the carotenoid correlations observed in these earlier
reports. Campbell et al. (16) recruited 50 male and 49 female
nonsmokers aged 18–37 years, selecting only those in the
highest or lowest quintile of FV; 29 percent were supplement
users. (Smoking lowers plasma beta-carotene and ascorbic
acid levels, and supplement use increases them, irrespective
of fruit and vegetable intake. Inclusion of subjects with these
behaviors makes it difficult to detect a relation between these
plasma nutrients and fruit and vegetable intake.) The 153-
item Willett FFQ was self-administered and included 35 veg-

TABLE 1. Foods used to rank subjects on fruit and 
vegetable intake*, Washington County, Maryland, 1989

Fruits and vegetables on the CLUE II questionnaire

Carrots or mixed vegetables containing carrots
Spinach
Broccoli
Sweet potatoes, yams
Tomatoes, tomato juice
Vegetable or tomato soups
Coleslaw, cabbage, sauerkraut
Mustard greens, turnip greens, collards
Green salad
Any other vegetables, including green beans, corn, peas
Oranges
Grapefruit
Orange juice or grapefruit juice
Cantaloupe
Apples, applesauce, pears
Any other fruit, including bananas, fruit cocktail

* These items comprise foods that contribute the following 
proportions of US nutrient intake of carotenoids: 70.6% (65.4% from
the 14 foods excluding “Any other vegetables” and “Any other fruit”)
and of dietary vitamin C: 57.8% (44.8% from the 14 foods excluding
“Any other vegetables” and “Any other fruit”). (Block, unpublished
data, 1997).
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etable items and 24 fruit items. Lipid- and energy-adjusted
correlations between total fruit and vegetable intake and the
average of two measurements of plasma beta-carotene and
cryptoxanthin were 0.45 and 0.47, respectively, for men and
women combined. (Results were not reported separately by
gender.) Michaud et al. (17) analyzed data from 110 male
nonsmokers from the Health Professionals Follow-up Study.
The study questionnaire contained 131 food items (including
31 vegetables and 15 fruits). Supplement use was not
addressed, but was presumably present for some participants.
Plasma carotenoids were adjusted for lipids, body mass
index, and age; fruit and vegetable estimates were based on
the average of two FFQs and two 1-week diet records. For
men, correlations were 0.35 and 0.36 for beta-carotene and

cryptoxanthin, respectively. Thus, our results of 0.38 and
0.50 for these two plasma carotenoids are consistent with
previous data on nonsmokers.

Other studies of fruit and vegetable intake and plasma
nutrients examined correlations with serum carotenoids and
included both smokers and supplement users (18, 19).
Tucker et al. (18) reported on the relation between total fruit
and vegetable intake, as estimated by the 126-item Willett
FFQ, in participants in the Framingham Heart Study. Ten
percent of the 201 men were smokers, and 11.9 percent used
beta-carotene supplements. Among men, after adjustment
for energy and other risk factors, correlations were r ! 0.25
for alpha- and beta-carotene, 0.16 for beta-cryptoxanthin,
0.17 for lycopene, and 0.14 for lutein-zeaxanthin. Resnicow

TABLE 2. Characteristics of the sample, for 116 men aged 35–72 years, Washington County,
Maryland, 1989

Age group (% in each 
category)

35–44 (19.0)
45–54 (32.8)
55–64 (33.6)
65–74 (6.9)
Missing (7.8)

Body weight (pounds)†
Fruit and vegetable

frequency (times/day)‡
Ascorbic acid (mg/dl)
Total carotenoids (mg/dl)
Beta-carotene (mg/dl)
Cryptoxanthin (mg/dl)
Alpha-tocopherol (mg/dl)
Gamma-tocopherol (mg/dl)

Mean (SD)* 25th percentile Median 
(50th percentile) 75th percentile Range

182 (24.4)

2.9 (1.9)
1.0 (0.4)

80.6 (34.0)
13.5 (11.4)
11.2 (9.1)

0.96 (0.2)
0.24 (0.1)

165

1.3
0.76

57.7
6.5
6.7
0.81
0.17

180

2.6
1.0

72.6
10.4

9.5
0.95
0.23

195

4.1
1.3

98.5
17.3
13.5

1.12
0.29

120–250

0.1–9.5
0.2–2.7

21.3–227
1.2–75.2
1.6–71.5

0.46–1.73
0.04–0.56

* SD, standard deviation.
† 1 pound = 0.454 kg.
‡ Frequency of consumption; does not take serving size into account.

TABLE 3. Spearman correlations and partial correlations between fruit/vegetable frequency of consumption and several plasma
antioxidants for 116 men aged 35–72 years, Washington County, Maryland, 1989

Unadjusted correlation 
with fruit and
vegetable frequency

Adjusted for
Age
Education
Body weight
Dietary energy intake
Dietary fat intake
Age and energy intake

Ascorbic
acid*

Total caro-
tene**

Lipid-
adjusted

total
carotene*

b-caro-
tene**

Lipid-
adjusted
crypto-

xanthin*

Crypto-
xanthin*

Lipid- 
adjusted
b-

carotene*

a-toc††,‡
Lipid-

adjusted 
a-toc†

Gamma-
toc***

Lipid-
adjusted
gamma-

toc†

0.59

0.59
0.58
0.61
0.62
0.60
0.64

0.34

0.37
0.33
0.35
0.34
0.34
0.37

0.40

0.43
0.40
0.42
0.41
0.40
0.44

0.35

0.34
0.35
0.36
0.36
0.34
0.36

0.38

0.36
0.38
0.38
0.39
0.37
0.38

0.43

0.43
0.41
0.43
0.44
0.42
0.46

0.46

0.47
0.45
0.47
0.49
0.46
0.50

0.06

0.03
0.07
0.06
0.06
0.05
0.03

0.26

0.22
0.27
0.26
0.28
0.25
0.24

"0.25

"0.26
"0.24
"0.25
"0.26
"0.24
"0.28

"0.20

"0.21
"0.18
"0.20
"0.20
"0.19
"0.22

* All correlations in this column, p < 0.0001.
** All correlations in this column, p < 0.001.
*** All correlations in this column, p < 0.01.
† All correlations in this column, p < 0.05.
†† All correlations in this column, p > 0.10.
‡ a-toc, alpha-tocopherol.
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et al. (19) studied fruit and vegetable intake and plasma
carotenoids in 775 African-American men and women in
Atlanta, Georgia. Smokers and vitamin supplement users
were included. A modification of the full-length Block/NCI
questionnaire was used, which contained 36 fruit and veg-
etable items. Correlations were r ! 0.34 for alpha-carotene,
0.31 for beta-carotene, 0.26 for beta-cryptoxanthin, and 0.21
for lutein. In a subset of 68 persons who completed three 24-
hour recalls, correlations between the 36-item fruit and veg-
etable questionnaire and these serum carotenoids were much
higher (r ! 0.52, 0.46, 0.43, and 0.30, respectively). Other
studies have examined serum nutrient relations with indi-
vidual foods (14, 15) or have conducted small feeding stud-
ies with subjects, many of whom were vitamin supplement
users (20).

To our knowledge, only one other study has examined
both plasma carotenoids and ascorbic acid in relation to fruit
and vegetable intake. In France, Drewnowski et al. (13)
studied a community-based sample of 837 subjects, of
whom 23.1 percent of the women and 41.6 percent of the
men were current smokers. Supplement use was not
reported. Data were collected by using a dietary history
interview. Correlations with energy-adjusted fruit and veg-
etable intake were r ! 0.36 for serum beta-carotene and
0.29 for ascorbic acid.

In our study, ascorbic acid was considerably more highly
associated with fruit and vegetable intake than were the
carotenoids. Thus, it is possible that ascorbic acid is as
important as or more important than carotenoids in confer-
ring the protective benefit of fruits and vegetables. Unless
studies examine plasma ascorbic acid in addition to other
plasma antioxidants, conclusions regarding the active agent
may be misleading. Interestingly, both this study and that of
Michaud et al. (17) found beta-cryptoxanthin to be more
highly correlated with fruit and vegetable intake than was
beta-carotene (although others have not observed this (18,
19)). In this context, it should be noted that the major con-
tributors of beta-cryptoxanthin are oranges and orange
juice. Thus, if ascorbic acid is high, beta-cryptoxanthin
may also be high. Without a measurement of plasma ascor-
bic acid, it may be difficult to attribute effects to the proper
nutrient.

This study does not directly address the potential efficacy
of ascorbic acid or other nutrients in affecting disease pre-
vention. That would require epidemiologic studies that
obtain a wide range of plasma nutrients and precursors of
endogenous antioxidant systems. The stronger association
of ascorbic acid with fruit and vegetable intake seen here
may imply that ascorbic acid is an important component of
the protective effect seen for fruits and vegetables in numer-
ous epidemiologic studies. However, it is also possible that
ascorbic acid appeared to be more strongly associated than
carotenoids because of differences in storage or metabolism
or in the difficulties of measurement. Ascorbic acid is water
soluble, with major stores in muscle tissue, and the rate of
utilization depends on numerous factors, including body
weight, smoking, vigorous exercise, exposure to stressors,
and, possibly, gender. Carotenoids are lipid soluble, with
storage in fatty tissue, and utilization also depends on smok-

ing and body weight, although possibly to a lesser extent. It
is possible that had carotenoids been measured in adipose
tissue, correlations with fruit and vegetable intake would
have been higher.

The inverse association of gamma-tocopherol with fruit
and vegetable intake is not well understood. In an unsup-
plemented diet, vegetable oils and salad dressings are the
main sources of both tocopherols, although vegetables do
provide some alpha-tocopherol. Supplementation with
alpha-tocopherol is known to suppress gamma-tocopherol
levels, and these data suggest an inverse relation between
alpha- and gamma-tocopherol, even in an unsupple-
mented diet. Some studies suggest that gamma-tocopherol
is a more potent antioxidant than alpha-tocopherol in
some assay conditions, but the inverse relation between
gamma-tocopherol and fruit and vegetable intake seen
here seems inconsistent with a beneficial effect of
gamma-tocopherol.

Often, investigators in major studies do not obtain
plasma ascorbic acid because of the belief that it is too dif-
ficult to process and too labile to be feasible. This study
shows that this is not the case. The CLUE II Study
obtained blood samples from 32,808 respondents in a
period of 6 months. Samples were obtained in multiple
sites across Washington County, including temporary
interviewing locations such as in mobile trailers. Blood
samples were transported to a central site as whole blood,
and processing was done centrally, usually within 6 hours
of collection. Ascorbic acid is stable in whole blood for
several hours (21), and after centrifugation, the processing
of samples for ascorbic acid involves only the preparation of
one additional tube containing a stabilizing agent (in our
case, metaphosphoric acid). Ascorbic acid in plasma pre-
pared in this way has been shown to be stable at –70˚C over
a period of several years.

In addition, investigators sometimes fail to include ascor-
bic acid because of the belief that blood levels represent
only the previous few hours or that fasting blood is essen-
tial. Again, this appears not to be the case. Most participants
in this study were not fasting at the time the blood was
drawn, and the correlations shown are with dietary estimates
from a questionnaire that asked about average intake in the
previous year. These data suggest that plasma ascorbic acid
is not as labile or as difficult to process in large studies as
has been feared and should be included when studies assess
antioxidant status.

A strength of this study is that the effect of fruit and veg-
etable intake on plasma nutrients could be examined without
the effect modification by smoking (22, 23) and without
confounding by supplement use (24). In addition, it is
notable that the plasma correlations shown here are with
reported frequency of consumption of fruits and vegetables,
not with dietary estimates of nutrient intake or with grams of
intake estimated using reported portion size. Thus, the
observed correlations are not influenced by possible inaccu-
racies in the nutrient database for carotenoids or by prob-
lems with portion size estimation. Furthermore, this
approach provides data that are directly relevant to the bulk
of epidemiologic literature; that body of literature has typi-
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cally been based on frequency rather than on portion-based
servings and has tended to find stronger etiologic associa-
tions with fruit and vegetable intake rather than with spe-
cific nutrient estimates.

While the list of fruits and vegetables on the CLUE II
questionnaire is not long (10 vegetable items and six fruit
items), it encompasses the major sources of these nutrients
in the US diet, including eight of the top 10 sources of
carotenoids and seven of the top 10 sources of vitamin C.
Not counting the two “any other fruit” and “any other veg-
etable” items, the remaining 14 items represent more than
two thirds of all the mentions of fruits and vegetables in
the Third National Health and Nutrition Examination
Survey database among men in this age group (Block,
unpublished data, 1997). If the “any other…” items are
considered, then, of course, the list represents the great
majority of all fruits and vegetables consumed in the
United States. Eight of the 14 specific foods on the ques-
tionnaire are major dark green or deep yellow vegetables
or fruits. Thus, while the higher correlation of ascorbic
acid with fruit and vegetable intake seen here is with this
particular list of fruits and vegetables, it should be noted
that the list actually encompasses a higher proportion of
carotenoids in the US diet (70.6 percent) than of vitamin C
(57.8 percent).

As in the study by Campbell et al. (16), subjects were
selected for this research by virtue of being either in the
upper or the lower quintile of the distribution of fre-
quency of fruit and vegetable intake. This approach tends
to result in correlations that are higher than might be
observed in studies that include the middle ranges of
intake. However, the approach may also make it possible
to see relations between intake and plasma most clearly,
unobscured by the greater misclassification found in the
middle ranges of intake. Estimates at the top and bottom
of a frequency-of-consumption distribution are easiest for
respondents to report and are reported with less error than
estimates in the middle ranges. For example, it is easy and
reasonably accurate to say “I eat carrots almost every
day” or “I eat carrots only once a year.” What is more dif-
ficult, and thus measured with more error, is deciding
whether carrots are eaten once a month or twice a month.
Thus, we believe that our sample selection approach gives
a more accurate picture of the plasma nutrients that may
be represented by questionnaires asking about fruits and
vegetables.

In summary, this study has found that while both
carotenoids and ascorbic acid are elevated in those with
higher fruit and vegetable intakes, ascorbic acid is consid-
erably more highly correlated with fruit and vegetable
intake than are the carotenoids. Thus, it is possible that
raising ascorbic acid levels may be an important mecha-
nism by which fruit and vegetable consumption confers
protective benefits. The study has also demonstrated the
feasibility of obtaining plasma vitamin C measures in
large-scale epidemiologic studies. Epidemiologic studies
should include measures of plasma or serum ascorbic acid,
in addition to other nutrients, to fully understand etiology
and mechanisms.
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fair number of chances,” Meier 
said in a 2003 interview in the 
journal Clinical Trials.3(p137) “For 
a fairly long time randomization 
was not thought of so highly,” he 
explained. He said that in 2001,

a very distinguished statistician 
told me that I had a major in-
fluence on the Food and Drug 
Administration’s policies on ran-
domized clinical trials. I don’t 
know how true that was, but if 
so, it would be something of 
which I am very proud,

adding that his success in en-
couraging the use of randomiza-
tion in clinical trials is the 
achievement he prized most 
highly.3(p137)

Together with Edward L. Ka-
plan of the California Radiation 
Laboratory, Meier also helped for-
mulate what the Society for Clini-
cal Trials terms “our most popular 
method of estimating survival 
functions from continuously ob-
served data.”4 Published in the 
Journal of the American Statistical 
Association4 in 1958, it went on 
to become one of the most widely 
cited articles in the medical litera-
ture. At the time of Meier’s death, 
the Kaplan-Meier article had been 
cited more than 34 000 times. 
Theo dore Karrison, PhD, director 
of the University of Chicago 
Depart ment of Health Studies’ 
Biostat Lab and one of Meier’s 
docto ral students, attested to 
the article’s continuing relevance 

IN 1951, WHEN PAUL MEIER 
received his doctorate in mathe-
matics from Princeton University 
and became one of the first stat-
isticians to enter medical re-
search, potential new medical 
treatments were evaluated in a 
very different fashion than they 
are today. At the time, research-
ers commonly followed practices 
such as giving a new remedy to 
patients they thought might ben-
efit from it and comparing the 
outcomes with other patients 
who were not treated. In other 
situations, patients who stopped 
taking a new medicine might be 
counted as controls who had 
never been exposed to it.

Meier, who died on August 7, 
2011, at the age of 87, had a 
profound impact on how clinical 
trials now evaluate the efficacy 
of new drugs and treatment 
methodologies throughout the 
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world. Meier’s “many published 
works and writings have had a 
huge influence on the application 
of statistics to medical research—
particularly the design, conduct, 
and analysis of randomized clini-
cal trials and in the advancement 
of evidence-based medicine in 
general,” according to the Society 
of Clinical Trials, which Meier 
helped found in 1978.1

Meier was tireless in his pro-
motion of the now-standard prac-
tice of randomly assigning pa-
tients enrolled in clinical trials to 
receive either the conventional 
remedy or the new treatment 
being evaluated. This is now con-
sidered the most rigorous way to 
conduct a study and the best way 
to gather evidence of a new drug 
or treatment’s effectiveness. “Per-
haps more than any other U.S. 
statistician, [Dr. Meier] influenced 
U.S. drug regulatory agencies, 
and hence clinical researchers 
throughout the U.S. and other 
countries, to insist on the central 
importance of randomized evi-
dence,” said Sir Richard Peto of 
Oxford University, who was also 
a leading advocate for random-
ization, in Meier’s New York 
Times obituary.2 “That strategic 
decision half a century ago has 
already saved millions of lives, 
and those millions should be at-
tributed to Paul,” Peto said.

“I defended randomization 
every chance I got, and I had a 

Paul Meier
A Man Behind the Method

Paul Meier. Courtesy of the University 
of Chicago. Printed with permission.

PAUL MEIER HAD A PROFOUND IMPACT on how clinical trials 
now evaluate the efficacy of new drugs and treatment methodologies 
throughout the world. Meier’s tireless promotion of the now-standard 
practice of randomly assigning patients enrolled in clinical trials to re-
ceive either the conventional remedy or the new treatment being evalu-
ated helped ensure its current status as the most rigorous way to gather 
evidence of a new drug or treatment’s effectiveness. Meier also helped 
formulate the Kaplan-Meier estimator, which is now the most popular 
method of estimating clinical trial participant survival. It is one of the 
most widely cited articles in the medical literature.
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Princeton University to pursue a 
doctorate in mathematics, where 
he studied under the celebrated 
mathematician John Tukey. Meier’s 
dissertation project involved a 
statistical problem suggested by 
William Cochran, the noted stat-
istician who chaired Johns Hop-
kins University’s Department of 
Biostatistics from 1948 to 1958. 
At the time, Meier was also very 
interested in “the notion that ran-
domization could clear away 
confounders that you did not 
know about.”3(p133) As one of a 
very few mathematicians focus-
ing on medical applications, 
Meier recognized the potential 
value of randomization’s applica-
tion in medicine.3

After Meier earned his doctor-
ate, he spent one more year at 
Lehigh University, where he had 
been teaching since 1948. Tukey 
recommended that he accept a 
position at Hopkins with Co-
chran, who was enthusiastic 
about Meier’s dissertation. 

I was a little nervous because 
by and large, biostatistics was 
not a field with a lot of mathe-
matics in it, and I wished more 
or less to be a mathematician, 

Meier said. But when Cochran 
insisted that going to Hopkins 
was a good idea, Meier accepted 
his first position as a statistician.3

In those early days, Meier said, 
“I was looked at with amazement 
by my medical colleagues,” when 
he brought up the idea of ran-
domization for assessing new 
medical treatments, he recalled. 
The physicians would say “‘Ran-
domize? We know that this treat-
ment is better than that one,’” he 
explained. “People who knew 
and respected me were as-
tounded that I should want to 
randomize their patients.”3(p133)

Then Meier became involved 
with the controversial 1954 Salk 

by noting: “If you open up at ran-
dom a medical journal you’re 
likely to see in at least one of the 
articles a citation to the Kaplan-
Meier paper” (oral communication, 
December 1, 2011).

Over his long and distinguished 
career, Meier earned many hon-
ors—as well as widespread admi-
ration for being quick on his feet. 

At professional meetings . . . he 
often astonished me by giving 
comments from the audience, 
which, though spontaneous, 
displayed a depth of reasoning 
and perfect eloquence, which 
few others could have matched 
with any amount of advanced 
preparation,

recalled Rick Chappell (written 
communication, November 8, 
2011; and oral communication, 
November 23, 2011), who was 
Meier’s last doctoral student and 
is now a professor of biostatistics 
and medical informatics at the Uni-
versity of Wisconsin at Madison.

Through it all, including the 
stroke in 1995 that robbed him 
of some of his eloquence, Meier 
was also a kind and gentle man, 
according to a statement issued 
by the Statistics Department at 
Columbia University,5 where 
Meier spent his final years (he 
also held a joint appointment at 
Columbia’s Mailman School of 
Public Health). Karrison, Chap-
pell, and Daniel Heitjan, PhD, a 
professor of biostatistics at the 
University of Pennsylvania’s 
Perelman School of Medicine, at-
tested that Meier was both widely 
respected and loved. “He was a 
person who cared about people
. . . and someone you could go to 
with a problem,” Karrison said.

A RELUCTANT 
BIOSTATISTICIAN

Meier graduated from Oberlin 
College in 1945 and went on to 

Meier´s Recollections of the Salk Polio Vaccine Trial

The 1954 field trial of Jonas Salk's polio vaccine “was the most elab-
orate trial that was ever done,” Meier recalled. One of the reasons 
that the trial was so complicated is because polio was very scarce, 
he explained. “I’ve not been involved in many trials like that and I’ve 
been involved in lots of multicenter studies,” he said.3(p133)

The situation was further handicapped because the diagnosis of 
polio is tricky, Meier said. “We need to have the entire country’s phy-
sicians participate, because we can’t look over every case where 
there’s some kind of paralysis. So physicians reported the cases they 
thought were polio according to the protocol, and we accepted those 
cases.” Meier estimated that “about half those cases were probably 
not polio at all.”3(p133)

But the biggest issue, for Meier, emerged during a seminar at-
tended by many of the researchers working on the project, where it 
became apparent that members of the team were suppressing the 
data related to some of the test vaccine lots. As soon became clear, 
the polio virus used in the trial vaccines was not always properly in-
activated. Jonas Salk, the vaccine’s inventor, “cut out data in order 
not to show what happened to some lots,” Meier charged.3(p134) He 
said that the National Foundation for Infantile Paralysis, which spon-
sored the study, dropped from its advisory committee scientists who 
did not agree with how the results were being presented.3

The field trial’s findings were reported to show the vaccine’s effec-
tiveness, over the objections of some of the committee members, 
Meier said. Soon after, the US Public Health Service reported cases 
of paralytic polio in children inoculated with the vaccine. The original 
cases were traced back to lots produced by Cutter Laboratories, of 
Berkeley, CA, one of six manufacturers licensed to produce the vac-
cine. However, Meier said that the problem was more widespread. 
He said: 

I got some data from a physician who was working on this, and we found that not only 
was Cutter wrong, but there were various other companies that had the same polio 
virus in their samples, although not as much as the samples from Cutter Laboratories. 
But because there were so many improperly diagnosed cases out there, and because 
the other manufacturers went around to various newspapers and threatened to cut 
their advertising, it was dumped on Cutter. Cutter was responsible because they did 
things in producing and testing the vaccine they were told not to do.3(p134)
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Clinical Trials in the 1970s, he 
wrote some influential articles 
about the ethics of performing 
them.7,8 In his spare time, Meier 
enjoyed music, particularly folk 
songs, and played the flute, re-
called Chappell, Heitjan, and 
Karrison. Meier was also a sailor, 
and he took out his small sail-
boat, The Salty Dog, in the wa-
ters near his summer home near 
Lake Michigan during his years 
at the University of Chicago. 
After Meier moved to New York 
City in 1992, he sailed in the 
Hudson River outside Dutchess 
County, New York.

Over the course of his 50-plus-
year career, Meier’s facility for 
explaining statistical concepts to 
people outside the discipline re-
sulted in calls to testify before 
the US Congress and popularity 
with journalists such as Gina Ko-
lata of the New York Times, Chap-
pell remembered. It also made 
him popular with clinicians, such 
as the University of Chicago 
medical school students he 
taught about clinical trials, Karri-
son said.

Meier’s stroke occurred three 
years after he retired from the 
University of Chicago in 1992 
and moved to Columbia Univer-
sity. There, he held appointments 
as both the Howard Levene Pro-
fessor of Statistics in the statistics 
department and head of the 
Mailman School of Public 
Health’s biostatistics department, 
and he remained active profes-
sionally for years after his stroke. 
“He still kept going to meetings,” 
Karrison recalled. Meier “strug-
gled courageously,” added Heit-
jan, who worked closely with 
him at Columbia (oral communi-
cation, November 22, 2012).

Heitjan collaborated with Meier 
during the Randomized Evalua-
tion of Mechanical Assistance for 
the Treatment of Congestive 

the University of Chicago in 
1957. He stayed there until 
1992, and taught at different 
schools and departments—includ-
ing the college, graduate school, 
law school, and medical school—
over the years. For more than a 
decade, he led the Department 
of Statistics as chair or acting 
chair.

In 1958, Meier published his 
highly cited article describing 
what is now known as the Ka-
plan-Meier estimator in the Jour-
nal of the American Statistical As-
sociation.4 Kaplan was also a 
student of Tukey at Princeton. 
Working independently, Meier 
and Kaplan solved a problem 
that was dogging medical re-
searchers at the time. The issue 
revolved around the fact that 
many participants in clinical trials 
do not participate in the experi-
ment for the same length of time 
because of the time required to 
recruit study volunteers. The Ka-
plan-Meier statistic enables re-
searchers to take into account 
observable time of survival and 
death.

Initially, Meier recalled, both 
he and Kaplan had submitted 
separate articles. The publica-
tion’s editor asked them to col-
laborate to produce one article. 
“I swallowed hard, and I guess 
Kaplan swallowed hard as well,” 
Meier said. “We worked quite 
hard and at one place he solved 
a problem that I couldn’t solve; 
other cases I solved problems he 
couldn’t.”3(p133)

LOVE FOR CLINICAL 
TRIALS

In the subsequent decades, 
Meier’s stature continued to 
grow, and he was involved in 
many clinical trials, which he 
called his “true love.” In addition 
to helping found the Society for 

Polio Vaccine field trials. The 
Society for Clinical Trials called 
the polio vaccine trial “the proj-
ect that put randomized trials on 
the map in this country” in part 
because of the key role Meier 
played by publishing a critical 
article in Science in 1957.6 The 
article reviewed “some aspects 
of the poliomyelitis vaccine test-
ing program which seem to have 
important implications for scien-
tists generally.”6(p1067) It indicted 
both the National Foundation 
for Infantile Paralysis and the 
government for withholding 

information from the participants. 
It also faulted the testing pro-
gram for accepting without scru-
tiny Salk’s assertion that the vac-
cine was “absolute[ly] safe,” and 
for not employing the expensive 
and difficult tests that had been 
suggested to ensure that the 
final product was free of residual 
live virus. Meier said that many 
journals turned his manuscript 
down and their editors warned 
him that publishing such an arti-
cle would limit his career path.3

Although Meier was denied 
tenure at Hopkins, he succeeded 
in securing an appointment to 

Honors and Awards

Meier was named as a fellow of the American Association for the Ad-
vancement of Science, the American Statistical Association, the Institute of 
Mathematical Statistics, the American Academy of Arts and Sciences, the 
Royal Statistical Society, and the John Guggenheim Memorial Foundation. 
He served as president of both the Institute of Mathematical Statistics 
and the Society for Clinical Trials. He was also elected to senior member-
ship in the National Academy of Sciences’ Institute of Medicine.5,11

He also held temporary appointments as a National Institutes of 
Health Special Fellow at the University of London and Imperial College; 
he was a visiting professor at Harvard University and Jerusalem’s He-
brew University; and he was a fellow of Stanford University’s Center for 
Advanced Study in the Behavioral Sciences.5,11
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physician–scientists came up to 
greet Meier, pay homage to him, 
and testify to how he had 
opened their eyes to the critical 
importance of the randomized 
clinical trial, Heitjan remem-
bered.

“Being with [Meier] lifted you 
up,” Heitjan summarized. Per-
haps just as important as his in-
tellect and accomplishments, 
Meier “was a genuinely good 
human being,” Karrison said. He 
was a “great and gentle man,” 
Chappell agreed.  Q
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In a recent article1 Dykes and Meier
discussed some of the clinical data pub-
lished since 1938 on the efficacy of
pharmacologic doses of ascorbic acid
in the prevention and treatment of the
common cold and both clinical data
and data obtained from intact animals
that relate to the possible toxicity of
ascorbic acid. They pointed out that in
several studies the subjects receiving
ascorbic acid had less illness than those
receiving the placebo, but they criti-
cized most of the studies with respect
to some details of design or execution
and concluded that there is little con-
vincing evidence of a protective effect
large enough to be clinically important.
They also stated that many hypothetical
adverse reactions to the intake of large
amounts of ascorbic acid have been
suggested, but that there is little evi-
dence about the possible incidence of
such reactions currently available.

The conclusions reached by Dykes
and Meier have been widely misrepre-
sented in press releases, newspapers,
and magazines. For example, it has
been said, on the basis of their paper
and another paper published at the
same time2, that "Vitamin C will not
prevent or cure the common cold".3 In
fact, their conclusion was that "Until
such time as pharmacologic doses of
ascorbic acid have been shown to have

obvious, important clinical value in the
prevention and treatment of the com-
mon  cold,  and  to  be  safe  in  a  large
varied population, we cannot advocate
its unrestricted use for such purposes."
Moreover, some significant studies in
this field were not mentioned by Dykes
and Meier, and some important aspects
of the studies discussed by them were
also not mentioned by them. My con-
clusions, presented below, from the
thorough analysis of the existing infor-
mation, are somewhat different from
those of Dykes and Meier.

Dykes and Meier mention that the
evaluation of efficacy may be made
uncertain by its partial dependence on
subjective reports by the patients. The
number of colds is especially unreliable
because of uncertainty as to whether or
not to record as a cold a mild indispo-
sition lasting only one or two days. I
consider the average number of days
of illness per person (the integrated
morbidity4) to be the best quantity to
use in determining the relative efficacy
of ascorbic acid and placebo. This
quantity, which can be assessed in a
reasonably objective way (by signs re-
corded by the physician, number of
days of absence from school or work,
etc.), is emphasized in the following
discussion.

COWAN, DIEHL, AND BAKER

In the study by Cowan, Diehl, and
Baker5 208  students  in  the  University
of Minnesota received about 200 mg
of vitamin C per day for 28 weeks and
155 students received a placebo. Dr.
Cowan has written me that the study
was a double-blind one. The average
number of days lost from school per
person was 1.1 for the ascorbic-acid
group and 1.6 for the placebo group,
with standard deviations not given. 1fhis
measure of the integrated morbidity
thus shows 31% (range 26 to 36%)
less illness per subject for the ascorbic-
acid subjects than for the placebo sub-
jects. The information given in the pa-
per does not permit an accurate calcu-
lation to be made of the statistical sig-
nificance of the rejection of the null
hypothesis that ascorbic acid and the
placebo have the same effect. I have
made the conservative estimate4 that  P
is less than 0.02.

Dykes and Meier have criticized this
study on several points. I may add that
the investigators were at fault in not
reporting their observations precisely
(rounding off the average number of
days of illness and not giving the stand-
ard deviations).

FRANZ, SANDS, AND HEYL

Franz, Sands, and Heyl carried out
a double-blind study in Dartmouth
Medical School with 89 volunteer med-
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Brief descriptions are given of the thirteen controlled trials that have been made
of ascorbic acid in comparison with a placebo in relation to the common cold, with
the ascorbic acid or placebo given to subjects over a period of time and with the
subjects in good health at the beginning of the trial and exposed to cold viruses in
the ordinary way. The integrated morbidity (amount of illness per person) found
in these trials was an average of 36% less for the ascorbic-acid subjects (average
intake 1 g per day) than for the placebo subjects. Several investigators have re-
ported that no serious adverse effects of ascorbic acid were observed. So far there
is no significant evidence for the various adverse reactions that have been hypothe-
sized. The apparent benefit in health from an increase in intake of ascorbic acid
justifies its widespread use.



ical students.6 They were divided in a
random way into four groups, receiving
ascorbic acid (205 mg per day), as-
corbic acid and a bioflavonoid, a pla-
cebo, or the bioflavonoid alone. No ef-
fect of the bioflavonoid was observed.
The number of colds in the combined
ascorbic-acid groups was 14 (for 44
subjects) and that in the placebo groups
was 15 (for 45 subjects). The number
of colds not cured or improved in 5
days was only 1 for the ascorbic-acid
group, much less than the value 8 for
the placebo group. The authors state
that "those receivin:: ascorbic acid
showed more rapid improvement in
their colds than those not receiving it
.. . statistically significant at the 0.05
level." My estimate of the statistical
significance (based on the assumption
mentioned in the following paragraph)
is P (one-tailed) = 0.01. Dykes and
Meier state that I apparently used an
erroneous summary result; their treat-
ment of the data gives P (one-tailed)
< 0.0283, P (two-tailed) < 0.0566.
We all agree that the null hypothestis
of equal effect jaf ascorbic acid and
placebo is to be rejected.

I have estimated the average num-
ber of days of illness per person for the
two groups by making the assumption
that the distribution function for colds
in respect to their duration is the one
given by observations made in another
investigation.7 This calculation leads to
the conclusion that the integrated mor-
bidity per person was 40% less for the
ascorbic-acid subjects than for the pla-
cebo subjects.

RlTZEL

Ritzel8 reported observations made
in a double-blind study on 279 school-
boys, 15 to 17 years old, on two week-
long stays in a ski camp. Half of the
subjects (139) received 1 g of ascorbic
acid each day, and the other half (140)
a placebo. There were 17 colds in the
ascorbic-acid subjects •(total days of
illness 31) and 31 -colds in the placebo
subjects (total days of illness 80). The
number of total individual signs and
symptoms recorded by the physicians
in their daily inspections of the subjects
was 42 for the ascorbic-acid subjects
and 119 for the placebo subjects. The
integrated morbidity is 63% less for the

ascorbic-acid group than for the pla-
cebo group (average of 61.0% from
average days of illness per person and
64.5% from average number of re-
corded signs and symptoms). The sta-
tistical significance of this difference is
high, P (one-tailed) < 0.01.

Dykes and Meier criticize Ritzel on
several points, and do not mention the
results that he reported. One criticism
is that he does not give in his tables
the total number of colds in each group.
They state that "Pauling infers the
number of subjects by dividing 'illness
days' by 'mean illness days' and con-
cludes that there is a significant dif-
ference in proportions of subjects ex-
periencing colds. If his interpretation
is correct, the difference is indeed sig-
nificant."

It is hard for me to understand why
Dykes and Meier should suggest that
my interpretation might be incorrect.
It involves a very simple calculation.
Ritzel states (in his Table 1) that the
total number of days of illness for the
ascorbic-acid subjects was 31. He also
states  (page  66)  that  the  average  num-
ber of days per episode of illness was
1.8. The ratio 31/1.8 is 17.2; that is,
there were 17 episodes of illness in this
group. A similar calculation gives 31
colds for the placebo subjects (80 total
days of illness, 2.6 average number of
days per episode). It is safe to assume
that no subjects had two colds in the
same week. With this assumption, the
null hypothesis of equal probability of
colds for the two groups is rejected at
the level P (one-tailed) < 0.015.

Dykes and Meier mention that I give
great weight to the Ritzel study. I do
give great weight to it, and I find it
strange that they should reject it on
the basis of trivial complaints, such as
their apparent failure to understand
the simple calculation described above.

ANDERSON, REID, AND BEATON

In the 1972 double-blind Toronto
study9'10 407 subjects received ascorbic
acid (1 g per day plus 3 g per day for 3
days at the onset of any illness) and 411
subjects received a closely matching
placebo. The duration of the study was
four months. The number of days
confined to house per subject was 30%
less for the ascorbic-acid group than for
the placebo group, and the number

of days off work per subject was 33%
less. The authors mention that these
differences have high statistical signifi-
cance (P< 0.001).

Dykes and Meier present these re-
sults with little comment, except to
state that the observed effect is con-
siderably less than had been predicted
by me.4 This is true; I predicted about
twice as much protection, on the basis
of the study by Ritzel. I surmise that
two effects may be involved in this
difference. First, the amount of protec-
tion, relative to the placebo subjects, is
probably less when the basic intake of
ascorbic acid is high (Toronto) than
when it is low (Switzerland), and sec-
ond, the observed protection is prob-
ably less in a long test (4 months) than
in a short one (one week).

Anderson, Reid, and Beaton re-
ported also a smaller amount (by 40%)
of non-respiratory illness in the ascor-
bic-acid subjects than in the placebo
subjects.

ANDERSON, SURANYI, AND BEATON

A second double-blind study, with
over 2000 subjects, was also carried
out in Toronto.11 In this very large
study there were two placebo groups,
one with 285 and the other with 293
subjects, and six ascorbic-acid groups
(receiving various amounts), with 275
to 331 subjects. The study continued
for three months.

A complication in the analysis of this
study is presented by the fact that the
results observed for the two placebo
groups do not agree with one another.
One placebo group had the greatest
amount of illness of all eight groups,
and the other had the smallest amount.
The authors conclude that their ob-
servations are compatible with an effect
of small magnitude (less than 20%)
from both the prophylactic regimen
(250 mg, 1 g, or 2 g of ascorbic acid
per day) and the therapeutic regimen
(4 or 8 g on the first day of illness),
with an effect of somewhat greater mag-
nitude from the combined regimen (1 g
per day and 4 g on the first day of ill-
ness).  They  state  also  that  there  was
no evidence of side effects from the 1 g
or  2  g  of  ascorbic  acid  per  day  and
no evidence of a rebound increase in
illness during the month following with-
drawal of the daily vitamin supplement.



The authors give the amounts of ill-
ness per subject (days of symptoms,
days indoors, days off work) relative
to the first placebo and relative to tj)e
first plus the second (there is sonpe
reason to suspect that the second pla-
cebo group was not a representative
sample of the general population). I
have averaged these two sets of values,
and have obtained 9% as the average
decrease in integrated morbidity of the
ascorbic-acid subjects.

WILSON, LOH, AND FOSTER

Some studies involving several hun-
dred students in four boarding schools
in Dublin have been reported by Wilson
and his collaborators.1213-U As  is  men-
tioned  by  Dykes  and  Meier,  their  anal-
ysis of prophylactic benefit is much
complicated by the subdivision of colds
into three somewhat overlapping cate-
gories, catarrhal, toxic, and whole. The
investigators state that the girls, in two
schools were benefited, with statistical
significance, by ascorbic acid, and that
the boys, in the other two schools, were
not. I have not been able to abstract
from their papers any reliable value of
the integratedmiorbidity for their sub-
jects.

COULEHAN, REISINGER, ROGERS,
AND BRADLEY

A double-blind study of 641 children
in a Navajo boarding school was car-
ried out over a 14-week period.15 The
younger children received 1 g and the
older children 2 g of ascorbic acid (or
placebo) per day. The number of days
of illness per subject was 28% less for
the ascorbic-acid group of younger chil-
dren than for the placebo group, and
34% less for the older children (weight-
ed average 30%). The statistical sig-
nificance of this difference is uncertain.

KARLOWSKI ET AL.

The results of a double-blind nine-
months study with 190 employees of
the National Institutes of Health have
been reported recently by Karlowski,
Chalmers, Frenkel, Kapikian, Lewis,
and Lynch.2 The  study  was  well  de-
signed and well executed except for
the use of a poor placebo, easily dis-
tinguished from ascorbic acid by taste.
Ascorbic acid, 1 g per day, was taken
by 101 subjects (groups C and D,
Table 1 ) of whom 57 (group D) also
received an additional 3 g per day for
the first five days of any illness, be-

ginning, however, only after the sub-
jects had returned to the pharmacy to
have their symptoms and clinical ob-
servations recorded and to receive their
supplemental capsules. A group (A)
of 46 received only placebo capsules,
and a group (B) of 43 received daily
placebo capsules and ascorbic-acid
supplementary capsules.

The reported average number of
colds and average days of illness per
cold are given in Table 1. The product
of these (sixth column) is the average
number of days of illness per person,
which is a measure of the integrated
morbidity. The subjects regularly tak-
ing 1 g of ascorbic acid per day (group
C) had 21% less illness than the con-
trol group (A). Nearly the same
amount of decreased illness was found
for the group taking only supplemental
ascorbic acid (B, 16% ) and the group
taking both daily and supplemental as-
corbic acid (D, 22%). The weighted
average, 20%, of these three values is
the observed decrease in integrated
morbidity for all ascorbic-acid subjects
relative to the placebo subjects. The
statistical significance of this decrease
cannot be calculated because the in-
vestigators do not give standard devia-
tions of the averages or equivalent in-
formation.

Many of the subjects had tasted the
contents of their capsules and correctly
interpreted the taste. Much of the de-
creased illness was found in the sub-
jects who learned in this way that they
were receiving ascorbic acid. The in-
vestigators indicate that much of the
apparent protective effect of ascorbic
acid might be the result of a psycho-
logical effect, the power of suggestion.
I doubt, as do some others, that such
psychological effects can operate sig-
nificantly in a large population over
periods of several months, and I accept

the results of the National Institutes of
Health study with about as much con-
fidence as the others.

Karlowski et al. conclude "that as-
corbic acid had at best only a minor
influence on the duration and severity
of colds, and that the effects demon-
strated might be explained equally well
by a break in the double blind." They
also say that "the effects of ascorbic
acid on the number of colds seem to
be nil," and this statement has been
quoted in the AMA press release3 with-
out the additional information about
the number of colds given by Karlow-
ski  et  al.  In  fact  (Table  1),  the  group
receiving prophylactic ascorbic acid
had 16% fewer colds than the control
group, and the three ascorbic-acid
groups together had 10% fewer. It is
not correct to say that the effects seem
to be nil.
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Efficacy of Vitamin C in Counteracting Tetanus
Toxin Toxicity
P. K. DRY

Department of Physiology, University College of Science,
Calcutta

The author has shown [7] that ascorbic acid is most effective
as prophylactic and therapeutic agent in nullifying the lethal
and convulsive properties of strychnine. He now examined
the efficacy of ascorbic acid in counteracting the toxic action
of tetanus toxin since SHERRINGTON [2] observed that the
effects of strychnine poisoning are similar to those appearing
in tetanus toxin toxicity and BROOKS et al. [3] confirmed the
findings of SHERRINGTON that the action of tetanus toxin in
the spinal cord closely resembles that of strychnine. Also,
JUNGBLUT [4] has shown that the toxin is destroyed in vitro
by vitamin C.
Adult rats were used in all the experiments. Diet, temp, and
space allowed for movement were kept uniform. The gastroc-
nemius muscle was the site used for the intramuscular ad-
ministration of toxin.
Group 1. 5 rats were given 2MLD (minimum lethal dose) of
tetanus toxin, rhe symptoms of toxicity were then noted. —
Group 2: 5 rats were given simultaneously 2MLD of toxin and 1
gm/kg of vitamin C intraperitoneally. Then for subsequent
three days, vitamin C (l gm/kg) was only administered twice
daily  i .  p.  — Group 3: 5 rats  were administered ascorbic
acid l gm/kg twice daily for three days. Then 2MLD of toxin
was given, followed again by administration of vitamin C for
subsequent three days at the previous dose. — Group 4: 5 rats
were given 2MLD of toxin. Usally after 16 to 26 hours, local
tetanus appeared in the affected leg. When such beginning
of symptoms were noted, vitamin C (1 gm/kg) was given i. p.
twice daily for 3 days. — Group 5: 10 rats were given 2MLD
of toxin. After 40 to 47 hours, general tetanic symptoms
markedly developed, vitamin C (300 mg) was administered
intravenously after anaesthetizeing the animal with Na-thio-
pental.
Results: Group 1. Following tetanus toxin, local tetanus ap-
peared in 16 to 26 hours. The affected leg was in fixed position
and toes were extended. Within 27 to 39 hours, the tail, ex-
tremity and hip deviated to the injection side. Both extre-
mities assumed a parallel extended position. In 40 to 47 hours,
spasticity of the abdominal and thoracic musculature and
flexor muscles of the spine and neck was seen. Tachycardia,
dyspnoea, and convulsions were oberved. Death followed in
47 to 65 hours. — Group 2: All the animals survived. Only
very mild local tetanus were seen at the affected leg after
18 hours. — Group 3: All the animals survived. No symptoms
of toxicity appeared. — Group 4: When the initial symptoms
of local tetanus appeared, administration of vitamin C pre-
vented the further spread of the symptoms and they finally
survived. — Group 5: Administration of vitamin C through

intravenous route at an advanced stage of tetanus led to the
survival of the animals.
From the above results, it definitely appears that vitamin C
can be effectively used as a simple prophylactic and thera-
peutic tool to combat the neurotoxic effects of tetanus toxin.
Thanks  are  due  to  Prof.  S.  R. MOITRA for his interest in this
work.

Eingegangen am 31. Marz 1966

[1] DEY, P. K.: (a) Naturwissenschaften 52, 164 (1964); — (b) Ind.
J. Exptl. Biol. (communicated, 1966). — [2] SHERRINGTON, C. S.:
The Integrative Action of Nervous System, p. 303, 112. New York:
Yale University Press 1906. — [3] BROOKS, B. V., D. R. CURTIS, and
J. C. ECCLES: Nature 175, 120 (1955)- — [4] JUNGBLUT, C. W.:
J. Immunol. 33, 203 (1937).
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$EVWUDFW
7HQ�SDWLHQWV�ZLWK�QHXWURSKLO�G\VIXQFWLRQV�DQG�UHFXUUHQW�S\RJHQLF�LQIHFWLRQV��PDLQO\�RI�WKH�VNLQ
PLGGOH�HDU��DQG�UHVSLUDWRU\�WUDFW��DUH�GHVFULEHG��7KH�PRVW�IUHTXHQWO\�DIIHFWHG�IXQFWLRQV�ZHUH
FKHPRWD[LV�DQG�EDFWHULDO�NLOOLQJ��3KDUPDFRORJLF�UHVWRUDWLRQ�RI�IXQFWLRQDO�GHIHFWV�ZDV�WULHG�LQ�DOO
FDVHV��/HYDPLVROH�ZDV�JLYHQ�LQ�WZR�FDVHV�DQG�DVFRUELF�DFLG�LQ�WKH�RWKHU�HLJKW�FDVHV��'XULQJ�D
IROORZ�XS�RI�DW�OHDVW����PRQWKV��VHYHQ�SDWLHQWV�VKRZHG�D�FRPSOHWH�UHVWRUDWLRQ�RI�QHXWURSKLO
IXQFWLRQ�DQG�D�ORQJ�ODVWLQJ�FOLQLFDO�UHPLVVLRQ��2QH�RI�WKH�WZR�SDWLHQWV�ZLWK�&KURQLF�*UDQXORPDWRXV
'LVHDVH�KDV�EHHQ�IUHH�IURP�LQIHFWLRQV�IRU���\HDU��GHVSLWH�SHUVLVWHQW�QHXWURSKLO�G\VIXQFWLRQ��ZKLOH
WKH�RWKHU�GLG�QRW�GLVSOD\�FRQVLVWHQW�FOLQLFDO�LPSURYHPHQW��$QRWKHU�SDWLHQW��ZKR�ZDV�JLYHQ�DVFRUELF
DFLG�IRU�D�VKRUW�SHULRG�RQO\�GXH�WR�QRQ�FRPSOLDQFH��VKRZHG�QHLWKHU�ODERUDWRU\�QRU�FOLQLFDO
LPSURYHPHQW�
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GDWD�IURP���ZHUH�FRQVLGHUHG�ZHOO�HQRXJK�JDWKHUHG�WR�EH�FUHGLWDEOH�DQG�WR�ZDUUDQW�
FRPELQLQJ�IRU�DQ�RYHU�DOO�DVVHVVPHQW�RI�HIILFDF\��'LIIHUHQFHV�LQ�PHDQ�SURUDWHG�QXPEHUV�RI�
FROGV�SHU�\HDU�DQG�GXUDWLRQV�RI�LOOQHVV�ZHUH������SOXV�RU�PLQXV�������SOXV�RU�PLQXV���
VWDQGDUG�HUURU��DQG������SOXV�RU�PLQXV�������UHVSHFWLYHO\��IDYRULQJ�DVFRUELF�DFLG�RYHU�WKH�
SODFHER��7KHVH�DUH�PLQRU�DQG�LQVLJQLILFDQW�GLIIHUHQFHV��EXW�LQ�PRVW�VWXGLHV�WKH�VHYHULW\�RI�
V\PSWRPV�ZDV�VLJQLILFDQWO\�ZRUVH�LQ�WKH�SDWLHQWV�ZKR�UHFHLYHG�WKH�SODFHER��,Q�RQH�VWXG\�
ODVWLQJ���PRQWKV��D�ODUJH�QXPEHU�RI�WKH�YROXQWHHUV�WDVWHG�WKHLU�FDSVXOHV�DQG�FRUUHFWO\�
JXHVVHG�ZKDW�JURXS�WKH\�ZHUH�LQ��$OO�GLIIHUHQFHV�LQ�VHYHULW\�DQG�GXUDWLRQ�ZHUH�HOLPLQDWHG�
E\�DQDO\]LQJ�RQO\�WKH�GDWD�IURP�WKRVH�ZKR�GLG�QRW�NQRZ�ZKLFK�GUXJ�WKH\�ZHUH�WDNLQJ��6LQFH�
WKHUH�DUH�QR�GDWD�RQ�WKH�ORQJ�WHUP�WR[LFLW\�RI�DVFRUELF�DFLG�ZKHQ�JLYHQ�LQ�GRVHV�RI���J�RU�
PRUH�SHU�GD\��LW�LV�FRQFOXGHG�WKDW�WKH�PLQRU�EHQHILWV�RI�TXHVWLRQDEOH�YDOLGLW\�DUH�QRW�ZRUWK�
WKH�SRWHQWLDO�ULVN��QR�PDWWHU�KRZ�VPDOO�WKDW�PLJKW�EH�
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SK\VLRORJLFDO�UHVSRQVHV�WR�KHDW�VWUHVV��&RQVHTXHQWO\��WKH�HIIHFW�RI�DVFRUELF�DFLG�LQJHVWLRQ�
RQ�KHDW�VWUDLQ�LQGLFDWRUV�KDV�EHHQ�VWXGLHG�RQ�D�JURXS�RI����PLQLQJ�UHFUXLWV�XQGHUJRLQJ�
FOLPDWLF�URRP�DFFOLPDWL]DWLRQ��2I�WKH����PHQ�����UHFHLYHG�D�GDLO\�GRVH�RI�����PJ�DVFRUELF�
DFLG�����D�GDLO\�GRVH�RI�����PJ�DVFRUELF�DFLG��DQG����UHFHLYHG�D�SODFHER�GDLO\��
0HDVXUHPHQWV�RI�UHFWDO�WHPSHUDWXUH��KHDUW�UDWH��DQG�KRXUO\�VZHDW�UDWH�ZHUH�PDGH�RQ�DOO�
VXEMHFWV�GXULQJ�WKH���K�RI�KHDW�H[SRVXUH�SHU�GD\�IRU����GD\V��7KH�ZHW�EXOE�WHPSHUDWXUH�ZDV�
�����GHJUHHV�&��WKH�GU\�EXOE������GHJUHHV�&��WKH�DLU�PRYHPHQW�����P�V��DQG�WKH�ZRUN�UDWH�
���:��7KH�UHVXOWV�LQGLFDWH�WKDW�WKH�UDWH�DQG�GHJUHH�RI�DFFOLPDWL]DWLRQ��DV�DVVHVVHG�E\��WK�K�
UHFWDO�WHPSHUDWXUH��LV�HQKDQFHG�E\�DVFRUELF�DFLG�VXSSOHPHQWDWLRQ�DQG�WKDW�QR�GLIIHUHQFHV�LQ�
UHVSRQVH�FRXOG�EH�VKRZQ�EHWZHHQ�GDLO\�GRVDJHV�RI�����DQG�����PJ�RI�YLWDPLQ�&�
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+LVWDPLQH�EURQFKLDO�WKUHVKROG��WKH�SURYRFDWLRQ�FRQFHQWUDWLRQ�RI�KLVWDPLQH�FDXVLQJ�D�����IDOO�LQ
PD[LPDO�H[SLUDWRU\�IORZ�DW�����RI�IRUFHG�YLWDO�FDSDFLW\�IURP�WKH�FRQWURO�YDOXH��3&��0()�����ZDV
PHDVXUHG�LQ�VHYHQ�KHDY\�VPRNHUV�DQG�LQ�VHYHQ�VH[��DQG�DJH�PDWFKHG�QRQVPRNHUV�EHIRUH�DQG
RQH�KRXU�DIWHU�LQJHVWLRQ��GRXEOH�EOLQG��RI�YLWDPLQ�&����J��RU�SODFHER��6PRNHUV�KDG�VLJQLILFDQWO\
ORZHU�EDVHOLQH�YDOXHV�RI�VHUXP�DVFRUEDWH��PD[LPDO�H[SLUDWRU\�IORZ�DW�����RI�IRUFHG�YLWDO�FDSDFLW\
�0()����DQG�3&��0()����WKH�ODWWHU�ZDV�QHJDWLYHO\�UHODWHG�WR�VHUXP�DVFRUEDWH��U� ��������S�OHVV
WKDQ���������$FXWH�WUHDWPHQW�ZLWK�YLWDPLQ�&�SURGXFHG�D�VLJQLILFDQW�GHFUHDVH�LQ�3&��0()���LQ
VPRNHUV������FRQILGHQFH�OLPLW��&/��IURP�����������WR�����������PJ�PO����S� ���������ZKLOVW�LW�KDG
QR�HIIHFW�LQ�QRQVPRNHUV��$�SUHOLPLQDU\�RSHQ�VWXG\�RQ�WKH�HIIHFW�RI�SURORQJHG�DGPLQLVWUDWLRQ�RI
YLWDPLQ�&����J�GDLO\��ZDV�SHUIRUPHG�LQ�VPRNHUV��2QH�ZHHN�RI�WUHDWPHQW�SURGXFHG�D�IXUWKHU
VLJQLILFDQW�GHFUHDVH�LQ�3&��0()����S�OHVV�WKDQ����������2XU�UHVXOWV�VXJJHVW�WKDW�LQ�KHDY\
VPRNHUV�KLVWDPLQH�EURQFKLDO�UHVSRQVLYHQHVV�PD\�EH�DWWHQXDWHG�E\�FKURQLF�DVFRUEDWH�GHILFLHQF\�
,Q�WKHVH�FLUFXPVWDQFHV��DFXWH�DQG�VKRUW�WHUP�WUHDWPHQW�ZLWK�YLWDPLQ�&�PD\�LQFUHDVH�WKH
EURQFKRFRQVWULFWLYH�UHVSRQVH�WR�LQKDOHG�KLVWDPLQH�
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DVFRUELF�DFLG�LQ�WKH�SUHYHQWLRQ�DQG�WUHDWPHQW�RI�WKH�FRPPRQ�FROG��$OWKRXJK�RQH�VWXG\�
WHQWDWLYHO\�VXSSRUWV�WKH�K\SRWKHVLV�WKDW�VXFK�GRVHV�RI�DVFRUELF�DFLG�PD\�EH�HIILFDFLRXV��D�
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WKHUH�LV�FXUUHQWO\�OLWWOH�DGHTXDWH�HYLGHQFH�RQ�HLWKHU�WKH�SUHVHQFH�RU�WKH�DEVHQFH�RI�VHULRXV�
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DGYRFDWHG�RQ�WKH�EDVLV�RI�WKH�HYLGHQFH�FXUUHQWO\�DYDLODEOH�
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ABSTRACT

Background: We have previously found a 28% reduction in common cold incidence 

with 50 mg/day vitamin E supplementation in a subgroup of the Alpha-Tocopherol Beta-Carotene 

Cancer Prevention (ATBC) Study cohort: older city-dwelling men (≥65 years) who smoked 

only 5–14 cigarettes/day.

Objective: To carry out more detailed analyses to explore the modification of vitamin E 

effect by age, smoking, and residential neighborhood.

Methods: We examined the effect of vitamin E on common cold risk in subjects consisting 

of the placebo and vitamin E arms (n = 14,573) of the ATBC Study, which recruited males 

aged 50–69 years who smoked ≥5 cigarettes/day at the baseline. The ATBC Study was conducted 

in southwestern Finland in 1985–1993; the active follow-up lasted for 4.7 years (mean). 

We modeled common cold risk as a function of age-at-follow-up in the vitamin E arm 

compared with the placebo arm using linear splines in Poisson regression.

Results: In participants of 72 years or older at follow-up, the effect of vitamin E diverged. 

Among those smoking 5–14 cigarettes per day at baseline and living in cities, vitamin E 

reduced common cold risk (RR = 0.54; 95% CI 0.37–0.80), whereas among those smoking 

more and living away from cities, vitamin E increased common cold risk (RR = 1.58; 1.23–2.01).

Conclusions: Vitamin E may cause beneficial or harmful effects on health depending on 

various modifying factors. Accordingly, caution should be maintained in public health 

recommendations on vitamin E supplementation until its effects are better understood.
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INTRODUCTION

Animal studies have found that vitamin E may affect susceptibility to and severity of 

diverse viral and bacterial respiratory infections (1-5). Although several studies found 

that vitamin E may have beneficial effects on various laboratory measures of the immune 

system in animals and humans (5,6), harmful effects on the immune system have also 

been reported (7,8). Two animal studies found positive effects on the immune system 

with moderate vitamin E doses, but adverse effects with large doses (9,10).

Only a few trials have examined the effect of vitamin E supplementation on clinical 

infectious disease outcomes, such as respiratory and urinary tract infections (5,11-15) 

and tuberculosis (16) in human subjects. On the whole, these trials found no unequivocal 

benefit from vitamin E and, paradoxically, one trial found an increase in the severity 

of acute respiratory illness with 200 mg per day of vitamin E (12). Three trials examined 

the effect of vitamin combinations containing vitamin E on respiratory infections; 

however, no specific conclusions of vitamin E can be drawn of these trials (17-19).

We previously found no overall effect on common cold risk with 50 mg per day of 

vitamin E in the Alpha-Tocopherol Beta-Carotene Cancer Prevention (ATBC) Study (20).

However, in a small subgroup of older city-dwelling men (≥65 years) who smoked only 

5–14 cigarettes per day, vitamin E supplementation was associated with a statistically 

highly significant, but quantitatively modest, reduction in common cold incidence 

(RR = 0.72; 95% CI: 0.62–0.83) (20). Whether this observation resulted from 

a physiological effect or emerged by chance from a series of subgroup analyses 

remained an open question. Since the number of common cold episodes recorded 

in the ATBC Study was very high, we carried out more detailed analyses to explore 

the possibility that vitamin E effect is modified by age, smoking, and residential 

neighborhood.
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PARTICIPANTS AND METHODS

Study Participants and Intervention Groups
The design and methods of the ATBC Study examining the effects of vitamin E (dl-α-tocopheryl acetate (AT), 
50 mg/day) and β-carotene (BC, 20 mg/day) on the incidence of lung cancer and other cancers have already been 
described in detail (20,21). In brief, the trial participants were recruited in 1985–88 from the total male population 
aged 50–69 years living in southwestern Finland (n = 290,406). To be eligible, participants had to smoke ≥5 cigarettes 
per day at entry. The eligible participants (n = 29,133) were randomized to one of four intervention arms and 
administered placebo, AT, BC, or AT + BC. The planned intervention continued for 5 to 8 years (median 6.1 years) 
until April 30, 1993, with 3 follow-up visits annually, but because of deaths and drop-outs the active follow-up lasted 
for 4.7 years (mean). The trial was approved by the institutional review boards of the participating institutions; 
all participants gave written informed consent. At baseline, prior to randomization, the men completed a questionnaire 
on their medical and smoking histories and general background characteristics. In the current analysis we excluded 
participants who were administered β-carotene to avoid any problems caused by potential interaction between 
vitamin E and β-carotene, so that we restricted ourselves to the placebo and AT arms of the trial (n = 14,573; Table 1).

Outcome Definition and Smoking Status Evaluation during Follow-Up

At each follow-up visit to the local study center, 3 times per year with 4-month intervals (Table 1), the participant was 
asked "Have you had a common cold since the previous visit, and if so, how many times?" The occurrence of "other 
upper respiratory tract infection" and "acute bronchitis" was also asked about. The number of colds reported at each 
follow-up visit was used as the outcome for this study. This outcome, self-reported colds, is based on subjective 
symptoms and not on any laboratory findings. However, since it is the subjective symptoms that lead a person to seek 
medical attention and obtain sick-leave, in this respect the subjective outcome is most relevant for public health 
purposes. The manifestations of the common cold are so typical that self-diagnosis by the patient is usually correct (22).
During 69,094 person-years of active follow-up covered by visits to the study centers, 55,770 common cold episodes 
were recorded.

At each follow-up visit, the participant was asked: "Have you been smoking since the previous visit?" with the 
following alternative responses provided: 1) no, 2) yes, but now I have quit, 3) yes, continuously (Table 1). In this study
we used responses 1) and 3) when exploring the effect of smoking cessation before the follow-up visit.

Statistical Methods

Because we analyzed the modification of vitamin E effect by age, and the ATBC Study lasted for some 6 years, 
in the current analyses we used the age of participant at the follow-up visit. This is the biological age at the point 
of time when the outcome for the preceding 4-month period is evaluated.

The number of common cold episodes was modeled using Poisson regression. The risk ratio (RR) and the likelihood 
ratio-based 95% confidence interval (95% CI) were calculated using the SAS PROC GENMOD program (release 8.1, 
SAS Institute, Inc., Cary, NC). Linear spline-modeling (23) was carried out for the four groups defined by baseline 
smoking and residential neighborhood as follows.

First, using a base model containing the mean vitamin E-effect, and a linear trend to adjust for the average reduction 
in common cold incidence with age, we added ten linear splines to both trial arms at 2 year-intervals starting 
at 52 years of age-at-follow-up. Thereafter, linear spline terms for the vitamin E arm were added to the same knots, 
and the statistical significance of the vitamin E—age-at-follow-up interaction was calculated from the change in the 
–2 × Log(Likelihood) difference. This saturated model was simplified by dropping the knots that had the least effect on 
the vitamin E spline model, starting with those with the lowest Wald-test χ2 value. The corresponding knots covering 
both arms were concurrently dropped out. The models were simplified until all remaining vitamin E arm knots gave 
a significant contribution to the spline model (χ2 > 4). Thus, the final model contained knots at the same years for 
both arms to provide the baseline, and for the vitamin E arm to provide the age-modification. Visually, the final 
models captured all the main features of the saturated models (graphs for saturated models not shown). The optimized 
models are described in Table 2 and the corresponding graphs in Fig. 1. Two-tailed p-values were used.

We tested the modifying effect of residential neighborhood on the vitamin E effect separately in participants who 
smoked 5–14 and those who smoked ≥15 cigarettes per day. Based on the appearance of the spline curves (Fig. 1), 
we restricted this analysis to participants aged ≥62 and ≥65 years at the follow-up visit, respectively, in the light and 
heavy smokers. First we added a linear trend to adjust for the average reduction in common cold incidence with age, 
the mean vitamin E-effect, mean effect of residential neighborhood, and a linear spline to the vitamin E arm at 62 or 65 
years. To test the role of residential neighborhood, we further added the mean vitamin E effect and a linear spline to 
the vitamin E arm to the city-dwellers. The change in the –2 × Log(Likelihood) gives χ2(2 df), which was used to 
calculate the p[2-tail]-value to test the role of residential neighborhood in the vitamin E spline-models.

As to supplementation, the analyses were carried out following the intention-to-treat principle. Compliance with 
supplementation was high: some 80% of participants took more than 95% of their prescribed capsules during their 
active participation in the trial; there were no differences in capsule consumption among the intervention groups (21). 
The outcome was, however, available only for those participants who continued with the trial and participated in 
the follow-up visits.

4



Table 1. Baseline Characteristics of Participants, and the Age and Smoking Status at Follow-Up 

Visits, The ATBC Study 1985–1993; No β-Carotene Participants

Baseline characteristics No. of

participants

All participants 14,573 (100%)

Baseline age (years)

50–54 5,275 (36%)

55–59 4,639 (32%)

60–64 3,183 (22%)

65–69 1,476 (10%)

Smoking (cigarettes/day) 

5–14 2,910 (20%)

15– 11,663 (80%)

Age of smoking initiation*

<21 years 10,842 (74%)

≥21 years 3,727 (26%)

Residential neighborhood during 
the last 20 years*

City (>50,000 inhab.) 6,233 (43%)

Town 3,093 (21%)

Village 2,092 (14%)

Countryside 3,153 (22%)

Follow-up visit variables No. of visits

All visits 207,284 (100%)

Age at follow-up visit

50–51 5,265

52–53 16,603 (8%)

54–55 25,517 (12%)

56–57 29,240 (14%)

58–59 28,127 (14%)

60–61 25,902 (12%)

62–63 22,588 (11%)

64–65 18,685 (9%)

66–67 14,513 (7%)

68–69 10,642 (5%)

70–71 6,485 (3%)

72–73 2,805 (1.5%)

74–77 912 (0.5%)

Smoking since the previous visit 

No 23,032 (11%)

Yes, but quit before current visit 5,817 (3%)

Yes, continuously 178,433 (86%)

* Data on residential neighborhood was missing from 2 participants, 
and on age at smoking initiation from 4 participants.
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Table 2. Optimizing the Spline Models for the Age-Modification 

of Vitamin E Effect on Common Cold Incidence

Group Saturated model* Simple model*

≥15 cigarettes per day χ2(10 df) = 40.9 χ2(4 df) = 36.5

living away from cities p = 0.0000002

knots at 52, 56, 58, 68 yrs

≥15 cigarettes per day χ2(10 df) = 17.3 χ2(2 df) = 7.8

living in a city p = 0.02

knots at 64, 66 yrs

5–14 cigarettes per day χ2(10 df) = 22.3 χ2(1 df) = 18.9

living away from cities p = 0.00002

knot at 56 yrs

5–14 cigarettes per day χ2(10 df) = 46.5 χ2(2 df) = 38.7

living in a city p = 0.000000004

knots at 60, 62 yrs

* The χ2 measures the improvement in the Poisson model when the knots indicated 

are added to the vitamin E arm in the simple model. 

In the saturated model, 10 knots at 2-year intervals were added, starting at 52 years. 
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RESULTS

Table 1 shows the distributions for the baseline data for age, smoking level, age of smoking 

initiation, residential neighborhood, and follow-up data for age and smoking at the follow-up 

visits. On average, 0.27 common cold episodes were reported at each four-monthly follow-up 

visit, corresponding to an annual rate of 0.8 cold episodes.

There is no overall effect, with a narrow confidence interval, of vitamin E supplementation in 

the four groups defined by baseline smoking and residential neighborhood (Table 3). To examine 

the potential modification of vitamin E effect by age, we constructed linear spline models 

for the vitamin E effect as a function of age-at-follow-up separately for the four groups defined 

by baseline smoking and residential neighborhood. These groups show statistically highly 

significant modification of vitamin E effect by age-at-follow-up, except for city-dwellers 

smoking ≥15 cigarettes per day (Fig. 1, Table 2).

Fig. 1. The effect of vitamin E on the relative risk of

common cold as a function of age at follow-up.
Participants smoking more (A) and less (B) are further

divided into subgroups by residential neighborhood.
RR indicates the relative risk of colds between the

vitamin E and placebo arms. See Table 2 for the
description of the statistical models.

See Fig. 1. redrawn in 2014 at the end of this paper.

Among participants who smoked ≥15 cigarettes 

per day at baseline, the spline curve of vitamin E

effect shows a trend towards harm for old

participants (Fig. 1A). Among the heavy 

smokers living away from cities, there is 

a peak of increased risk at 56 years of age.

Although there is no apparent biological 

rationale for such a sharp peak in the common

cold risk, dropping out the knots at 52, 56, 

and 58 years would reduce the χ2 value 

by 17.9 (3 df; p = 0.0005) so that these 

knots are retained in the spline model.

Among participants who smoked only 5–14 cigarettes per day at baseline, the spline curves suggest 

slight harm for young participants, but there is an age-dependent trend towards benefit in old 

participants (Fig. 1B). Among the city-dwellers who smoke less, there is a peak indicating harm at 

about 62 years of age. Although there is no apparent biological rationale for such a sharp peak here 

either, omitting the knot at 62 years reduces the χ2 value by 16.3 (1 df; p = 0.0001); therefore both 

knots are retained in the spline model. The knot at 56 years in the participants smoking less, who 

live away from cities, remained after the stepwise reduction of the spline model, but there was no 

meaningful difference compared with spline models with a single knot located at 52, 54 or 58 years.
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Because this work was motivated by the effect of vitamin E observed in the subgroup 

of ≥65 year old city-dwellers who smoked 5–14 cigarettes per day (20) and inclusion of that 

subgroup in the vitamin E spline model does not provide a test independent of the original 

finding, we examined whether age is a modifier outside of this small subgroup. When the 

participants aged ≥65 years at baseline were excluded from the spline model of the city-dwellers 

who smoked 5–14 cigarettes per day at baseline, the vitamin E spline model was still highly 

significant (χ2[2 df] = 12.3, p = 0.002). The other three of the four subgroups test the 

age-modification of vitamin E effect independently of the original hypothesis-generating 

subgroup (Table 2).

Among the oldest participants, the effect of vitamin E on common cold incidence substantially 

diverges in the light and heavy smokers, but the role of residential neighborhood is less evident 

(Fig. 1). Therefore we tested whether including the residential neighborhood significantly 

improves the vitamin E spline models at the upper age range. Among participants who smoked 

5–14 cigarettes per day there was strong evidence that the age at visit of 62 years or more modifies 

the vitamin E effect differently in city-dwellers and those who live away from cities (p = 0.018). 

In contrast, for those who smoked ≥15 cigarettes per day there was weaker evidence that 

the age at visit of 65 years or more modifies the vitamin E effect differently in the residential 

neighborhood groups (p = 0.042).

Based on the appearance of the spline curves, certain age-ranges were selected for explicit 

calculation of the effect estimate of vitamin E supplementation and its confidence interval 

(Fig. 1, Table 3). Vitamin E supplementation for participants smoking less was associated with 

a significant increase in the risk of colds at 50–56 years in those who live away from cities, 

and at 61–63 years in the city-dwellers. For city-dwellers who smoke less, vitamin E 

supplementation caused a substantial reduction in the risk of colds for participants aged 

69 years or more, but the benefit was smaller among participants living away from cities. 

Among the heavy smokers, vitamin E supplementation significantly increased the risk of 

colds among the oldest participants (Table 3).

It is noteworthy that among the ≥72 year old participants the greatest benefit was seen in 

city-dwellers smoking 5–14 cigarettes per day, whereas the greatest harm was seen in the mirror 

image, i.e., participants living outside cities and smoking ≥15 cigarettes per day (Fig. 1, Table 3). 

The confidence intervals for the vitamin E effect on these two groups are strikingly different. 

It is also noteworthy that in both of these groups there is a peak of harm at 62 and 54 years 

respectively, whereas the remaining two groups do not show comparable peaks for the younger 

participants.

The preceding analysis is based on defining the subgroups by smoking level at baseline. 

To explore whether other measures of cigarette smoke exposure would further modify 

the effect of vitamin E, we analyzed the risk of colds in participants aged ≥72 years by combining 

the residential neighborhood groups, but keeping the baseline low and heavy smoking groups 

separate. Among the old participants who smoked heavily at baseline, the vitamin E effect 

is significantly modified by the age of smoking initiation (Table 4). In these heavy smokers, 

there was no definite evidence of harm from vitamin E in those who quit smoking before the visit, 

but the number of quitters is low. Among participants who smoked less at baseline, 

age of smoking initiation did not modify the vitamin E effect, and smoking cessation 

did not lead to a greater vitamin E benefit (Table 4).

8



Table 3. The Effect of Vitamin E Supplementation on the Risk of the Common Cold 

in Selected Age-Groups by Baseline Smoking and Residential Neighborhood

≥15 cigarettes per day 5–14 cigarettes per day 

Town, village, City Town, village, City 

or countryside or countryside 

Number of participants: 6,587 5,074 1,751 1,159

All visits (207,270 visits) 

RR 0.98 1.00 1.02 1.02

95% CI 0.95–1.01 0.97–1.03 0.97–1.08 0.96–1.08 

Age at visit  

50–56 yrs (62,054 visits)

RR 1.01 0.98 1.20 1.07

95% CI 0.96–1.05 0.93–1.03 1.08–1.32 0.96–1.20

61–63 yrs (35,182 visits)

RR 0.93 1.02 0.97 1.30

95% CI 0.87–0.99 0.95–1.10 0.86–1.09 1.13–1.50 

69–71 yrs (11,321 visits)

RR 1.11 1.04 0.80 0.68

95% CI 0.98–1.27 0.90–1.19 0.67–0.96 0.54–0.84 

72–77 yrs (3,717 visits)

RR 1.58 1.35 0.90 0.54

95% CI 1.23–2.01 1.03–1.76 0.63–1.28 0.37–0.80 
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Table 4. Modification of Vitamin E Effect on Common Cold Risk 

by Age at Smoking Initiation and by Recent Smoking 

among Participants Aged 72 Years or More at the Follow-Up Visit

Risk of colds in Test of

the vitamin E arm interaction

RR; 95% CI p

Baseline smoking ≥15 cigarettes per day

All in the subgroup (2,513 visits) 1.42; 1.18–1.70

Age at smoking initiation

<21 years (1,482 visits) 1.68; 1.34–2.12 0.02

≥21 years (1,031 visits) 1.09; 0.82–1.45

Smoking at follow-up

Continued (1,992 visits) 1.48; 1.21–1.80 0.10

Quit (444 visits) 0.96; 0.59–1.55

Baseline smoking 5–14 cigarettes per day

All in the subgroup (1,204 visits) 0.71; 0.54–0.91

Age at smoking initiation

<21 years (578 visits) 0.67; 0.45–0.98 0.6

≥21 years (626 visits) 0.75; 0.53–1.06

Smoking at follow-up

Continued (788 visits) 0.62; 0.45–0.87 0.12

Quit (368 visits) 0.98; 0.61–1.55

10



DISCUSSION

In a previous paper we reported a 28% reduction in common cold incidence with vitamin E 

supplementation in older city-dwelling men who smoked only 5–14 cigarettes per day (20). 

The present work was carried out to analyze whether the three characteristics specifying 

the small subgroup, i.e., age, smoking, and residential neighborhood, would cause a more general 

modification of the vitamin E effect. The current spline model analyses over age-at-follow-up 

seem to show that the reduction of common cold incidence with vitamin E in the previously 

identified small subgroup (20) is explained by its physiological effects rather than by a chance 

occurrence emerging from a series of subgroup analyses.

Age and smoking are plausible modifying factors for the effect of vitamin E on common cold 

incidence, but a biological rationale for the role of residential neighborhood as a modifying factor 

is not as apparent. Possibly higher level of air pollution or much more frequent use of public 

transport with concomitant exposure to infectious agents could explain the observed difference 

between cities and smaller communities.

Recently, a small trial with 617 elderly participants in long-term care facilities found a slightly 

lower incidence of colds among participants administered 200 mg per day of vitamin E 

(RR = 0.83; 95% CI: 0.68–1.01) (13). Another small trial with 652 elderly noninstitutionalized 

people found a slightly higher incidence of respiratory infection among participants administered 

200 mg per day of vitamin E (RR = 1.12; 0.88–1.25), and a statistically significant increase in 

symptom severity, fever and restriction in activity (12). Although such divergence may result 

from the small size of the trials, it might also result from biological heterogeneity, as we found 

both increases and decreases in common cold risk with 50 mg per day of vitamin E supplementation

in our current study, depending on the characteristics of the subgroup.

We found quite sharp peaks of increase in common cold risk at 54 and 62 years with vitamin E 

supplementation in two of our four subgroups (Fig. 1), both highly unlikely to be due to chance, 

although there is no apparent biological rationale for such peaks. Possibly the peaks may be related 

to social factors such as retirement, which in Finland occurs usually at about 58 to 60 years; 

however, retirement does not occur as such a sharp peak as seen in the spline models. 

The modification of the vitamin E effect on the common cold risk by age, smoking, and residential 

neighborhood may be of more general interest as regards the physiological effects of antioxidants. 

There is evidence indicating that free radical production may be important in the emergence 

of various chronic diseases such as cancer and cardiovascular diseases (24,25) as well as 

in the pathogenesis of certain viral and bacterial diseases (26–28). It is sometimes assumed 

that antioxidants, including vitamin E, might have a consistent unidirectional broad-spectrum 

benefit on the human system by protecting it against the free radicals (24,25). Our finding that 

vitamin E supplementation significantly increases or decreases common cold risk depending 

on the three variables in question is inconsistent with the notion of uniform benefits from 

antioxidant supplementation.

In the current work we had available a very large number of outcomes (55,770 episodes of the 

common cold) which rendered it possible to analyze the age-dependence of the vitamin E effect 

in the four subgroups accurately. With severe diseases such as cancers or cardiovascular diseases, 

the statistical power is usually too small to permit analyses similar to the current spline models. 

Still, it is possible that comparable effect-modification occurs in the case of more serious diseases, 

even though directly extrapolating the particular modifying factors observed in this work to any 

other diseases is not justified. In a previous analysis of the ATBC Study cohort, we found that the 

effect of vitamin E on the risk of pneumonia was modified by the age of smoking initiation so that 

vitamin E reduced pneumonia risk in participants who began smoking at a later age, whereas 

vitamin E slightly increased the risk among participants who began smoking at an early age (14) 
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(see also Table 4). Thus, our findings for pneumonia risk also suggest substantial heterogeneity 

between population groups in the effects of vitamin E supplementation.

A recent meta-analysis focusing on the potential harm of vitamin E supplementation found 

that, starting from approximately 150 mg/day of vitamin E, there was increased mortality 

among people supplemented with vitamin E (29). However, it is possible that there is biological 

heterogeneity between population groups, so that people’s characteristics may determine 

whether vitamin E supplementation caused net benefit or harm. In our current study, the vitamin E 

dose was 50 mg/day, which is substantially less than the estimated threshold level in the 

above-mentioned meta-analysis (29); however, our current analyses on common cold incidence and 

our previous analyses on pneumonia incidence make it seem probable that some population groups 

are harmed at levels of 50 mg/day, even though the same low dose seems beneficial for other 

population groups (14,15). Thus, it may be unjustifiable to assume that there is a single threshold 

level for harmful effects that is valid for the entire population. Another recent review on vitamin E 

safety concluded that supplements appear harmless for most adults in amounts up to 1 g/day (30), 

whereas our subgroup analyses indicate harmful effects on restricted population groups at doses as 

low as 50 mg/day (Tables 3 and 4).

The definition of a common cold episode in our study was based on self-diagnosis, which is 

usually reliable (22). Although subjective perception of what is classified as a cold varies 

between participants, such inaccuracy in outcome assessment does not lead to consistent 

differences between our double-blinded study arms; rather, the inaccuracy renders the differences 

smaller than they may actually be. Our implicit assumption in this work was that the effect 

of vitamin E is based on its reported effects on the immune system (5,6), but even if the mechanism 

of the effect of vitamin E would be on other factors that determine whether a person has subjective 

symptoms of the common cold, the conclusions of our double-blind trial are not affected. 

Furthermore, even though a proportion of the self-reported colds may be caused by non-infectious 

etiology, this does not affect the validity of our observation that this common set of symptoms 

seems to be affected differently with vitamin E in different subgroups of people.

The modification of the vitamin E effect on common cold risk also bears on the heterogeneity 

of findings in common cold trials examining vitamin C, the major water-soluble antioxidant, 

which interacts with lipid-soluble vitamin E (5,31,32). The largest vitamin C trials found no effect 

on the risk of the common cold; however, low dietary vitamin C intake and acute physical stress 

were proposed as modifying factors that may explain statistically significant reduction in common 

cold risk with vitamin C supplementation in several small trials (5,33,34). Thus, it seems possible 

that these two closely related antioxidants, vitamin E and vitamin C, may affect common cold risk 

in restricted groups of people, even though there seems to be no overall effect in the general 

Western population. 

The main finding of our study is that vitamin E supplementation may cause benefit or harm 

to health depending on several modifying factors. It is premature to draw any practical conclusions 

from our study except that general caution should be maintained in public health recommendations 

on vitamin E supplementation until the effects of this vitamin are better understood. The possibility 

that vitamin E may reduce the risk of the ubiquitous common cold infection by half in some groups 

of elderly people would seem to warrant further study to define more precisely the population 

groups that might benefit from supplementation.

ACKNOWLEDGMENTS 

The ATBC Study was supported by US Public Health Service contract N01-CN-45165 

and CN-45035 from the National Cancer Institute. 

12



REFERENCES 

1. Heinzerling RH, Tengerdy RP, Wick LL, Lueker DC: Vitamin E protects mice 

against diplococcus pneumoniae type I infection. Infect Immun 10:1292-1295, 1974.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC423101 

2. Stephens LC, McChesney AE, Nockels CF: Improved recovery of vitamin E-treated lambs that 

have been experimentally infected with intratracheal chlamydia. Br Vet J 135:291-293, 1979.

http://www.ncbi.nlm.nih.gov/pubmed/435968 

3. Beck MA, Kolbeck PC, Rohr LH, Shi Q, Morris VC, Levander OA: Vitamin E deficiency 

intensifies the myocardial injury of coxsackievirus B3 infection of mice. 

J Nutr 124:345-348, 1994.

http://jn.nutrition.org/content/124/3/345 

4. Hayek MG, Taylor SF, Bender BS, Han SN, Meydani M, Smith DE, Eghtesada S, Meydani SN: 

Vitamin E supplementation decreases lung virus titers in mice infected with influenza. 

J Infect Dis 176:273-276, 1997.

http://dx.doi.org/10.1086/517265

5. Hemilä H: Do vitamins C and E affect respiratory infections? [PhD Thesis] 

University of Helsinki, Helsinki, Finland, 2006.

http://hdl.handle.net/10138/20335 

http://ethesis.helsinki.fi/julkaisut/laa/kansa/vk/hemila 

6. Moriguchi S, Muraga M: Vitamin E and immunity. Vitam Horm 59:305-336, 2000.

http://dx.doi.org/10.1016/S0083-6729(00)59011-6

7. Baehner RL, Boxer LA, Allen JM, Davis J: Autoxidation as a basis 

for altered function by polymorphonuclear leukocytes. Blood 50:327-335, 1977.

http://bloodjournal.hematologylibrary.org/content/50/2/327 

8. Prasad JS: Effect of vitamin E supplementation on leukocyte function. 

Am J Clin Nutr 33:606-608, 1980.

http://ajcn.nutrition.org/content/33/3/606 

9. Yasunaga T, Kato H, Ohgaki K, Inamoto T, Hikasa Y: Effect of vitamin E as an 

immunopotentiation agent for mice at optimal dosage and its toxicity at high dosage. 

J Nutr 122:1075-1084, 1982.

http://jn.nutrition.org/content/112/6/1075 

10. Bendich A, Gabriel E, Machlin LJ: Dietary vitamin E requirement for optimum immune 

responses in the rat. J Nutr 116:675-681, 1986.

http://jn.nutrition.org/content/116/4/675 

11. Harman D, Miller RA: Effect of vitamin E on the immune response to influenza virus vaccine 

and the incidence of infectious disease in man. Age 9:21-23, 1986.

http://dx.doi.org/10.1007/BF02431896

12. Graat JM, Schouten EG, Kok FJ: Effects of daily vitamin E and multivitamin-mineral 

supplementation on acute respiratory infections in elderly persons. JAMA 288:715-721, 2002.

http://dx.doi.org/10.1001/jama.288.6.715

13



13. Meydani SN, Leka LS, Fine BC, Dallal GE, Keusch GT, Singh MF, Hamer DH: 

Vitamin E and respiratory tract infections in elderly nursing home residents. 

JAMA 292:828-836, 2004. 

http://dx.doi.org/10.1001/jama.292.7.828

Comments in: JAMA 292:2834, 2004

http://dx.doi.org/10.1001/jama.292.23.2834-a

14. Hemilä H, Virtamo J, Albanes D, Kaprio J: Vitamin E and beta-carotene supplementation 

and hospital-treated pneumonia incidence in male smokers. Chest 125:557-565, 2004.

http://dx.doi.org/10.1378/chest.125.2.557 

15. Hemilä H, Kaprio J, Albanes D, Virtamo J: Physical activity and pneumonia 

in male smokers administered vitamin E and beta-carotene. Int J Sports Med 27:336-341, 2006.

http://dx.doi.org/10.1055/s-2005-865670

http://hdl.handle.net/10138/18749    Links to references are added

16. Hemilä H, Kaprio J, Pietinen P, Albanes D, Heinonen OP: Vitamin C and other 

compounds in vitamin C rich food in relation to risk of tuberculosis in male smokers. 

Am J Epidemiol 150:632-641, 1999.

http://dx.doi.org/10.1093/oxfordjournals.aje.a010062 

17. Girodon F, Galan P, Monget AL, Boutron-Ruault MC, Brunet-Lecomte P, Preziosi P, Arnaud J, 

Manuguerra JC, Hercberg S: Impact of trace elements and vitamin supplementation on 

immunity and infections in institutionalized elderly patients. Arch Intern Med 159:748-754, 

1999.

http://dx.doi.org/10.1001/archinte.159.7.748

18. Barringer TA, Kirk JK, Santaniello AC, Foley KL, Michielutte R: Effect of multivitamin and 

mineral supplement on infection and quality of life. Ann Intern Med 138:365-371, 2003.

http://dx.doi.org/10.7326/0003-4819-138-5-200303040-00005 

19. Avenell A, Campbell MK, Cook JA, Hannaford PC, Kilonzo MM, McNeill G, Milne AC, 

Ramsay CR, Seymour DG, Stephen AI, Vale LD: Effect of multivitamin and multimineral 

supplements on morbidity from infections in older people (MAVIS trial): 

pragmatic, randomised, double blind, placebo controlled trial. BMJ 331:324-329, 2005.

http://dx.doi.org/10.1136/bmj.331.7512.324

20. Hemilä H, Kaprio J, Albanes D, Heinonen OP, Virtamo J: Vitamin C, vitamin E, and 

beta-carotene in relation to common cold incidence in male smokers. 

