


































































































































































































































































































































































































































































































































































































































































Obtained via FOIA by Judicial Watch Inc.

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 

============================================= 

tE 2017-12-22 22:17:02, "LeDuc, James W." <jwleduc@UTMB.EDU> 'IJ.i]!: 

Thank you very much for your kind note and good holiday wishes. I am very pleased that you were able to spend 
time with us and that the experiences at UTMB were valuable. I 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 1:55AM, <d.zheng@wh.iov.cn> wrote: 

Dear Prof. LeDuc, 

Hope this email give you more health and happiness. I 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. I shall look for more opportunities for fruitful cooperation with GNL. 

Wish you a merry Christmas and Happy New Year! 

Best Regards, 

Dash eng 

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

Dear Dash eng, 

I wish you and your team good health and lasting prosperity as you begin the Chinese New Year. May the 
coming year bring you much success and fruitful collaborations. 

With all good wishes, 

Jim 

James W. Le Due, 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: 
Sent: 

To: 
CC: 

Subject: 

Yuan Zhiming [yzm@wh.iov.cn] 
9/15/2020 10:17:07 PM 
leDuc, James W. [jwleduc@UTMB.EDU] 
Shi, Pei yong [peshi@UTMB.EDU] 

@]~:Dr. Shi named to prestigious new distinguished chair 

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. 

Contratulation for Peiyong's excellent works and great recognition. 

Best wishes. 

Zhiming 

Yuan Zhiming, Ph. D. 
Professor of Wuhan Institute of Virology 
President ofWuhan Branch 
Chinese Academy of Sciences 
Wuhan 430071, China 
Tel: 86-27-87198195(0) 
86-27-87197242(L) 
Fax: 86-27-87199480 

From: l..eDuc, James W. 
Date: 2020-09-15 03:34 
To: Yuan Zhiminq 
Subject: Dr. Shi named to prestigious new distinguished chair 
Great recognition of Pei .. vong's work 

Best wishes, 

Ji rn 

James W. l..e Due, Ph.D. 
Director· 

Galveston National laboratory 

UniversityofTexas Medical Branch 

Galveston, TX TlSSS-0610 
(t) 409-266 .. 6500 

(f) 409 .. 266-6810 

( rn) 409·· 739 .. 2012 

From: UTMB Broadcast Account <UTMBbroad@UTMB.EDU> 

Sent: Monday, Septernber14, 2020 2:14 PM 

Subject: From the President ad interim and the Executive Vice President and Provost: Dr. Shi named to prestigious new 

distinguished chair 
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Dr. Pei-Yong Shi named 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 to 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 around 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 

·· ··.·ealtll 
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From: leDuc, James W. [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 
(FYDI BOHF23SPDLT)/CN=RECI PI ENTS/CN =937DF08E29C4439E88A04BABFFB162AD-JWLED UC] 

Sent: 7/15/2019 3:55:00 PM 
To: 'Yuan Zhiming' [yzm@wh.iov.cn] 

CC: Hoi uba r, Connie J. [cjhol uba @UTMB.EDU]; Shi, Pei yong [pes hi @UTMB.EDU]; Benjamin Rusek (BRusek@nas.edu) 
[BRusek@nas.edu]; Dave Franz (davi drfra nz@gma il.com) [davi drfra nz@gma il.com] 

Subject: RE:@] ~:Synthetic biology commentary 

Attachments: Bi osecurity in the age to synthetic biology 15 Jul2019-drt fi na l.docx 

Hi Zhiming, 

Attached please find a dt·aft of our commentary that includes yow· suggested edits as well as a draft abstract, an author 
line and mu· contact information, draft keywords and a conflict of interest statement. I also inserted a couple of website 
references wl1er·e appropriate. Please r·eviewand modify as you see fiL If you are happy with the text, please feel free 
to submit directly to your.Journal of Biosafety and Biosecurity. Let me know if you think it needs additional work. On 
review of the first issue ofyourjournal, I note a paper with a similartitle, but on reading it, thei r·focus is a bit different 
from what we discuss and it does not appear to me to have much duplication. 

Have you received your visa for the meeting laterthis month in DC? 

Best wishes, 

Jim 

James W. Le Due, Ph.D. 
Director 
Galveston National Laboratory 
UniversityotTexas Medical Branch 
Galveston, TX 77555-0610 
(t) 409 .. 266 .. 6500 
(f) 409-266-6810 
( rn) 409-789-2012 

From: Yuan Zhiming<yzm@wh.iov.cn> 
Sent: Monday, July 15, 2019 1:22AM 
To: LeDuc, James W. <jwleduc@UTMB.EDU> 

Subject:@] l: Synthetic biology commentary 

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

the sender and know the content is safe. 

Dear Jim , 

I am afraid you did not recevied my last mail and send you again. 

Zhiming 
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Dear Jim, 

Sorry for my delayed feedback. As you explained, the developemnt of synthetic biology bring us some challenge on 
biosafety and biosecurity management, and we could show our understandingthis challenge and your concern. You 
have well organized the draft, and I am sure the readers could benefit for it. 

I have insert some words in the text for your consideration. 

If there is anything needed my attention, please let me know. 

Regards 

Zhiming 

Dear Zhi mi ng and Zhigao, 

I hope this note finds you well on this first day of summer. I write to propose ajoi nt commentary to be submitted for 
pub I ication in Zhiming's ofJournal ofBiosafety and Biosecurity on the topic of biosafety and biosecurity in the age of 
synthetic biology. This is a relevant topic and our shared pub I ication would offer an excellent example of the benefits 
of our joint China-USA dialogue. Having such a co-authored publication would be tangible evidence of the importance 
we all place on worki ngtogetherto solve challenges of global i m porta nee. I have taken the liberty of preparing a first 
draft of such a manuscript and I invite you both to be co-authors. Dave, Ben and Pei-Yong have reviewed and I have 
incorporated their comments. Your additions, deletions and modifications will certainly further improve the quality of 
the piece and make it most relevant to the issues we all face daily in managing a large biocontai nment facility. (Please 
use track change as you edit the piece.) 

As you will see, I tried to address four separate areas that impact current and future work in synthetic biology, starting 
from the position that many of the relevant safeguards needed areal ready in place through ourexisti ng programs in 
biosafety and biosecurity. I then talk about the importance of leadership at all organizationallevels, as Dave Franz has 
so eloquently spoken about in the past. The last area is the importance oflnstitutionalleadershi p, and here I would 

especially value your input. At theGN Land elsewhere in the USA, we rely heavily on the Institutional Biosafety 
Committee (IBC) for final review and approval for studies involving recombinant DNA, and more broadly to studies 
involving pathogens in general. I don't know if a similarcommittee exists in China orin other countries around the 
world. Your thoughts and input particularly on this point would certainly improve the manuscript and make it more 
relevant to a broader community of scientists. 

Attached please find a first draft for your review and consideration. I hope that you will agree to work with me on this 
important project. I look forward to heari ngfrom you soon. 

With best wishes, 

Jim 

James W. Le Due, Ph.D. 
Director 
Galveston National Laboratory 
UniversityofTexas Medical Branch 
Galveston, TX 77555-0610 
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(t) 409-266-6500 
(f) 409-266-6810 
( m) 409-789-2012 

Nelson Judicial Watch TPIA 0325 - - - -



Obtained via FOIA by Judicial Watch Inc.

Safety and Security in the Age of Synthetic Biology 

James W. Le Due* and Zhiming Yuan** 

Abstract: 

Synthetic biology offers great potential for benefit to society, hrumn health and agriculture; 

however, it also raises new concerns about safety and security. Application of established tools 

ofbiosafety 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 institutional 

oversight and 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. Recomnendations regarding avian influenza gain of function studies 

may offer a valuable framework of points to consider relevant future studies involving 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 in 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 fimdamentals of individual leadership and institutional oversight. Together, the 

pragmatic use of these tools and measures ensures that research on microbes, including 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 in1proved to meet the changing demands of researchers, and they remain essential resources 

to control the dynamic landscape heralded by synthetic biology. Any attelllpt to mitigate against 

new risks associated with microbiological research will rely on this foliDdation; however, these 

tools may need additional refinement to successfully address all the potential challenges 

associated with synthetic biology. 

Biosafetv: 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 ofhuman error are arguably the greatest 

threat to the investigators, their laboratory and the comrmmity at large. Besides the physical 

biocontainment, a laboratory specific biosafety procedures manual and the associated training 

ensures that the entire workforce, from the individual investigators and staff to the animal care 

staff and building maintenance and engineers W1derstands 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 

training through academic coursework. This is often augmented by fucility-specific safety 

orientation and perhaps followed by a period of mentorship provide by an experienced individual 

working side-by-side with the trainee. Unfortunately, such training may be a luxury in many 

[PAGE \* MERGEFORMAT] 
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programs, and novel approaches are needed to adapt and make available core biosafety training 

to everyone involved 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 ofbiocontainment laboratories. 

In most cases, these biocontainment facilities are well designed and constructed to meet the 

modem demands ofbiosecurty. 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 

individuals enter the facility and limits access to pathogens to only those who are essential and 

properly trained, thereby mitigating the risks of nefarious use of technology or pathogens. Some 

programs may also attempt to inventory quantities of pathogens; however, given that by their 

nature they replicate easily, this measure has limited value in terms of security. The biosecurity 

in synthetic biology is largely dependent on the trusted workforce in the laboratory, and therefore 

a great deal of attention 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: 

Leadership: Enhancing physical security is relatively easy; but assuring that researchers and 

workers are reliable is more challenging. This requires that leaders manage the laboratory in full 

compliance with all regulations and safe management practices, know their team members well 

and ensure that an appropriate safety and security culture pervades their institution. Leadership 

is a shared responsibility that involves engaging anyone with supervisory responsibility, be it a 

team leader, a principal investigator or the institution's director. 

[PAGE \* MERGEFORMAT] 
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Leadership extends beyond the laboratory itself and ideally includes 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 

attnbutes or be used to modifY or construct a dangerous or extinct pathogen. Many commercial 

providers are part of the International Gene Synthesis Consortium ([HYPE RUN K 

"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 in greater availability of 

potentially dangerous sequences and a decrease in the industry's ability to maintain 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 oftheir leadership responsibilities, laboratory directors, 

principal investigators and independent scientists provide direct oversight to their immediate 

staff. Many organizations have an additional formal review process that provides institutional 

oversight of research activities. This may come from an Institutional Biosafety Committee (IBC) 

or another committee with equivalent responsibilities. IBCs are a requirement for institutions 

receiving U.S. National Institutes ofHealth fimding and they provide local review and oversight 

ofresearch involving recombinant DNA studies 

(.httpsJ/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 
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experiments concerning the manipulation of pathogens and recombinant DNA, and only projects 

that pass a rigorous review can be implemented in the laboratory. These committees ensure that 

work conducted within a fucility is done safely, securely, and in a responsible manner. 

Historically, this model has been instrumental in providing local institutional oversight of 

research activities and in establishing a national framework for consistent conduct of nearly all 

fonns of research involving recombinant studies or synthetic biology. 

However, globally, all institutions may not have an IBC, and those that do may fuce 

challenges in ensuring that their committee members represent a sufficiently broad array of 

technical skills necessary to provide effective oversight and perfonn an adequate risk assessment 

that is 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 offimction studies, especially those investigations 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 

associated with gain of fi.mction 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 ofplanned gain-of-function experiments. (httpsJ/osp.od.nih.gov/wp-

content/uploads/2016/06/NSABB _Final_ Report_ Recommendations_ Evaluation_ Oversight_ Prop 

osed_ Gain_of_Function-Research.pdf). 
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Such research would be of special concern and warrant additional review if 

• The pathogen generated is likely highly transmissible and likely capable ofwide and 

uncontrollable spread in hunmn populations. 

• The pathogen generated is likely highly virulent and likely to cause significant morbidity 

and/or mortality in hun1ans. 

In addition, the NSABB recommends that the following principles be considered prior to 

initiating the study: 

• The proposed research has been reviewed and is scientifically meritorious 

• The pathogen generated is likely able to arise naturally 

• The potential risks as compared to the potential benefits to society are justified 

• There are no feasible, equally efficacious alternative methods to address the same 

scientific question. 

• The investigator and institution have demonstrated capacity and commitment to conduct 

the study safely and secw:-ely. 

• The results will be broadly shared to realize full potential benefrts. 

• Management of risks and ongoing oversight will be in place throughout the cow:-se of the 

study. 

• The propose research is ethically justified. 

These NSABB principles n1ay serve as a guide as IBCs evolve to meet the challenges of 

synthetic biology. Expertise that nmy be required includes a full llilderstanding ofbiohazardous 

agents; biological containment structure and operations; care and use of laboratory aninlals (or 

plants, if appropriate) in containment; the conduct of a comprehensive risk-benefit assessmerrt; 
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ethics; legal concerns as reflected in local, state and national laws; ecological considerations; and 

the potential public health impact of proposed investigations. Establishing 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 insufficient to meet future oversight needs, given their focus only on known 

orgarusms. 

