To: Alison Andre[andre@ecohealthalliance.org]

Cc: Peter Daszak[daszak@ecohealthalliance.org]; Saif, Linda[saif.2@osu.edul];

tong.yigang |; fanhang

majy2400@scau.edu.cn[majy2400@scau.edu.cn]; &+ A IEF[zIshi@wh.iov.cn]; peng.zhou@whiov.ac.cn[peng.zhou@whiov.ac.cn];
Baric, Ralph S[rbaric@email.unc.edu]; Wang, Qiuhong[wang.655@osu.edu]; 13520620736

Baric, Toni Cl[antoinette_baric@med.unc.edu]; Sims, Amy C[sims0018@email.unc.edu]; Kevin Olival[olival@ecohealthalliance.org];
Noam Ross[ross@ecohealthalliance.org]; Yasha Feferholtz[feferholtz@ecohealthalliance.org]; Aleksei
Chmura[chmura@ecohealthalliance.org]; Hongying Li[li@ecohealthalliance.org]

From: Wang Linfa[linfa.wang@duke-nus.edu.sg]

Sent: Wed 10/9/2019 8:55:40 AM (UTC-04:00)

Subject: Re: SADs-CoV Call - Wednesday Oct 9 at 8:00pm ET / Thursday Oct 10 at 8:00am China time

Singapore number?
Sent from my iPhone

On 9 Oct 2019, at 8:53 PM, Alison Andre <andre(@ecohealthalliance org> wrote:

Dear All,

We're confirmed for a call on Wednesday October 9™ at 8:00pm Eastern time / Thursday October 10" at 8:00am China
time. Please find the call in details below:

us:
China:

Passcode:
I will also send around a calendar invite.

Thank you,
Alison

Alison Andre
Executive Assistant to the President

EcoHealth Alliance
460 West 34th Street — 17th floor
New York, NY 10001

(direct)
(fax)
www.ecohealthalliance.orn

EcoHeaith Alliance leads cutting-edge scientific research into the critical connections between human and wildlife health and delicate
ecosystems. With this science, we develop solutions that prevent pandemics and promote conservation.

Important: This email is confidential and may be privileged. If you are not the intended recipient, please delete it and notify us immediately; you should not copy or use it for any
purpose, nor disclose its contents to any other person. Thank you.



To: Alison Andre[andre@ecohealthalliance.org]

Cc: Peter Daszak[daszak@ecohealthalliance.org]; Baric, Ralph S[rbaric@email.unc.edu]; Sims, Amy
C[sims0018@email.unc.edu]; Wang Linfa[linfa.wang@duke-nus.edu.sg]; zIshi@wh.iov.cn[zlshi@wh.iov.cn];

ouihaagendazs B ; gnyny0803 B ]; Alice
Latinne[latinne@ecohealthalliance.org]; Noam Ross[ross@ecohealthalliance.org]; Kevin Olival[olival@ecohealthalliance.org]; Aleksei
Chmura[chmura@ecohealthalliance.org]; Hongying Li[li@ecohealthalliance.org]; Baric, Toni C[antoinette_baric@med.unc.edu]; Luke
Hamel[hamel@ecohealthalliance.org]; Lim Sandie[sandie.lim@duke-nus.edu.sg]

From: {EREMA[renliliipb

Sent: Thur 10/17/2019 11:08:03 AM (UTC-04:00)

Subject: Re:NIAID SARs-CoV call - October 30/October 31

Dear Alison,
Thanks for the informatio. We will connect to the meeting center.

Best
Lili Ren

At 2019-10-17 21:36:38, "Alison Andre" <andre@ecohealthalliance.org> wrote:

Dear All,

Our NIAID SARs-Cov call has been scheduled for Wednesday October 30" at 8:00pm Eastern time (Thursday October 31 at 8:00am
China/Singapore time).

Call in details:

us:
China:
Singapore:

Passcode:
Calendar invite to follow.

Thank you,
Alison

Alison Andre
Executive Assistant to the President

EcoHealth Alliance
460 West 34th Street — 17th floor
New York, NY 10001

(direct)
(fax)
www.ecohealthalliance.or

EcoHeaith Alliance leads cutting-edge scientific research into the critical connections between human and wildlife health and delicate ecosystems. With this
science, we develop solutions that prevent pandemics and promote conservation.



To: Baric, Ralph S[rbaric@email.unc.edu]

Cc: Hongying Li[li@ecohealthalliance.org]; Aleksei Chmura[chmura@ecohealthalliance.org]

From: Peter Daszak[daszak@ecohealthalliance.org]

Sent: Tue 12/31/2019 9:02:59 AM (UTC-05:00)

Subject: RE: have you heard any news on this? maybe as many as 27 cases with 7 severe in wuhan--ards like pneumonia

Hongying’s working on it right now to find out more information. She’s just found a new report from a Wuhan Govt website that
came out today and I'll forward that to you in a minute.

I’ve sent that on to ProMed also.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and delicate
ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Baric, Ralph S [mailto:rbaric@email.unc.edu]

Sent: Tuesday, December 31, 2019 8:16 AM

To: Peter Daszak

Subject: RE: have you heard any news on this? maybe as many as 27 cases with 7 severe in wuhan--ards like pneumonia

Published Date: 2019-12-30 23:59:00

Subject: PRO/AH/EDR> Undiagnosed pneumonia - China {(HU}, RFI

Archive Number: 20191230.6864153

UNDIAGNOSED PNEUMONIA - CHINA {HUBE!}, REQUEST FOR INFORMATION
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEES
A ProMED-mail post

http://www.promedmail.org

ProMED-mail is a program of the

International Society for Infectious Diseases

http://www.isid.org

[1]

Date: 30 Dec 2019

Source: Finance Sina [machine translation]
https://finance.sina.cn/2019-12-31/detail-ithnzahk1074832.d.htm?from=wap

Wuhan unexplained pneumonia has been isolated test results will be announced [as soon as available]




On the evening of [30 Dec 2019], an "urgent notice on the treatment of pneumonia of unknown cause” was issued, which was
widely distributed on the Internet by the red-headed document of the Medical Administration and Medical Administration of
Wuhan Municipal Health Commitiee.

On the morning of [31 Dec 2019], China Business News reporter called the official hotline of Wuhan Municipal Health and Health
Committee 12320 and learned that the content of the document is true,

12320 hotline staff said that what type of pneumonia of unknown cause appeared in Wuhan this time remains to be determined.

According fo the above documents, according to the urgent notice from the superior, some medical institutions in Wuhan have
successively appeared patients with pneumonia of unknown cause. All medical institutions should strengthen the management of
outpatient and emergency departments, strictly implement the first-in-patient responsibility system, and find that patients with
unknown cause of pneumonia actively adjust the power to treat them on the spot, and there should be no refusal to be pushed or
pushed.

The document emphasizes that medical institutions need to strengthen multidisciplinary professional forces such as respiratory,
infectious diseases, and intensive medicine in a targeted manner, open green channels, make effective connections between
outpatient and emergency departments, and improve emergency plans for medical treatment.

Ancther piece of emergency notification, entitled "City Health and Health Commission's Report on Reporting the Treatment of
Unknown Cause of Pneumonia” is also true. According to this document, according to the urgent notice from the superior, the
South China Seafood Market in our city has seen patients with pneumonia of unknown cause one after another.

The so-called unexplained pneumonia cases refer to the following 4 cases of pneumonia that cannot be diagnosed at the same
time: fever {greater than or equal to 38C); imaging characteristics of pneumonia or acute respiratory distress syndrome; reduced or
normal white blood cells in the early stages of onset The number of lymphocytes was reduced. After treatment with antibiotics for
3 to 5 days, the condition did not improve significantly.

It is understood that the 1st patient with unexplained pneumonia that appeared in Wuhan this time came from Wuhan South China
Seafood Market,

12320 hotline staff said that the Wuhan CDC went to the treatment hospital to collect patient samples as soon as possible,
specifically what kind of virus is still waiting for the final test results. Patients with unexplained pneumonia have done a good job of
isolation and treatment, which does not prevent other patients from going to the medical institution for medical treatment. Wuhan
has the best virus research institution in the country, and the virus detection results will be released to the public as soon as they
are found.

Communicated by:
ProMED-mail
<promed@promedmail.org>



To: Baric, Ralph S[rbaric@email.unc.edu]; Danielle Anderson (danielle.anderson@duke-nus.edu.sg)[danielle.anderson@duke-
nus.edu.sg]; Wang Linfa[linfa.wang@duke-nus.edu.sgd]

Cc: Hongying Li[li@ecohealthalliance.org]; Aleksei Chmura[chmura@ecohealthalliance.org]; Kevin
Olival[olival@ecohealthalliance.org]; Robert Kessler[kessler@ecohealthalliance.org]
From: Peter Daszak[daszak@ecohealthalliance.org]

Sent: Tue 12/31/2019 9:10:06 AM (UTC-05:00)
Subject: FW: Wuhan Municipal Health Commission's briefing on the current pneumonia epidemic situation in the city

Hi All — Hongying translated the report from Mandarin — below...

We sent this on to ProMED just now, and I’'m going to talk with Larry Madoff and others about it. Hongying is hearing from good
sources that they have found a candidate virus in some samples and results will be sent out soon.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34" Street — 17" Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and delicate
ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Hongying Li [mailto:li@ecohealthalliance.org]

Sent: Tuesday, December 31, 2019 8:32 AM

To: Peter Daszak

Cc: Aleksei Chmura; Alison Andre

Subject: Wuhan Municipal Health Commission's briefing on the current pneumonia epidemic situation in the city

Information from Wuhan Municipal Health Commission http://wjw.wuhan gov.co/front/web/showDetail/2019123 108989

Wuhan Municipal Health Commission's briefing on the current pneumonia epidemic situation in the city, December 31,
2019

Recently, some of the pneumonia cases admitted in local medical institutions were found related to the South China
Seafood Market. After receiving the report, the Municipal Health Commission immediately launched s and surveillance and
retrospective investigation in the market and the city's medical and health institutions. Twenty-seven (27) cases have been
identified, of which seven (7) are in serious condition, and the remaining cases are stable and controllable. Two (2) patients
are expected to be discharged in the near future. The clinical symptoms were mainly fever, a few patients had difficulty
breathing, and chest radiographs showed bilateral lung infiltrative lesions. At present, all cases have been quarantined for
treatment, follow-up investigations and medical observations of people who have had close contacts with the patients are
being conducted, and hygiene investigations and environmental sanitation disposals at South China Seafood Market are
ongoing.



Wuhan city organized consultations with clinical medical, epidemiological, and virological experts from Tongji Hospital,
Provincial CDC, Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan Infectious Diseases Hospital, and
Wuhan City CDC. According to the analysis of epidemiological investigations and preliminary laboratory tests, the above
cases are considered to be viral pneumonia. Investigations so far have not revealed any apparent human-to-human
transmission or infection by medical staff. Identification of the pathogen and investigation of the cause of the infection are
ongoing.

Hongying Li, MPH Z&Bh%
Research Scientist

EcoHealth Alliance
460 West 34th Street, Ste. 1701
New York, NY 10001

(U.S. mobile)

{Skype)
(WecChat)

FEcoHealth Alliance leads culting-edge research into the critical connections beltween human and wildlife health and delicate ecosystems, With this science,
we develop solutions thet promote conservation and prevent pandemics.



To: Stemmy, Erik (NIH/NIAID) [E][erik.stemmy@nih.gov]

Cc: Kevin Olival[olival@ecohealthalliance.org]; Robert Kessler[kessler@ecohealthalliance.org]; Baric, Ralph
S[rbaric@email.unc.edu]
From: Peter Daszak[daszak@ecohealthalliance.org]

Sent: Sun 1/12/2020 12:34:54 PM (UTC-05:00)
Subject: RE: Wuhan Pneumonia

Thanks Erik — we’ve posted a phylogeny based on that and it’s been circulating on the web now.

https://www.ecohealthalliance.org/2020/01/phylogenetic-analysis-shows-novel-wuhan-coronavirus-clusters-with-sars

Key points from our point of view:

e This novel virus falls within the SARS-CoV and SAR-related CoV clade, in contrast to statements put out by some of the
Chinese groups that this is ‘not related to SARS’

e It's close to SARr-CoV Rp3 that we published from our past NIAID work. This came from a Rhinolophus bat in S. China

e We have found antibodies to Rp3 in people in Yunnan Province previously, suggesting that these viruses are actively spilling
over across a wider interface than currently known

You should also know that Ralph Baric (cc’d here) is already working to reconstruct and rescue the virus in the lab from the
sequence, so he can do further work on it.

We’'ll keep you posted of course...

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34" Street — 17" Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and delicate
ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Stemmy, Erik (NIH/NIAID) [E] [mailto:erik.stemmy@nih.gov]
Sent: Friday, January 10, 2020 10:30 PM

To: Peter Daszak

Subject: Re: Wuhan Pneumonia

Hi Peter,
We just received the fasta file with the sequence data, and | wanted to share it with you.

Erik

http://virological.org/t/initial-genome-release-of-novel-coronavirus/319




Sent from my iPhone
On Jan 8, 2020, at 11:08 PM, Peter Daszak <daszak@ecohealthalliance.org> wrote:

Erik — just to let you know that WSJ has now reported the novel CoV in 2 of the patients, citing “sources close to the
investigation”. There are few details, and no more than | gave you today, so plenty of information still to wait for from
our colleagues in China..

I’'ve put out some tweets about it on @PeterDaszak if you want to take a look..

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and
delicate ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Stemmy, Erik (NIH/NIAID) [E] [mailto:erik.stemmy@nih.gov]
Sent: Wednesday, January 8, 2020 3:22 PM

To: Alison Andre; Peter Daszak

Subject: RE: Wuhan Pneumonia

Great! | think the number | sent you should work. I’ll grab one of our conference rooms and sign in there. If not, the
direct line to the conference room should be:

Thank you!
Erik

From: Alison Andre <andre@ecohealthalliance.org>

Sent: Wednesday, January 8, 2020 3:17 PM

To: Stemmy, Erik (NIH/NIAID) [E] <erik.stemmy@nih.gov>; Peter Daszak <daszak@ecohealthalliance.org>
Subject: Re: Wuhan Pneumonia

Hi Erik,

Just spoke to Peter and it would be great to have Dr. Embry join the call. Does the number still work for the both of
you or would you like me to reserve a conference line?

Thanks,
Alison

From: "Stemmy, Erik (NIH/NIAID) [E]" <erik.stemmy@nih.gov>




Date: Wednesday, January 8, 2020 at 1:41 PM
To: Peter Daszak <daszak@ecohealthalliance.org>, Alison Andre <andre@ecohealthalliance.org>
Subject: RE: Wuhan Pneumonia

Thanks Peter, me too. I'd mentioned our call to my branch chief, Dr Alan Embry. We’d been talking about your CoV
work in Asia even before the news from Wuhan broke, and he’s been interested in meeting you. Would you mind if
he joined our call this afternoon as well? Seems like a good opportunity to make the introduction, but we can do it
another time if you’d rather just speak with me.

Erik

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Tuesday, January 7, 2020 4:24 PM

To: Stemmy, Erik (NIH/NIAID) [E] <erik.stemmy@nih.gov>; Alison Andre <andre@ecchealthalliance.org>
Subject: RE: Wuhan Pneumonia

Look forward to talking with you tomorrow Erik...

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and
delicate ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Stemmy, Erik (NIH/NIAID) [E] [mailto:erik.stemmy@nih.gov]
Sent: Tuesday, January 7, 2020 2:54 PM

To: Alison Andre; Peter Daszak

Subject: RE: Wuhan Pneumonia

Sure, that’s perfect. He can reach me at

Thanks!
Erik

From: Alison Andre <andre@ecohealthalliance.org>

Sent: Tuesday, January 7, 2020 2:52 PM

To: Stemmy, Erik (NIH/NIAID) [E] <erik.stemmy@nih.gov>; Peter Daszak <daszak@ecohealthalliance.org>
Subject: Re: Wuhan Pneumonia

Hi Erik,



Can Peter give you a call around 3:30 tomorrow? If that works for you, please let me know the best number to reach
you on.