Epidemiology 13:32-37, 2002.

http://dx.doi.org/10.1097/00001648-200201000-00006  

http://hdl.handle.net/10138/18059  Links to references are added

21. The Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study Group: The effect of vitamin E 

and beta-carotene on the incidence of lung cancer and other cancers in male smokers. 

N Engl J Med 330:1029-1035, 1994.

http://dx.doi.org/10.1056/NEJM199404143301501 

22. Gwaltney JM: The common cold. In Mandell GL, Bennett JE, Dolin R (eds): "Principles and 

Practice of Infectious Diseases," 5th ed. New York: Churchill Livingstone, pp. 651-656, 2000.

23. Greenland S: Dose-response and trend analysis in epidemiology: 

alternatives to categorical analysis. Epidemiology 6:356-365, 1995.

http://dx.doi.org/10.1097/00001648-199507000-00005

14



24. Ames BN, Shigenaga MK, Hagen TM: Oxidants, antioxidants, 

and the degenerative diseases of aging. Proc Natl Acad Sci USA 90:7915-7922, 1993.

http://dx.doi.org/10.1073/pnas.90.17.7915

25. Halliwell B: Antioxidants in human health and disease. Annu Rev Nutr 16:33-50, 1996.

http://dx.doi.org/10.1146/annurev.nu.16.070196.000341

26. Hemilä H: Vitamin C and the common cold. Br J Nutr 67:3-16, 1992.

http://dx.doi.org/10.1079/BJN19920004 

http://hdl.handle.net/10250/135152   Links to references are added

27. Goode HF, Webster NR: Free radicals and antioxidants in sepsis. 

Crit Care Med 21:1770-1776, 1993.

http://dx.doi.org/10.1097/00003246-199311000-00029

28. Akaike T, Suga M, Maeda H: Free radicals in viral pathogenesis. 

Proc Soc Exp Biol Med 217:64-73, 1998.

http://dx.doi.org/10.3181/00379727-217-44206

29. Miller ER, Pastor-Barriuso R, Dalal D, Riemersma RA, Appel LJ, Guallar E: 

Meta-analysis: high-dosage vitamin E supplementation may increase all-cause mortality. 

Ann Intern Med 142:37-46, 2005. 

http://dx.doi.org/10.7326/0003-4819-142-1-200501040-00110

Comments in: Ann Intern Med 143:150-158, 2005 

http://dx.  doi.  org/  10.7326/0003-4819-143-2-200507190-00020  

30. Hathcock JN, Azzi A, Blumberg J, Bray T, Dickinson A, Frei B, Jialal I, 

Johnston CS, Kelly FJ, Kraemer K, Packer L, Parthasarathy S, Sies H, Traber MG: 

Vitamins E and C are safe across a broad range of intakes. Am J Clin Nutr 81:736 –745, 2005.

http://ajcn.nutrition.org/content/81/4/736 

Comments in: Am J Clin Nutr 82:1141-1143, 2005.

http://www.ajcn.org/cgi/content/full/82/5/1141-a

31. Packer JE, Slater TF, Wilson RL: Direct observation of a free radical interaction between 

vitamin E and vitamin C. Nature 278:737-738, 1979.

http://dx.doi.org/10.1038/278737a0

32. Hamilton IMJ, Gilmore WS, Benzie IF, Mulholland CW, Strain JJ: 

Interactions between vitamins C and E in human subjects. Br J Nutr 84:261-267, 2000.

http://dx.doi.org/10.1017/S0007114500001537

33. Hemilä H: Vitamin C intake and susceptibility to the common cold. Br J Nutr 77:59-72, 1997.

http://dx.doi.org/10.1017/S0007114500002889 

http://hdl.handle.net/10138/13886  Links to references are added

Comments in: Br J Nutr 78:857-866, 1997.

http://dx.doi.org/10.1079/BJN19970201

http://hdl.handle.net/10250/8276  Links to references are added

34. Douglas RM, Hemilä H: Vitamin C for preventing and treating the common cold. 

PLoS Med 2:e168, 2005.

http://dx.doi.org/10.1371/journal.pmed.0020168

15



Fig. 1. The effect of vitamin E on the relative risk of common cold as a function of age at 

follow-up. Participants smoking more (A) and less (B) are further divided into subgroups by 

residential neighborhood. RR indicates the relative risk of colds between the vitamin E and placebo 

arms. See Table 2 for the description of the statistical models. These versions were redrawn in 2014.
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ELRFKHPLFDO�DQDO\VLV��6HYHUDO�RI�WKH�SXULILHG�JUDQXOH�SURWHLQV�ZHUH�VKRZQ�WR�NLOO�PLFUREHV�



u

�

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ
)LJXUH��

7UDQVPLVVLRQ�HOHFWURQ�PLFURJUDSK�RI�D�KXPDQ�QHXWURSKLO��,QVHW�LV�DQ�LPDJH�WDNHQ�IURP�D�QHXWURSKLO����V�
DIWHU�WKH�SKDJRF\WRVLV�RI�ODWH[�SDUWLFOHV�RSVRQL]HG�ZLWK�,J*��9��YDFXROH���7KH�VHFWLRQ�ZDV�VWDLQHG�IRU�
P\HORSHUR[LGDVH��032��WR�UHYHDO�WKH�HOHFWURQ�GHQVH�SURGXFW�LQ�WKH�D]XURSKLO�JUDQXOHV��VRPH�RI�ZKLFK�FDQ�
EH�VHHQ�GHJUDQXODWLQJ�LQWR�WKH�SKDJRF\WLF�YDFXROH��DUURZV���%DU� ���ȝP���)LJXUH�IURP�����

3DUDOOHO�ZLWK�VWXGLHV�LQWR�PLFURELFLGDO�DFWLYLW\�RI�WKH�JUDQXOH�FRQWHQWV��LQYHVWLJDWLRQV�ZHUH�XQGHUWDNHQ�
LQWR�WKH�PHWDEROLVP�RI�SKDJRF\WRVLQJ�QHXWURSKLOV��7KH�QHXWURSKLOV�GHPRQVWUDWHG�D�VLJQLILFDQW�³H[WUD�
UHVSLUDWLRQ�RI�SKDJRF\WRVLV�´�ZKLFK�ZDV�QRQ�PLWRFKRQGULDO�DQG�ZDV�DVVRFLDWHG�ZLWK�D�GUDPDWLF�
LQFUHDVH�LQ�WXUQRYHU�RI�WKH�KH[RVH�PRQRSKRVSKDWH��+03��VKXQW�DQG�WKH�SURGXFWLRQ�RI�ODUJH�DPRXQWV�RI�
+ 2 ������7KHVH�PHWDEROLF�FKDQJHV�ZHUH�VKRZQ�WR�EH�HVVHQWLDO�IRU�PLFURELDO�NLOOLQJ�� �



,Q�WKH�ODWH�����V�DQG�HDUO\�����V��D�QXPEHU�RI�UHODWHG�GLVFRYHULHV�FDVW�D�YHU\�GLIIHUHQW�SHUVSHFWLYH�RQ�
WKH�NLOOLQJ�SURFHVV��&KURQLF�JUDQXORPDWRXV�GLVHDVH��&*'���D�SURIRXQG�LPPXQRGHILFLHQF\�WR�EDFWHULDO�
DQG�IXQJDO�LQIHFWLRQV��ZDV�DVVRFLDWHG�ZLWK�IDLOXUH�RI�WKHVH�PHWDEROLF�FKDQJHV������,Q�DGGLWLRQ��
P\HORSHUR[LGDVH��032��PHGLDWHG�KDORJHQDWLRQ��ZKLFK�LV�PLFURELFLGDO�LQ�WKH�WHVW�WXEH��ZDV�DOVR�
GHIHFWLYH�LQ�WKHVH�SDWLHQWV�����

6RRQ�DIWHU�LWV�GLVFRYHU\�LQ�������VXSHUR[LGH�GLVPXWDVH�ZDV�XVHG�WR�VKRZ�WKDW�DFWLYDWHG�QHXWURSKLOV�
JHQHUDWH�VXSHUR[LGH�����DQG�WKDW�WKLV�SURFHVV�LV�ODFNLQJ�LQ�&*'��7KLV�LPSRUWDQW�GHYHORSPHQW�SURYLGHG�
D�GLUHFW�OLQN�EHWZHHQ�IUHH�UDGLFDO�FKHPLVWU\�DQG�ELRORJ\��$W�WKH�WLPH��PRVW�IUHH�UDGLFDO�FKHPLVWU\�ZDV�
FRQGXFWHG�E\�UDGLDWLRQ�ELRORJLVWV�LQ�WHVW�WXEHV��DQG�LWV�DSSOLFDWLRQ�WR�ELRORJ\�ZDV�SXUHO\�WKHRUHWLFDO��
7KLV�QHZ�GLVFRYHU\�ZDV�WKRXJKW�WR�SURYH�WKDW�WKH�SURGXFWLRQ�RI�IUHH�UDGLFDO�UHDFWLRQV�LQ�D�ELRORJLFDO�
SURFHVV�ZDV�WR[LF�HQRXJK�WR�NLOO�RUJDQLF�VWUXFWXUHV�DV�WRXJK�DV�EDFWHULD�DQG�IXQJDO�VSRUHV��6RRQ�WKHVH�
REVHUYDWLRQV�ZHUH�H[WUDSRODWHG�WR�LPSOLFDWH�IUHH�UDGLFDO�UHDFWLRQV�LQ�D�KRVW�RI�SDWKRORJLFDO�SURFHVVHV�
LQYROYLQJ�QHXWURSKLO�LQILOWUDWLRQ�DQG�WLVVXH�GDPDJH�

'XULQJ�WKH�SDVW�IHZ�\HDUV��WKH�SHQGXOXP�KDV�VZXQJ�ILUPO\�EDFN�WR�LPSOLFDWLQJ�D�PDMRU�SULPDU\�UROH�IRU�
WKH�JUDQXOH�SURWHLQV�LQ�WKH�NLOOLQJ�SURFHVV������ZLWK�D�OHVV�GLUHFW�EXW�VWLOO�IDFLOLWDWLQJ�DQG�DFWLYDWLQJ�UROH�
IRU�WKH�UHVSLUDWRU\�EXUVW�WKURXJK�WKH�1$'3+�R[LGDVH��7KLV�UHYLHZ�FRQFHQWUDWHV�RQ�WKH�HOXFLGDWLRQ�RI�
WKHVH�UHFHQW�GHYHORSPHQWV�LQ�RXU�XQGHUVWDQGLQJ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�R[LGDVH�DQG�JUDQXOH�
HQ]\PH�DFWLYDWLRQ��%HFDXVH�RI�WKH�EUHDGWK�RI�WKH�VXEMHFW�DQG�VSDFH�OLPLWDWLRQV��UHIHUHQFHV�DUH�PDGH�WR�
DXWKRULWDWLYH�UHYLHZV�ZKHUH�DYDLODEOH�

/,0,7$7,216�72�81'(567$1',1*�.,//,1*�6<67(06

1HXWURSKLOV�DUH�HVVHQWLDO�IRU�UHVLVWDQFH�WR�EDFWHULDO�DQG�IXQJDO�LQIHFWLRQV��6HYHUH�QHXWURSDHQLD�
LQYDULDEO\�OHDGV�WR�LQIHFWLRQ�E\�D�ZLGH�UDQJH�RI�RUJDQLVPV������PRVW�RI�ZKLFK�DUH�QRW�QRUPDOO\�
SDWKRJHQLF��HYHQ�LQ�&*'��7KLV��FRXSOHG�ZLWK�WKH�IDFW�WKDW�PRVW�&*'�SDWLHQWV�DUH�DEOH�WR�NLOO�PRVW�
LQYDGLQJ�PLFUREHV�PRVW�RI�WKH�WLPH������LQGLFDWHV�WKDW�NLOOLQJ�V\VWHPV�RI�WKH�QHXWURSKLO�DUH�KLJKO\�
HIILFLHQW�DQG�PXOWLOD\HUHG��,QYHVWLJDWRUV�RQFH�FRQVLGHUHG�R[\JHQ�GHSHQGHQW�PHFKDQLVPV�HVVHQWLDO�IRU�
NLOOLQJ�LQYDGLQJ�PLFUREHV��EXW�VXFK�PLFUREHV�FDQ�LQ�IDFW�EH�NLOOHG�E\�RWKHU�V\VWHPV������,Q�JHQHUDO��
UHVHDUFK�KDV�FRQFHQWUDWHG�RQ�GHWHUPLQLQJ�WKRVH�PHFKDQLVPV�LQYROYHG�LQ�NLOOLQJ�WKH�PRVW�UHVLVWDQW�
RUJDQLVPV��7KH�DGYHQW�RI�JHQH�WDUJHWLQJ�WHFKQRORJ\�DOORZV�UHVHDUFKHUV�WR�GHWHUPLQH�WKH�UROHV�RI�WKH�
GLIIHUHQW�DQWLPLFURELDO�PROHFXOHV�DQG�WKHLU�IXQFWLRQDO�LQWHUUHODWLRQVKLSV�ZLWK�YDULRXV�PLFUREHV��
$GGLWLRQDOO\��PRVW�VWXGLHV�KDYH�H[DPLQHG�WKH�NLOOLQJ�RI�PLFUREHV�ZLWKLQ�WKH�SKDJRF\WLF�YDFXROH��:H�GR�
QRW�NQRZ�ZKHWKHU�QHXWURSKLOV�DUH�FDSDEOH�RI�NLOOLQJ�RUJDQLVPV�H[WUDFHOOXODUO\�LQ�YLYR��QRU�WKH�
PHFKDQLVPV�LQYROYHG�LI�WKH\�DUH�

:H�KDYH�GHULYHG�WKH�EXON�RI�RXU�GHWDLOHG�LQIRUPDWLRQ�IURP�WKH�VWXG\�RI�LQIHFWLRQ�LQ�&*'�DQG�WKH�UROH�
RI�WKH�R[LGDVH�LQ�PLFURELDO�NLOOLQJ��%HFDXVH�&*'�SDWLHQWV�FDQ�UHPDLQ�IUHH�RI�LQIHFWLRQ�IRU�PDQ\�\HDUV�
�����WKHVH�PHWKRGV�DUH�LPSUHFLVH�EHFDXVH�WKH\�RQO\�PHDVXUH�VRPH�FRPSRQHQWV�RI�WKH�OHWKDO�V\VWHPV��
1RQHWKHOHVV��R[\JHQ�GHSHQGHQW��LQWUDYDFXRODU�NLOOLQJ�SURYLGHV�D�FOHDUO\�GHILQHG�VHW�RI�SURFHVVHV��WKH�
H[DPLQDWLRQ�RI�ZKLFK�KDV�DGYDQFHG�NQRZOHGJH�RI�LPSRUWDQW�SK\VLRORJLFDO�PHFKDQLVPV�

7+(�1$'3+�2;,'$6(

7KH�1$'3+�R[LGDVH�SOD\V�D�SLYRWDO�UROH�LQ�PLFURELDO�NLOOLQJ�EHFDXVH�LWV�G\V�IXQFWLRQ�FDXVHV�&*'��
FKDUDFWHUL]HG�E\�D�SURIRXQG�SUHGLVSRVLWLRQ�WR�EDFWHULDO�DQG�IXQJDO�LQIHFWLRQ����������DQG�NLOOLQJ�LV�
FRPSURPLVHG�XQGHU�DQDHURELF�FRQGLWLRQV������

'HWDLOHG�UHYLHZV�RI�WKH�ELRFKHPLVWU\�DQG�ELRHQHUJHWLFV�RI�WKLV�V\VWHP�KDYH�UHFHQWO\�EHHQ�XQGHUWDNHQ�
����������WR�ZKLFK�,�UHIHU�UHDGHUV��$�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�R[LGDVH�LV�VKRZQ�LQ�)LJXUH���



&�7HUPLQXV��1$'3+�DQG�)$'�%LQGLQJ�

)LJXUH��

6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�1$'3+�R[LGDVH��)ODYRF\WRFKURPH�E �LV�D�KHWHURGLPHU�RI�JS�� ��
ZKLFK�FRQWDLQV�WKH�KDHP��DQG�IODYLQ�ELQGLQJ�VLWHV��DQG�S�� ��(OHFWURQ�WUDQVSRUW�LV�DFWLYDWHG�E\�
SKRVSKRU\ODWLRQ�DQG�WUDQVORFDWLRQ�WR�WKH�YDFXRODU�PHPEUDQH�RI�S�� �DQG�S�� ��S�� ��LQ�WKH�*73�
ERXQG�IRUP��LV�DOVR�UHTXLUHG������

7KH�(OHFWURQ�7UDQVSRUW�&KDLQ�7KURXJK�WKH�0HPEUDQH

)ODYRF\WRFKURPH�E �LV�WKH�FRUH�FRPSRQHQW�RI�WKH�1$'3+�R[LGDVH��,W�LV�GLVWULEXWHG�EHWZHHQ�WKH�
SODVPD�PHPEUDQH�DQG�WKH�PHPEUDQH�RI�WKH�VSHFLILF�JUDQXOHV��DQG�LW�LV�LQFRUSRUDWHG�LQWR�WKH�ZDOO�RI�WKH�
SKDJRF\WLF�YDFXROH��ZKHUH�LW�IRUPV�D�FRQGXLW�IRU�HOHFWURQV�WR�EH�SXPSHG�IURP�1$'3+�LQ�WKH�F\WRVRO�
RQWR�R[\JHQ�LQ�WKH�YDFXROH�

)ODYRF\WRFKURPH�E �LV�D�KHWHURGLPHU�FRPSRVHG�RI�RQH�PROHFXOH�RI�S�� ��Į�VXEXQLW��WKH�SURGXFW�
RI�WKH�&<%$�JHQH��DQG�RQH�PROHFXOH�RI�JS�� ��ȕ�VXEXQLW��&<%%�JHQH��

JS��

JS�� �FRQWDLQV�WKH�HQWLUH�HOHFWURQ�WUDQVSRUWLQJ�PDFKLQHU\�RI�WKH�IODYRF\WRFKURPH�E��,W�LV�FRPSRVHG�
RI�WZR�PDMRU��DQG�YHU\�GLIIHUHQW��GRPDLQV�

7KH�K\GURSKLOLF�&�WHUPLQDO�����±�����SRUWLRQ�RI�JS��
FRQWDLQV�WKH�)$'��DQG�1$'3+�ELQGLQJ�VLWHV��7KHVH�KDYH�GLVWDQW��EXW�UHFRJQL]DEOH�KRPRORJ\�WR�WKH�
ODUJH�IDPLO\�RI�IHUUHGR[LQ�1$'3�UHGXFWDVH��)15��SURWHLQV��RI�ZKLFK�F\WRFKURPH�3����UHGXFWDVH��
QLWULF�R[LGH��12��V\QWKDVH��DQG�\HDVW�IHUULF�UHGXFWDVH�DUH�PHPEHUV��7KLV�KRPRORJ\�KDV�DOORZHG�WKH�
FRQVWUXFWLRQ�RI�D�PRGHO�ZLWK�WKH�GHSLFWLRQ�RI�WKH�)$'��DQG�1$'3+�ELQGLQJ�VLWHV�
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1�7HUPLQXV��+DHP�&RRUGLQDWLRQ�
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7KH�K\GURSKRELF�1�WHUPLQDO�KDOI�RI�JS�� FRQWDLQV�VL[�PHPEUDQH�
VSDQQLQJ�Į�KHOLFHV��+HOLFHV�,,,�DQG�9�HDFK�FRQWDLQ�WZR�KLVWLGLQH�UHVLGXHV�DSSURSULDWHO\�SRVLWLRQHG�
���������DQG����������WR�FRRUGLQDWH�WZR�KDHP�SURVWKHWLF�JURXSV�SHUSHQGLFXODU�WR�WKH�SODQH�RI�WKH�
PHPEUDQH��7KHVH�KLVWLGLQH�UHVLGXHV�DUH�FRPSOHWHO\�FRQVHUYHG�DPRQJ�DOO�WKH�1$'3+�2;,'$6(�
�12;��IDPLO\�PHPEHUV��6LWH�GLUHFWHG�PXWDJHQHVLV�VWXGLHV�VXSSRUW�WKH�SURSRVDO�WKDW�WKHVH�KLVWLGLQH�
UHVLGXHV�IRUP�WKH�D[LDO�OLJDQGV�WR�WKH�KDHP�JURXSV��7KH�SUHGLFWHG�SODFLQJ�RI�WKH�KDHP�JURXSV��RQH�
WRZDUG�WKH�LQQHU�IDFH�DQG�RQH�WRZDUG�WKH�RXWHU�IDFH��LV�FRQVLVWHQW�ZLWK�WKHLU�IXQFWLRQ�WR�WUDQVSRUW�
HOHFWURQV�IURP�WKH�1$'3+��YLD�)$'��RQ�WKH�LQVLGH��F\WRVRO��DFURVV�WKH�PHPEUDQH�WR�WKH�LQWHULRU�RI�WKH�
SKDJRF\WLF�YDFXROH�ZKHUH�PROHFXODU�2 �LV�UHGXFHG�WR�IRUP� ��%LRORJLFDO�PHPEUDQHV�DUH׽����Ⴒ�
WKLFN��DQG�WKXV�DW�OHDVW�WZR�UHGR[�FHQWHUV�DUH�UHTXLUHG�WR�VSDQ�WKHP�WR�DOORZ�HOHFWURQV�WR�WUDQVIHU�DW�
NLQHWLFDOO\�VLJQLILFDQW�UDWHV��7KH�KDHP�JURXSV�DUH�QRQHTXLYDOHQW�DQG�KDYH�GLIIHUHQW�UHGR[�SRWHQWLDOV�

7KH�VHFRQG�����±�����DQG�WKLUG�����±�����H[WHUQDO�ORRSV�RI�JS�� �FRQWDLQ�WKH�1�OLQNHG�
JO\FRV\ODWLRQ�VLWHV��DVSDUDJLQHV�����������DQG������

S�� �LV�D�����DPLQR�DFLG��׽���N'D��SURWHLQ�ZLWK�D�K\GURSKRELF��PHPEUDQH�VSDQQLQJ�1�
WHUPLQXV����������,W�SURYLGHV�KLJK�DIILQLW\�ELQGLQJ�VLWHV�IRU�WKH�F\WRVROLF�1$'3+�R[LGDVH�VXEXQLWV��
S�� �ELQGV�WR�D�SUROLQH�ULFK�GRPDLQ�����±�����LQ�WKH�F\WRSODVPLF�K\GURSKLOLF�&�WHUPLQXV�DQG
FRQIHUV�VWDELOLW\�RQ�JS�� �

7KH�$FWLYDWLQJ�3URWHLQV�LQ�WKH�&\WRVRO

)RU�HOHFWURQ�WUDQVSRUW�WR�RFFXU�WKURXJK�WKH�IODYRF\WRFKURPH��LW�PXVW�LQWHUDFW�ZLWK�D�QXPEHU�RI�
F\WRVROLF�SURWHLQV�WKDW�WUDQVORFDWH�WR�WKH�PHPEUDQH�RI�WKH�SKDJRF\WLF�YDFXROH��7KLV�DFWLYDWLRQ�GHSHQGV�
RQ�D�FKDQJH�LQ�WKH�FRQIRUPDWLRQ�RI�WKH�IODYRF\WRFKURPH��SRVVLEO\�E\�GLVSODFLQJ�WKH�VPDOO�KHOL[�WKDW�LV�
SUHGLFWHG�LQ�WKH�PROHFXODU�PRGHO�WR�RFFXS\�WKH�1$'3+�ELQGLQJ�VLWH�LQ�WKH�LQDFWLYH�VWDWH������RU�
WKURXJK�WKH�IDFLOLWDWLRQ�RI�HOHFWURQ�WUDQVIHU�EHWZHHQ�WKH�IODYLQ�DQG�KDHP�

%HFDXVH�RI�WKHLU�LQWHUDFWLRQ�ZLWK�HDFK�RWKHU��ZLWK�OLSLGV��DQG�ZLWK�SKR[�SURWHLQV�LQ�WKH�PHPEUDQHV��
WKHVH�F\WRVROLF�SKR[�SURWHLQV�KDYH�UHODWLYHO\�ODUJH�QXPEHUV�RI�VSHFLILF�LQWHUDFWLRQ�GRPDLQV��7DUJHWLQJ�
WKHVH�PROHFXOHV�VSHFLILFDOO\�WR�WKDW�UHJLRQ�RI�WKH�SODVPD�PHPEUDQH�WKDW�PDNHV�XS�WKH�ZDOO�RI�WKH�
YDFXROH�UHTXLUHV�VSHFLILF�ORFDO�FKDQJHV��ZKLFK�PLJKW�LQFOXGH�WKH�DFFXPXODWLRQ�RI�SKRVSKDWLG\OLQRVLWRO�
SKRVSKDWHV��3,3V��DW�WKLV�VLWH��2QO\�D�VPDOO�SURSRUWLRQ�RI�WKHVH�F\WRVROLF�SURWHLQV�WUDQVORFDWH�WR�WKH�
PHPEUDQHV��DQG�WKHVH�DSSHDU�WR�EH�SKRVSKRU\ODWHG��DV�GRHV�WKH�IODYRF\WRFKURPH�

S�� ��12;$��IURP�12; $FWLYDWRU��LV�D��������'D�SURWHLQ������DPLQR�DFLGV��ZLWK�D�S,�RI�
������3URWHLQ�SURWHLQ�LQWHUDFWLRQ�GRPDLQV�LQFOXGH�WZR�6+��GRPDLQV��WZR�SUROLQH�ULFK�UHJLRQV�IODQNLQJ�
WKH�FHQWUDO�6+��GRPDLQ��DQ�1�WHUPLQDO�735��WHWUDWULFRSHSWLGH�UHSHDW���DQG�D�3%��GRPDLQ�&�WHUPLQDO�WR�
WKH�FHQWUDO�6+��GRPDLQ��7KH�735�GRPDLQV�DUH�WKRXJKW�WR�ELQG�UDF��3%��GRPDLQV�DUH�NQRZQ�WR�LQWHUDFW�
ZLWK�RFWLFRVDSHSWLGH�PRWLIV��DQG�S�� �ELQGV�WR�S�� �WKURXJK�WKLV�GRPDLQ��S�� �DWWDFKHV
GLUHFWO\�WR�IODYRF\WRFKURPH�E ��DQG�DW�KLJK�FRQFHQWUDWLRQ��LQ�FRPELQDWLRQ�ZLWK�UDF�RU�LQ�WKH�IRUP�RI�D�
S�� �FKLPHUD��S�� �LV�VXIILFLHQW�WR�LQGXFH�HOHFWURQ�WUDQVSRUW�

S�� ��12;2��IURP�12; 2UJDQL]HU��LV�D�EDVLF�SURWHLQ��S,� ������RI�PROHFXODU�ZHLJKW�
�������'D������DPLQR�DFLGV��WKDW�LV�KHDYLO\�SKRVSKRU\ODWHG�GXULQJ�QHXWURSKLO�DFWLYDWLRQ��,W�FRQWDLQV�D�
QXPEHU�RI�ZHOO�GHILQHG�PRWLIV��LQFOXGLQJ�D�3;�GRPDLQ��LQYROYHG�LQ�SKRVSKRLQRVLWLGH�ELQGLQJ���WZR�
6+��GRPDLQV��LQYROYHG�LQ�SURWHLQ�SURWHLQ�LQWHUDFWLRQV���DQG�DW�OHDVW�RQH�SUROLQH�ULFK�PRWLI��WKH�
UHFLSURFDO�WDUJHW�IRU�6+��GRPDLQ�LQWHUDFWLRQV���,W�DSSHDUV�WR�EH�DQ�DGDSWRU�PROHFXOH�IRUPLQJ�D�EULGJH�
EHWZHHQ�S�� �DQG�S�� ��DQG�LW�DOVR�ELQGV�WR�F\WRSODVPLF�UHJLRQV�RI�JS�� ��WKHUHE\�VWDELOL]LQJ�
WKH�DWWDFKPHQW�RI�S�� �WR�IODYRF\WRFKURPH�E �,W�PLJKW�DOVR�GLUHFWO\�LQIOXHQFH�WKH�IXQFWLRQ�RI�
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IODYRF\WRFKURPH�E ��7KH�1�WHUPLQDO�UHJLRQV�RI�S�� �DQG�S�� �FRQWDLQ�KRPRORJRXV�VWUHWFKHV�RI�
���±����DPLQR�DFLGV�WKDW�IRUP�D�VWUXFWXUH�FDOOHG�WKH�SKR[�KRPRORJ\��RU�3;�GRPDLQ��ZKLFK�ELQGV�WR�
3,3V�DQG�GLUHFWV�WKHVH�SURWHLQV�WR�WKLV�DFWLYDWHG�PHPEUDQH��UHYLHZHG�LQ�����

7KH�WZR�6+��GRPDLQV�IDFH�HDFK�RWKHU�WR�IRUP�D�JURRYH�LQ�ZKLFK�LWV�&�WHUPLQDO�SRO\EDVLF�UHJLRQ�ILWV��
,QYHVWLJDWRUV�KDYH�VXJJHVWHG�WKDW�WKLV�SRO\EDVLF�UHJLRQ�LV�SKRVSKRU\ODWHG�XSRQ�DFWLYDWLRQ��UHOHDVLQJ�LW�
IURP�LWV�DXWR�LQKLELWRU\�UROH�DQG�PDNLQJ�WKH�JURRYH�DFFHVVLEOH�WR�ELQG�WKH�SUROLQH�ULFK�WDLO�LQ�WKH�&�
WHUPLQDO�SRUWLRQ�RI�S�� �

S�� �ZDV�GLVFRYHUHG�ZKHQ�LW�FRSXULILHG�ZLWK�S�� ��WR�ZKLFK�LW�LV�WLJKWO\�ERXQG��,W�LV�D�
SURWHLQ�RI��������'D������DPLQR�DFLGV���VWURQJO\�KRPRORJRXV�ZLWK�S�� ��ZLWK�DQ�1�WHUPLQDO�3;�
GRPDLQ��IROORZHG�E\�DQ�6+��GRPDLQ��7RZDUG�WKH�&�WHUPLQXV��WKHUH�LV�DQ�RFWLFRVDSHSWLGH�UHSHDW��DOVR�
NQRZQ�DV�D�3&�GRPDLQ��WKDW�VHHPV�WR�EH�LQYROYHG�LQ�WKH�ELQGLQJ�RI�S�� �WR�S�� ��7KH�SURWHLQ�
SUREDEO\�IXQFWLRQV�DV�D�VKXWWOH�SDUWQHU��WUDQVSRUWLQJ�S�� ��ZKLFK�GRHV�QRW�FRQWDLQ�D�3;�GRPDLQ��WR�
WKH�PHPEUDQH�RI�WKH�SKDJRF\WLF�YDFXROH�E\�ELQGLQJ�WR�3,3V�

$IWHU�WKH�GLVFRYHU\�RI�S�� �DQG�S�� ��LW�EHFDPH�FOHDU�WKDW�WKH\�ZHUH�QRW�VXIILFLHQW�WR�
UHFRQVWLWXWH�WKH�DFWLYH�R[LGDVH�ZKHQ�FRPELQHG�ZLWK�PHPEUDQHV��$�WKLUG�SURWHLQ��D�JXDQRVLQH��ƍ�
WULSKRVSKDWDVH��*73��GHSHQGHQW�IDFWRU��ZDV�VKRZQ�WR�EH�UDF��RU�UDF��DQG�ZDV�SXULILHG�IURP�F\WRVRO��
7KH�FDXVHV�RI�WKH�VHSDUDWLRQ�RI�UDF�IURP�LWV�FRPSOH[�ZLWK�JXDQLQH�QXFOHRWLGH�GLVVRFLDWLRQ�LQKLELWRUV�
�*',��LQ�WKH�F\WRVRO�DUH�QRW�NQRZQ��5DF�WUDQVORFDWHV�WR�WKH�PHPEUDQH�LQGHSHQGHQWO\�IURP�S�� �DQG�
S�� ��,WV�JXDQRVLQH�GLSKRVSKDWH��*'3��LV�SUREDEO\�H[FKDQJHG�IRU�*73�RQ�WKH�PHPEUDQH�WKURXJK�
WKH�DFWLRQ�RI�3�5H[���D�����N'D�JXDQLQH�QXFOHRWLGH�H[FKDQJH�IDFWRU��*()��WKDW�LV�DFWLYDWHG�E\�
SKRVSKDWLG\OLQRVLWRO�������WULVSKRVSKDWH�DQG�E\�WKH�ȕȖ�VXEXQLWV�RI�KHWHURWULPHULF�*�SURWHLQV�

0ROHFXODU�*HQHWLFV�RI�&*'

'HIHFWV�LQ�DQ\�RQH�RI�IRXU�JHQHV�JLYH�ULVH�WR�WKH�NQRZQ�IRUPV�RI�&*'��&<%%��FRGLQJ�IRU�JS�� ��
12;���LV�ORFDWHG�RQ�WKH�;�FKURPRVRPH�DQG�DFFRXQWV�IRU�DERXW�����RI�FDVHV��DOPRVW�H[FOXVLYHO\�LQ�
PDOHV��H[FHSW�LQ�UDUH�IHPDOH�FDUULHUV�LQ�ZKRP�WKHUH�LV�H[WUHPH�O\RQL]DWLRQ���7KH�RWKHU�WKUHH�JHQHV�DUH�
DOO�DXWRVRPDO��ZLWK�GHIHFWV�LQ�1&)���S�� �RU�12;2��SURWHLQ���1&)���S�� �RU�12;$����DQG�
&<%$��S�� ���FDXVLQJ�DSSUR[LPDWHO\����������DQG����RI�FDVHV��UHVSHFWLYHO\��1R�LQVWDQFHV�RI�&*'�
KDYH�EHHQ�LGHQWLILHG�LQ�ZKLFK�D�OHVLRQ�RI�S�� �LV�FDXVDO�

$�VPDOO�VXEJURXS�RI�&*'�SDWLHQWV�KDYH�ZKDW�LV�NQRZQ�DV�³YDULDQW´�&*'�������,Q�WKHVH�FDVHV�WKHUH�LV�
SDUWLDO�ORVV�RI�D�SURWHLQ�RU�LWV�IXQFWLRQ��2IWHQ�DV�PXFK�DV������DQG�XS�WR������+��0DOHFK��SHUVRQDO�
FRPPXQLFDWLRQ���RI�QRUPDO�R[LGDVH�DFWLYLW\�FDQ�EH�PHDVXUHG�

352'8&76�2)�7+(�2;,'$6(�$1'�7+(,5�,03/,&$7,21�,1�0,&52%,$/�
.,//,1*

,QLWLDWLRQ�RI�1$'3+�R[LGDVH�DFWLYLW\�FRLQFLGHV�ZLWK�GHJUDQXODWLRQ��ZLWK�D�ODJ�SKDVH�RI�DSSUR[LPDWHO\�
���V�������,W�RFFXUV�DIWHU�FORVXUH�RI�WKH�YDFXROH�DQG�LV�OLPLWHG�WR�WKH�SODVPD�PHPEUDQH�FRPSULVLQJ�WKH�
YDFXRODU�PHPEUDQH�������7KXV��VXSHUR[LGH�FDQQRW�EH�GHWHFWHG�RQ�WKH�H[WHULRU�RI�D�SKDJRF\WRVLQJ�FHOO�
���������XQOHVV�HQJXOIPHQW�LV�³IUXVWUDWHG´�E\�DQ�RYHUZKHOPLQJ�H[FHVV�RI�SDUWLFOHV�DQG�YDFXRODU�FORVXUH�
EHFRPHV�LPSRVVLEOH�

%HFDXVH�DFWLYLW\�RI�WKH�1$'3+�R[LGDVH�LV�HVVHQWLDO�IRU�HIILFLHQW�PLFURELDO�NLOOLQJ��LQYHVWLJDWRUV�KDYH�
IRFXVHG�DWWHQWLRQ�RQ�WKH�SURGXFWV�RI�WKH�R[LGDVH�WKHPVHOYHV�DV�WKH�OHWKDO�DJHQWV�
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2[\JHQ�UDGLFDOV�DQG�WKHLU�UHDFWLRQ�SURGXFWV��FROOHFWLYHO\�UHIHUUHG�WR�DV�UHDFWLYH�R[\JHQ�VSHFLHV��526���
DUH�SURGXFHG�DV�D�FRQVHTXHQFH�RI�1$'3+�R[LGDVH�DFWLYLW\��ZKLFK�SXPSV�VXSHUR[LGH�� ��LQWR�WKH�
SKDJRF\WLF�YDFXROH��%HFDXVH�526�FDQ�UHDFW�ZLWK�RUJDQLF�PROHFXOHV��DQ�HQRUPRXV�ERG\�RI�OLWHUDWXUH�
KDV�GHYHORSHG�WKDW�FDXVDOO\�OLQNV�526�WR�WKH�GHDWK�RI�WKH�PLFUREH�

DQG�+ 2

7KH�VXSHUR[LGH�DQLRQ�UDGLFDO�KDV�EHHQ�UHFRJQL]HG�LQ�FKHPLFDO�V\VWHPV�IRU�PDQ\�\HDUV��3URRI�RI�LWV�
H[LVWHQFH�LQ�ELRORJ\�IROORZHG�WKH�GLVFRYHU\�RI�WKH�HQ]\PDWLF�IXQFWLRQ�RI�VXSHUR[LGH�GLVPXWDVH��ZKLFK�
DFFHOHUDWHV�WKH�GLVPXWDWLRQ�RI� ������,QYHVWLJDWRUV�����VRRQ�VKRZHG�WKDW�QHXWURSKLOV�
SURGXFH�ODUJH�DPRXQWV�RI� ��HVWLPDWHG�EHWZHHQ�DSSUR[LPDWHO\��������DQG�������0�O�LQ�WKH�YDFXROH��
7KH�VWHDG\�VWDWH�FRQFHQWUDWLRQ�KDV�EHHQ�HVWLPDWHG�WR�EH�LQ�WKH�ȝ0�UDQJH������EHFDXVH�GLVPXWDWLRQ�WR�
+ 2 �����LV�YHU\�UDSLG������SS����±����XQGHU�WKH�SUHYDLOLQJ�FRQGLWLRQV�

([SHULPHQWV�ZHUH�SHUIRUPHG�WKDW�DSSHDUHG�WR�GHPRQVWUDWH�WKH�NLOOLQJ�RI�PLFUREHV�E\� JHQHUDWHG�E\�
[DQWKLQH�R[LGDVH�����������,W�LV�QRW�FOHDU�ZKDW��LI�DQ\��526�RWKHU�WKDQ� DQG�+ 2 �����DUH�SURGXFHG�LQ�
VLJQLILFDQW�TXDQWLWLHV�LQ�WKH�YDFXROH�

+2

DQG�+ 2 �FDQ�FRPELQH�WR�JHQHUDWH�WKH�KLJKO\�UHDFWLYH�K\GUR[\O�UDGLFDO��+2 ��YLD�WKH�+DEHU�:HLVV�
UHDFWLRQ��7KLV�UHTXLUHV�D�PHWDO�VXFK�DV�LURQ�LQ�WKH�)HQWRQ�UHDFWLRQ��)H ���+ 2 �ĺ�)H ���+2 ���+2 ��
+2 �KDV�EHHQ�PHDVXUHG�LQ�D�EURNHQ�FHOO�SUHSDUDWLRQ������DQG�KDV�EHHQ�LPSOLFDWHG�DV�D�PLFURELFLGDO�
DJHQW�������7KHVH�UDGLFDOV�DUH�SUREDEO\�QRW�IRXQG�LQ�LQWDFW�FHOOV������EHFDXVH�ODFWRIHUULQ��ZKLFK�LV�
XQVDWXUDWHG�LQ�QHXWURSKLO�JUDQXOHV�����������LQKLELWV�WKH�JHQHUDWLRQ�RI�+2 ������DQG�RWKHU�IUHH�UDGLFDO�
UHDFWLRQV������E\�ELQGLQJ�IUHH�FRSSHU�DQG�LURQ��7KH�UHDFWLRQ�EHWZHHQ�+2&O�DQG� FRXOG�SURGXFH�+2
EXW�GRHV�QRW�DSSHDU�WR�GR�VR������

&REDOW�EDVHG�UDGLFDOV�FRXOG�EH�SURGXFHG�E\�WKH�&R�LQ�F\DQRFREDODPLQ�������EXW�D�ELQGLQJ�SURWHLQ��
WUDQVFREDODPLQ����SUHVHQW�LQ�VSHFLILF�JUDQXOHV��PLJKW�EH�WKHUH�WR�SUHYHQW�WKLV�IURP�RFFXUULQJ�

2]RQH

,W�KDV�UHFHQWO\�EHHQ�VXJJHVWHG�WKDW�R]RQH�JHQHUDWHG�E\�DQ�DQWLERG\�EDVHG�FDWDO\VLV�LV�LQYROYHG�LQ�WKH�
NLOOLQJ�RI�EDFWHULD�ZLWKLQ�QHXWURSKLOV�����������'RXEW�KDV�EHHQ�VXEVHTXHQWO\�UDLVHG��KRZHYHU��RQ�WKH�
VSHFLILFLW\�RI�WKH�LQGLFDWRU�XVHG�IRU�R]RQH��ZKLFK�FDQ�DSSDUHQWO\�DOVR�GHWHFW� �����

0\HORSHUR[LGDVH�0HGLDWHG�+DORJHQDWLRQ

0\HORSHUR[LGDVH��032��LV�D�GL�KDHP�SURWHLQ�FRPSRVHG�RI�WZR�LGHQWLFDO�KHWHURGLPHUV��(DFK�
KHWHURGLPHU�LV�IRUPHG�IURP�WKH�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQ�RI�D�VLQJOH�SRO\SHSWLGH�SUHFXUVRU��7KH�
WZR�V\PPHWULF�KDOYHV�DUH�OLQNHG�E\�GLVXOSKLGH�ERQGV�EHWZHHQ�WKH�WZR�KHDY\�FKDLQV��7KH�FRYDOHQWO\�
ERXQG�KDHP�KDV�D�XQLTXH�VWUXFWXUH�DQG�H[KLELWV�XQXVXDO�VSHFWUDO�SURSHUWLHV�WKDW�DUH�UHVSRQVLEOH�IRU�LWV�
JUHHQ�FRORU�������032�FRQVWLWXWHV�DERXW����RI�WKH�WRWDO�QHXWURSKLO�SURWHLQ�DQG�LV�SUHVHQW�LQ�WKH�
F\WRSODVPLF�JUDQXOHV�DW�YHU\�KLJK�FRQFHQWUDWLRQV��,W�PDNHV�XS�DERXW�����RI�WKH�JUDQXOH�SURWHLQ��DQG�
WKLV�DFKLHYHV�FRQFHQWUDWLRQV�RI�DERXW�����PJ�PO����P0��LQ�WKH�YDFXROH�

,QYHVWLJDWRUV�WKRXJKW�WKDW�WKLV�HQ]\PH�FDWDO\]HV�WKH�+ 2 �GHSHQGHQW�R[LGDWLRQ�RI�KDOLGHV�WKDW�FDQ�UHDFW�
ZLWK�DQG�NLOO�PLFUREHV��([SHULPHQWV�ZLWK�WKH�032�+ 2 �KDOLGH�V\VWHP�GHPRQVWUDWHG�WKDW�WKLV�HQ]\PH�
FDQ�NLOO�EDFWHULD�LQ�WKH�WHVW�WXEH��������������DQG�032�PHGLDWHG�KDORJHQDWLRQ�KDV�EHHQ�DFFHSWHG�DV�DQ�
LPSRUWDQW�DQWLPLFURELDO�PHFKDQLVP�IRU�VHYHUDO�GHFDGHV�
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$�IHZ�SDWLHQWV�ZHUH�GLVFRYHUHG�ZKRVH�QHXWURSKLOV�ODFNHG�032�DQG�ZKR�ZHUH�DOVR�WKRXJKW�WR�EH�
LPPXQRGHILFLHQW�������5HFHQWO\�032�NQRFNRXW�PLFH�KDYH�DOVR�VKRZQ�DQ�XQGXH�VXVFHSWLELOLW\�WR�
EDFWHULDO�DQG�IXQJDO�LQIHFWLRQV���������

1LWULF�2[LGH

$OWKRXJK�HYLGHQFH�VXJJHVWV�WKDW�QHXWURSKLOV�FDQ�LQGXFH�WKH�V\QWKHVLV�RI�QLWULF�R[LGH��12��V\QWKDVH�
GXULQJ�VHSVLV�������OLWWOH�HYLGHQFH�LPSOLFDWHV�WKH�LQYROYHPHQW�RI�12�LQ�PLFURELDO�NLOOLQJ��(YHQ�LQ�PLFH��
LQ�WKH�QHXWURSKLOV�RI�ZKLFK�12�V\QWKDVH�LV�H[SUHVVHG�DW�PXFK�KLJKHU�OHYHOV�WKDQ�LQ�KXPDQV��NQRFNLQJ�
RXW�WKLV�PROHFXOH�KDV�OLWWOH�HIIHFW�RQ�WKH�NLOOLQJ�RI�PLFUREHV�IRU�ZKLFK�QHXWURSKLOV�DUH�QRUPDOO\�
UHVSRQVLEOH��,Q�FRQWUDVW��WKHVH�PLFH�DUH�SURIRXQGO\�VXVFHSWLEOH�WR�LQWUDFHOOXODU�RUJDQLVPV�VXFK�DV�6��
HQWHULFD�DQG�0��WXEHUFXORVLV�������ZKLFK�FODVVLFDOO\�SUROLIHUDWH�ZLWKLQ�PDFURSKDJHV�

&<723/$60,&�*5$18/(6�$1'�7+(,5�&217(176

5HVHDUFKHUV�KDYH�NQRZQ�IRU�DOPRVW�D�FHQWXU\�WKDW�QHXWURSKLOV�SKDJRF\WRVH�DQG�NLOO�PLFUREHV��
$OH[DQGHU�)OHPLQJ�GLVFRYHUHG�DQG�QDPHG�O\VR]\PH��ZKLFK�KH�WHUPHG�³D�UHPDUNDEOH�EDFWHULRO\WLF�
HOHPHQW�IRXQG�LQ�WLVVXHV�DQG�VHFUHWLRQV�´�LQFOXGLQJ�OHXNRF\WHV�������+H�VKRZHG�WKDW�LW�O\VHG�DERXW�WZR�
WKLUGV�RI�WKH�EDFWHULD�KH�PL[HG�ZLWK�LW��5HVHDUFKHUV�VXEVHTXHQWO\�VKRZHG�WKDW�SKDJRF\WRVLV�ZDV�
DVVRFLDWHG�ZLWK�GLVFKDUJH�RI�WKH�F\WRSODVPLF�JUDQXOHV�LQWR�WKH�YDFXROH������)LJXUH�����$WWHQWLRQ�WKHQ�
IRFXVHG�RQ�PLFURELFLGDO�FRPSRQHQWV�ZLWKLQ�WKHVH�JUDQXOHV��7KH�ILUVW�PLFURELFLGDO�JUDQXOH�H[WUDFW�ZDV�
FDOOHG�SKDJRF\WLQ�������ZKLFK�ZDV�ODWHU�VKRZQ�WR�EH�FRPSRVHG�RI�DQ�DUUD\�RI�FDWLRQLF�DQWLEDFWHULDO�
SURWHLQV������

6XEVWDQWLDO�UHYLHZV�KDYH�UHFHQWO\�FRYHUHG�WKLV�VXEMHFW�����������'LIIHUHQW�VXEVHWV�RI�JUDQXOHV�KDYH�EHHQ�
FKDUDFWHUL]HG�E\�HOHFWURQ�PLFURVFRS\�������E\�YDULRXV�VWDLQLQJ�WHFKQLTXHV��E\�FHOO�IUDFWLRQDWLRQ�������
DQG�E\�WKHLU�GLIIHUHQW�IXQFWLRQV��7KHUH�DUH�WZR�SUHGRPLQDQW�W\SHV�RI�JUDQXOHV��WKH�D]XURSKLO�DQG�WKH�
VSHFLILF��7KH\�DUH�SURGXFHG�LQ�WKH�SURP\HORF\WLF�DQG�P\HORF\WLF�VWDJHV��DQG�WKHLU�FRQWHQWV�GHSHQG�RQ�
WKH�SURWHLQV�WKDW�DUH�EHLQJ�V\QWKHVL]HG�DW�WKDW�WLPH�DV�ZHOO�DV�RQ�WKH�SUHVHQFH�RI�DSSURSULDWH�VLJQDOLQJ�
SHSWLGHV�����������7KH�JUDQXOHV�DOVR�GLIIHU�LQ�WKHLU�SULPDU\�IXQFWLRQV��DV�GLVFXVVHG�EHORZ�

$]XURSKLO��RU�3ULPDU\��*UDQXOHV

7KH�D]XURSKLOV�ODUJHO\�FRQWDLQ�SURWHLQV�DQG�SHSWLGHV�GLUHFWHG�WRZDUG�PLFURELDO�NLOOLQJ�DQG�GLJHVWLRQ��
ZKHUHDV�WKH�VSHFLILF�JUDQXOHV�UHSOHQLVK�PHPEUDQH�FRPSRQHQWV�DQG�KHOS�WR�OLPLW�IUHH�UDGLFDO�UHDFWLRQV��
$]XURSKLO��RU�SULPDU\��JUDQXOHV�DUH�WKH�ILUVW�WR�EH�SURGXFHG��7KH\�FRQWDLQ�032�DQG�WKUHH�SUHGRPLQDQW�
QHXWUDO�SURWHLQDVHV��FDWKHSVLQ�*��HODVWDVH��DQG�SURWHLQDVH����%DFWHULFLGDO�SHUPHDELOLW\�LQFUHDVLQJ�
SURWHLQ��%3,��ZDV�ILUVW�SXULILHG�DV�D�IDFWRU�WKDW�SHUPHDELOL]HG�DQG�NLOOHG�(��FROL�����������,W�KDV�
OLSRSRO\VDFFKDULGH�ELQGLQJ�DQG�QHXWUDOL]LQJ�DFWLYLWLHV������DQG�DSSHDUV�WR�EH�DWWDFKHG�WR�WKH�JUDQXOH�
PHPEUDQH��'HIHQVLQV�DUH�SHSWLGHV�ZLWK�PROHFXODU�ZHLJKWV�RI�����±�����'D��DQG�HDFK�FRQWDLQV�VL[�
GLVXOSKLGH�OLQNHG�F\VWHLQHV�������7KH\�H[KLELW�DQWLEDFWHULDO�DFWLYLW\��EXW�WKLV�LV�LQKLELWHG�E\�
SK\VLRORJLFDO�FRQFHQWUDWLRQV�RI�VDOW��$ERXW�RQH�WKLUG�RI�WKH�WRWDO�O\VR]\PH������LV�IRXQG�LQ�WKHVH�
JUDQXOHV�

7KHVH�JUDQXOHV�FRQWDLQ�DQ�DEXQGDQW�PDWUL[�FRPSRVHG�RI�VWURQJO\�QHJDWLYHO\�FKDUJHG�VXOSKDWHG�
SURWHRJO\FDQV�������7KLV�PDWUL[�VWURQJO\�ELQGV�DOPRVW�DOO�WKH�SHSWLGHV�DQG�SURWHLQV�RWKHU�WKDQ�
O\VR]\PH��ZKLFK�DUH�VWURQJO\�FDWLRQLF��7KLV�VHTXHVWUDWLRQ�WRJHWKHU�ZLWK�WKH�DFLGLF�S+�DW�ZKLFK�WKH�
JUDQXOH�LQWHULRU�LV�PDLQWDLQHG������NHHSV�WKHVH�HQ]\PHV�LQ�D�TXLHVFHQW��LQDFWLYDWHG�VWDWH�



6SHFLILF��RU�6HFRQGDU\��*UDQXOHV

6SHFLILF�JUDQXOHV�FRQWDLQ�XQVDWXUDWHG������ODFWRIHUULQ��ZKLFK�ELQGV�DQG�VHTXHVWHUV�LURQ�DQG�FRSSHU��
WUDQVFREDODPLQ�,,��ZKLFK�ELQGV�F\DQRFREDODPLQ��DERXW�WZR�WKLUGV�RI�WKH�O\VR]\PH�������QHXWURSKLO�
JHODWLQDVH�DVVRFLDWHG�OLSRFDOLQ�������DQG�D�QXPEHU�RI�PHPEUDQH�SURWHLQV�DOVR�SUHVHQW�LQ�WKH�SODVPD�
PHPEUDQH��LQFOXGLQJ�IODYRF\WRFKURPH�E �RI�WKH�1$'3+�R[LGDVH������

*HODWLQDVH��RU�7HUWLDU\��*UDQXOHV

6RPH�JUDQXOHV�FRQWDLQ�JHODWLQDVH�LQ�WKH�DEVHQFH�RI�ODFWRIHUULQ��DOWKRXJK�PRVW�RI�WKH�ODFWRIHUULQ�
FRQWDLQLQJ�VSHFLILF�JUDQXOHV�DOVR�FRQWDLQ�JHODWLQDVH�������7KH�GHVLJQDWLRQ�RI�JUDQXOHV�DV�³JHODWLQDVH�
JUDQXOH´�UHIHUV�WR�JUDQXOHV�WKDW�FRQWDLQ�JHODWLQDVH�EXW�QRW�ODFWRIHUULQ��WKH\�PD\�UHSUHVHQW�RQH�HQG�RI�WKH�
VSHFWUXP�RI�D�VLQJOH�W\SH�RI�JUDQXOH�ZLWK�WKH�VDPH�FRQWHQWV�EXW�LQ�GLIIHULQJ�SURSRUWLRQV�

/\VRVRPHV

/\VRVRPHV�FRQWDLQ�DFLG�K\GURODVHV��7KH�DFWLYLW\�RI�WKHVH�HQ]\PHV�DSSHDUV�WR�IUDFWLRQDWH�ZLWK�WKH�
D]XURSKLO�JUDQXOHV��7KH\�DUH��KRZHYHU��UHOHDVHG�LQWR�WKH�SKDJRF\WLF�YDFXROH�PXFK�ODWHU�WKDQ�WKH�
D]XURSKLO�FRQWHQWV�DQG�WKHUHIRUH�PXVW�EH�LQ�D�GLVWLQFW�FRPSDUWPHQW������

6HFUHWRU\�9HVLFOHV

7KHVH�HQGRF\WLF�YHVLFOHV�FRQWDLQ�VHUXP�DOEXPLQ������DQG�DUH�SUREDEO\�WKH�HPSW\�YHVLFXODU�VWUXFWXUHV�
GHVFULEHG�SUHYLRXVO\�������7KH\�SURYLGH�D�YDOXDEOH�UHVHUYRLU�RI�PHPEUDQH�FRPSRQHQWV��7KHLU�
UHDVVRFLDWLRQ�ZLWK�WKH�SODVPD�PHPEUDQH�UHSOHQLVKHV�WKDW�ZKLFK�LV�FRQVXPHG�GXULQJ�SKDJRF\WRVLV��DV�
ZHOO�DV�LWV�FRPSRQHQW�SURWHLQV�VXFK�DV�FRPSOHPHQW�UHFHSWRU������DQG�IODYRF\WRFKURPH�E �

&21',7,216�,1�7+(�3+$*2&<7,&�9$&82/(

2QH�PXVW�FOHDUO\�XQGHUVWDQG�WKH�FRQGLWLRQV�LQ�WKH�SKDJRF\WLF�YDFXROH�ZKHQ�DWWHPSWLQJ�WR�GHILQH�NLOOLQJ�
PHFKDQLVPV��$�KHDYLO\�RSVRQL]HG�SDUWLFOH�LV�WDNHQ�XS�LQWR�WKH�SKDJRF\WLF�YDFXROH�ZLWKLQ����V�����������
DQG�NLOOLQJ�LV�DOPRVW�LPPHGLDWH�������7KH�DSSDUHQW�GHOD\�LQ�PDQ\�DVVD\V�UHVXOWV�IURP�D�ORZ�FROOLVLRQ�
IUHTXHQF\�EHWZHHQ�QHXWURSKLOV�DQG�PLFUREHV��ZKLFK�LV�GXH�WR�ORZ�GHQVLWLHV�RI�ERWK��FRXSOHG�ZLWK�VORZ�
PL[LQJ������DQG�VXERSWLPDO�RSVRQL]DWLRQ�

7R�GHWHUPLQH�WKH�FRQFHQWUDWLRQ�RI�WKH�YDFXRODU�FRQWHQWV��RQH�PXVW�NQRZ�WKH�YROXPH�RI�WKH�VSDFH�
EHWZHHQ�WKH�VXUIDFH�RI�WKH�RUJDQLVP�DQG�WKH�PHPEUDQH�RI�WKH�SKDJRF\WLF�YDFXROH��,W�LV�FHUWDLQO\�YHU\�
VPDOO�������)LJXUH�����DQG�SRVVLEO\�QHJOLJLEOH��DV�KDV�EHHQ�VKRZQ�LQ�PDFURSKDJHV������

7KH�KXPDQ�QHXWURSKLO�KDV�QXPHURXV�JUDQXOHV��WKH�FRQWHQWV�RI�ZKLFK�DUH�UHOHDVHG�LQWR�WKH�YDFXROH�DQG�
VTXHH]HG�RQWR�WKH�VXUIDFH�RI�WKH�RUJDQLVP�LQ�YHU\�KLJK�FRQFHQWUDWLRQV��DOPRVW�OLNH�DWWDFKLQJ�D�OLPSHW�
PLQH�WR�D�WDUJHW�������5HVHDUFKHUV�KDYH�HVWLPDWHG�WKDW�WKH�JUDQXOH�SURWHLQ�PDNHV�XS�DERXW�����RI�WKH�
YDFXRODU�YROXPH�������DFKLHYLQJ�SURWHLQ�FRQFHQWUDWLRQV�RI�DERXW�����PJ�PO������,W�ZDV�LQLWLDOO\�WKRXJKW�
WKDW�WKH�VSHFLILF�JUDQXOHV�GHJUDQXODWHG�ILUVW��IROORZHG�E\�WKH�D]XURSKLOV��7KHVH�VWXGLHV�ZHUH�FRQGXFWHG�
RQ�UDEELW�QHXWURSKLOV��DQG�DONDOLQH�SKRVSKDWDVH��ZKLFK�ZH�QRZ�NQRZ�WR�EH�D�PDUNHU�IRU�PHPEUDQHV��
ZDV�XVHG�DV�WKH�PDUNHU�IRU�WKH�VSHFLILF�JUDQXOHV�������,Q�IDFW��ERWK�RI�WKHVH�JUDQXOH�W\SHV�IXVH�ZLWK�WKH�
SKDJRF\WLF�YDFXROH�ZLWK�URXJKO\�VLPLODU�NLQHWLFV�DSSUR[LPDWHO\����V�DIWHU�SDUWLFOH�XSWDNH�������7KH�
DFLG�K\GURODVHV�RQO\�HQWHU�WKH�YDFXROH�DIWHU�DERXW���PLQ��ZKHQ�WKH�S+�KDV�VWDUWHG�WR�IDOO�WR�OHYHOV�
DSSURSULDWH�IRU�WKH�RSWLPDO�DFWLYLW\�RI�WKHVH�HQ]\PHV�

,QYHVWLJDWRUV�KDG�LQLWLDOO\�UHSRUWHG�WKDW�WKH�S+�LQ�WKH�YDFXROH�IHOO�WR�DERXW���DIWHU���PLQ�DQG�WR���DIWHU���
PLQ�������+RZHYHU��VXEVHTXHQW�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�1$'3+�R[LGDVH�HOHYDWHV�WKH�S+�WR�DERXW�
���±����LQ�WKH�ILUVW���PLQ�DIWHU�SKDJRF\WRVLV��DIWHU�ZKLFK�LW�JUDGXDOO\�IDOOV�WR�DERXW�����DIWHU���±���PLQ�
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��������������7KH�1$'3+�R[LGDVH�FRQVXPHV�����IPROV�RI�2 �ZKHQ�D�SDUWLFOH�WKH�VL]H�RI�D�EDFWHULXP�LV�
HQJXOIHG��7KLV�HTXDWHV�WR�PDVVLYH�DPRXQWV�RI� ��RQ�WKH�RUGHU�RI��±��0ROV�O��WKDW�DUH�LQMHFWHG�LQWR�WKH�
YDFXROH�

1(875$/�3527($6(6�$5(�(66(17,$/�)25�%$&7(5,$/�$1'�)81*$/�
.,//,1*

$OWKRXJK�WKH�SURSRVDO�WKDW�526�DUH�WR[LF�WR�LQJHVWHG�PLFUREHV�ZDV�DWWUDFWLYH��LW�ZDV�QHYHU�DGHTXDWHO\�
WHVWHG�XQGHU�WKH�FRQGLWLRQV�SHUWDLQLQJ�WR�WKH�SKDJRF\WLF�YDFXROH��7KH�RSSRUWXQLW\�ZDV�SURYLGHG�E\�WKH�
GHYHORSPHQW�RI�JHQH�WDUJHWLQJ��7KLV�WHFKQLTXH�DOORZHG�WKH�SURGXFWLRQ�RI�D�PRXVH�PRGHO�WKDW�ODFNV�WKH�
PDMRU�QHXWURSKLO�SURWHDVHV��QHXWURSKLO�HODVWDVH��1(�����������FDWKHSVLQ�*������RU�ERWK�HQ]\PHV���������
�����)LJXUH����

�
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2SHQ�LQ�D�VHSDUDWH�ZLQGRZ
)LJXUH��

7KH�QHXWUDO�SURWHDVHV�HODVWDVH�DQG�FDWKHSVLQ�*�DV�ZHOO�DV�. �IOX[�DUH�UHTXLUHG�IRU�PLFURELDO�NLOOLQJ�DQG�
GLJHVWLRQ�E\�QHXWURSKLOV��&DWKHSVLQ�*��QHXWURSKLO�HODVWDVH��1(���DQG�S�� ��&*'��NQRFNRXW�PLFH�DUH�
VXVFHSWLEOH�WR�6��DXUHXV��D��DQG�&��DOELFDQV��E��LQ�YLYR��DQG�WKHLU�QHXWURSKLOV�NLOO�WKHVH�RUJDQLVPV�SRRUO\�LQ�
WKH�WHVW�WXEH��F��DQG��G���DGDSWHG�IURP�����,QKLELWLRQ�RI�WKH�%. �. �FKDQQHO�ZLWK�VSHFLILF�LQKLELWRUV�
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SD[LOOLQH��3$;��DQG�LEHULRWR[LQ��,%7;��SUHYHQWV�NLOOLQJ�RI�6��DXUHXV��H���6��PDUVFHVFHQV��I����DQG�&��
DOELFDQV��J��E\�QHXWURSKLOV��ZKHUHDV�WKH�RSHQHU�16�����DQG�QRQVSHFLILF�LQKLELWRU���DPLQRS\ULGLQH�ZHUH�
ZLWKRXW�HIIHFW��7KH�%. �. �FKDQQHO�EORFNHUV�DOVR�LQKLELWHG�GLJHVWLRQ�RI�UDGLRODEHOHG��NLOOHG�6��DXUHXV��K��
�DGDSWHG�IURP������1HLWKHU�WKH�ORVV�RI�WKH�SURWHDVHV�QRU�EORFNDJH�RI�WKH�%. �FKDQQHO�DIIHFWHG�
SKDJRF\WRVLV��R[LGDVH�DFWLYLW\��RU�LRGLQDWLRQ�

1(�GHILFLHQW�PLFH�ZHUH�H[FHVVLYHO\�VXVFHSWLEOH�WR�LQIHFWLRQ�ZLWK�*UDP�QHJDWLYH��.��SQHXPRQLDH�DQG�
(��FROL�������EXW�QRW�*UDP�SRVLWLYH��6��DXUHXV��EDFWHULD��1(�ZDV�DOVR�QHFHVVDU\�IRU�SURWHFWLRQ�DJDLQVW�
&��DOELFDQV������%RWK�HQ]\PHV�ZHUH�UHTXLUHG�WR�NLOO�$��IXPLJDWXV��7KH�ORVV�RI�FDWKHSVLQ�*�DORQH�ZDV�
IRXQG�E\�RWKHUV������WR�EH�ZLWKRXW�HIIHFW�RQ�WKH�NLOOLQJ�RI�YDULRXV�RI�EDFWHULD��7KH�ORVV�RI�ERWK�1(�DQG�
FDWKHSVLQ�*�FRQIHUUHG�DV�SURIRXQG�D�GHIHFW�RI�EDFWHULDO�NLOOLQJ�DV�ZDV�REVHUYHG�ZLWK�WKH�&*'�PRXVH�
PRGHO�����

,Q�WKHVH�VWXGLHV�RQ�SURWHDVH�GHILFLHQW�PLFH��PLFURELDO�NLOOLQJ�ZDV�DEROLVKHG�GHVSLWH�D�FRPSOHWHO\�
QRUPDO�UHVSLUDWRU\�EXUVW�DQG�QRUPDO�OHYHOV�RI�LRGLQDWLRQ��7KLV�HVWDEOLVKHG�WKDW�526�DQG�PHWDEROLWHV�RI�
WKH�DFWLRQ�RI�032�JHQHUDWHG�LQ�WKH�YDFXROH�DUH�QRW�VXIILFLHQW�WR�NLOO�WKHVH�EDFWHULD�DQG�IXQJL�

7KXV��LW�ZDV�FOHDU�WKDW�WKH�FRPELQDWLRQ�RI�1$'3+�R[LGDVH�DFWLYLW\�DQG�QHXWUDO�SURWHDVH�HQ]\PHV�DUH�
UHTXLUH�IRU�PLFURELDO�NLOOLQJ�WR�WDNH�SODFH��7KLV�UDLVHV�WKH�TXHVWLRQ�RI�WKH�FRQQHFWLRQ�EHWZHHQ�WKHVH�WZR�
SURFHVVHV�

7+(�5(/$7,216+,3�%(7:((1�7+(�1$'3+�2;,'$6(�$1'�.,//,1*�%<�
*5$18/(�&217(176

$FWLYLW\�RI�WKH�1$'3+�2[LGDVH�$OWHUV�WKH�$SSHDUDQFH�RI�WKH�&RQWHQWV�RI�WKH�3KDJRF\WLF�
9DFXROH

7KH�DFWLYLW\�RI�WKH�1$'3+�R[LGDVH�DOWHUV�WKH�DSSHDUDQFH�RI�WKH�FRQWHQWV�RI�SKDJRF\WLF�YDFXROHV�LQ�
HOHFWURQ�PLFURJUDSKV�RI�QHXWURSKLOV�H[DPLQHG�VRRQ�DIWHU�WKH\�KDG�SKDJRF\WRVHG�EDFWHULD������,Q�QRUPDO�
FHOOV��WKH�FRQWHQWV�RI�WKH�YDFXROH�KDG�D�GLIIXVH��DOPRVW�JURXQG�JODVV�DSSHDUDQFH��ZLWK�YHU\�IHZ�LQWDFW�
DJJUHJDWHV�RI�JUDQXOH�FRQWHQWV��%\�FRQWUDVW��LQ�&*'�FHOOV�WKHUH�ZDV�OLWWOH�GLVSHUVLRQ��ZLWK�REYLRXV�
FOXPSLQJ�RI�WKH�JUDQXODU�FRQWHQWV��7KLV�DEQRUPDO�DSSHDUDQFH�ZDV�DOVR�DSSDUHQW�LQ�YDFXROHV�IURP�D�
SDWLHQW�ZLWK�YDULDQW�&*'�ZLWK�����RI�WKH�QRUPDO�R[LGDVH�DFWLYLW\�

7KHVH�REYLRXV�VWUXFWXUDO�GLIIHUHQFHV��FRXSOHG�ZLWK�WKH�PDVVLYH�DPRXQWV�RI� LQMHFWHG�LQWR�WKH�YDFXROH�
DQG�WKH�IDFW�WKDW�����RI�WKLV�DPRXQW�RI� LQ�YDULDQW�&*'��DPRXQWLQJ�WR�VRPH����±����P0ROV�O��ZDV�
LQVXIILFLHQW��VXJJHVWHG�WR�UHVHDUFKHUV�WKDW�WKH�R[LGDVH�ZDV�H[HUWLQJ�VRPH�SK\VLFR�FKHPLFDO�LQIOXHQFH�
RQ�WKH�JUDQXOH�FRQWHQWV�UDWKHU�WKDQ�VLPSO\�SURGXFLQJ�526�RU�VXEVWUDWH�IRU�032��6HJDO�DQG�FROOHDJXHV�
����WKHUHIRUH�WXUQHG�WKHLU�DWWHQWLRQ�WR�HOHFWURQ�WUDQVSRUW�DFURVV�WKH�PHPEUDQH�DQG�LWV�FRQVHTXHQFHV�IRU�
WKH�PRYHPHQW�RI�RWKHU�LRQV�

&KDUJH�&RPSHQVDWLRQ�$FURVV�WKH�9DFXRODU�:DOO

7KH�R[LGDVH�LV�HOHFWURJHQLF��WUDQVIHUULQJ�HOHFWURQV��XQDFFRPSDQLHG�E\�SURWRQV��DFURVV�WKH�YDFXRODU�
PHPEUDQH����������7KH�YDFXRODU�YROXPH�LV�DERXW�����ȝP ��ZLWK�D�PHPEUDQH�VXUIDFH�DUHD�RI�DERXW������
ȝP �,Q�HDFK�YDFXROH�����±����IPROV�RI� DUH�SURGXFHG��DQG�WKXV�DERXW��±���î��� �HOHFWURQV�SDVV�
DFURVV�HDFK�ȝ �RI�PHPEUDQH��7KH�FKDUJH�RQ�RQH�HOHFWURQ�LV�����î��� �FRXORPEV��VR��±��î���
FKDUJHV�LQ�RQH�VTXDUH�PLFURQ�ZRXOG�SURGXFH�IURP�����î��� �WR�����î��� �FRXORPEV�FP ��:LWK�WKH�
FDSDFLWDQFH�RI�WKH�PHPEUDQH�DW�DSSUR[LPDWHO\���PLFURIDUDG�FP �������WKLV�FKDUJH�ZRXOG�GHSRODUL]H�WKH�
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PHPEUDQH�SRWHQWLDO�E\������±�������YROWV��'HSRODUL]DWLRQ�RI�WKH�PHPEUDQH�WR������P9�VKXWV�GRZQ�
1$'3+�R[LGDVH�DFWLYLW\�FRPSOHWHO\�������7KXV��IRU�VLJQLILFDQW�R[LGDVH�DFWLYLW\�WR�RFFXU��WKH�FKDUJH�
PXVW�EH�FRPSHQVDWHG�

7KH�FKDQJHV�LQ�WKH�YDFXRODU�S+��ZKLFK�LV�HOHYDWHG�IURP�WKDW�RI�WKH�H[WUDFHOOXODU�PHGLXP�WR����±����
�����GHVSLWH�WKH�UHOHDVH�LQWR�WKH�YDFXROH�RI�����PJ�PO�RI�DFLGLF�JUDQXOH�SURWHLQ�FRQWHQWV������KROG�WKH�
NH\�WR�XQGHUVWDQGLQJ�WKH�QDWXUH�RI�WKH�FRPSHQVDWLQJ�LRQV��)LJXUH�����7KHVH�JUDQXOH�FRQWHQWV�DUH�
PDLQWDLQHG�DW�S+�����LQ�WKH�JUDQXOH�E\�D�SURWRQ�SXPS������DQG�KDYH�VWURQJ�EXIIHULQJ�SRZHUV��$ERXW�
����ȝPRO�SRWDVVLXP�K\GUR[LGH�LV�UHTXLUHG�SHU�JUDP�RI�JUDQXOH�SURWHLQ�WR�HOHYDWH�WKH�S+�IURP�����WR�����
����

)LJXUH��

$FWLYLW\�RI�WKH�1$'3+�R[LGDVH�GHSRODUL]HV�WKH�PHPEUDQH��7KH�QDWXUH�RI�WKH�FRPSHQVDWLQJ�FKDUJH�
JRYHUQV�WKH�FKDQJHV�LQ�YDFXRODU�S+�DQG�WRQLFLW\��(OHFWURQV�DUH�WUDQVSRUWHG�DFURVV�WKH�YDFXRODU�PHPEUDQH�
WR�IRUP� ��ZKLFK�GLVPXWDWHV�WR� �� DQG� EHFRPH�SURWRQDWHG�WR�IRUP�+2 �DQG�+ 2 ��WKHUHE\�

FRQVXPLQJ�SURWRQV�DQG�HOHYDWLQJ�WKH�S+�LQ�WKH�YDFXROH�GHVSLWH�WKH�HQWU\�RI�DFLGLF�JUDQXOH�FRQWHQWV��7KLV�
SURFHVV�FDQ�RQO\�RFFXU�LI�SDUW�RI�WKH�FKDUJH�LV�FRPSHQVDWHG�E\�LRQV�RWKHU�WKDQ�SURWRQV��ZKLFK�LQ�SDUW�
RFFXUV�WKURXJK�WKH�SDVVDJH�RI�. �LRQV���������

7KH�YDFXROH�EHFRPHV�DONDOLQH�GHVSLWH�WKH�HQWU\�RI�DFLGLF�JUDQXOH�FRQWHQWV��LQGLFDWLQJ�WKDW�WKH� DQG�
DUH�FRQVXPLQJ�SURWRQV�LQ�WKH�YDFXROH��7KLV�ZRXOG�QRW�KDSSHQ�LI�HDFK�HOHFWURQ�SDVVLQJ�DFURVV�WKH�

PHPEUDQH�ZDV�DFFRPSDQLHG�E\�D�SURWRQ��GHPRQVWUDWLQJ�WKDW�FRPSHQVDWLQJ�FKDUJHV�FDQQRW�EH�VROHO\�LQ�
WKH�IRUP�RI�+ �IURP�WKH�F\WRSODVP�
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7KH�PDMRU�FDWLRQ�LQ�WKH�F\WRSODVP�LV�. ��ZKLFK�DFFXPXODWHV�LQ�WKH�YDFXROH�DW�FRQFHQWUDWLRQV�RI�XS�WR�
DERXW�����P0�DV�D�FRQVHTXHQFH�RI�R[LGDVH�DFWLYLW\������7UDQVSRUW�RI�. �LRQV�LV�PDUNHGO\�GLPLQLVKHG�
ZKHQ�WKH�S+�ULVHV�DERYH������LQGLFDWLQJ�WKDW�WKH�. �FKDQQHO�SURYLGHV�DQ�LPSRUWDQW�VHOI�UHJXODWLQJ�
PHFKDQLVP�IRU�HOHYDWLQJ�WKH�YDFXRODU�S+�ZKLOH�DOVR�HQVXULQJ�WKDW�LW�GRHV�QRW�JR�WRR�KLJK�

. �IOX[�RQO\�DFFRXQWV�IRU�DERXW����RI�WKH�FRPSHQVDWLQJ�FKDUJH������7KH�SXWDWLYH�SURWRQ�FKDQQHO�
GLVFXVVHG�EHORZ�GRHV�QRW�DSSHDU�WR�FRPSHQVDWH�IRU�DOO�WKH�UHVW�RI�WKH�FKDUJH�EHFDXVH�LWV�LQKLELWLRQ�ZLWK�
=Q �DQG�&G �IDLOV�WR�EORFN�WKH�1$'3+�R[LGDVH�������7KHUHIRUH��VRPH�RWKHU�PDMRU�LRQ�IOX[�PXVW�DOVR�
EH�LQYROYHG��$V�LV�GHVFULEHG�EHORZ��WKLV�LV�DFFRPSOLVKHG�E\�WKH�IOX[�RI�FKORULGH�LRQV�WKURXJK�D�JO\FLQH�
JDWHG��VWU\FKQLQH�VHQVLWLYH�FKDQQHO�

7KH�. �(QWHUV�WKH�3KDJRF\WLF�9DFXROH�7KURXJK�%. �&KDQQHOV

. �HQWHUV�WKH�YDFXROH�WKURXJK�WKH�ODUJH�FRQGXFWDQFH�&D �DFWLYDWHG�. �FKDQQHO�������,EHULRWR[LQ�
�,%7;��DQG�SD[LOOLQH��3$;���ERWK�KLJKO\�VHOHFWLYH�DQG�SRWHQW�LQKLELWRUV�RI�WKLV�FKDQQHO�����������
SUHYHQW�WKH�DONDOLQL]DWLRQ�RI�WKH�YDFXROH��FRQILUPLQJ�WKH�LPSRUWDQFH�RI�WKH�LQIOX[�RI�. �LQWR�WKH�
YDFXROH�RQ�DONDOLQL]DWLRQ�RI�WKLV�FRPSDUWPHQW��7KH�,& �YDOXHV�IRU�WKLV�HIIHFW�ZHUH�LQ�WKH�UHJLRQ�RI����
Q0�IRU�,%7;�DQG�3$;��FRQVLVWHQW�ZLWK�WKHLU�,& �IRU�FKDQQHO�EORFN��,Q�DGGLWLRQ��WKH�%. FKDQQHO�
RSHQHU��16�����������VLJQLILFDQWO\�DXJPHQWHG�WKH�ULVH�LQ�S+�WR�VXSUDQRUPDO�OHYHOV��$�YDULHW\�RI�
EORFNHUV�DQG�RSHQHUV�RI�RWKHU�. �FKDQQHOV�ZHUH�ZLWKRXW�HIIHFW�

5E �UHOHDVH�IURP�DFWLYDWHG�QHXWURSKLOV�DIWHU�VWLPXODWLRQ�ZLWK�SKRUERO�P\ULVWDWH�DFHWDWH��30$��ZDV�
DOVR�LQGXFHG�E\�16�����DQG�HYHQ�IXUWKHU�HQKDQFHG�E\�WKH�FRPELQDWLRQ�RI�WKLV�RSHQHU�DQG�30$��30$�
LQGXFHG�DQG�16�����LQGXFHG�HIIOX[�ZHUH�ERWK�FRPSOHWHO\�DEURJDWHG�E\�,%7;�DQG�3$;��7KH�VDPH�ZDV�
IRXQG�WR�DSSO\�WR�HRVLQRSKLOV�

%. �FKDQQHOV�DUH�FODVVLFDOO\�RSHQHG�E\�WKH�FRPELQDWLRQ�RI�PHPEUDQH�GHSRODUL]DWLRQ�DQG�HOHYDWHG�
F\WRVROLF�&D �������7KH�VDPH�KROGV�WUXH�IRU�WKLV�FKDQQHO�LQ�QHXWURSKLOV�DQG�HRVLQRSKLOV��1HLWKHU�
GHSRODUL]LQJ�WKH�PHPEUDQH�QRU�HOHYDWLQJ�WKH�F\WRVROLF�&D �ZDV�VXIILFLHQW�WR�IXOO\�RSHQ�WKH�.
FKDQQHO��ZKHUHDV�WKH�FRPELQDWLRQ�RI�WKH�WZR�FDXVHG�DV�PXFK�FKDQQHO�RSHQLQJ�DV�GLG�VWLPXODWLRQ�ZLWK�
30$��$OWKRXJK�30$�VWLPXODWLRQ�LV�ZHOO�NQRZQ�WR�GHSRODUL]H�WKH�QHXWURSKLO�SODVPD�PHPEUDQH�������LW�
LV�JHQHUDOO\�WKRXJKW�QRW�WR�HOHYDWH�F\WRVROLF�&D ��2QH�PHFKDQLVP�E\�ZKLFK�WKLV�PLJKW�RFFXU�LV�
WKURXJK�D�GURS�LQ�S+�MXVW�EHQHDWK�WKH�SODVPD�PHPEUDQH�DV�D�FRQVHTXHQFH�RI�FKDUJH�VHSDUDWLRQ�LQGXFHG�
E\�WKH�R[LGDVH��&RUUHVSRQGLQJ�HOHYDWLRQV�LQ�&D �DQG�IDOOV�LQ�S+�ZHUH�VHHQ�MXVW�EHQHDWK�WKH�SODVPD�
PHPEUDQH�LQ�DFWLYDWHG�FHOOV������

&KDUJH�&RPSHQVDWLRQ�E\�3URWRQV

3URWRQV�UHPDLQ�LQ�WKH�F\WRSODVP�DV�D�UHVXOW�RI�FKDUJH�VHSDUDWLRQ��ZKLFK�RFFXUV�ZKHQ�WKH�HOHFWURQV�DUH�
WUDQVSRUWHG�IURP�1$'3+�DFURVV�WKH�ZDOO�RI�WKH�SKDJRF\WLF�YDFXROH��$GGLWLRQDO�SURWRQV�DUH�SURGXFHG�
LQ�WKH�F\WRVRO�E\�WKH�+03�VKXQW��ZKLFK�JHQHUDWHV�1$'3+�������DV�ZHOO�DV�GXULQJ�WKH�SURGXFWLRQ�RI�
HQHUJ\�E\�JO\FRO\VLV��7KLV�SURWRQ�JHQHUDWLRQ�E\�DQ�DFWLYH�R[LGDVH��HVWLPDWHG�WR�EH�DERXW�����P0ROV�O�
������FDXVHV�DQ�LQLWLDO�VOLJKW�IDOO�LQ�F\WRVROLF�S+�WKDW�UDSLGO\�UHWXUQV�WR�QRUPDO�

7KUHH�PHFKDQLVPV�DSSHDU�WR�EH�DVVRFLDWHG�ZLWK�WKH�H[WUXVLRQ�RI�WKHVH�SURWRQV��ZKLFK�DUH�H[WUXGHG�LQ�
URXJKO\�HTXLPRODU�TXDQWLWLHV�ZLWK�WKH� WKDW�LV�JHQHUDWHG�����������7KH�SUHGRPLQDQW�RQH�LV�D�1D �+
DQWLSRUW�����������,WV�LQKLELWLRQ�E\�WKH�UHPRYDO�RI�H[WUDFHOOXODU�1D �RU�EORFNDJH�ZLWK�DPLORULGH�FDXVHV�
DFLGLILFDWLRQ�RI�WKH�F\WRVRO�XSRQ�VWLPXODWLRQ�RI�WKH�FHOOV��,Q�DGGLWLRQ��ERWK�=Q �DQG�&G �VHQVLWLYH�
SURWRQ�FKDQQHOV����������DQG�YDFXRODU��9��W\SH�+ �SXPSV��LQKLELWHG�E\�EDILORP\FLQV�������DUH�DOVR�
SUHVHQW�
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,QYHVWLJDWRUV�JHQHUDOO\�DJUHH�WKDW�WKH�FKDUJH�LQGXFHG�E\�HOHFWURQ�WUDQVORFDWLRQ��, ��WKURXJK�WKH�1$'3+�
R[LGDVH�LV�FRPSHQVDWHG�E\�SURWRQ�HIIOX[���������������DOWKRXJK�WKH�LGHQWLW\�RI�WKH�SURSRVHG�FKDQQHO�LV�
FXUUHQWO\�KLJKO\�FRQWHQWLRXV��2QH�VFKRRO�RI�WKRXJKW�KROGV�WKDW�SURWRQV�SDVV�WKURXJK�YROWDJH�JDWHG�
SURWRQ�FKDQQHOV�WKDW�DUH�GLVWLQFW�IURP�DQ\�1$'3+�R[LGDVH�FRPSRQHQW�������7KH�RSSRVLQJ�YLHZ�LV�WKDW�
WKH\�SDVV�WKURXJK�IODYRF\WRFKURPH�E �RI�WKH�R[LGDVH��JS�� ��LWVHOI����������

2QH�RI�WKH�KDOOPDUNV�RI�WKH�DVVXPSWLRQ�WKDW�, �LV�ODUJHO\�FRPSHQVDWHG�E\�SURWRQ�IOX[HV�LV�WKDW�ERWK�
=Q �DQG�&G ��NQRZQ�SURWRQ�FKDQQHO�EORFNHUV�����������������ZHUH�DOVR�WKRXJKW�WR�LQKLELW�
SURGXFWLRQ�����������7KH�GLVFUHSDQF\�EHWZHHQ�WKH�ORZ�ȝ0�FRQFHQWUDWLRQV�RI�WKHVH�FDWLRQV�WKDW�EORFN�
SURWRQ�FKDQQHOV�DQG�WKH�P0�FRQFHQWUDWLRQV�QHHGHG�WR�LQKLELW�F\WRFKURPH�F�UHGXFWLRQ�ZDV�UHFHQWO\�
H[SODLQHG�E\�WKH�YROWDJH�GHSHQGHQFH�RI�, ��=Q �DQG�&G �VKLIW�WKH�WKUHVKROG�YROWDJH�IRU�DFWLYDWLQJ�
YROWDJH�JDWHG�SURWRQ�FKDQQHOV�LQWR�WKH�VWHHSO\�YROWDJH�GHSHQGHQW�UHJLRQ�RI�, ��WKHUHE\�DWWHQXDWLQJ�
SURGXFWLRQ������

+RZHYHU��=Q �DQG�&G �LQKLELWLRQ�RI�YROWDJH�JDWHG�SURWRQ�FKDQQHOV�GR�QRW�LQKLELW�WKH�1$'3+�
R[LGDVH��7KH\�KDYH�QR�HIIHFW�RQ�30$�LQGXFHG�R[\JHQ�FRQVXPSWLRQ��WKH�WUXH�PHDVXUH�RI�R[LGDVH�
DFWLYLW\��=Q �DQG�&G �LQWHUIHUH�ZLWK�WKH�UHGXFWLRQ�RI�F\WRFKURPH�F�E\�DFFHOHUDWLQJ�WKH�GLVPXWDWLRQ�RI�
2 �WR�+ 2 �������,Q�D�V\VWHP�LQ�ZKLFK�[DQWKLQH�[DQWKLQH�R[LGDVH�JHQHUDWHG� ����P0�FRQFHQWUDWLRQV�
RI�WKHVH�HOHPHQWV�LQGXFHG�WKH�GLVPXWDWLRQ�RI� WR�+ 2 �DW�D�UDWH�LQGLVWLQJXLVKDEOH�IURP�WKDW�FDWDO\]HG�
E\�VXSHUR[LGH�GLVPXWDVH����ȝJ�PO���=Q ��DW�FRQFHQWUDWLRQV�WKUHH�RUGHUV�RI�PDJQLWXGH�JUHDWHU�WKDQ�
WKRVH�FDXVLQJ�DOPRVW�FRPSOHWH�EORFNDJH�WR�SURWRQ�FKDQQHOV��ZDV�DOVR�ZLWKRXW�HIIHFW�RQ�WKH�FXUUHQWV�
PHDVXUHG�LQ�HOHFWURSK\VLRORJLFDO�VWXGLHV�SHUIRUPHG�RQ�QHXWURSKLOV��HRVLQRSKLOV��RU�RQ�30$�LQGXFHG�
5E�HIIOX[�IURP�WKHVH�FHOOV�������7KLV�GRHV�QRW�PHDQ�WKDW�+ �PRYHPHQW�WKURXJK�SURWRQ�FKDQQHOV�GRHV�

QRW�FRPSHQVDWH�VRPH�RI�WKH�FKDUJH��EXW�RQO\�WKDW�WKH�MXVWLILFDWLRQ�KLWKHUWR�SURYLGHG�LV�LQFRUUHFW�

&KDUJH�&RPSHQVDWLRQ�E\�&O

:H�VKRZHG�WKDW�. �DFFRXQWV�IRU�RQO\�DERXW���±����RI�WKH�FRPSHQVDWLRQ�RI�WKH�WRWDO�HOHFWURQ�
WUDQVSRUW��DQG��FRQWUDU\�WR�WKH�GHVFULSWLRQ�LQ�D�UHFHQW�FULWLTXH�RI�RXU�ZRUN��������ZH�QHYHU�FODLPHG�WKDW�
LW�ZDV�WKH�RQO\�FRPSHQVDWLQJ�LRQ��0RUH�UHFHQWO\��ZH��-��$KOXZDOLD��*��*DEHOOD��6��3RSH��$��:DUOH\��$��
6HJDO��XQSXEOLVKHG��KDYH�GLVFRYHUHG�WKDW�WKDW�&O ��SDVVLQJ�WKURXJK�VWU\FKQLQH�VHQVLWLYH��JO\FLQH�
DFWLYDWHG�KRPRPHULF�FKDQQHOV��FRPSHQVDWHV�DERXW�����RI�WKH�FKDUJH��7KHVH�FKDQQHOV�ZHUH�
FKDUDFWHUL]HG�E\�SDWFK�FODPSLQJ�ZKROH�FHOOV�DQG�LVRODWHG�SKDJRF\WLF�YDFXROHV��DQG�E\�:HVWHUQ�EORWWLQJ��
7KH�UHPRYDO�RI�&O �RU�WKH�EORFNDJH�RI�WKLV�FKDQQHO�DEROLVKHG�ERWK�WKH�UHVSLUDWRU\�EXUVW�DQG�PLFURELDO�
NLOOLQJ��+LJK�FRQFHQWUDWLRQV�RI�&O �DQG�JO\FLQH�UHTXLUHG�IRU�WKH�RSWLPDO�IXQFWLRQ�RI�WKHVH�FKDQQHOV�DUH�
FRQWDLQHG�ZLWKLQ�WKH�F\WRSODVPLF�JUDQXOHV��ZKLFK�HPSW\�LQWR�WKH�YDFXROH��1$'3+�R[LGDVH�DFWLYLW\�
ZDV�ORVW�ZKHQ�WKH�JUDQXOHV�ZHUH�UHPRYHG�DQG�UHJDLQHG�ZKHQ�&O �ZDV�UHLQWURGXFHG�LQWR�WKH�YDFXROH��
/\VR]\PH��FDWKHSVLQ�*��DQG�HODVWDVH�ZHUH�LQDFWLYDWHG�E\�K\SHUWRQLF�&O ��WKH�UHPRYDO�RI�ZKLFK�ZRXOG�
EH�LPSRUWDQW�IRU�WKHLU�IXQFWLRQ��7KHVH�&O �IOX[HV�SURYLGH�D�GLUHFW�FRXSOH�EHWZHHQ�WKH�H[WHQW�RI�
GHJUDQXODWLRQ�DQG�R[LGDVH�DFWLYLW\�UHTXLUHG�WR�DFWLYDWH�WKH�UHOHDVHG�HQ]\PHV�

7KH�0RYHPHQW�RI�. �LQWR�WKH�9DFXROH�$FWLYDWHV�1(�DQG�&DWKHSVLQ�*

7KH�FRQWHQWV�RI�WKH�F\WRSODVPLF�D]XURSKLO�JUDQXOHV�DUH�QRW�IUHHO\�LQ�VROXWLRQ��7KH\�DUH�DOPRVW�
H[FOXVLYHO\�KLJKO\�FDWLRQLF�SURWHLQV�WKDW�DUH�VWURQJO\�ERXQG�WR�WKH�KLJKO\�QHJDWLYHO\�FKDUJHG�
SURWHRJO\FDQV�KHSDULQ�DQG�FKRQGURLWLQ�VXOSKDWH�������LQ�ZKLFK�VWDWH�WKH\�DUH�LQDFWLYH��7KH\�DUH�
DFWLYDWHG�LQ�WKH�YDFXROH�ERWK�E\�WKH�HOHYDWLRQ�LQ�S+�GHVFULEHG�DERYH�DQG�E\�WKH�K\SHUWRQLF�. ��7KH�
ODWWHU�EUHDNV�WKH�FKDUJHG�LQWHUDFWLRQ�EHWZHHQ�WKH�HQ]\PHV�DQG�WKH�PDWUL[��UHOHDVLQJ�WKHP�LQ�D�VROXEOH�

H

���
SKR[

H
�� �� �െʹ

H
�� ��

H �െʹ

�� ���

�� ��

�í
� � �െʹ

�െʹ � �
��

�� �

í

�

í

í

í

í

í

í

�

�



IRUP������)LJXUH�����)RU�WKHVH�K\SHUWRQLF�FRQGLWLRQV�WR�GHYHORS��ZDWHU�PXVW�EH�SUHYHQWHG�IURP�HQWHULQJ�
WKH�YDFXROH�LQ�UHVSRQVH�WR�WKH�RVPRWLF�DWWUDFWLRQ�RI�WKH�VDOWV��7KLV�LV�DFKLHYHG�E\�HQFDVLQJ�WKH�YDFXROH�
LQ�D�PHVKZRUN�RI�F\WRVNHOHWDO�SURWHLQV��LQFOXGLQJ�SD[LOOLQ�DQG�YLQFXOLQ�

)LJXUH��

6FKHPDWLF�UHSUHVHQWDWLRQ�RI�LQWHUDFWLRQ�EHWZHHQ�1$'3+�R[LGDVH�DQG�JUDQXOH�SURWHDVHV��(OHFWURQ�WUDQVSRUW�
WKURXJK�IODYRF\WRFKURPH�E �FRQVXPHV�SURWRQV�LQ�WKH�YDFXROH��HOHYDWLQJ�S+�WR�D�OHYHO�RSWLPDO�IRU�QHXWUDO�
SURWHDVHV��ZKLFK�DUH�DOVR�DFWLYDWHG�E\�. �GULYHQ�LQWR�WKH�YDFXROH�WR�FRPSHQVDWH�WKH�FKDUJH�DFURVV�WKH�
PHPEUDQH��7KH�K\SHUWRQLF�. �VROXELOL]HV�WKH�FDWLRQLF�JUDQXOH�SURWHDVHV�DQG�SHSWLGHV�E\�GLVSODFLQJ�WKHP�
IURP�WKH�DQLRQLF�VXOSKDWHG�SURWHRJO\FDQ�JUDQXOH�PDWUL[��7KH�UHTXLUHPHQW�IRU�DQ�DONDOLQH��K\SHUWRQLF�
HQYLURQPHQW�UHVWULFWV�WKH�WR[LFLW\�RI�WKHVH�SURWHLQV�WR�WKH�YDFXRODU�FRPSDUWPHQW��WKHUHE\�OLPLWLQJ�GDPDJH�
WR�QRUPDO�WLVVXHV�

7KH�LPSRUWDQFH�RI�WKH�DFFXPXODWLRQ�RI�. �LQ�WKH�YDFXROH�ZDV�VKRZQ�ZKHQ�WKLV�ZDV�GLPLQLVKHG�HLWKHU�
ZLWK�WKH�. �LRQRSKRUH�YDOLQRP\FLQ������RU�E\�EORFNLQJ�WKH�%. �FKDQQHO�ZLWK�WKH�VSHFLILF�LQKLELWRUV�
,%7;�RU�3$;�������,Q�ERWK�FDVHV��PLFURELDO�NLOOLQJ�DQG�GLJHVWLRQ�ZDV�DOPRVW�FRPSOHWHO\�SUHYHQWHG��
)LJXUH����GHVSLWH�WKH�JHQHUDWLRQ�RI�QRUPDO�TXDQWLWLHV�RI�526�DQG�QRUPDO�OHYHOV�RI�LRGLQDWLRQ�

:K\�:DV�WKH�,PSRUWDQFH�RI�*UDQXOH�&RQWHQWV�LQ�WKH�.LOOLQJ�3URFHVV�VR�2YHUVKDGRZHG�E\�
526�DQG�032�0HGLDWHG�+DORJHQDWLRQ"

7KH�WKHRU\�WKDW�PLFUREHV�DUH�NLOOHG�ZLWKLQ�WKH�SKDJRF\WLF�YDFXROH�E\�526�KDG�IHUWLOH�JURXQG�RQ�ZKLFK�
WR�GHYHORS��7KH�ODFN�RI�SURGXFWLRQ�RI� DQG�+ 2 �LQ�DQDHURELF�FHOOV�DQG�LQ�&*'�ZLWK�LPSDLUHG�
NLOOLQJ�XQGHU�WKHVH�FRQGLWLRQV�VXSSRUWHG�WKLV�WKHRU\����������DV�GLG�WKH�FRQFHSW�RI�WR[LFLW\�HQJHQGHUHG�LQ�
WKH�QDPH�³UHDFWLYH�R[\JHQ�VSHFLHV�´�$OWKRXJK�H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ�VXSSRUW�RI�WKHVH�LGHDV��
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WKH�FRQGLWLRQV�XQGHU�ZKLFK�WKH\�ZHUH�SHUIRUPHG�LQ�QR�ZD\�UHIOHFWHG�WKH�FRQGLWLRQV�SHUWDLQLQJ�LQ�WKH�
YDFXROH��7KH\�ZHUH�RIWHQ�GRQH�DW�WKH�ZURQJ�S+��DQG�QHYHU�LQ�WKH�SUHVHQFH�RI�WKH�HQRUPRXVO\�KLJK�
FRQFHQWUDWLRQV�RI�SURWHLQ�WKDW�RFFXU�QDWXUDOO\�

,QLWLDO�VWXGLHV�FODLPHG�WKDW�NLOOLQJ�RFFXUUHG�E\� JHQHUDWHG�E\�WKH�UHDFWLRQ�RI�[DQWKLQH�ZLWK�[DQWKLQH�
R[LGDVH��EXW�LQ�IDFW�LQ�WKRVH�H[SHULPHQWV�WKH�PLFUREHV�ZHUH�NLOOHG�LQ�WKH�DEVHQFH�RI�WKH�VXEVWUDWH�
[DQWKLQH��DQG�NLOOLQJ�ZDV�QRW�LQKLELWHG�E\�VXSHUR[LGH�GLVPXWDVH�������,Q�D�VLPLODU�H[SHULPHQW��QR�
NLOOLQJ�RI�EDFWHULD�E\� ZDV�REVHUYHG�DIWHU����PLQ������

+ 2

+ 2 ��ZKLFK�LV�XVHG�DV�D�WRSLFDO�DQWLVHSWLF��������LV�SURGXFHG�E\�QHXWURSKLOV�DQG�KDV�EHHQ�WKRXJKW�RI�
DV�FDSDEOH�RI�NLOOLQJ�PLFUREHV�ZLWKLQ�WKHP�������������6XSSRUWLYH�HYLGHQFH�ZDV�SURYLGHG�E\�WKH�
ILQGLQJ�WKDW�FDWDODVH�QHJDWLYH�RUJDQLVPV�UDUHO\�LQIHFW�SDWLHQWV�ZLWK�&*'��������7KH�H[SODQDWLRQ�ZDV�
WKDW�WKHVH�EDFWHULD�JHQHUDWHG�HQRXJK�+ 2 �WR�FDWDO\]H�WKHLU�RZQ�032�PHGLDWHG�KDORJHQDWLRQ�ZLWKLQ�
WKH�YDFXROH�RI�WKH�QHXWURSKLO�������������,Q�YLWUR�PXWDJHQHVLV�ZDV�XVHG�WR�JHQHUDWH�VWUDLQV�RI�6��DXUHXV�
FRQWDLQLQJ�YDU\LQJ�OHYHOV�RI�FDWDODVH��DQG�WKHLU�YLUXOHQFH�LQ�PLFH�ZDV�IRXQG�WR�EH�LQYHUVHO\�
SURSRUWLRQDO�WR�WKHLU�FDWDODVH�FRQWHQW��������5HFHQWO\��KRZHYHU��GRXEWV�KDYH�EHHQ�FDVW�RQ�WKLV�WKHRU\��
&DWDODVH�GHILFLHQW�$��QLGXODQV�������DQG�6��DXUHXV�������DUH�DV�YLUXOHQW�DV�WKH�FDWDODVH�SRVLWLYH�YDULHWLHV�
LQ�PRXVH�PRGHOV�RI�&*'��DQG�WKH�EDFWHULD�FRXOG�QHYHU�FRPH�QHDU�WR�SURGXFLQJ�WKH�UHODWLYHO\�HQRUPRXV�
TXDQWLWLHV�RI�+ 2 �JHQHUDWHG�HYHQ�E\�FHOOV�IURP�SDWLHQWV�ZLWK�YDULDQW�&*'�

:KHQ�JOXFRVH�R[LGDVH�ZDV�DGPLQLVWHUHG�WR�&*'�FHOOV�LQ�OLSRVRPHV��LW�DSSHDUHG�WR�FRUUHFW�WKH�NLOOLQJ�
GHIHFW�������������+RZHYHU��QR�H[SODQDWLRQ�ZDV�SURYLGHG�DV�WR�KRZ�JOXFRVH�ZRXOG�JDLQ�DFFHVV�WR�WKH�
YDFXROH�LQ�DGHTXDWH�DPRXQWV�WR�JHQHUDWH�VXIILFLHQW�TXDQWLWLHV�RI�+ 2 ��DQG�WKH�NLOOLQJ�RI�EDFWHULD�LQ�WKH�
H[WUDFHOOXODU�PHGLXP�ZDV�QRW�H[FOXGHG�

032

([SHULPHQWV�WKDW�GHPRQVWUDWHG�WKDW�WKH�032�+ 2 �KDOLGH�V\VWHP�FDQ�NLOO�EDFWHULD�LQ�WKH�WHVW�WXEH������
�������ZHUH�FRQGXFWHG�XQGHU�QRQSK\VLRORJLFDO�FRQGLWLRQV��ZLWK�UHODWLYHO\�ORZ�FRQFHQWUDWLRQV�RI�032�
����ȝJ�PO�UDWKHU�WKDQ�����PJV�PO���DW�ORZ�S+������UDWKHU�WKDQ����±������DQG��PRVW�LPSRUWDQW�RI�DOO��LQ�
WKH�DEVHQFH�RI�WKH�KLJK�OHYHOV�RI�SURWHLQV��DSSUR[LPDWHO\�����PJV�PO��IRXQG�LQ�WKH�YDFXROH��:KHQ�
EDFWHULD�ZHUH�H[SRVHG�WR�����P0�+ 2 �RU���P0�+2&O�LQ�WKH�SUHVHQFH�RI����PJ�PO�JUDQXOH�SURWHLQV�
�WHFKQLFDOO\�PXFK�PRUH�PDQDJHDEOH�WKDQ�WKH�H[SHULPHQWDOO\�GHWHUPLQHG�����PJ�PO���NLOOLQJ�ZDV�
DOPRVW�DEROLVKHG�������

1HXWURSKLOV�FOHDUO\�LRGLQDWH�DQG�FKORULQDWH�SURWHLQV�ZKHQ�EDFWHULD�DUH�SKDJRF\WRVHG��DQG�WKLV�
KDORJHQDWLRQ�LV�GHSHQGHQW�RQ�DQ�DFWLYH�1$'3+�R[LGDVH�DQG�032��������+RZHYHU��LW�LV�ODUJHO\�WKH�
SURWHLQV�RI�WKH�QHXWURSKLO�JUDQXOH�UDWKHU�WKDQ�WKH�PLFURELDO�SURWHLQV�WKDW�DUH�LRGLQDWHG������������DQG�
FKORULQDWHG��������D�KLJKO\�LQHIILFLHQW�V\VWHP�LI�LWV�SULPDU\�SXUSRVH�LV�WR�KDORJHQDWH�EDFWHULDO�SURWHLQV��
)XUWKHU�LQGLFDWLRQV�DV�WR�WKH�LQHIILFLHQF\�RI�WKH�SURSRVHG�V\VWHP�FRPH�IURP�WKH�DPRXQWV�RI�+ 2
JHQHUDWHG��,W�VHHPV�KLJKO\�XQOLNHO\�WKDW�VXEVWUDWH�ZRXOG�QHHG�WR�EH�SURYLGHG�DW�PRODU�FRQFHQWUDWLRQV�
DQG�WKDW�WKH�����P0�+ 2 �SURGXFHG�E\�SDWLHQWV�ZLWK�YDULDQW�&*'�ZRXOG�EH�LQVXIILFLHQW�ZKHQ�LW�LV�
HIIHFWLYH�DW����ȝ0�LQ�WKH�WHVW�WXEH������

$�IHZ�SDWLHQWV�ZHUH�GLVFRYHUHG�ZKRVH�QHXWURSKLOV�ODFNHG�032�ZKR�ZHUH�DOVR�WKRXJKW�WR�EH�
LPPXQRGHILFLHQW�������DQG�DQ�032�NQRFNRXW�PRXVH�ZDV�VKRZQ�WR�EH�VXVFHSWLEOH�WR�\HDVW�EXW�QRW�
EDFWHULDO�LQIHFWLRQ�������+RZHYHU��WKH�DGYHQW�RI�DXWRPDWHG�GLIIHUHQWLDO�OHXNRF\WH�FRXQWLQJ�PDFKLQHV��LQ�
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ZKLFK�WKH�LGHQWLILFDWLRQ�RI�QHXWURSKLOV�GHSHQGHG�RQ�D�SHUR[LGDVH�VWDLQ��UHYHDOHG�WKDW�DERXW���LQ������RI�
WKH�JHQHUDO�SRSXODWLRQ�DUH�032�GHILFLHQW�ZLWKRXW�DQ\�XQGXH�SUHGLVSRVLWLRQ�WR�LQIHFWLRQ��������7KH�
QHXWURSKLOV�RI�ELUGV�DOVR�ODFN�032�������

2QH�SRVVLEOH�IXQFWLRQ�RI�032�LV�WR�SURWHFW�WKH�GLJHVWLYH�HQ]\PHV�IURP�R[LGDWLYH�GHQDWXUDWLRQ�������E\�
UHPRYLQJ�+ 2 �IURP�WKH�SKDJRF\WLF�YDFXROH��032�KDV�FDWDODVH�DFWLYLW\��������EXW�WKLV�RQO\�IXQFWLRQV�
HIILFLHQWO\�LI�WKH�FRPSRXQG�,,�WKDW�DFFXPXODWHV�LV�UHGXFHG�EDFN�WR�WKH�QDWLYH�HQ]\PH��7KLV�UHGXFWLRQ�
FDQ�EH�DFKLHYHG�E\�WKH�KLJK�FRQFHQWUDWLRQV�RI� LQ�WKH�YDFXROH�ZLWK�ZKLFK�032�IRUPV�DQ�DGGXFW�WR�
SURGXFH�FRPSRXQG�,,,��������7KH�LPSDLUHG�PLFURELDO�NLOOLQJ�REVHUYHG�LQ�WKH�032�NQRFNRXW�PRXVH�
������FRXOG�UHVXOW�IURP�R[LGDWLYH�LQDFWLYDWLRQ�RI�DQWLPLFURELDO�SURWHLQV�E\�WKH�+ 2 �WKDW�DFFXPXODWHV�
XQGHU�WKHVH�FRQGLWLRQV�������

032�PD\�DOVR�KDYH�GXDO�IXQFWLRQV��RQH�DV�D�FDWDODVH�XQGHU�WKH�FRQGLWLRQV�SHUWDLQLQJ�LQ�WKH�YDFXROH��
EXW�DQRWKHU�LQ�D�PLFURELFLGDO�FDSDFLW\�RXWVLGH�WKH�FHOO�ZKHUH�HQ]\PH�DQG�VXEVWUDWH�LV�PXFK�PRUH�GLOXWH��
DQG�WKH�S+��ZKLFK�LV�JHQHUDOO\�ORZ�DW�VLWHV�RI�LQIHFWLRQ�DQG�LQIODPPDWLRQ��LV�PRUH�FRQGXFLYH�WR�
KDORJHQDWLRQ�UHDFWLRQV�

&21&/8',1*�5(0$5.6�$1'�3(563(&7,9(6

7KH�FRPSOH[LW\�RI�WKH�1$'3+�R[LGDVH�DQG�LWV�DVVRFLDWHG�LRQ�IOX[HV�PLJKW�VHHP�H[FHVVLYH�IRU�WKH�
DSSDUHQWO\�VLPSOH�SXUSRVH�RI�DFWLYDWLQJ�HQ]\PHV�ZLWKLQ�WKH�SKDJRVRPH��7KHVH�HQ]\PHV��KRZHYHU��
KDYH�WKH�SRWHQWLDO�WR�EH�KLJKO\�GHVWUXFWLYH�WR�QRUPDO�WLVVXHV��DQG�\HW�RUJDQV�KRXVLQJ�WKH�PRVW�H[XEHUDQW�
LQIODPPDWLRQ�DQG�QHXWURSKLO�LQILOWUDWLRQ�FDQ�XQGHUJR�UHVROXWLRQ�DQG�UHWXUQ�FRPSOHWHO\�WR�QRUPDO�D�
ZHHN�RU�WZR�ODWHU��6RPH�RI�WKH�QHXWURSKLO�DUH�UHPRYHG�E\�DSRSWRVLV��EXW�PDQ\�DOVR�QHFURVH�ZLWK�WKH�
UHVXOWDQW�UHOHDVH�RI�WKHLU�JUDQXOHV��7KH�UHTXLUHPHQW�RI�WKH�FRPELQDWLRQ�RI�K\SHUWRQLFLW\�DQG�DONDOLQLW\��
QHLWKHU�RI�ZKLFK�RFFXUV�QDWXUDOO\�LQ�LQIODPPDWRU\�IRFL��IRU�WKH�DFWLYDWLRQ�RI�WKHVH�HQ]\PHV�VHYHUHO\�
OLPLWV�WKH�WR[LFLW\�RI�JUDQXOHV�UHOHDVHG�LQWR�WKH�WLVVXHV��)LJXUH����

7KH�GHPRQVWUDWLRQ�WKDW�526�DQG�032�PHGLDWHG�KDORJHQDWLRQ�DUH�QRW�WKH�SULPDU\�NLOOLQJ�V\VWHPV�WKH\�
ZHUH�ORQJ�EHOLHYHG�WR�EH�KDV�UHRSHQHG�PDQ\�TXHVWLRQV�UHODWLQJ�WR�PHFKDQLVPV�RI�LQQDWH�LPPXQLW\�LQ�
WKH�QHXWURSKLO��7KH�UROHV�RI�WKH�GLIIHUHQW�JUDQXOH�FRQVWLWXHQWV�LQ�WKH�NLOOLQJ�DQG�GLJHVWLRQ�RI�VSHFLILF�
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INTRODUCTION
IN any institution, where large numbers of people are supplied with food from
central kitchens, the diet usually contains only small amounts of vitamin C.
Destruction of this vitamin takes place during overcooking and the reheating
of the food while it is awaiting distribution. Fresh fruit and vegetables are
rarely supplied.

Crandon, Lund & Dill (1940) concluded that the maximal utilization of
vitamin C lies between 30 and 45 mg. daily. Their figures were derived from a
study of experimental human scurvy. The 'minimal-optimum' intake of
vitamin C for adults has been computed at 25 mg. a day per 10 stones of
body weight, and this results in an excretion of 13-15 mg. a day (Abbasy,
Harris, Ray & Marrack, 1935; Harris & Abbasy, 1937). The 'minimal-optimum'
intake is based on the amount found necessary to prevent a tendency to
increased capillary fragility (Gothlin, 1937). Fox (1941) reviewed the results
of the experiments of Fox, Dangerfield, Gottlich & Jokl (1940), Crandon et al.
(1940) and Kellie & Zilva (1939), and concluded that remarkably good health
can be maintained on 15 mg. of vitamin C daily, but he remarked on the
precarious nature of such meagre supplies.

Certainly large numbers of people live on a diet containing less than the
'minimal-optimum' intake, without apparent ill effect. Investigations by
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Effect of vitamin C on health
Orr (1936) and by Crawford & Broadley (1938) indicate that the diet of
one-half to three-quarters of the population of Great Britain contains in-
adequate quantities of vitamin C, the lower figure being obtained by adopting
'minimum' (British Medical Association) standards, and the higher figure by
adopting 'minimal-optimum' (League of Nations) standards.

There are, of course, wide variations in the extent to which individuals
will tolerate low vitamin C diets. Jennings & Glazebrook (1938) described a
man who had taken a scorbutic diet for 40 years before he showed ill effects.
On the other hand, children have developed scurvy while receiving generous
supplements of vitamin C, such as orange juice, and the condition is cured
by giving ascorbic acid parenterally, or in large amounts by mouth (Hess, 1923;
Hagmann, 1937; Parsons, 1938). 0

The requirements of the body for vitamin C vary with several factors.
Children require a larger amount per kg. of body weight than do adults
(Abbasy et al. 1935; Smith, 1938), and it is probable that adolescents also
require a .greater intake.

The body's requirements are increased if the metabolism is increased
(Parsons, 1938). Thus, hard exercise and exposure to cold may precipitate
scurvy, and at one time scurvy was considered to be due to damp and exposure.
Crandon et al. (1940) found an abnormally high level of blood lactate after
muscular exercise in their case of experimentally induced human scurvy. The
subject was capable of a maximum effort corresponding to that of a man
80 years old. Stewart, Learmonth & Pollock (1941) suggest that ascorbic acid
secures a more adequate supply of oxygen to the tissues.

Certain intestinal conditions, by permitting the growth of vitaminolytic
bacteria (Kendall & Chinn, 1938), may markedly increase requirements owing
to the great destruction of the vitamin and consequent failure of absorption.

Many infective states increase the body's requirements, and this has been
shown in tuberculosis by Hasselbach (1936a, b), Heise & Martin (1936) and
by Abbasy, Harris & Ellman (1937); in rheumatoid arthritis by Abbasy, Harris
and Ellinan (1937) and by Rinehart, Greenberg & Baker (1936); in osteomyelitis
by Abbasy, Harris & Hill (1937); in juvenile rheumatism by Abbasy, Hill &
Harris (1936). It has been recorded in other infections by Harde, Rothstein
& Ratish (1935).

Abbasy & Harris (1937) found a correlation between the erythrocyte
sedimentation rate and the excretion of vitamin C in cases of tuberculosis and
rheumatoid arthritis. They concluded that the excretion of vitamin C varied
inversely with the severity of the condition, probably because of increased
utilization in the body. The Groth-Petersons (1939) found that tuberculous
patients require a greater intake of ascorbic acid to maintain a normal serum
level than do healthy people.

Rinehart, Greenberg, Olney & Choy (1938) found a low level of ascorbic
acid in the blood of cases of rheumatism, not only in the acute phase, but also
in convalescence and in very low-grade infections.
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This increased destruction of vitamin C in febrile illnesses may be incidental

to the disordered metabolism, and serve no useful purpose. It seems clear,
however, that there is an increased liability to infection in both man and
animals in cases of frank scurvy (Hess, 1920; Hamburger & Goldschmidt,
1922-3; Werkman, Nelson & Fulmer, 1924; Grant, 1926; Schmidt-Weyland
& Koltzsch, 1928; Grant, 1930; Bloch, 1931; Mackay, 1934; Robertson, 1934).

In cases of so-called 'latent scurvy' the evidence is equivocal. Hess (1917
first suggested that this condition occurs and is analogous to latent tetany.
It is thought that this state is a cause of ill-health and may lower resistance
to infection (Harris, 1937; Bourne, 1938; Szent-Gyorgyi, 1938). Vitamin C is
said to control outbreaks of pneumonia (Funck, 1931), and a deficiency of it
to play a part in the production of both acute juvenile rheumatism and
rheumatoid arthritis (Rinehart & Mettier, 1934; Rinehart, 1935). Vogl (1937)
claimed to have used it successfully in the prophylaxis of post-operative
pneumonia. On the other hand, Fox et al. (1940) administered vitamin C over
a period of 7 months to adult negroes, previously subsisting on a low intake,
and found no difference in illness as compared with controls.

The evidence that vitamin C exerts a beneficial effect in cases of actual
illness is not clear. Fresh fruits and-their juices, particularly lemons and
black currants, have long been common household remedies for simple acute
infections. Low levels of vitamin C have been found in many illnesses, so
low in some instances that the vitamin has been thought to have some specific
aetiological significance. Hopes that saturation with the vitamin would cure
such diseases have not been realized. While full tissue saturation is probably
unnecessary, it would seem desirable to increase the intake of vitamin C
during illness.

Otani (1936) and Ormerod & Unkauf (1937) considered that vitamin C
improved cases of whooping cough. Gairdner (1938) in a controlled experiment
found that the duration of illness in a group receiving vitamin C was shorter
than in controls. The difference in the two groups was not a significant one,
and he considered that the alleged benefits of vitamin C in whooping cough
were unproven.

Beneficial results have been claimed in diphtheria (Bamberger & Wendt,
1935; Bamberger & Zell, 1936; Dieckhoff & Schuler, 1938; Szirmai, 1940).
Zilva (1938) found that vitamin C saturation made no difference to the fate
of guinea-pigs injected with diphtheria toxin.

An acceleration of healing, or a general improvement, in cases of tuber-
culosis treated with vitamin C has been claimed by several workers (Radford,
de Savitsch & Sweeney, 1937; Albrecht, 1938; Bakhsh & Rabbani, 1939;
Warns, 1938; Birkhaug, 1939). Some of these observations were based on
controlled experiments. Hurford (1938), on the other hand; saw no significant
change after saturation, except in the blood picture of anaemic cases. Erwin,
Wright & Doherty (1940) state quite definitely that vitamin C is of no value
in the treatment of tuberculosis. This conclusion was arrived at as a result of

1-2
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Effect of vitamin C on health
their observations upon a series of chronic, or acute broncho-pneumonic, cases,
'unlikely to improve on any known form of treatment'. With such un-
promising material, disappointing results would seem to be inevitable.

There is evidence that it is of value in pneumonia, particularly in hastening
convalescence, and the claims made do not appear to have been contradicted
(Gander & Niederberger, 1936; Vogl, 1937; Bonnholtzer, 1937; Hochwald,
1937; Gunzel & Kroehnert, 1937; Sennewald, 1938; Szirmai, 1940). Szirmai
(1940) noted that while tissue saturation is necessary to obtain maximal
benefit in pneumonia, cases of typhoid fever and diphtheria were improved by
daily supplements of vitamin C without producing saturation.

ESTIMATIONS OF DEFICIENCY

Of the various methods of estimating a deficiency of vitamin C in the
body, that described by Harris, Abbasy & Yudkin (1936) is the most popular.
It is recognized that the excretion of vitamin C in the urine is dependent on
the reserve in the body as well as on the amount ingested during the previous
few days. Accordingly, a test dose (300-600 mg.) of ascorbic acid is given and
the amount excreted in the urine during the following 24 hr. is measured. The
procedure is repeated for several days until large amounts of ascorbic acid are
excreted. It is recognized that although the amount excreted in the urine of
normal people depends on the previous amounts in the diet, this amount
cannot be used to measure the degree of saturation of the tissues. Abbasy et al.
(1935) have found that a daily intake of 90 mg. will result in an excretion of
50 mg. in the urine, but an intake of 15 mg. will result in an excretion of 15 mg.
Accordingly, it is considered that any deficiency of vitamin C is best measured
in terms of saturation of the tissues (Hess & Benjamin, 1934; Johnson & Zilva,
1934; Harris, Ray & Ward, 1933; Harris & Ray, 1935; Pemberton, 1940).
Following the same principle, estimations of vitamin C in the blood have been
made and an ascorbic acid tolerance curve devised, following an intravenous
injection of 1000 mg. (Farmer & Abt, 1935; Mirsky, Swadesh & Soskin, 1935;
Wright, Lilieifield & Maclenathen, 1937; Portnoy & Wilkinson, 1938).

In a large training school under our observation there were some 1500
youths aged 15-20 years. For the most part they were drawn from the lower
wage-earning classes, and a large proportion came from Scotland and the
North Midlands, where economic conditions are probably below the average
for the country. It is a reasonable assumption that the previous dietary of the
recruits had been somewhat deficient in vitamin C judged by the standards
already quoted.

The diet of the institution allowed over 4000 cal. per student per day. The
food- distribution was badly managed. Electric ovens were used to reheat the
food, and to keep it hot whilst awaiting distribution. Often 8 hr. elapsed
between the time the food was cooked and its arrival on the dining tables.
The minimum time that heat was applied to the food, including the original
cooking and the subsequent reheating, was 2 hr.
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A. J. GLAZEBROOK AND SCOTT THOMSON 5
The daily ration of potatoes was 12 oz. The vitamin C content of potatoes

varies, but this quantity in the raw state should contain approximately 50 mg.
A full ration of potatoes, as served on the dining tables, after cooking and
reheating, was found to contain, on the average, about 4 mg.

The other vegetables suffered an equal loss, with the exception of turnips,
portions of which contained up to 6 mg. The milk was pasteurized, and half
a pint of it contained about 1l5 mg. The other cooked foods contributed
negligible amounts. The total intake of vitamin C varied from about 10 to
15 mg. per student per day..

Menus for one month
Day and date Breakfast Dinner

Week ending 4 December 1937
Tea Supper

Bacon and Tomato soup
egg Roast pork

Cabbage
Steamed apple pud.
ding and custard
sauce

Porridge Mulligatawny soup
Smoked fillets Roast beef

Marrowfat peas
Suet roll and syrup
sauce

Bacon and Julienne soup
beans Roast mutton

Cabbage
Dundee pudding

Liver and Scotch broth
chips Steak and kidney pie

Mashed turnips
Prunes and custard

Bacon and Pea soup
sausage Roast beef -

Cabbage
Sultana roll and
custard sauce

Porridge Pea soup
Fried fish Meat pudding

Haricot beans
Tapioca pudding

Fried sausages Pot mess
Carrots
Doughboys
Bananas

Week ending 11 December
Bacon and Tomato soup
egg Roast mutton

Cabbage
Bananas and custard

Porridge Pea soup
Bloaters Roast beef

Marrowfat peas
Snowdon pudding

Fried sausages Pea soup
Beef steak pudding
Cabbage
Tapioca pudding

Assorted pastries Veal loaf
Beetroqt

Jam, marmalade Highland hash
or-syrup Mashed potatoes

Doughnuts Irish stew
* Doughboys

Mashed potatoes

Jam, marmalade Fish and crisps
or syrup

Bananas Bubble and squeak
and bacon

Jam, marmalade Durham cutlets
or syrup Marrowfat peas

Tea cakes

1937
Assorted pastries

Pea soup
Cheese

Preserved meat
Beetroot

Jam, marmalade Cottage pie
or syrup

Jam, marmalade Layer pie
or syrup

Sunday, 28 Nov.

Monday, 29 Nov.

Tuesday, 30 Nov.

Wednesday, 1 Dec.

Thursday, 2 Dec.

Friday, 3 Dec.

Saturday, 4 Dec.

Sunday, B Dec.

Monday, 6 Dec.

Tuesday, 7 Dec.
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Week ending 11 December 1937 (continued)

Day and date Breakfast Dinner
Wednesday, 8 Dec. Bacon and

liver

Thursday, 9 Dec.

Friday, 10 Dec.

Saturday, 11 Dec.

Sunday, 23 Jan.

Monday, 24 Jan.

Tuesday, 25 Jan.

Wednesday, 26 Jan.

Thursday, 27 Jan.

Friday, 28 Jan.

Saturday, 29 Jan.

Sunday, 12 June

Monday, 13 June

Fried or
boiled eggs

Porridge
Fried fish

Bacon and
sausage

Bacon and
egg

Fried or
boiled eggs

Porridge
Kippers

Fried sausa

Bacon and
tomatoes

Porridge
Fresh fish

Sausaie an'
egg

Bacon and
egg

Porridge
Kippers

Potato soup Assorted pa
Ragout of rabbit
Marrowfat peas
Suet pudding and jam
Pea soup Fish paste
Roast beef
Cabbage
Apple pudding and
custard sauce

Pea soup Jam, marm
Steak and kidney pie or syrup
Carrots
Prunes and custard
Pott mess Doughnuts
Doughboys
Butter beans
Rice custard

Week ending 29 January 1938
Tomato soup Slab cake
Roast pork
Cabbage
Apple tart and
custard
Pea soup Jam, mari

3 Roast beef or syrup
Marrowfat peas
Sultana roll and
custard sauce

Pea soup Rock cakeQ
Steak and kidney pie
Cabbage
Rice custard

ges Potato soup Jam, marn
Roast beef or syrup
Turnips
Ginger pudding
Pea soup Fish paste
Preserved meat
Braized onions
Durban pudding
Mulligatawny soup Doughnuts
Roast mutton
Cabbage
Prunes and custard

d Pot mess Currant bri
Doughboys
Carrots
Bananas

Week ending 18 June 1938
Tomato soup Slab cake
Roast mutton
Cabbage
Rhubarb tart
Custard
Pea soup Syrup
Roast beef
Marrowfat peas
Snowdon pudding
and custard sauce

astries Fish and chips

aalade

nalade

nalade

read

Saveloys and
pease pudding

Savoury
Mince and
haricot beans

Salmon
Beetroot

Salmon
Beetroot

Cottage pie

Fried steak
Mashed potatoes

Fish and chips

Lamb's heart
Potatoes

Bacon and bubble
and squeak

Cheese and sauce

Salmon
Cucumber

Cambridge stew

6
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Week ending 18 June 1938 (continued)
Day and Date

Tuesday, 14 June

Wednesday, 15 June

Thursday, 16 June

Friday, 17 June

Saturday, 18 June

Extra to menu.
stand easy.

Breakfast Dinner
Fried eggs Lancashire hot-pot

Doughboys
Onions
Blanc-mange and
prunes

Liver and Pea soup
bacon Baked and steamed

pies
Cabbage
Sponge trifle

Fried eggs Stewed rabbits and
pork

Dumplings
Butter beans
Macaroni pudding

Sausages and Pea soup
gravy Roast mutton

Cabbage
Durban pudding
Custard

Porridge Irish stew
Fresh fish Doughboys

Haricot beans
Rice pudding

Tea Supper
Assorted pastries Fish and chips

Bananas

Lemon curd

Bananas

Roast beef
Potatoes

Fish and chips

Lamb's heart
Peas

Doughnuts Cheese and
pickles

Tea, sugar, milk, bread, butter and potatoes, cocoa and biscuits: buns at

METHODS
For a preliminary survey seventy-seven tests, were carried out on otherwise

healthy youths by giving them 300 mg. of ascorbic acid, and not one excreted
appreciable amounts in his urine. Using the same method on twenty of the
administrative staff who had a different dietary, it was found that fifteen
excreted a considerable proportion of their test dose. Although it is recognized
that other substances in the urine reduce the dye, 2: 6-dichlorindophenol, the
investigation revealed a difference between the two groups.

Estimations of the resting level of excretion, i.e. the total amount excreted
in 24 hr. in the absence of a 'test dose', were also made. The amounts varied
between 5-6 and 141 mg. with an average of about 2-5 mg. as compared with
the normal amount of 13-15 mg.

These preliminary observations, therefore, indicated that the intake of
vitamin C was at a very low level. This was to be expected from a cons'ideration
of the vitamin C content of the diet, and the probable 'minimal-optimum'
requirements of the boys.

Daily excretion levels
Pure ascorbic acid powder was added to. the diet of a group of boys

numbering 350, 'whose average age was 16. Initially, 200 mg. per day were
given to each boy, 100 mg. being placed in the morning cocoa, and 100 mg. in
an evening glass of milk. The mixing was done in bulk in the kitchens before
issue. The powder dissolved quickly and easily, and did not alter the appearance
or taste of the vehicle.

7



Effect of vitamin ( on health
From time to time samples of milk and cocoa were titrated after issue, in

order to ensure that the mixing was properly carried out, and that full doses
reached the youths. Figures varying from 78 to 118 mg. per glass were obtained
in the case of the milk, and from 58 to 68 mg. per cup in the case of the cocoa.
Heating of the cocoa no doubt explained the loss. Together with the amount
occurring naturally in the diet, the intake per boy was approximately 200 mg.
per day. The daily output of vitamin C was measured in different groups of
boys each day, the titration of each sample of urine being carried out im-
mediately after it was passed.

Fig. 1 shows the slow rise in urinary output which occurred. It was not
until the 8th day that figures approximating to the resting level of normal
adults were obtained, and high figures indicative of saturation point were not
noted until the 22nd day. In other words, saturation was not achieved until
22 doses of 200 mg. per day had been given, or a total of some 4000 mg. This
figure was probably too high, since it was likely that on occasions the boys
under test did not pass all their urine in the Sick Quarters as ordered.

On the 28th day the dosage was reduced to 50 mg. twice a day, and on
this dosage excretion continued at a level rather higher than that of a normal
adult on optimum intake.

A fresh group of boys was observed, and the initial dosage was increased
to 150 mg. twice a day. Figures indicative of saturation were obtained on
the 15th day, and subsequently the dose was reduced to 25 mg. twice a day,
when an excretion level approximating to the normal adult level was maintained.
This is shown in Fig. 2.

A third batch of boys was examined. In th-is batch all the boys selected
were recruits who showed possible clinical evidence of a vitamin C deficiency
in the form of a mild gingivo-stomatitis. The ascorbic acid in this case was
given in tablet form (Redoxon, Roche Products), in a dosage of 200 mg. once
daily. Instead of estimating the vitamin C excretion of individual boys as
in the two previous experiments, several were instructed to pass their urine
each day and night in the Sick Quarters. The urine specimens were pooled.
From the mixed specimens a sample was taken and acidified by the addition
of one-ninth the volume of glacial acetic acid. The samples were titrated, and
the amount of ascorbic acid per 1500 c.c. of urine recorded and charted
(Fig. 3). This chart is very similar in form to Fig. 1. High outputs were
observed on the 23rd day; the dose was then reduced to 50 mg. once a day
in tablet form.

These charts show that, in order to maintain an optimal excretion level,
a daily addition of 50 mg. of ascorbic acid was required.

8
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Effect of vitamin C on health

THE RELATIONSHIP OF VITAMIN C TO RESISTANCE

In the institution, there were some 1500 students whose ages ranged from
15 to 20 years. The establishment was divided into seven groups or divisions
for administrative purposes. The youths of one division worked as a unit,
and occupied certain tables in the dining hall. To some extent each division
occupied particular dormitories, but this separation was not absolute, and
there was a fair amount of mixing of divisions in the,sleeping quarters.
Sleeping and feeding conditions were, of course, the same for all divjsions.
Careful records had been kept of the incidence of all infections for 14 years
before the observations described here were begun. In the preceding year
there had been an epidemic of tonsillitis, which had affected-all the divisions
uniformly, so that they could not be regarded as separate units within the
larger population.

The observations were made by supplying vitamin C in the form of pure
ascorbic acid to one or more divisions. This -was considered to be the only
practical method of carrying out the observations ,without introducing un-
necessary complications. For example, it was not possible to choose boys at
random as it would have been impossible to supply them with vitamin C-
treated cocoa or milk in the dining room. With the method actually chosen,
all that was necessary was to add vitamin C to the supplies of cocoa, or milk
serving the tables for the appropriate divisions.

Moreover, all of the divisions had a population more or less the same as
regaTds duration of stay in the establishment ('institution age'). Infectious
diseases were more common amongst those who had more recently joined the
institution. This was known from our previous records of infectious illnesses
in the institution (Thomson & Glazebrook, 1942), and in view of these points
the method of supplying the vitamin C to a whole division was decided upon.

Many minor infective conditions, such as conjunctivitis, boils, impetigo,
etc., were not reviewed, as the number of cases of each disease was small.

The most common infective conditions which occurred were coryza and
tonsillitis. The term 'tonsillitis' is used here to be an index of haemolytic
streptococcal disease of the nose and throat, and covers all such termsI as
'tonsillitis', 'sore throat', 'otitis media', 'pharyngitis' and 'cervical adenitis',
as nearly all these cases are of haemolytic streptococcal origin. Throat swabs
were taken of large numbers of cases of tonsillitis to determine that the
haemolytic streptococcus was the causative orgainism.

Table 1 shows the number of cases of tonsillitis and common colds recorded
in the two groups.

Table 1. Incidence of tonsillitis and common colds in the two groups
Youths on vitamin C Controls

(335 youths) (1100 youths)
Colds 72=21-2o% 286=26%
Tonsillitis 29 = 8-5% 94 = 8.6%

12
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It is obvious, therefore, that vitamin C had no effect on the incidence

either of common cold or tonsillitis.
The experiment was complicated, however, by the admission of 250 recruits

into the two groups in the middle of the observations, replacing fully trained
youths. This was of special interest, as it was known from previous experience
that infections were more common amongst those who had more recently
entered the institution. This would be true of any institution where infectious
diseases were common. The test group admitted relatively more of the recruits
into its population. No recruits were admitted during the 3 months preceding
the period of the observations.

The recruits were those of group 6 (Thomson & Glazebrook, 1942), and
no observations were made until they had been in the institution for a month.
During this period the recruits who entered the test divisions were saturated
with vitamin C, and it was during this same period that the recruits experienced
much of their heavier incidence of disease. After a month had elapsed a record
was kept of sixty youths who entered a test division and ninety who entered
a control division. There was still a heavier incidence of infectious diseases
amongst them as compared with the others who had been in the institution
for some time. The duration of the peri6d over which the recruits were
observed was about one-half of the duration of the whole investigation.
Table 2 shows that there was a greater incidence of disease amongst the
recruits as a whole as compared with the others, but no difference in incidence
of disease between the two groups of recruits.

The numbers of cases of tonsillitis and common cold which occurred
amongst the 250 recruits were not sufficiently great to alter the incidence rates
in the two experimental groups.

Table 2. Incidence of infection amongst recruits
Youths on vitamin C Controls

(60 youths) (90 youths)
Colds 17=28-3% 29=32.2%
Tonsillitis 1 7= 8%

The next point examined was to see what effect, if any, the vitamin C had
on the duration of the illness.

When a youth fell ill he was admitted to Sick Quarters unless his complaint
was very mild. In the latter case he was placed on the out-patients list and
excused all duties except attendance at school instruction. Most of the cases
of common cold and tonsillitis were admitted to Sick Quarters. In analysing.
the durations of illnesses, observations were restricted to the cases in the Sick
Quarters. The number of days spent there was obviously a more reliable index
of the duration of illness, since the patient was under constant medical
supervision. Frequently when a youth was discharged from the Sick Quarters
he was put on the out-patients list, and this 'convalescent period' was
neglected. The admission to and discharge from the hospital was not under
our control.

13



Effect of vitamin C on health
The diet in the Sick Quarters was basically similar to that of the healthy

boys. It was modified, of course, to suit the needs of the sick, but was prepared
in the central kitchens and suffered an equally drastic loss of its vitamin C.
When a student from the experimental division fell ill and was admitted to
Sick Quarters, his dosage of ascorbic acid was continued there.

In a period of 6 months the average number of days spent in the sick room
per boy due to infective conditions was 2-5 in the vitamin-C treated division,
and 4-98 in the control division. In a period of 6 weeks, within the period
of 6 months, the corresponding figures among the recruits were 3-2 in the
vitamin-C treated group, and 4'0 in the control group.

It would appear that the saturation with vitamin C probably had some
effect on duration of illnesses, and accordingly an analysis was made of this.

Days ill with common cold
In the vitamin C classes fifty-nine of the seventy-two cases (81.9%) were

treated in the Sick Quarters, and the average period of stay was 6-32 days.
Among the controls 253 cases out of 286 (88.5%) were treated in the

Sick Quarters, and the average period of stay was 6-4 days.
There was, therefore, no difference in the two groups either in incidence

or duration of illness of common cold, and there was no difference in the
proportion of total cases admitted to hospital.

Days ill with tonsillitis
The results are shown in Table 3.

Table 3. Duration of attack of tonsillitis
Hospital cases

Total No. expressed as Average
no. of admitted percentage stay in Standard

Class cases to hospital of total hospital deviation
Vitamin C class 29 18 62 10-05 6-96 (1)
Controls 94 83 88 16-7 11-86 (2)

An analysis showed that a difference as great or greater than that obtained
would be expected once in fifty times in a homogeneous population.

Analysis of the more severe illnesses
It has been shown that youths on vitamin C spent 2-5 days in hospital

due to infective conditions as compared with 4-98 in the control group. No
conclusions were drawn from this observation, and it has been shown above
that some of this difference was due to the duration of illness of tonsillitis in
the two groups.

Some of this difference, however, was due to the occurrence of acute
rheumatism and pneumonia in the control group with no case of either
disease in the vitamin C-treated group.

14
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There were seventeen cases of pneumonia and sixteen cases of acute

rheumatism among 1100 controls, and no case of either disease among
335 youths having vitamin C. It would appear that the vitamin C exerted
a considerable effect on the prevention of these two diseases. Of the sixteen
cases of acute rheumatism, eleven were primary attacks, while five were
recurrences.

The incidence of the diseases in the various divisions of the institution is
shown in Table 4.

Table 4. Incidence of pneumonia and rheumatism in the various
divisions of the institution

Number of cases

Division Pneumonia Rheumatism
Vitamin C divisions A . 0 0

B 0 0
Control divisions C 5 3

D 3 5
E 2 3
F .4 3
G 3 2

Thus, the most marked effect of the vitamin C was to reduce the incidence
of two severe illnesses.

Analysis shows that a difference as great or greater than this would be
expected once in fifty times in a homogeneous population.

DIsCUSSION
In a large institution there was a marked difference between the degree

of vitamin C saturation of the students and the teaching staff as determined
by a simple 'test-dose' method. The students were given a high calorie diet,
which was subjected to prolonged heating. This overcooking resulted in a
reduction of the total daily vitamin C intake to a level of 10-15 mg. per head.
A daily addition of 50 mg. of ascorbic acid per head was required to maintain
an optimal excretion level.

Better management of the food distribution and cooking arrangements
might have achieved this result. The potato ration alone, allowing for normal
cooking losses, should have supplied at least 25 mg. of vitamin C daily.

Some vitamin loss, of course, is unavoidable when food is cooked for
communities in central kitchens. Normally, this can easily be countered
by the supply of uncooked fresh or canned foods. In this case, for instance,
the reduction of the diet from 4000 cal. to the more reasonable level of
3000 cal. per day, would at this time (1938) have probably offset the cost of
an orange a day.

The dietary of the teaching staff included the supply of fresh fruit at each
of the main meals. It was prepared in separate kitchens and escaped the
overcooking. Nevertheless, judging from a single 'test-dose', 25 % of the staff
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were 'deficient' in vitamin C, in spite of their adequate intake. Harrison,
Mourane & Wormall (1938) similarly found that the method indicated a
'deficiency' in 25 % of medical students. The single 'test-dose' is not, of course,
a reliable measure when applied to individuals.

The surprisingly large amount of 4000 mg. of vitamin C was required to
produce tissue saturation of the youths. Attention has been drawn to the
possibilities of experimental error, and many of the factors which increase
utilization were present.

The subjects were adolescents. Infections were very common in the
institution, and there had been a very severe epidemic of tonsillitis during
the preceding session. The experiments were carried out during the winter
months. Physical training and games occupied much of the day, and it was
found that youths at rest in bed required approximately half the quantity of
vitamin C, i.e. 2000 mg., to produce full saturation.

A special group of boys exhibited a mild gingivo-stomatitis, considered to
be probably a scorbutic manifestation. Their saturation cur-e, however, was
very similar to that of the other groups. The clinical appearance of this
gingivo-stomatitis has been described (Roff & Gla2ebrook, 1939, 1940). It
proved resistant to ordinary methods of dental treatment, and responded only
to vitamin C saturation. It would appear that, under exactly similar con-
ditions of suboptimal vitamin C intake, a gingivitis occurs in only a proportion
of the cases. This, of course, was known to Lind (1772), who wrote: 'In Haslar
Hospital the appearances of the disease [scurvy] were various-the gums were
not always affected.'

No differences in the incidences of common cold and tonsillitis were found
in two groups of boys, one of which received large doses of vitamin C. It was
found, however, that the average duration of illness of the cases of tonsillitis
in the control group was much longer than in the vitamin C-treated group.
No such difference was found in the cases of common cold.

The period of treatment of cases of tonsillitis and common cold in the
Sick Quarters was completely outside our control, and no biased attitudes
influenced these durations from which we have drawn our conclusions.

In addition, there were seventeen cases of pneumonia and sixteen cases of
rheumatic fever in the control group, with no case of either disease in the
vitamin C-treated group. These cases were subjected to special investigations
by us (X-rays, etc.) to establish certain criteria for the diagnosis. There was,
however, in our opinion a relationship between these conditions.

Rheumatic 'pneumonitis' is a condition which is now recognized to occur
not infrequently as a complication of rheumatic fever. The post-mortem
appearance and pathology of this pneumonitis have been demonstrated by
Hadfield (1938).

In the institution a type of fow-grade basal lung consolidation or 'pneu-
monitis' occurred, and appeared to be related both to rheumatism and
vitamin C deficiency. It was characterized on the one hand by its tendency
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to progress into rheumatism, and on the other hand by its rapid disappearance
when treated with ascorbic acid. This pneumonitis, apart from a vague picture
of ill health, gave little clinical evidence of its pTesence, but it probably
predisposed towards the development of acute pneumonia.

It is agreed that cases of rheumatic fever almost invariably give a history
of upper respiratory tract infection, usually -some 2 weeks previously. Such
an infection depletes the reserves of vitamin C, more especially in those
individuals whose intake is already at a low and precarious level. When the
vitamin C reserves have fallen, it may be that the reaction of the body to an
infection with the haemolytic streptococcus is altered. This may help to
determine the onset of the syndrome of rheumatism in some cases, even
although vitamin C has no specific action upon the established disease. In
some cases of pneumonia, too, a similar train of events may occur, and there
is much evidence that vitamin C does assist recovery.

Certainly, protracted mild deficiencies of vitamin C produce bone and
cartilage changes, the histological and skiagraphical appearances of which have
been accurately described (Park, Guild, Jackson & Bond, 1935; Wolbach
& Howe, 1926). Ham & Elliott (1936) showed that the epiphyseal changes
occurred when the vitamin C intake was sufficient to prevent scurvy although
less than the basic requirements. These changes are marked during the period
of growth. Under similar circumstances Mouriquand & Edel (1940) have
demonstrated osteophytic formation. Rinehart & Mettier (1933, 1934)
produced lesions simulating rheumatism in the myocardium of guinea-pigs
fed on a scorbutic diet. Wolbach (1936) showed the presence of vitamin C to
be essential for the formation of collagen. Swelling of the collagen is the
earliest pathological change in rheumatism.

The calcium and vitamin B content of the dietary of the institution could
perhaps be criticized, but the only outstanding deficiency, according to modern
standards, was in vitamin C. As far as this one factor was concerned, the
boys were almost certainly worse off, subsisting on the institution diet, than
they would have been at home.

SUMMARY
1. The vitamin C in the dietary of an institution was largely destroyed

by the methods of cooking and distribution.
2. Some 50 mg. of ascorbic acid per head per day were required to be

added to the diet to produce an optimum excretion level.
3. Large doses of ascorbic acid were given to a group of adolescents in

the institution over a period of several months. A record was kept of the
incidences of infectious diseases in this treated group and in the remainder
(controls). The following conclusions were reached:

(a) The incidences of common cold and tonsillitis were the same in the
two groups.

J. Hygiene 42 2
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18 Effect of vitamin C on health
(b) The average duration of illness due to the common cold was the same

in the two groups.
(c) The duration of,llness of tonsillitis was longer in the control group

than in the test group.
(d) Cases of rheumatic fever and pneumonia occurred in the control group

but no case of either disease occurred in the test group.

We wish to acknowledge our gratitude to Profs. T. J. Mackie, C. H.
Browning and D. M. Lyon and Dr W. 0. Kermack for their stimulating en-
couragement, helpful criticism and support.

The ascorbic acid used in these experiments was a generous gift from
Messrs Roche Products.

The expenses of this investigation were met by grants from the Carnegie
Universities' Trust and the Leverhulme Trust.
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investigation of ascorblc acid
as a therapeutic agenù in treatment of ca-
nino distemper complex was iniÙiated in the
author's pract'ico early in 1967' This move
was prompted by reading a report that
vltamin C had been use¿l clinically, with
notable success, in treating 12 casos of
diðtemper coinplex (canine and felìno) in
ono practice.'

Ten year,s of practice lrad led me to
view skeptiaally all reports of the type
cited. Howeveq experience during tlrose
s$me yeals had made me alvate that the
recovery ruüe amo¡rg rny patients showing
signs of CNS clisturbance, ancl treated-with
the generally acceptod therapoutic tegimen,
wos a dismal1/o 1;o 10%. With manY of
these patients, the prognosis appeared to be
hopelãss from the first examination. Many
otÈers progressed rapidly from showing
signs of thJdistemper complex to a state of
chorea followed bY death'

With this background in mind, intra-
venous injection of ascorbic acicl (250 mg./
cc.), Sco¡bateo fnjection (Burns Pharma-
ceulicale) was added tq the course of
treatment given for canine distemper in our
practice. .

About a year after the Ínvestigation
was started, John E. Reinert, Ivf.D., a local
neurologist and neurosurgeon' became in-
terested in the work and theteaftet was
aseoclated with the study. Dr. Reinerl¡ ex-
amined many of the dogs for neurologic
impai¡ment and observed their plogress
after treatment. After aseessing the resultg
in dogg he began using ascoubic acicl to

Josoph l. LoYequs, D.V.M.
2631 South Hlghland Drlve

Las Vegæ, Nevada 6S102
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üreat some of his own patients, wiüh favor-
able results.

Ðuring the 22 montl¡s before this pa-
per \ìras prepared, 67 dogs in which canine
distemper had been diagnosed were treated
with ascorbic acid and a running sum-
mary of their histories was kept.+ The fol-
lowing case histories are typical examples.

Case Histories
Case No, J

This Z-year-old male Miniature Poodle
with typical signs of distemper had been
under treatment for 10 days. On the elev-
enth da¡ co¡vulsions began to occur al-
most continuously. Wiihin 24 hours, the
animal was semicomatose, unable to stand,
a¡d stricken with chompìng and foaming
seizures. During the next five days, while
ttre dog remained in the same condition
and failed to respond to treatmen! the
owner refuged permission for euthanasia to
be performed.

On the morning of the sixth day fol.
lowing the onset of convulsions, 1,600 mg.of asco¡bic acid was given intravenously.
Late tbat afternoon, although mildly in-
coordinated, the dog was standing, walkingin the cage and drinking water.

By the following morning, the¡e were
no signs of incoo¡dination and the tempera-
ture had dropped from 108 F,. to 101.9 F.After a second 1,500-mg. dqse of ascorbic
acid was injected, the condition continued
to improve. The dog drank water and ate
several meals of solid food during the day.A third dose of 1,500 mg. a"corbio ucid
was given the next da¡ although by thattime no signs of disùemper were present.

tr'ive days after the beginning of treaL
menü with ascorbic acid, the dog was dis-
charged. Weekly checkups for the nart
three weeks indicated a complete return to
clinìcal normalcy. When last examÍned, one

rA tabultr Éuü¡nta,ry sholvlnE cllnlo4t slgns, deilyternpcrs,tures, dosagee of &Bcorbtc a,clit, arlJuncttvãther&Þy ând r€snlt6 for oach p&ilent, ls avalls,bleurron r€queat to the eilltor.s.

and a half years later, the patient was
physically sound and in apparent good
health.

Case No. 22

A 2t/z-year-old male Shetland Sheep-
dog had been treated elsewhere for one
month. Throughout that time, this dog's
ternperature had remained wÌttrin a range
of 108 F. to 104 F. The general condition
of the animal upon presentation at our
hospitat was classified as poor.

In addition to our standard treatment,
for distemper, a 2,000-mg. intravenous dose
of ascorbic acid was given daily for three
days. By the second day, the temperature
had dropped üo 102 Ir. fi.om 104 F.l on the
third day it was 101.6 F.

The patient was dÍscharged on the
fifth day. Recovery was uneventful.

Case No. 43

Clinical signs in thÍs 9-month-old male
Foodle were convulsions, tremors over the
entÍre body, incoordination, and a tempera-
üu¡e of 106.4 F.

Treatment was Ímmediately started
with 4000 mg. ascorbÍc acid in conjunction
with DÍlantin@ Suspension (Parke-Davis),
Sparine@ (Wyeth), ahopine, and pheno.
ba¡bital. ït¡ithin 24 hours, the convulsions
had ceased. The temperature was 101 F.,
and it remained normal throughouü the rest
of the treatrnent period.

By the third day, the tremors had dis-
appeared and all medication but ascorbic
acid was discontinued. After the fifth day
of treatment with assorbic acid, the patient
was discharged, giving every indication of
being r:ompletely normal.

Case lVo. 65

When presented, this Zþ-year-old male
Poodle had been exhibiting signs of hard-
pad distemper for six weeks. A slight pos-
terior paralysÍs and mild incoo¡dination
were present. The temperature $'ag 108.6 F.

After ünro daily doses of 2,000 mg. as-
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TABTE l: Recovery Roles omong Dogs freoted with Ascorbic
Acid* fãr Cqnine Distemper Complex

t

ii

No.
lrsoled

No.
Recovsred

Recovery
RoloPclirnl Group

All dogr lroctod

Corar rhowlng CNS di¡lurbonca

Alyplcal cq¡e¡ wllh CNS dlslurbonce
þu¡ ¡q ¡e¡yslrionr

Typlcol corar wilh convulslon¡

Cøro¡ wilhout CNS dlslurbonce

Typlcol core: wilh convul¡lon¡ ond given
3 or fowor do¡o¡ of o¡corblc qcld

Iyplcol coror wllh convul¡lonr ond glven

mors lhon 3 do¡e¡ of o¡corblc ocld

Typlcol corer wllhoul convul¡lonr ond glvcn

moro lhdn 3 do¡o¡ of q¡corbic qcld

67

ló

^
t2

5t

48

7

3

71.61%

13.75%

75,O0lo

33.33%

80.3996

A

1t

7

5

11,299¿,

ó0.00%

t4 ìl 78.57!c

3

rtttul,$lt(Ù Inlsr(lrilt lllIw I'lllrtrlllr${tlt'rlrl

TABIE 2¡ Dog¡ Given Mq¡sive Dose¡ of Ascorblc Acld
ov; o Three'DoY Period

Aso

I Yr,

I Mo,

,{ Â{o.

t ó,5 Lb.

l3 rb.

25 tb.

Wrlght Tolol Do¡t*
Br¡rd 5¡x

Poodle-X

Terrler-X

Shcphcrd-X

[\
F

F

,{5,0@ mg.

45,000 mg.

¡{5,0O0 mg'

rli,00ll frf, ilxrúúlÍ Mkl, llilt¡l[t![,0 Itrl{rlkrll (lltrrtr; I'hlrxltrrullt ül¡{l IlKtr lntr{TrnnHly ¡llrQ0 ltu(r û illy f{r lltroc (lll$

corbic acid, tho temperature wag reduced
to 101.4 F. After four more days oI tteat-
ment \ieith ascorbic acid, the potient \ryag

discharged.
T\¡ro and a half weeks later, the owner

requested euthûnasif¡ because of a le'
currence of tìre Irare$is and incoordination
whlch were becoming plogressively $'orse'

condition was in ân advânced etage' Al-
though relatively few animals exhibited con-
vuhi;ns in conjunction with the typical
signs of distempor, the recovery rate for
those in this group thut werc given more
than three doses of ascorbic acid was muoh
higlrer than that Jor ühose given fewer dosos
(60% as compared b L4%)'Te-p"t 

tures were elevated in most of
the 6? dogs at the time of the first exami-
nation, but in almost all cases $'ere within
normal limits at 24 or 48 hou¡s after treat-
ment was started. During the latter paÌt of
the investigation, when hourly temperaüure
chârts \ryere kept, many temperatures were
founcl to be normal within 2 to 6 hours

Discuesion
Rpcovnnv nlrlcs observed during the in'
vestigation are thown in Table 1. As might
be expeoted, treatmenü beginning at the
onset;I cünical signs gave more favorable
results than treatmont delayed until the
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18 loxlrlly. Tlì¡ illlltt shotllû ¡lro l,o nrlnlohtomd $¡fl'
urlf Ír d0[t $¡tl] ttlt¡ilr0rl k¡dtrov or lh0r t$mllon.
I'rolor{. truÌ lld¡t ûrtl ttrùu ltr roÎ¡lÍ('l¡lltlt [l lÍ]t nflm
Ir ¡tio (! {liro lil.
w sìtJl,¡1t..ltD
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dsral l¿w reslrlcls thls drug to use by or on lhe
der of a llconsed vst¡rlnarlan'

AscoRsrc ¡clp (coNT,p)

a{ter the first iniection of ascorbic acid.
In all instances, the sscorbic acid was

administered intravenousþ at a rapid rate.
Some drowsiness, which lasted only a few
minutesr.v/as seen in 2 dogs ímrnediately
after injection of the vitamin. I{owever,
there were no other visible sitle effects and
no toxicity attributable to treatment. To
help establish dosage and determine the
possible consequence of giving large doses
of asco¡bic acid, I dogs were obtained frçm
a sheltêr and given 5,000 mg. ascolbic acid
three times daily for three days (Table 2).
No side effects vrere seen in any of these
dogs. All tl¡ree were placed in homos, and
are doing woll to date.

Conclusion
Fno¡vr rr¡n results obsorved in 67 clinical
cases. of canine. distemper complex, it ap-
pears that a daily dose of 1.,000 mg. to 2,600
mg. of ascorbic acid given int'ravenously for
at least tlrreo days is beneficial in the treaþ
ment of canine distemper, and thaü the re'
covery raüe. can be markedly improved by
including aseorbic acid in tho treatment
legimen.

I)uring this investigution, ascorbic acid
produced a lapid clrop Íu tempeuature' The
recovery rtrte during a 2Z-rnonth period was
7L.64To, When mote thnn three doses wore
given, the Ìål,e rose Io 78,6770 for dogs that
ditl not have convulsions. '\ryhen more tbsn
three doses $,ere gÍven to dogs that exhib'
ited convulsions, tlre recovery rate rose
tuom 14.29% to 60Vo.

Fully recognizing that this investiga-
tion did not constitute a controlled study,
but encouurged by the results, tlre author
l¡as l¡resented these observations in the hope
that they will be of help to other practi-
tionerc and per.traps stimulate additional
work Ín tlris area. Certainl¡ rnore basic
research is needed to define the mecha-
niems involved and to validate the obsewa-
tions reported here.
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Massive Doses of Vitamin C
In the Treatment of Viral Diseases

WILSON L DALTON, M.D.
Shelbyville

TREATMENT OF VIRAL DISEASES
presents to the physician a perplexing
and frequently unrewarding problem, par-
ticularly since some 50 different diseases of
man are of viral etiology. To date no gen-
erally effective therapeutic measures have
been devised for treating viral diseases, al-
though some diseases caused by the largest
of the known viruses appear to be affected
by some chemotherapeutic agents. Therapy
with specific antisera is useful as a preven-
tive measure during the incubation period
of some viral diseases, but is generally of
little value once clinical manifestations of
the infection have ensued.1 Therefore, an
effective therapeutic agent that would sub-
stantially reduce the morbidity of the
majority of viremias would provide the
physician  with  a  most  valuable  adjunct  to
treatment.

There have been a number of reports in
the literature suggesting that infectious
disease processes rapidly accelerate vitamin
C depletion and greatly increase vitamin C
requirement." The role of vitamin C in
maintaining stability and tensile strength
of connective tissue is well known. This
property favors, among other things, the
building of a protective barrier against in-
fectious invasion.4 When ascorbic acid
stores are severely depleted during the
course of infectious diseases, capillary re-
sistance decreases and susceptibility to the
action of certain toxins appears to increase.2

It has been suggested that means of alter-
ing the susceptibility of cells to invasion by
viruses could provide a method of control-
ling as well as preventing infection.7

Several investigators have reported em-
ploying massive parenteral doses of ascorbic
acid in the adjunctive treatment of viral
diseases. Klenner3 has advocated and em-
ployed massive doses of intravenous ascor-

bic acid for many years in the treatment
of various viral diseases including measles,
mumps, chickenpox, viral pneumonia and
viral encephalitis, and has reported remark-
able results. Even with doses as high as
65 mg./Kg. Klenner rarely encountered any
adverse effects and those were limited to
the site of injection. Klenner has admin-
istered chemotherapeutic agents along with
ascorbic acid to reduce secondary bacterial
infection and has recommended the subse-
quent use of Vitamin BI following infec-
tious diseases involving the nervous sys-
tem. He further theorizes that the near
absence of ascorbic acid in infectious states
may be attributed to the vitamin combin-
ing with the toxin and/or virus to form a
new complex which is easily destroyed by
oxidation.

Free from Reaction
McCormick4 administered ascorbic acid

intravenously or intramuscularly in massive
repeated doses, 500 to 1000 mg. every four
hours. He reported that this approach ex-
hibited a potent chemotherapeutic-like ac-
tion in acute infectious processes which
compared favorably to that of the sulfona-
mides or antibiotics but with the advantage
of complete freedom from toxic or allergic
reactions. Baur and Staub5 reported highly
satisfactory results were obtained with
daily intravenous infusions of 10 gm. of
ascorbic acid in 1000 cc. of isotonic saline
solution administered for an average of five
days to patients with infectious hepatitis.
They have described the action of ascorbic
acid as "virucidal." Calleja and Brooks6 re-
ported that daily intravenous infusion of
5 gms. of ascorbic acid for 24 days resulted
in remarkable improvement in a patient
with acute hepatitis when other therapeutic
measures had proved futile.

Reports  from  German  literature  show
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that high doses of vitamin C are beneficial
in epidemic hepatitis in children. These
beneficial effects were clearly observed in
63 cases of epidemic hepatitis treated with
high doses of vitamin C in doses of 10 gms.
daily for an average of five days given
either by rectal infusion or intravenously,
or both.9

This investigator evaluated a product
trademarked Viron-1* as an adjunct in the
treatment of a series of cases involving
diseases of probable viral etiology. Viron
is a preparation for intravenous administra-
tion consisting of 2000 mg. of ascorbic acid
per dose fortified with certain B-vitamins.
I was primarily concerned with patient re-
sponse to this mode of therapy since time of
recovery was of major economic importance
to these patients. It has been my past ex-
perience that the more intense the patient's
symptoms the greater the morbidity and
the longer the convalescent period.

The following case histories are repre-
sentative of this therapeutic regime:

Infectious Hepatitis
A 20-year-old white female hospital med-

ical technician was first seen for the present
illness on Nov. 9, 1959. The illness dates
back to the spring of 1959 when she began
to feel progressively weaker, exhibited ma-
laise, anorexia, slight nausea, when it was
discovered that she had an icteric tinge in
her  serum. She was treated with bed rest
for four days and the sub-clinical jaundice
disappeared with a return of her icterus
index to normal.

Later in November her symptoms of ma-
laise were intensified, she began to lose
weight, became progressively weaker, and
presented herself for examination. It was
decided that she had clinical jaundice of a
minor degree; however, the liver was not
palpable and her physical examination was
essentially normal.

She was hospitalized on Nov. 11 and was
seen in consultation by an internist who
confirmed the diagnosis of hepatitis, etiol-
ogy unknown. Her admission laboratory
work revealed a urine which was essentially

* Viron-l was supplied by Lincoln Laboratories,
Inc., Decatur, 111.

negative, except for the presence of bile.
Her heterophile antibody titer was nega-
tive; the icterus index was 13.8 units (nor-
mal  being  4  to  6  for  the  method  used);  her
hemoglobin level was 7.5 gms., hematocrit
reading was 21%, white blood count was
13,000 with 72% polymorphs, 22% lymph-
ocytes, 3% monocytes and 3% eosinophiles.
Prothrombin time was 105%- of standard.
Occult blood was found in her stool. Other
diagnostic procedures including chest x-ray
and gastrointestinal series were normal.

The patient was treated with bed rest for
three days while confirming laboratory
tests, observations and examinations were
made. Her icterus index rose to 32.5 on
Nov. 14. The patient's temperature re-
mained "low grade" being 99.2-99.4 orally
at the highest points. After a period of
complete bed rest and high carbohydrate
diet, the diagnosis was confirmed by the
internist, a second consultant, and this
clinician. At no time in her illness did she
receive chemotherapeutic agents.

Dramatic Improvement
The administration of Viron-1 was ini-

tiated and she received six intravenous 10
cc. injections during the remainder of her
hospital stay. Following the second injec-
tion of Viron-1 the patient was amazed with
her progress and remarked that she had
lost the feeling of "being sick." She wanted
to go home within 24 hours after Viron-1.
injections were initiated, but hospitalization
was continued. She was dismissed on Nov.
20, 1959, markedly improved in subjective
feeling and dramatically improved clinically.

The patient was seen in my office on Dec.
1,  1959  at  which  time  her  white  count  had
dropped to 7,000 with 53 % polymorphs,
37% lymphocytes, 3% monocytes and 4%
eosinophiles. Hemoglobin level was 12.8
gms. and her icterus index had dropped to
8.0.

There is no question in the mind of this
investigator that the intravenous adminis-
tration of Viron-1 had a profound therapeu-
tic effect upon this patient. She had ob-
tained minimal benefit from complete bed
rest and high carbohydrate diet before the
administration of Viron-1. She outwardly
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exhibited, and freely discussed with the at-
tending physicians, her feeling of well-being
following the administration of intravenous
Viron-1. An accurate diagnosis of the exact
type of hepatitis was impossible. It was
assumed to be viral in nature; however, it
may well have been a toxic condition. Other
than the academics involved, the exact eti-
ology is relative. The important factor to
consider is that she responded to Viron-1 in
a most satisfactory manner and one cannot
but assume that the medication exerted a
profound effect upon her progress.

Past experience with hepatitis of various
etiologies has given this observer the im-
pression that recovery from hepatitis, re-
gardless of etiology, is extremely slow and
painstaking. The rapid and complete re-
sponse of this patient to Viron-1 has not
been observed following classic and accepted
therapeutic measures for treating hepatitis.
It is difficult to comprehend a set of cir-
cumstances that would coincidentally ex-
plain the marked and rapid improvement
in a patient as sick as this girl. It was
certainly the most dramatic recovery from
hepatitis that I have ever observed.

Infectious Mononucleosis
A while female, age 36, complained of

generalized aching, exhaustion, anorexia
and malaise. Her physical condition prior
to these symptoms had been normal.
Fever, remittent in type, accompanied the
symptomatic complaints. A complete blood
count revealed large vacuolated lympho-
cytes. A positive heterophile antibody titer
of 1:226 was recorded. A diagnosis of acute
infectious mononucleosis was made and in-
travenous Viron-1 therapy was initiated.
Clinical and subjective response to three
consecutive daily 10 cc. injections was ex-
cellent. Symptoms remitted in one week
following beginning of therapy. The over-
all morbidity was reduced beyond expecta-
tion for the diagnosed condition. The medi-
cation was well tolerated and no adverse
side effects were noted. The rapidity of
patient response to Viron-1 was dramatic
since full recovery from infectious mono-
nucleosis rarely takes place in less than
two to three weeks in my experience.

Virus Pneumonia
A 60-year-old male physician presented

himself with a history of excellent health
except for his present illness. His symp-
toms were exhaustion, cough, low grade
fever, anorexia, generalized aching and pro-
fuse sweating upon exertion. Viral pneu-
monia—patchy type—of the right upper
lobe was found and confirmed by x-ray
findings. Treatment consisted of 10 ce. in-
travenous Viron-1 for three days, bed rest,
and ASA Compound. The response was ex-
cellent—strength returned on the fourth
day and on the fifth day the physician re-
turned to work. The I. V. Viron-1 was well
tolerated and no untoward side effects were
observed. Viron certainly shortened the
expected morbidity for a case of this nature.

Acute Viral Type Pneumonia
A female, age 47, was in excellent general

physical condition with exception of chronic
bronchiectasis. When first seen for her pres-
ent illness this woman was completely de-
bilitated. She was confined to her bed and
complained of exhaustion, anorexia and
generalized chest pain. Temperature eleva-
tion ranged from minimal to normal. A
diagnosis was made of acute viral type
pneumonia with secondary bacterial in-
volvement of sinus and bronchial tree. She
was given intravenous Viron-1, 10 cc. in-
jections, on Oct. 26, 27 and SO and Nov. 3,
6, 9,1959. No other medication was utilized.
Patient felt better after the second injec-
tion of Viron-1 and insisted on continued
therapy. Her exhaustion syndrome con-
tinued to show remarkable improvement.
Progress was continuous and the admin-
istration of Viron-1 markedly reduced
morbidity as compared to her previous
recurrent pneumonias. She tolerated the
injections well and no adverse side effects
were observed.

Viral Pneumonia and Bronchitis
A male, age 41, was in good physical con-

dition except for the present illness and re-
curring pain from a herniated lumbosacral
disk. He complained of headache, general-
ized muscular aching and exhaustion. His
temperature was 100°-100.4° orally. The
diagnosis was acute viral pneumonia and
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bronchitis, following acute sinusitis. Injec-
tions of intravenous Viron-1, 10 cc., were
given on July 14, 15, 16, 1959. The patient
was seen for follow-up examination on July
23 and was symptom free. He had experi-
enced marked relief both from sinusitis and
viral pneumonia symptoms and had re-
turned to work on fifth day following ther-
apy without my permission. The morbidity
period in this case was definitely shortened
beyond expectation. Viron-1 was well tol-
erated by the patient and no side effects
were observed.

Generalized Viremia
This  male,  age  72,  was  in  fair  general

physical condition. Patient complained of
"feeling bad", hoarseness, exhaustion and
depression following "influenza." His tem-
perature was normal, but he had a per-
sistent cough. I made a diagnosis of gen-
eralized viremia with bronchitis and right
recurrent laryngeal neuritis. Viron-1 was
given intravenously on Oct. 28, 30 and Nov.
6, 1959. He experienced a relief of symp-
toms and felt better. Marked improvement
in symptoms of viremia were observed. The
medication was of questionable benefit to
the neuritis. Viron-1 was well tolerated—
no untoward side effects were observed.

Summary
In these selected six cases of probable

viral infections, Viron-1 promoted prompt
patient response. In four of the above men-
tioned cases improvement was especially
rapid and dramatic. The patients were of
different groups and conditions treated
were varied. Of significant interest is the
shortened morbidity period observed when
Viron-1 was given either singly or in con-
junction with other therapy. No untoward
side effects were observed.

Conclusion
In the experience of this investigator

daily doses of 2000 mg. of ascorbic acid
fortified with B-complex vitamins given in-
travenously provides a valuable adjunct in
the routine management of a variety of
acute viral infections. Further investigation
is warranted to determine the complete
range of  viral  diseases which can be treated
beneficially with this therapeutic adjunct.
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Massive Doses of Vitamin C and the Virus Diseases 
F. R. KLENNER, M.D., Reidsville, North Carolina 

T has been reported that one of the mold-derived 
drugs, in addition to being a good antibiotic, is a 

super-vitamin Conversely, we argue that vitamin C, 
besides being an essential vitamin, is a super-
antibiotic. Vitamin C in vitro, if maintained at 
body temperature, inactivates certain toxins at an 
unbelievable rate. Five parts per thousand of vita-
min C with toxins and appropriate controls, incu-
bated at 37° C. for 48 hours showed when tested 
on mice the minimal lethal dose for the control 
tubes to be 1 16,000 c.c., while that from the mix-
ture of vitamin C and toxin was only 1/1,000 of a 
c.c. (Klegler, Guggenheim, Warburg, 1938). In 
this study the loss of vitamin C in toxin broth and 
ordinary broth controls followed a constant pat-
tern: the loss, however, was always greater in the 
toxin broth tube. The difference between the rate 
of disappearance of vitamin C in toxin and ordi-
nary broth was more striking the greater the con-
centration of vitamin C. It is. therefore, reasonable 
to conclude that the degree of neutralization in a 
virus infection will be in proportion to the concen-
tration of the vitamin and the length of time in 
which it is employed. 

Since it has long been known that the virus or-
ganism resembles more the toxins and ferments 
than the common animate causes of disease, it 
would seem plausible that the detoxication effected 

Presented in the Fifty-second Annual Meeting of the 
Tri-State Medical Association of the Carolinas and Vir-
cinia. held at Columbia, February 19th and 20th, 1951. 

by vitamin C is produced by a direct combination 
of the vitamin with the toxin and/or virus, this 
followed by the oxidation of the new compound 
which destroys both the virus and/or toxin and the 
vitamin. This destruction of the virus by oxidation 
has been concurred in by many investigators. 
Since vitamin C is an integral part of the oxidation-
reduction  system  of  the  body,  its  function  in  the  
role of an antibiotic becomes intelligible. To appre-
ciate the antagonistic properties of vitamin C 
against the virus organism and the chemical fer-
ments of exotoxin-producing microorganisms, one 
must forget its present academic status as a factor 
essential for life. A cow is valuable to the farmer 
not only for her ability to produce milk, but also 
as a source of organic fertilizer. Vitamin C, like-
wise, is important, not only as a detoxifying agent, 
as a catalyst aiding cellular respiration by acting 
as a hydrogen transport, as a catalyst in the as-
similation of iron, and as a conservator of collagen 
fibers and bundles in tissues of mesenchymal 
origin; but, also, because of its function as a re-
ducing agent or the precursor of such a substance. 
In this latter capacity it fulfills the requirements 
of an antibiotic. A striking phenomenon of vitamin 
C is the similarity of response, whether to correct 
pathologic processes due to a deficiency of this 
compound, acting as a vitamin; or to destroy the 
ferments of microorganisms, acting as an antibiotic. 
Within a few hours after institution of adequate 
vitamin C therapy to correct an avitaminosis, his- 
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tological evidence of bone improvement is obtain-
able Fibroblasts begin to form normal connective 
tissue and capillary buds are invading hemorrhagic 
areas (Youmans, 1941). Similar is its dramatic 
antibiotic action, the rule being clear evidence of 
clinical response within a few hours. 

The purpose of this paper is to present clinical 
proof of such action for this vitamin. 

Case I is one of premeasles in a ten-months-old 
baby. The term "premeasles" is adopted to express 
the syndrome of fever, redness of eyes and throat, 
catarrh, spasmodic bronchial cough and Koplik 
spots. Vitamin C, 65 mgm. per Kg. of body weight, 
was injected intramuscularly every four hours. The 
fever dropped from 105 to 97.6° F. within 12 
hours. All symptoms showed marked clearing. This 
sudden drop in the fever was thought to be ex-
plainable on one of three grounds: 1) Common 
right drop. 2) Due to the antibiotic action of 
vitamin C. 3) Even if the vitamin C adminis-
tration had been continued, possibly a moderate 
rise would have occurred in the late afternoon of 
the second day, granting a highly virulent organ-
ism and a poorly resisting host. To determine 
which of these deductions was valid, vitamin C 
was discontinued for a period of eight hours. At 
this point the rectal temperature was back up to 
103.4. Vitamin C therapy was resumed and instead 
of the expected 8 P  M. climb, the temperature was 
down to 99.2 (R) eight hours later. The vitamin 
C injections were continued, the baby made an 
uneventful recovery and was discharged 60 hours 
following admission. No measles rash developed. 
Eighteen months have elapsed since this illness 
and the child has not had clinical measles. This is 
not due to the establishment of active immunity 
but to the lack of a second exposure. 

Case 2 confirms the previous case. This case is 
that of a 22-months-old infant with symptoms 
identical with that just described. The same medi-
cation was followed; the same clinical course fol-
lowed. Under parental pressure the child was dis-
charged from the hospital within 36 hours, appar-
ently  well.  Four  days  later  the  child's  brother  and  
sister broke out with measles, which ran the usual 
course, having received no specific therapy. Seven 
days later the 22-months child broke out with 
measles. This time vitamin C was not given. The 
case was judged as modified. 

The response as observed in measles was charac-
teristic for vitamin C versus virus infections. Two 
cases of virus pneumonia complicated by encepha-
litis were so unusual that case histories are given. 

Case  3  is  that  of  a  colored  woman,  aged  28.  
with history (given by a relative) of chills and 
fever  and  chest  and  head  cold  for  14  days,  severe  
headache  for  three  days.  In  stupor  when first  seen,  
eye lids closed, a white foam at the mouth which 

she periodically tried to spit out. Temperature by 
axilla 106.8. Dehydration was much in evidence, 
breath sounds diminished to absent, tactile fremitus 
increased over the entire right lung. The sulfa 
drugs, penicillin and streptomycin with supportive 
treatment had been exhausted. Four grams of vita-
min C was given intravenously along with 1000 
c.c. of 5 per cent dextrose in saline solution. Tem-
perature dropped to 100 (Ax.) within 11 hours. 
Four hours later, vitamin C was resumed—every 
two  to  three  hours,  in  dosage  of  2  to  4  grams  de-
pending upon the response. After 72 hours the pa-
tient was awake, sitting up in bed and taking 
fluids freely by mouth. There was no fever at this 
time, nor for the remainder of the time in hospital. 
Vitamin C was continued for a period of two 
weeks;  the  frequency  was  cut  to  every  12  hours,  
two grams at a dose. An interesting complication 
was deafness; her speech gave a loud, monotonous, 
bell-sound  effect.  It  was  debated  whether  this  was  
the result of the streptomycin or to the encepha-
litis. Prostigmin 1:2000, 1 c.c., and vitamin BI, 
200 mgm., were given IM twice daily. On the tenth 
day of treatment the hearing suddenly returned to 
normal. The x-ray picture of the right lung was 
one of almost complete consolidation. Although the 
patient was clinically well of her pneumonia after 
72 hours, the x-ray picture was not completely 
clear until 90 days later. 