A path forward for countries and institutions engaged in research involving synthetic 

biology but lacking a framework for oversight might include ensuring that a solid foundation for 

training in biosafety is available, coupled with appropriate laboratory facilities where appropriate 

biosecurity precautions are in 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 in place in many organizations working with highly-

hazardous pathogens and may be easily refined to address the unique challenges of synthetic 

biology. The greatest llilmet need of many research organizations may be in having an 

adequately experienced institutional oversight capability such as the IBC. If absent, one should 

be established. If present, it may be appropriate to review the comnittee's mandate and 

cmnposition so that the diversity oftechnical skills and experience is available to help 

institutions ensure that their research in synthetic biology is done in a safe and secure manner 

that will ultimately benefit society. 
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From: leDuc, James W. [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

Sent: 
(FYDI BOHF23SPDLT)/CN=RECI PI ENTS/CN =937DF08E29C4439E88A04BABFFB162AD-JWLED UC] 

7/31/2019 10:44:13 AM 
To: :R;!';Bjj [yzm@wh.iov.cn] 

Subject: RE: FW: PPTslidesfromJuly26 
Attachments: Bi osecurity in the age to synthetic biology 31 Jul 2019- fi na l.docx 

Hi Zhiming, 

Thanks for your note. A slight revision of our commentary is attached. Please review and edit as you I ike, then go ahead 
and submit it to Dr. Xu Jainguo. 

Please feel free to use the slides I prepared that draw from the points of our commentary Please add yow· name to the 
first slide credits. 

I hope you enjoy the BWC discussion and give rny best regards to Weiwen. He and his colleagues did a nice job at the 
conference in DC 

Best wishes, 

Jim 

From::&~ BJ] <yzm@wh.iov.cn> 
Sent: Tuesday, July 30,2019 11:12 PM 
To: LeDuc, James W. <jwleduc@UTMB.EDU> 
Subject:Re: FW: PPTslidesfromJuly26 

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

the sender and know the content is safe. 

Dear Jim 

I was regretted to have not attend the US-China synthetic biologyconference in US. ZhangWeiwen is my good friend, 
and he told rne the success of this meeting and yourcontri bution for the conference. We all agree to work together to 
have this forum as an another platform fordiscussingthe main chanllenge between US-China scientist besides ourCAS­
NASchannel. 

I am in Geneva for BWC expert meeting, I could brief our main idea on biosafety and biosecurity aroused in synthetic 
biology in the meetingifyou have no objection. 

As to the manuscript, I have not do the submittion, I could submit this manuscript to Dr. XuJianguodirectedly. Would 
you please send rne this final version of this manuscirpt? 

Regards 

Zhirning 
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-----®: ~~ ffiB1tt:-----

~ftt:.A:"leDuc,James W." <lwleduc@UTMB.EDU> 

~~B\.tf8J:2019-07-31 01:38:41 (~J!Jl -) 
!He¥~:-A: "Yuan Zhiming" <yzm@wh.iov.cn> 

f'J)~: 

~ ~: FW: PPTslides from July 26 

Zhiming, 

Attached are the slides I used for- the presentation at the recenthat you unfortunately could not attend. As you wi II see, 
the slides are basically drawn from our recent cornrnentary and I mentioned you by name and om collaborations on this 
when I gave the talk. As you will see from the note below and my separate response, some participants asked for 
copies ott he slides which I have given to them. 

Weiwen Zhang from Tianjin University was the lead person frorn the Chinese delegation. 

Did you submitourcomrnentaryto yow·joumal? Is there anything I need to do? 

I hope you are enjoying summer in Wuhan. 

Thanks, Jim 

From: Andrea lapp <aiapp1@jhtLedu> 
Sent: Tuesday, July 30, 2019 11:10 AM 
To: leDuc, James W. <jwleduc@.lUTMllEDU> 
Subject: PPTslides frornJuly 26 

WARNING: This emai I originated from outside of UTMB's emai I system. Do not click I inks or open attachments unless you recognize 

the sender and know the content is safe. 

Hi Jim, 
Our colleagues from China have asked if you would mind sharingyourslides with them? This is completely optional and 
we will not share without your permission. However, please let me know if it is okto share your PPTwith them. 
Thanks, 
Andrea 

Andrea R. lapp 
Events Director 
Johns Hopkins CenterforHealth Security 
621 E. Pratt Street, Suite 210 
Baltimore, MD 21202 
443-286-9494 

5!Jf'!.P..P.1.@1.bY:.?..9.Y 
www. ce nte rtm·hea ithsecu rity .m·g 
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Safety and Security in the Age of Synthetic Biology 

James W. Le Due* and Zhiming Yuan** 

Abstract: 

Synthetic biology offers great potential for benefit to society, hrumn health and agriculture; 

however, it also raises new concerns about safety and security. Application of established tools 

ofbiosafety 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 institutional 

oversight and as technology evolves, especially in the case of synthetic biology where many 

different specialized fields 1my 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. Recomnendations regarding avian influenza gain of function studies 

may offer a valuable framework of points to consider relevant future studies involving 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 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 protect the research environment. In addition, equally 

critical are the fimdamentals of individual leadership and institutional oversight. Together, the 

pragmatic use of these tools and measures ensures that research on microbes, including 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 address successfully all the potential challenges 

associated with synthetic biology. 

Biosafetv: 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 ofhurnan error are arguably the greatest 

threat to the investigators, their laboratory and the community at large. Besides the physical 

biocontainment, a laboratory specific biosafety procedures manual and the associated training 

ensures that the entire workforce, from the individual investigators and staff to the animal 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 individuals may receive 

formal training through academic coursework. This is often augmented by facility-specific 

safety orientation and perhaps followed by a period of mentorship provide by an experienced 

individual working side-by-side with the trainee. Unfortunately, such training may be a luxury 

in many programs, and novel approaches are needed to adapt and make available core biosafety 

training to everyone involved in synthetic biology. 

Biosecurity: Similarly, 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 ofbiocontainment laboratories. 

In most cases, these biocontainment facilities are well-designed and constructed to meet the 

modem demands ofbiosecurty. 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 

individuals enter the facility and lin1its access to pathogens to only those who are essential and 

properly trained, thereby mitigating the risks of nefarious use of technology or pathogens. Some 

programs may also attempt to inventory quantities of pathogens; however, given that by their 

nature they replicate easily, this measure has limited value in terms of security. Biosecurity in 

synthetic biology is largely dependent on the trusted workforce in the laboratory, and therefore a 

great deal of attention 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 in 

full compliance with all regulations and safe management practices, know their team members 

well and ensure that an appropriate safety and security culture pervades their institution. 

Leadership is a shared responsibility that involves engaging anyone with supervisory 

responsibility, be it a team leader, a principal investigator or the institution's director. 

Leadership in synthetic biology extends beyond the laboratory itself and ideally includes 

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 ofthe International Gene Synthesis Consortiwn ([ 

HYPERLI N K "https:/ /genesynthesisconsortium.org/" l) 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 ofrequests, possibly resulting in 

greater availability of potentially dangerous sequences and a decrease in the industry'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 oftheir leadership responsibilities, laboratory directors, 

principal investigators and independent scientists provide direct oversight to their immediate 

staff. Many organizations have an additional formal review process that provides institutional 
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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 institutions 

receiving U.S. National Institutes ofHealth fimding and they provide local review and oversight 

ofresearch involving recombinant DNA studies 

(.httpsJ/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 in the laboratory. These committees ensure that 

work conducted within a facility is done safely, securely, and in a responsible manner. 

Historically, this model has been instrumental in providing local institutional oversight of 

research activities and in establishing a national framework for consistent conduct of nearly all 

forms of research involving recombinant studies or synthetic biology. 

However, globally, all institutions may not have an IBC, and those that do may fuce 

challenges in ensuring that their committee members represent a sufficiently broad array of 

technica 1 skills necessary to provide effective oversight and perform an adequate risk assessment 

that is 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 investigations 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 fimction 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 ofplanned gain-of-function experiments. (httpsJ/osp.od.nih.gov/wp-

content/uploads/201 6/06/NSABB _Final_ Report_ Recommendations_ Evaluation_ Oversight_ Prop 

osed_ Gain_of_Function-Research.pdf). 

Such research would be of special concern and warrant additional review if 

• The pathogen generated is likely highly transmissible and likely capable ofwide and 

uncontrollable spread in human populations. 

• The pathogen generated is likely highly virulent and likely to cause significant morbidity 

and/or mortality in humans. 

In addition, the NSABB reconnnends that the following principles be considered prior to 

initiating the study: 

• The proposed research has been reviewed and is scientifically meritorious 

• The pathogen generated is likely able to arise naturally 

• The potential risks as compared to the potential benefits to society are justified 

• There are no feasible, equally efficacious alternative methods to address the same 

scientific question. 

• The investigator and institution have demonstrated capacity and commitment to conduct 

the study safely and securely. 

• The results will be broadly shared to realize full potential benefits. 
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• Management ofrisks and ongoing oversight will be in place throughout the course ofthe 

study. 

• 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 ofbiohazardous 

agents; biological containment structure and operations; care and use of laboratory animals (or 

plants, if appropriate) in containment; the conduct of a comprehensive risk-benefit assessment; 

ethics; legal concerns as reflected in loca~ state and national laws; ecological considerations; and 

the potential public health in1pact of proposed investigations. Establishing 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 insufficient to meet future oversight needs, given their focus only on known 

orgamsms. 

A path forward for countries and institutions engaged in research involving synthetic 

biology but lacking a framework for oversight might include ensuring that a solid foundation for 

training in 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 in a culture of open and honest communication, and 

connnercial suppliers of synthetic genes should screen requests and know their customers and 

their research. These attributes are already in 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 institutional oversight capability such as the IBC. If absent, one should 

be established. If present, it may be appropriate to review the com:nittee' s mandate and 

composition so that the diversity oftechnical skills and experience is available to help 

institutions ensure that their research in synthetic biology is done in a safe and secure manner 

that will ultimately benefit society. 

*James W. Le Due, Ph.D. Director, Galveston National Laboratory, Professor, Department of 

Microbiology and Imrru.mology, University ofTexas Medical Branch, Galveston, Texas, USA, 

77555-0610 

(email: [ HYPERLINK "mailto:jwleduc@utmb.edu" l) 
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Chinese Academy ofSciences, Wuhan 430071, China 
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From: 

Sent: 

To: 

Subject: 

Yuan Zhiming [yzm@wh.iov.cn] 

2/20/20211:16:08 AM 
leDuc, James W. [jwleduc@UTMB.EDU] 

@] ~ :Happy New Year 

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

the sender and know the content is safe. 

Dear Jim, 

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 nearfuture. 

Zhiming 

Yuan Zhiming, Ph. D. 
Professor of Wuhan Institute of Virology 
President ofWuhan Branch 
Chinese Academy of Sciences 
Wuhan 430071, China 
Tel: 86-27-87198195(0) 
86-27-87197242(L) 
Fax: 86-27-87199480 

From: LeDuc James \N. 
Date: 2021-02-12 10:05 
To: Yuan Zhiming 
Subject: Happy New Year 
Dear Zhiming, 

I hope that your are well and healthy! Maryellen and I take this opportunity to wish you and yourfami ly a very happy 
new year, filled with good health and happiness. We are all happy to see the past year come 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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James W. Le Due 
( m) 409-789-2012 
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From: Ting YUAN ~J¥ [yuanting@westlake.edu.cn] 

Sent: 4/29/202112:33:43 AM 
To: leDuc, James W. [jwleduc@UTMB.EDU] 
Subject: @]~:Invitation for Biosafety Advisory Committee of Westlake University 

Attachments: a ppoi ntment_l etter.j peg 

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 Professor LeDuc, 

Thank you for accepting our invitation, please fmd attached the appointment letter signed by Professor Yigong Shi. We would 
like to ask your opinion on the design of our facility and our project proposal once we have them in maybe early next month. 

Best, 
Ting 

~ft¥ Ting Yuan 

:±.1±Jti:J Jlll Director Assistant 

@:~~2F~lf~cp~t' Center for Infectious Disease Research, CIDR 

Tel: +86 571 87089772 

Cell: 15927246429 

Email: yuantin9C£Dv,;estlakr:\edun1 

±m ±11: : r:r 1±1 ;:rF u g *n J+l m i:l:ti ;Q~ g z~ fiff1 1; \*~E. :tt w m 18 -\·,-,; 

18 Shilongshan Rd, Cloud Town, Xihu District, Hangzhou, Zhejiang, China 

~ftf: .A.: LeDuc, James 

~~IM"raJ= 202lif.4A 2613 
J& ftf: A.: Tin :. YUAN 
:3::9: RE: Invitation for Biosafety Advisory Committee of Westlake University 

DearTing Yuan, 

W. 
22:47 

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 ProfessorYigong Shi and my colleagues Professor Pei -Yang Shi and ProfessorZhiming Yuan 
in this very important activity. I look forward to learning more about the new laboratory and how I might best 
contribute to your success. 

With best wishes, 

Jim 

James W. le Due 
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University of Texas Medical Branch 
Ce II 409-789-2012 

From: Ti ng YUAN JR_p;Cj <yuanti ng@westlake.edu.cn> 
Sent: Monday, April26, 2021 4:40AM 
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 click links or open attachments unless you recognize 

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 invite you as a 
member ofBiosafety Advisory Committee ofWestlake 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 spectnnn of infectious diseases. Thus, BSL-3 laboratories will be the most needed 
fucility right now. 

You are an extraordinary microbiologist excel on infectious disease and biosafety so that we can get invaluable 
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 Virology, etc. It will guide our Biosafety Committee in 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 invitation. The invitation letter will be sent to you later. Thank 
you for your time. 