Thanks!
Alison

From: "Stemmy, Erik (NIH/NIAID) [E]" <erik.stemmy@nih.gov>
Date: Tuesday, January 7, 2020 at 2:49 PM

To: Peter Daszak <daszak@ecohealthalliance.org>

Cc: Alison Andre <andre@ecohealthalliance.org>

Subject: RE: Wuhan Pneumonia

That would be great! Thank you for getting back to me. | wasn’t sure if you were traveling or not, so I'd also reached
out to Aleksei. | can be pretty flexible tomorrow, so just let me know what time works for you.

Very much appreciate your time!
Erik

From: Peter Daszak <daszak@ecohealthalliance.org>
Sent: Tuesday, January 7, 2020 2:48 PM

To: Stemmy, Erik (NIH/NIAID) [E] <erik.stemmy@nih.gov>
Cc: Alison Andre <andre@ecohealthalliance.org>
Subject: RE: Wuhan Pneumonia

Definitely focusing attention on this Erik — | spent New Year’s Eve talking with our China contacts, and with ProMED
staff between glasses!

I’'ve got more information, but it’s all off the record. Could | give you a call tomorrow to fill you in? I've cc’d Alison
Andre who can arrange a time that works for a quick call....

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34" Street — 17" Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and
delicate ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Stemmy, Erik (NIH/NIAID) [E] [mailto:erik.stemmy@nih.gov]
Sent: Monday, January 6, 2020 7:28 AM
To: Peter Daszak




Subject: Wuhan Pneumonia

Hi Peter,

Happy New Year! I’'m sure you’ve been following along with the Wuhan pneumonia cases, and | wanted to see if you
had any information from your contacts over there. | saw SARS and MERS had been ruled out, but curious to know if
there’s any indication you’ve seen that another bat CoV might be involved.

Erik

Erik J. Stemmy, Ph.D.

Program Officer

Respiratory Diseases Branch

Division of Microbiology and Infectious Diseases NIAID/NIH/HHS
5601 Fishers Lane, Room 8E18

Bethesda, MD 20892-9825

Phone:

Email: erik.stemmyv@nih.gov

Getting ready to publish? Share the good news with your program officer asap! NIAID may be able to help publicize
your article. And, remember to list your NIAID grant or contract number in the publication.
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NOTE: This material is intended for the individual or entity to which it is addressed. It may contain privileged,
confidential information that is protected from disclosure under applicable laws. If you are not the addressee, or a
person authorized to deliver the document to the addressee, please note that you are strictly prohibited from
reviewing, copying, disclosing, disseminating or distributing this material or any other action based on the contents of
this material. If you have received this communication in error, please permanently delete this from your system
immediately. Thank you.



To: Degrace, Marciela (NIH/NIAID) [E][marciela.degrace@nih.gov]; Webby, Richard[Richard. Webby@STJUDE.ORG];
malik[malik@hku.hk]; Ghazi Kayali[ghazi@human-link.org]; Yoshi Kawaokalkawaokay@vetmed.wisc.edu]; R.A.M.
Fouchier[r.fouchier@erasmusmc.nl]; 'adolfo.garcia-sastre@mssm.edu'[adolfo.garcia-sastre@mssm.edu]; Richard
Rothman[rrothma1@jhmi.edu]; Pekosz, Andrew S. (apekosz@jhsph.edu)[apekosz@jhsph.edu]; Schultz-Cherry, Stacey[Stacey.Schultz-
Cherry@STJUDE.ORG]; 'david_topham@urmc.rochester.edu'[david_topham@urmc.rochester.edu]; Orenstein,
Walter[worenst@emory.edu]; Lowen, Anice[anice.lowen@emory.edu]; Baric, Ralph S[rbaric@email.unc.edu]; 'Perlman,
Stanley'[stanley-periman@uiowa.edu]; daszak@ecohealthalliance.org[daszak@ecohealthalliance.org]; Post, Diane (NIH/NIAID)
[E][postd@niaid.nih.gov]; Isauer2@jhmi.edu[lsauer2@jhmi.edu]

Cc: Ryan Camping[ryan.camping@mssm.edu]; Melissa Uccelliniimelissa.uccellini@mssm.edu]; McKenzie,
Pamela[Pamela.McKenzie@STJUDE.ORG]; Neu, Donna[Donna_Neu@URMC.Rochester.edu]; Kathryn Shaw-
Salibalkshaw15@jhu.edu]; Collins, Erin-Joi[emcneal@emory.edu]; Stemmy, Erik (NIH/NIAID) [E][erik.stemmy@nih.gov]; Andy
Pekosz[apekosz1@jhu.edu]

From: Lampley, Rebecca (NIH/VRC) [F][rebecca.lampley@nih.gov]

Sent: Mon 1/13/2020 1:52:50 PM (UTC-05:00)

Subject: RE: Wuhan Pneumonia response

Wuhan Pneumonia response
Tue, Jan 14, 2020 10:00 AM - 11:00 AM (EST)

Please join my meeting from your computer, tablet or smartphone.
hitps:/J/olobal gotomeeling. com/ioin/

You can also dial in using your phone.
United States (Toll Free): 1 877 568 4106
United States: +1 (846) 749-3129

Access Code:

More phone numbers
Argentina (Toll Free): 0 800 4
Australia (Toll Free): 1 800 193 385
Australia: +61 2 8355 10!

Austria (Toll Free):
Austria +43 7 208

"%

Belarus (Toll Free) 2& 820 0011 0400
Belgium (Toll Free): é‘f} 800 :
Belgium: +32 28 93 &
Brazil (Toll Free): 0 fr;éf}ij} 047 4908
Brazil: +55 21 3500-394 1

Bulgaria (Toll Free): {2}%}%{:}%‘2} 120 4417
Canada (Toll Free): 1 888 455 1389
Canada: +1 (647) 497-9391

Chile (Toll Free): 800 395 15

France: +33 170 éfmﬁ;} :}M
Germany (Toll Free): 0 800 184 4297
Germany: +48 692 5736 7317
Greece (Toll Free): 00 800 4414 3838
Hong Kong (Toll Free):
Hungary (Toll Free): (08} &
lceland (Toll Free): 800 7204
India (Toll Free):
Indonesia (Toll F :
Ireland (Toll Free):
Ireland: +353 15 360 728
Israel (Toll Free): 1 809 45

20 5375




Malaysia (Toll Free): |

Mexico (Toll Free): 01 800 522 1133
Mexico: +52 55 3687 7278

Netherlands (Toll Free): 0 800 020 0182
Netherlands: +31 207 941 377

New Zealand (Toll Free): 0 800 44 5550
New Zealand: +64 9 280 6202

Norway (Toll Free): &(
Norway: +47 21 éff

Peru (Toll Free): 0 5”“ }
Philippines (Toll Free)
Poland (Toll Free): 00 5%525’}
Portugal (Toll Free): 800 8
Romania (Toll Free): |
Russian Federation (Toll Free): 8 80
Saudi Arabia (Toll Free): 800 844 ¢

Singapore (Toll Free): |
Slovakia (Toll Free): C
South Africa (Toll Fre

Sweden 46 8§53 f:;,m 36

Switzerland: +41 275 M?}J
Taiwan (Toll Free): 0 800 666 854
Thailand (Toll Free): D01 800 858 1.
Turkey (Toll Free): QU 800 /Mﬁiﬁ :

Ukrame (Toll Free) Q80060 Y

United Kingdom: +44 330 ﬁ% f;;é%‘
Uruguay (Toll Free): 0004 019 1018
Viet Nam (Toll Free):

New to GoToMeeting? Get the app now and be ready when your first meeting starts:
e

hitns Halobal gotomeeling corm/install/b20152733

From: Degrace, Marciela (NIH/NIAID) [E]

Sent: Saturday, January 11, 2020 7:24 AM

To: 'Webby, Richard' <Richard. Webby@STIUDE.ORG>; 'malik' <malik@hku.hk>; 'Ghazi Kayali' <ghazi@human-link.org>; 'Yoshi
Kawaoka' <kawaokay@vetmed. wisc.edu>; R.A.M. Fouchier <r.fouchier@erasmusmec.nl>; 'adolfo.garcia-sastre@mssm.edu’
<adolfo.garcia-sastre@mssm.edu>; 'Richard Rothman' <rrothmal@ihmi.edu>; 'Pekosz, Andrew S. (apekosz@ihsph.edu)’
<apekosz@ihsph.edu>; 'Schultz-Cherry, Stacey' <5tacey.Schultz-Cherry@STIUDE. ORG>; 'david_topham@urmc.rochester.edu’
<david topham@urmec.rochester.edu>; 'Orenstein, Walter' <worenst@emory.edu>; 'Lowen, Anice' <anice.lowen@emory.edu>
Cc: 'ryan.camping@mssm.edu’ <ryan.camping@mssm.edu>; 'Melissa Uccellini' <melissa.uccellini@mssm.edu>; 'McKenzie, Pamela’
<Pamela. McKenzie@STIUDE.ORG>; 'Neu, Donna' <Donna Neu@ URMC.Rochester.edu>; 'Kathryn Shaw-Saliba'
<kshawl5@ihu.edu>; 'Collins, Erin-Joi' <emcneal@emory.edu>; Stemmy, Erik (NIH/NIAID) [E] <erik.stemmy@nih.gov>; Lampley,
Rebecca (NIH/VRC) [F] <rebecca.lampley@nih.gov>

Subject: RE: Wuhan Pneumonia response - setting up a call

Importance: High

Hi everyone,

Thanks for your responses to the poll. It looks like Tuesday January 14™ at 10am ET will be the best time to meet. I'll send a



placeholder invitation shortly with call-in information to follow.

Also, please see below:
http://virological.org/t/initial-genome-release-of-novel-coronavirus/319

Marciela

From: Degrace, Marciela (NIH/NIAID) [E]

Sent: Thursday, January 9, 2020 2:11 PM

To: Webby, Richard <Richard. Webby@STIUDE.ORG>; malik <malik @hku.hk>; Ghazi Kayali <ghazi@human-link.org>; Yoshi
Kawaoka <kawaokay@vetmed.wisc.edu>; R.A.M. Fouchier <r.fouchier@erasmusme.nl>; adolfo.garcia-sastre @mssm.eduy; Richard
Rothman <rrothmal@ihmi.edu>; Pekosz, Andrew S. (apekosz@ihsph.edu) <apekosz@[hsph.edu>; Schultz-Cherry, Stacey
<Stacey.5chultz-Cherrv@STIUDE.ORG>; david topham®@urme.rochester.edu; Orenstein, Walter <worenst@emory.edu>; Lowen,
Anice <anice.lowen@emory.edu>

Cc: ryan.camping@mssm.edu; Melissa Uccellini <melissa.uccellini@mssm.edu>; McKenzie, Pamela

<Pamela. McKenzie@STIUDE.ORG>; Neu, Donna <Donna Neu@URMC.Rochester.edu>; Kathryn Shaw-Saliba <kshaw15@ jhu.edu>;
Collins, Erin-Joi <emcneal@emory.edu>; Stemmy, Erik (NIH/NIAID) [E] <erik.stemmy@nih.gov>; Lampley, Rebecca (NIH/VRC) [F]
<rebeccalamplev@nih.gov>

Subject: Wuhan Pneumonia response - setting up a call

Importance: High

Hi all,

As you all have heard, China is reporting a novel coronavirus is causing viral pneumonia in Wuhan. While we have very little
information at this point, NIAID leadership would like to begin thinking about how we would perform a research response should
the outbreak continue and we get access to samples. We would like to hear what you think would be important research directions
to pursue to start as well as the capabilities your groups may have given what is known at the moment. We can also discuss
potential resources needed from NIAID by your groups so that we can prepare on this end to help you all if needed.

We will look to add some additional coronavirus experts to the call, and if there’s anyone | haven’t copied here from CEIRS that you
think should be involved, please let me know. We need to move quickly, so the goal is to have a call next week at the time when

most people are available.

Below is a doodle poll to find a time. Please fill out by the end of the day tomorrow so we can schedule a time accordingly.

| know it is already such a busy time — but I'm hopeful since we know the drill for these sorts of things that preparing now will help
us.

Thank you all, and looking forward to getting your feedback and input.

Marciela

(Coordinators — this is FYl only and for scheduling, you don’t have to be on the call)



To: Baric, Ralph S[rbaric@email.unc.edu]

Cc: Alison Andre[andre@ecohealthalliance.org]
From: Peter Daszak[daszak@ecohealthalliance.org]
Sent: Mon 1/13/2020 7:55:43 PM (UTC-05:00)
Subject: RE: Call with NIH tomorrow

OK - great. It sounds like we're on the same call!

And my thoughts exactly re. the highly variable SARS-like CoV. I've told journalists about it, but it's a
complicated story for them to get across..

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 \West 34th Street — 17th Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org
Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife
health and delicate ecosystems. With this science we develop solutions that prevent pandemics and
promote conservation.

From: Baric, Ralph S [mailto:rbaric@email.unc.edu]
Sent: Monday, January 13, 2020 6:50 PM

To: Peter Daszak

Subject: RE: Call with NIH tomorrow

Hi Peter, | have to participate on an NIH call tomorrow at 10. | believe it's a strategic meeting designed
to help craft a NIH response plan to the WU-CoV. Hope things are going well. Looks like we found our
highly variable SARS-like CoV! Ralph

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Monday, January 13, 2020 6:43 PM

To: Baric, Ralph S <rbaric@email.unc.edu>; Sims, Amy C <sims0018@email.unc.edu>
Cc: Alison Andre <andre@ecohealthalliance.org>

Subject: Call with NIH tomorrow

Ralph - I’'m having an informational call with our program officer re the Wuhan outbreak tomorrow at
10am - do you want to join and are you available?



No prob if you can’t - | did one last week just to let them know what we think is going on behind the
scenes in China.

Cheers,

Peter

Peter Daszak
(Sent from my iPhone)

President
EcoHealth Alliance

460 West 34th Street, New York, NY10001, USA

www.EcoHealthAlliance.org



To: Peter Daszak[daszak@ecohealthalliance.org]

Cc: Kevin Olival[olival@ecohealthalliance.org]; Robert Kessler[kessler@ecohealthalliance.org]; Baric, Ralph
S[rbaric@email.unc.edu]

From: Stemmy, Erik (NIH/NIAID) [E][erik.stemmy@nih.gov]

Sent: Tue 1/14/2020 8:16:50 AM (UTC-05:00)

Subject: RE: Wuhan Pneumonia

Thanks! Yes, I'll be on the 10am call as well.

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Tuesday, January 14, 2020 8:15 AM

To: Stemmy, Erik (NIH/NIAID) [E] <erik.stemmy@nih.gov>

Cc: Kevin Olival <olival@ecohealthalliance.org>; Robert Kessler <kessler@ecohealthalliance.org>; Baric, Ralph
<rbaric@email.unc.edu>

Subject: RE: Wuhan Pneumonia

Not yet re. samples closer to Wuhan for Rp3-like CoVs.
| think the concern is that there is probably a low level exposure to these bat-origin viruses across southern and central China.

I’ll be on the call at 10 am today — will you be?

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and delicate
ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Stemmy, Erik (NIH/NIAID) [E] [mailto:erik.stemmy@nih.gov]
Sent: Monday, January 13, 2020 7:46 AM

To: Peter Daszak

Cc: Kevin Olival; Robert Kessler; Baric, Ralph

Subject: Re: Wuhan Pneumonia

Thanks Peter. That's good to know. Have you also checked for Rp3 in samples from places closer to Wuhan?

Sent from my iPhone
OnJan 12, 2020, at 12:35 PM, Peter Daszak <daszak@ecohealthalliance.org> wrote:

Thanks Erik — we’ve posted a phylogeny based on that and it’s been circulating on the web now.



https://www.ecohealthalliance.org/2020/01/phylogenetic-analysis-shows-novel-wuhan-coronavirus-clusters-with-
sars

Key points from our point of view:

¢ This novel virus falls within the SARS-CoV and SAR-related CoV clade, in contrast to statements put out by
some of the Chinese groups that this is ‘not related to SARS’

e |t's close to SARr-CoV Rp3 that we published from our past NIAID work. This came from a Rhinolophus bat in
S. China

¢ We have found antibodies to Rp3 in people in Yunnan Province previously, suggesting that these viruses are
actively spilling over across a wider interface than currently known

We’'ll keep you posted of course...