This phenomenon of Nature clearing the debris 
after killing out the virus organism was observed 
in five other cases. The time required was in 
direct proportion to the degree of pulmonary in-
volvement. There is nothing new about this pro-
cedure; Nature merely duplicating a stage in the 
metamorphosis of the frog in getting rid of its 
tadpole tail. 

Case  4.  that  of  a  white  baby  19  months  old,  
bothered with a little cold for two weeks, not very 
sick until the last 24 hours, in which the baby had 
been "runnings high_fever that could not be_bro- 
ken with aspirin." Clonic convulsive seizures of the 
right arm and leg began 12 hours before admission. 
An undernourished infant, lying rigid in its 
mother's arms, skin cold to touch, color cadaver-like, 
eyes closed, grade -2 mucopurulent nasal discharge, 
throat red. The temperature was 103.8 (R). 
Breath and heart sounds practically inaudible. 
Areas of skin over the back presented an appearance 
similar to that seen in rigor mortis. 

Vitamin C, 1000 mg., was given IM. repeated 
every four to six hours. At the first injection the 
baby did not move and the sensation was like 
that of sticking an orange. To give rapid external 
heat, mustard plasters were applied to the anterior 
and posterior chest in a mixture of one part mus-
tard to three parts flour. A croup tent was set up. 
the vapor carrying compound tincture benzoin; 50 
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c.c. of 5 per cent dextrose in saline was given under 
the skin in the scapular areas. Two hours after the 
first injection of vitamin C the baby drank 240 c.c. 
of orange juice, the first food of any type taken 
by the baby in 24 hours. This was repeated 1l/2 
hours later. At this time there was total paralysis 
of  the  right  arm  and  leg.  Twelve  hours  after  ad-
mission the baby moved ks right leg and one hour 
later grasped a bottle of orange juice with both 
hands. From this point on the recovery was un-
eventful. Of secondary importance is the laboratory 
report of Ascaris lumbricoides ova and hemoglobin 
55 per cent. 

Cases 5 and 6 are of pulmonary virus infection, 
(a) in a boy of 14 years, and (b) in a man of 58 
years. In the case of the boy the fever curve was 
of the type showing a fast response to heavy vita-
min C injections. The WBC was 4,300, urine sugar 
++ Twenty-six grams of vitamin C was given IV 
to this patient in a 44-hour period. 

In the case of the man, Case 6, the fever decline 
was after a modified step-ladder fashion. In this 
instance the amount of vitamin C injected was 
less than half of the recommended dose. The WBC 
was 5,850, admission urine sugar +++. Thirty-
one grams of vitamin C was injected intravenously 
over  a  period  of  60  hours.  It  is  to  be  noted  that  
the same amount of vitamin C (2 grams every four 
hours) was given to the boy and to the man, dis-
regarding the factor of body weight. Had the man 
received four or five grams every four hours, or 
two grams every two hours, his hospital course 
would probably have followed the same pattern as 
that of the boy. A point of great interest was that 
at subsequent examinations the urine was consist-
ently negative for sugar. The course in these cases 
emphasizes the necessity of administering massive 
doses of vitamin C at frequent, regular intervals 
so as -to maintain the proper level of this antibiotic 
in the tissues. 

The amount of vitamin C for optimal effect will 
vary greatly with the individual The type of the 
disease and the degree of toxemia are important 
guides in determining the dosage. Although the 
usual dose of vitamin C is calculated on the basis 
of 65 mgm. per Kg. of body weight, and given 
every two to four hours by needle, under certain 
conditions larger single injections can be used to 
good advantage. Vitamin C given to a child with 
measles, mumps or chickenpox will abort or modify 
the attack, depending upon the intensity of the 
treatment. If the activity of the pathogen is 
stopped, the development of active immunity will 
be interrupted. In handling these particular child-
hood diseases, when uncomplicated, the treatment 
should be aimed at modification of the infection as 
the plan of choice. To accomplish this end vitamin 
C should be increased to 250 mgm. per Kg. of 

body weight, and the injection given intramuscu-
larly. It will be necessary, at .times, to repeat with 
half of this amount eight hours later. The vitamin 
was given in a concentration of 500 mg. per c.c. 
of solution. Pain was slight and lasted only a few 
minutes. Procaine, 0.5 to 2 per cent, instilled from 
a second syringe into the gluteal muscle through a 
placed needle just before giving the vitamin might 
solve this problem. The itch of measles and of 
chickenpox, the occasional vomiting of these ill-
nesses, and the pain of mumps were fully con-
trolled within one hour, when 250 mg./Kg. body 
weight was used. Instead of repeating waves of 
macules in chickenpox, and the usual seven to nine 
days required for crusting, following the heavy 
modifying injection no new eruptions appeared 
and crusting was present within six hours. Fur-
ther clinical studies may prove that the routine 
use of the higher dose (250 mg./Kg. body wt.) 
replacing the usual (65 mg./Kg. body wt.) is indi-
cated in all virus infections and the results pro-
duced may be even more dramatic. 

The greatest value of vitamin C in virus infec-
tions does not rest with these lesser kinds of dis-
eases, some of which, e.g. measles, can be modified 
or prevented by the proper use of immune globulin. 
The value above all others is its positive action 
against the virus causing poliomyelitis. A report of 
this  usage  was  published  in  the  official  journal  of  
this association in 1949. Many physicians refuse 
to employ vitamin C in the amounts suggested, 
simply  because  it  is  counter  to  their  fixed  ideas  of  
what is reasonable; but it is not against their rea-
son to try some new product being advertised by 
an  alert  drug firm.  It  is  difficult  for  me to  recon-
cile these two attitudes. On the other hand, many 
physicians who have been willing to try vitamin C 
against the virus of poliomyelitis have obtained the 
same striking results as we reported. Scores of 
letters from practitioners here in the United States 
and in Canada could be presented in evidence. In 
some instances doctors have cured their own chil-
dren of poliomyelitis by giving vitamin C and in 
other cases doctors themselves have been cured- 

In poliomyelitis vitamin C performs three im-
portant functions: 1) It destroys the virus; 2) 
acting as the dehydrator and diuretic of first choice, 
it removes the edema fluid from the brain and the 
cord; 3) it preserves the lining of the central canal 
and maintains more regular spacing and less crowd-
ing of the ependymal cells (Altman). The pressure 
within the bony vault of the central nervous system 
resulting from the inflammatory process excited by 
the virus, acts as a haemostat to cut off the blood 
supply to the anterior horn cells. This compression 
of their vessels denies to the horn cells the essen-
tials for function, for life even. 

It is of more than academic interest to review 
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the findings of McCormick in 50 confirmed cases 
of poliomyelitis in and around Toronto, Canada, 
during the epidemic of 1949. This report is that 
children of families eating brown bread who came 
down with poliomyelitis did not develop paralysis; 
whereas in those families eating white bread many 
of the children having poliomyelitis did develop 
paralysis. The point here is that brown bread has 
28 times more vitamin B1 than does white bread 
Obviously, then, the paralysis which complicates 
acute poliomyelitis appears to be due to a B1 
avitaminosis. Vitamin C by removing edema fluid 
relieves from pressure these vessels that supply 
nutriment to the horn cells, thus allowing the nor-
mal complement of vitamin B1 to reach these cells. 
In December, 1949, a 5-year-old white girl was 
brought to my office with paralysis of both lower 
extremities of 4½ days' duration. The child had 
been ill for 12 days. There was complete flaccid 
paralysis of the right leg, 85 per cent paralysis of 
the  left  leg.  Pain  was  directed  to  the  knee  and  to  
the lumbar back. In hospital the diagnosis of polio-
myelitis was confirmed by four consulting physi-
cians.  Spinal  fluid  cells  were  82.  No medication  of  
any type was given exclusive of vitamin C. Mas-
sage was started immediately. The rationale of 
using early massage had two bases: 1) In the 
course of general practice patients would give a 
history of having had poliomyelitis when a child 
and that their mother rubbed the paralyzed mem-
ber day and night until function returned. 2) That 
paralyzed muscle was in profound shock and "artifi-
cial respiration" would maintain proper metabolism 

during .the emergency phase. To the first injection 
of vitamin C there was definite response. After 96 
hours  the  child  was  moving  both  legs.  The  flexion  
was slow and deliberate. She was discharged from 
the hospital at this time, vitamin C being continued 
by mouth—1000 mg. every two hours with fruit 
juice for seven days. On the llth day of treatment 
the child was walking about the house, but her 
gait was slow and her posture was poor, being 
bent forward. Vitamin C was discontinued and 
vitamin B1 started—10 mg. before meals and bed 
hour- Carbonated drinks were encouraged for their 
sugar content and mild stimulating action. Nine-
teen days after starting treatment there was com-
plete return of sensory and motor function which 
has persisted to this date. 

A boy of eight years was brought to my office 
with a h istory of having had "flu" for a week, 
and four days previously having developed photo-
phobia, conjunctivitis, sore throat, nausea, vomit-
ing and a back-of-the-eyes type headache of such 
intensity that adult doses of aspirin had no effect. 
The boy was either rubbing his neck on the left 
side or holding his head between his hands, begging 
for something to relieve his pain. The fever was 
104.4 (Ax.) He was tender in the lumbar region 
and he had a drawing sensation referred to the 
hamstring attachments at the knee. Two grams of 
vitamin C was given IV while in the office. He 
was then sent to the local hospital where he receiv-
ed promptly a second injection of 2 grams of tjie 
vitamin, after which it was given every four hours. 
Six hours after commencing therapy the neck pain 
was gone, the headache completely relieved, he 
could tolerate the ceiling light, his eyes were dry 
and the redness clearing. Nausea and vomiting 
had disappeared, the fever was down to 100.6 
(Ax.), and he was sitting up in bed in a jovial 
mood while he drank a carbonated beverage. He 
was discharged from the hospital after receiving 26 
grams of the vitamin in a 48-hour period, clinically 
well. Vitamin C was continued by mouth, 1500 
mg. every two hours with fruit juice for one week, 
then change was made to vitamin B1, 25 mg. be-
fore  meals  and  bed  hour.  Vitamin  B1 in these cases 
should be continued for a period of no less than 
three months as nerve tissue is slow in recovering 
from damage. 

In using vitamin C as an antibiotic minor com-
plications were occasionally seen. These fall into 
six  groups:  1)  Diarrhea  in  two  cases.  In  each  in-
stance the preparation contained sodium bisulfate. 
The enteritis cleared on giving a preparation of 
vitamin C not containing this salt. 2) Induration 
in 42 cases—seen either immediately following the 
injection (allergy), or delayed. In the latter it was 
found that the injections were being given too close 
to the surface. Applications of warm magnesium 
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sulfate  as  a.  compress  gave  prompt  relief  of  the  
pain -and swelling. In two of these cases fluctuation 
ensued and healing was effected by surgical drain-
age and the application of compresses. The impres-
sion  in  these  two  cases  was  that  a  vein  had  been  
opened by the needle. The exudate was dark and 
both the slide and culture studies were negative 
for bacteria. 3) Endothelial irritation in three 
cases. Acute pain radiated from the site of the 
injection to the shoulder. In each instance the con-
centration of the vitamin was one gram to each 5 
c.c. solution and the amount given exceeded two 
grams. After slowing the rate of injection this re-
action did not occur. 4) Venous thrombosis in one 
case. The concentration was 500 mg..per c.c. solu-
tion; the total dose 5 c-c. Compressing relieved the 
pain. The pathology was very similar to that fol-
lowing the use of 50 per cent dextrose solution. 5) 
Syncope—In maximum doses given IV a sensation 
of fainting and dyspnea occurred seven times. Five 
of these patients were over 55 years of age. The 
disagreeable symptoms were relieved by slowing 
the speed of the injections. 6) Rash—In three cases 
a pin-point dermatitis occurred, limited to the face 
and upper third of the torso, identical to that seen 
in infants taking orange juice. This did not necessi-
tate discontinuance of therapy and cleared spon-
taneously several days after vitamin C was stopped. 

Calcium, in vivo, duplicates the chemical behav-
ior of vitamin C in many respects. Calcium glu-
conate and calcium lexulinate were used in con-
junction with vitamin C therapy in a small series 
of pulmonary virus infections and in mild cases of 
influenza. There was a definite synergistic response. 
Patients with colds derived most benefit from this 
combined treatment. Because of its action on car-
diac muscle, the use of calcium was limited to 
adults and the amount injected to two grams per 
day- One gram administered IV at moderate speed 
will so slow the heart as in many cases to produce 
syncope. If the concentration becomes great enough 
cardiac arrest in a tonically contracted state might 
result. It is, however, quite possible that, with the 
proper ionic balance of oalcium and vitamin C in 
the same solution, larger amounts could be given 
without side effects. The massive dose schedule 
limits the usefulness of the calcium ion in virus 
diseases to that of an adjuvant only. 

In all of the cases of virus infection reviewed 
in this study one laboratory finding stood out as 
of great significance. On admission to the hospital 
the first routine urine examination showed some 
degree of glycosuria. The pattern of the qualitative 
Benedict's reaction was constant enough to postu-
late that the higher the reading the more severe 
was the pathology. Repeat urine sugar studies fol-
lowing vitamin C therapy revealed complete clear-
ing. This was true even though fruit juices were 
forced to tolerance. This finding confirmed the 

knowledge that interference with the normal phy-
siology of the adrenal glands, either by the toxins 
produced by microorganisms or by surgery, has a 
profound influence on metabolism, especially of the 
carbohydrates. Adrenalin in the blood stream 
causes hyperglycemia with resulting glycosuria. 
Adrenalin acts either by stimulation of the sym-
pathetic nervous system or directly via the 
blood. This action of adrenalin is via the blood 
only, because the effect, as demonstrated in experi-
mental animals, is still realized after destruction 
of the cord and sympathetic plexuses and degener-
ation of the peripheral post-ganglionic fibers 
(Evans, 1930). The glycosuria found in these cases 
was not due to a lowering of the threshold for 
sugar excretion by the kidney, paralleling a phlor-
idzin diabetes, since the carbohydrate mechanism 
was associated with a hyperglycemia (Zuelzer, 
1901, Metzger, 1902, Paton, 1903). Likewise 
there was no evidence of kidney damage. Albumin 
was reported negative and the microscopic exam-
ination showed no cells or casts. Apparently this 
is a condition of artificial diabetes mellitus, which 
would suggest the answer for the diabetic who 
loses ability to maintain sugar-insulin balance when 
embarrassed with an acute infection. 

The story of a 7-year-old boy may have a les-
son. He has been known to be diabetic since the 
age of four years. Any incident of infection in this 
lad produced an alarming interference of his sugar-
insulin-diet equilibrium. Recently he contracted 
measles, and as the disease process developed to-
ward its height the urine sugar curve swung 
sharply upward. From an occasional dose of 5 
units regular insulin his requirement rose to 30 
units regular insulin, three times each day, while 
still running a 3- or 4-plus Benedict's test. (Other 
forms of insulin proved by trial to be too danger-
ous.) At the peak of his infection vitamin C was 
started in a modifying dose of one gram every four 
hours. His general condition soon improved and in 
the course of several days he returned to his usual 
diet-insulin schedule and his usual urine sugar. In 
patients with diabetes, vitamin C should be discon-
tinued  just  as  soon  as  the  temperature  returns  to  
normal. Prolonged use of vitamin C might prove 
undesirable due to its dehydrating and diuretic 
powers. 

The pathologic process at work here is only com-
patible with abnormal amounts of adrenalin in the 
blood stream. It is not a response to an emotional 
stimulus to the adrenal medulla, since free adre-
nalin in the circulating blood has a transitory ac-
tion, being so rapidly oxidized that none gets into 
the urine. This suggested that the regulator of the 
adrenalin mechanism had been removed, so that a 
constant supply of adrenalin would be present in 
the blood, making possible a concentration suffi-
ciently high to cause constant vasoconstriction. 
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Ritzmann (1909) found that adrenalin affected 
carbohydrate metabolism only when this vasocon-
striction phase existed. This finding was concurred 
in by Lusk (1914), who further concluded that 
ihis  action  on  blood  vessels  caused  asphyxia  of  the  
tissues which tended to increase the acidity of the 
blood and the tissues. This superimposed acidity 
further promotes the production of .adrenalin hy-
perglycemia (Peters and Geyelin, 1917). McDan-
nell and Underbill (1919), studying these phe-
nomena in rabbits, found that slight hyperglycemia 
could be controlled by the administration of sodium 
carbonate. 

The rationale of forcing fruit juices in the old 
treatment  of  colds  was  based  on  this  theory  as  
postulated by Hawley et al. (1936) that a highly 
alkaline urine would have lower amounts of vita-
min C than a highly acid urine; the alkaline ash 
from the organic acids serving to retain the vita-
min C in the blood and tissues where Nature had 
assigned it to guard against the many enemies of 
the body—the toxins and ferments of bacteria. As 
a result of avitaminosis C, liver glycogen is mobil-
ized—glycogenolysis; and further storing of sugar 
ir the liver is prevented—glycogenesis (Macken-
zie, 1917). To further enhance the hyperglycemia 
this vasoconstriction brings about a decrease in the 
pancreatic secretions by lessening the amount of 
blood passing through the gland {Mann and Mc-
Lachlan, 1917). 

That the adrenal glands and vitamin C are 
closely allied in the defense of the body has been 
proven by experimentation and by autopsy. In 
normal persons any excess of vitamin C is excreted 
in the urine. In persons suffering with an acute in-
fection, particularly a virus infection, vitamin C is 
riot only absent from the urine but is also missing 
from the blood serum. This is true even when 
moderate amounts are given intravenously. These 
observations on serum were made with a Klett-
Summerson photoelectric colorimeter using the 
method described by Mindlin and Butler. The obser-
vations on the urine were conducted according to 
the instructions of Goldsmith and Ellenger. Harde 
and Benjamin (1934-35) found the vitamin C frac-
tion of the adrenal glands greatly reduced in mon-
keys killed or paralyzed by the virus of poliomy-
elitis. Yavorsky, Almoden and King (1934) re-
ported identical findings in humans having died of 
various infectious agents. 

This gives us an important concept of the value 
of vitamin C in virus diseases. The explanation for 
the absence of vitamin C in the infectious states is 
that this agent joins with the toxin and/or virus to 
form a new compound which is then destroyed by 
oxidation. Since the body is dependent on food 
for vitamin C to meet its daily needs, it is ob-
vious that the body tissues would soon be depleted, 
and we would expect to find evidence of a prescor- 

butic state in patients who had hypovitaminosis C. 
In patients seriously ill with a virus invader, the 
added strain on the capillaries by the application 
of a tourniquet, even for a few seconds, produced 
petechial hemorrhages at the site of constriction, 
bince not all patients thus demonstrated this ca-
pillary weakness, all .patients ill with a virus infec-
tion were investigated by the aid of a petechiom-
eter. Increased capillary fragility was found to exist 
in all cases, and the number of petechiae as ex-
pressed in centimeters of mercury followed the 
urine sugar findings. This deficiency syndrome was 
reversed as the glycosuria cleared, indicating that 
both were responsive to a proper plasma level for 
vitamin C. 

At this same time the anaerobic conditions in 
the tissues will be relieved by the catalytic action 
of vitamin C acting as a gas transport to aid this 
cellular respiration. The abnormal acidity of the 
blood and tissues will be removed and abnormal 
amounts of free adrenalin will disappear from the 
blood stream. Following this the constriction of the 
blood vessels will cease, 'allowing the liver and pan-
creatic tissue to return to nftrmal function. Con-
tinuance of frequent injections of properly calcu-
lated doses of vitamin C will restore the normal 
physiology of the body. This is not all of the story. 

Lojkin (1937), studying the various phases of 
the inactivation of crystalline tobacco mosaic virus 
by 1-ascorbic acid, suggested that the action was 
not due to reduced vitamin C nor to the irreversi-
bly oxidized dehydroascorbic acid. Lojkin felt that 
il was due to a specific intermediate product which 
is formed in the course of the catalytic auto-oxida-
tion of vitamin C, an action stimulated by the 
presence of copper ions. This intermediate product 
must .be a peroxide because a peroxide is formed 
during copper-catalyzed oxidation of vitamin C. 
This peroxide is decomposed as rapidly as it is 
formed (Barrow, De Meio, Klemperer, 1935-36). 
Lyman and associates (1937) confirmed the pe-
roxide theory by observing that the oxygen uptake, 
beyond that calculated for the reaction ascorbic 
acid to dehydroascorbic acid, was not due to fur-
ther oxidation of dehydroascorbic acid to an irre-
versible oxidation product, because treatment of 
the oxidized solution with hydrogen sulfide gave 
complete recovery of the ascorbic acid. These men 
also found that copper catalysis accelerates not 
only the reversible oxidation of vitamin C, but also 
further oxidation of dehydroascorbic acid. This 
action of the copper ion elucidates the findings 
that vitamin C in massive, frequent doses works 
better in the body than in a laboratory test tube. 

Hippocrates declared the highest duty of medi-
cine to be to get the patient well. He further de-
clared that, of several remedies physicians should 
choose the least sensational- Vitamin C would seem 
to meet both these requirements. 
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SXEOLVKHG�ZRUNV�DQG�ZULWLQJV�KDYH�KDG�D�KXJH�LQIOXHQFH�RQ�WKH�DSSOLFDWLRQ�RI�VWDWLVWLFV�WR�PHGLFDO
UHVHDUFK²SDUWLFXODUO\�WKH�GHVLJQ��FRQGXFW��DQG�DQDO\VLV�RI�UDQGRPL]HG�FOLQLFDO�WULDOV�DQG�LQ�WKH
DGYDQFHPHQW�RI�HYLGHQFH�EDVHG�PHGLFLQH�LQ�JHQHUDO�´�DFFRUGLQJ�WR�WKH�6RFLHW\�RI�&OLQLFDO�7ULDOV�
ZKLFK�0HLHU�KHOSHG�IRXQG�LQ�������

0HLHU�ZDV�WLUHOHVV�LQ�KLV�SURPRWLRQ�RI�WKH�QRZ�VWDQGDUG�SUDFWLFH�RI�UDQGRPO\�DVVLJQLQJ�SDWLHQWV
HQUROOHG�LQ�FOLQLFDO�WULDOV�WR�UHFHLYH�HLWKHU�WKH�FRQYHQWLRQDO�UHPHG\�RU�WKH�QHZ�WUHDWPHQW�EHLQJ
HYDOXDWHG��7KLV�LV�QRZ�FRQVLGHUHG�WKH�PRVW�ULJRURXV�ZD\�WR�FRQGXFW�D�VWXG\�DQG�WKH�EHVW�ZD\�WR�JDWKHU
HYLGHQFH�RI�D�QHZ�GUXJ�RU�WUHDWPHQW¶V�HIIHFWLYHQHVV��³3HUKDSV�PRUH�WKDQ�DQ\�RWKHU�8�6��VWDWLVWLFLDQ�
>'U��0HLHU@�LQIOXHQFHG�8�6��GUXJ�UHJXODWRU\�DJHQFLHV��DQG�KHQFH�FOLQLFDO�UHVHDUFKHUV�WKURXJKRXW�WKH
8�6��DQG�RWKHU�FRXQWULHV��WR�LQVLVW�RQ�WKH�FHQWUDO�LPSRUWDQFH�RI�UDQGRPL]HG�HYLGHQFH�´�VDLG�6LU�5LFKDUG
3HWR�RI�2[IRUG�8QLYHUVLW\��ZKR�ZDV�DOVR�D�OHDGLQJ�DGYRFDWH�IRU�UDQGRPL]DWLRQ��LQ�0HLHU¶V�1HZ�<RUN
7LPHV�RELWXDU\���³7KDW�VWUDWHJLF�GHFLVLRQ�KDOI�D�FHQWXU\�DJR�KDV�DOUHDG\�VDYHG�PLOOLRQV�RI�OLYHV��DQG
WKRVH�PLOOLRQV�VKRXOG�EH�DWWULEXWHG�WR�3DXO�´�3HWR�VDLG�

³,�GHIHQGHG�UDQGRPL]DWLRQ�HYHU\�FKDQFH�,�JRW��DQG�,�KDG�D�IDLU�QXPEHU�RI�FKDQFHV�´�0HLHU�VDLG�LQ�D
�����LQWHUYLHZ�LQ�WKH�MRXUQDO�&OLQLFDO�7ULDOV�� �³)RU�D�IDLUO\�ORQJ�WLPH�UDQGRPL]DWLRQ�ZDV�QRW
WKRXJKW�RI�VR�KLJKO\�´�KH�H[SODLQHG��+H�VDLG�WKDW�LQ������

DGGLQJ�WKDW�KLV�VXFFHVV�LQ�HQFRXUDJLQJ�WKH�XVH�RI�UDQGRPL]DWLRQ�LQ�FOLQLFDO�WULDOV�LV�WKH�DFKLHYHPHQW�KH
SUL]HG�PRVW�KLJKO\��

7RJHWKHU�ZLWK�(GZDUG�/��.DSODQ�RI�WKH�&DOLIRUQLD�5DGLDWLRQ�/DERUDWRU\��0HLHU�DOVR�KHOSHG�IRUPXODWH
ZKDW�WKH�6RFLHW\�IRU�&OLQLFDO�7ULDOV�WHUPV�³RXU�PRVW�SRSXODU�PHWKRG�RI�HVWLPDWLQJ�VXUYLYDO�IXQFWLRQV
IURP�FRQWLQXRXVO\�REVHUYHG�GDWD�´��3XEOLVKHG�LQ�WKH�-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ�
LQ�������LW�ZHQW�RQ�WR�EHFRPH�RQH�RI�WKH�PRVW�ZLGHO\�FLWHG�DUWLFOHV�LQ�WKH�PHGLFDO�OLWHUDWXUH��$W�WKH�WLPH
RI�0HLHU¶V�GHDWK��WKH�.DSODQ�0HLHU�DUWLFOH�KDG�EHHQ�FLWHG�PRUH�WKDQ�������WLPHV��7KHRGRUH�.DUULVRQ�
3K'��GLUHFWRU�RI�WKH�8QLYHUVLW\�RI�&KLFDJR�'HSDUWPHQW�RI�+HDOWK�6WXGLHV¶�%LRVWDW�/DE�DQG�RQH�RI
0HLHU¶V�GRFWRUDO�VWXGHQWV��DWWHVWHG�WR�WKH�DUWLFOH¶V�FRQWLQXLQJ�UHOHYDQFH�E\�QRWLQJ��³,I�\RX�RSHQ�XS�DW
UDQGRP�D�PHGLFDO�MRXUQDO�\RX¶UH�OLNHO\�WR�VHH�LQ�DW�OHDVW�RQH�RI�WKH�DUWLFOHV�D�FLWDWLRQ�WR�WKH�.DSODQ�
0HLHU�SDSHU´��RUDO�FRPPXQLFDWLRQ��'HFHPEHU����������

2YHU�KLV�ORQJ�DQG�GLVWLQJXLVKHG�FDUHHU��0HLHU�HDUQHG�PDQ\�KRQRUV²DV�ZHOO�DV�ZLGHVSUHDG�DGPLUDWLRQ
IRU�EHLQJ�TXLFN�RQ�KLV�IHHW�

UHFDOOHG�5LFN�&KDSSHOO��ZULWWHQ�FRPPXQLFDWLRQ��1RYHPEHU����������DQG�RUDO�FRPPXQLFDWLRQ�
1RYHPEHU������������ZKR�ZDV�0HLHU¶V�ODVW�GRFWRUDO�VWXGHQW�DQG�LV�QRZ�D�SURIHVVRU�RI�ELRVWDWLVWLFV�DQG
PHGLFDO�LQIRUPDWLFV�DW�WKH�8QLYHUVLW\�RI�:LVFRQVLQ�DW�0DGLVRQ�

�S����

D�YHU\�GLVWLQJXLVKHG�VWDWLVWLFLDQ�WROG�PH�WKDW�,�KDG�D�PDMRU�LQIOXHQFH�RQ�WKH�)RRG�DQG�'UXJ
$GPLQLVWUDWLRQ¶V�SROLFLHV�RQ�UDQGRPL]HG�FOLQLFDO�WULDOV��,�GRQ¶W�NQRZ�KRZ�WUXH�WKDW�ZDV��EXW�LI�VR��LW
ZRXOG�EH�VRPHWKLQJ�RI�ZKLFK�,�DP�YHU\�SURXG�

�S����

$W�SURIHVVLRQDO�PHHWLQJV�«�KH�RIWHQ�DVWRQLVKHG�PH�E\�JLYLQJ�FRPPHQWV�IURP�WKH�DXGLHQFH��ZKLFK�
WKRXJK�VSRQWDQHRXV��GLVSOD\HG�D�GHSWK�RI�UHDVRQLQJ�DQG�SHUIHFW�HORTXHQFH��ZKLFK�IHZ�RWKHUV
FRXOG�KDYH�PDWFKHG�ZLWK�DQ\�DPRXQW�RI�DGYDQFHG�SUHSDUDWLRQ�
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7KURXJK�LW�DOO��LQFOXGLQJ�WKH�VWURNH�LQ������WKDW�UREEHG�KLP�RI�VRPH�RI�KLV�HORTXHQFH��0HLHU�ZDV�DOVR�D
NLQG�DQG�JHQWOH�PDQ��DFFRUGLQJ�WR�D�VWDWHPHQW�LVVXHG�E\�WKH�6WDWLVWLFV�'HSDUWPHQW�DW�&ROXPELD
8QLYHUVLW\���ZKHUH�0HLHU�VSHQW�KLV�ILQDO�\HDUV��KH�DOVR�KHOG�D�MRLQW�DSSRLQWPHQW�DW�&ROXPELD¶V
0DLOPDQ�6FKRRO�RI�3XEOLF�+HDOWK���.DUULVRQ��&KDSSHOO��DQG�'DQLHO�+HLWMDQ��3K'��D�SURIHVVRU�RI
ELRVWDWLVWLFV�DW�WKH�8QLYHUVLW\�RI�3HQQV\OYDQLD¶V�3HUHOPDQ�6FKRRO�RI�0HGLFLQH��DWWHVWHG�WKDW�0HLHU�ZDV
ERWK�ZLGHO\�UHVSHFWHG�DQG�ORYHG��³+H�ZDV�D�SHUVRQ�ZKR�FDUHG�DERXW�SHRSOH�«�DQG�VRPHRQH�\RX�FRXOG
JR�WR�ZLWK�D�SUREOHP�´�.DUULVRQ�VDLG�

$�5(/8&7$17�%,267$7,67,&,$1

0HLHU�JUDGXDWHG�IURP�2EHUOLQ�&ROOHJH�LQ������DQG�ZHQW�RQ�WR�3ULQFHWRQ�8QLYHUVLW\�WR�SXUVXH�D
GRFWRUDWH�LQ�PDWKHPDWLFV��ZKHUH�KH�VWXGLHG�XQGHU�WKH�FHOHEUDWHG�PDWKHPDWLFLDQ�-RKQ�7XNH\��0HLHU¶V
GLVVHUWDWLRQ�SURMHFW�LQYROYHG�D�VWDWLVWLFDO�SUREOHP�VXJJHVWHG�E\�:LOOLDP�&RFKUDQ��WKH�QRWHG�VWDWLVWLFLDQ
ZKR�FKDLUHG�-RKQV�+RSNLQV�8QLYHUVLW\¶V�'HSDUWPHQW�RI�%LRVWDWLVWLFV�IURP������WR�������$W�WKH�WLPH�
0HLHU�ZDV�DOVR�YHU\�LQWHUHVWHG�LQ�³WKH�QRWLRQ�WKDW�UDQGRPL]DWLRQ�FRXOG�FOHDU�DZD\�FRQIRXQGHUV�WKDW�\RX
GLG�QRW�NQRZ�DERXW�´� �$V�RQH�RI�D�YHU\�IHZ�PDWKHPDWLFLDQV�IRFXVLQJ�RQ�PHGLFDO�DSSOLFDWLRQV�
0HLHU�UHFRJQL]HG�WKH�SRWHQWLDO�YDOXH�RI�UDQGRPL]DWLRQ¶V�DSSOLFDWLRQ�LQ�PHGLFLQH��

$IWHU�0HLHU�HDUQHG�KLV�GRFWRUDWH��KH�VSHQW�RQH�PRUH�\HDU�DW�/HKLJK�8QLYHUVLW\��ZKHUH�KH�KDG�EHHQ
WHDFKLQJ�VLQFH�������7XNH\�UHFRPPHQGHG�WKDW�KH�DFFHSW�D�SRVLWLRQ�DW�+RSNLQV�ZLWK�&RFKUDQ��ZKR�ZDV
HQWKXVLDVWLF�DERXW�0HLHU¶V�GLVVHUWDWLRQ�

0HLHU�VDLG��%XW�ZKHQ�&RFKUDQ�LQVLVWHG�WKDW�JRLQJ�WR�+RSNLQV�ZDV�D�JRRG�LGHD��0HLHU�DFFHSWHG�KLV�ILUVW
SRVLWLRQ�DV�D�VWDWLVWLFLDQ��

,Q�WKRVH�HDUO\�GD\V��0HLHU�VDLG��³,�ZDV�ORRNHG�DW�ZLWK�DPD]HPHQW�E\�P\�PHGLFDO�FROOHDJXHV�´�ZKHQ�KH
EURXJKW�XS�WKH�LGHD�RI�UDQGRPL]DWLRQ�IRU�DVVHVVLQJ�QHZ�PHGLFDO�WUHDWPHQWV��KH�UHFDOOHG��7KH�SK\VLFLDQV
ZRXOG�VD\�³µ5DQGRPL]H"�:H�NQRZ�WKDW�WKLV�WUHDWPHQW�LV�EHWWHU�WKDQ�WKDW�RQH�¶´�KH�H[SODLQHG��³3HRSOH
ZKR�NQHZ�DQG�UHVSHFWHG�PH�ZHUH�DVWRXQGHG�WKDW�,�VKRXOG�ZDQW�WR�UDQGRPL]H�WKHLU�SDWLHQWV�´�

0HLHU�V�5HFROOHFWLRQV�RI�WKH�6DON�3ROLR�9DFFLQH�7ULDO

7KH������ILHOG�WULDO�RI�-RQDV�6DON
V�SROLR�YDFFLQH�³ZDV�WKH�PRVW�HODERUDWH�WULDO�WKDW�ZDV�HYHU�GRQH�´
0HLHU�UHFDOOHG��2QH�RI�WKH�UHDVRQV�WKDW�WKH�WULDO�ZDV�VR�FRPSOLFDWHG�LV�EHFDXVH�SROLR�ZDV�YHU\
VFDUFH��KH�H[SODLQHG��³,¶YH�QRW�EHHQ�LQYROYHG�LQ�PDQ\�WULDOV�OLNH�WKDW�DQG�,¶YH�EHHQ�LQYROYHG�LQ�ORWV
RI�PXOWLFHQWHU�VWXGLHV�´�KH�VDLG��

7KH�VLWXDWLRQ�ZDV�IXUWKHU�KDQGLFDSSHG�EHFDXVH�WKH�GLDJQRVLV�RI�SROLR�LV�WULFN\��0HLHU�VDLG��³:H
QHHG�WR�KDYH�WKH�HQWLUH�FRXQWU\¶V�SK\VLFLDQV�SDUWLFLSDWH��EHFDXVH�ZH�FDQ¶W�ORRN�RYHU�HYHU\�FDVH
ZKHUH�WKHUH¶V�VRPH�NLQG�RI�SDUDO\VLV��6R�SK\VLFLDQV�UHSRUWHG�WKH�FDVHV�WKH\�WKRXJKW�ZHUH�SROLR
DFFRUGLQJ�WR�WKH�SURWRFRO��DQG�ZH�DFFHSWHG�WKRVH�FDVHV�´�0HLHU�HVWLPDWHG�WKDW�³DERXW�KDOI�WKRVH
FDVHV�ZHUH�SUREDEO\�QRW�SROLR�DW�DOO�´�

%XW�WKH�ELJJHVW�LVVXH��IRU�0HLHU��HPHUJHG�GXULQJ�D�VHPLQDU�DWWHQGHG�E\�PDQ\�RI�WKH�UHVHDUFKHUV
ZRUNLQJ�RQ�WKH�SURMHFW��ZKHUH�LW�EHFDPH�DSSDUHQW�WKDW�PHPEHUV�RI�WKH�WHDP�ZHUH�VXSSUHVVLQJ�WKH
GDWD�UHODWHG�WR�VRPH�RI�WKH�WHVW�YDFFLQH�ORWV��$V�VRRQ�EHFDPH�FOHDU��WKH�SROLR�YLUXV�XVHG�LQ�WKH�WULDO
YDFFLQHV�ZDV�QRW�DOZD\V�SURSHUO\�LQDFWLYDWHG��-RQDV�6DON��WKH�YDFFLQH¶V�LQYHQWRU��³FXW�RXW�GDWD�LQ
RUGHU�QRW�WR�VKRZ�ZKDW�KDSSHQHG�WR�VRPH�ORWV�´�0HLHU�FKDUJHG�� �+H�VDLG�WKDW�WKH�1DWLRQDO
)RXQGDWLRQ�IRU�,QIDQWLOH�3DUDO\VLV��ZKLFK�VSRQVRUHG�WKH�VWXG\��GURSSHG�IURP�LWV�DGYLVRU\�FRPPLWWHH
VFLHQWLVWV�ZKR�GLG�QRW�DJUHH�ZLWK�KRZ�WKH�UHVXOWV�ZHUH�EHLQJ�SUHVHQWHG��

7KH�ILHOG�WULDO¶V�ILQGLQJV�ZHUH�UHSRUWHG�WR�VKRZ�WKH�YDFFLQH¶V�HIIHFWLYHQHVV��RYHU�WKH�REMHFWLRQV�RI
VRPH�RI�WKH�FRPPLWWHH�PHPEHUV��0HLHU�VDLG��6RRQ�DIWHU��WKH�86�3XEOLF�+HDOWK�6HUYLFH�UHSRUWHG
FDVHV�RI�SDUDO\WLF�SROLR�LQ�FKLOGUHQ�LQRFXODWHG�ZLWK�WKH�YDFFLQH��7KH�RULJLQDO�FDVHV�ZHUH�WUDFHG�EDFN

�S����

,�ZDV�D�OLWWOH�QHUYRXV�EHFDXVH�E\�DQG�ODUJH��ELRVWDWLVWLFV�ZDV�QRW�D�ILHOG�ZLWK�D�ORW�RI�PDWKHPDWLFV
LQ�LW��DQG�,�ZLVKHG�PRUH�RU�OHVV�WR�EH�D�PDWKHPDWLFLDQ�

�S����

�S����

�S����

�S����
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WR�ORWV�SURGXFHG�E\�&XWWHU�/DERUDWRULHV��RI�%HUNHOH\��&$��RQH�RI�VL[�PDQXIDFWXUHUV�OLFHQVHG�WR
SURGXFH�WKH�YDFFLQH��+RZHYHU��0HLHU�VDLG�WKDW�WKH�SUREOHP�ZDV�PRUH�ZLGHVSUHDG��+H�VDLG�

7KHQ�0HLHU�EHFDPH�LQYROYHG�ZLWK�WKH�FRQWURYHUVLDO������6DON�3ROLR�9DFFLQH�ILHOG�WULDOV��7KH�6RFLHW\
IRU�&OLQLFDO�7ULDOV�FDOOHG�WKH�SROLR�YDFFLQH�WULDO�³WKH�SURMHFW�WKDW�SXW�UDQGRPL]HG�WULDOV�RQ�WKH�PDS�LQ
WKLV�FRXQWU\´�LQ�SDUW�EHFDXVH�RI�WKH�NH\�UROH�0HLHU�SOD\HG�E\�SXEOLVKLQJ�D�FULWLFDO�DUWLFOH�LQ�6FLHQFH�LQ
�������7KH�DUWLFOH�UHYLHZHG�³VRPH�DVSHFWV�RI�WKH�SROLRP\HOLWLV�YDFFLQH�WHVWLQJ�SURJUDP�ZKLFK�VHHP�WR
KDYH�LPSRUWDQW�LPSOLFDWLRQV�IRU�VFLHQWLVWV�JHQHUDOO\�´� �,W�LQGLFWHG�ERWK�WKH�1DWLRQDO�)RXQGDWLRQ
IRU�,QIDQWLOH�3DUDO\VLV�DQG�WKH�JRYHUQPHQW�IRU�ZLWKKROGLQJ�LQIRUPDWLRQ�IURP�WKH�SDUWLFLSDQWV��,W�DOVR
IDXOWHG�WKH�WHVWLQJ�SURJUDP�IRU�DFFHSWLQJ�ZLWKRXW�VFUXWLQ\�6DON¶V�DVVHUWLRQ�WKDW�WKH�YDFFLQH�ZDV
³DEVROXWH>O\@�VDIH�´�DQG�IRU�QRW�HPSOR\LQJ�WKH�H[SHQVLYH�DQG�GLIILFXOW�WHVWV�WKDW�KDG�EHHQ�VXJJHVWHG�WR
HQVXUH�WKDW�WKH�ILQDO�SURGXFW�ZDV�IUHH�RI�UHVLGXDO�OLYH�YLUXV��0HLHU�VDLG�WKDW�PDQ\�MRXUQDOV�WXUQHG�KLV
PDQXVFULSW�GRZQ�DQG�WKHLU�HGLWRUV�ZDUQHG�KLP�WKDW�SXEOLVKLQJ�VXFK�DQ�DUWLFOH�ZRXOG�OLPLW�KLV�FDUHHU
SDWK��

+RQRUV�DQG�$ZDUGV

0HLHU�ZDV�QDPHG�DV�D�IHOORZ�RI�WKH�$PHULFDQ�$VVRFLDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH��WKH
$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��WKH�,QVWLWXWH�RI�0DWKHPDWLFDO�6WDWLVWLFV��WKH�$PHULFDQ�$FDGHP\
RI�$UWV�DQG�6FLHQFHV��WKH�5R\DO�6WDWLVWLFDO�6RFLHW\��DQG�WKH�-RKQ�*XJJHQKHLP�0HPRULDO
)RXQGDWLRQ��+H�VHUYHG�DV�SUHVLGHQW�RI�ERWK�WKH�,QVWLWXWH�RI�0DWKHPDWLFDO�6WDWLVWLFV�DQG�WKH�6RFLHW\
IRU�&OLQLFDO�7ULDOV��+H�ZDV�DOVR�HOHFWHG�WR�VHQLRU�PHPEHUVKLS�LQ�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV¶
,QVWLWXWH�RI�0HGLFLQH�����

+H�DOVR�KHOG�WHPSRUDU\�DSSRLQWPHQWV�DV�D�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�6SHFLDO�)HOORZ�DW�WKH
8QLYHUVLW\�RI�/RQGRQ�DQG�,PSHULDO�&ROOHJH��KH�ZDV�D�YLVLWLQJ�SURIHVVRU�DW�+DUYDUG�8QLYHUVLW\�DQG
-HUXVDOHP¶V�+HEUHZ�8QLYHUVLW\��DQG�KH�ZDV�D�IHOORZ�RI�6WDQIRUG�8QLYHUVLW\¶V�&HQWHU�IRU�$GYDQFHG
6WXG\�LQ�WKH�%HKDYLRUDO�6FLHQFHV�����

$OWKRXJK�0HLHU�ZDV�GHQLHG�WHQXUH�DW�+RSNLQV��KH�VXFFHHGHG�LQ�VHFXULQJ�DQ�DSSRLQWPHQW�WR�WKH
8QLYHUVLW\�RI�&KLFDJR�LQ�������+H�VWD\HG�WKHUH�XQWLO�������DQG�WDXJKW�DW�GLIIHUHQW�VFKRROV�DQG
GHSDUWPHQWV²LQFOXGLQJ�WKH�FROOHJH��JUDGXDWH�VFKRRO��ODZ�VFKRRO��DQG�PHGLFDO�VFKRRO²RYHU�WKH�\HDUV�
)RU�PRUH�WKDQ�D�GHFDGH��KH�OHG�WKH�'HSDUWPHQW�RI�6WDWLVWLFV�DV�FKDLU�RU�DFWLQJ�FKDLU�

,Q�������0HLHU�SXEOLVKHG�KLV�KLJKO\�FLWHG�DUWLFOH�GHVFULELQJ�ZKDW�LV�QRZ�NQRZQ�DV�WKH�.DSODQ�0HLHU
HVWLPDWRU�LQ�WKH�-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ���.DSODQ�ZDV�DOVR�D�VWXGHQW�RI�7XNH\
DW�3ULQFHWRQ��:RUNLQJ�LQGHSHQGHQWO\��0HLHU�DQG�.DSODQ�VROYHG�D�SUREOHP�WKDW�ZDV�GRJJLQJ�PHGLFDO
UHVHDUFKHUV�DW�WKH�WLPH��7KH�LVVXH�UHYROYHG�DURXQG�WKH�IDFW�WKDW�PDQ\�SDUWLFLSDQWV�LQ�FOLQLFDO�WULDOV�GR
QRW�SDUWLFLSDWH�LQ�WKH�H[SHULPHQW�IRU�WKH�VDPH�OHQJWK�RI�WLPH�EHFDXVH�RI�WKH�WLPH�UHTXLUHG�WR�UHFUXLW
VWXG\�YROXQWHHUV��7KH�.DSODQ�0HLHU�VWDWLVWLF�HQDEOHV�UHVHDUFKHUV�WR�WDNH�LQWR�DFFRXQW�REVHUYDEOH�WLPH
RI�VXUYLYDO�DQG�GHDWK�

,QLWLDOO\��0HLHU�UHFDOOHG��ERWK�KH�DQG�.DSODQ�KDG�VXEPLWWHG�VHSDUDWH�DUWLFOHV��7KH�SXEOLFDWLRQ¶V�HGLWRU
DVNHG�WKHP�WR�FROODERUDWH�WR�SURGXFH�RQH�DUWLFOH��³,�VZDOORZHG�KDUG��DQG�,�JXHVV�.DSODQ�VZDOORZHG
KDUG�DV�ZHOO�´�0HLHU�VDLG��³:H�ZRUNHG�TXLWH�KDUG�DQG�DW�RQH�SODFH�KH�VROYHG�D�SUREOHP�WKDW�,�FRXOGQ¶W
VROYH��RWKHU�FDVHV�,�VROYHG�SUREOHPV�KH�FRXOGQ¶W�´�

,�JRW�VRPH�GDWD�IURP�D�SK\VLFLDQ�ZKR�ZDV�ZRUNLQJ�RQ�WKLV��DQG�ZH�IRXQG�WKDW�QRW�RQO\�ZDV
&XWWHU�ZURQJ��EXW�WKHUH�ZHUH�YDULRXV�RWKHU�FRPSDQLHV�WKDW�KDG�WKH�VDPH�SROLR�YLUXV�LQ�WKHLU
VDPSOHV��DOWKRXJK�QRW�DV�PXFK�DV�WKH�VDPSOHV�IURP�&XWWHU�/DERUDWRULHV��%XW�EHFDXVH�WKHUH
ZHUH�VR�PDQ\�LPSURSHUO\�GLDJQRVHG�FDVHV�RXW�WKHUH��DQG�EHFDXVH�WKH�RWKHU�PDQXIDFWXUHUV
ZHQW�DURXQG�WR�YDULRXV�QHZVSDSHUV�DQG�WKUHDWHQHG�WR�FXW�WKHLU�DGYHUWLVLQJ��LW�ZDV�GXPSHG�RQ
&XWWHU��&XWWHU�ZDV�UHVSRQVLEOH�EHFDXVH�WKH\�GLG�WKLQJV�LQ�SURGXFLQJ�DQG�WHVWLQJ�WKH�YDFFLQH
WKH\�ZHUH�WROG�QRW�WR�GR���S����

�S�����
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VXFK�DV�*LQD�.RODWD�RI�WKH�1HZ�<RUN�7LPHV��&KDSSHOO�UHPHPEHUHG��,W�DOVR�PDGH�KLP�SRSXODU�ZLWK
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&ROXPELD��RUDO�FRPPXQLFDWLRQ��1RYHPEHU�����������

+HLWMDQ�FROODERUDWHG�ZLWK�0HLHU�GXULQJ�WKH�5DQGRPL]HG�(YDOXDWLRQ�RI�0HFKDQLFDO�$VVLVWDQFH�IRU�WKH
7UHDWPHQW�RI�&RQJHVWLYH�+HDUW�)DLOXUH��5(0$7&+��WULDO��ZKLFK�EHJDQ�LQ������DQG�UDQ�WKURXJK�����
DQG�LQYROYHG����FDUGLDF�WUDQVSODQW�FHQWHUV�DURXQG�WKH�FRXQWU\������$OWKRXJK�WKLV�DUWLILFLDO�KHDUW�WULDO
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Paul Meier
Statistician who was a leading proponent of 
randomised clinical trials and who co-developed 
a system for estimating survival rates. Born on 
July 24, 1924, in New York, NY, USA, he died 
from complications of a stroke in New York on 
Aug 7, 2011, aged 87 years.

Randomised trials have a prominent place in modern clinical 
research. Assigning participants in a random way to receive 
diff erent treatments allows investigators to eliminate bias 
in their fi ndings. But half a century ago, when Paul Meier 
was advocating for this approach, his enthusiasm raised 
eyebrows: “When I said ‘randomize’ in breast cancer trials 
I was looked at with amazement by my clinical colleagues”, 
Meier said in a 2004 interview published in the journal 
Clinical Trials. “‘Randomize? We know this treatment is 
better than that one’, they said. I said ‘Not really…’” 

Meier was a leading fi gure in the generation of 
statisticians who, during the mid-20th century, helped 
establish randomisation as a key part of clinical research, 
says Sir Richard Peto, Professor of Medical Statistics and 
Epidemiology at the University of Oxford, UK. In doing 
so, they helped save countless lives. “Perhaps more than 
any other American statistician, Paul Meier was the one 
who infl uenced US drug regulatory agencies, and hence 
clinical researchers, to insist upon the central importance of 
randomised evidence”, Peto told The Lancet. 

The son of a chemist and a schoolteacher, Meier graduated 
from Oberlin College in 1945 with a bachelor’s degree 
in mathematics and physics, before earning a master’s 

in mathematical logic and a doctorate in statistics from 
Princeton University. After teaching at Lehigh University, he 
moved to Johns Hopkins University where he began the work 
that led to one of his major contributions to medical research: 
the Kaplan-Meier estimator. Meier and Edward Kaplan had 
independently developed the same elegant method to 
estimate survival rates, which took appropriate account of 
the fact that although some patients die at known times, 
others survive beyond the end of the study. Both submitted 
the method to the Journal of the American Statistical 
Association, and the editor convinced them to produce a 
combined paper, which was published in 1958. Kaplan-
Meier curves are now widely used in clinical research. 

In 1957, Meier moved to the Department of Statistics at 
the University of Chicago where he remained for 35 years, 
serving as departmental chairman or acting chairman for 
more than 10 years. After leaving Chicago, he became Head 
of Biostatistics at Columbia University. Theodore Karrison, 
Director of Chicago University’s Biostatistics Laboratory, was 
a student of Meier’s who worked with him on multicentre 
clinical trials and remembers how “Paul was a person who 
displayed a deep concern for others; he would go out of his 
way to help people whenever he could, whether it was a 
struggling student, an individual coping with an illness, or a 
colleague making a diffi  cult career choice or other decision.” 

Throughout his career, clinical trials were Meier’s “true 
love”, as he put it in the Clinical Trials interview. An early 
and prominent example of his work was his involvement 
in the US fi eld trials of the Salk polio vaccine in 1954, which 
Meier, as statistician, ensured included a large number of 
participants randomly assigned to vaccine or placebo. In 
doing this, Meier followed in the path of British statistician 
Sir Austin Bradford Hill, most notably in the well known 1948 
Medical Research Council trial of streptomycin in tuberculosis. 
“Randomisation would probably have been introduced 
anyway some time around the middle of the century, as it 
was so essential if moderate diff erences in treatment effi  cacy 
were to be established or refuted reliably”, said Peto. “A few 
investigators had used it or proposed it before Hill did so, but 
they didn’t trigger the avalanche of randomised evidence 
that Hill triggered and Meier helped propagate.”

Meier helped found the Society for Clinical Trials, and was its 
President in 1986–87. He was also an adviser to the US Food 
and Drug Administration (FDA), where he could be relied on 
to demand credible data, says Robert Temple, Deputy Center 
Director for Clinical Science at the FDA’s Center for Drug 
Evaluation and Research: “I remember Paul as unfailingly 
polite but quite fi rm—although I recall no rudeness—and he 
made his views and disagreements, where necessary, quite 
visible. He was a powerful force whenever he was present.” 
Meier is survived by his wife of 63 years, Louise Goldstone 
Meier, and their three daughters and fi ve grandchildren.

Stephen Pincock

Un
iv

er
sit

y o
f C

hi
ca

go



188

Dutch medical association calls halt to euthanasia prosecutions

The Royal Dutch Medical
- Association wants Justice

Minister Winnie Sorgdrager to stop
test cases on euthanasia being
brought to court, especially those on
assisted deaths in neonates. The
association’s chairwoman, Joke
Lanphen, says in the association’s
magazine, Medisch Contact, this

week, that she is "very unhappy that
juridical clarity has to be obtained at
the expense of a few individual
doctors’ distress".
From this month, the association

has introduced new procedures that
could form the basis for changes in
the law. A crucial move is that a

committee of doctors, ethicists, and
lawyers has been set up to review

selected cases. The association hopes
that the results of this project will
help them succeed in changing the
system to one in which doctors will
be subject to the criminal law only
when they ignore legal guidelines.
Lanphen refers to the widespread

disappointment in medical circles
that the way euthanasia is handled in
the Dutch legal system-ie, a doctor
automatically faces criminal prosecu-
tion when he complies with the rules
to report non-natural deaths-is
inconsistent with the conclusions of
all serious reports and discussions
that the association has initiated.
Because of the attitude of former

(Christian Democrat) Justice
Minister, Ernst Hirsch Ballin,

prosecution officers are holding
juridical inquiries into the actions of
several doctors. Lanphen wants these
inquiries stopped and the charges
dismissed. She wants instead talks
with Sorgdrager about the minister’s
suggestion in the evening newspaper
NRC Handelsblad to create a "med-
ical exception" in the law for doctors
who act according to the rules. The
effect of the guidelines laid down in
law in 1994 on assisted deaths are

being examined. The evaluation is

expected to be ready in the second
half of this year, so that will be the

political moment to change the legis-
lators’ opinion, says Lanphen.

Marjanke Spanjer

Thomas C Chalmers

Thomas Chalmers, who pioneered- the use of randomised control
trials (RCTs), died on Dec 27, 1995,
aged 78. Despite serious illness he
worked with his collaborators world
wide almost to the day he died.

I first met Tom 14 years ago, when
he was visiting professor at the
Harvard School of Public Health,
teaching and recruiting
young colleagues to

projects that critically
appraised the existing
research. It was hard
not to absorb the
enthusiasm of this

gentleman already at a
point in his professional
life when many are con-
tent to wind down their
research career.
A theme running

through Tom’s scientific
life was the posing of
challenging questions
about the effectiveness
of medical practice. He was promot-
ing the use of RCTs at a time when
the method was far from accepted in
clinical research. A good example of
how RCTs can alter long-standing
practice based on the observational
approach is the 1951 trial that chal-

lenged the wisdom of bed rest and
diet in the treatment of acute hepati-
tis.
Tom’s lifelong concern was quality

of clinical research. For several years
he worked on a quality score-still
referred to as "Chalmers’ quality
score"-for assessing trials. Although
he did not succeed in validating it,

standards of reporting of scientific
articles have improved, thanks to his
work.
At a time when the issue was

largely unrecognised, he published in
1978 a paper critical to our current

understanding of the danger of RCTs
of inadequate statistical power. In
that oaner he reviewed 71 "nesative"

RCTs published in lead-
, ing medical journals and
, 

showed that the vast

; majority of them could
have missed important
clinical benefits. This led

. 
Tom to become one of

; the pioneers of the use
of meta-analysis in clini-

! cal medicine, where he
contributed important

; publications in gastro-
enterology and cardiol-

ogy, among others.
! In 1992, he intro-

duced the concept of
"cumulative meta-

analysis". Reviewing RCTs on the
treatment of myocardial infarction,
he made a strong plea for systematic
reviews of clinical trials by showing
that medical textbooks often give
advice that contradicts results of such
reviews.
Amongst all these activities Tom

always found time to be generous,
supportive, and friendly to many
people, especially young colleagues.
To me he was a great teacher and an

extraordinary example.

Alessandro Liberati

Netherlands seeks
heroin for addicts

ill Dutch Health Minister ElsW Borst-Eilers get permission
from Vienna to purchase the 50 kg
heroin needed for the planned heroin
maintenance programmes? When

approved by parliament (see Lancet
Sept 16, p 761), such pilot
programmes will be introduced in
Rotterdam and Amsterdam, and

perhaps in Arnhem.
In keeping with routine procedure,

Borst-Eilers has put in a preliminary
request to the UN drugs bureau in
Vienna for permission to buy 50 kg
heroin, ahead of the formal round, in
November, of estimations of need.
The Netherlands usually asks for

200g. But there is concern about the
dificulties of overcoming objections
by the Vienna bureau, known to be
conservative and critical. When the
Swiss first sought permission in 1993
to obtain heroin for 800 addicts in
their maintenance programmes, they
had to wait 6 months while every
detail of their project was scrutinised.
For the Dutch their first hurdle is

to get the Rotterdam and Amsterdam
authorities to agree on the design of
maintenance programmes. A sticking
point is whether to include a "smoke-
able" form of heroin, especially now
that the Swiss have observed compli-
cations such as haemoptysis. Making
addicts change their habits (to inject-
ing heroin) for the sake of an experi-
ment is thought by some to be
unethical.

Marjanke Spanjer
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R E V I E W Role of free radicals in viral pathogenesis and
mutation
Takaaki Akaike*
Department of Microbiology, Kumamoto University School of Medicine, Kumamoto 860-0811, Japan

SUMMARY

Oxygen radicals and nitric oxide (NO) are generated in excess in a diverse array of microbial infections.
Emerging concepts in free radical biology are now shedding light on the pathogenesis of various diseases. Free-
radical induced pathogenicity in virus infections is of great importance, because evidence suggests that NO and
oxygen radicals such as superoxide are key molecules in the pathogenesis of various infectious diseases.
Although oxygen radicals and NO have an antimicrobial effect on bacteria and protozoa, they have opposing
effects in virus infections such as influenza virus pneumonia and several other neurotropic virus infections. A
high output of NO from inducible NO synthase, occurring in a variety of virus infections, produces highly
reactive nitrogen oxide species, such as peroxynitrite, via interaction with oxygen radicals and reactive oxygen
intermediates. The production of these various reactive species confers the diverse biological functions of NO.
The reactive nitrogen species cause oxidative tissue injury and mutagenesis through oxidation and nitration of
various biomolecules. The unique biological properties of free radicals are further illustrated by recent evidence
showing accelerated viral mutation by NO-induced oxidative stress. NO appears to affect a host’s immune
response, with immunopathological consequences. For example, NO is reported to suppress type 1 helper T cell-
dependent immune responses during infections, leading to type 2 helper T cell-biased immunological host
responses. NO-induced immunosuppression may thus contribute to the pathogenesis of virus infections and help
expansion of quasispecies population of viral pathogens. This review describes the pathophysiological roles of
free radicals in the pathogenesis of viral disease and in viral mutation as related to both nonspecific inflammatory
responses and immunological host reactions modulated by NO. Copyright # 2001 John Wiley & Sons, Ltd.
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INTRODUCTION
To date, much attention has been paid to the
pathogenic roles of free radicals produced in
excess in various pathological settings. Free

radical species are potentially reactive because
of the physical instability of oxygen- or nitrogen-
based unpaired electrons in their orbits, which
leads to a number of deleterious pathological
consequences in vivo. Among a series of free
radicals, superoxide anion radical (O2

x) and nitric
oxide (NO) are now considered to be the most
biologically relevant elements derived from hosts
during microbial infections [1–7]. During the past
decade, considerable evidence has revealed
unique and diverse biological functions of NO, a
gaseous nitrogen-centred inorganic free radical
produced endogenously in a number of cells and
tissues [8–10]. NO and reactive oxygen species,
including O2

x, hydrogen peroxide (H2O2) and
hypochlorite anion (OClx), are generated by
infiltrating phagocytic cells and xanthine oxidase
(XO) expressed in inflamed tissues [6,7,11–15].
They are believed to contribute to nonspecific
(innate) and immunological host defence as well
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Abbreviations used:
CGD, chronic granulomatous disease; CMV, cytomegalovirus; CTL,
cytotoxic T lymphocyte; DTCS, (N-dithiocarboxy)sarcosine; EMCV,
encephalomyocarditis virus; ESR, electron spin resonance; GFP,
green fluorescent protein; HBV, hepatitis B virus; HIV, human
immunodeficiency virus; HNO2, nitrous acid; H2O2, hydrogen
peroxide; HSV, herpes simplex virus; IFN, interferon; IL, interleukin;
iNOS, inducible nitric oxide synthase; iNOSx/x, iNOS deficient
(knockout) mouse; L-NMMA, Nv-monomethyl-L-arginine; MMP,
matrix metalloproteinase; MPO, myeloperoxidase; NO, nitric oxide;
NO+, nitrosonium cation; NO2, nitrogen dioxide; N2O3, dinitrogen
trioxide; O2

x, superoxide anion radical; OClx, hypochlorite anion;
eOH, hydroxyl radical; ONOOx, peroxynitrite; SeV, Sendai virus;
SOD, superoxide dismutase; TBE-V, tick-borne encephalitis virus;
Th, helper T cell (CD4+); XO, xanthine oxidase
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[1–7]. It is now well accepted that the chemical and
biological reactivities of NO produced in environ-
ments such as inflamed tissues are greatly affected
by concomitantly formed oxygen radicals, particu-
larly O2

x, via the formation of reactive nitrogen
oxides such as peroxynitrite (ONOOx) [16–21].
These reactive nitrogen intermediates, rather than
NO or O2

x, seem to be involved in the pathogenesis
of various diseases. The pathophysiological action of
ONOOx is particularly important for pathogenesis
of virus infection, because ONOOx is not only a
potent oxidant but also a nitrating agent of proteins,
nucleic acids and membrane unsaturated lipids
[16–18,22,23]. In addition, reactive nitrogen oxides
formed endogenously during virus infection have a
potential impact on mutagenesis of both the intrud-
ing viruses and the hosts, as well as causing host cell
and tissue injuries by induction of oxidative stresses.

A major goal in medical microbiology is a general
understanding of the mechanisms of host–pathogen
interactions, which determine the pathological
consequences of infection. An understanding of
host–pathogen interactions at the molecular level
requires the characterisation of host-derived small
radical molecules, which appear to play an impor-
tant role in the pathogenesis of virus infection. An
emerging concept related to free radicals will help
us to gain insight into the molecular mechanisms of
pathological events occurring as a result of interac-
tions between viruses and hosts [11–15]. In this
review, I place particular emphasis on the host
response to various virus infections, in view of the
pathological consequences, such as oxidative tissue
injuries and viral mutations, that result from over-
production of free radicals during virus infection.

INDUCTION OF OXYGEN RADICALS AND
PRODUCTION OF NO IN VIRUS
INFECTION
It is now well documented that O2

x and NO
production is elevated in inflamed tissues. O2

x and
its related reactive oxygen intermediates are gener-
ated by two components of the host response:
cellular reactions, mediated by inflammatory pha-
gocytic cells such as neutrophils and macrophages
expressing phagocyte NADPH oxidase and
humoral responses involving xanthine oxidase
(XO). Host reactions occur in response to foreign
matter, microorganisms and damage caused by
trauma, radiation or ischaemia–reperfusion injury.
Because the genetic deficiency of components of an

O2
x-generating NADPH oxidase in phagocytic

cells gives rise to chronic granulomatous disease
(CGD), which is associated with severe chronic
bacterial infections, oxygen radical formation is
important in antimicrobial actions of the host
[24,25]. However, excessive production of O2

x

induces lipid peroxidation, membrane damage,
mitochondrial dysfunction and inflammatory and
ischaemia–reperfusion injuries [26–28]. A high
production of O2

x is most clearly observed in
murine pneumonia caused by influenza A virus,
Sendai virus (SeV) and cytomegalovirus (CMV)
[11,12,29–31]. Experimental evidence shows that
O2

x contributes to the pathogenesis of viral
disease, because inhibitors of O2

x effectively
improve lung pathology and survival in viral
pneumonia. Evidence indicates that O2

x itself is
not the molecular species that causes the patho-
logical effects but is a precursor of a more potent
oxidant such as hydroxyl radical (eOH) [32,33].
Earlier studies indicated that O2

x might function
as a reducing agent for ferric iron, forming
ferrous iron to act as a catalyst for the production
of highly reactive eOH from H2O2 [32,33].
Because eOH was suggested to mediate cell
and tissue damage, at the initial stage of our
study of viral pathogenesis almost a decade ago
we sought to identify eOH generation in influ-
enza virus-infected mouse lung by electron spin
resonance (ESR), but no proof of appreciable
eOH generation was obtained (Akaike et al.,
unpublished observation).

Of great interest are the similarities in the
physiological and pathophysiological effects of
O2

x and NO, such as host defence and oxidative
stress, although NO has much more complicated
and diverse functions than does O2

x [8,14,17,18]
Both free radicals are often generated concomi-
tantly in inflammatory and infectious sites and
from the same cellular origins in the host. For
example, rapid and transient production of O2

x

from phagocytes is triggered by appropriate
membrane stimulation leading to a respiratory
burst in which O2 is consumed [7]; XO generates
constant O2

x generation together with H2O2,
depending on the supply of the substrates
hypoxanthine/xanthine plus O2 [11,28–30]. Ele-
vated levels of O2

x produced by both phagocyte
NADPH oxidase and XO occur during virus
infections in vitro and in vivo [29–31,34,35].

In contrast, overproduction of NO is mainly
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caused by inducible NO synthase (iNOS), which
is usually expressed by inflammatory phagocytic
cells and other types of cells (e.g. epithelial and
neuronal cells) [1–3,8,9]. iNOS produces a much
larger amount of NO (i.e. 10–100 times more) for a
longer time than do the other two constitutive
enzymes, neuronal NOS and endothelial NOS.

It seems that iNOS is ubiquitously expressed
during host responses to viral replication in vivo.
iNOS expression is observed in human diseases
caused by human immunodeficiency virus-1
(HIV-1) and hepatitis B virus (HBV) [36,37]. It is
induced in a variety of experimental virus infec-
tions in rats and mice, including infections with
neuroviruses, such as Borna disease virus, herpes
simplex virus type 1 (HSV-1) and rabies virus, and
pneumotropic and cardiotropic viruses, such
as influenza virus, SeV and coxsackievirus
[12–15,38–45]. For example, iNOS is expressed by
exudate macrophages and bronchial epithelial
cells in lung tissues infected with either influenza
virus or SeV in mice; the high output of NO has
been clearly identified and quantified by ESR spin
trapping with the use of a dithiocarbamate–iron
complex [13–15,43–45]. NO–dithiocarbamate–iron
adducts with a triplet hyperfine structure of
g perpendicular 2.04 are generated (Figure 1).
The production of these adducts is completely
nullified by pharmacological inhibition of NOS by
the use of Nv-monomethyl-L-arginine (L-NMMA)
or by genetic disruption of iNOS [43–45], indicat-
ing that excessive production of NO is due to
localised iNOS expression in the tissues infected
with virus.

iNOS induction in virus infection is mediated
by proinflammatory cytokines such as interferon-c
(IFN-c) (Figure 2). IFN-c is known to be associated
with type 1 helper T cell (Th1) responses. In
pneumonia induced by influenza virus or SeV,
NO production is greatly attenuated in IFN-c-
deficient mice (Akaike et al., unpublished observa-
tion). Furthermore, the iNOS-inducing potential in
bronchoalveolar lavage fluid in influenza virus
pneumonia is attributable solely to IFN-c, as
revealed by an immunoadsorption study using a
specific anti-IFN-c antibody [43]. These results
strongly support the suggestion that IFN-c is a
major cytokine inducing iNOS and NO over-
production in the pathogenesis of virus infection.

Downregulation of iNOS expression is also
reported for some cytokines, e.g. interleukin

(IL)-4, IL-10 and transforming growth factor-b
[46–48]. In addition, these suppressor cytokines
may reduce NO production indirectly via induc-
tion of arginase [49–51], which diminishes the
supply of the substrate (L-arginine) for iNOS.
Because IL-4 and IL-10 are induced by type 2
helper T cell (Th2) responses, iNOS expression
may be regulated by a balance between Th1 and
Th2 responses involved in the host immune
response to the intruding virus. In fact, in our
influenza model, induction of IL-4 seems to be
inversely related to INF-c and iNOS induction in
virus-infected lungs, suggesting downregulation
by IL-4 of NO overproduction [13]. Induction of
arginase 1 mRNA has been identified in virus-
infected lung, and the time profile of its induction
paralleled the induction of IL-4 (our unpublished
observation). Therefore, iNOS expression and the
resultant NO biosynthesis seem to undergo
elegant regulation by a polarised Th1–Th2 balance
(Figure 2).

In some viral diseases, viral replication or viral
components directly induce iNOS without media-
tion by proinflammatory cytokines (Figure 2).
iNOS expression in HIV-1 encephalitis is of
particular interest in this regard [36]. An envelope
glycoprotein of HIV, gp41, triggers iNOS expres-
sion in human astrocytes and murine cortical
brain cells in culture [52,53]. Thus, NO produced
by iNOS may contribute directly to the pathogen-
esis of HIV-associated dementia and cardiomyo-
pathy as well [36,52–55]. Similarly, the human
paramyxovirus respiratory syncytial virus directly
upregulates iNOS in human type 2 alveolar
epithelial cells (A549 cells) through a pathway
independent of proinflammatory cytokines [56].
It is also interesting that double-stranded RNA
(dsRNA) formed during viral replication upregu-
lates iNOS in human respiratory epithelial cells by
triggering dsRNA-activated protein kinase
coupled with nuclear factor-kB and IFN regula-
tory factor 1 activation [57]. There are therefore
two pathways for iNOS induction in virus infec-
tions: cytokine-dependent mechanisms and direct
upregulation by virus.

VIRUS-INDUCED OXIDATIVE STRESS
CAUSED BY FREE RADICALS AND ITS
MOLECULAR MECHANISM
NO has antimicrobial activity against bacteria,
parasites and fungi [1–7,58–63]. NO itself,

Free radicals in virus infection 89

Copyright # 2001 John Wiley & Sons, Ltd. Rev. Med. Virol. 2001; 11: 87–101.



however, has a limited bactericidal effect, and
NO-dependent antimicrobial actions are
expressed by other reactive nitrogen oxides such
as ONOOx, nitrogen dioxide (NO2), dinitrogen

trioxide (N2O3), and nitrosothiols [nitrosonium
cation (NO+) adducts of sulphhydryls] [64–69].
Also, antiviral effects of NO are known for some
types of virus, most typically DNA viruses such as
murine poxvirus (ectromelia virus) and herpes-
viruses including HSV and Epstein–Barr virus,
and some RNA viruses such as coxsackievirus
[58,70–75].

Activity of NO against other viruses remains
unclear, however. Recent reports suggest that NO
has no appreciable antiviral effect on several types
of viruses such as ortho- and paramyxovirus,
murine vaccinia virus, coronavirus (mouse hepa-
titis virus), lymphocytic choriomeningitis virus,
murine encephalomyocarditis virus (EMCV), tick-
born encephalitis virus (TBE-V) and others
[76–81]. This lack of antiviral activity of NO has
been verified in murine pneumotropic virus
infections caused by influenza virus and SeV in
a series of our in vitro and in vivo studies (Akaike
et al., unpublished observation) [43,45]. More
importantly, antiviral host defence is not impaired
by pharmacological interventions resulting in

Figure 2. Mechanisms of iNOS induction in viral diseases. In
many virus infections, iNOS expression appears to be regulated
indirectly via interferon-c (IFN-c) induction, which depends on
the Th1 response. The host’s Th2 response, in contrast, down-
regulates iNOS induction. Direct iNOS induction may occur in
some cases, such as with respiratory syncytial virus, HIV-1
(gp41), and viral replicative intermediate dsRNA. Modified
from Akaike and Maeda [15] with permission from Blackwell
Science

Figure 1. (A) Time profile of NO production in the lung after influenza virus infection. Influenza infection in mice was produced by
inhalation of 2rLD50 of influenza A virus. The amount of NO generated in the lung with or without L-NMMA treatment was
quantified by ESR spectroscopy (110 K) with (N-dithiocarboxy)sarcosine (DTCS)-Fe2+ complex as a spin trap. L-NMMA (2 mg/mouse)
was given i.p. to mice 2 h before ESR measurement. Data are meantSEM (n=4). (B) NO signals as identified by ESR spectroscopy with
DTCS-Fe2+ complexes in influenza virus-infected lung (7 days after virus infection). Wild-type mice (C57BL/6, B6), iNOS heterozygotes
(iNOS+/x) and mice deficient in iNOS (iNOSx/x) were infected with influenza virus in the same manner as in (A). The chemical
structure of the adduct is shown at the top of the figure. Adapted from Akaike et al. [12,15] with permission from Blackwell Science and
Society for Experimental Biology and Medicine
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NOS inhibition or by genetic iNOS deficiency in
mice infected with either influenza virus or SeV
[43,45]. Such NO inhibition and lack of NO
biosynthesis, however, significantly reduce the
pathological consequences of various virus infec-
tions including viral pneumonia in mice caused by
influenza virus, SeV and HSV-1; HSV-1-induced
encephalitis in rats; EMCV-induced carditis and
diabetes; and murine encephalitis induced by
flavivirus (Murray Valley encephalitis virus;
TBE-V) [43–45,77,81–85]. It is thus conceivable
that NO is not entirely an antiviral molecule, but it
can be pathogenetic in various, if not all, virus
infections. A similar pathogenicity with a lack of
antiviral effect is observed for O2

x in several
experimental models of virus-induced pneumonia
including those caused by influenza virus and
CMV [11,12,29–31,86].

What are the molecular mechanisms related to
the NO- and O2

x-dependent pathogenesis of
certain virus infections? Both O2

x and NO are
inert radicals and are much less reactive compared
with other naturally occurring oxygen and alkyl
radicals [16–18,20,21,32,33,64–69]. Oxidised nitro-
gen intermediates are formed via pathways
mediated by heavy metal ions, molecular oxygen
(O2), O2

x and peroxidases [e.g. myeloperoxidase

(MPO)], and their biological consequences are
summarised in Figure 3 [17,18,64,68,69,87–89]. Of
the complex chemistry of NO, the most important
and biologically relevant reaction is the formation
of ONOOx via a very rapid radical coupling with
O2

x (NO+O2
x p ONOOx: k=6.7r109 Mx1sx1)

[16–18,20,21]. Although NO can function as an
antioxidant, particularly in lipid peroxidation [18],
it also has indirect prooxidant activity after
conversion to a strong oxidant and is a potent
nitrating agent (ONOOx) causing oxidative stress
[17]. In addition, although NO and nitrosothiols
show strong anti-apoptotic effects [69,89],
ONOOx induces apoptosis, possibly via mito-
chondrial damage leading to cytochrome c release
[19,90]. The reaction between NO and O2

x takes
place in virus-infected inflammatory tissues, lead-
ing to the formation of ONOOx. ONOOx nitrates
aromatic organic compounds such as tyrosine
very effectively, so that nitration of free or
protein-bound tyrosine to give 3-nitrotyrosine
can serve as a footprint of ONOOx formed
in vivo [17,20,21]. Indeed, immunohistochemical
analysis with antinitrotyrosine antibody shows
positive staining in macrophages and neutrophils
infiltrating the alveoli and interstitial tissues, as
well as in inflammatory intraalveolar exudate

Figure 3. Mechanisms of formation of various reactive nitrogen intermediates from NO and their biological effects. Reactive nitrogen
oxides are produced by interactions of NO with molecular oxygen (O2), active oxygen and oxygen radicals such as O2

x and H2O2 and
heavy metals (particularly iron and copper). ONOOx and NO2 mediate oxidative and nitrative stresses through oxidation and nitration
of various biomolecules including protein, lipid and nucleic acid [16-21]. NO2 is generated via oxidation of nitrite catalysed by
peroxidases such as myeloperoxidase (MPO) (plus H2O2) from neutrophils [137]. Ceruloplasmin (CP) and copper ion catalyse one-
electron oxidation of NO to form nitrosonium cation (NO+), which is involved in nitrosative signalling [69,88]. The best known NO-
dependent pathway is mediated by cyclic guanosine 3k,5k-monophosphate (cGMP), which is produced by soluble guanylate cyclase
activation by NO-heme iron binding in the vicinity of the catalytic site of the enzyme [138]
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from virus-infected lung in our experimental
models [43,45], which provides indirect evidence
of ONOOx generation during virus infection.

In addition to causing various pathological
events in virus infections, such as host cell
apoptosis and necrosis, ONOOx may be involved
in NO-induced suppressive effects on immune
effector cells such as macrophages and lympho-
cytes, as described in detail in a later section.
We also found that ONOOx activates matrix
metalloproteinases (MMPs), which are involved
in extracellular tissue damage and remodelling
[91]. Oxidative injury in virus-infected tissues may
thus be mediated by ONOOx-induced MMP
activation. In fact, remarkable improvements in
pathological conditions in the lung and in the
survival rate of virus-infected mice were observed
with L-NMMA treatment, with the use of the
O2

x scavenger superoxide dismutase (SOD) and
the XO inhibitor allopurinol, and when
there was a genetic lack of NOS expression
[29–31,43,45,77,82,86]. Furthermore, a therapeutic
effect on influenza pathogenesis was found with a
selenium-containing organic compound, ebselen
(unpublished observation), which shows potent
ONOOx-scavenging action [92]. These beneficial
effects of suppression of ONOOx generation
indicate that ONOOx could be an important
molecular species responsible for the pathogenesis
of viral diseases.

It was recently suggested that NO and O2
x

contribute in concert to antimicrobial host defence
[3,6,66]. These oxygen and nitrogen reactive
intermediates, however, cannot discriminate
between exogenous invading pathogens and the
hosts themselves, so they function as mediators of
nonspecific innate defence against various
microbes. Autotoxicity can also occur so that
host organisms discard expendable parts. To
minimise such self-sacrifice during the elimination
of pathogens, a host has primitive tactics, using
recruited phagocytes, for physical containment of
pathogens in infectious foci (Figure 4, right panel).
Most bacteria, for example, can be phagocytosed
and confined to septic foci, which are typically
abscesses or granulomas. Therefore, chemically
reactive NO, O2

x and ONOOx can affect bacteria
rather selectively; the surrounding normal tissue
remains intact. In virus infections, in contrast,
free radical mediators cause nonspecific oxidative
damage in virus-infected tissue and produce

oxidative stress, because virus cannot be con-
fined to limited areas by the nonspecific host
defence mediated by phagocytes, NO and O2

x

(Figure 4, left panel) [12–14]. Oxidative stress
induced by free radical generation during virus
infections may thus cause deleterious events in
host–pathogen relationships.

FREE RADICAL-INDUCED VIRAL
MUTATION AND ITS POTENTIAL ROLE
IN VIRAL EVOLUTION
Among the pathological effects associated with
oxidative stress, the mutagenic potential of oxygen
radicals and NO for microbial pathogens is highly
intriguing. As described in earlier sections, over-
production of NO and oxygen radicals appears to
be a common phenomenon in various infections.
The resultant reactive molecular species such as
ONOOx nonselectively affect the host’s cells and
tissues. Obviously, such host defence effectors are
originally produced to kill the intruding patho-
gens, which then suffer oxidative stress because of
the host. It may therefore be logical to assume that
mutagenesis of various pathogens occurs during
infections in biological systems as a result of host
defence.

It was previously shown that human leukocytes
producing O2

x, but not leukocytes from patients
with CGD, are mutagenic for Salmonella typhimur-
ium TA100 [93]. Also, the degree of RNA virus
mutation was reported to be increased by chemi-
cal mutagens including nitrous acid (HNO2)
[94–97], although the degree of mutation appears
to be slight compared with that of spontaneous
viral mutation [98]. HNO2 is an oxidised metabo-
lite that can be formed from N2O3 (N2O3+H2O p
2 HNO2) via reaction of NO2 and NO during the
oxidation reaction of NO by O2 in biological
systems (cf. Figure 3), and it is involved in
nitrosylation, oxidation and deamination reac-
tions, at least in vitro. However, because of the
low pKa (3.3) of HNO2 and the strong buffering
actions of biological fluids, HNO2 after generation
would be neutralised to form NO2

x, which is
much less reactive and is more stable at physio-
logical pH. The chemical reactivity of HNO2

would thus be greatly limited.
In contrast, as described above, ONOOx

formed via O2
x and NO generation during

infections shows potent nitrating and oxidising
potential for many biomolecules including nucleic
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acids [17,18,22,23]. ONOOx has mutagenic effects
on prokaryotic DNA, possibly via nitration
of guanine residues of DNA [99]. A typical
base substitution caused by ONOOx is G to T
transversion, which is an indirect result of depuri-
nation of nitroguanine in DNA [22,23]. A recent
study by Wogan’s group documented that a high
output of NO induced mutations in an endo-
genous hypoxanthine-guanine phosphoribosyl-
transferase (hprt) gene of murine macrophages
expressing iNOS [100]. Genetic analysis of the
mutated gene induced by NO indicated that the
NO-associated mutational spectrum was similar
to that arising spontaneously, but small deletions
and insertions were found in the NO-induced
mutant gene. The same group showed that
mutagenicity is enhanced with NO overproduc-
tion in vivo, as assessed by mutation of an exo-
genously expressed lacZ by using lacZ-containing
pUR288 plasmid-transgenic mice [101]. Also
important, Ohshima’s group reported that p53 is
inactivated by ONOOx, which may indirectly

increase genetic mutation related to oxidative
damage of DNA [102]. Excess production of NO
by iNOS induced by inflammatory cytokines,
possibly through reactive nitrogen intermediates
(particularly ONOOx), caused DNA damage and
impaired DNA repair in human cholangiocarci-
noma cells, as assessed by the comet assay,
suggesting NO-dependent development and pro-
gression of cholangiocarcinoma [103].

It has been known for a long time that many
naturally occurring mutagens and carcinogens may
act as free radical generators [104]. Moreover,
oxygen radicals and reactive oxygen species, as
endogenous initiators of DNA damage and muta-
tion, are involved in multiple stages of carcinogen-
esis [105–108]. Free radical species such as O2

x and
NO are thus considered to be potent endogenous
mutagens that may be implicated in the pathogen-
esis of numerous diseases or states involving DNA
degeneration, e.g. cancer and aging.

The most striking feature of a virus is its
considerable adaptability to various environmental

Figure 4. Schematic drawing of the different mechanisms of biological effects of free radicals such as O2
x and NO, and their product

ONOOx, in virus and bacterial infections. Adapted from Akaike et al. [12] by copyright permission from Society for Experimental
Biology and Medicine
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stresses [109,110]. Viruses containing RNA as
their nucleic acid include a number of important
pathogens causing various diseases in humans,
animals and plants. RNA viruses exist as highly
heterogeneous populations called quasispecies,
primarily because of the error-prone nature of
the replicase of the viruses. In fact, RNA viruses
share a high mutation rate, ranging from 10x5 to
10x3 misincorporation/nucleotide site/round of
copying, which is more than 104-fold higher than
the rate error for DNA viruses [109–112]. The low
fidelity of RNA replication is believed to be due
to the lack of proofreading and repair functions
of RNA polymerase or reverse transcriptase
[109,113]. Our recent preliminary study, however,
showed that RNA is chemically unstable, so that
base modifications via ONOOx-induced oxida-
tion and nitration occur more readily in viral
RNA than in eukaryotic DNA (unpublished
observation). Thus, the higher incidence of
erroneous viral RNA replication may be partly
due to RNA’s greater susceptibility to oxidative
damage compared with DNA.

Only a few reports have explored a possible
association between oxidative stress and viral
mutation, however. A previous study indicated
that oxidative stress augmented the integration of
duck HBV DNA into genomic DNA in cells by
means of DNA damage and impairment of DNA
repair [114]. Although this increased integration is
related to proto-oncogene activation induced by
hepatitis virus during carcinogenic processes
rather than related to viral mutation, it may
suggest that oxidative stress causes molecular
alteration of viral DNA through mutagenic activ-
ities. Beck et al. showed that the pathogenicity of
coxsackievirus B3 is strongly potentiated in vivo in
mice fed a selenium-deficient diet [115]. More
important, an avirulent strain of the virus is
converted to a potent cardiotoxic variant during
infection in selenium-depleted animals. The defi-
ciency of selenium may result in an ineffective
antioxidant system, e.g. low levels of glutathione
peroxidase. The results of similar studies extended
to animals deficient in vitamin E and glutathione
peroxidase suggest that oxidative stress facilitates
selection and generation of virulent mutants [116].
More specifically, the impaired immunological viral
clearance related to oxidative stress may cause
increased survival of heterogeneous mutants,
resulting in the selection of highly pathogenic

variants of coxsackievirus [117]. In this context, it
is of great interest that NO has an immunosup-
pressive effect by means of modulation of the T cell
immune response during virus infection, as
described in the next section of this article.

