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From: Yuan Zhiming [yzm@wh.iov.cn]

Sent: 11/6/2019 8:08:42 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

Subject: [E & :Re: The PDF offprint of your article [JOBB_26] is attached to this email

Attachments: BSL4 Wuhan_Manuscript-20191107_track.docx

WARNING: This email originated from outside of UTMB's email system. Do notclicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Dear James,

I really think about to have another article with you about the safety managementin the laboratory. Sorry I
can not go to WHO meeting this time, and I hope to see you soon, maybe in CAS-NAS meeting.

By the way, I write a small paper on Wuhan P4 lab. My attention is to let outside to know a little bit the
laboratory and understand why we need the lab. and how to operate the lab. I hope you could have a look
and help me to revise it.

Thanks for you help and I am sure your revision will do me a great favor for the publication of this article.

Regards

Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chmese Academy of Sciences

Wuhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480

From: LeDuc, James W,

Date: 2019-11-06 10:20

To: Yuan Zhiming

Subject: Re: The PDF offprint of your article [JOBB_26] is attached to this email

Wonderfull Thanks for the good news. Hopefully we will have another one out soon.

Are you going to the WHO meeting on biocontainment labs next week in Geneva? PerhapsI' |l see you

there.

Jim
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On Nov 5, 2019, at 5:44 PM, Yuan Zhiming <yzm@wh.iov.cn> wrote:

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless you
recognize the sender and know the content is safe.

Hi, James ,

The article Safety and Security in the Age of Synthetic Biology has been published on line. Thanks for

your contribution and hope to meet you soon.

Regards

Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chinese Academy of Sciences

Wauhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480

From: Elsevier - PDF Offprint
Date: 2019-11-06 04:50
To: yzm

Subject: The PDF offprint of your article [JOBB_26] is attached to this email

Please note this is a system generated email from an unmanned mailbox.

If you have any queries we really want to hear from

you via our 24/7 support at http://service.elsevier.com

Article title: Safety and Security in the Age of Synthetic Biology

Article reference: JOBB26
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Journal title: Journal of Biosafety and Biosecurity
Corresponding author: Dr. Zhiming Yuan

First author: Dr. James W. LeDuc

PDF offprint dispatch: 5-11-2019

Dear Dr. Yuan,

We are pleased to inform you that a PDF file of your published article Safety and Security in the Age of
Synthetic Biology is attached to this e-mail for you to view and download. Please note that this article is

published, therefore content updates are no longer possible at this point.

If you wish to order paper offprints, please go to
https://authors.elsevier.com/authorforms/JOBB26/88b5eb54513e722e9a6a67bd55c2f754

You can also order a copy of the issue on the Elsevier Webshop: http://webshop.elsevier.com .
To view and print PDF files you will need Adobe Reader. This program is freely available and can be
downloaded from https;//get.adobe.com/reader/.

Please read and take note of the copyright stipulationsin the PDF file.

Kind regards,
Elsevier Author Support

25% BOOK DISCOUNTS for authors!
All Elsevier authors are eligible for a 25% discount on most Elsevier books, serials, references, textbooks
and can also receive a 10% discount on multi-volume reference works.

Take advantage today! www.elsevier.com/bookdiscounts

HAVE QUESTIONS OR NEED ASSISTANCE?

For further assistance, please visit our Customer Support site where you search for solutions on a range
of topics and find answers for frequently asked questions. You can also talk to our customer support
team by hone 24 hours a day from Monday-Friday and 24/7 by live chat and email.

Get started at > http://service.elsevier.com
© 2016 Elsevier Ltd | Privacy Policy http://www.elsevier.com/privacypolicy

Elsevier Limited, The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, United Kingdom,

Registration No. 1982084. This e-mail has been sent to you from Elsevier Ltd. To ensure delivery to your
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inbox (not bulk or junk folders), please add article_status@elsevier.com to your address book or safe

senders list.

[T-13a-20151509]
<JOBB26.pdf>
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Milestones of the laboratory construction
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As a critical part of the national high-level biosafety labomtoly network system, the construction
project of the Wuhan BSL-4 National Biosafety Laboratory (NBL) was officially approved by the
National Development and Reform Commission in 2005. Subsequently, Chmese and French
engineers and designers studied the operational state of the art high-contamment laboratories
worldwide, analyzed the geological and environmental conditions of the proposed construction site,
confirmed the operational role of the laboratory m Chma, then jomtly designed and constiucted the
laboratory. The physical completion of the laboratory on January 31, 2015, is not only a great
symbol of Sino-French friendship, but also an mpressive accomplishment of the national high-
containment biosafety laboratory network. A fier the commissioning, cettification, and trial operation,
the laboratory was successfully accredited as an Animal Biosafety Level-4 (ABSL-4) labomatory by
the China National Accreditation for Conformity Assessment in accordance with CNAS-CL05:2009
and national laboratory standards on January 13, 2017 (Ref3), and acquired the official license of
handling risk group-4 (RG-4) pathogens from the National Health and Family Planning Commission
on August 17, 2017. The award of the accreditation certificate and the experimental activity license
demonstrated that the laboratory has the full capacity and authority to handle high-hazard viruses and
to study animal models of infection according to the regulations (Ref4). These events were a
landmark achievement for the National High-level Biosafety Laboratory System with recognition by
the Chinese national authority (Refd). In addition to the labormatory, a culture collection and
repository center called the “National Center for the Preservation of Pathogenic Microorganisms™
was established and authorized, relying on the facility and bio-contamment environment (Ref###).

‘‘‘‘‘‘‘‘‘‘‘ { Formatted: Not Highlight

Wih these milestones, the NBL, as China’s first BSL-4 laboratory, has been put mto operation
formally and legally, with full capacity and authority to conduct virus stocking and scientific
research on virulent high-hazard viruses. The long-term aim ofthe institute is to establish the NBL

{ Formatted: Not Highlight

as a comprehensive research and development center for infectious diseases, a national biological
center, and a WHO reference laboratory. In addition, this laboratory will become a stepping -stone for
Chinese and French scientists in fighting mnfectious disease and will also serve as a cornerstone m
globalhealth security. (Fig.1)

Fig. 1 The BSL-4 facili ty building

Nature of the laboratory

The laboratory is located in Zhengdian Scientific Park, a few kilometers away from the Yangtze
River in the Jiangxia District, Wuhan City, Hubei Province. In addition to the new NBL, one BSL-3,
two BSL-2s, molecular diagnosis and cell culture laboratories, and other nearly operational research
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facilities and platforms to support virology research and animal rearing are also located m the patk,
making this research park a modem, comprehensive national and regional vimlogy research and
development center.

The BSL-4 laboratory stands as an independent building with a total area of 3266 M2, It comprises
two sections: a square laboratory body stucture and a circular auxiliary stircture, both inter-linked
by a closed comridor. All the equipment and functional units were fitted into the three floors of the
square stiucture. The basement and upper zones are equipped with life mamntenance and differential
pressure systems (compressed respiratory air and environmental air handling plenums with High
Efficiency Particulate Air [HEPA] filters), continuous liquid effluent heat treatment devices and
chemical disinfectant tanks, heat exchange systems, water treatment devices, and air conditioning
units. All of this equipment s connected to other functional facilities distributed in other zones,
within the NBL, through a pipeline hetwork. Thus, all contaminated air, water and solid waste is .|
sterilized/treated before release fromthe laboratory. (Fig.2) 5
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an extra protective measure, but also bring value m the form of'heat msulation and eventual energy
savings forthe laboratory

The laboratory is composed of 10 technical systems, mcluding the power supply, thermal supply,
containment, air treatment system, waste disposal, life mamtenance, automatic control system, fire
control, security system, and isolation facilities, which guarantees thae stable unidirectional negative
pressure gradient air flow and sealed environment in_the containment area. It is designed as a suit-
type biosafety laboratory, in which the staff inside are completely protected by a whole-body
positive-pressure protective suit supplied with conditioned air.

The containment laboratory s fitted with equipment that meets the requirements of biosafety

management and high-containment pathogen research, mcluding Labconco biological safety cabmets

(BSC), animal breeding and isolators, Teen independent air transport cages, Tecn animal cages,

Ehret monkey cages,>— a_Thermo anatomy table, CO, incubators, fluorescence microscopes, { Formatted: Subscript )
quantitative PCR amplifiers, refrigerators, and fieezers.

Fig. 3 Two technicians working

inside the laboratory

Comment [d2]: Figures nged to re‘order

Fig. 4: The animal cages for rodent (A) and non-human primate (B) infection, and the
autopsy table in three separatedroom in the BSL-4

Main s cientific research priorities

The labomatory is designed and equipped to conduct research on RG-4 pathogens such as the Fbola
virus, the Nipah virus, the Crimean-Congo Hemorrhagic Fever (CCHF) virus, the Lassa viws, the
Junin virus, the SARS-CoV, the Marburg vius, and so on. According to the lab’s biosafety
protection level, personnel ability, and management status, the research activities that can be
conducted in the laboratory range from low-risk manipulation of cell culture propagation, to rodent
mfection, and ultimately to the infection of non-human primates. Similarly, pathogen manipulations
are gradually conducted from the low-risk CCHF virus to other more virulent pathogens such as the
Ebola virus, the Marburg virus, and the Lassa virus. According to the license issued by the National
Health Plannng Commission and the availability of virus resources, the laboratory has already
implemented projects on cell culture models, animal models, pathogenesis studies, and prelimmary
trials of antiviral drugs as well as vaceme development for the CCHF virus, which used to be called
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the Xmjiang hemorthagic fever virus, causmg sporadic animal infection during the last few decades
in Northwest China (6).

The laboratory has established short- and long-term collaborative links with counterparts in the USA

and France; we are seeking additional beneﬁciallscientiﬁc and operational partnerships with other | e ot IA3T “true’? Maybe “ben eficial”?j
laboratories around the world, with the purpose of sharing specimens, reagents, technology, good

practice, and expertise; the eventual goal is for there to be effective collaboration within the
mtemational laboratory community to address the threat of emerging and re-emergmg mfectious
diseases locally and intermationally (7).

ffhe stratesic role and capacity strensthening :
On-the-basis—of-theAccording to_the laboratory’s operational orientation and Chma’s national

- Comment [84]" “The strategic plan’”

requirements, ghe laboratory was desisned and will operate as the research and development center
for infectious disease, as a national biological resource center and as a WHO reference laboratory. | . Comment [d5]: Repeat with previous I

As a comprehensive national biosafety research center, it will play an indispensable role m the patagraph.

prevention and control of infectious diseases m China. In order to realize these key goals and
functions, we must assure the safe and secure operation of the labormatory, mcrease its capacity as a
core culture collection resource, enlarge its scientific research capacity, support and promote the
overall response capacity for public health emergency preparedness, provide expert support to
national biosafety strategies, and contribute to the broader labomatory network system We aim to

weny

ensure the safe and efficient operation of the laboratory thmough the principles of ‘““openness,
transparency and sharing™,” benefiting national securlty and global health security.

{replaced with the new vermwon of

i3

_________________ { Formatted: Font:

On February 22, 2017, an artick entitied “Inside the Chinese kb r)oiscd © s‘mdy world’s most
dangerous pathogens,” by David Cyranoski, elicited a range of opmions m the form of discussions

among scentists ) both m Chma and abroad. Some scienists recard China’s st Biosafity Level 4

(BSL-4) labomtory as a “big status sviboel m biclogy” that will uselallv coninbute o and benelit

global health secuniv, whereas othes express considerable concem rgardmg the potentinl biosaletly
and biosecuritvrisk posed by the new laboratory (Befl).
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Nature, 2017, 542:399-400,
23 WHO. Summary ofprobably SARS cases with onset ofillness fiom 1 November 2002 to 31 July
2003. WHO, [HYPERLINK "http://mww.who.nt/cst/sars/country/table 2004 04 2 l/en/”][(2004):§ ,,,,,,,,,,,,,,,,,, | comment [6]: Page not found
3) State Council ofthe People’s Republic of China, Regulation on administration of biosafetvin
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5) National Development and Reform Commission of China, Planning ot high-level biosafety
laboratory system construction, 2016. [ H YPERLINK
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Subject: The Comparison of the Strategies for the Prevention and Control of COVID-19 Eng Version 20200321

The Comparison of the Strategies for the Prevention and Control of COVID-19 Eng Version 20200321.docx

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you recognize the sender

and know the content is safe.

Dear GOARN experts and community ,

| am sure you are all very busy with the response to COVID-19, and in the
same time being worrisome and frustrating with the present pandemic
situation, just like me, especially after | wrote the letter to you all on 29
February 2020, and the international community doesn't change much of
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the control practice in the pashdhises waaks-so.that the pandemic evolving
so quickly and so fiercely.

But why is that? | am not so sure everyone knows what happens, why it
happens? Even after the epidemic evolving so quickly. So | wrote an
article on 17 March 2020 and published on China Daily on 19 March
2020.

(https://cn.chinadaily.com.cn/a/202003/19/WS5e731e02a3107bb6b57a79
13.html?from=timeline&isappinstalled=0)

As it is in Chinese, so | spend two more days and try my efforts to develop
an English version, and would like to share with you here, for the sake of
people's health, for those countries with high disease burden, and also for
the countries with limited resources and capacity, like Zambia where | am
now in.

Do hope you can read it carefully and will find it helpful.

Best regards,

Dr. Ni Daxin
Former GOARN Steering Committee Member
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Comparative Study of the Two Kinds of Strategies and
Measures for the Prevention and Control of COVID-19
Dr. Ni Daxin
Former Steering Committee Member
of the Global Outbreak Alert and Response Network (GOARN)

On 31 December 2019, an outbreak of pneumonia of unknown
pathogen was discovered in Wuhan, China. On 7 January 2020,
a new coronavirus was identified as the cause of the pneumonia.
Since then, as the epidemic spread to other parts of China and
some other countries of the world, it attracted high attention
from the international community. On 30 January 2020, the
World Health Organization declared the COVID-19 outbreak a
public health emergency of international concern. After the
outbreak detected, the Chinese government has taken active
prevention and control strategies and measures. After more than
two months of unremitting efforts, not only has the increase of
new cases been effectively controlled, but also the local
transmission has been tending to be completely contained by
mid-March 2020. But at the same time, the international
epidemic went from imported cases and limited local
transmission in a few countries in January 2020, to rapid growth
in a few countries including the Republic of Korea, Iran and
Italy in February, then the global epidemic spread rapidly and
accelerated in March. On 11 March 2020, the World Health
Organization officially declared the COVID-19 outbreak a

global pandemic.
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With the spread of the epidemic around the world, different
countries have adopted different strategies and measures, and
the international academic community has never stopped
arguing about how to control the epidemic of COVID-19, the
World Health Organization's recommendations have not been
well implemented in many countries and areas, especially in
countries like the United States of America and Europe, where
the World Health Organization's recommendations have almost
been ignored. As of 16 March 2020, there were 86,429
confirmed cases and 3,388 deaths in 150 countries except China,
including 13,874 new cases and 848 new deaths on March 16th
only, and the number of countries with the first confirmed cases
report reached seven on the day. However from global
perspective, the COVID-19 epidemic is still in the early stage of
the pandemic development, widespread community-based
transmission has not yet occurred in most countries, and the
global pandemic is still accelerating and there is still a long way

to reach its peak.

In order to provide support to the prevent and control the global
pandemic of COVID-19, this paper tries to analyze the strategies
and measures of the prevention and control for the COVID-19 in
the world.

1. Classification of the Strategies and Measures for the
Prevention and Control of COVID-19
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Taking a comprehensive view of the current international
strategies and measures for the prevention and control of
COVID-19, although there are differences in the specific
measures in different countries, but according to the essential
characteristics of the strategies and measures adopted, they can

be simply classified into the following two categories.

The first category is the strategy and measures adopted by
countries such as China, Singapore, Korea and Thailand, etc.,
which can be called "SARS-like prevention and control strategy
and measures" , or Containment strategy, Blocking strategy,

and hereafter will be called "SARS-like strategy" in this article .

The second category is the strategy and measures adopted by
countries such as the United States of America, Japan, Italy,
France and Switzerland, etc., which can be called "pandemic
influenza prevention and control strategy and measures” , or
mitigation strategy, and hereafter will be called the "Pandemic

Flu-like strategy” in the article.

2. Differentiation and Analysis of the Differences between

Two Kinds of Strategies and Measures
Through careful analysis and study of different national

prevention and control strategies and measures based on their

essential differences, the two types of prevention and control
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strategies and measures are mainly different in the following

arcas.

(1) Different Prevention and Control Goals

The prevention and control goals of the two strategies are
different. The prevention and control goals of the SARS-like
strategy are to control the epidemic, contain the spread
completely and eliminate the harm. While the prevention and
control goals of Pandemic Flu-like strategy are to control the

spread, slow down the epidemic, and reduce the overall harm.

(2) Different Arguments

SASRS-like strategists believe that the main route of
transmission of COVID-19 is through close contact and droplet
by symptomatic individuals, and active investigation and control
through SARS-like prevention and control, the transmission of
latent and incubation infections can be interrupted by additional
measures, proactive control strategies and measures should be
adopted. While Pandemic Flu-like strategists consider that it is
almost 1mpossible to completely detect and manage all the
source of transmission of the new coronavirus, which infection
exists in the latent and incubation period of transmission. The
transmission of COVID-19, just like that of an pandemic
influenza, can only be slowed down and cannot be completely

interrupted. Since it cannot be blocked, all people will sooner or
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later become infected, so it is better to adopt strategy and
measures to slow its spread, and allow it to spread slowly and in
a controlled manner until the population forms an adequate
immune barrier or reach herd immunity, and then the intensity of
the epidemic will be greatly reduced, making it a seasonal

epidemic disease similar to seasonal influenza.

(3) Different Views on Cost-effectiveness

SARS-like strategists believe that, regardless the case-fatality
rate of COVID-19 1s high or low, since the virus can be
effectively controlled and the transmission can be completely
blocked by taking proactive prevention and control measures, so
hard efforts should be made to minimize the incidence, severe
cases and case fatality of the disease, it is worthwhile to pay a
greater cost in the short term, and to avoid more significant
overall health and socio-economic losses. While Pandemic
Flu-like strategists argue that, about 80% of those infected with
COVID-19 are mild cases, and the case fatality rate was only a
slightly higher than that of the pandemic influenza, which much
lower than that of SARS and MERS. At the same time, those
infected with the COVID-19 has no specific medicine, and mild
cases do not require hospitalization. So under the hypothesis that
the transmission could not be interrupted, SARS-like prevention
and control strategy and measures will cost too much, and the
impact on normal social production and life and the loss for that

are extremely heavy, so it is not worth of it, not in line with the

Nelson_Judicial_Watch_TPIA_0020



Obtained via FOIA by Judicial Watch Inc.

cost-effectiveness principle.

(4) The Key Prevention and Control Measures are Different

under the Guidance of the Two Strategies

Because of the different objectives, arguments and
cost-effectiveness views, the key prevention and control
measures under the guidance of the two strategies are

remarkably different.

1. Key Prevention and Control Measures under SARS-like
Strategy

Under the SARS-like strategy, in order to stop transmission and
reduce health impact, it 1s necessary to realize "Five Early" , that
is, "Early Detection, Early Reporting, Early Investigation, Early
Isolation and Early Treatment" , so as to realize the strict
management of the source of infection, and to block

transmission gradually.

"Early Detection" , that is by improving the awareness and
sensitivity of medical staff, early detection of suspected cases,
rapid tests and diagnosis should be taken, so as to promote
timely and effective management of all patients, which are the

most important source of infection for COVID-19.

"Early Reporting” , that is, suspected patients and confirmed
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cases need to be reported to the health authority or disease
control departments within a specified time, in order to start the

investigation and response.

"Early Investigation", that is after receiving reports of confirmed
patients, suspected patients or positive tested persons, the
department of disease control and prevention needs to send out
the epidemiologists to investigate the patients' exposure before
the onset of illness and the persons getting contacted with
him/her after getting ill, so as to find out the source of infection
of the patient and all of the close contacts associated with
him/her. Through in-depth "Early Investigation” to identify the
transmission chain of each cases, it will be totally possible to
achieve an overall identification and management of all possible

patient-related infected persons.

"Early Isolation” , that is all confirmed cases should be treated
in 1solation, all suspected cases should be treated in isolation,
and all close contacts should be placed under medical
observation and isolation, or be quarantined. "Early Isolation" of
confirmed and suspected cases would be effective in preventing
transmission of the virus from COVID-19 patients to healthy
individuals. "Early Isolation" of close contacts will help to
detect new cases of infection including atypical mild cases at an
early stage, as well as to ensure strict management of those with
latent or incubation period infections, so that they could not

spread the virus to other people. Through the single-room

Nelson_Judicial_Watch_TPIA_0022



Obtained via FOIA by Judicial Watch Inc.

1solation of the suspected patients and close contacts, it can
effectively prevent the possible cross-infection between these

1solated patients or quarantined people.

"Early Treatment", that 1s through the effective symptomatic
treatment, support treatment and available anti-viral or
traditional Chinese medicine treatment, efforts are made to
prevent the progression of mild cases to severe or critical, and
the severe cases to be given full care, all these efforts are trying
to reduce case fatality. At the same time, through "Early
Treatment” , it can also achieve the elimination of patients'

status as a source of infection.

Through "Five Early" , and to achieve the full hospitalization of
all the confirmed cases, suspected cases and positive tested
persons, to achieve the full management or quarantine of close
contacts, which are called in China "Due Hospitalization, Due
Management", it will lead to the effective control of the further
spread of the virus, and ultimately interruption of the virus

transmission.

2. Key Measures under Pandemic Flu-like Strategy

Under the Pandemic Flu-like strategy, in order to achieve the
goal of reducing health impact, the emphasis and the most

critical measures are the treatment of severe cases. At the same

time in order to avoid medical overload, if necessary,
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appropriate measures will be taken to increase social distance.
However, no emphasis are placed on the early detection of all
cases, the isolation of mild cases, or the tracing and management

of close contacts.

Treatment of Severe Cases , that is to give priority to the case of
severe, or cases with underlying illnesses for hospital treatment,
mainly through active symptomatic, support treatment, to reduce
the mortality. At present, there is no specific drug for the
treatment of COVID-19 virus, so under the strategy of Pandemic
Flu, it 1s generally to advocate mild cases to be observed at

home, if not showing any severe symptoms like short of breath.

Because of the lack of emphasis on early case detection, the
tests for new coronavirus is generally not recommended for

atypical, mild patients and the close contacts.

When the number of cases increases rapidly or too fast in a
region, the number of severe cases exceeds the capacity of the
medical institutions, or severe cases crowding out of medical
resources, measures may be taken to increase social distance,
such as the prohibition or reduction of large-scale gatherings,
school suspension, work stoppage, and even declared a state of
emergency or a curfew, etc. just like what are happening now

rather popularly in the countries with such kind of strategy.

3. Other Common Measures to Prevent and Control
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COVID-19

Based on the prevention and control practice of COVID-19 in
various countries, other common prevention and control
measures are as follows:

(1) Lockdown of cities, villages and roads, as well as closed
management for institutions and communities.

(2) Suspension of work, school and production.

(3) Suspension of flights, ships, traffic, etc.

(4) Quarantine at Point of Entries, and traffic health check
points.

(5) Mask wearing, hand hygiene, cough etiquette, etc.

(6) Disinfection measures.

All these measures are aimed either at controlling the flow of
infectious sources, increasing social distance or protecting
vulnerable populations in order to prevent or reduce the spread
of the virus and reduce the incidence of the disease. These
measures may be more or less adopted to prevent and control
the epidemic of COVID-19 in both groups of strategic
population, and at the same time, they may be different in each
country according to the current epidemic situation, the concept
of prevention and control, and cultural customs there.
SARS-like strategy may pay more attention to and take more
aggressive closure measures, such as in Wuhan, lockdown of the
city was used to prevent further spread of new coronavirus

infection, other types of closed management in other parts of
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China are also taken to prevent infection from spreading out or
coming in. while Pandemic Flu-like strategy may place more
emphasis on more modest measures to increase social distance,
such as fewer gatherings and school suspension. But all of these
measures are complementary to the key measures of both types
of strategies and can only help or facilitate faster and better

outcomes for key interventions.

5. Brief analysis of prevention and control strategies and

measures in some countries

(1) China's strategy and measures

China has adopted a SARS-like strategy, focusing on patient
discovery and isolation, close contact investigation and strict
management. In order to control the spread of infectious sources,
the city of Wuhan, with a population of ten millions, was locked
down. By adding fixed-point hospitals, building new isolation
hospitals and building shelter hospitals, the problem of
admission and treatment for huge number of patients in Wuhan
was effectively solved, and the patients, the most important
source of infection, were effectively under control. At the same
time, through general mobilization throughout the country, other
provinces and municipalities, while doing well their local
prevention and control work, have provided adequate medical
personnel, epidemiological investigators, rescue and protection

equipment and facilities to Wuhan in the form of counterpart
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support, the goal of stopping the spread of the virus has been
basically or initially achieved, and the higher case fatality rate in

the early stage of the epidemic has been effectively controlled.

The key to the control of epidemic situation in China lies in the
effective management of infectious resources, and at the same
time, through the lockdown of Wuhan City, the spread of the
virus to outside areas has been effectively blocked, which is
crucial to the epidemic control of other areas in China, and also
contribute to the control of the epidemic in the World at that
time period. However, there is almost no widespread community
transmission outside of Wuhan, so the various closure measures
in these areas should only play an facilitating role in the control
of the spread of this disease, meanwhile, the enormous impact of
these measures on the social production and life may have
caused a large number of unnecessary losses to the national

economy and social development.

(2) Singapore's strategy and measures

Although the Singapore government claims that the COVID-19
is just like a large influenza, in the specific prevention and
control practice, it has focused on the detection and isolation of
patients, and the follow-up investigation and management of
close contacts. Therefore, in essence, the goal of prevention and
control is to block the spread of the virus, the basic strategy and

key measures are still similar to SARS prevention and control
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strategy and measures.

(3) Republic of Korea's strategy and measures

The Republic of Korea is also implementing SARS-like
prevention and control strategies and measures. After the
epidemic rapidly increased and in the case of once-difficult
admission of patients, although no drastic containment measures
were taken, but the Republic of Korean government resisted
huge pressure to increase the detection of suspected patients and
close contacts, and their efforts were finally made to achieve the
goal of managing all the patients and quarantine all the contacts,
so the control results of the epidemic has already seen obviously,
daily reported cases have fallen from a peak of more than 1,100

to the dozens now.

(4) Japan's strategy and measures

Japan has adopted a typical pandemic flu-like strategy, with the
government making it clear in the early days that it would only
encourage hospital treatment for severe cases and home
treatment for mild cases, and would not encourage new
coronavirus testing for asymptomatic people. But thanks to
Japan's self discipline and high level of hygiene, the country has
not seen the rapid increase in cases like what seen in European
countries, making it one of the very unusual countries using the

pandemic flu-like strategy. However, as its prevention and
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control strategy is unlikely to stop the spread of the epidemic,
the recent COVID-19 in Japan is still in the process of a

sustained slow rise.

(5) Iran's strategy and measures

Iran's original intention was to adopt SARS-like prevention and
control strategy and measures, to vigorously strengthen the
detection of suspected patients, to make efforts to investigate
and manage contacts, and to solve the problem of patient
admission, but due to long-term economic sanctions, the basic
capacity or social economic support 1s weak, it has not really
done the "Due Hospitalization, Due Management”, so Iran is not
a complete SARS-like strategy country. As a result, although the
number of cases has not continued to increase significantly
recently, it has been in the peak phase of cases for a longer time,
and the effect of future control depends on whether the
hospitalization of cases can be effectively solved, and then to
further strengthen the close contacts investigation and

management.

(6) The United States of America's strategy and measures
The United States of America has a strong Pandemic Flu-like
strategy, so it has been strictly limiting the new coronavirus test

for suspected cases and encouraging patients with mild illness to

stay at home. Earlier outbreaks there rose more slowly than
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other countries when aggressive travel restrictions imposed by
the United States of America on China, but because cases
continue to spread slowly, the source of infection accumulate,
new importation from Europe countries introduced, and more
testing has recently been done, there has been a rapid increase in
the number of cases and deaths. To this end, a number of states,
and later on, the United States of America nationwide, have
declared a state of emergency, and take a lot of measures to

increase social distance.

(7) Italian strategy and measures

In spite of the lockdown imposed in the disease focus areas and
even the final nationwide lockdown, and the relatively active
testing of new coronavirus, Italy has emphasized the treatment
of serious cases, home observation of mild cases was required,
both in the focus areas and in other parts of the country. And at
one point it was even announced that testing for mild cases
would be reduced. So Italy's strategy and measures are closer to
those of the Pandemic Flu, which is why Italy has surpassed
South Korea and then Iran to become the country with the
highest number of cases outside China. And because community
transmission has not been effectively controlled, with the
increase in the total number of patients, severe cases have
emerged to cause medical resources run-off phenomenon,
medical staff have to face selective treatment of the "severe

cases", that 1s, priority 1s given to the treatment of severe cases
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with longer "life expectancy" rather than those with advanced

age and severe underlying illnesses.

(8) Strategy and measures of the United Kingdom and other

European countries

The United Kingdom, as well as most European countries, are
strong Pandemic Flu-like strategy, emphasizing that COVID-19
cannot be completely blocked, the treatment of severe cases is
the main focus, and patients with mild cases require home
observation, limiting new coronavirus testing in patients with
mild illness. The United Kingdom, Switzerland, Sweden, and
most other European countries, in face of the rapid rise in new
cases of COVID-19, directly announced the abandonment of the
detection of mild cases, and even said no longer announced the
number of confirmed cases. The UK has even gone so far as to
say publicly that it wants to natural immunize the population by
giving it a 60 per cent or so infection rate, so it has tended to be
conservative even in taking measures of increasing social

distance, such as not actively enforcing school closures.

6. Analysis of the control effect of two kinds of strategies on
COVID-19

(1) SARS-like strategy countries have achieved good results

in controlling the epidemic situation
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Countries and regions that adopted SARS-like strategies,
whether the countries like China and Republic of Korea, where
the COVID-19 epidemic was severe in the early stage, or
Singapore, Thailand, Vietnam, Hong Kong SAR (China), etc.
where the imported cases was the major problem, through
actively adopted SARS-like prevention and control strategy and
measures, the COVID-19 epidemic situation has been well
controlled, even has realized successfully the elimination of
local transmission. China, as the first country to find the
COVID-19 epidemic this time, has experienced a high intensity
and extensive community spread in Wuhan, but has successfully
controlled the local spread by actively adopting SARS-like
prevention and control strategy and measures, and is about to
complete the interruption of local virus transmission. In the case
of Republic of Korea, which experienced a sharp increase in the
number of cases in the previous period and made it once the
number of cases be second only to China, it insisted on the
implementation of key measures and quickly reversed the
epidemic. At present, the number of new cases has been
successfully reduced to double digits, the control and

containment of local transmission is within reach.

Countries that have adopted a SARS-like strategy have
interrupted the chain of transmission of the virus because of the
discovery of key sources of infection and the implementation of
management measures. New cases have been effectively

contained and the number of severe cases has been brought
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under control accordingly, the crude case fatality rate of most
other countries or regions except Wuhan, China is relatively low,
while the case fatality rate 1s high in Wuhan due to the medical

resources run-off once upon a time.

In addition, the SARS-like strategy countries, exported less
cases to other countries. Although imported cases from China
were detected in more than 20 countries around the world in the
early days of the Wuhan outbreak, with proactive and even
aggressive prevention and control measures, other countries has
reported very few new cases of COVID-19 1mported from

China since February 2020.

(2) Pandemic flu-like strategy countries continue increase or

even very rapidly

In countries with pandemic flu-like strategy, community
transmission continues to occur as a result of a lack of
comprehensive and effective management of the source of
infection, the level of transmission or the varies of increase rate
from country to country affected mainly by differences in the
ability to treat cases in different countries, the compliance of the
population to treatment at home, the strength and consciousness
to increase social distance measures, and the early or late the
start of the epidemic. The Italian epidemic continues to rise, the
epidemic in vast majority of European countries and the United

States of America are soaring in the recent past, and the
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epidemic inJapan has been continuing to rise slowly.

With the spread of the disease and the increase in the number of
cases in Italy, the number of severe cases has increased
accordingly, which has exceeded the capacity of local medical
institutions. Medical personnel are facing the dilemma of having
to treat patients selectively, and the case fatality rate remains
high, to become the world's highest crude case fatality rate
country. It remains to be seen whether other countries with
pandemic flu-like strategy will experience a similar run on

SCVCre Cascs.

In the case of widespread community transmission and severe
epidemic of the virus in Italy, no strict and genuine lockdown
was 1imposed on the severe epidemic area and the country, the
epidemic continues to spread inside the focus area, from the
focus area to other parts of Italy, and then Italy has continued to
spread to Europe and other countries around the world. For this
reason, Italy has been the biggest exporter of cases to other
countries, and in some ways it has been a major source of the
new global pandemic. At the same time, with the number of new
cases rapidly rising in most European countries and the United
States, these countries have also become an important source of
recent cases importation to other countries and act as a booster

of the global pandemic.

7. Analysis of the Relationship between the Two Strategies
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and Suggestions for the Next Step Control Strategy

At present, the global pandemic is still in its early stage. So if
the differences between the two strategies can be quickly
resolved, and a global consensus, concerted action and robust
joint measures can be reached and taken, among them the most
important is that the SARS-like strategy could be promoted by
all countries, it is still possible to influence and control the
course of the global pandemic, and to halt the global spread of

the new coronavirus.

(1) Analysis of the Relationship between the Two Types of

Strategies

The fundamental differences between the two strategies are
whether the new coronavirus can be completely contained, how
to view the cost-effectiveness of prevention and control, and the

understanding of containment measures.

A. The possibility of containment or blocking. Whether the new
coronavirus can be completely blocked is now entirely possible.
First, China, Singapore, Thailand, Vietnam and even the
Republic of Korea's control practices have fully explained this
point, the China's COVID-19 prevention and control field
research report of World Health Organization also gave full
recognition. Second, for the "leakage of infectious sources"

caused by latent infectious, incubation period infectious and
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atypical cases problem which are concerned about by Pandemic
flu-strategists, it is entirely possible that these problems can be
well solved through the measures of "Five Early" and "Due
Hospitalization, Due management”, which has also been proved
in practice. The incubation infectious of COVID-19 is mainly at
the end of the incubation period, and the rate of latent infection
is low, 1t can realize the comprehensive detection and
management of all atypical patients, latent infection and
incubation period infection, thus effectively prevent the further

spread of virus to other healthy people.

B. Cost-effectiveness. As long as people agree that new
coronavirus transmission can be stopped, it will become very
clear which of the two strategies is more cost-effective. The
SARS-like strategy may control the incidence increase in a
shorter time, block the spread of the virus, and greatly reduce
the overall number of cases, severe cases and deaths, at the same
time, it avoids the influence of social distance measures on
social production and life for a much longer time. When look it
at a global scale, based on a simple analysis of available data
and extrapolation, it is much easy to see the cost-effectiveness
and health benefits of the two strategies are not even

comparable.
C. Understanding of the role and necessity of containment

measures. According to the SARS-like strategy, it i1s necessary

to take some measures to control the spread of COVID-19 virus
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in the intensive community transmission area, which can reduce
the pressure of prevention and control in other areas. As even at
the peak of the outbreak in China, and because of domestic
management measures for those at risk of infection, limited
exportation to the rest of the world were recorded at only earlier
stage, and no exportation to Africa. However, after the recent
increase of the epidemic in Italy, more European countries and
the United Sates of America, due to the adoption of a
pandemic-influenza like strategy there, those who may have
been infected in the country have not been effectively detected
and managed, as a result, more than 20 countries in Africa alone
have recently seen imported confirmed cases in a very short
time period, and even in some African countries, such as Egypt,
Algeria and Senegal, have already led to local transmission,
which will be a very worrisome situation. It can be seen that the
adoption of SARS-like strategy and measures in areas with
widespread community transmission not only has a fundamental
impact on the control of the epidemic situation in the country or
the region, but also it has a great impact on the world pandemic
control, especially on countries with poor capacity and resources,
such as Africa, which the epidemic losses there will be

incalculable.

It is clear from the comparison of key control measures across
the two global strategies, whether in high-prevalence areas
where widespread community-based transmission has already

occurred, or in low-prevalence areas where only imported cases
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or limited local transmission happened there, the key to control
and contain the spread of new coronavirus lies in the
implementation of "Five Early" and "Due Hospitalization, Due
management”. And the earlier it is implemented, the easier it is
to implement, and the less costly it will be. In contrast, the later
it is implemented, the harder it is to implement, and the more
costly it will be. The development of the epidemic is mainly
affected by the above-mentioned key measures, rather than the
lockdown or social distance measures which are considered
most difficult to replicate in Western and pandemic flu-like
strategy countries. We need to emphasize that these lockdown or
social distance measures are necessary only under certain
circumstances like massive local transmission. In addition, all
these measures only play an facilitating role in controlling the
epidemic situation. Even without it, the time for control and
containment may be last somehow longer, but if the key control
measures be taken timely and effectively, similar containment
effect should be able to achieve, just like what we have seen in
Singapore and in the Republic of Korea. Therefore, all countries
in the world, when take measures to strengthen the treatment of
severe cases, they can adopt the SARS-like strategy further, i.e.
to implement key control measures to achieve the "Five Early"
and "Due hospitalization, Due management”, it will effectively
control the increase of disease incidence, and easily to reach the
target of reduce case fatality rate, and ultimately contain the
spread of new coronavirus. With such united efforts, we are still

hopefully and able to interrupt the pandemic, to finally contain
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or block the new coronavirus transmission, and to make great
contribution to the benefit of people in each country, and to the

benefit of people around the world.

(2) Recommendations for the control strategy of next step

At present, the COVID-19 global pandemic i1s still at an early
stage, the vast majority of countries have not yet emerged
widespread community-based transmission. However, we are
now also in a critical period of time for the pandemic, which
will be much more difficult to control once the pandemic
evolves further and spreads widely in the community in many
more countries and regions. Since the outbreak of COVID-19, a
large number of disease characteristics and studies have shown
that COVID-19 cannot be compared with pandemic influenza in
terms of its harm to health and potential harm to social
development. At the same time, the transmission of the new
coronavirus can be totally contained or blocked, compared with
the influenza pandemic, which is almost impossible to do so.
Therefore, in the face of this unprecedented challenge to all
mankind, as a community of mutual influence on the fate of
mankind, countries around the world need to put aside political
and ideological differences, and quickly unite to take SARS-like
prevention and control strategy and measures, and to act
immediately to help without hesitation those countries with
highest disease burden now and the countries with the epidemic

but without enough resources and capacity, while each country
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should do best first to prevent and control the epidemic in their
own countries, so that all countries can implement fully and as
soon as possible the key measures of "Five Early" and "Due
Hospitalization, Due management”. Based on these, all
countries and regions can take supplementary measures such as
lockdown or other social distance measures, in adaptation to the
local situation of epidemic and cultural custom etc. In this way,
people should have full confidence to make this pandemic the

first in the history to be controlled and finally contained.

[ Written on 17 March 2020, in Zambia ]
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From: Handley, Gray {(NIH/NIAID) [E] [handleygr@niaid.nih.gov]

Sent: 4/28/20205:17:59 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

cC: Handley, Gray {(NIH/NIAID) [E] [handleygr@niaid.nih.gov]

Subject: FW: Politico: Trump cuts U.S. research on bat-human virus transmission over China ties https://politi.co/2Sdt9Ke

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Assuringyou caughtthis article in Politico. Gray

Health Care

Trump cuts U.S. research on bat-human virus transmissionover China
ties

The National Institutes of Health on Friday told EcoHealth Alliance, the study's sponsorforthe pastfive years, that all
future funding was cut.

The administrative building of the National Institutes of Health. | J. Scott Applewhite/AP Photo
By SARAH OWERMOHLE
04/27/2020 07:02 PM EDT

The Trump administration abruptlycut off funding fora project studying how coronaviruses spread from bats to people
afterreportslinked the worktoa lab in Wuhan, China, at the center of conspiracy theories about the Covid-19
pandemic’s origins.

The National Institutes of Health on Friday told EcoHealth Alliance, the study's sponsorforthe pastfive years, that all
future fundingwas cut. The agency also demanded thatthe New York-based research nonprofit stop spending the
$369,819 remainingfromits 2020 grant, according to emails obtained by POLITICO.

“At thistime, NIH does not believe thatthe current project outcomes align with the program goals and agency
priorities,” Michael Lauer, the agency’s deputy director forextramural research, wrote in aletterto EcoHealth Alliance
officials.

The group caught national attention aweek ago afterreports swirled that millions from its NIH grants had beensent to
the Wuhan Institute of Virology, aresearch facility in the city where the coronavirus pandemicoriginated. In an email
last week to NIH officials, EcoHealth Alliance President Pete Daszak denied giving any money this yeartothe Wuhan lab,
although researchersfromthe facility have collaborated with EcoHealth Alliance scientists on research supported by an
earliergrant.

The Wuhan labis at the center of conspiracy theories alleging that the coronavirus outbreak began when the virus
escaped the facility. U.S. intelligence agencies and scientists have notfound any evidence to support the rumors.
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Meanwhile, the NIH’s strategic plan forstudying the novel coronavirus, released Thursday, lays out fourkey priorities —
includingunderstandingits originand transmission, inlinewith the EcoHealth alliance’s broaderinvestigation of bat
coronaviruses. The agency did not respond to a request forcomment onits decision to terminate the group’s funding.

In a statement, the EcoHealth Alliance said itwanted to know more about the NiH's reasoning. “Forthe past 20 years
our organization has beeninvestigating the sources of emerging diseases such as COVID-19,” the group said. “We work
inthe United States andin over 25 countries with institutions that have been pre -approved by federal funding agencies
to do scientificresearch critical to preventing pandemics. We are planning to talk with NIHto understand the rationale
behind theirdecision.”

Suddenly endingagrant earlyisan unusual move forthe NIH, which typically takessuch steps only whenthereis
evidence of scientific misconduct orfinancial improprieties — neitherof whichit has alleged took place in this case.

The EcoHealth Alliance has received more than $3.7 million since 2015 for its research on the risks of coronavirus spread
through bats and the potential forspilloverinto humans. The effort has produced at least 20 scientificpapers, including
several published in prominent journals such as Nature.

As recently as April 2018, the NIHissued a press release promoting astudy linked tothe research project, whose authors
included ascientistatthe Wuhan lab.

But the project had turnedinto a political liability forthe NIH by the time Laueremailed Daszak on April 20 askingfor a
list of all Chinese participants.

A Newsmax reporterasked President Donald Trump aboutthe research projectinan April 17 press briefing, suggesting
that all $3.7 million had gone to the Wuhan lab.

"We will end that grant very quickly,” Trump said. “It was granted quite awhile ago,” he added, referencingthe Obama
administration. “Who was presidentthen, lwonder?"

The NIH awarded the original grantfor the project duringthe Obama administration, butreneweditinJuly 2019. The
funding allotted this year, and cutlast week, came fromthe Trump administration.

Days afterTrump’s briefing promise, Republican lawmakers wrote to leadership asking that no stimulus funding go to
the Wuhan lab, citing State Department cables about safety concerns. The White House did not respond to a request for
comment.

By that time, NIH officials had contacted EcoHealth questioning the group about Chineselinks toits bat-coronavirus
research project.

“We needtoknow all sitesin Chinathat have been inany way linkedtothisaward,” Lauerwrote in one email tothe
researchers. In a separate April 20 message tothe group he said “it would be helpfulforusto know about all China-
based participantsinthis work since the Type 1 grant started in 2014 — whothey were and how much money they

received. The sooneryou can getus that information, the better.”

Daszak told Lauerthat EcoHealth would need time to go through its request forinformation but that “l can categorically
state that no fund from [the grant] have been sentto the Wuhan Institute of Virology, norhas any contract been
signed.”

Within days, NIH told EcoHealth that all future funding was canceled and it would need to stop spendingits remaining
2020 grant moniesimmediately.

EcoHealth Alliance has secured dozens of contracts amounting to millions of dollars from multiple government sources,
including health agencies, the Department of Defenseand the Department of Homeland Security.

Disclaimer: Any third-party material in this email has been shared for internal use under fair use provisions of US. copyright
faw, without further verification of ifs accuracy/veracity. It does not necessarily represent my views nor those of NIAID, NIH,
HHS, or the U.S. government,
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From: Yuan Zhiming [yzm@wh.iov.cn]

Sent: 1/18/2020 7:33:47 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]; Shi, Pei yong [peshi@UTMB.EDU]
Subject: [B] & : FW: WIRED interview: new coronavirus in Wuhan

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you recognize
the sender and know the content is safe.

Dear Jim,

Thanks for your information and we are working hard now on the related works. Hopefully some results
could be relaesed soon.

The lab is under operation during the holiday and I will let you know the situation at the convenient time.

Regards

Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chinese Academy of Sciences

Wuhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480

From: LeDuc, James W,

Date: 2020-01-14 03:44

To: Shi, Pei yong; Yuan Zhiming

Subject: FW: WIRED interview: new coronavirus in Wuhan

See link below on a story just released this morning in Wired Magazine. | tried to stress the dramatic
improvemeants in PH and technology between 2003 and now—note title.

Too bad she misspelled my name...
Nice work, Him

lames W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
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Galveston, TX 77555-0810
{t} 409-266-6500

{f1 409-266-6810

{m} 409-789-2012

From: Molteni, Megan <megan_molteni@wired.com>
Sent: Monday, January 13, 2020 1:07 PM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Cc: Ksiazek, Thomas G. <tgksiaze@ UTMB.EDU>

Subject: Re: WIRED interview: new coronavirus in Wuhan

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless
you recognize the sender and know the content is safe.

Here's a link to the story, which published this morning. Thanks again for sharing your story with
me, very cool to see how much has changed in 20 years. If you've ever got any interesting
infectious pathogen story tips going forward, don't hesitate to reach out.

Best regards,
Megan

Got it. Thanks again, Jim.

On Fri, Jan 10, 2020 at 7:54 AM LeDuc, James W. <jwleduc@utmb edu> wrote:

Megan, | have not spoken to anyone in China about the technigues they used, but | suspect that
they used the same traditional methods to isolate the virus—inoculation of cell cultures. To
determine the sequence, | suspect that they did next generation sequencing {see Armstrong, GL
et al. Pathogen genomics in public health, NEIM, 26 Dec 2019, 381;26:2569-2580 for an
overview of genomics applications in public health, Greg is at CDC).

Thanks, lim

From: Molteni, Megan <megan molteni@wired.com>
Sent: Friday, January 10, 2020 9:27 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Cc: Ksiazek, Thomas G. <tgksiaze @UTMB.EDU>

Subject: Re: WIRED interview: new coronavirus in Wuhan

WARNING: This email originated from outside of UTMB's email system. Do not click links or open
attachments unless you recognize the sender and know the content is safe.

Jim, thank you so much for this. And Tom, thank you for helping to reconstruct these
events. [ know it was a long time ago!

My only question is based on the news reporting you've seen out of Wuhan (or
correspondence you've had with folks over there), is it fair to assume they used similar
set of steps to isolate the virus and get a sequence? If not, where do you think they
diverged, from a methods standpoint?
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Thanks again,
Megan

On Fri, Jan 10, 2020 at 7:03 AM LeDuc, James W. <jwleduc(@utmb.edu> wrote:
Megan, | spoke to Tom Ksiazek who conducted the original SARS isolation. As mentioned
helow, he was able to isolate the virus from a throat swab taken from Dr Urban on his
arrival into Thailand where he was hospitalized and later died. The specimens were
immediately sent to COC and arrived the evening of 13 Mar and were inoculated into cell
cultures that same evening. Evidence of virus growth was first seen on day 5 post-
inoculation and a sample of the replicating virus was sent that same day to the electron
microscopy laboratory where a coronavirus-like particle was visualized by Cynthia
Goldsmith. Based on this preliminary information, Ur Dean Erdman and his team designed
consensus primers for coronavirus and were able to amplify a product by RT-PCR, which
was then sequenced, further supporting that the isolate as a coronavirus. Virus RNA was
sent to the DeRisi lab in California where he confirmed coronavirus identity using his then
state-of-the-art array.

Tom Ksiazek is copied here and can correct any errors and provide additional details if
neaded.

Thanks, lim

From: Molteni, Megan <megan_molteni@wired.com>
Sent: Thursday, January 09, 2020 8:57 PM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: Re: WIRED interview: new coronavirus in Wuhan

WARNING: This emalil originated from outside of UTMB's email system. Do not click links or open
attachments unless you recognize the sender and know the content is safe.

Thanks Jim, super helpful. Great to chat with you today. Much appreciated!

On Thuy, Jan 9, 2020 at 6:19 PM LeDuc, James W. <jwleduc(@utmb.edu> wrote:

Time from receipt of clinical samples to isolation of virus was 5 days; EM
identification was done that same day, Inoculated cells on 13 Mar 2003 and had
isolate on 18 Mar. More tomorrow.

Thanks, Him

From: Molteni, Megan <megan_molteni@wired.com>
Sent: Thursday, January 09, 2020 1:56 PM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: Re: WIRED interview: new coronavirus in Wuhan

WARNING: This email originated from outside of UTMB's email system. Do not click links or
open attachments unless you recognize the sender and know the content is safe.

Great, talk soon. Thanks!
M
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On Thu, Jan 9, 2020 at 11:54 AM LeDuc, James W. <jwleduc@utmb.edu>
wrote:

Paerfect—I'lt be in my office at 3 CT. Call to 409-266-6516. i by chance |
don't/can’t answer, the office number is 409-268-8500 and someone should
answer.

Thanks, Jim

From: Molteni, Megan <megan _molteni@wired.com>
Sent: Thursday, January 09, 2020 1:50 PM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: Re: WIRED interview: new coronavirus in Wuhan

WARNING: This email originated from outside of UTMB's email system. Do not click
links or open attachments unless you recognize the sender and know the content is
safe.

Hi Jim,

I do appreciate that this kind of science is a massively collaborative effort.
But hard to talk to everyone on a daily deadline so I very much appreciate
your willingness to describe the work of the team. Can I give you call
around 3pm CT today? Which number 1s better for you?

Many thanks,
Megan

On Thu, Jan 9, 2020 at 11:32 AM LeDuc, James W.
<wleduc@utmb.edu> wrote:
Hi Megan,

'm happy to chat with you later today or tomorrow. Julie’s kind words
reflect the combined work of many, many people as P'm sure you
appreciate, and all done under her able leadership during a very stressful
time. | was coordinating the lab efforts of several talented folks on the
front lines actually doing the work,

| have a meeting today from 2:00-2:30 €T and agsin at 4:00-5:00
CT. Tomorrow is generally open from about 10:00 am to 4:00 pm CT. My
direct line is 409-266-6516,

Thanks, lim

James W. Le Dug, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{t} 409-266-6500

{f} 409-265-6810

{m} 409-789-2012
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From: Molteni, Megan <megan _molteni@wired.com>
Sent: Thursday, January 09, 2020 1:13 PM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: Re: WIRED interview: new coronavirus in Wuhan

WARNING: This email originated from outside of UTMB's email system. Do not
click links or open attachments unless you recognize the sender and know the
content s safe.

Hi Jim,

You probably saw Julie's email a little while ago. Any chance you're
free today or tomorrow to reminisce about your work identifying
SARS and talk about the current situation in Wuhan?

Many thanks,
Megan

On Thu, Jan 9, 2020 at 11:12 AM Molteni, Megan
<megan_molteni@wired.com> wrote:

Thanks Julie, this is hugely helpful. And I appreciate you
providing the context in the midst of a retreat. Will follow up
with Jim off-thread.

All the best,
Megan

On Thu, Jan 9, 2020 at 11:01 AM Gerberding, Julie

<julie gerberding@merck.com> wrote:

Thanks for tracking this story Megan. T am tiedup in a
retreat unfortunately. The person who led this work is a
brilliant global expert, Dr. James (Jim) LeDuc (copied
above) who is now a Professor in charge of emerging
pathogens at the University of Texas in Galveston. If you
recall, with SARS Canadian scientists initially claimed that
the infections were caused by a metapneumovirus but that
proved to be a false positive. CDC took a more
conservative approach. Though we strongly suspected we
had isolated the causative coronavirus very early by
observing its corona-like structure under an electron
microscope, Dr. LeDuc made sure we first essentially
satisfied Koch’s postulates of disease causality and proved
that we could isolate the virus from infected people,
inoculate it into a non-human host and recapitulate the
disease, and then isolate it from sites of infection in that
host. Our approach involved collaborators in Europe who 1
believe did the actual animal work at the same time we
were doing the genetic sequencing. (One lesson learned
from the Canadian experience is that virus are ubiquitous
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and that isolating and sequencing one does not necessarily
mean it is causing the disease.). Hope this background
helps. Dr. LeDuc can correct any lapses in my memory.
Best,

Jg

Sent from my iPhone

On Jan 9, 2020, at 12:30 PM, Molteni, Megan
<megan_molteni@wired.com™> wrote:
EXTERNAL EMAIL - Use caution with any
links or file attachments.
Dr. Gerberding,

I'm a reporter at WIRED and today I'm writing a
quick-turn story about how scientists in China
have been able to quickly sequence the
infectious agent causing pneumonia-like
symptoms in about a dozen patients in Wuhan.
Specifically, I'm interested in how those methods
compare to the search for the pathogen behind
SARS in 2003. | reached out to the CDC to
speak to someone on the agency's task force at
the time and they recommended | get in touch
with you. Do you have any time today for a quick
phone interview?

Many thanks,
Megan

Megan Molteni
Staff Writer | WIRED
o: 415-276-4924

c: 332-205-1724
(@MeganMolteni

Notice: This e-mail message, together with any
attachments, contains

information of Merck & Co., Inc. (2000 Galloping Hill
Road, Kenilworth,

New Jersey, USA 07033), and/or its affiliates Direct
contact information

for affiliates is available at

http://www.merck com/contact/contacts html) that may be
confidential,

proprietary copyrighted and/or legally privileged. It is
intended solely

for the use of the individual or entity named on this
message. If you are

not the intended recipient, and have received this message
in error,

please notify us immediately by reply e-mail and then
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o: 415-276-4924

¢: 332-205-1724
(@MeganMolteni
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 delete it from
_ your system.

Megan Molteni
Staff Writer | WIRED
0: 415-276-4924

¢: 332-205-1724
(@MeganMolteni

Megan Molteni
Staff Writer | WIRED
0: 415-276-4924

c: 332-205-1724
@MeganMolteni

Megan Molteni
Staff Writer | WIRED
o: 415-276-4924
c:332-205-1724
@MeganMolteni

Megan Molteni
Staff Writer | WIRED
0: 415-276-4924

c: 332-205-1724
@MeganMolteni

Megan Molteni
Staff Writer | WIRED
0: 415-276-4924

¢: 332-205-1724
@MeganMolteni

Megan Molteni
Staff Writer | WIRED
o: 415-276-4924
c:332-205-1724
@MeganMolteni
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Megan Molteni
Staff Writer | WIRED
o: 415-276-4924

o 332-205-1724
@MeganMolteni
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From: 5k 14 [zhanghan@wh.iov.cn]

Sent: 4/4/20191:49:34 AM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

Subject: 2019 Call Announcement - Advanced Customer Cultivation Project of Wuhan National Biosafety Laboratory, CAS
Attachments: 2019 Call Announcement.pdf; Application Form.doc

WARNING: This email originated from outside of UTMB's email system. Do notclicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Dear Prof. LeDuc,
Hope this letter finds you well

Wuhan National Biosafety (P4) Laboratory of Chinese Academy of Sciences (CAS) has been put into operation
from 2018.

Relymg on the major science and technology nfrastructure, the Advanced Customer Cultivation

Project (ACCP) mitiated by Wuhan Institute of Virology (WIV), CAS aims to cultivate national high-level biosafety
talents, to output significant scientific and technological breakthroughs and achievements, and to promote the
scientific and technological support capabilities for biosafety and public health.

Now this project is calling for application m 2019 globally, and the submission deadline is on May 5th. Here we are
writing to request your consideration to help to promote this project. If available, could you please review the call
ammouncement and help to forward this notice to the relevant research fellows atyour side?

We welcome your potential application and thank you very much for your attention and great support.

Notice website: http//english whiov.cas.ci/Notice2016/201904/120190404 207607 hitml

With best wishes,

ZHANG Han

Research Planning Office

Wuhan Institute of Virology

Chinese Academy of Sciences

Xiao Hong Shan 44, Wuchang, Wuhan 430071, Hubei, China

Tel: +86-27-87197115

Email: zhanghan@wh.iov.cn
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Wuhan National Biosafety Laboratory, Chinese Academy of Sciences

Advanced Customer Cultivation Project
2019 Call Announcement

Relying on the major science and technology infrastructure, this project aims to
cultivate national high-level biosafety talents, to output significant scientific and
technological breakthroughs and achievements, and to promote the scientific and
technological support capabilities for biosafety and public health. According to the
scientific and technological development programs of China, Chinese Academy of
Sciences (CAS) and Wuhan Institute of Virology (WIV), CAS, the 2019 Call
Announcement of Advanced Customer Cultivation Project of Wuhan National
Biosafety Laboratory, CAS is released. Please apply for the project accordingly. The

specific contents are as below:
I. Background

Wuhan National Biosafety Laboratory, CAS (hereinafter referred to as Wuhan
P4 laboratory) mainly includes protective facilities and experimental equipment for
researches on highly pathogenic pathogens. It is incorporated into the management of
national major science and technology infrastructure. The project is guided by the
principle of “P4 scientific and technological innovation” which means to conduct
scientific experimental activities by utilizing Wuhan P4 laboratory or to conduct

scientific researches on the biosafety level 4 (P4) pathogens.
II. Management

Advanced Customer Cultivation Project is funded by CAS. The application,

review, management and budget implementation are conducted according to
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Measures of Academy-Level Scientific Research Projects of CAS and according to

relevant measures of WIV, CAS.

111, Qualification

1. The project leader shall be professor or principal investigator with the doctoral
degree.

2. The project leader and team members shall be equipped with high-level
research capability, solid research foundation and reliable time commitment. Team
application is encouraged.

3. To better cooperate and utilize resources of the sharing research platform,
research team at home and abroad is encouraged to jointly apply with the research

group from WIV, CAS.

IV. Budget

1. Funding

The project application is globally oriented. The categories of the projects
include general project and key project with the budget of RMB 250,000/project/year
and RMB 500,000/project/year respectively while dynamic adjustment shall be made
according to the total budget appropriated by CAS.

2. Period

(1) The implementation period of the project can be 1 to 3 years while the
assessment period is 1 year. The project with excellence in the annual assessment can
be further funded preferentially.

(2) The budget will be implemented in WIV, CAS. The budget implementation
period is 1 year. During the project execution, the project team shall accept the review
and examination on task and budget implementation organized by WIV, CAS, and

complies with the relevant measures of project prescribed by our institute.

V. Guideline
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1. Application

(1) The applicant’s organization should provide the opinions and agreement to
the application while providing support for the project implementation.

(2) For research project involving ethics in human tissue and biological samples,
the applicant should provide the paper version and the electronic version of approval
certificate from ethics committee in his/her organization or superior department in
charge. The approval certificates of animal welfare and ethics, experimental animal
program and biosafety will be completed by the project implementation organization.

(3) For research project in pathogenic microorganism, the application must be
complied with the Regulation on the Biosafety Management of Pathogenic Microbe
Labs regulated by the State Council of China and provisions on ethics and biosafety
by relevant ministries and departments.

(4) The applicant should be responsible for the truthfulness and legality for the
submitted materials, and should not provide the project application involving the
confidential information.

2. Approval

(1) Under the guidance of Science and Technology Steering Committee of
Wuhan National Biosafety Laboratory, CAS, a review committee consisting of 7 to 9
experts shall be organized for Advanced Customer Project, which will include experts
on microbiology, biosafety, ethics, animal experiments and P4 laboratory
management. The review committee shall obey the avoidance principle.

(2) The review committee will conduct the proposal selection and after the
opinion passed the review by the Science and Technology Steering Committee of
Wuhan National Biosafety Laboratory, CAS, results of project approval will be
released publicly.

3. Implementation and Assessment

(1) The project leader assumes full responsibility for the Advanced Customer
Cultivation Project. The project leader shall fulfill the responsibility as an organizer
and shall take charge of the preparation of research plan and implementation scheme

for this project and be responsible for the timely accomplishment of the project tasks.
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(2) Within 1 month before the end of budget implementation period/project
conclusion, the project leader shall submit to WIV, CAS the annual assessment
report/summary report for project conclusion and assessment. WIV, CAS will
organize the review committee to carry out the project conclusion and assessment,
and submit the assessment opinions to the Science and Technology Steering
Committee of Wuhan National Biosafety Laboratory, CAS.

(3) The project leader could apply for further funding support while submitting
the assessment report. The project with excellence in the annual assessment can be
further funded preferentially by the review committee.

(4) The research achievements attained during the project implementation,
including theses, monographs, patents, software and database etc. shall be marked
with “Funded by Advanced Customer Cultivation Project of Wuhan National
Biosafety Laboratory, Chinese Academy of Sciences”. Any achievements unmarked

will not be counted in the assessment.
V1. Submission

The applicant shall download the 2019 Application Form of Advanced Customer
Cultivation Project of Wuhan National Biosafety Laboratory, CAS, fill in the form
according to the instruction, submit the paper version (including signature and
organization seal) of the application form, relevant attachments including the approval
certificate of human ethics, and the electronic version of the corresponding materials
before May 5™, 2019 (subject to the posting time). The paper version of the materials
shall be submitted in duplicate. The applicant shall send the electronic version of the

materials to chendd@wh.iov.cn.

Address:

Wuhan Institute of Virology, Chinese Academy of Sciences

Room 105, No.3 Building
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No.44, Xiaohongshan, Wuchang District, Wuhan, Hubei, China

Postcode: 430071
Contact: CHEN Doudou, +86-27-87197115

Attachment: 2019 Application Form of Advanced Customer Cultivation Project

of Wuhan National Biosafety Laboratory, CAS

Wuhan Institute of Virology
Chinese Academy of Sciences

April 4™ 2019
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No.

Grant No.

Confidentiality Level

Wuhan National Biosafety Laboratory, Chinese Academy of Sciences

Advanced Customer Cultivation Project

Application Form

Project name:

Project leader (Signature):

Organization:

Phone number:

E-mail:

Made by Research Planning Office of Wuhan Institute of Virology, CAS

Filled in on
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Instruction for Form Filling

Each tem of the application form must be true, complete, accurate and clarified.

The “Confidentiality Level” on the cover shall be filled in with “Open”.

All the application materials shall be submitted in duplicate in A4 book size m print (double page).

After the form s filled n completely, the applicant’s organization shall review the truthfulness,
completeness and effectiveness of the information filled m.

The application form shall only be considered effective with the signature of the principal of the

applicant’s organization.
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Basic Information

Project name

[ Frontlne of the fundamental [IMajor common key technology [ Application
Type of project
demonstration research [1Others

Funding Category UKey Project  [General Project

Budget Total estimate: (RMB 10,000 yuan) (Note: please calculate for one year only)

Implementation period
From (d/m/y) to (d/m/y)

(one year)

Assessment period From (d/m/y) to (d/m/y)
Name Sex Birthday
Project leader Title Duty Highest degree
Organization
Principal
Research group Person to contact
Investigator
n WIV, CAS (Signature)
(Signature)
Project
] Authorization LCooperation [lIndependent Completion
Implementation
Total Assistant Doctor Master
Senior |Intermediate|  Junior Post-doctor
Project team  |number personnel candidate | candidate
Time
Name Age Title Organization| Commitment Task Assignment Signature
(Months)
Main
participants of
the project
mplementation
[PAGE ]
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Text

[=1\* ROMAN]. ResearchBackground

1. Research purpose
2. Foreign and domestic research background, trend of development

3. References

[=2\* ROMAN]. ResearchContents
1. Research contents
2. Research methods and experimental program
(If the “Project Implementation” 1 filled m with “Independent Completion”, the applicant shall provide
the risk assessment report on pathogen experiments. )
3. Expected outcome
4. Key problems and technical difficulties to be solved

5. Innovations of the research proposal

[=3\* ROMAN]. ResearchPlan
1. Research schedule

2. Conditions necessary to conduct the rescarch (inclading lab equipments, mstruments and etc.)

Iv. Introduction of Leader and Participants
1. Education background
2. Working experience

3. Trainng experience (including experiments involving biosafety, animal infections and etc.)

[PAGE ]
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[=7\* ROMAN]. Budget

Unit: RMB 10,000 yuan

Budget Form of Project Expenditure

Detailed
Item Amount
calculation

1.  Equipment

(1) Equipment purchase

(2) Trial-manufacture purchase

(3) Equipment modification and rent

2. Reagents and consumables

3. Analysis

4.  Fuel and power

5.  Travel/meeting/international cooperation and exchanges

6. Publication/literature/information dissemmation/mtellectual property

7. Labor costs

8. Expert consultation

9.  Other expenditure

Total

Note: Budget preparation and expenditure execution are conducted according to Measures of Academy-Level

Scientific Research Projects of Chinese Academy of Sciences.

[PAGE ]
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[|=8\* ROMAN|. Reviewopinions of applicant’s organization
(Note: Please indicate m the opinions that the contents for this project application are

non-confidential.)

Organization (official seal) Principal (Signature)

(d/m/y)

[=9\* ROMAN|. Opinions of the Biosafety Committee in Project Imple mentation

Organization

Chairman of Committee (Signature)

(d/m/y)

[=10\* ROMAN ]. Opinions of Science and Technology Steering Committee of Wuhan
National Biosafety Laboratory, CAS

Chairman of Committee (official seal)

(d/my)

[PAGE ]
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Attachment

(Only for the “Project Implementation™ filled m with “Independent Completion™)

Risk Assessment Report on Pathogen

1. Pathogenicity and mfective dose to human and animal
2. Routes of mfection and potential future exposure

3. Epidemiologic data

4. Stability in the environment

5. Prevention and therapeutic program

6. Main contents of the experiments

7. Personal protective measure and accident treatment

Qualification Certificates from Applicant or Operating Personnel

(including certificates on biosafety traming, animal experiments, and etc.)

[PAGE ]
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From: & 1 [houwei @whu.edu.cn]

Sent: 3/31/201910:16:59 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]
Subject: Re: Re: Hi

WARNING: This email originated from outside of UTMB's email system. Do not click Tinks or open
attachments unless you recognize the sender and know the content is safe.

Hi Prof. LeDuc,
Thanks for your reply. wish to youris52.117with good healthy. And maybe meet you 1in China.

> - T B 5 -~ =~ -

> & A "Lebuc, James W." <jwleduc@UTMB.EDU>

> &HANf[E]: 2019-04-01 02:30:23 (E&—)

> Uk A "B <houwei@whu.edu.cn>

> & : "shi, pei yong" <peshi@UTMB.EDU>

> E8i: Re: Hi

>

> Hi Dr Hou

>

> Thanks for your note. unfortunately my:5 nas been seriously i1l and I have taken some time off to

help her recuperate and will not be 1in next week. I am copying Dr Shinto see if he might have time to
meet with you.

with best regards
Jim
sent from my iPhone

> on Mar 31, 2019, at 10:39 am, &/ <houwei@whu.edu.cn> wrote:

>

> WARNING: This email originated from outside of UTMB's email system. Do not click links or open
attachments unless you recognize the sender and know the content is safe.

>

>

> Dear Prof.Leduc,

>

> Very long time not to connect with you. Here I 'm in Galveston and will visit Dr. Haitao Hu's Lab
next week. wWe have collaborated on multiple projects that investigate HIV and the associated
opportunistic co-infections,and has been published on impactful scientific journals such as Plos
rPathogens and Journal of Immunology. So this time I wish to have the opportunities to meet with other
colleagues here at UTMB that share common research interests with my research groups in the aera of
virology besides Dr. Hu. Could you have time to meet with me before I will Teave here next Thursday

VV V VVYVYVYVYVY

VVYVVY

morning?

> >

> >

> > mm oo
> > Wei Hou, M.D.,Ph.D.

> > Professor/vice Dean

> > State Key Laboratory of virology/Institute of Medical virology, School of Basic Medical Sciences
> > Wuhan University, P.R.China

> > Dong-hu Road 185, wuhan 430071
> > Tel:86-27-68789310(office)

> > E-mail: houwei@whu.edu.cn

> >

> >

> > & EXEL

> > HR/BIRL

> > REFEREA RS /EXREFHER
> > HNAKZEMES

> > PEERN

> > BNTHFEHKRI85E, [i4m430071
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> BEZ G 0 86-27-68789310
> E-mail:houwei@whu.edu.cn
>

VVVYVYV YV

TR BRI AL - S B B A -

wei Hou, M.D.,Ph.D.

professor/vice Dean

state Key Laboratory of virology/Institute of Medical virology, School of Basic Medical Sciences
wuhan uUniversity, P.R.China

Dong-hu Road 185, wuhan 430071

Tel:86-27-68789310(office)

E-mail: houwei@whu.edu.cn

#F EFEL

BB /EIR
REFXERERAN D=/ EFREFFR
g E H Y

BT R R 1858, 4430071
B2 HH1E © 86-27-68789310
E-mail:houwei@vhu.edu.cn

S‘ﬂ_{

FRE S ERER AL R RS R4 -

Nelson_Judicial_Watch_TPIA_0065



Obtained via FOIA by Judicial Watch Inc.

From: Boyd, Nancy (NIH/NIAID} [E] [nboyd@niaid.nih.gov]

Sent: 2/29/20209:43:57 AM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

Subject: Fwd: Coronavirus (COVID-19) Update: FDA Issues New Policy to Help Expedite Availability of Diagnostics

http://bitly/3adujfé

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

limagine you gotthis but sendinganyway...

From: Folkers, Greg (NIH/NIAID) [E] <gfolkers@niaid.nih.gov>

Sent: Saturday, February 29, 2020 10:42 AM

Subject: Coronavirus (COVID-19) Update: FDA Issues New Policy to Help Expedite Availability of Diagnostics
http://bit.ly/3adujfée

FDA NewsRelease

Coronavirus (COVID-19) Update: FDA Issues New
Policy to Help Expedite Availability of Diagnostics

For Immediate Release:

February 29, 2020

Today, as part of the U.S. Food and Drug Administration’s ongoing and aggressive commitment to address the
coronavirus outbreak, the agency issued a new policy for certain laboratories seeking to develop diagnostictests for
coronavirusinorderto achieve more rapid testing capacity in the U.S.

“We believe this policy strikes the right balance duringthis public health emergency,” said FDA Commissioner
Stephen M. Hahn, M.D. “We will continue to help to ensure sound science prior to clinical testing and follow-up with
the critical independent review fromthe FDA, while quickly expanding testing capabilitiesinthe U.S. We are not
changing our standards for issuing Emergency Use Authorizations. This action today reflects our public health
commitmentto addressing critical public health needs and rapidly responding and adapting to this dynamic and
evolving situation.”

Thereiscurrently an outbreak of respiratory disease caused by a novel coronavirus that was first detected in Wuhan
City, Hubei Province, Chinaand which has now been detected in 50 locations internationally, including casesin the
United States. The virus has been named “SARS-CoV2” and the disease it causes has been named “Coronavirus Disease
2019” {COVID-19). SARS-CoV-2 has demonstrated the capability to rapidly spread, leading to significantimpact on health
care systems and causing societal disruption. The potential publichealth threat posed by COVID-19is high, both globally
and to the U.5. To effectively respond tothe COVID-19 outbreak, rapid detection of cases and contacts, appropriate
clinical managementandinfection control, and implementation of community mitigation efforts are critical. Thiscan
best be achieved with wide availability of testing capabilities in health care settings, reference and commercial
laboratories, and at the point of care.

The new policyisfor certain laboratories that develop and beginto use validated COVID-19diagnostics before the FDA
has completed review of their Emergency Use Authorization (EUA) requests. The FDA canissue an EUA to permitthe
use, based on scientificdata, of certain medical products that may be effective in diagnosing, treating or preventinga
disease orconditionwhenthereisadetermination, by the Secretary of Health and Human Services (HHS), that thereisa
publichealth emergency ora significant potentialfora publichealth emergency that has a significant potential to affect
national security orthe health and security of U.S. citizens, and adeclaration that circumstances exist justifying the
medical products’ emergency use.

On Feb. 4, 2020, the Secretary of HHS determinedthatthereisapublichealth emergency and that circumstances exist
justifying the authorization of emergency use of in vitro diagnostics for detection and/or diagnosis of the COVID-19
outbreak. Rapid detection of COVID-19casesin the U.S. requires wide availability of diagnostictesting to control the
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emergence of arapidly spreading, severeillness. The FDA has authorized one EUA for COVID-19that isin use by the U.S.
Centers for Disease Control and Prevention {CDC) and some publichealth labs across the country.

The guidance issued today describes a policy enabling laboratories to immediately use tests they developed and
validated in ordertoachieve more rapid testing capacityinthe U.S.

“The global emergence of COVID-19 is concerning, and we appreciate the efforts of the FDA to help bring more testing
capability to the U.S.,” said Nancy Messonnier, M.D., director of the CDC’s Center for the National Centerfor
Immunization and Respiratory Diseases {(NCIRD).

The immediatelyin effect guidance issued today describes the circumstances wherethe FDA does notintend to object
to the use of these testsforclinical testingwhilethe [aboratories are pursuing an EUA with the FDA. Importantly, this
policy only appliestolaboratories that are certified to perform high-complexity testing consistent with requirements
under Clinical Laboratory Improvement Amendments.

“We applaud the FDA’s approach to speed the path toward emergency use authorization for COVID-19 diagnostics.
This step may reduce development costs, speed the process for availability at more testingsites, incentivize private
developmentand, uitimately, helpsavelives,” said Rick Bright, Ph.D., director of the Biomedical Advanced Research
and Development Authority {BARDA), part of the HHS Office of the Assistant Secretary for Preparedness and
Response. “At BARDA, we are identifying industry partners to develop rapid diagnostics that can be usedin
commercial and hospital labs or even doctors’ offices so that medical professionals and theirpatients have the
informationthey needto take action.”

The FDA guidance provides recommendations fortest developers, including information regarding test validation, FDA
notification and interim confirmatory clinicaltesting.

Followingthe completion of theirtest validation, laboratories should communicate with the FDA, viaemail,inorderto
notify the agency thatthe test has beenvalidated. Laboratories should submitacompleted EUA request within 15
business days of notification.

“Underthis policy, we expect certain laboratories who develop validated tests for coronavirus would begin using
them right away prior to FDA review,” said Jeff Shuren, M.D., J.D., director of the FDA’s Center for Devices and
Radiological Health. “We believe this action will support laboratories across the country working on this urgent public
health situation. We are dedicating all available resources to expediting the review of medical products, including
diagnostics, to prevent the spread of this outbreak.”

The FDA, an agency withinthe U.S. Department of Health and Human Services, protects the publichealth by assuring the
safety, effectiveness, and security of human and veterinary drugs, vaccines and other biological products for human use,
and medical devices. The agency alsoisresponsibleforthe safety and security of ournation’s food supply, cosmetics,
dietary supplements, products that give off electronicradiation, and forregulating tobacco products.

Hit#H

Inquiries
Media:

Stephanie Caccomo
301-348-1956
Consumer:
883-INFO-FDA

Disclaimer: Any third-party material in this email has been shared for internal use under fair use provisions of U8, copyright
faw, without further verification of ifs accuracy/veracity. It does not necessarily represent my views nor those of NIAID, NIH,
HHS, or the U5, govermment.
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From: Boyd, Nancy (NIH/NIAID} [E] [nboyd@niaid.nih.gov]

Sent: 2/29/202012:51:39 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

Subject: Re: Coronavirus (COVID-19) Update: FDA Issues New Policy to Help Expedite Availability of Diagnostics

http://bitly/3adujfé

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Oh my! At least it is probably quet and it will allow you to catch up a bit.

Get Cutlook Hr 8

From: LeDuc, James W. <jwleduc@UTMB.EDU>

Sent: Saturday, February 29, 2020 1:14:25 PM

To: Boyd, Nancy (NIH/NIAID) [E] <nboyd @niaid.nih.gov>

Subject: RE: Coronavirus (COVID-19) Update: FDA Issues New Policy to Help Expedite Availability of Diagnostics
http://bit.ly/3adujf6

At the office...

From: Boyd, Nancy {(NIH/NIAID) [E] <nboyd @niaid.nih.gov>

Sent: Saturday, February 29, 2020 11:11 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: RE: Corcnavirus (COVID-19) Update: FDA Issues New Policy to Help Expedite Availability of Diagnostics
http://bit.ly/3adujfée

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

You are welcoms, Hm. L hope you are having a restful weekend!