Best! 
Ting Yuan 

~ft¥ Ting Yuan 

±1f.§J:LE~ Director Assistant 

@:~12S¥c~Jt3i,cpJG\ Center for Infectious Disease Research, CIDR 

Tel: +86 571 87089772 

Cell: 15927246429 

Em a i I : Y..~~-9. ........... ~~.9.-~.Y.Y.~.~~-!.0. .. ~.~-:.~.9 .. ~~-:.~!::~. 
±lli±lt : cr ~i:ffi)I 1#'1'71~'1-lil:i ]ffi;tnrz: = 15' J 'to~t 7t LlJ i:£1 18~ 

18 Shilongshan Rd, Cloud Town, Xihu District, Hangzhou, Zhejiang, China 
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APPOINTMENT LETTER 

Dear Pro..fe.s·sor ~lamse LeDuc 
We are pleased to appoint you as rnernber of Biosqfety Advisory Comtnittee 

o.f~ T¥estlake Univers it).J. 

2021.4.27 
W:1G Signature 
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From: 
Sent: 

To: 

CC: 
Subject: 

jwleduc@utmb.edu [jwleduc@utmb.edu] 
11/24/2020 9:29:48 PM 
:kJS:};:H±Zheng [d.zheng@wh.i ov.cn] 

Grimaldo, Miguel A. [magrimal @UTMB.EDU] 
Re: Happy Thanksgiving! 

Thank you Dasheng. I hope you are well 

Best wishes, Jim 

Sent from my iPhone 

On Nov 24, 2020, at 9:05 PM, :k0:*fitf::Zheng <d.zheng@wh.iov.cn> wrote: 

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

the sender and know the content is safe. 

Dear James, 
Dear Miguel, 

Thanks for giving me the opportunities of staying in Galveston and being trained at GNL. I am so grateful to you all 
and your kind assistance. 

Wish you happier and healthier than ever! 

Kind Regards, 

Dash eng 

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> ~~ : 

Dear Dasheng, 

I am sorrv to learn that you wi II not be continuing atthe Wuhan laboratory and I certainly wish you well as you seek 
another position. Unfortunately, we have no vacancies here at theGN L, but I am copying Migue I on this message in 
case heisaware ofotherjobselsewhere. 

I would be pleased to offer a letter of recornmendation I i mited to yourtrai ning here at the GN L. 
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With all good wishes for·yourfuture success. 

Ji rn 

James W. Le Due, Ph.D. 

Director· 

Galveston National laboratory 

UniversityofTexas Medical Branch 

Galveston, TX 77555-0610 

(t) 409-265-6500 

(f) 409-265-6810 

( rn) 409-789-2012 

From: *~:*:~iZheng<d.zheng@wh.iov.cn> 
Sent: Friday, August 31, 2018 3:24AM 

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 click I inks or open attachments unless you recognize 

the sender and know the content is safe. 

Dear Prof LeDuc, 

I am deeply impressed by you and your laboratory so that may I 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. I have to look for new "Ia 
vie" by 2019 New Year, the end of current work contract. 

Your consideration or recommendation would be appreciated greatly as I am confident in fruitful collaborations with 
you and your laboratory on biosafety and other relevant topics. 

Best Wishes, 

Dash eng 

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." <jwleduc@UTMB.EDU> wrote: 

Dear Dash eng, 

It is good to hear from you and to learn that you remain interested in collaborations on biosafety and other relevant 
topics. We look forward to working with you, Yuan Zhiming and your other colleagues as you bring your beautiful 
new facility to full operational status. Please let us know if we can be of help to you during these exciting times. 

With all good wishes, 

Jim 

James W. Le Due, Ph.D. 

Director 

Galveston National Laboratory 

University of Texas Medical Branch 

Galveston, TX 77555-0610 

(t) 409-266-6500 

(f) 409-266-68 ·j 0 

(m) 409-789-2012 

From: :kfo7:::2±Zheng [mailto:d.zheng@wh.iov.cn] 
Sent: Tuesday, January 09, 2018 1:26AM 
To: LeDuc, James W. <jwleduc@UTMB.EDU> 
Subject: Re:Re: Happy New Year! 

Dear James, 

Surely I 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 I am ready for indulging myself into biosafety other than notion of 
disguise. 

Please let me know if any chance I am of help in collaborations. 

Dash eng 
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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 

============================================= 

tE 2017-12-22 22:17:02, "LeDuc, James W." <jwleduc@UTMB.EDU> 'IJ.i]!: 

Thank you very much for your kind note and good holiday wishes. I am very pleased that you were able to spend 
time with us and that the experiences at UTMB were valuable. I 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 1:55AM, :k~::*::2±Zheng <d.zheng@wh.iov.cn> wrote: 

Dear Prof. LeDuc, 

Hope this email give you more health and happiness. I 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. I shall look for more opportunities for fruitful cooperation with GNL. 

Wish you a merry Christmas and Happy New Year! 

Best Regards, 

Dash eng 

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

Dear Dash eng, 

I wish you and your team good health and lasting prosperity as you begin the Chinese New Year. May the 
coming year bring you much success and fruitful collaborations. 

With all good wishes, 

Jim 

James W. Le Due, 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: 

Sent: 

To: 

BCC: 
Subject: 

leDuc, James W. [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE 
(FYDI BOHF23SPDLT)/CN=RECI PI ENTS/CN =937DF08E29C4439E88A04BABFFB162AD-JWLED UC] 

4/26/2021 2:47:12 PM 
Ting YUAN ~J¥ [yuanting@westlake.edu.cn] 

Shi, Pei yong [peshi@UTMB.EDU]; Yuan Zhiming [yzm@wh.iov.cn] 

RE: Invitation for Bi osafety Advisory Committee of West! a ke University 

DearTing Yuan, 

GROUP 

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 ProfessorYigong Shi and my colleagues Professor Pei -Yong Shi and ProfessorZhiming Yuan 
in this very important activity. I look forward to learning more about the new laboratory and how I might best 
contribute to your success. 

With best wishes, 

Jim 

James W. Le Due 
University of Texas Medical Branch 
Ce II 409-789-2012 

From: Ting YUAN Jf:tfr¥ <yuanting@westlake.edu.cn> 
Sent: Monday, April26, 2021 4:40AM 
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 click links or open attachments unless you recognize 

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 (Hangihou, China). We are writing to you because we wish that we have the honor to invite you as a 
member ofBiosafety Advisory Committee ofWestlake 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 
tmderstanding of a broad spectrum of infectious 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 invaluable 
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 Virology, etc. It will guide our Biosafety Committee in tenns 
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 invitation. The invitation letter will be sent to you later. Thank 
you for your time. 
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Best! 
Ting Yuan 

~ft¥ Ting Yuan 

±1f.§J:LE~ Director Assistant 

@:~12S¥c~Jt3i,cpJG\ Center for Infectious Disease Research, CIDR 

Tel: +86 571 87089772 

Cell: 15927246429 

Em a i I : Y..~~-9. ........... ~~.9.-~.Y.Y.~.~~-!.0. .. ~.~-:.~.9 .. ~~-:.~!::~. 
±lli ±.lt : cr ~ i:ffi n 'A' 1-rr ~+I il:i iffi ;tn rz: = 15 'J 't~ :t 7t 1.1.1 i:£1 18 -\5-

18 Shilongshan Rd, Cloud Town, Xihu District, Hangzhou, Zhejiang, China 
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To: Zheng~~*W:I:[d.zheng@wh.iov.cn] 
Cc: Shi, Pei yong[peshi@UTMB.EDU]; Grimaldo, Miguel A.[magrimai@UTMB.EDU] 
From: LeDuc, James W.[/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 
(FYDI BOHF23SPDL T)/CN=RECI PI ENTS/CN=937DF08E29C4439E88A04BABFFB 162AD-JWLEDUC] 
Sent: Mon 6/10/2019 4:07:49 PM (UTC-05:00) 
Subject: RE: Re:RE: Re:Chinese Scholarship to Visit UTMB 

From: Zheng~~A~tf <d.zheng@wh.iov.cn> 
Sent: Wednesday, June OS, 2019 8:43AM 
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 I ask for a favor from you to write an invitation letter with the same purpose as previous one so that I could seek another 
funding for longer stay at your academia? 

You have always been appreciated greatly to provide opportunities for academic exchanges. Hopefully I could do something in 
return. 

Best Wishes, 

Dasheng 

ZHENG Dasheng, PhD 
------------------------------------------------------------------------------------------
National Biosafety Laboratory 
Institute of Virology 
Wuhan, Chinese Academy of Sciences 
Hubei 430071, P.R.China. 
Tel: +86-27-5186-1004 Fax: +86-27-5186-1006 
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Mob: +86-135 1729 0969 
------------------------------------------------------------------------------------------
At 2015-04-01 21:43:13, "LeDuc, James W." wrote: 

From: L~~~~~~~~~'-'J On Behalf Of~~=~~~""' 
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 I havenot gotten any acceptance news from the Chinese Scholarship Committee after the 

scheduled admission deadline. I am afraid I 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:=:..:.==~· 