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and
delicate ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Stemmy, Erik (NIH/NIAID) [E] [mailto:erik.stemmy@nih.gov]
Sent: Friday, January 10, 2020 10:30 PM

To: Peter Daszak

Subject: Re: Wuhan Pneumonia

Hi Peter,
We just received the fasta file with the sequence data, and | wanted to share it with you.

Erik

http://virological.org/t/initial-genome-release-of-novel-coronavirus/319

Sent from my iPhone
On Jan 8, 2020, at 11:08 PM, Peter Daszak <daszak@ecohealthalliance.org> wrote:

Erik — just to let you know that WSJ has now reported the novel CoV in 2 of the patients, citing “sources



close to the investigation”. There are few details, and no more than | gave you today, so plenty of
information still to wait for from our colleagues in China..

I’'ve put out some tweets about it on @PeterDaszak if you want to take a look..

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife
health and delicate ecosystems. With this science we develop solutions that prevent pandemics and
promote conservation.

From: Stemmy, Erik (NIH/NIAID) [E] [mailto:erik.stemmy@nih.gov]
Sent: Wednesday, January 8, 2020 3:22 PM

To: Alison Andre; Peter Daszak

Subject: RE: Wuhan Pneumonia

Great! | think the number | sent you should work. I’ll grab one of our conference rooms and sign in
there. If not, the direct line to the conference room should be:

Thank you!
Erik

From: Alison Andre <andre@ecohealthalliance.org>

Sent: Wednesday, January 8, 2020 3:17 PM

To: Stemmy, Erik (NIH/NIAID) [E] <erik.stemmy@nih.gov>; Peter Daszak
<dagszak@ecohealthalliance.org>

Subject: Re: Wuhan Pneumonia

Hi Erik,

Just spoke to Peter and it would be great to have Dr. Embry join the call. Does the number still work for
the both of you or would you like me to reserve a conference line?

Thanks,
Alison

From: "Stemmy, Erik (NIH/NIAID) [E]" <erik.stemmy@nih.gov>
Date: Wednesday, January 8, 2020 at 1:41 PM
To: Peter Daszak <daszak@ecohealthalliance.org>, Alison Andre




<andre@ecohealthalliance.org>
Subject: RE: Wuhan Pneumonia

Thanks Peter, me too. I'd mentioned our call to my branch chief, Dr Alan Embry. We’d been talking
about your CoV work in Asia even before the news from Wuhan broke, and he’s been interested in
meeting you. Would you mind if he joined our call this afternoon as well? Seems like a good
opportunity to make the introduction, but we can do it another time if you’d rather just speak with me.

Erik

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Tuesday, January 7, 2020 4:24 PM

To: Stemmy, Erik (NIH/NIAID) [E] <erik.stemmyv@nih.gov>; Alison Andre
<andre@ecohealthalliance.org>

Subject: RE: Wuhan Pneumonia

Look forward to talking with you tomorrow Erik...

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife
health and delicate ecosystems. With this science we develop solutions that prevent pandemics and
promote conservation.

From: Stemmy, Erik (NIH/NIAID) [E] [mailto:erik.stemmy@nih.gov]
Sent: Tuesday, January 7, 2020 2:54 PM

To: Alison Andre; Peter Daszak

Subject: RE: Wuhan Pneumonia

Sure, that’s perfect. He can reach me at

Thanks!
Erik

From: Alison Andre <andre@ecohealthalliance.org>

Sent: Tuesday, January 7, 2020 2:52 PM

To: Stemmy, Erik (NIH/NIAID) [E] <erik.stemmy@nih.gov>; Peter Daszak
<dagszak@ecohealthalliance.org>

Subject: Re: Wuhan Pneumonia




Hi Erik,

Can Peter give you a call around 3:30 tomorrow? If that works for you, please let me know the best
number to reach you on.

Thanks!
Alison

From: "Stemmy, Erik (NIH/NIAID) [E]" <erik.stemmy@nih.gov>
Date: Tuesday, January 7, 2020 at 2:49 PM

To: Peter Daszak <daszak@ecohealthalliance.org>

Cc: Alison Andre <andre@ecohealthalliance.org>

Subject: RE: Wuhan Pneumonia

That would be great! Thank you for getting back to me. | wasn’t sure if you were traveling or not, so I'd
also reached out to Aleksei. | can be pretty flexible tomorrow, so just let me know what time works for
you.

Very much appreciate your time!
Erik

From: Peter Daszak <daszak@ecohealthalliance.org>
Sent: Tuesday, January 7, 2020 2:48 PM

To: Stemmy, Erik (NIH/NIAID) [E] <erik.stemmy@nih.gov>
Cc: Alison Andre <andre@ecochealthalliance.org>
Subject: RE: Wuhan Pneumonia

Definitely focusing attention on this Erik — | spent New Year’s Eve talking with our China contacts, and
with ProMED staff between glasses!

I’'ve got more information, but it’s all off the record. Could | give you a call tomorrow to fill you in? I've
cc’d Alison Andre who can arrange a time that works for a quick call....

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife
health and delicate ecosystems. With this science we develop solutions that prevent pandemics and



promote conservation.

From: Stemmy, Erik (NIH/NIAID) [E] [mailto:erik.stemmy@nih.gov]
Sent: Monday, January 6, 2020 7:28 AM

To: Peter Daszak

Subject: Wuhan Pneumonia

Hi Peter,

Happy New Year! I’'m sure you’ve been following along with the Wuhan pneumonia cases, and | wanted
to see if you had any information from your contacts over there. | saw SARS and MERS had been ruled
out, but curious to know if there’s any indication you’ve seen that another bat CoV might be involved.

Erik

Erik J. Stemmy, Ph.D.

Program Officer

Respiratory Diseases Branch

Division of Microbiology and Infectious Diseases NIAID/NIH/HHS
5601 Fishers Lane, Room 8E18

Bethesda, MD 20892-9825

Phone:

Email: erik.stemmyv@nih.gov

Getting ready to publish? Share the good news with your program officer asap! NIAID may be able to
help publicize your article. And, remember to list your NIAID grant or contract number in the
publication.
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NOTE: This material is intended for the individual or entity to which it is addressed. It may contain
privileged, confidential information that is protected from disclosure under applicable laws. If you are
not the addressee, or a person authorized to deliver the document to the addressee, please note that
you are strictly prohibited from reviewing, copying, disclosing, disseminating or distributing this material
or any other action based on the contents of this material. If you have received this communication in
error, please permanently delete this from your system immediately. Thank you.



To: Carolyn Clark[carolyn.clark@cepi.net]; Florence, Clint (NIH/NIAID) [E][clint.florence@nih.gov];
larry.wolfraim@nih.gov[larry.wolfraim@nih.gov]; Raul Gomez Roman[raul.gomezroman@cepi.net];
Miles.Carroli@phe.gov.uk[Miles.Carroll@phe.gov.uk]; barney.graham@nih.gov[barney.graham@nih.gov]; Schmaljohn, Connie
(NIH/NIAID) [E][connie.schmaljohn@nih.gov]; Michael.holbrook@nih.gov[Michael.holbrook@nih.gov];
lisa.hensley@nih.gov[lisa.hensley@nih.gov]; Baric, Ralph S[rbaric@email.unc.edul];

vincent. munster@nih.gov[vincent. munster@nih.gov]; daszak@ecohealthalliance.org[daszak@ecohealthalliance.org];
b.haagmans@erasmusmc.nl[b.haagmans@erasmusmc.nl]; Vasan, VVasan (H&B, Geelong AAHL)[Vasan.Vasan@csiro.aul];
linfa.wang@duke-nus.edu.sg[linfa.wang@duke-nus.edu.sg]; jokim@ivi.int[jokim@ivi.int]; mksong@ivi.intimksong@ivi.int];
Volker.gerdts@usask.ca[Volker.gerdts@usask.ca)]; Giada.Mattiuzzo@nibsc.org[Giada.Mattiuzzo@nibsc.org];
zIshi@wh.iov.cn[zlshi@wh.iov.cn]; Barbara.Schnierle@pei.de[Barbara.Schnierle@pei.de];
leejooyeon@korea.kr[leejooyeon@korea.kr]; limhy0919@korea.kr[limhy0919@korea.kr]; Damon, Inger K.
(CDC/OID/NCEZID)[iad7@cdc.gov]; christian.brechot@pasteur.fr[christian.brechot@pasteur.fr]; Kayvon
Modjarrad[kmodjarrad@eidresearch.org]

Cc: HENAO RESTREPO, Ana Marialhenaorestrepoa@who.int]; GSELL, Pierre[gsellp@who.int]; COSTA, Alejandro
Javier[costaa@who.int]; RIVEROS BALTA, Alina Ximena[lauriex@who.int]
From: William Dowling[william.dowling@cepi.net]

Sent: Thur 1/23/2020 4:40:21 PM (UTC-05:00)

Subject: WHO Consultation regarding the Wuhan coronavirus
Letko 2020 receptor usage of 2019 nCoV.pdf

Zhao et al 2020 supp data.pdf

Zhou et al 2020.pdf

Hello all,

On behalf of the WHO R&D Blueprint team, I am writing to request your participation on a call tomorrow at 9 PM
Central European time (which will be Saturday morning for some of you). The purpose of the call is to lend your expertise
to coordination of WHO response efforts. To that end , we would like to discuss the current status of efforts to culture the
Wuhan coronavirus (or generate a recombinant virus);, recent sequence data and modeling of the Spike protein; and potential
next steps to assess cross reactivity with other coronaviruses. We realize that this is very short notice, but the situation is
very dynamic. This would be an initial call with lengthier and more detailed calls in the near future.

Also, for those who have not seen them, I am attaching two reports on this topic that just came out and are highly relevant to
the conversation.

Please let us know if you can make it. Call in details will be sent tomorrow.
Thank you,

Bill Dowling (seconded to WHO)

William Dowling, PhD

Non-Clinical Vaccine Development Leader

gy
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(+1) (0)
+1) (m)

Willlam.dowlin cepi.net




1901 Pensylvania Ave, NW, Suite 1003, Washington, DC 20006 USA

cepi.net




bioRxiv preprint first posted online Jan. 22, 2020; doi: hitp://dx.dol.org/10.1101/2020.01.22.915660 . The copyright holder for this
preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

Functional assessment of cell entry and receptor usage for lineage B B-
coronaviruses, including 2019-nCoV

Michael Letko® and Vincent Munster®

Laboratory of Virology, Division of Intramural Research, National Institute of Allergy and
Infectious Diseases, National Institutes of Health, Hamilton, MT, 59840, USA

# Corresponding authors:

Drs. Vincent Munster and Michael Letko
Rocky Mountain Laboratories
NIAID/NIH

903S 4th Street

Hamilton, MT 59840

Tel:

Email: vincent.munster@nih.gov

Email: michael letko@nih.gov




bioRxiv preprint first posted online Jan. 22, 2020; doi: hitp://dx.dol.org/10.1101/2020.01.22.915660 . The copyright holder for this
preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

Abstract

Over the past 20 years, several coronaviruses have crossed the species barrier into
humans, causing outbreaks of severe, and often fatal, respiratory illness. Since SARS-
CoV was first identified in animal markets, global viromics projects have discovered
thousands of coronavirus sequences in diverse animals and geographic regions.
Unfortunately, there are few tools available to functionally test these novel viruses for their
ability to infect humans, which has severely hampered efforts to predict the next zoonotic
viral outbreak. Here we developed an approach to rapidly screen lineage B
betacoronaviruses, such as SARS-CoV and the recent 2019-nCoV, for receptor usage
and their ability to infect cell types from different species. We show that host protease
processing during viral entry is a significant barrier for several lineage B viruses and that
bypassing this barrier allows several lineage B viruses to enter human cells through an
unknown receptor. We also demonstrate how different lineage B viruses can recombine
to gain entry into human cells and confirm that human ACE2 is the receptor for the

recently emerging 2019-nCoV.
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Introduction

Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) first emerged in
humans in 2003 after transmitting from animals in open air markets in China'2. Shortly
thereafter, several genetically related viruses were identified in Chinese Horseshoes bats
(Rhinolophus sinicus)®”’. At the same time, improvements in next generation sequencing
technology lead to a boom of virus discovery, uncovering thousands of novel virus
sequences in wild animal populations around the world. While most of these viruses have
never been found in humans, many are genetically similar to known human viruses within
the betacoronaviruses (B-CoV) genus. The B-CoVs are further divided into four lineages:
lineage B, which includes SARS-CoV and the newly emerging 2019-nCoV, has
approximately 200 published virus sequences whereas lineage C, which includes MERS-
CoV, has over 500 viral sequences.

Every year, additional novel CoV sequences are discovered. However, there is a
massive knowledge gap in the field as very little work is performed after the viral
sequences are published. Therefore, it is unknown whether these novel viruses have the
potential to emerge in human populations.

Current methods for studying novel B-CoVs are technically demanding. Viral
isolation from field samples is rarely successful and reverse genetics recovery of
recombinant virus is labor-intensive, and expensive as synthesis of a single genome can
cost upwards of $15,000. These limitations are prohibitive to studying novel CoVs at the
scale in which they are discovered.

Cell entry is an essential component of cross-species transmission, especially for

the B-CoVs. All CoVs encode a surface glycoprotein, spike, which binds to the host-cell
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receptor and mediates viral entry®. For B-CoVs, a single region of the spike protein called
the receptor binding domain (RBD) mediates the interaction with the host cell receptor.
After binding the receptor, a nearby host protease cleaves the spike, which releases the
spike fusion peptide, facilitating virus entry®'2. Known host receptors for -CoVs include
angiotensin converting enzyme 2 (ACE2) for SARS-CoV and dipeptidyl peptidase 4
(DPP4) for MERS-CoV1314,

Structural studies of coronaviruses have shown that the spike RBD is capable of
folding independently from the rest of the spike protein and contains all of the structural
information for host receptor binding'. Additionally, a previous study showed that
replacing the RBD of the lineage B bat virus, Rp3, allowed the virus to enter cells
expressing human ACE2 (hACE2)'¢. We therefore developed a method to functionally
test the RBDs from novel lineage B 3-CoVs in place of the SARS-CoV spike RBD (figure
1). Synthesizing just the RBD of spike is much faster and cost-effective than conventional
pseudotyping methods that rely on synthesis of the full ~4kb spike sequence for novel
CoVs: a process that can take weeks and is cost-prohibitive for large panels of spike
sequences. The short turnaround time for our approach allowed us to test the receptor
usage of all published, unique RBD sequences in lineage B, and also rapidly confirm the
ACE2 receptor usage of the 2019-nCoV spike, which emerged in China in January 2020
as our study was ongoing.

We show that lineage B RBDs divide into functionally distinct clades and that
several previously-unappreciated viruses exhibit compatibility with an unknown receptor
on human cells. We also show that these clades are capable of recombining to impart

human host-cell entry phenotypes, and that, beyond the RDB-receptor interaction, host
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protease processing is another species barrier encountered by lineage B 3-CoVs during

cell entry.
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Methods
Cells

293T, A549, BHK, Caco-2, Huh-7.5, PK-15, and Vero cells were maintained in
DMEM (Sigma) supplemented with 10% FBS, penicillin/streptomycin, and L-glutamine.
RhiNi/40.1, Ad-primary, AJi, HypNi, RaKSM-2.5i, RhiLu, and RhiNi cells were maintained
in DMEM/F12 (Gibco) supplemented with 12% FBS, penicillin/streptomycin, non-
essential amino acids, sodium pyruvate and L-glutamine. AJ-primary cells were
immortalized with a lentiviral vector expressing SV40 T-antigen following the
manufacturer’s instructions to generate AJi cells (abm; #G203). RaKSM-2.5 primary cells

have been previously described and were immortalized in this study similar to AJi cells™’.

Plasmids

The spike coding sequences for SARS-CoV Urbani, As6526, and BM48-31 were
codon optimized for human cells, appended with a 5 kozak expression sequence
(GCCACC) and 3 tetra-glycine linker followed by nucleotides encoding a FLAG tag
sequence (DYKDDDDK). For SARS-CoV spike, silent mutations were introduced around
codons 308 and 519 to form Kpnl and Xhol digest sites. For As6526 spike, silent
mutations were introduced around codons 290 and 501 to form Aflll and Hindlll digest
sites. For BM48-31 spike, silent mutations were introduced around codons 295 and 501
to form Aflll and Hindlll digest sites. These engineered spike sequences were
synthesized and cloned into pcDNA3.1+ (GenScript).