Nanoy

From: LeDuc, James W. <jwisduc@UTMB.EDL>

Sent: Saturday, February 29, 2020 11:17 AM

To: Boyd, Nancy (NIH/NIAID) [E] <nboyvd@niaid.nih.gov>

Subject: Re: Coronavirus (COVID-19) Update: FDA Issues New Policy to Help Expedite Availability of
Diagnosticshitp://bit v/ 3aduifs

Thanks for sharing. | saw a draft but hadn’t seenthe final.

Sentfrom my iPhone

On Feb 29, 2020, at 9:44 AM, Boyd, Nancy (NIH/NIAID) [E] <nbovd@niaid nih.gov>wrote:

WARNING: This email originated from cutside of UTMB's email system. Do not click links or open attachments unless you recognize
the sender and know the content is safe.
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limagine you gotthis but sendinganyway...

From: Folkers, Greg (NIH/NIAID) [E] <gfolkers@niaid nih.gow>

Sent: Saturday, February 29, 2020 10:42 AM

Subject: Coronavirus (COVID-19) Update: FDA Issues New Policy to Help Expedite Availability of
Diagnosticshttp:/ /bt lv/3aduifs

FDA News Release

Coronavirus (COVID-19) Update: FDA Issues New
Policy to Help Expedite Availability of Diagnostics

For Immediate Release:

February 29, 2020

Today, as part of the U.S. Food and Drug Administration’s ongoing and aggressive commitment to address the
coronavirus outbreak, the agencyissued anew policy for certain laboratories seeking to develop diagnostictests for
coronavirusinorderto achieve more rapid testing capacity in the U.S.

“We believe this policy strikes the right balance during this public health emergency,” said FDA Commissioner
Stephen M. Hahn, M.D. “We will continue to help to ensure sound science prior to clinical testing and follow-up with
the critical independent review from the FDA, while quickly expanding testing capabilitiesinthe U.S. We are not
changing our standards for issuing Emergency Use Authorizations. This action today reflects our public heaith
commitmentto addressing critical public health needs and rapidly responding and adapting to this dynamic and
evolving situation.”

There iscurrently an outbreak of respiratory disease caused by anovel coronavirus that wasfirst detected in Wu han
City, Hubei Province, Chinaand which has now been detected in 50 locations internationally, including casesin the
United States. The virus has been named “SARS-CoV2"” and the disease it causes has been named “Coronavirus Disease
2019” {COVID-19). SARS-CoV-2 has demonstrated the capability to rapidly spread, leading to significant impact on health
care systems and causing societal disruption. The potential publichealth threat posed by COVID-19is high, both globally
and to the U.S. To effectively respond to the COVID-19outbreak, rapid detection of cases and contacts, appropriate
clinical managementand infection control, and implementation of community mitigation efforts are critical. This can
best be achieved with wide availability of testing capabilitiesin health care settings, reference and commercial
laboratories, and at the point of care.

The new policyisfor certain laboratories thatdevelop and beginto use validated COVID-19 diagnostics before the FDA
has completed review of theirEmergency Use Authorization (EUA) requests. The FDA can issue an EUA to permitthe use,
based on scientificdata, of certain medical products that may be effective in diagnosing, treating orpreventing adisease
or condition whenthereis adetermination, by the Secretary of Health and Human Services (HHS), thatthere is a public
healthemergencyorasignificant potential fora publichealth emergency that has a significant potential to affect
national security orthe health and security of U.S. citizens, and adeclaration that circumstances exist justifying the
medical products’ emergency use.

On Feb. 4, 2020, the Secretary of HHS determined thatthereisapublichealthemergency and that circumstances exist
justifying the authorization of emergency use of in vitro diagnostics for detection and/ordiagnosis of the COVID-19
outbreak. Rapid detection of COVID-19casesin the U.S. requires wide availability of diagnostictesting to control the
emergence of arapidly spreading, severeillness. The FDA has authorized one EUA for COVID-19that isin use by the U.S.
Centers for Disease Control and Prevention (CDC) and some publichealth labs across the country.

The guidance issued today describes a policy enabling laboratories toimmediately use tests they developed and
validated in orderto achieve more rapid testing capacityinthe U.S.

“The global emergence of COVID-19 is concerning, and we appreciate the efforts of the FDA to help bring more testing
capability to the U.S.,” said Nancy Messonnier, M.D., director of the CDC’s Centerfor the National Centerfor
Immunization and Respiratory Diseases {(NCIRD).

The immediatelyin effect guidance issued today describes the circumstances wherethe FDA does notintend to object
to the use of these testsforclinical testing whilethe laboratories are pursuing an EUA with the FDA. Importantly, this
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policy only appliestolaboratories that are certified to perform high-complexity testing consistent with requirements
underClinical Laboratory Improvement Amendments.

“We applaud the FDA’s approach to speed the path toward emergency use authorization for COVID-19 diagnostics.
This step may reduce development costs, speed the process for availability at more testing sites, incentivize private
developmentand, ultimately, helpsavelives,” said Rick Bright, Ph.D., director of the Biomedical Advanced Research
and Development Authority (BARDA), part of the HHS Office of the Assistant Secretary for Preparedness and
Response. “At BARDA, we are identifying industry partners to develop rapid diagnostics that can be usedin
commercial and hospital labs or even doctors’ offices so that medical professionals and their patients have the
information they needto take action.”

The FDA guidance provides recommendations fortest developers, including information regarding test validation, FDA
notification and interim confirmatory clinical testing.

Followingthe completion of theirtest validation, laboratories should communicate with the FDA, viaemail, inorderto
notify the agency thatthe test has beenvalidated. Laboratories should submitacompleted EUA request within 15
business days of notification.

“Underthis policy, we expect certain laboratories who develop validated tests for coronavirus would begin using
them right away prior to FDA review,” said Jeff Shuren, M.D., J.D., director of the FDA’s Center for Devices and
Radiological Health. “We believe this action will support laboratories across the country working on this urgent public
health situation. We are dedicating all available resources to expediting the review of medical products, including
diagnostics, to prevent the spread of this outbreak.”

The FDA, an agency within the U.S. Department of Health and Human Services, protects the public health by assuring the
safety, effectiveness, and security of human and veterinary drugs, vaccines and other biological products forhumanuse,
and medical devices. The agency alsoisresponsiblefor the safety and security of our nation’s food supply, cosmetics,
dietary supplements, products that give off electronicradiation, and forregulating tobacco products.

HitH

Inquiries
Media:

Stephanie Caccomo
301-348-1956
Consumer:
883-INFO-FDA

Disclaimer: Any third-party material in this email has been shared for internal use under fair use provisions of US. copyright
faw, without further verification of ifs accuracy/veracity. It does not necessarily represent my views nor those of NIAID, Nif,
HHS, or the US. government.
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From: Boyd, Nancy (NIH/NIAID} [E] [nboyd@niaid.nih.gov]
Sent: 1/29/20202:26:47 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

Subject: RE: Houston Chroniclestory

WARNING: This email originated from cutside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize

the sender and know the content is safe.

HI Jim.l am sorry to hearthat your Hl tripis canceled. Better safe than sorry though.
Nice article below! Thanks forsharing.

Justlet me know whenyouare available and want to touch base. Sometime tomorrow?
Nancy

Nancy Boyd

Chief, Extramural Biodefense Facilities Section

Office of Biodefense, Research Resources and Translational Research
Division of Microbiology and Infectious Diseases

National Institute of Allergy and Infectious Diseases

National Institutes of Health, DHHS

nboyd@niaid.nih.gov

5601 Fishers Lane, Room 8G21
Rockville, MID 20852
Voice: 240-292-41159

Disclaimer:

The information in this e-mail and any of its attachments is confidential and may contain sensitive information. It should

not be used by anyone who is not the original intended recipient. f you have received this e-mail in error please inform

the sender and delete it from your mailbox or any other storage devices. The National Institute of Allergy and Infectious
Diseases (NIAID) shall not accept liability for any statement made that are the sender's own and not expressly made on
behalf of the NIAID by one of its representatives.

From: LeDuc, James W. <jwleduc@UTMB.EDU>

Sent: Wednesday, January 29, 2020 11:18 AM

To: Boyd, Nancy (NIH/NIAID) [E] <nboyd @niaid.nih.gov>
Subject: FW: Houston Chronicle story

Fyi, We should chat sometime soon. Unfortunately, fcanceled ourtrip to Hawall due to the nCoV activities here inthe
fab.

From: Reyes, Raul <rareyes@UTMB.EDLD>

Sent: Wednesday, January 29, 2020 9:31 AM

To: LeDuc, JamesW. <jwisduc@UTMRB.EDU> Holubar, Connie ). <cihgluba@UTMB.EDU>
Cc: Campbell, Stephen <stepcamp@UTMB.EDUS

Subject: Houston Chronicle story

Good morning,
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The Chronicle story begins with a quote from a Methodist doctor
but then the rest of the story pretty much revolves around the
GNL, LeDuc quotes/statements and general background.

Thank you again for speaking to this and other reporters.

Best,
Raul

Why Houston 1s uniquely situated to be better
prepared for the coronavirus threat

FYOTY OTET TN A ¥R SVE A
PV T 0 ST AWRTYA
Pt £ R 1A
il NESRENA LMY

As the number of confirmed coronavirus cases continues to rise
globally, Houston-area experts are confident the city is well-
equipped to handle a pandemic.

“We’re pretty prepared for it,” said Dr. Sarfraz Aly, infectious
disease physician with Houston Methodist, who pointed out
proactive measures being taken, including “screening areas at
airports for symptoms. We’re ready for this.”

Worldwide, more than 6,000 people across 17 countries have
been infected with the flu-like virus, and the death toll hit 132 on
Tuesday, according to the National Health Commission. Five
people have been diagnosed in the U.S. There have been no
confirmed cases in Texas; after students at Baylor and Texas
A&M each tested negative earlier this month.
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“It’s kind of a perfect storm. It’s a brand new disease, so the
general public doesn’t have a pre-existing immunity, and it
occurred in China when literally everyone goes home to celebrate
Lunar New Year,” said Dr. James Le Duc, director of

the Galveston National Laboratory at the University of Texas
Medical Branch at Galveston. “There’s a lot of reasons why it’s a
concern, but the world is doing its best to control it.”

On Monday, the George Bush Intercontinental Airport
announced it would start screening travelers for the coronavirus
as a precaution. The Houston airport is among 15 nationwide
chosen by the Centers for Disease Control and Prevention for
virus testing.

The largest concentration of patients is in Wuhan, a city in the
Hubei province of China, where the virus originated.

It’s possible that the virus, which results in severe cold and flu
symptoms, was hiding in an animal before spilling over to infect
the human population in December. The 2019 novel coronavirus,
or 2019-nCoV, 1s considered a “brand new virus” to the global
scientific community, said Le Duc.

“It’s called novel because we’ve never seen it before,” he said.
This means there’s no vaccine for it yet.

On HoustonChronicle.com: Oil prices fall to 3-month low as
coronavirus adds to downward pressure
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After SARS (severe acute respiratory syndrome) spread to 24
countries in 2003, the U.S. began strategically placing stockpiles
of supplies around the country in the event of future pandemics.

“In the past two decades, the U.S. government has invested
heavily in preparedness issues,” Le Duc said. “Stored across the
country are various products — masks, personal protective
equipment — that are very appropriate if an outbreak started.”

The Strategic National Stockpile is the nation’s largest supply of
pharmaceuticals and medical supplies “for use in a public health
emergency severe enough to cause local supplies to run out,”

according to the U.S. Department of Health and Human Services.

The goal, Le Duc said, is to be able to deliver supplies to cities
like Houston within 12 hours of a federal decision to deploy.

And Houston is uniquely situated to be even better prepared than
other cities. The area i1s home to Galveston’s Center for
Biodefense and Emerging Infectious Diseases, one of only a
handful of high-level containment laboratories in the country.
Scientists at the facility have been working on a number of
vaccines for different pathogens, including known coronaviruses,
since before the outbreak in Wuhan.

Vaccine experiments for novel coronavirus haven’t began, Le
Duc said. But he does know that scientists will build upon what
they learned during similar outbreaks with Ebola, SARS and
Middle Eastern Respiratory Syndrome, or MERS.
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Chinese health officials quickly published genomic sequences of
the coronavirus’ isolates, or a culture of microorganisms, butit’s
not the same as the actual virus that causes infection, Le Duc
said. On Tuesday, the Chinese government finally allowed the
World Health Organization to send international experts to help
with research and contamment, a move that had been delayed for
weeks.

“If we want to seriously develop therapeutics, antiviral drugs or a
vaccine, we need to have access to the real virus that comes from
a sick person,” Le Duc said. “We’re well-positioned to do that
work here in the appropriate levels of bio-containment.”

According to the Centers for Disease Control and Prevention, the
virus is in the same family of coronaviruses as SARS, which
originated in civet cats, and MERS, which jumped from camels
to people. Similarly, this novel coronavirus likely originated from
an animal source, and i1s now quickly transferring from person to
person.

On HoustonChronicle.com: Chinese film "The Rescue' pulled in
Houston due to the coronavirus

Experts agree that common-sense hygienic practices, such as
washing your hands multiple times a day and not going to work
or school when sick, will help stave off its spread.

The key 1s monitoring the severity of the symptoms and getting
tested early, said Aly of Houston Methodist.
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Aly advises that anyone who has traveled to China, or been
exposed to someone who has traveled to China within the last
two weeks, should go to the emergency room for a diagnostic test
if they experience any flu-like symptoms, including fever, cough
and respiratory distress.

“If you have been in airports and the symptoms are mild, you’re
a limited risk, so put on a mask and go to a primary care office,”
he said. “Once in the hospital, most patients are i1solated
efficiently. There are masks and gowns readily available, and
they would be isolated in a pressurized room.”

However, while primary care doctors can test for flu, the
diagnostic test for this strain of coronavirus is only available at
hospitals.

Julie.garcialachron.com

Twitter.com/reporterjulie
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 4/2/20204:19:35 PM

To: Auchincloss, Hugh (NIH/NIAID) [E] (auchinclossh@niaid.nih.gov) [auchinclossh@niaid.nih.gov]; Erbelding, Emily
(NIH/NIAID) [E] [emily.erbelding@nih.gov];Nancy (NIH/NIAID) Boyd (NBoyd@niaid.nih.gov) [NBoyd@niaid.nih.gov]

cC: Shi, Pei yong [peshi@ UTMB.EDU]

Subject: Major publication due out Friday

Attachments: Revision SARS2 clone editor suggestions Mar 312020.docx; Final Figures Mar 22 2020.pdf

Hugh, Emily and Nancy,

Pasted below is Pei-Yong Shi’s note to our communications office about the release tomorrow of our paperon the
development of a reverse genetics system and report SARS-CoV-2virus. Thisisa majoraccomplishmentand we wantto
give you a heads up that itwill be appearingsoon.

Our paperon developingthe reverse geneticsystem and reporter SARS-Cov-2 will be published online tomorrow. This
represents one of the mostimportanttools (if notthe mostimportant) to study the virus replication, transmission,and
pathogenesis.

More importantly, the reportervirus will unleash ourlimitation to perform serodiagnosis, vaccine evaluation, and
therapeuticdevelopment. We have already transferred the reagents to New York State Health Departmentandinthe
process to share with CDC forserology testing. Ourtechnology has attracted partnership with leading pharmaceutical
companies(e.g., Q2 Solutions, Gilead, and others) to jointly fight COVID-19.

Be safe,
Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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An infectious cDNA clone of SARS-CoV-2

Xuping Xie", Antonio Muruato™?, Kumari G. Lokugamage?, Krishna Narayanan®, Xianwen
Zhang', Jing Zou', Jianying Liu®, Craig Schindewolf’, Nathen E. Bopp®, Patricia V. Aguilar®,
Kenneth S. Plante’*, Scott C. Weaver>*>®"8 Shinji Makino?, James W. LeDuc?*®, Vineet D.

Menachery”>”, Pei-Yong Shi"*®1%" ™"

'Department of Biochemistry and Molecular Biology, University of Texas Medical Branch,
Galveston TX, USA

*Department of Microbiology and Immunology, University of Texas Medical Branch, Galveston
TX, USA

*Department of Pathology, University of Texas Medical Branch, Galveston TX, USA

*World Reference Center for Emerging Viruses and Arboviruses, University of Texas Medical
Branch, Galveston TX, USA

*Institute for Human Infection and Immunity, University of Texas Medical Branch, Galveston TX,
USA

®Institute for Translational Sciences, University of Texas Medical Branch, Galveston, TX, USA
"Department of Pathology and Center for Biodefense & Emerging Infectious Diseases,
University of Texas Medical Branch, Galveston, TX, USA

®Sealy Institute for Vaccine Sciences, University of Texas Medical Branch, Galveston, TX, USA
Galveston National Laboratory, University of Texas Medical Branch, Galveston, TX, USA
'“Sealy Center for Structural Biology & Molecular Biophysics, University of Texas Medical
Branch, Galveston, TX USA

""Department of Pharmacology & Toxicology, University of Texas Medical Branch, Galveston,
TX, USA

' ead Contact

*Correspondence: X.X. (xuxie@UTMB.edu), V.D.M. (vimenach@UTMB.edu), or P.-Y.S.
(peshi@UTMB.edu)

Running title: An infectious cDNA clone of SARS-CoV-2

Keywords: Coronavirus, SARS-CoV-2, COVID-19, SARS-CoV, vaccine, antiviral
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SUMMARY

The ongoing pandemic of COVID-19, caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), underscores the urgency to develop experimental systems for studying this
virus and identifying countermeasures. We report a reverse genetic system for SARS-CoV-2.
Seven cDNA fragments spanning the SARS-CoV-2 genome were assembled into a full-genome
cDNA. RNA transcribed from the full-genome cDNA was highly infectious after electroporation
into cells, producing 2.9x10° PFU/mI of virus. Compared with a clinical isolate, the infectious
clone-derived SARS-CoV-2 (icSARS-CoV-2) exhibited similar plague morphology, viral RNA
profile, and replication kinetics. Additionally, icSARS-CoV-2 retained engineered molecular
markers and did not acquire other mutations. A stable mNeonGreen SARS-CoV-2 (icSARS-
CoV-2-mNG) was generated by introducing this reporter gene into OFR7 of the viral genome.
iICSARS-CoV-2-mNG was successfully used to evaluate the antiviral activities of interferon.
Collectively, the reverse genetic system and reporter virus provide key reagents to study SARS-

CoV-2 and develop countermeasures.

[ PAGE \* MERGEFORMAT ]

Nelson_Judicial_Watch_TPIA_0079



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Obtained via FOIA by Judicial Watch Inc.

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in early 2020 with
human cases in Wuhan, China [ ADDIN EN.CITE  ADDIN EN.CITE.DATA 1. It has rapidly
rampaged worldwide, causing a pandemic of coronavirus disease (COVID-19) that ranges from
fever and breathing difficulty to acute respiratory distress and death [ ADDINEN.CITE ADDIN
EN.CITE.DATA ]. With over 300,000 people infected in less than 3 months, SARS-CoV-2
causes the most severe disease in older patients and people with comorbidities, including heart
disease, diabetes, and other health conditions [ ADDIN EN.CITE
<EndNote><Cite><Author>Wu</Author><Year>2020</Year><RecNum>7072</RecNum><Displ
ayText>(Wu and McGoogan, 2020)</DisplayText><record><rec-number>7072</rec-
number><foreign-keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"
timestamp="1584734140">7072</key></foreign-keys><ref-type name="Journal
Article">17</ref-type><contributors><authors><author>Wu, Z.</author><author>McGoogan, J.
M .</author></authors></contributors><auth-address>Chinese Center for Disease Control and
Prevention, Beijing, China.</auth-address><titles><title>Characteristics of and Important
Lessons From the Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of a
Report of 72314 Cases From the Chinese Center for Disease Control and
Prevention</title><secondary-title>JAMA</secondary-title></itles><periodical><full-

titte>J AMA</full-title></periodical><dates><year>2020</year><pub-dates ><date>Feb
24</date></pub-dates></dates><isbn>1538-3598 (Electronic)&#xD;0098-7484
(Linking)</isbn><accession-num>32091533</accession-num><uris><related-

urls><url>https //www.ncbi.nim.nih.gov/pubmed/3209 1533</url></related-
urls></urls><electronic-resource-num>10.1001/jama.2020.2648</electronic-resource-
num></record></Cite></EndNote>]. Before 2019, six a- and B-coronaviruses were known to
cause respiratory diseases of different severity, including four common cold coronaviruses

(229E, NL63, OC43, and HKU1) and two highly pathogenic coronaviruses [severe acute

| FAULE \" MERURFURMAL |
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respiratory syndrome (SARS-CoV) and Middie East respiratory syndrome (MERS-CoV), which
emerged in 2003 and since 2012, respectively] [ ADDIN EN.CITE ADDIN EN.CITE.DATA 1.
Importantly, with massive hospitalization rates and high mortality, SARS-CoV-2 remains a major
threat to humankind and intervention strategies are being rapidly pursued.

A key tool in responding to emergent viruses is the generation of reverse genetic systems to
explore and characterize new pathogens. Classically, reverse genetic systems for
coronaviruses have been complicated by their large genome size (~30,000 nucleotides) and the
existence of bacteriotoxic elements in their genome that make them difficult to propagate [
ADDIN EN.CITE
<EndNote><Cite><Author>Almazan</Author><Year>2014</Year><RecNum>7158</RecNum>

<DisplayText>(Almazan et al, 2014)</DisplayText><record><rec-number>7158</rec-

number><foreign-keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"

timestamp="1584739078">7158</key></foreign-keys><ref-type name="Journal
Article">17</ref-type><contributors ><authors><author>Almazan, F.</author><author>Sola,
L.</author><author>Zuniga, S.</author><author>Marquez-Jurado,

S.</author><author>Morales, L.</author><author>Becares, M.</author><author>Enjuanes,
L.</author></authors></contributors><auth-address>Department of Molecular and Cell Biology.
Centro Nacional de Biotecnologia (CNB-CSIC), Campus Universidad Autonoma de Madrid, C/
Darwin 3, Cantoblanco, 28049 Madrid, Spain.&#xD;Department of Molecular and Cell Biology.
Centro Nacional de Biotecnologia (CNB-CSIC), Campus Universidad Autonoma de Madrid, C/
Darwin 3, Cantoblanco, 28049 Madrid, Spain. Electronic address:
L.Enjuanes@cnb.csic.es.</auth-address><titles><title>Coronavirus reverse genetic systems:
infectious clones and replicons </fitle><secondary-title>Virus Res</secondary-
title> <ftitles > <periodical><full-title>Virus Res</full-title></periodical><pages>262-
70</pages><volume>189</volume><keywords><keyword>Clone

Cells</keyword><keyword>Coronavirus/*genetics</keyword><keyword>Replicon</keyword><k
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eyword>Reverse
Genetics/*methods </keyword><keyword>Virology/*methods </keyword><keyword>Coronavirus
</keyword><keyword>Infectious
clones</keyword><keyword>Replicons </keyword><keyword>Reverse
genetics</keyword></keywords><dates><year>2014</year><pub-dates><date>Aug
30</date></pub-dates></dates><isbn>1872-7492 (Electronic)&#xD;0168-1702
(Linking)</isbn><accession-num>24930446</accession-num><urls><related-
urls><url>https //www.ncbi.nim.nin.gov/pubmed/24930446</url></related-
urls></urls><custom2>PMC4727449</custom2><electronic-resource-
num>10.1016/j.virusres.2014.05.026</electronic-resource-num></record></Cite></EndNote>].
Several approaches have been devised to overcome this barrier, such as multiple plasmid
systems to disrupt toxic elements and to reduce deletions/truncations [ ADDIN EN.CITE
<EndNote><Cite><Author>Yount</Author><Year>2002</Year><RecNum>7014</RecNum><Di
splayText>(Yount et al., 2002)</DisplayText><record><rec-number>7014</rec-
number><foreign-keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zwbw5a"
timestamp="1584619790">7014</key></foreign-keys><ref-type name="Journal
Article">17</ref-type><coniributors><authors><author>Yount, B.</author><author>Denison, M.
R.</author><author>Weiss, S. R.</author><author>Baric, R.
S.</author></authors></contributors><auth-address>Department of Epidemiology, School of
Public Health, University of North Carolina at Chape! Hill, Chapel Hill, North Carolina 27599-
7435, USA </auth-address><titles><titie>Systematic assembly of a full-length infectious cDNA
of mouse hepatitis virus strain  A59</title><secondary-title>J  Virol</secondary-
title></titles><periodical><full-title>J Virol</full-title></periodical><pages>11065-
78</pages><volume>76</volume><number>21</number><keywords><keyword>Animais </key
word><keyword>Cell Line</keyword><keyword>Cricetinae</keyword><keyword>DNA,
Viral/*analysis </keyword><keyword>Mice</keyword><keyword>Murine hepatitis
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79  virus/*genetics </keyword><keyword>Phenotype</keyword><keyword>RNA

80  Replicase/biosynthesis</keyword><keyword>Tumor Cells, Cultured</keyword><keyword>Viral
81  Proteins/biosynthesis</keyword></keywords><dates><year>2002</year><pub-

82 dates><date>Nov</date></pub-dates></dates><isbn>0022-538X (Print)&#xD;0022-538X
83  (Linking)</isbn><accession-num>12368349</accession-num><uris><related-

84  urls><url>https //iwww.ncbi.nim.nih.gov/pubmed/12368349</url></related-

85  urls></urls><custom2>PMC136593</custom2><electronic-resource-

86  num>10.1128/jvi.76.21.11065-11078.2002</electronic-resource-

87 num></record></Cite></EndNote>]. Using this approach, researchers have developed
88 infectious clones for several coronaviruses, including SARS-CoV, MERS-CoV, and others |
89 ADDIN EN.CITE ADDIN EN.CITE.DATA ]. Thao et al. recently reported a yeast-based
90 synthetic genomics platform for rapid construction of infectious clones for murine hepatitis
91 coronavirus  (MHV-CoV), MERS-CoV, and SARS-CoV-2 [ ADDIN ENCITE
92  <EndNote><Cite><Author>Thao</Author><Year>2020</Year><RecNum>7201</RecNum><Dis
93  playText>(Thao et al., 2020)</DisplayText><record><rec-number>7201</rec-number><foreign-
94  keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"
95  timestamp="1584791671">7201</key></foreign-keys><ref-type name="Journal
96  Article">17</ref-type><contributors ><authors><author>Thao,

97  T.T.N.</author><author>Labroussaa, F.</author><author>Ebert, N.
98  <Jauthor><author>Vkovski, P. </author><author>Stalder, H.</author><author>Portmann, J.
99  </author><author>Kelly, J. </author><author>Steiner, S.</fauthor><author>Holwerda,
100  M</author><author>Kratzel, A. </author><author>Gultom, M.</author><author>Laura Laloli,
101  </author><author>Husser, L.</author><author>Wider, M.</author><author>Pfaender,
102  S.</author><author>Hirt, D.</author><author>Cippa, V.</author><author>Crespo-Pomar,
103  S.</author><author>Schréder, S.</author><author>Muth, D. </author><author>Niemeyer,
104  D.</author><author>Mdller, M.</author><author>Drosten, C </author><author>Dijkman,
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105 R.</author><author>Jores, J. <fauthor><author>Thiel,
106  V.</author></authors></contributors><titles><title>Rapid reconstruction of SARS-CoV-2 using
107 a synthetic genomics platform</title><secondary-title>bioRxiv</secondary-
108  title></titles><periodical><full-title>bioRxiv</full-

109  title></periodical><dates><year>2020</year></dates><urls></urls><electronicresource-

110 num>https://doi.org/10.1101/2020.02.21.9598 17 </electronic-resource-

111 num></record></Cite></EndNote>]. However, the yeast platform-produced SARS-CoV-2 has
112 not been fully characterized for its biological properties (e.g., replication kinetics) in comparison
113 with its original clinical isolate. Such characterization is essential for ensuring the quality of the
114  genetic system to rescue recombinant viruses that recapitulate the biological features of their
115 corresponding clinical isolates. Once validated, the reverse genetic systems allow rapid
116 characterization of novel viruses, development of reporter viruses, and generation of live-
117  attenuated vaccine candidates to respond o emerging infections. Together with animal
118 pathogenesis models, reverse genetic systems offer powerful tools needed to characterize,
119  understand, and respond to emerging virus outbreaks.

120 In response to the ongoing pandemic of SARS-CoV-2, we have developed a robust reverse
121  genetic system for SARS-CoV-2 and a mNeonGreen reporter virus. Recombinant virus derived
122  from the system recapitulates the replication kinetics of the original clinical isolates. In addition,
123  the mNeonGreen reporter remains stable for at least five passages, allowing its use in long-term
124  studies. Using type-I interferon, we demonstrated that the mNeonGreen virus could be reliably
125 used to study viral replication and pathogenesis as well as to develop vaccine and antiviral
126  drugs.

127

128 RESULTS
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129 Design of a SARS-CoV-2 full-length cDNA. An in vitro ligation approach, similar to that for
130  constructing the infectious clones of SARS-CoV and MERS [ ADDIN EN.CITE ADDIN
131 EN.CITE.DATA ], was designed to directionally assemble the full-length cDNA of the SARS-
132  CoV-2 genome (Figure 1A). Our reverse genetic system was based on the virus strain (2019-
133  nCoV/USA_WA1/2020) isolated from the first reported SARS-CoV-2 case in the US [ ADDIN
134 EN.CITE ADDINEN.CITE.DATA ]. Viral RNA, extracted from the passage 4 virus from Vero
135  EB6 cells, was used as a template for RT-PCR to produce cDNA fragments. Seven contiguous
136 cDNA fragments were constructed to cover the entire viral genome (Figure 1B). Some of the
137  seven cDNA fragments were prepared through RT-PCR, whereas others were generated by
138 chemical synthesis (see Materials and Methods for details). Al cDNA fragments were
139 individually cloned into plasmid vectors. For facilitating directional assembly of genome-length
140 cDNA, each cDNA fragment was flanked by a class lIS restriction endonuclease site (Bsal or
141  Esp3l). The class IIS endonucleases recognize asymmetric DNA sequences, cleave outside
142  their recognition sequences, and generate unique cohesive overhangs (Figure 1C). After
143  digestion with Bsal or Esp3l, the seven fragments were directionally ligated to assemble the
144  genome-length cDNA. The unigue cohesive ends of each fragment ensured one directional,
145  seamless assembly of the seven fragments with the concomitant loss of the restriction enzyme
146  sites. Figure 1C depicts the details of the seven fragments: F1 (T7 promoter sequence plus
147  nucleotides 1-3,618), F2 (3,619-7,504), F3 (7,505-11,984), F4 (11,985-17,591), F5 (17,592-
148  22,048), F6 (22,049-26,332), and F7 (26,333-29,870 plus a poly(A),s sequence). AT7 promoter
149 and a poly(A),s tail were engineered at the upstream of F1 and the downstream of F7,
150 respectively. In vitro transcription of the ligated F1-7 DNA was expected to produce a 5’ capped
151 (as cap analog was included in the in vifro transcription reaction) and 3’ polyadenylated
152  genome-length RNA. To differentiate the infectious clone-derived virus from the parental clinical

153 isolate, we engineered three synonymous nucleotide mutations as markers.
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154 Assembly of a SARS-CoV-2 full-length cDNA. Each of the seven cDNA fragments was
155 cloned into a plasmid and sequenced to ensure no undesired mutations. For assembly of full-
156 length cDNA, the seven cDNA plasmids were digested with Bsal or Esp3l. The resulting cDNA
157  fragments were gel-purified (Fig. 1D), then in vitro ligated to assemble the genome-length cDNA
158 inthree steps: (i) ligation of F1, F2, F3, and F4 to produce F1-4 cDNA,; (ii) ligation of F5, F6, and
159  F7 to produce F5-7 cDNA; and (iii) ligation of F1-4 and F5-7 to produce the full-length F1-7
160 cDNA. Agarose gel analysis of the ligation (iii) reaction showed a major DNA product
161 representing the size of genome-length cDNA (~29.87 kb, indicated by an arrow in Figure 1E) in
162  addition to several smaller intermediate ¢DNA products (indicated by circles). In vitro
163  transcription using the cDNA template [directly from ligation (iii) without gel purification]
164  generated multiple RNA bands, among which a faint high molecular band may represent the
165  genome-length RNA (indicated by an arrow in Figure 1F) together with several smaller RNA
166  transcripts (indicated by circles).

167 Recovery of recombinant SARS-CoV-2. To recover recombinant SARS-CoV-2 from the
168 infectious cDNA clone (icSARS-CoV-2), we electroporated in vitro transcribed genome-length
169 RNA into Vero E6 cells. The RNA franscription mixture from Figure 1F was directly
170  electroporated into cells without purification. Since N protein was reported to enhance the
171  infectivity of coronavirus RNA transcripts [ ADDINEN.CITE ADDIN EN.CITE.DATA ], we co-
172  electroporated an mRNA encoding the SARS-CoV-2 N protein with the full-length RNA. The
173  transfected cells developed cytopathic effects (CPE) on day 4 post-transfection and produced
174  infectious virus [denoted as passage 0 (P0) virus] with a titer of 2.9x10° PFU/mI (Figure 2A). ltis
175  worth emphasizing that such a high titer of recombinant virus was produced directly from the
176  electroporated cells without additional rounds of cell culture passaging, indicating the
177  robustness of the system and also suggesting a lack of any errors. Next, we compared the
178  replication properties between the recombinant virus and the original clinical isolate. The wild-

179  type icSARS-CoV-2 (icSARS-CoV-2-WT) developed plaques similar to the original clinical
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180 isolate (Figure 2B) and exhibited equivalent replication kinetics on Vero E6 cells (Figure 2C).
181  We did not extend the time points of replication beyond 48 h because CPE was observed at 40-
182 48 h post-infection (p.i.). Northern blot analysis showed that viral mRNA species from the
183 clinical isolate-infected cells and the icSARS-CoV-2-infected cells were identical to the predicted
184  set of genome-length RNA and eight subgenomic RNAs (Figure 2D). Full-genome seguencing
185  showed that the recombinant virus retained the three engineered synonymous mutations with
186  no other sequence changes, demonstrating the rescued virus did not result from contamination
187 by the parental virus isolate (Figure 2E). Furthermore, DNA sequencing chromatogram did not
188  show any partial reversion of the three engineered molecular markers (Figure 2F). Collectively,
189  the results demonstrate that (i) the in vitro transcribed full-length RNA is highly infectious upon
190  electroporation into cells and (ii) the recombinant virus recapitulates the replication properties of
191  the original clinical isolate on Vero E6 cells.

192 Development and characterization of mNeonGreen SARS-CoV-2. Reporter viruses are
193  useful tools to study viral replication and pathogenesis and to develop countermeasure. To
194  establish a reporter SARS-CoV-2 infectious clone, we engineered an mNeonGreen (mNG) gene
195  into the ORF7 of viral genome (Figure 3A), similar to the SARS-CoV reporter [ ADDIN EN.CITE
196  <EndNote><Cite><Author>Sims</Author><Year>2005</Year><RecNum>180</RecNum><Disp
197 layText>(Sims et al., 2005)</DisplayText><record><rec-number>180</rec-number><foreign-
198  keys><key app="EN" db-id="5txwdCdwSfwdpuesvvjx5 pvs 90ve5rwttr05"
199  timestamp="1584885311">180</key></foreign-keys><ref-type name="Journal Article">17</ref-
200  type><contributors><authors><author>Sims, A C.</author><author>Baric, R.
201  S.</author><author>Yount, B.</author><author>Burkett, S. E.</author><author>Collins, P.
202  L.</author><author>Pickles, R. J.</author></authors></contributors><auth-
203 address>Department of Epidemiology, University of North Carolina at Chapel Hill, 2107
204 McGavran-Greenberg Hal, CB 7435, Chapel Hill, NC  27599-7435, USA
205  sims0018@email.unc.edu</auth-address><titles><title>Severe acute respiratory syndrome
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206  coronavirus infection of human ciliated airway epithelia: role of ciliated cells in viral spread in the
207  conducting airways of the lungs</title><secondary-title>J Virol</secondary-
208  fitle></titles><periodical><full-titte>J  Virol</full-title><abbr-1>Journal  of  virology</abbr-
209  1></periodical><pages>15511-

210  24</pages><volume>79</volume><number>24</number><keywords><keyword>Carboxypepti

211  dases/analysis</keyword><keyword>Coronavirus

212  Infections/enzymology/*metabolism</keyword><keyword>Epithelial

213  Cells/*virology</keyword><keyword>Humans</keyword><keyword>Lung/*virology</keyword><

214  keyword>Peptidyl-Dipeptidase A</keyword><keyword>SARS
215  Virus/*physiology</keyword><keyword>Severe Acute Respiratory
216  Syndrome/*pathology/virology</keyword></keywords><dates><year>2005</year><pub-

217  dates><date>Dec</date></pub-dates></dates><isbn>0022-538X (Print)&#xD;0022-538X
218  (Linking)</isbn><accession-num>16306622</accession-num><uris><related-

219  urls><url>https://www.ncbi.nim.nih.gov/pubmed/16306622</url></related-

220 urls></urls><custom2>PMC1316022</custom2><electronic-resource-

221 num>10.1128/JV1.79.24.15511-15524.2005</electronic-resource-

222  num></record></Cite></EndNote>]. The same in vitro ligation and transcription protocols
223  (described above) were used to prepare the mNG full-length RNA. After electroporation, we
224  recovered icSARS-CoV-2-mNG (6.9x10° PFU/mI). To examine if the reporter gene attenuates
225  viral replication, we compared the replication properties between the wild-type and reporter
226  viruses on Vero EG6 cells. The icSARS-CoV-2-mNG produced plaques similar to those of the
227  icSARS-CoV-WT (compare Figures 3B with 2B). Indistinguishable replication kinetics were
228  observed for the icSARS-CoV-2-mNG and icSARS-CoV-WT (Figure 3C). Infection with icSARS-
229  CoV-2-mNG developed increasing numbers of mNG-positive cells over time (Figure 3D).
230  Concurrently, the fluorescent signals increased from 12 to 48 h p.i. (Figure 3E). At 12-36 h p.i.,
231 the level of fluorescent signal correlated with the initial MOIs, whereas a reverse trend was
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232 observed at 48 h p.i., most likely due to earlier CPE caused by the higher MOI. Full-genome
233  sequencing showed that icSARS-CoV-2-mNG retained the three engineered markers with no
234  additional mutations (Figure 3F). These results indicate that icSARS-CoV-2-mNG is initially
235  stable, maintains the wild-type replication, and expresses robust mNG in Vero E6 cells.
236  Stability of icSARS-CoV-2-mNG. To examine the longer-term stability of icSARS-CoV-2-mNG,
237  we serially passaged the reporter virus on Vero cells for 5 rounds (1 to 2 days per round). Cells
238 infected with equal PFU of passage 1 (P1) or passage 5 (P5) viruses produced comparable
239  numbers of mNG-positive cells (Figure 4A). Next, RT-PCR was performed to verify the retention
240 of mNG in the P1 and P5 viral genomes using two primers targeting the insertion junctions
241 (corresponding to nucleotides 25,068-28,099 of the viral genome). As expected, the RT-PCR
242  products derived from both P1 and P5 mNG viruses were larger than those from the wild-type
243  icSARS-CoV-2 (Figure 4B, lanes 1-3). Digestion of the RT-PCR products with BsrGl (located
244  upstream of the mNG insertion site) and Stul (in the mNG gene) developed distinct cleavage
245  patterns between the reporter and wild-type viruses, whereas P1 and P5 viruses produced an
246 identical digestion pattern (Figure 4B, lanes 4-6). Finally, sequencing the P1 and P5 RT-PCR
247  products confirmed the retention of the mNG gene (data not shown). Altogether, the results
248 demonstrate the stability of icSARS-CoV-2-mNG after five rounds of passaging on Vero E6
249 cells. Since Vero E6 cells are defective in type-1 interferon production, it remains to be tested if
250  the reporter virus is stable when passaged on interferon-competent cell lines.
251  Application of icSARS-CoV-2-mNG. To explore the utility of icSARS-CoV-2-mNG, we used
252  the reporter virus to rapidly screen the antiviral activity of a known inhibitor of coronaviruses. We
253  previously showed that pre-treatment of Vero cells with type-I interferon (IFN) inhibits SARS-
254 CoV-2 replication [ ADDIN EN.CITE
255  <EndNote><Cite><Author>Lokugamage</Author><Year>2020</Year><RecNum>7202</RecN
256  um><DisplayText>(Lokugamage et al., 2020)</DisplayText><record><rec-number>7202</rec-
257  number><foreign-keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"
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258  timestamp="1584807870">7202</key></foreign-keys><ref-type name="Journal
259  Article">17</ref-type><contributors><authors ><author>Lokugamage,

260 K.G.</author><author>Hage, A.</author><author>Schindewolf, C.</author><author>Rajsbaum,
261 R.</author><author>Menachery, V.D.</author></authors></contributors><titles><title>SARS-
262  CoV-2 sensitive to type | interferon pretreatment</titie><secondary-title>bioRxiv</secondary-
263 itle><fitles><periodical><full-title>bioRxiv</full-

264  itle></periodical><dates><year>2020</year></dates><urls></urls><electronic-resource-

265  num>https://doi.org/10.1101/2020.03.07.982264</electronic-resource-

266  num><frecord></Cite></EndNote>]. Here we explored the dose responsive effect of IFN-a pre-
267  treatment on iCSARS-CoV-mNG replication (Figure 4C). No mNG expression was visually
268  observed when the infected cells were pre-treated with the highest dose of IFN-a (1,000 u/ml),
269  whereas a dose-dependent reduction of mNG signal was detected at an intermediate dose (111
270  u/ml) (Figure 4D). Quantification of the fluorescent readouts estimated an ECs, (concentration
271  inhibiting 50% of viral replication) of 101 u/ml, confirming the inhibition of SARS-CoV-2 by IFN-a
272  (Figure 4E). This result is consistent with previous findings that SARS-CoV-2 is sensitive to
273  type-l IFN inhibition. The reporter virus assay required fewer days and less labor when
274  compared with the conventional plaque reduction assay. Collectively, the results indicate that
275  icSARS-CoV-2-mNG could be reliably used to study SARS-CoV-2 replication and to screen
276  antiviral inhibitors.

277

278 DISCUSSION

279  We report the development of a full-length infectious clone and a reporter virus for SARS-CoV-
280 2. One of the key utilities for the reverse genetic system is to facilitate antiviral testing and
281 therapeutic development. The icSARS-CoV-2 mNG reporter virus allows the use of
282  fluorescence as a surrogate readout for viral replication. Compared with a standard plaque

283 assay or TCIDs, quantification, the fluorescent readout shortens the assay turnaround time by
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284  several days. In addition, the fluorescent readout offers a quantitative measure that is less
285 labor-intensive than the traditional means of viral titer reduction. Furthermore, the mNG virus-
286 based assay could be automated in a high-throughput format to screen compounds against viral
287  replication. As a proof-of-concept, we demonstrated that, after treatments with type-1 IFN, the
288  reporter virus reliably revealed efficacy in a rapid and efficient manner. In addition, the stability
289  of the mNG reporter virus allows it to be used for longer-term studies and in vivo without fear of
290 losing its fluorescent marker. Thus, this reporter virus offers a huge advantage for research
291 community and pharmaceutical companies to develop therapeutics for COVID-19.

292  Our reverse genetic system represents a major reagent in the pursuit of understanding SARS-
293 CoV-2 and COVID-19 disease. Compared with the clinical isolate, the recombinant wild-type
294  SARS-CoV-2 has no deficit in terms of viral RNA species produced, plague morphology, or
295  replication kinetics. Therefore, it may be used as an equivalent to the clinical strain, and mutant
296 viruses can be generated to characterize mutational effect on viral infection. This approach has
297  allowed researchers to identify key viral antagonists of innate immunity for SARS-CoV and
298 MERS-CoV [ ADDIN EN.CITE ADDIN EN.CITE.DATA ]. Several of these mutant viruses
299  have subsequently been employed as live-attenuated vaccine candidates for SARS-CoV and
300 MERS-CoV[ ADDIN EN.CITE ADDIN EN.CITE.DATA ]. Using our system, this knowledge
301 may now be applied to the current SARS-CoV-2. Characterizing these mutations may provide
302 insight into SARS-CoV-2 pathogenesis.

303 Our reverse genetic system also allows exploration of research questions fundamental to
304 understanding the SARS-CoV-2 pandemic. As additional genomic sequences become
305 available, evolutionary mutations can be interrogated for their effect on viral transmission and
306 disease outcome. For example, a 382-nuclectide deletion covering almost the entire ORF8 of
307 SARS-CoV-2 was observed in eight hospitalized patients in Singapore; virus isolation of the
308 deletion strains has not been reported in the study [ ADDIN EN.CITE
309  <EndNote><Cite><Author>Su</Author><Year>2020</Year><RecNum>7249</RecNum><Displ
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310 ayText>(Su et al.,, 2020)</DisplayText><record><rec-number>7249</rec-number><foreign-
311  keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"
312  timestamp="1584819541">7249</key></foreign-keys><ref-type name="Journal
313  Article">17</ref-type><contributors><authors><author>Su, Y.C.F.</author><author>Anderson,
314 D.E. </author><author>Young, B.E. </author><author>Zhu, F.</author><author>Linster, M.
315  </author><author>Kalimuddin, S. </author><author>Low, J.G.H. </author><author>Yan,
316  Z</author><author>Jayakumar, J. </author><author>Sun, L.</author><author>Yan, G.Z
317  </author><author>Mendenhall, LH.</author><author>Leo, Y.-S.</author><author>Lye,
318  D.C.</author><author>Wang, L.-F.</author><author>Smith,
319  G.J.D.</author></authors></contributors><titles><title>Discovery of a 382-nt deletion during the
320 early evolution of SARS-CoV-2</title><secondary-title>bioRxiv</secondary-
321  title><ftitles><periodical><full-title>bioRxiv</full-

322  title></periodical><dates><year>2020</year></dates><urls></uris><electronicresource-

323  num>https://doi.org/10.1101/2020.03.11.987222</electronic-resource-

324  num></record></Cite></EndNote>]. A four-amino acid insertion (conferring a possible furin
325 cleavage site) was reported in the spike (S) protein of SARS-CoV-2, but is absent in the S
326  protein of SARS-CoV and other group 2B CoVs [ ADDINEN.CITE  ADDIN EN.CITE.DATA 1.
327 Using the infectious clone, we can now evaluate the impact of these genetic changes by
328 removing the reported sequences from SARS-CoV-2 and examine their effect on virus
329 replication and S protein processing. In addition, mouse models for SARS-CoV-2 have been
330 limited by the absence of virus capable of binding to mouse ACE2 [ ADDIN EN.CITE ADDIN
331 EN.CITE.DATA ]. Point mutations in the receptor binding domain of SARS-CoV-2 S protein
332  may facilitate mouse adaptation and development of a model that recapitulates human diseases
333 in a standard mouse strain. Altogether, the above questions are a few examples of how our

334 infectious clone can be used to advance SARS-CoV-2 research.
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335 In summary, we have developed a robust reverse genetic system for SARS-CoV-2 that can be
336 used to study viral replication and pathogenesis. We have also established an mNG reporter
337 SARS-CoV-2 that is a reliable surrogate for high-throughput drug discovery. The reverse
338 genetic system represents a major tool for the research community and significantly advances
339  opportunities for countermeasure development for COVID-19.
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368 MAIN FIGURETITLES AND LEGENDS

369 Figure 1 Assembly of a full-length SARS-CoV-2 infection cDNA clone. (A) Genome
370  structure SARS-CoV-2. The open reading frames (ORFs) from the full genome are indicated.
371 (B) Strategy for in vitro assembly of an infectious cDNA clone of SARS-CoV-2. The nucleotide
372 seguences and genome locations of the cohesive overhangs are indicated. The wild-type full-
373 length cDNA of SARS-CoV-2 (IC WT) was directionally assembled using in vitro ligation. (C)
374  Diagram of the terminal sequences of each cDNA fragment recognized by Bsal and Esp3l. (D)
375 Gel analysis of the seven purified cDNA fragments. Individual fragments (F1 to F7) were
376  digested from corresponding plasmid clones and gel-purified. Seven purified cDNA fragments
377  (50-100 ng) were analyzed on a 0.6% native agarose gel. The 1-kilobase (kb) DNA ladders are
378 indicated. (E) Gel analysis of cDNA ligation products. About 400 ng of purified ligation product
379 was analyzed on a 0.6% native agarose gel. Triangle indicates the full-length (FL) cDNA
380  product. Circles indicate the intermediate cDNA products. (F) Gel analysis of RNA transcripts.
381  About 1 ug of in vitro transcribed (IVT) RNAs were analyzed on a 0.6% native agarose gel. DNA

382 ladders are indicated. Since this is a native agarose gel, the DNA size is not directly

383 corelated to the RNA size. Triangle indicates the genome-length RNA transcript. Circles show

384  the shorter RNA transcripts.

385  Figure 2 Characterization of the wild-type icSARV-CoV-2 (IC WT). (A) Bright-field images of
386 the Vero EB cells electroporated with RNA transcripts. Cytopathic effects (CPE) appeared in the
387 IC WT RNA-transfected cells on day 4 post-transfection. The titer of the PO virus (directly from
388  the transfected cells) is shown in plaque-forming units (PFU) per ml. (B) Plague morphology of
389 the original clinical isolate (WA1=2019-nCoV/USA_WAT1/2020) and the recombinant P1 IC WT
390  virus. Plagues were developed in Vero EB6 cells on day 2 post-infection. (C) Replication kinetics.
391 Vero EB cells were infected with the clinical isolate or recombinant P1 IC WT virus at MO1 0.01.

392  \Viruses in culture fluids were quantified by plaque assay. Results from ftriplicate experiments
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393  were presented with error bars indicating standard deviations. (D) Northern blot analysis of full-
394  length and subgenomic RNAs. Numbers indicated the FL (band 1) and eight subgenomic RNAs
395 (bands 2-9). (E) Sequence differences between the original clinical isolate WA1 and the
396 recombinant P1 IC WT. The three silent nucleotide changes were engineered as molecular
397  markers. (F) Chromatograms of Sanger sequencing results. The engineered molecular maker
398  mutations are indicated.
399 Figure 3 Generation of a mNeonGreen SARS-CoV-2. (A) Assembly of the full-length
400 mNeonGreen (MNG) SARS-CoV-2 cDNA. The mNG gene was placed downstream of the
401 regulatory sequence of ORF7 to replace the ORF7 sequence [ ADDIN EN.CITE
402  <EndNote><Cite><Author>Sims</Author><Year>2005</Year><RecNum>7367</RecNum><Dis
403  playText>(Sims et al., 2005)</DisplayText><record><rec-number>7367</rec-number><foreign-
434  keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"
405  timestamp="1584836012">7367</key></foreign-keys><ref-type name="Journal
406  Article">17</ref-type><contributors><authors><author>Sims, A. C.</author><author>Baric, R.
407  S.</author><author>Yount, B.</author><author>Burkett, S. E.</author><author>Collins, P.
408 L.</author><author>Pickles, R. J.</author></authors></contributors><auth-
409  address>Department of Epidemiology, University of North Carolina at Chapel Hill, 2107
410 McGavran-Greenberg Hall, CB 7435, Chapel Hill, NC  27599-7435, USA
411  sims0018@email.unc.edu</auth-address><titles><title>Severe acute respiratory syndrome
412  coronavirus infection of human ciliated airway epithelia: role of ciliated cells in viral spread in the
413  conducting airways of the lungs</title><secondary-title>J Virol</secondary-
414  ftitle></titles><periodical><full-title>J Virol</full-title></periodical><pages>15511-
415  24</pages><volume>79</volume><number>24</number><keywords><keyword>Carboxypepti
416  dases/analysis</keyword><keyword>Coronavirus
417  Infections/enzymology/*metabolism</keyword><keyword>Epithelial
418  Cells/*virology</keyword><keyword>Humans </keyword><keyword>Lung/*viroclogy</keyword><
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419  keyword>Peptidyl-Dipeptidase A</keyword><keyword>SARS
420  Virus/*physiology</keyword><keyword>Severe Acute Respiratory
421  Syndrome/*pathology/virology</keyword></keywords><dates><year>2005</year><pub-

422  dates><date>Dec</date></pub-dates></dates><isbn>0022-538X (Print)&#xD;0022-538X
423  (Linking)</isbn><accession-num>16306622</accession-num><urls><related-

424  urls><url>https://iwww.ncbi.nim.nin.gov/pubmed/16306622</url></related-

425  urls></urls><custom2>PMC1316022</custom2><electronic-resource-

426  num>10.1128/JV1.79.24.15511-15524.2005</electronic-resource-

427  num></record></Cite></EndNote>] in the subclone F7. (B) Plague morphology of the P1 IC
428 mNG virus. Plaques were developed in Vero EB6 cells on day 2 post-infection. (C) Replication
429  kinetics. Vero E6 cells were infected with the wild-type icSARS-CoV-2 (IC WT) or reporter
430  icSARS-CoV-2-mNG (IC mNG) at MOI of 0.01. Viruses in culture medium were quantified by
431 plaque assay. (D) Fluorescence microscopy analysis of P1 mNG virus-infected cells. Vero E6
432  cells were infected with P1 mNG viruses at MOI of 0.3. Representative mNeonGreen-positive
433 (green) images are shown. (E) Kinetics of fluorescence intensity. Vero E6 cells were infected
434  with MOI of 1.0, 0.3 or 0.1. After background signal subtraction, the fluorescence intensities
435 from 12 to 48 h post-infection are shown. Results from triplicate experiments were presented
436  with bars representing standard deviations. (F) Summary of full-genome sequence of mMNG virus
437  (P1I1C mNG). Nucleotides different from the original clinical isolate (WA1) are indicated.

438 Figure 4 Stability and application of mNeonGreen virus. The stability of mNG virus was
439 analyzed by comparing the fluorescent signals between the cells infected with P1 and P5
440  reporter viruses. The presence of mNG gene in the P1 and P5 reporter viruses was also verified
441 using RT-PCR. The application of mNG virus was examined by testing the antiviral activity of
442  IFN-a treatment. (A) Fluorescence microscopy analysis of the P1 and P5 mNG virus-infected
443  cells. Vero EB6 cells were infected with P1 or P5 virus at an MOI of 0.3. The cells were monitored

444  for mNG-positive signals at 24 h post-infection. Green, mNG; blue, nucleus. (B) Gel analysis of

[ PAGE \* MERGEFORMAT ]

Nelson_Judicial_Watch_TPIA_0097



445
446
447
448
449
450
451
452

453

Obtained via FOIA by Judicial Watch Inc.

mNG virus stability. Top panel depicts the theoretical results of RT-PCR followed by restriction
enzyme digestion. Bottom panel shows the gel analysis of the RT-PCR products before (lanes
1-3) and after BsrGl/Stul digestion (lanes 4-6). About 100 ng DNA samples were analyzed on a
0.6% agarose gel. The DNA sizes are indicated. (C) Schematic diagram of IFN-a treatment. (D)
Representative fluorescence images of reporter virus-infected cells after IFN-a treatment. The
doses of IFN-a treatment are indicated. (E) Dose response curve of mNG signal inhibited by
IFN-a. The Hillslope and ECs, values are indicated. Results from ftriplicate experiments were

presented with bars representing standard deviations.
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STAR METHODS
KEY RESOURCES TABLE
REAGENT or RESOURCE | SOURCE | IDENTIFIER
Antibodies
N/A | |
Bacterial and Virus Strains
E. coli strain Top10 ThermoFisher Scientific Cat# C404006
TransforMax™ EPI300™ Chemically Lucigen Corporation, Cat# C300C105
Competent E. coli Middleton, W1 53562
SARS-CoV strain 2019- World Reference Center of | N/A
nCoV/USA_WA1/2020 (WA1) Emerging Viruses and

Arboviruses [WRCEVA] at

the University of Texas

Medical Branch
Biological Samples
None
Chemicals, Peptides, and Recombinant Proteins
IFN-a A Protein, Recombinanthuman | Millipore Sigma | Cat# IF007
Critical Commercial Assays
T7 mMessage mMachine kit Thermo Fisher Scientific Cat# AM1344
Ingenio® Electroporation solution Mirus Bio LLC Cat# MIR 50117
SuperScript™ IV First-Strand Synthesis | Thermo Fisher Scientific Cat# 18091300
System
Plétinum ™ SuperFi Il DNA Polymerase | Thermo Fisher Scientific Cat# 12361010

Deposited Data

N/A

Experimental Models: Cell Lines

Vero cells

ATCC

Cat# CRL-1586,
RRID:CVCL_0574

Experimental Models: Organisms/Strains

N/A

Oligonucleotides

primer Cov-T7-N-F (TACTGTAATACGA | Integrated DNA N/A
CTCACTATAGGATGTCTGATAATGGA | Technologies (Skokie,
CCCCAAAATC) lllinois)

primer polyT-N-R (TTTTTTTTTTTTTTIT | Integrated DNA N/A
TTTTTTTTTTTTTTTTTTTTTTAGGCCT | Technologies (Skokie,
GAGTTGAGTCAGCAC) lllinois)

Recombinant DNA

pUCS57-CoV2-F1 This paper N/A
pCC1-CoV2-F2 This paper N/A
pCC1-CoV2-F3 This paper N/A
pUCS57-CoV2-F4 This paper N/A
pUCS57-CoV2-F5 This paper N/A
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pUC57-CoV2-F6 This paper N/A
pCC1-CoVe-F7 This paper N/A
pCC1-CoV2-F7-mNG This paper N/A
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Synthesized mNeonGreen gene
(sequence-optimized)

[ PAGE

This paper and [ ADDIN
EN.CITE
<EndNote><Cite><Author
>Shaner</Author><Year>2
013</Year><RecNum>177
</RecNum><DisplayText>(
Shaner et al,,
2013)</DisplayText><recor
d><rec-number>177</rec-
number><foreign-
keys><key app="EN" db-
id="txv2awx0sz9dfle59pjp
WXXgrzxw25sssvrv"
timestamp="1584804789">
177</key></foreign-
keys><ref-type
name="Journal
Article">17</ref-
type><contributors><autho
rs><author>Shaner,
Nathan

C .</author><author>Lamb
ert, Gerard
G.</author><author>Cham
mas,
Andrew</author><author>

Ni,
Yuhui</author><author>Cr
anfill, Paula

J.</author><author>Baird,
Michelle
A.</author><author>Sell,
Brittney
R.</author><author>Allen,
John
R.</author><author>Day,
Richard
N.</author><author>israel
sson,
Maria</author><author>Da
vidson, Michael

W </author><author>Wan
g,
Jiwu</author></authors></
contributors ><titles > <title>
A bright monomeric green
fluorescent protein derived
from Branchiostoma
lanceolatum</title><secon
dary-title>Nature
methods</secondary-
title><alt-title>Nat
MBI RMAT |
title></titles><periodical><f
ull-title>Nature

Methods </full-
title></periodical><pages>

N/A
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Software and Algorithms

ImageJ NIH N/A
Prism 8.0 software GraphPad N/A
llustrator CC Adobe N/A

456
457 LEAD CONTACT AND MATERIALS AVAILABILITY

458  Further information and requests for resources and reagents should be directed to and will be

459  fulfilled by Lead Contact, Pei-Yong Shi (peshi@utmb.edu)

460 EXPERIMENTAL MODEL AND SUBJECTDETAILS
461 Virus and CellLines

462  The stock of SARS-CoV-2 strain 2019-nCoV/USA_WA1/2020 was derived from the first patient
463  diagnosed in the US. The virus isolate was originally provided by Dr. Natalie Thornburg from the
464  Centers for Disease Control and Prevention in Atlanta, GA as described previosuly [ ADDIN
465 EN.CITE ADDIN EN.CITE.DATA ], and amplified on Vero E6 cells at the World Reference
466  Center for Emerging Viruses and Arboviruses (WRCEVA) at the University of Texas Medical
467  Branch at Galveston (UTMB). The P5 passage was used in this study.

468  African green monkey kidney epithelial cells (Vero E6; CRL-1586) were purchased from the
469  American Type Culture Collection (ATCC, Bethesda, MD) and maintained in a high-glucose
470  Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum (FBS;
471  HyClone Laboratories, South Logan, UT) and 1% penicillin/streptomycin (P/S). Cells were
472 grown at 37°C with 5% CO,. Al culture medium and antibiotics were purchased from

473  ThermoFisher Scientific (Waltham, MA). All cell lines were tested negative for mycoplasma.

474 METHOD DETAILS

475  Cloning the SARS-CoV-2 cDNAs
476  Two approaches were taken to rapidly obtain stable cDNAs of SARS-CoV-2. Firstly, the cDNAs

477  of fragments F1, F4, F5, and F6 were successfully synthesized from the GenScript company
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478  (Piscataway, NJ) and cloned into a high-copy plasmid pUC57. The F1 contains a T7 promoter
479  sequence at the upstream of the 5" end of the SARS-CoV-2 sequence. Other cDNA fragments
480  were also synthesized but found unstable after cloning into plasmid pUC57. For overcoming this
481 hurdle, the cDNAs of fragments F2, F3, and F7 were obtained by reverse transcription and PCR
482  (RT-PCR). RT was performed by using the SuperScript™ IV First-Strand Synthesis System
483  (ThermoFisher Scientific) with random hexamer primers and extracellular viral RNA (extracted
484  from the supernatants of SARS-CoV-2-infected Vero E6 cells). The cDNA was used as a
485 template to amplify the fragments F2, F3, and F7 by high fidelity PCR with the Platinum™
486  SuperFi Il DNA Polymerase (ThermoFisher Scientific) according to the manufacturer's
487  instructions. A poly(T),s sequence was introduced by PCR to the 3' end of the untranslated
488 region of viral genome. The amplicons were cloned into a single-copy vector pCC1BAC
489  (Epicentre) to increase the stability of the cDNA plasmids when propagated in E. coli. To ensure
490 a seamless assembly of the full-length cDNA, we introduced two cleavage sites of class IS
491 restriction enzymes (Bsal and Esp3l) at both ends of each sibling cDNAs during PCR or gene
492 synihesis. To differentiate the infectious clone-derived virus from the parental clinical isolate
493  2019-nCoV/USA_WA1/2020, we engineered three silent mutations at nucleotide positions 7,486
494  (A-to-T change), 7,489 (T-to-A change), and 18,058 (T-to-C change). For construct the pCC1-
495  F7-mNG, the gene of mNeonGreen (sequence-optimized) was synthesized and inserted at the
496  downstream of the regulatory sequence of ORF7a to replace the entire ORF7a, according to the
497  study as described previously[ ADDIN EN.CITE
498  <EndNote><Cite><Author>Sims</Author><Year>2005</Year><RecNum>6988</RecNum><Dis
499  playText>(Sims et al., 2005)</DisplayText><record><rec-number>6988</rec-number><foreign-
500 keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zwow5a"
501 timestamp="1581278772">6988</key></foreign-keys><ref-type name="Journal
502  Article"™>17</ref-type><contributors><authors><author>Sims, A. C.</author><author>Baric, R.
503  S.</author><author>Yount, B.</author><author>Burkett, S. E.</author><author>Collins, P.
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504  L.</author><author>Pickles, R. J.</author></authors></contributors><auth-
505 address>Department of Epidemiology, University of North Carolina at Chapel Hill, 2107
506 McGavran-Greenberg Hall,L, CB 7435, Chapel Hilll NC  27599-7435, USA.
507 sims0018@email.unc.edu</auth-address><titles><title>Severe acute respiratory syndrome
508 coronavirus infection of human ciliated airway epithelia: role of ciliated cells in viral spread in the
509 conducting airways of the lungs </title><secondary-title>J Virol</secondary-
510 ftitle></titles><periodical><full-title>J Virol</full-title></periodical><pages>15511-
511  24</pages><volume>79</volume><number>24</number><keywords><keyword>Carboxypepti
512  dases/analysis</keyword><keyword>Coronavirus

513 Infections/enzymology/*metabolism</keyword><keyword>Epithelial

514  Cells/*virology</keyword><keyword>Humans </keyword><keyword>Lung/*virology</keyword><
515  keyword>Peptidyl-Dipeptidase A</keyword><keyword>SARS
516  Virus/*physiology</keyword><keyword>Severe Acute Respiratory
517  Syndrome/*pathology/virology</keyword></keywords><dates><year>2005</year><pub-

518 dates><date>Dec</date></pub-dates></dates><isbn>0022-538X (Print)&#xD;0022-538X
519 (Linking)</isbn><accession-num>16306622</accession-num><urls><related-

520  urls><url>https://www.ncbi.nlm.nih.gov/pubmed/16306622</url></related-

521  urls></urls><custom2>PMC1316022</custom2><electronic-resource-

522 num>10.1128/JV1.79.24.15511-15524.2005</electronic-resource-

523 num></record></Cite></EndNote>]. All subclones were finally validated by Sanger sequencing.
524  Assembly of a Full-length SARS-CoV-2 cDNA

525 To assemble the full-length cDNA, we digested individual cDNA plasmids and purified each
526  cDNA fragments. Specifically, F1, F2, F3 and F4 cDNA fragments were obtained by digesting
527  the corresponding plasmids with enzyme Bsal. F5 and F6 fragments were obtained by digesting

528 the plasmids with enzymes Esp3land Pvul. F7 and F7-mNG cDNA fragments were obtained by

[ PAGE \* MERGEFORMAT ]

Nelson_Judicial_Watch_TPIA_0104



Obtained via FOIA by Judicial Watch Inc.

529  digesting the corresponding plasmids by Esp3l and SnaBl. Pvul and SnaBl was included in the
530 digestion to eliminate undesired DNA bands that co-migrated with the targeting fragments on
531 agarose gels. All fragments after restriction enzyme digestion were separated on 0.6% agarose
532  gels, visualized under a darkreader lightbox (Clare Chemical Research, Dolores, CO), excised,
533  and purified using the QlAquick Gel Extraction Kit (Qiagen, Germantown, MD). To assemble the
534  full-length cDNA we ligated the seven cDNA fragments in a three-step manner. Firstly, equal
535  molar ratio of F1 (0.61 pg), F2 (0.65 pg), F3 (0.75 pg), and F4 (0.94 ug) were ligated in a PCR
536 tube using T4 DNA ligase in a 40 pl-reaction at 4°C for 18 h, resulting in F1-4 DNA. Secondly,
537  equal molar ratio of fragments F5 (0.75 ug), F6 (0.72 ug), and F7 (0.60 pg) were ligated in a
538 separate PCR tube to produce F5-7 DNA using the same ligation condition. Thirdly, without any
539  DNA purification, the two reactions (containing F1-4 and F5-7) were combined (total 80 pl) and
540  topped with additional T4 ligase (2 ul), buffer (2 pl) and nuclease-free water (16 pl) to a 100-pl
541 reaction. The final reaction was incubated at 4°C for 18 h to produce the full-length F1-7 DNA
542  Afterwards, the full-length cDNA was phenol/chloroform extracted, isopropanol precipitated, and

543  resuspended in 10 yl nuclease-free water.

544  RNA transcription, Electroporation, Virus production and Quantification

545  RNA transcript was in vitro synthesized by the mMMESSAGE mMACHINE™ T7 Transcription Kit
546 (ThermoFisher Scientific) according to the manufacturer’s instruction with some modifications. A
547  50-pl reaction was set up by adding 1 ug DNA template and 7.5 yl GTP (cap analog-to-GTP
548 ratio of 1:1). The reaction was incubated at 32°C for 5 h. After removing the template DNA by
549 nuclease per manufacturer's protocol, the RNA was phenol/chloroform extracted and
550 isopropanol precipitated. A SARS-CoV-2 N gene transcript was in vitro transcribed from a DNA
551 template using the mMMESSAGE mMACHINE™ T7 Transcription Kit with a 2:1 ratio of cap
552 analog to GTP. The N gene DNA template was prepared by PCR using primer Cov-T7-N-F

553 (tactgTAATACGACTCACTATAGGatgictgataatggaccccaaaatc; the uppercase  sequence
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554  represents T7 promoter; the underlined sequence represents the 5 end of N gene) and primer
555  polyT-N-R [(t):;;aggcctgagttgagtcageac].

556  RNAtranscripts were electroporated into Vero E6 cells using a protocol as previously described
557 [ADDINEN.CITE ADDIN EN.CITE.DATA ] with some modifications. Twenty micrograms of
558 total RNA franscripts (containing both full-length RNA and short RNAs) and 20 ug N gene
559 transcript were mixed and added to a 4-mm cuvette containing 0.8 ml of Vero E6 cells (8x10°) in
560 Ingenio® Electroporation Solution (Mirus). Single electrical pulse was given with a GenePulser
561 apparatus (Bio-Rad) with setting of 270V at 950 uF. After 5 min recovery at room temperature,
562 the electroporated cells were seeded into a T-75 flask and incubated at 37°C with 5% CO,. On
563 the next day, the culture fluid was replaced with 2% FBS DMEM medium. The cells were
564  monitored daily for virus-mediated cytopathic effect (CPE). One milliliter of the PO virus was
565 inoculated to a T-175 flask containing 80% confluence Vero E6 cells. The infected cells were
566 incubated at 37°C with 5% CO, for 2-3 days. Culture supernatants (P1) were harvested when
567 CPE occurred. The amount of infectious virus was determined by a standard plaque assay on
568 Vero E6 cells. All virus cultures were performed in a biosafety level 3 (BSL-3) laboratory with
569 redundant fans in the biosafety cabinets. All personnel wore powered air purifying respirators

570 (Breathe Easy, 3M) with Tyvek suits, aprons, booties and double gloves.

571 Interferon Treatment

572  Vero E6 cells were plated as 1.5x10" cells/well in a black 96-well plate (Greiner). For interferon
573 treatment, at 6 h post-seeding, cells were treated with various doses of IFN-a (Millipore Sigma).
574  After 14 h of treatment, the culture fluids were replaced with 2% FBS medium, and P1 IC mNG
575  viruses were added to the cells at MOI 0.3 with additional corresponding concentration of IFN-a.

576 At 24 h post-infection, Hoechst 33342 (ThermoFisher Scientific) was added to a final

577  concentration of 0.1% to counterstain the nucleus. The green fluorescence signals were
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578 detected by Cytation 5 (BioTek) and the infection rate was calculated according to the

579 manufacturer’s instructions.

580 RNA Extraction, RT-PCR and Sanger Sequencing

581 250 pl of culture fluids were mixed with three volume of TRIzol™ LS Reagent (Thermo Fisher
582  Scientific). Viral RNAs were extracted per manufacturer’s instructions. The final RNAs were
583 dissolved in 30 pl nuclease-free water. 11 pl RNA samples were used for reverse transcription
584 by using the SuperScript™ IV First-Strand Synthesis System (ThermoFisher Scientific) with
585 random hexamer primers. Nine DNA fragments covering the entire viral genome were amplified
586 by PCR with specific primers. The resulting DNAs were cleaned up by the QlAgquick PCR
587 Purification Kit and Sanger sequencing was performed at the GENEWIZ facilities (South

588  Plainfield, NJ).

589 Northern Blot

590  Vero E6 cells were infected with clinical isolate WA1 or the infectious clone-derived SARS-CoV-
591 2(IC WT)at MOI10.01. At 48 h post-infection, total intracellular RNAs were isolated using TRIzol
592 reagent (Invitrogen). Northern blot analysis was performed using total intracellular RNAs as
593  described previously [ ADDIN EN.CITE
594  <EndNote><Cite><Author>Narayanan</Author><Year>2008</Year><RecNum>7021</RecNum
595 ><DisplayText>(Narayanan et al., 2008)</DisplayText><record><rec-number>7021</rec-
596 number><foreign-keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"
597  timestamp="1584637550">7021</key></foreign-keys><ref-type name="Journal
598  Article"™17</ref-type><contributors><authors><author>Narayanan, K.</author><author>Huang,
599  C.</author><author>Lokugamage, K.</author><author>Kamitani,
600 W </author><author>lkegami, T.</author><author>Tseng, C. T.</author><author>Makino,
601  S.</author></authors></contributors><auth-address>Department  of  Microbiclogy  and
602 Immunology, The University of Texas Medical Branch at Galveston, Galveston, TX 77555-1019,
[ PAGE \* MERGEFORMAT ]

Nelson_Judicial_Watch_TPIA_0107



Obtained via FOIA by Judicial Watch Inc.

603 USA. shmakino@utmb.edu</auth-address><titles><title>Severe acute respiratory syndrome
604  coronavirus nsp1 suppresses host gene expression, including that of type | interferon, in
605 infected cells</title><secondary-title>J Virol</secondary-title></titles><periodical><full-title>J
606  Virol</full-title></periodical><pages>4471-

607  9</pages><volume>82</volume><number>9</number><keywords><keyword>Cell

608 Line</keyword><keyword>*Gene Expression
609  Regulation</keyword><keyword>Humans</keyword><keyword>Interferon Type
610  *genetics</keyword><keyword>Mutation</keyword><keyword>Protein

611 Biosynthesis</keyword><keyword>RNA Replicase/*physiology</keyword><keyword>RNA
612  Stability</keyword><keyword>RNA, Messenger/metabolism</keyword><keyword>SARS
613  Virus/pathogenicity/*physiology</keyword><keyword>Viral Nonstructural
614  Proteins/*physiology</keyword></keywords><dates><year>2008</year><pub-

615  dates><date>May</date></pub-dates></dates><isbn>1098-5514 (Electronic)&#xD;0022-538X
616 (Linking)</isbn><accession-num>18305050</accession-num><urls><related-

617  urls><url>https:/Awvww.ncbi.nlm.nih.gov/pubmed/18305050</urf></related-

618  urls></urls><custom2>PMC2293030</custom2><electronic-resource-num>10.1128/JV1.0247 2-
619  07</electronic-resource-num></record></Cite></EndNote>]. A digoxigenin (DIG)-labeled
620 random-primed probe, corresponding to nucleotides 28,999 to 29,573 of the SARS-CoV-2
621 genome, was used to detect SARS-CoV-2 mRNAs and visualized by DIG luminescent detection

622 kit (Roche, Indianapolis, IN) according to the manufacturer's protocol.

623 QUANTIFICATION AND STATISTICAL ANALYSIS

624  All numerical data are presented as the mean+SD (standard deviations). Group comparisons of
625  viral growth kinetics in Figures 2 and 3 were performed using multiple t-test with Bonferroni-
626  Dunn correction in software Prism 8.0 (GraphPad). *p<0.05, significant; **p<0.01, significant;
627 p>0.05, ns (not significant). The 50% effective concentration (ECs.) in Figure 4 were estimated
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by using a four-parameter logistic regression model from the GraphPad Prism 8 software
(GraphPad Software Inc., San Diego CA).Minimal adjustment was made in the software ImageJ
to enhance the contrast for bright-field images in Figures 1-3. Blue- and green-fluorescence
images were merged in ImagedJ. Figures were finally assembled using the software Adobe

illustrator CC.

DATA AND SOFTWARE AVAILABILITY

All data are present in this study.
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From: LeDuc, James W.

Sent: Thursday, April 16, 2020 10:07 PM
To: zengli Shi

Subject: Fwd: Rubio

Hi Zheng-Li. Ihope you are well as surviving all the COVID19 drama. I wonder if you would have time for a
phone call sometime soon. Let me know a good number and time and I’ll call. The email below is relevant.

I will certainly understand if you are not available but Pei-Yong keeps encouraging me to call.
With all good wishes.

Jim.

My office line is 1 409 266 6516 or cell is 1 409 789 2012 if it’s easier for you to call me.
Sent from my iPhone

Begin forwarded message:

From: David Franz <davidrfranz@gmail. com>
Date: April 16, 2020 at 8:04:55 PM CDT

To: "LeDuc, James W." <jwleduc@UTMB.EDU>
Subject: Rubio

WARNING: This email originated from outside of UTMB's email system. Do not click links or
open attachments unless you recognize the sender and know the content is safe.

I heard from someone in government this evening that Senator Rubio is starting to push for AN
investigation regarding Wuhan lab. Just found it on the web at Forbes by Kenneth Repoza. Title
of article is “eight senators call for investigation into coronavirus origins®

Sent from my iPhone
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 2/29/202012:14:25PM

To: Boyd, Nancy (NIH/NIAID} [E] [nboyd@niaid.nih.gov]

Subject: RE: Coronavirus (COVID-19) Update: FDA Issues New Policy to Help Expedite Availability of Diagnostics
http://bitly/3adujfe

At the office...

From: Boyd, Nancy (NIH/NIAID) [E] <nboyd @niaid.nih.gov>

Sent: Saturday, February 29, 2020 11:11 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: RE: Coronavirus {COVID-19) Update: FDA Issues New Policy to Help Expedite Availability of Diagnostics
http://bit.ly/3adujfe

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

You are welcome, Him. | hope you are having a restful weekend!