------------------------------------------------------------------------------------------
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At 2014-11-26 10:44:53, "Bente, Dennis A." 
- ~~~'71ffl}C:f'.-

From:~~~=~~"""-'-' 

Sent: Saturday, November 22, 2014 1:46AM 

To: Bente, Dennis A. 

Cc: Xia, Han 

Subject: Re:RE: Nice to meet you at Wuhan 

Hi Den, 

wrote: 

At this moment I have a chance to apply for some fund to support my idea to UTMB from the China Scholarship Committee. 

May I 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: 

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, I 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 I will follow your steps since I'm a trainee. 

Your assistance would be appreciated greatly. 

Best Regards, 

Dasheng 

Zheng, Dasheng 

------------------------------------------------------------------------------------------
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Chinese Academy of Sciences 

Mid 44, Wuchang Xiaohongshan 

Wuhan 430071, P.R.China. 

Mobile: 86-13517290969 

Email: 
====:..:.=~_;;;;_;_;;:~ 

------------------------------------------------------------------------------------------
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To: Zheng~~k~!i:[d.zheng@wh.iov.cn] 
Cc: Yuan Zhiming[yzm@wh.iov.cn] 
Bee: Shi, Pei yong[peshi@UTMB.EDU] 
From: LeDuc, James W.[/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 
(FYDI BOHF23SPDL T)/CN=RECI PI ENTS/CN=937DF08E29C4439E88A04BABFFB 162AD-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 

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. 

I look forward to hearing from you soon. 

With best wishes, 

Jim 

James W. Le Due, 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 Zhiming[yzm@wh.iov.cn] 
Cc: Shi, Pei yong[peshi@UTMB.EDU] 
From: LeDuc, James W.[/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 
(FYDI BOHF23SPDL T)/CN=RECI PI ENTS/CN=937DF08E29C4439E88A04BABFFB 162AD-JWLEDUC] 
Sent: Fri 3/20/2020 2:40:25 PM (UTC-05:00) 
Subject: RE: @li[: Vox article 

From: Yuan Zhiming <yzm@wh.iov.cn> 
Sent: Friday, March 20, 2020 1:33 AM 
To: LeDuc, James W. <jwleduc@UTMB.EDU> 
Subject: @] i: Vox article 

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

Dear Jim r 

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. 
Professor of Wuhan Institute ofVirology 
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: ==-"'.t-===-'-"-'-

Date: 2020-03-05 22:50 
To:~"-'-'-"~~'4, 
CC: ~'-'--"~~ 

From: Eliza Barclay 

Sent: Wednesday, March 04, 2020 8:49 PM 

To: LeDuc, James W. 

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 

On Fri, Feb 28, 2020 at 3:06PM Eliza Barclay 
Sure, will do. 

On Feb 28, 2020, at 12:16 PM, LeDuc, James W. 

wrote: 

wrote: 
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From: Eliza Barclay 

Sent: Friday, February 28, 2020 1:07 PM 

To: LeDuc, James W. 

Cc: Keusch, Gerald T 

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. 

From: Keusch, Gerald T 
Sent: Friday, February 28, 2020 11:48 AM 
To: LeDuc, James W. 
Cc: Eliza Barclay 
Subject: Wuhan 

wrote: 

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

Hi Jim, 

I was talking to Eliza Barclay from Vox (copied above) who was referred to me by our 
friend Peter Daszak. Eliza is working on a story to address the various conspiracy 
theories being bandied about on the origin of the Covid19 virus. One of the issues, of 
course, was the Wuhan laboratory as a source - whether accidental or deliberate - and the 
questions being raised about it biosecurity and biosafety protocols. I said that I was 
absolutely confident that they had proper protocols and trained people in place, in part 
because I am was aware that GNL had connections with that lab, had trained many of 
their staff, and that you have been there. 
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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 

Follow Vox on Twitter • lnstagram • Facebook 

Eliza Barclay • Science Editor 

Follow Vox on Twitter • lnstagram • Facebook 
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To: Yuan Zhiming[yzm@wh.iov.cn] 
Cc: Shi, Pei yong[peshi@UTMB.EDU] 
From: LeDuc, James W.[/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 
(FYDI BOHF23SPDL T)/CN=RECI PI ENTS/CN=937DF08E29C4439E88A04BABFFB 162AD-JWLEDUC] 
Sent: Mon 11/25/2019 3:42:54 PM (UTC-06:00) 
Subject: draft manuscript 

Hi Zhiming, 

Sorry for the delay in responding to your request for comments on your draft manuscript. I finally had a chance to review it and my 
comments are attached. I 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 I 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 I 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 Due, 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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As a critical part of the national high-level biosafety laboratmy network system, the construction 
project of the Wuhan BSL-4 National Biosafety Laboratory (NBL) was officially approved by the 
National Development and Retorm Commission in 2005. Subsequently, Chinese and French 
engineers and designers studied the operational state of the art high-containment laboratories 
worldwide, analyzed the geological and environmental conditions of the proposed construction site, 
confirmed the opemtional role of the laboratory in China, then jointly designed and constructed the 
labomtory. TI1e physical completion of the laboratory on Janumy 31, 2015, is not only a great 
symbol of Sino-French fi:iendship, but also an impressive accomplishmmt of the national high­
containment biosafety laboratory network. After the commissioning, cettification, and trial operation, 
the laboratory was successfully accredited as an Animal Biosafety Level-4 (ABSL-4) labomtory by 
the China National Accreditation for Conformity Assessment in accordance with C'NAS-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 ofthe accreditation certificate and the experimental activity license 
demonstmted that the laboratory has the full capacity and authority to handle high-hazard viruses and 
to study animal models of infection accmding to the regulations (Ref4). These events were a 
landmark achievement for the National High-level Biosafety Laboratory System with recognition by 
the 01inese national authority (RefS). In addition to the laboratory, a culture collection and 
repository center called the "National Center for the Preservation of Pathogenic Micmorganisms" 

was established and authorized, relying on the facility and bio -containment environment .. (~~;{#~~). ..... --···--··{ Formatted: Not Highlight 

With these milestones, the NBL, as China's first BSL-4 laboratory, has been put into operation 
formally and legally, with full capacity and authority to conduct virus stocking and scientific 

research on virulent high -ha?lnd viruses ... 1.h(':)<?t.!g~~~.r.t.J.1.?:i:r:rl.: . .<l..f.~h(':.ip_~!.it_tl~~-j~J9 ~~Ytl?!~h ~h~ .NB!c ....... -···-·····{ Formatted: Not Highlight 

as a comprehensive research and development center tor infectious diseases, a national biological 
center, and a WHO reference laboratory. ln addition, thi5 laboratory will become a stepping -stone for 

C'hinese and French ~cientistsJ~ !JgQ~ir_lg .. i.n.~~C.!~?_ll.S.. _<]}s~;ll:s.e_l1_11<:l 'Y~lli~? ~(;~t: 11.s.ll C.()rJJ.t:J_ll~()_l1~ -~ ·"""··--··--· Comment [LJWl]: Do you want ta limitthis to 

global health security. (Fig.1) French scientists? Perhaps " .. a stepping stone 

Fig. I The BSL-4 fucili ty building 

Nature ofthe laboratory 
The laboratory is located in Zhengdian Scientific Park, a few kilomete1;;; 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 in the park, 
making this research park a modem, comprehensive national and regional virology research and 
development center. 

The BSL-4 laboratory stands as an independent building with a total area of 3266 M 2 It comprises 
two sections: a square laboratory body stmcture and a circular auxiliary stmcture, both inter-linked 
by a closed corridor. All the equipment and functional units were fitted into the three floors of the 
square stmcture. The basement and upper zones are equipped with life maintenance and ditlerential 
pressure systems (compressed respiratory air and environmental air handling plenums with High 
Et1:1ciency Particulate Air [HEPA] filters), continuous liquid effluent heat treatn~nt devices and 
chemical disinfectant tanks, heat exchange systems, water treatment devices, and air conditioning 
units. All of thi5 equipment is connected to other fi.mctional facilities distributed in other zones, 
within the NBL, through a pipeline pet\vorlc Thus, (!11 C()Iltarni!lated 11ir:, vvater and solid \¥aste 
sterilized/treated before release from the laboratmy. (Fig.2) 

tHJptwr T~dmic11l Zmw; R~lhg~rabrs, 
A!TU, Ex!xmst tllns, T~.;,hni@l units 
(lfShtNiCI 

t.lf:quipm~nt intcrlay\.T bmc: 
Scparatd hom 2ud t1oor by grilling 
Jhr nmimwum~e, Air dud~ and H.!BO. 

•. c_# #fe _Jab1Jr.l .. t#f. y.;· Cnn_ qj.nl.:.·:·.r.\t\ .. \· ii.Ll il per tecJJ~at,~~tW~s~a L 
and ouJ on the !.-'eiling. 

rigerator,B~tmdUiiU~mnS\;i!iti~s 
wch <l ~ el ~ctrici ty; comtKess<:d air, 

Wi~i\\iWt~~;;ril~r~~~~r 
arated frt'fnJ. b\er~n'i.'fi'fl'arar ~ fucili ty 

interlayerzone. and the core laboutoryzone.All entering and 

lls for maitlte'fflfifc~~cla'ffd"tt~naste is !rea"' by a 

re labot'(:nunr~rrmmment ducts, aM ~m~ne is composed of a biosafety 

a rings~tlor.;lp~~rmii\indtOOtsvas ·. 
etlectively sealed oti timn the outside urn,rri;·······m: 

~l}\~~lfiffifdffiJii~~to three core 
ro'aJ'n't~ anCft:6n~uri1an pnmates, 28M2 and 40 

tall theor?fdffitid~ 3SJEh ~~ ~vo virus preserv~tion 
contamment area IS 480 M , and 1ts workmg ·:. 

ctricit nclffn~~g<gs~tf ~lW'i~~fbe non .. •· .... ·• ·• .. •· 
y, occurrlfi'g ms1de of lffhrough sealed double-glazed 

can observe the activities 
mstalled within lhe stainless steel wall 

Comment [A3]: Please change "Technical 

units of shower" to "technical shower units" 

Please change "Exhaust fans" to "exhaust 

fans~~ 

Please change "Upper Technical Zone" to 

{/Upper technical zone: 

Please change "Equipment interlayer Zone" to 

"Equipment interlayer zone" 

Please change "Baserrent technical Zone" to 

"Basement technical zone" 

Please change 11from 2ndn to ufrom the 2ndn 

It's not clear what "by grilling for 

maintenance'1 means -maybe uby grills {for 

You might want to spell out BIBO. 

Please change "ducts and BIBO." to "ducts, 

Please change "get in and out on the ceiling" 

to 11 go in and out of the ceiling'; 

Formatted: Font: (Default) Times New 

tter trea£~ffi~b~bCW~fertllft.t9ffiilW. provides an ambient working environment tor researchers in addition 
to being a pmctical passrlt~·t61· the purpose of overseeing by the biosafety officer and managers (Fig. ..r---------------, 

" Comment [LJW4]: Not sure what this means. 
3). The installation of an outer bulletproof glass and ~utmost porous ft.h:'I!Ji_11_ll.IJIPl1l:t~.!l.CJ~ .CJplyp_[9yjcl,~ ./ ... / You mav wish to defln<' In greater detail. 
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an extra protective measure, but aL~o bring value in the fonn ofheat insulation and eventual energy 
savings for the laboratory 
The laboratmy is composed of I 0 technical systems, including the power supply, thermal supply, 
containment, air treatment system, waste di5posal, life maintenance, automatic contml system, fire 
contml, security system, and isolation facilities, which guarantees stable unidirectional negative 

pressure gradient air flow and sealed environment in .. Hl<e. containment area. It is designed as a suit­
type biosafety laboratmy, in which the staff ins ide are completely protected by a whole -body 

positive-pressure protective suits upplied with conditioned ~UJ. ... ... ... ... .. .. .. .. .. ... ... ... ... ... .... .... .... .... .............................. .... ..--·············· comment [lJW5]; would you like lndude 

The containment laboratmy is fitted with equipment that meets the requirements of biosatety 
management and high -containment pathogen research, including Labconco biological safety cabinet5 
(BSC), aninml breeding and isolators, Teen independent air transport cages, Teen animal cages, 
Ehret monkey cages,.'".. E .. J11enno anatomy table, 
quantitative PCRamplifiers, refrigerators, and fi:eezers. 

[ 
1 

Fig. 3 Two technicians working 

inside the laboratory 

Fig. 4: The animal cages for rodent (A) rud mn-human primate (B) infection, and the 

autopsy table in tln·eesepa.ratedroomin the BSL-4 

Main scientific research priorities 
The laboratmy is designed and equipped to conduct research on RG-4 pathogens such as the Ebola 
virus, the N~Jah virus, the Crimean-Congo Hemorrhagic Fever (CCHF) virus, the Lassa virus, the 

mention of the maximum number of 

personnel that can be supported by the BSL4 

air supply system at any given time? 

(Formatted: Subscript 

.Tun in virus, the SARS-po \L the ... J'v1a~burg yiru~, :l11cl so on. jH:coniil1g t() t]Je l:J.b) bi()safety ·················· comment [LJW7]: Is SARS--COv considered a 

pmtection level, personnel ability, and management status, the research activities that can be RG-4 pathogen in China? 1 think we handle it 

conducted in the labomtory range from low-risk manipulation of cell culture pmpagation, to rodent at BSL3. 1his will be Important lfvou want to 

infection, and ultimately to the infection of non-human primates. Similarly, pathogen manipulations share strains. 
are gradually conducted from the low-risk CCHF virus to other more virulent pathogens such as the '----------------> 
Ebola virus, the Marburg virus, and the Las sa virus. According to the license issued by the National 
Health Planning Glmmiss ion and the availability of virus resources, the laboratory has already 
implemented projects on cell culture models, animal models, pathogenesis studies, and preliminary 
trials of antiviral drugs as well as vaccine development for the CCHF virus, which used to be called 
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the Xinjiang hemonhagic fever vims, causing spomdic animal infection during the last few decades 
in Northwest China (6). 

The labomtory has established short- and long-term collabomtive links with counterparts in the USA 

and Fmnce; we are seeking additional beneficial }<;i<;:tl~il_i(; ~114 ()peJ.(lti()I1al P11:I1Ile_rs_h_ips_'Yi.t~ ()_th.e~ 
labomtories around the world, with lhe purpose of sharing specimens, reagents, technology, good 
pmctice, and expertise; the eventual goal is for there to be effective collaboration within the 
international laboratory community to address lhe threat of emerging and re-emerging infectious 
diseases locally and internationally (7). 

r Comment [AS]: "true""/ Maybe "beneficial""/ 
'~~~~~~~~~~~~~~ 

ngthlmiing~~~~~ljl!;fi!IIJ~~~Ij~ .............................. /' L?.'.~".'."~.t__[~:.J: ... ::!.h_., _ _s_t_r~~~~~ .. P.I_a_n_:' .................... ..J 
UJ.l···THe···D;~s-,I,S.··<lH····Hl<\:}SfQ.I!IJ]E.._j£_lltS._E_!:.2_1.f.Gill:J'. opemtional orientation and Cbim1·<' national 
requirements, the laboratory was designed and will opemte as the research and development center 

.,.... ............................................................................................. . 