Spike RBDs were first codon-optimized for human cells, appended with regions of

the target spike backbone to facilitate Infusion cloning and synthesized as double
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stranded DNA fragments (IDT DNA). SARS-CoV, As6526 or BM48-31 engineered spike
plasmids were digested with their corresponding restriction enzymes and gel purified.
RBD inserts were resuspended in water and Infusion cloned into gel purified, digested
spike backbone vectors (Takara).

Human ACE2 (Q9BYF1.2), DPP4 (XM_005246371.3), or APN (NP_001141.2)
were synthesized and cloned into pcDNA3.1+ (GenScript). All DNA constructs were

verified by Sanger sequencing (ACGT Inc.).

Receptor transfection

BHK cells were seeded in black 96-well plates and transfected the next day with
100ng plasmid DNA encoding human ACE2, DPP4, APN or empty vector, using
polyethyleneimine (Polysciences). All downstream experiments were performed 24 hours

post-transfection.

Pseudotype production

Pseudotypes were produced as previously described'®. 293T cells were seeded
onto 6-well plates pre-coated with poly-L-lysine (Sigma) and transfected the next day with
1200ng empty plasmid and 400ng of plasmid encoding coronavirus spike or GFP as a no
pseudotype control. Twenty-four hours later, transfected cells were infected with VSVAG
particles pseudotyped with VSV-g as previously described'®. After one hour of incubating
at 37°C, cells were washed three times and incubated in 2mL DMEM supplemented with
2% FBS, penicillin/streptomycin, and L-glutamine for 48 hours. Supernatants were

collected, centrifuged at 500xG for 5 minutes, aliquoted and stored at -80.
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Luciferase-based cell entry assay

Target cells were seeded in black 96-well plates and inoculated, in triplicate, with
equivalent volumes of pseudotype stocks. For trypsin experiments, pseudotype stocks
were diluted 1:1 in DMEM without FBS, trypsin was added to a final concentration of
2500ug/mL and samples were incubated at 37°C for 15 minutes. Samples were then
diluted again 1:1 in cold DMEM supplemented with 2% FBS and added to cells. Inoculated
plates were centrifuged at 1200xG, 4°C, for 1 hour and incubated over night at 37°C.
Approximately 18-20 hours post-infection, Bright-Glo luciferase reagent (Promega) was
added to each well, 1:1, without removing culture media and luciferase was measured.
Relative entry was calculated by normalizing the relative light unit (RLU) for spike

pseudotypes to the plate RLU average for the “no pseudotype control.”

Western blot

Producer cells (spike-transfected 293T) were lysed in 1%SDS, 150mM NaCl,
50mM Tris-HCI, 5mM EDTA and clarified by centrifugation at 14000xG for 20 minutes.
Pseudotyped particles were concentrated from producer cell lysates that were overlaid a
10% OptiPrep cushion in PBS (Sigma) and centrifuged at 20,000x g for 2 hours at 4 °C.
Lysates and concentrated particles were analyzed for FLAG, GAPDH and/or VSV-m

expression on 10% Bis-Tris PAGE gel (ThermoFisher).

Accession numbers

Accession numbers for all spike sequences used here can be found in figure s1b.
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Results
ACE?2 entry is lineage B clade 1-specific

The receptor binding domain (RBD) of lineage B B-CoVs is a single, continuous
domain that contains all structural information necessary to interact with the host receptor
(figure 1a, b). We introduced silent mutations in the codon optimized coding sequence for
SARS-CoV to facilitate replacing the SARS RBD with the RBD from other lineage B
viruses (figure 1b). All lineage B sequences were downloaded from online repositories
and parsed to 29 unique RBD sequences, representing all published variations of the
lineage B RBD (supp. fig 1a, b). The panel of 29 RBDs phylogenetically cluster into 3
clades, as previously described®, but these RBD clades were not apparent in phylogenetic
analysis of other viral sequences, such as the RNA-dependent RNA polymerase (supp.
fig 1c). All 29 RBDs were codon optimized, synthesized and cloned in place of the SARS
RBD, effectively generating chimeric spike expression constructs. We then generated
VSV-luciferase reporter particles pseudotyped with the chimeric spikes (figure 1c). We
chose VSV over lentiviruses as our pseudotype platform because a lentiviral pseudotypes
have failed to accurately reflect viral entry with novel bat coronavirus spike protein’. All
constructs exhibited similar levels of expression in producer cells and incorporation into
VSV pseudotypes, except the chimera with BM48-31 which displayed somewhat reduced
expression compared to WT SARS spike (figure 1d). We then infected BHK cells
expressing the receptor for SARS-CoV or empty vector (figure 1e) and observed only
clade 1, which includes SARS-CoV, WIV1 and SHC014, could enter cells transfected with

human ACEZ2 (figure 1e).
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Protease enhances clade 2 entry

After binding the host receptor, host-cell protease cleaves spike, releasing the
fusion peptide and allowing for host cell entry 2°. Previous studies have shown that
absence of the host protease or incompatibility between the host protease and viral spike
can block viral entry 224, To circumvent host-cell protease incompatibility or absence, we
treated our lineage B pseudotype panel and infected a wide variety of cell types from
different host species (figure 2, supp. fig. 2). In the absence of exogenous protease, only
clade 1 infected cells from African green monkey kidney, human gastrointestinal tract,
human liver, and porcine kidney, in agreement with previous studies (figure 2; supp. fig.
2a, b). Surprisingly, exogenous protease enhanced entry of a subset of clade 2 spike
chimeras in nonhuman primate, bat and human cells (figure 2). Importantly, VSV-g
pseudotyped particles were able to produce luciferase signal in all cell lines tested in this

study (supp. fig. 2c).

Clade 2 entry is receptor-dependent

We next tested human variants of known B-CoV receptors for their ability to
mediate cell entry of clade 2 and 3 spike chimeras. We also tested human
aminopeptidase N (APN), a receptor for alphacoronaviruses, which have been shown to
utilize either human ACEZ2 or human APN for cell entry (figure 3a). Protease treatment
only enhanced entry of clade 1 RBDs on cells expressing human ACEZ2, but not human
DPP4 or APN. No entry was observed with clade 2 or 3 spikes, regardless of receptor or
protease addition. Human dipeptidyl peptidase IV (DPP4), the receptor for the lineage C

B-CoVs, MERS-CoV, only mediated entry of MERS-CoV (figure 2b, middle panels).
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Importantly, in the absence of receptor, no entry was observed for any of the
pseudotypes, suggesting that protease-mediated entry is receptor-dependent (figure 2b,

right panels).

Receptor usage of 2019-nCoV

While our study was ongoing, a novel lineage B virus tentatively named 2019-
nCoV was identified as the cause of a pneumonia outbreak in Hubei, China. Once the
sequence was publicly available, we synthesized, cloned and tested the RBD from 2019-
nCoV in our assay with human variants of known coronavirus receptors. The chimeric
SARS-2019-nCoV spike protein expressed and was incorporated into particles similarly
to other clade 1 chimeric spikes (figure 3c). The 2019-nCoV RBD was capable of entering

cells expressing human ACEZ2, but not any of the other receptors tested (figure 3d; s3).

Clade determinants for ACE2 usage

Consensus sequences of the three lineage B clades showed several key
differences between these groups. Only clade 1 RBDs contain all 14 residues that have
been shown through crystallography, to interact with human ACE2 (figure 4a; s4). The
majority of these residues are absent from clades 2 and 3, which contain additional
deletions in surface exposed loops that cluster at the interface with ACE2 (figure 4 a, b).
We generated a series of clade consensus RBD variants to determine the minimum
number of mutations needed to impart ACE2 function on clade 2 and 3 RBDs (figure 4c).
Introducing the two loop deletions from clade 1 in clade 2 results in a reduced spike

expression, impaired pseudotype incorporation and loss of cell entry (figure 4c, d).

11



bioRxiv preprint first posted online Jan. 22, 2020; doi: hitp://dx.dol.org/10.1101/2020.01.22.915660 . The copyright holder for this
preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

Restoring these loops in clade 2 and 3 from the loops found in clade 1 did not enhance
entry with ACE2 (figure 4c; 2—1 and 3—1 version 1). Introducing all 14 ACE2 contact
points in clade 2 or 3 also failed to restore ACEZ2 entry (figure 4c¢; 2—1 and 3—1 version
2). Only replacing all 14 contact points and the surrounding amino acids (also known as
the receptor binding motif, RBM) lead to increased ACE2 entry with clade 2 and 3 RBDs
(figure 4c; 2—1 version 3 = clade 2 residues 322-400 + clade 1 residues 400-501; 3—1
version 3 = clade 3 residues 322-385 + clade 1 residues 386-501). Taken together, these

results show that the entire RBM from clade 1 is needed for ACE2 entry.

Full-spike and RBD chimeras are comparable

We next synthesized full-length clade 2 and 3 spikes to compare to our RBD
chimeras. We selected the clade 2 spike, As6526, because it consistently gave strong
entry signal in human cells following protease-treatment (figure 2b) as well as BM48-31,
the only clade 3 spike in our panel. As we did for SARS-CoV spike, clade 2 and 3 spikes
were codon optimized, FLAG-tagged and silent mutations were introduced to facilitate
replacing their RBD with the consensus RBD from clade 1 (figure 5a). All chimeric
constructs expressed similarly, with the exception for the SARS-BM48-31 RBD chimera,
which exhibited reduced expression and incorporation (figure 5b). Protease treatment
enhanced entry of both the As6526 clade 2 RBD chimera and full-length spike entry into
Huh cells (figure 5c). Protease treatment had no effect on either the BM48-31 clade 3
chimera or full-length spike (figure 5c). Taken together, these findings show that SARS-

lineage B RBD chimeras reflect the entry phenotype of full-length lineage B spikes.
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Finally, we tested if receptor-binding and protease processing are coupled. We
replaced the RBD of full-length clade 2 and 3 spike with the consensus RBD from clade
1 and tested pseudotypes on cells expressing the clade 1 receptor. The clade 1
consensus RBD efficiently facilitated entry of both As6526 and BM48-31 spike only
following protease treatment. These findings show that even though BHK-hACEZ2 cells
support full-length clade 1 spike entry, just having the RBD from a clade 1 virus is
insufficient to mediate entry. As seen in our previous experiments, protease treatment did

not enhance pseudotype entry in the absence of host receptor (figure 5).
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Discussion

Despite significant advances in next generation sequencing technologies, which
have facilitated the discovery of thousands of novel animal-derived viruses, tools for
downstream functional assessment of these novel sequences are lacking. To gain
traction on this ever-growing problem, we took a reductionist approach to coronavirus
entry and developed a scalable, BSL2-compatible method for testing only the minimal
region of the virus essential for interacting with the host receptor (figure 1, figure s1a).
Because most of these viruses have never been isolated, we resorted to synthetic biology
and molecular engineering to reduce the burden of gene synthesis to just a small
fragment. Thus, the cost and synthesis production time for testing several spikes for entry
in our system is dramatically reduced (figure s1d). In theory, this approach to functional
viromics should be applicable to a wide variety of virus-host proteins and interactions.

Coronavirus entry is a multi-step process involving multiple, distinct domains in
spike that mediate virus attachment to the cell surface, receptor engagement, protease
processing and membrane fusion®. While the RBD:receptor interaction is most studied in
this process, recent studies have highlighted the major role host protease processing
plays as a species barrier?22°-27_Lineage C coronaviruses include MERS-CoV as well as
distantly related viruses such as HKU4, HKU5 and PDF-2180 282°, Studies have shown
that HKU4 can bind human DPP4 but requires addition of exogenous trypsin to facilitate
cell entry and that HKUS and PDF-2180 spikes can enter human cells through an
unidentified receptor with protease treatment?>2. Analogous to these earlier studies of
lineage C CoVs, we observed protease-enhanced entry of lineage B CoVs (figure 2, 3,

5). While it has been shown that host proteases cleave spike, allowing for downstream

14



bioRxiv preprint first posted online Jan. 22, 2020; doi: hitp://dx.dol.org/10.1101/2020.01.22.915660 . The copyright holder for this
preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

membrane fusion, other evidence suggests that protease may act on the receptor as well
to activate it3°. Addition of protease during the course of SARS-CoV infection facilitated
entry in cells with low-expression of ACE2 that is normally insufficient to support virus
entry3%. Indeed, we saw evidence of residual trypsin activity on the cells after infection in
our studies as the cell monolayer was loose compared to the untreated condition.
Similarly, Menachery et al. also observed cell rounding during their trypsin infections?®.
Therefore, further studies are needed to assess where trypsin is enhancing entry of
coronaviruses: at the level of spike, the receptor, or both.

In the absence of exogenous protease, only clade 1 RBDs entered nonhuman
primate, human and porcine cell lines (figure 2a, b, s2a, b). These findings are in strong
agreement with previous studies that have either isolated virus (WIV1) or rescued
recombinant chimeric viruses (SHC014, Rs4231, Rs7237)>731. However, with trypsin, a
subset of genetically-similar clade 2 RBDs gained entry in these cells, suggesting their
barrier is at the level of protease processing (figure 2a, b). The other spike from clade 2
and 3 did not enter the cells we tested, regardless of protease addition, suggesting an
absent or incompatible receptor. Surprisingly, the protease-dependent entry phenotype
was consistent in the reverse spike chimeras in which we replaced the RBD in clade 2 or
3 spike with a clade 1 RBD (figure 5d), suggesting that either the protease site between
S1/S2 is not compatible with the chimeric spike backbone or the protease is not
expressed in these cells (figure s5). Because clade 1 spikes enter cells expressing human
ACEZ2 without addition of protease but clade2-clade1 chimeras require protease, our data
suggests the spike protease cleavage site is adapted to the protease environment of the

receptor-bound RBD (figure s5).
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None of the spike pseudotypes efficiently entered Rhinolophus cells, which has been
observed in previous studies using these cells®*?% (figure 2c). Surprisingly, AJi cells were
selectively permissive for only clade 2 entry following protease treatment, which suggests
that clade 2 RBDs interact with a receptor that is distinct from clade 1 (figure 2c).

Our results show that, despite all being classified as the same virus species, most
lineage B B-CoVs do not use currently known coronavirus receptors (figure 1e, 3a, b).
Critically, we did not observe any pseudotype entry in the presence of protease and
absence of receptor, suggesting that lineage B cell entry is still receptor-dependent
following protease treatment (figure 3b). While our study was ongoing, a novel lineage B
B-CoV was identified as the etiological agent behind an outbreak of pneumonia in Wuhan,
Hubei, China (2019-nCoV). The RBD for 2019-nCoV has residues and motifs found in all
3 clades but forms a distinct clade, so we tested it for receptor usage and observed entry
only with human ACE2 but not other known coronavirus receptors (figure 3d).
Interestingly, within the backbone of SARS-CoV spike, cell entry of 2019-nCoV was
similar to the other clade 1 spikes tested, including SARS-CoV. These finding suggests
2019-nCoV is capable of using human ACE2 as efficiently as SARS-CoV, which may help
explain the human-to-human transmissibility of this virus. More studies are needed with
the full spike sequence and, ideally, a viral isolate.

The receptor binding motif (RBM) is a small region in the C-terminal half of the RBD
and contains all the residues that interface with the host receptor (figure 3a)'. The 14
contact points in the co-structure of the SARS-RBD bound to human ACE2 are largely
absent from clade 2 and 3 RBDs, which also contain deletions compared to clade 1 RBMs

(figure 4a, b, s4a). Simply mutating clade 2 and 3 to have the 14 contact points was
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insufficient to impart human ACE2 usage (figure 4c). This is likely because the non-
contact residues in the RBM play a supportive and structural role for these contact points,
and indeed, these non-contact residues are different between the clades (figure s4).