Mancy

From: leDuc, James W. <jwieduc@@UTMB EDL>

Sent: Saturday, February 29, 2020 11:17 AM

To: Boyd, Nancy (NIH/NIAID) [E] <nboyd @niaid. nih.goy>

Subject: Re: Coronavirus {COVID-19) Update: FDA Issues New Policy to Help Expedite Availability of Diagnostics
htto//bit v/ Saduifs

Thanks for sharing. | saw a draft but hadn’tseenthe final.

Sentfrom my iPhone

On Feb 29, 2020, at 9:44 AM, Boyd, Nancy (NIH/NIAID) [E] <nbovd@niaid.nih.gov>wrote:

WARNING: This email originated from cutside of UTMB's email system. Do notclicklinks or open attachments unless you recognize
the sender and know the content is safe.

limagine you gotthis but sendinganyway...

From: Folkers, Greg (NIH/NIAID) [E] <gfolkers@niaid nih gow

Sent: Saturday, February 29, 2020 10:42 AM

Subject: Coronavirus (COVID-19) Update: FDA Issues New Policy to Help Expedite Availability of Diagnostics
httnd/ /it v/ 3aduifs

FDA NewsRelease

Coronavirus (COVID-19) Update: FDA Issues New
Policy to Help Expedite Availability of Diagnostics
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For Immediate Release:

February 29, 2020

Today, as part of the U.S. Food and Drug Administration’s ongoing and aggressive commitment to address the
coronavirus outbreak, the agency issued a new policy for certain laboratories seeking to develop diagnostictestsfor
coronavirusinorderto achieve more rapid testing capacity inthe U.S.

“We believe this policy strikes the right balance during this public health emergency,” said FDA Commissioner
Stephen M. Hahn, M.D. “We will continue to help to ensure sound science prior to clinical testing and follow-up with
the critical independent review from the FDA, while quickly expanding testing capabilitiesinthe U.S. We are not
changing our standards for issuing Emergency Use Authorizations. This action today reflects our public health
commitmentto addressing critical public health needs and rapidly responding and adapting to this dynamic and
evolving situation.”

There is currently an outbreak of respiratory disease caused by anovel coronavirus that wasfirst detected in Wuhan
City, Hubei Province, Chinaand which has now been detected in 50 locations internationally, including casesin the
United States. The virus has been named “SARS-CoV2” and the disease it causes has been named “Coronavirus Disease
2019” {COVID-19). SARS-CoV-2 has demonstrated the capability to rapidly spread, leading to significantimpact on health
care systems and causing societal disruption. The potential public health threat posed by COVID-19is high, both globally
and to the U.S. To effectively respond to the COVID-19outbreak, rapid detection of cases and contacts, appropriate
clinical management and infection control, and implementation of community mitigation efforts are critical. This can
best be achieved with wide availahility of testing capabilities in health care settings, reference and commercial
laboratories, and at the point of care.

The new policyisfor certain laboratories that develop and begin to use validated COVID-19diagnostics before the FDA
has completed review of their Emergency Use Authorization (EUA) requests. The FDA can issue an EUA to permitthe
use, based on scientific data, of certain medical products that may be effective in diagnosing, treating or preventinga
disease orconditionwhenthereisadetermination, by the Secretary of Health and Human Services (HHS), thatthereisa
publichealth emergency ora significant potentialforapublichealth emergency that has a significant potential to affect
national security orthe health and security of U.S. citizens, and adeclaration that circumstances exist justifying the
medical products’ emergency use.

On Feb. 4, 2020, the Secretary of HHS determined that thereisapublichealthemergency and that circumstances exist
justifying the authorization of emergency use of in vitro diagnostics for detection and/ordiagnosis of the COVID-19
outbreak. Rapid detection of COVID-19 casesinthe U.S. requires wide availability of diagnostictesting to control the
emergence of arapidly spreading, severeillness. The FDA has authorized one EUA for COVID-19that isin use by the U.S.
Centers for Disease Control and Prevention (CDC) and some publichealth labs across the country.

The guidance issued today describes a policy enabling laboratories toimmediately use tests they developed and
validated in orderto achieve more rapid testing capacityinthe U.S.

“The global emergence of COVID-19 is concerning, and we appreciate the efforts of the FDA to help bring more testing
capability to the U.S.,” said Nancy Messonnier, M.D., director of the CDC’s Centerfor the National Centerfor
Immunization and Respiratory Diseases {NCIRD).

The immediately in effect guidance issued today describes the circumstances wherethe FDA does notintend to object
to the use of these testsforclinical testing whilethe laboratories are pursuing an EUA with the FDA. Importantly, this
policyonly appliestolaboratories that are certified to perform high-complexity testing consistent with requirements
under Clinical Laboratory Improvement Amendments.

“We applaud the FDA’s approach to speed the path toward emergency use authorization for COVID-19 diagnostics.
This step may reduce development costs, speed the process for availability at more testing sites, incentivize private
developmentand, ultimately, helpsavelives,” said Rick Bright, Ph.D., director of the Biomedical Advanced Research
and Development Authority (BARDA), part of the HHS Office of the Assistant Secretary for Preparedness and
Response. “At BARDA, we are identifyingindustry partners to develop rapid diagnostics that can be usedin
commercial and hospital labs or even doctors’ offices so that medical professionals and their patients have the
information they need to take action.”

The FDA guidance provides recommendations fortest developers, including information regarding test validation, FDA
notification and interim confirmatory clinical testing.

Following the completion of theirtest validation, laboratories should communicate with the FDA, viaemail,inorderto
notify the agency thatthe test has beenvalidated. Laboratories should submitacompleted EUA request within 15
business days of notification.
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“Underthis policy, we expect certain laboratories who develop validated tests for coronavirus would begin using
them right away prior to FDA review,” said Jeff Shuren, M.D., J.D., director of the FDA’s Center for Devices and
Radiological Health. “We believe this action will support laboratories across the country working on this urgent public
health situation. We are dedicating all available resources to expediting the review of medical products, including
diagnostics, to prevent the spread of this outbreak.”

The FDA, an agency withinthe U.S. Department of Health and Human Services, protects the public health by assuring the
safety, effectiveness, and security of human and veterinary drugs, vaccines and other biological products forhumanuse,
and medical devices. The agency alsois responsibleforthe safety and security of ournation’s food supply, cosmetics,
dietary supplements, products that give off electronicradiation, and forregulating tobacco products.

Hitt

Inquiries
Media:

Stephanie Caccomo
301-348-1956
Consumer:
888-INFO-FDA

Disclaimer: Any third-parfy material in this email has been shared for infernal use under fair use provisions of US. copyright
faw, without further verification of s accuracy/veracity. It does not necessarily represent my views nor those of NIATD, NIH,
HHS, or the US. government.
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]
Sent: 4/24/202010:29:26 AM

To: Nancy (NIH/NIAID) Boyd (NBoyd@niaid.nih.gov) [NBoyd@niaid.nih.gov]

cC: Gregory Sempowski [greg.sempowski @duke.edu); Gary Zackowitz (zackowig@niaid.nih.gov})
[zackowig@niaid.nih.gov]

BCC: Auchincloss, Hugh (NIH/NIAID) [E] (auchinclossh@niaid.nih.gov} [auchinclossh@niaid.nih.gov]

Subject: FW: NBL/RBL testing network

Attachments: 2020.04.16.20067835v1.full.pdf

Hi Nancy,

Pspoke to Greg and Tom Denny yvesterday at Duke about using the RBL network to assist with testing. There isgeneral
interest and clearly awillingnessto assist, but we are not clear as to how best to contribute. twonderifyouand Gary
could forward to the network the note below from Emily, focusing onthe highlighted area and see what kind of
response we getfromeveryone. am assuming that hercomment about linkto patientidentifiers means eitherbeing
CLiA certified or having a work around where the lab s screening and forwarding positives to a partner CUA approved
fabfor confirmation. lcopledyouonan earliernote to Emily regarding the ClA and EUA challenges buthave nothad a
reply.

Alsonote the attached papersuggesting salivaratherthan NP swabs as a specimen fortesting.
Let me know ifyou have heard anything more from Emily orher team on this,
Thanks, lim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{1t} 409-266-6500

{f} 409-2656-6810

{m}409-789-2012

From: Erbelding, Emily (NIH/NIAID) [E] <emily.erbelding@nih.gov>

Sent: Monday, April 20, 2020 6:41 PM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Cc: Boyd, Nancy (NIH/NIAID) [E] <nboyd @niaid.nih.gov>; Auchincloss, Hugh {(NIH/NIAID) [E]
<auchinclossh@niaid.nih.gov>

Subject: RE: NBL/RBL testing network

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks oropen attachments unless you recognize
the sender and know the content is safe.

Jim,

There isa forceful movement toward expansion of testing, since most experts believe that reopening businesses and
society will not be successful unless publichealth authorities canimmediate detect cases {and onward transmission) in
theirjurisdictions.
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So please engage inthe extent to which you can. Atthe current moment, diagnostictesting supported by NIHwould
somehow come out of funds appropriated for research. Thatis probably OK. But the next supplemental appropriation
might be different and focused on NIHexpandinglab testing howeverthey can.

We have had a lot of internal discussions on this so Carl hasn’tdroppedit.

Feelfree tosketch out for us exactly what the RBL/NBLs could do andiagnostictesting (with link to patientidentifiers).
Thanks.

Emily

lam cc’ing Hugh on this for his awareness.

From: LeDuc, James W. <jwisduc@UTMB EDU>

Sent: Monday, April 20, 2020 7:24 PM

To: Erbelding, Emily (NIH/NIAID) [E] <emilv.erbelding @nihgows
Cc: Boyd, Nancy (NIH/NIAID) [E] <nhovd@niaid.nihaow>
Subject: NBL/RBL testing network

Hi Emily

| spoke to Carl Dieffenbach last Wednesday, 15 April when he called about a planto expand COVIDtesting across the
country and Hugh had suggested he speak to me aboutincludingthe NBL/RBLnetwork. He wasgoingto follow up with
you and Nancy Boyd and get back to me. Have you heard anything onthis initiative? Itsounded urgentwhenwe spoke,
so I’'msurprised to not have heard anything more. Happy to chat by phone if you like —my direct office lineis 409-266-
6516.

Thanks, Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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Saliva is more sensitive for SARS-CoV-2 detection in
COVID-19 patients than nasopharyngeal swabs
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Abstract

Rapid and accurate SARS-CoV-2 diagnostic testing is essential for controlling the ongoing
COVID-19 pandemic. The current gold standard for COVID-19 diagnosis is real-time
RT-PCR detection of SARS-CoV-2 from nasopharyngeal swabs. Low sensitivity, exposure
risks to healthcare workers, and global shortages of swabs and personal protective
equipment, however, necessitate the validation of new diagnostic approaches. Saliva is a
promising candidate for SARS-CoV-2 diagnostics because (1) collection is minimally
invasive and can reliably be self-administered and (2} saliva has exhibited comparable
sensitivity to nasopharyngeal swabs in detection of other respiratory pathogens, including
endemic human coronaviruses, in previous studies. To validate the use of saliva for
SARS-CoV-2 detection, we tested nasopharyngeal and saliva samples from confirmed
COVID-19 patients and self-collected samples from healthcare workers on COVID-19
wards. When we compared SARS-CoV-2 detection from patient-matched nasopharyngeal
and saliva samples, we found that saliva yielded greater detection sensitivity and
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consistency throughout the course of infection. Furthermore, we report less variability in
self-sample collection of saliva. Taken together, our findings demonstrate that saliva is a
viable and more sensitive alternative to nasopharyngeal swabs and could enable at-home
self-administered sample collection for accurate large-scale SARS-CoV-2 testing.

Introduction

Efforts to control SARS-CoV-2, the novel coronavirus causing COVID-19 pandemic, depend
on accurate and rapid diagnostic testing. These tests must be (f) sensitive to mild and
asymptomatic infections to promote effective self isolation and reduce transmission within
high risk groups'; (2) consistent to reliably monitor disease progression and aid clinical
decisions?; and (3) scalable to inform local and national public health policies, such as when
social distancing measures can be safely relaxed. However, current SARS-CoV-2 testing
strategies often fail to meet these criteria, in part because of their reliance on
nasopharyngeal swabs as the widely recommended sample type for real-time RT-PCR.
Although nasopharyngeal swabs are commeonly used in respiratory virus diagnostics, they
show relatively poor sensitivity for SARS-CoV-2 detection in early infection and are
inconsistent during serial testing®®. Moreover, collecting nasopharyngeal swabs causes
discomfort to patients due to the procedure’s invasiveness, limiting compliance for repeat
testing, and presents a considerable risk to healthcare workers, because it can induce
patients to sneeze or cough, expelling virus particles’. The procedure is alsc not conducive
to large-scale testing, because there are widespread shortages of swabs and personal
protective equipment for healthcare workers®, and self-collection of nasopharyngeal swabs
is difficult and less sensitive for virus detection’. These challenges will be further
exacerbated as the COVID-19 pandemic intensifies in low income countries. Given the
limitations, a more reliable and less resource-intensive sample collection method, ideally
one that accommodates self-collection in the home, is urgently needed.

Saliva sampling is an appealing alternative to nasopharyngeal swab, since collecting saliva
is non-invasive and easy to self-administer. An analysis of nasopharyngeal and saliva
concordance for RT-PCR detection of respiratory pathogens, including two seasonal
human coronaviruses, suggests comparable diagnostic sensitivity between the two sample
types'®'!. Preliminary findings indicate that (1) SARS-CoV-2 can be detected from the saliva
of COVID-19 patients™ and (2) self-collected saliva samples have comparable
SARS-CoV-2 detection sensitivity to nasopharyngeal swabs collected by healthcare
workers from mild and subclinical COVID-19 cases'®. Critically, however, no rigorous
evaluation of the sensitivity of SARS-CoV-2 detection in saliva with respect to
nascopharyngeal swabs has been conducted from inpatients during the course of COVID-19
infection.

In this study, we evaluated SARS-CoV-2 detection in paired nasopharyngeal swabs and
saliva samples collected from COVID-19 inpatients and asymptomatic healthcare workers
at moderate-to-high risk of COVID-19 exposure. Our resuits indicate that using saliva for
SARS-CoV-2 detection is more sensitive and consistent than using nasopharyngeal swabs.
Overall, we demonstrate that saliva should be considered as a reliable sample type to
alleviate COVID-19 testing demands.
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Results

Higher SARS-CoV-2 titers detected from saliva than nasopharyngeal swabs from
inpatients

To determine if saliva performs as well as the U.S. CDC recommendation of using
nasopharyngeal swabs for SARS-CoV-2 diagnostics, we collected clinical samples from 44
CQVID-19 inpatient study participants (Table 1). This cohort represents a range of
COVID-19 patients with severe disease, with 19 {43%) requiring intensive care, 10 (23%)
requiring mechanical ventilation, and 2 (5%) deceased as of April 5th, 2020. Using the U.S.
CDC SARS-CoV-2 RT-PCR assay, we tested 121 self-collected saliva or healthcare
worker-administered nasopharyngeal swabs from this cohort. We found strong
concordance between the U.S. CDC “N1” and “N2” primer-probe sets (Extended Data Fig.
1), and thus calculated virus titers (virus copies/mL} using only the “N1” set. From all
positive samples tested (n = 46 nasopharyngeal, 37 saliva), we found that the geometric
mean virus titers from saliva were about 5X higher than nasopharyngeal swabs (p < 0.05,
Mann-Whitney test; Fig. 1a). When limiting our analysis to only patient-matched
nasopharyngeal and saliva samples {n = 38 for each sample type), we found that
SARS-CoV-2 titers from saliva were significantly higher than nasopharyngeal swabs {p =
0.0001, Wilcoxon test; Fig. 1b). Moreover, we detected SARS-CoV-2 from the saliva but not
the nasopharyngeal swabs from eight matching samples (21%), while we only detected
SARS-CoV-2 from nasopharyngeal swabs and not saliva from three matched samples (8%;
Fig. 1c). Overall, we found higher SARS-CoV-2 titers from saliva than nasopharyngeal
swabs from hospital inpatients.

Table 1. COVID-19 inpatient cohort characteristics

All study participants Study participants with
(n = 44) paired nasopharyngeal and
saliva samples (n = 29)

Gender, male 23 (52%) 16 (55%)
Age range, years 23-92 (mean = 61) 23-91 (mean = 59)
ICU on admission, n 6 (14%) 4 (14%)
ICU during hospital stay, n 19 (43%) 12 (41%)
Mechanical ventilation, n 10 (23%) 6 (21%)
Deceased (April 5, n 2 (5%) 1 (4%)
Total samples collected, n 121 76
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Figure 1. SARS-CoV-2 titers are higher in the saliva than nasopharyngeal swabs from hospital
inpatients. (a) All positive nasopharyngeal swabs (n = 46) and saliva samples (n = 38) were
compared by a Mann-Whitney test (o < 0.05). Bars represent the median and 95% Cl. Our assay
detection limits for SARS-CoV-2 using the US CDC “N1” assay is at cycle threshold 38, which
corresponds to 5,610 virus copies/mL of sample (shown as dotted line and grey area). (b) Patient
matched samples (n = 38), represented by the connecting lines, were compared by a Wilcoxon test
test (p < 0.05). (c) Patient matched samples (n = 38) are also represented on a scatter plot. All of the
data used to generate this figure, including the raw cycle thresholds, can be found in
Supplementary Data 1. Extended Data Fig. 1 shows the correlation between US CDC assay “N1”
and “N2” resulis.

Less temporal SARS-CoV-2 variability when testing saliva from inpatients

As temporal SARS-CoV-2 diagnostic testing from nasopharyngeal swabs is reported to be
variable®®, we tested longitudinal nasopharyngeal and saliva samples from inpatients to
determine which sample type provided more consistent results. From 22 participants with
multiple nasopharyngeal swabs and 12 participants with multiple saliva samples, we found
that SARS-CoV-2 titers generally decreased in both sample types following the reported
date of symptom onset (Fig. 2a). Our nasopharyngeal swab results are consistent with
previous reports of variable SARS-CoV-2 titers and results®®: we found 5 instances where a
participant’s nasopharyngeal swab was negative for SARS-CoV-2 followed by a positive
result during the next collection (5/33 repeats, 33%; Fig. 2b). In longitudinal saliva
collections from 12 patients, however, there were no instances in which a sample tested
negative and was later followed by a positive result. As true negative test results are
important for clinicians to track patient improvements and for decisions regarding
discharges, our data suggests that saliva is a more consistent sample type than
nascpharyngeal swabs for monitoring temporal changes in SARS-CoV-2 titers.
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Figure 2: SARS-CoV-2 detection is less variable between repeat sample collections with saliva.
(@) Longitudinal SARS-CoV-2 titers from saliva or nasopharyngeal swabs are shown as days since
symptom onset. Each circle represents a separate sample, which are connected to additional
samples from the same patient by a dashed line. Our assay detection limits for SARS-CoV-2 using
the US CDC “N1” assay is at cycle threshold 38, which corresponds to 5,610 virus copies/mL of
sample (shown as dotted line and grey area). (b) The data are also shown by sampling moment
(sequential collection time) to highlight the differences in virus titers between collection points. All of
the data used to generate this figure, including the raw cycle thresholds, can be found in
Supplementary Data 1.

More consistent self-sampling from healthcare workers using saliva

Validating saliva for the detection of subclinical SARS-CoV-2 infections could prove
transformative for both remote patient diagnostics and healthcare worker surveillance. To
investigate this, we enrolled 98 asymptomatic healthcare workers into our study and
collected saliva and/or nasopharyngeal swabs on average every 2.9 days (range = 1-8 days,
Table 2). To date, we have detected SARS-CoV-2 in saliva from two healthcare workers
who were negative by nasopharyngeal swabs using both the US CDC “N1” and “N2” tests
and did not report any symptoms. The saliva from one of these individuals again tested
positive alongside a matching negative nasopharyngeal swab upon repeat testing 2 days
later. Virus titers from asymptomatic healthcare workers’ saliva are lower than what we
typically detect from symptomatic inpatients (Fig. 3a), which likely supports the lack of
symptoms.

Our limited data supports that saliva may be more sensitive for detecting asymptomatic or
pre-symptomatic infections; however, a larger sample size is needed to confirm. As
nasopharyngeal swab sampling inconsistency may be one of the potential issues for false
negatives (Fig. 2), monitoring an internal control for proper sample collection, human RNase
P, may provide an alternative evaluation technique. While human RNase P detection was
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better from saliva in both the inpatient and healthcare worker cohorts (Fig. 3b), this alone
may not indicate better virus detection. More importantly, we found that human RNase P
detection was more variable from nasopharyngeal swabs collected from inpatients (p =
0.0001, F test for variances) and self-collected from healthcare workers (p = 0.0002; Fig.
3b). Our results suggest that saliva may also be an appropriate, and perhaps more
sensitive, alternative to nasopharyngeal swabs for screening asymptomatic or
pre-symptomatic SARS-CoV-2 infections.

Table 2. Healthcare worker cohort

All study participants Participants with
(n=98) matching samples (n=33)
Gender, male 16 (16%0) 5{15%)
Age range, years {(average) 22-67 (36) 22-61 (36)
Total samples collected, n 244 64
SARS-CoV-2 b Human RNase P
a Sali I tient
07— aliva 10— r-patients ‘0 Healthcare workers
, o 7 l(self-sample)
gm..... g 35 x (variances) 15 » (vanances)
g 10" %2{% 20
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Figure 3. Saliva is an alternative for SARS-CoV-2 screening from healthcare workers and
asymptomatic cases. (a) SARS-CoV-2 titers measured from the saliva of healthcare workers and
inpatients. Our assay detection limits for SARS-CoV-2 using the US CDC “N1” assay is at cycle
threshold 38, which corresponds to 5,610 virus copies/ml of sample (shown as dotted line and grey
area). (b) RT-PCR cycle thresholds (Ct) values for human RNase P, and internal control for sample
collection, from either inpatients (left panel) or health care workers {right panel) were compared by
variances using the F test {(p = 0.0001 for inpatients; p = 0.0002 for healthcare workers). All of the
data used 1o generate this figure, including the raw cycle thresholds, can be found in

Supplementary Data 1.

Discussion
Our study demonstrates that saliva is a viable and preferable alternative to nasopharyngeal
swabs for SARS-CoV-2 detection. We found that the sensitivity of SARS-CoV-2 detection
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from saliva is comparable, if not superior to nasopharyngeal swabs in early hospitalization
and is more consistent during extended hospitalization and recovery. Moreover, the
detection of SARS-CoV-2 from the saliva of two asymptomatic healthcare workers despite
negative matched nasopharyngeal swabs suggests that saliva may also be a viable
alternative for identifying mild or subclinical infections. With further validation, widespread
implementation of saliva sampling could be transformative for public health efforts: saliva
self-collection negates the need for direct healthcare worker-patient interaction, a source of
several major testing bottlenecks and overall nosocomial infection risk'*'6, and alleviates
supply demands on swabs and personal protective equipment.

As SARS-CoV-2 viral loads differ between mild and severe cases'’, a limitation of our study
is the primary focus on COVID-19 inpatients, many with severe disease. While more data
are required to more rigorously compare the efficacy of saliva in the hospital setting to
earlier in the course of infection, findings from two recent studies support its potential for
detecting SARS-CoV-2 from both asymptomatic individuals and outpatients'™. As
infectious virus has been detected from the saliva of COVID-19 patients'?, ascertaining the
relationship between virus genome copies and infectious virus particles in the saliva of
pre-symptomatic individuals'® will play a key role in understanding the dynamics of
asymptomatic transmission™?°,

Stemming from the promising results for SARS-CoV-2 detection in asymptomatic
individuals'®, a saliva SARS-CoV-2 detection assay has already gained approval through the
U.S. Food and Drug Administration emergency use authorization'®. To meet the growing
testing demands, however, our findings support the need for immediate validation and
implementation of saliva for SARS-CoV-2 diagnostics in certified clinical laboratories.

Methods

Ethics

All study participants were enrolled and sampled in accordance to the Yale University
HIC-approved protocol #2000027690. Demographics, clinical data and samples were only
collected after the study participant had acknowledged that they had understood the study
protocol and signed the informed consent. All participant information and samples were
collected in association with study identifiers.

Participant enroliment

Inpatients

Patients admitted to Yale New Haven Hospital (a 1541-bed tertiary care medical center in
New Haven, CT, USA), who tested positive for SARS-CoV-2 by nasopharyngeal and/or
oropharyngeal swab (CDC approved assay} were invited to enroll in the research study.
Exclusion criteria were age under 18 years, non-English speaking and clinical, radiological
or laboratory evidence for a non-infectious cause of fever or respiratory symptoms or a
microbiologically-confirmed infectious source (e.g. gastrointestinal, urinary, cardiovascular)
other than respiratory tract for symptoms and no suspicion for COVID-19 infection.
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Healthcare workers

Asymptomatic healthcare workers (e.g., without fever or respiratory symptoms) with
occupational exposure to patients with COVID-19 were invited to enroll in the study. Study
participation enabled active surveillance to ensure early detection following exposure and to
further protect other healthcare workers and patients.

Sample collection

Inpatients

Nasopharyngeal and saliva samples were obtained every three days throughout their
clinical course. Nasopharyngeal samples were taken by registered nurses using the BD
universal viral transport (UVT) system. The flexible, mini-tip swab was passed through the
patient's nostril until the posterior nasopharynx was reached, left in place for several
seconds to absorb secretions then slowly removed while rotating. The swab was placed in
the sterile viral transport media (total volume 3 mL) and sealed securely. Saliva samples
were self-collected by the patient. Upon waking, patients were asked to avoid food, water
and brushing of teeth until the sample was collected. Patients were asked to repeatedly spit
into a sterile urine cup until roughly a third full of liquid (excluding bubbles), before securely
closing it. All samples were stored at room temperature and transported to the research lab
at the Yale School of Public Health within 5 hours of sample collection.

Healthcare workers

Healthcare workers were asked to collect a self-administered nasopharyngeal swab and a
saliva sample every three days for a period of 2 weeks. Samples were stored at +4°C until
being transported to the research lab.

SARS-CoV-2 detection

On arrival at the research lab, total nucleic acid was extracted from 300 pl of viral transport
media from the nasopharyngeal swab or 300 ul of whole saliva using the MagMAX
Viral/Pathogen Nucleic Acid Isolation kit (ThermoFisher Scientific) following the
manufacturer's protocol and eluted into 75 pl of elution buffer. For SARS-CoV-2 RNA
detection, 5 pl of RNA template was tested as previously described®#, using the US CDC
real-time RT-PCR primer/probe sets for 2019-nCoV_N1 and 2019-nCoV_N2 and the human
RNase P (RP) as an extraction control. Samples were classified as positive for SARS-CoV-2
when both N1 and N2 primer-probe sets were detected <38 C.. Virus copies were
quantified using a 10-fold dilution standard curve of RNA transcripts that we previously
generated®'. As results from N1 and N2 were comparable (Extended Data Fig. 1), all virus
copies are shown as calculated using the N1 primer-probe set.

Statistical analysis
Statistical analyses were conducted in GraphPad Prism 8.0.0 as described in the Results.
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Obtained via FOIA by Judicial Watch Inc.

From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]
Sent: 1/17/202011:45:22 AM

To: Nancy (NIH/NIAID) Boyd (NBoyd@niaid.nih.gov) [NBoyd@niaid.nih.gov]
cC: Holubar, Connie J. [cjholuba @ UTMB.EDU]

Subject: select agent inspection notes

Hi Nancy,

We just completed the exit briefing forthe BSl4selectagentsinspection. The CDCteam was very complementaryof our
staff and Pls both about the status of the facility and the records they reviewed. They had no majorissues, but noted
findings on:lack of records documentation and follow-up action forthe Shope lab (resolved during discussions during
the briefing); minorcomments onourfailure to explicitly mention security in our documentation; ongoing discussion
regardingthe significance of a glove tearthat occurred inthe Shope; recommendation to not store selectagentsin the
same box as non-select agents; questions on the BASupgrade certification (ongoing as systems are upgraded); and
documentationin greaterdetail as the proposed use of material removed from the long-term storage. These are all very
minorobservationsand ! do notexpectany significantissues going forward.

They were very complementary on our maintenance records of suit wearand repairs that Tom K and Miguel have
implemented. Alsospecifically mentioned the good work of Miguel and histeam in overall building operations and
safety, and Johnny Peterson and histeamin aerobiology.

I mentionedtothemthat we are attempting to obtain an isolate of the new Coronavirus from Wuhan, China, and asked
about biocontainmentlevel and that we assumed that it would not be considered as a selectagent. If someone at NIAID
is coordinating work on the nCoV, please let me know as we have some resourcesthat will be useful forfurtheranalysis
and countermeasure development.

Overall, agood report.

| will be in DC Thursday and Friday of next week foran NSABB meeting being held at Hyatt Regency. |let Hugh know
that | would be intown and he suggested that we meetfor coffee Thursday morning and today followed up with anote
saying that Tonywould like to meetthenalso. I'll letyou knowif anythingsignificantis discussed.

Enjoy the longweekend!
Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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Sent: 4/3/20198:43:23 PM

To: {& 1 [houwei @whu.edu.cn]

cC: Shi, Pei yong [peshi@UTMB.EDU]

Subject: Re: very niceto visitUTMB

Dear Dr Hou

I’ m so happy that you enjoyed your visit and had an opportunity to meet my colleague Dr Shi. I hope
that we can find a way to work together 1in the future.

I hope the remainder of your trip is enjoyable.
with best wishes

Jim

sent from my iPhone

> Oon Apr 3, 2019, at 6:12 PM, &} <houwei@whu.edu.cn> wrote:

}

> WARNING: This email originated from outside of UTMB's email system. Do not click 1inks or open
attachments unless you recognize the sender and know the content is safe.

>

>

> Hi Prof.Le Duc,

> Yesterday afternoon I visited Prof. shi to discuss my recently work, and to introduce you and other
American collaborators’ work with us in the 1980s at the Institute of Medical virology. And Dr. Hu also
showed me around the campus of UTMB. Beautiful campus, I took a lot of photos.

> Your old friend,Prof. zhan-qiu vang retired at the end of last year. Now the faculties of the Institute
are 11 persons, including 4 professors. And the institute needs young people, and it needs more
international cooperation from you Tike before ... -

> Tomorrow morning I will be back. I wish youﬁ552417§ speedy recovery,and hopefully meet you soon in
China, even wWuhan city. frmmmemmmnd

>

v

wei Hou, M.D.,Ph.D.

Professor/vice Dean

State Key Laboratory of virology/Institute of Medical virology, School of Basic Medical Sciences
wuhan University, P.R.China

pong-hu Road 185, wuhan 430071

Tel:86-27-68789310(off1ice)

E-mail: houwei@whu.edu.cn
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 3/31/20191:30:23 PM

To: {& 1 [houwei @whu.edu.cn]

cC: Shi, Pei yong [peshi@UTMB.EDU]

Subject: Re: Hi

Hi Dr Hou

Thanks for your note. unfortunately my: 2117has been seriously i1l and I have taken some time off to

help her recuperate and will not be in next week. I am copying Dr sShinto see if he might have time to
meet with you.

with best regards
Jim
sent from my iPhone

> on Mar 31, 2019, at 10:39 aMm, &/ <houwei@whu.edu.cn> wrote:

>
> WARNING: This email originated from outside of UTMB's email system. Do not click Tinks or open
attachments unless you recognize the sender and know the content is safe.

>

>

> Dear Prof.Leduc,

>

> very long time not to connect with you. Here I 'm in Galveston and will visit Dr. Haitao Hu's Lab next
week. wWe have collaborated on multiple projects that investigate HIV and the associated opportunistic co-
infections,and has been published on impactful scientific journals such as Plos Pathogens and Journal of
Immunology. So this time I wish to have the opportunities to meet with other colleagues here at UTMB that
share common research interests with my research groups in the aera of virology besides Dr. Hu. Could you
have time to meet with me before I will Teave here next Thursday morning?

>

}

v

wei Hou, M.D.,Ph.D.

Professor/vice Dean

State Key Laboratory of virology/Institute of Medical virology, School of Basic Medical Sciences
wuhan University, P.R.China

Dong-hu Road 185, wuhan 430071

Tel:86-27-68789310(office)

E-mail: houwei@whu.edu.cn
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BT 1855, 4430071

Bt ZH 9% ¢ 86-27-68789310
E-mail:houwei@whu.edu.cn
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 4/28/20203:52:29 PM

To: Handley, Gray (handleygr@niaid.nih.gov) [handleygr@niaid.nih.gov]

Subject: FW: Regarding GNL and Programs with China

From: LeDuc, James W,

Sent: Tuesday, April 28,2020 3:52 PM

To: Ravishankar, Sid <Sid.Ravishankar@mail.house.gov>

Cc: Matthews, Douglas W. <dmatthew@UTMB.EDU>; Sheer, Lauren E. <lesheer@utmb.edu>; Crosby, Katy
<Katy.Crosby@mail.house.gov>; Carey, Laura <lLaura.Carey@mail.house gov>; White, Jennifer Hendrixson
<Jennifer.Hendrixson.White @mail.house.gov>; Keck, Zachary <Zachary.Keck@mail.house.gov>; Bair, James
<James.Bair@mail.house.gov>; Russell, Chris <Chris.Russell@mail.house.gov>

Subject: RE: Regarding GNLand Programs with China

Hi Sid,

To the bestof my knowledge, therewers norestrictions putinplace in 2014 orlsterthat would have Hmited NiH's
ability to make grantsto the labin Wuhan or any others. That sald, | would referyouto NiH since thisis clearly out of
my lane,

Best regards,
Jim

lamesW. Le Dug, Ph.Dy

Dirgctor

Galveston Mational Laboratory
University of Texas Medical Branch
Galveston, TX77555-0610

{t} 409-256-6500

{f} 409-266-6810

{m}409-789-2012

From: Ravishankar, Sid <5id, Ravishankar@masil house gov>

Sent: Tuesday, April 28,2020 2:14 PM

To: LeDuc, James W. <iwlsduc@UTRRB EDLD>

Cc: Matthews, Douglas W. <dmatthew @UTMB EDU>: Sheer, Lauren E. <lasheer@utmb.edu>; Crosby, Katy
<Katy. Croshy@mail house.gov>; Carey, Laura <Laura. Carey@mail house gov>; White, Jennifer Hendrixson
<lennifer Hendriwson White @ mall housea.gov>; Keck, Zachary <Zachary. Keck@malLhouse.gov>; Bair, James
<lames, Bair@mall house.gov>; Russell, Chris <Chiris, Russel i@ mall house gov>

Subject: Regarding GNL and Programs with China

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Jim,
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Thank you again for the very helpful conversation last week, and for providingthe contacts at NASEM, who we will

follow up with.

We were hoping that you might be able to clarify one pointthat has been cropping up lately and on whichwe’d like
some ground truth. To yourknowledge, were there any restrictions putin place in 2014 or thereafterthat would have
limited the ability of NIH orothersto make grants to labs like the one in Wuhan? Any specificinformation you can

provide would be much appreciated.

| have CCed on this email the otherfolks from the Foreign Affairs Committee majority staff who joined us on the call

earlieraswell, to ensure we all have each other’'s contactinformation.

Thank you,
Sid

Sid Ravishankar

Staff Director

House Foreign Affairs Committee
Subcommittee on Oversight & Investigations
Subcommittee Chairman Joaquin Castro (TX-20)
U.S. House of Representatives

O&I Subcommittee: (202) 226-6434

Castro Office: (202) 225-3236

Cell: (202) 322-2610
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From: Handley, Gray {(NIH/NIAID) [E] [handleygr@niaid.nih.gov]
Sent: 4/29/20208:06:55 AM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

Subject: quick question

WARNING: This email originated from cutside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Jim: Embassy Beijing is asking what was the official name of your DoD supported training program and some other
background information. Canyousend me that?

Also, can you assure these responses totheir questions are accurate? | provided the textin black earlierandthe red
textis my response totheirfollow-up questions —all based on our conversations.

1) Didthistraining take place inthe U.S., China, orin both countries?

Since 2013, the Galveston National Laboratory (GNL) of the Universityof Texas Medical Branch (UTMB), part of the NiH
Biodefense Laboratory Network, provided laboratory safety and security training for high -level biocontainment facilities
in China, including the Wuhan Institute of Virology

Inthe LLS, at UTMB facility.
2) Is thisrelationship stillongoing?

This relationship has been facilitated since 2015 through an ongoing dialogue and regular collaboration meetings co-
sponsored by the Chinese Academies of Science and the U.S. National Academies of Science, Engineering and Medicine
with cooperation fromthe Chinese CDC and others.

The training ended in 2016. The collaboration meetings convened by the CAS and the U.S. NAS, and highly regarded by
the participating scientists, continued to be convened nearly sach yearsince 2015, We understand there will notlikely
be a meeting thisyear,

3) Why was DOD funding discontinued?

This UTMB training engagement ended in 2016 when DoD funding was exhausted and not replenished from 2017
onwards.

Thisfundingwas expended onthe training of scientists and facility operators to assure biosafety and biosecurity at high-
containmentlaboratories around the world., The funding was provided by DoD, following an Congressional earmarkin
its appropriation, through two awards of five yearseach. Inyearseven, the awardedfunding had beenfully

utilized. Despite requests from UTMB, DoD and other USG Agencies approached forsupport chose not to provide
additional funding. UTMB understood this dedision had to do with the overall USG position on relations with China but
only Dol could say what factors were actually determinative.

4) Was there a formal name for this program? If so, please include.

According to GNL leadership, the relationship with the Wuhan Institute of Virology included the provision of training to
sciantists and biosafety and engineering professionals from Wuhan, as well as fromother biocontainment [abs in China
and the China CDC. This [name of program] included operations training as the Wuhan Institute of Virology prepared to
opentheir B5L-4 facility as part of essential globalresearch collaboration which is necessary to develop
countermeasures againstthe world’s most dangerous publichealth threats.
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Many thanks,
Gray

F. Gray Handley

Associate Directorforinternational Research Affairs
National Institute of Allergy and Infectious Diseases
National Institute of Health

U.S. Department of Health and Human Services

Tel: 301 594 6128 5601 FishersLane, Room 1E50
Fax:301 480 2954 Bethesda, MD 20892-9802
handlever@niaid.nibhagoy

Disclaimer:

The information in this e-mail and any of its attachments is confidential and may contain sensitive information. It should not be usedby anyone who is notthe
originalintended recipient. if youhave receivedthis e-mail inerror please inform the sender and delete it from your mailbox orany other storage devices. National
Institute of Allergy and Infectious Diseases shall notacceptliability for any statements made that are sender’s ownand not expressly made on behalf of the NIAID by

one ofits representatives.
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 4/29/202012:08:11 PM

To: Handley, Gray {(NIH/NIAID) [E] [handleygr@niaid.nih.gov]

Subject: RE: quickquestion

The Kunminglabisa BSL4 and | bellevethatithas just started operations. The labisassodated with the Chiness
Academy of Medical Sclences andis part of the Institute of Medical Biology thatis headquartered in Kunming. Kunming
isa majorcity inthe south of ChinainYunnan Province.

We have an MOU with them, although Vm notsure if it was everfinalized. Onlycovers scientific colisborations and no
exchange of funds.

Thanks, lim

From: Handley, Gray (NIH/NIAID) [E] <handleygr@niaid.nih.gov>
Sent: Wednesday, April 29, 2020 12:00 PM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: RE: quick question

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless you recognize
the sender and know the content issafe.

Jim, What levelisthe labinKunmingand whereisit? | will notvolunteerthatinformation butexpectto be asked. Gray

From: LeDuc, James W. <jwieduc@UIMB.EDU>

Sent: Wednesday, April 29, 2020 11:39 AM

To: Handley, Gray (NIH/NIAID}[E] <handleyer@nizid. nihgovw
Cc: Holubar, Conniel. <cihoiuba@UTMEBEEDUS>

Subject: FW: quick question

Gray, my colleague Connie Holubarraises some concernthatare valid as noted below. The 10K encountersincudes
training for our own UTMB staff, which was at least half to three quarters of all those trained. Further, we hadvery few
frainees from China, We trained one building engineer from Wuhan and the two post-docs mentioned below. We also
trained fourindividuals from Kunming {where another BSL4is located) on building operations, and we sentateamto
Kunming to offeron-site training attheir facility. Sowe had relatively little engagement with Chinathroughout the
training centerhistory,

Thanks, lim

From: Holubar, Conniel. <giholuba@UThB.EDUS
Sent: Wednesday, April 29, 2020 9:57 AM
To: LeDuc, James W. <iwleduc@UTMB.EDU>

Subject: RE: quick question
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From: LeDuc, James W. <jwieduc@UIMB.EDU>
Sent: Wednesday, April 29, 2020 9:14 AM

To: Holubar, Connie ). <ciholuha@UTMB.EDU>
Subject: FW: quick question

Just Byl

From: LeDuc, James W,

Sent: Wednesday, April 29, 2020 9:12 AM

To: 'Handley, Gray (NIH/NIAID) [E]' <handlsyver@niaid nih.goy>
Subject: RE: quick question

Hi Gray,

The title forboth projects was National Biocontainment Training Center. Final reports forboth are attached for vour
information.

The Centerwas supported by two separate awards: WEIXWH-09-2-0053 covering the period 22-05-2009 to 21-12-2014
and WEIXWH-11-2-0148 covering the pericd 07-2011 to 07-3016. See below forspecificanswers. Letme know ifyou
need additional information. Thankvouforaddressingtheseissues. continue to belisve thatthisis asuccess story and
we are proud of our contributions.

Bestwishes,
Jim

JamesW. Le Duc, Ph.ih

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{1t} 409-266-6500

{f} 409-2656-6810

{m}409-789-2012

From: Handley, Gray (NIH/NIAID) [E] <handiever@niaid.nih.gov>
Sent: Wednesday, April 29, 2020 8:07 AM

To: LeDuc, James W. <jwieduc@UTME EDU>

Subject: quick question

WARNING: This email originated from outside of UTMB's email system. Do notclicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Jim: Embassy Beijing is asking what was the official name of your DoD supported training program and some other
background information. Canyousend me that?

Also, can you assure these responsestotheirquestions are accurate? | providedthe textinblack earlierandthe red
textis my response totheirfollow-up questions —all based on our conversations.
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1) Didthistraining take place inthe U.S., China, or in both countries?

Since 2013, the Galveston National Laboratory (GNL) of the University of Texas Medical Branch (UTMB), part of the NIH
Biodefense Laboratory Network, provided laboratory safety and security training for high -level biocontainment facilities
in China, including the Wuhan Institute of Virology

in the .S, at UTMB facility. Tra %ng provided to nartners from about 70 different countriss with over 10,000
tratning encounters offered over the e of the training center, Incduding afew Trom Thina, Trainingwas provided both
O S im inga purposse mads raining centeronthe TRME aa*n;m’a and augmenisdwith training inthe Galveston
Mational Laboratory active biocontainment sultes and mechanicalspaces and ot host nation factlities, Trainingwas
offersdiobtwo categories of tearners, those laboratory sclentists who would be working In biccontainment and those
butiding enplnesrs whowere responsibls for the sefe and seoure operations of the aboratory Infrastructurs, Training
inciuded long-term training for post-doctors! fFellows working In Mooontainment and specificte China, we hosted Han
Hia, Phid during her post-doctoral tralning working on Orimesan-Congo hemorrhagicTevervirus in the GRNLESIS
fahorgtories. Asecond post-doctoral fellow, Chan Shao, Phid was supportedusing otherfunds af‘tm the training center
award explred, Both D Mg and D Shao have now returned o the Wohan Institute of Virelogy whers they are working
ot the current coronavinus pandemis

2) Is thisrelationship stillongoing?

This relationship has been facilitated since 2015 through an ongoing dialogue and regular collaboration meetings co-
sponsored by the Chinese Academies of Science and the U.S. National Academies of Science, Engineering and Medicine
with cooperationfromthe Chinese CDCand others.

The training ended in 2016. The collaboration meetings convened by the CAS and the U5, NAS, and highly regarded by
the participating scientists, continued to be convened nearly eachyearsince 2015 We understand there will notlikely
be a meetingthisyear. We lustlearnedioday that g jointvirtus! meeting will be held s earty a5 May, 2020, again
fofntly sponsored by the C4 Sa;md?%ab Details are just bhelng dwsziowd

We continue to have sclentisttosclentist dalopue and colisborations with collespues In Ching and elsewhers around
the worid,

3) Why was DOD funding discontinued?

This UTMB trainingengagement ended in 2016 when DoD funding was exhausted and not replenished from 2017
onwards.

This funding was expended onthe training of sclentists and facility operators to assure biosafety and biosecurity at high -
containment laboratories around the world. The funding was provided by DoD, following an Congressional earmarkin
its appropriation, through two awards of five years each. Inyearseven, the awarded funding had been fully

utilized. Despite requests from UTMB, DoD and other USG Agencies approached forsupport chose not to provide
additional funding. UTMB understood this dedsion had to do with the overall USG position onrelations with Chinabut
only Dol could say what factors were actually determinative.  OF. We continuetoseekiundingforthe training cantsr
as it clearty addresses anwpent global nead with the continuing proliferation of blocontalinment fabs around the world,

4) Was there a formal name for this program? If so, please include.

According to GNL leadership, the relationship with the Wuhan Institute of Virology included the provision of training to
scientists and biosafety and engineering professionals from Wuhan, as well as from otherbiccontainment labs in China
and the China CDC. This[name of program] included operations training as the Wuhan Institute of Virclogy prepared to
open theirBSL-4 facility as part of essential global research collaboration which is necessary to develop
countermeasures againstthe world’'s most dangerous publichealth threats.

Mational Blocontainment Training Center
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Many thanks,
Gray

F. Gray Handley

Associate Directorforinternational Research Affairs
National Institute of Allergy and Infectious Diseases
National Institute of Health

U.S. Department of Health and Human Services

Tel: 301 594 6128 5601 Fishers Lane, Room 1E50
Fax:301 480 2954 Bethesda, MD 20892-9802
handlever@niaid nih.gov

Disclaimer:

The information in this e-mail and any of its attachments is confidential and may contain sensitive information. It should not be used by anyone who is notthe
originalintended recipient. If youhave receivedthis e-mail inerror please inform the sender and delete it from your mailbox orany other storage devices. National
Institute of Allergy and Infectious Diseases shall notaccept liability for any statements made that aresender's ownand notexpressly made onbehalf of the NIAID by

one ofits representatives.
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From: Handley, Gray {(NIH/NIAID) [E] [handleygr@niaid.nih.gov]
Sent: 4/29/202010:43:23 AM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

cC: Holubar, Connie J. [cjholuba @ UTMB.EDU]

Subject: RE: quickquestion

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Very helpful and justintime. Thankstoyouboth. Gray

From: LeDuc, James W. <jwleduc@UTMB.EDU>

Sent: Wednesday, April 29, 2020 11:39 AM

To: Handley, Gray (NIH/NIAID)[E] <handleygr@niaid.nih.gov>
Cc: Holubar, ConnieJ. <cjholuba@UTMB.EDU>

Subject: FW: quick question

Gray, my colleague ConndeHolubarraises some concernthatare valid as noted below. The 10K encountersincudes
training forour own UTMB staff, which was at least haif to three quarters of all those trained, Further, we hadvery few
trainges from China. We trained one bullding engineerfrom Wuhan and the two post-docs mentioned below. We also
trained fourindividuals from Kunming {whers another BSL4 s located) on huilding operations, and we sentateamto
Kunmingto offer on-site training at their facility. Sowe had relatively little engagement with Chinathroughoutthe
training center history.

Thanks, lim

From: Holubar, Connie ). <ciholuba@UTHMRB.EDLD>
Sent: Wednesday, April 29, 2020 9:57 AM
To: LeDuc, James W. <jwieduc@UTMB EDU>

Subject: RE: quick question

From: LeDuc, James W. <jwieduc@UTMB.EDU>
Sent: Wednesday, April 29, 2020 9:14 AM

To: Holubar, Conniel. <giholuba@UTRB.EDLD
Subject: FW: quick question

Just FYL

From: LeDuc, James W,

Sent: Wednesday, April 29, 2020 9:12 AM

To: 'Handley, Gray (NIH/NIAID) [E]' <handlever@niaid. nih.gov>
Subject: RE: quick question
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Hi Gray,

The title for both projects was National Biocontainment Training Center, Finalreportsforboth are attached foryour
information.

The Centerwas supported by two separate awards: WEDXWH-08-2-0053 coveringthe period 22-05-2009 to 21-12-2014
and WELWH-11-2-0148 covering the pericd 07-2011 to 07-2016. See belowforspedficanswers, Let me know ifyou
need additional information. Thankvouforaddressing these issuss, feontinue to belisve that this is asuccess story and
we are proud of our contributions.

Bestwishes,
Jim

JamesW. Le Dug, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{1} 409-2656-6500

{f} 408-266-6810

{m}409-788-2012

From: Handley, Gray (NIH/NIAID) [E] <handiever@niaid.nih.gov>
Sent: Wednesday, April 29, 2020 8:07 AM

To: LeDuc, James W. <jwisduc@UTMB EDLD>

Subject: quick question

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless you recognize

the sender and know the content is safe.

Jim: Embassy Beijing is asking what was the official name of your DoD supported training program and some cther
background information. Canyousend me that?

Also, can you assure these responsestotheirquestions are accurate? | providedthe textinblackearlierandthe red
textis my response totheirfollow-up questions —all based on our conversations.

1) Didthistraining take place inthe U.S., China, orin both countries?

Since 2013, the Galveston National Laboratory (GNL) of the University of Texas Medical Branch (UTMB), part of the NIH
Biodefense Laboratory Network, provided laboratory safety and security training for high -level biocontainment facilities
in China, including the Wuhan Institute of Virology

Inthe LLS, at UTMB facility. Trainingwas provided to partners from about 70 differest countries with over 10,000
trafning encounters offered over the Hie of the training center, Invluding s Tew From China, Training was provided both
o site using & purpose made training center on the UTME campus and sugmenisdwithiraining in the Galveston
MNational Laboratory active Biooontalnment sultes and mechanicat spaces and at host nation facilities, Trainingwas
offersdiotwocategories of tearners, those laboratory solentists who would be working in biccontainment and those
Bulidingenginesrs whowere responsible for the sefe and secure operations of the lsboratory Infrastrcture, Training
included long-term training for post-doctoral fsllows working in blocontaliment and specificto Ching, we hostad Han
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iz, PhD during her post-doctoral tralning working on Orimean-Congo hemorrhagicfevervirus In the GNLBSLE
faboratories. A second post-doctoral fellow, Chan Shao, Phid, was sunported using otherfunds afterthe training center
award expired. Both Dr Xiaand Or Shao have now returned fo the Wahan Institute of Virpiogy where they are working

o the current coronavirus pandemic,
2) Is thisrelationship stillongoing?

This relationship has been facilitated since 2015 through an ongoing dialogue and regularcollaboration meetings co-
sponsored by the Chinese Academies of Science and the U.S. National Academies of Science, Engineering and Medicine
with cooperation fromthe Chinese CDC and others.

The trainingended in 2016. The collaboration meetings convened by the CAS and the LS. NAS, and highly regarded by
the participating scientists, continued to be convened nearly each yearsince 2015, We understand there will not likely
be a meeting thisyear. We st learned today that e lointvirtual meeting will be held as early as May, 2020, again
jointly sponsorad by the CAS and NAS, Detalls are just being develoned.

We continue o have solemtist-doscentist dialogue and collaborations with collpagues in China and elsewhaeare arpund
the worid,

3) Why was DOD funding discontinued?

This UTMB trainingengagement ended in 2016 when DoDfunding was exhausted and not replenished from 2017
onwards.

This funding was expended on the training of scientists and facility operators to assure biosafety and biosecurity at high-
containmentlaboratories around the world. The funding was provided by DoD, following an Congressional earmarkin
its appropriation, through two awards of five yearseach. Inyearseven, the awardedfunding had beenfully

utilized. Despite requests from UTMB, DoD and otherUSG Agendcies approached forsupport chose notto provide
additional funding., UTMB understood this dedsion had to dowith the overall USG position on relations with China but
only Dol could say whatfactors were actually determinative.  OR. We continue toseekfunding forthe tralning conter
as bt clearly addresses anurgent global needwith the continuing profiferation of bincontalnment inbs around the world,

4) Was there a formal name for this program? If so, please include.

According to GNL leadership, the relationship with the Wuhan Institute of Virology included the provision of training to
scientists and biosafety and engineering professionals from Wuhan, as well as from other biocontainment labs in China
and the ChinaCDC. Thisname of program] included operations training as the Wuhan Institute of Virology prepared to
open theirBSL-4 facility as part of essential globalresearch collaboration whichis necessary to develop
countermeasures against the world’s most dangerous public health threats.

Mational Blocontainment Training Center

Many thanks,
Gray

F. Gray Handley

Associate Directorforinternational Research Affairs
National Institute of Allergy and Infectious Diseases
National Institute of Health

U.S. Department of Healthand Human Services

Tel: 301 594 6128 5601 FishersLane, Room 1E50
Fax:301 480 2954 Bethesda, MD 20892-3802
handleverdiniaid nth.goy
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Disclaimer:
The information in this e-mail and any of its attachments is confidential and may contain sensitive information. It should not be usedby anyone whois notthe

originalintended recipient. If youhave receivedthis e-mail inerror please inform the sender and delete it from your mailbox or any other storage devices. National
Institute of Allergy and Infectious Diseases shall notacceptliability for any statements made that are sender's ownand not expressly made on behalf of the NIAID by
one ofits representatives.
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From: HIERN [zishi@wh.iov.cn]

Sent: 4/19/2020 6:13:32 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

cC: Yuan Zhiming [yzm@wh.iov.cn]; Shi, Pei yong [peshi@UTMB.EDU]
Subject: Re: RE: [A] & : RE: Fwd: Rubio

Attachments: anCoV and WIV-drf2-zl.docx

WARNING: This email originated from outside of UTMB!s email system. Do not click links or open attachments unless you recognize
the sender and know the content is safe.

Sorry, 1 forgot the reviewed document.

& A "LeDuc, James W." <jwleduc@UTMB.EDU>

BB []:2020-04-20 01:55:34 (54 —)

Wefk N A IERT" <zlshi@wh.iov.cn>, "Yuan Zhiming" <yzm@wh.iov.cn>
#P3%: "Shi, Pei yong" <peshi@UTMB.EDU>

ZE/: RE: |74 : RE: Fwd: Rubio

Thank you Zhengli and Zhiming for your comments and the reference publications. I did not receive the
document I sent for your review so if you made comments on that, please resend. I'm afraid that this discussion
will continue for some time regarding where early coronavirus work was being done, the role, if any, of the
Wuhan CDC in research on bat-associated coronaviruses, and exactly when scientists at WIV first became
aware of the new coronavirus and had possession of specimens in the WIV and where was that work done (level
of biocontainment). Next week will be busy...

Best wishes, Jim

From: & IENY <zlshi@wh.iov.cn>

Sent: Saturday, April 18,2020 11:30 PM

To: Yuan Zhiming <yzm@wh.iov.cn>

Cc: LeDuc, James W. <jwleduc@UTMB.EDU>; Shi, Pei yong <peshi@UTMB.EDU>
Subject: Re: [A1 & : RE: Fwd: Rubio

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachiments unless you
recognize the sender and know the content is safe.

Dear James,
Thank you for your clarifying.

I've added some detailed information for your reference. I'm also sending you some papers published for your
reference.

Best regards,
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Zhengli,

K A:"Yuan Zhiming" <yzm@wh.iov.cn>

K iXNYE:2020-04-19 10:55:33 (21 H)

Waedk A : "Tames LeDuc" <jwleduc@UTMB.EDU>, zlshi <zlshi@wh.iov.cn>
$b3%: "Shi Peiyong" <peshi@UTMB.EDU>

F 5 [ £ : RE: Fwd: Rubio

Dear Jim,

Thanks for your informaiton. I really appreciate your help and your action, we need to let some people
understand well the the mission of high-level biosafey lab. what we do, and how we do inside. We all know
that the labs were built not for causing epidmic, but for proventing the epidemic, and the labs are managed
according to interantional guildline and national accquirement, Wuhan's lab is among the others.

I will contact Zhengli to see what she can do for your report.

Regards

Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chinese Academy of Sciences

Wuhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480

From: Lgbug, Jomes W,

Date: 2020-04-19 00:44

To: FHiEH

CC: Sh, Pel vong; Yuan Zhiming
Subject: RE: Fwd: Rubio
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Dear Zhengli,

Thank you for your response. I understand completely and I certainly do not wish to compromise you
personally or your research activities. Given our long history of collaborations between the GNL and the
WIV, I have been approached repeatedly for details on our work. Attached is a draft summary that T will
be providing to the leadership of our University of Texas system and likely to Congressional committees
that are being formed now. Please review carefully and make any changes that you would like. T want
this to be as accurate as possible and I certainly do not want to misrepresent any of your valuable
contributions. Ineed to submit this on Monday, 20 April, so your prompt reply would be very much
appreciated. I have copied Zhiming for his comments as well.

With best wishes,

Jim

From: A IENY <zlshi@wh.iov.cn>

Sent: Saturday, April 18,2020 9:20 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>
Subject: Re: Fwd: Rubio

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachinents unless vou
recognize the sender and know the content is safe.

Dear James,
Thank you for your email and consideration our communication.
Due to the complicated situation, I don't think it's a right time to communicate by the call.

What I can tell you is that this virus is not a leaky from our lab or any other labs.It's a shame to make this
scientific question so complicated.

I hope to talk with you whenever the COVID-19 is over and world is calme and believe in the science.

Best regards,
Zhengli,

P Y S
& A:"LeDuc, James W." <jwleduc@@ U TMB EDU>

Nelson_Judicial_Watch_TPIA_0150



Obtained via FOIA by Judicial Watch Inc.

&AM E]:2020-04-17 11:06:38 (2EH)
ek A "zengli Shi" <gishiziwh.iov.cn>
ik

F 7 Fwd: Rubio

Hi Zheng-Li. 1 hope you are well as surviving all the COVID19 drama. I wonder if you would have
time for a phone call sometime soon. Let me know a good number and time and I’ll call. The email
below is relevant.

I will certainly understand if you are not available but Pei-Yong keeps encouraging me to call.

With all good wishes.

Jim.

My office line is 1 409 266 6516 or cell is 1 409 789 2012 if it’s easier for you to call me.

Sent from my iPhone

Begin forwarded message:

From: David Franz <dgvidrfranz@uemal comn>
Date: April 16, 2020 at 8:04:55 PM CDT

To: "LeDuc, James W." <jwledug U TMEB EDU>
Subject: Rubio

WARNING: This email originated from outside of UTMB's email system. Do not click links or
open attachments unless you recognize the sender and know the content is safe.

I heard from someone in government this evening that Senator Rubio is starting to push for AN
investigation regarding Wuhan lab. Just found it on the web at Forbes by Kenneth Repoza. Title
of article is “eight senators call for investigation into coronavirus origins®

Sent from my iPhone
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From: Handley, Gray {(NIH/NIAID) [E] [handleygr@niaid.nih.gov]
Sent: 4/29/202012:09:20 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

Subject: RE: quick question

WARNING: This email originated from cutside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize

the sender and know the content is safe.

Thanks!

From: LeDuc, James W. <jwleduc@UTMB.EDU>

Sent: Wednesday, April 29, 2020 1:08 PM

To: Handley, Gray (NIH/NIAID)[E] <handleygr@niaid.nih.gov>
Subject: RE: quick question

The Kunminglabisa BSL4 and | believethat it has just started operations. The labisassodated with the Chineses
Academy of Medical Sciences and is part of the Institute of Medical Biology that is headauartered in Kunming. Kunming
isa majorcity inthe south of Chinain Yunnan Provinge.

We have an MOU with them, although Pmnot sure if it was everfinalized. Only covers scientific collaborations and no
exchange of funds.

Thanks, lim

From: Handley, Gray (NIH/NIAID) [E] <handiever@niaid.nih.gov>
Sent: Wednesday, April 29, 2020 12:00 PM

To: LeDuc, James W. <jwieduc@UTME EDU>

Subject: RE: quick question

WARNING: This email originated from outside of UTMB's email system. Do notclicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Jim, What levelisthe labin Kunmingand where isit? | will notvolunteerthatinformation butexpectto be asked. Gray

From: LeDuc, James W. <jwisduc@UTMB.EDL>

Sent: Wednesday, April 29, 2020 11:39 AM

To: Handley, Gray (NIH/NIAID)[E] <handlever@niaid. nihgow>
Cc: Holubar, Connie ). <ciholuba@UTMB.EDU>

Subject: FW: quick question

Gray, my colleague ConnieHolubarraises some concernthatare valid as noted below. The 10K encountersincudes
training forour own UTMB staff, which was at least haif to three guarters of all those trained. Further, we hadveryfew
trainees from China, We trained one huilding engingerfrom Wuhan and the two post-docs mentioned below. We also
trained four individuals from Kunming {where another BSL4is located) on building operations, and we sentateamto
Kunmingto offeron-site training attheirfacility. Sows had relatively little engagement with Chinathroughout the
fraining centerhistory,

Thanks, lim

From: Holubar, Connie ). <giholuba@UTHMRB.EDID
Sent: Wednesday, April 29, 2020 9:57 AM
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To: LeDuc, James W. <jwieduc@UTMB.EDUDS

Subject: RE: quick question

From: leDuc, James W. <jwieduc@@UTMB EDL>
Sent: Wednesday, April 29, 2020 9:14 AM

To: Holubar, Connie ). <gihoiuba@UTMB EDUS
Subject: FW: quick question

Just FYL

From: LeDuc, JamesW.

Sent: Wednesday, April 29, 2020 9:12 AM

To: 'Handley, Gray (NIH/NIAID) [E]' <handlever@@niaid.nih.gov>
Subject: RE: quick question

Hi Gray,

The title forboth projects was National Biocontainment Training Center. Finalreports forbothare attachedfor yvour
information.

The Centerwas supported by two separate awards: WE1XWH-08-2-0053 coveringthe period 22-05-2009 to 21-12-2014
and WEBIXWH-11-2-0148 covering the period 07-2011 to 07-2016. See below forspecificanswers. Let me know ifyou
need additional information. Thankyou for addressing theseissues, Tcontinue to believe that thisisasuccess story and
we are proud of our contributions.

Bestwishes,
Jim

lamesW. Le Dug, Ph.Dy

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{t} 408-2566-6500

{f} 409-256-6810

{m} 409-785-2012

From: Handley, Gray (NIH/NIAID) [E] <handiever@niaid.nih.sov>
Sent: Wednesday, April 29, 2020 8:07 AM
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To: LeDuc, James W. <jwieduc@UTMB.EDUDS
Subject: quick question

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Jim: Embassy Beijing is asking what was the official name of your DoD supported training program and some other
background information. Canyousend me that?

Also, can you assure these responses totheir questions are accurate? | providedthe textinblackearlierandthe red
textis my response totheirfollow-up questions —all based on our conversations.

1) Didthistraining take place inthe U.S., China, orin both countries?

Since 2013, the Galveston National Laboratory (GNL) of the Universityof Texas Medical Branch (UTMB), part of the NiH
Biodefense Laboratory Network, provided laboratory safety and security training for high -level biocontainment facilities
in China, including the Wuhan Institute of Virology

inthe LS. at UTMB facility. Trainingwas provided toparinersfromabout 70 different countries with over HE 000
frain neze?nmumwi s offerad ww?h@ ife of the training canter, Including afew from Ching, Training was provided both
on site using a purpose made training centeronthe UTME campus and sugmented withtraining inthe Galveston
Mationasl Laborstory active biocontainment sultes snd mechanicalspaces and at host nation factlites, Training was
offerediotwocstegoriss of lsarnars, those lsboratory scientisis who would be working in Blooontainment and those
bulidingengineers whowars responsible forthe safe and secure operations of the aboratory infrastruciure. Training
included inng-term training for post-doctoral fellows working In bivcontainment and specficto Ching, we hosted Han
iz, PhD during her post-doctoral tralning working on Orimean-Congo hemorrhagicfevervirus In the GNLBSLE
faboratories. A second post-doctoral fellow, Chan Shao, P E W was sunporied using otherfunds afterthe training center
ward axpired, Both D Xigand O Shao have now returned o the Wahan Institute of Virclogy where they areworking
o the current coronavirys pandemis

2) Is this relationship stillongoing?

This relationship has been facilitated since 2015 through an ongoingdialogue and regular collaboration meetings co-
sponsored by the Chinese Academies of Science and the U.S. National Academies of Science, Engineering and Medicine
with cooperation fromthe Chinese CDC and others.

The trainingended in 2016. The collaboration meetings convened by the CAS and the U.5. NAS, and highly regarded by
the participating scientists, continued to be convened nearly each yearsince 2015, We understand there will not likely
be a meeting thisyear. We lustiearned today that s loint virtual meeting will be held as sarly as May, 2000, again
jointly sponsorsd by the CAS and NAS, Detallsare ustheing developed,

We continue to have solentistdo-scientist dislopue and collaborations with colleapues inChins and slsewhers around
the worid,

3) Why was DOD funding discontinued?

This UTMB trainingengagement ended in 2016 when DoD funding was exhausted and not replenished from 2017
onwards.

This funding was expended on the training of scientists and facility operators to assure biosafety and biosecurity at high -
containmentlaboratories around the world., The funding was provided by DoD, following an Congressional earmarkin
its appropriation, through two awards of five years each. Inyearseven, the awardedfunding had beenfully

utilized. Despite requests from UTMB, Dol and other USG Agendies approached forsupport chose notto provide
additional funding. UTMB understoodthisdedsionhad to dowiththe overall USG position on relations with Chinabut
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only Dol could say whatfactors were actually determinative.  OR. We continue toseekfunding forthe tralning conter
as i clearly addrasses anurgent global need with the continuing proliferation of bloconiainment labs around the world,

4) Was there a formal name for this program? If so, please include.

According to GNL leadership, the relationship with the Wuhan Institute of Virology included the provision of training to
scientists and bicsafety and engineering professionals from Wuhan, as well asfrom otherbiocontainment iabs in China
and the ChinaCDC. This lname of program] included operations training as the Wuhan Institute of Virology prepared to
opentheirBSL-4 facility as part of essential global research collaboration which is necessary to develop
countermeasureas against the world's most dangerous publichealth threats.

Mational Blocontainment Training Center

Many thanks,
Gray

F. Gray Handley

Associate DirectorforiInternational Research Affairs
National Institute of Allergy and Infectious Diseases
National Institute of Health

U.S. Department of Health and Human Services

Tel: 301 594 6128 5601 FishersLane, Room 1E50
Fax:301 480 2954 Bethesda, MD 20892-9802
handlever@niaid.nibhagoy

Disclaimer:

The information in this e-mail and any of its attachments is confidential and may contain sensitive information. It should not be used by anyone who is notthe
originalintended recipient. if youhave receivedthis e-mail inerror please inform the sender and delete it from your mailbox orany other storage devices. National
Institute of Allergy and Infectious Diseases shall notacceptliability for any statements made that are sender's ownand notexpressly made onbehalf of the NIAID by
one ofits representatives.
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From: Zhengil A Bk [d.zheng@wh.iov.cn]

Sent: 11/11/2019 10:01:43 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

Subject: Re:RE: Re:RE: Re:RE: Re:RE: Re:Chinese Scholarshipto Visit UTMB

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize

the sender and know the content issafe.

Dear Prof. LeDuc,

Just now, actually five minutes ago, Prof. Yuan Zhiming tells me that he is not suitable for strongly recoomend me to
your laboratory and that | could choose somewhere else to visit. The tone "not suitable for" reminds me of the reply
to my transferring proposal of international collaboration between GNL and WNBL in June and July of 2016.

So far | have to look for other opportunities to USA. Thank you very much for the sincere assistance to me all the
time.

Best Regards,

Dasheng

ZHENG Dasheng, PhD

National Biosafety Laboratory

Institute of Virology

Wuhan, Chinese Academy of Sciences

Hubei 430071, P.R.China.

Tel: +86-27-5186-1004 Fax: +86-27-5186-1006
Mob: +86-135 1729 0969

At 2019-10-17 00:49:34, "LeDuc, James W." <jwleduc@UTMB.EDU> wrote:

Dear Dasheng,

As | triedtoexplainin myearliermessageof 2 Oct 2019, | need additionalinformation onthe objective of yourtraining
and how it will contribute to your positionin Wuhan and our ongoing collaborations. | cannotcommitto a one yearvisit
without knowing what the expectations will be foryourfellowship. Pei-YongShi will be in Wuhan soon and | suggest
that you meet with himand Zhiming Yuan to discuss how your fellowship will build on our ongoing work together.

With best wishes,
Jim

JamesW. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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From: Zhengil A Bk [d.zheng@wh.iov.cn]

Sent: 11/11/2019 10:01:43 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

Subject: Re:RE: Re:RE: Re:RE: Re:RE: Re:Chinese Scholarshipto Visit UTMB

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize

the sender and know the content issafe.

Dear Prof. LeDuc,

Just now, actually five minutes ago, Prof. Yuan Zhiming tells me that he is not suitable for strongly recoomend me to
your laboratory and that | could choose somewhere else to visit. The tone "not suitable for" reminds me of the reply
to my transferring proposal of international collaboration between GNL and WNBL in June and July of 2016.

So far | have to look for other opportunities to USA. Thank you very much for the sincere assistance to me all the
time.

Best Regards,

Dasheng

ZHENG Dasheng, PhD

National Biosafety Laboratory

Institute of Virology

Wuhan, Chinese Academy of Sciences

Hubei 430071, P.R.China.

Tel: +86-27-5186-1004 Fax: +86-27-5186-1006
Mob: +86-135 1729 0969

At 2019-10-17 00:49:34, "LeDuc, James W." <jwleduc@UTMB.EDU> wrote:

Dear Dasheng,

As | triedtoexplainin myearliermessageof 2 Oct 2019, | need additionalinformation onthe objective of yourtraining
and how it will contribute to your positionin Wuhan and our ongoing collaborations. | cannotcommitto a one yearvisit
without knowing what the expectations will be foryourfellowship. Pei-YongShi will be in Wuhan soon and | suggest
that you meet with himand Zhiming Yuan to discuss how your fellowship will build on our ongoing work together.

With best wishes,
Jim

JamesW. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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From: LeDuc, James W, [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 1/30/20205:13:05 PM

To: Nancy (NIH/NIAID) Boyd (NBoyd@niaid.nih.gov) [NBoyd@niaid.nih.gov]

Subject: FW: UTMB/GNL Coronavirus Activity

Attachments: GNL Coronavirus Update for Congressman Weber (002).docx

Hereis the document we sent to Representative Weber's office earlier today. M givesyou a good overviewofthe
campus-wide response activities.

From: Holubar, ConnieJ. <cjhcluba@UTMB.EDU>

Sent: Thursday, January 30, 2020 2:18 PM

To: Harvey, Tom <Tom.Harvey@mail.house.gov>

Cc: Matthews, Douglas W. <dmatthew@UTMB.EDU>; Sheer, LaurenE. <lesheer@utmb.edu>; Lidstone, Sheila
<shlidsto@UTMB.EDU>; LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: UTMB/GNL Coronavirus Activity

Mr. Harvey,

On behalf of Or. Him Le Dug, Pve attached a document that summarizes the initlatives thatare underway at UTMB with
regard o the new Coronavirus.,

Let us know if you have any questions orneed furtherupdates,

Kind regards,

Connie JeanHolubar, MS, MBA
Uirector of Uperations

Cabvaston Nationgl Laboralory

From: LeDuc, James W. <jwisduc@UTMB.EDL>

Sent: Monday, January 27, 2020 11:10 AM

To: Harvey, Tom <Tom. Harvey@mall houss.zow>

Cc: Holubar, ConnieJ. <ciholuba@UTMB.EDU>; Matthews, Douglas W. <dmatthew @UTMB,EDU>; Lidstone, Sheila
<shlidsto@UTMB EDL>

Subject: RE: GNL Coronavirus Activity

Hi Tom,

Vil pull asummary togetherand send latertoday. As youmightimagine, we're busy onseveral fronts.
Bestregards,

Jim

lamesW. Le Dug, Ph.Dy
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Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{1} 409-2656-6500

{f} 409-256-6810

{m}409-789-2012

From: Harvey, Tom <{omHarvey@mail house.gov>
Sent: Monday, January 27, 2020 11:00 AM

To: LeDuc, James W. <jwieduc@BUTRME EDU>
Subject: GNL Coronavirus Activity

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless yol recognize
the sender and know the content is safe.

HelloJim,

| wanted to reach out to see whetherthe GNLhad materialsyou could share regarding youreffortstorespondtothe
Wuhan Coronavirus.

| saw the information y’all have placed on the front page of your website, but | wanted to see if there was anythingelsel
could share with the Congressmanto keep himinformed of how Texas 14 and UTMB is at the forefront of respondingto
this health scare. We wouldlove to highlight GNL's efforts as appropriate.

Thank you,
Tom

Tom Harvey

Sr. Legislative Assistant
Congressman Randy K. Weber{TX-14}
107 Cannon House Office Bullding

(202} 2252831
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Tasacaggasadc

Gt

GNL/UTMB Efforts Against the new Coronavirus
January 29, 2020
Healthcare Preparedness and Diagnostics

UTMB is following CDC guidance regarding diagnostics for suspect cases and has volunteered to assist
state and local health departments by providing surge capacity for diagnostictesting, should the need
arise.

The Galveston National Laboratoryis prepared to performvirusisolation attempts under appropriate
biocontainment conditions, should a patient be encountered.

UTMB announcedtodaythat we will begin screening all patients forrecenttravel to Chinaand for
symptoms associated with this virus, such as fever, cough or sore throat.

UTMB students, staff and faculty returning from China (orotherhigh risk areas) are beingscreened and
evaluated individually to determineif home quarantineis warranted.

Our Biocontainment Care Unit, builtto care for patients with highly contagious diseases, is prepared to
openif needed. Additional Personal Protective Equipmentis being acquired to have on hand.

UTMB's infectious disease task force and emergency response groups have convened and are meeting
regularly to monitorthe situation and take action as needed.

Countermeasure Developmentand Science

UTMB has several existingfunded research projects on Coronaviruses, including nationally respected
translational programs forvaccine and therapy development against both SARS and MERS. Senior
investigators at UTMB will focus on two separate strategies for vaccine development forthe

nCoV. One isa continuation of the work Dr. Kent Tseng has pioneered with collaborators at Baylor
College of Medicine focused on SARS and MERS coronaviruses and adapting that strategy to the
development of a vaccine forthe new virus. The secondis the vaccine platformthat Dr. Pei-Yong Shi
and histeam developed forZikavirusthatis being adapted totarget nCoV.

In addition, Dr. Tseng has developed averyviable mouse model with an adapted immune systemthat

allows the mouse to be infected with human Coronavirus diseases. This will be criticallyimportantin
early demonstration of vaccine efficacy (as wellas for testing of antiviral drug candidates).

It'simportantto note that gaining accessto the live virusis essential forthese experiments. Todate we
still have notreceived anisolate. We have requested this from both ourcolleaguesin Wuhanand also
from CDC. We are continuing, however, to develop the vaccine candidates using the published

sequence information that was provided by Chinese officials. Assistance in accessto the live virus
would be very much appreciated.
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The Galveston National Lab stands ready to accommodate additional priority research onthis new virus
as requested by NIH or other national or state officials.

Collaborations with China

We have beenworking for manyyears with our U.S. National Academy of Sciencesin partnership with
the Chinese Academy of Sciences, the Chinese CDCand the Wuhan Institute of Virology to develop
strong relationships with the Chinese biocontainment research labs, particularly the BSl4 |aboratoryin
Wuhan. Through these collaborations, we have established close personal friendships with many
Chinese leaders and have beeninfrequent communications with expertsin Wuhan as the coronavirus
outbreak has unfolded. This kind of personal relationship is extremely valuable and it is important to
sustain these collaborations.

We have assisted the Wuhan Institute of Virology in developing their high containment training facilities
and have had staff, researchers and students from Wuhan train with usinthe Galveston National
Laboratory on both facilities operations and maintenance best practices and on the conduct of research

in biocontainment. FormerPhD Fellows trained here are currently working in the Wuhan high
containmentlabs onthe new coronoavirus.

PublicInformation

UTMB experts are serving as resources for regional and national mediaregarding Coronaviruses,
countermeasure development strategies and outbreak response.

Our infectious disease experts and Galveston National Laboratory leadership are participating with
national and international publichealth organizationsin their global effortsand sharing information
with state and county health department officials.

We continue to participate onthe Governor’s Task Force on Infectious Diseases and collaborate with
state health department officials. Ournext meetingwillbe Feb. 4.

Our researchers are closely monitoring this fast-developing story, reviewing newly released papers and
contributing to the scientificdiscussions.