for infectious disease, as a national biological resource center and as a WHO reference labomtory .J... ..... ""··'·J comment [dlO]: Repeat with previous 

As a comprehensive national biosafety research center, it will play an indispensable role in the ! paragraph. 

prevention and control of infectious diseases in 01ina. In onier to realize these key goals and '--~~~~~~~~~~~~~-' 

functions, we must assure the safe and secure operation of the labomtory, increase its capacity as a 

core culture collection resource, enlarge its scientific research capacity, support and promote the 
overall response capacity for public health emergency preparedness, provide expert support to 

national biosafety strategies, and contribute to the broader labomtory network hstem}.V!t;: _a~ _t() .................. Comment [LJWll]: would vou like to mention 

ensure the safe and eflicient operation of the laboratory through the principles of .:'"openness, your training program to prepare staff for 

transparency and sharing\'.~ benefiting national security and global health security. work In bio~ontainment? 

On Febmarv 22, 2017, an article entitled "lnside the Chinese lab poised to study world's most 
dangerous pathogens," by David Cyrano ski, elicited a range of opinions in the fom1 of discussions 

l.l!!l2!11S .. :l.C:.!~!l1.~1:3., .. 1?.21h ... i!.U,.'h~~.1l ... li.TIQ .. l.lQ.rg_li.9:.: ... ~g_!l?c~ ... ~s:.i<e:l}.t.i~.t.". .. !:<C:gl_!_r!cL~h.i!l.1!.'.". .. J~.t.fJ!g_t>_l_!.f~!v ... ~<e:Y<e:.L1. 
(J?.~J":.4.l...lli.Q.2!1:!l.<l.IJI ... li.~ ... li ... :'l;l_i_g ... ".!ll.lld.~ ... ".Y.11JQ2.Li!.LQ.i2JSJ_gv'.' .. 1bl.lL'"Lill .. .1~:3.<e:J;iJ_ll.Y ... ~2D.l.IiQld.l.~ .. .l.<~ .. l.lD~L1J.~.~!~ . .DJ 
global health securitv, whereas ofi1ers express considerable concem regmding the potential biosatetv 
and biosecurity risk posed by the new laboratory (Retl ). 
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From: leDuc, James W. [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 

Sent: 

(FYDI BOHF23SPDLT)/CN=RECI PI ENTS/CN =937DF08E29C4439E88A04BABFFB162AD-JWLED UC] 

5/6/2019 4:16:05 PM 

To: 

CC: 

Gail Bernabe (gbernabe@niaid.nih.gov) [gbernabe@niaid.nih.gov] 

Shi, Pei yong [peshi@UTMB.EDU] 

Subject: FW: Ca II Announcement - Adva need Customer Cultivation Project of Wuhan Nation a I Bi osafety La bora tory, Chinese 

Academy of Sciences 

Attachments: Ca II Announcement.pdf.pdf; Application Form.doc 

Gail, thanks for taking my call this morning and for your suggestions as to possible fimding sources for 

collaborative work with China. Attached are the original annm.mcement and the application form for the 

program we discussed. We have already submitted a proposal and if successfu~ we would begin work in 

Wuhan later this year. My goal is to identifY a similar fimding 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 in the US and some in Wuhan by investigators that are in frequent contact 

and visiting each other frequently. 

Best wishes, 

Jim 

James W. Le Due, 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: ~ttB~ <zhanghan@wh.iov.cn> 

Sent: Thursday, May 24, 2018 9:40PM 
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 ofVirology, CAS aims to cultivate national high-level biosafety talents, to 
output significant scientific and technological breakthroughs and achievements, and to promote the scientific and 
teclmological support capabilities 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. Jf available, could you please review the call announcement and help to forward this notice to 
the relevant research fellows in your side? 

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

project website : httpJ/english.whiov.cas.cn/N otice20 16/20 l805/t20180518 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 ofWIV, CAS. 

Ill. 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 W IV, 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 opm10n 

passed the review by WIV, 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 fonn 

according to the instruction, submit the paper version (including signature and 

organization seal) of the application fonn, 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 18th, 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 £hs:mgg_@w.Qj_gy,_g.n. 

Address: 

Wuhan Institute ofVirology, 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 

Wuhan Institute ofVirology 

Chinese Academy of Sciences 

May 18th, 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 (dimly) 

[PAGE ] 
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Instruction for Form Filling 

I= 1 \* ROMAl~ ]. Instruction for form filling 

1. The main body of the project application form consists of seven parts: "research background", "research 

contents", "technical route", "expected outcomes", "basic information of organization", "introduction of 

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 application 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 (includes the title) shall be written with a l. 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 in the full name which shall be consistent with that on the official 

seal of the organization. The paper print of application 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 in completely, the applicant's organization shall review the truthfulness, 

completeness and effectiveness of the information filled in. 

[ = 2 \* ROMAl~ ]. 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 in A4 book size in print (double page) or in 

regular script. 
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Basic Information 

Project name 

C Frontline of the fundamental C Major common key technology C Application 
Type of project 

k!emonstration research C Others 

Budget ~otal 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 I 
Project Type of certificate Certificate No. 

leader Highest degree 

Title Duty 

Research Person to 
Principal Investigator 

group m 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 
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[ = 1 \* ROMAl~ ]. Research Background 

(within 300 characters) 

[ = 2 \* ROMAN]. Research Contents 
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[ = 3 \* ROMAl~ ]. Technical Route 
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[ = 7 \* ROMAL~ ]. 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/in fom1ation dissemination/ intellectual property 

7. Labor costs 

8. Expert consultation 

9. Other expenditure 

Total 

Note: Budget preparation and expenditure execution are conducted according to Measures (~f Academy-Level 

Scient({ic Resemr:h Projects of Chinese Academy of Sciences. 
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To: George F GAO[gaof@im.ac.cn] 
Cc: Shi, Pei yong[peshi@UTMB.EDU]; Tseng, Chien-Te K.[sktseng@UTMB.EDU] 
From: LeDuc, James W.[/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP 
(FYDI BOHF23SPDL T)/CN=RECI PI ENTS/CN=937DF08E29C4439E88A04BABFFB 162AD-JWLEDUC] 
Sent: Thur 1/16/2020 1:55:36 PM (UTC-06:00) 
Subject: new Coronavirus 

Hi George, 

Congratulations on China's response to the emergence of another new coronavirus. Under your strong leadership, you and your 

colleagues have prepared China well for this new threat and I 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 I am quoted on the stark differences in response 

between SARS and now. In addition, I just submitted the attached essay to the Houston Chronicle as an OpEd. I 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 

James W. Le Due, Ph.D. 
Director 
Galveston National Laboratory 
University of Texas Medical Branch 
Galveston, TX 77555-0610 
(t) 409-266-6500 
(f) 409-266-6810 
(m) 409-789-2012 
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Chinese Response to New Virus 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, 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, 

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 other 

nations to be on the lookout for the new disease. The outbreak is still in the early stages and 

fortunately, preliminary results 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 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 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 quickly 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 Due, 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 
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Differential Virological and In1munological Outcome of Severe Acute 
Respiratory Syndrome Coronavirus Infection in Susceptible and 

Resistant Transgenic Mice Expressing Human 
Angiotensin-Converting Enzyme 2v 

N aoko Yoshikawa/ Tomoki Yoshikawa/ Terence Hill, 1 Cheng Huang, 1 Douglas M. Watts/ 
Shinji Makino/ Gregg Milligan,3 Tehsheng Chan,1 Clarence J. Peters/·2

A 

and Chien-Te K Tseng1
•
4* 

Departments of Aficrobiology and Immunology, 1 Pathology, 2 and Pediatrics3 and Center for Biodefense and 
Emer,ging Infectious Disease,-+ University cif Texas Medical Branch, Gal!'eston, Texas 77555-0609 

Received 29 October 2008/Accepted 10 March 2009 

\Ve previously reported that transgenic (Tg) mice expressing human angiotensin-(~onverting enzyme 2 
(hACE2), the receptor for severe acute respiratory syndrome coronavirus (SARS-CoV), were highly susceptible 
to SARS-CoVinfection, whkh resulted in the development of disease of various severHy and even death in some 
lineages. [n this study, we further characterized ami compared the pathogeneses of SARS-CoV infection in two 
of the most stable Tg lineages, AC70 and AC22, representing those susceptible and resistant to the lethal 
SARS-C•JV infection, respectively. The kinetics of virus replication and the inflammatory responses 'vithin the 
lungs and brains, as well as the clinical and pathological outcomes, were assessed in each lineage. In addition, 
we generated information on lymphoq1e subsets and mitogen-mediated proliferation of splenocytes. \Ve 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 more intense in AC70 than in 
,c\C22 mke, espedally in the brain. Moreover, such infection was an~ompanied by a more profound immune 
suppression in the former, as evidenced by the extensive loss ofT cells, compromised responses to concanavalin 
A stimulation, ami absence ofintlammatory infiltrates within the brain. We also found that ens+ T cells were 
partially effective in attenuating the pathogenesis of SARS-CoV infection in lethality-resistant AC22 mice. 
Collectively, our data revealed a more intense viral infection and immunosuppression in AC70 mice than in 
AC22 mice, thereby providing us with an immunopathogenic basis for the fatal outcome of SARS-CoV infection 
in the AC70 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 anima! 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 
Cbina (16, 20). Currently. it is a matter of debate as to whether 
SARS-Co V 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 Irmnunology, University of Texas Medical Br3Jlch, 301 University 
Boulevard, 0.150 Kcilkr Buildinl!., Galveston, 'TX 77555-0609. Phone: 
(409) 747-0789. Fax: (409) 747-07G2. E-mail: sktseng(a!utmb.edu. 

'
1 Published ahead of print on 18 March 2009. 
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The exact mechanism of SARS pathogenesis remains un­
known. Evidence has shown that SARS-Co V is transmitted by 
large droplets. likely via aerosol or fecal-ora! routes, with the 
lungs being the main patbological 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). Studies with postmortem 
lung tissues revealed diffuse alveolar damages. with prominent 
hyperplasia of pneumocytes, and an increased accumulation of 
activated macrophages. Strikingly, these pulmonary manifesta­
tions usually occurred after the clearance of viremia and in the 
absence of infections by otber opportunistic agents. Tbe pul­
monary damage in SARS patients could be caused directly by 
viral destruction of permissive alveolar and bronchial epithelial 
ce!ls. Such a delay in revealing reactive hemophagocytosis and 
other pathological manifestations within the lungs of patients 
severely affected by SARS strongly suggested that overly in­
tense host inflammatory 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 bighly elevated expression of various innate 
inflammatory cytokines in the circulation of SARS patients, a 
state commonly referred to as a '"cytokine storm" ( 1, 3, 24, 30). 
However, in the absence of recurring SARS epidemics. an 

Nelson Judicial Watch TPIA 0391 - - - -



Obtained via FOIA by Judicial Watch Inc.

5452 YOSHIKAWA ET AL. 

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
egies against SARS. 

The animal species permissive for SARS-CoV infection in­
clude mice (young and aged) and some of their derivatives, 
e.g., ''knockout" and transgenic (Tg) mice, hamsters, ferrets, 
and various nonhuman 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. VVe 
have focused our studies on characterizing the pathogenesis of 
SARS-CoV infection in Tg mice expressing human angioten­
sin-converting enzyme 2 (hACE2), the functional receptor of 
SARS-CoV (19), established in our laboratories. Our initial 
characterization from two different lineages of hACE2 Tg mice 
(AC70 and AC63) dearly demonstrated that tbe Tg expression 
of h_ACE2 makes the otherwise resistant mice highly suscepti­
ble to SARS-Co V infection, resulting in an overwhelming in­
fection. especially in the lungs and brains of both lineages, 
accompanied by a clinical illness of varying severity (32). Spe­
cifically. mice of the AC70 lineage developed an acute wasting 
syndrome that resulted in I 00% 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 
likely stems from an unregulated and often excessive inflam­
matory response, tbe exact nature of the host responses and 
their correlation with the severity of the diseases associated 
with SARS-CoV infection are not entirely dear. 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 Jed us 
choose the other lethality-resistant hACE2 Tg lineage. AC22. 
for the subsequent characterization of host responses to 
SARS-Co V infection. 

[n this study, we infected bACE2 Tg AC70 and AC22 mice 
with an equal amount of SARS-CoV (i.e .. 106 50% tissue 
culture infective doses [TCID50]) to compare the correlates 
between various aspects of bost immune responses (e.g .. proin­
tlammatory cytokines. modulation of lymphocyte subsets, and 
mitogen-induced proliferation of lymphocytes) and the 
pathogenesis of SA RS-Co V infection. The data presented in 
this study extend our previously reported observations con­
cerning the differential pathogenesis of SARS-Co V infec­
tion in hACE2 Tg mouse lineages that are either highly 
susceptible or resistant to lethality following SARS-Co V 
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. 

MAn~RIALS AND METHODS 

lVlke. Tg mice expressing human .ACE2 \Vere generated as previously de­
scribed (32). A.mong the five established Tg lineages, three (i.e., r\.Cl2, r\.C50, 
and !-\C70) and two (i.e., AC22 and AC63) \Vere susceptible and resistant to 
lethality in response to SARS-Co V, respectively (Table l ). The tissue expression 
profiles of hACE2 in AC22 and AC70 mice were developed following serniquan· 