In contrast to changing individual amino acids, our chimeric RBD constructs show that
clade 2 and 3 RBD containing the clade 1 RBM are compatible with human ACE2.
Coronaviruses frequently undergo recombination, gaining large swaths of genetic
material at once 343%, Taken together with our data, it is possible that recombination with
a clade 1 virus will impart compatibility with human ACEZ2. Interestingly, the 2019-nCoV
RBD forms a clade that is distinct from the other 3 clades (figure s1c). However, the 2019-
nCoV RBD contains most of the contact points with human ACEZ2 that are found in clade
1 as well as some amino acid variations that are unique to clade 2 and 3 (figure s4b).
Taken together with our receptor assay results, it may be possible that 2019-nCoV arose
from recombination between clade 1 and the other clades.

As we saw with the SARS-As6526 RBD (clade 2) spike chimera, full length As6526
spike entered cells following protease treatment, but BM48-31 (clade 3) spike did not
(figure 2, 5¢). These data show that the chimeric spikes generally reproduce the entry
phenotypes of full-length spikes. Notably, the full length As6526 spike did not enter cells
as efficiently as the SARS-As6526 chimera, suggesting that other human-cell adaptations
are likely needed in As6526 spike.

The capacity to predict the zoonotic potential of newly detected viruses has been
severely hindered by a lack of functional data for these novel animal virus sequences.
Here, we have developed a rapid and cost-effective platform to functionally test large

groups of related viruses for zoonotic potential. We found that several other lineage B
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coronaviruses are capable of entering human cells through an unknown receptor and that
lineage B spike proteins can recombine to gain entry with a known host-receptor. Taken
together with the latest outbreak of 2019-nCoV in humans, these findings underscore the
importance of continued surveillance of coronaviruses at the sequence and functional

levels in order to better prepare for the next emerging virus.
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Figure 1: B-Coronavirus lineage B entry with human ACE2 is clade-specific

a, B-Coronaviruses, including SARS-CoV, interact with the host cell receptor via the
Receptor Binding Domain (RBD) in spike (PDB: 5X5B, 2AJF) . b, SARS-CoV spike was
engineered with silent mutations to facilitate cloning novel RBD sequences in place of the
SARS spike RBD. SARS spike amino acid numbers are indicated for silent cloning sites
and the RBD in grey and orange, respectively. ¢, outline of experimental workflow. d,
Westernblot of producer cell lysates and concentrated reporter particles. e, BHK cells
were transfected with either human ACE2 or empty vector, subsequently infected with
VSV-reporter particles pseudotyped with chimeric spikes, luciferase was measured and
normalized to no pseudotype as a readout for cell entry. Shown are the data for 3

replicates.
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Figure 2: Trypsin enhances lineage B entry in various cell lines

a, Primate cells, b, human cells or ¢, bat cells were infected with VSV-particles
pseudotyped with the lineage B chimeric spike panel. Pseudotypes were either left
untreated or incubated with trypsin before addition to the cells. Luciferase was measured
and normalized to particles produced without pseudotype. Shown are the data for 3

replicates.
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Figure 3: Lineage B entry into cells with known CoV receptors

a, Schematic of known coronavirus RBDs and their receptors. b, Pseudotyped particles
were either left untreated and treated with trypsin and subsequently used to infect BHK
cells transfected with the coronavirus receptor indicated. Shown are data from 3
replicates. ¢, Expression and pseudotype incorporation of SARS-S-2019-nCoV RBD
chimeras. d, Pseudotypes were used to infect cells expressing hACE2, hDPP4, hAPN, or

empty vector, without protease treatment.
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Figure 4: Lineage B clade-specific determinants for human ACE2 usage

a, Schematic overview of clade 1, 2 and 3. Highlighted in yellow are the 14 residues that
contact human ACEZ2. Deletions in loops 1 and 2 are indicated for clades 2 and 3. b,
Structure of human ACEZ2 and the SARS-S RBD (PDB: 2AJF), with loops highlighted in
gray. ¢, VSV pseudotypes were generated with the indicated RBD and used to infect
BHKs transfected with either human ACE2 or empty vector. Shown are data for 3
replicates. d, Westernblot of producer cell lysates and concentrated pseudotyped

particles.
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Figure 5: Comparison of chimeric and full-length clade 2 and 3 spikes

a, Full length spike sequences from As6526 (clade 2) and BM48-31 (clade 3) were codon
optimized, FLAG tagged and synthesized. Silent mutations flanking the RBD facilitated
replacing the native RBD with the clade 1 consensus RBD. b, Westernblot of producer
cell lysates and concentrated pseudotypes particles. ¢, Pseudotypes with indicated spike
constructs were left untreated or treated with trypsin and subsequently used to infect Huh-
7.5 cells. Shown are data for 3 replicates. d, Pseudotypes with indicated spike constructs
were left untreated or treated with trypsin and subsequently used to infect BHK cells
transfected with human ACE2. Shown are data for 3 replicates.
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Extended Data Fig. 1 | Map of Wuhan. Wuhan, located in central China Hubei

province (circled), has more than 11 million citizens.




Extended Data Fig. 2 | Phylogenetic tree base on the complete S gene sequence.
nCoV-2019 and bat CoV RaTGI13 are in bold. R.s, Rhinolophus sinicus;, R.a,
Rhinolophus affinis; R.f, Rhinolophus ferrumequinum; R.m, Rhinolophus macrofis;
R.b, Rhinolophus blasii. Bat CoV HKU9-1 was used as outgroup. The trees were
constructed by the maximum likelihood method using the Jukes-Cantor model with
bootstrap values determined by 1000 replicates. Bootstraps > 50% are shown.
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Extended Data Fig. 3 | Amino acid sequence alignment of the S1 protein of the
nCoV-2019 with SARS-CoV and selected bat SARSr-CoVs. The receptor-binding
motif of SARS-CoV and the homologous region of other coronaviruses are indicated
by the red box. The key amino acid residues involved in the interaction with human
ACE2 are numbered on top of the aligned sequences. The short insertions in the
N-terminal domain of the novel coronavirus are indicated by the blue boxes. Bat CoV
RaTG13 was identified from R. affinis in Yunnan Province. Bat CoV ZC45 was

identified from R. sinicus in Zhejiang Province.
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Extended Data Fig. 4 | Molecular detection method set up for nCoV-2019. a,

molecular detection using conventional PCR. Primer sequence can be found in

material and methods. b, standard curve for qPCR primers. PCR product of spike

gene that was serial diluted to 10%to 10! (from left to right) was used as template.

Primer sequence and experiment condition can be found in material and methods. ¢,

specificity of qPCR primers. Nucleotide samples from the indicated pathogens were

used.
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Extended Data Fig. 5 | Isolation and antigenic characterization of nCoV-2019. Vero
E6 cells are shown at 24 hours post infection with mock (a) or nCoV-2019 (b). ¢ and
d are mock or nCoV-2019 infected samples stained with rabbit serum raised against
recombinant SARSr-CoV Rp3 N protein (red) and DAPI (blue). The experiment was
conducted two times independently with similar results. e and f, pie charts illustrating

ratio of reads number related to nCoV-2019 among total viral related reads in

metagenomics analysis of Vero (e) and Huh7 (f) cell culture supernatant.

b




Extended Data Fig. 6 | Analysis of nCoV-2019 receptor usage. Determination of
virus infectivity in HeLa cells with or without the expression of human APN and
DPP4. ACE2 protein (green), viral protein (red) and nuclei (blue) were shown. Scale

bar=10 um.
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Extended Data Table 1 | Patient information and their diagnosis history (some records are missing). All patients are fresh seafood market

peddlers or deliverymen except ICU-O1, whose contact history is unclear. All patients were in intensive care unit (ICU) during the first

investigation, and now in stable condition. Blood IgM tests have been performed for the following respiratory pathogens for all patients:

legionella pneumophilia, mycoplasma pneumoniae, chlamydia pneumoniae, respiratory syncytial virus, adenovirus, rickettsia, influenza A virus,

influenza B virus, parainfluenza virus.

Date of Date of
Patient No. Gender Age Onset Admission Symptoms When Admitted Current Status (2020.01.13) Diagnosis history
ICU-01%* Male 62 2019.12.12 2019.12.27 fever recover, discharged negative
ICU-04 Male 32 2019.12.19 2019.12.29 fever, cough, dyspnea fever, intermittent cough negative
ICU-05 Male 40 2019.12.17 2019.12.27 fever (38 °C), expectoration, malaise, dyspnea  fever, malaise, intermittent cough AdV (IgM)
ICU-06 Female 49 2019.12.23 2019.12.27 fever (37.9 °C), palpitation fever, malaise, cough Coronavirus (nt)
Streptococcus pneumoniac
ICU-08 Female 52 2019.12.22 2019.12.29 fever (38.5 °C), expectoration, malaise, dyspnea recover, discharged (nt)
ICU-09 Male 40  2019.12.22 2019.12.28 fever (38.5 °C), expectoration fever (38.5 °C), malaise, expectoration, dizziness negative
ICU-10 Male 56 2019.12.20 2019.12.20 fever, dyspnea, chest tightness fever, malaise, cough, dyspnea negative




Extended Data Table 2 | Laboratory detection results. Samples from two patients (ICU-01 and ICU-08) were not available during the second
investigation. They have been discharged from hospital. We did serial test for ICU-06 patient at the following date: 19.12.30, 19.12.31,
20.01.01 and 20.01.10, corresponding to seven, eight, nine and eighteen days upon disease onset (19.12.23). Table shows molecular and

serological (IgM and IgG) detection results for nCoV-2019.

First sampling-2019.12.30 Second sampling-2020.01.10
Patient No. Test No. BALF  Oral Swab Blood (Ab) Oral Swab Anal Swab Blood (PCR) Blood (Ab)
ICU-01 WIV01 - + NA NA NA NA NA
ICU-04 WIV02* + + NA - - - +
ICU-05 WIV03 + + NA - - - +
ICU-06 WIV04** + + + - - - +
ICU-08 WIV05* + - NA NA NA NA NA
ICU-09 WIV06* + + NA - - - +
ICU-10 WIV07* + + NA - - - +




Extended Data Table 3 | Genomic comparison of nCoV-2019 WIV04 with SARS-CoVs and bat SARSr-CoVs.

Sequence identities with SARS-CoVs & bat SARSr-CoVs (nt/aa %)

F‘;linljﬁlge‘h ORFla ORFIb S  ORF3a FE M  ORF6 ORF7a ORF7b ORF§ N
SARS-CoV GZ02 79.6 76.0/80.9 86.2/95.7 73.4/77.0 75.6/73.4 94.7/96.0 85.4/90.5 76.3/68.9 82.8/86.0 84.8/81.4 52.0/31.6 87.7/91.2
SARS-CoV BJO1 79.6 76.0/80.8 86.2/95.7 73.4/76.9 75.3/72.6 94.7/96.0 85.6/90.5 75.8/67.2 82.8/86.0 84.8/81.4 51.1/- 88.8/91.2
SARS-CoV Tor2 79.6 76.0/80.9 86.2/95.8 73.4/76.7 75.4/72.6 94.7/96.0 85.6/90.5 76.3/68.9 82.8/86.0 84.8/81.4 51.1/- 88.8/91.2
SARS-CoV SZ3 79.6 76.0/81.0 86.2/95.8 73.4/76.9 75.4/72.6 94.7/96.0 85.3/90.0 76.3/68.9 82.8/86.0 84.8/81.4 52.3/31.6 88.8/91.2
SARS-CoV PC4-227 79.5 76.0/80.8 86.1/95.6 73.4/76.7 75.5/72.6 94.7/96.0 85.1/90.0 75.8/68.9 82.8/86.0 84.8/81.4 52.3/- 88.5/90.7
Bat SARr-CoV RaTG13 96.2 96.0/98.0 97.3/99.3 93.1/97.7 96.3/97.8 99.6/100 95.5/99.6 98.4/100 95.6/97.5 99.2/97.7 97.0/95.0 96.9/99.0
Bat SARr-CoV WIV1 79.7 76.0/80.7 85.9/95.8 73.4/77.6 76.1/74.5 95.6/96.0 84.8/90.0 78.0/73.8 85.0/88.4 85.6/83.7 65.8/57.9 88.5/90.9
Bat SARSr-CoV WIV 16 79.7 75.9/81.0 86.1/95.6 73.1/77.8 76.1/74.5 95.6/96.0 84.8/90.0 77.4/72.1 85.0/88.4 85.6/83.7 65.3/57.9 88.6/90.9
Bat SARSr-CoV SHC014 79.6 75.9/80.9 85.9/95.8 73.3/77.7 76.1/74.5 95.6/96.0 84.8/90.0 78.0/70.5 84.4/88.4 85.6/83.7 65.8/58.7 88.6/90.9
Bat SARSr-CoV Rs4231 79.7 76.0/81.0 86.2/95.8 72.9/77.5 75.8/74.1 94.3/94.7 84.4/90.0 76.9/67.2 85.0/88.4 85.6/83.7 65.3/57.9 88.8/91.4
Bat SARSr-CoV YNLF31C 79.0 75.7/80.6 85.8/95.7 71.4/75.5 75.0/71.2 94.3/96.0 84.7/89.6 76.9/70.5 83.1/87.6 86.4/83.7 50.3/31.3 88.3/90.5
Bat SARSr-CoV LYRall 79.6 75.8/80.6 85.7/95.6 73.9/773 77.2/76.3 94.7/94.7 85.1/90.0 78.5/70.5 82.0/85.1 81.1/81.4 66.7/57.9 89.0/91.6
Bat SARSr-CoV ZC45 88.1 91.0/95.7 86.1/96.0 77.8/82.3 87.8/90.9 98.7/100 93.4/98.6 95.2/93.4 88.8/87.6 94.7/93.0 88.5/94.2 91.1/94.3
Bat SARSr-CoV ZXC21 88.0 90.9/95.7 86.2/95.8 77.1/81.7 88.9/92.0 98.7/100 93.4/98.6 95.2/93.4 89.1/88.4 95.5/93.0 88.5/94.2 91.2/94.3
Bat SARSr-CoV HuB2013 79.6 76.3/81.2 85.3/95.7 73.1/76.8 75.4/75.5 95.2/94.7 85.3/91.0 76.3/68.9 84.2/87.6 85.6/83.7 62.0/49.6 88.9/91.6
Bat SARSr-CoV GX2013 79.1 75.9/80.8 86.0/95.9 73.1/77.1 75.6/73.0 94.7/96.0 84.8/91.4 77.4/68.9 85.0/86.8 84.1/79.1 51.4/31.6 87.9/90.2
Bat SARSr-CoV $X2013 78.9 76.2/80.6 85.1/955 T1.2/755 74.7/71.2 94.3/93.3 83.0/89.6 77.4/68.9 84.2/86.8 85.6/83.7 49.7/30.4 86.9/90.2
Bat SARSr-CoV SC2018 79.4 75.8/80.7 85.5/95.2 72.7/76.4 75.0/71.2 94.3/96.0 84.7/90.0 80.0/71.8 85.2/87.6 84.8/83.7 66.1/55.4 88.2/91.2
Bat SARSr-CoV Rs672 79.6 76.0/80.9 85.9/95.8 72.8/76.2 75.2/71.9 95.2/96.0 84.8/89.6 78.5/70.5 84.7/88.4 85.6/83.7 65.8/58.7 87.9/91.2
Bat SARSr-CoV Rp3 79.5 75.9/80.5 86.0/95.7 73.1/77.2 74.9/74.8 95.2/96.0 85.1/90.0 76.9/68.9 83.9/89.3 84.8/83.7 66.4/56.2 88.4/90.7
Bat SARSr-CoV Rf1 78.8 76.2/80.6 84.8/95.3 71.1/757 74.3/69.0 94.3/94.7 83.3/89.6 79.0/68.9 84.2/86.8 84.1/83.7 50.6/31.3 86.8/89.5
Bat SARSr-CoV HKU3-1 79.4 76.1/80.9 84.9/95.1 73.4/77.9 75.8/73.4 95.2/96.0 84.7/91.0 75.3/67.2 85.0/89.3 84.1/79.1 66.4/57.0 88.3/90.0




Extended Data Table 4 | Virus neutralization test (VNT) of serum samples. Each
serum sample was tested in triplicate. Two healthy people from Wuhan, five patient
serum samples and a horse anti-SARS-CoV anti-serum were used. 120 TCIDsg virus

was used each well. Serum samples were used in a dilution from 1:10, 1:20, 1:40 to

1:80.
VNT titre for

Samples nCoV-2019
Healthy people #1 from

Wuhan neg
Healthy people #2 from

Wuhan neg
Horse anti-SARS-CoV serum >1:80
WIVO02 >1:80
WIVO03 1:40
WIV04 >1:80
WIV06 >1:80

WIVO07 >1:80
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Since the SARS outbreak 18 years ago, a large number of severe acute
respiratory syndrome related coronaviruses (SARSr-CoV) have been discovered
in their natural reservoir host, bats'. Previous studies indicated that some of
those bat SARSr-CoVs have the potential to infect humans>’. Here we report the
identification and characterization of a novel coronavirus (nCoV-2019) which
caused an epidemic of acute respiratory syndrome in humans, in Wuhan, China.
The epidemic, started from December 12, 2019, has caused 198 laboratory
confirmed infections with three fatal cases by January 20, 2020. Full-length
genome sequences were obtained from five patients at the early stage of the
outbreak. They are almost identical to each other and share 79.5% sequence
identify to SARS-CoV. Furthermore, it was found that nCoV-2019 is 96%
identical at the whole genome level to a bat coronavirus. The pairwise protein
sequence analysis of seven conserved non-structural proteins show that this virus
belongs to the species of SARSr-CoV. The nCoV-2019 virus was then isolated
from the bronchoalveolar lavage fluid of a critically ill patient, which can be
neutralized by sera from several patients. Importantly, we have confirmed that

this novel CoV uses the same cell entry receptor, ACE2, as SARS-CoV.