Our goalis to assist with the publicinformation needs, which continue to be significantwithinthe
framework of this quickly developing situation. Ourcommunications efforts are, forthe most part,
responsive in nature at thistime, with severaltelevision and news outletinterviews being conducted
each day. Our focus has been on minimizing panicthrough education and the sharing of scientific
information about these types of viruses, as well as providing information about the role of the
Galveston National Labinthese situations.

Beyondthe responsive press, Dr. Jim Le Duc wrote an editorial that ranin the Houston Chronicle on Jan.
22 about the improved relationships between the US and Chinese research and publichealth
communities. Itislinked here: [ HYPERLINK
"https://nam03.safelinks.protection.outlook.com/?url=httos%3A%2F%2Fwww. houstonchronicle.com%2
Fopinion%2Foutlook%2Farticle %2FU-S-China-relationship-good-news-with-the-bad-
14992714.php&data=02%7C01%7Ccjholuba%40utmb.edu%7C3277d7240e3c4fb5f82708d79f5aedd9%7
C7bef256d85db4526a72d31aea2546852%7C0%7C0%7C637153085199564138& sdata=us7JJuPQecki51D
qCE8mMzZ1UjsKUIBTNZqiT5TZnMz8%3D&reserved=0"]
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From: LeDuc, James W. [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLEDUC]
Sent: 1/24/2020 7:01:19 AM

To: Robert Kadlec (OS/ASPR/I0) [Robert.Kadlec@hhs.gov]; Hugh Auchincloss [E] [auchinclossh@niaid.nih.gov]
CC: Shi, Pei yong [peshi@UTMB.EDU]
Subject: Fwd: No Snakes?

See text at bottom for more on sequence analysis.

Also I just learned that Wuhan leadership is requesting we raise our request for the isolates to higher political
level. Can we get our ambassador involved? Scientists are eager to share. This is a political decision now.

Thanks. Jim

Sent from my iPhone

Begin forwarded message:

From: "Ksiazek, Thomas G." <tgksiaze@UTMB.EDU>

Date: January 24, 2020 at 2:33:14 AM EST

To: "LeDuc, James W." <jwleduc@UTMB.EDU>, "Tseng, Chien-Te K." <sktseng@UTMB.EDU>,
"Menachery, Vineet" <vimenach@UTMB.EDU>, Tesh Robert <rbtesh22@gmail.com>, "Holubar, Connie J."
<cjholuba@UTMB. EDU>

Subject: Fwd: No Snakes?

Tom Ksiazek

Sent from a portable device

Begin forwarded message:

From: Dean Erdman <derdman05@gmail.com>
Date: January 23, 2020 at 22:29:42 CST

To: "Ksiazek, Thomas G." <tgksiaze@UTMB.EDU>
Subject: No Snakes?

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you recoghnize
the sender and know the content is safe.

nCoV’s relationship to bat coronaviruses &
recombination signals (no snakes)
_I_\I__C__N___Q| 2019 coronavirus

david.l.robertson
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2

1d

With Xiaowei Jiang at XJTLU we've carried out a preliminary evolutionary analysis
to characterise the evolutionary origins of the Wuhan virus, nCoV. Focus of our
analysis is on the Wuhan-Hu-1 virus (accession no. MN908947, released on
GenBank by Shanghai Public Health Clinical Center and School of Public Health,
Fudan University, Shanghai, China) as all nCoV cluster together so will share the
same evolutionary ancestry. It's clear from phylogenetic analysis the new human
virus is most closely related to bat coronaviruses in the Betacoronaviruses genera.
While this is apparent from both the previously reported BLAST and full-genome
phylogenetic analysis the closest related bat viruses (CoVZC45 and CoVZXC21)
are in fact recombinants with shared breakpoints either side of ORF1b:

nCoV-recombination-analysis-v22416x1768 748 KB
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The phylogenetic clustering of the Wuhan-Hu-1 virus is consistently as a sister
group to the SARS-related bat coronaviruses. Interestingly, a third bat coronavirus
(Longquan_140) is a recombinant involving the Wuhan virus lineage in part of
ORF1a.

1680-3014692x540 50.6 KB

This analysis has detected three bat coronavirus recombinants (two with shared
breakpoints) involving the nCoV lineage indicating greater diversity in the Chinese
Sarbecovirus group than previously appreciated. The clustering of the related
Sarbecovirus viruses from Kenya and Europe suggest the Wuhan virus is still part
of the Sabecovirus sub-genre, and these recombination events probably occurred
in bats. Although. given the propensity of coronaviruses to switch hosts,
involvement of another species cannot be discounted. There is also a very good
chance that a non-bat intermediate species is responsible for the beginning of the
current outbreak in Wuhan. Given the tight clustering of the nCoV viruses in
phylogenetic trees it seems most likely one event has occurred.
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Several of these bat coronaviruses have been previously detected to be
recombinant under-scoring the importance of doing appropriate analysis when
analysing these viruses using phylogenetic methods. Recombination, in this case
between divergent coronaviruses circulating in bats, violates our assumption of a
single evolutionary tree and so needs to be considered carefully when inferring
coronavirus evolution from complete genome alignments. We're looking into the
patterns of breakpoints to see if there’s any clues to the significance (or not) of
these recombination events.

We'd like to thank the researchers and health professionals for making the nCoV
data available. Credit also needs to be given to the surveillance projects for
generating the data that is now available for comparison and to the software
developers for making the tools we've used freely available: FigTree, available at:
http://tree.bio.ed.ac.uk/software/figtree/; 27 GARD, available at
hitp://www.hyphy.org 15; MAFFT, available at
https://mafft.cbrc.jp/alignment/software/; 7 PhyML, available at http://www.atgc-
montpellier.fr/iphyml/; 9 and RDP4, available at http://www.atgc-
montpellier.fr/iphymi/ 17.
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david.l.robertson
1d

Just to be clear Spike is at positions 21717 to 25693 in our diversity plot and
recombination analysis so to the right of the recombination breakpoint in the bat
viruses CoVZC45 and CoVZXC21. In a Spike phylogeny nCoV clusters with these
bat viruses. There is no evidence of snakes being involved as incorrectly reported
here https://onlinelibrary.wiley.com/doi/abs/10.1002/jmv.25682 189!

m.koopmans

22h

Hi David

Thanks for sharing this. Interesting dive into the hidden world of these viruses in

their reservoir (presumably). | guess there will be insufficient sampling of bat
viruses do dabble at when this may have occurred?

Would also like to hear your opinion on the "snake"paper. | see it criticised but am
not familiar enough with the specific analyses to make a real assessment.

Marion
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From: zooresO1@mail kiz.ac.cn [zoores01@mail.kiz.ac.cn]

Sent: 5/20/20202:15:02 AM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

Subject: Table of Contents Alert: Zoological Research,Vol.41,No. 3, May 2020

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

x The linked image cannot be displayed. The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and
location.

It's my pleasure to present you the current issue of Zoological Research (ZR). Here, we would like
to thank you all for your enduring support and faith. Let us combine our continued growth and
evolution  together to ensure ZR remains a respected  publication  platform.

Your suggestions will be highly valued!

Sincerely yours,

im| The linked image cannot be displayed.
The file may have been moved, renamed,
or deleted. Verify that the link points to the
correct file and location.

Yong-Gang YAO
Editor-in-Chief

Grow the possibilities of your publications in Zoological Research

‘%] The linked image
" cannot be displayed.

The file may have been
moved, renamed, or
deleted. Verify that the
link points to the
correct file and
location.

ZR combmnes the best of a new, high-growth journal and a time-tested, respected

academic periodical Currently, it serves as akey journal focusing on Primates and Animal Models,
Conservation and Utilization of Amimal Resources, and Animal Diversity and Evolution. ZR 5 now mdexed by
Science Citation Index Expanded (SCI-E), PubMed/ MEDLINE/ PubMed Central, Scopus, and others. The
journal also publishes peer-reviewed original research articles, reports and reviews, as well as commentaries
and letters to the editor. If you have any questions concemmng whether a manuscript is appropriate for this
journal pleasefeel free to contact us.
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e Contents~-3 Contents
Fullext HTML  PDF

Cite this article: 2020: Contents-3 Contents. Zoological Research, 41(3): 1-1.

Commentary

° Ioonotic origing of human covenavires 2019 (HCoV-19 7 SARS-CeV-2) why is this work

important?
Gary Wong, Yu-Hai Bl, Ql—Hul Wang, Xin-Wen Chen, Zhl—Gang Zhang, Yong—Gang Yao

F uﬁtext HTML PDF

Abstract: The ongoing pandemic of coronavirus disease 2019 (COVID-19), caused by mfection with human coronavirus 2019
(HCoV-19 / SARS-CoV-2 / 2019-nCoV), is a global threat to the human population. Here, we briefly summarize the available
data for the zoonotic origins of HCoV-19, with reference to the other two epidemics of highly virulent coronaviruses, SARS-
CoV and MERS-CoV, which cause severe pneumonia in humans. We propose to mtensify future efforts for tracing the origing

of HCoV-19, which s a very inlportant scientific question for the controland prevention of the pandemic.

2“*%%%%&’5‘“@ HCoV- W}E’ %ﬁﬂ%:ﬁ”%f ﬁﬁ%&%‘? R R

mg 2019LLJ\/\TQ‘4}\ e ( HCoV-19/SARS-CoV-2/2019- nCoV) Jnj«/f“alfgzoloipJ*J*%zZ L%W\:: Iﬂqﬁﬂzﬁj}
ST R i 38 B B R i B2 SARS -CoVAIMERS-Co VI iR/ T4 73 i,  HMEE T HCoV-19 AR
f@ﬁ? El’]ﬂﬂﬁ*ﬁkﬁ ffpt%bx/\wmu BHCoV-1909IAIZE, W EEIFITRT 2R te S B AR A -

Cite this article: Gary Wong, Yu-Hai B;, Qi-Hui Wang, Xm-Wen Chen, Zhi-Gang Zhang, Yong-Gang Yao. 2020: Zoonotic
origins of human coronavirus 2019 (HCoV-19 / SARS-CoV-2): why is this work important?. Zoological Research, 41(3):213-
219. doi: 16.24272/ ; 8sn. 20958137 2020031

Reviews

° The pmhoiogn al role of fmmp&mm in mwhunmfwgwriuwm related mgam

Hong—F a Yan, ng—Zhang Tuo, Qlao Zhi Yln, Peng Lei
}uiltcxt MEML PDE

Abstract: Ischemia/reperfusion (I/R) 1s a pathological process that occurs m numerous organs throughout the human body, and
it 18 frequently associated with severe cellular damage and death. Recently it has emerged that ferroptosis, a new form of
regulated cell death that s caused by iron-dependent hipid peroxidation, plays a significantly detrimental role m many I/R
models. In this review, we aim to revise the pathological process of I/R and then explore the molecular pathogenesis of

ferroptosis. Furthermore, we aim to evaluate the role that ferroptosis plays in I/R, providing evidence to support the targeting of
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ferroptosis in the I/R pathway may present as a therapeutic mtervention to alleviate ischemia/reperfusion mjury (IRI) associated

cell damage and death.

%%ﬁﬁ%@ﬁ@&ﬁ%ﬁ%@%ﬁ@%%

iﬁE ﬁﬁ?ﬁﬂ% EE/R)E *FP%Z@FT /\1’2&5’ /\%E{E‘JV i@?ﬁr’ é?%’f?ﬂfzié’ﬂéﬁiﬁﬁﬁﬁj E?Ft %[JI/RQQZEI’J

HRIETHI > THLH— BB FE RS o DI RS BT A S LIV IR RS T (Ferroptos1s) LR A B 1A 2 A

I/RW?%J“ i A B 0, ARGEEEE TURAIFERE R - BRI T H Tl - XSS e SRR AR R
RS P EORE A I—JJHC+Jﬁ%%ftjﬁu/m§11/RW%QEH@@Tfjﬂ:ﬂft

Cite this article: Hong-Fa Yan, Qing-Zhang Tuo, Qiao-Zht Yin, Peng Lei 2020: The pathological role of ferroptosis in
ischemia/reperfusion-related injury. Zoological Research, 41(3):220-230. dot: 10.24272/ ies1.2095-8137 2020.042

° Interfacial phenomena of water striders on water swrfaces: a review from biclogy to bieroechanics

ng—Ze Ma, Hong—Yu Lu, Xiao- Song L1, Yu Tian

F uﬁtext HTML PDF

Abstract: Water striders have intrigued researchers for centuries from the view points of biology to biomechanics. In this
review, we miroduce the basic theories and technigues of physics and force measurement for biomechanical research mto water
striders. Morphological and behavioral traits of water striders are summarized and discussed from biomechanical perspectives,
along with comparative study. This integrated review also highlights potential directions for studies on water-walking

arthropods which might inspire future biolo gic al and biomechanical rescarch.

m%&&@&%ﬁ@%ﬁ &&%%ﬂi@ﬁ%

FE: K TE YR S [ T T2 wi T K R (BT -
MAERITFFIE » WSUR G TR B A FHERTTORE - RIS T AR BRI TR - himilt )y
FRIPR LA T AT AT T R T RS

Cite this article: Jing-Ze Ma, Hong-Yu Lu, Xiao-Song Li, Yu Tian. 2020: Interfacial phenomena of water striders on water
surfaces: areview from biology to biomechanics. Zoological Research, 41(3): 231-246. dot. 10.24272/1 issn. 2095~
B137.2020.029

Articles

. Pecoding the evolution and trapsmissions of the povel preumonia coronavirus (SARS-CaV-2 /
H{';T{WWE% using whole genomic data

Wen-Bin Yu, Guang—Da Tang, Li Zhang, Richard T. Corlett

1 uﬁtem EHML PD}
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Abstract: The outbreak of COVID-19 started in mid-December 2019 in Wuhan, China. Up to 29 February 2020, SARS-CoV-2
(HCoV-19 / 2019-nCoV) had infected more than 85 000 people in the world. In this study, we used 93 complete genomes of
SARS-CoV-2 from the GISAID EpiFlu™ database to investigate the evolution and human-to-human transmissions of SARS-
CoV-2 m the first two months of the outbreak. We constructed haplotypes of the SARS-CoV-2 genomes, performed
phylogenomic analyses and estimated the potential population size changes of the virus. The date of population expansion was
calculated based on the expansion parameter tau (7) using the formula r=1/2u. A total of 120 substitution sites with 119 codons,
mcluding 79 non-synonymous and 40 synonymous substitutions, were found in eight coding-regions in the SARS-CoV-2
genomes. Forty non-synonymous substitutions are potentially associated with virus adaptation. No combinations were detected.
The 58 haplotypes (31 found in samples from Chma and 31 from outside China) were identified n 93 viral genomes under
study and could be classified mto five groups. By applying the reported bat coronavirus genome (bat-RaTG13-CoV) as the
outgroup, we found that haplotypes HI3 and H38 might be considered as ancestral haplotypes, and later Hl was derived from
the intermediate haplotype H3. The population size of the SARS-CoV-2 was estimated to have undergone a recent expansion on
06 January 2020, and an carly expansion on 08 December 2019. Furthermore, phyloepidemiologic approaches have recovered

specific directions of human-to-human transmissions and the potential sources for mternational infected cases.

BT e R BT R SRR R

E: 20194F 121 AT 28 15 (COVID-19)EMHE R TR > B 20204F2 29 1, /7 SARS-CoV-2 (2019-
nCoV/HCoV-19) EUERGLAIKES 0002 A, EABIIEN, e IHEH 7 GISAID EpiFluTMEHE & th iy 93 5eROgT el i 7
N2 R AT R A PR R A - H AL - AR ASRERRT A - AR ARG L HRARIAR T4 » T
SARS-CoV-2 5N HIVRERIAHIL R F o Htt P DRI ETEA B A N L TR - FIFAS =0/ 2u, T3
skt (o) HER T B TREL Y Bk (BIAREAZA) HE » IEHriaim RN U Neid X e B120 0 H9 28
SALA  SRELNO D ERS A 79D IR SCRI40 R SCEHL « B PEN40 D S E AR @ IR SCE MU RE SR B iE

THERRRIT B - IR R R LN 4 (bat-RaTG13-CoV) 1ENANEE » T 1A TS AV HI 3 FTH38 Al B iy &
HE sl > s B HUR MR S BUHB AR, FPREY SR (B 5 B2 BAE20204- 1 7 6 H Fu20194512H 8 H rlRER 4= K&
NEEN o BESE » Bl TR 3% 2R A TR 707 7R B0 17— B AFRIEFESEAT o RN - BR8] DU TSR B R B r 5
Cite this article: Wen-Bin Yu, Guang-Da Tang, Li Zhang, Richard T. Corlett. 2020: Decoding the evolution and transmissions
of the novel pneumonia coronavirus (SARS-CoV-2 / HCoV-19) using whole genomic data. Zoological Research, 41(3):247-
257. dot: 1024272 /1 wsn 20958137 2020.022

. Social aveoidance behavior in male tree shrews and prosecial bebavior in male mice toward

unfamiliar comspecifics in the laboratory

Rong-Jun Ni, Yang Tian, Xin-Ye Dai, Lian-Sheng Zhao, Jn-Xue Wet, Jiang-Ning Zhou, Xiao-Hong Ma, Tao
Li

Fultext HTML.  PDF
Abstract: Adult male tree shrews vigorously defend against mtruding male conspecifics. However, the characteristics of social

behavior have not been entirely explored m these males. In this study, male wild-type tree shrews (Tupaia belangeri chinensis)

and C57BL/6J mice were first allowed to familiarize themselves with an open-field apparatus. The tree shrews exhibited a short
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duration of movement (moving) in the novel environment, whereas the mice exhibited a long duration of movement. In the 30
min social preference-avoidance test, target animals significantly decreased the time spent by the experimental tree shrews n
the social mteraction (SI) zone, whereas experimental male mice exhibited the opposite. In addition, experimental tree shrews
displayed a significantly longer latency to enter the SI zone m the second 15 min session (target-present) than m the first 15 min
session (target-absent), which was different from that found in mice. Distinct behavioral patterns in response to a conspecific
male were also observed in male tree shrews and mice i the first, second, and third 5 min periods. Thus, social behaviors in
tree shrews and mice appeared to be time dependent. In summary, our study provides results of a modified social preference-
avoidance test designed for the assessment of social behavior in tree shrews. Our findings demonstrate the existence of social
avoidance behavior m male tree shrews and prosocial behavior in male mice toward unfamiliar conspecifics. The tree shrew
may be a new animal model, which differs from mice, for the study of social avoidance and prosocial behaviors.

SCES 8 TR e BN T A ERE R L SR R T Oy TR e D B B e b T

PE: A HEE R AR RS EIRIZY - AR XA T RHIE N RSB R RS - A5ET > 15
S\ E S 25 I BRICS TBL/G) AN BRI ok RO B T+ BT A b B e i T e » 111/ R
TR BB B » FE300 PRt ffi- S REsss b - Bl (ABE) BEED 7T380mes (BsE) 11
M H R (SD =R E] - TS NI AVEE R o hoh > SO BRI RS D S0l (7
T E AR ) ok ASTHP RIS IRIELAE S — NS0l CEBFREL) PR XS/ NRTRAERARE - 71
F BB ZAS PRI - RZEE] T MR R N T RZE ARE RIS BRI T TEE . R
PERLRI N B ST R PR B b o 2 S 2 BT EER T — M ROV SR ir 5o 59 775

St o MR REE — T TSt BRI R L 2 TSR » BORE T/ INE SO
Cite this article: Rong-Jun Ni, Yang Tian, Xin-Ye Dai, Lian-Sheng Zhao, Jin-Xue Wei, Jiang-Ning Zhou, Xiao-Hong Ma, Tao
L1 2020: Social avoidance behavior in male tree shrews and prosocial behavior m male mice toward unfamiliar conspecifics n

the laboratory. Zoological Research, 41(3): 258-272. dot: 10.24272/.135n.2095-8137.2020.034

o Impact of sympairic carnivores on den selection of wild giant pandas

Xm-Let Lai, Wen-Liang Zhou, Hua-Lei Gao, Meng Wang, Kai Gao, Bao-Wei Zhang, Fu-Wen Wei, Yong-
Gang Nie

Fultext HTML  PDF

Abstract: Interspecific killing is a primary reason for the low survival rates of some animal species. The giant panda
(diluropoda melanoleuca) is an altricial eutherian mammal and thus, in comparison to other infants, panda cubs arc highly
vulnerable, which may significantly mfluence the selection of breeding sites by females. Here, we used infrared camera traps to
monitor giant panda dens for 5.5 years in Foping National Nature Reserve (FNNR) to determine how mterspecific factors affect
den selection by wild female pandas. Results indicated that Asian black bears (Ursus thibetanus), yellow-throated martens
(Martes flavigula), leopard cats (Prionailurus bengalensis), and masked palm civets (Paguma larvata) visited the dens
frequently, and the presence of these species negatively influenced den selection by female pandas. Interestingly, the presence
of rodents and terrestrial birds appeared to ndicate den safety, and female giant pandas were not averse and even preferred dens
with a high abundance mdex of rodents and terrestrial birds. The den suitability mdex (DSI) was a reliable tool for evaluating

whether dens were suitable for female giant pandas to give birth to and rear cubs, with preference for dens with high DSI
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values. This study mcreases our understanding of the den selection criteria of female giant pandas and the main threats to the
survival of their cubs, thus providing important guidance for the conservation and management of this species.
7 85k 4 A AR BN B S A BRI L U R B

WE. MR 2SS E S R RN F RN o KEESE (Ailuropoda melanolevca) ST — AL B -
SEEYIMELE - AP IERHEYS o X E RV MA N EIE SRR o BATF R EL Y MEA LR A R ]
FE AT RS RS G T T BRI > DA € B 0] S 0 5 A PR AR BRI Y B e - 45

larvata)<5 8 PSS R BT RBRAEIE ) o T B B A sy S e M BRI P (T e B P 2 T TR s - A
BRAIE > BEME KBRS G ISR S 25 A RURR » 8 2 AR A b 2R S 2 R R A S L X SRy
LA — AR R T By 2 e o BT | A UE B MEF R E(DST) SRt 5 CR S IS Sl MR I RIS
4f) » GEHR R RDSUE — Ml SR M S LR - M RRRI I S B A S DSHERY B« ARAsEhe e 72 T
P A BRI BT S R B AR AR AN P AR TR T2 R 2 AT R R R R T BB AR SR -

Cite this article: Xin-Lei Lai, Wen-Liang Zhou, Hua-Lei Gao, Meng Wang, Kai Gao, Bao-Wei Zhang, Fu-Wen Wei, Yong-
Gang Nie. 2020: Impact of sympatric carnivores on den selection of wild giant pandas. Zoological Research, 41(3): 273-280.
dot 1124272/ wsn 2095-8137 2020027

. Targeting lentiviral vectors to priveordial germ cells (PGOs)h An efficient strategy for generating
transgenic chickens

Zi-Qm Jiang, Han-Yu Wu, Jing Tian, Ning Li, Xiao-Xiang Hu

Fultext HTML.  PDF

Abstract: Recent advances i avian transgenic studies highlight the possibility of utilizing lentiviral vectors as tools to generate
transgenic chickens. However, low rates of gonadal chimerism and germ line transmission efficiency still limit the broad usage
of this method n creating transgenic chickens. In this study, we implemented a simple strategy using modified lentiviral vectors
targeted to chicken primordial germ cells (PGCs) to generate transgenic chickens. The lentiviral vectors were pseudotyped with
a modified Sindbis virus envelope protein (termed M168) and conjugated with an antibody specific to PGC membrane proteins.
We demonstrated that these optimized M168-pseudotyped lentiviral vectors conjugated with SSEA4 antibodies successfully
targeted transduction of PGCs in vitro and in vivo. Compared with the control, 50.0%~66.7% of chicken embryos expressed
green fluorescent protem (GFP) m gonads transduced by the M168-pseudotyped lentivirus. This mproved the targeted

transduction efficiency by 30.0%—46.7%. Efficient chimerism of exogenous genes was also observed. This targeting technology

could mprove the efficiency of germ line transmission and provide greater opportunities for transgenic poultry studies.
18R BB PCO Hl S R BT R
WE: 55 BB S RN Ay T B mE R KRS 0 R EalEEH  (Vesicular stomatitis virus G, VSVG)
TTma s, L EETHREEAT 2 HVAHARERLE o 2RI Ry A B AR AR PR 5T 5 SR T8 e 5 e B ERG
PEBRI SRR » M RS SRR PR ARCRIRS « ORI — RIS ATHTSERI IR 9 Sindbis i % b IS
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WAL A L > L THERE RSP I AR SMI6SER L ENTE (M168-LVs) R HEIVEGILY] MG

MARANTERSFEPGCs, T H I TS ) ERATTE o 455 BORSSEA4PLIA /T SIMI168-LVs 5-VSVG-LVs L, G4l
[ YL PGCs T ARG 18 32 EHIRA DS BT 4L 4 H (DF-1) 5 flass & = sk » R SSEA4HLIR I SYM168-LVs

T G IR I RS ISR B B ST o 45 RN SSEA4HLIR T STMI68-LVs 5 2L XS IR th A 50.0%—66.7%HY
R 36 K GEP, 18 L% B IR 40 VS VG-LVs A EL AR 7 730.0%-36.7%, 1HBASSEA4PLIA S S AIMI 68-LVs £E & PN A {7 HE
FEE I B ZYPGCs, AAbR ) T MERR AR AL, Nt P TR ARG IH S I Feiett TEICHE - H U IERERE R
HIRA STt R At 07 TARSN -

Cite this artiele: Zi-Qm Jiang, Han-Yu Wu, Jing Tian, Ning Li, Xiao-Xiang Hu. 2020: Targeting lentiviral vectors to
primordial germ cells (PGCs): An efficient strategy for generating transgenic chickens. Zoological Research, 41(3): 281-291.
dot: 10.24272/1.1ssn.2095-8137 2020.032

. How Hitle is hoown about “the BEitle rown frogs”: description of three new species of the penus

Leptobrachello (Apuwra: Megophrvidae) from Yunman Province, China

Jn-Min Chen, Kai Xu, Nikolay A. Poyarkov, Kai Wang, Zhi-Yong Yuan, Mian Hou, Chatmongkon
Suwannapoom, Jian Wang, Jing Che

Fultext HTMI.  PDF

Abstract: Asian leaf-litter toads of the genus Leptobrachella represent a great anuran diversification in Asia. Previous studies
have suggested that the diversity of this genus is still underestimated. During herpetological surveys from 2013 to 2018, aseries
of Leptobrachella specimens were collected from the mternational border areas in the southern and western parts of Yunnan
Province, Chma. Subsequent analyses based on morphological and molecular data revealed three distnct and previously
unknown Incages, which we formally describe as three new species herem. Among them, we describe a new species that occurs
at the highest known elevation for Leptobrachella in China. Four species of Leprobrachella, nclading two new species, are
found mn the same reserve. Furthermore, our results suggest that the population from Longchuan County, Yunnan, may represent
an additional new species of Leptobrachella, although we tentatively assigned it to Leprobrachella cf. yingjiangensis due to the
small sample size exammed. Lastly, we provide the first description of females of L. yingjiangensis. Our results farther
highlight that both micro-endemism and sympatric distributions of species are common patterns in Leptobrachella, that
contribute to taxonomic and conservation challenges in these frogs. We provide an identification key for Leptobrachelia known
to occur in Yunnan. Given the lack of knowledge on species diversity of Leptobrachella along international border areas, we

recommend that future studies melude trans-boundary collaborative surveys.

BT M S R 8/ R EER R SRR CERE | AERD =

WE: Zoeim (s AiERL) W R ARSI 2R - Joalryse s - B avrts B 2R KR (R A
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R KA AR/ ENEREEME R 7 i - TR BEARR AR - &R a2y 5e ]
BUTFEZEHE o Tof B THR A 7 AT EZSEREMEAYRIE © T ISR — R > ORI FI e e
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Nelson_Judicial_Watch_TPIA_0174



Obtained via FOIA by Judicial Watch Inc.

Cite this artiele: Jin-Mm Chen, Ka1 Xu, Nikolay A. Poyarkov, Kai Wang, Zhi-Yong Yuan, Mian Hou, Chatmongkon
Suwannapoom, Jian Wang, Jing Che. 2020: How little is known about “the little brown frogs™: description of three new species
of the genus Leprobrachella (Anura: Megophryidae) from Yunnan Province, China. Zoological Research, 41(3): 292-313. dot:
10.24272/.851.2095-8137 2020036

. Movel insights into host-pathogen interactions of large vellow croakers (Larimichihys crocea) and

pathogenic bactevivm Preudomonas plecoglossicidu vsing thwe-resolved dual RNA-seq of infected spleens

Yi Tang, Ge Xin, Ling-Min Zhao, Li-Xing Huang, Ying-Xue Qmn, Yong-Quan Su, Wei-Qiang Zheng, Bn Wu,
Nan Lin, Qing-P1 Yan

Fultext HTML  PDF

Abstract: Host-pathogen interactions are highly complex, mvolving large dynamic changes m gene expression during
mfection. These mteractions are fundamental to understanding anti-infection mmmunity of hosts, as well as the pathogenesis of
pathogens. For bacterial pathogens mteracting with animal hosts, time-resolved dual RNA-seq of mfected tissue 15 difficult to
perform due to low pathogen load m infected tissue. In this study, an acute mfection model of Larimichthys crocea infected by
Pseudomonas plecoglossicida was established. The spleens of infected fish exhibited typical symptoms, with a maximum
bacterial load at two days post-injection (dpi). Time-resolved dual RNA-seq of infected spleens was successfully applied to
study host-pathogen mteractions between L. crocea and P. plecoglossicida. The spleens of infected L. crocea were subjected to
dual RNA-seq, and transcriptome data were compared with those of noninfected spleens or in vitro cultured bacteria. Results
showed that pathogen-host interactions were highly dynamically regulated, with corresponding fluctuations in host and
pathogen transcriptomes during mfection. The expression levels of many immunogenes mvolved in cytokine-cytokine receptor,
Toll-like receptor signaling, and other immune-related pathways were significantly up-regulated during the mfection period.
Furthermore, metabolic processes and the use of oxygen in L. crocea were strongly affected by P. plecoglossicida mfection.
The WGCNA results showed that the metabolic process was strongly related to the entire immune process. For P.
plecoglossicida, the expression levels of motility-related genes and flagellum assembly-related genes were significantly up-
regulated. The results of this study may help to clucidate the mteractions between L. crocea and P. plecoglossicida.
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Cite this artiele: YiTang, Ge X, Ling-Min Zhao, Li-Xing Huang, Ying-Xue Qm, Yong-Quan Su, Wei-Qiang Zheng, Bin
Wu, Nan Lin, Qing-Pi Yan. 2020: Novel msights into host-pathogen mteractions of large vellow croakers (Larimichthys crocea)
and pathogenic bacterium Pseudomonas plecoglossicida using time-resolved dual RNA-seq of infected spleens. Zoological
Research, 41(3): 314-327. dot: 10.24272/1.155n.2095-8137 2020035

o Whole-genome sequencing of leopard coral grouper {(Plearopomus feopardusy and exploration of
regulation mechanism of skin color and adaptive evolution

Yang Yang, Li-Na Wuy, Jing-Fang Chen, Xi Wu, Jun-Hong Xia, Zi-Ning Meng, Xiao-Chun Lu, Hao-Ran Lin
Fulltext HTML  PDF

Abstract: Leopard coral groupers belong to the Plectropomus genus of the Epmephelidac family and are immportant fish for
coralreef ecosystems and the marme aquaculture mdustry. To promote future research of this species, a high-quality
chromosome-level genome was assembled using PacBio sequencing and Hi-C technology. A 787.06 Mb genome was
assembled, with 99.7% (784.57 Mb) of bases anchored to 24 chromosomes. The leopard coral grouper genome size was smaller
than that of other groupers, which may be related to its ancient status among grouper species. A total of 22 317 protemn-coding
genes were predicted. This high-quality genome of the leopard coral grouper is the first genomic resource for Plectropomus and
should provide a pivotal genetic foundation for further research. Phylogenetic analysis of the leopard coral grouper and 12 other
fish species showed that this fish is closely related to the brown-marbled grouper. Expanded genes in the leopard coral grouper
genome were mainly associated with immune response and movement ability, which may be related to the adaptive evolution of
this species to its habitat. In addition, we also identified differentially expressed genes (DEGs) associated with carotenoid

metabolism between red and brown-colored leopard coral groupers. These genes may play roles in skin color decision by

regulating carotenoid content in these groupers.
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Cite this artiele: Yang Yang, Li-Na Wu, Jing-Fang Chen, X1 Wu, Jun-Hong Xia, Zi-Nmg Meng, Xiao-Chun Liu, Hao-Ran Lin.
2020: Whole-genome sequencing of leopard coral grouper (Plectropomus leopardus) and exploration of regulation mechanism
of skin color and adaptive evolution. Zoological Research, 41(3): 328-340. dot: 10.24272/1.15sn.2095-8137 2020.038

Letters to the editor

. Discovery of first active breeding den of Chinese mountain cat (Felis bieri)
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Xue-Song Han, Huai-Qmg Chen, Zheng-Yi Dong, Ling-Yun Xiao, Xiang Zhao, Zhi Lu
Fultext HTML  PDF
Abstract: In mid-September 2018, during a field survey in Chiat’ung, Sanjiangyuan (Three-River-Source) Region, Tibetan
Plateau, China, we discovered the first active breeding den of the Chinese mountain cat (Felis bieti), mhabited by one adult
female and two kittens. Based on fieldwork over the following months, five breeding dens were discovered, and 33 sightings

were recorded. In addition, at least five ndividuals were confirmed to mhabit this overlooked region, and much previously

unknown mformation concerning this cat species and its ecology was revealed for the first time.

EATBE (Felis bieti) TEPRPENRIVIDSE

W il (Felis biet) BT RARE » EPERENMIEASYZ —  AFV RS EAR N A
Wl —, T B 892 R L TS I6R = SR BSHVET N S FHITE AT © 20184F9 A Fihy), fEALT —iLJiHA X
TS ERYNFR 2 B a R R TR AME R » BT — N — RS R AR R BT A AT S A B 7 o A
THERE S 1 H A MEN LRI ~ AR E DU R TAF - BRI RN A IS IR/ (2017
FUNEINFIE, 2018FE3ABINENEE) , LARIIBESMEE tHidT - (ol s s MR fe a2y e
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Cite this article: Xue-Song Han, Huai-Qmg Chen, Zheng-Yi Dong, Ling-Yun Xiao, Xiang Zhao, Zhi Lu. 2020: Discovery of
first active breeding den of Chinese mountain cat (Felis bieti). Zoological Research, 41(3): 341-344. dot:

1324272/ msn 2095-8137 2020 039

° Responses of cuckoo hosts to alarm signals of different nestintruders in non-pesting areas
Jiao-Jiao Wang, Lai-Kun Ma, Wei Liang, Can-Chao Yang

Fultext HTML.  PDF

Abstract: The “call for help” hypothesis proposes that alarm calls produced by a bird can transmit warning information to both
conspecific and mterspecific neighbors. Neighbors who are attracted by social transmission might benefit from knowing about
the presence of danger or by gaining mformation about the presence of predators or brood parasites nearby. Brood parasite hosts
can distinguish threats from different intruders and exhibit varied responses correspondingly. However, most previous studies
have conducted sound playback at host nest sites and focused on conspecific mdividuals attracted by the alarm calls. In this
study, we used random location playback to investigate the responses of different host species to alarm signals of oriental reed
warblers (Acrocephalus orientalis)y toward different mtruders (brood parasite, predator, and harmless control) m order to reveal
how hosts evaluate different threats from different intruders using vocal information in non-nesting areas during the breeding
season. We found that the alarm calls given m response to different mtruders mcurred similar numbers of approaching species
for both conspecific and interspecific birds. However, the number of attracted individuals differed significantly among the
various specics, with conspecifics and vinous-throated parrotbills (Paradoxornis webbianus) dominating, both of which are
major hosts of common cuckoos (Cuculus canorus). Nevertheless, mterspecific birds did not present any aggressive behavior
according to the alarm calls, which imphed that visual mformation may be needed for further confirmation of threats. In

addition, determming whether alarm call structure promoted an evolutionary convergence phenomenon still needs further

verification.
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Cite this article: Jiao-Jiao Wang, Lai-Kun Ma, Wei Liang, Can-Chao Yang. 2020: Responses of cuckoo hosts to alarm signals
of different nest intruders in non-nesting areas. Zoological Research, 41(3): 345-350. doi: 10.24272/}.1ssn 2095~
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From: Yuan Zhiming <yzm@wh.iov.cn>

Sent: Thursday, January 23, 2020 8:03 PM

To: Shi, Pei yong;LeDuc, James W.

Cc: brusek;David Franz;George F GAO;mifang|
Subject: [B]&: RE: Op Ed in Houston Chronicle

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you recognize

the sender and know the content is safe.

Dear all,

Thanks for your suggestion and | do agree with you. | will try my best to promote the sharing of strain and

experience betweet us and let you know later.

Regards

Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chinese Academy of Sciences

Wuhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480

From:
Date:

To: |
CC:

acin)s Dav

b RVv)
Subject: RE: Op Ed in Houston Chronicle
| totally agree with Jim. The timing is critical here.

e Pei-Yong

From: LeDuc, James W. <jwleduc@UTMB.EDU>
Sent: Wednesday, January 22, 2020 9:29 AM

To: =i:BH <yzm@wh.iov.cn>

Cc: Benjamin Rusek (BRusek@nas.edu) <BRusek@nas.edu>; Dave Franz (davidrfranz@gmail.com)
<davidrfranz@gmail.com>; George F GAQO <gaof@im.ac.cn>; Mifang Liang <mifangl@hotmail.com>; Shi,

1
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Pei yong <peshi@UTMB.EDU>
Subject: Re: Op Ed in Houston Chronicle

Thanks Zhiming. You are in a very challenging position and doing a great job. | would however recommend
that you organize and quickly implement a way to share reference isolates. With cases occurring outside
China, others will soon have their own isolates and China will have lost the opportunity for leadership. And
if scientific publications start appearing from Chinese investigators without the world having independent
access to a strain, China will likely be heavily criticized.

Keep up the good work

Jim
Sent from my iPhone

On Jan 22, 2020, at 6:30 AM, =E&0E <y

WARNING: This email originated from outside of UTMB's email system. Do not click links or open
attachments unless you recognize the sender and know the content is safe.

Dear Jim,

Thanks for your information and your positive attitute to Chinese public health response
system and the practice. We are still work hard the on the novel coronovirus and hope to get
the help from your team.

Regards

Zhiming

A% A:"LeDuc, James W." <jw
%i%£R3a:2020-01-22 06:33:54 (EEF=)
Wik A : "Benjamin Rusek (BR

] il )" < >, "Yuan Zhiming"

, "George F GAQ" >, "Mifang Liang"
1>, "Shi, Pei yong" «; ) W

ju>, "Dave Franz

FhiE:
ZEF&: Op Ed in Houston Chronicle
Ben, Dave, Zhiming, George, Mifang and Pei-Yong

The attached, slightly modified to include mention of the new case in Washington State,
is scheduled to appear in Wednesday 22 Jan’s Houston Chronicle. Note mention of the

NASEM/CAS collaborations.

Just FYI,
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Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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From: Yuan Zhiming [yzm@wh.iov.cn]

Sent: 6/30/20197:12:52 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]; 25 75 & [buzhigao@caas.cn]

cC: Shi, Pei yong [peshi@UTMB.EDU]; David Franz[davidrfranz@gmail.com];brusek [BRusek@nas.edu]
Subject: [[] & : Synthetic biology commentary

WARNING: This email originated from cutside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Hi, Jim,

You have done a great preparation of this manuscript and I hope I could contributed my effeort. As you
indicated, we should show our understanding and principle for the mangement of the biosafety laboratory,
with a aim to promote the global cooperation in the related field. I will return you back this week.

Regards

Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chmese Academy of Sciences

Wuhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480

Fom: LeDus, James W,
Date: 2019-06-22 03:58

To: Yusn Zhiming: Zhian Bu (huzhican@oaas.oml

CC: Shi, Pelvong Dave Frang (davidane@omaloomy Bendamin Rusek (BRusek@nas.edy
Subject: Synthetic biology commentary

Dear Zhimingand Zhigao,

| hope this note finds youwellon thisfirst day of summer. | write to propose ajoint commentary to be submitted
for publicationin Zhiming's of Journal of Biosafety and Biosecurity on the topicof biosafety and biosecurityinthe
age of syntheticbiology. Thisisa relevanttopicand ourshared publication would offeran excellent example of
the benefits of ourjoint China-USA dialogue. Having such a co-authored publication would be tangible evidence of
the importance we all place on workingtogethertosolve challenges of global importance. | have taken the liberty
of preparing afirstdraft of such a manuscriptand | invite you both to be co-authors. Dave, Ben and Pei-Yong have
reviewed and | have incorporated theircomments. Your additions, deletions and modifications will certainly
furtherimprove the quality of the piece and make it most relevanttotheissues we all face daily in managinga
large biocontainment facility. (Please use track change as you editthe piece.}
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As you will see, I tried to address four separate areas that impact current and future workin syntheticbiology,
starting from the position that many of the relevantsafeguards needed are already in place through ourexisting
programsin biosafetyand biosecurity. Ithentalk about the importance of leadership at all organizational levels, as
Dave Franz has so eloquently spoken aboutinthe past. The last areais the importance of Institutionalleadership,
and here | would especially value yourinput. Atthe GNLand elsewhere inthe USA, we rely heavilyonthe
Institutional Biosafety Committee (1BC) for final review and approval for studies involving recombinant DNA, and
more broadly to studiesinvolving pathogensin general. | don’t know if a similarcommittee existsin Chinaorin
othercountries around the world. Your thoughts andinput particularly on this point would certainlyimprovethe
manuscriptand make it more relevantto a broader community of scientists.

Attached please find afirstdraftforyour review and consideration. | hope thatyou will agree towork with me on
thisimportantproject. Ilook forwardto hearingfromyousoon.

With best wishes,
Jim

JamesW. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

{f) 409-266-6810

{m} 409-789-2012
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From: Yuan Zhiming [yzm@wh.iov.cn]

Sent: 11/27/20195:56:04 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]
Subject: [B & :draft manuscript

WARNING: This email originated from cutside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Dear James,

Thanks for your comments and your revision and I will revise the manuscript according to your suggestion.
Hopefully this paper will be published soon and let the outside understand our lab and our mission.
Thanks

Regards
Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chmese Academy of Sciences

Wuhan 430071, Chmna

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480

Fom: LeDuc, James W,
Date: 2019-11-26 05:42
To: Yuan Zhiming

CC: 5l Pelivong
Subject: draft manuscript
Hi Zhiming,

Sorry forthe delayinresponding toyour request for commentson your draft manuscript. | finally hadachance to
reviewitand my comments are attached. | thinkthe paperisnicely written and will be of interesttoreaders
following the development of biocontainment labsin China. You have done a good job in recording capabilities,
and you may wish to expand a bit more by mentioning the maximum numberof small orlarge (non-human
primates) you are able to manage at a single time inthe facility. We are frequently asked these questions, and
most product developers want sufficiently large single studies to have statistical significance, so many of our larger
studiesinvolve about 20NHP. There may be good reasons not to quantify your capabilities as well, which | fully
understand.

You rightly credit the collaborations with the French in building the laboratory; however, if yourgoal isto have a
truly international impact, you may wish to broaden comments on potential collaboration/collaborators as

mentionedinone comment.

If 1 understand you correctly, you will be publishing the paperinyourbiosafety journal. If so, youmay wishto
expand yourcomments onyourtraining effortsto prepare yourstaff to safely and securely workinthe new
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facility. You may also wish to mention something about yoursecurity profile. Asl recall, the entire campus has
limited access with guards atentrances. You may wishto commentonothermechanismsin place tolimitaccess
to high-risk pathogens—card-key access to labs, security personnel, etc. You will notwantto go intotoo much
detail, butit might be appropriate, especially given the focus of your journal, tolet readers know that securityis an
importantaspect of your program.

Very nicelydone! Thankyou forthe opportunity to review the draft.
With best wishes,
Jim

JamesW. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6310

{m) 409-789-2012
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From: ALEFE <zIlshi@wh.iov.cn>
Sent: Friday, March 6, 2020 8:05 AM
To: LeDuc, James W.

Cc: Yuan Zhiming;Shi, Pei yong
Subject: Re: Vox article

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you recognize
the sender and know the content is safe.

Dear Jim,

Thank you for your information.

It's a difficult time for us. We will be fine.

The rumors always ran faster than the reality. That's problem of internet world.

Best regards,
Zhengli,

KA A:"LeDuc, James W." <jwleduc@UTMB EDU>

& AR ] :2020-03-05 22:50:33 (2 HAM)

ek Az "Yuan Zhiming" <yzm@wh.iov.cn>, zlshi <zlshi@wh.iov.cn>
FbiE: "Shi, Pei yong" <peshi@UTMB EDU>

F i Vox article

Hworl
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From: Eliza Barclay <eliza.barclay@vox.com>
Sent: Wednesday, March 04, 2020 8:49 PM
To: LeDuc, James W. <jwleduc@UTMB.EDU>
Subject: Re: Wuhan

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you recognize
the sender and know the content is safe.

Hi Jim,

The story went up today. Thanks so much for your help with it, and let me know if you see any inaccuracies to
fix or updates I should make.

Very best, and hope to stay in touch,

Eliza

https://www.vox.com/2020/3/4/21156607/how-did-the-coronavirus-get-started-china-wuhan-lab

On Fri, Feb 28, 2020 at 3:06 PM Eliza Barclay <eliza.barclay@vox com> wrote:

Sure, will do.

On Feb 28, 2020, at 12:16 PM, LeDuc, James W. <jwleduc(@utmb.edu> wrote:

From: Eliza Barclay <eliza.barclay@vox.com>
Sent: Friday, February 28, 2020 1:07 PM

To: LeDuc, James W. <jwleduc@UTMB.EDU>
Cc: Keusch, Gerald T <keusch@bu.edu>
Subject: Re: Wuhan

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

Thanks for the connection, Jerry.
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And thanks so much for the quick response, Jim. I will give you a call in about an hour.

Best,

Eliza

On Fri, Feb 28, 2020 at 10:50 AM LeDuc, James W. <jwleduc(@utmb.edu> wrote:

T

From: Keusch, Gerald T <keusch@bu edu>
Sent: Friday, February 28, 2020 11:48 AM

To: LeDuc, James W. <jwleduc@UTMB. EDU>
Cec: Eliza Barclay <eliza.barclay(@vox.com>
Subject: Wuhan
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WARNING: This email originated from outside of UTMB's email system. Do not click links or open
attachments unless you recognize the sender and know the content is safe.

Hi Jim,

I was talking to Eliza Barclay from Vox (copied above) who was referred to me by our friend
Peter Daszak. Eliza is working on a story to address the various conspiracy theories being
bandied about on the origin of the Covid19 virus. One of the issues, of course, was the
Wuhan laboratory as a source — whether accidental or deliberate — and the questions being
raised about it biosecurity and biosafety protocols. I said that I was absolutely confident that
they had proper protocols and trained people in place, in part because I am was aware that
GNL had connections with that lab, had trained many of their staff, and that you have been
there.

Eliza will follow up and if you have the time she would like to talk with you. She is trying to
gather the scientific argument and be able to translate it for a general audience to be able to
distinguish between evidence and conspiracy.

Hope all is well.

Jerry

Gerald T. Keusch, M.D.

Professor of Medicine and International Health

Boston University School of Medicine

Associate Director, National Emerging Infectious Diseases Laboratories
620 Albany Street

Boston, MA 02118
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Eliza Barclay * Science Editor

<~WRD363 jpg>

Follow Vox on Twitter - Instagram - Facebook

Eliza Barclay * Science Editor

Follow Vox on Twitter - Instagram - Facebook
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From: Yuan Zhiming <yzm@wh.iov.cn>
Sent: Saturday, April 18, 2020 9:56 PM
To: LeDuc, James W.;zIshi

Cc: Shi, Pei yong

Subject: [E&: RE: Fwd: Rubio

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you recognize
the sender and know the content is safe.

Dear Jim ,

Thanks for your informaiton. | really appreciate your help and your action, we need to let some people
understand well the the mission of high-level biosafey lab. what we do, and how we do inside. We all know
that the labs were built not for causing epidmic, but for proventing the epidemic, and the labs are
managed according to interantional guildline and national accquirement, Wuhan's lab is among the others.
| will contact Zhengli to see what she can do for your report.

Regards

Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chinese Academy of Sciences

Wuhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480

CC: 5hil Peb yvong; Yuan £himi
Subject: RE: Fwd: Rubio
Dear Zhengli,

Thank you for your response. | understand completely and | certainly do not wish to compromise you
personally or your research activities. Given our long history of collaborations between the GNL and the

1
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WIV, | have been approached repeatedly for details on our work. Attached is a draft summary that | will be
providing to the leadership of our University of Texas system and likely to Congressional committees that
are being formed now. Please review carefully and make any changes that you would like. | want this to
be as accurate as possible and | certainly do not want to misrepresent any of your valuable contributions. |
need to submit this on Monday, 20 April, so your prompt reply would be very much appreciated. | have
copied Zhiming for his comments as well.

With best wishes,
Jim

From: B IE WV <zlshi@wh.iov.cn>

Sent: Saturday, April 18, 2020 9:20 AM
To: LeDuc, James W. <jwleduc@UTMB.EDU>
Subject: Re: Fwd: Rubio

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless
you recognize the sender and know the content is safe.

Dear James,

Thank you for your email and consideration our communication.

Due to the complicated situation, | don't think it's a right time to communicate by the call.

What | can tell you is that this virus is not a leaky from our lab or any other labs.It's a shame to

make this scientific question so complicated.

| hope to talk with you whenever the COVID-19 is over and world is calme and believe in the
science.

Best regards,

Zhengli,

& A "LeDuc, James W." <}y

& 3XM418):2020-04-17 11:06:38 (Eﬂ;ﬁli)

W A : "zengli Shi" <
Phik:

F i Fwd: Rubio

oo

Hi Zheng-Li. | hope you are well as surviving all the COVID19 drama. | wonder if you would have time
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for a phone call sometime soon. Let me know a good number and time and I’ll call. The email below
is relevant.

| will certainly understand if you are not available but Pei-Yong keeps encouraging me to call.

With all good wishes.

Jim.

My office line is 1 409 266 6516 or cell is 1 409 789 2012 if it’s easier for you to call me.

Sent from my iPhone

Begin forwarded message:
From: David Franz <
Date: April 16, 2020 at 8:04:55 PM CDT
To: "LeDuc, James W." <j: Th
Subject: Rubio

WARNING: This email originated from outside of UTMB's email system. Do not click links
or open attachments unless you recognize the sender and know the content is safe.

| heard from someone in government this evening that Senator Rubio is starting to push
for AN investigation regarding Wuhan lab. Just found it on the web at Forbes by
Kenneth Repoza. Title of article is “eight senators call for investigation into coronavirus
origins”

Sent from my iPhone
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From: LeDuc, James W. [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DF08E29C4439E88A04BABFFB162AD-JWLEDUC]
Sent: 2/12/2020 8:41:52 AM

To: Shi, Pei yong [peshi@UTMB.EDU]; df@wh.iov.cn; zishi [zIshi@wh.iov.cn]
CC: yzm [yzm@wh.iov.cn]; wangyy [wangyy@wh.iov.cn]; Ksiazek, Thomas G. [tgksiaze @UTMB.EDU]
Subject: RE: RE: sharing of isolates of 2019nCoV

Lstrongly agree. We need to show international scientific collaborations at this time of potentially global crisis.
Thank you Fei for your continued efforts.
Jim

James W, Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{t} 409-266-6500

{f} 4095-266-681D

{rm) 409-789-2012

From: Shi, Pei yong <peshi@UTMB.EDU>

Sent: Wednesday, February 12, 2020 7:10 AM

To: df@wh.iov.cn; zlshi <zlshi@wh.iov.cn>

Cc: LeDuc, James W. <jwleduc@UTMB.EDU>; yzm <yzm@wh.iov.cn>; wangyy <wangyy@wh.iov.cn>; Ksiazek, Thomas G.
<tgksiaze@UTMB.EDU>

Subject: RE: RE: sharing of isolates of 2019nCoV

Thanks, Fei

Although US CDC has already shared the virus isolate with a number of US institutions (including UTMB) last week, it is
still important to successfully transfer and share the isolate(s) from China.

Best,

- Pei-Yong

From: df@wh.iov.cn <df@wh.iov.cn>

Sent: Wednesday, February 12, 2020 3:34 AM

To: Shi, Pei yong <peshi@UTMB.EDU>; zlshi <zlshi@wh.iov.cn>

Cc: LeDuc, James W. <jwleduc@®@UTMB.EDU>; yzm <yzm®wh.iov.cn>; wangyy <wangyy@wh.iov.cn>; Ksiazek, Thomas G.
<tgksiaze@UTMB.EDU>

Subject: Re: RE: sharing of isolates of 2019nCoV

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you recognize
the sender and know the content is safe,

No prompt reply from the Custom until today. President Bai is trying to push it in
Beijing. Please wait for a while.
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With best

Dr. Fei Deng

Virus Resource and Bioinformation Center,

Wuhan Institute of Virology, Chinese Academy of Sciences.
Tel/Fax:0086-27-87198465

From: Shi, Pei yong
Date: 2020-02-05 20:41

CC: LeDug, James W.; yzm; wanqyy; Ksiazek, Thomas G.
Subject: RE: FW: sharing of isolates of 2019nCoV

Hi Fei,
Thanks for the update. We look forward to further progress.
Best,

. Pei-Yong

From: df@wh.iov.cn <df@wh.iov.cn>
Sent: Wednesday, February 5, 2020 5:57 AM
To: Shi, Pei yong <peshi@UTMB.EDU>; zlshi <zlshi@wh.iov.cn>

Cc: LeDuc, James W. <jwleduc@UTMB.EDU>; yzm <yzm@wh.iov.cn>; wangyy <wangyy@wh.iov.cn>; Ksiazek,

Thomas G. <tgksiaze@UTMB.EDU>
Subject: Re: FW: sharing of isolates of 2019nCoV

recognize the sender and know the content is safe.

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you

Thanks for your information.

We are trying to discuss this with the General Administration of Customs in Beijing directly.

I will keep on contacting with you.

Best wishes,
Fei

Dr. Fei Deng

Virus Resource and Bioinformation Center,

Wuhan Institute of Virology, Chinese Academy of Sciences.
Tel/Fax:0086-27-87198465

Email: df@wh.iov.cn

From: &hy, Pelvong

Date: 2020-02-04 22:52

To: dithwh iov.ony kb

CC: Lebur, James W, Yuan Zhiming wanoyy@whulov.gn, Kelazel, Thumas G

Subject: FW: sharing of isolates of 2019nCoV
Dear Fei and Zhengli,
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Please see the response from President Bai. Zhiming and Yanyi were copied on the original email. Let
us know anything we could help to facilitate the isolate transfer.

Best regards,
*  Pei-Yong

From: LeDuc, James W. <jwleduc@UTMB.EDU>
Sent: Tuesday, February 4, 2020 8:39 AM

To: Shi, Pei yong <peshi@UTMB.EDU>

Subject: FW: sharing of isolates of 2019nCoV

From: "president-officeidcas on" <president-oificeidoas.cn>

Date: February 3, 2020 at 11:20:56 PM EST

To: dgrifti6 <dgriffié@ihimi edu™> MHamburg <MHamburgiinas edy>
Cc: mlowenth <mlowenth@inas edy>, Peggy Hamburg
<peguv@hblam net>, jwleduc <gwleductinas edu>, jhilderbr
<hilderbr@@anizona edu>, BRsek <BRsek{onas edu>, jboright
<ihorightwnas edu>, clbai <clbaifwcas.on>, zhangyp
<ghangvplidcashg.ac.on™, gaof <gaoil
capfweashyg.ac.cn>, liyin <livind@cashg.ac.cn™>, sunhui
<sunhuitdcashg ac on™>, wangyy <wangyvi@wh iov.cn™>, yzm
<yzmf@whiov.on>

Subject: sharing of isolates of 2019nCoV
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Diane E. Griffin, Vice President, NAS,
Margaret Hamburg, Foreign Secretary, NAM

Dear Prof. Griffin and Prof. Hamburg,

Thank you for your concerns on the recent outbreak of the 2019 novo-coronavirus
epidemic. Upon receiving your letter dated January 28, my colleagues have
discussed with Dr. George Fu Gao and other experts and we are willing to share
isolates of the 2019 nCoV with the international community. We believe this is

critical to engaging joint international efforts to contain the spread of the virus.
The National Biosafety Laboratory Wuhan of the Chinese Academy of Sciences is
prepared and willing to work with The University of Texas Medical Branch and
other international research institutions on the specifics for the sharing and
distribution of the isolates. We are in the process of getting it ready.

| look forward to hearing your further advice on this matter.

With best regards,
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Chunli Bai

Chunli Bai

President

Chinese Academy of Sciences

The Alliance of International Science Organizations (ANSO)
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From: LeDuc, James W.

Sent: Thursday, May 7, 2020 3:28 PM

To: Jessica Tucker (jessica.tucker@nih.gov)
Subject: FW: News query from Nature

From: Nidhi Subbaraman <nidhi.subbaraman@us.nature.com>
Sent: Thursday, May 07, 2020 1:58 PM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: News query from Nature

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you recognize
the sender and know the content is safe.

Dr Le Duc, | am reporting on the coronavirus for the news team at Nature, based in Washington DC.

| am looking into a story about gain of function and dual use research, and writing to ask if you’d be free for a brief call
about this. We’re wondering if the pandemic will re-ignite the debate about this research area — what should be
allowed, what should be published, how the work should be communicated to the public. I'm also curious how you see
the rumors about Shi Zhengli’s lab in Wuhan influencing this.

I’'m reaching out to reserachers who work in this area, or have participated in policy discussions in the past to ask how
they see the pandmic tinting that discussion. (I covered the NSABB meeting in Jan where a version of this discussion
came up https:/www.nature.com/articles/d41586-020-00210-5)

Would value your thoughts on this. Please let me know if you’re available for a phone call Friday or Monday.

Thank you, Nidhi

Nidhi Subbaraman (she/her)
Senior reporter, Nature
hitps:/fwww.nature.com/news

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the original intended recipient. If you have
received this e-mail in error please inform the sender and delete it from your mailbox or any other storage mechanism. Springer Nature
America, Inc. does not accept liability for any statements made which are clearly the sender's own and not expressly made on behalf of
Springer Nature America, Inc. or one of their agents.

Please note that neither Springer Nature America, Inc. or any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the e-mail and attachments (if any).
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 11/8/20194:56:47 PM

To: Yuan Zhiming [yzm@wh.iov.cn]

Subject: RE: [B] & : Re: The PDF offprint of your article [JOBB_26] is attached to this email

Thanks Zhiming. Dwill try to look at your manuscript while in Geneva next week,
Best wishes,

Jim

From: Yuan Zhiming <yzm@wh.iov.cn>

Sent: Wednesday, November 06, 2019 8:09 PM
To: LeDuc, James W. <jwleduc@ UTMB.EDU>

Subject: [E] £ : Re: The PDF offprint of your article [JOBB_26] is attached to this email

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless you recognize
the sender and know the content is safe.

Dear James ,

I really think about to have another article with you about the safety managementin the laboratory. Sorry I
can not go to WHO meeting this time, and I hope to see you soon, maybe in CAS-NAS meeting.

By the way, I write a small paper on Wuhan P4 lab. My attention is to let outside to know a little bit the
laboratory and understand why we need the lab. and how to operate the lab. I hope you could have a look
and help me to revise it.

Thanks for you help and I am sure your revision will do me a great favor for the publication of this article.

Regards

Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chmese Academy of Sciences

Wuhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480
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Fom: LeDuc, James W,
Date: 2019-11-06 10:20
To: Yuan Zhiming

Subject: Re: The PDF offprint of your article [JOBB_26] is attached to this email
Wonderfull Thanks for the good news. Hopefully we will have another one out soon.

Are you going to the WHO meeting on biocontainment labs next week in Geneva? PerhapsI' |l see you

there.

Jim

Sent from my iPhone

On Nov 5, 2019, at 5:44 PM, Yuan Zhiming <yzm@wh.iov.cn> wrote:

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless you
recognize the sender and know the content is safe,

Hi, James ,

The article Safety and Security in the Age of Synthetic Biology has been published on line. Thanks for

your contribution and hope to meet you soon.

Regards

Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chinese Academy of Sciences

Wuhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480

From: Elsevier - PDF Offprint
Date: 2019-11-06 04:50
To: yzim

Subject: The PDF offprint of your article [JOBB_26] is attached to this email
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Please note this is a system generated email from an unmanned mailbox.
If you have any queries we really want to hear from

you via our 24/7 support at http://service elsevier.com

Article title: Safety and Security in the Age of Synthetic Biology
Article reference: JOBB26

Journal title: Journal of Biosafety and Biosecurity
Corresponding author: Dr. Zhiming Yuan

First author: Dr. James W. LeDuc

PDF offprint dispatch: 5-11-2019

Dear Dr. Yuan,
We are pleased to inform you that a PDF file of your published article Safety and Security in the Age of
Synthetic Biology is attached to this e-mail for you to view and download. Please note that this article is

published, therefore content updates are no longer possible at this point.

If you wish to order paper offprints, please go to
https://authors.elsevier.com/authorforms/JOBB26/88b5eb54513e722e9a6a67bd55¢2f7 54

You can also order a copy of the issue on the Elsevier Webshop: http://webshop.elseviercom .

To view and print PDF files you will need Adobe Reader. This program is freely available and can be

downloaded from https://get.adobe.com/reader/.

Please read and take note of the copyright stipulations in the PDF file.

Kind regards,
Elsevier Author Support

25% BOOK DISCOUNTS for authors!
All Elsevier authors are eligible for a 25% discount on most Elsevier books, serials, references, textbooks
and can also receive a 10% discount on multi-volume reference works.

Take advantage today! www.elsevier.com/bookdiscounts

HAVE QUESTIONS OR NEED ASSISTANCE?
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For further assistance, please visit our Customer Support site where you search for solutions on a range
of topics and find answers for frequently asked questions. You can also talk to our customer support
team by hone 24 hours a day from Monday-Friday and 24/7 by live chat and email.

Get started at > http:;//service.elsevier.com

© 2016 Elsevier Ltd | Privacy Policy http://www.elsevier.com/privacypolicy
Elsevier Limited, The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, United Kingdom,

Registration No. 1982084. This e-mail has been sent to you from Elsevier Ltd. To ensure delivery to your

inbox (not bulk or junk folders), please add article_status@elseviercom to your address book or safe

senders list.

[T-13a-20151509]
<JOBB26.pdf>
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From: LeDuc, James W. [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DF08E29C4439E88A04BABFFB162AD-JWLEDUC]
Sent: 1/23/2020 9:20:12 PM

To: Yuan Zhiming [yzm@wh.iov.cn]

CcC: Shi, Pei yong [peshi@UTMB.EDU]; brusek [BRusek@nas.edu]; David Franz [davidrfranz@gmail.com]; George F GAO
[gaof@im.ac.cn]; mifangl [mifangl@hotmail.com]

Subject: Re: Op Ed in Houston Chronicle

Wonderful news. This is the right decision at the right time. Let me know if we can help.

Keep up the great work! Jim

Sent from my iPhone

On Jan 23, 2020, at 9:03 PM, Yuan Zhiming <yzm@wh.iov.cn> wrote:

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

Dear all,
Thanks for your suggestion and I do agree with you. I will try my best to promote the sharing of
strain and experience betweet us and let you know later.

Regards

Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chinese Academy of Sciences

Wuhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480

From: Shi, Fel vong

Date: 2020-01-22 23:56

To: Lelug, James W, Bk

CC: Benjamin Rusek (BRussk@nas.edu); Dave Frang {devidrirame@omailcom); George F GAL,

Subject: RE: Op Ed in Houston Chronicle
| totally agree with Jim. The timing is critical here.

o Pei-Yong
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From: LeDuc, James W. <jwleduc@UTMB.EDU>
Sent: Wednesday, January 22, 2020 9:29 AM

To: =& <yzm@wh.iov.cn>

Cc: Benjamin Rusek (BRusek@nas.edu) <BRusek@nas.edu>; Dave Franz
(davidrfranz@gmail.com) <davidrfranz@gmail.com>; George F GAO <gaof@im.ac.cn>;
Mifang Liang <mifangl@hotmail.com>; Shi, Pei yong <peshi@UTMB.EDU>

Subject: Re: Op Ed in Houston Chronicle

Thanks Zhiming. You are in a very challenging position and doing a great job. | would
however recommend that you organize and quickly implement a way to share reference
isolates. With cases occurring outside China, others will soon have their own isolates and
China will have lost the opportunity for leadership. And if scientific publications start
appearing from Chinese investigators without the world having independent access to a
strain, China will likely be heavily criticized.

Keep up the good work

Jim
Sent from my iPhone

On Jan 22, 2020, at 6:30 AM, =a&xBH <yzrm@wh.iov.on> wrote:

WARNING: This email originated from outside of UTMB's email system. Do not click
links or open attachments unless you recognize the sender and know the contentis
safe.

Dear Jim,

Thanks for your information and your positive attitute to Chinese public
health response system and the practice. We are still work hard the on the
novel coronovirus and hope to get the help from your team.

Regards

Zhiming

E{EA"LeDuc, James W." <iwleduc@UTVBEDU>

% i%£RNa:2020-01-22 06:33:54 (EHE=)

Wi A : "Benjamin Rusek (BRusek@nas.edu)" <BRusek®nas.edu>,
"Dave Franz (davideiranz@emailcom)” <davidriranz@emailcom>,
"Yuan Zhiming" <yzmi@witiov.cn>, "George F GAO" <gapf@im.ac.on>,
"Mifang Liang" <mifangi@hotmail. com>, "Shi, Pei yong"
<peshi@UTMB.EDU>

Fri:
=EJ&: Op Ed in Houston Chronicle
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Ben, Dave, Zhiming, George, Mifang and Pei-Yong

The attached, slightly modified to include mention of the new case in
Washington State, is scheduled to appear in Wednesday 22 Jan’s
Houston Chronicle. Note mention of the NASEM/CAS collaborations.

Just FYI,
Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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From: LeDuc, James W.

Sent: Wednesday, May 20, 2020 10:34 AM

To: Auchincloss, Hugh (NIH/NIAID) [E] (auchinclossh@niaid.nih.gov)

Subject: call

Attachments: U.S. Probes University of Texas Links to Chinese Lab Scrutinized Over Coronavirus -
WSJ.pdf

Hi Hugh,

We should chat about the status of the probe by DoEd mentioned in the attached article. Nothing urgent, | just want to
keep you informed. Let me know when you would be available for a brief 15 min call later today or this week.

Thanks, Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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From: LeDuc, James W.

Sent: Saturday, April 18, 2020 11:44 AM
To: AIEmN

Cc: Shi, Pei yong;Yuan Zhiming
Subject: RE: Fwd: Rubio

Attachments: a nCoV and WIV-drf2.docx

Dear Zhengli,

Thank you for your response. | understand completely and | certainly do not wish to compromise you personally or your
research activities. Given our long history of collaborations between the GNL and the WIV, | have been approached
repeatedly for details on our work. Attached is a draft summary that | will be providing to the leadership of our
University of Texas system and likely to Congressional committees that are being formed now. Please review carefully
and make any changes that you would like. | want this to be as accurate as possible and | certainly do not want to
misrepresent any of your valuable contributions. | need to submit this on Monday, 20 April, so your prompt reply would
be very much appreciated. | have copied Zhiming for his comments as well.

With best wishes,
Jim

From: B IE WV <zlshi@wh.iov.cn>

Sent: Saturday, April 18, 2020 9:20 AM
To: LeDuc, James W. <jwleduc@UTMB.EDU>
Subject: Re: Fwd: Rubio

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you recognize
the sender and know the content is safe.

Dear James,

Thank you for your email and consideration our communication.

Due to the complicated situation, I don't think it's a right time to communicate by the call.

What I can tell you is that this virus is not a leaky from our lab or any other labs.It's a shame to make this
scientific question so complicated.
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I hope to talk with you whenever the COVID-19 is over and world is calme and believe in the science.

Best regards,

Zhengli,

ﬂﬂfFA "zengll Shi" <;
Phik:

F i Fwd: Rubio

Hi Zheng-Li. | hope you are well as surviving all the COVID19 drama. | wonder if you would have time for a phone call
sometime soon. Let me know a good number and time and I'll call. The email below is relevant.

| will certainly understand if you are not available but Pei-Yong keeps encouraging me to call.
With all good wishes.

Jim.

My office line is 1 409 266 6516 or cell is 1 409 789 2012 if it’s easier for you to call me.

Sent from my iPhone

Begin forwarded message:

From: David Franz < O
Date: April 16, 2020 at 8:04:55 PM CDT
To: "LeDuc, James W." <jy
Subject: Rubio

WARNING: This email originated from outside of UTMB's email system. Do not click links or open
attachments unless you recognize the sender and know the content is safe.

| heard from someone in government this evening that Senator Rubio is starting to push for AN
investigation regarding Wuhan lab. Just found it on the web at Forbes by Kenneth Repoza. Title of
article is “eight senators call for investigation into coronavirus origins”

Sent from my iPhone
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 4/29/202010:38:48 AM

To: Handley, Gray (handleygr@niaid.nih.gov) [handleygr@niaid.nih.gov]

cC: Holubar, Connie J. [cjholuba @ UTMB.EDU]

Subject: FW: quick question

Gray, my colleague ConnieMolubar raises some concernthatare validas noted below. The 10K encountersincludes
training forour own UTMB staff, which was at least haif to three guarters of all those trained. Further, we hadveryfew
trainees from China. We trained one huilding enginegerfrom Wuhan and the two post-docs mentioned below. We also
trained fourindividuals from Kunming {where another BSL4is located) on building operations, and we sentateamto
Kunmingto offeron-site training attheir facdility. Sowe had relatively little engagement with Chinathroughoutthe
training center history.

Thanks, lim

From: Holubar, ConnieJ. <cjhocluba@UTMB.EDU>
Sent: Wednesday, April 29, 2020 9:57 AM
To: LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: RE: quick question

From: leDuc, James W. <jwieduc@@UTMB EDL>
Sent: Wednesday, April 29, 2020 9:14 AM

To: Holubar, Connie ). <gihoiuba@UTMB EDUS
Subject: FW: quick question

Just FYL

From: LeDuc, JamesW.

Sent: Wednesday, April 29, 2020 9:12 AM

To: 'Handley, Gray (NIH/NIAID) [E]' <handlever@@niaid.nih.gov>
Subject: RE: quick question

Hi Gray,

The title forboth projects was National Biocontainment Training Center. Finalreports forbothare attachedfor yvour
information.

The Centerwas supported by two separate awards: WE1XWH-08-2-0053 coveringthe period 22-05-2009 to 21-12-2014
and WEBIXWH-11-2-0148 covering the period 07-2011 to 07-2016. See below forspecificanswers. Let me know ifyou
need additional information. Thankyou foraddressing these issues, Tcontinue to believe that thisisasuccess story and
we are proud of our contributions.
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Bestwishes,
Jim

James W. Le Duc, Ph.D.

Director

Galveston Mational Laboratory
University of Texas Medical Branch
Galveston, TX77555-0610

{t} 409-256-6500

{f} 409-266-6810

{m}409-789-2012

From: Handley, Gray (NIH/NIAID) [E] <handiever@niaid.nih.gov>
Sent: Wednesday, April 29, 2020 8:07 AM

To: LeDuc, James W. <jwieduc@UTMB EDU>

Subject: quick question

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Jim: Embassy Beijing is asking what was the official name of your DoD supported training program and some other
background information. Canyousend me that?

Also, can you assure these responses totheirquestions are accurate? | providedthe textinblack earlierandthe red
textis my response totheirfollow-up questions —all based on our conversations.

1) Didthistraining take place inthe U.S., China, orin both countries?

Since 2013, the Galveston National Laboratory {GNL) of the University of Texas Medical Branch (UTMB), part of the NIH
Biodefense Laboratory Network, provided laboratory safety and security training for high -level biocontainment facilities
in China, including the Wuhan Institute of Virology

inthe LLS. at UTMB facility. Trainingwas provided iopartnersfram aboul 70 different mu*;?r'@f* weith owver 10,000
ratning encounters offered over 22% Higof the training center, Including s few from China. ring was provided both
o site using 3 purpose made reining centeronthe UTMEB campus and sugmentedwith training in the Gal ‘,esm
Mational Laboratory active b @m*;%a srven suites and mechanicaispace s and at host nation {ac i tes, Tratsdng was
offered totwo categories of learmers, those leboratory sclantists who would be working In Mocontalnment and those
mulidingenginesrswhowsre responsible forthe sefe and secure operations of the Isboratory infrastruciurs. Training
includediong-termitraining for post-doctoral fellows working in blocontainment and ﬁ;}ec%rmm ing, we hosted M
iz, Phid during herpostedoctoral tralning working on Orimean-Congo hemorrhagicfevervirusin the GRLESLE
fshoratories, Asecond post-doctoral fellow, Chan Shao, PhD, was supported using of wr?egrzdf afterthe training canter
ward axpired, Both D Xigand Or Shao have now returmned o the Wahan institute of Vivology where they are working
o the current coronavirys pandemis

2) Is this relationship stillongoing?
This relationship has been facilitated since 2015 through an ongoing dialogue and regular collaboration meetings co-

sponsored by the Chinese Academies of Science and the U.S. National Academies of Science, Engineering and Medicine
with cooperation fromthe Chinese CDC and others.
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The training ended in 2016, The collaboration meetings convened by the CAS and the U.S. NAS, and highly regarded by
the participating scientists, continued to be convened nearly eachyearsince 2015 We understand there will notlikely
be a meetingthisyear. YWe lustlearnedtoday that g jointvirtua! mesting will be held as sariy as May, 2000, again
iointly sponsored by the CAS and NAS, Detalls are justhelngdeveloped,

We continua to have sdentisttosdlentist dislogus and collsborations with collespuss In Ching and elsewhere around
the worid,

3) Why was DOD funding discontinued?

This UTMB trainingengagement ended in 2016 when DoD funding was exhausted and not replenished from 2017
onwards.

This funding was expended on the training of sclentists and facility operators to assure biosafety and biosecurity at high-
containment laboratories around the world. The funding was provided by DoD, following an Congressional earmarkin
its appropriation, through two awards of five years each. Invearssven, the awarded funding had been fully

utilized. Despite requests from UTMB, Dol and other USG Agendies approached forsupportchose not to provide
additional funding. UTMB understood this decision had to do with the overall USG position on relations with China but
only Dol could say what factors were actually determinative. 0K, We continus tossekfundingforthe raining center
as it clearly addrasses anurgant global needwith the continuing proliferation of blocontainment {abs around the world,

4) Was there a formal name for this program? If so, please include.

According to GNL leadershiy, the relationship with the Wuhan Institute of Virology included the provision of training to
scientists and biosafety and engineering professionals from Wuhan, aswell asfromotherbioccontainment labsin China
and the China CDC. This[name of program] included operations training as the Wuhan Institute of Virclogy prepared to
opentheirBSL-4 facility as part of essential globalresearch collaboration which is necessary to develop
countermeasures againstthe world’s most dangerous publichealth threats,

Mational Blocontsinment Training Center

Many thanks,
Gray

F. Gray Handley

Associate DirectorforInternational Research Affairs
National Institute of Allergy and Infectious Diseases
National Institute of Health

U.S. Department of Health and Human Services

Tel: 301 594 6128 5601 Fishers Lane, Room 1E50
Fax:301 480 2954 Bethesda, MD 20892-9802
handlever@niaid.nih.gov

Disclaimer:

The information in this e-mail and any of its attachments is confidential and may contain sensitive information. It should not be usedby anyone whois notthe
originalintended recipient. If youhave receivedthis e-mail inerror please inform the sender and delete it from your mailbox orany other storage devices. National
Institute of Allergy and Infectious Diseases shall notacceptliiability for any statements made that are sender's ownand not expressly made onbehalf of the NIAID by
one ofits representatives.
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From: LeDuc, James W. [JO=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 5/3/20191:56:10 PM

To: Shan, Chao [chshan@ UTMB.EDU]; Shi, Pei yong [peshi@ UTMB.EDU]; Bente, Dennis A, [dabente@UTMB.EDU];
yvzm@wh.iov.cn; hanxia@wh.iov.cn

Subject: RE: Wuhan CCHFV application

Attachments: Application FormWuhan-UTMB May 3 2019-jwl.doc

Please see attached with some minoredits and questions intrack change. Yerynicelydone! Goodluckto us all}
Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{1} 409-2656-6500

{f} 409-256-6810

{m} 409-785-2012

From: Shan, Chao <chshan@UTMB.EDU>

Sent: Friday, May 03, 2019 11:05 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>; Shi, Pei yong <peshi@UTMB.EDU>; Bente, DennisA.
<dabente @UTMB.EDU>; yzm@wh.iov.cn; hanxia@wh.iov.cn

Subject: Wuhan CCHFV application

Dear All,

Here is the application | wrote with help from Han for Wuhan collaboration. Please take a look and let me
know if anything needs to be changed.