Many methods are available for estimating viral
mutation, including measurement of mutation
frequencies of phenotypic variations such as
temperature-sensitive growth, plaque morphol-
ogy, host range and pathogenicity. These criteria,
however, cannot be used for accurate and quanti-
tative assessment of viral mutation, because such
phenotypic variants often contain multiple base
alterations in different genes [118]. Identification
of the escape mutant from neutralising antibody is
much more reliable for the quantification of viral
mutation. For example, escape of a virus from a
particular neutralising monoclonal antibody
occurs by a single base substitution, leading to a
single codon change on the epitope. The frequency
of escape mutants thus determined in cultured
cells in vitro was within the same range, y10x4.5,
for four different negative-strand RNA viruses: i.e.
SeV, vesicular stomatitis virus, Newcastle disease
virus and influenza A virus [119,120]. Never-
theless, selection via antibody is not entirely
established to be definitive and reproducible,
because the frequencies fluctuate greatly, even
within a given virus species, depending on the
antibodies used for the selection [118]. This
selection method has another flaw: it is not used
for in vivo studies because of the natural immu-
nological selection of the escape mutants during a
host’s immune response.

We therefore sought to develop a quantitative
assay that is applicable to in vivo study of
mutagenesis [45]. A recombinant SeV was
constructed with an exogenous genome, green
fluorescent protein (GFP), for the virus. Base
substitutions occurring in the GFP in SeV, whether
synonymous or non-synonymous, are primarily
neutral and do not affect viral replication and
clearance of virus from the host. Viral mutation is
readily quantified, based on the loss of strong
fluorescence caused by GFP gene mutations. This
GFP-based assay is convenient and useful for
estimating in vivo viral mutagenesis. Our recent
study thus verifies, for the first time, that oxidative
stress induced by a high output of NO accelerates
are mutation of the RNA virus [45]. By using the
GFP-based mutation analysis and iNOS-deficient
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(iNOSx/x) mice, we clearly showed that oxida-
tive stress induced in vivo by NO in wild-type
mice remarkably increases and accelerates viral
mutation rates compared with the situation in
iNOSx/x mice (Figure 5A). The same method
used in cultured cells revealed the strong muta-
genic potential of ONOOx (Figure 5B).

This process of accelerated mutation may occur
in other virus infections in vivo. For example, NO-
induced oxidative stress may cause greater hetero-
geneity of variants of RNA viruses including HIV
and influenza virus, leading to rapid viral evolu-
tion under selective pressure and to the produc-
tion of drug-resistant and immunologically
tolerant and cell tropism-altered mutants [121].
We now know that NO and O2

x and hence
ONOOx and other reactive molecular species
such as NO2, OClx and H2O2 are generated
universally as a result of host responses during
infections. Therefore, we may expect such chemi-
cal mutagenesis in DNA viruses, bacteria and
even host cells, although it may not be as effective
as that in single-strand RNA viruses.

SUPPRESSIVE EFFECTS OF NO ON
IMMUNOLOGICAL RESPONSES DURING
VIRUS INFECTION
The effect of oxidative stress on the host immune
response is another important facet of viral

pathogenesis and mutation. There is growing
awareness of the unique immunoregulatory func-
tion of NO, which appears to be mediated through
cytotoxic or suppressive effects of NO on parti-
cular subsets of immune cells [3,122–124]. Th cells,
divided into two subsets (Th1 and Th2), protect
hosts from intruding viral pathogens via virus-
specific Th1 responses, potentiation of CD8+

cytotoxic T lymphocyte (CTL) activity, and B cell
proliferation [125,126]. It has been suggested that
NO affects the polarised Th1–Th2 response,
causing a Th2-biased immunoregulatory balance,
via a relatively specific suppressive effect on Th1
subpopulations [122–124]. Such NO-induced
immunomodulation occurs during virus infection
in mice, as revealed by recent studies of HSV-1
and influenza virus infections [77,127], although
such immunoregulatory effects of NO on the
Th1–Th2 balance are commonly observed only
with specific viruses, not all viruses [76,78]. These
biased Th2 responses are clearly demonstrated by
using iNOSx/x mice, which show enhanced Th1
immune responses after virus infections [77,127].
NO seems to downregulate the Th1-associated
cytokine IFN-c, which is a major iNOS-inducing
cytokine in virus infections as described above,
and CTL responses as well, possibly through the
suppression of IL-12 production [128–130].

In noncytopathic virus infections CTLs, rather

Figure 5. NO-dependent SeV mutation as revealed by genetic mutation of GFP in a recombinant SeV (GFP-constructed SeV, GFP-SeV).
(A) The mutation frequency of the virus (GFP-SeV) isolated from the lung of wild-type B6 mice and iNOSx/x mice was quantified by
use of the GFP-based mutation assay. (B) Increase in mutation frequency of SeV by ONOOx. GFP-SeV was treated in a constant-flux
ONOOx (0.8 mM) system, and the mutation frequency was determined by the GFP-based mutation assay. Data are meantSEM (n=4).
*p<.05, **p<.01, compared with controls or iNOSx/x mice (t-test). Adapted from Akaike et al. [45] by copyright permission from
Federation of American Societies for Experimental Biology
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than Th1–Th2 cells, are important for antiviral
host defence [125,131]. However, some types of
viruses such as influenza virus can be eradicated
without the help of CTLs [132]. For influenza
virus, a virus-specific Th1 response is more
important for antiviral defence than are Th2
responses, because Th2 cells exacerbate patholo-
gical lung reactions in influenza pneumonia [133].
In this context, Karupiah et al. reported that NO
impairs the anti-influenza virus response of the
host by suppressing Th1-dependent IFN-c induc-
tion [77]. However, it has now been demonstrated
that IFN-c, a Th1-dependent cytokine, is even-
tually inefficient in clearance of influenza virus
from infectious foci [134]. Our recent experiments
using iNOSx/x mice indicate that clearance of
virus from lungs infected with either influenza
virus or SeV is not affected by a lack of
iNOS expression (Akaike et al., unpublished
observation) [45]. In fact, iNOSx/x mice recuper-
ate from viral pneumonia much better than do
wild-type animals, because of reduced levels of
oxidative stress in virus-infected tissues [45].
Therefore, not only NO-induced Th1 suppression
but also NO-induced oxidative injury may be
attributable to pathogenesis of infection with
certain viruses that are resistant to the direct
antiviral actions of NO.

In addition, NO seems to have profound
immunosuppressive and immunopathological
effects, most typically in Mycobacterium avium
and S. typhimurium infections [4,135,136], which
may be due to NO-induced cytotoxic effects on
immune effector cells such as macrophages.
Similar immunosuppression by NO is clearly

demonstrated with vaccinia virus-infected
murine macrophages, which show a loss of
antiviral activity because of inhibition of IFN-a/b
production by NO [80].

In summary, NO has complex roles in immu-
nological host responses to viruses. The immuno-
suppression caused by NO may result from NO-
induced oxidative stress on professional immune
effector cells such as T cells and macrophages. An
immunocompromised state of the host caused by
NO production not only may enhance the patho-
genicity of the virus but also may help the
generation and expansion of new mutant viruses
by oxidative mutagenesis (Figure 6).

CONCLUSIONS
The pathological consequences of free radical
generation during virus infections and the
implications for viral pathogenesis and mutation
are discussed in terms of current concepts
concerning free radicals. It is now recognised
more than ever that free radicals, produced
primarily as effector molecules of the host defence
response, have quite diverse functions in virus
infections. Their biological effects are not necessa-
rily beneficial to the virus-infected host; indeed,
they are often detrimental. Understanding of the
pathophysiological functions of NO and oxygen
radicals will provide profound insights into many
aspects of infectious diseases.
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INTRODUCTION

In many of the investigtions on the relation between the vitamins
and resistance to infection rations lacking hi several essentials have been
employed, usually in an effort to test the effect-of inadequate human
dietaries. Although such investigations have yielded results of prac-
tical value, they do not disclose the roles played by the diverse missing
substances. More definite information on this question can be ob-
tained from experiments in which diets deficient in one vitamin only
are utilized and the following review has been limited, with very few.
exceptions, to the discussion of such work. Very numerous papers
on this subject have appeared and some no doubt have been over-
looked by the author. Wherever possible the investigations have been
described in sufficient detail for the reader critically to appraise them.
Unfortunately many of the experiments have been carried out on such
small numbers of annuals that the results are not statistically significant.

The problem of whether the metabolic changes resulting from the
deficiency of a vitamin are .accompanied by changes in the defense
mechanism has been attacked by at least four different methods, as
follows:

(1) By the determination of any changes in the natural immune
bodies or cellular reactions, due to the deficiency.
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VITAMIN C

1. Variations in the natural immune bodies or tissue reactions in
vitamin C deficiency

(a) Results indicating that these are reduced. Fortenato (1) reported in
1921 that the opsonic index was lower in scorbutic than in normal
guinea pigs. In the following year, Leichentritt and Zielaskowski (2)
measured the trypanocidal substance in the blood of guinea pigs suffer-
ing with scurvy and found that it was reduced. Hojer (3) however
criticized the latter's experiments on the grounds that they were
carried out on too few animals.

According to Prausnitz and Schilf (4) tuberculous scorbutic guinea
pigs show considerably smaller tuberculin reactions, which also dis-
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appear more quickly than those in tuberculous guinea pigs subsisting
on normal diets. The febrile reaction after the tuberculin injection
was also less marked in the scorbutic animals. This reduced skin
reactivity was not correlated with a generalized unsusceptibility to
tuberculin (5) as the animals with scurvy died more frequently than
the normal controls when this substance was injected subcutaneously
in large amounts (5 cc.).

In addition, Bieling (6) and also Arkwright and Zilva (7) found that
markedly scorbutic guinea pigs gave smaller skin reactions to diph-
theria toxin than normal. The former author noted that the necrosis of
the skin was slower coming on, and that the subcutaneous oedema was
absent or very slight. The latter authors reported that animals on
diets which contained suboptimal amounts of vitamin C, but enough
to allow a gain in weight of about 25 per cent, still showed large Schick
reactions, whereas if this vitamin was further reduced so that a loss
of about the same magnitude occurred, the reactions were very small.
Scorbutic guinea pigs however are definitely more susceptible to large
doses of diphtheria toxin and die earlier than normal animals according
to Bieling. A possible clinical application of these findings was pro-
vided by Hess (8) in 1932. He had encountered nasal diphtheria
very commonly in children with scurvy. The Schick reactions were
regularly negative, although the patients showed the bloody mucous
nasal discharge which is typical of this disease, and one child apparently
died from it. In three cases, virulence tests showed the bacilli to be
virulent. The last of these three cases gave no skin reaction to dilu-
tions of from 1/50 to 1/5 M.L.D. of  toxin.  In  his  brief  review  the
author does not discuss the possibility of these cases being carriers,
already self-immunized. He suggests that in scurvy the pharyngeal
mucous membrane loses its immunity to the diphtheria bacilli,
whereas the general immunity as reflected by the negative Schick test
is still maintained. A simpler explanation however might be that the
scorbutic skin does not react in the usual manner to the toxin,
although the organism as a whole is not immune to it.

Lawrynowicz (9) suggests that scurvy may so reduce the resistance
that a carrier may become the victim of bacteria which it previously
carried with impunity. For example, a guinea pig that had been well
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for one month after it had been used in a crude test for B. diphtheria
was placed on a scorbutic diet. Thirty-seven days later it died. The
post-mortem showed the changes found in diphtheritic deaths and the
organism was recovered from the spleen.

When Vercellana (10) injected strychnine nitrate or aqueous extracts
of poisonous fungi subcutaneously into scorbutic guinea pigs, he found
that they were killed more frequently by these substances than con-
trols fed normal diets. The ration of the deficient animals consisted
of oats exclusively. Also aleuronat, broth, peptone, cinnabar and
other substances, when injected by Dluzewski (11) into the peritoneal
cavities of scorbutic animals, did not provoke the normal inflammatory
reaction with the outpouring of leucocytes.

(b) Results indicating that these are not reduced. Li contrast to some
of the above findings, Lawrynowicz and Bohdanowicz (9). state that
they have never established any difference between the Schick reac-
tions of normal and scorbutic guinea pigs.

In 1919, Zilva (12) determined the complement titres in normal and
scorbutic guinea pigs and found that they were the same. Four years
later, Hamburger and Goldschmidt (13) reported that the complement
titres were not lowered in scorbutic children and guinea pigs. In fact,
some of the latter animals showed increased complement titres, which
were apparently correlated with high albumin concentrations in the
serum. Koch and Smith (14) found consistently increased complement
titres in a series of twelve scorbutic guinea pigs. When an antiscor-
butic was added to the diet, the titres fell, but still remained somewhat
higher than they had been before the onset of the scurvy. On the
other hand, Bohdanowicz and Lawrynowicz (9) found that complement
did not show any constant or characteristic chanjges in guinea pig
scurvy.

The phagocytic indices in scorbutic guinea pigs were reported by
Werkman et al. (15) to be unaltered.

Hamburger and Goldschmidt (13) also determined the bactericidal
titres of the sera of scorbutic and normal guinea pigs and of scorbutic
and normal children to the same strain of colon bacillus and found that
they were similar, This organism was used because the pyelonephritis
which frequently complicates guinea pig scurvy is usually caused by it.
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2. Variations in acquired immune bodies due to vitamin C deficiency
(a) Results indicating that these immune bodies are altered.  When

scorbutic guinea pigs were sensitized to horse serum, or red blood
corpuscles, Zolog (16) found that they were much less sensitive to
anaphylactic shock than normal diet controls.   The minimum lethal
dose was three to ten times higher in the animals with scurvy.    Sereni
(17), on the other hand, reported that scorbutic guinea pigs showed
much more severe anaphylactic shock than the control animals.   Hur-
witz and Wessels (18) went further into the question and found that
the uterine muscles of sensitized vitamin C deficient guinea pigs would
not react either to the specific antigen or to smooth muscle stimulants,
whereas the bronchial muscles of such animals reacted normally.    In
addition, when Bieling (5) immunized scorbutic guinea pigs with diph-
theria toxin, he found that they did not produce as much antitoxin
as the adequately fed controls.

(b) Results indicating that these immune bodies are not reduced. Scor-
butic and normal guinea pigs produced agglutinins to B. typhosus
equally well according to both Zilva (12) and Werkman (15).    In addi-
tion, the former author stated that amboceptors to the same organism
were also produced in normal amounts by guinea pigs on vitamin C
deficient diets, and the same findings also held true for the rat.    In
1922, Hess (19) reported that the diphtheria antitoxin production in
scorbutic guinea pigs was as good as that in normal controls.

Summary of immunological investigations. I. Non-immune animals. In
several of these studies conflicting results have been obtained. For
example, Werkman reported that the opsonic indices of non-immune
scorbutic guinea pigs were as high as those of normal animals, whereas
Fortenato found them reduced. And again, Lawrynowicz stated that
the presence or absence of scurvy did not affect the size of the Schick
reaction in guinea pigs, whereas Bieling and also Arkwright found these
reactions considerably reduced when scurvy was present.  Other
workers reported that tuberculin reactions were also considerably de-
creased. As the immunological significance of the Schick andituber-
culin reactions are entirely different, one would infer that the general
reactivity of scorbutic skin was depressed. The smaller Schick reac-
tions were not due to any increased antitoxin in the animal, as Bieling
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showed that these guinea pigs died more frequently and more quickly
after the injection of large amounts of toxin. In fact, scorbutic guinea
pigs seem more susceptible to the subcutaneous injections of toxic
substances generally, e.g., to tuberculin, strychnine and poisonous fun-
gus extract. Lawrynowicz suggests, on evidence gathered from the
study  of  one  animal  only,  that  scurvy  so  lowers  the  resistance  of  a
healthy carrier that it may become the prey of bacteria which formerly
did not harm it. This sequence of events however might have occurred
without the aid of the scurvy-producing diet. Leichentritt found that
the substance in the blood which destroyed trypanosomes was reduced
in scurvy, and further evidence of the reduced capacity of the scorbutic
animal to cope with infections was provided by Dluzewski, who re-
ported that the inflammatory reactions which followed the injection
of foreign substances into the peritoneum were much reduced. Two
authors stated that the complement titre was unchanged in scurvy,
but a similar number of investigators found it increased. One of the
latter however did not find it  consistently raised, but at  least  it  was
never lowered.

II. Immune animals. Comparatively few studies have been carried
out on such animals, and many of the results are conflicting.

For instance, Hess found that scorbutic guinea pigs could produce
diphtheria antitoxin as well as normal animals, whereas Bieling states
that this is not the case. Zilva and Werkman were not able to demon-
strate any difference between the amounts of anti-typhoid antibodies
produced by guinea pigs and rats lacking vitamin C and those fed
adequate diets.

The results of the anaphylaxis experiments are of interest because
most of them suggest a reduced activity in the tissues of animals suffer-
ing from scurvy, analogous to the lessened skin reactions.

3. Occurrence of spontaneous infections in vitamin C deficiency
(a) Infections indicating a reduced resistance. I. Experimental. In

1932, Suzuki (20) stated that the nasal mucous membrane and glands
were atrophied and showed catarrhal inflammation in vitamin C de-
ficient guinea pigs. The crushed oats, autoclaved milk diet that Mc-
Carrison (21) fed his guinea pigs is mainly lacking in vitamin C. He
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found that the bladders in such animals at postmortem examination
were tightly contracted and that the mucous membrane of this organ
was congested and necrotic. The duodenum was also intensely con-
gested and punched out ulcers were present in the intestines and some-
times in the stomach. Mackie and Chitre (22) gave their monkeys
very small amounts of orange juice, but most of them developed scurvy,
and in addition they showed in their large intestines very marked nec-
rotic and ulcerated lesions, which were laden with common intestinal
bacteria. These various pathological findings provide possible ex-
planations for some of the frequent secondary infections that occur in
cases of human scurvy.

In Höjer's (3) series only about 30 per cent of his severely scorbutic
guinea pigs showed infections. This low figure may be partly explained
by the fact that they survived for just a few weeks. On the other hand,
50 per cent of the animals with mild scurvy developed infectious
lesions, and about 20 per cent of the much longer-lived normal animals
showed similar lesions.

In the course of his experiments, Heymann (23) reported that he
lost a large number of scorbutic guinea pigs with pneumococcic pneu-
monia.

II. Clinical—latent scurvy. Even before the onset of definite symp-
toms of human scurvy, in the so-called period of latent scurvy, the
affected individual is particulaly susceptible to infections (24) and if
these are contracted they run an unusually severe course.

In 1919, Wiltshire (25) described the occurrence of small conical
swellings in the hair follicles of the legs of scorbutic Serbian troops
and he also found them during the scurvy season (January and June)
in apparently normal individuals. The latter were probably suffering
from latent scurvy.

One of the most typical pathological lesions in scurvy is the increased
permeability of the blood vessel wall which allows the blood to ooze
into the tissues. Gothlin (26) was able to devise a method of measur-
ing the permeability of the cutaneous capillaries. In 1931, he found
that 18 per cent of a group of apparently healthy Swedish country
school children (11 to 14 years) were suffering from vitamin C under-
nourishment. Hopkins (27) was able to associate a period of ill
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health in boys in a preparatory school with a lack of fresh fruit and
vegetables during the winter months. When a little fresh fruit was
supplied, the minor ailments and the listlessness disappeared.

In children who are suffering from undiagnosed latent scurvy, vac-
cination may precipitate acute scorbutic symptoms (28, 29). Abels
(29) quotes the case of an anemic, atrophic ten months old child who
developed both scurvy and a high prolonged fever after vaccination.
This may explain the reluctance of parents in backward regions of Aus-
tria towards having their children vaccinated in the winter, when no
doubt their diets are partially deficient in this vitamin. In such chil-
dren, coryza and pharyngitis may be surprisingly severe and may
usher in evident scurvy, and skin ulcers and cystitis are also very
prevalent. In fact, this author has gone so far as to say that manifest
scurvy is always preceded by an infection. Other investigators (30)
however have found this sequence of events to occur frequently, but
not invariably. The increased metabolism caused by the infection
probably accentuates the vitamin deficiency and hastens the appear-
ance of active scurvy.

As in the case of the other deficiency diseases, there seems to be some
predisposition to scurvy, as only a certain number of those on a uni-
formly deficient diet develop it (24b).

Manifest scurvy. Infections are very commonly associated with
active scurvy (31), and Von Niedner (31) reported that scorbutic sol-
diers succumb to the slightest infection. Numerous authors (29, 32)
have found respiratory infections, including grippe and pneumonia, to
be very common in such individuals. One of these authors, Erdheim
(33), stated that such diseases were frequently very grave and persistent
in scorbutic children. Tuberculosis was also very prevalent in several
series (32b, 34). In one of these, Salle and Rosenberg (34) found that
all the deaths (17) in their 461 cases were from tuberculosis and that 9
to 22 per cent of their different groups of scorbutic patients suffered
from this disease. They also remarked on the great frequency with
which cases of infantile scurvy were complicated by florid tuberculosis.
Diphtheria (8, 32b, 34b) and dysentery and typhoid (29, 34a, 35) were
also very often encountered by various clinicians in scorbutic indi-
viduals. Mackie (22) described an epidemic of dysentery (Shiga)
among scorbutic war refugees in the near East, which was almost as
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virulent as cholera. Many investigators (32b, 35, 36) have reported
that cystopyelitis and nephritis were very common, and that furuncles,
paronychia and gun shot wounds (2, 32b, 35, 36) were often very dif-
ficult to clear up in scorbutic patients.

In 1927, Funk (37) stated that an epidemic of pneumonia in the
Sudan disappeared when antiscorbutic treatment was given to the
numerous cases of scurvy which appeared at about the same time.
This would suggest that scurvy lowered the resistance to this infection.

Oral infections. If a guinea pig is kept on a completely vitamin C
free diet for even two days, marked abnormalities are seen in its teeth
(3, 30), and if such a diet is kept up for a few weeks, the teeth may
become devitalized. Apical abscesses are prone to appear in such
teeth later on. The same processes may occur in man (38), and the
resistance to infection may be indirectly lowered by the presence of
these bacterial foci. Höjer and Westin (30) also found that although
enough vitamin C was given (1.2 minimum protective doses of orange
juice) to prevent the appearance of any scorbutic changes in the teeth,
except perhaps an uncertain hyperemia in the pulp cavity, the animals
were still markedly susceptible to infection.

After analyzing the diets of groups of individuals, Hanke (39) stated
that those whose diets were complete suffered from dental caries,
gingival irritation or pyorrhoea much less frequently than those whose
diets were deficient in either or both vitamin C and vitamin D. The
details of the diets were unfortunately not given. Spongy gums, as-
sociated with infections, were cleared up by the use of an adequate diet
plus 1 pint of orange juice, the juice of a lemon and from one-fourth to
one-half a head of lettuce daily. The resistance to other infections,
especially to colds, was raised at the same time, and in one individual
a long standing osteo-myelitis was also cured. When pyorrhoea was
present surgical measures had usually to be combined with the dietetic
treatment unless the condition was very mild.

4. Susceptibility to artificially induced infections

(a) Reduced resistance in vitamin C deficient animals. In 1923,
Findlay (40) reported that guinea pigs fed on a vimamin C deficient diet
died more frequently after mtraperitoneal injections of bacteria than
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controls fed on normal diets. The organisms used were B. coli, staph-
ylococcus aureus, streptococcus hemolyticus and pneumococcus.

In the same year, Werkman and his co-workers (15) found that there
was a definitely, although not markedly, increased susceptibility to
intraperitoneal injections of pneumococci or B. anthracis in scorbutic
guinea pigs as compared with controls.

According to Abels (41), guinea pigs with scurvy die after intra-
peritoneal injection of B. coli, whereas normal animals withstand
several times this dose.

B. aertrycke cultures were fed to 2 scorbutic and 2 normal guinea
pigs by Grant (42). One of the scorbutic animals died and the three
others were killed so that the spread of the bacilli to the various organs
and the blood could be determined. Liver, spleen, lung and blood
cultures were negative in the normal animals, whereas both the spleen
and one of the blood and one of the liver cultures from the scorbutic
animals yielded B. aertrycke. These findings would suggest that in
scurvy the intestinal wall is more permeable to bacteria.

Schmidt-Weyland and Koltzsch (43) infected normal and scorbutic
guinea pigs by either inhalation or feeding, or by the combination of
both methods, with a mixture of pneumococci and a fowl cholera
pasteurella strain. They found that the animals on the scurvy pro-
ducing diet were much more susceptible to such infections and that
many of them died of pneumonia.

A trypanosome infection was set up in half their scorbutic guinea
pigs by Nassau and Scherzer (44). They reported that this procedure
hastened the onset of the scurvy, but only slightly decreased the dura-
tion of life.

Hojer (3) divided about ninety guinea pigs into several groups
which were fed normal, completely vitamin C deficient, and several
different partially C deficient diets. Half of each group was infected
intramuscularly with probably too large a dose of a low virulent
human strain of B. tuberculosis. All of the four severely scorbutic
animals showed larger lesions than many of the rest. Only one guinea
pig, which was fed the normal diet, showed no evidence of the disease,
except for fibrous healing at the site of the subcutaneous injection.
The course of the disease did not parallel the degree of scurvy in the
partially scorbutic animals, but microscopic examination showed that
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the connective tissue reaction to the tuberculous foci at a specified time
after infection varied directly with the amount of vitamin C in the diet.
The more vitamin C fed, the more adequate was the connective tissue
response.

Coulard (45) stated that the tuberculous processes at the site of in-
jection, the enlargement of the glands, and the lesions in the spleen
developed much more rapidly in the scorbutic than in the normal
guinea pig.

Guinea pigs suffering from slight scurvy were reported by Heymann
(23) to be no more susceptible to tuberculosis than normal animals.
When however the scurvy was moderately severe, marked loss in
weight and early death (73 days) followed infection with a human
strain of tuberculosis. Similarly infected guinea pigs fed on a normal
diet lived 141 days on the average.

In order to induce intestinal tuberculosis in the guinea pig after the
feeding of tuberculous sputum, McConkey (46) found that a partial
deficiency of vitamins A, C and D was necessary. However, the lack
of vitamin C seemed to be especially important.

Bieling (5) was able to produce a localized chronic tuberculosis in
his guinea pigs. These animals were strong and well nourished and
remained in such condition for over a year. If, however, they were
put on a vitamin C free diet, they seemed particularly susceptible to
scurvy and died long before the non-infected controls. These early
deaths could be attributed to an activation of the chronic tuberculosis
by the scurvy, although the sections showed neither very marked
scurvy nor tuberculosis extensive or severe enough to explain the rapid
deaths. This increased susceptibility of the tuberculous animal to
scurvy was gradually built up, as recently infected animals did not
react differently from uninfected ones. If the amount of vitamin C
in the diet was reduced but not absent, the same phenomena were
observed, but the onset of scurvy and the deaths were delayed.
Apparently therefore the development of scurvy is accelerated when
tuberculosis is present.

Quite a number of studies on this subject have been carried out by
Mouriquand and his collaborators. In 1924, they (5b) showed that
a larger percentage of scorbutic than of normal guinea pigs died after
the injection of tuberculin. In 1925 (47), they determined the effect
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of the injection of fairly large (10 million) and very small numbers
(400) of tubercle bacilli into chronic scorbutic and normal guinea pigs.
When the massive dose was used, for the first three weeks the deficient
animals showed less extensive lesions and less loss in weight than the
controls. After this time the scorbutic animals went rapidly down
hill and died before the controls. With the smaller dose no initial
refractory stage was seen, and the lesions in the animals with scurvy
progressed more rapidly and led to earlier death. Two years later,
they reported that if after feeding a diet completely deficient hi vitamin
C, a ration partially lacking in this factor was given, a chronic scurvy
was established which was characterized by a tendency to relapses of
the active scurvy, and by great susceptibility to infection with B.
tuberculosis. When such an infection was set up, the animals suffering
from chronic scurvy lost weight and died after a short time, and there
was not the slightest evidence of tissue reaction against the bacilli,
even though these were much attenuated. Normal animals
 similarly infected reacted with "multiple" sclerosis and lived con-
siderably longer.

(6) Increased resistance due to the addition of vitamin C. The addi-
tion of vitamin C rich lemon juice to an adequate diet favorably influ-
enced the course of tuberculosis in guinea pigs, according to Leichen-
tritt (48), The experiments of Hericourt and Richet (49) may
possibly be interpreted as providing further confirmation of the
important rdle played by vitamin C in this disease. They found that
if dogs were injected with raw meat juice they withstood a tuberculous
infection better than similar animals injected with cooked meat juice.
The cooking no doubt destroyed the vitamin C, but it may have had
other deleterious effects on the meat juice as well. When the diet
contained vitamin D, Grant (50) found that increasing the amount of
vitamin C seemed to decrease the severity and extent of the tubercu-
lous lesions in the lungs of guinea pigs.

(c) No reduced resistance in vitamin C deficient animals. In some of
Grant's (50) other experiments she used diets in which the vitamins
were unbalanced and the results were entirely different. For example,
she reported that if vitamin D was deficient in the diet, the addition
of vitamin C tended to increase the amount of tuberculosis in the
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lungs, and the same effect also followed the substitution of vitamin C
for vitamin D at the time of inoculation.

In one of their earlier publications (1922), Mouriquand (51) and
his co-workers reported that chronic scurvy did not accelerate the
course of tuberculosis in the guinea pig. Their later work gave
results entirely opposed to those of this early investigation.

Bieling (5a) stated that "transitory milk or hunger scurvy" did not
lead to a decreased resistance to infection.

When Jaffe (52) infected the leg bones, muscles or skin with staphy-
lococci and put the guinea pigs on a scorbutogenic diet at the same
time, he found that about half of them developed severe infections and
that these animals lived longer (42 days) than the uninfected controls,
and did not show scorbutic changes at death. If the infections were
mild, death from scurvy occurred at about the usual tune (21 to 30
days). If the annuals were on the deficient diet for 10 days before
infection, they died abnormally quickly from the scurvy (7 to 12 days).
Baj (53) partially confirmed these findings when he reported that the
characteristic bone changes of scurvy were less marked in animals
infected with staphylococci. He suggested that antiscorbutic sub-
stances were formed by the bacteria. He also stated that the infec-
tions in scorbutic animals were no more severe than those in controls
fed normal diets.

As many mice on a vitamin C deficient diet survived after intra-
peritoneal injections of mouse typhoid bacilli as mice on a complete
diet, according to Hotta's (54) results.

Summary of artificial infection experiments. Relatively few of these
investigators have brought forward evidence to the effect that a
deficiency of vitamin C does not lead to a lower resistance to infection,
and some criticism of their work is possible. For example, Hotta's
results were based on one experiment including at the most 32 rats,
and the rat is apparently able to synthesize this vitamin, and Mouri-
quand's numerous later results contradicted his earlier report, which
need not therefore be considered further.

Qn the other hand, Findlay, Werkman and also Nassau found that
a greater proportion of scorbutic than of normal guinea pigs died after
intraperitoneal injections of bacteria or trypanosomes. The last two
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authors stated that the reduction in the resistance was not marked.
Jaffe infected the legs of guinea pigs that had been on a scurvy produc-
ing diet for ten days with staphylococci and found that they died very
quickly. As Schmidt-Weyland's method of infection more nearly
simulates that occurring in nature, it is probably preferable to those
used by the above mentioned authors. Schmidt-Weyland's results
showed many more deaths from pneumonia among the scorbutic
animals.

The interest in the question of whether scurvy renders an annual
particularly susceptible to tuberculosis was possibly engendered by
clinical reports to that effect. The guinea pig develops scurvy readily
and it is also very susceptible to tuberculosis. It is probably more
susceptible to both these conditions than man. Consequently, in
most of these experiments the resistance has had to be gauged either
by variations in the duration of life or in the extent and nature of the
lesions. As the course of tuberculosis in even normal guinea pigs is
variable, these criteria are somewhat unsatisfactory. According to
Heymann, the susceptibility varies with the severity of the scurvy.
Slight scurvy does not affect the resistance, whereas animals suffering
from moderately severe scurvy are less resistant and die quickly from
tuberculosis. Hojer's experiments, which might have confirmed
Heymann's, gave variable results from the point of view of duration of
life. Goulard and also Mouriquand found that tuberculosis was fatal
more quickly in scorbutic than in normal guinea pigs. When Hojer
examined his animals in regard to the extent of the lesions, his results
were more consistent, as the markedly scorbutic animals showed the
greatest involvement, the normal the least, and in the slightly scorbu-
tic the lesions were variable. Goulard also remarked on the more
extensive tuberculosis found in scorbutic animals. Mouriquand noted
that guinea pigs affected with chronic scurvy were unable to produce
the usual connective tissue reaction to tubercle infection. Hojer also
reported that the efficiency with which this reaction took place varied
directly with the amount of vitamin C in the diet.

Several authors have provided information on the part played by
bacteria in precipitating acute scurvy. Bieling found that animals
with chronic tuberculosis were very susceptible to scurvy and Nassau
also stated that the presence of a trypanosome infection seemed to
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accelerate the onset of scurvy. Jaffe, on the other hand, found that a
marked subcutaneous or osseous infection prevented the onset of
scurvy and that a mild infection did not affect the course of this
avitaminosis.

However, Jaffe's results may possibly have been due to the produc-
tion of the vitamin by the bacteria. Baj, who suggested the above
explanation, also found that the presence of a staphylococcic infection
lessened the severity of the scurvy.

From Grant's experiment it would appear that the intestinal mucous,
membrane in animals suffering from scurvy is more permeable to
bacteria, and McConkey indicates that the intestine in such animals
is more susceptible to infection.

Three investigators also have shown that added amounts of vitamin
C assist animals on normal diets in their reactions against tuberculosis.

5. The use of vitamin C in clinical infections
Numerous reports demonstrating the good effect of vitamin rich

diets in clinical tuberculosis have been published, but it is impossible
to decide what role vitamin C plays in such treatment. Also, one can
not be sure that the good results which Höjer (3) obtained when he fed
a series of twenty tuberculous children raw blood serum (50 to 100 cc.)
daily for four months were due to the vitamin C contained in that
substance. In a later experiment, the same author (30) compared the
effect of the addition of vitamin C (one orange daily) or of added
carbohydrate (a pastry) on samtorium cases of tuberculosis. The
patients were grouped in pairs as closely alike in age, sex, tuberculous
involvement, and prognosis as possible. One of each pair received the
orange and one the pastry. The sanitorium was in an isolated region
where the supply of vegetables and fruit was limited, especially in thd
three months of the experiment (March, April and May). The high-
est mortality from this disease also usually occurred in these three
months. Of the cases fed the extra vitamin C, 17 showed better, 3
showed similar, and 1 showed worse results than the controls. The
cases were examined regularly by expert clinicians, and although the
effects were not easy to evaluate, it appeared that the provision of
plenty of vitamin C assisted in the healing of the tuberculous lesions.
Woringer and Sala (55) advised generous additions of vitamin C to
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whooping cough cases, for although scurvy is very rare in Strassburg,
they saw four cases of whooping cough and scurvy together. McCon-
key (56) reported that the administration of cod liver oil and tomato
juice has a favorable effect on intestinal tuberculosis which was second-
ary to a pulmonary infection. In order to determine whether the
vitamin C was of value he gave three patients on normal diets a cod
liver oil concentrate alone. No change could be seen until orange
juice was added also, when two of them began to show satisfactory
improvement. In a second test, he gave two cases irradiated brewer's
yeast. Again they did not improve until the orange juice was admin-
istered also. The possibility that the good effects were due to the
combination of the vitamins can not be ruled out, as none of the
patients were given vitamin C alone. Bloch (57) is of the opinion
that vitamin A is of more importance than vitamin C in the treatment
of tuberculosis, but other authors (31) claim that generous amounts
of vitamin C are essential in the treatment of such cases.

Summary. The results which have been published up to date sug-
gest that this factor plays a very important r61e in the combatting of
tuberculous infections, but further investigations will be necessary
before this can be conclusively settled.

6. The mechanism underlying the decreased resistance in scurvy
According to Höjer (3), the decreased resistance in scurvy is due to

the atrophy of the various organs hi the body that protect it against
infections. These organs include the lymph nodes, spleen and bone
marrow. Findlay (40) had previously ascribed the low resistance
which he found in scorbutic animals to the changes that were present
hi the bone marrow.
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$UWLFOH
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$FDGHPLF�(GLWLRQ
&RUSRUDWH�(GLWLRQ

+RPH
,PSUHVVXP
/HJDO�LQIRUPDWLRQ
3ULYDF\�VWDWHPHQW
+RZ�ZH�XVH�FRRNLHV
$FFHVVLELOLW\
&RQWDFW�XV
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6SULQJHU�1DWXUH�
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$%675$&7
7KLV�H[SHULPHQW�ZDV�SODQQHG�WR�VWXG\�WKH�SUREOHP�RI�DFFOLPDWL]DWLRQ�LQ�KXPDQV�DQG�WR�GHWHUPLQH�
WKH�HIIHFW�RI�DVFRUELF�DFLG�LQ�PHQ�H[SRVHG�WR�FROG�ZKLOH�EHLQJ�IHG�D�QRUPDO�RU�VXUYLYDO�UDWLRQ��
$VFRUELF�DFLG�KDV�JUHDWO\�LPSURYHG�WKH�UHVLVWDQFH�RI�PHQ�H[SRVHG�WR�FROG�DQG�IHG�D�VXUYLYDO�UDWLRQ��
1R�EHQHILFLDO�HIIHFW�ZDV�REVHUYHG�ZKHQ�WKH�VXEMHFWV�ZHUH�IHG�D�QRUPDO�UDWLRQ��7KLV�GLIIHUHQFH�LQ�
UHVSRQVH�PD\�EH�GXH�WR�WKH�IDFW�WKDW�WKH�H[SHULPHQWDO�FRQGLWLRQV�GLIIHUHG�VRPHZKDW�EHWZHHQ�
WKHVH�WZR�H[SHULPHQWV��,Q�DQ\�HYHQW��WKH�VXEMHFWV�RQ�D�UHVWULFWHG�IRRG�LQWDNH�ZHUH�FHUWDLQO\�XQGHU�
JUHDWHU�FRQGLWLRQV�RI�VWUHVV��(YLGHQFH�RI�DFFOLPDWL]DWLRQ�ZDV�REWDLQHG�ZLWK�VXUYLYDO�UDWLRQV�EXW�QRW�
ZLWK�QRUPDO�UDWLRQV��6RPH�FRQFOXVLRQV�KDYH�EHHQ�PDGH�RQ�WKH�XVH��E\�PHQ�H[SRVHG�WR�FROG��RI�
VXUYLYDO�UDWLRQV�FRPSRVHG�H[FOXVLYHO\�RI�FDUERK\GUDWHV��)LQDOO\��LW�LV�HVWLPDWHG�WKDW������FDORULHV�LV�
WKH�GDLO\�UHTXLUHPHQW�IRU�PHQ�UHODWLYHO\�LQDFWLYH��ZHDULQJ�RQO\�VKRUWV��ORZ�VKRHV��DQG�VRFNV��DQG�
H[SRVHG�WR�DQ�DPELHQW�WHPSHUDWXUH�RI����)�

&LWHG�E\
9LHZ�DOO���FLWLQJ�DUWLFOHV

7ZHHW

$UWLFOH�7RROV

6KDUH

$GG�WR�)DYRULWHV�

'RZQORDG�&LWDWLRQ�

(PDLO�D�&ROOHDJXH�

5HTXHVW�3HUPLVVLRQV�

&LWDWLRQ�$OHUWV�

'RZQORDG�$GREH�5HDGHU�IRU�3')V
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/RJLQ 5HJLVWHU 6KLEEROHWK �0RELOH� &DUW�

/LNH �

+RPH $ERXW�8V -RXUQDOV %RRNV &RPSLODWLRQV 2SHQ�$FFHVV $XWKRUV /LEUDULDQV 6RFLHWLHV %ORJ &RQWDFW )UDQoDLV
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��&RS\ULJKW������±�&DQDGLDQ�6FLHQFH�3XEOLVKLQJ�
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3XEOLVKHG�RQOLQH������)HE�����GRL����������&/(3�6�����
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6XEJURXS�DQDO\VLV�RI�ODUJH�WULDOV�FDQ�JXLGH�IXUWKHU�
UHVHDUFK��D�FDVH�VWXG\�RI�YLWDPLQ�(�DQG�SQHXPRQLD
+DUUL�+HPLOl�DQG�-DDNNR�.DSULR
'HSDUWPHQW�RI�3XEOLF�+HDOWK��8QLYHUVLW\�RI�+HOVLQNL��+HOVLQNL��)LQODQG
&RUUHVSRQGHQFH��+DUUL�+HPLOl��'HSDUWPHQW�RI�3XEOLF�+HDOWK��8QLYHUVLW\�RI�+HOVLQNL��32%�����+HOVLQNL��),1��������
)LQODQG��7HO�������������������)D[�������������������(PDLO� LI�LNQLVOHK#DOLPHK�LUUDK
5HFHLYHG������)HE���
&RS\ULJKW��������+HPLOl�DQG�.DSULR��SXEOLVKHU�DQG�OLFHQVHH�'RYH�0HGLFDO�3UHVV�/WG�
7KLV�LV�DQ�2SHQ�$FFHVV�DUWLFOH�ZKLFK�SHUPLWV�XQUHVWULFWHG�QRQFRPPHUFLDO�XVH��SURYLGHG�WKH�RULJLQDO�ZRUN�LV�SURSHUO\�
FLWHG�

$EVWUDFW

%DFNJURXQG�

%LRORJ\�LV�FRPSOH[�DQG�WKH�HIIHFWV�RI�PDQ\�LQWHUYHQWLRQV�PD\�YDU\�EHWZHHQ�SRSXODWLRQ�JURXSV��6XEJURXS�
DQDO\VLV�FDQ�JLYH�HVWLPDWHV�IRU�VSHFLILF�SRSXODWLRQV��EXW�WULDOV�DUH�XVXDOO\�WRR�VPDOO�IRU�VXFK�DQDO\VHV�

3XUSRVH�

7R�WHVW�ZKHWKHU�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD�ULVN�LV�XQLIRUP�RYHU�VXEJURXSV�GHILQHG�E\�VPRNLQJ�
DQG�H[HUFLVH�

0HWKRGV�

7KH�$OSKD�7RFRSKHURO�%HWD�&DURWHQH�&DQFHU�3UHYHQWLRQ�6WXG\�H[DPLQHG�WKH�HIIHFWV�RI�YLWDPLQ�(�����PJ�
SHU�GD\��DQG�ȕ�FDURWHQH�����PJ�SHU�GD\��RQ�OXQJ�FDQFHU�LQ��������PDOH�VPRNHUV�DJHG���±���\HDUV�XVLQJ�D���
î���IDFWRULDO�GHVLJQ��7KH�WULDO�ZDV�FRQGXFWHG�DPRQJ�WKH�JHQHUDO�FRPPXQLW\�LQ�)LQODQG�GXULQJ�����±������
WKH�LQWHUYHQWLRQ�ODVWHG�IRU�����\HDUV��PHGLDQ���,Q�WKH�SUHVHQW�VWXG\��ZH�WHVWHG�WKH�XQLIRUPLW\�RI�YLWDPLQ�(�
HIIHFW�RQ�WKH�ULVN�RI�KRVSLWDO�WUHDWHG�SQHXPRQLD������FDVHV��E\�DGGLQJ�D�GXPP\�YDULDEOH�WR�DOORZ�HDFK�
VXEJURXS�LWV�RZQ�YLWDPLQ�(�HIIHFW�LQ�D�&R[�PRGHO�FRYHULQJ�DOO�SDUWLFLSDQWV�

5HVXOWV�

9LWDPLQ�(�HIIHFW�ZDV�QRW�XQLIRUP�RYHU�HLJKW�VXEJURXSV�GHILQHG�E\�EDVHOLQH�VPRNLQJ���±���YV�����FLJDUHWWHV�
SHU�GD\���DJH�RI�VPRNLQJ�LQLWLDWLRQ������YV�����\HDUV���DQG�H[HUFLVH�GXULQJ�OHLVXUH�WLPH��\HV�YV�QR���9LWDPLQ�
(�GHFUHDVHG�SQHXPRQLD�ULVN�E\����������&,������WR������DPRQJ�SDUWLFLSDQWV�ZKR�KDG�WKH�OHDVW�H[SRVXUH�
WR�VPRNLQJ�DQG�H[HUFLVHG�GXULQJ�OHLVXUH�WLPH��9LWDPLQ�(�LQFUHDVHG�SQHXPRQLD�ULVN�E\����������&,������WR�
������DPRQJ�WKRVH�ZKR�KDG�WKH�KLJKHVW�H[SRVXUH�WR�VPRNLQJ�DQG�GLG�QRW�H[HUFLVH�

/LPLWDWLRQV�

$OWKRXJK�WKH�HYLGHQFH�RI�KHWHURJHQHLW\�LV�VWURQJ��LW�LV�QRW�HYLGHQW�WR�ZKDW�H[WHQW�WKH�HVWLPDWHV�RI�HIIHFW�RU�)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



WKH�OLPLWV�EHWZHHQ�WKH�VXEJURXSV�FDQ�EH�H[WUDSRODWHG�WR�RWKHU�SRSXODWLRQV�

&RQFOXVLRQ�

6XEJURXS�DQDO\VLV�RI�ODUJH�WULDOV�VKRXOG�EH�HQFRXUDJHG��WKRXJK�FDXWLRQ�LV�QHHGHG�LQ�WKH�LQWHUSUHWDWLRQ�RI�
ILQGLQJV��7KH�UROH�RI�YLWDPLQ�(�LQ�VXVFHSWLELOLW\�WR�SQHXPRQLD�LQ�SK\VLFDOO\�DFWLYH�QRQVPRNHUV�ZDUUDQWV�
IXUWKHU�VWXG\�

7ULDO�UHJLVWUDWLRQ�

&OLQLFDO7ULDOV�JRY 1&7���������

.H\ZRUGV��YLWDPLQ�(��SQHXPRQLD��VPRNLQJ��OHLVXUH�WLPH�H[HUFLVH��Į�WRFRSKHURO��ȕ�FDURWHQH��VXEJURXS�
DQDO\VLV

,QWURGXFWLRQ
7KH�VL]H�RI�D�FRQWUROOHG�WULDO�LV�XVXDOO\�EDVHG�RQ�D�SRZHU�FDOFXODWLRQ��WKH�JRDO�RI�ZKLFK�LV�WR�GHWHUPLQH�WKH�
PLQLPDO�QXPEHU�RI�SDUWLFLSDQWV�QHHGHG�WR�WHVW�ZKHWKHU�DQ�RYHUDOO�GLIIHUHQFH�H[LVWV�EHWZHHQ�WKH�LQWHUYHQWLRQ�
DQG�FRQWURO�JURXSV��6XFK�WULDOV�DUH�WRR�VPDOO�WR�WHVW�VXEJURXS�GLIIHUHQFHV��)XUWKHUPRUH��FDUU\LQJ�RXW�
QXPHURXV�VXEJURXS�FRPSDULVRQV�OHDGV�WR�WKH�PXOWLSOH�WHVWLQJ�SUREOHP��6XFK�UHDVRQLQJ�LV�WKH�PDMRU�FDXVH�
IRU�GLVFRXUDJLQJ�VXEJURXS�DQDO\VHV��±�

7KH�DERYH�DUJXPHQW�KDV�OLPLWDWLRQV��KRZHYHU��)RU�H[DPSOH��LI�D�WULDO�FROOHFWV�GDWD�RQ�D�VHFRQGDU\�RXWFRPH�
ZKLFK�DUH�PXFK�PRUH�QXPHURXV�WKDQ�WKH�SULPDU\�RXWFRPH��VD\�OXQJ�FDQFHU��VXEJURXS�DQDO\VLV�RQ�WKH�
VHFRQGDU\�RXWFRPH��VXFK�DV�WKH�FRPPRQ�FROG���GRHV�QRW�VXIIHU�IURP�ORZ�VWDWLVWLFDO�SRZHU��)XUWKHUPRUH��
PRVW�FRQWUROOHG�WULDOV�VWXG\�WKH�HIIHFW�RI�GUXJV�KDYLQJ�D�VSHFLILF�ELRFKHPLFDO�WDUJHW�ZLWKLQ�SDWLHQWV�ZKR�DUH�
QDUURZO\�VHOHFWHG��DQG�D�ODUJH�ZLWKLQ�WULDO�YDULDWLRQ�LQ�WKH�HIIHFW�PD\�EH�XQOLNHO\�LQ�VXFK�FDVHV��+RZHYHU��LW�
LV�SRVVLEOH�WKDW�WKH�ZLWKLQ�WULDO�YDULDWLRQ�LQ�WKH�HIIHFW�LV�VXEVWDQWLDOO\�JUHDWHU�IRU�LQWHUYHQWLRQV�WKDW�KDYH�
FRPSOH[�DQG�EURDG�HIIHFWV�RQ�WKH�KXPDQ�V\VWHP��LQ�SDUWLFXODU�ZKHQ�WKH�HIIHFWV�DUH�VWXGLHG�LQ�KHWHURJHQHRXV�
SRSXODWLRQV��7KXV��ZKLOH�UHDVRQV�H[LVW�IRU�EHLQJ�FDXWLRXV�DERXW�VXEJURXS�DQDO\VLV�LQ�JHQHUDO��WKHUH�DUH�
FRQGLWLRQV�ZKHQ�VXEJURXS�DQDO\VHV�PD\�EH�MXVWLILHG�

3UHYLRXVO\��ZH�H[SORUHG�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD�ULVN�DPRQJ�WKH��������PDOH�VPRNHUV�RI�WKH�
$OSKD�7RFRSKHURO�%HWD�&DURWHQH�>$7%&@�6WXG\�����:H�IRXQG�VLJQLILFDQW�PRGLILFDWLRQ�RI�YLWDPLQ�(�HIIHFW�
E\�DJH�RI�VPRNLQJ�LQLWLDWLRQ��LQ�WKDW�WKH�YLWDPLQ�UHGXFHG�WKH�ULVN�LQ�WKRVH�ZKR�VWDUWHG�VPRNLQJ�DW�D�ODWH�DJH�
DQG��ZLWKLQ�WKLV�VXEJURXS��EDVHOLQH�VPRNLQJ�IXUWKHU�PRGLILHG�WKH�HIIHFW�VR�WKDW�WKH�EHQHILW�ZDV�JUHDWHVW�
DPRQJ�WKRVH�ZKR�VPRNHG�WKH�OHDVW���6LQFH�SK\VLFDO�DFWLYLW\�OHDGV�WR�R[LGDWLYH�VWUHVV����ZH�VHSDUDWHO\�
K\SRWKHVL]HG�WKDW�YLWDPLQ�(�PLJKW�UHGXFH�SQHXPRQLD�ULVN�DPRQJ�SK\VLFDOO\�DFWLYH�$7%&�6WXG\�
SDUWLFLSDQWV��DQG�IRXQG�WKDW�WKH�YLWDPLQ�KDOYHG�WKH�ULVN�LQ�WKRVH�ZKR�H[HUFLVHG�GXULQJ�OHLVXUH�WLPH����7KHVH�
ILQGLQJV�LQGLFDWH�WKDW�FLJDUHWWH�VPRNLQJ�DQG�H[HUFLVH�PLJKW�PRGLI\�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD�
ULVN��+RZHYHU��VLQFH�VHYHUDO�FRPSDULVRQV�ZHUH�PDGH��WKH�PXOWLSOH�WHVWLQJ�SUREOHP�FDQQRW�EH�HQWLUHO\�
GLVPLVVHG��7KHUHIRUH��LQ�WKLV�SDSHU�ZH�DQDO\]H�WKH�VXEJURXS�GLIIHUHQFHV�LQ�DOO�$7%&�6WXG\�SDUWLFLSDQWV�
VLPXOWDQHRXVO\�

,I�WKHUH�LV�ILUP�HYLGHQFH�WKDW�WKH�HIIHFW�RI�YLWDPLQ�(�VXSSOHPHQWDWLRQ�RQ�KHDOWK�RXWFRPHV�RI�WKH�$7%&�
SDUWLFLSDQWV�LV�KHWHURJHQHRXV��WKLV�ZRXOG�LPSO\�WKDW�VXEJURXS�DQDO\VHV�LQ�RWKHU�ODUJH�VFDOH�WULDOV�RQ�YLWDPLQ�
(��DQG�SRVVLEO\�LQ�ODUJH�VFDOH�WULDOV�RQ�RWKHU�VXEMHFWV��VKRXOG�EH�HQFRXUDJHG�UDWKHU�WKDQ�GLVFRXUDJHG�

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



0DWHULDO�DQG�PHWKRGV

3DUWLFLSDQWV

7KH�UDWLRQDOH��GHVLJQ��DQG�PHWKRGV�RI�WKH�$7%&�6WXG\�H[DPLQLQJ�WKH�HIIHFWV�RI�YLWDPLQ�(��GO�Į�WRFRSKHU\O�
DFHWDWH��$7�����PJ�GD\��DQG�ȕ�FDURWHQH��%&�����PJ�GD\��RQ�WKH�LQFLGHQFH�RI�OXQJ�FDQFHU�DQG�RWKHU�FDQFHUV�
KDYH�EHHQ�GHVFULEHG�LQ�GHWDLO��±��7KH�$7%&�6WXG\�LV�UHJLVWHUHG�DW�&OLQLFDO7ULDOV�JRY�XQGHU�WKH�LGHQWLILHU�
1&7���������

,Q�EULHI��WR�EH�HOLJLEOH��PDOH�SDUWLFLSDQWV�DJHG���±���\HDUV�KDG�WR�VPRNH����FLJDUHWWHV�SHU�GD\�DW�HQWU\��DQG�
WKRVH�HQUROOHG�LQ�WKH�WULDO��1� ���������ZHUH�UDQGRPL]HG�WR�RQH�RI�IRXU�LQWHUYHQWLRQ�DUPV�DQG�DGPLQLVWHUHG�
SODFHER��$7��%&��RU�$7���%&��XVLQJ�D���î���IDFWRULDO�GHVLJQ��&RPSDUHG�ZLWK�EDVHOLQH�OHYHOV��
VXSSOHPHQWDWLRQ�LQFUHDVHG�WKH�VHUXP�OHYHO�RI�Į�WRFRSKHURO�E\���������7KH�LQWHUYHQWLRQ�FRQWLQXHG�IRU���WR���
\HDUV�XQWLO�$SULO�������7KH�WULDO�ZDV�DSSURYHG�E\�WKH�UHYLHZ�ERDUGV�RI�WKH�SDUWLFLSDWLQJ�LQVWLWXWLRQV�DQG�DOO�
SDUWLFLSDQWV�JDYH�ZULWWHQ�LQIRUPHG�FRQVHQW��&RPSOLDQFH�ZLWK�VXSSOHPHQWDWLRQ�ZDV�KLJK��VRPH�����RI�WKH�
VXEMHFWV�WRRN�PRUH�WKDQ�����RI�WKHLU�SUHVFULEHG�FDSVXOHV�GXULQJ�WKHLU�DFWLYH�SDUWLFLSDWLRQ�LQ�WKH�WULDO����

%DVHOLQH�FKDUDFWHULVWLFV

%HIRUH�UDQGRPL]DWLRQ�DW�EDVHOLQH��WKH�SDUWLFLSDQWV�FRPSOHWHG�TXHVWLRQQDLUHV�RQ�PHGLFDO�DQG�VPRNLQJ�
KLVWRULHV�DQG�JHQHUDO�EDFNJURXQG�FKDUDFWHULVWLFV��$�GHWDLOHG�GLHWDU\�KLVWRU\�TXHVWLRQQDLUH�ZDV�FRPSOHWHG�WKDW�
SURYLGHG�GDWD�UHJDUGLQJ�YLWDPLQV�&�DQG�(��DQG�FRIIHH�FRQVXPSWLRQ����$JH�RI�VPRNLQJ�LQLWLDWLRQ�ZDV�QRW�
DYDLODEOH�IRU�VHYHQ�SDUWLFLSDQWV�DQG�GLHWDU\�GDWD�IRU�������SDUWLFLSDQWV�

3UHYLRXVO\��ZH�IRXQG�WKDW�GLFKRWRPL]DWLRQ�RI�WKH�DJH�RI�VPRNLQJ�LQLWLDWLRQ�ZLWK�WKH�FXWRII�SRLQW�DW����\HDUV�
DSSURSULDWHO\�FDSWXUHG�WKH�YDULDWLRQ�RI�WKH�YLWDPLQ�(�HIIHFW���DQG�WKH�VDPH�FXWRII�ZDV�XVHG�LQ�WKLV�VWXG\��
$OWKRXJK�VPRNLQJ�LV�D�FRQWLQXRXV�YDULDEOH��LW�LV�KHDYLO\�FOXVWHUHG�WR�PXOWLSOHV�RI�����DQG�����FLJDUHWWHV�SHU�
GD\��,Q�WKLV�VWXG\��ZH�GLFKRWRPL]HG�FLJDUHWWH�VPRNLQJ�WR��±���FLJDUHWWHV�SHU�GD\�DQG�WR�����SHU�GD\��$V�ZH�
UHFRJQL]HG�WKDW�LQ�ERWK�FDVHV�GLFKRWRPL]DWLRQ�OHDGV�WR�D�ORVV�RI�LQIRUPDWLRQ�RI�WKH�FRQWLQXRXV�YDULDEOHV��ZH�
H[DPLQHG�WKH�HIIHFW�RI�YLWDPLQ�(�LQ�VPDOOHU�UDQJHV�LQ�7DEOHV���DQG���

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV
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7DEOH��

7KH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD�LQFLGHQFH�LQ�$7%&�SDUWLFLSDQWV�ZKR�LQLWLDWHG�VPRNLQJ�DW�����
\HDUV��VPRNHG��±���FLJDUHWWHV�SHU�GD\��DQG�H[HUFLVHG�GXULQJ�OHLVXUH�WLPH

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ

1RWHV�)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



D7KH�QXPEHU�RI�SDUWLFLSDQWV�LQ�WKH�YLWDPLQ�(�DQG�QR�YLWDPLQ�(�JURXSV�ZDV�WKH�VDPH�ZLWKLQ����DFFXUDF\�LQ�DOO�
VXEJURXSV�VKRZQ�
E$�%�UHIHUV�WR�$�FDVHV�RI�SQHXPRQLD�DPRQJ�WKH�YLWDPLQ�(�SDUWLFLSDQWV�DQG�%�FDVHV�RI�SQHXPRQLD�DPRQJ�WKH�QR�YLWDPLQ�
(�SDUWLFLSDQWV�
F7KH�&R[�PRGHO�FRPSDULQJ�SDUWLFLSDQWV�ZKR�UHFHLYHG�YLWDPLQ�(�ZLWK�WKRVH�ZKR�GLG�QRW�
G'DWD�RQ�GLHW�ZHUH�PLVVLQJ�IRU�����SDUWLFLSDQWV��ZKLFK�LQFOXGHG�RQH�FDVH�RI�SQHXPRQLD�LQ�WKH�YLWDPLQ�(�JURXS�DQG�WKUHH�
FDVHV�LQ�WKH�QR�YLWDPLQ�(�JURXS�

$EEUHYLDWLRQV��55��ULVN�UDWLR��&,��FRQILGHQFH�LQWHUYDO�

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



7DEOH��

7KH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD�LQFLGHQFH�LQ�$7%&�SDUWLFLSDQWV�ZKR�LQLWLDWHG�VPRNLQJ�DW�����
\HDUV��VPRNHG�����FLJDUHWWHV�SHU�GD\��DQG�GLG�QRW�H[HUFLVH�GXULQJ�OHLVXUH�WLPH

6XEJURXS 1R��RI�PHQD &DVHV�RI�SQHXPRQLDE (IIHFW�RI�YLWDPLQ�(

55������&,�F 7HVW�IRU�LQWHUDFWLRQ��3�

$OO ����� ������� ����������������
ȕ�&DURWHQH�VXSSOHPHQWDWLRQ
1R ����� ����� ���������������� ����
<HV ����� ����� ����������������
5HVWULFWLRQ�WR�WKH�QR�ȕ�FDURWHQH�SDUWLFLSDQWV�
1R�ȕ�FDURWHQH ����� ����� ����������������
&LJDUHWWHV����GD\�
��±�� ����� ����� ���������������� ���
��±�� ����� ����� ����������������
$JH�RI�VPRNLQJ�LQLWLDWLRQ��\HDUV�
�±�� ����� ����� ���������������� ���
��±�� ����� ����� ����������������
$JH�DW�EDVHOLQH��\HDUV�
��±�� ����� ����� ���������������� ���
��±�� ��� ����� ����������������

'LHWDU\�YLWDPLQ�(��PJ�GD\�G

�� ����� ����� ���������������� ���
�� ����� ����� ����������������

'LHWDU\�YLWDPLQ�&��PJ�GD\�G

��� ����� ����� ���������������� ���
��� ����� ����� ����������������

&RIIHH��P/�GD\�G

���� ����� ����� ���������������� ���
���� ����� ����� ����������������

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ

1RWHV�

D7KH�QXPEHU�RI�SDUWLFLSDQWV�LQ�WKH�YLWDPLQ�(�DQG�QR�YLWDPLQ�(�JURXSV�ZDV�WKH�VDPH�ZLWKLQ����DFFXUDF\�LQ�DOO�
VXEJURXSV�VKRZQ�
E$�%�UHIHUV�WR�$�FDVHV�RI�SQHXPRQLD�DPRQJ�WKH�YLWDPLQ�(�SDUWLFLSDQWV�DQG�%�FDVHV�RI�SQHXPRQLD�DPRQJ�WKH�QR�YLWDPLQ�
(�SDUWLFLSDQWV�
F7KH�&R[�PRGHO�FRPSDULQJ�SDUWLFLSDQWV�ZKR�UHFHLYHG�YLWDPLQ�(�ZLWK�WKRVH�ZKR�GLG�QRW�
G'DWD�RQ�GLHW�ZHUH�PLVVLQJ�IRU�����SDUWLFLSDQWV��ZKLFK�LQFOXGHG�QLQH�FDVHV�RI�SQHXPRQLD�LQ�WKH�YLWDPLQ�(�JURXS�DQG�
WKUHH�FDVHV�LQ�WKH�QR�YLWDPLQ�(�JURXS�

$EEUHYLDWLRQV��55��ULVN�UDWLR��&,��FRQILGHQFH�LQWHUYDO�)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



7KH�EDVHOLQH�TXHVWLRQQDLUH�RQ�SK\VLFDO�DFWLYLW\�GXULQJ�OHLVXUH�WLPH�ZDV�D�PRGLILFDWLRQ�RI�WKDW�XVHG�RULJLQDOO\�
LQ�WKH�*RWKHQEXUJ�VWXG\�IRFXVLQJ�RQ�FDUGLRYDVFXODU�GLVHDVHV����7KH�LQWHQVLW\�RI�DYHUDJH�SK\VLFDO�DFWLYLW\�
GXULQJ�OHLVXUH�WLPH�RYHU�WKH�SUHYLRXV����PRQWKV�ZDV�HQTXLUHG�DERXW�XVLQJ�WKH�IROORZLQJ�DOWHUQDWLYHV�����
OLJKW��UHDGLQJ��ZDWFKLQJ�79��OLVWHQLQJ�WR�WKH�UDGLR��RU�JRLQJ�WR�PRYLHV��LH��DFWLYLWLHV�WKDW�DUH�QRW�SK\VLFDOO\�
GHPDQGLQJ�����PRGHUDWH��ZDONLQJ��ILVKLQJ��KXQWLQJ��RU�JDUGHQLQJ�TXLWH�UHJXODUO\��DQG����KHDY\��DFWXDO�
SK\VLFDO�H[HUFLVH��VXFK�DV�MRJJLQJ��VNLLQJ��VZLPPLQJ��J\PQDVWLFV��DQG�FRXUW�DQG�ILHOG�VSRUWV�TXLWH�UHJXODUO\��
,Q�WKH�FXUUHQW�DQDO\VHV�ZH�FRPELQHG�DQVZHUV����>Q� �������@�DQG����>Q� ������@�WR�WKH�FDWHJRU\�³H[HUFLVH�
GXULQJ�OHLVXUH�WLPH´��'DWD�RQ�H[HUFLVH�ZHUH�QRW�DYDLODEOH�IRU����SDUWLFLSDQWV�

2XWFRPH�DQG�IROORZ�XS�WLPH

7KH�HYHQWV�IRU�WKLV�VWXG\��WKH�ILUVW�KRVSLWDO�WUHDWHG�FDVHV�RI�SQHXPRQLD�DIWHU�UDQGRPL]DWLRQ��ZHUH�DVFHUWDLQHG�
IURP�WKH�QDWLRQDO�+RVSLWDO�'LVFKDUJH�5HJLVWHU�XVLQJ�WKH�XQLTXH�SHUVRQDO�LGHQWLILFDWLRQ�QXPEHUV�IRU�OLQNDJH�
�VHH�GHWDLOV�LQ�+HPLOl�HW�DO����3QHXPRQLD�FDVHV�UHFRUGHG�LQ�WKH�+RVSLWDO�'LVFKDUJH�5HJLVWHU�UHIOHFW�FOLQLFDOO\�
PRUH�VHYHUH�FDVHV�RI�JUHDWHU�KHDOWK�DQG�HFRQRPLF�VLJQLILFDQFH��ZKHUHDV�OHVV�VHYHUH�FDVHV�RI�SQHXPRQLD�
WUHDWHG�DV�RXWSDWLHQWV�DUH�QRW�UHFRUGHG�LQ�WKH�5HJLVWHU��8VH�RI�WKH�+RVSLWDO�'LVFKDUJH�5HJLVWHU�DOORZHG�IRU�
WKH�REWDLQLQJ�RI�LQIRUPDWLRQ�RQ�SQHXPRQLD�LQ�DOO�VWXG\�SDUWLFLSDQWV�LUUHVSHFWLYH�RI�ZKHWKHU�WKH\�FRQWLQXHG�LQ�
RU�KDG�GURSSHG�RXW�RI�WKH�WULDO�

)ROORZ�XS�WLPH�IRU�HDFK�SDUWLFLSDQW�EHJDQ�IURP�WKH�GD\�RI�UDQGRPL]DWLRQ��DQG�FRQWLQXHG�XQWLO�WKH�GDWH�RI�
ILUVW�KRVSLWDO�GLVFKDUJH�IRU�SQHXPRQLD��GHDWK��RU�WKH�HQG�RI�WKH�WULDO��$SULO�����������ZKLFKHYHU�FDPH�ILUVW��
7KH�PHGLDQ�IROORZ�XS�WLPH�RI�WKH�SDUWLFLSDQWV�ZDV�����\HDUV��DQG�WKHUH�ZDV�D�WRWDO�RI���������SHUVRQ�\HDUV�
RI�REVHUYDWLRQ�

6WDWLVWLFDO�PHWKRGV

:H�HVWLPDWHG�WKH�HIIHFW�RI�YLWDPLQ�(�VXSSOHPHQWDWLRQ�RQ�SQHXPRQLD�LQFLGHQFH�WKURXJK�&R[�PRGHOV��:H�
FDOFXODWHG�WKH�ULVN�UDWLR��55��DQG�WKH�����FRQILGHQFH�LQWHUYDO��&,��RI�WKH�55�XVLQJ�WKH�352&�3+5(*�
SURJUDP�RI�WKH�6$6�SDFNDJH�RI�SURJUDPV��UHOHDVH������6$6�,QVWLWXWH��,QF���&DU\��1&���1R�FRYDULDWHV�ZHUH�
LQFOXGHG�LQ�WKH�PRGHOV�DQDO\]LQJ�WKH�WUHDWPHQW�HIIHFWV��$V�WR�VXSSOHPHQWDWLRQ��ZH�FDUULHG�RXW�WKH�DQDO\VHV�
IROORZLQJ�WKH�LQWHQWLRQ�WR�WUHDW��,77��SULQFLSOH�

,Q�7DEOH����ZH�FRPSDUHG�WKH�WULDO�SDUWLFLSDQWV�DGPLQLVWHUHG�YLWDPLQ�(��$7�DQG�$7���%&��ZLWK�WKRVH�QRW�
UHFHLYLQJ�YLWDPLQ�(��WKH�QR�YLWDPLQ�(�SDUWLFLSDQWV��SODFHER�DQG�%&���6LQFH��LQ�7DEOH����ZH�REVHUYHG�WKDW�$7�
DQG�%&�VXSSOHPHQWDWLRQV�LQWHUDFWHG��ZH�UHVWULFWHG�IXUWKHU�VXEJURXS�DQDO\VHV�RI�7DEOH���WR�WKH�QR�%&�
SDUWLFLSDQWV��$7�DQG�SODFHER�DUPV���%HFDXVH�RI�WKLV�LQWHUDFWLRQ��ZH�DOVR�UH�WHVWHG�WKH�KHWHURJHQHLW\�RI�
7DEOH���E\�UHVWULFWLQJ�WR�WKH�QR�%&�SDUWLFLSDQWV�

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV
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7KH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD�LQFLGHQFH�E\�OHYHO�RI�FLJDUHWWH�VPRNH�H[SRVXUH�DQG�H[HUFLVH�
GXULQJ�OHLVXUH�WLPH��$7%&�6WXG\�����±����

$JH�RI�VPRNLQJ�
LQLWLDWLRQ��\HDUV�

&LJDUHWWHV�SHU�GD\�DW�
EDVHOLQH

(IIHFW�RI�YLWDPLQ�(

([HUFLVH�GXULQJ�OHLVXUH�
WLPH

<HV 1R
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�����

&DVHV�RI�
SQHXPRQLDE
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�����
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�����
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SQHXPRQLDE
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�����
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�����

&DVHV�RI�
SQHXPRQLDE

������ �������

1R��RI�PHQF ����� �����

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ

1RWHV�

D7KH�&R[�PRGHO�FRPSDULQJ�SDUWLFLSDQWV�ZKR�UHFHLYHG�YLWDPLQ�(�ZLWK�WKRVH�ZKR�GLG�QRW�
E$�%�UHIHUV�WR�$�FDVHV�RI�SQHXPRQLD�DPRQJ�WKH�YLWDPLQ�(�SDUWLFLSDQWV�DQG�%�FDVHV�RI�SQHXPRQLD�DPRQJ�WKH�QR�YLWDPLQ�
(�SDUWLFLSDQWV��'DWD�RQ�DJH�RI�VPRNLQJ�LQLWLDWLRQ�RU�H[HUFLVH�ZHUH�PLVVLQJ�IURP�WZR�SQHXPRQLD�FDVHV�DPRQJ�WKH�
YLWDPLQ�(�SDUWLFLSDQWV�DQG�IURP�RQH�FDVH�DPRQJ�WKH�QR�YLWDPLQ�(�SDUWLFLSDQWV��WKHVH�FDVHV�DUH�QRW�LQFOXGHG�LQ�WKLV�WDEOH�
F7KH�QXPEHU�RI�SDUWLFLSDQWV�LQ�WKH�YLWDPLQ�(�DQG�QR�YLWDPLQ�(�JURXSV�ZDV�WKH�VDPH�ZLWKLQ����DFFXUDF\�LQ�HDFK�RI�WKH�
HLJKW�JURXSV��7KH�XQLIRUPLW\�RI�WKH�YLWDPLQ�(�HIIHFW�ZDV�WHVWHG�E\�DGGLQJ�D�GXPP\�YDULDEOH�IRU�YLWDPLQ�(�HIIHFW�LQ�
VHYHQ�JURXSV�RI�WKH�WDEOH��DOORZLQJ�HDFK�RI�WKH�HLJKW�JURXSV�WKHLU�RZQ�YLWDPLQ�(�HIIHFW��7KH�UHJUHVVLRQ�PRGHO�ZDV�
LPSURYHG�E\�Ȥ����GI�� �������3� ���������FRPSDUHG�WR�WKH�PRGHO�ZLWK�D�XQLIRUP�YLWDPLQ�(�HIIHFW��+HWHURJHQHLW\�LV�
PDLQO\�FDXVHG�E\�WKH�XSSHU�OHIW�DQG�ORZHU�ULJKW�FHOOV��WKH�DGGLWLRQ�RI�RQO\�WKHVH�WZR�FHOOV�LPSURYHG�WKH�PRGHO�E\�Ȥ����
GI�� �������7KH�GLIIHUHQFH�EHWZHHQ�WKH�DERYH�WZR�PRGHOV�LV�IXOO\�H[SODLQHG�E\�FKDQFH��Ȥ����GI�� ������7KH�DGGLWLRQ�RI�
WKH�WKLUG�RUGHU�LQWHUDFWLRQ�WHUP��EHWZHHQ�YLWDPLQ�(�VXSSOHPHQWDWLRQ��DJH�RI�VPRNLQJ�LQLWLDWLRQ��FLJDUHWWHV�SHU�GD\��DQG�
OHLVXUH�WLPH�H[HUFLVH��WR�WKH�PRGHO�FRQWDLQLQJ�DOO�ORZHU�OHYHO�LQWHUDFWLRQ�WHUPV��LPSURYHG�WKH�UHJUHVVLRQ�PRGHO�E\�Ȥ����
GI�� ������3� �������6LQFH�YLWDPLQ�(�DQG�ȕ�FDURWHQH�VXSSOHPHQWDWLRQV�LQWHUDFW�LQ�WKH�ORZHU�ULJKW�FHOO��VHH�7DEOH�����ZH�
DOVR�WHVWHG�WKH�XQLIRUPLW\�RI�YLWDPLQ�(�HIIHFW�DPRQJ�WKH�QR�ȕ�FDURWHQH�SDUWLFLSDQWV��Q� ����������$GGLQJ�D�GXPP\�

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



YDULDEOH�IRU�YLWDPLQ�(�HIIHFW�LQ�VHYHQ�JURXSV�RI�WKH�WDEOH�LPSURYHG�WKH�PRGHO�E\�Ȥ����GI�� �������3� ��������$GGLQJ�RQO\�
WKH�XSSHU�OHIW�DQG�ORZHU�ULJKW�FHOOV�LPSURYHG�WKH�PRGHO�E\�Ȥ����GI�� �������LQGLFDWLQJ�WKDW�WKH�HIIHFW�RI�YLWDPLQ�(�LV�
UHVWULFWHG�WR�WKH�XSSHU�OHIW�DQG�ORZHU�ULJKW�FHOOV��7KH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�PRGHOV�LV�IXOO\�H[SODLQHG�E\�FKDQFH��
Ȥ����GI�� ������1HYHUWKHOHVV��DGGLQJ�WKH�WKLUG�RUGHU�LQWHUDFWLRQ�WHUP�WR�D�PRGHO�FRQWDLQLQJ�DOO�ORZHU�OHYHO�LQWHUDFWLRQV�
GLG�QRW�VLJQLILFDQWO\�LPSURYH�WKH�PRGHO��Ȥ����GI�� ������3� �������9LWDPLQ�(�DQG�ȕ�FDURWHQH�VXSSOHPHQWDWLRQV�GLG�QRW�
LQWHUDFW�LQ�FHOOV�RI�WKLV�WDEOH�RWKHU�WKDQ�WKH�ORZHU�ULJKW�FHOO�

$EEUHYLDWLRQV��55��ULVN�UDWLR��&,��FRQILGHQFH�LQWHUYDO�

7R�WHVW�WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI�LQWHUDFWLRQ�EHWZHHQ�YLWDPLQ�(�VXSSOHPHQWDWLRQ�DQG�SRWHQWLDO�PRGLI\LQJ�
IDFWRUV��ZH�ILUVW�DGGHG�YLWDPLQ�(�DQG�WKH�PRGLI\LQJ�IDFWRU�WR�WKH�UHJUHVVLRQ�PRGHO��7KH�VWDWLVWLFDO�
VLJQLILFDQFH�RI�WKH�LQWHUDFWLRQ�ZDV�WKHUHDIWHU�FDOFXODWHG�IURP�WKH�FKDQJH�LQ�í��î�ORJ��OLNHOLKRRG��ZKHQ�WKH�
LQWHUDFWLRQ�WHUP�IRU�YLWDPLQ�(�VXSSOHPHQWDWLRQ�DQG�WKH�PRGLI\LQJ�IDFWRU�ZHUH�DGGHG�WR�WKH�PRGHO��,Q�RXU�
VXEJURXS�DQDO\VHV�LQ�7DEOHV���DQG����ZH�VSOLW�WKH�VXEJURXS�YDULDEOHV�DW�OHYHOV�OHDGLQJ�WR�D�UHDVRQDEO\�VLPLODU�
QXPEHU�RI�FDVHV�LQ�WKH�FRQWURO�JURXSV�

1HOVRQ�$DOHQ�FXPXODWLYH�KD]DUG�IXQFWLRQV�ZHUH�FRQVWUXFWHG�XVLQJ�WKH�67$7$�VWV�SURJUDP��5HOHDVH����6WDWD�
&RUS��&ROOHJH�6WDWLRQ��7;���7ZR�WDLOHG�3�YDOXHV�DUH�SUHVHQWHG�

5HVXOWV
$PRQJ�DOO�$7%&�SDUWLFLSDQWV��WKH�FDVHV�RI�SQHXPRQLD�ZHUH�LGHQWLFDOO\�GLYLGHG�EHWZHHQ�WKH�YLWDPLQ�(�DQG�
QR�YLWDPLQ�(�JURXSV������YV������FRUUHVSRQGLQJ�WR�55� �����������&,��������������

:H�GLYLGHG�WKH�SDUWLFLSDQWV�LQWR�HLJKW�VXEJURXSV�RQ�WKH�EDVLV�RI�DJH�RI�VPRNLQJ�LQLWLDWLRQ��OHYHO�RI�VPRNLQJ�
DW�WKH�EDVHOLQH�RI�WKH�WULDO��DQG�H[HUFLVH�GXULQJ�OHLVXUH�WLPH��7DEOH�����:H�WHVWHG�WKH�XQLIRUPLW\�RI�WKH�YLWDPLQ�
(�HIIHFW�E\�DGGLQJ�D�GXPP\�YDULDEOH�IRU�YLWDPLQ�(�HIIHFW�LQ�VHYHQ�JURXSV�RI�WKH�WDEOH��DQG�WKLV�VLJQLILFDQWO\�
LPSURYHG�WKH�&R[�PRGHO��3� ����������7KH�KHWHURJHQHLW\�LQ�7DEOH���LV�IXOO\�H[SODLQHG�E\�WKH�XSSHU�OHIW�DQG�
ORZHU�ULJKW�FRUQHUV��LH��E\�WKH�RSSRVLWH�FRUQHUV�RI�WKH�WDEOH��)XUWKHUPRUH��WKH�WKLUG�OHYHO�LQWHUDFWLRQ�WHUP�
EHWZHHQ�YLWDPLQ�(�VXSSOHPHQWDWLRQ��DJH�RI�VPRNLQJ�LQLWLDWLRQ��OHYHO�RI�VPRNLQJ��DQG�H[HUFLVH�ZDV�
VLJQLILFDQW�ZKHQ�FRPSDULQJ�WKH�YLWDPLQ�(�DQG�QR�YLWDPLQ�(�SDUWLFLSDQWV��6LQFH�WKH�HIIHFW�RI�YLWDPLQ�(�ZDV�
UHVWULFWHG�WR�WKH�XSSHU�ULJKW�DQG�ORZHU�OHIW�FRUQHUV��ZH�DQDO\]HG�WKHVH�WZR�JURXSV�IXUWKHU�

$PRQJ�WKH�������SDUWLFLSDQWV�ZKR�LQLWLDWHG�VPRNLQJ�DW�D�ODWH�DJH��VPRNHG�OHVV�WKDQ�D�SDFN�RI�FLJDUHWWHV�SHU�
GD\��DQG�H[HUFLVHG�GXULQJ�OHLVXUH�WLPH��YLWDPLQ�(�VXSSOHPHQWDWLRQ�UHGXFHG�SQHXPRQLD�ULVN�E\������XSSHU�
OHIW�FHOO�LQ�7DEOH����)LJXUH�����7KH�HVWLPDWHG�HIIHFW�RI�YLWDPLQ�(�LQ�WKLV�VXEJURXS�ZDV�UREXVW�LQ�VHYHUDO�
IXUWKHU�VXEJURXS�DQDO\VHV��7KH�HIIHFW�ZDV�QRW�PRGLILHG�E\�%&�VXSSOHPHQWDWLRQ��DJH��RU�GLHWDU\�YLWDPLQV�&�
DQG�(��7DEOH�����'LYLGLQJ�WKH�SDUWLFLSDQWV�E\�WKH�DJH�RI�VPRNLQJ�LQLWLDWLRQ�DQG�EDVHOLQH�VPRNLQJ�DOVR�OHG�WR�
FRPSDWLEOH�HIIHFWV�ZLWKLQ�WKH�VPDOOHU�VXEJURXSV��3UHYLRXVO\��ZH�IRXQG�WKDW�FRIIHH�FRQVXPSWLRQ�VLJQLILFDQWO\�
PRGLILHG�WKH�EHQHILW�RI�YLWDPLQ�(�LQ�WKRVH�ZKR�VWDUWHG�VPRNLQJ�DW�D�ODWH�DJH���7KH�VXEJURXS�GLIIHUHQFHV�LQ�
7DEOH���DUH�LQ�OLQH�ZLWK�WKH�HDUOLHU�ILQGLQJV��EXW�QRW�VLJQLILFDQWO\�

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV
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$Q�H[WHUQDO�ILOH�WKDW�KROGV�D�SLFWXUH��LOOXVWUDWLRQ��HWF�
2EMHFW�QDPH�LV�FOHS������I��MSJ

)LJXUH��

9LWDPLQ�(�DQG�SQHXPRQLD�ULVN�LQ�$7%&�6WXG\�SDUWLFLSDQWV�ZKR�VWDUWHG�VPRNLQJ�DW�����\HDUV��VPRNHG��±���
FLJDUHWWHV�SHU�GD\��DQG�H[HUFLVHG��Q� ���������1HOVRQ�$DOHQ�FXPXODWLYH�KD]DUG�IXQFWLRQV�IRU�YLWDPLQ�(�DQG�QR�
YLWDPLQ�(�JURXSV�DUH�VKRZQ��(DFK�VWHS�LQGLFDWHV�RQH�FDVH�RI�SQHXPRQLD��)RU�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�
VXUYLYDO�FXUYHV��WKH�ORJUDQN�WHVW�JLYHV�3� ����������7KH�VXUYLYDO�FXUYHV�DUH�FXW�DW�����\HDUV�EHFDXVH�WKH�QXPEHU�
RI�SDUWLFLSDQWV�GHFOLQHV�DEUXSWO\�WKHUHDIWHU��QR�FDVHV�DIWHU�����\HDUV���$W�VL[�\HDU�IROORZ�XS�����DQG�����
SDUWLFLSDQWV�UHPDLQHG�LQ�WKH�YLWDPLQ�(�DQG�WKH�QR�YLWDPLQ�(�JURXSV��UHVSHFWLYHO\�

$PRQJ�WKH�������SDUWLFLSDQWV�ZKR�LQLWLDWHG�VPRNLQJ�DW�DQ�HDUO\�DJH��VPRNHG�D�SDFN�RI�FLJDUHWWHV�GDLO\�RU�
PRUH��DQG�GLG�QRW�H[HUFLVH��YLWDPLQ�(�LQFUHDVHG�SQHXPRQLD�ULVN�E\�����ZKHQ�FRPSDUHG�ZLWK�WKH�QR�
YLWDPLQ�(�JURXS��ORZHU�ULJKW�FHOO�LQ�7DEOH�����+RZHYHU��LQ�WKLV�VXEJURXS�WKH�YLWDPLQ�(�HIIHFW�ZDV�PRGLILHG�
E\�%&�VXSSOHPHQWDWLRQ�VR�WKDW�WKH�KDUP�RI�YLWDPLQ�(�ZDV�UHVWULFWHG�WR�WKRVH�ZKR�ZHUH�QRW�DGPLQLVWHUHG�%&�
�7DEOH�����7KHUHIRUH��ZH�UHVWULFWHG�WKH�IXUWKHU�VXEJURXS�DQDO\VHV�RI�7DEOH���WR�WKH�QR�%&�SDUWLFLSDQWV��
$PRQJ�WKH�QR�%&�SDUWLFLSDQWV��YLWDPLQ�(�LQFUHDVHG�SQHXPRQLD�ULVN�E\������DQG�WKLV�HIIHFW�ZDV�UREXVW�LQ�
IXUWKHU�VXEJURXS�DQDO\VHV��7DEOH����

3UHYLRXVO\��ZH�K\SRWKHVL]HG�WKDW�WKH�PDUJLQDOO\�VLJQLILFDQW�����LQFUHDVH�LQ�SQHXPRQLD�ULVN�DPRQJ�WKRVH�
$7%&�SDUWLFLSDQWV�ZKR�VWDUWHG�VPRNLQJ�DW�DQ�HDUO\�DJH��Q� ���������WKH�IRXU�ORZHVW�FHOOV�LQ�7DEOH����PLJKW�
FRUUHVSRQG�WR�D�PRUH�XQDPELJXRXV�KDUPIXO�HIIHFW�DPRQJ�ORZ�ZHLJKW�SDUWLFLSDQWV��EDVHG�RQ�DQ�DVVXPSWLRQ�
RI�GRVH�GHSHQGHQF\����7KHQ�ZH�IRXQG�WKDW�YLWDPLQ�(�LQFUHDVHG�SQHXPRQLD�ULVN�LQ�SDUWLFLSDQWV�ZHLJKLQJ�
OHVV�WKDQ����NJ��8QH[SHFWHGO\��YLWDPLQ�(�DOVR�LQFUHDVHG�SQHXPRQLD�ULVN�DW�WKH�RSSRVLWH�HQG�RI�WKH�ZHLJKW�
VFDOH��DPRQJ�WKRVH�ZHLJKLQJ�RYHU�����NJ����)XUWKHUPRUH��LQ�ERWK�JURXSV��KDUP�FDXVHG�E\�YLWDPLQ�(�ZDV�
UHVWULFWHG�WR�WKRVH�ZKR�KDG�D�GLHWDU\�YLWDPLQ�&�LQWDNH�DERYH�WKH�PHGLDQ��7KHUHIRUH��ZH�H[DPLQHG�ZKHWKHU�
ZHLJKW�DQG�YLWDPLQ�&�LQWDNH�PLJKW�PRGLI\�WKH�HIIHFW�RI�VXSSOHPHQWDWLRQ�RXWVLGH�RI�WKH�ORZHU�ULJKW�FRUQHU�LQ�
7DEOH���

2I�WKH�ORZ�ZHLJKW�KLJK�YLWDPLQ�&�SDUWLFLSDQWV�����������RI������ZHUH�RXWVLGH�WKH�ORZHU�ULJKW�FRUQHU�RI�
7DEOH����LQ�WKHVH�����SDUWLFLSDQWV�WKHUH�ZHUH����SQHXPRQLD�FDVHV�DPRQJ�WKH�YLWDPLQ�(�DQG�HLJKW�FDVHV�
DPRQJ�WKH�QR�YLWDPLQ�(�SDUWLFLSDQWV��55� ����������&,������±������2I�WKH�RYHUZHLJKW�KLJK�YLWDPLQ�&�
SDUWLFLSDQWV�����������RI������ZHUH�RXWVLGH�WKH�ORZHU�ULJKW�FRUQHU�RI�7DEOH����LQ�WKHVH�����SDUWLFLSDQWV�WKHUH�
ZHUH����SQHXPRQLD�FDVHV�DPRQJ�WKH�YLWDPLQ�(�DQG�RQH�FDVH�DPRQJ�WKH�QR�YLWDPLQ�(�SDUWLFLSDQWV��3� �������
)LVKHU¶V�WHVW���&RQVHTXHQWO\��ZHLJKW�DQG�GLHWDU\�YLWDPLQ�&�DSSHDU�WR�PRGLI\�WKH�HIIHFW�RI�YLWDPLQ�(�
LQGHSHQGHQW�RI�VPRNLQJ�DQG�H[HUFLVH�

'LVFXVVLRQ
7KH�QXPEHUV�RI�SQHXPRQLD�FDVHV�LQ�WKH�$7%&�6WXG\�ZHUH�HTXDOO\�GLVWULEXWHG�EHWZHHQ�WKH�YLWDPLQ�(�DQG�
QR�YLWDPLQ�(�SDUWLFLSDQWV��LQGLFDWLQJ�D�ODFN�RI�RYHUDOO�HIIHFW�ZLWK�JUHDW�DFFXUDF\��+RZHYHU��LQ�WKLV�VWXG\�ZH�
KDYH�VKRZQ�WKDW�WKH�HIIHFW�RI�YLWDPLQ�(�LV�QRW�XQLIRUPO\�QLO�RYHU�DOO�WKH�$7%&�6WXG\�SRSXODWLRQ��'HSHQGLQJ�
VLPXOWDQHRXVO\�RQ�WKH�WZR�GLIIHUHQW�PHDVXUHV�RI�FLJDUHWWH�VPRNLQJ�DQG�RQ�WKH�OHYHO�RI�H[HUFLVH��YLWDPLQ�(�
VXSSOHPHQWDWLRQ�GHFUHDVHG��LQFUHDVHG�RU�KDG�QR�HIIHFW�RQ�WKH�LQFLGHQFH�RI�SQHXPRQLD��7DEOH����

$PRQJ�WKRVH�ZKR�KDG�WKH�OHDVW�H[SRVXUH�WR�VPRNLQJ�DQG�H[HUFLVHG�GXULQJ�OHLVXUH�WLPH��YLWDPLQ�(�GHFUHDVHG�
WKH�ULVN�RI�SQHXPRQLD�E\������7KLV�JURXS�FRYHUV����RI�WKH�$7%&�6WXG\�SDUWLFLSDQWV��7KH�HIIHFW�HVWLPDWH�
ZDV�UREXVW�LQ�IXUWKHU�VXEJURXS�DQDO\VHV��7DEOH����

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



7KH�JURXS�WKDW�KDG�WKH�KLJKHVW�H[SRVXUH�WR�VPRNLQJ�DQG�GLG�QRW�H[HUFLVH�FRYHUHG�����RI�WKH�$7%&�
SDUWLFLSDQWV��,Q�WKLV�JURXS��YLWDPLQ�(�LQFUHDVHG�SQHXPRQLD�ULVN�E\�����LQ�WKH�QR�%&�SDUWLFLSDQWV��7DEOH�����
7KLV�HIIHFW�HVWLPDWH�ZDV�DOVR�UREXVW�LQ�IXUWKHU�VXEJURXS�DQDO\VHV��KRZHYHU�VLPXOWDQHRXV�%&�
VXSSOHPHQWDWLRQ�QXOOLILHG�WKH�KDUPIXO�HIIHFWV�RI�YLWDPLQ�(�

,Q�RXU�VXEJURXS�DQDO\VLV�IRFXVLQJ�RQ�VPRNLQJ�DQG�H[HUFLVH������RI�WKH�$7%&�SDUWLFLSDQWV�IHOO�LQWR�WKH�VL[�
PLGGOH�JURXSV�WKDW�ZHUH�FRQVLVWHQW�ZLWK�YLWDPLQ�(�KDYLQJ�QR�HIIHFW��7DEOH�����1HYHUWKHOHVV��LW�LV�SRVVLEOH�
WKDW�WKHUH�DUH�IXUWKHU�PRGLI\LQJ�IDFWRUV�LQ�DGGLWLRQ�WR�VPRNLQJ�DQG�SK\VLFDO�DFWLYLW\��3UHYLRXVO\��ZH�IRXQG�
WKDW�FRIIHH�GULQNLQJ�PRGLILHG�WKH�HIIHFW�RI�YLWDPLQ�(�DPRQJ�WKRVH�ZKR�VWDUWHG�VPRNLQJ�DW�D�ODWH�DJH��
$PRQJ�WKRVH�ZKR�VWDUWHG�VPRNLQJ�DW�DQ�HDUO\�DJH��ZHLJKW�DQG�GLHWDU\�YLWDPLQ�&�LQWDNH�PRGLILHG�WKH�YLWDPLQ�
(�VXSSOHPHQWDWLRQ�HIIHFW����7KH�FXUUHQW�DQDO\VHV�DUH�QRW�LQFRQVLVWHQW�ZLWK�WKHVH�HDUOLHU�VXEJURXS�ILQGLQJV��
7KXV��LW�VHHPV�SRVVLEOH�WKDW�YLWDPLQ�(�FDQ�DIIHFW�SQHXPRQLD�ULVN�LQ�VRPH�JURXSV�RI�SHRSOH�GHSHQGLQJ�RQ�VL[�
RU�PRUH�PRGLI\LQJ�IDFWRUV�PHDQLQJ�WKDW�WKH�PRGLILFDWLRQ�LV�FRPSOH[�DQG�GRHV�QRW�IROORZ�D�VLPSOH�
PXOWLSOLFDWLYH�PRGHO�

,W�LV�RIWHQ�VXJJHVWHG�WKDW�VXEJURXS�ILQGLQJV�VKRXOG�EH�WUXVWHG�RQO\�ZKHQ�WKH\�DUH�UHSOLFDWHG�LQ�RWKHU�WULDOV��
$OWKRXJK�VXFK�D�VXJJHVWLRQ�VHHPV�VRXQG��WKH�KHWHURJHQHLW\�ZH�IRXQG�LQ�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�
SQHXPRQLD�VXJJHVWV�WKDW�WHVWLQJ�D�VXEJURXS�GLIIHUHQFH�LQ�DQRWKHU�VDPSOH�RI�SHRSOH�FDQ�EH�DOO�EXW�VLPSOH��
:KHQ�WKH�HIIHFW�RI�YLWDPLQ�(�PD\�GHSHQG�VLPXOWDQHRXVO\�RQ�VL[�RU�PRUH�PRGLI\LQJ�IDFWRUV��WKH�ILQGLQJV�IRU�
WKH�ILUVW�OHYHO�LQWHUDFWLRQV�GHSHQG�RQ�WKH�VHOHFWLRQ�RI�SDUWLFLSDQWV�

)RU�H[DPSOH��LQ�WKH�ZKROH�$7%&�6WXG\��EDVHOLQH�VPRNLQJ�GLG�QRW�PRGLI\�WKH�HIIHFW�RI�YLWDPLQ�(��3� �������
+RZHYHU��7DEOH���LQGLFDWHV�WKDW�EDVHOLQH�VPRNLQJ�PRGLILHV�WKH�YLWDPLQ�(�HIIHFW�FRQGLWLRQDOO\�RQ�WKH�DJH�RI�
VPRNLQJ�LQLWLDWLRQ�DQG�WKH�OHYHO�RI�H[HUFLVH��7KLV�PHDQV�WKDW�GHSHQGLQJ�RQ�WKH�FRPSRVLWLRQ�RI�WKH�
SRSXODWLRQ��EDVHOLQH�VPRNLQJ�PD\�RU�PD\�QRW�PRGLI\�WKH�HIIHFW�RI�YLWDPLQ�(��6LPLODUO\��ZH�SUHYLRXVO\�
IRXQG�WKDW�YLWDPLQ�(�KDOYHG�WKH�ULVN�RI�SQHXPRQLD�LQ�$7%&�SDUWLFLSDQWV�ZKR�H[HUFLVHG�GXULQJ�OHLVXUH�
WLPH����KRZHYHU��7DEOH���LQGLFDWHV�WKDW�WKLV�HIIHFW�LV�FRQGLWLRQDO�RQ�ORZ�OHYHO�RI�H[SRVXUH�WR�VPRNLQJ��2Q�
WKH�EDVLV�RI�WKHVH�H[DPSOHV��UHSOLFDWLRQ�LV�QRW�D�XQLYHUVDOO\�YDOLG�PHWKRG�IRU�GHFLGLQJ�ZKHWKHU�WKH�VXEJURXS�
GLIIHUHQFHV�REVHUYHG�LQ�RQH�WULDO�DUH�UHDO�RU�QRW�

3HWR�HW�DO�DUJXHG�WKDW�³EHOLHYLQJ�WKDW�D�WUHDWPHQW�HIIHFW�H[LVWV�LQ�RQH�VWUDWXP�RI�SDWLHQWV��HYHQ�WKRXJK�QR�
RYHUDOO�VLJQLILFDQW�WUHDWPHQW�HIIHFW�H[LVWV��LV�D�FRPPRQ�HUURU´���7KLV�FRPPHQW�PD\�EH�VRXQG�ZLWK�UHVSHFW�WR�
UDWKHU�VPDOO�WKHUDSHXWLF�WULDOV��+RZHYHU��7DEOH���DQG�RXU�SUHYLRXV�$7%&�6WXG\�VXEJURXS�DQDO\VHV���������±
���VKRZ�WKDW�WKHUH�FDQ�EH�VWURQJ�HYLGHQFH�RI�YLWDPLQ�(�HIIHFW�LQ�VSHFLILF�JURXSV�RI�SHRSOH��HYHQ�WKRXJK�QR�
RYHUDOO�HIIHFW�H[LVWV��$FFRUGLQJO\��3HWR�HW�DO¶V�DUJXPHQW�VKRXOG�QRW�EH�WDNHQ�DV�D�XQLYHUVDO�REMHFWLRQ�WR�
DQDO\]LQJ�VXEJURXSV�LQ�WKH�DEVHQFH�RI�RYHUDOO�HIIHFW�

6HYHUDO�LQYHVWLJDWRUV�KDYH�VWURQJO\�GLVFRXUDJHG�VXEJURXS�DQDO\VLV��±��+RZHYHU��RWKHU�DXWKRUV�KDYH�
FRQVLGHUHG�WKDW�D�XQLYHUVDO�GHQLDO�RI�VXEJURXS�DQDO\VLV�LV�DQ�H[DJJHUDWHG�UHDFWLRQ��)HLQVWHLQ�ZDQWHG�WR�
³UHVFXH�WKH�VFLHQWLILF�LPSRUWDQFH�RI�YDOLG�SDWKRSK\VLRORJLF�VXEJURXSV�IURP�EHLQJ�IRUJRWWHQ�RU�GHVWUR\HG�E\�
H[FHVVLYH�YHKHPHQFH�LQ�VXJJHVWLRQV�WKDW�DOO�VXEJURXSV�DUH�HYLO´����/DJDNRV�QRWHG�WKDW�³DYRLGLQJ�DQ\�
SUHVHQWDWLRQ�RI�VXEJURXS�DQDO\VLV�EHFDXVH�RI�WKHLU�KLVWRU\�RI�EHLQJ�RYHULQWHUSUHWHG�LV�D�VWHHS�SULFH�WR�SD\�IRU�
D�SUREOHP�WKDW�FDQ�EH�UHPHGLHG�E\�PRUH�UHVSRQVLEOH�DQDO\VLV�DQG�UHSRUWLQJ´����5RWKZHOO�UHVSRQGHG�WR�
SRSXODU�DUJXPHQWV�DJDLQVW�VXEJURXS�DQDO\VLV�DQG�GHVFULEHG�VLWXDWLRQV�ZKHUH�VXEJURXS�DQDO\VLV�VHHPV�WR�EH�
MXVWLILHG���

$OWPDQ�FRQVLGHUHG�WKDW�ELRORJLFDO�SODXVLELOLW\�LV�D�ZHDN�FULWHULRQ�ZKHQ�GHFLGLQJ�ZKHWKHU�D�VXEJURXS�ILQGLQJ�
LV�OLNHO\�WR�EH�UHDO��VLQFH��DFFRUGLQJ�WR�KLP��SK\VLFLDQV�VHHP�DEOH�WR�ILQG�D�ELRORJLFDOO\�SODXVLEOH�H[SODQDWLRQ�
IRU�DQ\�ILQGLQJ���7KHUH�LV�PXFK�URRP�IRU�VSHFXODWLRQ�DW�WKH�ELRFKHPLFDO�OHYHO��EHFDXVH�WKH�QXPEHU�RI�JHQHV�
DQG�WKHLU�HIIHFWV�LV�KXJH��DQG�$OWPDQ¶V�DUJXPHQW�FDQ�KDYH�YDOLGLW\�LQ�VXFK�D�FRQWH[W��+RZHYHU��WKH�QXPEHU�
RI�YDULDEOHV�UHOHYDQW�DW�WKH�SRSXODWLRQ�OHYHO�RI�ELRORJ\�LV�PXFK�PRUH�OLPLWHG��)RU�H[DPSOH��IHZ�IDFWRUV�
FRPSDUH�ZLWK�WKH�LPSRUWDQFH�RI�VPRNLQJ�DV�D�IDFWRU�LQIOXHQFLQJ�WKH�KHDOWK�RI�WKH�OXQJV��3K\VLFDO�DFWLYLW\�LV�
DOVR�D�IXQGDPHQWDOO\�LPSRUWDQW�IDFWRU�GHWHUPLQLQJ�KHDOWK��6PRNLQJ�DIIHFWV�WKH�PHWDEROLVP�RI�YLWDPLQ�(��
DQG�VSRUDGLF�SK\VLFDO�VWUHVV�FDXVHV�R[LGDWLYH�VWUHVV�ZKLFK�LV�QRW�FRPSHQVDWHG�E\�DQ�LQFUHDVH�LQ�DQWLR[LGDWLYH�
HQ]\PH�OHYHOV��XQOLNH�UHJXODU�SK\VLFDO�DFWLYLW\����7KHUHIRUH��ERWK�VPRNLQJ�DQG�H[HUFLVH�DUH�SODXVLEOH�
PRGLI\LQJ�IDFWRUV�IRU�WKH�HIIHFWV�RI�YLWDPLQ�(�VXSSOHPHQWDWLRQ��ZKLFK�LQFUHDVHV�WKH�FUHGLELOLW\�RI�WKH�
KHWHURJHQHLW\�VHHQ�LQ�7DEOH���)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



3UHYLRXVO\��WZR�VPDOO�WULDOV�H[DPLQHG�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�UHVSLUDWRU\�LQIHFWLRQV�LQ�HOGHUO\�SHRSOH��ERWK�
ZLWK�OHVV�WKDQ�����SDUWLFLSDQWV�DQG�ODVWLQJ�IRU�DERXW�RQH�\HDU��,Q�WKH�ILUVW��0H\GDQL�HW�DO�FDOFXODWHG����3�
YDOXHV�IRU�,77�FRPSDULVRQV�EHWZHHQ�����PJ�GD\�YLWDPLQ�(�DQG�SODFHER�JURXSV��DQG�RQO\�RQH�RI�WKHP�
VXJJHVWHG�WKDW�YLWDPLQ�(�PLJKW�UHGXFH�WKH�LQFLGHQFH�RI�UHVSLUDWRU\�LQIHFWLRQV��\HW�YHU\�PDUJLQDOO\�VR��3� �
����������,Q�WKH�VHFRQG��*UDDW�HW�DO�IRXQG�WKDW�����PJ�GD\�RI�YLWDPLQ�(�GLG�QRW�LQIOXHQFH�WKH�LQFLGHQFH�RI�
UHVSLUDWRU\�LQIHFWLRQV��\HW�PDGH�WKH�V\PSWRPV�PRUH�VHYHUH��3� ����������%HFDXVH�ERWK�RI�WKHVH�WULDOV�DUH�
VPDOO�DQG�WKHUH�DUH�GLIIHUHQFHV�LQ�RXWFRPH�GHILQLWLRQV�HWF��LW�LV�QRW�SRVVLEOH�WR�GHFLGH�ZKHWKHU�WKHLU�ILQGLQJV�
DUH�LQFRQVLVWHQW�RU�QRW��*UDDW�HW�DO¶V�ILQGLQJV�LQGLFDWLQJ�KDUPIXO�HIIHFWV�RI�YLWDPLQ�(�FRQIOLFW�ZLWK�WKH�ZLGH�
VSUHDG�EHOLHI�WKDW�WKH�YLWDPLQ�LV�EHQHILFLDO��RU�DW�OHDVW�QRW�KDUPIXO����7KHUHIRUH��LW�LV�QRW�REYLRXV�ZKHWKHU�
*UDDW�HW�DO¶V�ILQGLQJV�VKRXOG�EH�LQWHUSUHWHG�DV�D�UHIOHFWLRQ�RI�UHDO�KDUP�RU�DV�D�UHVXOW�RI�FKDQFH��*LYHQ�WKH�
VWURQJ�HYLGHQFH�RI�KHWHURJHQHLW\�ZH�REVHUYHG�LQ�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD��7DEOH����DQG�RQ�WKH�
FRPPRQ�FROG���LW�VHHPV�SODXVLEOH�WKDW�WKH�KDUPIXO�HIIHFWV�REVHUYHG�E\�*UDDW�HW�DO�DUH�UHDO�DQG�DUH�H[SODLQHG�
E\�WKH�VHOHFWLRQ�RI�SDUWLFLSDQWV��EXW�GR�QRW�UHIOHFW�D�XQLYHUVDO�KDUPIXO�HIIHFW�RI�YLWDPLQ�(��,Q�WKLV�UHVSHFW��WKH�
REVHUYHG�KHWHURJHQHLW\�LQ�WKH�$7%&�6WXG\�FDQ�LQIOXHQFH�WKH�LQWHUSUHWDWLRQ�RI�VPDOOHU�WULDOV��1HYHUWKHOHVV��
ZH�DUH�VNHSWLFDO�DV�UHJDUGV�WKH�SRVVLELOLW\�RI�H[WUDSRODWLQJ�WKH�HIIHFW�HVWLPDWHV�DQG�WKH�H[DFW�OLPLWV�RI�WKH�
VXEJURXSV�RI�7DEOH���WR�RWKHU�FRQWH[WV�

$OWKRXJK�WKH�GLYLVLRQ�RI�SDUWLFLSDQWV�RQ�WKH�EDVLV�RI�EDVHOLQH�SK\VLFDO�DFWLYLW\�DQG�VPRNLQJ�LV�VRXQG��ERWK�RI�
WKHVH�IDFWRUV�FDQ�FKDQJH�ZLWK�WLPH��6RPH�SDUWLFLSDQWV�VWRSSHG�H[HUFLVLQJ�RU�VPRNLQJ�RYHU�WKH�VHYHUDO�\HDUV�
ORQJ�IROORZ�XS��\HW�WKH\�UHPDLQHG�FODVVLILHG�LQ�WKH�VDPH�VXEJURXSV��7KLV�SKHQRPHQRQ�FDQ�GLOXWH�WKH�
GLIIHUHQFHV�EHWZHHQ�WKH�VXEJURXSV�DQG�VKLIW�WKH�HVWLPDWHV�RI�HIIHFW�FORVHU�WR�XQLW\��KRZHYHU��LW�FDQQRW�
H[SODLQ�WKH�VLJQLILFDQW�KHWHURJHQHLW\�REVHUYHG�ZKHQ�WKH�SDUWLFLSDQWV�DUH�GLYLGHG�E\�WKH�EDVHOLQH�
PHDVXUHPHQWV��)XUWKHUPRUH��H[HUFLVH�DQG�VPRNLQJ�DUH�FRUUHODWHG�ZLWK�QXPHURXV�RWKHU�OLIH�VW\OH�YDULDEOHV�
DQG�ZH�FDQQRW�GLVPLVV�WKH�SRVVLELOLW\�WKDW�RWKHU�OLIH�VW\OH�IDFWRUV�PLJKW�EH�EHKLQG�WKH�KHWHURJHQHLW\�REVHUYHG�
LQ�7DEOH����1HYHUWKHOHVV��WKLV�FRQFHUQ�GRHV�QRW�FKDOOHQJH�WKH�HYLGHQFH�LQGLFDWLQJ�WKDW�VXEVWDQWLDO�
KHWHURJHQHLW\�H[LVWV�DFURVV�YDULRXV�SRSXODWLRQ�JURXSV�LQ�WKH�HIIHFW�RI�YLWDPLQ�(�RQ�SQHXPRQLD�ULVN��HYHQ�LI�
WKH�UHDO�PRGLI\LQJ�YDULDEOHV�PLJKW�EH�GLIIHUHQW�IURP�WKRVH�XVHG�IRU�GHILQLQJ�WKH�VXEJURXSV�RI�7DEOH���

7KH�$7%&�6WXG\�LQFOXGHG��������SDUWLFLSDQWV�ZKLFK�LV�RYHU����WLPHV�PRUH�WKDQ�WKH�QXPEHU�RI�SDUWLFLSDQWV�
LQ�WKH�0H\GDQL�HW�DO���DQG�*UDDW�HW�DO���WULDOV��,Q�WKLV�UHVSHFW��D�ODUJH�WULDO�FDQ�EH�FRQVLGHUHG�DV�D�VHULHV�RI�
VPDOOHU�WULDOV�ZKHQ�WKHUH�LV�VRXQG�MXVWLILFDWLRQ�IRU�VHWWLQJ�WKH�ERUGHUV�EHWZHHQ�WKH�VXEJURXSV��$�SDUWLFXODU�
VWUHQJWK�RI�D�VXEJURXS�DQDO\VLV�RI�D�ODUJH�WULDO�LV�WKDW�WKH�LQWHUYHQWLRQ�DQG�RXWFRPH�GHILQLWLRQV�DUH�LGHQWLFDO�
RYHU�WKH�WULDO��7KHUHIRUH��VXEJURXS�DQDO\VLV�RI�D�ODUJH�WULDO�FDQ�\LHOG�PXFK�PRUH�YDOLG�H[SODQDWLRQV�IRU�WKH�
KHWHURJHQHLW\�RI�HIIHFW�FRPSDUHG�ZLWK�WKH�DQDO\VLV�RI�WKH�KHWHURJHQHLW\�RI�VPDOO�WULDOV�WKDW�KDYH�QXPHURXV�
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Summary (Authors‘ summary in english)

Possible anti-asthmatic effectiveness of ascorbic acid was checked, in a double blind study, on patients
with infection-related bronchial asthma. Basic medication to 29 out-patients was accompanied by 
three oral doses of 5 g/day of ascorbic acid, as compared to placebo, through 35 days. Testing periods 
were randomised by cross-over design with seven-day washout periods. The following parameters 
were investigated and were evaluated:
- Daily asthma symptom score;
- Four measurements per day of expiratory peak flow, throughout the entire study;
- Three checks throughout study of bronchial hyperreactivity, using histamine provocation;
- Broncho-alveolar lavage at the end of testing periods, with determination of alveolar differential 

cell count and measurement of metabolic activity of broncho-alveolar cells, using 
chemiluminescence;

- Global assessment of effectiveness and tolerance by doctor and patient.
Ascorbic acid exhibited merely poor broncholytic action. Symptom scores were slightly improved in 
the course of treatment, and peak flow values were slightly increased, as well. Hence, clinically 
relevant anti-asthmatic and, more specifically, broncholytic effects were not observed. However, 
bronchial hyperreactivity was reduced by uptake of ascorbic acid in 52 percent of all asthma patients 
involved. Alveolar differential cell count in patients with infection-related bronchial asthma was 
characterised by alveolar lymphocytosis. Chemiluminescence measurements were applied to alveolar 
macrophages and revealed reduced chemiluminescence response under the impact of ascorbic acid. 
These findings are likely to support the assumption that ascorbic acid, an anti-oxidant, reduced the 
buildup of reactive oxygen metabolites in patients with infection-related asthma and thus counteracted 
the inflammatory pathogenetic mechanism and, consequently, might be conducive to moderate 
lowering of bronchial hyperreactivity. The use of ascorbic acid for prophylactic medication on patients
with bronchial hyperreactivity or mild forms of asthma appears to be a possible option, as a result of 
this study. Due consideration should be given to contraindications to administration of anti-oxidants, 
such as purulent infections.

Summary (Translation from German; English translation by original authors above)

The potential anti-asthmatic effectiveness of ascorbic acid was studied in patients with 
infection-related bronchial asthma. In addition to the basic medication, 29 outpatients were 
additionally treated for a period of 35 days with 5 g/day of ascorbic acid in comparison to oral placebo
in 3 daily doses. The allocation of the testing periods was randomized by cross-over design with 7-day
washout periods. The following parameters were investigated and evaluated: daily asthma symptom 
score, measurement of the expiratory peak flow 4 times per day during the entire course of the study, 
testing of bronchial reactivity using histamine provocation at 3 time points during the course of the 
study, broncho-alveolar lavage at the end of the study periods with determination of the alveolar 
differential cell count and measurement of metabolic activity of the bronchoalveolar cells using 
chemiluminescence, and global assessment of the efficacy and tolerability by doctor and patient.

Ascorbic acid exhibited a weak broncholytic effect. During treatment, symptom scores were 
slightly improved and there was also a slight increase in peak flow values. Hence, a clinically relevant 
anti-asthmatic and in particular, broncholytic effect was not observed. However, bronchial 
hyperreactivity was reduced by taking ascorbic acid in 52 percent of the asthma patients. The alveolar 
differential cell count was characterized by alveolar lymphocytosis in patients with infection-related 
bronchial asthma. Chemiluminescence measurements of alveolar macrophages revealed a reduced 
chemiluminescence response under the impact of ascorbic acid. These findings suggest that ascorbic 
acid, as an antioxidant, reduces the formation of reactive oxygen metabolites in patients with 
infection-related asthma and thus counteracts the inflammatory pathomechanism and consequently 
might be able to bring about moderate lowering of bronchial hyperreactivity. The use of ascorbic acid 
as prophylactic medication for patients with bronchial hyperreactivity or mild forms of asthma appears
to be a possibility as a result of this study. Due consideration should be given to possible 
contraindications to administration of antioxidants, e.g., the presence of purulent infections.
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Introduction

In the past 40 years, a number of works have been published that deal with the effect of 

ascorbic acid (4, 29) on the clinical course of bronchial asthma or on the histamine, antigen or

metacholine induced bronchospasm, although some of the results that were achieved were 

contradictory. While in some studies, a protective effect (1, 12, 15, 19, 28, 35) of ascorbic 

acid on the pharmacodynamic or allergen induced bronchospasm or clinical course of 

bronchial asthma was established, in other cases, no effect of ascorbic acid (16, 17) could be 

found. The possible positive effect of ascorbic acid on bronchial asthma could be due to its 

antioxidative properties (2, 3, 5, 9). Lipid peroxide and reactive oxygen metabolites (ROM) 

(O2
–, H2O2, OCl–, OH–) which can be formed in excess in the lungs under pathological 

conditions stimulate, e.g., arachidonic acid metabolism and lead to the formation of cyclo-

oxygenase and lipoxygenase products which have a bronchoconstrictive effect, such as 

prostaglandins and leukotrienes (8, 12).

In general, in vivo, various antioxidants (including ascorbic acid) and antioxidant 

enzymes, so-called radical scavengers protect the lungs from damage due to reactive oxygen 

metabolites and lipid peroxide (10). In the presence of increased activity of the pulmonary 

inflammatory cells (e.g., alveolar macrophages, granulocytes) with bronchial asthma, the 

equilibrium between oxidative and antioxidative capacity in the lungs may be displaced in 

favor of the oxidative process, such that additional administration of ascorbic acid at a high 

dose (5 g/day) and over a longer period of time may be expected to provide a therapeutic 

effect. In the present work, the hypothesis of an anti-asthmatic effect of ascorbic acid is to be 

tested (6, 7).
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Materials and methods

A total of 29 patients with infection-related bronchial asthma (18 men and 11 women from 18 to 60 
years of age) were recruited for the double blind crossover study under ambulatory conditions. 
Inhaled and systemic corticosteroids, renal disease and acute and serious purulent infections were 
considered to be exclusion criteria. The study was conducted over a period of 35 days. It was 
divided into a 2-week placebo period, 1-week wash-out test and 2-week ascorbic acid period. The 
sequence of the test periods was chosen at random (Fig. 1).

For the present study, in addition to the basic medication, a daily dose of 5 g ascorbic acid 
(Ascorvit containing 500 mg) was defined in comparison to oral placebo in 3 individual doses. 
Coated tablets from VEB Jenapharm, Clinical Research Division, lot numbers 150485 and 050886 
were used. The patients received packages furnished with lot numbers that were coded according to 
the double blind study conditions. The code was not broken during the study.

During a pre-period of 2 weeks, the starting values for pulmonary function parameters were 
to be determined under the anti-asthmatic treatment up to that time. At the same time during this 
period, the patients were to learn how to complete the diary and determine the maximum expiratory 
peak flow with the peak flow meter.

During the 35-day double blind treatment period, the patients were seen 4 times: on the 8th, 
14th, 29th and 35th day after the start of treatment. In the middle of the verum [HH: verum = active 
intervention] and placebo periods, measurements of bronchial hyperreactivity were performed again
and at the end of the test period, a broncho-alveolar lavage with cytological examination and 
chemiluminescence measurement were performed.

In principle, the efficacy of an anti-asthmatic agent cannot be determined by a single target 
parameter. Even asthma symptoms are expressed in distinctly different ways. To record the 
symptoms, the complaints were listed separately in a diary (Table 1).

Each patient was given a peak flow monitor (Vitalograph) at the start of the study to 
measure the maximum expiratory velocity during the course of the study. The measurement was 
performed 4 times a day (6 a.m., 9 a.m., 12 noon, and 6 p.m.) by the patients while sitting. The 
highest value (l/min) out of each of three measurements was noted in the diary.

The measurement of nonspecific BHR was performed on the Bronchoscreen Measuring 
Station (Jaeger, Wuerzburg/West Germany) under the use of histamine dihydrochloride at a 
concentration of 1 mg/ml as the pharmacodynamic provocation substance [20]. The advantage of 
this method is that in contrast to conventional measuring procedures, better quantification of the 
bronchial reaction can be achieved with a distinct reduction in time needed for the examination. The
histamine aerosol administration was performed breath for breath during the inspiratory phase 
during spontaneous respiration (nebulizer output per breath: 5 µmol). The bronchial reaction was 
simultaneously determined on the same instrument with the airway resistance method (RAW). As 
target criteria of the BHR, a 50% increase in respiratory tract resistance (RAW) in comparison to the 
starting value with simultaneous exceedance of the RAW value of 0.3 kPa/(l ∙ s) post provocation was
defined. The following pulmonary function parameters prior to inhalative provocation were valid as
exclusion criterion for the examination: RAW > 0.5 kPa/(l ∙ s) or FEV1 < 80 % of the target value. 
Through pre-testing, BHR to a cumulative histamine dose of ≤8 µmol was demonstrated for all 29 
patients. To enable a semiquantitative evaluation in the hyperreactivity zone, during the test periods,
the threshold dose for the BHR to 1 µmol histamine was determined that corresponds to 40 
respirations. The BHR (PD50RAW) was defined as positive at a cumulative provocation dose of ≤1 
µmol histamine, and negative at >1 µmol histamine. 
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Broncho-alveolar lavage (BAL): The alveolar macrophages (AM) were obtained under 
outpatient conditions by broncho-alveolar lavage. The BAL was performed in the medial lobe with 
a fiber optic bronchoscope under local anesthesia with sterile physiological NaCl solution in 
individual portions (20 ml 57 times) (18, 20, 21, 31). The rinse fluid was pooled in a siliconized 
Erlenmeyer flask cooled in ice water, then filtered through a wire sieve (250 µm) and centrifuged at 
4°C (500 g, 10 min). The cell sediment was treated for 10 min. at 4°C with 10 ml sterile erythrocyte
lysis buffer (pH = 7.4) and then washed twice with phosphate buffered physiologic saline solution 
(PBS) and set to a cell density of 106 AM/ml PBS.

Cytologic investigations: The total cell count and the proportion of AM in the cell 
suspension were determined in the cell chamber according to Neubauer using morphological criteria
and by an esterase test with α-naphthyl acetate. The cell differentiation was performed after staining
the cell suspension with a mixture of equal parts of 1 % aqueous Nile blue chloride and thionine 
tartaric acid solution according to Feyrter (1 g thionine + 0.5 g tartaric acid/100 ml distilled H2O) at 
a 1:1 ratio.

Chemiluminescence (CL) measurement

Measuring technique: The measurement was performed with the liquid scintillation counter 
Isocap300 (Searle Nuclear Chicago Division, Holland) in out-of-coincidence mode and recycling 
operating mode. The measuring time per sample was 0.2 min at an interval of approximately 6 min. 
Polypropylene test tubes (so-called mini vials) were used (measurement temperature 24°C). The 
work room was completely darkened and equipped with dark room illumination (33).

Reagents: As a medium for the CL measurement was veronal buffered physiological NaCl 
solution with an adjuvant of albumin, glucose, Ca2+ and Mg2+ according to information provided by 
Wulf et al. (34). The yeast cell walls for the stimulation of the AM were isolated from baker’s yeast 
(23). The opsonization of the yeast cell walls was performed with human serum (concentration of 
the yeast cell wall dispersion 5 mg/1 ml PBS). Luminol (CL intensifier) was brought into solution at
a concentration of 6 mg/3 ml PBS with the addition of 24 µl diethylamine by ultrasound treatment. 
Lucigenin (Cl intensifier) was dissolved in PBS (10.2 mg/2 ml).

Measuring technique: 2 ml veronal buffer, 20 µl Luminal or Lucigenin solution and 100 µl 
of AM suspension (1 ∙ 105 AM) were mixed in a measuring tube and pre-incubated for 
approximately 15 minutes with liquid scintillation counter. Afterwards, the yeast cell wall 
suspension (500 µg) was added and the CL measurement performed.

The Luminol and Lucigenin intensified CL was measured in parallel for this1). For 
quantitative analysis of the measurement results, the peak heights (IPM) and areas under the CL 
curves (IP) were determined within 200 min after stimulation with the yeast cell wall suspension.

For characterization of the pharmacokinetics of ascorbic acid for the therapy regimen used, 
the daily profile of the serum level of ascorbic acid was determined enzymatically with the L-
ascorbic acid color test (Boehringer, Mannheim, West Germany). Global evaluation of efficacy and 
tolerability were recorded by patient and physician.

The arithmetic mean (x) and the standard deviation (s) were determined for the statistical 
analysis of the measured variables.

The statistical comparison of the groups was performed with the paired t-test and the 
Wilcoxon test.

1) The Lucigenin intensified chemiluminescence shows the formation of superoxide anion (O2
–), 

while the Luminol dependent chemiluminescence is specific for hypohalogenite.
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Fig. 1: Schedule for the controlled double blind trial with ascorbic acid/placebo in patients with 
infection-related bronchial asthma. BHR – bronchial hyperreactivity, BAL – broncho-alveolar 
lavage

Test periods
Pre-

period
Placebo-Verum Washout

period
Verum-Placebo

Days 8 14 21 29 35

Peak flow diary 4 times a day [over all study]
Physician consultation * * * * *
BHR * * *
BAL * *
Ascorbic acid serum 
level measurement

* * * *

Note [HH]:
Verum: active treatment, here vitamin C

Table 1:  Symptom scores

Analysis of asthmatic symptoms:

0 = no symptoms

1 = mild or brief symptoms that do not require additional use of medication

2 = more severe symptoms that are relieved within 15 minutes by additional medication

3 = more severe symptoms that do not respond adequately to or in a delayed manner to additional 

medication or require repeated use

Symptoms can include: intermittent dyspnea, wheezing, sensation of tightness in the morning or dry

irritating cough
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Results

The overall mean peak flow value for all asthmatics was 410 l/min in the placebo 
phase and 419 l/min in the verum phase. This slight increase of an average of 9 l/min in 
the ascorbic acid group was statistically not significant and may also not be clinically 
relevant. A similar impression resulted from the analysis of the symptom scores. The mean 
in the placebo phase was 0.72 points and under ascorbic acid it was 0.65 points. 
Consequently, a slight decrease in symptoms could be observed in the treatment period 
with ascorbic acid.

The investigations on bronchial hyperreactivity were performed at each of 
3 time points, in the pre-period, after 8 days and on the 29th day. The course of bronchial 
hyperreactivity in 23 subjects during the investigation period is presented in Table 2. 
In 11 asthmatics, no change occurred during both periods. In 12 subjects, bronchial 
hyperreactivity was detectable during the placebo phase, while in the ascorbic acid phase, 
a negative reaction was observed. The opposite case did not occur. This asymmetry is 
significant (p ≤ 0.0003; test on the basis of the binomial distribution). As a result of this, 
in 52% of patients with bronchial asthma, bronchial hyperreactivity could be effectively 
lowered.

The analysis of the bronchial lavage showed that 8 out of 24 patients exhibited 
an alveolar differential cell count that was commensurate with standards during both test 
periods. In 5 patients, normalization of the alveolar cell count resulted under ascorbic acid 
treatment, and in 6 other patients, the alveolar lymphocytes primarily present subsided. 
In 3 cases, alveolar eosinophilia persisted. Of note, there was considerable lymphocytosis 
(>28%) in 3 patients during both periods (Table 3).

The results of the CL measurements on AM from the BAL fluid show that under 
ascorbic acid, a reduction in the chemiluminescence response results with the Lucigenin 
as well as the Luminol intensification (Table 4).

The difference between the two groups (placebo period, ascorbic acid period) 
is statistically significant for the peak heights (p ~ 0.03).

The changes in the alveolar macrophage activity measured on the basis of 
the formation of ROM do not correlate or only weakly correlate with the changes 
in peak flow values and symptom scores ( | r | < 0.04 in all cases). 

In the analysis of the results, more precise characterization of those patients 
for whom definite therapeutic or hyperreactivity lowering effects could be proven was 
attempted (Fig. 2). However, the search for responder-typical commonalities was 
unsuccessful.

The serum level on the 8th day was 13.8–26.8 mg and 10.1–28.4 mg ascorbic 
acid/l on the 14th day, corresponding to the administration rhythm. As was expected, 
they were considerably above the normal range for men (Fig. 3).

The evaluation of the tolerability of the test preparation by the physician and 
the patient did not reveal any relevant differences between the test periods.

Only 1 patient complained of nausea during the ascorbic acid period; another 
indicated increased sensation of thirst over the entire test period. 3 patients noted 
temperature increases up to 38.2°C once in the evening on the day of the broncho-alveolar 
lavage.
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Table 2: Course of bronchial hyperreactivity (BHR) with oral ascorbic acid (5 g/day for 35 days) in 
comparison to placebo (n = 23)
Positive criteria:  PD50RAW ≤ 1 µmol histamine

BHP in the vitamin C period
Positive Negative Totals

BHR in the 
placebo period

Positive 9 12 21
Negative 0 2 2
Totals 9 14 23

Table 3: Cell distribution in the broncho-alveolar fluid in patients with infection-related bronchial asthma: 
0 = conforms to standards, ↑ = elevated, ↑↑ = strongly elevated 
(estimation of results based on normal values according to Hunninghake and Crystal [31])

Placebo period Ascorbic acid period
n Lymphocytes Eosinophils Lymphocytes Eosinophils
8 0 0 0 0
2 0 (5%) ↑ 0 0
3 (15%) ↑ 0 0 0
3 (15%) ↑ (5%) ↑ 0 (5%) ↑
3 (34%) ↑ (3%) ↑ (53%) ↑↑ 0
1 (16%) ↑ (8%) ↑ (14%) ↑ (25%) ↑
1 0 (8%) ↑ (18%) ↑ 0
1 (17%) ↑ 0 0 (5%) ↑
1 0 0 (53%) ↑↑ 0
1 (16%) ↑ 0 (26%) ↑ (8%) ↑
24 (Total)

Table 4: Comparison of the parameter of the chemiluminescence (CL) curves of the alveolar macrophages of
patients with infection-related bronchial asthma (n = 24)

Area under the CL curve Peak height
IP 10-8 * IPM 10-6 **

x ± s x ± s
Placebo period

Lucigenin 1.78 ± 1.51 2.11 ± 1.93
Luminol 2.17 ± 2.94 2.23 ± 2.77
Ascorbic acid period

Lucigenin 1.29 ± 0.74 1.41 ± 0.87
Luminol 1.81 ± 1.72 1.91 ± 2.07

Statistics a:c   p ~ 0.08 a:c   p ~ 0.03
Wilcoxon test b:d  p ~ 0.09 b:d   p ~ 0.03
* IP = impulses
** IPM = impulses per minute
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Fig. 2: Peak flow course curve of an asthma patient during the entire study

L l/min      Days [Tage]

see the German versions for the figure:
As characters: http://www.mv.helsinki.fi/home/hemila/A/Schertling_1990_ch.pdf 
As a bitmat: http://www.mv.helsinki.fi/home/hemila/A/Schertling_1990_bm.pdf 

Fig. 3: Daily profile of the serum level of ascorbic acid in a male asthmatic.

Ascorbic acid [mg/l]
Intake  [Einnahme]

14th day [14. Tage]
8th day   [8. Tage]

Normal range for men [Normbereich fur Manner]
Time [h.] [Zeit]

see the German versions for the figure:
As characters: http://www.mv.helsinki.fi/home/hemila/A/Schertling_1990_ch.pdf 
As a bitmat: http://www.mv.helsinki.fi/home/hemila/A/Schertling_1990_bm.pdf 
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Discussion

In comparison to the individual studies with ascorbic acid in bronchial asthma to date in which low 
doses were used over a shorter administration time period (11, 15, 17, 19, 25, 30), for the first time 
in a complex study a therapeutic effect of ascorbic acid could be proven by including pulmonary 
function, symptom scores, bronchial hyperreactivity and broncho-alveolar lavage, which is most 
notably expressed by significant lowering of bronchial hyperreactivity. Bronchial hyperreactivity is 
an important quantifiable characteristic in asthmatic disease. Hyperreactivity is usually already 
recognizable before the manifestation of ‘clinical asthma’ and is consequently causally involved in 
the pathogenesis of asthma. Nowadays, bronchial hyperreactivity is even considered to be common 
denominator of all asthma forms (27). The inhaled provocation with histamine has proven to be the 
established quantitative method for the study of bronchial hyperreactivity (20). A clinically relevant 
raising of the threshold of bronchial reactivity resulted in 52% of asthmatics, and indeed, in contrast
to the placebo period, a hyperreactivity lowering effect could be measured in 11 subjects under 
ascorbic acid.

An effective reduction in bronchial hyperreactivity must be considered to be a decisive 
element of asthma prevention measures today (26). At the same time, bronchial hyperreactivity is 
considered to be the most important determining factor for the course of asthma disease. Pulmonary
function studies frequently give varying results depending on external influences, daily rhythm and 
medication. For this reason, the peak flow value, as a more objective pulmonary function parameter,
was measured four times a day and documented in the diary. Relatively rare, selective 
measurements of pulmonary function parameters by more extensive measuring techniques such as 
spirometry or body plethysmography, in spite of higher personnel/technical expenditure, do not 
result in more reliable results than the significantly more frequently measured peak flow value that 
records the daily variation range of pulmonary function of asthmatics in a more representative 
manner. The peak flow values and the symptom scores indeed showed a tendency toward 
improvement during ascorbic acid therapy, but the differences in both test time periods were not 
significant.

The results of the chemiluminescence measurements on alveolar macrophages demonstrated
that under ascorbic acid treatment, a reduced chemiluminescence response resulted. This indicates 
that ascorbic acid reduces the formation of reactive oxygen metabolites in patients with bronchial 
asthma and consequently could also have an inhibitory effect on the biosynthesis of cyclo-
oxygenase and lipoxygenase products which have a bronchoconstrictive effect. Ascorbic acid 
probably does not directly reduce the formation of reactive oxygen metabolites e.g., by the 
NAD(P)H oxidase system of inflammatory cells. The oxygen radicals and toxic oxidants that arise 
are reduced and are thus rendered innocuous before they can react with the pulmonary cells or the 
lung tissue. Furthermore, the present study underlines the value of bronchial alveolar lavage in 
bronchial asthma (13, 24, 32). Statements about the degree of inflammation in infection-related 
bronchial asthma and the therapeutic effect of anti-asthmatic/allergic acting substances can be made
from the alveolar differential cell count (14, 22). From the results, it can be concluded that ascorbic 
acid at a high dose (5 g/day) is a suitable antioxidant for reduction of radical formation in infection-
related bronchial asthma and consequently could favorably affect the clinical course of asthma. This
must be further clarified in other comprehensive studies.
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'RZQORDG�3')

u

�

*HW�WKH�ODWHVW�IURP�-$0$�,QWHUQDO�0HGLFLQH

3ULYDF\�3ROLF\ �_� 7HUPV�RI�8VH

-$0$�,QWHUQDO�0HGLFLQH

-$0$�1HWZRUN�

+HOS

(PDLO�DGGUHVV

2XU�ZHEVLWH�XVHV�FRRNLHV�WR�HQKDQFH�\RXU�H[SHULHQFH��%\�FRQWLQXLQJ�WR�XVH�RXU�VLWH��
RU�FOLFNLQJ��&RQWLQXH���\RX�DUH�DJUHHLQJ�WR�RXU�&RRNLH�3ROLF\ _ &RQWLQXH

)8//�7(;7



�������$PHULFDQ�0HGLFDO�$VVRFLDWLRQ��$OO�5LJKWV�5HVHUYHG�

7HUPV�RI�8VH _ 3ULYDF\�3ROLF\ _ $FFHVVLELOLW\�6WDWHPHQW

2XU�ZHEVLWH�XVHV�FRRNLHV�WR�HQKDQFH�\RXU�H[SHULHQFH��%\�FRQWLQXLQJ�WR�XVH�RXU�VLWH��
RU�FOLFNLQJ��&RQWLQXH���\RX�DUH�DJUHHLQJ�WR�RXU�&RRNLH�3ROLF\ _ &RQWLQXH

)8//�7(;7



��������� 7KH�HIIHFW�RI�YLWDPLQ�&�RQ�XSSHU�UHVSLUDWRU\�LQIHFWLRQV�LQ�DGROHVFHQW�VZLPPHUV��D�UDQGRPL]HG�WULDO����3XE0HG���1&%,

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG��������� ���

&29,'����LV�DQ�HPHUJLQJ��UDSLGO\�HYROYLQJ�VLWXDWLRQ�
*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��

*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

(XU�-�3HGLDWU�������-DQ���������������GRL����������V���������������]��(SXE������$XJ���

7KH�HIIHFW�RI�YLWDPLQ�&�RQ�XSSHU�UHVSLUDWRU\�LQIHFWLRQV�LQ
DGROHVFHQW�VZLPPHUV��D�UDQGRPL]HG�WULDO�
&RQVWDQWLQL�1: ��'XEQRY�5D]�*��(\DO�%%��%HUU\�(0��&RKHQ�$+��+HPLOl�+�

$EVWUDFW
7KH�ULVN�RI�XSSHU�UHVSLUDWRU\�LQIHFWLRQV��85,V��LV�LQFUHDVHG�LQ�SHRSOH�ZKR�DUH�XQGHU�KHDY\
SK\VLFDO�VWUHVV��LQFOXGLQJ�UHFUHDWLRQDO�DQG�FRPSHWLWLYH�VZLPPHUV��$GGLWLRQDO�WUHDWPHQW�RSWLRQV�DUH
QHHGHG��HVSHFLDOO\�LQ�WKH�\RXQJHU�DJH�JURXS��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�ZKHWKHU��
J�GD\�YLWDPLQ�&�VXSSOHPHQWDWLRQ�DIIHFWV�WKH�UDWH��OHQJWK��RU�VHYHULW\�RI�85,V�LQ�DGROHVFHQW
VZLPPHUV��:H�FDUULHG�RXW�D�UDQGRPL]HG��GRXEOH�EOLQG��SODFHER�FRQWUROOHG�WULDO�GXULQJ�WKUHH�ZLQWHU
PRQWKV��DPRQJ����FRPSHWLWLYH�\RXQJ�VZLPPHUV��PHDQ�DJH������������\HDUV��LQ�-HUXVDOHP�
,VUDHO��9LWDPLQ�&�KDG�QR�HIIHFW�RQ�WKH�LQFLGHQFH�RI�85,V��UDWH�UDWLR� �����������FRQILGHQFH
LQWHUYDO��&,�ௗ �������������7KH�GXUDWLRQ�RI�UHVSLUDWRU\�LQIHFWLRQV�ZDV�����VKRUWHU�LQ�YLWDPLQ�&
JURXS��EXW�WKH�GLIIHUHQFH�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��+RZHYHU��ZH�IRXQG�D�VLJQLILFDQW
LQWHUDFWLRQ�EHWZHHQ�YLWDPLQ�&�HIIHFW�DQG�VH[��VR�WKDW�YLWDPLQ�&�VKRUWHQHG�WKH�GXUDWLRQ�RI
LQIHFWLRQV�LQ�PDOH�VZLPPHUV�E\����������&,�������WR��������EXW�KDG�QR�HIIHFW�RQ�IHPDOH
VZLPPHUV��GLIIHUHQFH�LQ�GXUDWLRQ������������&,�������WR��������7KH�HIIHFW�RI�YLWDPLQ�&�RQ�WKH
VHYHULW\�RI�85,V�ZDV�DOVR�GLIIHUHQW�EHWZHHQ�PDOH�DQG�IHPDOH�VZLPPHUV��VR�WKDW�YLWDPLQ�&�ZDV
EHQHILFLDO�IRU�PDOHV��EXW�QRW�IRU�IHPDOHV��2XU�VWXG\�LQGLFDWHV�WKDW�YLWDPLQ�&�GRHV�QRW�DIIHFW�WKH
UDWH�RI�UHVSLUDWRU\�LQIHFWLRQV�LQ�FRPSHWLWLYH�VZLPPHUV��1HYHUWKHOHVV��ZH�IRXQG�WKDW�YLWDPLQ�&
GHFUHDVHG�WKH�GXUDWLRQ�DQG�VHYHULW\�RI�UHVSLUDWRU\�LQIHFWLRQV�LQ�PDOH�VZLPPHUV��EXW�QRW�LQ
IHPDOHV��7KLV�ILQGLQJ�ZDUUDQWV�IXUWKHU�UHVHDUFK�

30,'����������� '2,����������V���������������]

>,QGH[HG�IRU�0('/,1(@

)RUPDW��$EVWUDFW

�

$XWKRU�LQIRUPDWLRQ

3XEOLFDWLRQ�W\SH��0H6+�WHUPV��6XEVWDQFH

/LQN2XW���PRUH�UHVRXUFHV

)XOO�WH[W�OLQNV

3XE0HG



��������� 7KH�HIIHFW�RI�YLWDPLQ�&�RQ�XSSHU�UHVSLUDWRU\�LQIHFWLRQV�LQ�DGROHVFHQW�VZLPPHUV��D�UDQGRPL]HG�WULDO����3XE0HG���1&%,

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG��������� ���



��������� 7KH�HIIHFW�RQ�ZLQWHU�LOOQHVV�RI�ODUJH�GRVHV�RI�YLWDPLQ�&

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&�������� ���

&DQ�0HG�$VVRF�-�������-XO��������������±��� 30&,'��30&�������
30,'���������

7KH�HIIHFW�RQ�ZLQWHU�LOOQHVV�RI�ODUJH�GRVHV�RI�YLWDPLQ�&
7��:��$QGHUVRQ��*��6XUDQ\L��DQG�*��+��%HDWRQ

&RS\ULJKW�QRWLFH

$EVWUDFW

%HWZHHQ�'HFHPEHU������DQG�)HEUXDU\������������YROXQWHHUV�SDUWLFLSDWHG�LQ�D�GRXEOH�EOLQG�WULDO�WR
DVVHVV�WKH�HIIHFW�RI�ODUJH�GRVHV�RI�YLWDPLQ�&�RQ�WKH�LQFLGHQFH�DQG�VHYHULW\�RI�ZLQWHU�LOOQHVV��,Q�DGGLWLRQ�
UHFRUGV�ZHUH�NHSW�EXW�QR�WDEOHWV�WDNHQ�GXULQJ�0DUFK��6XEMHFWV�ZHUH�UDQGRPO\�DOORFDWHG�WR�HLJKW
WUHDWPHQW�UHJLPHQV��WKUHH�SURSK\ODFWLF�RQO\��GDLO\�GRVH���������RU���J���WZR�WKHUDSHXWLF�RQO\����RU���J
RQ�WKH�ILUVW�GD\�RI�LOOQHVV���RQH�FRPELQDWLRQ����J�GDLO\�DQG���J�RQ�WKH�ILUVW�GD\�RI�LOOQHVV���DQG�WZR�DOO�
SODFHER��1RQH�RI�WKH�JURXSV�UHFHLYLQJ�YLWDPLQ�&�VKRZHG�D�GLIIHUHQFH�LQ�VLFNQHVV�H[SHULHQFH�WKDW�ZDV
VWDWLVWLFDOO\�VLJQLILFDQW�IURP�WKDW�RI�WKH�SODFHER�JURXSV��EXW�WKH�UHVXOWV�REWDLQHG�ZHUH�FRPSDWLEOH�ZLWK
DQ�HIIHFW�RI�VPDOO�PDJQLWXGH�IURP�ERWK�WKH�SURSK\ODFWLF�DQG�WKHUDSHXWLF�UHJLPHQV��DQG�DQ�HIIHFW�RI
VRPHZKDW�JUHDWHU�PDJQLWXGH�IURP�WKH�FRPELQDWLRQ�UHJLPHQ��7KH�FRPELQDWLRQ�UHJLPHQ�ZDV�DVVRFLDWHG
PRUH�ZLWK�D�UHGXFWLRQ�LQ�VHYHULW\�WKDQ�IUHTXHQF\�RI�LOOQHVV��DOWKRXJK�WKH�H[WUD�GRVDJH�ZDV�OLPLWHG�WR�WKH
ILUVW�GD\�RI�LOOQHVV��,Q�VSLWH�RI�WKH�HLJKWIROG�UDQJH�LQ�GDLO\�GRVH��WKH�WKUHH�SURSK\ODFWLF�RQO\�UHJLPHQV
VKRZHG�QR�HYLGHQFH�RI�D�GRVH�UHODWHG�HIIHFW��EXW�WKH���J�WKHUDSHXWLF�GRVH�ZDV�DVVRFLDWHG�ZLWK�OHVV
LOOQHVV�WKDQ�WKH���J�WKHUDSHXWLF�GRVH��7KHUH�ZDV�QR�HYLGHQFH�RI�VLGH�HIIHFWV�IURP�WKH���DQG���J
SURSK\ODFWLF�GRVHV�RI�YLWDPLQ�&��DQG�QR�HYLGHQFH�RI�D�UHERXQG�LQFUHDVH�LQ�LOOQHVV�GXULQJ�WKH�PRQWK
IROORZLQJ�ZLWKGUDZDO�RI�WKH�GDLO\�YLWDPLQ�VXSSOHPHQWV��2Q�WKH�EDVLV�RI�WKLV�DQG�RWKHU�VWXGLHV�LW�LV
VXJJHVWHG�WKDW�WKH�RSWLPXP�GDLO\�GRVH�RI�YLWDPLQ�&�LV�OHVV�WKDQ�����PJ��H[FHSW�SRVVLEO\�DW�WKH�WLPH�RI
DFXWH�LOOQHVV��ZKHQ�D�ODUJHU�GDLO\�LQWDNH�PD\�EH�EHQHILFLDO�

)XOO�WH[W

)XOO�WH[W�LV�DYDLODEOH�DV�D�VFDQQHG�FRS\�RI�WKH�RULJLQDO�SULQW�YHUVLRQ��*HW�D�SULQWDEOH�FRS\��3')�ILOH��RI�WKH
FRPSOHWH�DUWLFOH�����0���RU�FOLFN�RQ�D�SDJH�LPDJH�EHORZ�WR�EURZVH�SDJH�E\�SDJH��/LQNV�WR�3XE0HG�DUH
DOVR�DYDLODEOH�IRU�6HOHFWHG�5HIHUHQFHV�

�



��������� 7KH�HIIHFW�RQ�ZLQWHU�LOOQHVV�RI�ODUJH�GRVHV�RI�YLWDPLQ�&

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&�������� ���

�

6HOHFWHG�5HIHUHQFHV

7KHVH�UHIHUHQFHV�DUH�LQ�3XE0HG��7KLV�PD\�QRW�EH�WKH�FRPSOHWH�OLVW�RI�UHIHUHQFHV�IURP�WKLV�DUWLFOH�

$QGHUVRQ�7:��5HLG�'%��%HDWRQ�*+��9LWDPLQ�&�DQG�WKH�FRPPRQ�FROG��D�GRXEOH�EOLQG�WULDO��&DQ
0HG�$VVRF�-�������6HS��������������±�����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@
&RXOHKDQ�-/��5HLVLQJHU�.6��5RJHUV�.'��%UDGOH\�':��9LWDPLQ�&�SURSK\OD[LV�LQ�D�ERDUGLQJ
VFKRRO��1�(QJO�-�0HG�������-DQ�����������±����>3XE0HG@�>*RRJOH�6FKRODU@
3DXOLQJ�/��7KH�VLJQLILFDQFH�RI�WKH�HYLGHQFH�DERXW�DVFRUELF�DFLG�DQG�WKH�FRPPRQ�FROG��3URF�1DWO
$FDG�6FL�8�6�$�������1RY������������±������>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@
6SHUR�/0��$QGHUVRQ�7:��/HWWHU��$VFRUELF�DFLG�DQG�FRPPRQ�FROGV��%U�0HG�-�������1RY
��������������±�����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

$UWLFOHV�IURP�&DQDGLDQ�0HGLFDO�$VVRFLDWLRQ�-RXUQDO�DUH�SURYLGHG�KHUH�FRXUWHV\�RI�&DQDGLDQ�0HGLFDO
$VVRFLDWLRQ

�� �� �� ��

�� ��



��������� 7KH�HIIHFWV�RI�DVFRUELF�DFLG�DQG�IODYRQRLGV�RQ�WKH�RFFXUUHQFH�RI�V\PSWRPV�QRUPDOO\�DVVRFLDWHG�ZLWK�WKH�FRPPRQ�FROG����3XE0HG���«

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG������� ���

&29,'����LV�DQ�HPHUJLQJ��UDSLGO\�HYROYLQJ�VLWXDWLRQ�
*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��

*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

$P�-�&OLQ�1XWU�������$XJ���������������

7KH�HIIHFWV�RI�DVFRUELF�DFLG�DQG�IODYRQRLGV�RQ�WKH�RFFXUUHQFH�RI
V\PSWRPV�QRUPDOO\�DVVRFLDWHG�ZLWK�WKH�FRPPRQ�FROG�
%DLUG�,0��+XJKHV�5(��:LOVRQ�+.��'DYLHV�-(��+RZDUG�$1�

$EVWUDFW
$�FRQWUROOHG�VWXG\�ZDV�PDGH�RI�WKH�HIIHFWV�RI�QDWXUDO�RUDQJH�MXLFH��V\QWKHWLF�RUDQJH�MXLFH��DQG
SODFHER�LQ�WKH�SUHYHQWLRQ�RI�WKH�FRPPRQ�FROG��ERWK�QDWXUDO�DQG�V\QWKHWLF�RUDQJH�MXLFHV�FRQWDLQHG
���PJ�RI�DVFRUELF�DFLG�GDLO\��7KUHH�KXQGUHG�VL[W\�WZR�KHDOWK\�QRUPDO�\RXQJ�DGXOW�YROXQWHHUV�
DJHV����WR����\HDUV��ZHUH�VWXGLHG�IRU����GD\V�ZLWK�����RI�SDUWLFLSDQWV�FRPSOHWLQJ�WKH�WULDO��7KHUH
ZDV�D����WR�����UHGXFWLRQ�LQ�WRWDO�V\PSWRPV�GXH�WR�WKH�FRPPRQ�FROG�LQ�WKH�VXSSOHPHQWHG
JURXSV�WKDW�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW��3�OHVV�WKDQ��������$VFRUELF�DFLG�VXSSOHPHQWDWLRQ�DOVR
LQFUHDVHG�WKH�QXPEHU�RI��HSLVRGH�IUHH��VXEMHFWV��+RZHYHU��WKH�FOLQLFDO�XVHIXOQHVV�RI�WKH�UHVXOWV
GRHV�QRW�VXSSRUW�SURSK\ODFWLF�DVFRUELF�DFLG�VXSSOHPHQWV�LQ�WKH�ZHOO�QRXULVKHG�DGXOW��7KH�UHVXOWV
LQ�WKLV�VWXG\�ZLWK�ERWK�QDWXUDO�DQG�V\QWKHWLF�RUDQJH�MXLFH�RI�SK\VLRORJLFDO�FRQWHQW�RI�DVFRUELF�DFLG�
DUH�VLPLODU�WR�WKRVH�REWDLQHG�XVLQJ�D��PHJDGRVH��RI�DVFRUELF�DFLG�

30,'��������� '2,����������DMFQ����������

>,QGH[HG�IRU�0('/,1(@

)RUPDW��$EVWUDFW

3XEOLFDWLRQ�W\SHV��0H6+�WHUPV��6XEVWDQFHV

/LQN2XW���PRUH�UHVRXUFHV

)XOO�WH[W�OLQNV

3XE0HG



��������� 7KH�3ROLWLFV�RI�7KHUDSHXWLF�(YDOXDWLRQ��7KH�9LWDPLQ�&�DQG�&DQFHU�&RQWURYHUV\���(YHOOHHQ�5LFKDUGV������

KWWSV���MRXUQDOV�VDJHSXE�FRP�GRL��������������������������� ���

6RFLDO�6WXGLHV�RI�6FLHQFH

)LUVW�3XEOLVKHG�1RYHPEHU��������� 5HVHDUFK�$UWLFOH
KWWSV���GRL�RUJ���������������������������

$EVWUDFW
7KLV�SDSHU�UHFRQVWUXFWV�DQG�DQDO\]HV�WKH�FRQWHQW�DQG�FRQWH[W�RI�WKH�GHEDWH�RYHU�WKH
HIILFDF\�RI�YLWDPLQ�&�LQ�WKH�WUHDWPHQW�RI�FDQFHU��DQG�FRPSDUHV�LW�ZLWK�PHGLFDO
UHVSRQVHV�WR��DQG�HYDOXDWLRQV�RI��WZR�RWKHU�FDQFHU�GUXJV�²�WKH�F\WRWR[LF�GUXJ�6)8
�FRQYHQWLRQDOO\�XVHG�LQ�WKH�WUHDWPHQW�RI�JDVWUR�LQWHVWLQDO�FDQFHUV��DQG�WKH�CQDWXUDOO\�
RFFXUULQJ
��EXW�UHFRPELQDQW�'1$�SURGXFHG��GUXJ�LQWHUIHURQ��7KLV�FRPSDUDWLYH
DSSURDFK�LV�GHVLJQHG�WR�IDFLOLWDWH�WKH�LQWHJUDWLRQ�RI�PLFURVRFLRORJLFDO�DQG�VWUXFWXUDO
OHYHOV�RI�DQDO\VLV�RI�WKH�SURFHVVHV�E\�ZKLFK�NQRZOHGJH�FODLPV�DERXW�WKHUDSHXWLF
HIILFDF\�DUH�HYDOXDWHG�E\�WKH�SRZHUIXO�DGMXGLFDWLQJ�PHGLFDO�FRPPXQLW\��,W�LV�DUJXHG�WKDW
WKH�DVVHVVPHQW�RI�PHGLFDO�WKHUDSLHV�LV�LQKHUHQWO\�D�VRFLDO�DQG�SROLWLFDO�SURFHVV��WKDW
WKH�LGHD�RI�QHXWUDO�DSSUDLVDO�LV�D�P\WK��WKDW�FOLQLFDO�WULDOV��QR�PDWWHU�KRZ�ULJRURXV�WKHLU
PHWKRGRORJ\��LQHYLWDEO\�HPERG\�WKH�SURIHVVLRQDO�YDOXHV�RU�FRPPLWPHQWV�RI�WKH
DVVHVVRUV��DQG�WKDW�MXGJHPHQWV�DERXW�H[SHULPHQWDO�ILQGLQJV�PD\�EH�VWUXFWXUHG�E\
ZLGHU�VRFLDO�LQWHUHVWV��VXFK�DV�FRQVXPHU�FKRLFH�RU�PDUNHW�IRUFHV��,W�LV�FRQFOXGHG�WKDW
WKH�QHFHVVDULO\�VRFLDO�FKDUDFWHU�RI�PHGLFDO�NQRZOHGJH�FDQQRW�EH�HOLPLQDWHG�E\
PHWKRGRORJLFDO�UHIRUP��DQG�WKDW�WKLV�KDV�LPSRUWDQW�LPSOLFDWLRQV�IRU�WKH�VRFLDO
LPSOHPHQWDWLRQ�RI�PHGLFDO�WKHUDSLHV�DQG�WHFKQLTXHV�

7KH�3ROLWLFV�RI�7KHUDSHXWLF�(YDOXDWLRQ��7KH�9LWDPLQ�&�DQG�&DQFHU
&RQWURYHUV\
(YHOOHHQ�5LFKDUGV

(PDLO��UHTXLUHG��

0\�$FFRXQW



��������� 7KH�3ROLWLFV�RI�7KHUDSHXWLF�(YDOXDWLRQ��7KH�9LWDPLQ�&�DQG�&DQFHU�&RQWURYHUV\���(YHOOHHQ�5LFKDUGV������

KWWSV���MRXUQDOV�VDJHSXE�FRP�GRL��������������������������� ���

6LPLODU�$UWLFOHV� 9LHZ�DOO�!

3DVVZRUG��UHTXLUHG��

5HPHPEHU�PH

6LJQ�LQ

)RUJRWWHQ�\RXU�SDVVZRUG"
1HHG�WR�DFWLYDWH"

1HHG�+HOS"

6KLEEROHWK

2SHQ�$WKHQV

,QVWLWXWLRQDO�$FFHVV

1HHG�+HOS"

���KRXUV�RQOLQH�DFFHVV�WR�GRZQORDG�FRQWHQW

3XUFKDVH�$UWLFOH�IRU�������

3XUFKDVH�,VVXH�IRU��������

6XEVFULEH�WR�WKLV�MRXUQDO
5HFRPPHQG�WR�\RXU�OLEUDU\

5HQW�ZLWK�'HHS'\YH

5HQW�$UWLFOH

3XUFKDVH�&RQWHQW

1HHG�+HOS"



��������� 7KH�3ROLWLFV�RI�7KHUDSHXWLF�(YDOXDWLRQ��7KH�9LWDPLQ�&�DQG�&DQFHU�&RQWURYHUV\���(YHOOHHQ�5LFKDUGV������

KWWSV���MRXUQDOV�VDJHSXE�FRP�GRL��������������������������� ���

*HQHUDWLRQV�RI�66.

7UHYRU�3LQFK

6RFLDO�6WXGLHV�RI�6FLHQFH

0D\����� �

&DSWLYHV�RI�&RQWURYHUV\��7KH�0\WK�RI�WKH�1HXWUDO�6RFLDO�5HVHDUFKHU�LQ
&RQWHPSRUDU\�6FLHQWLILF�&���

3DP�6FRWW�DQG�PRUH���

6FLHQFH��7HFKQRORJ\��	�+XPDQ�9DOXHV

2FW����� �

�8Q�%R[LQJ�WKH�0RQVWHU

(YHOOHHQ�5LFKDUGV

6RFLDO�6WXGLHV�RI�6FLHQFH

0D\�����



/RJR�RI�SQDV

3URF�1DWO�$FDG�6FL�8�6�$�������1RY��������������±������
GRL����������SQDV�����������
30&,'��30&������
30,'���������

7KH�6LJQLILFDQFH�RI�WKH�(YLGHQFH�DERXW�$VFRUELF�$FLG�DQG�
WKH�&RPPRQ�&ROG
/LQXV�3DXOLQJ
'HSDUWPHQW�RI�&KHPLVWU\��6WDQIRUG�8QLYHUVLW\��6WDQIRUG��&DOLIRUQLD������
&RS\ULJKW�QRWLFH

$EVWUDFW

2QO\�IRXU�LQGHSHQGHQW�GRXEOH�EOLQG�VWXGLHV�KDYH�EHHQ�UHSRUWHG�RI�WKH�HIIHFW�RI�DVFRUELF�DFLG�UHJXODUO\�
LQJHVWHG�LQ�GDLO\�DPRXQWV�PRUH�WKDQ�����PJ��LQ�FRPSDULVRQ�ZLWK�D�SODFHER��LQ�GHFUHDVLQJ�WKH�LQFLGHQFH�DQG�
LQWHJUDWHG�PRUELGLW\�RI�WKH�FRPPRQ�FROG�IRU�VXEMHFWV�H[SRVHG�WR�FROG�YLUXVHV�LQ�WKH�RUGLQDU\�ZD\�DQG�
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WKH�PHFKDQLVPV�DUH�XQGHUVWRRG��WKHVH�PHWULFV�DUH�DVVRFLDWHG�ZLWK�D�KLJK�GHJUHH�RI�
XQFHUWDLQW\�XQOHVV�HLWKHU�WUHDWPHQW�HIIHFWV�DUH�ODUJH�LQ�PRGHUDWH�VL]H�VWXGLHV�RU�VDPSOH�
VL]HV�DUH�ODUJH�LQ�VWXGLHV�RI�PRGHUDWHO\�HIIHFWLYH�WUHDWPHQWV�

30,'� ������� '2,� ��������LQIGLV����������

>,QGH[HG�IRU�0('/,1(@�

)RUPDW��$EVWUDFW

�

$XWKRU�LQIRUPDWLRQ

)XOO�WH[W�OLQNV

3XE0HG �

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK=RRP�MV



3XEOLFDWLRQ�W\SHV��0H6+�WHUPV��6XEVWDQFH��*UDQW�VXSSRUW

/LQN2XW���PRUH�UHVRXUFHV

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK=RRP�MV



&29,'����LV�DQ�HPHUJLQJ��UDSLGO\�HYROYLQJ�VLWXDWLRQ�
*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��

*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

%LRPDUNHUV�������$XJ���������������GRL�����������������;�������������

9DULDELOLW\�LQ�R[LGDWLYH�VWUHVV�ELRPDUNHUV�IROORZLQJ�D�PD[LPDO�
H[HUFLVH�WHVW�
0XOOLQV�$/ ��YDQ�5RVHQGDO�63��%ULVNH\�'5��)DVVHWW�5*��:LOVRQ�*5��&RRPEHV�-6�

$EVWUDFW
7KH�R[LGDWLYH�VWUHVV�UHVSRQVH�WR�PD[LPDO�H[HUFLVH�PD\�SURYLGH�XVHIXO�FOLQLFDO�ELRPDUNHUV�
IRU�DVVHVVLQJ�UHGR[�KRPHRVWDVLV��7KH�DLP�ZDV�WR�GHWHUPLQH�WKH�EHWZHHQ�LQGLYLGXDO�
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Virus Pneumonia and Its Treatment With Vitamin C  

FRED R. KLENNER, M.D.,  Reidsville, North Carolina 

IRUS PNEUMONIA (primary atypical pneu-
monia, non-specific pneumonitis, epidemic non-

bacterial pneumonia, desseminated focal pneumo-
nia, viral pneumonia) has been accepted as an en-
tity and has been under observation in this country 
and  abroad  for  the  past  twelve  years.  No  bacte-
riological studies have confirmed the etiology of 
this disease other than by negative findings. The 
sputum shows the usual flora of gram-positive and 
gram-negative organisms. In 1938, Reimann re-
ported that a filterable infectious agent was recov-
ered from the nasopharynx of one and from the 
blood of another out of a series of eight cases, but 
not sufficient evidence could be found to determine 
such as the causative factor. It must be closely 
allied to the virus causing influenza, because in 
the first twenty-four to thirty-six hours it is very 
commonly thought to be that type of infection. 
Horsfall and his co-workers at the Rockefeller In-
stitute have cultured an organism, which they have 
designated Streptococcus MG, from a large per-
centage of their patients with primary atypical 
pneumonia. The exact role of this bacterium is not 
known, but it is seldom found except in persons ill 
of this disease. Since it is not present in all cases, 
it is not the primary cause, but only a character-
istic secondary invader or associate. The disease 
also resembles psittacosis in many respects and 
since penicillin might be of value in such cases it 
is of great importance to establish the diagnosis 
quickly. 

The onset of this type of virus infection is always 
gradual. Like all virus diseases there is a wide va-
riation of the prodromal symptoms. There might 
be none; there might be the classical generalized 
malaise. This disease is highly contagious, and our 
observations over a five-year period point to a 
definite incubation period of from five to fourteen 
days. We have also noted that the longer the in-
cubation period the milder the infection: the 
shorter the incubation period the more severe is 
the infection. This must be interpreted in the first 
instance as either a mildly virulent organism or a 
high degree of resistance or immunity on the part 
of the host and in the second instance as a very 
virulent organism or no immunity at all on the 
part of the host. In some instances, however, the 
patient will have a slight attack with apparent 
recovery due either to good resistance against a 
weak virus or good response to treatment only to 
be followed in seven to ten days by a return of 
symptoms in a more severe form and producing a 
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critically ill patient. This type of case cannot be 
classified as a fourteen-day incubation period, but 
rather it is one in which the virus was only atten-
uated or else there has been the factor of a second 
infection. 

The chief complaint, however, will always be one 
of sudden onset, since the patient begins his con-
cept of his illness from the time he first experi-
enced waves of chilly sensations or a frank chill 
alternating with hot spells   and   associated   with 
burning in the nose, a sore throat, hoarseness, a 
bad taste in his mouth, moderate vertigo, nausea 
and grade-two type frontal headache. This picture 
will then develop to the point where severe frontal 
headache is noted along with a feeling of weakness 
in the lower extremities so marked that the patient 
complains of a dragging sensation when moving 
about in bed. This weakness persists for some days 
after clearing of all symptoms and negative chesi 
films.   The patient can hardly support his body 
weight without the feeling of buckling at the knees. 
Added to the above might be substernal pain or 
generalized tightness in the chest with varying de-
grees of tracheo-bronchitis.   The fever is usually 
found during this phase to be about 102° F. After 
pulmonary involvement of as much   as   6   by   8 
cm. areas have been reached the fever will be up 
to 103 and 104° F. in adults and up to 105° F. in 
infants and early childhood. Dry hacking cough is 
a most constant factor especially after the second 
day of illness. Occasionally this cough is paroxys-
mal, and if the invasion is severe enough it will in 
the final clearing stage of the disease be thick, 
tenacious, brownish-gray — even blood-streaked. 
This disease shows remarkable versatility in that 
it will vary its symptoms and signs to fit with that 
of a mild cold on one hand to a very serious medi-
cal complexity on the other. It suggests sometimes 
that more than one bacteriologic unit is involved. 
The pulse will be increased in a very definite ratio 
to the toxic effect of the virus. If the invasion is 
mild the pulse rate will be normal even though the 
fever may be recorded at 103° F. If, however, the 
invasion is severe, meaning that physical findings 
approximating those of a lobar pneumonia (with or 
without   a  definite   complicating  encephalitis   or 
meningitis) are present, or with an accompanying 
pleurisy, then the pulse rate will be rapid and will 
follow the temperature curve. Sweating is common 
and it is usually very profuse. Cyanosis and dysp-
nea occurred only in those patients that had at 
least as much as a lobe of lung involvement and 
where the fever continued to climb to a 104° F. 
each night. 

V 
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The physical findings are limited to the head 
and chest. There is marked rhinitis with swelling 
of the turbinates. The accessory nasal sinuses are 
involved; the frentals being the chief offenders. 
The tonsil bed is not remarkable but the lymphoid 
tissue on the posterior pharyngeal wall is thick-
ened and edematous and scarlet in color. The vocal 
cords appear like those seen in any simple laryn-
gitis. In the lungs diminished breath sounds with 
moist and dry rales (sometimes very coarse) are 
usually the only evidence of disease. When there 
are extensive areas of consolidation the usual dull-
ness to percussion, tubular breathing and pectorilo-
quy are present. 

The laboratory findings are of little importance. 
The" white blood count and differential are nearly 
always within normal limits. A 6500 white count 
is typical regardless of the lung pathology. The 
sedimentation rate will be normal except in very-
acute cases, with cerebral symptoms. The sputum 
examination is valuable only in its negative find-
ings. 

Chemotherapy may be tried where x-ray facili-
ties are not convenient or not obtainable. If sul-
fonamides and/or penicillin are given for twenty-
four to thirty-six hours without response both 
should be discontinued and treatment for virus in-
fection instituted. In our age it requires some 
measure of boldness to discontinue these important 
drugs so early especially with the patient still run-
ning a fever of from 102 to 104° F. In this case 
boldness counts. 

There is no constant x-ray picture to be found 
in virus pneumonia, but some evidence of pneu-
monitis will nearly always be present regardless of 
the physical signs—even when the physical signs 
are absent. The chest film will show anything from 
extensive consolidation to a patchy and sometimes 
fleecy infiltration suggestive of tuberculosis. This 
patchy form will be scattered in all diameters of 
the lung fields. Plates taken daily or every second 
to third day will often show the pneumonic process 
clearing in some areas while new areas are devel-
oping at other points. The disease begins as an 
infiltrative process starting at the hilus, and then, 
by a peribronchial route gradually spreading to 
the interbrdnchial regions. Usually there will be an 
involvement of several segments of lung comprising 
several lobes. These isolated segments soon become 
confluent, giving the film a smoky appearance. 
This process may go on to involvement of an en-
tire lobe and in many respects look like a lobar 
pneumonia. The marked difference lies in the fact 
that even when the density is massive a streaky 
background can always be seen; the shadow in 
virus pneumonia is never entirely solid. Resolution, 
either spontaneous or from some method of treat-
ment, may give positive x-ray films days and even 

weeks after there has been a complete clinical re-
sponse. 

The treatment of virus infections, including 
frank virus pneumonia, has been for the most part 
without specific recommendations. Oppenheimer in 
56 cases employed x-rays in doses from 35r to 90r 
which he states relieved cough and shortened the 
course of the disease. Offutt employed 100r doses 
daily or every other day, depending on the sever-
ity and response, alternating front and back or 
alternating sides if both lungs were involved. None 
in his series of twelve cases received over four 
treatments. Both men report surprising uniformity 
in the disappearance of fever and symptoms after 
one or two exposures. No unfavorable reactions 
occurred in either series. Aminophyllin in doses of 
three grains every four hours has been given with 
varying results in the belief that it improved the 
circulation through the lung fields. We have em-
ployed the drug in smaller doses when there was 
evidence that the patient had a coexisting coro-
nary impairment. Since this was given along with 
the drug of our choice, ascorbic acid, this paper 
cannot evaluate its merits. Multiple transfusions 
from multiple donors and blood from patients con-
valescing from virus pneumonia have also been 
used. 

The purpose of this paper is to outline a new 
and  different  form  of  treatment  for  this  type  of  
virus infection which in 42 cases over a five-year 
period has given excellent results. The treatment 
has dojuble merit due to the simplicity of its 
schedule. The remedy used was vitamin C (ascor-
bic acid) given in massive doses. Since it is com-
mon knowledge that there are definite individual 
variations in absorption of vitamin C from the 
intestinal tract and under certain pathological con-
ditions still greater variations in the absorption 
factors the I. V. and I. M. routes were used. 
When a diagnosis of virus pneumonia was enter-
tained the patient was given 1000 mg. vitamin C 
intravenously every six to twelve hours. If it was 
by chance that a diagnosis was established in the 
home the usual initial dose was 500 mg. given in 
the gluteal muscle. Subsequent injections were 
given I. V. because the injection was thus made 
painless and the response was faster.  In infants and 
very small children, however, 500 mg. I. M. every 
six to twelve hours was the method of choice. 
From three to seven injections gave complete clin-
ical  and  x-ray  response  in  all  of  our  cases.  The  
series comprised types of cases from very slight 
consolidation to those resembling lobar pneumonia. 
Two cases were complicated by cerebral manifes-
tations. Vitamin C was also given by mouth in one-
third of this series but there was no outstanding 
difference in the response. The dosage was from 100 
to 500 mg., depending on the age of the pa-  
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tient, and it was given every four to six hours. 
In almost every case the patient felt better within 
an hour after the first injection and noted a very 
definite change after two hours. Nausea was re-
lieved by the first injection as was the headache. 
The heat regulating center showed a quick response 
and it was the rule to find a drop of 2° F. several 
hours after the first 1000 mg. Penicillin was given 
in conjunction with ascorbic acid in five cases. It 
was our observation that penicillin had some re-
tarding effect on the action of vitamin C, since the 
response was not so rapid and in one case the 
results were not obtained until the penicillin was 
discontinued. 

Supportive treatment was given by forcing 
fluids, particularly fruit juices, to tolerance. Soda-
water was given to adults in the amount of four 
glasses in 24 hours, each glass containing one tea-
spoonful sodium bicarbonate. Infants and children 
were given this alkaline drink in proportion to age. 
The rationale of bicarbonate of soda is based on 
the findings of Hawley and others that the amount 
of vitamin C excreted in the urine may vary ac-
cording to the acid:alkali content of the diet, a 
highly alkaline urine having lower amounts of vit-
amin C than a highly acid urine. Codeine sulfate 
and aspirin were given by mouth. In adults the 
dose was codeine 0.5 grain, aspirin 10 grains given 
every six hours. Infants and children according to 
age. Some few patients complained of severe chest 
pain and some others of a constricting sensation 
that they described as cutting off their breath. 
These symptoms were relieved by employing either 
Numotizine as a plaster or the old-fashioned mus-
tard  plaster.  The  mustard  plaster  was  made  up  
with cold water and was applied cold for a period 
of about IS minutes. The proportions used were 
one part mustard and two parts flour. The amount 
of flour used in preparing the plaster for children 
was according to age but in no instance was the 
ratio greater than one to six. In childhood an 
expiratory grunt was taken as an index to use 
plasters. Oxygen inhalation was not employed even 
though  cyanosis  existed  in  twelve  cases  of  the  se-
ries; an additional injection of 500 mg. of vitamin 
C was given with almost spontaneous alleviation 
of the distressing condition. In two cases codeine 
sulfate was given in one grain amounts because of 
the weight of the patient. Diet was forced even 
though there was no desire to eat. 

It is difficult to evaluate the role played by 
vitamin C against the virus organism. We have 
seen ascorbic acid give response in other types of 
virus infections but not sufficient evidence is on 
hand  to  state  that  it  is  a  virus  killer.  It  has  been  
shown histologically that vitamin C regulates the 
intercellular substance of the capillary wall. In 
the human body its chief function is concerned 

with the formation of colloidal intercellular sub-
stances. The intercellular substances which appear 
to be regulated by vitamin C are of mesencyhmal 
origin—this means the collogen of all fibrous tissue 
structure, all non-epithelial cement substances in-
cluding the intercellular substance of the capillary 
wall. Gothlin found increased capillary fragility in 
individuals with blood levels of 1 mg. of vitamin 
C  per  liter  or  less.  It  must  be  remembered  too,  
however, that ascorbic acid has been reported to 
function as a respiratory catalyst, aiding cellular 
respiration by acting as a hydrogen transport. 

Finally we consider the case of the liver in that 
the saturation of the blood plasma with vitamin C 
betters the detoxifying powers of this organ. It has 
been known that fever, toxemia and specific bac-
teria do act on the vitamin C concentration of the 
blood plasma with a lowering effect. Could it be 
that, by maintaining a high blood level of this 
vitamin, all body tissue is allowed to return to nor-
mal in spite of the existing fever and the presence 
of the specific organism, and that, acting as a 
respiratory catalyst, it enables the body to build 
up adequate resistance to the invader? 