J. V!ROL 

TABLE 1. Differential outcome of hACE2 Tg mouse lineage to 
SARS·CoV infection 

Iransgenic 
lineage 

AC70 
AC50 
AC12 
AC22 
AC63 

TCTD50 (log10) 

of SARS-CoV 
(Urbani strain) 

3 
3 
3 
6 
6 

a ...... not applicable. 

1V1orbiditv 
(weight loss,-etc.) 

+ 
+ 
+ 
+ 
+ 

Mortality 1V1ean survi·val 
[%) time (days p.i.) 

100 62 
100 6.9 
100 4.5 

0 a 

0 

titative reverse transcription--PeR (RT-PCR) by using h!-\CE2-specifi_c pri·mers 
(fonvard, 5'-AGGATGTGCGAGTGGCTA-3'; reverse, 5'-AGGGCCATCAG 

GATGTCC--3 1
). as we previously described (35). For this study, we chose the 

r\.C70 and r\.C22 lineages, which are t"\YO of the most stable lines with regard to 
bACE2 expression, breeding elftciency. and litter size. 

ln some experiments: CDS+ T-cell-depkted Tg r\.C22 mice \Vere used for 
assessing the role of this T--celt subset in the host responses against SAIZS-CoV 
infection. To deplete CDS· T cells, we injected (intraperitoneally [i.p.]) two 
doses (50 p_g/per dose. 3 days apart) of anti-mouse CD8 monoclonal antibody 
(done 2.43) or an isotype-matched rat immunoglobulin G (IgG) antibody [done 
SFl<-8) as controls. Ttte extent of depletion was assessed at day 2 after the last 
antibody treatment by obtaining splenocytes and analyzing them for the presence 
of CD3+ CD8+ T cells by ilo\v cytometry. To ensure a persistent state of cell 
depletion during the course of SA .. RS-CoV infection, we treated Tg r\.C22 mice 
with either anti--CD8 antibody or control antibody a! days --4, ---1, + 2J + 5, and 
+8: \Yhere day 0 was defined as the time of SA.RS-CoV challenge, 

SARS-C.JV and cells. Tlte Urbani strain of SARS·CoV, Jjndly provided to us 
by T. G. Ksiazek, Centers for Disease Control and Prevention (r\.tlanta, Gr\.): was 
used throughout tttis study. Vero E6 celts (.A.TCC) were used for virus infectivity 
assays. The original stock of SA..RS-Co V, designated passage t received two 
additional passages in Vero E6 cetls. The titer of this las! passage 3 was deter­
mined and expressed as T'ClD5ofml, and the vin1s \Vas stored at -80')C, and used 

throughout 1 his study. All experiments involving infectious vi £1tS were conducted 
at the University of T'exas l\tiedical Branch: Galveston, T'X, under an animal use 

and care protocol approved by the University of Texas Niedical Branch IA .. CUC 
in Ai\L!\C-accredited animal biosafety level 3 and biosafety level 3 laboratories, 

Infedion of mke~ body weight~ illness so)re, and morlaHl~'· Anesthetized Tg 
mice, their non-Tg littermates, and CDS· T-cell-depleted Tg mice, ranging from 

8 to 20 weeJ,s of age, were infected intranasally (i.n.) with 60 ;d of SARS·CoV 
in phosphate-buffered saline (PBS) that contained the indicated doses of infec­
tious ·virus. Con trot rnicx-; \Vere inoculated \Vith the same volume of PBS. ] nfected 
mice \Vere weighed daily to allow us to monitor disease progression. ln addition: 
ttte severi1y of itlness in infc-:cted mice \-Vas scored independently by two investi­
gators \Yho used a previously described (9), standardized 1-to-5 grading system as 
follows: 0, ltealtby: I, barely ruffied fur; 2, ruflkd fur but active: 3. rumed fur and 
inactive; 4, ruflied fur, inactive, and hunched; and 5, dead. In some experiments: 
infected rnice were sacrificed at indicated time intervals to obtain tungs and 
brains for determining viral infectivity titers, staining for viral antigen by immu­
nohistochemistry (J HC), profiling the inHammatory responses, and analyzing the 
histopathology. Vve also han'ested the spleens of uninfected and SAR.S-CoV­
infected Tg mice at days 2 and 4 in separate experiments to determine CD4 
T-cell, CDS T-cell, B-cell, and non-T- non-B-cell subsets and their response to 

concanavalin 1-\.. (ConA) stimutation as described belo\v. 
Virus titers in the lungs and brains of infected mice. The lungs and brain 

specimens obtained from mice at tbe indicated time points after infection were 
weighed and homogenized in a PBS-lOWe fetal calf serum solution using the 

TissueLyser--Qiagen (:R.etsch, Haan, Germany) to yield 10o/rJ tissue suspensions. 
r\.fter clarification by centrifugation, serial 10-fold dilutions of the tissue suspen­
sions \-Vere prepared and assayed in Vero E6 celts to determine vi rat titers (32). 
The titers of individual samples were expressed as TCID50 per gram of tissues. 

IHC and histopathoJog~'· Lung and brain tissues. obtained as described above. 
were fixed in 10% neutral buffered formalin, embedded in parallin, and pro­
cessed for tlte subsequent !HC and histopathology studies. as described previ· 
ously (32). Briefly, 5-p .. m sections \Vere used to detect the expression of S/\RS­
CoV nucleocapsid (N) protein by using standard I HC by sequential incubation 
with rabbit-specific anti-S/\RS-Co V N protein antibody, phosphatase-conjugated 
secondary antibodies. and naphthol-fast red (as a substrate). Slides were coun-
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terstained \Vi! h bernatoxytin, and an! igen expression was examined under differ-· 
ent magnifications. The hematoxylin-eosin-stained paraffin sections \vere used 
for routine histopathological studies. 

Cytokine and chemokine profiling. Gamma-irradiated lung and brain homog­
enates \vere subjected to inflammatory profding by using the 23-·ple:x Cytome! ric 
Bead Array (Bio-Rad, Hercules, CA), as described previously (32). 

Flow cy!Omeh·y and ConA-indueed proliferation of sp!enoeytes. Splenocytcs 
were stained for fluorescein isorhiocyanare- or phycoerythrin-conjugated anti­
CD3, -CD4, -CD8, -B220, and --CD14 and their corresponding isotypc--matched 
control antibodies (all from Ca!Tag Laboratories). These samples were then 
analyzed with FACS<"m and CelQuest soflware (BD Biosciences), as described 
previously (33). For determining the capacity of splenocytes to proliferate in 
response to rnitogen stimulation, \Ve cultured 2 X 105 cx-::lls/200 pJ in triplicate in 

96-well, U-bottomed m icrotiter plates in the presence or absence of ConA (25 
p_g/m l; Sigma--1-\Jdrich) for 3 days. The cultures \vere pulsed \Vith 1 p.Ci/well 
[

3H]thymidine (New England Nuclear) for the last 12 to 16 h in the culture. The 
total incorporation of [3H]tltymidine was determined by liquid scintillation 
counting and expressed as counts per minute ( cpm) or stimulation index, which 
\Vas caku lated as total cpm of Coni\-stimulated eel ls/total cpm of unstimulated 
cells. 

SlaHstical analysis. Statistical analyses \Vere performed by using a t\vo--tailed, 
unpaired Student t test. Unless otherwise indicated, means ± standard errors of 
the means are shown. 

RESULTS 

Dili"erential susceptibility of hACE2 Tg mice of different 
lineages to SARS-CoV infection. Our observations on the 
pathogenesis of SARS-CoV infection in t\vo different lineages 
of hACE2 Tg mice, i.e., the AC70 and AC63 lineages, were 
reported previously (32). We continued to characterize the 
remaining three lineages with regard to their susceptibility, 
clinical manifestations (i.e., ruftled 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 compared to tbeir non-Tg littermates. 
Like that of AC70 mice, infection of AC50 and AC12 mice 
with HP TCID50 of SARS-CoV resulted in the mice develop­
ing an acute wasting syndrome and eventuaHy succumbing to 
the infection with a 100% mortality rate, with a mean survival 
time of less than l week postinfection (p.i.). While the 50% 
lethal dose of SARS-CoV for AC70 mice was approximately 
1.7 log units, the prospective 50% lethal doses for AC50 and 
AC12 mice \Vere not determined, largely due to the scarcity of 
the available animals. In contrast to the lethality-susceptible 
lineages, AC22 mice, fo!lowing infection witb up to 106 TCID50 

of SARS-CoV, survived despite exhibiting \veight loss and 
other signs of clinical illness. Importantly. the transcriptional 
levels of hACE2 expression in various tissues of AC22 mice, 
especially those of the lungs and brain, were lower tban tbose 
in Tg AC70 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 mucb higher levels 
of hACE2 expression than Tg mice for which infection was not 
lethal (e.g., AC63 mice) (32 ). 

Dift'erential SARS-CoV-induced morbidity and mortality be­
tween AC70 and AC22 mice. To further establish the possible 
correlates bet\veen host responses and such a strikingly diller­
ent outcome of the infection, groups of 21 and 31 age-matched 
AC70 and AC22 mice, respectively, were inoculated (i.n.) with 
the same dose of SARS-Co V, i.e., 106 TCI D,,/60 rd of SARS­
CoV. Infected mice were monitored daily for morbidity and 
cumulative mortality, if any. In addition. three mice of each 
lineage were sacrificed at daily intervals until day 5 and three 

8 

FIG. L Tissue expression profile of hACE2 in the ·rg mouse lin­
eages AC70 (A) and AC22 (B). DNA-free RNAs extracted from dif­
ferent organs of ·rg mice at 6 to 8 weeks of age were subjected to 
RT-PCR analysis to evaluate the expression of hACE2 mRNA. The 
R'T-PCR products were analyzed on 2% agarose gels. The data shown 
are representative of two independently conducted experiments. 

AC22 mice were also sacrificed at days 6, 8. 10, and 12, thereby 
aHowing us to assess the infectivity titers of SARS-CoV in tbe 
lungs and brains, t\vo of the most prominent tissues shown to 
support viral replication in our hACE2 Tg mice (32). As shown 
in Fig. 2, infected AC70 mice started to manifest various signs 
of Hlness, 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 
AC70 mice at day 3 was approximately 15%, and it reached up 
to 20W" of tbe animals' total body weigbt 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 
\veight, starting at day 9 p.i. In addition. infected AC22 mice 
exhibited a much milder disease than the infected AC70 mice 
and eventually recovered without suffering any mortality, 
which suggested to us that tbis lineage was indeed resistant to 
lethal 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-Co V infection in AC70 and AC22 
mice, we compared the kinetics and distribution of SARS-Co V 
replication in the lungs and brains bet\veen these two lineages. 
Viral replication in the lungs reached a maximum at day l p.i., 
in which averages of 108 5 and 1087 TCID50 SARS-Co V/gram 
were recovered from AC70 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 contrast 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 (···Hf 7 ) was first detected in tbe 
brains of infected AC70 mice at day 2. Viral replication within 
this tissue proceeded rapidly thereafter, reached a maximum of 
r" 108 TCID5,jg at day 3, and remained prominent through day 
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FTG. 2. Differential outcomes of SARS-CoV infection in AC70 and 
AC22 Tg mice. Groups of hACE2 Tg and age-matched non-Tg mice 
(control) (n = 14 to 31 mice/group) were infected intranasally with 106 

TCID50 of SARS--CoV (Urbani strain). The severity of clinical illness, 
i.e .. weight loss (A). average illness score (B). and cumulative mortality 
(C), of infected mice was recorded daily as described in Materials and 
Methods. Error bars indicate standard deviations. 

5, at which time a titer of-~ 107 TCID5ofg 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. 

me and histopathology. Tbe differential kinetics of viral 
replication and the flnal outcomes of SARS-CoV infection 
exhibited by AC70 and AC22 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. IHC staining for the SARS-CoV N protein clearly 
indicated that bronchiolar and alveolar epithelial cells and the 
neuronal ceHs were the primary targets of SARS-CoV infec-
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FIG. 3. Kinetics of viral replication in the lungs and brains of 
SARS-CoV-infected AC70 and AC22 mice. AC70 (A) and AC22 
(B) mice were infected with SARS-CoV as described for Fig. l. 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 E6 cells. The viral titers were 
expressed as logw TCTD50 virus per gram of tissue. Data are shown as 
means :±: standard deviations for three animals at each time point, 
except for AC70 mice 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 AC70 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 AC70 and AC22 mice, respectively (Fig. 
5). Sustained expression of viral antigen was demonstrated 
until days 5 and 10 in the brains of AC70 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 lungs did not reveal any 
obvious difference in the pulmonary pathologies between these 
two lineages, even thougb the infection-associated pathological 
process was faster in the AC70 than in the AC22 mice. Patho­
logical changes in the lungs of both lineages started on day 1 
and were characterized by a minimal-to-mild perivascular and 
peribronchiolar inflammatory infiltration. accompanied by tbe 
swelling and blebbing of epithelial cells lining bronchi and 
bronchioles (Fig. 6). Such a pathological process was followed 
by the accumulation of ceH debris, necrotic epithelia! cells. and 
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FIG. 4. SARS-CoV antigen expression in the lungs of AC70 and AC22 mice. Paraffin-embedded lung sections of SARS-CoV-infected AC70 
mice (A to C) and AC22 mice (D to F) were analyzed for the expression of SARS-CoV nucleocapsid protein by fHC, as described in Materials 
and Methods. Profound viral infection, as indicated by the intense staining of viral antigen (red). was first detected in the cytoplasm of bronchial 
epithelial cells (A and D) at day 1, subsequently spread to the alveolar epithelial cells at day 2 (Band E), and subsided to either an undetectable 
level (C) or a lower level (F) in AC70 and AC22 mice at day 3. respectively. Original magnifications, X40. 

inflammatory cells within the bronchiolar lumen, along with 
interstitial thickening on day 2 p.i. As a consequence of re­
duced cellular infiltration, the interstitial thickening gradually 
subsided on day 3 in infected AC70 mice. In contrast. intersti­
tial thickening intensified in infected AC22 mice until 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 
lungs until day 4 and day 6 p.i for AC70 and AC22 mice, 
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. Specifica!Iy. perivas­
cular cuffing in the meninge and brain in the absence of other 
signs of inflammation was demonstrated infrequently in some 
AC70 mice at day 3 or day 4 p.i. (Fig. 7). In contrast, prominent 
perivascular lymphocytic cuffing in the meninge was consistently 
observed 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 \vhich point the e:\veriment was termi­
nated. These results suggested that AC22 mice were superior to 
AC70 mice in mounting a full spectrum of inflammatory re­
sponses upon cballenge by SA RS-Co V. 

Cytokine profiling of SA.RS-CoV-infected AC70 versus AC22 
mice. SARS pathogenesis likely stems from exuberant acute 
inflammatory responses within the lungs (23). Our results that 

revealed the differential clinical and pathological outcomes 
between AC70 and AC22 mice in response to SARS-Co V 
infection led us to profile SARS-Co V -induced cytokine re­
sponses in these two Tg lineages by using BioPiex analysis. The 
results showed that AC70 mice were capable of secreting ele­
vated levels of interleukin-12 p40 ( IL-12p40), KC. H.ANTES. 