Coronavirus has caused two large-scale pandemic in the last two decades, SARS and
MERS (Middle East respiratory syndrome)®®. It was generally believed that SARSr-
CoV, mainly found in bats, might cause future disease outbreak'®!!. Here we report
on a series of unidentified pneumonia disease outbreaks in Wuhan, Hubei province,
central China (Extended Data Figure 1). Started from a local fresh seafood market, the
epidemic has resulted in 198 laboratory confirmed cases with three death according to

authorities so far'2. Typical clinical symptoms of these patients are fever, dry cough,



T AN Wh i ot e e 1 S e W as e o83 Kan 10 Sy e BT
All rights reserved. No reuse allowed without permission.
48  dyspnea, headache, and pneumonia. Disease onset may result in progressive
49  respiratory failure due to alveolar damage and even death. The disease was
50  determined as viral induced pneumonia by clinicians according to clinical symptoms
51  and other criteria including body temperature rising, lymphocytes and white blood
52 cells decreasing (sometimes normal for the later), new pulmonary infiltrates on chest
53  radiography, and no obvious improvement upon three days antibiotics treatment. It
54  appears most of the early cases had contact history with the original seafood market,
55  and no large scale of human-to-human transmission was observed so far.
56
57  Samples from seven patients with severe pneumonia (six are seafood market peddlers
58  or delivers), who were enrolled in intensive unit cares at the beginning of the outbreak,
59  were sent to WIV laboratory for pathogen diagnosis (Extended Data Table 1). As a
60  CoV lab, we first used pan-CoV PCR primers to test these samples'?, considering the
61  outbreak happened in winter and in a market, same environment as SARS. We found
62  five PCR positive. A sample (WIV04) collected from bronchoalveolar lavage fluid
63 (BALF) was analysed by metagenomics analysis using next-generation sequencing
64  (NGS) to identify potential etiological agents. Of the 1582 total reads obtained after
65  human genome filtering, 1378 (87.1%) matched sequences of SARSr-CoV (Fig. 1a).
66 By de novo assembly and targeted PCR, we obtained a 29,891-bp CoV genome that
67  shared 79.5% sequence identity to SARS-CoV BJO1 (GenBank accession number
68  AY278488.2). This sequence has been submitted to GISAID (accession no.
69  EPI ISL 402124). Following the name by WHO, we tentatively call it novel

70  coronavirus 2019 (nCoV-2019). Four more full-length genome sequences of nCoV-

71 2019 (WIV02, WIVO0S, WIV06, and WIV07) (GISAID accession nos.
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EPI ISL 402127-402130) that were above 99.9% identical to each other were

subsequently obtained from other four patients (Extended Data Table 2).

The virus genome consists of six major open reading frames (ORFs) common to
coronaviruses and a number of other accessory genes (Fig. 1b). Further analysis
indicates that some of the nCoV-2019 genes shared less than 80% nt sequence
identity to SARS-CoV. However, the seven conserved replicase domains in ORF1ab
that were used for CoV species classification, are 94.6% aa sequence identical
between nCoV-2019 and SARS-CoV, implying the two belong to same species

(Extended Data Table 3).

We then found a short RdRp region from a bat coronavirus termed BatCoV RaTG13
which we previously detected in Rhinolophus affinis from Yunnan Province showed
high sequence identity to nCoV-2019. We did full-length sequencing to this RNA
sample. Simplot analysis showed that nCoV-2019 was highly similar throughout the
genome to RaTG13 (Fig. 1¢), with 96.2% overall genome sequence identity. The
phylogenetic analysis also showed that RaTG13 is the closest relative of the nCoV-
2019 and form a distinct lineage from other SARSr-CoVs (Fig. 1d). The receptor
binding protein spike (S) gene was highly divergent to other CoVs (Extended Data
Figure 2), with less than 75% nt sequence identity to all previously described SARSr-
CoVs except a 93.1% nt identity to RaTG13 (Extended Data Table 3). The S genes of
nCoV-2019 and RaTG13 S gene are longer than other SARSr-CoVs. The major
differences in nCoV-2019 are the three short insertions in the N-terminal domain, and

four out of five key residues changes in the receptor-binding motif, in comparison
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96  with SARS-CoV (Extended Data Figure 3). The close phylogenetic relationship to

97  RaTGl13 provides evidence for a bat origin of nCoV-2019.

98

99  We rapidly developed a qPCR detection based on the receptor-binding domain of
100  spike gene, the most variable region among genome (Fig. 1c). Our data show the
101 primers could differentiate nCoV-2019 with all other human coronaviruses including
102 bat SARSr-CoV WIV1, which is 95% identity to SARS-CoV (Extended Data Figure
103 4aand 4b). From the seven patients, we found nCoV-2019 positive in six BALF and
104  five oral swab samples during the first sampling by qPCR and conventional PCR
105  (Extended Data Figure 4c). However, we can no longer find viral positive in oral
106  swabs, anal swabs, and blood from these patients during the second sampling (Fig.
107  2a). Based on these findings, we conclude that the disease should be transmitted
108  through airway, yet we can’t rule out other possibilities if the investigation extended
109  toinclude more patients.
110
111  For serological detection of nCoV-2019, we used previously developed bat SARSr-
112 CoV Rp3 nucleocapsid protein (NP) as antigen in IgG and IgM ELISA test, which
113 showed no cross-reactivity against other human coronaviruses except SARSr-CoV’.
114  Asaresearch lab, we were only able to get five serum samples from the seven viral
115  infected patients. We monitored viral antibody levels in one patient (ICU-06) at seven,
116  eight, nine, and eighteen days after disease onset (Extended Data Table 2). A clear
117  trend of IgG and IgM titre (decreased at the last day) increase was observed (Fig. 2b).

118  For a second investigation, we tested viral antibody for five of the seven viral positive

119  patients around twenty days after disease onset (Extended Data Table 1 and 2). All
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patient samples, but not samples from healthy people, showed strong viral IgG

positive (Fig. 2b). We also found three IgM positive, indicating acute infection.

We then successfully isolated the virus (named nCoV-2019
BetaCoV/Wuhan/WIV04/2019), in Vero and Huh7 cells using BALF sample from
ICU-06 patient. Clear cytopathogenic effects were observed in cells after three days
incubation (Extended Data Figure 5a and 5b). The identity of the strain WIV04 was
verified in Vero E6 cells by immunofluorescence microscopy using cross-reactive
viral NP antibody (Extended Data Figure Sc and 5d), and by metagenomic sequencing,
from which most of the reads mapped to nCoV-2019 (Extended Data Figure Se and
5f). Viral partials in ultrathin sections of infected cells displayed typical coronavirus
morphology under electron microscopy (Fig. 3). To further confirm the neutralization
activity of the viral IgG positive samples, we conducted serum-neutralization assays
in Vero E6 cells using the five IgG positive patient sera. We demonstrate that all

samples were able to neutralize 120 TCID50 nCoV-2019 at a dilution of 1:40-1:80.

We also show that this virus could be cross-neutralized by horse anti-SARS-CoV
serum at dilutions 1:80, further confirming the relationship of the two viruses

(Extended Data Table 4).

Angiotensin converting enzyme I (ACE2) was known as cell receptor for SARS-
CoV™. To determine whether nCoV-2019 also use ACE2 as a cellular entry receptor,
we conducted virus infectivity studies using HeLa cells expressing or not expressing
ACE2 proteins from humans, Chinese horseshoe bats, civet, pig, and mouse. We
show that nCoV-2019 is able to use all but mouse ACE2 as an entry receptor in the

ACE2-expressing cells, but not cells without ACE2, indicating which is likely the cell
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receptor of nCoV-2019 (Fig. 4). We also proved that nCoV-2019 does not use other
coronavirus receptors, aminopeptidase N and dipeptidyl peptidase 4 (Extended Data

Figure 6).

The study provides the first detailed report on nCoV-2019, the likely etiology agent
responsible for ongoing acute respiratory syndrome epidemic in Wuhan, central China.
Viral specific nucleotide positive and viral protein seroconversion observed in all
patients tested provides evidence of an association between the disease and the
presence of this virus. However, there are still many urgent questions to be answered.
We need more clinical data and samples to confirm if this virus is indeed the etiology
agent for this epidemic. In addition, we still don’t know if this virus continue evolving
and become more transmissible between human-to-human. Moreover, we don’t know
the transmission routine of this virus among hosts yet. We showed viral positive in
oral swabs, implying nCoV-2019 may be transmitted through airway. However, this
needs to be confirmed by extending detection range. Finally, based on our results, it
should be expected and worth to test if ACE2 targeting or SARS-CoV targeting drugs
can be used for nCoV-2019 patients. At this stage, we know very little about the virus,
including basic biology, animal source or any specific treatment. The almost identical
sequences of this virus in different patients imply a probably recent introduction in

humans, thus future surveillance on viral mutation and transmission ability and

further global research attention are urgently needed.
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Fig. 1 | Genome characterization of nCoV-2019. a, pie chart showing
metagenomics analysis of next-generation sequencing of bronchoalveolar lavage fluid
from patient ICUO6. b, Genomic organization of nCoV-2019 WIVO04. ¢, Similarity
plot based on the full-length genome sequence of nCoV-2019 WIV04. Full-length
genome sequences of SARS-CoV BJO1, bat SARSr-CoV WIV1, bat coronavirus
RaTG13 and ZC45 were used as reference sequences. d, Phylogenetic tree based on
nucleotide sequences of complete ORF1b of coronaviruses. Software used and

settings can be found in material and method section.
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Fig. 2 | Molecular and serological investigation of patient samples. a, molecular
detection of nCoV-2019 in seven patients during two times of sampling. Patient
information can be found in Extended Data Table 1 and 2. Details on detection
method can be found in material and methods. BALF, bronchoalveolar lavage fluid;
OS, oral swab; AS, anal swab. b, dynamics of nCoV-2019 antibodies in one patient
who showed sign of disease on 2019.12.23 (ICU-06). ¢, serological test of nCoV-
2019 antibodies in five patients (more information can be found in Extended Data
Table 2). Star indicates data collected from patient ICU-06 on 2020.01.10. For b and c,

cut-off was set up as 0.2 for IgM test and 0.3 for IgG test, according to healthy

controls.
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263  Fig. 3| Virions. a, viral particles in the ultrathin sections under electron microscope

264  at200 kV, sample from viral infected Vero E6 cells
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Fig. 4 | Analysis of nCoV-2019 receptor usage. Determination of virus infectivity in
HeLa cells with or without the expression of ACE2. h, human; b, Rhinolophus sinicus
bat; c, civet; s, swine (pig); m, mouse. ACE2 protein (green), viral protein (red) and

nuclei (blue) was shown. Scale bar=10 um.
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METHODS
Sample collection. Human samples, including oral swabs, anal swabs, blood, and
BALF samples were collected by Jinyintan hospital (Wuhan) with the consent from
all patients. Patients were sampled without gender or age preference unless where
indicated. For swabs, 1.5 ml DMEM+2% FBS medium was added each tube.
Supernatant was collected after 2500 rpm, 60 s vortex and 15-30 min standing.
Supernatant from swabs or BALF (no pretreatment) was added to either lysis buffer
for RNA extraction or to viral transport medium (VITM) for virus isolation. VIM
composed of Hank's balanced salt solution at pH7.4 containing BSA (1%),
amphotericin (15 pg/ml), penicillin G (100 units/ml), and streptomycin (50 pg/ml).
Serum was separated by centrifugation at 3,000 g for 15 min within 24 h of collection,

followed by 56 °C 30 min inactivation, and then stored at 4 °C until use.

Virus isolation, cell infection, electron microscope and neutralization assay. The
following cells were used for virus isolation in this study: Vero, Vero E6, and Huh7
that were cultured in DMEM +10% FBS. A list of cells were used for susceptibility
test (Extended Data Fig. 6). All cell lines were tested free of mycoplasma
contamination, applied to species identification and authenticated by microscopic
morphologic evaluation. None of cell lines was on the list of commonly misidentified

cell lines (by ICLAC).

Cultured cell monolayers were maintained in their respective medium. PCR-positive
BALF sample from ICU-06 patient was spin at 8,000 g for 15 min, filtered and
diluted 1:2 with DMEM supplied with 16 pg/ml trypsin before adding to cells. After

incubation at 37 °C for 1 h, the inoculum was removed and replaced with fresh culture
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298  medium containing antibiotics (below) and 16 pg/ml trypsin. The cells were incubated

299  at 37 °C and observed daily for cytopathic effect (CPE). The culture supernatant was

300 examined for presence of virus by qRT-PCR developed in this study, and cells were

301  examined by immunofluorescent using SARSr-CoV Rp3 NP antibody made in house

302 (1:100). Penicillin (100 units/ml) and streptomycin (15 pg/ml) were included in all

303 tissue culture media.

304

305  The Vero E6 cells were infected with new virus at MOI of 0.5 and harvested 48 hpi.

306  Cells were fixed with 2.5% (wt/vol) glutaraldehyde and 1% osmium tetroxide, and

307  then dehydrated through a graded series of ethanol concentrations (from 30 to 100%),

308  and embedded with epoxy resin. Ultrathin sections (80 nm) of embedded cells were

309  prepared, deposited onto Formvar-coated copper grids (200 mesh), stained with

310  uranyl acetate and lead citrate, then observed under 200 kV Tecnai G2 electron

311  microscope.

312

313  The virus neutralization test was carried out in a 48-well plate. The patient serum

314  samples were heat-inactivated by incubation at 56 °C for 30 min before use. The

315  serum samples (5 pL) were diluted to 1:10, 1:20, 1:40 or 1:80, and then an equal

316  volume of virus stock was added and incubated at 37 °C for 60 min in a 5% CO»

317  incubator. Diluted horse anti SARS-CoV serum or serum samples from healthy

318  people were used as control. After incubation, 100 nL. mixtures were inoculated onto

319  monolayer Vero E6 cells in a 48-well plate for 1 hour. Each serum were repeated

320 triplicate. After removing the supernatant, the plate was washed twice with DMEM

321  medium. Cells were incubated with DMEM supplemented with 2% FBS for 24 hours.

322 Then the cells were fixed with 4% formaldehyde. And the virus were detected using
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SL-CoV Rp3 NP antibody followed by Cy3-conjugated mouse anti-rabbit IgG. Nuclei
were stained with DAPI. Infected cell number was counted by high-content

cytometers.

RNA extraction and PCR. Whenever commercial kits were used, manufacturer’s
instructions were followed without modification. RNA was extracted from 200 pl of
samples with the High Pure Viral RNA Kit (Roche). RNA was eluted in 50 pl of

elution buffer and used as the template for RT-PCR.