SUMMARY 
Virus pneumonia is a true clinical entity.  Al-
though it gives symptoms similar to influenza in 
the early stage of illness the virus has not been 
identified. The onset is gradual and has an incu-
bation period of five to fourteen days. The usual 
beginning is a hanging-on cold or generalized ma-
laise. The chief symptoms, although not all are 
necessarily present each time, are chilly sensations 
or a single frank chill, followed with hot spells, 
burning in the nose, sore throat, hoarseness, bad 
taste   in  mouth,  nausea,   frontal  headache,  dry 
cough  at  first—later productive in  the clearing 
phase of the disease—sweating, and this is usually 
profuse, normal pulse unless complicated with cere-
bral symptoms, pleurisy or a condition approxi-
mating lobar pneumonia when   it  will   be   rapid. 
Fever is from 100 to 104° F. The physical findings 
are inflammation of the turbihates and accessory 
nasal sinuses, hypertrophy of the lymphoid tissue 
on the posterior pharyngeal wall.   Breath sounds 
are diminished and moist and dry rales are some-
times present. In extensive consolidation dullness 
to percussion, tubular breathing and pectoriloquy 
are found. The laboratory findings show the blood 
picture within normal limits; the sputum is nega-
tive. Sulfonamides and penicillin are good diagnostic 
aids since they have no effect on the disease. The 
x-ray findings can be anything from negative films 
through pneumonitis on to frank consolidation. 
Vitamin C in doses of 1000 mg. every six to twelve 
hours for three to seven injections has been specific 
in the experience of the author. X-ray in  
                              To Page 46 
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doses from 35 to 100r daily, or every second to  
third day, for not more than four exposures, 
aminophyllin and transfusions from convalescing  
or multiple donors have some usefulness as adju- 
vants in some cases. 
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5(68/76�

&21&/86,216�

&29,'����LV�DQ�HPHUJLQJ��UDSLGO\�HYROYLQJ�VLWXDWLRQ�
*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��

*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

$OOHUJ\�$VWKPD�&OLQ�,PPXQRO�������1RY�������������GRL�������������������������

9LWDPLQ�&�DQG�FRPPRQ�FROG�LQGXFHG�DVWKPD��D�V\VWHPDWLF�UHYLHZ
DQG�VWDWLVWLFDO�DQDO\VLV�
+HPLOl�+ �

$EVWUDFW
$VWKPD�H[DFHUEDWLRQV�DUH�RIWHQ�LQGXFHG�E\�WKH�FRPPRQ�FROG��ZKLFK��LQ�WXUQ�

FDQ�EH�DOOHYLDWHG�E\�YLWDPLQ�&�

7R�LQYHVWLJDWH�ZKHWKHU�YLWDPLQ�&�DGPLQLVWUDWLRQ�LQIOXHQFHV�FRPPRQ�FROG�LQGXFHG
DVWKPD�

6\VWHPDWLF�UHYLHZ�DQG�VWDWLVWLFDO�DQDO\VLV�RI�WKH�LGHQWLILHG�WULDOV��0HGOLQH��6FRSXV�DQG
&RFKUDQH�&HQWUDO�ZHUH�VHDUFKHG�IRU�VWXGLHV�WKDW�JLYH�LQIRUPDWLRQ�RQ�WKH�HIIHFWV�RI�YLWDPLQ�&�RQ
FRPPRQ�FROG�LQGXFHG�DVWKPD��$OO�FOLQLFDOO\�UHOHYDQW�RXWFRPHV�UHODWHG�WR�DVWKPD�ZHUH�LQFOXGHG�LQ
WKLV�UHYLHZ��7KH�HVWLPDWHV�RI�YLWDPLQ�&�HIIHFW�DQG�WKHLU�FRQILGHQFH�LQWHUYDOV�>&,@�ZHUH�FDOFXODWHG
IRU�WKH�LQFOXGHG�VWXGLHV�

7KUHH�VWXGLHV�WKDW�ZHUH�UHOHYDQW�IRU�H[DPLQLQJ�WKH�UROH�RI�YLWDPLQ�&�RQ�FRPPRQ�FROG�
LQGXFHG�DVWKPD�ZHUH�LGHQWLILHG��7KH�WKUHH�VWXGLHV�KDG�D�WRWDO�RI����SDUWLFLSDQWV��7ZR�VWXGLHV�ZHUH
UDQGRPL]HG�GRXEOH�EOLQG�SODFHER�FRQWUROOHG�WULDOV��$�VWXG\�LQ�1LJHULD�RQ�DVWKPDWLFV�ZKRVH
DVWKPD�DWWDFNV�ZHUH�SUHFLSLWDWHG�E\�UHVSLUDWRU\�LQIHFWLRQV�IRXQG�WKDW���J�GD\�YLWDPLQ�&�GHFUHDVHG
WKH�RFFXUUHQFH�RI�DVWKPD�DWWDFNV�E\����������&,������WR�������$�FURVV�RYHU�VWXG\�LQ�IRUPHU
(DVW�*HUPDQ\�RQ�SDWLHQWV�ZKR�KDG�LQIHFWLRQ�UHODWHG�DVWKPD�IRXQG�WKDW���J�GD\�YLWDPLQ�&
GHFUHDVHG�WKH�SURSRUWLRQ�RI�SDUWLFLSDQWV�ZKR�KDG�EURQFKLDO�K\SHUVHQVLWLYLW\�WR�KLVWDPLQH�E\���
SHUFHQWDJH�SRLQWV������&,�����WR������7KH�WKLUG�VWXG\�GLG�QRW�XVH�D�SODFHER��$GPLQLVWUDWLRQ�RI�D
VLQJOH�GRVH�RI���JUDP�RI�YLWDPLQ�&�WR�,WDOLDQ�QRQ�DVWKPDWLF�FRPPRQ�FROG�SDWLHQWV�LQFUHDVHG�WKH
SURYRFDWLYH�FRQFHQWUDWLRQ�RI�KLVWDPLQH��3&��������IROG������&,������WR�������EXW�WKH�YLWDPLQ�&
HIIHFW�ZDV�VLJQLILFDQWO\�OHVV�ZKHQ�WKH�VDPH�SDUWLFLSDQWV�GLG�QRW�VXIIHU�IURP�WKH�FRPPRQ�FROG�

7KH�WKUHH�UHYLHZHG�VWXGLHV�GLIIHUHG�VXEVWDQWLDOO\�LQ�WKHLU�PHWKRGV��VHWWLQJV�DQG
RXWFRPHV��(DFK�RI�WKHP�IRXQG�EHQHILWV�IURP�WKH�DGPLQLVWUDWLRQ�RI�YLWDPLQ�&��HLWKHU�DJDLQVW
DVWKPD�DWWDFNV�RU�DJDLQVW�EURQFKLDO�K\SHUVHQVLWLYLW\��WKH�ODWWHU�RI�ZKLFK�LV�D�FKDUDFWHULVWLF�RI
DVWKPD��*LYHQ�WKH�HYLGHQFH�VXJJHVWLQJ�WKDW�YLWDPLQ�&�DOOHYLDWHV�FRPPRQ�FROG�V\PSWRPV�DQG�WKH
ILQGLQJV�RI�WKLV�V\VWHPDWLF�UHYLHZ��LW�PD\�EH�UHDVRQDEOH�IRU�DVWKPDWLF�SDWLHQWV�WR�WHVW�YLWDPLQ�&�RQ
DQ�LQGLYLGXDO�EDVLV��LI�WKH\�KDYH�H[DFHUEDWLRQV�RI�DVWKPD�FDXVHG�E\�UHVSLUDWRU\�LQIHFWLRQV��0RUH
UHVHDUFK�RQ�WKH�UROH�RI�YLWDPLQ�&�RQ�FRPPRQ�FROG�LQGXFHG�DVWKPD�LV�QHHGHG�

)RUPDW��$EVWUDFW

�

$XWKRU�LQIRUPDWLRQ

�

)XOO�WH[W�OLQNV

3XE0HG
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)UHH�30&�$UWLFOH

,PDJHV�IURP�WKLV�SXEOLFDWLRQ� 6HH�DOO�LPDJHV���� )UHH
WH[W �

/LQN2XW���PRUH�UHVRXUFHV



,Q�WKHLU�V\VWHPDWLF�UHYLHZ�RI�VH[�GLIIHUHQFHV�LQ�UHVSLUDWRU\�WUDFW�LQIHFWLRQV��57,V���)DODJDV�
HW�DO��FRQFOXGHG�WKDW�PDOHV�GHYHORS�57,V�PRUH�IUHTXHQWO\�WKDQ�IHPDOHV��LQ�SDUWLFXODU�ORZHU�
57,V��DQG�WKH�FRXUVH�RI�WKH�LQIHFWLRQ�LV�RIWHQ�PRUH�VHYHUH�LQ�PDOHV�WKDQ�LQ�IHPDOHV�

,Q�������,�UHSRUWHG�D�PHWD�DQDO\VLV�RI�%ULWLVK�WULDOV�RQ�YLWDPLQ�&�DQG�WKH�FRPPRQ�FROG�
ZKLFK�JLYHV�D�FRPSOHPHQWDU\�YLHZSRLQW�RQ�VH[�GLIIHUHQFHV�LQ�57,V� �,Q�IRXU�WULDOV�ZLWK�
PDOHV��YLWDPLQ�&�VXSSOHPHQWDWLRQ�UHGXFHG�FRPPRQ�FROG�LQFLGHQFH�E\����������&,��
í����WR�í������EXW�KDG�QR�HIIHFW�LQ�IRXU�WULDOV�ZLWK�IHPDOHV��HVWLPDWH�í��������&,��í����
WR�������7KH�GLYHUJHQFH�LQ�WKH�FRQILGHQFH�LQWHUYDOV�VXJJHVWV�GLIIHUHQW�HIIHFWV�RQ�PDOHV�
DQG�IHPDOHV��7KUHH�VWXGLHV�UHSRUWHG�GDWD�IRU�ERWK�PDOHV�DQG�IHPDOHV�DQG�WKH�ODUJHVW�RI�
WKHVH��E\�%DLUG�HW�DO�� �IRXQG�KLJKO\�VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�VH[�DQG�YLWDPLQ�&�
HIIHFW�RQ�FRPPRQ�FROG�LQFLGHQFH��7DEOH�����7KH�WZR�VPDOOHU�WULDOV�KDG�ZLGH�FRQILGHQFH�
LQWHUYDOV�WKDW�RYHUODSSHG�EHWZHHQ�PDOHV�DQG�IHPDOHV� �)XUWKHUPRUH��LQ�IRXU�WULDOV�ZLWK�
%ULWLVK�PDOHV��YLWDPLQ�&�UHGXFHG�UHFXUUHQW�FROGV�GXULQJ�WKH�VWXG\�SHULRG�E\������í����WR�
í������EXW�KDG�QR�HIIHFW�RQ�IHPDOHV� �,Q�SDUWLFXODU��7\UUHOO�HW�DO� �IRXQG�WKDW�WKHUDSHXWLF�
YLWDPLQ�&�GXULQJ�WKH�ILUVW�FROG�HSLVRGH�UHGXFHG�VXEVHTXHQW�FROGV�LQ�PDOHV�E\������í����
WR�í���� �EXW�QRW�LQ�IHPDOHV��í����í����WR��������7KH�%DLUG�HW�DO� �DQG�7\UUHOO�HW�DO�
VWXGLHV�ZHUH�UDQGRPLVHG�SODFHER�FRQWUROOHG�GRXEOH�EOLQG�WULDOV�DQG�WKHLU�ILQGLQJV�FDQQRW�
EH�GLVPLVVHG�RQ�PHWKRGRORJLFDO�JURXQGV�
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9LWDPLQ�&�DQG�VH[�GLIIHUHQFHV�LQ�UHVSLUDWRU\�WUDFW�LQIHFWLRQV
+DUUL�+HPLOl

2SHQ�$UFKLYH � 3XEOLVKHG� -DQXDU\��������� � '2,� KWWSV���GRL�RUJ���������M�UPHG������������
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3OXP;�0HWULFV

/RJ�LQ



7DEOH�� ,QWHUDFWLRQ�EHWZHHQ�VH[�DQG�WKH�HIIHFW�RI�YLWDPLQ�&�RQ�
FRPPRQ�FROG�LQFLGHQFH�LQ�%ULWLVK�VWXGHQWV��%DLUG�HW�DO���������

¡ ¢

9LWDPLQ�& 3ODFHER

55������
&,�

3DUWLFLSDQWV
1R��RI�
FROGV

3DUWLFLSDQWV
1R��RI�
FROGV

0DOHV ��� ��� �� ���
�����
�����±
�����

)HPDOHV ��� ��� �� ��
�����
�����±
�����

7KHVH�GDWD�DUH�IURP�5HIV����DQG����7KH�VWDWLVWLFDO�VLJQLILFDQFH�RI�LQWHUDFWLRQ�ZDV�
FDOFXODWHG�IURP�WKH�FKDQJH�LQ�í�îORJ�OLNHOLKRRG��ZKHQ�WKH�LQWHUDFWLRQ�WHUP�ZDV�DGGHG�WR�
WKH�PRGHO��67$7$�SURJUDP�3RLVVRQ��

2SHQ�WDEOH�LQ�D�QHZ�WDE�

%HFDXVH�ODUJH�VFDOH�WULDOV�JLYH�QR�HYLGHQFH�WKDW�KLJK�GRVH�YLWDPLQ�&�VXSSOHPHQWDWLRQ��စ�
J�GD\��GHFUHDVHV�FRPPRQ�FROG�LQFLGHQFH� �WKH�ILQGLQJV�ZLWK�%ULWLVK�PDOHV�FDOO�IRU�VSHFLDO�
H[SODQDWLRQV��6HYHUDO�VXUYH\V�KDG�UHSRUWHG�ORZ�GLHWDU\�YLWDPLQ�&�LQWDNH�LQ�WKH�8.�DQG�
WKXV�WKH�EHQHILW�RI�VXSSOHPHQWDWLRQ�PD\�EH�H[SODLQHG�E\�WUHDWLQJ�PDUJLQDO�GHILFLHQF\�
7KLV�H[SODQDWLRQ�LV�FRQVLVWHQW�ZLWK�WKH�HVWLPDWHG�ORZ�GDLO\�YLWDPLQ�&�LQWDNH�LQ�%DLUG
V�
VWXG\����PJ�GD\��DQG�WKH�SDUWLFXODUO\�ORZ�GRVDJH�RI�YLWDPLQ�&�VXSSOHPHQWDWLRQ����
PJ�GD\� �8VXDOO\�SODVPD�DQG�OHXFRF\WH�YLWDPLQ�&�FRQFHQWUDWLRQV�DUH�ORZHU�LQ�PDOHV�WKDQ�
LQ�IHPDOHV�DOWKRXJK�LW�LV�QRW�FOHDU�WR�ZKDW�H[WHQW�WKLV�LV�GXH�WR�GLHWDU\�DQG�SK\VLRORJLFDO�
GLIIHUHQFHV�EHWZHHQ�WKH�VH[HV� �&RQFOXGLQJ�IURP�WKH�%ULWLVK�VWXGLHV� �LW�VHHPV�WKDW�

�

�

�

�

� ��� ��� �
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VH[�GLIIHUHQFHV�LQ�57,V�PD\�EH�JHQHUDWHG�E\�YDULDWLRQV�LQ�GLHWDU\�YLWDPLQ�&�LQWDNHV��LQ�
DGGLWLRQ�WR�WKH�IDFWRUV�PHQWLRQHG�E\�)DODJDV�HW�DO�

)XUWKHUPRUH��LQ�D�UHFHQW�&RFKUDQH�UHYLHZ�ZH�LGHQWLILHG�WKUHH�SURSK\ODFWLF�YLWDPLQ�&�WULDOV�
DQG�HDFK�RI�WKHP�UHSRUWHG�DQ�����RU�JUHDWHU�GHFUHDVH�LQ�SQHXPRQLD�LQFLGHQFH�LQ�WKH�
YLWDPLQ�&�JURXS� �$OO�WKHVH�WULDOV�H[DPLQHG�PDOHV�RQO\�DQG�WKH�LQFLGHQFH�RI�SQHXPRQLD�
ZDV�SDUWLFXODUO\�KLJK��7KH�EHQHILW�RI�YLWDPLQ�&�VXSSOHPHQWDWLRQ�VHHPHG�WR�EH�H[SODLQHG�
E\�PDUJLQDO�GHILFLHQF\�DQG�E\�LQFUHDVHG�UHTXLUHPHQW�FDXVHG�E\�KHDY\�H[HUWLRQ�

,W�LV�REYLRXV�WKDW�WKH�ILQGLQJV�RI�WKH�FRPPRQ�FROG�WULDOV�ZLWK�%ULWLVK�PDOHV �DQG�SQHXPRQLD�
WULDOV�ZLWK�PDOHV �FDQQRW�EH�H[WUDSRODWHG�WR�WKH�JHQHUDO�SRSXODWLRQ�RI�WKH�ZHVWHUQ�
FRXQWULHV��1HYHUWKHOHVV��IXUWKHU�YLWDPLQ�&�WULDOV�DUH�ZDUUDQWHG�DPRQJ�PDOHV�ZLWK�ORZ�
GLHWDU\�YLWDPLQ�&�LQWDNH�

5HIHUHQFHV

�

�

�

�

�

)DODJDV�0�(��� 0RXUW]RXNRX�(�*��� 9DUGDNDV�.�=��
6H[�GLIIHUHQFHV�LQ�WKH�LQFLGHQFH�DQG�VHYHULW\�RI�UHVSLUDWRU\�WUDFW�LQIHFWLRQV�
5HVSLU�0HG� ��������������������

9LHZ�LQ�$UWLFOH�

6FRSXV������ � 3XE0HG � $EVWUDFW � )XOO�7H[W � )XOO�7H[W�3') � *RRJOH�6FKRODU

��

+HPLOl�+��9LWDPLQ�&�LQWDNH�DQG�VXVFHSWLELOLW\�WR�WKH�FRPPRQ�FROG��%U�-�1XWU
�������������±����>'LVFXVVLRQ�LQ���������������±��@��$YDLODEOH�DW��
KWWS���ZZZ�OWGN�KHOVLQNL�IL�XVHUV�KHPLOD�+�++B����B%-1�SGI��'LVFXVVLRQ�DW��
KWWS���ZZZ�OWGN�KHOVLQNL�IL�XVHUV�KHPLOD�+�++B����B%-1��SGI�

9LHZ�LQ�$UWLFOH�

*RRJOH�6FKRODU

��

%DLUG�,�0��� +XJKHV�5�(��� :LOVRQ�+�.��� 'DYLHV�-�(�:��� +RZDUG�$�1��
7KH�HIIHFWV�RI�DVFRUELF�DFLG�DQG�IODYRQRLGV�RQ�WKH�RFFXUUHQFH�RI�V\PSWRPV�
QRUPDOO\�DVVRFLDWHG�ZLWK�WKH�FRPPRQ�FROG�

��
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$UWLFOH�,QIR

3XEOLFDWLRQ�+LVWRU\

3XEOLVKHG�RQOLQH��-DQXDU\���������

,GHQWLILFDWLRQ

'2,��KWWSV���GRL�RUJ���������M�UPHG������������

&RS\ULJKW

�������(OVHYLHU�/WG��3XEOLVKHG�E\�(OVHYLHU�,QF��

$P�-�&OLQ�1XWU� ����������$YDLODEOH�DW��
KWWS���ZZZ�DMFQ�RUJ�FJL�FRQWHQW�DEVWUDFW����������������������

9LHZ�LQ�$UWLFOH�

3XE0HG � *RRJOH�6FKRODU

7\UUHOO�'�$�-��� &UDLJ�-�:��� 0HDGH�7�:��� :KLWH�7��
$�WULDO�RI�DVFRUELF�DFLG�LQ�WKH�WUHDWPHQW�RI�WKH�FRPPRQ�FROG�
%U�-�3UHY�6RF�0HG� �����������������

9LHZ�LQ�$UWLFOH�

3XE0HG � *RRJOH�6FKRODU

��

+HPLOl�+��� /RXKLDOD�3��
9LWDPLQ�&�IRU�SUHYHQWLQJ�DQG�WUHDWLQJ�SQHXPRQLD�
&RFKUDQH�'DWDEDVH�6\VW�5HY� ������
�KWWSۃ���G[�GRL�RUJ������������������&'�������SXEۄ����&'������

9LHZ�LQ�$UWLFOH�

3XE0HG � *RRJOH�6FKRODU

��
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,Q�%ULHI � )XOO�7H[W � 3')

,Q�%ULHI � )XOO�7H[W � 3')

,Q�%ULHI � )XOO�7H[W � 3')

8VHU�/LFHQVH

(OVHYLHU�XVHU�OLFHQVH�_�+RZ�\RX�FDQ�UHXVH

6FLHQFH'LUHFW

$FFHVV�WKLV�DUWLFOH�RQ�6FLHQFH'LUHFW

7DEOHV

7DEOH�� � ,QWHUDFWLRQ�EHWZHHQ�VH[�DQG�WKH�HIIHFW�RI�YLWDPLQ�&�RQ�FRPPRQ�FROG�LQFLGHQFH�LQ�
%ULWLVK�VWXGHQWV��%DLUG�HW�DO����������

/LQNHG�$UWLFOH

6H[�GLIIHUHQFHV�LQ�WKH�LQFLGHQFH�DQG�VHYHULW\�RI�UHVSLUDWRU\�WUDFW�LQIHFWLRQV

5HVSLUDWRU\�0HGLFLQH��9RO�������,VVXH��

2SHQ�$UFKLYH

5HODWHG�$UWLFOHV

&RUWLFRVWHURLG�VSDULQJ�HIIHFWV�RI�YLWDPLQ�&�DQG�PDJQHVLXP�LQ�DVWKPD��D�UDQGRPLVHG�WULDO

5HVSLUDWRU\�0HGLFLQH��9RO�������,VVXH��

2SHQ�$UFKLYH

$VFRUELF�DFLG�VXSSOHPHQWDWLRQ�DWWHQXDWHV�H[HUFLVH�LQGXFHG�EURQFKRFRQVWULFWLRQ�LQ�
SDWLHQWV�ZLWK�DVWKPD

5HVSLUDWRU\�0HGLFLQH��9RO�������,VVXH��
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)XOO�7H[W � 3')

)XOO�7H[W � 3')

)XOO�7H[W � 3')

,Q�%ULHI � )XOO�7H[W � 3')

,Q�%ULHI � )XOO�7H[W � 3')

,Q�%ULHI � )XOO�7H[W � 3')

2SHQ�$UFKLYH

7KH�LQIOXHQFH�RI�WKH�DGPLQLVWUDWLRQ�RI�YLWDPLQ�&�RQ�EORRG�VHGLPHQWDWLRQ�DQG�VHQVLWLYLW\�WR�
WXEHUFXOLQ

%ULWLVK�-RXUQDO�RI�7XEHUFXORVLV��9RO������,VVXH��

7KH�UHODWLRQVKLS�EHWZHHQ�SODVPD�DQWLR[LGDQW�SRWHQWLDO�DQG�YLWDPLQ�&�FRQFHQWUDWLRQ�LQ�
VPRNHUV�DQG�QRQ�VPRNHUV

5HVSLUDWRU\�0HGLFLQH��9RO������,VVXH���

'LHWDU\�PRGXODWLRQ�RI�OXQJ�HSLWKHOLDO�OLQLQJ�IOXLG�YLWDPLQ�&�FRQFHQWUDWLRQ

5HVSLUDWRU\�0HGLFLQH��9RO������,VVXH���

,GHQWLI\LQJ�ELRPDUNHUV�IRU�DVWKPD�GLDJQRVLV�XVLQJ�WDUJHWHG�PHWDERORPLFV�DSSURDFKHV

5HVSLUDWRU\�0HGLFLQH��9RO�����

2SHQ�$UFKLYH

2EHVLW\�DQG�DVWKPD��$�FRLQFLGHQFH�RU�D�FDXVDO�UHODWLRQVKLS"�$�V\VWHPDWLF�UHYLHZ

5HVSLUDWRU\�0HGLFLQH��9RO�������,VVXH��

2SHQ�$FFHVV

&RPELQHG�HIIHFWV�RI�PXOWLSOH�ULVN�IDFWRUV�RQ�DVWKPD�LQ�VFKRRO�DJHG�FKLOGUHQ

5HVSLUDWRU\�0HGLFLQH��9RO�����
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,Q�%ULHI � )XOO�7H[W � 3')

,Q�%ULHI � )XOO�7H[W � 3')

7KH�HIIHFWV�RI�FLJDUHWWH�VPRNH�RQ�DLUZD\�LQIODPPDWLRQ�LQ�DVWKPD�DQG�&23'��7KHUDSHXWLF�
LPSOLFDWLRQV

5HVSLUDWRU\�0HGLFLQH��9RO�������,VVXH��

2SHQ�$UFKLYH

0DULQH�OLSLG�IUDFWLRQ�3&62�������O\SULQRO��RPHJD�;/���RI�WKH�1HZ�=HDODQG�JUHHQ�OLSSHG�
PXVVHO�DWWHQXDWHV�K\SHUSQHD�LQGXFHG�EURQFKRFRQVWULFWLRQ�LQ�DVWKPD

5HVSLUDWRU\�0HGLFLQH��9RO�������,VVXH��

2SHQ�$UFKLYH

:H�XVH�FRRNLHV�WR�KHOS�SURYLGH�DQG�HQKDQFH�RXU�VHUYLFH�DQG�WDLORU�FRQWHQW�DQG�DGV��%\�FRQWLQXLQJ�\RX�DJUHH�
WR�WKH�XVH�RI�FRRNLHV�

&RS\ULJKW��������(OVHYLHU�,QF��H[FHSW�FHUWDLQ�FRQWHQW�SURYLGHG�E\�WKLUG�SDUWLHV��

+RPH

$57,&/(6�$1'�
,668(6

$UWLFOHV�LQ�3UHVV

&XUUHQW�,VVXH

/LVW�RI�,VVXHV

&2//(&7,216

(GLWRU
V�&KRLFH�
$UWLFOHV
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*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��

*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

0HG�-�$XVW�������2FW���������������

9LWDPLQ�&�DQG�WKH�FRPPRQ�FROG��XVLQJ�LGHQWLFDO�WZLQV�DV�FRQWUROV�
&DUU�$%��(LQVWHLQ�5��/DL�/<��0DUWLQ�1*��6WDUPHU�*$�

$EVWUDFW
:H�DQDO\VHG�VHOI�UHSRUWHG�FROG�GDWD�IRU����SDLUV�RI�LGHQWLFDO�WZLQV�ZKR�WRRN�SDUW�LQ�D�GRXEOH�EOLQG
WULDO�RI�YLWDPLQ�&�WDEOHWV��2QH�PHPEHU�RI�HDFK�WZLQ�SDLU�WRRN�YLWDPLQ�&�DQG�WKH�RWKHU�WRRN�D�ZHOO
PDWFKHG�SODFHER�HDFK�GD\�IRU�����GD\V��9LWDPLQ�&�KDG�QR�VLJQLILFDQW�HIIHFW�H[FHSW�IRU�VKRUWHQLQJ
WKH�DYHUDJH�GXUDWLRQ�RI�FROG�HSLVRGHV�E\�����
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&29,'����LV�DQ�HPHUJLQJ��UDSLGO\�HYROYLQJ�VLWXDWLRQ�
*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��

*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

&RFKUDQH�'DWDEDVH�6\VW�5HY�������-DQ��������&'��������GRL�������������������&'�������SXE��

9LWDPLQ�&�IRU�SUHYHQWLQJ�DQG�WUHDWLQJ�WKH�FRPPRQ�FROG�
+HPLOl�+ ��&KDONHU�(�

$EVWUDFW
9LWDPLQ�&��DVFRUELF�DFLG��IRU�SUHYHQWLQJ�DQG�WUHDWLQJ�WKH�FRPPRQ�FROG�KDV�EHHQ

D�VXEMHFW�RI�FRQWURYHUV\�IRU����\HDUV�

7R�ILQG�RXW�ZKHWKHU�YLWDPLQ�&�UHGXFHV�WKH�LQFLGHQFH��WKH�GXUDWLRQ�RU�VHYHULW\�RI�WKH
FRPPRQ�FROG�ZKHQ�XVHG�HLWKHU�DV�D�FRQWLQXRXV�UHJXODU�VXSSOHPHQWDWLRQ�HYHU\�GD\�RU�DV�D
WKHUDS\�DW�WKH�RQVHW�RI�FROG�V\PSWRPV�

:H�VHDUFKHG�&(175$/�������,VVXH�����0('/,1(�������WR�1RYHPEHU
ZHHN�����������(0%$6(�������WR�1RYHPEHU��������&,1$+/��-DQXDU\������WR�1RYHPEHU�������
/,/$&6��-DQXDU\������WR�1RYHPEHU�������DQG�:HE�RI�6FLHQFH��-DQXDU\������WR�1RYHPEHU
�������:H�DOVR�VHDUFKHG�WKH�8�6��1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�WULDOV�UHJLVWHU�DQG�:+2�,&753�RQ
���1RYHPEHU������

:H�H[FOXGHG�WULDOV�ZKLFK�XVHG�OHVV�WKDQ�����J�SHU�GD\�RI�YLWDPLQ�&�DQG
WULDOV�ZLWKRXW�D�SODFHER�FRPSDULVRQ��:H�UHVWULFWHG�RXU�UHYLHZ�WR�SODFHER�FRQWUROOHG�WULDOV�

7ZR�UHYLHZ�DXWKRUV�LQGHSHQGHQWO\�H[WUDFWHG�GDWD��:H
DVVHVVHG�
LQFLGHQFH
�RI�FROGV�GXULQJ�UHJXODU�VXSSOHPHQWDWLRQ�DV�WKH�SURSRUWLRQ�RI�SDUWLFLSDQWV
H[SHULHQFLQJ�RQH�RU�PRUH�FROGV�GXULQJ�WKH�VWXG\�SHULRG��
'XUDWLRQ
�ZDV�WKH�PHDQ�QXPEHU�RI�GD\V
RI�LOOQHVV�RI�FROG�HSLVRGHV�

7ZHQW\�QLQH�WULDO�FRPSDULVRQV�LQYROYLQJ��������SDUWLFLSDQWV�FRQWULEXWHG�WR�WKH
PHWD�DQDO\VLV�RQ�WKH�ULVN�UDWLR��55��RI�GHYHORSLQJ�D�FROG�ZKLOVW�WDNLQJ�YLWDPLQ�&�UHJXODUO\�RYHU�WKH
VWXG\�SHULRG��,Q�WKH�JHQHUDO�FRPPXQLW\�WULDOV�LQYROYLQJ��������SDUWLFLSDQWV��WKH�SRROHG�55�ZDV
����������FRQILGHQFH�LQWHUYDO��&,�������WR��������)LYH�WULDOV�LQYROYLQJ�D�WRWDO�RI�����PDUDWKRQ
UXQQHUV��VNLHUV�DQG�VROGLHUV�RQ�VXEDUFWLF�H[HUFLVHV�\LHOGHG�D�SRROHG�55�RI�����������&,������WR
������7KLUW\�RQH�FRPSDULVRQV�H[DPLQHG�WKH�HIIHFW�RI�UHJXODU�YLWDPLQ�&�RQ�FRPPRQ�FROG�GXUDWLRQ
������HSLVRGHV���,Q�DGXOWV�WKH�GXUDWLRQ�RI�FROGV�ZDV�UHGXFHG�E\��������WR������DQG�LQ�FKLOGUHQ
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E\���������WR�������,Q�FKLOGUHQ����WR���J�GD\�YLWDPLQ�&�VKRUWHQHG�FROGV�E\������7KH�VHYHULW\�RI
FROGV�ZDV�DOVR�UHGXFHG�E\�UHJXODU�YLWDPLQ�&�DGPLQLVWUDWLRQ�6HYHQ�FRPSDULVRQV�H[DPLQHG�WKH
HIIHFW�RI�WKHUDSHXWLF�YLWDPLQ�&�������HSLVRGHV���1R�FRQVLVWHQW�HIIHFW�RI�YLWDPLQ�&�ZDV�VHHQ�RQ�WKH
GXUDWLRQ�RU�VHYHULW\�RI�FROGV�LQ�WKH�WKHUDSHXWLF�WULDOV�7KH�PDMRULW\�RI�LQFOXGHG�WULDOV�ZHUH
UDQGRPLVHG��GRXEOH�EOLQG�WULDOV��7KH�H[FOXVLRQ�RI�WULDOV�WKDW�ZHUH�HLWKHU�QRW�UDQGRPLVHG�RU�QRW
GRXEOH�EOLQG�KDG�QR�HIIHFW�RQ�WKH�FRQFOXVLRQV�

7KH�IDLOXUH�RI�YLWDPLQ�&�VXSSOHPHQWDWLRQ�WR�UHGXFH�WKH�LQFLGHQFH�RI
FROGV�LQ�WKH�JHQHUDO�SRSXODWLRQ�LQGLFDWHV�WKDW�URXWLQH�YLWDPLQ�&�VXSSOHPHQWDWLRQ�LV�QRW�MXVWLILHG�
\HW�YLWDPLQ�&�PD\�EH�XVHIXO�IRU�SHRSOH�H[SRVHG�WR�EULHI�SHULRGV�RI�VHYHUH�SK\VLFDO�H[HUFLVH�
5HJXODU�VXSSOHPHQWDWLRQ�WULDOV�KDYH�VKRZQ�WKDW�YLWDPLQ�&�UHGXFHV�WKH�GXUDWLRQ�RI�FROGV��EXW�WKLV
ZDV�QRW�UHSOLFDWHG�LQ�WKH�IHZ�WKHUDSHXWLF�WULDOV�WKDW�KDYH�EHHQ�FDUULHG�RXW��1HYHUWKHOHVV��JLYHQ�WKH
FRQVLVWHQW�HIIHFW�RI�YLWDPLQ�&�RQ�WKH�GXUDWLRQ�DQG�VHYHULW\�RI�FROGV�LQ�WKH�UHJXODU�VXSSOHPHQWDWLRQ
VWXGLHV��DQG�WKH�ORZ�FRVW�DQG�VDIHW\��LW�PD\�EH�ZRUWKZKLOH�IRU�FRPPRQ�FROG�SDWLHQWV�WR�WHVW�RQ�DQ
LQGLYLGXDO�EDVLV�ZKHWKHU�WKHUDSHXWLF�YLWDPLQ�&�LV�EHQHILFLDO�IRU�WKHP��)XUWKHU�WKHUDSHXWLF�5&7V�DUH
ZDUUDQWHG�
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*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��

*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

&RFKUDQH�'DWDEDVH�6\VW�5HY�������$XJ�������&'��������GRL�������������������&'�������SXE��

9LWDPLQ�&�IRU�SUHYHQWLQJ�DQG�WUHDWLQJ�SQHXPRQLD�
+HPLOl�+ ��/RXKLDOD�3�

$EVWUDFW
3QHXPRQLD�LV�RQH�RI�WKH�PRVW�FRPPRQ�VHULRXV�LQIHFWLRQV��FDXVLQJ�WZR�

PLOOLRQ�GHDWKV�DQQXDOO\�DPRQJ�\RXQJ�FKLOGUHQ�LQ�ORZ�LQFRPH�FRXQWULHV��,Q�KLJK�LQFRPH�
FRXQWULHV�SQHXPRQLD�LV�PRVW�VLJQLILFDQWO\�D�SUREOHP�RI�WKH�HOGHUO\�

7R�DVVHVV�WKH�SURSK\ODFWLF�DQG�WKHUDSHXWLF�HIIHFWV�RI�YLWDPLQ�&�RQ�
SQHXPRQLD�

:H�VHDUFKHG�&(175$/�������,VVXH����0('/,1(�������WR�0DUFK�
ZHHN�����������(0%$6(�������WR�$SULO�������DQG�:HE�RI�6FLHQFH�������WR�$SULO�������

7R�DVVHVV�WKH�WKHUDSHXWLF�HIIHFWV�RI�YLWDPLQ�&��ZH�VHOHFWHG�
SODFHER�FRQWUROOHG�WULDOV��7R�DVVHVV�SURSK\ODFWLF�HIIHFWV��ZH�VHOHFWHG�FRQWUROOHG�WULDOV�ZLWK�RU�
ZLWKRXW�D�SODFHER�

7ZR�UHYLHZ�DXWKRUV�LQGHSHQGHQWO\�UHDG�WKH�WULDO�
UHSRUWV�DQG�H[WUDFWHG�GDWD�

:H�LGHQWLILHG�WKUHH�SURSK\ODFWLF�WULDOV�ZKLFK�UHFRUGHG����FDVHV�RI�
FRPPXQLW\�DFTXLUHG�SQHXPRQLD�LQ������SHRSOH��2QO\�RQH�ZDV�VDWLVIDFWRULO\�UDQGRPLVHG��
GRXEOH�EOLQG�DQG�SODFHER�FRQWUROOHG��7ZR�WULDOV�H[DPLQHG�PLOLWDU\�UHFUXLWV�DQG�WKH�WKLUG�
VWXGLHG�ER\V�IURP��ORZHU�ZDJH�HDUQLQJ�FODVVHV��DWWHQGLQJ�D�ERDUGLQJ�VFKRRO�LQ�WKH�8.�
GXULQJ�:RUOG�:DU�,,��(DFK�RI�WKHVH�WKUHH�WULDOV�IRXQG�D�VWDWLVWLFDOO\�VLJQLILFDQW������RU�
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JUHDWHU��UHGXFWLRQ�LQ�SQHXPRQLD�LQFLGHQFH�LQ�WKH�YLWDPLQ�&�JURXS��:H�LGHQWLILHG�WZR�
WKHUDSHXWLF�WULDOV�LQYROYLQJ�����FRPPXQLW\�DFTXLUHG�SQHXPRQLD�SDWLHQWV��2QO\�RQH�ZDV�
VDWLVIDFWRULO\�UDQGRPLVHG��GRXEOH�EOLQG�DQG�SODFHER�FRQWUROOHG��7KDW�WULDO�VWXGLHG�HOGHUO\�
SDWLHQWV�LQ�WKH�8.�DQG�IRXQG�ORZHU�PRUWDOLW\�DQG�UHGXFHG�VHYHULW\�LQ�WKH�YLWDPLQ�&�JURXS��
KRZHYHU��WKH�EHQHILW�ZDV�UHVWULFWHG�WR�WKH�PRVW�LOO�SDWLHQWV��7KH�RWKHU�WKHUDSHXWLF�WULDO�
VWXGLHG�DGXOWV�ZLWK�D�ZLGH�DJH�UDQJH�LQ�WKH�IRUPHU�6RYLHW�8QLRQ�DQG�IRXQG�D�GRVH�
GHSHQGHQW�UHGXFWLRQ�LQ�WKH�GXUDWLRQ�RI�SQHXPRQLD�ZLWK�WZR�YLWDPLQ�&�GRVHV��:H�LGHQWLILHG�
RQH�SURSK\ODFWLF�WULDO�UHFRUGLQJ����FDVHV�RI�KRVSLWDO�DFTXLUHG�SQHXPRQLD�LQ����VHYHUHO\�
EXUQHG�SDWLHQWV��RQH�GD\�DGPLQLVWUDWLRQ�RI�YLWDPLQ�&�KDG�QR�HIIHFW�RQ�SQHXPRQLD�LQFLGHQFH��
7KH�LGHQWLILHG�VWXGLHV�DUH�FOLQLFDOO\�KHWHURJHQHRXV�ZKLFK�OLPLWV�WKHLU�FRPSDUDELOLW\��7KH�
LQFOXGHG�VWXGLHV�GLG�QRW�ILQG�DGYHUVH�HIIHFWV�RI�YLWDPLQ�&�

7KH�SURSK\ODFWLF�XVH�RI�YLWDPLQ�&�WR�SUHYHQW�SQHXPRQLD�
VKRXOG�EH�IXUWKHU�LQYHVWLJDWHG�LQ�SRSXODWLRQV�ZKR�KDYH�D�KLJK�LQFLGHQFH�RI�SQHXPRQLD��
HVSHFLDOO\�LI�GLHWDU\�YLWDPLQ�&�LQWDNH�LV�ORZ��6LPLODUO\��WKH�WKHUDSHXWLF�HIIHFWV�RI�YLWDPLQ�&�
VKRXOG�EH�VWXGLHG��HVSHFLDOO\�LQ�SDWLHQWV�ZLWK�ORZ�SODVPD�YLWDPLQ�&�OHYHOV��7KH�FXUUHQW�
HYLGHQFH�LV�WRR�ZHDN�WR�DGYRFDWH�SURSK\ODFWLF�XVH�RI�YLWDPLQ�&�WR�SUHYHQW�SQHXPRQLD�LQ�WKH�
JHQHUDO�SRSXODWLRQ��1HYHUWKHOHVV��WKHUDSHXWLF�YLWDPLQ�&�VXSSOHPHQWDWLRQ�PD\�EH�
UHDVRQDEOH�IRU�SQHXPRQLD�SDWLHQWV�ZKR�KDYH�ORZ�YLWDPLQ�&�SODVPD�OHYHOV�EHFDXVH�LWV�FRVW�
DQG�ULVNV�DUH�ORZ�
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*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

&OLQLFDO�7ULDO � ����������������� �-XQ�����

9LWDPLQ�&�IRU�WKH�7UHDWPHQW�RI�5HFXUUHQW
)XUXQFXORVLV�LQ�3DWLHQWV�:LWK�,PSDULHG�1HXWURSKLO
)XQFWLRQV
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$EVWUDFW

7KH�HIIHFW�RI�YLWDPLQ�&�WUHDWPHQW�RQ����SDWLHQWV�ZLWK�D�KLVWRU\�RI�UHFXUUHQW�IXUXQFXORVLV�ZLWK�QHJDWLYH
QDVDO�FXOWXUHV�ZDV�VWXGLHG��1HXWURSKLO�IXQFWLRQV��FKHPRWD[LV��SKDJRF\WRVLV��RU�VXSHUR[LGH�JHQHUDWLRQ�
RI����SDWLHQWV�ZHUH�VLJQLILFDQWO\�ORZHU�WKDQ�WKRVH�RI�WKH�PDWFKHG�FRQWUROV��,Q�WKLV�JURXS��WUHDWPHQW
ZLWK�YLWDPLQ�&����J�GD\��FDXVHG�D�GUDPDWLF�FOLQLFDO�UHVSRQVH�DV�ZHOO�DV�D�VLJQLILFDQW�LPSURYHPHQW�RI
QHXWURSKLO�IXQFWLRQV��UHDFKLQJ�YDOXHV�VLPLODU�WR�WKRVH�RI�WKH�FRQWUROV��7ZR�SDWLHQWV�UHPDLQHG�YLWDPLQ
&�GHSHQGHQW��,Q�WKH�SDWLHQWV�ZLWK�QRUPDO�QHXWURSKLO�IXQFWLRQV��YLWDPLQ�&�WUHDWPHQW�QHLWKHU�DIIHFWHG
QHXWURSKLO�DFWLYLW\�QRU�FDXVHG�D�FOLQLFDO�UHVSRQVH��7KHUHIRUH��SDWLHQWV�VXIIHULQJ�IURP�UHFXUUHQW
IXUXQFXORVLV�ZLWK�GHIHFWLYH�QHXWURSKLO�IXQFWLRQV�PD\�EH�WUHDWHG�VXFFHVVIXOO\�ZLWK�YLWDPLQ�&�
FRQWULEXWLQJ�WR�ERWK�QHXWURSKLO�IXQFWLRQ�UHFRYHU\�DQG�D�GUDPDWLF�FOLQLFDO�UHVSRQVH�

/LQN2XW���PRUH�UHVRXUFHV
)XOO�7H[W�6RXUFHV

2YLG�7HFKQRORJLHV��,QF�
6LOYHUFKDLU�,QIRUPDWLRQ�6\VWHPV

0HGLFDO

0HGOLQH3OXV�+HDOWK�,QIRUPDWLRQ

0LVFHOODQHRXV

+D]DUGRXV�6XEVWDQFHV�'DWD�%DQN
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$EVWUDFW

'HWHUPLQDQWV�RI�WKH�UHFRPPHQGHG�GLHWDU\�DOORZDQFH��5'$��IRU�YLWDPLQ�&�LQFOXGH�WKH�
UHODWLRQVKLS�EHWZHHQ�YLWDPLQ�&�GRVH�DQG�VWHDG\�VWDWH�SODVPD�FRQFHQWUDWLRQ��ELRDYDLODELOLW\��
XULQDU\�H[FUHWLRQ��FHOO�FRQFHQWUDWLRQ��DQG�SRWHQWLDO�DGYHUVH�HIIHFWV��%HFDXVH�FXUUHQW�GDWD�DUH�
LQDGHTXDWH��DQ�LQ�KRVSLWDO�GHSOHWLRQ�UHSOHWLRQ�VWXG\�ZDV�FRQGXFWHG��6HYHQ�KHDOWK\�
YROXQWHHUV�ZHUH�KRVSLWDOL]HG�IRU�����PRQWKV�DQG�FRQVXPHG�D�GLHW�FRQWDLQLQJ����PJ�RI�
YLWDPLQ�&�GDLO\��6WHDG\�VWDWH�SODVPD�DQG�WLVVXH�FRQFHQWUDWLRQV�ZHUH�GHWHUPLQHG�DW�VHYHQ�
GDLO\�GRVHV�RI�YLWDPLQ�&�IURP����WR������PJ��9LWDPLQ�&�VWHDG\�VWDWH�SODVPD�FRQFHQWUDWLRQV�
DV�D�IXQFWLRQ�RI�GRVH�GLVSOD\HG�VLJPRLG�NLQHWLFV��7KH�VWHHS�SRUWLRQ�RI�WKH�FXUYH�RFFXUUHG�
EHWZHHQ�WKH�����DQG�����PJ�GDLO\�GRVH��WKH�FXUUHQW�5'$�RI����PJ�GDLO\�ZDV�RQ�WKH�ORZHU�
WKLUG�RI�WKH�FXUYH��WKH�ILUVW�GRVH�EH\RQG�WKH�VLJPRLG�SRUWLRQ�RI�WKH�FXUYH�ZDV�����PJ�GDLO\��
DQG�FRPSOHWH�SODVPD�VDWXUDWLRQ�RFFXUUHG�DW������PJ�GDLO\��1HXWURSKLOV��PRQRF\WHV��DQG�
O\PSKRF\WHV�VDWXUDWHG�DW�����PJ�GDLO\�DQG�FRQWDLQHG�FRQFHQWUDWLRQV�DW�OHDVW����IROG�KLJKHU�
WKDQ�SODVPD��%LRDYDLODELOLW\�ZDV�FRPSOHWH�IRU�����PJ�RI�YLWDPLQ�&�DV�D�VLQJOH�GRVH��1R�
YLWDPLQ�&�ZDV�H[FUHWHG�LQ�XULQH�RI�VL[�RI�VHYHQ�YROXQWHHUV�XQWLO�WKH�����PJ�GRVH��$W�VLQJOH�
GRVHV�RI�����PJ�DQG�KLJKHU��ELRDYDLODELOLW\�GHFOLQHG�DQG�WKH�DEVRUEHG�DPRXQW�ZDV�H[FUHWHG��
2[DODWH�DQG�XUDWH�H[FUHWLRQ�ZHUH�HOHYDWHG�DW������PJ�RI�YLWDPLQ�&�GDLO\�FRPSDUHG�WR�ORZHU�
GRVHV��%DVHG�RQ�WKHVH�GDWD�DQG�,QVWLWXWH�RI�0HGLFLQH�FULWHULD��WKH�FXUUHQW�5'$�RI����PJ�
GDLO\�VKRXOG�EH�LQFUHDVHG�WR�����PJ�GDLO\��ZKLFK�FDQ�EH�REWDLQHG�IURP�IUXLWV�DQG�
YHJHWDEOHV��6DIH�GRVHV�RI�YLWDPLQ�&�DUH�OHVV�WKDQ������PJ�GDLO\��DQG�YLWDPLQ�&�GDLO\�GRVHV�
DERYH�����PJ�KDYH�QR�HYLGHQW�YDOXH�

)XOO�WH[W

)XOO�WH[W�LV�DYDLODEOH�DV�D�VFDQQHG�FRS\�RI�WKH�RULJLQDO�SULQW�YHUVLRQ��*HW�D�SULQWDEOH�FRS\��3')�ILOH��RI�WKH�FRPSOHWH�DUWLFOH
����0���RU�FOLFN�RQ�D�SDJH�LPDJH�EHORZ�WR�EURZVH�SDJH�E\�SDJH��/LQNV�WR�3XE0HG�DUH�DOVR�DYDLODEOH�IRU�6HOHFWHG�5HIHUHQFHV�

6HOHFWHG�5HIHUHQFHV

7KHVH�UHIHUHQFHV�DUH�LQ�3XE0HG��7KLV�PD\�QRW�EH�WKH�FRPSOHWH�OLVW�RI�UHIHUHQFHV�IURP�WKLV�DUWLFOH��

� %DNHU�(0��6DDUL�-&��7ROEHUW�%0��$VFRUELF�DFLG�PHWDEROLVP�LQ�PDQ��$P�-�&OLQ�1XWU��
�����'HF����������±�����>3XE0HG@�>*RRJOH�6FKRODU@
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SDJH�����

����

LFRQ�RI�VFDQQHG�
SDJH�����

����

LFRQ�RI�VFDQQHG�
SDJH�����

����
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SDJH�����

����

LFRQ�RI�VFDQQHG�
SDJH�����

����
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� %DNHU�(0��+RGJHV�5(��+RRG�-��6DXEHUOLFK�+(��0DUFK�6&��0HWDEROLVP�RI�DVFRUELF�
����&�DFLG�LQ�H[SHULPHQWDO�KXPDQ�VFXUY\��$P�-�&OLQ�1XWU�������0D\����������±����
>3XE0HG@�>*RRJOH�6FKRODU@

� +RGJHV�5(��%DNHU�(0��+RRG�-��6DXEHUOLFK�+(��0DUFK�6&��([SHULPHQWDO�VFXUY\�LQ�
PDQ��$P�-�&OLQ�1XWU�������0D\����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� +RGJHV�5(��+RRG�-��&DQKDP�-(��6DXEHUOLFK�+(��%DNHU�(0��&OLQLFDO�PDQLIHVWDWLRQV�
RI�DVFRUELF�DFLG�GHILFLHQF\�LQ�PDQ��$P�-�&OLQ�1XWU�������$SU����������±����
>3XE0HG@�>*RRJOH�6FKRODU@

� %DNHU�(0��+RGJHV�5(��+RRG�-��6DXEHUOLFK�+(��0DUFK�6&��&DQKDP�-(��0HWDEROLVP�
RI���&��DQG��+�ODEHOHG�/�DVFRUELF�DFLG�LQ�KXPDQ�VFXUY\��$P�-�&OLQ�1XWU�������
$SU����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� .DOOQHU�$��+DUWPDQQ�'��+RUQLJ�'��6WHDG\�VWDWH�WXUQRYHU�DQG�ERG\�SRRO�RI�DVFRUELF�
DFLG�LQ�PDQ��$P�-�&OLQ�1XWU�������0DU����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� /HYLQH�0��1HZ�FRQFHSWV�LQ�WKH�ELRORJ\�DQG�ELRFKHPLVWU\�RI�DVFRUELF�DFLG��1�(QJO�-�
0HG�������$SU��������������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� /HYLQH�0��&DQWLOHQD�&&��'KDULZDO�.5��,Q�VLWX�NLQHWLFV�DQG�DVFRUELF�DFLG�
UHTXLUHPHQWV��:RUOG�5HY�1XWU�'LHW�������������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� -DFRE�5$��6NDOD�-+��2PD\H�67��%LRFKHPLFDO�LQGLFHV�RI�KXPDQ�YLWDPLQ�&�VWDWXV��$P�
-�&OLQ�1XWU�������1RY����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� -DFRE�5$��3LDQDOWR�)6��$JHH�5(��&HOOXODU�DVFRUEDWH�GHSOHWLRQ�LQ�KHDOWK\�PHQ��-�1XWU��
�����0D\������������±������>3XE0HG@�>*RRJOH�6FKRODU@

� 9DQGHU-DJW�'-��*DUU\�3-��%KDJDYDQ�+1��$VFRUELF�DFLG�LQWDNH�DQG�SODVPD�OHYHOV�LQ�
KHDOWK\�HOGHUO\�SHRSOH��$P�-�&OLQ�1XWU�������$XJ����������±�����>3XE0HG@�>*RRJOH�
6FKRODU@

� *DUU\�3-��*RRGZLQ�-6��+XQW�:&��*LOEHUW�%$��1XWULWLRQDO�VWDWXV�LQ�D�KHDOWK\�HOGHUO\�
SRSXODWLRQ��YLWDPLQ�&��$P�-�&OLQ�1XWU�������$XJ����������±�����>3XE0HG@�>*RRJOH�
6FKRODU@

� 0D\HUVRKQ�0��$VFRUELF�DFLG�DEVRUSWLRQ�LQ�PDQ��SKDUPDFRNLQHWLF�LPSOLFDWLRQV��(XU�-�
3KDUPDFRO�������-XO����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� %ODQFKDUG�-��&RQUDG�.$��0HDG�5$��*DUU\�3-��9LWDPLQ�&�GLVSRVLWLRQ�LQ�\RXQJ�DQG�
HOGHUO\�PHQ��$P�-�&OLQ�1XWU�������0D\����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� %ODQFKDUG�-��'HSOHWLRQ�DQG�UHSOHWLRQ�NLQHWLFV�RI�YLWDPLQ�&�LQ�KXPDQV��-�1XWU�������
)HE�����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� :DVKNR�3:��:HOFK�5:��'KDULZDO�.5��:DQJ�<��/HYLQH�0��$VFRUELF�DFLG�DQG�
GHK\GURDVFRUELF�DFLG�DQDO\VHV�LQ�ELRORJLFDO�VDPSOHV��$QDO�%LRFKHP�������
-XO���������±����>3XE0HG@�>*RRJOH�6FKRODU@

� +HVHNHU�+��6FKQHLGHU�5��5HTXLUHPHQW�DQG�VXSSO\�RI�YLWDPLQ�&��(�DQG�EHWD�FDURWHQH�
IRU�HOGHUO\�PHQ�DQG�ZRPHQ��(XU�-�&OLQ�1XWU�������)HE����������±�����>3XE0HG@�
>*RRJOH�6FKRODU@

� :DVKNR�3��5RWURVHQ�'��/HYLQH�0��$VFRUELF�DFLG�WUDQVSRUW�DQG�DFFXPXODWLRQ�LQ�KXPDQ�
QHXWURSKLOV��-�%LRO�&KHP�������1RY�����������������±�������>3XE0HG@�>*RRJOH�
6FKRODU@

� %HUJVWHQ�3��$PLWDL�*��.HKUO�-��'KDULZDO�.5��.OHLQ�+*��/HYLQH�0��0LOOLPRODU�
FRQFHQWUDWLRQV�RI�DVFRUELF�DFLG�LQ�SXULILHG�KXPDQ�PRQRQXFOHDU�OHXNRF\WHV��'HSOHWLRQ�
DQG�UHDFFXPXODWLRQ��-�%LRO�&KHP�������)HE���������������±������>3XE0HG@�
>*RRJOH�6FKRODU@

� 'KDULZDO�.5��+DUW]HOO�:2��/HYLQH�0��$VFRUELF�DFLG�DQG�GHK\GURDVFRUELF�DFLG�
PHDVXUHPHQWV�LQ�KXPDQ�SODVPD�DQG�VHUXP��$P�-�&OLQ�1XWU�������2FW����������±����
>3XE0HG@�>*RRJOH�6FKRODU@
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� :DVKNR�3:��+DUW]HOO�:2��/HYLQH�0��$VFRUELF�DFLG�DQDO\VLV�XVLQJ�KLJK�SHUIRUPDQFH�
OLTXLG�FKURPDWRJUDSK\�ZLWK�FRXORPHWULF�HOHFWURFKHPLFDO�GHWHFWLRQ��$QDO�%LRFKHP��
�����6HS�����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� 'KDULZDO�.5��:DVKNR�3:��/HYLQH�0��'HWHUPLQDWLRQ�RI�GHK\GURDVFRUELF�DFLG�XVLQJ�
KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\�ZLWK�FRXORPHWULF�HOHFWURFKHPLFDO�GHWHFWLRQ��
$QDO�%LRFKHP�������$XJ�������������±����>3XE0HG@�>*RRJOH�6FKRODU@

� )ULHGPDQ�*-��6KHUU\�6��5DOOL�(3��7+(�0(&+$1,60�2)�7+(�(;&5(7,21�2)�
9,7$0,1�&�%<�7+(�+80$1�.,'1(<�$7�/2:�$1'�1250$/�3/$60$�
/(9(/6�2)�$6&25%,&�$&,'��-�&OLQ�,QYHVW�������6HS����������±���� >30&�IUHH�
DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

� /$+,5,�6��//2<'�%%��7KH�HIIHFW�RI�VWUHVV�DQG�FRUWLFRWURSKLQ�RQ�WKH�FRQFHQWUDWLRQV�
RI�YLWDPLQ�&�LQ�EORRG�DQG�WLVVXHV�RI�WKH�UDW��%LRFKHP�-�������6HS�������±���� >30&�
IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

� 6WHLQ�+%��+DVDQ�$��)R[�,+��$VFRUELF�DFLG�LQGXFHG�XULFRVXULD��$�FRQVHTXHQF\�RI�
PHJDYLWDPLQ�WKHUDS\��$QQ�,QWHUQ�0HG�������$SU����������±�����>3XE0HG@�>*RRJOH�
6FKRODU@

� 0LWFK�:(��-RKQVRQ�0:��.LUVKHQEDXP�-0��/RSH]�5(��(IIHFW�RI�ODUJH�RUDO�GRVHV�RI�
DVFRUELF�DFLG�RQ�XULF�DFLG�H[FUHWLRQ�E\�QRUPDO�VXEMHFWV��&OLQ�3KDUPDFRO�7KHU�������
0DU����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� 8ULYHW]N\�0��.HVVDULV�'��6PLWK�$'��$VFRUELF�DFLG�RYHUGRVLQJ��D�ULVN�IDFWRU�IRU�
FDOFLXP�R[DODWH�QHSKUROLWKLDVLV��-�8URO�������0D\������������±������>3XE0HG@�
>*RRJOH�6FKRODU@

� :DQG]LODN�75��'
$QGUH�6'��'DYLV�3$��:LOOLDPV�+(��(IIHFW�RI�KLJK�GRVH�YLWDPLQ�&�
RQ�XULQDU\�R[DODWH�OHYHOV��-�8URO�������$SU�����������±�����>3XE0HG@�>*RRJOH�
6FKRODU@

� /L�0*��0DGDSSDOO\�00��5DSLG�HQ]\PDWLF�GHWHUPLQDWLRQ�RI�XULQDU\�R[DODWH��&OLQ�
&KHP�������'HF������������±������>3XE0HG@�>*RRJOH�6FKRODU@

� /DFKDQFH�3��/DQJVHWK�/��7KH�5'$�FRQFHSW��WLPH�IRU�D�FKDQJH"�1XWU�5HY�������
$XJ������3W�������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� .RSODQ�-3��$QQHVW�-/��/D\GH�30��5XELQ�*/��1XWULHQW�LQWDNH�DQG�VXSSOHPHQWDWLRQ�LQ�
WKH�8QLWHG�6WDWHV��1+$1(6�,,���$P�-�3XEOLF�+HDOWK�������0DU����������±����
>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

� 0XUSK\�63��5RVH�'��+XGHV�0��9LWHUL�)(��'HPRJUDSKLF�DQG�HFRQRPLF�IDFWRUV�
DVVRFLDWHG�ZLWK�GLHWDU\�TXDOLW\�IRU�DGXOWV�LQ�WKH���������1DWLRQZLGH�)RRG�
&RQVXPSWLRQ�6XUYH\��-�$P�'LHW�$VVRF�������1RY������������±������>3XE0HG@�
>*RRJOH�6FKRODU@

� =KRX�$��1LHOVHQ�-+��)DUYHU�2��7KRUQ�1$��7UDQVSRUW�RI�DVFRUELF�DFLG�DQG�
GHK\GURDVFRUELF�DFLG�E\�SDQFUHDWLF�LVOHW�FHOOV�IURP�QHRQDWDO�UDWV��%LRFKHP�-�������
0DU��������3W�������±���� >30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

� :HOFK�5:��%HUJVWHQ�3��%XWOHU�-'��/HYLQH�0��$VFRUELF�DFLG�DFFXPXODWLRQ�DQG�
WUDQVSRUW�LQ�KXPDQ�ILEUREODVWV��%LRFKHP�-�������6HS�������3W�������±���� >30&�IUHH�
DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

� /HYLQH�0��$VFRUELF�DFLG�VSHFLILFDOO\�HQKDQFHV�GRSDPLQH�EHWD�PRQRR[\JHQDVH�
DFWLYLW\�LQ�UHVWLQJ�DQG�VWLPXODWHG�FKURPDIILQ�FHOOV��-�%LRO�&KHP�������-XQ�
��������������±������>3XE0HG@�>*RRJOH�6FKRODU@

� 'KDULZDO�.5��:DVKNR�3��+DUW]HOO�:2��/HYLQH�0��$VFRUELF�DFLG�ZLWKLQ�FKURPDIILQ�
JUDQXOHV��,Q�VLWX�NLQHWLFV�RI�QRUHSLQHSKULQH�ELRV\QWKHVLV��-�%LRO�&KHP�������6HS�
����������������±�������>3XE0HG@�>*RRJOH�6FKRODU@)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



� 'KDULZDO�.5��6KLUYDQ�0��/HYLQH�0��$VFRUELF�DFLG�UHJHQHUDWLRQ�LQ�FKURPDIILQ�
JUDQXOHV��,Q�VLWX�NLQHWLFV��-�%LRO�&KHP�������0DU���������������±������>3XE0HG@�
>*RRJOH�6FKRODU@

� +HOVHU�0$��+RWFKNLVV�-+��5RH�'$��,QIOXHQFH�RI�IUXLW�DQG�YHJHWDEOH�MXLFHV�RQ�WKH�
HQGRJHQRXV�IRUPDWLRQ�RI�1�QLWURVRSUROLQH�DQG�1�QLWURVRWKLD]ROLGLQH���FDUER[\OLF�
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V\PSWRPV�RI�XSSHU�UHVSLUDWRU\�WUDFW�LQIHFWLRQ�LQ�XOWUDPDUDWKRQ
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$EVWUDFW
7KLV�VWXG\�GHWHUPLQHG�ZKHWKHU�GDLO\�VXSSOHPHQWDWLRQ�ZLWK�����PJ�YLWDPLQ�&�ZRXOG�UHGXFH�WKH
LQFLGHQFH�RI�V\PSWRPV�RI�XSSHU�UHVSLUDWRU\�WUDFW��857��LQIHFWLRQV�DIWHU�SDUWLFLSDWLRQ�LQ�D
FRPSHWLWLYH�XOWUDPDUDWKRQ�UDFH��!����NP���8OWUDPDUDWKRQ�UXQQHUV�ZLWK�DJH�PDWFKHG�FRQWUROV�ZHUH
UDQGRPO\�GLYLGHG�LQWR�SODFHER�DQG�H[SHULPHQWDO��YLWDPLQ�&�VXSSOHPHQWHG��JURXSV��6\PSWRPV�RI
857�LQIHFWLRQV�ZHUH�PRQLWRUHG�IRU����G�DIWHU�WKH�UDFH��6L[W\�HLJKW�SHUFHQW�RI�WKH�UXQQHUV�LQ�WKH
SODFHER�JURXS�UHSRUWHG�WKH�GHYHORSPHQW�RI�V\PSWRPV�RI�857�LQIHFWLRQ�DIWHU�WKH�UDFH��WKLV�ZDV
VLJQLILFDQWO\�PRUH��3���������WKDQ�WKDW�UHSRUWHG�E\�WKH�YLWDPLQ�&�VXSSOHPHQWHG�JURXS��������7KH
GXUDWLRQ�DQG�VHYHULW\�RI�V\PSWRPV�RI�857�LQIHFWLRQV�UHSRUWHG�LQ�WKH�YLWDPLQ�&�VXSSOHPHQWHG
QRQUXQQLQJ�FRQWURO�JURXS�ZDV�DOVR�VLJQLILFDQWO\�OHVV�WKDQ�LQ�WKH�QRQUXQQLQJ�FRQWURO�JURXS
UHFHLYLQJ�WKH�SODFHER��3����������7KLV�VWXG\�SURYLGHV�HYLGHQFH�WKDW�YLWDPLQ�&�VXSSOHPHQWDWLRQ
PD\�HQKDQFH�UHVLVWDQFH�WR�WKH�SRVWUDFH�857�LQIHFWLRQV�WKDW�RFFXU�FRPPRQO\�LQ�FRPSHWLWLYH
XOWUDPDUDWKRQ�UXQQHUV�DQG�PD\�UHGXFH�WKH�VHYHULW\�RI�VXFK�LQIHFWLRQV�LQ�WKRVH�ZKR�DUH�VHGHQWDU\�
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OHYHOV�DQG�UHGXFHV�FROG�LQFLGHQFH�LQ�PHQ�ZLWK�PDUJLQDO�YLWDPLQ�&
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$EVWUDFW
7KH�HDUO\�LQGLFDWLRQV�RI�YLWDPLQ�&�GHILFLHQF\�DUH�XQUHPDUNDEOH��IDWLJXH��PDODLVH��GHSUHVVLRQ��DQG
PD\�PDQLIHVW�DV�D�UHGXFHG�GHVLUH�WR�EH�SK\VLFDOO\�DFWLYH��PRUHRYHU��K\SRYLWDPLQRVLV�&�PD\�EH
DVVRFLDWHG�ZLWK�LQFUHDVHG�FROG�GXUDWLRQ�DQG�VHYHULW\��7KLV�VWXG\�H[DPLQHG�WKH�LPSDFW�RI�YLWDPLQ�&
RQ�SK\VLFDO�DFWLYLW\�DQG�UHVSLUDWRU\�WUDFW�LQIHFWLRQV�GXULQJ�WKH�SHDN�RI�WKH�FROG�VHDVRQ��+HDOWK\
QRQ�VPRNLQJ�DGXOW�PHQ��������\HDUV��%0,������NJ�P���SODVPD�YLWDPLQ�&�������PRO�/��UHFHLYHG
HLWKHU������PJ�RI�YLWDPLQ�&�GDLO\��Q� �����RU�SODFHER��Q� �����LQ�D�UDQGRPL]HG��GRXEOH�EOLQG�
HLJKW�ZHHN�WULDO��$OO�SDUWLFLSDQWV�FRPSOHWHG�WKH�:LVFRQVLQ�8SSHU�5HVSLUDWRU\�6\PSWRP�6XUYH\���
GDLO\�DQG�WKH�*RGLQ�/HLVXUH�7LPH�([HUFLVH�4XHVWLRQQDLUH�ZHHNO\��,Q�WKH�ILQDO�WZR�ZHHNV�RI�WKH
WULDO��WKH�SK\VLFDO�DFWLYLW\�VFRUH�URVH�PRGHVWO\�IRU�WKH�YLWDPLQ�&�JURXS�YV��SODFHER�DIWHU�DGMXVWLQJ
IRU�EDVHOLQH�YDOXHV��������������&,�>���������@��S� ��������7KH�QXPEHU�RI�SDUWLFLSDQWV�UHSRUWLQJ
FROG�HSLVRGHV�ZDV���DQG����IRU�WKH�YLWDPLQ�&�DQG�SODFHER�JURXSV�UHVSHFWLYHO\�GXULQJ�WKH�HLJKW�
ZHHN�WULDO��55� �����������&,�>���������@��S� �������DQG�FROG�GXUDWLRQ�ZDV�UHGXFHG�����LQ�WKH
YLWDPLQ�&�YHUVXV�SODFHER�JURXSV�������GD\V������&,�>��������@��S� ��������7KHVH�GDWD�VXJJHVW
PHDVXUDEOH�KHDOWK�DGYDQWDJHV�DVVRFLDWHG�ZLWK�YLWDPLQ�&�VXSSOHPHQWDWLRQ�LQ�D�SRSXODWLRQ�ZLWK
DGHTXDWH�WR�ORZ�YLWDPLQ�&�VWDWXV�
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WROHUDWHG�E\�D�SDWLHQW�ZLWKRXW�SURGXFLQJ�GLDUUKHD�LQFUHDVHV�VRPHZKDW�SURSRUWLRQDWHO\�WR�WKH
VWUHVV�RU�WR[LFLW\�RI�KLV�GLVHDVH��%RZHO�WROHUDQFH�GRVHV�RI�DVFRUELF�DFLG�DPHOLRUDWH�WKH�DFXWH
V\PSWRPV�RI�PDQ\�GLVHDVHV��/HVVHU�GRVHV�RIWHQ�KDYH�OLWWOH�HȂHFW�RQ�DFXWH�V\PSWRPV�EXW�DVVLVW
WKH�ERG\�LQ�KDQGOLQJ�WKH�VWUHVV�RI�GLVHDVH�DQG�PD\�UHGXFH�WKH�PRUELGLW\�RI�WKH�GLVHDVH�
+RZHYHU��LI�GRVHV�RI�DVFRUEDWH�DUH�QRW�SURYLGHG�WR�VDWLVI\�WKLV�SRWHQWLDO�GUDZ�RQ�WKH�QXWULHQW�
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WKHUHE\�SXW�DW�ULVN�IRU�FRPSOLFDWLRQV�RI�PHWDEROLF�SURFHVVHV�NQRZQ�WR�EH�GHSHQGHQW�XSRQ
DVFRUEDWH�
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Council Report 

Vitamin Preparations as Dietary 
Supplements and as Therapeutic Agents 

Council on Scientific Affairs 

VITAMIN preparations are used exten-
sively in the practice of medicine and are 
valuable when used properly. It is im-
portant that a clear distinction be made 
between vitamins as dietary supple-
ments and vitamins as therapeutic 
agents. It is also important for the 
practitioner to understand the useful-
ness and the limitations of given vitamin 
preparations in given clinical situations. 
Vitamins are essential organic sub-
stances whose usual source is food. 
They are required by man in amounts 
ranging from micrograms to milligrams 
per day. There are four fat-soluble vita-
mins (A, D, E, and K) and nine water-
soluble vitamins (thiamine, riboflavin, 
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niacin, pantothenic acid, folic acid, bio-
tin, and vitamins B6, B12, and C), and all 
are essential for the normal growth, 
development, and maintenance of the 
human organism. 

The Advisory Panel on Vitamin Prep-
arations as Dietary Supplements and as 
Therapeutic Agents of the Council on 
Scientific Affairs has reviewed the in-
dications for administration of vitamins, 
the composition and dosage of vitamin 
preparations, and the hazards of ex-
cessive intakes of vitamins and adopted 
the following statement. This statement 
updates one made on this subject by the 
Council on Foods and Nutrition in 1959.1 
DEFINITIONS 
Recommended Dietary Allowances 
(RDA) 

The RDA are "the levels of intake of 
essential nutrients considered, in the 
judgment of the Committee on Dietary 
Allowances of the Food and Nutrition 
Board on the basis of available scientific 
knowledge, to be adequate to meet the 
known nutritional needs of practically 
all healthy persons."2 (The abbreviation 
RDA is used for both the singular and 
plural of the term in accordance with 

National Academy of Sciences usage.2) 
The RDA are not requirements for an 
individual, but recommendations for 
the daily amounts of nutrients that pop-
ulations should consume over a period 
of time to protect all members of that 
population. With exception of the allow-
ances for energy, RDA are estimated to 
exceed the requirements of most indi-
viduals to ensure that the needs of 
nearly all members of a population will 
be  met.  In  this  country,  RDA are  set  
approximately 2 SDs above the mean 
requirement and will therefore encom-
pass the needs of 97% of the population. 
Allowances are established for a wide 
range of age, weight, and sex groups 
and for pregnancy and lactation. The 
1980 RDA for vitamins are shown in 
Table 1. 
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Healthy adult men and healthy adult nonpregnant, nonlactating women consum-
ing a usual, varied diet do not need vitamin supplements. Infants may need 
dietary supplements at given times, as may pregnant and lactating women. 
Occasionally, vitamin supplements may be useful for people with unusual life-
styles or modified diets, including certain weight reduction regimens and strict 
vegetarian diets. Vitamins in therapeutic amounts may be indicated for the 
treatment of deficiency states, for pathologic conditions in which absorption and 
utilization of vitamins are reduced or requirements increased, and for certain 
nonnutritional disease processes. The decision to employ vitamin preparations 
in therapeutic amounts clearly rests with the physician. The importance of 
medical supervision when such amounts are administered is emphasized. 
Therapeutic vitamin mixtures should be so labeled and should not be used as 
dietary supplements. 

(JAMA 1987;57:1929-1936) 



common being 500 mg daily, 15% took 
400 IU of vitamin E daily, and 4% took 
10000 IU of vitamin A daily.36 

With such widespread use of vitamins 
by the American public, there is ample 
opportunity for misuse. Misuse of vita-
mins is considered any application of a 
vitamin or vitamins in a dose that is 
inappropriate or for a purpose that has 
no basis in established scientific prac-
tice. The rationales are often based on 
myths, or distortions of experimental 
studies in laboratory animals. Some 
vitamins,  such as A, E, C, and B6, are 
abused more commonly than others.37 

Some persons have taken large doses of 
multivitamins in the belief that vita-
mins combat the chronic degenerative 
diseases or extend life. No objective 
benefits, however, have been demon-
strated. 

Some of the most frequently encoun-
tered examples of vitamin misuse in-
clude the following: Vitamin E has been 
taken in large quantities in pursuit of 
rejuvenation, increased libido, and im-
proved sexual performance. Under the 
rubric of "orthomolecular psychiatry,n 

large doses of niacin have been given for 
the treatment of a variety of mental 
disorders without measurable effect. 
Large doses of vitamin B6 have been 
promoted for the treatment of carpal 
tunnel syndrome, premenstrual ten-
sion, and mental disorders, without es-
tablished benefit.37 One of the most 
widely misused vitamins is ascorbic 
acid. There is no reliable evidence that 
large doses of ascorbic _acid prevent 
colds or shorten their duration.38 

 

 

Misuses of Vitamins 
The FDA has estimated that 40% of 

the adult population uses vitamin and 
mineral supplements on a daily basis.35 

Ascorbic acid (vitamin C), either alone 
or in combination with other nutrients, 
was the most widely consumed nutrient 
(90.6%) of supplement users. Even 
among 2000 registered nurses sur-
veyed, 38% were taking multiple vita-
min supplements daily, 23% were using 
high dosages of ascorbic acid, the most 
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Public health nutrition will be served 
best by the insistence on a scientifically 
sound basis for vitamin supplementa- 

tion and therapy. All health practi-
tioners should emphasize repeatedly 
that properly selected diets are the 
primary basis for good nutrition. 
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Abstract
Analyses in nutritional epidemiology usually assume a uniform effect of a nutrient. Previously, four subgroups of the Alpha-Tocopherol,
Beta-Carotene Cancer Prevention (ATBC) Study of Finnish male smokers aged 50–69 years were identified in which vitamin E
supplementation either significantly increased or decreased the risk of pneumonia. The purpose of this present study was to quantify the level
of true heterogeneity in the effect of vitamin E on pneumonia incidence using the I 2 statistic. The I 2 value estimates the percentage of total
variation across studies that is explained by true differences in the treatment effect rather than by chance, with a range from 0 to 100%. The
I 2 statistic for the effect of vitamin E supplementation on pneumonia risk for five subgroups of the ATBC population was 89% (95% CI 78,
95%), indicating that essentially all heterogeneity was true variation in vitamin E effect instead of chance variation. The I 2 statistic for
heterogeneity in vitamin E effects on pneumonia risk was 92% (95% CI 80, 97%) for three other ATBC subgroups defined by smoking level
and leisure-time exercise level. Vitamin E decreased pneumonia risk by 69% among participants who had the least exposure to smoking and
exercised during leisure time (7·6% of the ATBC participants), and vitamin E increased pneumonia risk by 68% among those who had the
highest exposure to smoking and did not exercise (22% of the ATBC participants). These findings refute there being a uniform effect of
vitamin E supplementation on the risk of pneumonia.

Key words: Antioxidants: Dietary supplements: Effect modifiers (epidemiology): Population characteristics: Respiratory tract
infections

The effect of vitamin E supplementation on mortality has been
studied in numerous randomised trials, the results of which
have been pooled in several meta-analyses(1–3). Usually meta-
analyses calculate a single estimate of effect, such as a 4%
increase in mortality by vitamin E(1). The calculation of a single
estimate is based on the assumption that there is a uniform size
of effect that is informative for all the included trials, and also
applies to populations not included in the analysed trials.
Biology is complex, and it is possible that the effect of vitamin E

on health outcomes depends on various characteristics of
people and on their lifestyles. Therefore, a single universal
estimate of vitamin E effect might be substantially misleading
for some population groups. We found in our previous analyses
of the Alpha-Tocopherol, Beta-Carotene Cancer Prevention
(ATBC) Study on Finnish male smokers that the effects
of vitamin E supplementation were modified as follows: the
risk of common cold by age, smoking and residential
neighbourhood(4), the risk of tuberculosis by vitamin C intake(5)

and mortality by age and vitamin C intake(6). These findings
challenge the notion that the health effects of vitamin E are
uniform over the entire ATBC Study population. However, a

quantitative estimation of the true within-trial heterogeneity in
vitamin E effects has not been carried out previously.

The I 2 statistic was developed for the quantification of true
heterogeneity between multiple controlled trials included in a
meta-analysis(7,8). The I 2 value estimates the percentage of total
variation across different studies, which is explained by true
variation in the treatment effect rather than by chance variation.
The range of the I 2 scale is from 0 to 100%, and a value greater
than about 75% indicates a high level of true treatment
heterogeneity(8). To our knowledge, the I 2 statistic has not been
used previously to quantify the level of true heterogeneity
between the subgroups of a single randomised trial.

Vitamin E is an antioxidant and it influences the immune
system(9,10). Therefore, it might influence infections of the lungs
exposed to O2 and airborne oxidants. In our previous analyses
of the ATBC Study data, the effect of vitamin E on pneumonia
incidence differed from the null effect for several subgroups,
which were identified by different types of reasoning: by the
level of smoking, physical activity, weight and dietary vitamin C
intake(11–15). The goal of this study was to quantify the level of
true heterogeneity in the effect of vitamin E on pneumonia risk

Abbreviations: AT, DL-α-tocopheryl acetate; ATBC, Alpha-Tocopherol, Beta-Carotene Cancer Prevention; BC, β-carotene.
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over the identified ATBC Study subgroups by using the
I 2 statistic.

Methods

Participants

The rationale, design and methods of the ATBC Study, to
examine the effects of vitamin E (DL-α-tocopheryl acetate, AT,
50mg/d) and β-carotene (BC, 20mg/d) on the incidence of
lung cancer and other cancers and the primary findings, have
been described in detail(16,17). The ATBC Study is registered at
ClinicalTrials.gov under the identifier NCT00342992. In brief,
males aged 50–69 years who smoked ≥5 cigarettes/d at entry
(n 29 133) were randomised into one of four intervention
arms – placebo, AT, BC or AT+BC – according to a 2× 2
factorial design. Supplementation with vitamin E in the form
of DL-α-tocopheryl-acetate increased the mean serum levels of
α-tocopherol by 50% compared with baseline(17). The inter-
vention continued for 5–8 years until April 1993. The trial was
approved by the review boards of the participating institutions,
and all participants gave their written informed consent. Com-
pliance with supplementation was high: 90% of the subjects
took >90% of their prescribed capsules during their active
participation in the trial(17).

Baseline characteristics

Before randomisation, the participants completed ques-
tionnaires on medical and smoking histories and general
background characteristics(11,12,16,17). The baseline ques-
tionnaire enquired about the intensity of leisure-time physical
activity in terms of the following three alternatives: (1) light:
reading, watching TV, listening to the radio or going to movies;
(2) moderate: walking, fishing, hunting or gardening quite
regularly; and (3) heavy: actual physical exercise such as
jogging, skiing, swimming, gymnastics and court and field
sports quite regularly. In the current analysis, ‘exercise during
leisure time’ combines positive responses to alternatives
(2) (n 15 191) and (3) (n 1744).

Outcome and follow-up time

The outcome of this study, the first hospital-treated case of
pneumonia after randomisation, was ascertained from the
national Hospital Discharge Register using the volunteer’s
unique personal identification number, given to all Finnish
residents, for linkage(11). Follow-up time began from the day of
randomisation and continued until the date of the first hospital
discharge for pneumonia, death or the end of the trial, which-
ever came first. There was a total of 167 968 person-years of
observation (median follow-up 5·8 years).

Statistical methods

The effect of vitamin E supplementation on pneumonia inci-
dence was estimated by Cox’s proportional hazards models.
The trial participants to whom vitamin E alone or in

combination with BC were administered (AT and AT +BC) were
compared with the no-vitamin E supplement groups (placebo
and BC). The exceptions were subgroup 3 in Fig. 1 and 2 and
subgroup A in Fig. 3, for which the comparison was restricted to
no-BC participants because of the significant interaction
between AT and BC(15). We calculated the risk ratio (RR) and
the 95% CI of the RR using the PROC PHREG program of the
SAS package of programs (release 9.4; SAS Institute Inc.). Forest
plots were constructed using the metagen and forest programs
of the R program package; the I 2 statistic with its 95% CI and
the Cochran Q test-based χ2 values for heterogeneity were
calculated(18). To test the statistical significance of interaction
between vitamin E supplementation and the set of subgroups,
vitamin E and the subgroups were first added to the Cox’s
model. The statistical significance of the interaction was there-
after calculated from the change in −2× log (likelihood) when
the vitamin E subgroup interaction terms were added to the
model.

Results

The ATBC Study included males aged 50–69 years who smoked
≥5 cigarettes/d at entry. Further characteristics of the partici-
pants have been described previously(11–17). There were 898
pneumonia cases during the follow-up period corresponding to
an average rate of 5·3 pneumonia cases per 1000 person-years.
Among all 29 133 ATBC participants, the pneumonia cases were
identically distributed between the vitamin E and no-vitamin E
groups, 449 v. 449, corresponding to the average effect of
vitamin E supplementation of RR 1·00 (95% CI 0·88, 1·14).

To quantify the level of heterogeneity in vitamin E effect, the
ATBC participants were divided into six subgroups on the basis
of previous findings (Fig. 1). The primary cut-off point for the
subgroups was the age at which the participant initiated
smoking (≤20 v. ≥21 years), which significantly modified the
effect of vitamin E in the first series of subgroup analyses(11).
The second-level subgroups 1 and 2 were formed by the
subject’s body weight and dietary vitamin C intake(14), and
subgroups 3 and 6 were formed by the level of cigarette
smoking at baseline and the level of exercise at leisure time at
baseline(15). The participants who did not fall into these second-
level subgroups were classified as ‘the rest’, and they comprised
subgroups 4 and 5. A forest plot of the six subgroups is shown
in Fig. 2. The number of pneumonia cases in the six subgroups
is shown in the online Supplementary Table S1.

Essentially all heterogeneity over the six subgroups was true
variation in the vitamin E effect rather than chance variation:
I 2= 87% (95% CI 73, 93%) (Fig. 2).

In subgroup 6, vitamin E supplementation decreased the risk
of pneumonia by 69% (95% CI 44, 87%; n 2216). This group
included people who started smoking at a later age (≥21 years),
smoked just 5–19 cigarettes/d at study entry and carried out
leisure-time exercise(15). This subgroup in which vitamin E was
beneficial covered 7·6% of the ATBC participants.

The three groups – 1, 2 and 3 – for which vitamin E increased
pneumonia risk by 209% (95% CI 45, 560%; n 468), 134%
(95% CI 7, 408%; n 1328) and by 68% (95% CI 18, 140%;
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n 3022), respectively, included males who started smoking at a
younger age (≤20 years). In addition, these participants had low
body weight and vitamin C intakes above the median (group 1),
high body weight (group 2), smoked ≥20 cigarettes/d at study
entry and did not carry out leisure-time exercise (group 3)(14,15).
In all, these three subgroups in which vitamin E was harmful
covered 28% of the ATBC participants.
Vitamin E supplementation did not influence pneumonia risk

among the rest of the participants (groups 4 and 5). These two
subgroups covered 66% of the ATBC study participants.

In Fig. 1 and 2, these two groups are shown separately to
illustrate the background of the subgroup division. However,
maintaining the two ‘rest of the participants’ groups separately
is redundant, as both of them are consistent with no effect.
When these two groups were combined, the heterogeneity over
the remaining five subgroups increased to I 2= 89% (95% CI 78,
95%) (online Supplementary Fig. S1). When the five subgroups
were allowed independent vitamin E effects in the Cox’s
regression model, the statistical model was improved by
χ2= 42·3 (4 df) corresponding to P= 10 − 8.

Subgroup definition Proportion
of participants (%)

Effect of vitamin E
RR 95 % CI

Subgroup Age of smoking
initation (years)

Other
characteristics

3.1 1.4, 6.61.6

2.3 1.1, 5.14.6

1.7 1.2, 2.421

0.91 0.75, 1.1247

0.85 0.61, 1.1918

0.31 0.17, 0.577.6

1

2

3

4

5

6

≤ 20 

≤ 20 

≤ 20 

≤ 20 

≥ 21

≥ 21

<60 kg, vit C > 75 mg/d

>100 kg

Rest of the participants

Rest of the participants

≥ 20 cigarettes/d at baseline
did not exercise

5−19 cigarettes/d at baseline
exercised during leisure

Fig. 1. Proportion of participants and the effect of vitamin E on the incidence of pneumonia in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study,
1985–1993. The left-hand side shows the proportion of participants in six subgroups. The right-hand side shows the effect of vitamin E supplementation on the risk of
pneumonia for the same subgroups. Group 3 shows the estimate of vitamin E effect based on the no-β-carotene participants, because vitamin E and β-carotene had a
significant interaction in that subgroup(15). Groups 1 and 2 had 60 and 289 participants, respectively, overlapping with group 3. In Fig. 1 and 2, the overlapping
participants are included in groups 1 and 2, so that these two subgroups are consistent with the study of Hemilä & Kaprio(14). RR, risk ratio.