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 (IL-1a, 
IL-1(3, and IL-6) that were not detected in infected AC70 mice 
(Fig. 8). Other cytokines, including IL-2, IL-3. IL-4, IL-5, IL-9, 
IL-1 0, 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 
IL.-1a, IL-lf3, IL-6, IL-8 (KC). H..-9, IL-10. H..-12p40, MIP­
lc,, MIP-lf3. MCP-1, eotaxin. 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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HG. 5. SARS-CoV antigen expression in the brains of AC70 and AC22 mice. The brains of infected AC70 (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 AC70 mice from day 3 (A) and remained readily detectable at days 4 and 5 (Band C). T'he earliest time for detecting viral antigen 
in the neuronal cells of infected AC22 mice was day 4 (D), and it remained detectable at days 6 and 10 after infection (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 AC70 mice failed to induce inflammatory 
cell infiltrates, a finding whicb was readily demonstrable in 
AC22 mice, in this organ (Fig. 7). 

Alteration of the lymphoq1e subsets and ConA-induced 
proliferation of splenocytes of infected mice. Many viruses are 
capable of immunoevasion to establish their infection. The 
compromised ability of infected AC70 mice to elicit a full­
blown inflammatory response in the brain led us to question 
whether SARS-CoV could induce a generalized immunosup­
pression in the infected hosts. To evaluate the impact of 
SARS-CoV infection on the host immune response, both un­
infected and infected AC22 and AC70 mice were sacrificed at 
days 2 and 4 p.i. for assessing the lymphocyte subsets and 
ConA-induced proliferation of splenocytes. While SARS-Co V 
infection did not result in any noticeable change in the total 
number of cells recovered and their constituents of the lym­
phocyte subsets at day 2 p.i. (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
eages of Tg mice at day 4 p.i. compared to equivalent findings 
in uninfected 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, CDS T cells. B cells, and 
non-T non-B cells. In contrast, SARS-CoV infection exerted a 
more profound impact in AC70 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 CDS T cells (P '" 0.001 ). This 
marked reduction in the total numbers ofT cells. especially the 
CD8 1 subset, in infected AC70 mice was further underlined by 
the significantly increased CD4/CD8 ratio (P < CUllS) com­
pared to that in uninfected mice. Interestingly, similar to the 
case for AC22 mice. the populations of B cells and non-T 
non-B cells in the spleens of AC70 mice were not significantly 
altered upon challenge by SARS-Co V. 

In addition to causing a striking reduction in tbe numbers of 
selected T-cell subsets, SARS-CoV infection significantly im­
paired ConA-mediated proliferation of splenocytes of both 
AC22 and AC70 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 AC22 
mice (P < 0.01). Because ConA is a T-ceii-specific mitogen. 
the more intense defect of infected AC70 than AC22 mice in 
responding to this mitogen was consistent with the more pro­
found loss of splenic T cells in infected AC70 than in AC22 
mice. i.e .. 53%.o and 29%, respectively, compared to their un­
infected controls. 

Protective role of em;+ T cells against SARS-CoV infection 
in AC22 mice. While SARS-Co V infection drastically reduced 
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FIG. 6. Lung pathology of SARS-CoV-infected AC70 and AC22 mice. We examined paraffin-embedded, hematoxylin- and eosin-stained lung 
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 patholOg'J in both lineages started at 1 day p.i. ( dpi) (with mild mononuclear cell infiltration around blood vessels and bronchioles, 
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 inflammatory cellular infiltrates were observed at day 2 (C and H). Peribronchial inflammation continued, as 
the damaged pneumocytes and disrupted epithelial lining were readily detectable through days 3 and 4 (B, 1, E, and .J) and gradually subsided 
thereafter, with a minimal-to-mild cellular inilltration 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 AC70 mice, it significantly reduced only 
CD4+, and not CD8+. T ceHs in Tg AC22 mice (Table 2). To 
determine whether this largely intact CD8 + T -cell subset might 
contribute to the relatively benign clinical and/or patbological 
phenotypes of infected AC22 mice. we infected CD8-depleted 
AC22 mice with SARS-Co V and monitored w·eight loss and 
the titers of infectious virus and pathology in tbe lungs and 
brain. As shown in Fig. llA, 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 
control antibody-treated mice. Interestingly, depletion of CD8 
T ceHs appeared to exacerbate pulmonary infection, as evi­
denced by the -~2-log-unit increase in the yields of infectious 
SARS-CoV within the lungs, but not the brain, at both days 2 
and 4 p.i. (Fig. liB), accompanied by the more prominent 
weight loss (Fig. llC) and profound lung pathology (Fig. llD) 
than tbose elicited in control antibody-treated mice. Taken 
together, these results suggest that this CD8 + subset ofT cells 
play a positive role in the host defense against SARS-Co V 
infection. 

DISCUSSION 

The data presented in tbis study greatly extend in at least 
seven ways our previous report concerning the differential 
pathogenesis of SARS-CoV infection in hACE2 Tg mouse 
lineages 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-Co V infection. mice tbree lineages (AC70, 
AC50, and ACl2) inevitably died within a week after infection, 
whereas mice of the other t\vo (AC63 and AC22) eventually 
recovered from the illness without suffering any mortality (Ta­
ble 1 ). Such a strikingly different disease outcome elicited in 
these Tg mice in response to SARS-Co V infection provides an 
ample opportunity for studying the likely impact of the com­
plex virus-host interactions on the patbogenesis of SARS-Co V 
in an animal modeL Second, by using hACE2 Tg AC70 and 
AC22 mice as the lethal and nonlethal models of SARS-Co V 
infection, respectively, we established the kinetics of the dis­
ease course (i.e., 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-infecled AC70 and AC22 mice. Brains harvested from infected mice daily from day 1 to 5 for both 
hACE2 lineages and every 3 to 4 days thereafter were paraffin embedded, sectioned, and stained with hematoX'ylin and eosin. No obvious brain 
pathology was observed prior lo days 3 and 4 in infected AC70 and AC22 mice, respectively. Perivascular cuffing in the meninge was observed only 
in a single infected AC70 mouse at day 3 (A). Very little pathology, if any. could be detected in the brains of infected AC70 mice thereafter (B 
[day 4] and C [day 5]). In contrast, perivacular cufilng was consistently detected in all infected AC22 mice, starting at day 4 (D). A lime-dependent 
and prominent inflammatory infiltration was observed at day 6 (E). Perivascular cuffing persisted through day 21 (F), when the study was 
terminated. Original magnifications, X20. 

infected AC22 mice exhibited much milder disease than did 
infected AC70 mice and completely recovered around day 
17 p.i. Third, we showed the kinetics of replication and the 
cellular distribution of SARS-Co V 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). AdditionaHy, the significant delay in de­
tecting brain infection in both lineages, compared to the early 
and intense viral replication within the lungs, clearly indicated 
that SARS-CoV infection was first established in the respira­
tory system before spreading to the CNS, an observation con­
sistent \Vith our previous finding and an earlier report by Mc­
Cray and colleagues on hACE2 Tg mice (21, 32). However, 
after tbe same group presented a more thorough examination, 
they concluded that SARS-CoV enters the brains of Kl8-
hACE2 Tg mice primarily via the olfactory bulb, resulting in 
extensive brain infection (22); whether this olfactmy 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 overaH 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 
AC70 mice consistently exhibited a time-dependent infiltration 
of inflammatory ceHs 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
ma! cellular responses to SARS-CoV infection within the 
brains, AC70 mice were as capable as AC22 mice in producing 
elevated levels of proinfiammatory cytokines and cbemokines 
there in response to SARS-CoV infection (Fig. 9). Hmvever, 
AC22 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 AC70 
mice (Fig. 8). Sixth, our results clearly demonstrated that 
SARS-CoV infection in hACE2 Tg mice can cause a general­
ized suppression of host immunity, at least in part through the 
depletion ofT cells (Tables 2 and 3: Fig. W). Interestingly, the 
extent of T-cell loss, especially loss of the CDS subset ap­
peared to positively correlate with the susceptibility of mice to 
the lethal SARS-Co V infection. Spedflcally, in contrast to the 
drastica!ly reduced number of CDS T cells in the lethality­
sensitive AC70 mice, the number of this CD8 T-ceiJ subset was 
basically not affected in the resistant AC22 mice. Finally, our 
study also identifies the positive role of CD8 T cells in pro­
tecting AC22 mice against excessive respiratmy infection and 
pathology and tbe onset of illness (e.g .. weigbt loss) (Fig. 11 ). 

SARS has been generally recognized as an acute viral pneu­
monia, with the lungs as its main pathological target. However, 
we found that SARS-CoV, like otber animal and human coro-
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FIG. S. Kinetics of lhe cytokine responses in lhe lungs of SARS-CoV-infecled AC70 and AC22 mice. Lung homogenates derived from AC70 
and AC22 mice at the indicated time points after infection were used to assess t.he levels of chemokines and cytokines by Bio-Plex analysis. 
Duplicate samples of individual specimens were assayed. Results are shown as means:!:: standard deviations for three animals at the indicated time 
points, except for day 5, at which only t.wo AC70 mice that survived the infection were used. *• P < 0.05; **• P < 0.01 (Student's t 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 
IHC, real-time PCR, in situ hybridization, and electron micros-

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 bACE2 Tg mice infected with either 
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FIG. 9. Kinetics of the cytokine responses in the brains of SARS--CoV-infected AC70 and AC22 mice. Homogenates of the brains harvested 
from AC70 and AC22 mice at the indicated time points after SARS-CoV infection were used to measure the expression of various cytokines and 
chemokines by Bio--Plex analysis. Duplicate samples of individual specimens were assayed. Results are shown as means .:f: standard deviations 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 < 0Jl5; **, 
1' < 0.01 (Student's t test, compared to mock-infected mice)-

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 cdl lines tested in our laboratories 
appeared to be permissive to productive Si\RS-Co V 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 ofT g mice further confirmed their 
permissiveness to this CoV infection. 

Early pathological studies witb lung specimens obtained 
from the patients who died of SARS and in whom the disease 
progressed slowly identified type I and II alveolar pneumocytes 
and, possibly, pulmonary macrophages as the primary targets 
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FIG. 9------Continued. 

of SARS-Co V infection (:?., 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, lmman 
primary bronchial and other ciliated airway epithelial cells 

TABLE 2. ·rota! cell counts and lymphocyte subsets in the spleens of SARS-CoA-infected AC70 and AC22 mice and mock-infected 
control mice 

AC22 mice 

No. of cells (106
) or ratioa 

Cells 
l\1ock infection SAB..S J nfection 

Splenocytes 
CD4 cells 
CDS cells 
CD4/CD8 ratio 
B cells 
NrJH-T non-B cells 

Mean 

130.0 
41.4 
19.9 
2.1 

49.4 
24.3 

SD Mean 

mo 130.0 
2.5 25.4 
0.7 18.1 
0.0 1.4 
209 58.7 
1.0 27.9 

a Means and standard deviations are for three or four mice. 
h Student's: test for mock-infected ""~/c-;rsus infc-:cted rnice. 

SD 

10.0 
2.7 
4.2 
0.3 
9.4 
7.5 

J'" 

0.698 
(J.005 
0.652 
0.095 
0.278 
0.599 

AC70 mice 

No. of cells (106
) or ratio 

Mock infection SARS infection p 

Mean SD Mean SD 

16607 11.5 100.0 28.3 0.032 
52.3 3.9 3L1 7.5 OJJ25 
31.0 1.9 700 0.1 00001 

L7 0.2 4.6 L2 0Jl18 
5801 1.0 43.5 9.6 0.060 
25.2 8.7 17A 11.4 0Al4 
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TABLE 3. ConA-stimulated proliferation of splenic T cells in uninfected and SARS-CoV-infected AC70 and AC22 mice 

Mock infection SARS·Co V infec! ion 

[
3H]rhymidine uptake (cpm) [

3Hjthymidine uptake (cpm) 

Mice Unstimulated SF Stimulated Unstimulated SI 
Stimulated cultures 

cultures cultures cultures 

Mean SD Mean SD Niean SD Ivlean SD Mean SD Mean SD 

AC70 4,370 1,790 86 39 54 27 552 246 138 138 6.0 3 
AC22 4,700 725 68 14 70 15 1,845 841 83 19 24 13 

a SI, stimulation index ( cvm of Coni-\.-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 lining the respira­
tory tract, especially tbe bronchi and bronchioles, and alveolar 
epithelial cells as the prime cells harboring SARS-CoV, led us 
to suggest that SARS-CoV infection in hA.CE2 Tg mice may 
induce a faster course of clinical illness, 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-Co V infection has been reported to minimally induce 
the expression of antiviral cytokines (e.g., interferons and TL-
12p40), moderately upregu!ate tbe expression of proinflamma­
tory cytokines (e.g., tumor necrosis factor alpha and IL-6 ), and 
significantly promote the production of proinflammatory che­
mokines (e.g., MIP-la, IP-10, RANTES, and MCP-1) in pa­
tients (17. 28). Elevated and prolonged expressions of chemo­
kines (i.e., MIP-1, IP-10, CXCL8, and CXCL9) have been 

100 

p<0.01 
I 

N.S. 

0-'-------'--------------'-------
Mock SARS 

AC22 

p<0.01 

p<0.01 

Mock SARS 

J¥::.70 

FIG. Hl. SARS-CoV significantly inhibits ConA-mediated prolifer­
ation of T cells in infected AC70 and AC22 mice. AC70 and AC22 
mice were either uninfected or infected (i.n.) with 106 T'ClDsa SARS­
CoV. Splcnocytes were prepared from individual mice and tested for 
their proliferation in response to ConA (2.5 p.g/ml) stimulation. as 
described in Materials and Methods. Student's t 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 hi\CE2 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 eacb 
tissue, no such correlation in the brain could be observed when 
findings for these two Tg lineages were compared. 

The cellular 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 \Vithin the brain (22). Thus, the ovenvhelming viral infec­
tion in the absence of readily detectable cellular infiltrates 
within the brains of infected AC70 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 
cdls. 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 SARS-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 iHness 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, but extensive, lym­
phopenia \Vith a preferential reduction in the number of CD4 