For qPCR analysis, primers based on nCoV-2019 S gene was designed: RBD-qF1: 5°-
CAATGGTTTAACAGGCACAGG-3’; RBD-gR1: 5°-
CTCAAGTGTCTGTGGATCACG-3’. RNA extracted from above used in qPCR by
HiScript® IT One Step qRT-PCR SYBR®™ Green Kit (Vazyme Biotech Co.,Ltd).
Conventional PCR test was also performed using the following primer pairs: ND-
CoVs-951F TGTKAGRTTYCCTAAYATTAC; ND-CoVs-1805R
ACATCYTGATANARAACAGC!. The 20 ul gPCR reaction mix contained 10 ul 2x
One Step SYBR Green Mix, 1 pul One Step SYBR Green Enzyme Mix, 0.4 pl 50 x
ROX Reference Dye 1, 0.4 pl of each primer (10 uM) and 2 pl template RNA.
Amplification was performed as follows: 50 °C for 3 min, 95 °C for 30 s followed by
40 cycles consisting of 95 °C for 10 s, 60 °C for 30 s, and a default melting curve step

in an ABI 7700 machine.

Serological test. In-house anti-SARSr-CoV IgG and IgM ELISA kits were developed
using SARSr-CoV Rp3 NP as antigen, which shared above 90% amino acid identity

to all SARSr-CoVs?. For IgG test, MaxiSorp Nunc-immuno 96 well ELISA plates
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were coated (100 ng/well) overnight with recombinant NP. Human sera were used at
1:20 dilution for 1 h at 37 °C. An anti-Human IgG-HRP conjugated monoclonal
antibody (Kyab Biotech Co., Ltd, Wuhan, China) was used at a dilution of 1:40000.
The OD value (450-630) was calculated. For IgM test, MaxiSorp Nunc-immuno 96
wellELIS A plates were coated (500 ng/well) overnight with anti-human IgM (u
chain). Human sera were used at 1:100 dilution for 40 min at 37 °C, followed by anti-
Rp3 NP-HRP conjugated (Kyab Biotech Co., Ltd, Wuhan, China) at a dilution of

1:4000. The OD value (450-630) was calculated.

Examination of ACE2 receptor for nCoV-2019 infection. HeLa cells transiently
expressing ACE2 were prepared by a lipofectamine 3000 system (Thermo Fisher
Scientific) in 96-well plate, with mock-transfected cells as controls. nCoV-2019
grown from Vero E6 cells was used for infection at multiplicity of infection 0.05.
Same for testing of APN and DPP4. The inoculum was removed after 1 h absorption
and washed twice with PBS and supplemented with medium. At 24 hpi, cells were
washed with PBS and fixed with 4% formaldehyde in PBS (pH 7.4) for 20 min at
room temperature. ACE2 expression was detected using mouse anti-S tag monoclonal
antibody followed by FITC-labelled goat anti-mouse IgG H&L (Abcam, ab96879).
Viral replication was detected using rabbit antibody against the Rp3 NP protein (made
in house, 1:100) followed by cyanin 3-conjugated goat anti-rabbit IgG (1:50, Abcam,
ab6939). Nucleus was stained with DAPI (Beyotime). Staining patterns were

examined using the FV1200 confocal microscopy (Olympus).

High throughput sequencing, pathogen screening and genome assembly. Samples

from patient BALF or from virus culture supernatant were used for RNA extraction
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and next-generation sequencing using Illumina MiSeq 3000 sequencer. Metagenomic
analysis was carried out mainly base on the bioinformatics platform MGmapper
(PE _2.24 and SE 2.24). The raw NGS reads were firstly processed by Cutadapt
(v1.18) with minimum read length of 30bp. BWA (v0.7.12-r1039) was utilized to
align reads to local database with a filter hits parameter at 0.8 FMM value and
minimum alignment score at 30. Parameters for post-processing of assigned reads was
set with minimum size normalized abundance at 0.01, minimum read count at 20 and
other default parameters. A local nucleic acid database for human and mammals was
employed to filter reads of host genomes before mapping reads to virus database. The
results of metagenomic analysis were displayed through pie charts using WPS Office
2010. NGS reads were assembled into genomes using Geneious (v11.0.3) and
MEGAHIT (v1.2.9). PCR and Sanger sequencing was performed to fill gaps in the
genome. 5’-RACE was performed to determine the 5’-end of the genomes using
SMARTer RACE 5°/3” Kit (Takara). Genomes were annotated using Clone Manager

Professional Suite 8 (Sci-Ed Software).

Phylogenetic analysis. Routine sequence management and analysis was carried out
using DNAStar. Sequence alignment and editing were conducted using ClustalW and
GeneDoc. Maximum Likelihood phylogenetic trees based on nucleotide sequences of
full-length ORF1b and S genes were constructed using the Jukes-Cantor model with

bootstrap values determined by 1000 replicates in the MEGAG software package.

Data Availability statement. Sequence data that support the findings of this study
have been deposited in GISAID with the accession no. EPI ISL._402124 and

EPI ISL 402127-402130.



To: William Dowling[william.dowling@cepi.net]; Carolyn Clark[carolyn.clark@cepi.net]; Wolfraim, Larry (NIH/NIAID)
[E][larry.wolfraim@nih.gov]; Raul Gomez Roman[raul.gomezroman@cepi.net]; Carroll,
Miles[miles.carroll.phe.gov.uk@external.domain]; Graham, Barney (NIH/VVRC) [E][bgraham@mail.nih.gov]; Schmaljohn, Connie
(NIH/NIAID) [E][connie.schmaljohn@nih.gov]; Holbrook, Michael (NIH/NIAID) [C][michael.holbrook@nih.gov]; Hensley, Lisa
(NIH/NIAID) [E][lisa.hensley@nih.gov]; Baric, Ralph S[rbaric@email.unc.edu]; Munster, Vincent (NIH/NIAID)
[E]lvincent.munster@nih.gov]; daszak@ecohealthalliance.org[daszak@ecohealthalliance.org];
b.haagmans@erasmusmc.nl[b.haagmans@erasmusmc.nl]; Vasan, VVasan (H&B, Geelong AAHL)[Vasan.Vasan@csiro.aul];
linfa.wang@duke-nus.edu.sg[linfa.wang@duke-nus.edu.sg]; jokim@ivi.int[jokim@ivi.int]; mksong@ivi.intimksong@ivi.int];
Volker.gerdts@usask.ca[Volker.gerdts@usask.ca)]; Giada.Mattiuzzo@nibsc.org[Giada.Mattiuzzo@nibsc.org];
zIshi@wh.iov.cn[zlshi@wh.iov.cn]; Barbara.Schnierle@pei.de[Barbara.Schnierle@pei.de];
leejooyeon@korea.kr[leejooyeon@korea.kr]; limhy0919@korea.kr[limhy0919@korea.kr]; Damon, Inger K.
(CDC/DDID/NCEZID/DHCPP)[iad7@CDC.GOV]; christian.brechot@pasteur.fr[christian.brechot@pasteur.fr]; Kayvon
Modjarrad[kmodjarrad@eidresearch.org]

Cc: HENAO RESTREPO, Ana Marialhenaorestrepoa@who.int]; GSELL, Pierre[gsellp@who.int]; COSTA, Alejandro
Javier[costaa@who.int]; RIVEROS BALTA, Alina Ximena[lauriex@who.int]

From: Florence, Clint (NIH/NIAID) [E][clint.florence@nih.gov]

Sent: Thur 1/23/2020 6:09:05 PM (UTC-05:00)

Subject: RE: WHO Consultation regarding the Wuhan coronavirus

| can make it.
Thanks —

Clint

From: William Dowling <william.dowling@cepi.net>

Sent: Thursday, January 23, 2020 4:40 PM

To: Carolyn Clark <carolyn.clark@cepi.net>; Florence, Clint (NIH/NIAID) [E] <clint.florence@nih.gov>; Wolfraim, Larry (NIH/NIAID)
[E] <larry.wolfraim@nih.gov>; Raul Gomez Roman <raul.gomezroman@cepi.net>; Carroll, Miles
<miles.carroll.phe.gov.uk@external.domain>; Graham, Barney (NIH/VRC) [E] <bgraham@mail.nih.gov>; Schmaljohn, Connie
(NIH/NIAID) [E] <connie.schmaljohn@nih.gov>; Holbrook, Michael (NIH/NIAID) [C] <michael.holbrook@nih.gov>; Hensley, Lisa
(NIH/NIAID) [E] <lisa.hensley@nih.gov>; Baric, Ralph <rbaric@email.unc.edu>; Munster, Vincent (NIH/NIAID) [E]
<vincent.munster@nih.gov>; daszak@ecohealthalliance.org; b.haagmans@erasmusmc.nl; Vasan, Vasan (H&B, Geelong AAHL)
<Vasan.Vasan@csiro.au>; linfa.wang@duke-nus.edu.sg; jokim@ivi.int; mksong@ivi.int; Volker.gerdts@usask.ca;
Giada.Mattiuzzo@nibsc.org; zlshi@wh.iov.cn; Barbara.Schnierle@pei.de; leejooyeon@korea.kr; limhy0919@korea.kr; Damon,
Inger K. (CDC/DDID/NCEZID/DHCPP) <iad7@ CDC.GOV>; christian.brechot@pasteur.fr; Kayvon Modjarrad
<kmodjarrad@eidresearch.org>

Cc: HENAO RESTREPO, Ana Maria <henaorestrepoa@who.int>; GSELL, Pierre <gsellp@who.int>; COSTA, Alejandro Javier
<costaa@who.int>; RIVEROS BALTA, Alina Ximena <lauriex@who.int>

Subject: WHO Consultation regarding the Wuhan coronavirus

Hello all,

On behalf of the WHO R&D Blueprint team, I am writing to request your participation on a call tomorrow at 9 PM
Central European time (which will be Saturday morning for some of you). The purpose of the call is to lend your
expertise to coordination of WHO response efforts. To that end , we would like to discuss the current status of efforts to
culture the Wuhan coronavirus (or generate a recombinant virus); recent sequence data and modeling of the Spike protein;

and potential next steps to assess cross reactivity with other coronaviruses. We realize that this is very short notice, but
the situation is very dynamic. This would be an initial call with lengthier and more detailed calls in the near future.

Also, for those who have not seen them, I am attaching two reports on this topic that just came out and are highly relevant
to the conversation.

Please let us know if you can make it. Call in details will be sent tomorrow.
Thank you,

Bill Dowling (seconded to WHO)



William Dowling, PhD

Non-Clinical Vaccine Development Leader
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To: William Dowling[william.dowling@cepi.net]

Cc: Carolyn Clark[carolyn.clark@cepi.net]; Florence, Clint (NIH/NIAID) [E][clint.florence@nih.gov];
larry.wolfraim@nih.gov[larry.wolfraim@nih.gov]; Raul Gomez Roman[raul.gomezroman@cepi.net];
Miles.Carroli@phe.gov.uk[Miles.Carroll@phe.gov.uk]; barney.graham@nih.gov[barney.graham@nih.gov]; Schmaljohn, Connie
(NIH/NIAID) [E][connie.schmaljohn@nih.gov]; Michael.holbrook@nih.gov[Michael.holbrook@nih.gov];
lisa.hensley@nih.gov[lisa.hensley@nih.gov]; Baric, Ralph S[rbaric@email.unc.edul];

vincent. munster@nih.gov[vincent. munster@nih.gov]; daszak@ecohealthalliance.org[daszak@ecohealthalliance.org];
b.haagmans@erasmusmc.nl[b.haagmans@erasmusmc.nl]; Vasan, VVasan (H&B, Geelong AAHL)[Vasan.Vasan@csiro.aul];
linfa.wang@duke-nus.edu.sg[linfa.wang@duke-nus.edu.sg]; jokim@ivi.int[jokim@ivi.int]; mksong@ivi.intimksong@ivi.int];
Volker.gerdts@usask.ca[Volker.gerdts@usask.ca)]; Giada.Mattiuzzo@nibsc.org[Giada.Mattiuzzo@nibsc.org];
Barbara.Schnierle@pei.de[Barbara.Schnierle@pei.de]; leejooyeon@korea.kr[leejooyeon@korea.kr];
limhy0919@korea.kr[limhy0919@korea.kr]; Damon, Inger K. (CDC/OID/NCEZID)[iad7@cdc.gov];
christian.brechot@pasteur.fr[christian.brechot@pasteur.fr]; Kayvon Modjarrad[kmodjarrad@eidresearch.org]; HENAO RESTREPO,
Ana Maria[henaorestrepoa@who.int]; GSELL, Pierre[gsellp@who.int]; COSTA, Alejandro Javier[costaa@who.int]; RIVEROS BALTA,
Alina Ximena[lauriex@who.int]

From: AIEm[zIshi@wh.iov.cn]

Sent: Thur 1/23/2020 9:06:25 PM (UTC-05:00)

Subject: Re: WHO Consultation regarding the Wuhan coronavirus

Dear William,
Thank you for the invitation. I'll be happy to participate in the discussion.

Best regards,
Zhengli,

KA :"William Dowling" <william.dowling@cepi.net>

K& E):2020-01-24 05:40:21 (2HiF)

U4 A : "Carolyn Clark" <carolyn.clark@cepi.net>, "Florence, Clint (NIH/NIAID) [E]" <clint.florence@nih.gov>,
"larry. wolfraim@nih.gov" <larry. wolfraim@nih.gov>, "Raul Gomez Roman" <raul.gomezroman(@cepi.net>,
"Miles.Carroll@phe.gov.uk" <Miles.Carroll@phe.gov.uk>, "barney.graham@nih.gov" <barney.graham@nih.gov>,
"Schmaljohn, Connie (NIH/NIAID) [E]" <connie.schmaljohn@nih.gov>, "Michael holbrook@nih.gov"

<Michael holbrook@nih.gov>, "lisa.hensley@nih.gov" <lisa.hensley@nih.gov>, "rbaric@email.unc.edu"
<rbaric@email.unc.edu>, "vincent. munster@nih.gov" <vincent. munster@nih.gov>, "daszak@ecohealthalliance.org"
<daszak(@ecohealthalliance.org>, "b.haagmans@erasmusmc.nl" <b.haagmans@erasmusmc.nl>, "Vasan, Vasan
(H&B, Geelong AAHL)" <Vasan.Vasan@csiro.au>, "linfa. wang@duke-nus.edu.sg" <linfa. wang@duke-
nus.edu.sg>, "jokim@ivi.int" <jokim@ivi.int>, "mksong@ivi.int" <mksong@ivi.int>, "Volker.gerdts@usask.ca"
<Volker. gerdts@usask.ca>, "Giada.Mattiuzzo@nibsc.org" <Giada. Mattiuzzo@nibsc.org>, "zlshi@wh.iov.cn"
<zlshi@wh.iov.cn>, "Barbara. Schnierle@pei.de" <Barbara.Schnierle@pei.de>, "leejooyeon@korea kr"
<leejooyeon@korea kr>, "limhy0919@korea kr" <limhy0919@korea kr>, "Damon, Inger K.
(CDC/OID/NCEZID)" <iad7@cdc.gov>, "christian brechot@pasteur fi" <christian.brechot@pasteur.fr>, "Kayvon
Modjarrad" <kmodjarrad@eidresearch.org>

#3&: "HENAO RESTREPO, Ana Maria" <henaorestrepoa@who.int>, "GSELL, Pierre" <gsellp@who.int>,
"COSTA, Alejandro Javier" <costaa@who.int>, "RIVEROS BALTA, Alina Ximena" <lauriex@who.int>

FE&: WHO Consultation regarding the Wuhan coronavirus

Hello all,

On behalf of the WHO R&D Blueprint team, I am writing to request your participation on a call tomorrow at 9
PM Central European time (which will be Saturday morning for some of you). The purpose of the call is to lend
your expertise to coordination of WHO response efforts. To that end , we would like to discuss the current status
of efforts to culture the Wuhan coronavirus (or generate a recombinant virus); recent sequence data and modeling
of the Spike protein, and potential next steps to assess cross reactivity with other coronaviruses. We realize that
this is very short notice, but the situation is very dynamic. This would be an initial call with lengthier and more
detailed calls in the near future.



Also, for those who have not seen them, I am attaching two reports on this topic that just came out and are highly
relevant to the conversation.