Thanks very much for all the supports from you.

Best,
Chao

Nelson_Judicial_Watch_TPIA_0212



Obtained via FOIA by Judicial Watch Inc.

No.

Grant No.

Confidentiality Level Open

Wuhan National Biosafety Laboratory, Chinese Academy of Sciences
Advanced Customer Cultivation Project

Application Form

Projectname: Vaccine Development and Polyclonal Antiserum for

Crimean-Congo Hemorrhagic Fever Virus

Projectleader (Signature):

Organization:_ Uniwers ity of Texas Medical Branch, Texas, USA
Phone number: +1(409) 266-6500
E-mail: jwle duc @utmb.edu

Made by Research Planning Office of Wuhan Institute of Virology, CAS
Filled in on 30/4/2019

[PAGE ]
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Ins truction for Form Filling

Each item of the application form must be true, complete, accurate and clarified

The “Confidentiality Level” on the cover shall be filled in with “ Open”.

All the application materials shall be submitted in duplicate in A4 book size in print (double page).

After the form is filled in completely, the applicant’s organization shall review the truthfulness,
completeness and effectiveness of the information filled in.

The application form shall only be considered effective with the signature of the principal of the

applicant’s organization.
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Basic Information

Project name Vaccine Development and Polyclonal Antiserum for Crimean-Congo Hemorthagic Fever Virus

ClFrontline of the fundamental [IMajor common key technology < Application
Type of project
demonstration research []Others

Funding Category Vv Key Project  [JGeneral Project

Budget Total estimate: 50 (RMB 10,000 yuan) (Note: please calculate for one year only)

Implementation period
From (01/07/2019) to (31/12/2019)

(one year)
Assessment period From (01/07/2019) to (31/12/2021)
Name James Le Duc| Sex M Birthday 11/23/1945
Project leader Title Professor Duty Director Highest degree Ph.D.
Organization University of Texas Medical Branch, Texas, USA
Principal Zhiming Yuan
Research group [Person to contact Chao Shan
Investigator A,
in WIV, CAS . TN (Signature)
(Signature) -
Project
[TJAuthorization v Cooperation [Independent Completion
Implementation
Total Assistant | Post- | Doctor
Senior| Intermediate Junior Master candidate
Project team | number personnel |doctor| candidate
6 6 0 0 0 0 0 0
Time
Name | Age Title Organization| Commitment |Task Assignment Signature
(Months)
Main
James | 73 Professor UTMB 3 Project leader
participants of
Le Duc
the project
Pei-Yongl 53 Professor UTMB 3 Co-Project leader
implementation
Shi
Dennis | 43 Associate UTMB 3 Co-Project leader
Bente professor

[PAGE ]
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Zhiming| 56 Professor WHIOV Project Leader
Yuan in WHIOV
Chao 34 Professor WHIOV Vaccine
Shan development and
efficacy test
Han 36 Associate WHIOV Anti-CCHFV M’; i{ .y \)\}: S,
Xia professor polyclonal
antibody
generation
[PAGE ]
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Text

[=1\* ROMAN]. Research Background
1. Research purpose
The purposes of the project (1) Develop areplicon-based DNA vaccine for Crimean-Congo hemorrhagic

fever virus (CCHFV). (2) Generation horse source polyclonal antibody for anti-CCHFV therapy.
2. Foreign and domestic research background, trend of development

Crimean-Congo hemorthagic fever (also known as Xmjiang hemorthagic fever) is caused by CCHFV in
humans. CCHFV is a tick-bome virus with a wide geographical distribution, mncluding Africa, the
Balkans, the Middle East, Russia, western Asia and eastemn Asia and needs high contamment laboratory
to conduct research. There are currently no licensed vaccmes to prevent CCHFV-associated disease.
CCHFYV causes severe disease in human beings with a reported mortality rate of 3%-30% [ ADDIN
EN.CITE
<EndNote><Cite><Author>Bente</Author><Year>2013</Year><RecNum>110</RecNum><DisplayTe
xt>(1)</DisplayText ><record><rec-number>110</frec-number><foreign-key s><key app="EN"
db-1d="fwS5 a0 favmxvO w2 ex9wqv wxwn z9pat9 20 szft" timestamp="1556812014"
guid="a4688135-8d5¢-4363-a3 et-afb1028964bb">110<key></foreign-key s><ref-type  name="Journal
Article">17</ref-type><contributors><authors><author>Bente, D. A </author><author>Forrester, N.
L.</author><author>Watts, D. M.</author><author>McAuley, A. J</author><author>Whitchouse, C.
A.</author><author>Bray, M.</author></authors></contributors><titleg><title>Crimean -Congo
hemorthagic fever: history, epidemiology, pathogenesis, clinical syndrome and genetic
diversity </title><secondary -title>Antiviral
Res</secondary-title><Aitles><periodical><full-title>Antiviral

Res</full-title><periodical>><pages>1 59 -89</p ages><vo lume>1 00 </volume><number>1 </mumber><ed
ition>2013 07/29</edition ><key words><k ey word>Anmals</keyword><keyword>Genetic

Variation </key word><keyword>Hemorrhagic Fever Virus,
Crimean-Congo<keyword><keyword>Hemorthagic Fever, Crimean</keyword><keyword>History,
20th Century</keyword><keyword>History, 21st
Century </keyword><keyword>Hum ans</keyword><keyword>Phylo geny </keyword><keyword>Arbovi
rus</keyword><keyword>Bunyavirus</keyword><keyword>Crimean—Con go hemorthagic fever
virus</key word><keyword>Nairovirus</keyword><keyword>T ick-bome

virus</k ey word><k eyword>Viral hemorrhagic
fever</keyword></keywords><dates><year>2013 </year><pub-dates><date>Oct</date></pub-dates></
dates><isbn>1872-9096</isbn><accession-num>23906741 </accession-num><urls><related-urls><wrl>h

ttps://www.nebi.nlm nih. gov/pubmed’2 3906741 </wrl></related-urls></urls><electronic-reso urce-num:>>1

[PAGE ]
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0.1016/j.antiviral. 2013 .07.006</electronic-resource-num><lan guage>eng</language></record></Cite><

/EndNote>].

Currently, there are mainly two forms of the vaccine of CCFHV. Inactivated CCHFV vaccine: the
vaccine 1s made on suckling mouse brain and used only in Bulgaria and 1s not approved for use in other
countries [ ADDIN EN.CITE
<EndNote><Cite><Author>Mousavi-Jazi</Author><Year>2012 </Y ear><RecNum>106</RecNum><Di
splayText>(2)</DisplayT ext><record><rec-number>106 </rec-number><foreign-keys><key app="EN"
db-1d="1wS a0 favmxvO w2 ex9wqv wxwn z9pat9 20 szft" timestamp="1556812014"
guid="9%edad adb-313b-4322-9da6-36fcel 6d1 895">106 <key></foreign-keys><ref-type name="Journal
Article">17</ref-type><contribut ors><authors><author>Mousavi-Jazi, M.</author><author>Karlberg,
H.</author><author>Papa, A.</author><author>Christova, I.</author><author>Mirazimi,
A </author></authors></contributors><titles><title>Healthy individualséapos; immune response to the
Bul garian Crimean-Congo hemorthagic fever virus
vaceine<ftitle><secondary-title>Vaccine</secondary-title></titles><perio dical><full-title>Vaccine</full
-title></periodical><pages>6225-9 </pages><volume>30</volume><number>44 </num ber><edition>20
12/08/14</edition><k ey words><keyword>Adult</keyword><keyword>Antibodies,
Neutralizing</keyword><keyword>Antibodies, Viral</keyword><keyword>Enzyme-Lnked
Immwmospot  Assay</keyword><keyword>Female</keyword><keyword>Hemorrthagic Fever Virus,
Crimean -Con go</keyword><k eyword>Hum an s<’/keyword><keyword>Interferon -gamm a</keyword><k
eyword>Male</keyword><keyword>Middle Aged<keyword><keyword>Neutralization
Tests</keyword><keyword>T-Lympho cytes</keyword><keyword>Vaccines,

Inactivated</key word><keyword>Viral

Vaccines</key word></k ey words><dates><year>2012 </year><pub-dates><date>Sep </date></pub-dates
></dates><isbn>1873-2518 </isbn><accession-nun>22902680 </accession-num><urls><related-urls><ur
>hittps://www.nebi.nlm nih. gov/pubmed/22902680</url></related-wrls></urls><electronic-reso urce-num
>10.1016/j.vaccine.2012.08.003 </electronic-reso urce-num><lan guage>eng</lan guage></record></Cite>
</EndNote>]. A formalin-inactivated preparation of CCHFV was also found to be protective against
CCHFV infection n mice| ADDIN EN.CITE
<EndNote><Cite><Author>Canakoglu</Author><Year>2015 </Year><RecNum>121</RecNum><Displ

ay T ext>(3 )</Digplay Text><record><rec-number>121 </rec-num ber><foreign-k ey s><key app="EN"

db-1d="fwS5 a0 favmxv0w2 ex9wqv wx wn z9pat9 20szft" timestamp="1556812016"
guid="21el03ce-96a5-46¢c6-9176-59e484a881 cd">121 <key></foreign-keys><reftype  name="Journal
Article">17</ref-type><contribut ors><authors><author>Canakoglu, N.</author><author>Berber,
E.</author><author>Tonbak, S.</author><author>Ertek, M.</author><author>Sozdutmaz,
I.</author><author>Aktas, M .</author><author>Kalkan, A </author><author>Ozdarendeli,

A </author></authors></contributors><titles><title>Immunization of knock-out a/f mterferon receptor

mice against high lethal dose of Crimean-Congo hemorrhagic fever virus with a cell culture based

[PAGE ]
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vaccine<title><secondary-title>PLoS Negl Trop
Dis</secondary-title><#itles><periodical><full-title>PLoS Negl Trop
Dis</full-title></perio dical ><pages>e0003 579 </pages><vo lume>9 </volume><number>3 </num ber><ed
ition>2015/03/11 </edition ><keywords><keyword>Animals<keyword><keyword>Cell Culture
Techniques</keyword><keyword>Female</k ey word><keyword>Hemorthagic Fever Virus,
Crimean -Con go</keyword><keyword>Human s</keyword><keyword>Immuization<keyword><keyw
ord>Mice<keyword><keyword>Mice, Knockout<keyword><keyword>Receptor, Interferon
alpha-beta</keyword><keyword>Viral

Vaccines</keyword></keywords><dates><year>201 5 <fy ear><pub-dates><date>Mar</date></pub-dates
></dates><isbn>1935-2735 </isbn><accession-nun>25760444 </accession-num ><urls><related-urls><ur
I>https://www.ncbi.nlm nih. gov/pubmed/2 5760444 <Awl></related-urls></urls><custom2 >PMC4356576
</custom2><electronic-resource-num>10.1371/journal pntd.0003579 </electronic-reso urce-num><langua
ge>eng</language></record></Cite></EndNote>]. Subunit CCHFV vaccine. Since CCHFV
glycoproteins are displayed on the surface of the virion, it was used as the target to develop vaccine.
Using vaccinia virus as vehicle to deliver the glycoproteins of CCHFV was shown to provide 100%
protection to lethally challenged mice [ ADDIN EN.CITE ADDIN EN.CITE.DATA 1. DNA vaccine
expressing nucleoprotein (NP) and ubiquitin-linked versions of GPC-derived Gn and Ge or virus-like
particle vaccination has been shown to confer protection against lethal CCHFV challenge | ADDIN
EN.CITE ADDIN EN.CITE.DATA ]. Mice fed transgenic plants expressing the CCHEFV
glycoproteins and immunized with purified glycoprotein fiom Drosophila msect cell developed
antibodies against the glycoproteins, while the latter did not confer the protection| ADDIN EN.CITE
ADDIN EN.CITE.DATA 1.

Polyclonal antibody was widely used for antiviral treatment. The FDA has approved the production of
anti-rabies virus polyclonal antibodies for commercial use. The polyclonal anti-Ebola antibody fiom
horse can effectively protect mice from lethal Ebola virus infection. Duringthe 2014 Ebola outbreak, ihei Gomment [LIWAT: this susgosts that thehorse

monoclonal anti-Ebola antibody was used to treat Ebola virus infection and rescued patient life. Those st EBolaanitbody wins suceessiully usid (o

L . . 5 : - 2at Hilodios i et Africa Eboly
cases indicate that antibody therapy may plays an important role in prevention and control outbreaks of freath > durmgthe Wesl A manbiboly

emerging diseases] ADDIN EN.CITE ADDIN EN.CITE.DATA 1.

outhreak: We need to be clear thatit was
nonocional antibody nsed for treatnent as

reforenced. See Sussested chanaes

3. References

[ ADDIN EN.REFLIST ]

[PAGE ]
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[=2\* ROMAN]. Research Contents

1. Research contents

Aim 1 Dewlop a replicon-based DNA vaccne for Crimean-Congo hemorrhagic fewver virus
(CCHFV). We will first develop the DNA-launched replicon of alphavirus due to its rapid replication
capacity in mammalian cells to deliver foreign genes (Figare 1A). The replicon will be launched by
eukaryotic cytomegalovirus (CMV) promoter or SV40 promoter. After the replicon_is built, we will
engineer the CCHFV glycoproteins Gy and Gc (e.g., GPC open-reading frame) into the replicon DNA
plasmids and characterize the immunogenicity and vaccine efficacy in amouse model (Figwe 1 B&C).
We choose CCHFV as a target vaccine because (1) CCHFV represents the second most widespread of all
medically important arboviruses (after dengue virus) and (ii) WHO and NIAID have classified it as an
R&D Blueprint priority disease and Category A priority pathogen, respectively.

Aim 2 Generation horse ssuwse—polyclonal antibody for anti-CCHFV therapy. VSV-CCHFV-GPC

recombinant virus will be generated and used to immunized the horse. Multiple hooster doses may be

A used to boest-herse-and-facil

the horse immune response. The

polyclonal antibody from the horse will be

B SV40 or GV promoter § Raplicase from alphavires
HDVr analyzed for specificiy and tier. Once

8 Transcdption termination signal

B O Plasmid
¥

positive antibody wais confirmed, the

horse antibody will be purified fem-borss

o,

and assayed for protedive md theapeutic

o . Replicon RN&s  Antigens
£ Ruclaus s
¢ % . . .
4 efficacy in wed-for mice.effeacy-study-
¥
¥
N 2. Rescarch methods and

experimental program

Figure 1 Experimental scheme. (A) A

CHIKV  (alphavirus)  replicon-based

Immunize Chaflenge

[PAGE ]
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antigen deliver system. CHIKV replicon RNA containing one or two antigen-expressing subgenomes
be—s launched through DNA plasmid using eukaryotic promoter (red triangle) to transcribe CHIKV
replicon RNA inside mammalian cells. An HDVr (hepatitis delta ribozyme; orange box) and a
(B) DNA plasmid will bets delivered into cells to launch CHIKYV replicon. The replication of replicon
RNAs results in robust expression of antigens. (C) Immunization of mice with CHIKV replicon DNA.
The plasmid DNA will beis delivered to animals. The vaccinated animals will besse analyzed for

immuno genicity and challenged for efficacy testing.

Aim 1 Dewlop a replicon-based DNA vaccne for Crimean-Congo hemorrhagic fewver virus

(C CHFV).

(1) Construct alphavirus replicon as delivery system. Alphavirus replicons are genomes with one or
moreofthe structural protein genes deleted, but with all nonstructural genes and cis-acting sequences
retained such that they replicate once mtroduced or produced in the cytoplasm (Fig 1 A). However,
because the compatible alphavirus structural proteins are missing, infectious virus cannot be
produced. The alphavirus replicon subgenomic promoter can be left mtact such that subgenomic
RNA is produwced, which for alphaviruses 1s n high molar excess compared to the genomic RNA.
Thus, if a foreign gene 1s used to replace the alphavirus structural polyprotemn encoded by the
subgenomic RNA, large amounts are expressed but viral spread cannot occur. Here we choose

chikungunya virus (CHIKV) replicon among other alphaviruses in this i}mposa,l_]

(2) Antigen selection of CCHFV vaccine. Likeother Bunyaviruses, CCHFV contamns a tri-segmented,
negative sense RNA genome: small (S), medium (M), and large (L) segments. Among the six
genetically distinet clades of CCHFV, there are 20, 31, and 22% sequence divergence for S, M, and
L segment, respectively [ ADDIN EN.CITE
<EndNote><Cite><Author>Bente</Author><Year>2013 </Y ear><RecNum>110</RecNum><Disp|
ay T ext>(1)</DigplayText><record><rec-number>110</ec-nunber><foreign-keys><key app="EN"
db-id="tw5 a0tavmxvOw2 ex9wqv wx wnz9p at970 szft" timestamp="1556812014"
guid="a4 688135-8d5c4363-a3ef-afb1028964bb">1 10</key></foreign-key s><ref-type
name="Journal Artticle">17</ref-type><contributors><authors><author>Bente, D.

A.</author><author>Forreser, N. L.</author><author>Watts, D. M.</author><author>McAuley, A.

[PAGE ]

1 Comment [LIW2: not sure whiat s meant

thissentence. "We choase chik vinus reeplion

s onr deliverysystem inthis proposal 1
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J.</author><author>Whiteho use, C. A.</author><author>Bray,
M. </author></authors></contributors><titles><title>Crimean-Congo hemorrthagic fever: history,
epidemiology, pathogenesis, clinical syndrome and genetic
diversity <title><secondary-title>Ant iviral

Res</secondary-title></titles><perio dical><full-title> Antiviral
Res</full-title></periodical><pages>1 59-89 </pages><volume>100</volume><number>1 <mumber
><edition>2013/0729 </edition><key words><keyword>Animals</keyword><keyword>Genetic
Variation</keyword><keyword>Hemorrhagic Fever Virus,
Crimean-Con go </keyword><keyword>Hemorrhagic Fever, Crimean </keyword><keyword>History,
20th Century </keyword><keyword>History, 21st

Century </keyword><k ey word>Humans</k ey word><keyword>Phylo geny </keyword><keyword>Ar

bovirus</key word><keyword>Bunyavirus</key word><keyword>Crimean— Con go hemorrhagic
fever virus</key word><key word>Nairovirus</key word><key word>Tick-bome
virus<keyword><keyword>Viral hemorthagic

fever</keyword></keywords><dates><year>2013 </y ear><pub-dates><date>Oct</date></pub- dates
></dates><isbn>1872-9096</isbn><accession-num>2390674 1 </accession-num><urls><related-wrls
><url>http s://www.ncbi.nlm nih. gov/pubmed/’2 3906741 </url></relat ed-urls></urls><electronic-reso
urce-num>10.1016/j.antiviral 2013.07.006</electronic-resource-num><lan guage>en g</lan gua ge></t
ecord></Cite></EndNote>]. The M segment encodes the glycoprotem precursor (GPC) that is
processed to two structural glycoproteins Gy and G, along with several non-structural
Gy and Gc are the major antigenic proteins that elicit protective immune response in humans, as
observed with other Buny aviruses [ ADDIN EN.CITE
<EndNote><Cite><Author>Faburay </ Author><Year>2016</Y ear><RecNum>131</RecNum><Dis
playText>(12)</Display T ext><record><rec-number>131 <frec-number><foreign-keys><key
app="EN" do-id="f w5 a0 favmxvOw2exIwavwx wnz9 pat9 20 szft" timestamp="1556820677"
guid="3638de14-24e8-4407-8efe-5a76314e8107">131 </key></foreign-keys><ref-type
name="Jouwrnal Article">17 <ref-type><contributors><authors><author>Faburay,
B.</author><author>Wilson, W. C.</author><author>Gaudreault, N. N.</author><author>Davis, A.
S.</author><author>Shivanna, V.</author><author>Bawa, B.</author><author>Sumwoo, S
Y. </author><author>Ma, W.</author><author>Drolet, B. S.</author><author>Moro z0v,
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[.</author><author>McVey, D. S.</author><author>Richt, 1.
A </author></authors></contributors><titles><title>A Recombinant Rift Valley Fever Virus
Glycoprotein Subunit Vaccine Confers Full Protection against Rift Valley Fever Challenge m
Sheep</title><secondary-title>Sci Rep</secondary-title></itles><periodical><full-title>Sci
Rep</full-title></periodical><pages>27719</pages><volume>6 </volume><edition>2016/06/14</ed
ition><keywords><keyword>Anim als</keyword><keyword>Antibo dies,

Neutralizin g</keyword><keyword>Antibody

Format ion</keyword><k eyword>Gly coproteins</keyword><keyword>Immunoglobulin
G</keyword><keyword>Liver</keyword><keyword>Lymph
Nodes</keyword><keyword>Recombinant Proteins</keyword><keyword>Rift Valley
Fever</keyword><keyword>Rift Valley fever
virus</keyword><keyword>Sheep</keyword><keyword>Sheep

Diseases<keyword><keyword>T emperature</k eyword><keyword>Vaccines,
Subunit</keyword><keyword>Viremia</key word><keyword>Virulence</keyword></keywords><
dates><year>2016</year><pub-dates><date>06</date></pub-dates></dates><isbn>2045-2322 </isb
n><accession-num>27296136</accession-num><urls><related-urls><ur>https:/www.ncbl.nlmmnih.
gov/pubmed'27296136</url></related-urls></urls><custom2 >PM C4906348 </custom2><electronic-
resource-num>10.1038/srep27719</electronic-resource-num ><lan guage>en g</language></record>
</Cite></EndNote>]. Monoclonal antibodies against CCHFV Gy and G¢ potently neutralize diverse
CCHFV strains n vitro [ ADDIN EN.CITE
<EndNote><Cite><Author>Zivcec</Author><Year>2017 </Year><RecNum>132 </RecNum><Disp
layText>(13)</DisplayT ext><record><rec-number>132 <frec-number><foreign-key s><key
app="EN" do-id="fw5 a0 favmxvOw2ex9wqvwx wnz9pat3z0 szft" timestamp="1556820738"
guid="1092b915-1d56-4d1 e-ab08-64 ¢4 801 ea82">132</key></foreign-keys><ref-type
name="Journal Article™>17</ref-type><contributors><authors><author>Zivcec,
M. </author><author>Guerrero, L. I W </author><author>Albarifio, C.
G.</author><author>Bergeron, E</author><author>Nidiol, S. T.</author><author>Spiropoulou, C.
F.</author></authors></contribut ors><titles><title>Identification of broadly  neutralizng
monoclonal antibodies against Crimean-Con go hemorrhagic fever
virus</title><secondary-title>Antiviral
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Res</secondary-title></titles><perio dical><full-title>Antiviral
Res</full-title><periodical><pages>112-120</pages><volume>146 </volume><edition>2017/08/24
</edition><keywords><keyword>Animals</keyword><keyword>Antibodies,
Monoclonal</keyword><k ey word>Antibodies, Neutralizin g</keyword><keyword>Antibodies,
Viral</keyword><keyword>Ep topes<keyword><keyword>Glycoprotemns</keyword><keyword>H
emorhagic Fever Virus, Crimean-Congo</keyword><keyword>Hemorthagic Fever,
Crimean</k eyword><keyword>Human s</key word><keyword>Mutation</keyword><keyword>Ne
utralization  Tests</keyword><keyword>Phylogeny</keyword><keyword>Sequence  Analysis,
DNA</keyword><keyword>Crimean-Congo hemorthagic fever
virus<keyword><keyword>Monoclonal antibodies<Vkeyword><keyword>Neutralization
assay </keyword><keyword>Virus-like

particles</keyword></keywords><dates><year>2017 </year><pub-dates><date>Oct </date></pub-d
ates></dates><isbn>1872-3096 </isbn><accession-num>28842265 </accession-num><urls><related-
urls><url>https://www.ncbinlm.nih.gov/pubmed/28842265 </wrl></related-urls></urls><electronic-
esource-num>10.1016/j.antiviral.2017.08.014</electronic-resource-num><lan guage>en g</lan guage
></record></Cite></EndNote>], and adoptive transfer of these antibodies confer in vive protection
in suckling mice [ ADDIN EN.CITE  ADDIN EN.CITE.DATA ]. These results support the
possibility of cross-protection against all strains from the six CCHFV clades. The results also justify

expression of the complete GPC polyprotein for vaccine development.

Construction of CCFHYV vaccine candidates. We will engineer the full open-reading frame of
CCHFV GPC into the CHIKV replicon plasmid The complete GPC wiil be usedis-selected to ensure
the correct processing and conformation of the mdividual Gy and Ge protems. The GPC sequence
from clinical CCHFV strain FK16116 (China) [ ADDIN EN.CITE ~ ADDIN EN.CITE.DATA ]
and Turkey200406546 (UTMB), rather than laboratory strain IbAr10200, will be uwsed for human
codon optimization and mserted mto the replicon plasmids. The resulting GPC-replicon plasmids
will be evaluated in cell culture for the expression and processing of GN and GC proteins using
Westemn blot. Once the protein expression has been confirmed, we will teg the GPC-replicon

plasmidin a CCHFV mouse model.
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(4) Testing CCHFV vaccine candidates in wivo. We will test the GPC-replicon plasmids for
immuno genicity, safety, and efficacy in a mouse model. Over the last seven decades, attempts have
been made to establish an animal model for CCHF i adult mice, rats, guinea pigs, hamsters, rabbits,
and other laboratory animals. They met with very limited success showing little or no signs of
infection or disease when mnfected with CCHFV. Until 2010, the only animal that manifested disease
after CCHFV infection was the newborn suckling mouse. In recent years, small animal models have
been developed using STAT-17" [ ADDIN EN.CITE
<EndNote><Cite><Author>Bente</Author><Year>2010</Y ear><RecNum>115</RecNum ><Displ
ay T ext>(16)</DisplayText><record><rec-number>115 <frec-number><foreign-key s><key
app="EN" do-id="fw5 a0 favmxvOw2ex9wqvwx wnz9pat3z0 szft" timestamp="1556812015"
gud="31116230-804 e-46e3-8483 -dacOc54¢cf730">115 <key></foreign-key s><ref-type
name="Journal Artticle">17</ref-type><contributors><authors><author>Bente, D.
A </author><author>Alimonti, J. B.</author><author>Shich, W. J.</author><author>Camus,
G.</author><author>Stréher, U.</author><author>Zaki, S.</author><author>Jones, S.
M.</author></authors></contributors><titles><title>Pathogenesis and immune response of
Crimean-Con go hemorrhagic fever virus in a STAT-1 knockout  mouse
model</title><secondary-title>J Virol</secondary -title><Aitles><periodical><full-title>J
Virol</full4itle></periodical><pages>1 1089-100 </pages><vo lum e>84 </volume><number>21 <mu
mber><edition>2010/08/25 </edition><keywords><keyword>Animals</keyword><keyword>Diseas
e Models, Animal</keyword><keyword>Disease Susceptibility</keyword><keyword>Hemorrhagic
Fever Virus, Crimean-Con go </keyword><keyword>Hemorrhagic Fever,
Crim ean</keyword><keyword>Human s</key word><k ey word>Mice</keyword><keyword>Mice,
Kno ckout</keyword><keyword>ST AT1 Transcription
Factor</key word></keywords><dates><year>2010 </y ear><pub- dates><dat e>Nov </date></pub- dat
es></dates><isbn>1098-5514 </isbn><accession-num>20739514 </accession-num><urls><related-ur
Is><url>https://www.nebi.nlmnih. gov/pubmed/207395 14 </wrl><related-urls></urls><custom2>P M
(2953203 </custom2 ><electronic-resource-num>10.1128/JVI.01383-10 </electronic-resource-num>
<lan guage>en g</lan guage></record></Cite></EndNote>] or IFNAR" (type-1 mterferon receptor)
knockout mice [ ADDIN EN.CITE  ADDIN EN.CITE.DATA ]. Since these mice succumb to
CCHFYV infection, we will test our vaccme candidates in the IFNAR” mice. More recently, transient
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depletion of mterferon receptors through intraperitoneal mjection with a monoclonal antibody (Mab
MARI-5A3, Lemco Technologies) immediately prior to challenge has been shown to allow efficient
viral replication [ ADDIN EN.CITE  ADDIN EN.CITE.DATA ]. We will also use the wild-type
C57BL/6 mice to evaluate the vaccine efficacy since this model allows a full immune response to
immunization while allowing the virus to replicate after challenge. The mouse efficacy experiments
with CCHFV will be performed by Dr. Chao Shan and Dr. Han Xia at the BSL-4 facility at Wuhan

Institute of Virology, Chinese Academy of Sciences.

Using the IFNAR” mice, we will intramuscularly immunize different doses of replicon-GPC
plasmid (1, 5, 10, and 20 pg; n=12 per group, male and female) or PBS (as sham control) uwsingthe
TriGrid Delivery System. On day 28 post-immunization, the immumized mice will be bled and
measured for antibody titers wsing CCHFV VLP ELISA | ADDIN ENCITE
<EndNote><Cite><Author>Ziveee</ Author><Year>2015 </Year><RecNum>136 </RecNum><Disp
layT ext>(20)</Display T ext><record><rec-number>136<fec-number><foreign-key s><key
app="EN" db-id="fw5a0 favmxvOw2exdwqvwx wnz9p at9z0 szft" timestamp="1556821443"
gud="951becl7-5bed-4¢75-80al-9f1b854 ce673">136<key></foreign-key s><ref-type
name="Journal Article">17</ref-type><contributors><authors><author>Zivcec,
M. </author><author>Metcalfe, M. G.</author><author>Albarifio, C. G.</author><author>Guerrero,
L. W.</author><author>Pegan, S D.</author><author>Spiropoulou, C.
F.</author><author>Bergeron, E</author></authors></contributors><titles><title>Assessment of
Inhibitors of Pathogenic Crimean-Congo Hemorrhagic Fever Virus Strains Using Virus-Like
Particles</title><secondary-title>PLoS Negl Trop
Dis</secondary -title></itles><periodical><full-title>PLo S Negl Trop
Dis</full-title></perio dical><pages>e0 004259 </pages><volume>9</volume><number>12 <number

><edition>2015/12/01 </edition><keywords><keyword>Antibodies,

Monoclonal</keyword><k ey word>Antibodies, Neutralizing</keyword><keyword>Antibodies,
Viral</keyword><keyword>Drug Evaluation, Preclnical</keyword><keyword>Genes,
Reporter<keyword><keyword>Hemorthagic Fever Virus,

Crimean-Congo </keyword><keyword>Molecular Sequence Data<Vkeyword><keyword>Sequence

Analysis, DNA</keyword><keyword>T ranscription,
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Genetic</keyword><key word>Virion<keyword><keyword>Virus
Intemalization</k ey word><k ey word>Virus

Replication</keyword></key words><dates><year>2015</y ear><pub-dates><date>Dec</date></pu
b-dates></dates><isbn>1935-2735 </isbn><accession-num>26625182 </accession-num ><urls><relat
ed-wrls><wrl>https://www.ncbi.nlm.nih.gov/pubmed/2 6625182 <Aul></related-urls></urls><custom
2>PMC4666410</custom2><electronic-resource-num>10.1371/joumal.pntd. 0004259 </electronic-re
source-num><lan guage>en g</lan guage></record></Cite></EndNote>]. On the same day, the
animals will be challenged with 100 PFU of clinical CCHFV stramn FK16116 (China). The
challenged animals will be measured for the following parameters for efficacy: (i) Viremia and viral
loads in different organs using gqRT-PCR andplaque assays, (i) weight loss, (iii) swvival (Deaths are
expected on days 2-6 pog-challenge in the sham group), (iv) antibody titers on 28 days after
challenge, and (v) T cell activation. Comparison of the antibody titers before and after challenge will
indicate if the vaccine elicits sterilizing immunity (ie., no detectable viremia and no increase in
antibody titers after challenge). Using the wild-type mice, we will immumize C57BL/6 mice with the
GPC-replicon plasmid and measure the five parameters described above. The immunized mice will
be challenged with 100 PFU of clinical CCHFYV strain FK16116 (China) by the intraperitoneal route;
however, to facilitate viral infection and replication, the animals will be pretreated with 2 mg of
interferon receptor-blocking antibodies one day before the CCHFV challenge, and further treated
with 0.5 mgof antibody a 24 h after challenge [ ADDIN EN.CITE ADDIN EN.CITE.DATA ]
These in vivo studies will reveal the immuno genicity, safety, and efficacy of the vaccine candidates.

Comparison of the results from different dosage groups (1,5, 10, and 20 pg DNA) will also allow us

Aim 2 Generation horse ssures-polyclonal antibody for anti-CCHFV therapy.
(1) Production of VSV-CCHFV-GPC recombinant virus.

(2) Immwization of the horse for polyclonal antibody production. VSV-CCHF V-GPC recombinant

virus (1 #10° PFU) will be used to immunized & horse by intramuscularly (multi-pomt mjection)
route. On day 28 post-immunization, the immunized mmw% will be bled and measured for
antibody titers using CCHFV VLP ELISA [ ADDIN EN.CITE
<EndNote><Cite><Author>Ziveec</Author><Year>2015</Year><RecNum>136</RecNum><
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DisplayText>20)</Display T ext><record><rec-number>136 </rec-number><foreign-key s><key
app="EN"  db-id="fw5 a0 favmxvOw2ex9wqvwxwnz9pat9Z0szfl"  timestamp="1556821443"

guid="951becl7-5bed-4¢75-80al-9f1 b854ce673 ">136</key></foreign-keys><ref-type

name="Journal Article™>17</ref-typ e><contributors><authors><author>7Zivcec,
M. </author><author>Metcalfe, M. G.</author><author>Albarifio, C.
G.</author><author>Guerrero, L. W.</author><author>Pegan, S.
D.</author><author>Spiropoulou, C. F </author><author>Bergeron,

E</author></authors></contributors><titles><title>Assessment of Inhibitors of Pathogenic

Crimean-Congo Hemorthagic Fever Virus Strains Using Virus-Like
Particles</title><secondary-title>PLoS Negl Trop
Dis</secondary -title></titles><periodical><full-title>PLoS Negl Trop

Dis</full-title></periodical><pages>e0 004259 </pages><volume>9<volume><number>12</nu
mber><edition>2015/12/01 </edition ><k ey words><keyword>Antibodies,

Monoclonal</keyword><keyword>Antibodies, Neutralizing</keyword><keyword>Antibodies,

Viral</key word><keyword>Drug Evaluation, Preclmnical</keyword><keyword>Genes,
Reporter<keyword><keyword>Hemorthagic Fever Virus,
Crimean -Congo </keyword><keyword>Molecular Sequence

Data</keyword><keyword>Sequence  Analysis, DNA<keyword><keyword>Transcription,
Genetic<keyword><keyword>Virion</keyword><keyword>Virus

Intemalization </key word><keyword>Virus

Replication</keyword></key words><dates><year>2015 </year><pub-dates><date>Dec</date>
</pub-dates></dates><isbn>1935-2735</isbn><accession-num>2 6625182 </accession-num><ur
Is><related-urls><url>https://www.ncbi.nlm nih. gov/pubmed/266251 82 </wrl></related-urls></u
rls><custom?2 >PMC4666410 </custom2><electronic-resowrce-num >10.137 1 /jouwrnalpntd. 60042

59 </electronicresource-num><lan guage>en g</language></record></Cite></EndNote>]. If the

antibody titer reaches desired Ejoint?, the horseblesd will be bled for antibody purification. Ifnot, .| Comment [LIWA}: what's the tarpet {1ser !

athe boo st

immune response and : dy

tiier will be assaved at wait-snother 28 days.
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(3) Polyclonal antibody purification from horse blood. Once desired anti-CCHFV antibody titer is

ieache@ _the horse Blesd-will be bled. Protein G Agarose will be used to purify the horse

polyclonal antibody based on the manufacture manual. The eluted polyclonal antibody will be

veddialvzed in PBS and aliquoted. Purified polyclonal antibody will be measured by CCHFV

........ SN

VLP ELISA to confirm antibody titer.
(4) Mice efficacy study.

Using the IFNAR" mice, we will intraperitoneally inject different doses of purified antibody (or
PBS (as sham contiol) one day before CCHFV FK16116 infection. On the day of infection, the
blood will be collected and 100 PFU CCHFV will be injected subcutaneously. The challenged
animals will be measwed forthe following parameters for efficacy: (1) Viremia andviral loads in
different organs using gRT-PCR and plaque assays, (i) weight loss, (ii1) survival (Deaths are

expectedon days 2-6 post-challenge in the sham group).

Expectedoutcome

The proposed experiments will generate a CCHFV vaccine candidate built upon the FK16116 and
Tukey200406546 strain. The cross-protection agpinst different stains will be evaluated after
challenge. Comparison ofthe immunogenicity and efficacy from the mouse experiments will allow
us to down select the final candidate. In an unlikely situation that a single-shot immunization of the
replicon-GPC plasmid is not sufficient to elicit protective antibody titers or full protection against
CCHFV infection, we will boost the animals with a second dose of replicon-GPC plasmid. The

including efficacy test n a non-hunan primate model. In addition, by producingsetestinng the horse

polyclonal antibody fremtherse we will abew—us-have é@hﬁ}p_o_t_@t__iql_ggry_d_i_dale for anti-CCHFV
treatment.

Key problems andtechnical difficulties to be solved,

Vaccine development. tl’hé proposed study will establish a DNA replicon platform for CHIKV., Asd

£Thise platform will be-served as the vehicle to deliver the CCHFV-GPC for 0w vaccine candidate.

The cell culture and mouse study will define the expression pattem. This mformation will be critical

to guide vaccine and therapeutics development. We will also explore the cross-protection iy
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wsingwben—ase two different antigens to immunize mice. The polyclonal antibody will provide
potential treatment option for CCHFV infection.

Innovations ofthe research proposal

The mnovation of this project derives from the research plan that mtegrates three powerful
components into atranslational product: (i) the robust self-amplifying ability of alphavirus replicon,
(ii) the ease of DNA plasmid as a vector to launch the replicative RNAs (uwsing the mammalian
transcription machinery), and (iii) the cutting-edge device for DNA delivery m clinical use. Although
alphavirus replicon has been used for proten expression and vaccme development for almost three
decades, previous efforts have mamly focused on the virus-like particle-RNA packaging (VLP)
approach { ADDIN EN.CITE
<EndNote><Cite><Author>Lundstrom </Author><Year>2017 </Y ear><RecNum>137 </RecNum><
DisplayText>(21)</DisplayT ext><record><rec-number>137 </rec-number><foreign-key s><key
app="EN" db-id="fw5a0 favmxvOw2exdwqvwx wnz9p at9z0 szft" timestamp="1556823011"
guid="4501958-084b-4a4{-al 3b-67585a1 d3c8d">137 <key><foreign-key s><ref-type
name="Journal Article">17 </ref-type><contributors><authors><author>Lundstrom,
K.</author></authors></contributors><titles><title>COncolytic Alphaviruses in Cancer
Immuotherapy<Aitle><secondary-title>Vaccines
(Basel)</secondary-title><#itles><periodical><full-title>Vaccines

(Basel)</full-title></perio dical><volume>35 <~volume><number>2 <mumber><edition>2017/04/12 </
edition><keywords><keyword>cancer immunotherapy <keyword><keyword>oncolytic
alphaviruses</keyword><keyword>tumor
eradication</keyword></keywords><dates><year>2017</y ear><pub- dates><dat &> Apr</date></pub
-dates></dates><isbn>2076-393 X </isbn><accession-num>28417936</accession-num><urls><relat
ed-wrls><wurl>https://www.ncbi.nlm.nih.gov/pubmed/2 8417936 </url></related-urls></urls><custom
2>PMC5492006</custom2><electronic-resource-numn>10.3390/vaccines5020009</electronic-resour
ce-num><language>en g</lan guage></record></Cite></EndNote>]. For the VLP approach, viral
structural proteins are supplied in trans to package the viral replicon RNA (carrying an antigen of
interest) nto VLPs; such VLPs are used to immunize animals. The drawbacks of'the VLP approach

include the requirement of eukaryotic cell cultwre electroporation for VLP production, moderate
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yield of VLP manufacture (when compared with the doses required for vaccination and treatment),
pre-immune inhibition when multiple rounds of VLP infection are needed, and the “cold cham”
trangportation from manufactures to clinics. All the above drawbacks ofthe VLP approach could be

mitigated by the proposed DNA-launchedreplicon in this project.

Despite the potential concemn of integration of exogenous DNA into the cellular chromosome, the
DNA plasmid approach has been actively pursued for vaccine development and cancer therapy. For
example, the current frontrunner ZIKV vaceine in the phase II clinical trial is built upon a DNA
plasmid (expressing two viral structure proteins prM and E). This type of traditional DNA vaccine
requires multiple high doses to achieve protective immunity. For the ZIKV DNA vaccines, each
human volunteer requires three shots, with 1 to 5 mg of DNA per shot, to achieve short-term
neutralizing antibody titers [ ADDIN EN.CITE  ADDIN EN.CITE.DATA ]. It should be noted
that the adverse potential of DNA mtegration into the cellular genome remains to be determined n
clinics. Compared with the traditional non-amplifying DNA vaccine, our DNA-launched replicon is
self-replicative, and requires a much lower dose to achieve efficacy. The significantly reduced dose
will minimize the risk of potential DNA itegration. In addition, due to the self-amplifying nature of
the proposed replicon DNA platform, protective immunity and efficacy could potentially be achieved
with a single dose to control explosive outbreaks, which is particularly important when respondingto
public health emergency. Therefore, the replicon DNA platform has the potential to overcome the
most critical weakness of the traditional DNA vaccine, and could be developed into a transformative

new DNA delivery technology.

Collectively, we hypothesize that, in combination with the cutting-edge device for delivery, the
DNA-lamnched replicon platform will transform into robust translational products for vaccine and
therapeutics development. Since the goal of the Advanced Customer Cultivation Project isto develop
solutions to prevent and control human diseases, the combination of the well-proven alphaviral
replicon system with the ease of DNA engineering and the state-of-the-art DNA delivery represents a
practical innovation for vaccine platform development.

Passive immunotherapy with sera of animal origin has been used for over 120 yearsto treat bacterial
and viral mfections, envenomations and drug intoxications. The lower manufacturing costs of

hyperimmune equine antisera therefore represents an attractive altemate avenue of treatment,
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especially to developing and third-world countries, compared to the more costly production process

of viral specific mAbs. However, currently the study of anti-CCHFV antisera via the immunization

of horses and the safety and efficiency has not been repoited. Since the highly replication efficiency

for horse.

[=3\* ROMAN]. ResearchPlan

1.

Research schedule

Aim

Tasks and milestones

10

"

12

Clone CHIKV replicon and SEAP reporter

Characterize SEAP replicons in cell culture

Characterize SEAP replicon in mice

Clone GPC CHIKV replicon

Test GPC replicon in cell culture

Test efficacy in mouse model

Generation VSV-CCHFV-GP recombinant
virus

Immunization horse and characterization
antibody response

Purify antibody from horse

Test efficacy in mouse model

Tasks and milestones

2020

10

"

12

Clone CHIKV replicon and SEAP reporter

Characterize SEAP replicons in cell culture

Characterize SEAP replicon in mice

Clone GPC CHIKYV replicon

Test GPC replicon in cell culture

Test efficacy in mouse model

Generation VSV-CCHFV-GP recombinant
virus

Immunization horse and characterization
antibody response

Purify antibody from horse

Test efficacy in mouse model
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Tasks and milestones

2021

10

M

12

Clone CHIKYV replicon and SEAP reporter

Characterize SEAP replicons in cell culture

Characterize SEAP replicon in mice

Clone GPC CHIKYV replicon

Test GPC replicon in cell culture XXX

Test efficacy in mouse model X| X

Generation VSV-CCHFV-GP recombinant
virus

Immunization horse and characterization
antibody response

Purify antibody from horse

Test efficacy in mouse model X| X

Conditions necessary to conduct the research (includinglab equipments, instruments and etc.)

Biosafety cabinet

PCR thermal cycler

Real-Time PCR thermal cycler
Table top centrifuge

Water bath

DNA gel electrophoresis system
Protein gel electrophoresis sy stem
TriGrid Delivery System (Ichor, for DNA vaccine delivery)
ChemiDoc System

Pipettes

CO2 incubators

Microscopy

Refrigerator

-80 freezer

-30 freezer

Liqud nitrogen tank
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Introduction of Leader and Participants

James Le Duc, PhD, is the director of the Galveston National Laboratory, one of the largest active
biocontainment facilities on a U.S. academic campus. Dr. Le Duc joined UTMB in late 2006 from the
Centers for Disease Control and Prevention m Atlanta, where he was the mfluenza coordinator and
director of the Division of Viral and Rickettsial Diseases. With more than four decades of experience
working in the fields of biodefense and public health, his work has taken him around the world, from
West Africa, where he began his professional career as a field biologist working for the Smithsonian
Ingitution, to Brazil and Panama dwing a 23-year career as a U.S. Army officer in the medical research
and development command.

Pei-Yong Shi, PhD, is LH. Kempner Professor of Human Genetics, University of T exas Medical Branch,
Galveston Texas, USA. He is an elected Fellow of American Academy of Microbiology, adjunct
Professor of Emerging Infectious Diseases at the Duke-NUS Graduate Medical School i Singapore, and
Honorary Professor at the Wuhan Ingtitute of Virology, Chinese Academy of Sciences. He received his
Ph.D. m virology n 1996 from Georgia State University. After postdoctoral traming at Yale University,
he joined Bristol-Myers Squibb as a Principal Scientist to develop HIV and HCV therapeutics from 1998
to 2000. He then moved to the Wadswotth Center, New York State Department of Health, to study West
Nile virus. From 2008 to 2015, he served as Dengue Unit Head and Executive Director to lead drug
discovery at Novartis Institute for Tropical Diseases. His group developed the first infectious clones of
the epidemic strain of West Nile virus and Zika virus, discovered two RNA cap methylation activities of
flavivirus NS5 protein, identified essential RNA elements for flavivirus replication, established various
platforms for flavivirus vaccine and drug discovery, and pioneered therapeutics development for dengue
virus. He is intemationally recognized for his scholar and administrative accomplishments at leading
research mstitution, public health sector, and phammaceutical industry. Dr. Shi has more than 20 years

experiences in handling BSL.2 and ABSL.2 agent.

Dennis A. Bente, DVM, Ph.D., is an associate professor from University of Texas Medical Branch,
Galveston Texas, USA. Dr. Bente received his DVM in 2000 and Ph.D. in 2003 from University of
Veterinary Medicine at Germany. The goal of Dr. Bente's research is to better understand the
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transmission and pathogenesis oftick - bome hemorthagic fever viruses and to develop countermeasures
to combat the disease. The intersection between arbovirology and hemorrhagic fever research requires an
interdisciplinary approach, involving virology (classical techniques as well as molecular techniques such
as reverse genetics), immunology (human and animal models), and tick physiology. Dr. Bente's is the
first laboratory in the world to establish atick - host transmission model in a BSL-4 setting. A number of
collaborations have been established with other virologists at UTMB, mcluding Drs. Alan Barrett,
Thomas Ksiazek, David Beasley, Alexander Freiberg and Thomas Geisbert, that include studies on
Crimean - Congo hemorthagic fever virus, Kyasanur forest disease virus, Alkhurma hemorrhagic fever
virus, and West - Nile virus. Dr. Bente has more than 10 years experiences in handling BSL2, BSL3,

BSL4, ABSL2, ABSL3 and ABSL4 agent.

Zhiming Yuan, Ph.D., professor from Wuhan Institite of Virology, the director of the Wuhan National
biosafety laboratory (BSL-4), and the President of Wuhan Branch, Chinese Academy of Sciences. His
research interest including: (1) Diagnosis, evolution, and pathogenesis of aborviruses, (2) Tropical
Disease vector control with microbial agents, and (3) Laboratory biorisk management and applied

biosafety research.

Chao Shan, Ph.D., professor from Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan,
China. Dr. Shan Received his Ph.D. m Biochemistry and Molecular Biology in Wuhan Institute of
Virology, Chinese Academy of Sciences in China in 2014. And he joined Novartis Institute for Tropical
Diseases (NITD) from 2013 to 2015. He served as postdoctoral fellow in University of Texas Medical
Branch from 2015 to 2019. Dwing his training at Wuhan Institute of Virology and NITD, he worked
with Dengue virus, Japanese encephalitis virus and EV71 virus in vitro. After jommg m UTMB m
December 2015, Dr. Shan has completed BSL3, BSL4, ABSL2, ABSL3 and ABSL4 training in
Uniwversity of Texas Medical Branch. He built the first reverse genetic system for Zika virus and

developedthe first live-attenuated Zika vaceine in the world.

Han Xia, Ph.D., is associate professor from Wuhan Institute of Virology, Chinese Academy of Sciences,
Wruhan, China. Dr. Xia received his Ph.D. in Biochemistry and Molecular Biology in Wuhan Institue of
Virology, Chinese Academy of Sciences in China in 2014. And she served as postdoctoral fellow and the
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complete the BSL-4 training in University of Texas Medical Branch from 2013 to 2016, working with
reverse genetic system developmgof CCHFV and CCHF V-vector-host interaction through NGS strategy.

Currently, her research interest is the epidemiology, diagnoses, and evolution of arbovirus.
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[=7\* ROMAN ].Budget

Unit: RMB 10,000 yuan

Budget Form of Project Expenditure

Item Amount Detailed calculation
1. Equipment
(1) Equipment purchase 0
(2) Trial-manufacture purchase 0
(3) Equipment modification andrent 0
Cloningandrelated reagent, kit, sequencing, cell culture
2. Reagents and consumables 15
reagent and consumables
3. Analysis Horse purchase, immunization, antibody purification, DNA
15 synthesis
4. Fuel and power 3 Transport

5. Travel/meeting/international
5 Project meeting for WHIOV and UTMB, hote] etc.
cooperation and exchanges

6. Publication/literature/information

3 Publication and patent
dissemination/intellectual property
7. Labor costs 5 Subsidy
8. Expert consultation 1 Project consultation
9.  Other expenditure 3 Shipping fee about reagent and material
Total 50

Note: Budget preparation and expenditure execution are conducted according to Measures of Academy-Level

Scientific Research Projects of Chinese Academy of Sciences.
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[=8\* ROMAN]. Review opinions ofapplicant’s organization

Our joint proposal, “Vaccine Development and Polyclonal Antiserum for Crimean-Congo Hemorrhagic Fever
Virus” represents the culmination of many years of collaboration between the Galveston National Laboratory,
the U.S National Academy of Sciences and the Wuhan Institute of Virology, Wuhan National Biosafety
Laboratory ofthe Chinese Academy of Sciences. We are very excited about the possibility of collaborating in
the implementation of this important sudy and making use of the unique resources of both our bio contamment

laboratories.

The study is non-confidential and we anticipate that ow findings will be published in the peer reviewed
scientific literature under shared co-authorship.

Organization (official seal) Principal (Signature)

03/05/2019

[=9\* ROMAN]. Opinions of the Biosafety Committee in Project Implementation

Organization

Chairman of Committee (Signature)

(d'm/y)
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[=10\* ROMAN ]. Opinions of Science and Technology Steering Committee of Wuhan

National Biosafety Laboratory, CAS

Chairman of Committee (official seal)

(dm/y)

[ ADDIN EN.REFLIST ]
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 6/10/20194:07:48 PM

To: Zheng#l A B4 [d.zheng@wh.iov.cn]

ccC: Shi, Pei yong [peshi@UTMB.EDU]; Grimaldo, Miguel A. [magrimal @UTMB.EDU]

Subject: RE: Re:RE: Re:Chinese Scholarshipto VisitUTMB

Dear Dasheng,

it's nice to hear fromyou again and to leam of your continued interestinworking with us hare atthe GNL. Lam happy
to prepare a letterof invitation foryour proposed visit, but it would be useful tounderstand a bit more as to the
ourpose of yourstay here. Do youenvision conducting aresearch study, and if so, whatis the topic? Hyouare only
seeking additional training in biosafety, biosecurity and building operations, that would be easierto accomuplish,
although the support we enjoyed previously that allowed us to provide biosafety training at no cost to usersisno longer
avatlahle and we now have g fee for the training. Rwould also be useful tolearn the most convenient dates fromvyour
perspective foravisit,

Hookforward to hearing back from yvou will additional details.
Bestwishes,
Jim

JamesW. Le Duc, Ph.ih

Director

Galveston Mational Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{1} 409-266-6500

{f} 409-266-6810

{m) 409-789-2012

From: Zheng ¥ Xt <d.zheng@wh.iov.cn>

Sent: Wednesday, June 05, 2019 8:43 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Cc: Mendoza, Imelda<imendoza@UTMB.EDU>
Subject: Re:RE: Re:Chinese Scholarship to Visit UTMB

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Dear Prof LeDuc,

May | ask for a favor from you to write an invitation letter with the same purpose as previous one so that| could seek
another funding for longer stay at your academia?

You have always been appreciated greatly to provide opportunitie s for academic exchanges. Hopefully | could do
something in return.

Best Wishes,
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Dasheng

ZHENG Dasheng, PhD

National Biosafety Laboratory

Institute of Virology

Wuhan, Chinese Academy of Sciences

Hubei 430071, P.R.China.

Tel: +86-27-5186-1004 Fax: +86-27-5186-1006
Mob: +86-135 1729 0969

At 2015-04-01 21:43:13, "LeDuc, James W." <jweduc@UTMB.EDU> wrote:

Daar Dr Zhang,

Thank youfor the update, and best of luck as you continue to seek funding foryour scholarship.

With best regards,

Hm

James W, Le Duc, Ph.D.

Prrector

{ralveston Nanonal Laboratory
University of Texas Medical Branch
Galveston, TXH 775535-0010

{13 409-266-6500

() 409-266-6810
wieduc@utmb.edu

From: dsn.zheng@163.com [mailto:dsn.zheng@163.com] On Behalf Of d.zheng@wh.iov.cn

Sent: Tuesday, March 31, 2015 9:36 PM

To: LeDuc, James W.

Cc: Mendoza, Imelda; Bente, Dennis A.; Xia, Han
Subject: Re:Chinese Scholarship to Visit UTMB

Dear Dr. James LeDuc,

Thank you for inviting me to the GNL in writing the invitation letter which provides opportunity of visit and study

at your honored laboratory. Unfortunately | havenot gotten any acceptance news from the Chinese Scholarship

Committee after the scheduled admission deadline. | am afraid | have to look for other funding resources.
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Best Wishes,

Dasheng

Zheng, Dasheng PhD

Wuhan National Biosafety Laboratory
Chinese Academy of Sciences
Wuhan, P.R.China.

Tel: 86-27-5186 1004
Mobile: 86-135 1729 0969

Email: d.zheng@wh.iov.cn

At 2014-11-26 10:44:53, "Bente, Dennis A." <¢abenia@SUTMB EDRLS wrote:

,,,,,,,

Daar Dasheang,

Han translated the requirements for me and we are happy to write aninvitation letter foryou. Halked to Dr. Le Dug,
dirsctorof the Galveston National Laboratory, and he agresd towrite aletterforyou.  copled himon thisemall. Dr. le

Ducwill alsoinvolve our bullding engineer, Miguel Grimalde, inthe procsss of planning youryisit,

Bestwishes,

Dennis
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From: dsnzhena@isdcom [mailto:denaheng@iticom] On Behalf Of d sheng@whioven
Sent: Saturday, November 22, 2014 1:46 AM

To: Bente, Dennis A.

Cc: Xia, Han

Subject: Re:RE: Nice to meet you at Wuhan

Hi Den,

At this moment | have a chance to apply for some fund to support my idea to UTMB from the China Scholarship
Committee. May | ask for your help in writing an invitation letter as a prerequisite for this fund? The webpage (in

Chinese only) of this fund is as follow:

Hindfvenw est edu on/Chugue/d 3588dd3 54 584 badbeb e i0de08 5 shim

Could Han do a little interpretation so as to make sure what we need to do? According to the ltem 14 of the fund
bidding approach shown in the webpage, the applicant should have an invitation from abroad in advance.

In my proposal of visit to your lab, | shall accept trainings in high BSL laboratories at first; then,
conduct experiments for some time, which is the solid work of this visit; and, last but the most important part, have
lessons in biosafety management of GNL, playing as one reason for the fund. You might have better plans.

Anyway | will follow your steps since I'm a trainee.

Your assistance would be appreciated greatly.

Best Regards,

Dasheng

Zheng, Dasheng

Wuhan Institute of Virology
Chinese Academy of Sciences
Mid 44, Wuchang Xiachongshan
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Wuhan 430071, P.R.China.

Mobile: 86-13517290969

Email: dasnshena@@isd com
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]
Sent: 11/25/2019 3:42:54 PM

To: Yuan Zhiming [yzm@wh.iov.cn]
cC: Shi, Pei yong [peshi@UTMB.EDU]
Subject: draft manuscript

Attachments: BSL4 Wuhan_Manuscript-20191107_track-jwl comments Nov19.docx

Hi Zhiming,

Sorry forthe delayinresponding to your request for comments onyour draft manuscript. | finally hadachance to
review itand my comments are attached. | thinkthe paperisnicely writtenand will be of interest toreaders following
the development of biocontainmentiabsin China. Youhave done a good jobin recording capabilities, and you may wish
to expand abit more by mentioning the maximum number of small orlarge (non-human primates)you are able to
manage at a single time inthe facility. We are frequently asked these questions, and most product developers want
sufficiently large singlestudies to have statistical significance, so many of our larger studiesinvolve about 20 NHP. There
may be good reasons not to quantify yourcapabilities as well, which | fully understand.

You rightly creditthe collaborations with the French in building the laboratory; however, if your goal isto have a truly
international impact, you may wish to broaden comments on potential collaboration/collaborators as mentioned inone
comment.

If I understand you correctly, you will be publishing the paperinyourbiosafety journal. If so, you may wishtoexpand
your comments onvyourtraining efforts to prepare your staff to safely and securely workin the new facility. Youmay
alsowish to mention somethingabout yoursecurity profile. Aslrecall, the entire campus haslimited access with guards
at entrances. You may wishto commentonother mechanismsin place tolimitaccess to high-risk pathogens—card-key
access to labs, security personnel, etc. You will notwantto go intotoo muchdetail, butit might be appropriate,
especially given the focus of your journal, to let readers know thatsecurityis animportant aspect of your program.

Verynicelydone! Thankyou forthe opportunity to review the draft.
With best wishes,
Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012

Nelson_Judicial_Watch_TPIA_0245



Obtained via FOIA by Judicial Watch Inc.

China’s First Biosafety Level 4 (BSL~4) Laboratory for Fighting Infectious Dis ease
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Milestones of the laboratory construction
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As a critical part of the national high-level biosafety labomtoly network system, the construction
project of the Wuhan BSL-4 National Biosafety Laboratory (NBL) was officially approved by the
National Development and Reform Commission in 2005. Subsequently, Chmese and French
engineers and designers studied the operational state of the art high-contamment laboratories
worldwide, analyzed the geological and environmental conditions of the proposed construction site,
confirmed the operational role of the laboratory m Chia, then jomtly designed and constructed the
laboratory. The physical completion of the laboratory on January 31, 2015, s not only a great
symbol of Sino-French friendship, but also an mpressive accomplishment of the national high-
containment biosafety laboratory network. A fier the commissioning, cettification, and trial operation,
the laboratory was successfully accredited as an Animal Biosafety Level-4 (ABSL-4) labomatory by
the China National Accreditation for Conformity Assessment in accordance with CNA S-CL05:2009
and national laboratory standards on January 13, 2017 (Ref3), and acquired the official license of
handling risk group-4 (RG-4) pathogens from the National Health and Family Planning Commission
on August 17, 2017. The award of the accreditation certificate and the experimental activity license
demonstrated that the laboratory has the full capacity and authority to handle high-hazard viruses and
to study animal models of infection according to the regulations (Ref4). These events were a
landmark achievement for the National High-level Biosafety Laboratory System with recognition by
the Chinese national authority (Refd). In addition to the labormatory, a culture collection and
repository center called the “National Center for the Preservation of Pathogenic Microorganisms”
was established and authorized, relying on the facility and bio-contamment environment (Ref###).

...... { Formatted: Not Highlight

Wih these milestones, the NBL, as China’s first BSL-4 laboratory, has been put mto operation
formally and legally, with full capacity and authority to conduct virus stocking and scientific
research on virulent high-hazard viruses. The long-term aim- ofthe institute is to establish the NBL

»[ Formatted: Not Highlight

as a comprehensive research and development center for infectious diseases, a national biological
center, and a WHO reference laboratory. In addition, this laboratory will become a stepping -stone for

Chinese and French %cientists} in fighting nfectious disease and will also serve as a cornerstone m

globalhealth security. (Fig.1)

Fig. 1 The BSL-4 facili ty building

Nature of the laboratory

The laboratory is located in Zhengdian Scientific Park, a few kilometers away from the Yangtze
River in the Jiangxia District, Wuhan City, Hubei Province. In addition to the new NBL, one BSL-3,
two BSL-2s, molecular diagnosis and cell culture laboratories, and other nearly operational research
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facilities and platforms to support virology research and animal rearing are also located m the patk,
making this research park a modem, comprehensive national and regional vimlogy research and
development center.

The BSL-4 laboratory stands as an independent building with a total area of 3266 M2, It comprises
two sections: a square laboratory body stucture and a circular auxiliary stircture, both inter-linked
by a closed comridor. All the equipment and functional units were fitted into the three floors of the
square stiucture. The basement and upper zones are equipped with life mamntenance and differential
pressure systems (compressed respiratory air and environmental air handling plenums with High
Efficiency Particulate Air [HEPA] filters), continuous liquid effluent heat treatment devices and
chemical disinfectant tanks, heat exchange systems, water treatment devices, and air conditioning
units. All of this equipment s connected to other functional facilities distributed in other zones,

within the NBL, through a pipeline i{letwork. Thus, all contaminated air, water and solid waste 15 .~ comment [A3]: Please changs “Technical
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an extra protective measure, but also bring value m the form of'heat msulation and eventual energy
savings forthe laboratory

The laboratory is composed of 10 technical systems, mcluding the power supply, thermal supply,
containment, air treatment system, waste disposal, life mamtenance, automatic control system, fire
ae stable unidirectional negative

control, security system, and isolation facilities, which guarantees s

type biosafety laboratory, in which the staff inside are completely protected by a whole-body
positive-pressure protective suit supplied with conditioned Lmj

o mment ILIIST Would vou like include

mention of the mexinum nimber of

The containnent laboratory s fitted with equipment that meets the requirements of biosafety persannel that can b supported by the Bstd
management and high-containment pathogen research, mcluding Labconco biological safety cabmets e supply Systerm st any siven timer
(BSC), animal breeding and isolators, Teen independent air transport cages, Tecn animal cages, '

Ehret monkey cages,>— g Thermo anatomy table, CO, incubators, fluorescence microscopes, .- Formatted: Subscript

quantitative PCR amplifiers, refrigerators, and fieezers.

Fig. 3 Two technicians working

inside the laboratory

Comment [d6]: Figures need to re-order

Fig. 4: The animal cages for rodent (A) and non-human primate (B) infection, and the
autopsy table in three separatedroom in the BSL-4

Main s cientific research priorities
The labomatory is designed and equipped to conduct research on RG-4 pathogens such as the Fbola
virus, the Nipah virus, the Crimean-Congo Hemorrhagic Fever (CCHF) virus, the Lassa viws, the

Junin virus, the SARS-0V| the Marburg vims, and so on. According to the lab’s biosafety .| comment [t 7] 1s SRS Cov consicered 2
protection level, personnel ability, and management status, the research activities that can be BEG 4 pathogen it Chine?: {think we Handls it
conducted in the laboratory range from low-risk manipulation of cell culture propagation, to rodent SEESLE This will be inpostant 1 vou want to

mfection, and ultimately to the infection of non-human primates. Similarly, pathogen manipulations Ahire strsins
are gradually conducted from the low-risk CCHF virus to other more virulent pathogens such as the '

Ebola virus, the Marburg virus, and the Tassa viius. According to the license issued by the National

Health Plannng Commission and the availability of virus resources, the laboratory has already

implemented projects on cell culture models, animal models, pathogenesis studies, and prelimmary
trials of antiviral drugs as well as vaceme development for the CCHF virus, which used to be called
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the Xmjiang hemorthagic fever virus, causmg sporadic animal infection during the last few decades
in Northwest China (6).

The laboratory has established short- and long-term collaborative links with counterparts in the USA

and France; we are seeking additional beneﬁcial}gigpgf}q” and operational partnerships with other i comment [A8]: “true’? Maybe “beneficial’?
laboratories around the world, with the purpose of sharing specimens, reagents, technology, good

practice, and expertise; the eventual goal is for there to be effective collaboration within the

mtemational laboratory community to address the threat of emerging and re-emergmg mtectious

diseases locally and intermationally (7).

. /,, Comment [A9): “The strategic plan”

EI'he strateglc role and capacity strengthenin ]
s-sb-theAcenrdie 1o the aboratory’s operational orientation and €

requlrements @he laboratory was designed and will operate as the research and development center
for infectious disease, as a national biological resource center and as a WHO reference labomlory.J ““““““““““““““ ‘ Comment [d10] : Repeat with previous
As a comprehensive national biosafety research center, it will play an idispensable role m the Eparagraph_

prevention and control of infectious diseases m China. In order to realize these key goals and ’
functions, we must assure the safe and secure operation of the labormatory, mcrease its capacity as a
core culture collection resource, enlarge its scientific research capacity, support and promote the
overall response capacity for public health emergency preparedness, provide expert suppoﬁ to
national biosafety strategies, and contribute to the broader labomtoty network Eystcm
ensure the safe and efficient operation of the laboratory through the principles of
transparency and sharing™,” benefiting national securlty and global health security.
{replaced with the new vernion of i

Camment [LIWTLY Would you like t6 mention
Your traifing progiam to prépare staff for

work in biccontairment ?

i Formatted: Font: }

On_ Februarv 22, 2017, an article entitled “Inside the Chinese kb poised to sl’udy world’s _most
dangerous pathogens.” by David Cyranoski, elicited a range of opmions m the form of discussions
among scientists, both m Chma and abroad. Some scientists regard China’s fist Biosafety Level 4
(BSL-4) labomtory as a “big status symbol m biology” that will usetullv contribute to and benefit
olobal health security, whereas othes express considerable concem regardmg the potential biosafetv
and biosecurity risk posed by the new laboratory (Refl).
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By Cheng Yingo Chinadailv comenilindated: 20150131 1634
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From: LeDuc, James W.

Sent: Tuesday, January 21, 2020 4:34 PM

To: Benjamin Rusek (BRusek@nas.edu);Dave Franz (davidrfranz@gmail.com);Yuan
Zhiming;George F GAO;Mifang Liang;Shi, Pei yong

Subject: Op Ed in Houston Chronicle

Attachments: Chinese Response to New Virus_Le Duc 21Jan revised.docx

Ben, Dave, Zhiming, George, Mifang and Pei-Yong

The attached, slightly modified to include mention of the new case in Washington State, is scheduled to appear in
Wednesday 22 Jan’s Houston Chronicle. Note mention of the NASEM/CAS collaborations.

Just FYI,
Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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Chinese Response to New Virus: Good News/Bad News

By James W. Le Duc

Fast action and open communications by China is helping the world prepare for another
potentially devastating infectious disease outbreak. While the situation is rapidly evolving, there
is good news that may not make the headlines. Many will recall the dark days in the spring of
2003 when Asia and the world were threatened by the appearance of a new virus disease,
Severe Acute Respiratory Syndrome, or SARS, which first appeared in southern China and
quickly spread to other countries around the world, ultimately causing over 8000 cases with
nearly 10% of those ending in death. SARS was caused by a novel coronavirus then unknown
to medical science. There was no known cure, no diagnostic tests and little understanding of
where it came from or how it was spread, although person-to-person transmission was obvious
as health care workers treating the first cases were themselves among the early victims.
Initially, China was reluctant to share information or alert the international community of the
magnitude of the epidemic, leading to international criticism and a dangerous global health
situation. Fortunately, China reversed its position, opened to collaborations with the WHO, U.S.

and others, and the epidemic was eventually controlled.

Today, with another novel coronavirus discovered in China, the start is very different. In quick
measure, Chinese health officials recognized that a new disease had emerged, quickly isolated
patients, and instituted an impressive set of interventions in attempts to limit disease spread and
characterize the new pathogen. Importantly, they have been transparent in sharing their
findings with the world, thus allowing other nations to take precautions and be on the lookout for
the new disease. Already, the genome of the new virus was sequenced and posted for easy
access by international experts, allowing rapid exploration of possible treatments, development

of diagnostics and epidemiological investigations.

China’s ability to respond quickly and efficiently to this new threat is the result of nearly two
decades of investments and collaborations to improve public health in China. The Chinese
Centers for Disease Control incorporates many of the strengths of our own CDC, but is
designed to meet the needs of a 1.4 billion plus population. In addition, China has invested in
building a robust scientific capacity and partnered with containment laboratories such as ours to

incorporate best practices when studying dangerous pathogens.
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The current outbreak demonstrates a welcome openness to health information sharing with the
global community. To diagnose an outbreak early requires astute healthcare providers able to
recognize when something new or unusual is occurring; however, clinical recognition alone is
meaningless if there is no capacity to investigate cases or characterize the disease-causing

agent.

For the last few years, our National Academy of Science, Engineering and Medicine has worked
with the Chinese Academy of Sciences to build relationships and share information on emerging
diseases and advancements in vaccines and treatments. In Galveston, we welcomed leading
Chinese health officials to collaborate on biocontainment facility design, biosafety training and
laboratory operations. This dialogue, along with U.S.-based educational opportunities for

Chinese students, benefit us all.

China’s response to the new coronavirus demonstrates their investments in physical
laboratories and scientific collaborations over the past decade are paying dividends, not only to
China, but the entire world. Control of a new disease efficiently transmitted person-to-person is
nearly impossible as we witnessed during the 2009 novel influenza pandemic and much must

still be done together during this quickly evolving situation.

The outbreak is still in the early stages, but it is now clear that the new virus may be transmitted
person-to-person, although the efficiency of such transmission remains in question. A few
hundred patients have been identified, deaths occurred and the disease has spread from the
epicenter in Wuhan to major cities in China and other Asian countries. Our CDC is now
screening travelers arriving from Wuhan at U.S. airports, and the WHO is set to consider a
global emergency response. With millions about to travel for the Chinese New Year, avoiding a

global catastrophe must be the current goal.

The good news is that, at a time when US-China relations are being tested on many fronts,
relations within the public health and scientific research arenas remain open and positive, which

lays a solid foundation for curtailing this latest threat.

James Le Duc, PhD, is the Director of the Galveston National Laboratory at the University of

Texas Medical Branch and a professor in UTMB’s Department of Microbiology and Immunology.

705 words in body
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From: LeDuc, James W.

Sent: Friday, March 20, 2020 2:40 PM
To: Yuan Zhiming

Cc: Shi, Pei yong

Subject: RE: @&: Vox article

From: Yuan Zhiming <yzm@wh.iov.cn>
Sent: Friday, March 20, 2020 1:33 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>
Subject: [@] & : Vox article

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you recognize
the sender and know the content is safe.

Dear Jim ,

I am sincerely hope everything goes well with you and your family!

The 2019 novel coronavirus (SARS-CoV-2) outbreak is a major challenge for global public health security.
Infection with SARS-CoV-2 has been associated with serious acute respiratory distress syndrome with large
number of patients’ hospitalization and relatively high mortality. We had a very hard time in combating the
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infection in Wuhan, the epicenter of the COVID-19 in China, and now we can see the situation goes in good
direction, with no reported confirmed case, no reported suspected case in last two days here.

My colleagues and I, have been working on characterization of pathogens, antiviral screen, vaccine development,
animal modeling since the early January this year, and some progresses have been made. I hope our understanding
of the virus and the technology could be valuable in the global fighting to the virus.

As I can see from the media, the virus is spreading in your country, and more people are infected during the last
days, and the situation worries me a lot. I am confident that we could finally curb the spreading of the virus with
our joint effort, and our life will return back to the normal soon. I do not know what I can do in the special moment
and I hope you could protect you and your family.

Best regards

Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chinese Academy of Sciences

Wuhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480

From: LeDuc, James W,
Date: 2020-03-0522:50
To: Yuan Zhiming; zishi
CC: Shi, Pei yong
Subject: Vox article
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From: Eliza Barclay <eliza.barclay@vox.com>
Sent: Wednesday, March 04, 2020 8:49 PM
To: LeDuc, James W. <jwleduc@UTMB.EDU>
Subject: Re: Wuhan

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless
you recognize the sender and know the content is safe.

Hi Jim,

The story went up today. Thanks so much for your help with it, and let me know if you see any
inaccuracies to fix or updates I should make.

Very best, and hope to stay in touch,

Eliza
https://www.vox.com/2020/3/4/21156607/how-did-the-coronavirus-get-started-china-wuhan-lab

On Fri, Feb 28, 2020 at 3:06 PM Eliza Barclay <eliza.barclay@vox com> wrote:

Sure, will do.

On Feb 28, 2020, at 12:16 PM, LeDuc, James W. <jwleduc(@utmb.edu> wrote:

From: Eliza Barclay <eliza.barclay@vox.com>

Sent: Friday, February 28, 2020 1:07 PM

To: LeDuc, James W. <jwleduc@UTMB.EDU>
Cc: Keusch, Gerald T <keusch@bu.edu>
Subject: Re: Wuhan

WARNING: This email originated from outside of UTMB's email system. Do not click links or open
attachments unless you recognize the sender and know the content is safe.

Thanks for the connection, Jerry.

And thanks so much for the quick response, Jim. I will give you a call in about an
hour.

Best,

Eliza

On Fri, Feb 28, 2020 at 10:50 AM LeDuc, James W. <jwleduc@utmb.edu>
wrote:

s
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From: Keusch, Gerald T <keusch@bu edu>
Sent: Friday, February 28, 2020 11:48 AM

To: LeDuc, James W. <jwleduc@UTMB. EDU>
Cec: Eliza Barclay <eliza.barclay(@vox.com>
Subject: Wuhan

WARNING: This email originated from outside of UTMB's email system. Do not click
links or open attachments unless you recognize the sender and know the content is safe.

Hi Jim,

I was talking to Eliza Barclay from Vox (copied above) who was referred to
me by our friend Peter Daszak. Eliza is working on a story to address the
various conspiracy theories being bandied about on the origin of the Covid19
virus. One of the issues, of course, was the Wuhan laboratory as a source —
whether accidental or deliberate — and the questions being raised about it
biosecurity and biosafety protocols. I said that I was absolutely confident
that they had proper protocols and trained people in place, in part because I
am was aware that GNL had connections with that lab, had trained many of
their staff, and that you have been there.

Eliza will follow up and if you have the time she would like to talk with

you. She is trying to gather the scientific argument and be able to translate it
for a general audience to be able to distinguish between evidence and
conspiracy.

Hope all is well.
Jerry

Gerald T. Keusch, M.D.

Professor of Medicine and International Health

Boston University School of Medicine

Associate Director, National Emerging Infectious Diseases Laboratories
620 Albany Street

Boston, MA 02118
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Eliza Barclay * Science Editor

<~WRD363 jpg>

Follow Vox on Twitter - Instagram - Facebook

Eliza Barclay * Science Editor

Follow Vox on Twitter - Instagram - Facebook
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 4/2/20204:19:35 PM

To: Auchincloss, Hugh (NIH/NIAID) [E] (auchinclossh@niaid.nih.gov) [auchinclossh@niaid.nih.gov]; Erbelding, Emily
(NIH/NIAID) [E] [emily.erbelding@nih.gov];Nancy (NIH/NIAID) Boyd (NBoyd@niaid.nih.gov) [NBoyd@niaid.nih.gov]

cC: Shi, Pei yong [peshi@ UTMB.EDU]

Subject: Major publication due out Friday

Attachments: Revision SARS2 clone editor suggestions Mar 312020.docx; Final Figures Mar 22 2020.pdf

Hugh, Emily and Nancy,

Pasted below is Pei-Yong Shi’s note to our communications office about the release tomorrow of our paperon the
development of a reverse genetics system and report SARS-CoV-2virus. Thisisa majoraccomplishmentand we wantto
give you a heads up that itwill be appearingsoon.

Our paperon developingthe reverse geneticsystem and reporter SARS-Cov-2 will be published online tomorrow. This
represents one of the mostimportanttools (if notthe mostimportant) to study the virus replication, transmission,and
pathogenesis.

