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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

Nelson_Judicial_Watch_TPIA_0321
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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

Nelson_Judicial_Watch_TPIA_0322
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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

Nelson_Judicial_Watch_TPIA_0323
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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

Nelson_Judicial_Watch_TPIA_0324
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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;

[ PAGE \* MERGEFORMAT ]
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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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*James W. Le Duc, Ph.D. Drector, Galveston National Laboratory, Professor, Department of
Microbiology and Imnmumology, 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 "mailto:yzm@wh.iov.cn"1)

Conflict of interest

We claim no conflicts of interest associated with our commentary “Safety and security m the age

of synthetic biology.”
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Synthetic biology; biosafety; biosecurity; Institutional Biosafety Committees; Leadership in
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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
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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,
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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-
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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"])
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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
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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 dvigdér'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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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 callafter about 4 pm (s Wel(G L RARA Yeira 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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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
[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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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
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t erm=Wang%20C%5BAuthor%sD&cauthor=true
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t erm=Luo%20T%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
[PAGE \* MERG EFORVIAT]

Nelson_Judicial_Watch_TPIA_0374



Obtained via FOIA by Judicial Watch Inc.

By Cheng Yingo Chinadailv comenilindated: 20150131 1634

[PAGE \* MERG EFORMAT]

Nelson_Judicial_Watch_TPIA_0375



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

(f) 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; TséRiPiesiefaFOK Rrdeliga 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.

684 words

Nelson_Judicial_Watch_TPIA_0390



Obtained via FOIA by Judicial Watch Inc.

JOURNAL OF VIROLOGY, June 2009, p. 54515465
0022-538%/09/$08.00+0  doi:10.1128/JV1.02272-08
Copyright @ 2009, American Society for Microbiology. All Rights Reserved.

VYol 83, No. 11

Differential Virological and Immunological Outcome of Severe Acute
Respiratory Syndrome Coronavirus Infection in Susceptible and
Resistant Transgenic Mice Expressing Human
Angiotensin-Converting Enzyme 2"

Naoko Yoshikawa," Tomoki Yoshikawa,' Terence Hill,'! Cheng Huang," Douglas M. Watts,”
Shinji Makino,' Gregg Milligan,® Tehsheng Chan,' Clarence J. Peters, "
and Chien-Te K. Tseng'**

Dieparoments of Microkiclogy and Imnumology,' Pathology,” and Pediatrics® and Center for Biodefense and
Emerging Infectious Disease,® University of Texas Medical Branch, Galveston, Texas 77555-0609

Received 29 October 2008/ Accepted 10 March 2009

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.

" Published abead of print on 18 March 2009
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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
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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

Nelson_Judicial_Watch_TPIA_0396



Obtained via FOIA by Judicial Watch Inc.

YOL. 83, 2009

EFFECT OF SARS-CoV INFECTION ON HOST IMMUNITY 5457

m

AR A o

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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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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