Study (%)

Heterogeneity
Test I 2= 87 % (95 % CI 73, 93 %), Q = 37.6, df = 5, P < 0.0001

1 (1.6)

2 (4.6)

3 (21)

4 (47)

5 (18)

6 (7.6)

TE

 1.13

 0.85

 0.52

−0.09

−0.16

−1.18

seTE

0.387

0.396

0.181

0.102

0.170

0.308

0.2 0.5 1 2 5

RR

Effect of vitamin E supplementation

RR

1.01

3.09

2.34

1.68

0.91

0.85

0.31

95 %, CI

0.88, 1.17

1.08, 5.08

1.18, 2.40

0.75, 1.12

0.61, 1.19

0.17, 0.56

W (fixed) (%)

100

1.45, 6.60 3.6

3.4

16.4

52.2

18.7

5.7

Fig. 2. A forest plot of six subgroups on vitamin E and the incidence of pneumonia in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Study,
1985–1993. The subgroups of Fig. 1 are shown in the same order in this forest plot. The percentage shown after group identification indicates the proportion of ATBC
Study participants falling in that subgroup. On the right-hand side, the vertical line indicates the no-vitamin E level. The horizontal lines indicate the 95% CI for the
vitamin E effect, and the squares at the centre of the horizontal lines indicate the point estimates of the effects in those particular groups. The sizes of the squares
indicate the relative weights of the groups. The Cochran Q test χ2= 37·6 (5 df) corresponds to P= 10−6. The two ‘rest of the participants’ groups 4 and 5 are redundant,
and when they are combined to a single ‘rest of the participants’ group (4 + 5) the I 2 increases to 89% (95% CI 78, 95%) with χ2= 37·5 (4 df) corresponding to
P= 10−7 (see the online Supplementary Fig. S1). RR, risk ratio; TE, treatment effect on the logarithmic scale; seTE, standard error of TE.
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When small subgroups are formed, the balance of the
baseline variables might be compromised. The uppermost
subgroup 1 was small with only 468 participants – that is, only
1·6% of all ATBC Study participants (Fig. 1 and 2). Nevertheless,
the baseline differences in relevant variables between the
vitamin E and no-vitamin E participants in this subgroup were
close to zero with narrow CI. Furthermore, inclusion of baseline
variables in the Cox’s model did not substantially change the
estimate of vitamin E effect (online Supplementary Table S2).
Thus, the difference in pneumonia occurrence between the
vitamin E and the no-vitamin E participants in subgroup 1
cannot be explained by an imbalance in relevant baseline
variables. The other groups, 2, 3 and 6, in which vitamin E
significantly affected pneumonia risk are much larger, and a
baseline imbalance is of even less concern.
A simplified analysis with only three subgroups was also

carried out (Fig. 3). This division was based on the age at
initiating smoking, the level of cigarette smoking at baseline
and the level of leisure-time exercise at baseline(15). Group A
had the highest smoking levels without leisure-time exercise.
Group C had the lowest levels of smoking with active
leisure-time exercise. Thus, the characteristics of group C are
the opposite of group A. The effects of vitamin E also point to
the opposite directions in these two subgroups. Group B
includes participants who did not belong to group A or C. The
I 2 statistic for heterogeneity in this set of three subgroups was
92% (95% CI 81, 97%), indicating that essentially all the het-
erogeneity in this subgroup division was a true variation of the
vitamin E effect and not chance fluctuation. When the three
subgroups were allowed independent vitamin E effects in the
Cox’s regression model, the statistical model improved by
χ2= 28·7 (2 df) corresponding to P= 10 − 6.

Discussion

The number of pneumonia cases in the ATBC Study was evenly
distributed between the vitamin E and the no-vitamin E parti-
cipants, indicating no overall average effect with great accuracy.

Nevertheless, within the ATBC Study population, there was a
high level of true heterogeneity for the effect of vitamin E
on pneumonia risk as shown in the present study. Not only
the I 2 point estimates but also the entire 95% CI ranges of the
I 2 were above the 75% level, which has been judged as the
threshold for high level of true heterogeneity(8). This indicates
that the overall average zero effect is not applicable for all
ATBC participants. It follows, therefore, that there cannot be a
uniform vitamin E supplementation effect on pneumonia risk
over the Western male population, as Finnish males of the
ATBC Study form a subgroup of Western males.

All the variables used to define the subgroups of Fig. 1 have a
biological rationale: smoking has an influence on vitamin E
metabolism(19), vitamins C and E interact(19,20) and sporadic
physical activity causes oxidative stress(21) against which anti-
oxidant vitamin E may protect. Finally, the dose–effect rela-
tionship is a basic concept in pharmacology. Consequently, the
effects of a fixed vitamin E dose may depend on body weight as
the dose per body weight varies(14).

When the modification of vitamin E effect is complex and
defined by half a dozen or more variables, there is no unam-
biguous way to form subgroups that are distinguished by
different sizes of the vitamin E effect. Pragmatic cut-off limits are
used in Fig. 1–3; yet, it is unreasonable from the biological
perspective to assume exact cut-off points. Nevertheless, the
main issue in this study is not the specific locations of the cut-off
points, but the finding of the very high level of true hetero-
geneity in the vitamin E effect over the 29 133 ATBC
participants.

The level of true heterogeneity of vitamin E effect depends
on the combination of the sizes of the vitamin E effects for the
subgroups and the sizes of the subgroups themselves. Thus, the
estimate of I 2= 92% in Fig. 3 is not a characteristic of vitamin E
but it is generated by the combination of the specific subgroup
sizes and the effects of vitamin E within the particular sub-
groups of the ATBC Study cohort.

The high level of true heterogeneity in the effect of vitamin E
on pneumonia has important implications. First, it provides a
strong argument against the opinion that subgroup analyses of

Study (%)

Heterogeneity
Test I 2= 92 % (95 % CI 81, 97 %), Q = 25.7, df = 2, P < 0.0001

A (23)

B (69)

C (8)

TE

0.58

−0.03

−1.18

seTE

0.1756

0.0835

0.3077

0.25 0.5 1 2

RR

Effect of vitamin E supplementation

RR

1.01

1.79

0.97

0.31

95 %, CI

0.88, 1.17

1.27, 2.53

0.83, 1.15

0.17, 0.56

W (fixed) (%)

100

17.4

76.9

5.7

Fig. 3. A forest plot of three subgroups on vitamin E and the incidence of pneumonia in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Study,
1985–1993. Group A in this forest plot includes participants who started smoking at ≤20 years of age and smoked ≥20 cigarettes/d at study entry and did not carry out
leisure-time exercise (23·0% of the ATBC participants). Group C includes males who started smoking at ≥21 years of age and smoked 5–19 cigarettes/d at study entry
and carried out leisure-time exercise (7·6%). Group B includes all the other participants (69·4%). The estimate of effect shown for subgroup 3 is based on the
no-β-carotene participants only, as vitamin E and β-carotene had a significant interaction in that subgroup; see Hemilä & Kaprio(15) for the origin of these three
subgroups. In the forest plot on the right-hand side, the vertical line indicates the placebo level. The Cochran Q heterogeneity test χ2= 25·7 (2 df) corresponds to
P= 10−5. When the analysis was restricted to the no-β-carotene participants (n 14573), then I 2= 88% (95% CI 65, 96%; P= 0·0003) (see the online Supplementary
Fig. S2). RR, risk ratio; TE, treatment effect on the logarithmic scale; seTE, standard error of TE.
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randomised trials should be strongly discouraged because they
can lead to false-positive findings due to the multiple compar-
ison problem(22–25). Altman stated that biological plausibility is a
weak criterion when deciding whether a subgroup finding is
likely to be real, as in his view ‘doctors seem able to find a
biologically plausible explanation for any finding’(22). Although
there is much room for speculation at the molecular level of
biology because the number of genes and proteins is huge, the
number of variables relevant at the population level of biology
is much more limited. Few variables are as important at the
population level as smoking, which modified the effect of
vitamin E (Fig. 1–3).
Many trials are small and they do not have the statistical

power to analyse subgroup differences. For example, one
study on vitamin E and respiratory infections included 652
participants who were followed-up for 788 person-years(26),
and another study included 617 participants followed-up for
540 person-years(27). In contrast, the ATBC Study included
29 133 participants followed-up for 168 000 person-years.
Consequently, the ATBC Study, when analysed as subgroups,
may be considered to be a large series of small studies covering
a wide range of population groups with different characteristics.
A large, randomised trial has consistent treatment and outcome
definitions. Therefore, a subgroup analysis of a large trial is
much more informative than a comparison of a series of small
trials with slightly varying interventions and outcome defini-
tions, even when the total number of participants in the latter
might be the same. Although the multiple comparison problem
is a relevant concern in subgroup analysis of small studies, it is
not a reasonable explanation for the narrow CI of the I 2 statistic
found in the present subgroup analysis (Fig. 2 and 3).
Biology is complex and it is unlikely that the belief in a

uniform treatment effect is usually justified. The groups of
people in whom a treatment is either most or least effective can
be found only by comparing the effects on different groups of
people. Feinstein wanted to ‘rescue the scientific importance of
valid pathophysiologic subgroups from being forgotten or
destroyed by excessive vehemence in suggestions that all
subgroups are evil’(28) and Lagakos commented that ‘avoiding
any presentation of subgroup analysis because of their history
of being over-interpreted is a steep price to pay for a problem
that can be remedied by more responsible analysis and
reporting’(29). Given the long-term commitment of study parti-
cipants and the resources invested, it might even be considered
as an ethical duty of the researchers to analyse large trials
extensively rather than simply calculating a single overall
average effect. Nevertheless, it is also important to carry out
subgroup analysis with caution and not over-interpret the
findings.
The second implication of the high level of true heterogeneity

within the ATBC Study cohort concerns the pooling of diverse
randomised trials in meta-analyses. Calculation of a pooled
estimate of effect is based on the assumption that there is a
uniform effect that is informative. However, small studies have
wide CI and may not reveal heterogeneity even if the biological
effect does differ between the studied populations. On the other
hand, large studies may include people who vary substantially
in their characteristics and in the effects of treatments; yet, the

overall average effect may camouflage substantial variations
between subpopulations as shown in Fig. 1–3. Therefore, the
pooled estimates of meta-analyses can be spuriously precise
and may suffer from ecological fallacy, which means that study-
level analysis can lead to different conclusions than corre-
sponding individual-level analysis(30,31). Analyses of the ATBC
Study also found evidence that the effect of vitamin E on
mortality was heterogeneous(6,32). Therefore, the averages cal-
culated in meta-analyses, such as the 4% increase in mortality
for vitamin E supplementation(1), may not be valid for many
population groups.

The third implication of the heterogeneity in vitamin E effects
is that cohort studies on nutrition and health may often be
misleading. In cohort studies, confounders are adjusted to allow
the calculation of a single estimate of effect over the study
population. For example, in their cohort study with male US
health professionals between 40 and 75 years of age, Merchant
et al.(33) reported no association between daily vitamin E intake
and community-acquired pneumonia. However, when several
variables modify the effect of vitamin E on pneumonia risk
(Fig. 1–3), it is evident that the effects of vitamin E should be
investigated separately in subpopulations defined by those
modifier variables, instead of calculating a single average effect
adjusting for those variables as if they were confounders. Large
trials such as the ATBC Study can give accurate effect estimates
for subgroups as shown by the current study. However, similar
subgroup analyses in cohort studies are much more challenging
or impossible because of the close associations between dietary
variables with each other and with numerous other lifestyle
factors(34).

Finally, vitamin E supplementation has been proposed for
improving the immune system(35). However, in the ATBC Study,
28% of males had an increased risk of pneumonia because of
vitamin E administration (Fig. 1). In addition, the combination of
vitamin E supplementation and a high level of dietary vitamin C
intake increased the risk of tuberculosis by 72% (95% CI 4,
185%)(5), and vitamin E increased the risk of common cold in a
subpopulation of the participants(4). Thus, even though sub-
group 6 of Fig. 1 indicates that some people may benefit from
vitamin E by gaining protection against infection, there is evi-
dence of harm in some other people. Given the current limited
understanding about who might benefit, vitamin E should not
be suggested for the general population for improving the
immune system.

Although the 69% reduction in the risk of pneumonia is a
substantial effect in subgroup 6 (Fig. 1), given the pneumonia
rate of about six cases/1000 person-years, approximately 250
people would need vitamin E supplementation for 1 year to
prevent one episode of pneumonia in males in that subgroup.
Community-acquired pneumonia in middle-aged people is
usually cured quite rapidly by antibiotics and rarely leads to
long-term or permanent sequelae; thus, the practical sig-
nificance of vitamin E is not clear even in this subgroup. Fur-
thermore, the ATBC Study participants were mostly born in the
1920s and 1930s and lived through the WWII years. Therefore,
the estimate of effect calculated for the 7·6% subgroup of the
ATBC Study cohort should not be generalised to current
middle-aged males in Western countries.
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In conclusion, the I 2 statistic may be a useful measure when
analysing within-trial heterogeneity in large, randomised trials.
The numerical estimates of vitamin E effect in the analysed
subgroups of the present study are much less essential than the
high level of true heterogeneity over the entire ATBC Study
cohort. When an effect is heterogeneous, great caution should
be exercised in the extrapolation of the effect estimates to other
contexts. The high level of true heterogeneity found in the
current study indicates that the uniform effect estimates calcu-
lated in meta-analyses and cohort studies on vitamin E may
often be misleading. There seems to be a need for further
research on vitamin E for non-smoking, middle-aged and older
males who exercise in their leisure time.
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Virus Pneumonia and Its Treatment With Vitamin C  

FRED R. KLENNER, M.D.,  Reidsville, North Carolina 

IRUS PNEUMONIA (primary atypical pneu-
monia, non-specific pneumonitis, epidemic non-

bacterial pneumonia, desseminated focal pneumo-
nia, viral pneumonia) has been accepted as an en-
tity and has been under observation in this country 
and  abroad  for  the  past  twelve  years.  No  bacte-
riological studies have confirmed the etiology of 
this disease other than by negative findings. The 
sputum shows the usual flora of gram-positive and 
gram-negative organisms. In 1938, Reimann re-
ported that a filterable infectious agent was recov-
ered from the nasopharynx of one and from the 
blood of another out of a series of eight cases, but 
not sufficient evidence could be found to determine 
such as the causative factor. It must be closely 
allied to the virus causing influenza, because in 
the first twenty-four to thirty-six hours it is very 
commonly thought to be that type of infection. 
Horsfall and his co-workers at the Rockefeller In-
stitute have cultured an organism, which they have 
designated Streptococcus MG, from a large per-
centage of their patients with primary atypical 
pneumonia. The exact role of this bacterium is not 
known, but it is seldom found except in persons ill 
of this disease. Since it is not present in all cases, 
it is not the primary cause, but only a character-
istic secondary invader or associate. The disease 
also resembles psittacosis in many respects and 
since penicillin might be of value in such cases it 
is of great importance to establish the diagnosis 
quickly. 

The onset of this type of virus infection is always 
gradual. Like all virus diseases there is a wide va-
riation of the prodromal symptoms. There might 
be none; there might be the classical generalized 
malaise. This disease is highly contagious, and our 
observations over a five-year period point to a 
definite incubation period of from five to fourteen 
days. We have also noted that the longer the in-
cubation period the milder the infection: the 
shorter the incubation period the more severe is 
the infection. This must be interpreted in the first 
instance as either a mildly virulent organism or a 
high degree of resistance or immunity on the part 
of the host and in the second instance as a very 
virulent organism or no immunity at all on the 
part of the host. In some instances, however, the 
patient will have a slight attack with apparent 
recovery due either to good resistance against a 
weak virus or good response to treatment only to 
be followed in seven to ten days by a return of 
symptoms in a more severe form and producing a 
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critically ill patient. This type of case cannot be 
classified as a fourteen-day incubation period, but 
rather it is one in which the virus was only atten-
uated or else there has been the factor of a second 
infection. 

The chief complaint, however, will always be one 
of sudden onset, since the patient begins his con-
cept of his illness from the time he first experi-
enced waves of chilly sensations or a frank chill 
alternating with hot spells   and   associated   with 
burning in the nose, a sore throat, hoarseness, a 
bad taste in his mouth, moderate vertigo, nausea 
and grade-two type frontal headache. This picture 
will then develop to the point where severe frontal 
headache is noted along with a feeling of weakness 
in the lower extremities so marked that the patient 
complains of a dragging sensation when moving 
about in bed. This weakness persists for some days 
after clearing of all symptoms and negative chesi 
films.   The patient can hardly support his body 
weight without the feeling of buckling at the knees. 
Added to the above might be substernal pain or 
generalized tightness in the chest with varying de-
grees of tracheo-bronchitis.   The fever is usually 
found during this phase to be about 102° F. After 
pulmonary involvement of as much   as   6   by   8 
cm. areas have been reached the fever will be up 
to 103 and 104° F. in adults and up to 105° F. in 
infants and early childhood. Dry hacking cough is 
a most constant factor especially after the second 
day of illness. Occasionally this cough is paroxys-
mal, and if the invasion is severe enough it will in 
the final clearing stage of the disease be thick, 
tenacious, brownish-gray — even blood-streaked. 
This disease shows remarkable versatility in that 
it will vary its symptoms and signs to fit with that 
of a mild cold on one hand to a very serious medi-
cal complexity on the other. It suggests sometimes 
that more than one bacteriologic unit is involved. 
The pulse will be increased in a very definite ratio 
to the toxic effect of the virus. If the invasion is 
mild the pulse rate will be normal even though the 
fever may be recorded at 103° F. If, however, the 
invasion is severe, meaning that physical findings 
approximating those of a lobar pneumonia (with or 
without   a  definite   complicating  encephalitis   or 
meningitis) are present, or with an accompanying 
pleurisy, then the pulse rate will be rapid and will 
follow the temperature curve. Sweating is common 
and it is usually very profuse. Cyanosis and dysp-
nea occurred only in those patients that had at 
least as much as a lobe of lung involvement and 
where the fever continued to climb to a 104° F. 
each night. 

V 
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The physical findings are limited to the head 
and chest. There is marked rhinitis with swelling 
of the turbinates. The accessory nasal sinuses are 
involved; the frentals being the chief offenders. 
The tonsil bed is not remarkable but the lymphoid 
tissue on the posterior pharyngeal wall is thick-
ened and edematous and scarlet in color. The vocal 
cords appear like those seen in any simple laryn-
gitis. In the lungs diminished breath sounds with 
moist and dry rales (sometimes very coarse) are 
usually the only evidence of disease. When there 
are extensive areas of consolidation the usual dull-
ness to percussion, tubular breathing and pectorilo-
quy are present. 

The laboratory findings are of little importance. 
The" white blood count and differential are nearly 
always within normal limits. A 6500 white count 
is typical regardless of the lung pathology. The 
sedimentation rate will be normal except in very-
acute cases, with cerebral symptoms. The sputum 
examination is valuable only in its negative find-
ings. 

Chemotherapy may be tried where x-ray facili-
ties are not convenient or not obtainable. If sul-
fonamides and/or penicillin are given for twenty-
four to thirty-six hours without response both 
should be discontinued and treatment for virus in-
fection instituted. In our age it requires some 
measure of boldness to discontinue these important 
drugs so early especially with the patient still run-
ning a fever of from 102 to 104° F. In this case 
boldness counts. 

There is no constant x-ray picture to be found 
in virus pneumonia, but some evidence of pneu-
monitis will nearly always be present regardless of 
the physical signs—even when the physical signs 
are absent. The chest film will show anything from 
extensive consolidation to a patchy and sometimes 
fleecy infiltration suggestive of tuberculosis. This 
patchy form will be scattered in all diameters of 
the lung fields. Plates taken daily or every second 
to third day will often show the pneumonic process 
clearing in some areas while new areas are devel-
oping at other points. The disease begins as an 
infiltrative process starting at the hilus, and then, 
by a peribronchial route gradually spreading to 
the interbrdnchial regions. Usually there will be an 
involvement of several segments of lung comprising 
several lobes. These isolated segments soon become 
confluent, giving the film a smoky appearance. 
This process may go on to involvement of an en-
tire lobe and in many respects look like a lobar 
pneumonia. The marked difference lies in the fact 
that even when the density is massive a streaky 
background can always be seen; the shadow in 
virus pneumonia is never entirely solid. Resolution, 
either spontaneous or from some method of treat-
ment, may give positive x-ray films days and even 

weeks after there has been a complete clinical re-
sponse. 

The treatment of virus infections, including 
frank virus pneumonia, has been for the most part 
without specific recommendations. Oppenheimer in 
56 cases employed x-rays in doses from 35r to 90r 
which he states relieved cough and shortened the 
course of the disease. Offutt employed 100r doses 
daily or every other day, depending on the sever-
ity and response, alternating front and back or 
alternating sides if both lungs were involved. None 
in his series of twelve cases received over four 
treatments. Both men report surprising uniformity 
in the disappearance of fever and symptoms after 
one or two exposures. No unfavorable reactions 
occurred in either series. Aminophyllin in doses of 
three grains every four hours has been given with 
varying results in the belief that it improved the 
circulation through the lung fields. We have em-
ployed the drug in smaller doses when there was 
evidence that the patient had a coexisting coro-
nary impairment. Since this was given along with 
the drug of our choice, ascorbic acid, this paper 
cannot evaluate its merits. Multiple transfusions 
from multiple donors and blood from patients con-
valescing from virus pneumonia have also been 
used. 

The purpose of this paper is to outline a new 
and  different  form  of  treatment  for  this  type  of  
virus infection which in 42 cases over a five-year 
period has given excellent results. The treatment 
has dojuble merit due to the simplicity of its 
schedule. The remedy used was vitamin C (ascor-
bic acid) given in massive doses. Since it is com-
mon knowledge that there are definite individual 
variations in absorption of vitamin C from the 
intestinal tract and under certain pathological con-
ditions still greater variations in the absorption 
factors the I. V. and I. M. routes were used. 
When a diagnosis of virus pneumonia was enter-
tained the patient was given 1000 mg. vitamin C 
intravenously every six to twelve hours. If it was 
by chance that a diagnosis was established in the 
home the usual initial dose was 500 mg. given in 
the gluteal muscle. Subsequent injections were 
given I. V. because the injection was thus made 
painless and the response was faster.  In infants and 
very small children, however, 500 mg. I. M. every 
six to twelve hours was the method of choice. 
From three to seven injections gave complete clin-
ical  and  x-ray  response  in  all  of  our  cases.  The  
series comprised types of cases from very slight 
consolidation to those resembling lobar pneumonia. 
Two cases were complicated by cerebral manifes-
tations. Vitamin C was also given by mouth in one-
third of this series but there was no outstanding 
difference in the response. The dosage was from 100 
to 500 mg., depending on the age of the pa-  
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tient, and it was given every four to six hours. 
In almost every case the patient felt better within 
an hour after the first injection and noted a very 
definite change after two hours. Nausea was re-
lieved by the first injection as was the headache. 
The heat regulating center showed a quick response 
and it was the rule to find a drop of 2° F. several 
hours after the first 1000 mg. Penicillin was given 
in conjunction with ascorbic acid in five cases. It 
was our observation that penicillin had some re-
tarding effect on the action of vitamin C, since the 
response was not so rapid and in one case the 
results were not obtained until the penicillin was 
discontinued. 

Supportive treatment was given by forcing 
fluids, particularly fruit juices, to tolerance. Soda-
water was given to adults in the amount of four 
glasses in 24 hours, each glass containing one tea-
spoonful sodium bicarbonate. Infants and children 
were given this alkaline drink in proportion to age. 
The rationale of bicarbonate of soda is based on 
the findings of Hawley and others that the amount 
of vitamin C excreted in the urine may vary ac-
cording to the acid:alkali content of the diet, a 
highly alkaline urine having lower amounts of vit-
amin C than a highly acid urine. Codeine sulfate 
and aspirin were given by mouth. In adults the 
dose was codeine 0.5 grain, aspirin 10 grains given 
every six hours. Infants and children according to 
age. Some few patients complained of severe chest 
pain and some others of a constricting sensation 
that they described as cutting off their breath. 
These symptoms were relieved by employing either 
Numotizine as a plaster or the old-fashioned mus-
tard  plaster.  The  mustard  plaster  was  made  up  
with cold water and was applied cold for a period 
of about IS minutes. The proportions used were 
one part mustard and two parts flour. The amount 
of flour used in preparing the plaster for children 
was according to age but in no instance was the 
ratio greater than one to six. In childhood an 
expiratory grunt was taken as an index to use 
plasters. Oxygen inhalation was not employed even 
though  cyanosis  existed  in  twelve  cases  of  the  se-
ries; an additional injection of 500 mg. of vitamin 
C was given with almost spontaneous alleviation 
of the distressing condition. In two cases codeine 
sulfate was given in one grain amounts because of 
the weight of the patient. Diet was forced even 
though there was no desire to eat. 

It is difficult to evaluate the role played by 
vitamin C against the virus organism. We have 
seen ascorbic acid give response in other types of 
virus infections but not sufficient evidence is on 
hand  to  state  that  it  is  a  virus  killer.  It  has  been  
shown histologically that vitamin C regulates the 
intercellular substance of the capillary wall. In 
the human body its chief function is concerned 

with the formation of colloidal intercellular sub-
stances. The intercellular substances which appear 
to be regulated by vitamin C are of mesencyhmal 
origin—this means the collogen of all fibrous tissue 
structure, all non-epithelial cement substances in-
cluding the intercellular substance of the capillary 
wall. Gothlin found increased capillary fragility in 
individuals with blood levels of 1 mg. of vitamin 
C  per  liter  or  less.  It  must  be  remembered  too,  
however, that ascorbic acid has been reported to 
function as a respiratory catalyst, aiding cellular 
respiration by acting as a hydrogen transport. 

Finally we consider the case of the liver in that 
the saturation of the blood plasma with vitamin C 
betters the detoxifying powers of this organ. It has 
been known that fever, toxemia and specific bac-
teria do act on the vitamin C concentration of the 
blood plasma with a lowering effect. Could it be 
that, by maintaining a high blood level of this 
vitamin, all body tissue is allowed to return to nor-
mal in spite of the existing fever and the presence 
of the specific organism, and that, acting as a 
respiratory catalyst, it enables the body to build 
up adequate resistance to the invader? 

SUMMARY 
Virus pneumonia is a true clinical entity.  Al-
though it gives symptoms similar to influenza in 
the early stage of illness the virus has not been 
identified. The onset is gradual and has an incu-
bation period of five to fourteen days. The usual 
beginning is a hanging-on cold or generalized ma-
laise. The chief symptoms, although not all are 
necessarily present each time, are chilly sensations 
or a single frank chill, followed with hot spells, 
burning in the nose, sore throat, hoarseness, bad 
taste   in  mouth,  nausea,   frontal  headache,  dry 
cough  at  first—later productive in  the clearing 
phase of the disease—sweating, and this is usually 
profuse, normal pulse unless complicated with cere-
bral symptoms, pleurisy or a condition approxi-
mating lobar pneumonia when   it  will   be   rapid. 
Fever is from 100 to 104° F. The physical findings 
are inflammation of the turbihates and accessory 
nasal sinuses, hypertrophy of the lymphoid tissue 
on the posterior pharyngeal wall.   Breath sounds 
are diminished and moist and dry rales are some-
times present. In extensive consolidation dullness 
to percussion, tubular breathing and pectoriloquy 
are found. The laboratory findings show the blood 
picture within normal limits; the sputum is nega-
tive. Sulfonamides and penicillin are good diagnostic 
aids since they have no effect on the disease. The 
x-ray findings can be anything from negative films 
through pneumonitis on to frank consolidation. 
Vitamin C in doses of 1000 mg. every six to twelve 
hours for three to seven injections has been specific 
in the experience of the author. X-ray in  
                              To Page 46 
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doses from 35 to 100r daily, or every second to  
third day, for not more than four exposures, 
aminophyllin and transfusions from convalescing  
or multiple donors have some usefulness as adju- 
vants in some cases. 
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WKLV�UHYLHZ��7KH�HVWLPDWHV�RI�YLWDPLQ�&�HIIHFW�DQG�WKHLU�FRQILGHQFH�LQWHUYDOV�>&,@�ZHUH�FDOFXODWHG
IRU�WKH�LQFOXGHG�VWXGLHV�

7KUHH�VWXGLHV�WKDW�ZHUH�UHOHYDQW�IRU�H[DPLQLQJ�WKH�UROH�RI�YLWDPLQ�&�RQ�FRPPRQ�FROG�
LQGXFHG�DVWKPD�ZHUH�LGHQWLILHG��7KH�WKUHH�VWXGLHV�KDG�D�WRWDO�RI����SDUWLFLSDQWV��7ZR�VWXGLHV�ZHUH
UDQGRPL]HG�GRXEOH�EOLQG�SODFHER�FRQWUROOHG�WULDOV��$�VWXG\�LQ�1LJHULD�RQ�DVWKPDWLFV�ZKRVH
DVWKPD�DWWDFNV�ZHUH�SUHFLSLWDWHG�E\�UHVSLUDWRU\�LQIHFWLRQV�IRXQG�WKDW���J�GD\�YLWDPLQ�&�GHFUHDVHG
WKH�RFFXUUHQFH�RI�DVWKPD�DWWDFNV�E\����������&,������WR�������$�FURVV�RYHU�VWXG\�LQ�IRUPHU
(DVW�*HUPDQ\�RQ�SDWLHQWV�ZKR�KDG�LQIHFWLRQ�UHODWHG�DVWKPD�IRXQG�WKDW���J�GD\�YLWDPLQ�&
GHFUHDVHG�WKH�SURSRUWLRQ�RI�SDUWLFLSDQWV�ZKR�KDG�EURQFKLDO�K\SHUVHQVLWLYLW\�WR�KLVWDPLQH�E\���
SHUFHQWDJH�SRLQWV������&,�����WR������7KH�WKLUG�VWXG\�GLG�QRW�XVH�D�SODFHER��$GPLQLVWUDWLRQ�RI�D
VLQJOH�GRVH�RI���JUDP�RI�YLWDPLQ�&�WR�,WDOLDQ�QRQ�DVWKPDWLF�FRPPRQ�FROG�SDWLHQWV�LQFUHDVHG�WKH
SURYRFDWLYH�FRQFHQWUDWLRQ�RI�KLVWDPLQH��3&��������IROG������&,������WR�������EXW�WKH�YLWDPLQ�&
HIIHFW�ZDV�VLJQLILFDQWO\�OHVV�ZKHQ�WKH�VDPH�SDUWLFLSDQWV�GLG�QRW�VXIIHU�IURP�WKH�FRPPRQ�FROG�

7KH�WKUHH�UHYLHZHG�VWXGLHV�GLIIHUHG�VXEVWDQWLDOO\�LQ�WKHLU�PHWKRGV��VHWWLQJV�DQG
RXWFRPHV��(DFK�RI�WKHP�IRXQG�EHQHILWV�IURP�WKH�DGPLQLVWUDWLRQ�RI�YLWDPLQ�&��HLWKHU�DJDLQVW
DVWKPD�DWWDFNV�RU�DJDLQVW�EURQFKLDO�K\SHUVHQVLWLYLW\��WKH�ODWWHU�RI�ZKLFK�LV�D�FKDUDFWHULVWLF�RI
DVWKPD��*LYHQ�WKH�HYLGHQFH�VXJJHVWLQJ�WKDW�YLWDPLQ�&�DOOHYLDWHV�FRPPRQ�FROG�V\PSWRPV�DQG�WKH
ILQGLQJV�RI�WKLV�V\VWHPDWLF�UHYLHZ��LW�PD\�EH�UHDVRQDEOH�IRU�DVWKPDWLF�SDWLHQWV�WR�WHVW�YLWDPLQ�&�RQ
DQ�LQGLYLGXDO�EDVLV��LI�WKH\�KDYH�H[DFHUEDWLRQV�RI�DVWKPD�FDXVHG�E\�UHVSLUDWRU\�LQIHFWLRQV��0RUH
UHVHDUFK�RQ�WKH�UROH�RI�YLWDPLQ�&�RQ�FRPPRQ�FROG�LQGXFHG�DVWKPD�LV�QHHGHG�

)RUPDW��$EVWUDFW

�

$XWKRU�LQIRUPDWLRQ

�

)XOO�WH[W�OLQNV

3XE0HG



��������� 9LWDPLQ�&�DQG�FRPPRQ�FROG�LQGXFHG�DVWKPD��D�V\VWHPDWLF�UHYLHZ�DQG�VWDWLVWLFDO�DQDO\VLV����3XE0HG���1&%,

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG��������� ���

30,'����������� 30&,'��30&�������� '2,������������������������

)UHH�30&�$UWLFOH

,PDJHV�IURP�WKLV�SXEOLFDWLRQ� 6HH�DOO�LPDJHV���� )UHH
WH[W �

/LQN2XW���PRUH�UHVRXUFHV



,Q�WKHLU�V\VWHPDWLF�UHYLHZ�RI�VH[�GLIIHUHQFHV�LQ�UHVSLUDWRU\�WUDFW�LQIHFWLRQV��57,V���)DODJDV�
HW�DO��FRQFOXGHG�WKDW�PDOHV�GHYHORS�57,V�PRUH�IUHTXHQWO\�WKDQ�IHPDOHV��LQ�SDUWLFXODU�ORZHU�
57,V��DQG�WKH�FRXUVH�RI�WKH�LQIHFWLRQ�LV�RIWHQ�PRUH�VHYHUH�LQ�PDOHV�WKDQ�LQ�IHPDOHV�

,Q�������,�UHSRUWHG�D�PHWD�DQDO\VLV�RI�%ULWLVK�WULDOV�RQ�YLWDPLQ�&�DQG�WKH�FRPPRQ�FROG�
ZKLFK�JLYHV�D�FRPSOHPHQWDU\�YLHZSRLQW�RQ�VH[�GLIIHUHQFHV�LQ�57,V� �,Q�IRXU�WULDOV�ZLWK�
PDOHV��YLWDPLQ�&�VXSSOHPHQWDWLRQ�UHGXFHG�FRPPRQ�FROG�LQFLGHQFH�E\����������&,��
í����WR�í������EXW�KDG�QR�HIIHFW�LQ�IRXU�WULDOV�ZLWK�IHPDOHV��HVWLPDWH�í��������&,��í����
WR�������7KH�GLYHUJHQFH�LQ�WKH�FRQILGHQFH�LQWHUYDOV�VXJJHVWV�GLIIHUHQW�HIIHFWV�RQ�PDOHV�
DQG�IHPDOHV��7KUHH�VWXGLHV�UHSRUWHG�GDWD�IRU�ERWK�PDOHV�DQG�IHPDOHV�DQG�WKH�ODUJHVW�RI�
WKHVH��E\�%DLUG�HW�DO�� �IRXQG�KLJKO\�VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�VH[�DQG�YLWDPLQ�&�
HIIHFW�RQ�FRPPRQ�FROG�LQFLGHQFH��7DEOH�����7KH�WZR�VPDOOHU�WULDOV�KDG�ZLGH�FRQILGHQFH�
LQWHUYDOV�WKDW�RYHUODSSHG�EHWZHHQ�PDOHV�DQG�IHPDOHV� �)XUWKHUPRUH��LQ�IRXU�WULDOV�ZLWK�
%ULWLVK�PDOHV��YLWDPLQ�&�UHGXFHG�UHFXUUHQW�FROGV�GXULQJ�WKH�VWXG\�SHULRG�E\������í����WR�
í������EXW�KDG�QR�HIIHFW�RQ�IHPDOHV� �,Q�SDUWLFXODU��7\UUHOO�HW�DO� �IRXQG�WKDW�WKHUDSHXWLF�
YLWDPLQ�&�GXULQJ�WKH�ILUVW�FROG�HSLVRGH�UHGXFHG�VXEVHTXHQW�FROGV�LQ�PDOHV�E\������í����
WR�í���� �EXW�QRW�LQ�IHPDOHV��í����í����WR��������7KH�%DLUG�HW�DO� �DQG�7\UUHOO�HW�DO�
VWXGLHV�ZHUH�UDQGRPLVHG�SODFHER�FRQWUROOHG�GRXEOH�EOLQG�WULDOV�DQG�WKHLU�ILQGLQJV�FDQQRW�
EH�GLVPLVVHG�RQ�PHWKRGRORJLFDO�JURXQGV�

�

�

�

�

� �

� � �

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK=RRP�MV

9LWDPLQ�&�DQG�VH[�GLIIHUHQFHV�LQ�UHVSLUDWRU\�WUDFW�LQIHFWLRQV
+DUUL�+HPLOl

2SHQ�$UFKLYH � 3XEOLVKHG� -DQXDU\��������� � '2,� KWWSV���GRL�RUJ���������M�UPHG������������

/(77(5�72�7+(�(',725 _ �92/80(������,668(����3���������$35,/���������

3OXP;�0HWULFV

/RJ�LQ



7DEOH�� ,QWHUDFWLRQ�EHWZHHQ�VH[�DQG�WKH�HIIHFW�RI�YLWDPLQ�&�RQ�
FRPPRQ�FROG�LQFLGHQFH�LQ�%ULWLVK�VWXGHQWV��%DLUG�HW�DO���������

¡ ¢

9LWDPLQ�& 3ODFHER

55������
&,�

3DUWLFLSDQWV
1R��RI�
FROGV

3DUWLFLSDQWV
1R��RI�
FROGV

0DOHV ��� ��� �� ���
�����
�����±
�����

)HPDOHV ��� ��� �� ��
�����
�����±
�����

7KHVH�GDWD�DUH�IURP�5HIV����DQG����7KH�VWDWLVWLFDO�VLJQLILFDQFH�RI�LQWHUDFWLRQ�ZDV�
FDOFXODWHG�IURP�WKH�FKDQJH�LQ�í�îORJ�OLNHOLKRRG��ZKHQ�WKH�LQWHUDFWLRQ�WHUP�ZDV�DGGHG�WR�
WKH�PRGHO��67$7$�SURJUDP�3RLVVRQ��

2SHQ�WDEOH�LQ�D�QHZ�WDE�

%HFDXVH�ODUJH�VFDOH�WULDOV�JLYH�QR�HYLGHQFH�WKDW�KLJK�GRVH�YLWDPLQ�&�VXSSOHPHQWDWLRQ��စ�
J�GD\��GHFUHDVHV�FRPPRQ�FROG�LQFLGHQFH� �WKH�ILQGLQJV�ZLWK�%ULWLVK�PDOHV�FDOO�IRU�VSHFLDO�
H[SODQDWLRQV��6HYHUDO�VXUYH\V�KDG�UHSRUWHG�ORZ�GLHWDU\�YLWDPLQ�&�LQWDNH�LQ�WKH�8.�DQG�
WKXV�WKH�EHQHILW�RI�VXSSOHPHQWDWLRQ�PD\�EH�H[SODLQHG�E\�WUHDWLQJ�PDUJLQDO�GHILFLHQF\�
7KLV�H[SODQDWLRQ�LV�FRQVLVWHQW�ZLWK�WKH�HVWLPDWHG�ORZ�GDLO\�YLWDPLQ�&�LQWDNH�LQ�%DLUG
V�
VWXG\����PJ�GD\��DQG�WKH�SDUWLFXODUO\�ORZ�GRVDJH�RI�YLWDPLQ�&�VXSSOHPHQWDWLRQ����
PJ�GD\� �8VXDOO\�SODVPD�DQG�OHXFRF\WH�YLWDPLQ�&�FRQFHQWUDWLRQV�DUH�ORZHU�LQ�PDOHV�WKDQ�
LQ�IHPDOHV�DOWKRXJK�LW�LV�QRW�FOHDU�WR�ZKDW�H[WHQW�WKLV�LV�GXH�WR�GLHWDU\�DQG�SK\VLRORJLFDO�
GLIIHUHQFHV�EHWZHHQ�WKH�VH[HV� �&RQFOXGLQJ�IURP�WKH�%ULWLVK�VWXGLHV� �LW�VHHPV�WKDW�

�

�

�

�

� ��� ��� �
)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK=RRP�MV



VH[�GLIIHUHQFHV�LQ�57,V�PD\�EH�JHQHUDWHG�E\�YDULDWLRQV�LQ�GLHWDU\�YLWDPLQ�&�LQWDNHV��LQ�
DGGLWLRQ�WR�WKH�IDFWRUV�PHQWLRQHG�E\�)DODJDV�HW�DO�

)XUWKHUPRUH��LQ�D�UHFHQW�&RFKUDQH�UHYLHZ�ZH�LGHQWLILHG�WKUHH�SURSK\ODFWLF�YLWDPLQ�&�WULDOV�
DQG�HDFK�RI�WKHP�UHSRUWHG�DQ�����RU�JUHDWHU�GHFUHDVH�LQ�SQHXPRQLD�LQFLGHQFH�LQ�WKH�
YLWDPLQ�&�JURXS� �$OO�WKHVH�WULDOV�H[DPLQHG�PDOHV�RQO\�DQG�WKH�LQFLGHQFH�RI�SQHXPRQLD�
ZDV�SDUWLFXODUO\�KLJK��7KH�EHQHILW�RI�YLWDPLQ�&�VXSSOHPHQWDWLRQ�VHHPHG�WR�EH�H[SODLQHG�
E\�PDUJLQDO�GHILFLHQF\�DQG�E\�LQFUHDVHG�UHTXLUHPHQW�FDXVHG�E\�KHDY\�H[HUWLRQ�

,W�LV�REYLRXV�WKDW�WKH�ILQGLQJV�RI�WKH�FRPPRQ�FROG�WULDOV�ZLWK�%ULWLVK�PDOHV �DQG�SQHXPRQLD�
WULDOV�ZLWK�PDOHV �FDQQRW�EH�H[WUDSRODWHG�WR�WKH�JHQHUDO�SRSXODWLRQ�RI�WKH�ZHVWHUQ�
FRXQWULHV��1HYHUWKHOHVV��IXUWKHU�YLWDPLQ�&�WULDOV�DUH�ZDUUDQWHG�DPRQJ�PDOHV�ZLWK�ORZ�
GLHWDU\�YLWDPLQ�&�LQWDNH�

5HIHUHQFHV

�

�

�

�

�

)DODJDV�0�(��� 0RXUW]RXNRX�(�*��� 9DUGDNDV�.�=��
6H[�GLIIHUHQFHV�LQ�WKH�LQFLGHQFH�DQG�VHYHULW\�RI�UHVSLUDWRU\�WUDFW�LQIHFWLRQV�
5HVSLU�0HG� ��������������������

9LHZ�LQ�$UWLFOH�

6FRSXV������ � 3XE0HG � $EVWUDFW � )XOO�7H[W � )XOO�7H[W�3') � *RRJOH�6FKRODU

��

+HPLOl�+��9LWDPLQ�&�LQWDNH�DQG�VXVFHSWLELOLW\�WR�WKH�FRPPRQ�FROG��%U�-�1XWU
�������������±����>'LVFXVVLRQ�LQ���������������±��@��$YDLODEOH�DW��
KWWS���ZZZ�OWGN�KHOVLQNL�IL�XVHUV�KHPLOD�+�++B����B%-1�SGI��'LVFXVVLRQ�DW��
KWWS���ZZZ�OWGN�KHOVLQNL�IL�XVHUV�KHPLOD�+�++B����B%-1��SGI�

9LHZ�LQ�$UWLFOH�

*RRJOH�6FKRODU

��

%DLUG�,�0��� +XJKHV�5�(��� :LOVRQ�+�.��� 'DYLHV�-�(�:��� +RZDUG�$�1��
7KH�HIIHFWV�RI�DVFRUELF�DFLG�DQG�IODYRQRLGV�RQ�WKH�RFFXUUHQFH�RI�V\PSWRPV�
QRUPDOO\�DVVRFLDWHG�ZLWK�WKH�FRPPRQ�FROG�

��
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$UWLFOH�,QIR

3XEOLFDWLRQ�+LVWRU\

3XEOLVKHG�RQOLQH��-DQXDU\���������

,GHQWLILFDWLRQ

'2,��KWWSV���GRL�RUJ���������M�UPHG������������

&RS\ULJKW

�������(OVHYLHU�/WG��3XEOLVKHG�E\�(OVHYLHU�,QF��

$P�-�&OLQ�1XWU� ����������$YDLODEOH�DW��
KWWS���ZZZ�DMFQ�RUJ�FJL�FRQWHQW�DEVWUDFW����������������������

9LHZ�LQ�$UWLFOH�

3XE0HG � *RRJOH�6FKRODU

7\UUHOO�'�$�-��� &UDLJ�-�:��� 0HDGH�7�:��� :KLWH�7��
$�WULDO�RI�DVFRUELF�DFLG�LQ�WKH�WUHDWPHQW�RI�WKH�FRPPRQ�FROG�
%U�-�3UHY�6RF�0HG� �����������������

9LHZ�LQ�$UWLFOH�

3XE0HG � *RRJOH�6FKRODU

��

+HPLOl�+��� /RXKLDOD�3��
9LWDPLQ�&�IRU�SUHYHQWLQJ�DQG�WUHDWLQJ�SQHXPRQLD�
&RFKUDQH�'DWDEDVH�6\VW�5HY� ������
�KWWSۃ���G[�GRL�RUJ������������������&'�������SXEۄ����&'������

9LHZ�LQ�$UWLFOH�

3XE0HG � *RRJOH�6FKRODU

��
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,Q�%ULHI � )XOO�7H[W � 3')

,Q�%ULHI � )XOO�7H[W � 3')

,Q�%ULHI � )XOO�7H[W � 3')

8VHU�/LFHQVH

(OVHYLHU�XVHU�OLFHQVH�_�+RZ�\RX�FDQ�UHXVH

6FLHQFH'LUHFW

$FFHVV�WKLV�DUWLFOH�RQ�6FLHQFH'LUHFW

7DEOHV

7DEOH�� � ,QWHUDFWLRQ�EHWZHHQ�VH[�DQG�WKH�HIIHFW�RI�YLWDPLQ�&�RQ�FRPPRQ�FROG�LQFLGHQFH�LQ�
%ULWLVK�VWXGHQWV��%DLUG�HW�DO����������

/LQNHG�$UWLFOH

6H[�GLIIHUHQFHV�LQ�WKH�LQFLGHQFH�DQG�VHYHULW\�RI�UHVSLUDWRU\�WUDFW�LQIHFWLRQV

5HVSLUDWRU\�0HGLFLQH��9RO�������,VVXH��

2SHQ�$UFKLYH

5HODWHG�$UWLFOHV

&RUWLFRVWHURLG�VSDULQJ�HIIHFWV�RI�YLWDPLQ�&�DQG�PDJQHVLXP�LQ�DVWKPD��D�UDQGRPLVHG�WULDO

5HVSLUDWRU\�0HGLFLQH��9RO�������,VVXH��

2SHQ�$UFKLYH

$VFRUELF�DFLG�VXSSOHPHQWDWLRQ�DWWHQXDWHV�H[HUFLVH�LQGXFHG�EURQFKRFRQVWULFWLRQ�LQ�
SDWLHQWV�ZLWK�DVWKPD

5HVSLUDWRU\�0HGLFLQH��9RO�������,VVXH��

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK=RRP�MV



)XOO�7H[W � 3')

)XOO�7H[W � 3')

)XOO�7H[W � 3')

,Q�%ULHI � )XOO�7H[W � 3')

,Q�%ULHI � )XOO�7H[W � 3')

,Q�%ULHI � )XOO�7H[W � 3')

2SHQ�$UFKLYH

7KH�LQIOXHQFH�RI�WKH�DGPLQLVWUDWLRQ�RI�YLWDPLQ�&�RQ�EORRG�VHGLPHQWDWLRQ�DQG�VHQVLWLYLW\�WR�
WXEHUFXOLQ

%ULWLVK�-RXUQDO�RI�7XEHUFXORVLV��9RO������,VVXH��

7KH�UHODWLRQVKLS�EHWZHHQ�SODVPD�DQWLR[LGDQW�SRWHQWLDO�DQG�YLWDPLQ�&�FRQFHQWUDWLRQ�LQ�
VPRNHUV�DQG�QRQ�VPRNHUV

5HVSLUDWRU\�0HGLFLQH��9RO������,VVXH���

'LHWDU\�PRGXODWLRQ�RI�OXQJ�HSLWKHOLDO�OLQLQJ�IOXLG�YLWDPLQ�&�FRQFHQWUDWLRQ

5HVSLUDWRU\�0HGLFLQH��9RO������,VVXH���

,GHQWLI\LQJ�ELRPDUNHUV�IRU�DVWKPD�GLDJQRVLV�XVLQJ�WDUJHWHG�PHWDERORPLFV�DSSURDFKHV

5HVSLUDWRU\�0HGLFLQH��9RO�����

2SHQ�$UFKLYH

2EHVLW\�DQG�DVWKPD��$�FRLQFLGHQFH�RU�D�FDXVDO�UHODWLRQVKLS"�$�V\VWHPDWLF�UHYLHZ

5HVSLUDWRU\�0HGLFLQH��9RO�������,VVXH��

2SHQ�$FFHVV

&RPELQHG�HIIHFWV�RI�PXOWLSOH�ULVN�IDFWRUV�RQ�DVWKPD�LQ�VFKRRO�DJHG�FKLOGUHQ

5HVSLUDWRU\�0HGLFLQH��9RO�����

2SHQ�$UFKLYH)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK=RRP�MV



,Q�%ULHI � )XOO�7H[W � 3')

,Q�%ULHI � )XOO�7H[W � 3')

7KH�HIIHFWV�RI�FLJDUHWWH�VPRNH�RQ�DLUZD\�LQIODPPDWLRQ�LQ�DVWKPD�DQG�&23'��7KHUDSHXWLF�
LPSOLFDWLRQV

5HVSLUDWRU\�0HGLFLQH��9RO�������,VVXH��

2SHQ�$UFKLYH

0DULQH�OLSLG�IUDFWLRQ�3&62�������O\SULQRO��RPHJD�;/���RI�WKH�1HZ�=HDODQG�JUHHQ�OLSSHG�
PXVVHO�DWWHQXDWHV�K\SHUSQHD�LQGXFHG�EURQFKRFRQVWULFWLRQ�LQ�DVWKPD

5HVSLUDWRU\�0HGLFLQH��9RO�������,VVXH��

2SHQ�$UFKLYH

:H�XVH�FRRNLHV�WR�KHOS�SURYLGH�DQG�HQKDQFH�RXU�VHUYLFH�DQG�WDLORU�FRQWHQW�DQG�DGV��%\�FRQWLQXLQJ�\RX�DJUHH�
WR�WKH�XVH�RI�FRRNLHV�

&RS\ULJKW��������(OVHYLHU�,QF��H[FHSW�FHUWDLQ�FRQWHQW�SURYLGHG�E\�WKLUG�SDUWLHV��

+RPH

$57,&/(6�$1'�
,668(6

$UWLFOHV�LQ�3UHVV

&XUUHQW�,VVXH

/LVW�RI�,VVXHV

&2//(&7,216

(GLWRU
V�&KRLFH�
$UWLFOHV

)25�$87+256

$ERXW�2SHQ�
$FFHVV

$XWKRU�
,QIRUPDWLRQ

5HVHDUFKHU�
$FDGHP\

6XEPLW�
0DQXVFULSW

-2851$/�,1)2

$ERXW�2SHQ�
$FFHVV

$ERXW�WKH�
-RXUQDO

$EVWUDFWLQJ�,QGH
[LQJ

&DUHHU�
2SSRUWXQLWLHV

&RQWDFW�
,QIRUPDWLRQ

(GLWRULDO�%RDUG

,QIR�IRU�
$GYHUWLVHUV

1HZ�&RQWHQW�
$OHUWV

3ULFLQJ

5HSULQWV

6KDUHG�6FLHQFH

6XEVFULEH

025(�
3(5,2',&$/6

)LQG�D�
3HULRGLFDO

*R�WR�3URGXFW�
&DWDORJ

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK=RRP�MV



)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK=RRP�MV



��������� 9LWDPLQ�&�DQG�WKH�FRPPRQ�FROG��XVLQJ�LGHQWLFDO�WZLQV�DV�FRQWUROV����3XE0HG���1&%,

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG�������� ���

&29,'����LV�DQ�HPHUJLQJ��UDSLGO\�HYROYLQJ�VLWXDWLRQ�
*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��

*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

0HG�-�$XVW�������2FW���������������

9LWDPLQ�&�DQG�WKH�FRPPRQ�FROG��XVLQJ�LGHQWLFDO�WZLQV�DV�FRQWUROV�
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7R�ILQG�RXW�ZKHWKHU�YLWDPLQ�&�UHGXFHV�WKH�LQFLGHQFH��WKH�GXUDWLRQ�RU�VHYHULW\�RI�WKH
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HIIHFW�RI�WKHUDSHXWLF�YLWDPLQ�&�������HSLVRGHV���1R�FRQVLVWHQW�HIIHFW�RI�YLWDPLQ�&�ZDV�VHHQ�RQ�WKH
GXUDWLRQ�RU�VHYHULW\�RI�FROGV�LQ�WKH�WKHUDSHXWLF�WULDOV�7KH�PDMRULW\�RI�LQFOXGHG�WULDOV�ZHUH
UDQGRPLVHG��GRXEOH�EOLQG�WULDOV��7KH�H[FOXVLRQ�RI�WULDOV�WKDW�ZHUH�HLWKHU�QRW�UDQGRPLVHG�RU�QRW
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JUHDWHU��UHGXFWLRQ�LQ�SQHXPRQLD�LQFLGHQFH�LQ�WKH�YLWDPLQ�&�JURXS��:H�LGHQWLILHG�WZR�
WKHUDSHXWLF�WULDOV�LQYROYLQJ�����FRPPXQLW\�DFTXLUHG�SQHXPRQLD�SDWLHQWV��2QO\�RQH�ZDV�
VDWLVIDFWRULO\�UDQGRPLVHG��GRXEOH�EOLQG�DQG�SODFHER�FRQWUROOHG��7KDW�WULDO�VWXGLHG�HOGHUO\�
SDWLHQWV�LQ�WKH�8.�DQG�IRXQG�ORZHU�PRUWDOLW\�DQG�UHGXFHG�VHYHULW\�LQ�WKH�YLWDPLQ�&�JURXS��
KRZHYHU��WKH�EHQHILW�ZDV�UHVWULFWHG�WR�WKH�PRVW�LOO�SDWLHQWV��7KH�RWKHU�WKHUDSHXWLF�WULDO�
VWXGLHG�DGXOWV�ZLWK�D�ZLGH�DJH�UDQJH�LQ�WKH�IRUPHU�6RYLHW�8QLRQ�DQG�IRXQG�D�GRVH�
GHSHQGHQW�UHGXFWLRQ�LQ�WKH�GXUDWLRQ�RI�SQHXPRQLD�ZLWK�WZR�YLWDPLQ�&�GRVHV��:H�LGHQWLILHG�
RQH�SURSK\ODFWLF�WULDO�UHFRUGLQJ����FDVHV�RI�KRVSLWDO�DFTXLUHG�SQHXPRQLD�LQ����VHYHUHO\�
EXUQHG�SDWLHQWV��RQH�GD\�DGPLQLVWUDWLRQ�RI�YLWDPLQ�&�KDG�QR�HIIHFW�RQ�SQHXPRQLD�LQFLGHQFH��
7KH�LGHQWLILHG�VWXGLHV�DUH�FOLQLFDOO\�KHWHURJHQHRXV�ZKLFK�OLPLWV�WKHLU�FRPSDUDELOLW\��7KH�
LQFOXGHG�VWXGLHV�GLG�QRW�ILQG�DGYHUVH�HIIHFWV�RI�YLWDPLQ�&�

7KH�SURSK\ODFWLF�XVH�RI�YLWDPLQ�&�WR�SUHYHQW�SQHXPRQLD�
VKRXOG�EH�IXUWKHU�LQYHVWLJDWHG�LQ�SRSXODWLRQV�ZKR�KDYH�D�KLJK�LQFLGHQFH�RI�SQHXPRQLD��
HVSHFLDOO\�LI�GLHWDU\�YLWDPLQ�&�LQWDNH�LV�ORZ��6LPLODUO\��WKH�WKHUDSHXWLF�HIIHFWV�RI�YLWDPLQ�&�
VKRXOG�EH�VWXGLHG��HVSHFLDOO\�LQ�SDWLHQWV�ZLWK�ORZ�SODVPD�YLWDPLQ�&�OHYHOV��7KH�FXUUHQW�
HYLGHQFH�LV�WRR�ZHDN�WR�DGYRFDWH�SURSK\ODFWLF�XVH�RI�YLWDPLQ�&�WR�SUHYHQW�SQHXPRQLD�LQ�WKH�
JHQHUDO�SRSXODWLRQ��1HYHUWKHOHVV��WKHUDSHXWLF�YLWDPLQ�&�VXSSOHPHQWDWLRQ�PD\�EH�
UHDVRQDEOH�IRU�SQHXPRQLD�SDWLHQWV�ZKR�KDYH�ORZ�YLWDPLQ�&�SODVPD�OHYHOV�EHFDXVH�LWV�FRVW�
DQG�ULVNV�DUH�ORZ�
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$EVWUDFW

'HWHUPLQDQWV�RI�WKH�UHFRPPHQGHG�GLHWDU\�DOORZDQFH��5'$��IRU�YLWDPLQ�&�LQFOXGH�WKH�
UHODWLRQVKLS�EHWZHHQ�YLWDPLQ�&�GRVH�DQG�VWHDG\�VWDWH�SODVPD�FRQFHQWUDWLRQ��ELRDYDLODELOLW\��
XULQDU\�H[FUHWLRQ��FHOO�FRQFHQWUDWLRQ��DQG�SRWHQWLDO�DGYHUVH�HIIHFWV��%HFDXVH�FXUUHQW�GDWD�DUH�
LQDGHTXDWH��DQ�LQ�KRVSLWDO�GHSOHWLRQ�UHSOHWLRQ�VWXG\�ZDV�FRQGXFWHG��6HYHQ�KHDOWK\�
YROXQWHHUV�ZHUH�KRVSLWDOL]HG�IRU�����PRQWKV�DQG�FRQVXPHG�D�GLHW�FRQWDLQLQJ����PJ�RI�
YLWDPLQ�&�GDLO\��6WHDG\�VWDWH�SODVPD�DQG�WLVVXH�FRQFHQWUDWLRQV�ZHUH�GHWHUPLQHG�DW�VHYHQ�
GDLO\�GRVHV�RI�YLWDPLQ�&�IURP����WR������PJ��9LWDPLQ�&�VWHDG\�VWDWH�SODVPD�FRQFHQWUDWLRQV�
DV�D�IXQFWLRQ�RI�GRVH�GLVSOD\HG�VLJPRLG�NLQHWLFV��7KH�VWHHS�SRUWLRQ�RI�WKH�FXUYH�RFFXUUHG�
EHWZHHQ�WKH�����DQG�����PJ�GDLO\�GRVH��WKH�FXUUHQW�5'$�RI����PJ�GDLO\�ZDV�RQ�WKH�ORZHU�
WKLUG�RI�WKH�FXUYH��WKH�ILUVW�GRVH�EH\RQG�WKH�VLJPRLG�SRUWLRQ�RI�WKH�FXUYH�ZDV�����PJ�GDLO\��
DQG�FRPSOHWH�SODVPD�VDWXUDWLRQ�RFFXUUHG�DW������PJ�GDLO\��1HXWURSKLOV��PRQRF\WHV��DQG�
O\PSKRF\WHV�VDWXUDWHG�DW�����PJ�GDLO\�DQG�FRQWDLQHG�FRQFHQWUDWLRQV�DW�OHDVW����IROG�KLJKHU�
WKDQ�SODVPD��%LRDYDLODELOLW\�ZDV�FRPSOHWH�IRU�����PJ�RI�YLWDPLQ�&�DV�D�VLQJOH�GRVH��1R�
YLWDPLQ�&�ZDV�H[FUHWHG�LQ�XULQH�RI�VL[�RI�VHYHQ�YROXQWHHUV�XQWLO�WKH�����PJ�GRVH��$W�VLQJOH�
GRVHV�RI�����PJ�DQG�KLJKHU��ELRDYDLODELOLW\�GHFOLQHG�DQG�WKH�DEVRUEHG�DPRXQW�ZDV�H[FUHWHG��
2[DODWH�DQG�XUDWH�H[FUHWLRQ�ZHUH�HOHYDWHG�DW������PJ�RI�YLWDPLQ�&�GDLO\�FRPSDUHG�WR�ORZHU�
GRVHV��%DVHG�RQ�WKHVH�GDWD�DQG�,QVWLWXWH�RI�0HGLFLQH�FULWHULD��WKH�FXUUHQW�5'$�RI����PJ�
GDLO\�VKRXOG�EH�LQFUHDVHG�WR�����PJ�GDLO\��ZKLFK�FDQ�EH�REWDLQHG�IURP�IUXLWV�DQG�
YHJHWDEOHV��6DIH�GRVHV�RI�YLWDPLQ�&�DUH�OHVV�WKDQ������PJ�GDLO\��DQG�YLWDPLQ�&�GDLO\�GRVHV�
DERYH�����PJ�KDYH�QR�HYLGHQW�YDOXH�

)XOO�WH[W

)XOO�WH[W�LV�DYDLODEOH�DV�D�VFDQQHG�FRS\�RI�WKH�RULJLQDO�SULQW�YHUVLRQ��*HW�D�SULQWDEOH�FRS\��3')�ILOH��RI�WKH�FRPSOHWH�DUWLFOH
����0���RU�FOLFN�RQ�D�SDJH�LPDJH�EHORZ�WR�EURZVH�SDJH�E\�SDJH��/LQNV�WR�3XE0HG�DUH�DOVR�DYDLODEOH�IRU�6HOHFWHG�5HIHUHQFHV�

6HOHFWHG�5HIHUHQFHV

7KHVH�UHIHUHQFHV�DUH�LQ�3XE0HG��7KLV�PD\�QRW�EH�WKH�FRPSOHWH�OLVW�RI�UHIHUHQFHV�IURP�WKLV�DUWLFOH��

� %DNHU�(0��6DDUL�-&��7ROEHUW�%0��$VFRUELF�DFLG�PHWDEROLVP�LQ�PDQ��$P�-�&OLQ�1XWU�
�����'HF����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

LFRQ�RI�VFDQQHG�
SDJH�����

����

LFRQ�RI�VFDQQHG�
SDJH�����

����

LFRQ�RI�VFDQQHG�
SDJH�����

����

LFRQ�RI�VFDQQHG�
SDJH�����

����

LFRQ�RI�VFDQQHG�
SDJH�����

����

LFRQ�RI�VFDQQHG�
SDJH�����

����

G R�ORDG���H[WHQVLRQV�0DWK0HQX�MV



� %DNHU�(0��+RGJHV�5(��+RRG�-��6DXEHUOLFK�+(��0DUFK�6&��0HWDEROLVP�RI�DVFRUELF�
����&�DFLG�LQ�H[SHULPHQWDO�KXPDQ�VFXUY\��$P�-�&OLQ�1XWU�������0D\����������±����
>3XE0HG@�>*RRJOH�6FKRODU@

� +RGJHV�5(��%DNHU�(0��+RRG�-��6DXEHUOLFK�+(��0DUFK�6&��([SHULPHQWDO�VFXUY\�LQ
PDQ��$P�-�&OLQ�1XWU�������0D\����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� +RGJHV�5(��+RRG�-��&DQKDP�-(��6DXEHUOLFK�+(��%DNHU�(0��&OLQLFDO�PDQLIHVWDWLRQV
RI�DVFRUELF�DFLG�GHILFLHQF\�LQ�PDQ��$P�-�&OLQ�1XWU�������$SU����������±����
>3XE0HG@�>*RRJOH�6FKRODU@

� %DNHU�(0��+RGJHV�5(��+RRG�-��6DXEHUOLFK�+(��0DUFK�6&��&DQKDP�-(��0HWDEROLVP
RI���&��DQG��+�ODEHOHG�/�DVFRUELF�DFLG�LQ�KXPDQ�VFXUY\��$P�-�&OLQ�1XWU������
$SU����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� .DOOQHU�$��+DUWPDQQ�'��+RUQLJ�'��6WHDG\�VWDWH�WXUQRYHU�DQG�ERG\�SRRO�RI�DVFRUELF
DFLG�LQ�PDQ��$P�-�&OLQ�1XWU�������0DU����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� /HYLQH�0��1HZ�FRQFHSWV�LQ�WKH�ELRORJ\�DQG�ELRFKHPLVWU\�RI�DVFRUELF�DFLG��1�(QJO�-
0HG�������$SU��������������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� /HYLQH�0��&DQWLOHQD�&&��'KDULZDO�.5��,Q�VLWX�NLQHWLFV�DQG�DVFRUELF�DFLG
UHTXLUHPHQWV��:RUOG�5HY�1XWU�'LHW�������������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� -DFRE�5$��6NDOD�-+��2PD\H�67��%LRFKHPLFDO�LQGLFHV�RI�KXPDQ�YLWDPLQ�&�VWDWXV��$P
-�&OLQ�1XWU�������1RY����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� -DFRE�5$��3LDQDOWR�)6��$JHH�5(��&HOOXODU�DVFRUEDWH�GHSOHWLRQ�LQ�KHDOWK\�PHQ��-�1XWU�
�����0D\������������±������>3XE0HG@�>*RRJOH�6FKRODU@

� 9DQGHU-DJW�'-��*DUU\�3-��%KDJDYDQ�+1��$VFRUELF�DFLG�LQWDNH�DQG�SODVPD�OHYHOV�LQ
KHDOWK\�HOGHUO\�SHRSOH��$P�-�&OLQ�1XWU�������$XJ����������±�����>3XE0HG@�>*RRJOH
6FKRODU@

� *DUU\�3-��*RRGZLQ�-6��+XQW�:&��*LOEHUW�%$��1XWULWLRQDO�VWDWXV�LQ�D�KHDOWK\�HOGHUO\
SRSXODWLRQ��YLWDPLQ�&��$P�-�&OLQ�1XWU�������$XJ����������±�����>3XE0HG@�>*RRJOH
6FKRODU@

� 0D\HUVRKQ�0��$VFRUELF�DFLG�DEVRUSWLRQ�LQ�PDQ��SKDUPDFRNLQHWLF�LPSOLFDWLRQV��(XU�-
3KDUPDFRO�������-XO����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� %ODQFKDUG�-��&RQUDG�.$��0HDG�5$��*DUU\�3-��9LWDPLQ�&�GLVSRVLWLRQ�LQ�\RXQJ�DQG
HOGHUO\�PHQ��$P�-�&OLQ�1XWU�������0D\����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� %ODQFKDUG�-��'HSOHWLRQ�DQG�UHSOHWLRQ�NLQHWLFV�RI�YLWDPLQ�&�LQ�KXPDQV��-�1XWU������
)HE�����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� :DVKNR�3:��:HOFK�5:��'KDULZDO�.5��:DQJ�<��/HYLQH�0��$VFRUELF�DFLG�DQG
GHK\GURDVFRUELF�DFLG�DQDO\VHV�LQ�ELRORJLFDO�VDPSOHV��$QDO�%LRFKHP������
-XO���������±����>3XE0HG@�>*RRJOH�6FKRODU@

� +HVHNHU�+��6FKQHLGHU�5��5HTXLUHPHQW�DQG�VXSSO\�RI�YLWDPLQ�&��(�DQG�EHWD�FDURWHQH
IRU�HOGHUO\�PHQ�DQG�ZRPHQ��(XU�-�&OLQ�1XWU�������)HE����������±�����>3XE0HG@
>*RRJOH�6FKRODU@

� :DVKNR�3��5RWURVHQ�'��/HYLQH�0��$VFRUELF�DFLG�WUDQVSRUW�DQG�DFFXPXODWLRQ�LQ�KXPDQ
QHXWURSKLOV��-�%LRO�&KHP�������1RY�����������������±�������>3XE0HG@�>*RRJOH
6FKRODU@

� %HUJVWHQ�3��$PLWDL�*��.HKUO�-��'KDULZDO�.5��.OHLQ�+*��/HYLQH�0��0LOOLPRODU
FRQFHQWUDWLRQV�RI�DVFRUELF�DFLG�LQ�SXULILHG�KXPDQ�PRQRQXFOHDU�OHXNRF\WHV��'HSOHWLRQ
DQG�UHDFFXPXODWLRQ��-�%LRO�&KHP�������)HE���������������±������>3XE0HG@
>*RRJOH�6FKRODU@

� 'KDULZDO�.5��+DUW]HOO�:2��/HYLQH�0��$VFRUELF�DFLG�DQG�GHK\GURDVFRUELF�DFLG
PHDVXUHPHQWV�LQ�KXPDQ�SODVPD�DQG�VHUXP��$P�-�&OLQ�1XWU�������2FW����������±����
>3XE0HG@�>*RRJOH�6FKRODU@

)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



� :DVKNR�3:��+DUW]HOO�:2��/HYLQH�0��$VFRUELF�DFLG�DQDO\VLV�XVLQJ�KLJK�SHUIRUPDQFH
OLTXLG�FKURPDWRJUDSK\�ZLWK�FRXORPHWULF�HOHFWURFKHPLFDO�GHWHFWLRQ��$QDO�%LRFKHP�
�����6HS�����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� 'KDULZDO�.5��:DVKNR�3:��/HYLQH�0��'HWHUPLQDWLRQ�RI�GHK\GURDVFRUELF�DFLG�XVLQJ
KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\�ZLWK�FRXORPHWULF�HOHFWURFKHPLFDO�GHWHFWLRQ�
$QDO�%LRFKHP�������$XJ�������������±����>3XE0HG@�>*RRJOH�6FKRODU@

� )ULHGPDQ�*-��6KHUU\�6��5DOOL�(3��7+(�0(&+$1,60�2)�7+(�(;&5(7,21�2)
9,7$0,1�&�%<�7+(�+80$1�.,'1(<�$7�/2:�$1'�1250$/�3/$60$
/(9(/6�2)�$6&25%,&�$&,'��-�&OLQ�,QYHVW�������6HS����������±���� >30&�IUHH
DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

� /$+,5,�6��//2<'�%%��7KH�HIIHFW�RI�VWUHVV�DQG�FRUWLFRWURSKLQ�RQ�WKH�FRQFHQWUDWLRQV
RI�YLWDPLQ�&�LQ�EORRG�DQG�WLVVXHV�RI�WKH�UDW��%LRFKHP�-�������6HS�������±���� >30&
IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

� 6WHLQ�+%��+DVDQ�$��)R[�,+��$VFRUELF�DFLG�LQGXFHG�XULFRVXULD��$�FRQVHTXHQF\�RI
PHJDYLWDPLQ�WKHUDS\��$QQ�,QWHUQ�0HG�������$SU����������±�����>3XE0HG@�>*RRJOH
6FKRODU@

� 0LWFK�:(��-RKQVRQ�0:��.LUVKHQEDXP�-0��/RSH]�5(��(IIHFW�RI�ODUJH�RUDO�GRVHV�RI
DVFRUELF�DFLG�RQ�XULF�DFLG�H[FUHWLRQ�E\�QRUPDO�VXEMHFWV��&OLQ�3KDUPDFRO�7KHU������
0DU����������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� 8ULYHW]N\�0��.HVVDULV�'��6PLWK�$'��$VFRUELF�DFLG�RYHUGRVLQJ��D�ULVN�IDFWRU�IRU
FDOFLXP�R[DODWH�QHSKUROLWKLDVLV��-�8URO�������0D\������������±������>3XE0HG@
>*RRJOH�6FKRODU@

� :DQG]LODN�75��'
$QGUH�6'��'DYLV�3$��:LOOLDPV�+(��(IIHFW�RI�KLJK�GRVH�YLWDPLQ�&
RQ�XULQDU\�R[DODWH�OHYHOV��-�8URO�������$SU�����������±�����>3XE0HG@�>*RRJOH
6FKRODU@

� /L�0*��0DGDSSDOO\�00��5DSLG�HQ]\PDWLF�GHWHUPLQDWLRQ�RI�XULQDU\�R[DODWH��&OLQ
&KHP�������'HF������������±������>3XE0HG@�>*RRJOH�6FKRODU@

� /DFKDQFH�3��/DQJVHWK�/��7KH�5'$�FRQFHSW��WLPH�IRU�D�FKDQJH"�1XWU�5HY������
$XJ������3W�������±�����>3XE0HG@�>*RRJOH�6FKRODU@

� .RSODQ�-3��$QQHVW�-/��/D\GH�30��5XELQ�*/��1XWULHQW�LQWDNH�DQG�VXSSOHPHQWDWLRQ�LQ
WKH�8QLWHG�6WDWHV��1+$1(6�,,���$P�-�3XEOLF�+HDOWK�������0DU����������±����
>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

� 0XUSK\�63��5RVH�'��+XGHV�0��9LWHUL�)(��'HPRJUDSKLF�DQG�HFRQRPLF�IDFWRUV
DVVRFLDWHG�ZLWK�GLHWDU\�TXDOLW\�IRU�DGXOWV�LQ�WKH���������1DWLRQZLGH�)RRG
&RQVXPSWLRQ�6XUYH\��-�$P�'LHW�$VVRF�������1RY������������±������>3XE0HG@
>*RRJOH�6FKRODU@

� =KRX�$��1LHOVHQ�-+��)DUYHU�2��7KRUQ�1$��7UDQVSRUW�RI�DVFRUELF�DFLG�DQG
GHK\GURDVFRUELF�DFLG�E\�SDQFUHDWLF�LVOHW�FHOOV�IURP�QHRQDWDO�UDWV��%LRFKHP�-������
0DU��������3W�������±���� >30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

� :HOFK�5:��%HUJVWHQ�3��%XWOHU�-'��/HYLQH�0��$VFRUELF�DFLG�DFFXPXODWLRQ�DQG
WUDQVSRUW�LQ�KXPDQ�ILEUREODVWV��%LRFKHP�-�������6HS�������3W�������±���� >30&�IUHH
DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

� /HYLQH�0��$VFRUELF�DFLG�VSHFLILFDOO\�HQKDQFHV�GRSDPLQH�EHWD�PRQRR[\JHQDVH
DFWLYLW\�LQ�UHVWLQJ�DQG�VWLPXODWHG�FKURPDIILQ�FHOOV��-�%LRO�&KHP�������-XQ
��������������±������>3XE0HG@�>*RRJOH�6FKRODU@

� 'KDULZDO�.5��:DVKNR�3��+DUW]HOO�:2��/HYLQH�0��$VFRUELF�DFLG�ZLWKLQ�FKURPDIILQ
JUDQXOHV��,Q�VLWX�NLQHWLFV�RI�QRUHSLQHSKULQH�ELRV\QWKHVLV��-�%LRO�&KHP�������6HS
����������������±�������>3XE0HG@�>*RRJOH�6FKRODU@)LOH�IDLOHG�WR�ORDG���H[WHQVLRQV�0DWK0HQX�MV



� 'KDULZDO�.5��6KLUYDQ�0��/HYLQH�0��$VFRUELF�DFLG�UHJHQHUDWLRQ�LQ�FKURPDIILQ
JUDQXOHV��,Q�VLWX�NLQHWLFV��-�%LRO�&KHP�������0DU���������������±������>3XE0HG@
>*RRJOH�6FKRODU@

� +HOVHU�0$��+RWFKNLVV�-+��5RH�'$��,QIOXHQFH�RI�IUXLW�DQG�YHJHWDEOH�MXLFHV�RQ�WKH
HQGRJHQRXV�IRUPDWLRQ�RI�1�QLWURVRSUROLQH�DQG�1�QLWURVRWKLD]ROLGLQH���FDUER[\OLF
DFLG�LQ�KXPDQV�RQ�FRQWUROOHG�GLHWV��&DUFLQRJHQHVLV�������'HF������������±�����
>3XE0HG@�>*RRJOH�6FKRODU@

� -LDODO�,��9HJD�*/��*UXQG\�60��3K\VLRORJLF�OHYHOV�RI�DVFRUEDWH�LQKLELW�WKH�R[LGDWLYH
PRGLILFDWLRQ�RI�ORZ�GHQVLW\�OLSRSURWHLQ��$WKHURVFOHURVLV�������-XQ����������±����
>3XE0HG@�>*RRJOH�6FKRODU@

� (QVWURP�-(��.DQLP�/(��.OHLQ�0$��9LWDPLQ�&�LQWDNH�DQG�PRUWDOLW\�DPRQJ�D�VDPSOH
RI�WKH�8QLWHG�6WDWHV�SRSXODWLRQ��(SLGHPLRORJ\�������0D\���������±�����>3XE0HG@
>*RRJOH�6FKRODU@

� *H\�.)��6WlKHOLQ�+%��(LFKKRO]HU�0��3RRU�SODVPD�VWDWXV�RI�FDURWHQH�DQG�YLWDPLQ�&�LV
DVVRFLDWHG�ZLWK�KLJKHU�PRUWDOLW\�IURP�LVFKHPLF�KHDUW�GLVHDVH�DQG�VWURNH��%DVHO
3URVSHFWLYH�6WXG\��&OLQ�,QYHVWLJ�������-DQ��������±���>3XE0HG@�>*RRJOH�6FKRODU@

� 5LHPHUVPD�5$��:RRG�'$��0DFLQW\UH�&&��(OWRQ�5$��*H\�.)��2OLYHU�0)��5LVN�RI
DQJLQD�SHFWRULV�DQG�SODVPD�FRQFHQWUDWLRQV�RI�YLWDPLQV�$��&��DQG�(�DQG�FDURWHQH�
/DQFHW�������-DQ��������������±���>3XE0HG@�>*RRJOH�6FKRODU@

� *UHHQEHUJ�(5��%DURQ�-$��7RVWHVRQ�7'��)UHHPDQ�'+��-U��%HFN�*-��%RQG�-+�
&RODFFKLR�7$��&ROOHU�-$��)UDQNO�+'��+DLOH�5:��HW�DO��$�FOLQLFDO�WULDO�RI�DQWLR[LGDQW
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UDQGRPO\�GLYLGHG�LQWR�SODFHER�DQG�H[SHULPHQWDO��YLWDPLQ�&�VXSSOHPHQWHG��JURXSV��6\PSWRPV�RI
857�LQIHFWLRQV�ZHUH�PRQLWRUHG�IRU����G�DIWHU�WKH�UDFH��6L[W\�HLJKW�SHUFHQW�RI�WKH�UXQQHUV�LQ�WKH
SODFHER�JURXS�UHSRUWHG�WKH�GHYHORSPHQW�RI�V\PSWRPV�RI�857�LQIHFWLRQ�DIWHU�WKH�UDFH��WKLV�ZDV
VLJQLILFDQWO\�PRUH��3���������WKDQ�WKDW�UHSRUWHG�E\�WKH�YLWDPLQ�&�VXSSOHPHQWHG�JURXS��������7KH
GXUDWLRQ�DQG�VHYHULW\�RI�V\PSWRPV�RI�857�LQIHFWLRQV�UHSRUWHG�LQ�WKH�YLWDPLQ�&�VXSSOHPHQWHG
QRQUXQQLQJ�FRQWURO�JURXS�ZDV�DOVR�VLJQLILFDQWO\�OHVV�WKDQ�LQ�WKH�QRQUXQQLQJ�FRQWURO�JURXS
UHFHLYLQJ�WKH�SODFHER��3����������7KLV�VWXG\�SURYLGHV�HYLGHQFH�WKDW�YLWDPLQ�&�VXSSOHPHQWDWLRQ
PD\�HQKDQFH�UHVLVWDQFH�WR�WKH�SRVWUDFH�857�LQIHFWLRQV�WKDW�RFFXU�FRPPRQO\�LQ�FRPSHWLWLYH
XOWUDPDUDWKRQ�UXQQHUV�DQG�PD\�UHGXFH�WKH�VHYHULW\�RI�VXFK�LQIHFWLRQV�LQ�WKRVH�ZKR�DUH�VHGHQWDU\�
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WULDO��WKH�SK\VLFDO�DFWLYLW\�VFRUH�URVH�PRGHVWO\�IRU�WKH�YLWDPLQ�&�JURXS�YV��SODFHER�DIWHU�DGMXVWLQJ
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GHVFULEHG��7,75$7,1*�72�%2:(/�72/(5$1&(���7KH�DPRXQW�RI�RUDO�DVFRUELF�DFLG
WROHUDWHG�E\�D�SDWLHQW�ZLWKRXW�SURGXFLQJ�GLDUUKHD�LQFUHDVHV�VRPHZKDW�SURSRUWLRQDWHO\�WR�WKH
VWUHVV�RU�WR[LFLW\�RI�KLV�GLVHDVH��%RZHO�WROHUDQFH�GRVHV�RI�DVFRUELF�DFLG�DPHOLRUDWH�WKH�DFXWH
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WKH�ERG\�LQ�KDQGOLQJ�WKH�VWUHVV�RI�GLVHDVH�DQG�PD\�UHGXFH�WKH�PRUELGLW\�RI�WKH�GLVHDVH�
+RZHYHU��LI�GRVHV�RI�DVFRUEDWH�DUH�QRW�SURYLGHG�WR�VDWLVI\�WKLV�SRWHQWLDO�GUDZ�RQ�WKH�QXWULHQW�
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GHSOHWH�RI�DVFRUEDWH��$1$6&25%(0,$�DQG�$&87(�,1'8&('�6&859<���7KH�SDWLHQW�LV
WKHUHE\�SXW�DW�ULVN�IRU�FRPSOLFDWLRQV�RI�PHWDEROLF�SURFHVVHV�NQRZQ�WR�EH�GHSHQGHQW�XSRQ
DVFRUEDWH�
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9LWDPLQ�(�DQG�EHWD�FDURWHQH�DIIHFW�WKH�LPPXQH�IXQFWLRQ�DQG�PLJKW�LQIOXHQFH�WKH�SUHGLVSRVLWLRQ�RI
PDQ�WR�LQIHFWLRQV��7R�H[DPLQH�ZKHWKHU�YLWDPLQ�(�RU�EHWD�FDURWHQH�VXSSOHPHQWDWLRQ�DIIHFWV
WXEHUFXORVLV�ULVN��ZH�DQDO\VHG�GDWD�RI�WKH�$OSKD�7RFRSKHURO�%HWD�&DURWHQH�&DQFHU�3UHYHQWLRQ
�$7%&�6WXG\��D�UDQGRPLVHG�FRQWUROOHG�WULDO�ZKLFK�H[DPLQHG�WKH�HIIHFWV�RI�YLWDPLQ�(�����PJ�G��DQG
EHWD�FDURWHQH�����PJ�G��RQ�OXQJ�FDQFHU��7KH�WULDO�ZDV�FRQGXFWHG�LQ�WKH�JHQHUDO�FRPPXQLW\�LQ�)LQODQG
LQ����������WKH�LQWHUYHQWLRQ�ODVWHG�IRU�����\HDUV��PHGLDQ���7KH�$7%&�6WXG\�FRKRUW�FRQVLVWV�RI�������
PDOHV�DJHG�������\HDUV��VPRNLQJ�DW�EDVHOLQH��ZLWK�QR�WXEHUFXORVLV�GLDJQRVLV�SULRU�WR�UDQGRPLVDWLRQ�
9LWDPLQ�(�VXSSOHPHQWDWLRQ�KDG�QR�RYHUDOO�HIIHFW�RQ�WKH�LQFLGHQFH�RI�WXEHUFXORVLV��ULVN�UDWLR��55�� 
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+HUQiQGH]�*DUGXxR�(��+HUQiQGH]�*DUGXxR�(��%U�-�1XWU�������-DQ�������������GLVFXVVLRQ��������GRL�
��������6������������������(SXE������-XQ�����%U�-�1XWU��������30,'�����������1R�DEVWUDFW�DYDLODEOH�

/LQN2XW���PRUH�UHVRXUFHV
)XOO�7H[W�6RXUFHV

&DPEULGJH�8QLYHUVLW\�3UHVV

0HGLFDO

*HQHWLF�$OOLDQFH
0HGOLQH3OXV�+HDOWK�,QIRUPDWLRQ

0LVFHOODQHRXV

+D]DUGRXV�6XEVWDQFHV�'DWD�%DQN



ILOH����&��8VHUV�6KDLO\�5DZDO�'HVNWRS�9,7$0,1�:KLFK�3ODVPD�$QWLR[LGDQWV�$UH�0RVW�5HODWHG�WR�)UXLW�DQG�9HJHWDEOH�&RQVXPSWLRQB���3XE0HG�KWPO ���

&29,'����LV�DQ�HPHUJLQJ��UDSLGO\�HYROYLQJ�VLWXDWLRQ�
*HW�WKH�ODWHVW�SXEOLF�KHDOWK�LQIRUPDWLRQ�IURP�&'&��KWWSV���ZZZ�FRURQDYLUXV�JRY��
*HW�WKH�ODWHVW�UHVHDUFK�IURP�1,+��KWWSV���ZZZ�QLK�JRY�FRURQDYLUXV�

������������������ ������'HF���

:KLFK�3ODVPD�$QWLR[LGDQWV�$UH�0RVW�5HODWHG�WR�)UXLW
DQG�9HJHWDEOH�&RQVXPSWLRQ"

*�%ORFN �£ (�1RUNXV�£ 0�+XGHV�£ 6�0DQGHO�£ .�+HO]OVRXHU

$IILOLDWLRQV
30,'���������� �'2,����������DMH������������

আকঌঌ�ঔঅঘঔ�ঌউ঎ঋও

$P�-�(SLGHPLRO

£ �

$EVWUDFW
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DOVR�DYDLODEOH�IRU�6HOHFWHG�5HIHUHQFHV�

6HOHFWHG�5HIHUHQFHV

7KHVH�UHIHUHQFHV�DUH�LQ�3XE0HG��7KLV�PD\�QRW�EH�WKH�FRPSOHWH�OLVW�RI�UHIHUHQFHV�IURP�WKLV�DUWLFOH�

3DXOLQJ�/LQXV��9LWDPLQ�&�DQG�WKH�FRPPRQ�FROG��&DQ�0HG�$VVRF�-�������6HS��������������±
�����>30&�IUHH�DUWLFOH@�>*RRJOH�6FKRODU@
$QGHUVRQ�7:��5HLG�'%��%HDWRQ�*+��9LWDPLQ�&�DQG�WKH�FRPPRQ�FROG��D�GRXEOH�EOLQG�WULDO��&DQ
0HG�$VVRF�-�������6HS��������������±�����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

��� ��� ��� ���



��������� :LQWHU�LOOQHVV�DQG�YLWDPLQ�&��WKH�HIIHFW�RI�UHODWLYHO\�ORZ�GRVHV�

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&�������� ���

*2/'60,7+�*$��+XPDQ�UHTXLUHPHQWV�IRU�YLWDPLQ�&�DQG�LWV�XVH�LQ�FOLQLFDO�PHGLFLQH��$QQ�1�<
$FDG�6FL�������$SU����������±�����>3XE0HG@�>*RRJOH�6FKRODU@
6SHUR�/0��$QGHUVRQ�7:��/HWWHU��$VFRUELF�DFLG�DQG�FRPPRQ�FROGV��%U�0HG�-�������1RY
��������������±�����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

$UWLFOHV�IURP�&DQDGLDQ�0HGLFDO�$VVRFLDWLRQ�-RXUQDO�DUH�SURYLGHG�KHUH�FRXUWHV\�RI�&DQDGLDQ�0HGLFDO
$VVRFLDWLRQ

www.PunjabiLibrary.com