More importantly, the reportervirus will unleash ourlimitation to perform serodiagnosis, vaccine evaluation, and
therapeuticdevelopment. We have already transferred the reagents to New York State Health Departmentandinthe
process to share with CDC forserology testing. Ourtechnology has attracted partnership with leading pharmaceutical
companies(e.g., Q2 Solutions, Gilead, and others) to jointly fight COVID-19.

Be safe,
Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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An infectious cDNA clone of SARS-CoV-2

Xuping Xie", Antonio Muruato™?, Kumari G. Lokugamage?, Krishna Narayanan®, Xianwen
Zhang', Jing Zou', Jianying Liu®, Craig Schindewolf’, Nathen E. Bopp®, Patricia V. Aguilar®,
Kenneth S. Plante’*, Scott C. Weaver>*>®"8 Shinji Makino?, James W. LeDuc?*®, Vineet D.

Menachery”>”, Pei-Yong Shi"*®1%" ™"

'Department of Biochemistry and Molecular Biology, University of Texas Medical Branch,
Galveston TX, USA

*Department of Microbiology and Immunology, University of Texas Medical Branch, Galveston
TX, USA

*Department of Pathology, University of Texas Medical Branch, Galveston TX, USA

*World Reference Center for Emerging Viruses and Arboviruses, University of Texas Medical
Branch, Galveston TX, USA

*Institute for Human Infection and Immunity, University of Texas Medical Branch, Galveston TX,
USA

®Institute for Translational Sciences, University of Texas Medical Branch, Galveston, TX, USA
"Department of Pathology and Center for Biodefense & Emerging Infectious Diseases,
University of Texas Medical Branch, Galveston, TX, USA

®Sealy Institute for Vaccine Sciences, University of Texas Medical Branch, Galveston, TX, USA
Galveston National Laboratory, University of Texas Medical Branch, Galveston, TX, USA
'“Sealy Center for Structural Biology & Molecular Biophysics, University of Texas Medical
Branch, Galveston, TX USA

""Department of Pharmacology & Toxicology, University of Texas Medical Branch, Galveston,
TX, USA

' ead Contact

*Correspondence: X.X. (xuxie@UTMB.edu), V.D.M. (vimenach@UTMB.edu), or P.-Y.S.
(peshi@UTMB.edu)

Running title: An infectious cDNA clone of SARS-CoV-2

Keywords: Coronavirus, SARS-CoV-2, COVID-19, SARS-CoV, vaccine, antiviral
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SUMMARY

The ongoing pandemic of COVID-19, caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), underscores the urgency to develop experimental systems for studying this
virus and identifying countermeasures. We report a reverse genetic system for SARS-CoV-2.
Seven cDNA fragments spanning the SARS-CoV-2 genome were assembled into a full-genome
cDNA. RNA transcribed from the full-genome cDNA was highly infectious after electroporation
into cells, producing 2.9x10° PFU/mI of virus. Compared with a clinical isolate, the infectious
clone-derived SARS-CoV-2 (icSARS-CoV-2) exhibited similar plague morphology, viral RNA
profile, and replication kinetics. Additionally, icSARS-CoV-2 retained engineered molecular
markers and did not acquire other mutations. A stable mNeonGreen SARS-CoV-2 (icSARS-
CoV-2-mNG) was generated by introducing this reporter gene into OFR7 of the viral genome.
iICSARS-CoV-2-mNG was successfully used to evaluate the antiviral activities of interferon.
Collectively, the reverse genetic system and reporter virus provide key reagents to study SARS-

CoV-2 and develop countermeasures.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in early 2020 with
human cases in Wuhan, China [ ADDIN EN.CITE  ADDIN EN.CITE.DATA 1. It has rapidly
rampaged worldwide, causing a pandemic of coronavirus disease (COVID-19) that ranges from
fever and breathing difficulty to acute respiratory distress and death [ ADDINEN.CITE ADDIN
EN.CITE.DATA ]. With over 300,000 people infected in less than 3 months, SARS-CoV-2
causes the most severe disease in older patients and people with comorbidities, including heart
disease, diabetes, and other health conditions [ ADDIN EN.CITE
<EndNote><Cite><Author>Wu</Author><Year>2020</Year><RecNum>7072</RecNum><Displ
ayText>(Wu and McGoogan, 2020)</DisplayText><record><rec-number>7072</rec-
number><foreign-keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"
timestamp="1584734140">7072</key></foreign-keys><ref-type name="Journal
Article">17</ref-type><contributors><authors><author>Wu, Z.</author><author>McGoogan, J.
M .</author></authors></contributors><auth-address>Chinese Center for Disease Control and
Prevention, Beijing, China.</auth-address><titles><title>Characteristics of and Important
Lessons From the Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of a
Report of 72314 Cases From the Chinese Center for Disease Control and
Prevention</title><secondary-title>JAMA</secondary-title></itles><periodical><full-

titte>J AMA</full-title></periodical><dates><year>2020</year><pub-dates ><date>Feb
24</date></pub-dates></dates><isbn>1538-3598 (Electronic)&#xD;0098-7484
(Linking)</isbn><accession-num>32091533</accession-num><uris><related-

urls><url>https //www.ncbi.nim.nih.gov/pubmed/3209 1533</url></related-
urls></urls><electronic-resource-num>10.1001/jama.2020.2648</electronic-resource-
num></record></Cite></EndNote>]. Before 2019, six a- and B-coronaviruses were known to
cause respiratory diseases of different severity, including four common cold coronaviruses

(229E, NL63, OC43, and HKU1) and two highly pathogenic coronaviruses [severe acute

| FAULE \" MERURFURMAL |
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respiratory syndrome (SARS-CoV) and Middie East respiratory syndrome (MERS-CoV), which
emerged in 2003 and since 2012, respectively] [ ADDIN EN.CITE ADDIN EN.CITE.DATA 1.
Importantly, with massive hospitalization rates and high mortality, SARS-CoV-2 remains a major
threat to humankind and intervention strategies are being rapidly pursued.

A key tool in responding to emergent viruses is the generation of reverse genetic systems to
explore and characterize new pathogens. Classically, reverse genetic systems for
coronaviruses have been complicated by their large genome size (~30,000 nucleotides) and the
existence of bacteriotoxic elements in their genome that make them difficult to propagate [
ADDIN EN.CITE
<EndNote><Cite><Author>Almazan</Author><Year>2014</Year><RecNum>7158</RecNum>

<DisplayText>(Almazan et al, 2014)</DisplayText><record><rec-number>7158</rec-

number><foreign-keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"

timestamp="1584739078">7158</key></foreign-keys><ref-type name="Journal
Article">17</ref-type><contributors ><authors><author>Almazan, F.</author><author>Sola,
L.</author><author>Zuniga, S.</author><author>Marquez-Jurado,

S.</author><author>Morales, L.</author><author>Becares, M.</author><author>Enjuanes,
L.</author></authors></contributors><auth-address>Department of Molecular and Cell Biology.
Centro Nacional de Biotecnologia (CNB-CSIC), Campus Universidad Autonoma de Madrid, C/
Darwin 3, Cantoblanco, 28049 Madrid, Spain.&#xD;Department of Molecular and Cell Biology.
Centro Nacional de Biotecnologia (CNB-CSIC), Campus Universidad Autonoma de Madrid, C/
Darwin 3, Cantoblanco, 28049 Madrid, Spain. Electronic address:
L.Enjuanes@cnb.csic.es.</auth-address><titles><title>Coronavirus reverse genetic systems:
infectious clones and replicons </fitle><secondary-title>Virus Res</secondary-
title> <ftitles > <periodical><full-title>Virus Res</full-title></periodical><pages>262-
70</pages><volume>189</volume><keywords><keyword>Clone

Cells</keyword><keyword>Coronavirus/*genetics</keyword><keyword>Replicon</keyword><k
[ PAGE \* MERGEFORMAT ]
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eyword>Reverse
Genetics/*methods </keyword><keyword>Virology/*methods </keyword><keyword>Coronavirus
</keyword><keyword>Infectious
clones</keyword><keyword>Replicons </keyword><keyword>Reverse
genetics</keyword></keywords><dates><year>2014</year><pub-dates><date>Aug
30</date></pub-dates></dates><isbn>1872-7492 (Electronic)&#xD;0168-1702
(Linking)</isbn><accession-num>24930446</accession-num><urls><related-
urls><url>https //www.ncbi.nim.nin.gov/pubmed/24930446</url></related-
urls></urls><custom2>PMC4727449</custom2><electronic-resource-
num>10.1016/j.virusres.2014.05.026</electronic-resource-num></record></Cite></EndNote>].
Several approaches have been devised to overcome this barrier, such as multiple plasmid
systems to disrupt toxic elements and to reduce deletions/truncations [ ADDIN EN.CITE
<EndNote><Cite><Author>Yount</Author><Year>2002</Year><RecNum>7014</RecNum><Di
splayText>(Yount et al., 2002)</DisplayText><record><rec-number>7014</rec-
number><foreign-keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zwbw5a"
timestamp="1584619790">7014</key></foreign-keys><ref-type name="Journal
Article">17</ref-type><coniributors><authors><author>Yount, B.</author><author>Denison, M.
R.</author><author>Weiss, S. R.</author><author>Baric, R.
S.</author></authors></contributors><auth-address>Department of Epidemiology, School of
Public Health, University of North Carolina at Chape! Hill, Chapel Hill, North Carolina 27599-
7435, USA </auth-address><titles><titie>Systematic assembly of a full-length infectious cDNA
of mouse hepatitis virus strain  A59</title><secondary-title>J  Virol</secondary-
title></titles><periodical><full-title>J Virol</full-title></periodical><pages>11065-
78</pages><volume>76</volume><number>21</number><keywords><keyword>Animais </key
word><keyword>Cell Line</keyword><keyword>Cricetinae</keyword><keyword>DNA,
Viral/*analysis </keyword><keyword>Mice</keyword><keyword>Murine hepatitis
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79  virus/*genetics </keyword><keyword>Phenotype</keyword><keyword>RNA

80  Replicase/biosynthesis</keyword><keyword>Tumor Cells, Cultured</keyword><keyword>Viral
81  Proteins/biosynthesis</keyword></keywords><dates><year>2002</year><pub-

82 dates><date>Nov</date></pub-dates></dates><isbn>0022-538X (Print)&#xD;0022-538X
83  (Linking)</isbn><accession-num>12368349</accession-num><uris><related-

84  urls><url>https //iwww.ncbi.nim.nih.gov/pubmed/12368349</url></related-

85  urls></urls><custom2>PMC136593</custom2><electronic-resource-

86  num>10.1128/jvi.76.21.11065-11078.2002</electronic-resource-

87 num></record></Cite></EndNote>]. Using this approach, researchers have developed
88 infectious clones for several coronaviruses, including SARS-CoV, MERS-CoV, and others |
89 ADDIN EN.CITE ADDIN EN.CITE.DATA ]. Thao et al. recently reported a yeast-based
90 synthetic genomics platform for rapid construction of infectious clones for murine hepatitis
91 coronavirus  (MHV-CoV), MERS-CoV, and SARS-CoV-2 [ ADDIN ENCITE
92  <EndNote><Cite><Author>Thao</Author><Year>2020</Year><RecNum>7201</RecNum><Dis
93  playText>(Thao et al., 2020)</DisplayText><record><rec-number>7201</rec-number><foreign-
94  keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"
95  timestamp="1584791671">7201</key></foreign-keys><ref-type name="Journal
96  Article">17</ref-type><contributors ><authors><author>Thao,

97  T.T.N.</author><author>Labroussaa, F.</author><author>Ebert, N.
98  <Jauthor><author>Vkovski, P. </author><author>Stalder, H.</author><author>Portmann, J.
99  </author><author>Kelly, J. </author><author>Steiner, S.</fauthor><author>Holwerda,
100  M</author><author>Kratzel, A. </author><author>Gultom, M.</author><author>Laura Laloli,
101  </author><author>Husser, L.</author><author>Wider, M.</author><author>Pfaender,
102  S.</author><author>Hirt, D.</author><author>Cippa, V.</author><author>Crespo-Pomar,
103  S.</author><author>Schréder, S.</author><author>Muth, D. </author><author>Niemeyer,
104  D.</author><author>Mdller, M.</author><author>Drosten, C </author><author>Dijkman,
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105 R.</author><author>Jores, J. <fauthor><author>Thiel,
106  V.</author></authors></contributors><titles><title>Rapid reconstruction of SARS-CoV-2 using
107 a synthetic genomics platform</title><secondary-title>bioRxiv</secondary-
108  title></titles><periodical><full-title>bioRxiv</full-

109  title></periodical><dates><year>2020</year></dates><urls></urls><electronicresource-

110 num>https://doi.org/10.1101/2020.02.21.9598 17 </electronic-resource-

111 num></record></Cite></EndNote>]. However, the yeast platform-produced SARS-CoV-2 has
112 not been fully characterized for its biological properties (e.g., replication kinetics) in comparison
113 with its original clinical isolate. Such characterization is essential for ensuring the quality of the
114  genetic system to rescue recombinant viruses that recapitulate the biological features of their
115 corresponding clinical isolates. Once validated, the reverse genetic systems allow rapid
116 characterization of novel viruses, development of reporter viruses, and generation of live-
117  attenuated vaccine candidates to respond o emerging infections. Together with animal
118 pathogenesis models, reverse genetic systems offer powerful tools needed to characterize,
119  understand, and respond to emerging virus outbreaks.

120 In response to the ongoing pandemic of SARS-CoV-2, we have developed a robust reverse
121  genetic system for SARS-CoV-2 and a mNeonGreen reporter virus. Recombinant virus derived
122  from the system recapitulates the replication kinetics of the original clinical isolates. In addition,
123  the mNeonGreen reporter remains stable for at least five passages, allowing its use in long-term
124  studies. Using type-I interferon, we demonstrated that the mNeonGreen virus could be reliably
125 used to study viral replication and pathogenesis as well as to develop vaccine and antiviral
126  drugs.

127

128 RESULTS
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129 Design of a SARS-CoV-2 full-length cDNA. An in vitro ligation approach, similar to that for
130  constructing the infectious clones of SARS-CoV and MERS [ ADDIN EN.CITE ADDIN
131 EN.CITE.DATA ], was designed to directionally assemble the full-length cDNA of the SARS-
132  CoV-2 genome (Figure 1A). Our reverse genetic system was based on the virus strain (2019-
133  nCoV/USA_WA1/2020) isolated from the first reported SARS-CoV-2 case in the US [ ADDIN
134 EN.CITE ADDINEN.CITE.DATA ]. Viral RNA, extracted from the passage 4 virus from Vero
135  EB6 cells, was used as a template for RT-PCR to produce cDNA fragments. Seven contiguous
136 cDNA fragments were constructed to cover the entire viral genome (Figure 1B). Some of the
137  seven cDNA fragments were prepared through RT-PCR, whereas others were generated by
138 chemical synthesis (see Materials and Methods for details). Al cDNA fragments were
139 individually cloned into plasmid vectors. For facilitating directional assembly of genome-length
140 cDNA, each cDNA fragment was flanked by a class lIS restriction endonuclease site (Bsal or
141  Esp3l). The class IIS endonucleases recognize asymmetric DNA sequences, cleave outside
142  their recognition sequences, and generate unique cohesive overhangs (Figure 1C). After
143  digestion with Bsal or Esp3l, the seven fragments were directionally ligated to assemble the
144  genome-length cDNA. The unigue cohesive ends of each fragment ensured one directional,
145  seamless assembly of the seven fragments with the concomitant loss of the restriction enzyme
146  sites. Figure 1C depicts the details of the seven fragments: F1 (T7 promoter sequence plus
147  nucleotides 1-3,618), F2 (3,619-7,504), F3 (7,505-11,984), F4 (11,985-17,591), F5 (17,592-
148  22,048), F6 (22,049-26,332), and F7 (26,333-29,870 plus a poly(A),s sequence). AT7 promoter
149 and a poly(A),s tail were engineered at the upstream of F1 and the downstream of F7,
150 respectively. In vitro transcription of the ligated F1-7 DNA was expected to produce a 5’ capped
151 (as cap analog was included in the in vifro transcription reaction) and 3’ polyadenylated
152  genome-length RNA. To differentiate the infectious clone-derived virus from the parental clinical

153 isolate, we engineered three synonymous nucleotide mutations as markers.
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154 Assembly of a SARS-CoV-2 full-length cDNA. Each of the seven cDNA fragments was
155 cloned into a plasmid and sequenced to ensure no undesired mutations. For assembly of full-
156 length cDNA, the seven cDNA plasmids were digested with Bsal or Esp3l. The resulting cDNA
157  fragments were gel-purified (Fig. 1D), then in vitro ligated to assemble the genome-length cDNA
158 inthree steps: (i) ligation of F1, F2, F3, and F4 to produce F1-4 cDNA,; (ii) ligation of F5, F6, and
159  F7 to produce F5-7 cDNA; and (iii) ligation of F1-4 and F5-7 to produce the full-length F1-7
160 cDNA. Agarose gel analysis of the ligation (iii) reaction showed a major DNA product
161 representing the size of genome-length cDNA (~29.87 kb, indicated by an arrow in Figure 1E) in
162  addition to several smaller intermediate ¢DNA products (indicated by circles). In vitro
163  transcription using the cDNA template [directly from ligation (iii) without gel purification]
164  generated multiple RNA bands, among which a faint high molecular band may represent the
165  genome-length RNA (indicated by an arrow in Figure 1F) together with several smaller RNA
166  transcripts (indicated by circles).

167 Recovery of recombinant SARS-CoV-2. To recover recombinant SARS-CoV-2 from the
168 infectious cDNA clone (icSARS-CoV-2), we electroporated in vitro transcribed genome-length
169 RNA into Vero E6 cells. The RNA franscription mixture from Figure 1F was directly
170  electroporated into cells without purification. Since N protein was reported to enhance the
171  infectivity of coronavirus RNA transcripts [ ADDINEN.CITE ADDIN EN.CITE.DATA ], we co-
172  electroporated an mRNA encoding the SARS-CoV-2 N protein with the full-length RNA. The
173  transfected cells developed cytopathic effects (CPE) on day 4 post-transfection and produced
174  infectious virus [denoted as passage 0 (P0) virus] with a titer of 2.9x10° PFU/mI (Figure 2A). ltis
175  worth emphasizing that such a high titer of recombinant virus was produced directly from the
176  electroporated cells without additional rounds of cell culture passaging, indicating the
177  robustness of the system and also suggesting a lack of any errors. Next, we compared the
178  replication properties between the recombinant virus and the original clinical isolate. The wild-

179  type icSARS-CoV-2 (icSARS-CoV-2-WT) developed plaques similar to the original clinical
[ PAGE \* MERGEFORMAT ]

Nelson_Judicial_Watch_TPIA_0271



Obtained via FOIA by Judicial Watch Inc.

180 isolate (Figure 2B) and exhibited equivalent replication kinetics on Vero E6 cells (Figure 2C).
181  We did not extend the time points of replication beyond 48 h because CPE was observed at 40-
182 48 h post-infection (p.i.). Northern blot analysis showed that viral mRNA species from the
183 clinical isolate-infected cells and the icSARS-CoV-2-infected cells were identical to the predicted
184  set of genome-length RNA and eight subgenomic RNAs (Figure 2D). Full-genome seguencing
185  showed that the recombinant virus retained the three engineered synonymous mutations with
186  no other sequence changes, demonstrating the rescued virus did not result from contamination
187 by the parental virus isolate (Figure 2E). Furthermore, DNA sequencing chromatogram did not
188  show any partial reversion of the three engineered molecular markers (Figure 2F). Collectively,
189  the results demonstrate that (i) the in vitro transcribed full-length RNA is highly infectious upon
190  electroporation into cells and (ii) the recombinant virus recapitulates the replication properties of
191  the original clinical isolate on Vero E6 cells.

192 Development and characterization of mNeonGreen SARS-CoV-2. Reporter viruses are
193  useful tools to study viral replication and pathogenesis and to develop countermeasure. To
194  establish a reporter SARS-CoV-2 infectious clone, we engineered an mNeonGreen (mNG) gene
195  into the ORF7 of viral genome (Figure 3A), similar to the SARS-CoV reporter [ ADDIN EN.CITE
196  <EndNote><Cite><Author>Sims</Author><Year>2005</Year><RecNum>180</RecNum><Disp
197 layText>(Sims et al., 2005)</DisplayText><record><rec-number>180</rec-number><foreign-
198  keys><key app="EN" db-id="5txwdCdwSfwdpuesvvjx5 pvs 90ve5rwttr05"
199  timestamp="1584885311">180</key></foreign-keys><ref-type name="Journal Article">17</ref-
200  type><contributors><authors><author>Sims, A C.</author><author>Baric, R.
201  S.</author><author>Yount, B.</author><author>Burkett, S. E.</author><author>Collins, P.
202  L.</author><author>Pickles, R. J.</author></authors></contributors><auth-
203 address>Department of Epidemiology, University of North Carolina at Chapel Hill, 2107
204 McGavran-Greenberg Hal, CB 7435, Chapel Hill, NC  27599-7435, USA
205  sims0018@email.unc.edu</auth-address><titles><title>Severe acute respiratory syndrome
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206  coronavirus infection of human ciliated airway epithelia: role of ciliated cells in viral spread in the
207  conducting airways of the lungs</title><secondary-title>J Virol</secondary-
208  fitle></titles><periodical><full-titte>J  Virol</full-title><abbr-1>Journal  of  virology</abbr-
209  1></periodical><pages>15511-

210  24</pages><volume>79</volume><number>24</number><keywords><keyword>Carboxypepti

211  dases/analysis</keyword><keyword>Coronavirus

212  Infections/enzymology/*metabolism</keyword><keyword>Epithelial

213  Cells/*virology</keyword><keyword>Humans</keyword><keyword>Lung/*virology</keyword><

214  keyword>Peptidyl-Dipeptidase A</keyword><keyword>SARS
215  Virus/*physiology</keyword><keyword>Severe Acute Respiratory
216  Syndrome/*pathology/virology</keyword></keywords><dates><year>2005</year><pub-

217  dates><date>Dec</date></pub-dates></dates><isbn>0022-538X (Print)&#xD;0022-538X
218  (Linking)</isbn><accession-num>16306622</accession-num><uris><related-

219  urls><url>https://www.ncbi.nim.nih.gov/pubmed/16306622</url></related-

220 urls></urls><custom2>PMC1316022</custom2><electronic-resource-

221 num>10.1128/JV1.79.24.15511-15524.2005</electronic-resource-

222  num></record></Cite></EndNote>]. The same in vitro ligation and transcription protocols
223  (described above) were used to prepare the mNG full-length RNA. After electroporation, we
224  recovered icSARS-CoV-2-mNG (6.9x10° PFU/mI). To examine if the reporter gene attenuates
225  viral replication, we compared the replication properties between the wild-type and reporter
226  viruses on Vero EG6 cells. The icSARS-CoV-2-mNG produced plaques similar to those of the
227  icSARS-CoV-WT (compare Figures 3B with 2B). Indistinguishable replication kinetics were
228  observed for the icSARS-CoV-2-mNG and icSARS-CoV-WT (Figure 3C). Infection with icSARS-
229  CoV-2-mNG developed increasing numbers of mNG-positive cells over time (Figure 3D).
230  Concurrently, the fluorescent signals increased from 12 to 48 h p.i. (Figure 3E). At 12-36 h p.i.,
231 the level of fluorescent signal correlated with the initial MOIs, whereas a reverse trend was
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232 observed at 48 h p.i., most likely due to earlier CPE caused by the higher MOI. Full-genome
233  sequencing showed that icSARS-CoV-2-mNG retained the three engineered markers with no
234  additional mutations (Figure 3F). These results indicate that icSARS-CoV-2-mNG is initially
235  stable, maintains the wild-type replication, and expresses robust mNG in Vero E6 cells.
236  Stability of icSARS-CoV-2-mNG. To examine the longer-term stability of icSARS-CoV-2-mNG,
237  we serially passaged the reporter virus on Vero cells for 5 rounds (1 to 2 days per round). Cells
238 infected with equal PFU of passage 1 (P1) or passage 5 (P5) viruses produced comparable
239  numbers of mNG-positive cells (Figure 4A). Next, RT-PCR was performed to verify the retention
240 of mNG in the P1 and P5 viral genomes using two primers targeting the insertion junctions
241 (corresponding to nucleotides 25,068-28,099 of the viral genome). As expected, the RT-PCR
242  products derived from both P1 and P5 mNG viruses were larger than those from the wild-type
243  icSARS-CoV-2 (Figure 4B, lanes 1-3). Digestion of the RT-PCR products with BsrGl (located
244  upstream of the mNG insertion site) and Stul (in the mNG gene) developed distinct cleavage
245  patterns between the reporter and wild-type viruses, whereas P1 and P5 viruses produced an
246 identical digestion pattern (Figure 4B, lanes 4-6). Finally, sequencing the P1 and P5 RT-PCR
247  products confirmed the retention of the mNG gene (data not shown). Altogether, the results
248 demonstrate the stability of icSARS-CoV-2-mNG after five rounds of passaging on Vero E6
249 cells. Since Vero E6 cells are defective in type-1 interferon production, it remains to be tested if
250  the reporter virus is stable when passaged on interferon-competent cell lines.
251  Application of icSARS-CoV-2-mNG. To explore the utility of icSARS-CoV-2-mNG, we used
252  the reporter virus to rapidly screen the antiviral activity of a known inhibitor of coronaviruses. We
253  previously showed that pre-treatment of Vero cells with type-I interferon (IFN) inhibits SARS-
254 CoV-2 replication [ ADDIN EN.CITE
255  <EndNote><Cite><Author>Lokugamage</Author><Year>2020</Year><RecNum>7202</RecN
256  um><DisplayText>(Lokugamage et al., 2020)</DisplayText><record><rec-number>7202</rec-
257  number><foreign-keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"
[ PAGE \* MERGEFORMAT ]

Nelson_Judicial_Watch_TPIA_0274



Obtained via FOIA by Judicial Watch Inc.

258  timestamp="1584807870">7202</key></foreign-keys><ref-type name="Journal
259  Article">17</ref-type><contributors><authors ><author>Lokugamage,

260 K.G.</author><author>Hage, A.</author><author>Schindewolf, C.</author><author>Rajsbaum,
261 R.</author><author>Menachery, V.D.</author></authors></contributors><titles><title>SARS-
262  CoV-2 sensitive to type | interferon pretreatment</titie><secondary-title>bioRxiv</secondary-
263 itle><fitles><periodical><full-title>bioRxiv</full-

264  itle></periodical><dates><year>2020</year></dates><urls></urls><electronic-resource-

265  num>https://doi.org/10.1101/2020.03.07.982264</electronic-resource-

266  num><frecord></Cite></EndNote>]. Here we explored the dose responsive effect of IFN-a pre-
267  treatment on iCSARS-CoV-mNG replication (Figure 4C). No mNG expression was visually
268  observed when the infected cells were pre-treated with the highest dose of IFN-a (1,000 u/ml),
269  whereas a dose-dependent reduction of mNG signal was detected at an intermediate dose (111
270  u/ml) (Figure 4D). Quantification of the fluorescent readouts estimated an ECs, (concentration
271  inhibiting 50% of viral replication) of 101 u/ml, confirming the inhibition of SARS-CoV-2 by IFN-a
272  (Figure 4E). This result is consistent with previous findings that SARS-CoV-2 is sensitive to
273  type-l IFN inhibition. The reporter virus assay required fewer days and less labor when
274  compared with the conventional plaque reduction assay. Collectively, the results indicate that
275  icSARS-CoV-2-mNG could be reliably used to study SARS-CoV-2 replication and to screen
276  antiviral inhibitors.

277

278 DISCUSSION

279  We report the development of a full-length infectious clone and a reporter virus for SARS-CoV-
280 2. One of the key utilities for the reverse genetic system is to facilitate antiviral testing and
281 therapeutic development. The icSARS-CoV-2 mNG reporter virus allows the use of
282  fluorescence as a surrogate readout for viral replication. Compared with a standard plaque

283 assay or TCIDs, quantification, the fluorescent readout shortens the assay turnaround time by
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284  several days. In addition, the fluorescent readout offers a quantitative measure that is less
285 labor-intensive than the traditional means of viral titer reduction. Furthermore, the mNG virus-
286 based assay could be automated in a high-throughput format to screen compounds against viral
287  replication. As a proof-of-concept, we demonstrated that, after treatments with type-1 IFN, the
288  reporter virus reliably revealed efficacy in a rapid and efficient manner. In addition, the stability
289  of the mNG reporter virus allows it to be used for longer-term studies and in vivo without fear of
290 losing its fluorescent marker. Thus, this reporter virus offers a huge advantage for research
291 community and pharmaceutical companies to develop therapeutics for COVID-19.

292  Our reverse genetic system represents a major reagent in the pursuit of understanding SARS-
293 CoV-2 and COVID-19 disease. Compared with the clinical isolate, the recombinant wild-type
294  SARS-CoV-2 has no deficit in terms of viral RNA species produced, plague morphology, or
295  replication kinetics. Therefore, it may be used as an equivalent to the clinical strain, and mutant
296 viruses can be generated to characterize mutational effect on viral infection. This approach has
297  allowed researchers to identify key viral antagonists of innate immunity for SARS-CoV and
298 MERS-CoV [ ADDIN EN.CITE ADDIN EN.CITE.DATA ]. Several of these mutant viruses
299  have subsequently been employed as live-attenuated vaccine candidates for SARS-CoV and
300 MERS-CoV[ ADDIN EN.CITE ADDIN EN.CITE.DATA ]. Using our system, this knowledge
301 may now be applied to the current SARS-CoV-2. Characterizing these mutations may provide
302 insight into SARS-CoV-2 pathogenesis.

303 Our reverse genetic system also allows exploration of research questions fundamental to
304 understanding the SARS-CoV-2 pandemic. As additional genomic sequences become
305 available, evolutionary mutations can be interrogated for their effect on viral transmission and
306 disease outcome. For example, a 382-nuclectide deletion covering almost the entire ORF8 of
307 SARS-CoV-2 was observed in eight hospitalized patients in Singapore; virus isolation of the
308 deletion strains has not been reported in the study [ ADDIN EN.CITE
309  <EndNote><Cite><Author>Su</Author><Year>2020</Year><RecNum>7249</RecNum><Displ
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310 ayText>(Su et al.,, 2020)</DisplayText><record><rec-number>7249</rec-number><foreign-
311  keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"
312  timestamp="1584819541">7249</key></foreign-keys><ref-type name="Journal
313  Article">17</ref-type><contributors><authors><author>Su, Y.C.F.</author><author>Anderson,
314 D.E. </author><author>Young, B.E. </author><author>Zhu, F.</author><author>Linster, M.
315  </author><author>Kalimuddin, S. </author><author>Low, J.G.H. </author><author>Yan,
316  Z</author><author>Jayakumar, J. </author><author>Sun, L.</author><author>Yan, G.Z
317  </author><author>Mendenhall, LH.</author><author>Leo, Y.-S.</author><author>Lye,
318  D.C.</author><author>Wang, L.-F.</author><author>Smith,
319  G.J.D.</author></authors></contributors><titles><title>Discovery of a 382-nt deletion during the
320 early evolution of SARS-CoV-2</title><secondary-title>bioRxiv</secondary-
321  title><ftitles><periodical><full-title>bioRxiv</full-

322  title></periodical><dates><year>2020</year></dates><urls></uris><electronicresource-

323  num>https://doi.org/10.1101/2020.03.11.987222</electronic-resource-

324  num></record></Cite></EndNote>]. A four-amino acid insertion (conferring a possible furin
325 cleavage site) was reported in the spike (S) protein of SARS-CoV-2, but is absent in the S
326  protein of SARS-CoV and other group 2B CoVs [ ADDINEN.CITE  ADDIN EN.CITE.DATA 1.
327 Using the infectious clone, we can now evaluate the impact of these genetic changes by
328 removing the reported sequences from SARS-CoV-2 and examine their effect on virus
329 replication and S protein processing. In addition, mouse models for SARS-CoV-2 have been
330 limited by the absence of virus capable of binding to mouse ACE2 [ ADDIN EN.CITE ADDIN
331 EN.CITE.DATA ]. Point mutations in the receptor binding domain of SARS-CoV-2 S protein
332  may facilitate mouse adaptation and development of a model that recapitulates human diseases
333 in a standard mouse strain. Altogether, the above questions are a few examples of how our

334 infectious clone can be used to advance SARS-CoV-2 research.
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335 In summary, we have developed a robust reverse genetic system for SARS-CoV-2 that can be
336 used to study viral replication and pathogenesis. We have also established an mNG reporter
337 SARS-CoV-2 that is a reliable surrogate for high-throughput drug discovery. The reverse
338 genetic system represents a major tool for the research community and significantly advances
339  opportunities for countermeasure development for COVID-19.
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368 MAIN FIGURETITLES AND LEGENDS

369 Figure 1 Assembly of a full-length SARS-CoV-2 infection cDNA clone. (A) Genome
370  structure SARS-CoV-2. The open reading frames (ORFs) from the full genome are indicated.
371 (B) Strategy for in vitro assembly of an infectious cDNA clone of SARS-CoV-2. The nucleotide
372 seguences and genome locations of the cohesive overhangs are indicated. The wild-type full-
373 length cDNA of SARS-CoV-2 (IC WT) was directionally assembled using in vitro ligation. (C)
374  Diagram of the terminal sequences of each cDNA fragment recognized by Bsal and Esp3l. (D)
375 Gel analysis of the seven purified cDNA fragments. Individual fragments (F1 to F7) were
376  digested from corresponding plasmid clones and gel-purified. Seven purified cDNA fragments
377  (50-100 ng) were analyzed on a 0.6% native agarose gel. The 1-kilobase (kb) DNA ladders are
378 indicated. (E) Gel analysis of cDNA ligation products. About 400 ng of purified ligation product
379 was analyzed on a 0.6% native agarose gel. Triangle indicates the full-length (FL) cDNA
380  product. Circles indicate the intermediate cDNA products. (F) Gel analysis of RNA transcripts.
381  About 1 ug of in vitro transcribed (IVT) RNAs were analyzed on a 0.6% native agarose gel. DNA

382 ladders are indicated. Since this is a native agarose gel, the DNA size is not directly

383 corelated to the RNA size. Triangle indicates the genome-length RNA transcript. Circles show

384  the shorter RNA transcripts.

385  Figure 2 Characterization of the wild-type icSARV-CoV-2 (IC WT). (A) Bright-field images of
386 the Vero EB cells electroporated with RNA transcripts. Cytopathic effects (CPE) appeared in the
387 IC WT RNA-transfected cells on day 4 post-transfection. The titer of the PO virus (directly from
388  the transfected cells) is shown in plaque-forming units (PFU) per ml. (B) Plague morphology of
389 the original clinical isolate (WA1=2019-nCoV/USA_WAT1/2020) and the recombinant P1 IC WT
390  virus. Plagues were developed in Vero EB6 cells on day 2 post-infection. (C) Replication kinetics.
391 Vero EB cells were infected with the clinical isolate or recombinant P1 IC WT virus at MO1 0.01.

392  \Viruses in culture fluids were quantified by plaque assay. Results from ftriplicate experiments
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393  were presented with error bars indicating standard deviations. (D) Northern blot analysis of full-
394  length and subgenomic RNAs. Numbers indicated the FL (band 1) and eight subgenomic RNAs
395 (bands 2-9). (E) Sequence differences between the original clinical isolate WA1 and the
396 recombinant P1 IC WT. The three silent nucleotide changes were engineered as molecular
397  markers. (F) Chromatograms of Sanger sequencing results. The engineered molecular maker
398  mutations are indicated.
399 Figure 3 Generation of a mNeonGreen SARS-CoV-2. (A) Assembly of the full-length
400 mNeonGreen (MNG) SARS-CoV-2 cDNA. The mNG gene was placed downstream of the
401 regulatory sequence of ORF7 to replace the ORF7 sequence [ ADDIN EN.CITE
402  <EndNote><Cite><Author>Sims</Author><Year>2005</Year><RecNum>7367</RecNum><Dis
403  playText>(Sims et al., 2005)</DisplayText><record><rec-number>7367</rec-number><foreign-
434  keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"
405  timestamp="1584836012">7367</key></foreign-keys><ref-type name="Journal
406  Article">17</ref-type><contributors><authors><author>Sims, A. C.</author><author>Baric, R.
407  S.</author><author>Yount, B.</author><author>Burkett, S. E.</author><author>Collins, P.
408 L.</author><author>Pickles, R. J.</author></authors></contributors><auth-
409  address>Department of Epidemiology, University of North Carolina at Chapel Hill, 2107
410 McGavran-Greenberg Hall, CB 7435, Chapel Hill, NC  27599-7435, USA
411  sims0018@email.unc.edu</auth-address><titles><title>Severe acute respiratory syndrome
412  coronavirus infection of human ciliated airway epithelia: role of ciliated cells in viral spread in the
413  conducting airways of the lungs</title><secondary-title>J Virol</secondary-
414  ftitle></titles><periodical><full-title>J Virol</full-title></periodical><pages>15511-
415  24</pages><volume>79</volume><number>24</number><keywords><keyword>Carboxypepti
416  dases/analysis</keyword><keyword>Coronavirus
417  Infections/enzymology/*metabolism</keyword><keyword>Epithelial
418  Cells/*virology</keyword><keyword>Humans </keyword><keyword>Lung/*viroclogy</keyword><
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419  keyword>Peptidyl-Dipeptidase A</keyword><keyword>SARS
420  Virus/*physiology</keyword><keyword>Severe Acute Respiratory
421  Syndrome/*pathology/virology</keyword></keywords><dates><year>2005</year><pub-

422  dates><date>Dec</date></pub-dates></dates><isbn>0022-538X (Print)&#xD;0022-538X
423  (Linking)</isbn><accession-num>16306622</accession-num><urls><related-

424  urls><url>https://iwww.ncbi.nim.nin.gov/pubmed/16306622</url></related-

425  urls></urls><custom2>PMC1316022</custom2><electronic-resource-

426  num>10.1128/JV1.79.24.15511-15524.2005</electronic-resource-

427  num></record></Cite></EndNote>] in the subclone F7. (B) Plague morphology of the P1 IC
428 mNG virus. Plaques were developed in Vero EB6 cells on day 2 post-infection. (C) Replication
429  kinetics. Vero E6 cells were infected with the wild-type icSARS-CoV-2 (IC WT) or reporter
430  icSARS-CoV-2-mNG (IC mNG) at MOI of 0.01. Viruses in culture medium were quantified by
431 plaque assay. (D) Fluorescence microscopy analysis of P1 mNG virus-infected cells. Vero E6
432  cells were infected with P1 mNG viruses at MOI of 0.3. Representative mNeonGreen-positive
433 (green) images are shown. (E) Kinetics of fluorescence intensity. Vero E6 cells were infected
434  with MOI of 1.0, 0.3 or 0.1. After background signal subtraction, the fluorescence intensities
435 from 12 to 48 h post-infection are shown. Results from triplicate experiments were presented
436  with bars representing standard deviations. (F) Summary of full-genome sequence of mMNG virus
437  (P1I1C mNG). Nucleotides different from the original clinical isolate (WA1) are indicated.

438 Figure 4 Stability and application of mNeonGreen virus. The stability of mNG virus was
439 analyzed by comparing the fluorescent signals between the cells infected with P1 and P5
440  reporter viruses. The presence of mNG gene in the P1 and P5 reporter viruses was also verified
441 using RT-PCR. The application of mNG virus was examined by testing the antiviral activity of
442  IFN-a treatment. (A) Fluorescence microscopy analysis of the P1 and P5 mNG virus-infected
443  cells. Vero EB6 cells were infected with P1 or P5 virus at an MOI of 0.3. The cells were monitored

444  for mNG-positive signals at 24 h post-infection. Green, mNG; blue, nucleus. (B) Gel analysis of
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mNG virus stability. Top panel depicts the theoretical results of RT-PCR followed by restriction
enzyme digestion. Bottom panel shows the gel analysis of the RT-PCR products before (lanes
1-3) and after BsrGl/Stul digestion (lanes 4-6). About 100 ng DNA samples were analyzed on a
0.6% agarose gel. The DNA sizes are indicated. (C) Schematic diagram of IFN-a treatment. (D)
Representative fluorescence images of reporter virus-infected cells after IFN-a treatment. The
doses of IFN-a treatment are indicated. (E) Dose response curve of mNG signal inhibited by
IFN-a. The Hillslope and ECs, values are indicated. Results from ftriplicate experiments were

presented with bars representing standard deviations.
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STAR METHODS
KEY RESOURCES TABLE
REAGENT or RESOURCE | SOURCE | IDENTIFIER
Antibodies
N/A | |
Bacterial and Virus Strains
E. coli strain Top10 ThermoFisher Scientific Cat# C404006
TransforMax™ EPI300™ Chemically Lucigen Corporation, Cat# C300C105
Competent E. coli Middleton, W1 53562
SARS-CoV strain 2019- World Reference Center of | N/A
nCoV/USA_WA1/2020 (WA1) Emerging Viruses and

Arboviruses [WRCEVA] at

the University of Texas

Medical Branch
Biological Samples
None
Chemicals, Peptides, and Recombinant Proteins
IFN-a A Protein, Recombinanthuman | Millipore Sigma | Cat# IF007
Critical Commercial Assays
T7 mMessage mMachine kit Thermo Fisher Scientific Cat# AM1344
Ingenio® Electroporation solution Mirus Bio LLC Cat# MIR 50117
SuperScript™ IV First-Strand Synthesis | Thermo Fisher Scientific Cat# 18091300
System
Plétinum ™ SuperFi Il DNA Polymerase | Thermo Fisher Scientific Cat# 12361010

Deposited Data

N/A

Experimental Models: Cell Lines

Vero cells

ATCC

Cat# CRL-1586,
RRID:CVCL_0574

Experimental Models: Organisms/Strains

N/A

Oligonucleotides

primer Cov-T7-N-F (TACTGTAATACGA | Integrated DNA N/A
CTCACTATAGGATGTCTGATAATGGA | Technologies (Skokie,
CCCCAAAATC) lllinois)

primer polyT-N-R (TTTTTTTTTTTTTTIT | Integrated DNA N/A
TTTTTTTTTTTTTTTTTTTTTTAGGCCT | Technologies (Skokie,
GAGTTGAGTCAGCAC) lllinois)

Recombinant DNA

pUCS57-CoV2-F1 This paper N/A
pCC1-CoV2-F2 This paper N/A
pCC1-CoV2-F3 This paper N/A
pUCS57-CoV2-F4 This paper N/A
pUCS57-CoV2-F5 This paper N/A
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pUC57-CoV2-F6 This paper N/A
pCC1-CoVe-F7 This paper N/A
pCC1-CoV2-F7-mNG This paper N/A
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Synthesized mNeonGreen gene
(sequence-optimized)

[ PAGE

This paper and [ ADDIN
EN.CITE
<EndNote><Cite><Author
>Shaner</Author><Year>2
013</Year><RecNum>177
</RecNum><DisplayText>(
Shaner et al,,
2013)</DisplayText><recor
d><rec-number>177</rec-
number><foreign-
keys><key app="EN" db-
id="txv2awx0sz9dfle59pjp
WXXgrzxw25sssvrv"
timestamp="1584804789">
177</key></foreign-
keys><ref-type
name="Journal
Article">17</ref-
type><contributors><autho
rs><author>Shaner,
Nathan

C .</author><author>Lamb
ert, Gerard
G.</author><author>Cham
mas,
Andrew</author><author>

Ni,
Yuhui</author><author>Cr
anfill, Paula

J.</author><author>Baird,
Michelle
A.</author><author>Sell,
Brittney
R.</author><author>Allen,
John
R.</author><author>Day,
Richard
N.</author><author>israel
sson,
Maria</author><author>Da
vidson, Michael

W </author><author>Wan
g,
Jiwu</author></authors></
contributors ><titles > <title>
A bright monomeric green
fluorescent protein derived
from Branchiostoma
lanceolatum</title><secon
dary-title>Nature
methods</secondary-
title><alt-title>Nat
MBI RMAT |
title></titles><periodical><f
ull-title>Nature

Methods </full-
title></periodical><pages>

N/A
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Software and Algorithms

ImageJ NIH N/A
Prism 8.0 software GraphPad N/A
llustrator CC Adobe N/A

456
457 LEAD CONTACT AND MATERIALS AVAILABILITY

458  Further information and requests for resources and reagents should be directed to and will be

459  fulfilled by Lead Contact, Pei-Yong Shi (peshi@utmb.edu)

460 EXPERIMENTAL MODEL AND SUBJECTDETAILS
461 Virus and CellLines

462  The stock of SARS-CoV-2 strain 2019-nCoV/USA_WA1/2020 was derived from the first patient
463  diagnosed in the US. The virus isolate was originally provided by Dr. Natalie Thornburg from the
464  Centers for Disease Control and Prevention in Atlanta, GA as described previosuly [ ADDIN
465 EN.CITE ADDIN EN.CITE.DATA ], and amplified on Vero E6 cells at the World Reference
466  Center for Emerging Viruses and Arboviruses (WRCEVA) at the University of Texas Medical
467  Branch at Galveston (UTMB). The P5 passage was used in this study.

468  African green monkey kidney epithelial cells (Vero E6; CRL-1586) were purchased from the
469  American Type Culture Collection (ATCC, Bethesda, MD) and maintained in a high-glucose
470  Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum (FBS;
471  HyClone Laboratories, South Logan, UT) and 1% penicillin/streptomycin (P/S). Cells were
472 grown at 37°C with 5% CO,. Al culture medium and antibiotics were purchased from

473  ThermoFisher Scientific (Waltham, MA). All cell lines were tested negative for mycoplasma.

474 METHOD DETAILS

475  Cloning the SARS-CoV-2 cDNAs
476  Two approaches were taken to rapidly obtain stable cDNAs of SARS-CoV-2. Firstly, the cDNAs

477  of fragments F1, F4, F5, and F6 were successfully synthesized from the GenScript company
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478  (Piscataway, NJ) and cloned into a high-copy plasmid pUC57. The F1 contains a T7 promoter
479  sequence at the upstream of the 5" end of the SARS-CoV-2 sequence. Other cDNA fragments
480  were also synthesized but found unstable after cloning into plasmid pUC57. For overcoming this
481 hurdle, the cDNAs of fragments F2, F3, and F7 were obtained by reverse transcription and PCR
482  (RT-PCR). RT was performed by using the SuperScript™ IV First-Strand Synthesis System
483  (ThermoFisher Scientific) with random hexamer primers and extracellular viral RNA (extracted
484  from the supernatants of SARS-CoV-2-infected Vero E6 cells). The cDNA was used as a
485 template to amplify the fragments F2, F3, and F7 by high fidelity PCR with the Platinum™
486  SuperFi Il DNA Polymerase (ThermoFisher Scientific) according to the manufacturer's
487  instructions. A poly(T),s sequence was introduced by PCR to the 3' end of the untranslated
488 region of viral genome. The amplicons were cloned into a single-copy vector pCC1BAC
489  (Epicentre) to increase the stability of the cDNA plasmids when propagated in E. coli. To ensure
490 a seamless assembly of the full-length cDNA, we introduced two cleavage sites of class IS
491 restriction enzymes (Bsal and Esp3l) at both ends of each sibling cDNAs during PCR or gene
492 synihesis. To differentiate the infectious clone-derived virus from the parental clinical isolate
493  2019-nCoV/USA_WA1/2020, we engineered three silent mutations at nucleotide positions 7,486
494  (A-to-T change), 7,489 (T-to-A change), and 18,058 (T-to-C change). For construct the pCC1-
495  F7-mNG, the gene of mNeonGreen (sequence-optimized) was synthesized and inserted at the
496  downstream of the regulatory sequence of ORF7a to replace the entire ORF7a, according to the
497  study as described previously[ ADDIN EN.CITE
498  <EndNote><Cite><Author>Sims</Author><Year>2005</Year><RecNum>6988</RecNum><Dis
499  playText>(Sims et al., 2005)</DisplayText><record><rec-number>6988</rec-number><foreign-
500 keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zwow5a"
501 timestamp="1581278772">6988</key></foreign-keys><ref-type name="Journal
502  Article"™>17</ref-type><contributors><authors><author>Sims, A. C.</author><author>Baric, R.
503  S.</author><author>Yount, B.</author><author>Burkett, S. E.</author><author>Collins, P.
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504  L.</author><author>Pickles, R. J.</author></authors></contributors><auth-
505 address>Department of Epidemiology, University of North Carolina at Chapel Hill, 2107
506 McGavran-Greenberg Hall,L, CB 7435, Chapel Hilll NC  27599-7435, USA.
507 sims0018@email.unc.edu</auth-address><titles><title>Severe acute respiratory syndrome
508 coronavirus infection of human ciliated airway epithelia: role of ciliated cells in viral spread in the
509 conducting airways of the lungs </title><secondary-title>J Virol</secondary-
510 ftitle></titles><periodical><full-title>J Virol</full-title></periodical><pages>15511-
511  24</pages><volume>79</volume><number>24</number><keywords><keyword>Carboxypepti
512  dases/analysis</keyword><keyword>Coronavirus

513 Infections/enzymology/*metabolism</keyword><keyword>Epithelial

514  Cells/*virology</keyword><keyword>Humans </keyword><keyword>Lung/*virology</keyword><
515  keyword>Peptidyl-Dipeptidase A</keyword><keyword>SARS
516  Virus/*physiology</keyword><keyword>Severe Acute Respiratory
517  Syndrome/*pathology/virology</keyword></keywords><dates><year>2005</year><pub-

518 dates><date>Dec</date></pub-dates></dates><isbn>0022-538X (Print)&#xD;0022-538X
519 (Linking)</isbn><accession-num>16306622</accession-num><urls><related-

520  urls><url>https://www.ncbi.nlm.nih.gov/pubmed/16306622</url></related-

521  urls></urls><custom2>PMC1316022</custom2><electronic-resource-

522 num>10.1128/JV1.79.24.15511-15524.2005</electronic-resource-

523 num></record></Cite></EndNote>]. All subclones were finally validated by Sanger sequencing.
524  Assembly of a Full-length SARS-CoV-2 cDNA

525 To assemble the full-length cDNA, we digested individual cDNA plasmids and purified each
526  cDNA fragments. Specifically, F1, F2, F3 and F4 cDNA fragments were obtained by digesting
527  the corresponding plasmids with enzyme Bsal. F5 and F6 fragments were obtained by digesting

528 the plasmids with enzymes Esp3land Pvul. F7 and F7-mNG cDNA fragments were obtained by
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529  digesting the corresponding plasmids by Esp3l and SnaBl. Pvul and SnaBl was included in the
530 digestion to eliminate undesired DNA bands that co-migrated with the targeting fragments on
531 agarose gels. All fragments after restriction enzyme digestion were separated on 0.6% agarose
532  gels, visualized under a darkreader lightbox (Clare Chemical Research, Dolores, CO), excised,
533  and purified using the QlAquick Gel Extraction Kit (Qiagen, Germantown, MD). To assemble the
534  full-length cDNA we ligated the seven cDNA fragments in a three-step manner. Firstly, equal
535  molar ratio of F1 (0.61 pg), F2 (0.65 pg), F3 (0.75 pg), and F4 (0.94 ug) were ligated in a PCR
536 tube using T4 DNA ligase in a 40 pl-reaction at 4°C for 18 h, resulting in F1-4 DNA. Secondly,
537  equal molar ratio of fragments F5 (0.75 ug), F6 (0.72 ug), and F7 (0.60 pg) were ligated in a
538 separate PCR tube to produce F5-7 DNA using the same ligation condition. Thirdly, without any
539  DNA purification, the two reactions (containing F1-4 and F5-7) were combined (total 80 pl) and
540  topped with additional T4 ligase (2 ul), buffer (2 pl) and nuclease-free water (16 pl) to a 100-pl
541 reaction. The final reaction was incubated at 4°C for 18 h to produce the full-length F1-7 DNA
542  Afterwards, the full-length cDNA was phenol/chloroform extracted, isopropanol precipitated, and

543  resuspended in 10 yl nuclease-free water.

544  RNA transcription, Electroporation, Virus production and Quantification

545  RNA transcript was in vitro synthesized by the mMMESSAGE mMACHINE™ T7 Transcription Kit
546 (ThermoFisher Scientific) according to the manufacturer’s instruction with some modifications. A
547  50-pl reaction was set up by adding 1 ug DNA template and 7.5 yl GTP (cap analog-to-GTP
548 ratio of 1:1). The reaction was incubated at 32°C for 5 h. After removing the template DNA by
549 nuclease per manufacturer's protocol, the RNA was phenol/chloroform extracted and
550 isopropanol precipitated. A SARS-CoV-2 N gene transcript was in vitro transcribed from a DNA
551 template using the mMMESSAGE mMACHINE™ T7 Transcription Kit with a 2:1 ratio of cap
552 analog to GTP. The N gene DNA template was prepared by PCR using primer Cov-T7-N-F

553 (tactgTAATACGACTCACTATAGGatgictgataatggaccccaaaatc; the uppercase  sequence
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554  represents T7 promoter; the underlined sequence represents the 5 end of N gene) and primer
555  polyT-N-R [(t):;;aggcctgagttgagtcageac].

556  RNAtranscripts were electroporated into Vero E6 cells using a protocol as previously described
557 [ADDINEN.CITE ADDIN EN.CITE.DATA ] with some modifications. Twenty micrograms of
558 total RNA franscripts (containing both full-length RNA and short RNAs) and 20 ug N gene
559 transcript were mixed and added to a 4-mm cuvette containing 0.8 ml of Vero E6 cells (8x10°) in
560 Ingenio® Electroporation Solution (Mirus). Single electrical pulse was given with a GenePulser
561 apparatus (Bio-Rad) with setting of 270V at 950 uF. After 5 min recovery at room temperature,
562 the electroporated cells were seeded into a T-75 flask and incubated at 37°C with 5% CO,. On
563 the next day, the culture fluid was replaced with 2% FBS DMEM medium. The cells were
564  monitored daily for virus-mediated cytopathic effect (CPE). One milliliter of the PO virus was
565 inoculated to a T-175 flask containing 80% confluence Vero E6 cells. The infected cells were
566 incubated at 37°C with 5% CO, for 2-3 days. Culture supernatants (P1) were harvested when
567 CPE occurred. The amount of infectious virus was determined by a standard plaque assay on
568 Vero E6 cells. All virus cultures were performed in a biosafety level 3 (BSL-3) laboratory with
569 redundant fans in the biosafety cabinets. All personnel wore powered air purifying respirators

570 (Breathe Easy, 3M) with Tyvek suits, aprons, booties and double gloves.

571 Interferon Treatment

572  Vero E6 cells were plated as 1.5x10" cells/well in a black 96-well plate (Greiner). For interferon
573 treatment, at 6 h post-seeding, cells were treated with various doses of IFN-a (Millipore Sigma).
574  After 14 h of treatment, the culture fluids were replaced with 2% FBS medium, and P1 IC mNG
575  viruses were added to the cells at MOI 0.3 with additional corresponding concentration of IFN-a.

576 At 24 h post-infection, Hoechst 33342 (ThermoFisher Scientific) was added to a final

577  concentration of 0.1% to counterstain the nucleus. The green fluorescence signals were
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578 detected by Cytation 5 (BioTek) and the infection rate was calculated according to the

579 manufacturer’s instructions.

580 RNA Extraction, RT-PCR and Sanger Sequencing

581 250 pl of culture fluids were mixed with three volume of TRIzol™ LS Reagent (Thermo Fisher
582  Scientific). Viral RNAs were extracted per manufacturer’s instructions. The final RNAs were
583 dissolved in 30 pl nuclease-free water. 11 pl RNA samples were used for reverse transcription
584 by using the SuperScript™ IV First-Strand Synthesis System (ThermoFisher Scientific) with
585 random hexamer primers. Nine DNA fragments covering the entire viral genome were amplified
586 by PCR with specific primers. The resulting DNAs were cleaned up by the QlAgquick PCR
587 Purification Kit and Sanger sequencing was performed at the GENEWIZ facilities (South

588  Plainfield, NJ).

589 Northern Blot

590  Vero E6 cells were infected with clinical isolate WA1 or the infectious clone-derived SARS-CoV-
591 2(IC WT)at MOI10.01. At 48 h post-infection, total intracellular RNAs were isolated using TRIzol
592 reagent (Invitrogen). Northern blot analysis was performed using total intracellular RNAs as
593  described previously [ ADDIN EN.CITE
594  <EndNote><Cite><Author>Narayanan</Author><Year>2008</Year><RecNum>7021</RecNum
595 ><DisplayText>(Narayanan et al., 2008)</DisplayText><record><rec-number>7021</rec-
596 number><foreign-keys><key app="EN" db-id="59ztpesOededwse2sr7xwv21zz02f5zw5w5a"
597  timestamp="1584637550">7021</key></foreign-keys><ref-type name="Journal
598  Article"™17</ref-type><contributors><authors><author>Narayanan, K.</author><author>Huang,
599  C.</author><author>Lokugamage, K.</author><author>Kamitani,
600 W </author><author>lkegami, T.</author><author>Tseng, C. T.</author><author>Makino,
601  S.</author></authors></contributors><auth-address>Department  of  Microbiclogy  and
602 Immunology, The University of Texas Medical Branch at Galveston, Galveston, TX 77555-1019,
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603 USA. shmakino@utmb.edu</auth-address><titles><title>Severe acute respiratory syndrome
604  coronavirus nsp1 suppresses host gene expression, including that of type | interferon, in
605 infected cells</title><secondary-title>J Virol</secondary-title></titles><periodical><full-title>J
606  Virol</full-title></periodical><pages>4471-

607  9</pages><volume>82</volume><number>9</number><keywords><keyword>Cell

608 Line</keyword><keyword>*Gene Expression
609  Regulation</keyword><keyword>Humans</keyword><keyword>Interferon Type
610  *genetics</keyword><keyword>Mutation</keyword><keyword>Protein

611 Biosynthesis</keyword><keyword>RNA Replicase/*physiology</keyword><keyword>RNA
612  Stability</keyword><keyword>RNA, Messenger/metabolism</keyword><keyword>SARS
613  Virus/pathogenicity/*physiology</keyword><keyword>Viral Nonstructural
614  Proteins/*physiology</keyword></keywords><dates><year>2008</year><pub-

615  dates><date>May</date></pub-dates></dates><isbn>1098-5514 (Electronic)&#xD;0022-538X
616 (Linking)</isbn><accession-num>18305050</accession-num><urls><related-

617  urls><url>https:/Awvww.ncbi.nlm.nih.gov/pubmed/18305050</urf></related-

618  urls></urls><custom2>PMC2293030</custom2><electronic-resource-num>10.1128/JV1.0247 2-
619  07</electronic-resource-num></record></Cite></EndNote>]. A digoxigenin (DIG)-labeled
620 random-primed probe, corresponding to nucleotides 28,999 to 29,573 of the SARS-CoV-2
621 genome, was used to detect SARS-CoV-2 mRNAs and visualized by DIG luminescent detection

622 kit (Roche, Indianapolis, IN) according to the manufacturer's protocol.

623 QUANTIFICATION AND STATISTICAL ANALYSIS

624  All numerical data are presented as the mean+SD (standard deviations). Group comparisons of
625  viral growth kinetics in Figures 2 and 3 were performed using multiple t-test with Bonferroni-
626  Dunn correction in software Prism 8.0 (GraphPad). *p<0.05, significant; **p<0.01, significant;
627 p>0.05, ns (not significant). The 50% effective concentration (ECs.) in Figure 4 were estimated
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by using a four-parameter logistic regression model from the GraphPad Prism 8 software
(GraphPad Software Inc., San Diego CA).Minimal adjustment was made in the software ImageJ
to enhance the contrast for bright-field images in Figures 1-3. Blue- and green-fluorescence
images were merged in ImagedJ. Figures were finally assembled using the software Adobe

illustrator CC.

DATA AND SOFTWARE AVAILABILITY

All data are present in this study.
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635 [ADDIN EN.REFLIST ]
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]
Sent: 1/17/202011:45:22 AM

To: Nancy (NIH/NIAID) Boyd (NBoyd@niaid.nih.gov) [NBoyd@niaid.nih.gov]
cC: Holubar, Connie J. [cjholuba @ UTMB.EDU]

Subject: select agent inspection notes

Hi Nancy,

We just completed the exit briefing forthe BSl4selectagentsinspection. The CDCteam was very complementaryof our
staff and Pls both about the status of the facility and the records they reviewed. They had no majorissues, but noted
findings on:lack of records documentation and follow-up action forthe Shope lab (resolved during discussions during
the briefing); minorcomments onourfailure to explicitly mention security in our documentation; ongoing discussion
regardingthe significance of a glove tearthat occurred inthe Shope; recommendation to not store selectagentsin the
same box as non-select agents; questions on the BASupgrade certification (ongoing as systems are upgraded); and
documentationin greaterdetail as the proposed use of material removed from the long-term storage. These are all very
minorobservationsand ! do notexpectany significantissues going forward.

They were very complementary on our maintenance records of suit wearand repairs that Tom K and Miguel have
implemented. Alsospecifically mentioned the good work of Miguel and histeam in overall building operations and
safety, and Johnny Peterson and histeamin aerobiology.

I mentionedtothemthat we are attempting to obtain an isolate of the new Coronavirus from Wuhan, China, and asked
about biocontainmentlevel and that we assumed that it would not be considered as a selectagent. If someone at NIAID
is coordinating work on the nCoV, please let me know as we have some resourcesthat will be useful forfurtheranalysis
and countermeasure development.

Overall, agood report.

| will be in DC Thursday and Friday of next week foran NSABB meeting being held at Hyatt Regency. |let Hugh know
that | would be intown and he suggested that we meetfor coffee Thursday morning and today followed up with anote
saying that Tonywould like to meetthenalso. I'll letyou knowif anythingsignificantis discussed.

Enjoy the longweekend!
Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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From: LeDuc, James W.

Sent: Sunday, February 9, 2020 4:15 PM

To: Yuan Zhiming

Cc: Shi, Pei yong

Subject: Suggestions

Attachments: Questions on nCoV in Wuhan lab.docx
Dear Zhiming,

| am devastated to see the evolving nCoV epidemic unfolding in Wuhan and | just hope that you, your family and the
larger Institute colleagues are well and surviving this very difficult time.

| want to suggest that you conduct a thorough review of the laboratory activities associated with research on
coronaviruses so that you are fully prepared to answer questions dealing with the origin of the virus. I'm sure that you
have considered this already, but attached are some areas where you may wish to investigate and be prepared to
address. You might even consider preparing a manuscript that addresses these topics in an effort to be transparent and
proactive. | would be pleased to work with you on such a paper if you think that would be helpful.

| raise these issues since | am receiving questions along these lines more and more frequently. Initially they came from
social media and other “alternate information sources” but in the last few days | have been approached by senior
officials and major reputable newspapers. Most link the opening of the new BSL4 lab as a possible source of the

virus. Clearly addressing this will be essential, with any kind of documentation you might have available used to back up
your comments. (It’s not clear to me where the coronavirus work was/is actually being conducted.)

| have the utmost respect and admiration for Dr Shi and | am in no way casting doubt on her or her colleagues. | just
think that we need to aggressively address these rumors and presumably false accusations quickly and provide
definitive, honest information to counter misinformation. If there are weaknesses in your program, now is the time to
admit them and get them corrected.

| trust that you will take my suggestions in the spirit of one friend trying to help another during a very difficult time.
Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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Investigation into the possibility that the nCoV was the result of a release from the Wuhan
Institute of Virology (main campus or new BSL3/BSL4 facilities).

The questions below deal with the period 1 October 2019 to the present:

Where is coronavirus research conducted?
What level of biocontainment?
How many different laboratories actually handle live virus?
Where are coronavirus stocks stored?

Is there an inventory record of each isolate of each coronavirus kept? If so, are there
any discrepancies between the record and actual current inventory number (i.e., is there
evidence to suggest that virus stocks may have been stolen or used without proper record?)

Physical Security

Is there controlled access to the laboratories and freezers where coronavirus stocks are
held? (Locked doors; card-key access; biometric readers; others?) Were any breaches in
security noted/access to the facility by unauthorized individuals?

Is the laboratory constantly monitored by security personnel (24/7)? If not, you could
briefly summarize your physical security program during the period in question.

Is there any evidence to suggest a mechanical failure in biocontainment during the time
in question?

-were biological safety cabinets used and appropriately certified?
-Exhaust air filtration systems working correctly?

-Autoclaves and waste stream disinfection systems working properly?
-Animal husbandry and management?

-Waste stream integrity (think of FMD leak in UK a few years ago)

Virus Stocks (You may wish to explain that many novel coronaviruses are known only from
their sequence and are not able to replicate in culture)

When was the nCoV first handled in your laboratory?
What was the source of that virus? (patient specimen or field collected animal or other?)

During the period in question, what other coronaviruses (that replicate in culture) are
stored/handled in your laboratories?

What are the coronaviruses in your possession that are most closely related to nCoV
based on genetic sequences and are able to replicate in culture?
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Is anyone on your team conducting gain of function studies, recombination studies or
any other studies that may have resulted in the creation of the nCoV?

Personnel
How many people have access to the coronavirus stocks and laboratory?

Senior investigators? Junior investigators? Technical support staff? Post-docs?
Students? Animal handlers? Janitors and other cleaning staff? Building support personnel?
Others?

Is there any evidence to suggest that a disgruntled employee may have had access to
the coronavirus stocks? (Recently fired or reprimanded individual(s), for example.)

Does the Institute have an occupational health clinic where employees and students can
go to seek medical care? If so, was there any indication of unusual illness similar to that seen
for nCoV among Institute staff? If yes, when were cases first seen relative to the nCoV
outbreak.

Does a serum bank exist for staff and students working on infectious agents? If yes,
could a current serum and the most recent banked sera be serologically tested for antibody to
nCoV in an effort to document seroconversion? (If positive, this would not be able to
differentiate between community acquired and occupational acquired infection, but absence of
evidence of infection would be helpful in ruling out the lab as a source of infection.)

Have any of individuals working at the Wuhan Institute of Virology (main campus or
BSL4 campus) been infected with the nCoV? Family members of employees?

If yes, when was the date of onset of illness for the first case recognized? (How does
this date compare with the progress of the epidemic; that is, was this among the first cases
recognized or later after the outbreak was well underway? How does this compare to the first
recognition of nCoV in the greater Wuhan community?)

Where the individuals infected involved in coronavirus research?

Geography

(These questions deal with any association between the physical location of the lab(s) and the
districts in Wuhan where the illness was first seen. The assumption is that someone suffering
an occupational exposure would go to their local hospital for treatment.)

Where and when were the first Wuhan (or Hubei Province) residents infected with the nCoV first
identified (hospital or clinic name/date of earliest cases)?

Do staff members of the Institute reside in the district serviced by this (these) hospital/clinic (s)?

Were any Institute staff members seen for clinical illness at this/these hospital (s) during the
time in question?
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Do staff members of the Wuhan Institute of Virology frequent the sea food/live market first
associated with the nCoV outbreak?

Did any staff member visit the market in the weeks prior to it being closed?

If so, how many staff frequent the market? How often would they visit the market during the
period of interest? Have any become infected with nCoV?

Nelson_Judicial_Watch_TPIA_0304



Obtained via FOIA by Judicial Watch Inc.

From: jwleduc@UTMB.EDU

Sent: Thursday, April 16, 2020 10:07 PM
To: zengli Shi

Subject: Fwd: Rubio

Hi Zheng-Li. Ihope you are well as surviving all the COVID19 drama. I wonder if you would have time for a
phone call sometime soon. Let me know a good number and time and I’ll call. The email below is relevant.

I will certainly understand if you are not available but Pei-Yong keeps encouraging me to call.
With all good wishes.
Jim.
My office line is 1 409 266 6516 or cell is 1 409 789 2012 if it’s easier for you to call me.
Sent from my iPhone
Begin forwarded message:

From: David Franz <davidrfranz@gmail. com>

Date: April 16, 2020 at 8:04:55 PM CDT

To: "LeDuc, James W." <jwleduc@UTMB.EDU>

Subject: Rubio

WARNING: This email originated from outside of UTMB's email system. Do not click links or
open attachments unless you recognize the sender and know the content is safe.

I heard from someone in government this evening that Senator Rubio is starting to push for AN
investigation regarding Wuhan lab. Just found it on the web at Forbes by Kenneth Repoza. Title
of article is “eight senators call for investigation into coronavirus origins®

Sent from my iPhone
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From: LeDuc, James W.

Sent: Thursday, April 16, 2020 10:07 PM
To: zengli Shi

Subject: Fwd: Rubio

Hi Zheng-Li. Ihope you are well as surviving all the COVID19 drama. I wonder if you would have time for a
phone call sometime soon. Let me know a good number and time and I’ll call. The email below is relevant.

I will certainly understand if you are not available but Pei-Yong keeps encouraging me to call.
With all good wishes.

Jim.

My office line is 1 409 266 6516 or cell is 1 409 789 2012 if it’s easier for you to call me.
Sent from my iPhone

Begin forwarded message:

From: David Franz <davidrfranz@gmail. com>
Date: April 16, 2020 at 8:04:55 PM CDT

To: "LeDuc, James W." <jwleduc@UTMB.EDU>
Subject: Rubio

WARNING: This email originated from outside of UTMB's email system. Do not click links or
open attachments unless you recognize the sender and know the content is safe.

I heard from someone in government this evening that Senator Rubio is starting to push for AN
investigation regarding Wuhan lab. Just found it on the web at Forbes by Kenneth Repoza. Title
of article is “eight senators call for investigation into coronavirus origins®

Sent from my iPhone

Nelson_Judicial_Watch_TPIA_0306



Obtained via FOIA by Judicial Watch Inc.

From: LeDuc, James W.

Sent: Wednesday, February 12, 2020 8:42 AM
To: Shi, Pei yong; df@wh.iov.cn; zlshi

Cc: yzm; wangyy; Ksiazek, Thomas G.
Subject: RE: RE: sharing of isolates of 2019nCoV

From: Shi, Pei yong <peshi@UTMB.EDU>

Sent: Wednesday, February 12, 2020 7:10 AM

To: df@wh.iov.cn; zlshi <zIshi@wh.iov.cn>

Cc: LeDuc, James W. <jwleduc@UTMB.EDU>; yzm <yzm@wh.iov.cn>; wangyy <wangyy@wh.iov.cn>; Ksiazek, Thomas G.
<tgksiaze@UTMB.EDU>

Subject: RE: RE: sharing of isolates of 2019nCoV

Thanks, Fei
Although US CDC has already shared the virus isolate with a number of US institutions (including UTMB) last week, it is
still important to successfully transfer and share the isolate(s) from China.
Best,
- Pei-Yong

From: df@wh.iov.cn <df@wh.iov.cn>

Sent: Wednesday, February 12, 2020 3:34 AM

To: Shi, Pei yong <peshi@UTMB.EDU>; zIshi <zishi@wh.iov.cn>

Cc: LeDuc, James W. <jwleduc@UTMB.EDU>; yzm <yzm@wh.iov.cn>; wangyy <wangyy@wh.iov.cn>; Ksiazek, Thomas G.
<tgksiaze@UTMB.EDU>

Subject: Re: RE: sharing of isolates of 2019nCoV

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you recognize
the sender and know the content is safe,
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No prompt reply from the Custom until today. President Bai is trying to push itin
Beijing. Please wait for a while.

With best

Dr. Fei Deng

Virus Resource and Bioinformation Center,

Wuhan Institute of Virology, Chinese Academy of Sciences.
Tel/Fax:0086-27-87198465

From: Shi, Pei yong
Date: 2020-02-05 20:41

To: df@wh.iov.cn; zlshi
CC: LeDuc, James W.; yzm; wangyvy; Ksiazek, Thomas G.
Subject: RE: FW: sharing of isolates of 2019nCoV

Hi Fei,
Thanks for the update. We look forward to further progress.
Best,

o Pei-Yono

From: df@wh.iov.cn <df@wh.iov.cn>

Sent: Wednesday, February 5, 2020 5:57 AM

To: Shi, Pei yong <peshi@UTMB.EDU>; zIshi <zishi@wh.iov.cn>

Cc: LeDuc, James W. <jwleduc@UTMB.EDU>; yzm <yzm@wh.iov.cn>; wangyy <wangyy®wh.iov.cn>; Ksiazek,
Thomas G. <igksiaze@UTMB.EDU>

Subject: Re: FW: sharing of isolates of 2019nCoV

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

Thanks for your information.
We are trying to discuss this with the General Administration of Customs in Beijing directly.
| will keep on contacting with you.

Best wishes,
Fei

Dr. Fei Deng

Virus Resource and Bioinformation Center,

Wuhan Institute of Virology, Chinese Academy of Sciences.
Tel/Fax:0086-27-87198465
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Date: 2020-02-04 22: 52

Sub]ect FW sharing of isolates of 2019nCoV
Dear Fei and Zhengli,

Please see the response from President Bai. Zhiming and Yanyi were copied on the original email. Let
us know anything we could help to facilitate the isolate transfer.

Best regards,

o Pei-Yono

From: LeDuc, James W. <jwleduc@UTMB.EDU>
Sent: Tuesday, February 4, 2020 8:39 AM

To: Shi, Pei yong <peshi@UTMB.EDU>

Subject: FW: sharing of isolates of 2019nCoV

From: "

>, MHamburg <[\
>, Peggy Hamburg

1>, jhilderbr
>, jboright
, zhangyp

>, jh-cao <
1>, sunhui

Subject: sharing of isolates of 2019nCoV

Diane E. Griffin, Vice President, NAS,
Margaret Hamburg, Foreign Secretary, NAM

Dear Prof. Griffin and Prof. Hamburg,

Thank you for your concerns on the recent outbreak of the 2019 novo-coronavirus
epidemic. Upon receiving your letter dated January 28, my colleagues have
discussed with Dr. George Fu Gao and other experts and we are willing to share
isolates of the 2019 nCoV with the international community. We believe this is

critical to engaging joint international efforts to contain the spread of the virus.

The National Biosafety Laboratory Wuhan of the Chinese Academy of Sciences is

prepared and willing to work with The University of Texas Medical Branch and
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other international research institutions on the specifics for the sharing and

distribution of the isolates. We are in the process of getting it ready.

| look forward to hearing your further advice on this matter.

With best regards,

Chunli Bai

Chunli Bai

President

Chinese Academy of Sciences

The Alliance of International Science Organizations (ANSO)
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From: EEA PEZheng [d.zheng@wh.iov.cn]

Sent: 11/24/20209:04:27 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

cC: Grimaldo, Miguel A. [magrimal @UTMB.EDU]
Subject: Happy Thanksgiving!

WARNING: This email originated from outside of UTMB's email system. Do notclicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Dear James,
Dear Miguel,

Thanks for giving me the opportunities of staying in Galveston and being trained at GNL. | am so grateful to you all
and your kind assistance.

Wish you happier and healthier than ever!

Kind Regards,
Dasheng

ZHENG Dasheng, PhD

National Biosafety Laboratory

Institute of Virology

Wuhan, Chinese Academy of Sciences

Hubei 430071, P.R.China.

Tel: +86-27-5186-1004 Fax: +86-27-5186-1006
Mob: +86-135 1729 0969

1£ 2018-09-05 03:41:45, "LeDuc, James W." <jwleduc@UTMB.EDU> Fi# :

Dear Dasheng,

fam sorry to leam that you will not be continuing at the Wuhan laboratory and | certainly wishyouwell as you seek
another position. Unfortunately, we have novacancies here at the GNL, but | am copying Miguel onthis messagein
case he isaware of other jobs elsewhere.

Pwould be pleasadto offeraletterof recommendation limited to your training here at the GNL.
With all good wishes forvour future success.

Jim

JamesW. Le Dug, Ph.D,

Director

Galveston Mational Laboratory

University of Texas Medical Branch
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Galvaston, TX 77555-0610
{1} 409-266-6500

{f} 409-266-6810

{rn) 409-789-2012

From: £f A HfEZheng <d.zheng@wh.iov.cn>
Sent: Friday, August 31, 2018 3:24 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>
Subject: Re:RE: Re:Re: Happy New Year!

WARNING: This email originated fromoutside of UTMB's email system. Do not clicklinks or open attachments unless you recognize
the sender and know the content is safe.

Dear Prof LeDuc,

[ am deeply impressed by you and your laboratory so that may | ask for work opportunity directly with you at your
laboratory.

Before this June the director of the Wuhan P4 lab loses his word to promote me as a quality manager, although
Prof. Rene Courcol proposes, who is the French quality inspector to the Wuhan P4 lab. | have to look for new "la
vie" by 2019 New Year, the end of current work contract.

Your consideration or recommendation would be appreciated greatly as | am confident in fruitful collaborations with
you and your laboratory on biosafety and other relevant fopics.