and CDS T cells ( 4, 12, 18, 39). Importantly, the severity of 
T-ceH loss bas been positively correlated with an adverse out­
come in SARS patients. Thus, a much more pronounced T-cell 
loss 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 CDS-depleted Tg AC22 mice. Two groups of Tg AC22 mice ( 12 mice per group) were 
subjected to multiple doses (i.p.) of rat anti-mouse CDS monoclonal antibody and an isotype-matched irrelevant rat monoclonal antibody (as control), 
respectively, as described in Materials and Methods. They were then infected i.n. with 106 TCID50 SARS-CoV. Two mice/group were sacrificed after two 
doses of 3Jltibody treatment tiJr assessing by flow cytometry the efficacy of antibody--mediated CDS depletion in the spleens, whereas the effect of CDS 
depletion on the pathogenesis 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 monitored for the onset of illness (i.e .. weight loss). It appeared that a two-dose specific-antibody treatment regimen e[ectively depleted most 
of the CDS+ T cells from the spleens (A). SA.RS--Co V infection of CDS-depkted mice resulted in increased infection in the lungs, but not in the brains, 
at both days 2 and 4 p.i. (B). Titis was accompanied by an increased weight Joss (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 st3jning and lHC, respectively (D). 

model for SARS-CoV infection. Althougb the underlying 
mechanism of SARS-Co V -associated lymphopenia in patients, 
as well as in the Tg mice described in this study, remains 
unclear, tbe absence of ACE2 expression in lymphocytes ( 11) 

makes the direct lysis of lymphocytes by this virus unlikely. 
Sequestration of lymphocytes in affected tissues also seems 
unlikely, at least in our AC70 mice, in which SARS-CcJV in­
fection failed to elicit a persistent infiltration of mononuclear 
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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 cdls. 

While a profound T-cellloss \vas readily detectable in our Tg 
mouse lineages, especially the lethality-susceptible AC70 mice. 
neither B cdls nor non-T non-B lymphocytes were noticeably 
affected (Table 2), which led to the possibility that T cells were 
the preferred targets for manipulation by SARS-Co V in our Tg 
mouse model. More strikingly, in contrast to the grossly dimin­
ished number of CD8 T ceHs in AC70 mice which rapidly 
succumbed to lethal infection, this T-ceH subset was largely 
unaffected by SARS-Co V in the lethality-resistant AC22 mice, 
a finding which implied that this CD8 subset of T cells might 
bave a protective role in AC22 mice against SARS-CoV infec­
tion. We employed a depletion technique using rat anti-mouse 
CD8 antibody to investigate the role that CD8 ' T cells might 
have. 

Elimination 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 control mice (Fig. llB and D). Altbough CD8+ T cells were 
also dfective in attenuating weight loss (Fig. llC), we noted 
that the extent of \veigh loss in infected AC22 mice treated 
with control rat IgG antibody was much less than that in un­
treated mice (10 to 15W" versus 35% weight loss). Higb-dose 
intravenous IgG has been widely used as a potent immune 
modulator for the treatment of autoimmune diseases and 
many infectious diseases. This modulation occurs most likely, 
in part, througb tbe Fe portion of the IgG molecule ( 25). Thus, 
multiple i.p. injections with 50 j.Lg/injection of irrelevant rat 
IgG 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 requires 
antigen-specific T cells. it is tempting to hypothesize that these 
protective CD8 + T cells were likely SARS-Co V specific. The 
development of primary T-cell responses in an immunocom­
petent host usually takes about 4 days after an initial encounter 
with invading pathogens. Thus, the observation that a notice­
able difference in the vira!ly induced weight loss between CD8-
dep!eted and control AC22 mice could not be detected until 
day 5 and continued through day 8 p.i. (Fig. llC) might argue 
for the SARS-Co V -specific nature of these protective CD8 + T 
cells. While CD8+ T ceHs could attenuate the patbogenesis of 
SARS-CoV, other ceHular elements of tbe 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
spedfic CD8 1 T cells and determine the contribution of CD4 1 

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 
hACE2 Tg mice that were either susceptible or resistant to 

J. V!ROL 

letha! SARS-CoV infection. Importantly, the less severe loss of 
T cells, accompanied by the ability to recover from SARS­
CoV-assodated acute clinical illness, makes our lethality-resis­
tant lineage, i.e .. AC22. particularly useful for dissecting both 
the innate and adaptive arms of the host immunity against the 
SARS-CoV infection. [n addition, the fatal outcome of the 
disease in AC70 mice make this lineage attractive as a stringent 
model for adoptive transfer studies aimed at evaluation of the 
molecular and ceHular bases responsible for the protection 
against SARS-Co V infection. 
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Sent: Tue 1/21/2020 4:33:54 PM (UTC-06:00) 
Subject: Op Ed in Houston Chronicle 

Ben, Dave, Zhiming, George, Mifang and Pei-Yong 

The attached, slightly modified to include mention of the new case in Washington State, is scheduled to appear in Wednesday 22 
Jan's Houston Chronicle. Note mention of the NASEM/CAS collaborations. 

Just FYI, 

Jim 

James W. Le Due, Ph.D. 
Director 
Galveston National Laboratory 
University of Texas Medical Branch 
Galveston, TX 77555-0610 
(t) 409-266-6500 
(f) 409-266-6810 
(m) 409-789-2012 
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Chinese Response to New Virus: Good News/Bad News 

By James W. Le Due 

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. 1\/lany will recall the dark days in the spring of 

2003 when Asia and the world were threatened by the appearance of a new virus disease, 

Severe Acute Respiratory Syndrome, or SARS, which first appeared in southern China and 

quickly spread to other countries around the world, ultimately causing over 8000 cases with 

nearly 10% of those ending in death. SARS was caused by a novel coronavirus then unknown 

to medical science. There was no known cure, no diagnostic tests and little understanding of 

where it came from or how it was spread, although person-to-person transmission was obvious 

as health care workers treating the first cases were themselves among the early victims. 

Initially, China was reluctant to share information or alert the international community of the 

magnitude of the epidemic, leading to international criticism and a dangerous global health 

situation. Fortunately, China reversed its position, opened to collaborations with the WHO, U.S. 

and others, and the epidemic was eventually controlled. 

Today, with another novel coronavirus discovered in China, the start is very different. In quick 

measure, Chinese health officials recognized that a new disease had emerged, quickly isolated 

patients, and instituted an impressive set of interventions in attempts to limit disease spread and 

characterize the new pathogen. Importantly, they have been transparent in sharing their 

findings with the world, thus allowing other nations to take precautions and be on the lookout for 

the new disease. Already, the genome of the new virus was sequenced and posted for easy 

access by international experts, allowing rapid exploration of possible treatments, development 

of diagnostics and epidemiological investigations. 

China's ability to respond quickly and efficiently to this new threat is the result of nearly two 

decades of investments and collaborations to improve public health in China. The Chinese 

Centers for Disease Control incorporates many of the strengths of our own CDC, but is 

designed to meet the needs of a 1.4 billion plus population. In addition, China has invested in 

building a robust scientific capacity and partnered with containment laboratories such as ours to 

incorporate best practices when studying dangerous pathogens. 
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The current outbreak demonstrates a welcome openness to health information sharing with the 

global community. To diagnose an outbreak early requires astute healthcare providers able to 

recognize when something new or unusual is occurring; however, clinical recognition alone is 

meaningless if there is no capacity to investigate cases or characterize the disease-causing 

agent. 

For the last few years, our National Academy of Science, Engineering and Medicine has worked 

with the Chinese Academy of Sciences to build relationships and share information on emerging 

diseases and advancements in vaccines and treatments. In Galveston, we welcomed leading 

Chinese health officials to collaborate on biocontainment facility design, biosafety training and 

laboratory operations. This dialogue, along with U.S.-based educational opportunities for 

Chinese students, benefit us all. 

China's response to the new coronavirus demonstrates their investments in physical 

laboratories and scientific collaborations over the past decade are paying dividends, not only to 

China, but the entire world. Control of a new disease efficiently transmitted person-to-person is 

nearly impossible as we witnessed during the 2009 novel influenza pandemic and much must 

still be done together during this quickly evolving situation. 

The outbreak is still in the early stages, but it is now clear that the new virus may be transmitted 

person-to-person, although the efficiency of such transmission remains in question. A few 

hundred patients have been identified, deaths occurred and the disease has spread from the 

epicenter in Wuhan to major cities in China and other Asian countries. Our CDC is now 

screening travelers arriving from Wuhan at U.S. airports, and the WHO is set to consider a 

global emergency response. With millions about to travel for the Chinese New Year, avoiding a 

global catastrophe must be the current goal. 

The good news is that, at a time when US-China relations are being tested on many fronts, 

relations within the public health and scientific research arenas remain open and positive, which 

lays a solid foundation for curtailing this latest threat. 

James Le Due, PhD, is the Director of the Galveston National Laboratory at the University of 

Texas Medical Branch and a professor in UTMB's Department of Microbiology and Immunology. 

705 words in body 
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Network for safe and secure labs 
he current outbreak 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 substantial human 
suffering and financial devastation locally and 
internationally. In response, institutions and na­
tions are constructing maximum biocontainment 

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 
questions about how to ensure 
their safe and secure opera­
tions while enhancing their 
contributions to sdence and 
global health. One solution is 
to establish an MCL network 
that enables the sharing of 
best practices, collaboration, 
transparency, and exehange of 
specimens and teelmology. 

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 spedmen 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 Wuhan, China 
(Z.Y.), and an established MCL in the United States 
(.J.vV.L), in Galveston, Texas. In preparation for the open­
ing of the new China MCL, we engaged in short- and 
long-term personnel exchanges focused on biosafety 

A multitude of challenges 
are a~sodated with MCLs. 
Even at the idea stage, a se­
rious issue is the objection 
of loeal communities to the 
construction of an MCL in 
their neighborhood. Several 
MCL operations were delayed 
or never realized beeause of "1'hese labs handle the world:~ 

training, building operations 
and maintenance, and col­
laborative seientitk investi­
gations in biocontainment. 
vVe 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. 
Ours is a promising first step 
in MCL partnerships; how­
ever, wider national, regional, 
and international cooperation 
is needed. We benefited from public concern. Gaining com­

munity trust and support is 
therefore vital to planning and 

most dangerous pathogens ... " meetings jointly sponsored 
by the U.S. National Academy 

of Sdenees and the Chinese National Ac-<1demy of Sd­
ences, and from World Health Organization initiatives, 
but stakeholders are not limited to human and animal 

operating MCL5, so a network of such labs would be valu­
able for sharing e:xveriences and providing guidance in 
these situations. 

Besides the m11lions of dollars that it costs to build 
a modern MCL, there are annual operations-mainte­
nanee, utility, and security-that can amount to 5 to 10% 
of the construction eosts. Ivioreover, 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 training opportu­
nities are inconsistent and often eostly. An MCL network 
eould fill the personnel pipeline more effidently by con­
necting experienced personnel and professional sodeties 
to develop standards for globally accepted training and 
create mentoring opportunities. 

health. Our partnership still requires input fTOm foun­
dations and governmental agencies that are involved in 
security, commerce, and transportation, as well as from 
the commercial sector. 

Not every country requires an MCL, but every country 
can benefit from the collaborative operation of these labs. 
vVe encourage existing MCLs to convene a forum that 
brings together all stakeholders to conceive of an MCL 
network so that these critical labs can tackle urgent global 
health needs safely, seeurely, and productively. 

-.James W. Le Due and Zlliming Yuan 

James W. le Due 
is the director of the 
Galveston National 
Laboratory and 
a professor in the 
Department of 
IlHcrobiology and 
Immunology at the 
University ofTe:ras 
1\1edical Branch, 
Galveston, Texas, 
UE{A. }r!i..•leduc@ 
utmb.edu 

ZhimingYuan 
is the director 
ofthe Wuhan 
National Biosafety 
Laboratory of the 
Chinese Academy 
of Sciences and a 
professor at the 
Wuhan Jnstitute of 
Virology, !~than, 
China. yzm@ 
wh.ioz•.cn 

10.ll26/science.aav7120 
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https://outlook.office.com/mail/deeplink?Print 1/1

Response to Your Texas Public Information Act Request (Nelson PIA #1)

Taylor, Matthew H. <mhtaylor@UTMB.EDU>
Fri 3/4/2022 3:19 PM
To:  Chris Nelson <cnelson@judicialwatch.org>
Cc:  Henze, Kaelan <kahenze@UTMB.EDU>

Good Afternoon:
 
The link below contains UTMB’s response to your Public Information Act request (Nelson PIA #1) received by the
University of Texas Medical Branch (“UTMB”) for certain emails of a named former UTMB employee. The
remainder of the information has been submitted to the Attorney General of Texas for a ruling.
 

 Documents to release
 
Please note that this link will expire in three (3) business days, and I suggest that you copy the information to
another source so you will have continued access.  Once this link expires, any requests for this same information
will be considered a redundant request under Texas Government Code 552.232.
 
Best Regards
 
Matthew Taylor
Associate Legal Officer
409-747-8747
mhtaylor@utmb.edu
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