Best Wishes,

Dasheng

ZHENG Dasheng, PhD

National Biosafety Laboratory
Institute of Virology

Wuhan, Chinese Academy of Sciences
Hubei 430071, P.R.China.
Tel: +86-27-5186-1004 Fax: +86-27-5186-1006

Mob: +86-135 1729 0969

At 2018-01-10 00:56:48, "LeDuc, James W." <jwleduc@UTMB.EDU> wrote:

Dear Dasheng,
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it is good to hear from vou and to learn that vou remain interasted in collaborations on biosafety and other relevant
topics. We ook forward to working with vou, Yuan Zhiming and your other colleagues as you bring your beautiful
new facility 1o full operational status. Please et us know if we can be of help to yvou during these exciting times.

With all good wishes,

S

James W, Le Dug, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{1} 408-286-6500

() 408-2866-6810

{m) 408-788-2012

From: i AfEZheng [mailto:d.zheng@wh.iov.cn]

Sent: Tuesday, January 09, 2018 1:26 AM
To: LeDuc, James W. <jwleduc@UTMB.EDU>
Subject: Re:Re: Happy New Year!

Dear James,

Surely | am eager at stronger collaborations with GNL while proposing cooperations to the Wuhan P4 director,
Prof. Yuan Zhiming, as soon as my back to Wuhan from Galveston. However, the leader has special arrangements
on me although am not suitable for. Update now | am ready for indulging myself into biosafety other than notion of
disguise.

Please let me know if any chance | am of help in collaborations.

Dasheng

ZHENG Dasheng, PhD

National Biosafety Laboratory
Institute of Virology

Wuhan, Chinese Academy of Sciences
Hubei 430071, P.R.China.
Tel: +86-27-5186-1004 Fax: +86-27-5186-1006

Mob: +86-135 1729 0969
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{t 2017-12-2222:17:02, "LeDuc, James W." <jwleduc@UTMB.EDU> 548 :

Thank you very much for your kind note and good holiday wishes. | am very pleased that you were able to spend
time with us and that the experiences at UTMB were valuable. |look forward to many years of fruitful
collaborations.

With all good wishes for a Merry Christmas and a healthy and prosperous New Year

Jim
Sent from my iPhone

On Dec 22, 2017, at 1:55 AM, [k fEZheng <d.zheng@wh.iov.cn> wrote:

Dear Prof. LeDuc,

Hope this email give you more health and happiness. | really appreciate your instruction and supervision in my
stay at GNL, which is my ideal model of biocontainment as you and your colleagues taught me what and how the
biocontainments provide protection to people working on pathogenic microorganisms. Your invitation plays
important role in my life. | shall look for more opportunities for fruitful cooperation with GNL.

Wish you a merry Christmas and Happy New Year!

Best Regards,

Dasheng

Zheng, Dasheng PhD

National Biosafety Laboratory

Institute of Virology

Wuhan, Chinese Academy of Sciences
Hubei 430071, P.R.China.
Tel: +86-27-5186-1004 Fax: +86-27-5186-1006

Mob: +86-135 1729 0969
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At 2017-01-27 22:31:18, "LeDuc, James W." <jwleduc@UTMB.EDU> wrote:

Dear Dasheng,

I wish you and your team good health and lasting prosperity as you begin the Chinese New Year. May the
coming year bring you much success and fruitful collaborations.

With all good wishes,

Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 11/24/20209:29:49 PM

To: HAR PEZheng [d.zheng@wh.iov.cn]

ccC: Grimaldo, Miguel A. [magrimal @UTMB.EDU]

Subject: Re: Happy Thanksgiving!

Thank you Dasheng. Ihope you are well
Best wishes, Jim

Sent from my Phone

On Nov 24, 2020, at 9:05 PM, £ K Zheng <d.zheng@wh.iov.cn> wrote:

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Dear James,
Dear Miguel,

Thanks for giving me the opportunities of staying in Galveston and being trained at GNL. | am so grateful to you all
and your kind assistance.

Wish you happier and healthier than ever!

Kind Regards,

Dasheng

ZHENG Dasheng, PhD

National Biosafety Laboratory

Institute of Virology

Wuhan, Chinese Academy of Sciences

Hubei 430071, P.R.China.

Tel: +86-27-5186-1004 Fax: +86-27-5186-1006
Mob: +86-135 1729 0969

1£ 2018-09-05 03:41:45, "LeDuc, James W." <jwleduc@UTMB.EDU> B & :

Dear Dasheng,

Pam sorry to leam that you will not be continuing st the Wuhan laboratory and | certainly wishyouwell as you seek
another position. Unfortunately, we have novacancies here at the GNL, but L am copying Miguel onthis message in
case heisaware of otherjobs elsewhere,

Pwould be pleased to offeraletter of recommendation limited to yourtraining here at the GNL.
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With all good wishes forvourfuture success.

Jim

lamesW. Le Dug, Ph.D,

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{t} 409-266-6500

() 409-266-6810

{m) 409-788-2012

From: A HEZheng <d.zheng@wh.iov.cn>
Sent: Friday, August 31, 2018 3:24 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>
Subject: Re:RE: Re:Re: Happy New Year!

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or apen attachments unless yourecognize
the sender and know the content is safe.

Dear Prof LeDuc,

| am deeply impressed by you and your laboratory so that may | ask for work opportunity directly with you at your
laboratory.

Before this June the director of the Wuhan P4 lab loses his word to promote me as a quality manager, although

Prof. Rene Courcol proposes, who is the French quality inspector to the Wuhan P4 lab. | have to look for new "la
vie" by 2019 New Year, the end of current work contract.

Your consideration or recommendation would be appreciated greatly as | am confident in fruitful coliaborations with
yvou and vour laboratory on biosafety and other relevant topics.

Best Wishes,

Dasheng

ZHENG Dasheng, PhD

National Biosafety Laboratory
Institute of Virology
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Wuhan, Chinese Academy of Sciences
Hubei 430071, P.R.China.
Tel: +86-27-5186-1004 Fax: +86-27-5186-1006

Mob: +86-135 1729 0969

At 2018-01-10 00:56:48, "LeDuc, James W." <jeduc@UTMB.EDU> wrote:

Dear Dasheng,

it is good to hear from vou and to learn that vou remain interested in collaborations on biosafety and other relevant
topics. We ook forward to working with you, Yuan Zhiming and your other colleagues as you bring your beautiful
new faciity to full operational status. Please let us know if we can be of help to vou during these exciting times,

With all good wishes,

Jimn

James W, Le Dug, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

() 408-2886-8500

(f) 408-2886-8810

{m) 408-788-2012

From: 3 A EZheng [mailto:d.zheng@wh.iov.cn]

Sent: Tuesday, January 09, 2018 1.26 AM
To: LeDuc, James W. <jwileduc@UTMB.EDU>
Subject: Re:Re: Happy New Year!

Dear James,

Surely | am eager at stronger collaborations with GNL while proposing cooperations to the Wuhan P4 director,
Prof. Yuan Zhiming, as soon as my back to Wuhan from Galveston. However, the leader has special arrangements
on me although am not suitable for. Update now | am ready for indulging myself into biosafety other than notion of
disguise.

Please let me know if any chance | am of help in collaborations.

Dasheng
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ZHENG Dasheng, PhD

National Biosafety Laboratory
Institute of Virology

Wuhan, Chinese Academy of Sciences

Hubei 430071, P.R.China.
Tel: +86-27-5186-1004 Fax: +86-27-5186-1006

Mob: +86-135 1729 0969

1£ 2017-12-2222:17:02, "LeDuc, James W." <jwleduc@UTMB.EDU> HiH :

Thank you very much for your kind note and good holiday wishes. | am very pleased that you were able to spend
time with us and that the experiences at UTMB were valuable. |look forward to many years of fruitful
collaborations.

With all good wishes for a Merry Christmas and a healthy and prosperous New Year

Jim

Sent from my iPhone

On Dec 22, 2017, at 1:55 AM, A EZheng <d.zheng@wh.iov.cn> wrote:

Dear Prof. LeDuc,

Hope this email give you more health and happiness. | really appreciate your instruction and supervision in my
stay at GNL, which is my ideal model of biocontainment as you and your colleagues taught me what and how the

biocontainments provide protection to people working on pathogenic microorganisms. Your invitation plays
important role in my life. | shall look for more opportunities for fruitful cooperation with GNL.

Wish you a merry Christmas and Happy New Year!

Best Regards,

Dasheng

Zheng, Dasheng PhD
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National Biosafety Laboratory
Institute of Virology

Wuhan, Chinese Academy of Sciences
Hubei 430071, P.R.China.
Tel: +86-27-5186-1004 Fax: +86-27-5186-1006

Mob: +86-135 1729 0969

At 2017-01-27 22:31:18, "L.eDuc, James W." <jwleduc@UTMB.EDU> wrote:

Dear Dasheng,

| wish you and your team good health and lasting prosperity as you begin the Chinese New Year. May the
coming year bring you much success and fruitful collaborations.

With all good wishes,

Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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From: Yuan Zhiming [yzm@wh.iov.cn]

Sent: 9/15/202010:17:07 PM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

cC: Shi, Pei yong [peshi@UTMB.EDU]

Subject: [@ £ : Dr. Shi named to prestigious new distinguished chair

WARNING: This email originated from outside of UTMB's email system. Do notclicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Contratulation for Peiyong's excellent works and great recognition.
Best wishes.

Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chmese Academy of Sciences

Wuhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(1)

Fax: 86-27-87199480

From: Lelug, James W,

Date: 2020-09-15 03:34

To: Yuan Zhiming

Subject: Dr. Shinamed to prestigious new distinguished chair
Great recognition of Pel-Yong s work,

Bestwishes,
Jim

James W. Le Dug, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{1} 409-266-6500

{f} 409-266-6810

{m) 409-789-2012

From: UTMB Broadcast Account <UTMBbroad @UTMB.EDU>

Sent: Monday, September14, 2020 2:14 PM

Subject: From the Presidentad interimand the Executive Vice President and Provost: Dr. Shi named to prestigious new
distinguished chair
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Dr. Pei-Yong Shinamed inaugural holder of the John Sealy Distinguished Chair
in Innovations in Molecular Biology

We are very pleased to announce that Dr. Pei-Yong Shi, professor in Biochemistry and Molecular Biology and vice
chair for Innovation and Commercialization, has been named the inaugural holder of the John Sealy Distinguished
Chair in Innovations in Molecular Biology at UTMB.

This new endowed position, made possible through a $1 million contribution from The Sealy &
Smith Foundation, will promote and advance UTMB’s outstanding and innovative programs in
infectious diseases research. We are deeply grateful to the foundation and its Board of Directors
for investing in the future health and well-being of Galveston, our region and beyond through this
generous gift.

Dr. Shi joined UTMB in 2015 and is internationally recognized for his research accomplishments
in virology, drug discovery, vaccine development, pathogen diagnosis and cancer therapy.

When the Zika virus spread across the globe in 2015 and 2016, Dr. Shi and his lab were on the cutting edge of
research related to the virus. His lab immediately pushed our knowledge of the virus forward by developing the first
genetically engineered clone of it early in that epidemic. This month, he published new work detailing a mutation in
the virus that likely led to its sudden spread and its serious consequences for babies born to mothers infected with
Zika.

Now, in response to the COVID-19 pandemic, Dr. Shi and his team have once again worked quickly to adapt their
research techniques and collaborate to meet this new global challenge. They were the first o engineer a reverse
genetic system of the novel coronavirus that causes COVID-19, allowing scientists to safely make the virus in the
lab and manipulate it in a petri dish.

Shi and his team also have developed tools to streamline the COVID-19 vaccine development process as research
teams arocund the world work to create life-saving preventives. His team just recently made headlines for using an
enzyme produced by fireflies, or fluorescent tag, to develop better tests for COVID-19 and to better understand this
new virus.

With this latest support from The Sealy & Smith Foundation, we are confident Dr. Shi and his lab will continue to
make groundbreaking discoveries that will make our world a healthier place.

Please join us in congratulating Dr. Shi on this tremendous honor and in thanking The Sealy & Smith Foundation for
its ongoing, visionary support of UTMB’s mission.

Thank you.

Ben G. Raimer, MD, MA, FAAP
President ad interim

Charles P. Mouton, MD, MS, MBA
Executive Vice President and Provost, and
Dean, School of Medicine
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From:
Sent:
To:
CC:

Subject:

Attachments:

Hi Zhiming,

LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

7/15/2019 3:55:00 PM

'Yuan Zhiming' [yzm@wh.iov.cn]

Holubar, Connie J. [cjholuba @ UTMB.EDU]; Shi, Pei yong [peshi @UTMB.EDU]; Benjamin Rusek (BRusek@nas.edu)
[BRusek@nas.edu); Dave Franz (davidrfranz@gmail.com) [davidrfranz@gmail.com]

RE: [H] & : Synthetic biology commentary

Biosecurityinthe age to synthetic biology 15 Jul2019-drtfinal.docx

Attached please find adraft of our commentary that includesyour suggested edits as well as a draft abstract, an author
fine and our contact information, draft keywords and a conflict of interest statement. lalsoinserted acouple of website
referances where appropriste. Please reviewand modify asyou see fit. fyouare happy withthe text, please feel free
to submitdirectly toyourJournal of Biosafety and Blosecurity. Letme know if you thinkit needs additionsl work, On
review of the firstissue of yourjournal, | note a paperwitha similartitle, butonreadingit, theirfocusisa hitdiffe rent
fromwhat we discussand it does notappear to me to have much duplication.

Have you received yourvisa for the meeting later this monthin DC?

Bestwishes,

Jim

JamesW. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{t} 408-2566-6500

{f} 409-266-6810

{m} 409-789-2012

From: Yuan Zhiming <yzm@wh.iov.cn>
Sent: Monday, July 15, 2019 1:22 AM
To: LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: [E] & : Syntheticbiology commentary

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content Is safe.

DearJim ,

I am afraid you did not recevied my last mail and send you again.

Zhiming
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Dear Jim,

Sorry for my delayed feedback. As you explained, the developemnt of synthetic biology bring us some challenge on
biosafety and biosecurity management, and we could show ourunderstanding this challenge and your concern. You
have well organized the draft, and | am sure the readers could benefitforit.

| have insert some wordsin the text foryour consideration.
If there is anything needed my attention, please let me know.
Regards

Zhiming

Dear Zhimingand Zhigao,

| hope this note finds youwell on this first day of summer. | write to propose ajointcommentary to be submitted for
publicationin Zhiming’s of Journal of Biosafety and Biosecurity onthe topic of biosafety and biosecurityin the age of
syntheticbiology. Thisisa relevanttopicand ourshared publication would offeran excellent example of the benefits
of ourjoint China-USA dialogue. Having such a co-authored publication would be tangible evidence of the importance
we all place on workingtogetherto solve challenges of global importance. | have takenthe liberty of preparing afirst
draft of such a manuscriptand ! invite you both to be co-authors. Dave, Ben and Pei-Yong have reviewed and | have
incorporated theircomments. Youradditions, deletions and modifications willcertainly furtherimprove the quality of
the piece and make it mostrelevanttothe issueswe all face dailyin managingalarge biocontainment facility. (Please
use track change as you editthe piece.)

As you will see, | tried to address fourseparate areas that impact current and future work in syntheticbiology, starting
fromthe position that many of the relevant safeguards needed are already in place through ourexisting programsin
biosafety and biosecurity. Ithentalk aboutthe importance of leadership at all organizational levels, as Dave Franz has
so eloquently spoken aboutinthe past. The last areais the importance of Institutionalleadership, and here | would
especiallyvalue yourinput. Atthe GNL and elsewhere inthe USA, we rely heavily on the Institutional Biosafety
Committee (IBC) forfinal review and approval forstudiesinvolving recombinant DNA, and more broadly to studies
involving pathogensingeneral. | don’tknow if a similar committeeexistsin Chinaorin othercountries around the
world. Yourthoughtsandinput particularly onthis point would certainly improve the manuscript and make it more
relevanttoa broadercommunity of scientists.

Attached please find afirstdraftforyour review and consideration. | hope thatyou will agree towork with me onthis
important project. |look forwardto hearingfromyousoon.

With best wishes,

Jim

James W. Le Duc, Ph.D.
Director

Galveston National Laboratory

University of Texas Medical Branch
Galveston, TX 77555-0610
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(t) 409-266-6500
(f) 409-266-6810
(m) 409-789-2012
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Safety and Security in the Age of Synthetic Biology

James W. Le Duc* and Zhiming Yuan**

Abstract:

Synthetic biology offers great potential for benefit to society, human health and agriculture;
however, it also raises new concerns about safety and security. Application of established tools
of biosafety and biosecurity along with strong individual and institutional leadership will help
alleviate risks, but these may require refinement to address successfully the potential challenges
of synthetic biology. Institutional biosafety committees (IBC) are key to providing mstitutional
oversight and as technology evolves, especially i the case of synthetic biology where many
different specialized fields may play a role, membership of the IBC needs to adapt to ensure that
sufficient knowledge and experience is available to evaluate projects and recognize potentially
dangerous experiments. Recommendations regarding avian mfluenza gam of finction studies
may offer a valuable framework of pomts to consider relevant future studies mvolving synthetic

biology.

The rise of synthetic biology, employing novel techniques like gene editing, can create
new biological pathways and even microbes not known to exist m nature. As we consider the
safety and security challenges that may be associated with this rapidly advancing field, we
should not ignore the proven tools that have kept scientists and society safe and secure for
decades. These tools are biosafety and biosecurity, a set of biocontainment precautions that
make it safe to manipulate dangerous biological agents in an enclosed laboratory facility, along

with the physical security controls that secure the research environment. In addition, equally
[PAGE \* MERGEFORMAT ]
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critical are the findamentals of individual leadership and institutional oversight. Together, the
pragmatic use of these tools and measures ensures that research on microbes, mcluding the
modifications of known microbes, or even the recreation of extinct pathogens or the de novo
construction of a completely novel microbe remains safe and secure while allowing researchers
the freedom necessary to advance life science for the benefit of society. These tools have evolved
and improved to meet the changing demands of researchers, and they remain essential resources
to control the dynamic landscape heralded by synthetic biology. Any attempt to mitigate against
new risks associated with microbiological research will rely on this foundation; however, these
tools may need additional refinement to successfully address all the potential challenges

associated with synthetic biology.

Biosafety: Ensuring that those working in microbiology are well prepared to work safely with
microbes is essential. Such training is not glamorous and it may be easily overlooked when
preparing budgets or scheduling projects, yet the risks of human error are arguably the greatest
threat to the mnvestigators, their laboratory and the community at large. Besides the physical
biocontainment, a laboratory specific biosafety procedures manual and the associated traning
ensures that the entire workforce, from the mdwvidual mvestigators and staff’ to the amimal care
staff and building mamntenance and engmneers understands and appreciates the need for mitigating
risk through safe techniques for handling potentially dangerous microbes and associated
equipment. In labs that work with dangerous pathogens, such individuals may receive formal
traming through academic coursework. This is often augmented by facity-specific safety
orientation and perhaps followed by a period of mentorship provide by an experienced mndividual

working side-by-side with the tramee. Unfortunately, such training may be a hixury in many

[ PAGE \* MERGEFORMAT ]
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programs, and novel approaches are needed to adapt and make available core biosafety traming

to everyone mvolved in synthetic biology.

Biosecurity: Similarly, ensuring that the research enterprise operates with access controls and
physical security and that a trusted workforce is implementing the studies as designed is
essential In recent years, there has been a global proliferation of biocontainment laboratories.
In most cases, these biocontainment facilities are well designed and constructed to meet the
modern demands of biosecurty. To ensure research and product development conducted on
dangerous pathogens occurs in a safe and secure environment, these facilities must have
controlled access that mits admittance to only vetted persons. This ensures that only known
mdividuals enter the facility and hmits access to pathogens to only those who are essential and
properly tramed, thereby mitigating the risks of nefarious use of technology or pathogens. Some
programs may also attempt to mventory quantities of pathogens; however, given that by their
nature they replicate easily, this measure has limted value m terms of securtty. The biosecurity
in synthetic biology is largely dependent on the trusted workforce i the laboratory, and therefore
a great deal of attention must be paid to a culture of safety, as well as careful personnel
recrutment, background screenings, and adherence to strict policies and procedures regarding

laboratory access.

Leadership: Enhancing physical security is relatively easy; but assuring that researchers and

workers are reliable s more challenging This requires that leaders manage the laboratory m full
compliance with all regulations and safe management practices, know therr team members well
and ensure that an appropriate safety and security culture pervades ther mstitution. Leadership
is a shared responsibility that mvolves engaging anyone with supervisory responsibility, be it a

team leader, a principal mvestigator or the mstitution’s director.

[ PAGE \* MERGEFORMAT ]
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Leadership extends beyond the laboratory itself and ideally mcludes a second level,
engagement by the biotech industry and service providers. Commercial partners provide
technical support and products such as oligonucleotides that may encode potentially pathogenic
attributes or be used to modify or construct a dangerous or extinct pathogen. Many commercial
providers are part of the International Gene Synthesis Consortium ([ HYPERLINK
"https://genesynthesisconsortium.org/" ] ) a group of gene synthesis companies that routinely
screen requests and vet customers to ensure that requests for potentially dangerous sequences are
carefully reviewed. They make it a practice to know ther customers and ther research needs.
As this commercial sector expands globally, competition for market share and a desire to reduce
costs may lead to less rigorous screening of requests, possibly resulting m greater availability of
potentially dangerous sequences and a decrease n the industry’s ability to mamtain a familiarity
between the gene synthesis providers and their customers. Going forward, it will be important to
sustain these best practices established by the gene synthesis industries to mitigate against the

misuse of synthetic biology.

Institutional Oversight: As part of their leadership responsibilities, laboratory directors,

principal nvestigators and independent scientists provide direct oversight to therr immediate
stafft. Many organizations have an additional formal review process that provides mstitutional
oversight of research activities. This may come from an Institutional Biosafety Committee (IBC)
or another committee with equivalent responsibilities. IBCs are a requirement for mnstitutions
receiving U.S. National Institutes of Health funding and they provide local review and oversight
of research mnvolving recombmant DNA studies

(https//osp.od.nih. gov/biotechnology/institutional-biosafety-committees/). In China, the IBCs
play an increasing role in the oversight and biorisk assessment of novel techniques and

[ PAGE \* MERGEFORMAT ]
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experiments concerning the manipulation of pathogens and recombmant DNA, and only projects
that pass a rigorous review can be implemented in the laboratory. These committees ensure that
work conducted within a faclity s done safely, securely, and m a responsible manner.
Historically, this model has been instrumental mn providing local institutional oversight of
research activities and in establishing a national framework for consistent conduct of nearly all

forms of research mvolving recombmant studies or synthetic biology.

However, globally, all mnstitutions may not have an IBC, and those that do may face
challenges m ensuring that therr committee members represent a sufficiently broad array of
technical skills necessary to provide effective oversight and perform an adequate risk assessment
that is needed for many synthetic biology projects. As technology evolves, especially m the case
of synthetic biology where many different specialized fields may play a role, membership of the
IBC needs to adapt to ensure that sufficient knowledge and experience is available to evaluate

projects and recognize potentially dangerous experiments.

Challenge and Perspectives: One area of research that received considerable attention recently
18 gain of function studies, especially those mvestigations attempting to identify key molecular
changes that might lead to efficient person-to-person transmission of avian mfluenza viruses. In
the U.S.A., the National Science Advisory Board for Biosecurity (NSABB) considered the risks
associated with gain of function studies, focusing especially on those studies that may hold
potential to increase the virulence or transmissibility of a pathogen. After more than a year of
careful consideration, the NSABB proposed the following points to be considered when
reviewing the risk of planned gain-of-function experiments. (https//osp.od.nih.gov/wp-
content/uploads/2016/06/NSABB_Final Report Recommendations Evaluation Oversight Prop

osed Gain_of Function-Research.pdf).

[ PAGE \* MERGEFORMAT ]
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Such research would be of special concern and warrant additional review if:

e The pathogen generated is likely highly transmissible and likely capable of wide and
uncontrollable spread in human populations.
e The pathogen generated is likely highly virulent and likely to cause significant morbidity

and/or mortality in humans.

In addition, the NSABB recommends that the following principles be considered prior to

mitiating the study:

e The proposed research has been reviewed and is scientifically meritorious

e The pathogen generated is likely able to arise naturally

e The potential risks as compared to the potential benefits to society are justified

e There are no feasible, equally efficacious alternative methods to address the same
scientific question.

e The investigator and institution have demonstrated capacity and commitment to conduct
the study safely and securely.

e The results will be broadly shared to realize full potential benefits.

e Management of risks and ongoing oversight will be in place throughout the course of the
study.

e The propose research is ethically justified.

These NSABB principles may serve as a guide as IBCs evolve to meet the challenges of
synthetic biology. Expertise that may be required mcludes a full understanding of biohazardous
agents; biological contanment structure and operations; care and use of laboratory animals (or

plants, if appropriate) n contamment; the conduct of a comprehensive risk-benefit assessment;
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ethics; legal concerns as reflected m local, state and national laws; ecological considerations; and
the potential public health impact of proposed investigations. FEstablishing an IBC that is

competent i these many fields represents a significant challenge to program leadership.

Many countries are relying on regulations targeting Genetically Modified Organisms to
regulate synthetic biology (see: [ HYPERLINK "https://www.loc.gov/law/help/restrictions-on-
gmos/usa.php"] for relevant laws in the U.S.A.). As synthetic biology advances, these
regulations may be insufficient to meet future oversight needs, given therr focus only on known

organisms.

A path forward for countries and institutions engaged in research mvolving synthetic
biology but lacking a framework for oversight might nclude ensuring that a solid foundation for
training m biosafety is available, coupled with appropriate laboratory facilities where appropriate
biosecurity precautions are m place. Leaders at all levels should be expected to ensure that best
safety and security practices are used in a culture of open and honest communication, and
commercial suppliers of synthetic genes should screen requests and know their customers and
their research. These attributes are already mn place in many organizations working with highly-
hazardous pathogens and may be easily refined to address the unique challenges of synthetic
biology. The greatest unmet need of many research organizations may be n having an
adequately experienced mstitutional oversight capability such as the IBC. If absent, one should
be established. 1If present, it may be appropriate to review the committee’s mandate and
composition so that the diversity of technical skills and experience is available to help
mstitutions ensure that their research in synthetic biology is done m a safe and secure manner

that will ultimately benefit society.
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 7/31/201910:44:13 AM

To: REBA [yim@wh.iov.en]

Subject: RE: FW: PPT slides fromJuly 26

Attachments: Biosecurityinthe age to synthetic biology31Jul 2019-final.docx

Hi Zhiming,

Thanks for yournote. Aslight revision of ourcommentary is attached. Please reviewandeditasyoulike, thengo ahead
and submititto Dr. Xu lainguo.

Please feelfree touse the slides | prepared that draw from the points of our commaentary, Please addyourname tothe
first slide credits,

P hope vou enjoy the BWC discussion and give my bestregards to Welwen. He and his colleagues didanice job at the
conference in DC.

Bestwishes,

Jim

From: & i5 B <yzm@wh.iov.cn>

Sent: Tuesday, July 30,2019 11:12 PM

To: LeDuc, James W. <jwleduc@UTMB.EDU>
Subject: Re: FW: PPT slides fromJjuly 26

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless you recognize
the sender and know the content is safe.

DearlJim

| was regrettedto have not attend the US-China synthetic biologyconference in US. Zhang Weiwenis my good friend,
and he told me the success of this meeting and your contribution for the conference. We all agree to work togetherto
have thisforum as an another platformfordiscussing the main chanllenge between US-Chinascientist besides our CAS-
NASchannel.

fam in Genevafor BWC expert meeting, | could brief ourmainideaon biosafety and biosecurity aroused in synthetic
biologyinthe meetingif you have noobjection.

As to the manuscript, | have not dothe submittion, | could submit this manuscript to Dr. Xulianguo directedly. Would
you please send me this final version of this manuscirpt?

Regards

Zhiming
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----- ey

B A "LeDuc, James W." <jwieduc@UTMBE EDU>
K iENE:2019-07-31 01:38:41 (2 Bi =)

W A "Yuan Zhiming" <yzm@wiiov.on>

Wi

% B FW: PPTslidesfromJuly 26

Zhiming,
Attached are the slidestusedforthe presentation atthe recenthat yvou unfortunately could notattend. Asyouwill see,
the slides are basically drawn from ourrecentcommentary and | mentionedyou by name and our collaborations on this

when | gave the talk, As youwill see from the note below and my separate response, some participants asked for
copiesof the slides which  have giventothem.

Waiwen Zhang from Tianjin University was the lead person from the Chinese delegation.
Didyou submitourcommentary to yourjournal? isthere anythingineedto do?
| hope you are enjoving summer in Wuahan,

Thanks, lim

From: Andrealapp <alappl@ihu.edu>
Sent: Tuesday, July 30, 2019 11:10 AM

To: LeDuc, James W. <iwleduc@UTME EDU>
Subject: PPT slidesfromJuly 26

WARNING: This email originated from outside of UTMB's email system. Do not clicklinksor open attachments unless you recognize
the sender and know the content issafe.

Hi Jim,

Our colleagues from China have asked if you would mind sharing yourslides with them? Thisis completely optionaland
we will notshare withoutyourpermission. However, please letme know ifitisokto share your PPTwiththem.
Thanks,

Andrea

AndreaR. Lapp

EventsDirector

Johns Hopkins CenterforHealth Security
621 E. Pratt Street, Suite 210

Baltimore, MD 21202

443-286-9494

alapnl@ihu.edy

www . centerforhealthsecurity.org
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Safety and Security in the Age of Synthetic Biology

James W. Le Duc* and Zhiming Yuan**

Abstract:

Synthetic biology offers great potential for benefit to society, human health and agriculture;
however, it also raises new concerns about safety and security. Application of established tools
of biosafety and biosecurity along with strong individual and institutional leadership will help
alleviate risks, but these may require refinement to address successfully the potential challenges
of synthetic biology. Institutional biosafety committees (IBC) are key to providing mstitutional
oversight and as technology evolves, especially i the case of synthetic biology where many
different specialized fields may play arole. Membership of the IBC needs to adapt to ensure that
sufficient knowledge and experience is available to evaluate projects and recognize potentially
dangerous experiments. Recommendations regarding avian mnfluenza gam of finction studies
may offer a valuable framework of pomts to consider relevant future studies mvolving synthetic

biology.
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The rise of synthetic biology, employing novel techniques like gene editing, can create
new biological pathways and even microbes not known to exist in nature. As we consider the
safety and securtty challenges that may be associated with this rapidly advancing field, we
should not ignore the proven tools that have kept scientists and society safe and secure for
decades. These tools are biosafety and biosecurity, a set of biocontamment precautions that
make it safe to manipulate dangerous biological agents in an enclosed laboratory facility, along
with the physical security controls that protect the research environment. In addtion, equally
critical are the fundamentals of individual leadership and institutional oversight. Together, the
pragmatic use of these tools and measures ensures that research on microbes, mcluding the
modifications of known microbes, or even the recreation of extinct pathogens or the de novo
construction of a completely novel microbe remains safe and secure while allowing researchers
the freedom necessary to advance life science for the benefit of society. These tools have evolved
and improved to meet the changng demands of researchers, and they remain essential resources
to control the dynamic landscape heralded by synthetic biology. Any attempt to mitigate against
new risks associated with microbiological research will rely on this foundation; however, these
tools may need additional refinement to address successfully all the potential challenges

associated with synthetic biology.

Biosafety: Ensuring that those working in microbiology are well prepared to work safely with
microbes is essential. Such training is not glamorous and it may be easily overlooked when
preparng budgets or scheduling projects, yet the risks of human error are arguably the greatest
threat to the mvestigators, ther laboratory and the commumity at large. Besides the physical
biocontainment, a laboratory specific biosafety procedures manual and the associated traning
ensures that the entire workforce, from the mdwvidual mvestigators and staff’ to the amimal care

[ PAGE \* MERGEFORMAT ]
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personnel and building maintenance and engineers understands and appreciates the need for
mitigating risk through safe techniques for handling potentially dangerous microbes and
associated equipment. In labs that work with dangerous pathogens, such mdividuals may receive
formal traming through academic coursework. This is often augmented by facility-specific
safety ortentation and perhaps followed by a period of mentorship provide by an experienced
mndividual working side-by-side with the tramee. Unfortunately, such training may be a luxury
m many programs, and novel approaches are needed to adapt and make available core biosafety

traming to everyone mvolved m synthetic biology.

Biosecurity: Smmilarly, it is essential to ensure that the research enterprise operates with access
controls and physical security and that a trusted workforce is implementing the studies as
designed. In recent years, there has been a global proliferation of biocontainment laboratories.
In most cases, these biocontainment facilities are well-designed and constructed to meet the
modern demands of biosecurty. To ensure research and product development conducted on
dangerous pathogens occurs in a safe and secure environment, these facilities must have
controlled access that limits admittance to only vetted persons. This ensures that only known
mdividuals enter the facility and hmits access to pathogens to only those who are essential and
properly tramned, thereby mitigating the risks of nefarious use of technology or pathogens. Some
programs may also attempt to mventory quantities of pathogens; however, given that by therr
nature they replicate easily, this measure has limted value in terms of security. Biosecurity in
synthetic biology is largely dependent on the trusted workforce m the laboratory, and therefore a
great deal ofattention must be paid to a culture of safety, as well as careful personnel recruitment,
background screenings, and adherence to strict policies and procedures regarding laboratory
access,

[ PAGE \* MERGEFORMAT ]
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Leadership: Enhancing physical security is relatively easy; however, assuring that researchers
and workers are reliable is more challenging. This requires that leaders manage the laboratory n
full complance with all regulations and safe management practices, know ther team members
well and ensure that an appropriate safety and securtty culture pervades therr mstitution.
Leadership is a shared responsibility that mvolves engaging anyone with supervisory

responsibility, be it a team leader, a principal nvestigator or the institution’s director.

Leadership in synthetic biology extends beyond the laboratory itself and ideally nclides
a second level, engagement by the biotech industry and service providers. Commercial partners
provide technical support and products such as oligonucleotides that may encode potentially
pathogenic attributes or may be used to modify or construct a dangerous or extinct pathogen.
Many commercial providers are part of the International Gene Synthesis Consortium ([
HYPERLINK "https://genesynthesisconsortium.org/"]) a group of gene synthesis companies that
routinely screen requests and vet customers to ensure that requests for potentially dangerous
sequences are carefully reviewed. They make it a practice to know their customers and their
research needs. As this commercial sector expands globally, competition for market share and a
desire to reduce costs may lead to less rigorous screening of requests, possibly resulting m
greater availability of potentially dangerous sequences and a decrease in the ndustry’s ability to
maintain a familiarity between the gene synthesis providers and their customers. As synthetic
biology activities expand, it will be important to sustain these best practices established by the

gene synthesis industries to mitigate against possible misuse.

Institutional Oversight: As part of their leadership responsibilities, laboratory directors,

principal investigators and independent scientists provide direct oversight to their immediate

stafft Many organizations have an additional formal review process that provides mstitutional
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oversight of research activities. This may come from an Institutional Biosafety Committee (IBC)
or another committee with equivalent responsibilities. IBCs are a requirement for mstitutions
receiving U.S. National Institutes of Health funding and they provide local review and oversight
of research mvolving recombmant DNA studies

(https//osp.od.nih. gov/biotechnology/institutional-biosafety-committees/). In China, the IBCs
play an increasing role in the oversight and biorisk assessment of novel techniques and
experiments concerning the manipulation of pathogens and recombinant DNA, and only projects
that pass a rigorous review can be implemented m the laboratory. These commuttees ensure that
work conducted within a facility is done safely, securely, and m a responsible manner.
Historically, this model has been mstrumental m providing local mstitutional oversight of
research activities and in establishing a national framework for consistent conduct of nearly all

forms of research mvolving recombmant studies or synthetic biology.

However, globally, all mstitutions may not have an IBC, and those that do may face
challenges m ensuring that therr committee members represent a sufficiently broad array of
technical skills necessary to provide effective oversight and perform an adequate risk assessment
that 1s needed for many synthetic biology projects. As technology evolves, especially in the case
of synthetic biology where many different specialized fields may play a role, membership of the
IBC needs to adapt to ensure that sufficient knowledge and experience is available to evaluate

projects and recognize potentially dangerous experiments.

Challenge and Perspectives: One area of research that received considerable attention recently
is gain of function studies, especially those nvestigations attempting to identify key molecular
changes that might lead to efficient person-to-person transmission of avian influenza viruses. In

the U.S.A., the National Science Advisory Board for Biosecurity (NSABB) considered the risks
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associated with gain of function studies, focusing especially on those studies that may hold
potential to increase the virulence or transmissibility of a pathogen. After more than a year of
careful consideration, the NSABB proposed the following pomnts to be considered when
reviewing the risk of planned gain-of-function experiments. (https//osp.od.nih.gov/wp-
content/uploads/2016/06/NSABB Fmal Report Recommendations Evaluation Oversight Prop

osed Gam of Function-Research.pdf).

Such research would be of special concern and warrant additional review if

e The pathogen generated is likely highly transmissible and likely capable of wide and
uncontrollable spread in human populations.
e The pathogen generated is likely highly virulent and likely to cause significant morbidity

and/or mortality in humans.

In addition, the NSABB recommends that the following principles be considered prior to

mitiating the study:

e The proposed research has been reviewed and is scientifically meritorious

e The pathogen generated is likely able to arise naturally

e The potential risks as compared to the potential benefits to society are justified

e There are no feasible, equally efficacious alternative methods to address the same
scientific question.

e The investigator and institution have demonstrated capacity and commitment to conduct
the study safely and securely.

e The results will be broadly shared to realize full potential benefits.
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e Management ofrisks and ongomg oversight will be in place throughout the course of the
study:.

e The proposed research is ethically justified.

These NSABB principles may serve as a guide as IBCs evolve to meet the challenges of
synthetic biology. Expertise that may be required includes a full understanding of biohazardous
agents; biological containment structure and operations; care and use of laboratory animals (or
plants, if appropriate) n contamment; the conduct of a comprehensive risk-benefit assessment;
ethics; legal concerns as reflected m local, state and national laws; ecological considerations; and
the potential public health mpact of proposed mnvestigations. FEstablishing an IBC that is

competent in these many fields represents a significant challenge to program leadership.

Many countries are relying on regulations targeting Genetically Modified Organisms to
regulate synthetic biology (see: [ HYPERLINK "https://www.loc.gov/law/help/restrictions-on-
gmos/usa.php"] for relevant laws in the U.S.A.). As synthetic biology advances, these
regulations may be msufficient to meet future oversight needs, given their focus only on known

Organisms.

A path forward for countries and mstitutions engaged m research mvolving synthetic
biology but lacking a framework for oversight might include ensuring that a solid foundation for
traming m biosafety is available, coupled with appropriate laboratory facilities where adequate
biosecurity precautions are in place. Leaders at all levels should be expected to ensure that best
safety and security practices are used i a culture of open and honest communication, and
commercial suppliers of synthetic genes should screen requests and know ther customers and

their research. These attributes are already m place in many organizations working with highly-

[ PAGE \* MERGEFORMAT ]

Nelson_Judicial_Watch_TPIA_0342



Obtained via FOIA by Judicial Watch Inc.

hazardous pathogens and may be easily refined to address the unique challenges of synthetic
biology. The greatest unmet need of many research organizations may be in having an
adequately experienced mstitutional oversight capability such as the IBC. If absent, one should
be established. 1If present, it may be appropriate to review the committee’s mandate and
composition so that the diversity of techmical skills and experience is available to help
mstitutions ensure that their research in synthetic biology is done mn a safe and secure manner

that will ultimately benefit society.

*James W. Le Duc, Ph.D. Director, Galveston National Laboratory, Professor, Department of

Microbiology and Imnunology, University of Texas Medical Branch, Galveston, Texas, USA,

77555-0610

(email: [ HYPERLINK "mailto:jwleduc@utmb.edu"])

*% Zhiming Yuan, Ph. D. Professor of Wuhan Institute of Virology, President of Wuhan Branch

Chinese Academy of Sciences, Wuhan 430071, China

(email: [ HYPERLINK "mailtoryzm@wh.iov.cn"1)
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From: Yuan Zhiming [yzm@wh.iov.cn]

Sent: 2/20/20211:16:08 AM

To: LeDuc, James W. [jwleduc@UTMB.EDU]
Subject: [E & :Happy New Year

WARNING: This email originated from cutside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Dear Jim,

Nice to have heard you again. During the last year, we all experienced the hardest time, fighting against
the virus, fighting against the rumors. The lab. operated smoothly he efficiently, providing a crucial
platform for pathogen identifiication, animal modeling, antiviral drug screening and vaccine development,
and we are very proud of the role and achievements of the laboratory. Here, I would like to express my
sincere thanks to you and your colleagues for your assitance for the safety and secure operation of the
lab.

I really hope you could come back here after the epidemic and we could share our understanding on lab

management and infectious disease control.

Best regards and looking forward to seeing you in near future.

Zhiming

Yuan Zhiming, Ph. D.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chmmese Academy of Sciences

Wuhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480

Fom: LeDuc, James W,
Date: 2021-02-12 10:05

To: Yuan Zhiming
Subject: Happy New Year
Dear Zhiming,

| hope that yourare well and healthy! Maryellenand|take this opportunity to wish youand yourfamily a very happy
new year, filled with good health and happiness. We are all happy to see the past yearcome to an end and are looking
forward to a COVID-19 free new year, filled with good friends and great joy.

With my very best wishes,

Jim
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JamesW. Le Duc
(m)409-789-2012
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From: Ting YUAN = 1% [yuanting@westlake.edu.cn]

Sent: 4/29/2021 12:33:43 AM

To: LeDuc, James W. [jwleduc@UTMB.EDU]

Subject: [@ & : Invitation for Biosafety Advisory Committee of Westlake University
Attachments: appointment_letter.jpeg

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Dear Professor LeDuc,

Thank you for accepting our mvitation, please find attached the appointment letter signed by Professor Yigong Shi. We would
Iike to ask your opmion on the design of our facility and our project proposal once we have them m maybe early next month.

Best,
Ting

= Ting Yuan

F{ERNE Director Assistant

NEEZWEFN Center for Infectious Disease Research, CIDR

Tel: +86 571 87089772

Cell: 15927246429

Email: yuanting®westiake edion

M PENG I NE SN a0 ES R8s

18 Shilongshan Rd, Cloud Town, Xihu District, Hangzhou, Zhejlang, China

EHEA: LeDug, Tames W
% A [H]: 202144 26 H

Wt A Ting YIIAN
F/H: RE: Invitation for Biosafety Advisory Committee of Westlake University

Dear Ting Yuan,

Thank you for the kind offer to join the Biosafety Advisory Committee of Westlake University in Hangzhou, China. It
would be my pleasure to join Professor Yigong Shi and my colleagues Professor Pei -Yong Shi and Professor Zhiming Yuan
in this very important activity. | look forward to learning more about the new laboratory and how | might best
contribute to your success.

With best wishes,

Jim

James W. Le Duc
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University of Texas Medical Branch
Cell 409-789-2012

From: Ting YUAN 725 <yuanting@westlake.edu.cn>

Sent: Monday, April 26, 2021 4:40 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: Invitation for Biosafety Advisory Committee of Westlake University

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Dear Professor LeDuc,

This s Ting Yuan, the Dwector Assistant of Center for Infectious Disease Research (CIDR), Westlake
University (Hangzhou, China). We are writing to you because we wish that we have the honor to invite you as a
member of Biosafety Advisory Committee of Westlake University.

Westlake University is a new type of private non-profit university led by Professor Yigong Shi, who is an
outstanding structural biologist. CIDR was established by Westlake University mn response to the emergng
global nfectious disease COVID-19. It aims to make transformative scientific advances that lead to an
understanding of a broad spectrum of mfectious diseases. Thus, BSL-3 laboratories will be the most needed
facility right now.

You are an extraordinary microbiologist excel on infectious disease and biosafety so that we can get mvaluable
suggestions from you while we are building our BSL-3 labs at CIDR. The Westlake University Biosafety
Advisory Committee will recruit experts domestically and abroad like Professor Peiyong Shi from UTMB,
Professor Zhiming Yuan from Wuhan Institute of Vwology, etc. It will guide our Biosafety Committee n terms
of lab design and biosafety management durmg the first few years of lab operaton. You are highly
recommended by Professor Shi when we asked him for advice on the member list.

We would greatly appreciate that if you take the nvitation. The nvitation letter will be sent to you later. Thank
you for your time.

Best!
Ting Yuan

=¥ Ting Yuan

F{ERIE Director Assistant

NEBEZEMEDN Center for Infectious Disease Research, CIDR

Tel: +86 571 87089772

Cell: 15927246429

Email: yuarting@westlake edu.cn

Mk P ENDT RN S EE B 18S

18 Shilongshan Rd, Cloud Town, Xihu District, Hangzhou, Zhejlang, China
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Dear Professor Jamse LeDuc
We are pleased to appoint you as member of Biosafety Advisory Committee
of Westlake University.

2021.4.27

BB Daae

BE Signature
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From: jwleduc@utmb.edu [jwleduc@utmb.edu]
Sent: 11/24/20209:29:48 PM

To: EE A BEZheng [d.zheng@wh.iov.cn]

cC: Grimaldo, Miguel A. [magrimal @UTMB.EDU]
Subject: Re: Happy Thanksgiving!

Thank you Dasheng. I hope you are well
Best wishes, Jim

Sent from my Phone

On Nov 24, 2020, at 9:05 PM, £ A Zheng <d.zheng@wh.iov.cn> wrote:

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless you recognize
the sender and know the content is safe.

Dear James,
Dear Miguel,

Thanks for giving me the opportunities of staying in Galveston and being trained at GNL. | am so grateful to you all
and your kind assistance.

Wish you happier and healthier than ever!

Kind Regards,
Dasheng

ZHENG Dasheng, PhD

National Biosafety Laboratory

Institute of Virology

Wuhan, Chinese Academy of Sciences

Hubei 430071, P.R.China.

Tel: +86-27-5186-1004 Fax: +86-27-5186-1006
Mob: +86-135 1729 0969

1£ 2018-09-05 03:41:45, "LeDuc, James W." <jwleduc@UTMB.EDU> Fi& :

Dear Dasheng,

Pam sorry to learmn that you will not be continuing at the Wuhan [sboratory and | certainly wishyou well asyou seek
another position. Unfortunately, we have novacancies here at the GNL, but L am copying Miguel onthis message in
case he isaware of otherjobs elsewhere,

twould be pleased to offeraletter of recommendation limited toyvour training here at the GNL.
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With all good wishes forvourfuture success.

Jim

lamesW. Le Dug, Ph.D,

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{t} 409-266-6500

() 409-266-6810

{m) 409-788-2012

From: A HEZheng <d.zheng@wh.iov.cn>
Sent: Friday, August 31, 2018 3:24 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>
Subject: Re:RE: Re:Re: Happy New Year!

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or apen attachments unless yourecognize
the sender and know the content is safe.

Dear Prof LeDuc,

| am deeply impressed by you and your laboratory so that may | ask for work opportunity directly with you at your
laboratory.

Before this June the director of the Wuhan P4 lab loses his word to promote me as a quality manager, although

Prof. Rene Courcol proposes, who is the French quality inspector to the Wuhan P4 lab. | have to look for new "la
vie" by 2019 New Year, the end of current work contract.

Your consideration or recommendation would be appreciated greatly as | am confident in fruitful coliaborations with
yvou and vour laboratory on biosafety and other relevant topics.

Best Wishes,

Dasheng

ZHENG Dasheng, PhD

National Biosafety Laboratory
Institute of Virology

Nelson_Judicial_Watch_TPIA_0352
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Wuhan, Chinese Academy of Sciences
Hubei 430071, P.R.China.
Tel: +86-27-5186-1004 Fax: +86-27-5186-1006

Mob: +86-135 1729 0969

At 2018-01-10 00:56:48, "LeDuc, James W." <jeduc@UTMB.EDU> wrote:

Dear Dasheng,

it is good to hear from vou and to learn that vou remain interested in collaborations on biosafety and other relevant
topics. We ook forward to working with you, Yuan Zhiming and your other colleagues as you bring your beautiful
new faciity to full operational status. Please let us know if we can be of help to vou during these exciting times,

With all good wishes,

Jimn

James W, Le Dug, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

() 408-2886-8500

(f) 408-2886-8810

{m) 408-788-2012

From: 3 A EZheng [mailto:d.zheng@wh.iov.cn]

Sent: Tuesday, January 09, 2018 1.26 AM
To: LeDuc, James W. <jwileduc@UTMB.EDU>
Subject: Re:Re: Happy New Year!

Dear James,

Surely | am eager at stronger collaborations with GNL while proposing cooperations to the Wuhan P4 director,
Prof. Yuan Zhiming, as soon as my back to Wuhan from Galveston. However, the leader has special arrangements
on me although am not suitable for. Update now | am ready for indulging myself into biosafety other than notion of
disguise.

Please let me know if any chance | am of help in collaborations.

Dasheng
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ZHENG Dasheng, PhD

National Biosafety Laboratory
Institute of Virology

Wuhan, Chinese Academy of Sciences

Hubei 430071, P.R.China.
Tel: +86-27-5186-1004 Fax: +86-27-5186-1006

Mob: +86-135 1729 0969

1£ 2017-12-2222:17:02, "LeDuc, James W." <jwleduc@UTMB.EDU> HiH :

Thank you very much for your kind note and good holiday wishes. | am very pleased that you were able to spend
time with us and that the experiences at UTMB were valuable. |look forward to many years of fruitful
collaborations.

With all good wishes for a Merry Christmas and a healthy and prosperous New Year

Jim

Sent from my iPhone

On Dec 22, 2017, at 1:55 AM, A EZheng <d.zheng@wh.iov.cn> wrote:

Dear Prof. LeDuc,

Hope this email give you more health and happiness. | really appreciate your instruction and supervision in my
stay at GNL, which is my ideal model of biocontainment as you and your colleagues taught me what and how the

biocontainments provide protection to people working on pathogenic microorganisms. Your invitation plays
important role in my life. | shall look for more opportunities for fruitful cooperation with GNL.

Wish you a merry Christmas and Happy New Year!

Best Regards,

Dasheng

Zheng, Dasheng PhD
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National Biosafety Laboratory
Institute of Virology

Wuhan, Chinese Academy of Sciences
Hubei 430071, P.R.China.
Tel: +86-27-5186-1004 Fax: +86-27-5186-1006

Mob: +86-135 1729 0969

At 2017-01-27 22:31:18, "L.eDuc, James W." <jwleduc@UTMB.EDU> wrote:

Dear Dasheng,

| wish you and your team good health and lasting prosperity as you begin the Chinese New Year. May the
coming year bring you much success and fruitful collaborations.

With all good wishes,

Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012
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From: LeDuc, James W. [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 4/26/2021 2:47:12 PM

To: Ting YUAN = 1% [yuanting@westlake.edu.cn]

BCC: Shi, Pei yong [peshi@UTMB.EDU]; Yuan Zhiming [yzm@wh.iov.cn]

Subject: RE: Invitation for Biosafety Advisory Committee of Westlake University

Dear Ting Yuan,

Thank you for the kind offer to join the Biosafety Advisory Committee of Westlake University in Hangzhou, China. it
would be my pleasure to join Professor Yigong Shi and my colleagues Professor Pei-Yong Shi and Professor Zhiming Yuan
in this very important activity. | look forward to learning more about the new laboratory and how | might best
contribute to your success.

With best wishes,
Jim

James W. Le Duc
University of Texas Medical Branch
Cell 409-789-2012

From: Ting YUAN = UZ <yuanting@westlake.edu.cn>

Sent: Monday, April 26, 2021 4:40 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: Invitation for Biosafety Advisory Committee of Westlake University

WARNING: This email originated from outside of UTMB's email system. Do not clicklinks or open attachments unless yourecognize
the sender and know the content is safe.

Dear Professor LeDuc,

This is Ting Yuan, the Director Assistant of Center for Infectious Disease Research (CIDR), Westlake
University (Hangzhou, China). We are writing to you because we wish that we have the honor to mvite you as a
member of Biosafety Advisory Committee of Westlake University.

Westlake University is a new type of private non-profit university led by Professor Yigong Shi who is an
outstanding structural biologist. CIDR was established by Westlake University in response to the emerging
global infectious disease COVID-19. It aims to make transformative scientific advances that lead to an

understanding of a broad spectrum of mfectious diseases. Thus, BSL-3 laboratories will be the most needed
facility right now.

You are an extraordinary microbiologist excel on infectious disease and biosafety so that we can get mvaliable
suggestions from you while we are building our BSL-3 labs at CIDR. The Westlake University Biosafety
Advisory Committee will recrutt experts domestically and abroad like Professor Peiyong Shi from UTMB,
Professor Zhiming Yuan from Wuhan Institute of Viology, etc. It will guide our Biosafety Committee n terms
of lab design and biosafety management during the first few years of lab operation. You are highly
recommended by Professor Shi when we asked him for advice on the member list.

We would greatly appreciate that if you take the mvitation. The mvitation letter will be sent to you later. Thank
you for your time.
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Best!
Ting Yuan

=¥ Ting Yuan

F{ERIE Director Assistant

NEBEZEMEDN Center for Infectious Disease Research, CIDR

Tel: +86 571 87089772

Cell: 15927246429

Email: yuarting@westlake edu.cn

Mk P ENDT RN S EE B 18S

18 Shilongshan Rd, Cloud Town, Xihu District, Hangzhou, Zhejlang, China
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To: Zheng#P K BE[d.zheng@wh.iov.cn]

Cc: Shi, Pei yong[peshi@UTMB.EDUJ; Grit i viglér'A phaydirigreVs Ebu)

From: LeDuc James W.[/O= EXCHANGELABS/OU EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)YCN=RECIPIENTS/CN=937DF08E29C4439E88A04BABFFB162AD-JWLEDUC]
Sent: Mon 6/10/2019 4:07:49 PM (UTC-05:00)

Subject: RE: Re:RE: Re:Chinese Scholarship to Visit UTMB

Dear Dasheng,

It's nice to hear from you again and to learn of your continued interest in working with us here at the GNL. | am happy to prepare a
letter of invitation for your proposed visit, but it would be useful to understand a bit more as to the purpose of your stay here. Do
you envision conducting a research study, and if so, what is the topic? If you are only seeking additional training in biosafety,
biosecurity and building operations, that would be easier to accomplish, although the support we enjoyed previously that allowed
us to provide biosafety training at no cost to users is no longer available and we now have a fee for the training. It would also be
useful to learn the most convenient dates from your perspective for a visit.

I look forward to hearing back from you will additional details.
Best wishes,
Jim

James W, Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{t) 409-266-6500

{f) 409-266-6810

{m) 409-789-2012

From: Zheng £ Kt <d.zheng@wh.iov.cn>

Sent: Wednesday, June 05, 2019 8:43 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Cc: Mendoza, Imelda <imendoza@UTMB.EDU>
Subject: Re:RE: Re:Chinese Scholarship to Visit UTMB

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you recognize the

sender and know the content is safe.

Dear Prof LeDuc,

May | ask for a favor from you to write an invitation letter with the same purpose as previous one so that | could seek another
funding for longer stay at your academia?

You have always been appreciated greatly to provide opportunities for academic exchanges. Hopefully | could do something in
return.

Best Wishes,
Dasheng

ZHENG Dasheng, PhD

National Biosafety Laboratory

Institute of Virology

Wuhan, Chinese Academy of Sciences

Hubei 430071, P.R.China.

Tel: +86-27-5186-1004 Fax: +86-27-5186-1006
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Mob: +86-135 1729 0969

Obhtained via EOIA by Judicial Watch Inc.
At 2015-04-01 21:43:13, "LeDuc, James W." <jwleduc@UTMB.EDU> wrote:

Dear Dr Zheng,

Thank you for the update, and best of luck as you continue to seek funding for your scholarship.
With best regards,

Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810
iwleduc@ummb.edu

From: dsn.zheng@163.com [mailto:dsn.zheng@163.com] On Behalf Of d.zheng@wh.iov.cn
Sent: Tuesday, March 31, 2015 9:36 PM

To: LeDuc, James W.

Cc: Mendoza, Imelda; Bente, Dennis A.; Xia, Han

Subject: Re:Chinese Scholarship to Visit UTMB

Dear Dr. James LeDuc,

Thank you for inviting me to the GNL in writing the invitation letter which provides opportunity of visit and study at your
honored laboratory. Unfortunately | havenot gotten any acceptance news from the Chinese Scholarship Committee after the
scheduled admission deadline. | am afraid | have to look for other funding resources.

Best Wishes,

Dasheng

Zheng, Dasheng PhD

Wuhan National Biosafety Laboratory
Chinese Academy of Sciences
Wuhan, P.R.China.

Tel: 86-27-5186 1004
Mobile: 86-135 1729 0969

Email: d.zheng@wh.iov.cn
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At 2014-11-26 10:44:53, "Bente, Dennis A." <dabente@UTMB.EDU> wrote:
- B s| S -
Dear Dasheng,

Han translated the requirements for me and we are happy to write an invitation letter for you. | talked to Dr. Le Duc, director of
the Galveston National Laboratory, and he agreed to write a letter for you. | copied him on this email. Dr. Le Duc will also involve

our building engineer, Miguel Grimaldo, in the process of planning your visit.

Best wishes,

Dennis

From: dsn.zheng@163.com [mailto:dsn.zheng@163.com] On Behalf Of d.zheng@wh.iov.cn
Sent: Saturday, November 22, 2014 1:46 AM

To: Bente, Dennis A.

Cc: Xia, Han

Subject: Re:RE: Nice to meet you at Wuhan

Hi Den,
At this moment | have a chance to apply for some fund to support my idea to UTMB from the China Scholarship Committee.
May | ask for your help in writing an invitation letter as a prerequisite for this fund? The webpage (in Chinese only) of this fund

is as follow:

hitp://www.csc.edu.cn/Chuguo/43988dd354584badbeb2faf380d99859.shiml

Could Han do a little interpretation so as to make sure what we need to do? According to the Item 14 of the fund bidding
approach shown in the webpage, the applicant should have an invitation from abroad in advance.

In my proposal of visit to your lab, | shall accept trainings in high BSL laboratories at first; then, conduct experiments for
some time, which is the solid work of this visit; and, last but the most important part, have lessons in biosafety management
of GNL, playing as one reason for the fund. You might have better plans. Anyway | will follow your steps since I'm a trainee.
Your assistance would be appreciated greatly.

Best Regards,

Dasheng

Zheng, Dasheng
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Wuhan Institute of Virology Obtained via FOIA by Judicial Watch Inc.
Chinese Academy of Sciences

Mid 44, Wuchang Xiaohongshan
Wuhan 430071, P.R.China.

Mobile: 86-13517290969
Email: dsn.zheng@163.com
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To: Zheng#B K BE[d.zheng@wh.iov.cn]
Cc: Yuan Zhiminglyzm@uwh.iov.cn}
Bcc: Shi, Pei yong[peshi@UTMB.EDU]
From: LeDuc, James W.[/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)CN=RECIPIENTS/CN=937DF08E29C4439E88A04BABFFB162AD-JWLEDUC]
Sent: Wed 10/2/2019 10:26:25 AM (UTC-05:00)

Subject: RE: Re:RE: Re:RE: Re:Chinese Scholarship to Visit UTMB

Obtained via FOIA by Judicial Watch Inc.

Dear Dasheng,

Thank you for your recent note. At present, we have very limited opportunities for training of international partners due to budget
restrictions. If you can give me some additional information regarding the training you are requesting and how that will contribute
to your position at the National Biosafety Laboratory in Wuhan, perhaps we can find a way forward. It will be important for your
training to be seen as part of the overall collaborations we have in place between the GNL and the National Biosafety Laboratory,
so the endorsement of your proposed training by Zhiming Yuan will be essential.

| look forward to hearing from you soon.
With best wishes,
Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

{f) 409-266-6810

{m) 409-789-2012
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To: Yuan Zhiminglyzm@wh.iov.cn} ) ) o

Cc: Shi, Pei yong[peshi@UTMB.EDU] Obtained via FOIA by Judicial Watch Inc.

From: LeDuc, James W.[/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)CN=RECIPIENTS/CN=937DF08E29C4439E88A04BABFFB162AD-JWLEDUC]
Sent: Fri 3/20/2020 2:40:25 PM (UTC-05:00)

Subject: RE: E£: Vox article

Dear Zhiming,

Thank you for your kinds words and your heroic efforts to control the epidemic in Wuhan. Your success is an inspiration to all of us
as we work to halt transmission here in the USA and in other countries. We are just at the start of the explosion of cases in our
region and we expect that over the next few weeks we will see very high numbers of cases requiring hospitalization and ICU
support. We are preparing as best we can, but as you know well the challenges will be substantial.

Pei Yong and his team continue to make remarkable progress on different aspects of study and it would be excellent if we could
identify areas for collaborations.

With all good wishes,
Jim

James W, Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{t) 409-266-6500

{f) 409-266-6810

{m) 409-789-2012

From: Yuan Zhiming <yzm@wh.iov.cn>
Sent: Friday, March 20, 2020 1:33 AM

To: LeDuc, James W. <jwleduc@UTMB.EDU>
Subject: [B] £ : Vox article

WARNING: This email originated from outside of UTMB's email system. Do nhot click links or open attachments unless you recognize the

sender and know the content is safe.

Dear Jim ,

I am sincerely hope everything goes well with you and your family!

The 2019 novel coronavirus (SARS-CoV-2) outbreak is a major challenge for global public health security. Infection with
SARS-CoV-2 has been associated with serious acute respiratory distress syndrome with large number of patients’
hospitalization and relatively high mortality. We had a very hard time in combating the infection in Wuhan, the epicenter of
the COVID-19 in China, and now we can see the situation goes in good direction, with no reported confirmed case, no
reported suspected case in last two days here.

My colleagues and I, have been working on characterization of pathogens, antiviral screen, vaccine development, animal
modeling since the early January this year, and some progresses have been made. I hope our understanding of the virus and
the technology could be valuable in the global fighting to the virus.

As I can see from the media, the virus is spreading in your country, and more people are infected during the last days, and
the situation worries me a lot. I am confident that we could finally curb the spreading of the virus with our joint effort, and
our life will return back to the normal soon. I do not know what I can do in the special moment and I hope you could
protect you and your family.

Best regards

Zhiming
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Yuan Zhiming, Ph. D. Obtained via FOIA by Judicial Watch Inc.

Professor of Wuhan Institute of Virology
President of Wuhan Branch

Chinese Academy of Sciences

Wuhan 430071, China

Tel: 86-27-87198195(0)
86-27-87197242(L)

Fax: 86-27-87199480

From: LeDuc, James W.
Date: 2020-03-05 22:50
To: Yuan Zhiming; zishi

CC: 5hi, Pei yong

Subject: Vox article

Dear Zhiming and Zhengli,

| hope you are both well during this very difficult time.

The link below is to an article just published that may be of interest to you.

With all good wishes for your personal health and safety as we all work together to control the new virus.
Jim

James W, Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

{t) 409-266-6500

{f) 409-266-6810

{m) 409-789-2012

From: Eliza Barclay <eliza.barclay@vox.com>
Sent: Wednesday, March 04, 2020 8:49 PM
To: LeDuc, James W. <jwleduc@UTMB.EDU>
Subject: Re: Wuhan

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments unless you

recognize the sender and know the content is safe.

Hi Jim,

The story went up today. Thanks so much for your help with it, and let me know if you see any inaccuracies to
fix or updates I should make.

Very best, and hope to stay in touch,

Eliza

https://www.vox.com/2020/3/4/21156607/how-did-the-coronavirus-get-started-china-wuhan-lab

On Fri, Feb 28, 2020 at 3:06 PM Eliza Barclay <eliza.barclav@vox.com> wrote:
Sure, will do.

On Feb 28, 2020, at 12:16 PM, LeDuc, James W. <jwleduc@utmb.edu> wrote:
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Better to call after about 4 pm (s eGP Yeiral watch nc.

Thanks, Jim

From: Eliza Barclay <eliza.barclay@vox.com>
Sent: Friday, February 28, 2020 1:07 PM

To: LeDuc, James W. <jwleduc@UTMB.EDU>
Cc: Keusch, Gerald T <keusch@bu.edu>
Subject: Re: Wuhan

WARNING: This email originated from outside of UTMB's email system. Do not click links or open attachments

unless you recognize the sender and know the content is safe.

Thanks for the connection, Jerry.

And thanks so much for the quick response, Jim. I will give you a call in about an hour.
Best,

Eliza

On Fri, Feb 28, 2020 at 10:50 AM LeDuc, James W. <jwleduc@utmb.edu> wrote:
Hi Jerry,

Thanks for the mtroduction and happy to meet you, Eliza. I'm happy to chat about this
issue at your convenience. My direct office line is 409-266-6516.

Thanks, Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

(f) 409-266-6810

(m) 409-789-2012

From: Keusch, Gerald T <keusch@bu.edu>
Sent: Friday, February 28, 2020 11:48 AM

To: LeDuc, James W. <jwleduc@UTMB EDU>
Cc: Eliza Barclay <cliza barclay@vox.com>
Subject: Wuhan

ARNING: This email originated from outside of UTMB's email system. Do not click links or open

attachments unless you recognize the sender and know the content is safe,
Hi Jim,

I was talking to Eliza Barclay from Vox (copied above) who was referred to me by our
friend Peter Daszak. Eliza is working on a story to address the various conspiracy
theories being bandied about on the origin of the Covid19 virus. One of the issues, of
course, was the Wuhan laboratory as a source — whether accidental or deliberate — and the
questions being raised about it biosecurity and biosafety protocols. I said that I was
absolutely confident that they had proper protocols and trained people in place, in part
because I am was aware that GNL had connections with that lab, had trained many of
their staft, and that you have been there.
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Eliza will follow up and i you haye the, time she would Jike to talk with you. She is trying
to gather the scientific argument and be able to translate it for a general audience to be

able to distinguish between evidence and conspiracy.

Hope all is well.

Jerry

Gerald T. Keusch, M.D.

Professor of Medicine and International Health

Boston University School of Medicine

Associate Director, National Emerging Infectious Diseases Laboratories
620 Albany Street

Boston, MA 02118

Eliza Barclay ¢ Science Editor

<~WRD363.1pg>

Foliow Vox on Twitter - Instagram . Facebook

Eliza Barclay ¢ Science Editor

Foliow Vox on Twitter - Instagram . Facebook
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To: Yuan Zhiminglyzm@wh.iov.cn} ) ) o

Cc: Shi, Pei yong[peshi@UTMB.EDU] Obtained via FOIA by Judicial Watch Inc.

From: LeDuc, James W.[JO=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DF08E29C4439E88A04BABFFB162AD-JWLEDUC]
Sent: Mon 11/25/2019 3:42:54 PM (UTC-06:00)

Subject: draft manuscript

BSL4 Wuhan Manuscript-20191107 track-iwl comments Nov19.docx

Hi Zhiming,

Sorry for the delay in responding to your request for comments on your draft manuscript. | finally had a chance to review it and my
comments are attached. | think the paper is nicely written and will be of interest to readers following the development of
biocontainment labs in China. You have done a good job in recording capabilities, and you may wish to expand a bit more by
mentioning the maximum number of small or large (non-human primates) you are able to manage at a single time in the facility.
We are frequently asked these questions, and most product developers want sufficiently large single studies to have statistical
significance, so many of our larger studies involve about 20 NHP. There may be good reasons not to quantify your capabilities as
well, which | fully understand.

You rightly credit the collaborations with the French in building the laboratory; however, if your goal is to have a truly international
impact, you may wish to broaden comments on potential collaboration/collaborators as mentioned in one comment.

If I understand you correctly, you will be publishing the paper in your biosafety journal. If so, you may wish to expand your
comments on your training efforts to prepare your staff to safely and securely work in the new facility. You may also wish to
mention something about your security profile. As | recall, the entire campus has limited access with guards at entrances. You may
wish to comment on other mechanisms in place to limit access to high-risk pathogens—card-key access to labs, security personnel,
etc. You will not want to go into too much detail, but it might be appropriate, especially given the focus of your journal, to let
readers know that security is an important aspect of your program.

Very nicely done! Thank you for the opportunity to review the draft.
With best wishes,
Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

{f) 409-266-6810

{m) 409-789-2012
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Milestones of the laboratory construction
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As a critical part of the national high-level biosafety labomtoly network system, the construction
project of the Wuhan BSL-4 National Biosafety Laboratory (NBL) was officially approved by the
National Development and Reform Commission in 2005. Subsequently, Chmese and French
engineers and designers studied the operational state of the art high-contamment laboratories
worldwide, analyzed the geological and environmental conditions of the proposed construction site,
confirmed the operational role of the laboratory m Chia, then jomtly designed and constructed the
laboratory. The physical completion of the laboratory on January 31, 2015, s not only a great
symbol of Sino-French friendship, but also an mpressive accomplishment of the national high-
containment biosafety laboratory network. A fier the commissioning, cettification, and trial operation,
the laboratory was successfully accredited as an Animal Biosafety Level-4 (ABSL-4) labomatory by
the China National Accreditation for Conformity Assessment in accordance with CNA S-CL05:2009
and national laboratory standards on January 13, 2017 (Ref3), and acquired the official license of
handling risk group-4 (RG-4) pathogens from the National Health and Family Planning Commission
on August 17, 2017. The award of the accreditation certificate and the experimental activity license
demonstrated that the laboratory has the full capacity and authority to handle high-hazard viruses and
to study animal models of infection according to the regulations (Ref4). These events were a
landmark achievement for the National High-level Biosafety Laboratory System with recognition by
the Chinese national authority (Refd). In addition to the labormatory, a culture collection and
repository center called the “National Center for the Preservation of Pathogenic Microorganisms”
was established and authorized, relying on the facility and bio-contamment environment (Ref###).

...... { Formatted: Not Highlight

Wih these milestones, the NBL, as China’s first BSL-4 laboratory, has been put mto operation
formally and legally, with full capacity and authority to conduct virus stocking and scientific
research on virulent high-hazard viruses. The long-term aim- ofthe institute is to establish the NBL

»[ Formatted: Not Highlight

as a comprehensive research and development center for infectious diseases, a national biological
center, and a WHO reference laboratory. In addition, this laboratory will become a stepping -stone for

Chinese and French %cientists} in fighting nfectious disease and will also serve as a cornerstone m

globalhealth security. (Fig.1)

Fig. 1 The BSL-4 facili ty building

Nature of the laboratory

The laboratory is located in Zhengdian Scientific Park, a few kilometers away from the Yangtze
River in the Jiangxia District, Wuhan City, Hubei Province. In addition to the new NBL, one BSL-3,
two BSL-2s, molecular diagnosis and cell culture laboratories, and other nearly operational research
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facilities and platforms to support virology research and animal rearing are also located m the patk,
making this research park a modem, comprehensive national and regional vimlogy research and
development center.

The BSL-4 laboratory stands as an independent building with a total area of 3266 M2, It comprises
two sections: a square laboratory body stucture and a circular auxiliary stircture, both inter-linked
by a closed comridor. All the equipment and functional units were fitted into the three floors of the
square stiucture. The basement and upper zones are equipped with life mamntenance and differential
pressure systems (compressed respiratory air and environmental air handling plenums with High
Efficiency Particulate Air [HEPA] filters), continuous liquid effluent heat treatment devices and
chemical disinfectant tanks, heat exchange systems, water treatment devices, and air conditioning
units. All of this equipment s connected to other functional facilities distributed in other zones,

within the NBL, through a pipeline i{letwork. Thus, all contaminated air, water and solid waste 15 .~ comment [A3]: Please changs “Technical
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to being a practical passdge for the purpose of overseeing by the biosafety officer and managers (Fig.
3). The installation of an outer bulletproof glass and Emtmost porous hluminum plate not only provide "

“Eguipment interlayer zone’
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an extra protective measure, but also bring value m the form of'heat msulation and eventual energy
savings forthe laboratory

The laboratory is composed of 10 technical systems, mcluding the power supply, thermal supply,
containment, air treatment system, waste disposal, life mamtenance, automatic control system, fire
ae stable unidirectional negative

control, security system, and isolation facilities, which guarantees s

type biosafety laboratory, in which the staff inside are completely protected by a whole-body
positive-pressure protective suit supplied with conditioned Lmj

o mment ILIIST Would vou like include

mention of the mexinum nimber of

The containnent laboratory s fitted with equipment that meets the requirements of biosafety persannel that can b supported by the Bstd
management and high-containment pathogen research, mcluding Labconco biological safety cabmets e supply Systerm st any siven timer
(BSC), animal breeding and isolators, Teen independent air transport cages, Tecn animal cages, '

Ehret monkey cages,>— g Thermo anatomy table, CO, incubators, fluorescence microscopes, .- Formatted: Subscript

quantitative PCR amplifiers, refrigerators, and fieezers.

Fig. 3 Two technicians working

inside the laboratory

Comment [d6]: Figures need to re-order

Fig. 4: The animal cages for rodent (A) and non-human primate (B) infection, and the
autopsy table in three separatedroom in the BSL-4

Main s cientific research priorities
The labomatory is designed and equipped to conduct research on RG-4 pathogens such as the Fbola
virus, the Nipah virus, the Crimean-Congo Hemorrhagic Fever (CCHF) virus, the Lassa viws, the

Junin virus, the SARS-0V| the Marburg vims, and so on. According to the lab’s biosafety .| comment [t 7] 1s SRS Cov consicered 2
protection level, personnel ability, and management status, the research activities that can be BEG 4 pathogen it Chine?: {think we Handls it
conducted in the laboratory range from low-risk manipulation of cell culture propagation, to rodent SEESLE This will be inpostant 1 vou want to

mfection, and ultimately to the infection of non-human primates. Similarly, pathogen manipulations Ahire strsins
are gradually conducted from the low-risk CCHF virus to other more virulent pathogens such as the '

Ebola virus, the Marburg virus, and the Tassa viius. According to the license issued by the National

Health Plannng Commission and the availability of virus resources, the laboratory has already

implemented projects on cell culture models, animal models, pathogenesis studies, and prelimmary
trials of antiviral drugs as well as vaceme development for the CCHF virus, which used to be called
[PAGE \* MERG EFORMAT]
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the Xmjiang hemorthagic fever virus, causmg sporadic animal infection during the last few decades
in Northwest China (6).

The laboratory has established short- and long-term collaborative links with counterparts in the USA

and France; we are seeking additional beneﬁcial}gigpgf}q” and operational partnerships with other i comment [A8]: “true’? Maybe “beneficial’?
laboratories around the world, with the purpose of sharing specimens, reagents, technology, good

practice, and expertise; the eventual goal is for there to be effective collaboration within the

mtemational laboratory community to address the threat of emerging and re-emergmg mtectious

diseases locally and intermationally (7).

. /,, Comment [A9): “The strategic plan”

EI'he strateglc role and capacity strengthenin ]
s-sb-theAcenrdie 1o the aboratory’s operational orientation and €

requlrements @he laboratory was designed and will operate as the research and development center
for infectious disease, as a national biological resource center and as a WHO reference labomlory.J ““““““““““““““ ‘ Comment [d10] : Repeat with previous
As a comprehensive national biosafety research center, it will play an idispensable role m the Eparagraph_

prevention and control of infectious diseases m China. In order to realize these key goals and ’
functions, we must assure the safe and secure operation of the labormatory, mcrease its capacity as a
core culture collection resource, enlarge its scientific research capacity, support and promote the
overall response capacity for public health emergency preparedness, provide expert suppoﬁ to
national biosafety strategies, and contribute to the broader labomtoty network Eystcm
ensure the safe and efficient operation of the laboratory through the principles of
transparency and sharing™,” benefiting national securlty and global health security.
{replaced with the new vernion of i

Camment [LIWTLY Would you like t6 mention
Your traifing progiam to prépare staff for

work in biccontairment ?

i Formatted: Font: }

On_ Februarv 22, 2017, an article entitled “Inside the Chinese kb poised to sl’udy world’s _most
dangerous pathogens.” by David Cyranoski, elicited a range of opmions m the form of discussions
among scientists, both m Chma and abroad. Some scientists regard China’s fist Biosafety Level 4
(BSL-4) labomtory as a “big status symbol m biology” that will usetullv contribute to and benefit
olobal health security, whereas othes express considerable concem regardmg the potential biosafetv
and biosecurity risk posed by the new laboratory (Refl).

References
1) David Cyranoski, Inside the Chinese lab poised to study world's most dangerous pathogens,
Nature, 2017, 542:399-400,
23 WHO. Summary ofprobably SARS cases with onset ofillness fiom 1 November 2002 to 31 July
2003. WHO, [HYPERLINK "http://mww.who.nt/cst/sars/country/table 2004 04 2 l/en/”][(2004)j ,,,,,,,,,,,,,,,,,, | Comment [d12] : Page not found
3) State Council ofthe People's Republic of China, Regulation on administration of biosafety in
pathogenic microorganism laboratories, 2018, [HYPERLINK
"hitp/jiuban.moa gov.en/twilm/zxbs /xok /s py1/201 706/1201 70606 5662359 him! ]B e Comment [d13] :Not the right link
4) China National Standards Committee, Laboratory-general requirements for biosafety ((rBl 9489-
2008), 2008, [ H YPERLINK
"http://c.gb688.cn/bzgk/gh/s howGh?typ e=online&hcno=EB3BS4B543F6 B4 CD18C044DE6ABGACEC"].
5) National Development and Reform Commission of China, Planning ot high-level biosafety
laboratory system construction, 2016. [ H YPERLINK
"hitp://www.ndrc.gov.en fzcfb /zcfbtz/201612/t20161220 _830455.html"]
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» [ HYPERLINK
“https://www. ncbi. nlm. nih. gov/pubmed/?
term=Moming%20A%5BAuthor%5D&cauthor=tr
ue&cauthor uid=29524182" ] [ HYPERLINK
“https://www. ncbi. nlm. nih. gov/pubmed/?
term=Yue%20X%5BAuthor%5D&cauthor=true&
cauthor_uid=29524182” 1.[ HYPERLINK
“https://www. ncbi. nlm. nih. gov/pubmed/?
t erm=Shen%20S%5BAuthor%bD&cauthor=true
&cauthor uid=29524182" ] chane
¢ [ HYPERLINK
“https://www. ncbi. nlm. nih. gov/pubmed/?
t erm=Wang%20C%5BAuthor%sD&cauthor=true
&cauthor uid=29524182" ] [ HYPERLINK
“https://www. ncbi. nlm. nih. gov/pubmed/?
t erm=Luo%20T%5BAuthor%bD&cauthor=true&
cauthor uid=29524182" ] [ HYPERLINK
“https://www. ncbi. nlm. nih. gov/pubmed/?
term=Zhang%20Y%5BAuthor%5D&cauthor=tru
e&cauthor uid=29524182” 1 [ HYPERLINK
“https://www. ncbi. nlm. nih. gov/pubmed/?
t erm=Guo%20R%5BAuthor%bD&cauthor=true&
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cauthor_uid=29524182" 1.[ HYPERLINK
“https://www. ncbi. nlm. nih. gov/pubmed/?
t erm=Hu%20Z%5BAuthor%bD&cauthor=trueé&c
author uid=29524182” ] [ HYPERLINK
“https://www. ncbi. nlm. nih. gov/pubmed/?
term=Zhang%20Y%5BAuthor%5D&cauthor=tru
e&cauthor uid=29524182" 1 [ HYPERLINK
“https://www. ncbi. nlm. nih. gov/pubmed/?
t erm=Deng%20F%5BAuthor%5D&cauthor=true
&cauthor uid=29524182" ] [ HYPERLINK
“https://www. ncbi. nlm. nih. gov/pubmed/?
t erm=Sun%20S%5BAuthor%5D&cauthor=true&
cauthor _Ui d=29524182” ] , Prevalence and Phylogenetic A nalysis

ot Crimean-Congo Hemorrhagic Fever Virus in Ticks from Different Ecosystems in

Xinjiang, China, [ HYPERLINK
“https://www. ncbi. nlm. nih. gov/pubmed/2
9524182” \o “Virologica Sinica.” ] s

33(1):67-73.

7y [ HYPERLINK "https://www researchgate net/scientific-
contributions/2148527743 James W Ie Duc? sg=jYwkkXaeO7SEceb3lG8i9ad40ToAbdwD8y
A2QalpzA SED8nAjlyGxtlpSaKkpsn al xiKnil.p423eTjvaXHhvjEYZ1xqvghux-
¢ X giH6GwIRnNilibHeevUC _ezZK TwjeZGoRQSIL-NpI3OQVILQFTbZImIMIAw" | and Zhi-
ming Yuan, Network forsafe and securelabs., Science, 362:267-267

Related news and reporis

[ HYPERLINK "http://www.chinadaily.com.cn/china/2015-01/31/content 19457709.htm" |
China opens National Biesafely Laboratory in Wahan
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By Cheng Yingo Chinadailv comenilindated: 20150131 1634
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From: LeDuc, James W. [/O=EXCHANGELABS /OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DFO8E29C4439E88A04BABFFB162AD-JWLED UC]

Sent: 5/6/2019 4:16:05 PM

To: Gail Bernabe (gbernabe@niaid.nih.gov} [ghernabe@niaid.nih.gov]

cC: Shi, Pei yong [peshi@UTMB.EDU]

Subject: FW: Call Announcement - Advanced Customer Cultivation Projectof Wuhan National Biosafety Laboratory, Chinese

Academy of Sciences
Attachments: Call Announcement.pdf.pdf; Application Form.doc

Gail, thanks for taking my call this morning and for your suggestions as to possible finding sources for
collaborative work with China. Attached are the original announcement and the application form for the
program we discussed. We have already submitted a proposal and if successtul, we would begm work in
Wuhan later this year. My goal s to identify a similar finding mechanism that would allow the US side
partners to receive similar support for these collaborations. Our vision is that the work will be conducted in true
collaboration with some undertaken i the US and some in Wuhan by investigators that are m frequent contact
and vistting each other frequently.

Best wishes,

Jim

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory

University of Texas Medical Branch

Galveston, TX 77555-0610

(t) 409-266-6500

() 409-266-6810
(m) 409-789-2012

Wuhan National Biosafety Laboratory, Chinese Academy of Sciences

Advanced Customer Cultivation Project

From: & <zhanghan@wh.iov.cn>

Sent: Thursday, May 24, 2018 9:40 PM

To: LeDuc, James W. <jwleduc@UTMB.EDU>

Subject: Call Announcement - Advanced Customer Cultivation Project of Wuhan National Biosafety Laboratory, Chinese
Academy of Sciences

Dear Prof. LeDuc,
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Wuhan National Biosafety (P4) Laboratory of Chinese Academy of Sciences (CAS)  has been put into
operation recently. Relying on the major science and technology infrastructure, the Advanced Customer Cultivation
Project initiated by Wuhan Institute of Virology, CAS aims to cultivate national high-level biosafety talents, to
output significant scientific and technological breakthroughs and achievements, and to promote the scientific and
technological support capabilitics for biosafety and public health.

Now this project is open for application globally. Here we are writing to request your consideration to help to
promote this project. If available, could you please review the call announcement and help to forward this notice to
the relevant resecarch fellows m your side?

We welcome your potential application and thank you very much for your great support.

project website : hitp//english.whiov.cas.cn/Notice2016/201805/120180518 192593 html

With best wishes,
ZHANG Han
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Wuhan National Biosafety Laboratory, Chinese Academy of Sciences

Advanced Customer Cultivation Project

Call Announcement

Relying on the major science and technology infrastructure, this project aims to
cultivate national high-level biosafety talents, to output significant scientific and
technological breakthroughs and achievements, and to promote the scientific and
technological support capabilities for biosafety and public health. According to the
scientific and technological development programs of China, Chinese Academy of
Sciences (CAS) and Wuhan Institute of Virology (WIV), CAS, the Call
Announcement of Advanced Customer Cultivation Project of Wuhan National
Biosafety Laboratory, CAS is released. Please apply for the project accordingly. The

specific contents are as below:
I. Background

Wuhan National Biosafety Laboratory, CAS (hereinafter referred to as Wuhan
P4 laboratory) mainly includes protective facilities and experimental equipments for
researches on highly pathogenic pathogens. It is incorporated into the management of
national major science and technology infrastructure. The project is guided by the
principle of “P4 scientific and technological innovation” which means to conduct
scientific experimental activities by utilizing Wuhan P4 laboratory or to conduct

scientific researches on the biosafety level 4 (P4) pathogens.
II. Management

Advanced Customer Cultivation Project is funded by CAS. The application,

review, management and budget implementation are conducted according to
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Measures of Academy-Level Scientific Research Projects of CAS and according to

relevant measures of WIV, CAS.

111, Qualification

1. The project leader shall be professor or principal investigator with the doctoral
degree.

2. The project leader and team members shall be equipped with high-level
research capability, solid research foundation and reliable time commitment. Team
application is encouraged.

3. To better cooperate and utilize resources of the sharing research platform,
research team at home and abroad is encouraged to jointly apply with the research

group from WIV, CAS.

IV. Budget

1. Funding

The project application is globally oriented. The categories of the projects
include general project and key project with the budget of RMB 250,000/project/year
and RMB 500,000/project/year respectively while dynamic adjustment shall be made
according to the total budget appropriated by CAS.

2. Period

(1) The implementation period of the project can be 1 to 3 years while the
assessment period is 1 year. The project with excellence in the annual assessment can
be further funded preferentially.

(2) The budget will be implemented in WIV, CAS. The budget implementation
period is 1 year. During the project execution, the project team shall accept the review
and examination on task and budget implementation organized by WIV, CAS, and

complies with the relevant measures of project prescribed by our institute.

V. Guideline
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1. Application

(1) The applicant’s organization should provide the opinions and agreement to
the application while providing support for the project implementation.

(2) The experimental activities on high-level pathogenic microorganism must be
complied with relevant Chinese requirements on biosafety laboratory. At the
meanwhile, the project members shall be experienced and the participating
organization shall provide guarantee conditions.

2. Approval

(1) Under the guidance of Academic Committee of WIV, CAS, a review
committee consisting of 7 to 9 experts shall be organized for Advanced Customer
Project, which will include experts on microbiology, biosafety, ethics, animal
experiments and P4 laboratory management. The review committee shall obey the
avoidance principle.

(2) The committee will conduct the proposal selection and after the opinion
passed the review by W1V, CAS, results of project approval will be released publicly.

3. Implementation and Assessment

(1) The project leader assumes full responsibility for the Advanced Customer
Cultivation Project. The project leader shall fulfill the responsibility as an organizer
and shall take charge of the preparation of research plan and implementation scheme
for this project and be responsible for the timely accomplishment of the project tasks.

(2) Within 2 months before the end of budget implementation period/project
conclusion, the project leader shall submit to WIV, CAS the annual assessment
report/summary report for project conclusion and assessment. The review committee
will organize the project conclusion and assessment, and submit the assessment
opinions to WIV, CAS. A general report will be submitted to CAS.

(3) The research achievements attained during the project implementation,
including theses, monographs, patents, software and database etc. shall be marked
with “Funded by Advanced Customer Cultivation Project of Wuhan National
Biosafety Laboratory, Chinese Academy of Sciences”. Any achievements unmarked

will not be counted in the assessment.
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V. Submission

The applicant shall download the Application Form of Advanced Customer
Cultivation Project of Wuhan National Biosafety Laboratory, CAS, fill in the form
according to the instruction, submit the paper version (including signature and
organization seal) of the application form, the approval certificate of animal welfare
and ethics, the guarantee certificate of research condition for high-level pathogens and
the electronic version of the corresponding materials before June 18™ 2018 (subject
to the posting time). The paper version of the materials shall be submitted in duplicate.
The foreign applicant shall send the electronic version of the materials to

zhanghan@wh.iov.cn, while the Chinese applicant shall sent the electronic materials

to chendd@wh.iov.cn.

Address:

Wauhan Institute of Virology, Chinese Academy of Sciences
Room 105, No.3 Building

No.44, Xiaohongshan, Wuchang District, Wuhan, Hubei, China
Postcode: 430071

Contact: +86-27-87197115

Attachment: Application Form of Advanced Customer Cultivation Project of

Wuhan National Biosafety Laboratory, CAS

Wauhan Institute of Virology
Chinese Academy of Sciences

May 18" 2018
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Confidentiality level

Wuhan National Biosafety Laboratory, Chinese Academy of Sciences
Advanced Customer Cultivation Project

Application Form

Project name:

Project leader (Signature):

Organization:

Phone number:

E-mail:

Made by Scientific Research Office of Wuhan Institute of Virology, CAS
Filled in on (d/m/y)

[PAGE ]
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Instruction for Form Filling

[=1\* ROMAN|. Instruction for form filling

1. The mam body of the project apphcation form consists of seven parts: “research background”, “research

EE I3

technical route”, “expected outcomes”, “basic mformation of organization”, “introduction of

2 &

contents”,
the leader and participants” and “budget”.

2. The content of application form will be taken as important basis for project review and the signing of
assignment, therefore, each item of the application form must be true, complete, accurate and clarified.

3. The application content of this project must obey the apphcation requirements of the Advanced Customer
Cultivation Project of Wuhan Institute of Virology, CAS.

4, The text of the application form shall be filled in by the “Times New Roma” typeface in 12pt fonts. The
text (inchades the title) shall be written with a 1.5 times spacing. For all the items without any content to
be filled in, please fill in “none”.

5. For name of organization, please fill n the full name which shall be consistent with that on the official
seal of the organization. The paper print of apphcation form shall be consistent with the electronic
version filled in online. The paper print shall be signed by the project leader and the date of form filling
shall be truthfully indicated.

6. After the form is filled m completely, the applicant’s organization shall review the truthfulness,

completeness and effectiveness of the mformation filled in.

[=2\* ROMAN|]. Instruction for application

1. The applicant shall be responsible for the truthfulness and completeness of the application materials.
2. All the application materials shall be submitted in duplicate m A4 book size in print (double page) or n

regular script.
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Basic Information

Project name
[ Frontlne of the fundamental [IMajor common key technology [ Application
Type of project
demonstration research [1Others
Budget Total estimate: (RMB 10,000 yuan)
Implementation period From (d/m/y) to (d/m/y)
Assessment period From (d/m/y) to (d/m/y)
Name Nature
Organization| Correspondence
Code
Address
Name Sex Birthday
Project Type of certificate Certificate No.
leader Highest degree
Title Duty
Research Person to
Principal Investigator
group in contact
(Signature)
WIV, CAS {Signature)
Total Assistant Doctor Master
Senior | Intermediate] Junior Post-doctor
Project team| number personnel candidate | candidate
Time
Degree of
Name Age Title Commitment Task Assignment Signature
education
(Months >
Leader and
participants
of the project
[PAGE ]
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Text

[=1\* ROMAN]. ResearchBackground

(within 300 characters)

[=2\* ROMAN]. ResearchContents

(within 500 characters)

[=3\* ROMAN|]. Technical Route

(within 500 characters)

[=4\* ROMAN]. Expected Outcomes

(within 200 characters)

[=5\* ROMAN|]. BasiclInformation of the Organization

(within 200 characters)

[=6\* ROMAN]. Introduction of Leader and Participants

(within 300 characters)

[PAGE ]
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[=7\* ROMAN]. Budget

Unit: RMB 10,000 yuan

Budget Form of Project Expenditure

Detailed
Item Amount
calculation

1.  Equipment

(1) Equipment purchase

(2) Trial-manufacture purchase

(3) Equipment modification and rent

2. Reagents and consumables

3. Analysis

4.  Fuel and power

5.  Travel/meeting/international cooperation and exchanges

6. Publication/literature/information dissemmation/mtellectual property

7. Labor costs

8.  Expert consultation

9.  Other expenditure

Total

Note: Budget preparation and expenditure execution arc conducted according to Measures of Academy-Level

Scientific Research Projects of Chinese Academy of Sciences.

[PAGE ]
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[|=8\* ROMAN|. Reviewopinions of applicant’s organization
Organization (official seal) Principal (Signature)

(d/m/y)

[=9\* ROMAN|. Opinions of the Review Committee
Chairman of Committee (Signature)

(d/m/y)

[=10\* ROMAN ]. Opinions of Wuhan Institute of Virology, CAS
Director General (official seal)
(d/m/y)

[PAGE ]
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To: George F GAO[gaof@im.ac.cn}

Cc: Shi, Pei yong[peshi@UTMB.EDUJ; Ts&RiPiesfefaFOK Rrtdeliga Y fiois ou)

From: LeDuc James W [/O= EXCHANGELABS/OU EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=937DF08E29C4439E88A04BABFFB162AD-JWLEDUC]
Sent: Thur 1/16/2020 1:55:36 PM (UTC-06:00)

Subject: new Coronavirus

Chinese Response to New Virus Shows Promise Le Duc-14Jan20.docx

Lethal and nonlethal ACEZ transgenic mouse lineages 2009.pdf

Hi George,

Congratulations on China’s response to the emergence of another new coronavirus. Under your strong ieadership, you and your
colleagues have prepared China well for this new threat and | think that it is important that your efforts are recognized. The link
below is to an article published earlier this week in WIRED magazine where | am quoted on the stark differences in response
between SARS and now. In addition, | just submitted the attached essay to the Houston Chronicle as an Op Ed. | haven’t heard yet
if it has been accepted, but if they don’t take it, I’ll try elsewhere. This is a good story at a time when we need one.

As you might expect, we are following the evolving story on nCoV from Wuhan very closely and we are eager to get an isolate for
antiviral testing. Dr Tseng’s lab here in the GNL has developed a transgenic mouse model for SARS that is very useful and we are
anxious to see if it can be used for the nCoV as well. Any suggestions on how we might obtain an isolate would be most
appreciated, and if you would like to send an investigator here to the GNL to work with Dr Tseng on the antiviral screening and
further development of the animal model, we would welcome the collaborations. A copy of his publication is attached.

With best wishes,

Jim

Here's a link to the story, which published this morning.

James W. Le Duc, Ph.D.

Director

Galveston National Laboratory
University of Texas Medical Branch
Galveston, TX 77555-0610

(t) 409-266-6500

{f) 409-266-6810

{m) 409-789-2012
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Chinese Responseto New Virus Shows Promise

Fast action and open communications by China may be saving the world from another
devastating infectious disease outbreak. Many will recall the dark days in the spring of 2003
when Asia and the world were threatened by the appearance of a new virus disease, Severe
Acute Respiratory Syndrome, or SARS, which first appeared in southern China and quickly
spread to other countries around the world, uliimately causing over 8000 cases with nearly 10%
of those ending in death. SARS was caused by a novel coronavirus then unknown to medical
science. There was no known cure, no diagnostic tests and little understanding of where it
came from or how it was spread, although person-to-person transmission was obvious as health
care workers treating the first cases were themselves among the early victims. Initially, China
was reluctant to share information or alert the international community of the magnitude of the
epidemic, leading to international criticism and a dangerous global health situation. Fortunately,
under pressure, China reversed its position, opened its borders to collaborations with the WHO,
U.S. and others, and the epidemic was eventually controlled.

Today, another novel coronavirus has been discovered, again in China; however, this time, less
than two decades later, things are very different. Chinese health officials recognized that a new
disease had emerged, quickly isolated the patients, and instituted an impressive set of
interventions to limit the spread of disease and characterize the new pathogen. Importantly,
they have been very transparent in sharing their findings with the world, thus allowing cther
nations to be on the lookout for the new disease. The outbreak is still in the early stages and
fortunately, preliminary resuits suggest that the new virus is not easily transmitted from person-
to-person. While only about 40 patients have been identified, there has been at least one
death, and a patient is now hospitalized in Thailand, having traveled from the outbreak site in
Wuhan, China. The genome of the new virus was completely sequenced and posted for easy
access by experts around the world, allowing rapid exploration of possible treatments,
development of diagnostics and epidemiological investigations.

China’s ability to respond quickly and efficiently to this new threat is the result of nearly two
decades of investments and collaborations to improve public health in China. The Chinese
Centers for Disease Control incorporates many of the strengths of our own CDC, but is
designed to meet the needs of a 1.4 billion plus population. In addition, China has invested in

building a robust scientific capacity and partnered with containment laboratories such as ours to
incorporate best practices when studying dangerous pathogens.
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The current outbreak clearly demonstrates a new openness to health information sharing with
the giobal community. To diagnose an outbreak early requires astute healthcare providers able
to recognize when something new or unusual is occurring; however, clinical recognition alone is
meaningless if there is no capacity to investigate the cases or characterize the disease-causing
agent.

For the last few years, the D.C.-based National Academy of Science, Engineering and Medicine
has worked with the Chinese Academy of Sciences to build relationships and share information
on emerging diseases and advancements in the development of vaccines and treatments. In
Galveston, we have welcomed leading Chinese health officials to learn about biocontainment
facility design and construction, biosafety training and laboratory operations. These

collaborations, along with U.S.-based educational opportunities for Chinese students, benefit us
all.

China’s response to the new coronavirus clearly demonstrates that their investments both in
physical laboratories and scientific diplomacy over the past decade are paying dividends, not
only to China, but the entire world. Since infectious diseases do not recognize international
borders, much must still be done with this current and quickily evolving situation, including the
sharing of clinical material, information on containment and treatment options. The international
community can assist with studies to determine the original source of infection, assumed to be
zoonotic.

At a time when US-China relations are being tested, it is important to note that relations within
the public health and scientific research arenas remain positive, which is a success story worth
sharing.

James Le Duc, PhD, is the Director of the Galveston National Laboratory at the University of
Texas Medical Branch and a professor in UTMB’s Department of Microbiology and Immunology.
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We previously reperted that transgenic (Tg) mice expressing human angiotensin-converting enzyme 2
(hACEZ), the receptor for severe acute respiratory syndrome coronavirus (SARS-CoV), were highly susceptibie
to SARS-CoV infection, which resulted in the development of disease of various severity and even death in some
lineages. [n this study, we forther characterized and compared the pathogeneses of SARS-CoV infection in two
of the most stable Tg lineages, ACT0 and AC22Z, representing those susceptible and resistant to the lethal
SARS-CoV infection, respectively. The kinetics of virus replication and the inflammatory responses within the
lungs and brains, as well as the clinical and pathological cutcomes, were assessed in each lineage. In addition,
we generated information on lymphocyte subsets and mitogen-mediated proliferation of splenocytes. We found
that while both lineages were permissive to SARS-CoV infection, causing elevated secretion of many inflam-
matory mediators within the lungs and brains, viral infection appeared to be mere intense in AC70 than in
AC22 mice, especially in the brain. Moreover, such infection was accompanied by a more profound immune
suppression in the fermer, as evidenced by the extensive loss of T cells, compromised responses to concanavalin
A stimulation, and absence of inflammatory infiltrates within the brain. We also found that CD8™Y T cells were
partially effective in atlenuating the pathogenesis of SARS-CoV infection in lethality-resistant ACZZ mice.
Coliectively, our data revealed a more intense viral infection and immunesuppression in ACT¢ mice than in
ALC22 mice, thereby providing us with an immunopathogenic basis for the fatal cutcome of SARS-CoV infection

in the ACT} mice.

Severe acute respiratory syndrome coronavirus (SARS-
CoV} emerged as a public health threat in November 2002,
and by July 2003 this previously unknown virus had spread to
29 countries in five continents. This outbreak resulted in more
than 8,000 cases and 774 deaths and was accompanied by a
devastating social, economic, and medical impact worldwide
{15). It is generally believed that the reservoirs of SARS-CoV
are the Chinese horseshoe bat (Rhinolophus sinicus), palm
civet cat, and other exotic animal species. These species are
sold in markets as sources of food for human consumption and
are believed to be responsible for the first cases in southern
China (16, 20}. Cuarrently, it is a matter of debate as to whether
SARS-CoV will make the transition from animals to humans
or if such a transition will again result in a global pandemic.
However, SARS-CoV and the conditions that fostered the first
outbreak continue to exist in southern China, posing a threat
for its reemergence. Thus, effective prophylactic or therapeutic
strategies against SARS beyond supportive care are needed
should reemergence of the virus occur in the future.

Corresponding author. Mailing address: Department of Microbiology
and Immunology, University of Texas Medical Branch, 301 University
Boulevard, (3.150 Keiller Building, Galveston, TX 77355-0609. Phone:
(409} 747-0789. Fax: (409} 747-0762. E-mail: sktseng@utmb.edu.
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The exact mechanism of SARS pathogenesis remains un-
known. Evidence has shown that SARS-CoV is transmitted by
large droplets, likely via aerosol or fecal-oral routes, with the
fungs being the main pathological target. SARS patients ex-
hibited a wide-ranging clinical course, characterized mainly by
fever, dry cough, dyspnea, lymphopenia, various degrees of
pancytopenia, arterial hypoxemia, and rapidly progressing
changes in chest radiography (15). Studics with postmortem
fung tissues revealed diffuse alveolar damages, with prominent
hvperplasia of poneumocytes, and an increased accumulation of
activated macrophages. Strikingly, these pulmonary manifesta-
tions usually cccurred after the clearance of viremia and in the
absence of infections by other opportunistic agents. The pul-
monary damage in SARS patients could be caused directly by
viral destruction of permissive alveclar and bronchial epithelial
cells, Such a delay in revealing reactive hemophagoceytosis and
other pathological manifestations within the lungs of patients
severely affected by SARS strongly suggested that overly in-
tense host inflaramatory responses to the infection may play a
major role in the pathogenesis of SARS. The likelihood of
SARS being an immune-mediated disease was further sup-
ported by the highly elevated expression of various innate
inflammatory cytokines in the circulation of SARS patients, o
state commonly referred to as a “cytokine storm” (1, 3, 24, 30).
However, in the absence of recurring SARS epidemics, an
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animal model that mimics human disease is critical for defining
the exact cellular and molecular basis of SARS pathogenesis,
in order to develop effective preventive and therapeutic strat-
cgics against SARS,

The animal species permissive for SARS-CoV infection in-
clude mice (voung and aged) and some of their derivatives,
e.g., “knockout” and transgenic (Tg) mice, hamsters, ferrets,
and various noohuman primates. Unfortunately, infection in
these animal models does not result in clinical diseases resem-
bling those reported for human SARS cases (26,29}, and in the
case of primates, the costs of studying them are quite high, We
have focused our studies on characterizing the pathogenesis of
SARS-CoV infection in Tg mice expressing human angioten-
sin-converting enzyme 2 (hACH?2), the functional receptor of
SARS-CoV (19), esiabhshcd in our laboratories. Qur initial
characterization from two different lineages of hACE2 Tg mice
(ACTO and AC63) clearly demonstrated that the Tg expression
of hACE?2 makes the otherwise resistant mice highly suscepti-
ble to SARS-CoV infection, resulting in an overwhelming in-
fection, especially in the lungs and brains of both lineages,
accompanied by a clindcal iflness of varying severity (32). Spe-
cifically, mice of the ACT0 lineage developed an acute wasting
syadrome that resulted in 100% mortality within a week fol-
lowing the infection, whereas AC63 mice eventually recovered
from the diseases without suffering any mortality, despite pro-
gressive weight loss and other signs of illness. Although SARS
tikely stems from an unregulated and often excessive inflam-
matory response, the exact nature of the host responses and
their correlation with the severity of the discases associated
with SARS-CoV infection are not entirely clear. The exhibition
of such a strikingly different final outcome to SARS-CoV in-
fection, i.e., lethal versus nonlethal, among lineages of hACE2
Tg mice makes it useful for establishing the correlates between
host responses and SARS pathogenesis. The small litter size
and the inconsistent hACE2 expression in AC63 mice led us
choose the other lethality-resistant hACEZ Tg Hneage, AC22,
for the subsequent characterization of host responses to
SARS-CoV infection.

In this study, we infected BACE2 Tg ACT0 and AC22 mice
with an equal amount of SARS-CoV (ie., 10° 50% tissue
cufture infective doses [TCIDg]) to compare the correlates
between various aspects of host immune responses (e.g., proin-
flammatory cytokines, modulation of ymphocyte subsets, and
mitogen-induced proliferation of lymphocytes) and the
pathogenesis of SARS-CoV infection. The data presented in
this study extend our previously reported observations con-
cerning the differential pathogenesis of SARS-CoV infec-
tion in hACEZ Tg mouse lineages that are either highly
susceptible or resistant to lethality following SARS-CoV
infection. We believe that our results provide insight into
the cellular and molecular basis of host immune responses
relevant to the final outcome of murine SARS-CoV infec-
tion.

MATERIALS AND METHODS

Mice. Tg mice expressing human ACE? were generated as previously de-
scribed (32). Among the five established Tg lineages, three (ie., ACIZ, ACS(,
and AC70) and two (le., ACZ2 and ACE3) were susce and resistant to
lethality in response to SARS-CoV, respectively (Table 1). The tissue expression
profiles of hACEZ in AC22 and ACT0 mice were developed following semiquan-
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TABLE 1. Differential outcome of hACEZ Tg mouse lineage to
SARS-CoV infection

Transgenic Morbidity Mortality  Mean survival
lineage {weight loss, etc.) (%) time (days p.i.)
ACTD 3 + 106 6.2
ACS0 3 + 100 6.8
AC12 3 + 100 4.5
AC22 6 + O —F
ALCE3 6 + 6

----- . not applicable.

titative reverse trans on-PCR (RT-PCR) by using hACE ific primers
(forward, 5-AGGATGTGCGAGTGGCTA-R'; reverse, 5-AGGGCCATCAG
GATGTCCA7), as we previvusly described (35). Por thi
ACT0 and AC22 lineages, which are two of the most stable lines with regard to
hACEZ expression, breeding efficiency, and litter

In some experiments, CD8" T-cell-depleted Tg AC22 mice were used for
assessing the role of this in the host responses against SARS-CoV
infection. To deplete ( ‘DS’ T cells, we injected (intraperitoneally [ip.}) two
d (50 pgiper do\( 3 days apart) of anti-uouse TD8 monoddonal antibody
{clone 2.43) oran i wyps—matched rat immunoglobulin G (IgG) antibody (clone
S), RE) as contro e extent of dep ed at day 2 after the last
antibody treatn v obtaining splenocytes and analyzing them for the presence
of CD3" CD8™ T celis by flow cytometry. To ensure a persistent state of cell
depletion during the course of SARS-CoV infection, we treated Tg AC2Z mice
with either anti-CD8 antibody or control antibody at days —4, 1, +2, +5, and
+8, where dc\y 0 was defined as the time of SARS- COV chz\il@ngsh

tudy, we chose the

subs

N was ¢

dddl 1o 353ges in Vero }6 ce Us lhc, i
mined and expressed as TCID;y/ml, and the virus was stored at
throughout this study, All experiments involving infectious virus were conducted
at the University of Texas Medical Branch, Galveston, TX, under an animal use
and care protocol approved by the rsity of Texas B
in AALAC-accredited animal biosafer
Enfection of mice, body weight, iliness
mice, their non-Tg littermates, and CD&" T
7 weeks of age, )
in phosphate-buffered saline (PBS) that cor ted doses of §
tisus virvs, Control m lcx—‘ were inoculated with the same volume of PBS. Infected
e to allow us to monitor disease progression. In c\ddltlon,
f m lcc, was scored ifx'i pe: mk‘)tlv hy tw i

—80°C, and u<ed

were infected intranasa

Amsci dl"d 5, dmd In some experi
fca ; Is to obtain lung
mining viral infecﬁvhy titers, staining for viral antigen by immu-
iy (IHO), profiling the inflarumatory responses, and analyzing the
iogy. We also harvested the spleens of uninfected and SARS-CoV-
¢ rnice at ddys 2 and 4 i s 10 determine CD4
CD8 T-cell, B-cel ubsets and their response to
canavalin A (ConA) stimy tzn;i-:)n as de below,

Viras titers in the lungs and brains of infected mice. The lungs and brain
specimens obtained from rice at the indicated time points after infection were
weighed and homogenized in a PB5-10% fetal calf serum solution using the
lissueLyser-(Ciagen (Retsch, Haan, Germany) to vield 10% tissue suspensions.
After clarification by centrifugation, serial 10 fold dilutions of the tissue suspen-
sions were prepared and asse 5 o determi : 2
The titers of in ual samples were expressed as TCID o, per gram of t

FHC and bistepatholegy. Lung and brain tissues, obtained as described above,
were fined in 10% neutral bufered formalin, embedded in parafiin, and pro-
od for the subsequent THC and histopathology studies, as described previ
ously (32). Briefly, 5-pm sections were used to detect the expression of SARS-
CoV nucleocapsid (N) protein by using standard THC by sequential incubation
with rabbit-specific anti-SARS-CoV N protein antibody, phosphatase-conjugated

tibodies, and naphthol-fast red (as a substrate). Slides were coun-

ed time int

[ cicts]

secondary
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o was examined under differ-

terstained with hematoxylin, and antigen expr
ent magnific The hematoxylic-cosin-stained paraffic sections were used
for routine histopathological studies.

Cytokine and chemokine profiling. Gammma-irradiated ]m‘g and brain homog-
snates were subjected to infammatory profi lex Cytometric
Bead Asray (Bio-Rad, Hercules, CA), as de usly (32).

Flow cytometry and Cond-indaced protiferation of splenocytes. Splenocytes
were stained for fluorescein isothiceyanate- or phycosrvthrin-conjugated ar
CO3, -CD4, -CDS, -B220, and -CD14 and thelr corresponding lsotype-matched
control antibodies (all from CalTag Laboratories). These samples were them
analyzed with FACScan and ( dOiJ( st soﬁwim (BD B]Usp ]
previously (33). For det
TS nitogen stimu
S6-well, U-bottomed nmicrotiter plates in thc, presence or absz,mu: of Q(MA (2.5
pg/ml; Sigma- 1) for 3 days. The cultt ¢ pulsed with 1 pCiwell
{*Hithymidine (New England Nuclear) for the last 2 to 16 hin the culture. The
ncorporation of [PHthymidine was determined by liquid scintliation
and expressed as counts per minute {cpm) or stimul atmn index, which
was calcolated as total cpm of ConAs-stimulated cells/total cpm of unstimulated
celis.

Statistical anslysis, Statistical an
unpaired Student ¢ test. Unless otherwis
the means are shown,

were performed by using -tailed,
indicated, means * standard errors

RESULTS

Differential susceptibility of hACEZ Tg mice of different
lineages to SARS-CoV infection. Our observations on the
pathogenesis of SARS-CoV infection in two different lineages
of hACE? Tg mice, Le., the ACT0 and ACG63 lincages, were
reported previously (3 2) We continued to characterize the
remaining three lineages with regard to their susceptibility,
clinical manifestations {i.c., ruffled fur, lethargy, rapid and
shallow breathing, and weight loss), and mortality, if any. As
summarized in Table 1, all Tg lineages established were highly
susceptible to infection compdr\,d to their non-Tg littermates.
Like that of AC70 mice, infection of AC50 and ACI2 mice
with 10° TCIDs, of SARS-CoV resulted in the mice develop-
ing an acute wasting syndrome and eventually succumbing to
the infection with a 100% mortality rate, with a mean survival
time of less than 1 week postinfection (p.i.}. While the 50%
fethal dose of SARS-CoV for ACTO mice was approximately
1.7 log units, the prospective 50% lethal doses for ACS0 and
AC12 mice were not determined, largely due to the scarcity of
the available animals. In contrast to the lethality-susceptible
Hneages, AC22 mice, following infection with up to 10° TCID,,
of SARSB-CoV, survived despite cxhibiting weight loss and
other signs of clinical fllness. Importantly, the transcriptional
levels of hACEZ expression in various tissues of AC22 mice,
especially those of the lungs and brain, were lower than those
in Tg ACT0 mice (Fig. 1). This observation was consistent with
our earlier observation that Tg mice for which SARS-CoV
infection was lethal (e.g., AC70 mice) had much higher fevels
of hACE?Z expression than Tg mice for which infection was not
lethal {e.g., AC63 mice) (32).

Differential SARS-CeV-induced morbidity and meortality be-
tween AC70 and AC22 mice. To further establish the possible
correlates between host responses and such a strikingly differ-
ent outcome of the infection, groups of 21 and 31 age-matched
ACT0 and AC2Z2Z mice, respectively, were inoculated (Lo.) with
the same dose of SARS-CoV, Le., 10° TCID,/60 wl of SARS-
CaoV. Infected mice were monitored daily for morbidity and
cumulative mortality, if any. In addition, three mice of each
fincage were sacrificed at daily intervals until day 5 and three

EFFECT OF SARS-CoV INFECTION ON HOST IMMUNITY 5453

F1G. 1. Hssue expression profile of hACEZ in the Ty mouse lin-
eages ACT0 (A)y and AC22 (B}, DNA-free RNAs extracted from dif-
ferent organs of Tg mice at 6 o 8 weeks of age were subjected to
RT-PCR analysm to evaluate the expression of TACEZ mRNA. The
RT-PCR products were analyzed on 29% agarose gels. The data shown
are representative of two mdcpemit,ntly conducted experiments.

AC22 mice were also sacrificed at days 6, 8, 10, and 12, thereby
allowing us to assess the infectivity titers of SARS-CoV in the
fungs and brains, two of the most prominent tissues shown to
support viral replication in our hACE?2 Tg mice (32). As shown
in Fig. 2, infected ACT70 mice started to manifest various signs
of illness, including ruffled fur, lethargy, rapid and shallow
breathing, trembling, and immobility, accompanied by a relent-
less weight loss, starting at day 3 p.i. The weight loss of infected
ACTO mice at day 3 was approximately 159, and it reached up
to 20% of the animals’ total body weight before death by day
6 p.i. Despite their susceptibility to the infection, as evidenced
by the progressive weight loss, which could reach an average of
about 30%, infected AC22 mice gradually regained the lost
weight, starting at day 9 p.i In addition, infected AC22 mice
exhibited a much milder disease than the infected ACT0 mice
and eventually recovered without suffering any mortality,
which suggested to us that this lincage was indeed resistant to
fethal infection by SARS-CoV.

Kinetics of viral replication in the lungs and brain. Based
on the striking differences in the clinical symptoms as well as
the mortality after SARS-CoV infection in ACTO and AC22
mice, we compared the kinetics and distribution of SARS-CoV
replication in the lungs and brains between these two lineages.
Viral replication in the lungs reached a maximum at day 1 p.i,,
in which averages of 10%7 and 10%7 TCID,, SARS-CoV/gram
were recovered from ACT70 and AC22 mice, respectively, and
gradually declined thereafter (Fig. 3). However, at day 5 p.i. a
significantly higher level of viral replication was sustained in
the lungs of a single surviving AC70 mouse than in any AC22
mice. A low-grade viral replication in the lungs of some in-
fected AC22 mice continued until day 8 p.i. In conirast to the
subtle dissimilarity of the viral replication in the lungs, the
magnitudes and kinetics of viral infection within the brains of
these two lineages were remarkably different. Specifically, a
low level of infectious virus (~10%7) was first detected in the
brains of infected ACT0 mice at day 2. Viral replication within
this tissue proceeded rapidly thereafter, reached a maximum of
~10° TCID. /g at day 3, and remained prominent through day
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FIG. 2. Differential outcomes of SARS-CoV infection in ACT(0 and
AC22 Tg mice. Groups of hACE2 Ty and age-matched non-Tg mice
{control} (n = 14 to 31 mice/group) were infected intranasally with 10°
TCID,, of SARS-CoV (Urbani strain). The severity of clinical iliness,
t.e., weight loss (A), average illuess score (B), and cumulative mortality
{C), of infected mice was recorded daily as described in Materials and
Methods. Error bars indicate standard deviations.

Survivals (%)

S, at which time a titer of ~107 TCID.,/g was routinely recov-
ered. In contrast, SARS-CoV replication in the brains of in-
fected AC22 mice was relatively benign, in that a modest level
of infectious virus (~10%) was initially demonstrated on day 4
and gradually declined to a barely detectable level at both days
8§ and 10 p.i

THC and histopathology. The differential kinetics of wviral
replcation and the final outcomes of SARS-CoV infection
exhibited by AC70 and ACZ2 mice prompted us to investigate
the temporal and spatial patterns of viral distribution and the
pathological changes within the lungs and brains of infected
animals, THC staining for the SARS-CoV N protein clearly
indicated that bronchiolar and alveolar epithelial cells and the
neuronal cells were the primary targets of SARS-CoV infec-
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FIG. 3. Kinetics of viral replication in the lungs aud brains of
SARS-CoV-infected ACT0 and AC22 muce. ACTO {A) and AC22
(B) mice were infected with SARS-CoV as described for Fig. 1. Three
mice from each group were sacrificed at the indicated days after in-
fection for determining infectious virus titers in the lungs and brains by
the standard infectivity assay in Vero Eo6 cells. The viral titers were
expressed as logyy TCIDs, virus per gram of tissue. Data are shown as
means * standard deviations for three animals at each time point,
except for ACTO smice at day 5, where only one mouse survived the
infection.

tion in both Tg lineages. As shown in Fig. 4, an intense expres-
sion of viral antigen was first detected in the cytoplasm of
bronchial epithelial cells, and occasionally in alveolar epithelial
cells, at day 1. This viral antigen subsequently spread to the
alveolar epithelial cells at day 2 but was undetectable within
the lungs at day 3 and day 4 p.i. for the ACT0 and AC22 mice,
respectively. In contrast to its early expression within the lungs,
SARS-CoV N protein in the brain was not detected until day
3 and day 4 in infected ACT0 and AC22 mice, respectively {Fig.
5). Sustained expression of viral antigen was demonstrated
until days 5 and 10 in the brains of ACT0 and AC22 mice,
respectively. This temporal expression of viral protein in the
brain, as detected by IHC, was largely consistent with that
revealed by the viral infectivity titers (Fig. 3).
Histopathological studies of the fungs did not reveal any
obvious difference in the pulmonary pathologies between these
two lineages, even though the infection-associated pathological
process was faster in the AC70 than in the AC2Z mice. Patho-
logical changes in the tungs of both lineages started on day 1
and were characterized by a minimal-to-mild perivascular and
peribronchiolar inflammatory infilivation, accompanied by the
swelling and blebbing of epithelial cells lining bronchi and
broachioles (Fig. 6). Such a pathological process was followed
by the accumulation of cell debris, necrotic epithelial cells, and

Nelson_Judicial_Watch_TPIA_0394



Obtained via FOIA by Judicial Watch Inc.

YOL. 83, 2009

EFFECT OF SARS-CoV INFECTION ON HOST IMMUNITY 5455

FIG. 4. SARS-CoV antigen expression in the Jungs of AC70 and AC22 mice. Paraffin-embedded lung sections of BARS-CoV-infected ACT0
mice {A to C) and AC22 mice (D2 to ¥} were analyzed for the expression of SARS-CoV nucleocapsid protein by IHC, as deseribed in Materials
and Methods. Profound viral infection, as indicated by the inlense staining of viral antigen (ved), was first detected in the cvioplasm of bronchial
cpithelial cells (A and D) at day 1, subsequently spread to the alveolar epithelial cells at day 2 (B and E), and subsided to cither an undetectable
level (C) or a lower level (F) in ACT0 and AC22 mice at day 3, respectively. Original magnifications, x40,

inflammatory cells within the bronchiolar lumen, along with
interstitial thickening on day 2 pd. As a consequence of re-
duced cellular infiltration, the interstitial thickening gradually
subsided on day 3 in infected ACT0 mice. In contrast, intersti-
tial thickening intensified in infected AC22 mice untit day 4 p.i.
and was accompanied by infiltrating macrophages, pyknotic
cells, and necrotic cells within the alveolar spaces. Mild inflam-
matory responses remained detectable in some areas of the
tungs until day 4 and day 6 p.d for ACT0 and AC22 wmice,
respectively.

Compared to the relatively indistinguishable pulmonary pa-
thologies, a substantial difference in the pathologies of the brain
was apparent between these two Tg lineages. Specifically, perivas-
cular cuffing in the meninge and brain in the absence of other
signs of inflammation was demonstrated infrequently in some
ACTO mice at day 3 or day 4 p.. (Fig. 7). In contrast, prominent
perivasceutar Iymphoeytic cuffing in the weninge was consistently
abserved in AC22 mice on day 4 and spread to the brain paren-
chyma by day 5, where it was accompanied by a time-dependent
infiltration of mononuclear cells within the central nervous system
{CNS) until day 21 p.i., at which point the experiment was termi-
nated. These results suggested that AC22 mice were superior to
ACTO mice nn mounting a full spectrum of inflammatory re-
sponses upon challenge by SARS-CoV.

Cytokine profiling of SARS-CoV-infected ACT0 versus AC22
mice. SARS pathogenesis likely stems from exuberant acute
inflammatory responses within the fungs (23). Gur results that

revealed the differential clinical and pathological outcomes
between ACTO and AC22 mice in response to SARS-CoV
infection led us to profile SARS-CoV-induced cytokine re-
sponses in these two Tg lineages by using BioPlex analysis. The
results showed that AC70 mice were capable of secreting ele-
vated levels of interleukin-12 p40 (J1-12p40), KC, RANTES,
and monocyte chemoattractant protein 1 (MCP-1} in the lungs
at at least one time point during the course of a 5-day infection,
However, AC22 mice appeared to be more immunologically
competent in mounting inflammatory responses, resulting in
the production not only of the aforementioned cytokines at
higher levels but also of three additional cytokines (JL-le,
IL-18, and JL-6) that were not detected in infected ACTO mice
{Fig. 8). Other cytokines, including IL-2, I1.-3, I1-4, IL-5, IL-9,
1L-10, IL-13, IL-17, gamma interferon, and tumor necrosis
factor alpha, were not detected.

Cytokine responses were also measured in the brains of
infected animals. The production of a total of 13 out of 23
cytokines that can be measured simultaneously, including
H-la, IL-1R, IL-6, IL-8 (KC), IL-9, 1L-10, 1L.-12p40, MIP-
Lo, MIP-18, MCP-1, ecotaxin, granulocyte colony-stimulat-
ing factor, and RANTES, was significantly induced in the
brains of both Tg lineages at at least one time point during
the entire course of infection (Fig. 9). Additionally, the
kinetics and the magnitudes of the cytokine responses within
each lineage appeared to positively correlate with the extent
of virus replication (Fig. 3). However, there was no direct
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FIG. 5. SARS-CoV antigen expression in the brains of AC70 and ACZ2 mice. The brains of infected ACT0 (A to C) and AC22 (D to F) mice
were fixed, sectioned, and processed for the staining of SARS-CoV N protein as for Fig. 3. Viral antigen could be consistently detected in many
neuronal cells of ACT0 mice from day 3 (A) and remained readily detectable at days 4 and 5 (B and ). The carliest time for detecting viral antigen
in the neuronal cells of infected AC22 mice was day 4 (D), and i remained detectable at days 6 and 10 after nfection {E and F). Original

magnifications, X40.

correlation between the extent of viral replication and the
magnitude of inflammatory responses when these two Tg
lineages were compared. Specifically, despite much higher
viral titers {4 log units) detected in the brains of AC70
mice than in those of AC22 mice, such an overwhelming
viral infection in ACT0 mice failed to induce inflammatory
cell infiltrates, a finding which was readily demonstrable in
AC22 mice, in this organ (Fig. 7).

Alteration of the lymphecyte subsets and CenA-induced
proliferation of splenocytes of infected mice, Many viruses are
capable of immunocevasion to establish their infection. The
compromised ability of infected ACTO mice to ¢licit a full-
blown inflammatory response in the brain led us to question
whether SARS-CoV could induce a generalized irmmunosup-
pression in the infected hosts. To evaluate the impact of
SARS-CoV infection on the host immune response, both un-
infected and infected ACZ2 and ACTO mice were sacrificed at
days 2 and 4 p.d. for assessing the lymphocyte subsets and
ConA-induced proliferation of splenocytes. While SARS-CoV
infection did not result in any noticeable change in the total
nuamber of cells recovered and their constituents of the ym-
phocyte subsets at day 2 pi. (data not shown), it caused a
significant reduction in the total number of splenocytes, espe-
cially those of selected lymphocyte subsets, in these two lin-
cages of Ty mice at day 4 p.i. compared to equivalent findings
in vninfected mice (Table 2). Specifically, while SARS-CoV
infection significantly reduced the number of recovered CD4 T
cells (P = 0.005) in AC22 mice, it spared any profound impact

on the total numbers of splenocytes, CD8 T cells, B cells, and
non-T non-B cells. In contrast, SARS-CoV infection exerted a
more profound impact in ACT0 mice beyond significantly re-
ducing the number of CD4 T cells in the spleen (P = 0.025). In
fact, it also caused significant reductions in the total spleno-
cytes (P = 0.032) and the CD8 T cells (# = 0.001}. This
marked reduction in the total numbers of T cells, especially the
CD8" subset, in infected ACT0 mice was further underlined by
the significantly increased CD4/CDS ratio (P < 0.018) com-
pared to that in uninfected wice. Interestingly, similar to the
case for AC22 mice, the populations of B cells and non-T
non-B cells in the spleens of ACT0 mice were not significantly
altered upon challenge by SARS-CoV.

In addition to causing a striking reduction in the numbers of
selected T-cell subsets, SARS-CoV infection significantly im-
paired ConA-mediated proliferation of splenocytes of both
AC22 and ACT0 mice (P < 0.01) compared to that in unin-
fected mice (Table 3; Fig. 10). Importantly, such a compro-
mised ConA-mediated proliferative response observed in in-
fected mice appeared to be more severe in AC70 than in ACZ2
mice (£ < 0.01). Because ConA is a T-cell-specific mitogen,
the more mtense defect of infected ACT0 than AC22 mice in
responding to this mitogen was consistent with the more pro-
found loss of splenic T cells in infected ACT0 than in AC22
mice, ie., 53% and 29%, respectively, compared to their un-
infected controls.

Protective role of CD8™ T cells against SARS-CoV infection
in AC22 mice. While SARS-CoV infection drastically reduced
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FIG. 6. Lung pathology of SARS-CoV-infected ACT) and AC22 mice. We examined parafiin-embedded, hematoyylin- and eosin-stained tung

sections obtained from mock-infected (A) and SARS-CoV-infected AC70 (B to F) and AC22 (G to K) mice at the indicated time points after
infection. Lung pathology in both lineages started at 1 day p.i. (dpi) {with mild mononuclear cell infiltration around blood vessels and brouchioles,
accompanied by swelling and blebbing of epithelial cells of bronchi and bronchioles (B and G). Accumulation of cell debris within the lumen
{arrow), interstitial thickening, and inflarumatory cellular infiltrates were observed at day 2 (C and H). Peribronchial inflammation continued, as
the damaged preumocytes and disrupted epithelial lining were readily detectable through days 3 and 4 (B, L E, and J) and gradually subsided

thereafter, with a minimal-to-mild cellular infiliration observed at day 5 (F and K). Original magnifications, X20.

the total numbers of CD4™ and CD8™ T-cell subsets in lethal-
ity-susceptible Tg ACT0 mice, it significantly reduced only
CD4%, and not CD8™, T cells in Tg AC22 mice (Table 2). To
determine whether this largely intact CD8" T-cell subset might
coniribute to the relatively benign clinical and/or pathological
phenotypes of infected AC22 mice, we infected CD8-depleted
AC22 mice with SARS-CoV and monitored weight loss and
the titers of infectious virus and pathology in the lungs and
brain. As shown in Fig. 114, treating Tg AC22 mice with only
two doses of anti-mouse CD8 antibody, as described in Mate-
rials and Methods, was sufficient to deplete the great majority
of CD8 T cells, compared to the numbers of these cells in
comntrol antibody-treated mice. Interestingly, depletion of CDS
T cells appeared to exacerbate pulmonary infection, as evi-
denced by the ~2-log-unit increase in the vields of infectious
SARS-CoV within the lungs, but not the brain, at both days 2
and 4 p.i. (Fig. 11B), accompanied by the more prominent
weight loss (Fig. 11C) and profound lung pathology (Fig. 11D)
than those clicited in control antibody-treated wice. Taken
together, these results suggest that this CD8™ subset of T cells
pley a positive role in the host defense against SARS-CoV
infection.

DISCUSSION

The data presented in this study greatly extend in at least
seven ways our previous report concerning the differential
pathogenesis of SARS-CoV infection in hACE2 Tg mouse
lincages established in our laboratories (32). First, we demon-
strated that among five lineages of hACE2 Tg mice, all of
which exhibited clinical manifestations of various severity fol-
lowing SARS-CoV infection, mice three lineages (ACT0,
ACS0, and ACL2) inevitably died within a week after infection,
whereas mice of the other two (ACE3 and ACZ2) eventually
recovered from the illness without suffering any mortality (Ta-
ble 1). Such a strikingly different discase outcome elicited in
these Tg mice in response to SARS-CoV infection provides an
ample opportunity for studying the likely impact of the com-
plex virus-host interactions on the pathogenesis of SARS-CoV
inn an animal model. Second, by using hACE2 Tg ACT0 and
AC22 mice as the lethal and nonlethal models of SARS-CoV
infection, respectively, we cstablished the kinetics of the dis-
case course {i.c., illness score and weigh loss) and/or the rate of
mortality (Fig. 2}. These results clearly indicated that despite
the similar onset and progression of clinical manifestations,
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FIG. 7. Brain pathology of SARS-CoV-infected ACTG and AC22 mice. Brains harvested from infected mice dailv from day 1 to 5 for both
hACE?Z lineages and every 3 to 4 days thereafter were paraffin embedded, sectioned, and stained with hematoxylin and eosin. No obvious brain
pathology was observed prior to days 3 and 4 in infected AC70 and AC22 mice, respectively. Perivascalar culfing in the meninge was observed ouly
in a single infected AC70 mouse at day 3 (A). Very little pathology, if any, could be detected in the brains of infected ACT0 mice thereatter (B
[day 4} and C [day 5]). In conirast, perivacular cuffing was consistently detected in all infected AC22 mice, starting at day 4 (D). A time-dependent
and prominent inflammatory infiltration was observed at day 6 (E). Perivascular cuffing persisted through day 21 (F), when the study was

terminated. Original maguifications, X2{.

infected AC22 mice exhibited much milder disease than did
infected ACT0 mice and completely recovered around day
17 p.i. Third, we showed the kinetics of replication and the
cellular distribution of SARS-CoV within the lungs and brains,
two of the most severely affected tissues, and identified bron-
chial epithelial cells, alveolar epithelial cells, and neuronal cells
as the main target cells of SARS-CoV infection in both lin-
eages {(Fig. 3 to 5). Additionally, the significant delay i de-
tecting brain infection in both lineages, compared to the carly
and intense viral replication within the lungs, clearly indicated
that SARS-CoV infection was first established in the respira-
tory svstem before spreading to the CNS, an observation con-
sistent with our previous finding and an carlier report by Me-
Cray and colfeagues on hACE2 Tg mice {21, 32). However,
after the same group presented a more thorough examination,
they concluded that SARS-CoV enters the brains of K18-
hACEZ Tg mice primarily via the olfactory bulb, resulting in
extensive brain infection (22); whether this olfactory route of
SARS-CoV entry could also be responsible for the subsequent
intense brain infection in our Tg mice requires additional stud-
ies. Fourth, while the overall lung pathologies presented the
two lineages were largely indistinguishable (Fig. 6}, the patho-
logical features within the brains were markedly different with
regard to the cellular responses, in that infected AC22 but not
ACTO mice consistently exhibited a time-dependent infiltration
of inflammatory cells in the brains, as revealed by the promi-

nent accumulation of mononuclear cells and activation of mi-
croglial cells within the CNS (Fig. 7). Fifth, despite the mini-
mal cellular responses to SARS-CoV infection within the
brains, AC70 mice were as capable as AC22 mice in producing
elevated fevels of proinflammatory eytokines and chemokines
there in response to SARS-CoV infection (Fig. 9. However,
AC2Z2 mice appeared to be superior to AC70 mice in inducing
inflammatory responses within the lungs, where there was a
more intense secretion of an array of soluble inflammatory
mediators, some of which were not detected in infected ACT0
mice {Fig. 8). Sixth, our results clearly demonstrated that
SARS-CoV infection in hACEZ Tg mice can cause a general-
ized suppression of host immunity, at least in part through the
depletion of T cells {Tables 2 and 3; Fig. 10). Interestingly, the
extent of T-cell loss, especially loss of the CD8 subset, ap-
peared to positively correlate with the susceptibility of mice to
the lethal SARS-CoV infection. Specifically, in contrast to the
drastically reduced number of CDS T cells in the lethality-
sensitive ACTO mice, the number of this CD8 T-cell subset was
basically not affected in the resistant AC22 mice, Finally, our
study also identifies the positive role of CDS T cells in pro-
tecting AC22 mice against excessive respiratory infection and
pathology and the onset of illness (e.g., weight loss) (Fig. 11).

SARS has been generally recognized as an acute viral pneu-
monia, with the lungs as its main pathological target. However,
we tound that SARS-CoV, like other animal and human coro-
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FIG. 8. Kineties of the cytokine responses iu the lungs of SARS-CoV-infected ACTD and AC22 mice. Lung homogeunates derived from ACT0

and AC22 mice at the indicated time points after infection were used to ass
Duplicate samples of individual specimens were assayed. Results are shown as means 2

css the levels of chemokines and cytokines by Bio-Plex analysis.
standard deviatious for three animals at the indicated time

points, except for day 5, at which only two AC70 mice that survived the infection were used. », P < 0.05; »», P < .01 (Student’s ¢ test, compared

to mock-infected mice).

naviruses, could infect the CNS in our Tg models. In fact,
studies of brain sections obtained from SARS patients who
died as a result of this disease have clearly demonstrated, by
THC, real-time PCR, in situ hvbridization, and electron wicros-

copy, the expression of SARS-CoV exclusively within the neu-
ronal cells (5, 10, 40). The susceptibility of neuronal cells to
SARS-CoV infection has been underscored by recent studies
using both wild-type and hACE2 Tg mice infected with either
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the clinical isolates or mouse-adapted SARS-CoV (11, 26, 29,
35; C.-T. K. Tseng et al., unpublished data). In addition, two of
the four human glioma cell lines tested in our laboratories
appeared to be permissive to productive SARS-CoV infection
{Tseng et al., unpublished data). Thus, identification of the
neuronal cells as the major target of SARS-CoV infection in

the brains of both lineages of Tg mice further confirmed their
permissiveness to this CoV infection.

Early pathological studies with lung specimens obtained
from the patients who died of SARS and in whom the discase
progressed slowly identified tvpe T and I alveolar pneumocytes
and, possibly, pulmonary macrophages as the primary targets
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of SARS-CoV infection (2, 24, 31). However, the possibility
that the pathogenesis might initiate within the respiratory
bronchioles came about due to the revelation of prominent
bronchitis with a marked necrosis of epithelial cells, loss of

cilia, squamous metaplasia, and fibrin deposition within the
bronchi in the lungs of patients who died following a more
rapid clinical course of SARS (7, 24). Furthermore, human
primary bronchial and other ciliated airway epithelial cells

TABLE 2. Total cell counts and lymphocyte subsets in the spleens of SARS-CoA-infected ACT0 and AC22 mice and mock-infected
control mice

AC22 mice

ALCT0 mice

No. of cells {16°) or ratio®

No. of cells {10°) or ratio

Cells
Mok infection SARS jnfection P Mock infection SARS infection P
Mean SE Mean SD Mean SD Mean S
Splenocytes 1300 10.6 1360 10.6 (.698 166.7 its 160.0 28.3 (.032
134 cells 41.4 2.5 254 2.9 (.005 52.3 3.9 321 7.5 0.025
CD8 cells 199 0.7 8. 4.2 0.652 31.0 1.9 7.0 1 0.001
CD4/CDE ratio 2.1 0.0 1.4 0.3 0.095 1.7 0.2 4.6 1.2 3.018
B cells 49.4 2.9 587 9.4 3.278 58. 1.0 43.5 .6 (1.060
Non-T non-B cells 24.3 1.0 279 7.3 0.599 252 8.7 17.4 11.4 0.414

1dard deviations are for
for mock-infected ver

“ Means and
> Student’s ¢

rec or four mice.
s infected mice.
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TABLE 3. ConA-stimulated proliferation of splenic T cells in aninfected and SARS-CoV-infected ACTD and AC2Z2 mice
Mock infection SARS-CoV infection
[PHlthymidice uptake (cpm) [PHithymidine uptake {cpm)

Mice N ) ] Unstimulated Bl Stimulated Unstimulated St

Stimulated cultures ) o e

cultures cultures cultures

Mean 5D Mean SD Mean 5D Mean sSD Mean 5D Mean SD
ACTO 4,370 1,790 86 39 54 27 552 246G 138 138 6.0 3
AC22 4,700 725 68 4 Vit i35 1,845 841 &3 19 24 13

@ 81, stimulation index (cpm of ConA-stimulated cultures/cpm of unstimulated cultures),

have also been demonstrated, in vitro, to be permissive to
productive SARS-CoV infection (14, 27, 34). Thus, our IHC
study results, which revealed epithelial cells Hning the respira-
tory tract, especially the bronchi and bronchioles, and alveolar
epithelial cells as the prime cells harboring SARS-CoV, led us
to suggest that SARS-CoV infection in hACE? Tg mice may
induce a faster course of chinical iliness, perhaps similar to that
in SARS patients having a rapidly progressing form of the
disease.

SARS has been proposed to stem from exuberant innate
inflammatory responses with diffuse alveolar damages as the
most characteristic pathological feature (6, 7, 24). Specifically,
SARS-CoV infection has been reported to minimally induce
the expression of antiviral cytokines {¢.g., interferons and IL-
1Zp40), moderately upregulate the expression of proinflamma-
tory cytokines {¢.g., tumor necrosis factor alpha and IL-6), and
significantly promote the production of proinflammatory che-
mokines (¢.g., MIP-1a, IP-10, RANTES, and MCP-1} in pa-
tients (17, 28). Elevated and prolonged expressions of chemo-
kines (ie., MIP-1, IP-10, CXCL8, and CXCL9) have been

100+
g T T
z 75
fed
8
w® §0-
3
E
A 25

o]

Mock BARS BMock SARS
AC2Z ACTO

FIG. 10, SARS-CoV significantly inhibits ConA-mediated prolifer-
ation of T cells in infected AC70 and AC22 mice. ACT0 and AC22
mice were either uninfected or infected (in.) with 10° TCID., SARS-
CoV. Splenccytes were prepared from individual mice and tested for
their proliferation in response to ConA (2.5 pg/ml) stinmulation, as
described in Materials and Methods. Student’s ¢ test was used to
determine the P values between the indicated groups for statistical
significance. N.S., not significant. Error bars indicate standard devia-
tions.

detected not only in SARS patients but also in experimentally
infected wild-type and lethality-sensitive hACEZ Tg mice (8,
10, 13, 32, 35, 36, 38). In this study, we extended this observa-
tion to hACE2 Tg mice that were resistant to the lethal SARS-
CoV infection. Interestingly, while the kinetics and magnitude
of the cytokine responses within each lineage appeared to
positively correlate with the extent of viral replication in each
tissue, no such correlation in the brain could be observed when
findings for these two Tg lineages were compared.

The celludar sources and the overall impact of these virally
induced inflammatory mediators (Fig. 8 and 9) on the patho-
genesis and/or clearance of SARS-CoV remain to be deter-
mined. Neuronal cells have recently been shown to release
abundant IL-6 in SARS-CoV-infected K18-hACE2 mice that
rapidly succumbed to infection with minimal cellular infiltra-
tion within the brain {22). Thus, the overwhelming viral infec-
tion in the absence of readily detectable celfular infiltrates
within the brains of infected ACT0 mice makes neuronal cells
and, possibly, other brain cells the likely producers of these
inflammatory mediators within the brain. Despite the less pro-
found brain infection, SARS-CoV-infected AC22 mice consis-
tently showed a time-dependent infiltration of inflammatory
cells, Thus, it is likely that infiltrating cells might effectively
make up the shortfall of cytokine responses elicited by mod-
erately infected brain cells in this Tg lineage. The ability to
elicit an optimal acute inflammatory response is essential, not
only to limit early microbial infections but also to ensure the
onset of adaptive responses to effectively resolve the infections.
However, an excess inflammatory response often leads to im-
mune-mediated pathology and diseases. Thus, it is tempting to
hypothesize that the highly elevated levels of inflammatory
mediators detected in our study might contribute to exacer-
bated clinical and pathological outcomes of 8ARS-CoV-in-
fected Tg mice, While it is highly desirable to determine which
cytokine(s), alone or in combination, is likely to be responsible
for the onset of clinical illoess and even death in infected Tg
mice, choosing which cytokine(s) from minimums of 7 and 13
potential candidates within the lungs and brain, respectively, is
a major undertaking and is beyond the scope of this study.

It has been shown that SARS-CoV infection in clinical pa-
tients was accompanied by a transient, bui extensive, lym-
phopenia with a preferential reduction in the number of CI4
and CD8 T cells (4, 12, 18, 39). Importantly, the severity of
T-cell loss has been positively correlated with an adverse out-
come in SARS patients. Thus, a much more pronounced T-cell
foss in the lethality-susceptible AC70 mice than in the lethality-
resistant AC22 mice extends this correlation to the mouse
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FIG. 11. Exacerbated pathogenesis of SARS-CoV infection in CD8-depleted Ty AC22 mice. Two groups of Tg AC22 mice (12 mice per group ) were
subjected to nmltiple doses (i.p.) of rat anti-mouse CD8 monoclonal antibody and an isotype-matched irrelevant rat monoclonal antibody (as controf),
respectively, as described in Materials and Methods. They were then infected L. with 10° TCID,, SARS-CoV. Two mice/group were sacrificed after two
doses of antibody treatment for assessing by flow cytometry the efficacy of antibody-mediated CDS depletion in the spleens, whereas the effect of CD8
depletion on the pathogeuesis of SARS-CoV infection was evaluated by virologic, clinical, and pathological parameters, as described in the text. Briefly,
two additional mice were sacrificed at days 2 and 4 p.i. to allow assessment of virus infectivity and pathology in the lungs and brains, and the remaining
mice were mouitored for the onset of iliness (i.e., weight loss). It appeared that a two-dose specific-antibody treatment regimen effectively depleted most
of the CD8" T vells from the spleens (A). SARS-CoV infection of CD&-depleted mice resulted in increased infection in the fungs, but not in the brains,
at both days 2 and 4 p.. {B). This was accompanied by an increased weight loss (C), as well as more pronounced histopathology and the retention of viral
NC antigen at day 4 p.i., as revealed by hematoxylin and eosin staining and IHC, respectively (D).

model for SARS-CoV infection. Although the underlying
mechanism of SARS-CoV-associated lymphopenia in patients,
as well as in the Tg mice described in this study, remains
unclear, the absence of ACER expression in fymphocytes (11)

makes the direct Iysis of lymphocytes by this virus unlikely.
Sequestration of lymphocytes in affected tissues also seems
unlikely, at least in our ACTD mice, in which SARS-CoV in-
fection failed to elicit a persistent infiltration of mononuciear
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cells within the brain. Rather, cytokine-mediated apoptosis of
uninfected lymphocytes may be the cause of acute lymphope-
nia, as suggested by others (12, 37). In this regard, further
investigation is needed to discern whether some of the cyto-
kines that were produced by SARS-CoV-infected Tg mice
could cause apoptosis of T cells,

While a profound T-cell loss was readily detectable inour Tg
mouse Hneages, especially the lethality-susceptible ACT0 mice,
neither B cells nor non-T non-B lvmphocytes were noticeably
affected (Table 2}, which led to the possibility that T cells were
the preferred targets for manipulation by SARS-CoV in our Tg
mouse model. More strikingly, in contrast to the grossly dimin-
ished number of CD8 T cells in AC70 mice which rapidly
succumbed to lethal infection, this T-cell subset was largely
unaffected by SARS-CoV in the lethality-resistant AC22 mice,
a finding which implied that this CD38 subset of T cells might
have a protective role in AC22 mice against SARS-CoV infec-
tion. We employed a depletion technique using rat anti-mouse
CD# antibody to investigate the role that CD8" T cells might
have.

Flivaination of most of the CD8 T cells in the spleens of
AC22 mice resulted in an increased respiratory infection, ac-
companied by more intense lung pathology., compared to that
in controf mice (Fig. 11B and D). Although CD87 T cells were
also effective in attenuating weight loss (Fig. 11C), we noted
that the extent of weigh loss in infected AC22 mice treated
with control rat IgG antibody was much less than that in un-
treated mice (10 to 15% versus 35% weight loss). High-dose
intravenous IgG has been widely used as a potent immune
modulator for the treatment of autoimmuge diseases and
many infectious diseases. This modulation occurs most hkely,
in part, through the Fe portion of the IgG molecule (25). Thus,
multiple i.p. injections with 50 pgfinjection of irrelevant rat
1gG into AC22 mice might provide a yet-to-be identified im-
mune regulatory mechanism in protecting against excess infec-
tion and weight loss. While CD8 ™ T cells have a protective role
against SARS-CoV infection, the exact mechanisms underlying
this CD8-mediated protection in AC22 mice remain unde-
fined. Because the clearance of many viral infections reguires
antigen-specific T cells, it is tempting to hypothesize that these
protective CDE" T cells were likely SARS-CoV specific. The
development of privary T-cell responses in an immunocon-
petent host usually takes about 4 days after an initial encounter
with invading pathogens. Thus, the observation that a notice-
able difference in the virally induced weight loss between CDS-
depleted and control AC22 mice could not be detected until
day 5 and continued through day 8 p.i. (Fig. 11C) might argue
for the SARS-CoV-specific nature of these protective CDS™ T
cells. While CD8™ T cells could attenuate the pathogenesis of
SARS-CoV, other cellular elements of the immune system,
especially CD4 T cells, are likely needed to provide more
complete protection against SARS-CoV in our Tg mouse
model. Additional studies are warranted to identify epitope-
specific CD8™ T cells and determine the contribution of CD4™
T cells in the host defense against SARS-CoV in our Tg mouse
model.

In summary, our studies have provided cellular and molec-
ular insights into the differential regulation of host immune
responses against SARS-CoV infection in two lineages of
hACEZ Tg mice that were either susceptible or resistant to

J. VIROL.

fethal SARS-CoV infection. Importantly, the less severe loss of
T cells, accompanied by the ability to recover from SARS-
CoV-associated acute clinical dllness, makes our lethality-resis-
tant lineage, ie., AC2Z2, particularly useful for dissecting both
the innate and adaptive arms of the host immunity against the
SARS-CoV infection. In addition, the fatal outcome of the
discase in ACT0 mice make this lincage attractive as a stringent
model for adoptive transfer studies aimed at evaluation of the
molecular and cellular bases responsible for the protection
against SARS-CoV infection.
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Chinese Responseto New Virus: Good News/BadNews

By James W. Le Duc

Fast action and open communications by China is helping the world prepare for another
potentially devastating infectious disease outbreak. While the situation is rapidly evolving, there
is good news that may not make the headlines. Many will recall the dark days in the spring of
2003 when Asia and the world were threatened by the appearance of a new virus disease,
Severe Acute Respiratory Syndrome, or SARS, which first appeared in southern China and
quickly spread to other countries around the world, ultimately causing over 8000 cases with
nearly 10% of those ending in death. SARS was caused by a novel coronavirus then unknown
to medical science. There was no known cure, no diagnostic tests and little understanding of
where it came from or how it was spread, although person-to-person transmission was obvious
as health care workers treating the first cases were themselves among the early victims.
Initially, China was reluctant to share information or alert the international community of the
magnitude of the epidemic, leading to international criticism and a dangerous global health
situation. Fortunately, China reversed its position, opened to collaborations with the WHO, U.S.
and others, and the epidemic was eventually controlled.

Today, with another novel coronavirus discovered in China, the startis very different. In quick
measure, Chinese health officials recognized that a new disease had emerged, quickly isolated
patients, and instituted an impressive set of interventions in attempts to limit disease spread and
characterize the new pathogen. Importantly, they have been transparent in sharing their
findings with the world, thus allowing other nations to take precautions and be on the lookout for
the new disease. Already, the genome of the new virus was sequenced and posted for easy
access byinternational experts, allowing rapid exploration of possible tfreatments, development
of diagnostics and epidemiological investigations.

China’s ability to respond quickly and efficiently to this new threat is the result of nearly two
decades of investments and collaborations to improve public health in China. The Chinese
Centers for Disease Control incorporates many of the strengths of our own CDC, but is
designed to meet the needs of a 1.4 billion plus population. In addition, China has invested in
building a robust scientific capacity and partnered with containment laboratories such as ours to
incorporate best practices when studying dangerous pathogens.
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The current outbreak demonstrates a welcome openness to health information sharing with the
global community. To diagnose an outbreak early requires astute healthcare providers able to
recognize when something new or unusual is occurring; however, clinical recognition alone is
meaningless if there is no capacity to investigate cases or characterize the disease-causing
agent.

For the last few years, our National Academy of Science, Engineering and Medicine has worked
with the Chinese Academy of Sciences to build relationships and share information on emerging
diseases and advancements in vaccines and treatments. In Galveston, we welcomed leading
Chinese health officials to collaborate on biocontainment facility design, biosafety training and
laboratory operations. This dialogue, along with U.S.-based educational opportunities for
Chinese students, benefit us all.

China’s response to the new coronavirus demonstrates their investments in physical
laboratories and scientific collaborations over the past decade are paying dividends, not only to
China, but the entire world. Control of a new disease efficiently transmitted person-to-person is

nearly impossible as we witnessed during the 2009 novel influenza pandemic and much must
still be done together during this quickly evolving situation.

The outbreak is still in the early stages, but it is now clear that the new virus may be transmitted
person-to-person, although the efficiency of such transmission remains in question. A few
hundred patients have been identified, deaths occurred and the disease has spread from the
epicenter in Wuhan to major cities in China and other Asian countries. Our CDC is now
screening travelers arriving from Wuhan at U.S. airports, and the WHO is set to consider a
global emergency response. With millions about to travel for the Chinese New Year, avoiding a
global catastrophe must be the current goal.

The good news is that, at a time when US-China relations are being tested on many fronts,
relations within the public heaith and scientific research arenas remain open and positive, which
lays a solid foundation for curtailing this latest threat.

James Le Duc, PhD, is the Director of the Galveston National Laboratory at the University of
Texas Medical Branch and a professorin UTMB's Department of Microbiology and Immunology.
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he current outhreak of Ebola virus in the Demo-
cratic Republic of the Congo is a reminder that
dangerous diseases exist in many corners of the
world and that they can cause suabstantial human
suffering and financial devastation locally and
internationally. In response, institutions and na-
tions are constructing maximum blocontainmernt
laboratories (MCLs) to address these threats. MCLs oper-
ate at the highest level of biological containment to di-
agnose, perform research on, and validate cures for life-
threatening diseases like Ebola. There are more than 50
MCLs that are operational, under construction, or in ad-
vanced planning around the world. The global prolifera-
tion of these facilities raises
guestions about how 1o ensure
their safe and secure opera-
tions while enhancing their
contributions to science and
global health. One solution is
to establish an MCL network
that enables the sharing of
best practices, collaboration,
transparency, and exchange of
specimens and technology.

A multitude of challenges
are associated with M{CLs.
Even at the idea stage, a se-
rious issue is the objection
of local communities to the
construction of an MCL in
their neighborhood. Several
MCL operations were delayed
or never realized because of
public concern. Gaining com-
munity trust and support is
therefore vital to planning and
operating MCLs, so a network of such labs would be valo-
able for sharing experiences and providing guidance in
these situations.

Besides the wmillions of dollars that it costs to build
a modern MCL, there are annual operations—mainte-
nance, utility, and security—that can amount to 5 to 10%
of the construction costs. Moreover, there is a need for
experienced guidance and qualified oversight to ensure
that an MCL is built and operated safely and securely. Yet,
few such resources exist, and available fraining opportu-
nities are inconsistent and often costly.  An MCL network
could fill the personnel pipeline more efficiently by con-
necting experienced personnel and professional societies
to develop standards for globally accepted training and
create mentoring opportunities,

“These labs handle the world’s
most dangerous pathogens...”

Importantly, MCLs must share a culture of respon-
sibility. These labs handle the world’s most dangerous
pathogens known, and there must be safeguards to pre-
vent theft or misuse. At the same time, security must be
balanced against mechanisms that support collaboration,
including specimen sharing. Again, by working together
through an MCL network to develop standards and
guidelines, a culture of responsibility could be fortified.

We direct a newly constructed MCL in Wahan, China
(£X.), and an established MCL in the United States
{(JW.L.}, in Galveston, Texas. In preparation for the open-
ing of the new China M{CL, we engaged in short- and
long-term personnel exchanges focused on biosafety
training, building operations
and maintenance, and col-
laborative scientific investi-
gations in  biocontainment.
We succeeded in transferring
proven best practices to the
new Wuhan facility. Both labs
recently signed formal coop-
erative agreements that will
streamline future scientific
and operational collabora-
tions on dangerous pathogens,
although funding for research
and the logistics of exchang-
ing specimens are challenges
that we have yet to solve.
(urs is a promising first step
in MCL partnerships; how-
ever, wider national, regional,
and international cooperation
is needed. We benefited from
meetings jointly sponsored
by the 1.5, National Academy
of Sciences and the Chinese National Academy of Sci-
ences, and from World Health Organization initiatives,
but stakeholders are not limited to human and animal
health. Our partnership still requires input from foun-
dations and governmental agencies that are involved in
security, comierce, and transportation, as well as from
the commercial sector.

Not every couniry requires an MCL, but every country
can benefit from the collaborative operation of these labs.
We encourage existing MCLs to convene a forum that
brings together all stakeholders to conceive of an MCL
network so that these critical labs can tackie urgent global
health needs safely, securely, and productively.

~Fames W. Le Duc and Zhiming Yuan
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