Please let us know if you can make it. Call in details will be sent tomorrow.
Thank you,

Bill Dowling (seconded to WHO)

William Dowling, PhD

Non-Clinical Vaccine Development Leader

CLPI
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To: William Dowling[william.dowling@cepi.net]; Carolyn Clark[carolyn.clark@cepi.net]; Florence, Clint (NIH/NIAID)
[E][clint.florence@nih.gov]; larry.wolfraim@nih.gov[larry.wolfraim@nih.gov]; Raul Gomez Roman([raul.gomezroman@cepi.net];
Miles.Carroli@phe.gov.uk[Miles.Carroll@phe.gov.uk]; barney.graham@nih.gov[barney.graham@nih.gov]; Schmaljohn, Connie
(NIH/NIAID) [E][connie.schmaljohn@nih.gov]; Michael.holbrook@nih.gov[Michael.holbrook@nih.gov];
lisa.hensley@nih.gov[lisa.hensley@nih.gov]; Baric, Ralph S[rbaric@email.unc.edul];

vincent. munster@nih.gov[vincent. munster@nih.gov]; daszak@ecohealthalliance.org[daszak@ecohealthalliance.org];
b.haagmans@erasmusmc.nl[b.haagmans@erasmusmc.nl]; Vasan, VVasan (H&B, Geelong AAHL)[Vasan.Vasan@csiro.aul];
linfa.wang@duke-nus.edu.sg[linfa.wang@duke-nus.edu.sg]; jokim@ivi.int[jokim@ivi.int]; mksong@ivi.intimksong@ivi.int];
Volker.gerdts@usask.ca[Volker.gerdts@usask.ca)]; Giada.Mattiuzzo@nibsc.org[Giada.Mattiuzzo@nibsc.org];
zIshi@wh.iov.cn[zlshi@wh.iov.cn]; Barbara.Schnierle@pei.de[Barbara.Schnierle@pei.de];
leejooyeon@korea.kr[leejooyeon@korea.kr]; limhy0919@korea.kr[limhy0919@korea.kr]; Damon, Inger K.
(CDC/OID/NCEZID)[iad7@cdc.gov]; Kayvon Modjarrad[kmodjarrad@eidresearch.org]

Cc: HENAO RESTREPO, Ana Marialhenaorestrepoa@who.int]; GSELL, Pierre[gsellp@who.int]; COSTA, Alejandro
Javier[costaa@who.int]; RIVEROS BALTA, Alina Ximena[lauriex@who.int]

From: Christian BRECHOT [christian.brechot@pasteur.fr]

Sent: Thur 1/23/2020 9:32:15 PM (UTC-05:00)

Subject: RE: WHO Consultation regarding the Wuhan coronavirus

The Global Virus network will participate
Best regards
Christian Bréchot

De : William Dowling [mailto:william.dowling@cepi.net]

Envoyé : jeudi 23 janvier 2020 22:40

A : Carolyn Clark <carolyn.clark@cepi.net>; Florence, Clint (NIH/NIAID) [E] <clint.florence@nih.gov>; larry.wolfraim @nih.gov; Raul
Gomez Roman <raul.gomezroman@cepi.net>; Miles.Carroll@phe.gov.uk; barney.graham@nih.gov; Schmaljohn, Connie
(NIH/NIAID) [E] <connie.schmaljohn@nih.gov>; Michael.holbrook@nih.gov; lisa.hensley@nih.gov; rbaric@email.unc.edu;
vincent.munster@nih.gov; daszak@ecohealthalliance.org; b.haagmans@erasmusmc.nl; Vasan, Vasan (H&B, Geelong AAHL)
<Vasan.Vasan@csiro.au>; linfa.wang@duke-nus.edu.sg; jokim@ivi.int; mksong@ivi.int; Volker.gerdts@usask.ca;
Giada.Mattiuzzo@nibsc.org; zlshi@wh.iov.cn; Barbara.Schnierle@pei.de; leejooyeon@korea.kr; limhy0919@korea.kr; Damon,
Inger K. (CDC/OID/NCEZID) <iad7@cdc.gov>; Christian BRECHOT <christian.brechot@pasteur.fr>; Kayvon Modjarrad
<kmodjarrad@eidresearch.org>

Cc : HENAO RESTREPO, Ana Maria <henaorestrepoa@who.int>; GSELL, Pierre <gsellp@who.int>; COSTA, Alejandro Javier
<costaa@who.int>; RIVEROS BALTA, Alina Ximena <lauriex@who.int>

Objet : WHO Consultation regarding the Wuhan coronavirus

Hello all,

On behalf of the WHO R&D Blueprint team, I am writing to request your participation on a call tomorrow at 9 PM
Central European time (which will be Saturday morning for some of you). The purpose of the call is to lend your
expertise to coordination of WHO response efforts. To that end , we would like to discuss the current status of efforts to
culture the Wuhan coronavirus (or generate a recombinant virus); recent sequence data and modeling of the Spike protein;

and potential next steps to assess cross reactivity with other coronaviruses. We realize that this is very short notice, but
the situation is very dynamic. This would be an initial call with lengthier and more detailed calls in the near future.

Also, for those who have not seen them, I am attaching two reports on this topic that just came out and are highly relevant
to the conversation.

Please let us know if you can make it. Call in details will be sent tomorrow.
Thank you,

Bill Dowling (seconded to WHO)

William Dowling, PhD

Non-Clinical Vaccine Development Leader
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To: William Dowling[william.dowling@cepi.net]; Carolyn Clark[carolyn.clark@cepi.net]; Florence, Clint (NIH/NIAID)
[E][clint.florence@nih.gov]; larry.wolfraim@nih.gov[larry.wolfraim@nih.gov]; Raul Gomez Roman([raul.gomezroman@cepi.net];
Miles.Carroli@phe.gov.uk[Miles.Carroll@phe.gov.uk]; barney.graham@nih.gov[barney.graham@nih.gov]; Schmaljohn, Connie
(NIH/NIAID) [E][connie.schmaljohn@nih.gov]; Michael.holbrook@nih.gov[Michael.holbrook@nih.gov];
lisa.hensley@nih.gov[lisa.hensley@nih.gov]; Baric, Ralph S[rbaric@email.unc.edul];

vincent. munster@nih.gov[vincent. munster@nih.gov]; daszak@ecohealthalliance.org[daszak@ecohealthalliance.org];
b.haagmans@erasmusmc.nl[b.haagmans@erasmusmc.nl]; Vasan, VVasan (H&B, Geelong AAHL)[Vasan.Vasan@csiro.aul];
linfa.wang@duke-nus.edu.sg[linfa.wang@duke-nus.edu.sg]; jokim@ivi.int[jokim@ivi.int]; mksong@ivi.intimksong@ivi.int];
Volker.gerdts@usask.ca[Volker.gerdts@usask.ca)]; Giada.Mattiuzzo@nibsc.org[Giada.Mattiuzzo@nibsc.org];
zIshi@wh.iov.cn[zlshi@wh.iov.cn]; Barbara.Schnierle@pei.de[Barbara.Schnierle@pei.de];
leejooyeon@korea.kr[leejooyeon@korea.kr]; limhy0919@korea.kr[limhy0919@korea.kr]; Damon, Inger K.
(CDC/OID/NCEZID)[iad7@cdc.gov]; christian.brechot@ pasteur.frchristian.brechot@pasteur.fr]

Cc: HENAO RESTREPO, Ana Marialhenaorestrepoa@who.int]; GSELL, Pierre[gsellp@who.int]; COSTA, Alejandro
Javier[costaa@who.int]; RIVEROS BALTA, Alina Ximena[lauriex@who.int]
From: Kayvon Modjarrad[kmodjarrad@eidresearch.org]

Sent: Thur 1/23/2020 9:42:57 PM (UTC-05:00)
Subject: Re: WHO Consultation regarding the Wuhan coronavirus

Thanks Bill. I'll be available.

KM

Kayvon Mc
Director, |
Walter R¢

Department of the Army
O
M

E1 kayvon.modiarrad.civ@mail.mil
E2 kmodiarrad@hivresearch.org

From: William Dowling <william.dowling@cepi.net>

Sent: Thursday, January 23, 2020 4:40 PM

To: Carolyn Clark; Florence, Clint (NIH/NIAID) [E]; larry.wolfraim@nih.gov; Raul Gomez Roman; Miles.Carroll@phe.gov.uk;
barney.graham@nih.gov; Schmaljohn, Connie (NIH/NIAID) [E]; Michael.holbrook@nih.gov; lisa.hensley@nih.gov;
rbaric@email.unc.edu; vincent. munster@nih.gov; daszak@ecohealthalliance.org; b.haagmans@erasmusmc.nl; Vasan, Vasan (H&B,
Geelong AAHL); linfa.wang@duke-nus.edu.sg; jokim@ivi.int; mksong @ivi.int; Volker.gerdts@usask.ca; Giada.Mattiuzzo@nibsc.org;
zlshi@wh.iov.cn; Barbara.Schnierle@pei.de; leejooyeon@korea.kr; limhy0919@korea.kr; Damon, Inger K. (CDC/OID/NCEZID);
christian.brechot@pasteur.fr; Kayvon Modjarrad

Cc: HENAO RESTREPO, Ana Maria; GSELL, Pierre; COSTA, Alejandro Javier; RIVEROS BALTA, Alina Ximena

Subject: WHO Consultation regarding the Wuhan coronavirus

Hello all,

On behalf of the WHO R&D Blueprint team, | am writing to request your participation on a call tomorrow at 9 PM Central
European time (which will be Saturday morning for some of you). The purpose of the call is to lend your expertise to
coordination of WHO response efforts. To that end, we would like to discuss the current status of efforts to culture the
Wuhan coronavirus (or generate a recombinant virus); recent sequence data and modeling of the Spike protein; and
potential next steps to assess cross reactivity with other coronaviruses. We realize that this is very short notice, but the
situation is very dynamic. This would be an initial call with lengthier and more detailed calls in the near future.

Also, for those who have not seen them, | am attaching two reports on this topic that just came out and are highly relevant



to the conversation.
Please let us know if you can make it. Call in details will be sent tomorrow.
Thank you,

Bill Dowling (seconded to WHOQ)

William Dowling, PhD

Non-Clinical Vaccine Development Leader

CLPI

+1) (0)
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1901 Pensylvania Ave, NW, Suite 1003, Washington, DC 20006 USA

www.cepi.net

This message contains information that may be confidential, privileged, proprietary, or otherwise protected. If you are not
the intended recipient, notify the sender immediately and delete/destroy all copies of this message and any attachments.



This message 1s not intended to constitute or include either an electronic record or an electronic signature unless otherwise
specifically indicated.



To: Florence, Clint (NIH/NIAID) [E][clint.florence@nih.gov]

Cc: William Dowling[william.dowling@cepi.net]; Carolyn Clark[carolyn.clark@cepi.net]; Wolfraim, Larry (NIH/NIAID)
[E][larry.wolfraim@nih.gov]; Raul Gomez Roman[raul.gomezroman@cepi.net]; Carroll,
Miles[miles.carroll.phe.gov.uk@external.domain]; Graham, Barney (NIH/VVRC) [E][bgraham@mail.nih.gov]; Schmaljohn, Connie
(NIH/NIAID) [E][connie.schmaljohn@nih.gov]; Holbrook, Michael (NIH/NIAID) [C][michael.holbrook@nih.gov]; Hensley, Lisa
(NIH/NIAID) [E][lisa.hensley@nih.gov]; Baric, Ralph S[rbaric@email.unc.edu]; Munster, Vincent (NIH/NIAID)
[E]lvincent.munster@nih.gov]; daszak@ecohealthalliance.org[daszak@ecohealthalliance.org];
b.haagmans@erasmusmc.nl[b.haagmans@erasmusmc.nl]; linfa.wang@duke-nus.edu.sg[linfa.wang@duke-nus.edu.sg];
jokim@ivi.int[jokim@ivi.int]; mksong@ivi.intifmksong@ivi.int]; Volker.gerdts@usask.ca[Volker.gerdts@usask.cal;
Giada.Mattiuzzo@nibsc.org[Giada.Mattiuzzo@nibsc.org]; zlshi@wh.iov.cn[zlshi@wh.iov.cn];
Barbara.Schnierle@pei.de[Barbara.Schnierle@pei.de]; leejooyeon@korea.kr[leejooyeon@korea.kr];
limhy0919@korea.kr[limhy0919@korea.kr]; Damon, Inger K. (CDC/DDID/NCEZID/DHCPP)[iad7@CDC.GOV];
christian.brechot@pasteur.fr[christian.brechot@pasteur.fr]; Kayvon Modjarrad[kmodjarrad@eidresearch.org]; HENAO RESTREPO,
Ana Maria[henaorestrepoa@who.int]; GSELL, Pierre[gsellp@who.int]; COSTA, Alejandro Javier[costaa@who.int]; RIVEROS BALTA,
Alina Ximena[lauriex@who.int]

From: Vasan, Vasan (H&B, Geelong AAHL)[Vasan.Vasan@csiro.au]

Sent: Thur 1/23/2020 9:50:16 PM (UTC-05:00)

Subject: Re: WHO Consultation regarding the Wuhan coronavirus

I will make it, thank you kindly.

Professor S.S. Vasan DPhil(Oxon) FRES FRSPH

Honorary Visiting Professor - University of York
Senior Principal Research Consultant
Team Leader - Dangerous Pathogens

CSIRO Health & Biosecurity

E vasan.vasancsiro.au

M -

T

W hitps:/fwww.csiro.au/en/Locations/Vic/Geelong-AAHL

Sent from iPhone XS Max

On 24 Jan 2020, at 10:10 am, Florence, Clint (NIH/NIAID) [E] <clint florence(@nih. gov> wrote:

| can make it.

Thanks —

Clint

From: William Dowling <william.dowling @cepi.net>

Sent: Thursday, January 23, 2020 4:40 PM

To: Carolyn Clark <carolvn.clark@cepi.net>; Florence, Clint (NIH/NIAID) [E] <clint.florence @nih.gov>; Wolfraim, Larry
(NIH/NIAID) [E] <larry.wolfraim@nih.gov>; Raul Gomez Roman <raul.gomezroman@cepi.net>; Carroll, Miles
<miles.carroll.phe.gov.uk@external.domain>; Graham, Barney (NIH/VRC) [E] <bgraham@mail.nih.gov>; Schmaljohn,
Connie (NIH/NIAID) [E] <connie.schmalichn@nih.gov>; Holbrook, Michael (NIH/NIAID) [C]




<michael.holbrock@nih.gov>; Hensley, Lisa (NIH/NIAID) [E] <lisa.hensley@nih.gov>; Baric, Ralph
<rbaric@email.unc.edu>; Munster, Vincent (NIH/NIAID) [E] <vincent.munster@nih.gov>;
daszak@ecohealthalliance.org; b.haagmans@erasmusmec.nl; Vasan, Vasan (H&B, Geelong AAHL)
<Vasan.Vasan@csiro.au>; linfa.wang@duke-nus.edu.sg; iokim@ivi.int; mksong@ivi.int, Volker.gerdts@usask.ca;
Gilada. Mattiuzzo@nibsc.org; zlshi@wh.lov.cn; Barbara.Schnierle@pel.de; leejooveon@korea.kr;
limhy0919@korea.kr; Damon, Inger K. (CDC/DDID/NCEZID/DHCPP) <iad7@ CDC.GOV>; christian.brechot@pasteur.fr;
Kayvon Modjarrad <kmodjarrad@eidresearch.org>

Cc: HENAO RESTREPO, Ana Maria <henaorestrepoa@who.int>; GSELL, Pierre <gsellp@who.int>; COSTA, Alejandro
Javier <costaa@who.int>; RIVEROS BALTA, Alina Ximena <{guriex@who.int>

Subject: WHO Consultation regarding the Wuhan coronavirus

Hello all,

On behalf of the WHO R&D Blueprint team, I am writing to request your participation on a call tomorrow
at 9 PM Central European time (which will be Saturday morning for some of you). The purpose of the call is
to lend your expertise to coordination of WHO response efforts. To that end , we would like to discuss the
current status of efforts to culture the Wuhan coronavirus (or generate a recombinant virus); recent sequence
data and modeling of the Spike protein; and potential next steps to assess cross reactivity with other
coronaviruses. We realize that this is very short notice, but the situation is very dynamic. This would be an
initial call with lengthier and more detailed calls in the near future.

Also, for those who have not seen them, I am attaching two reports on this topic that just came out and are
highly relevant to the conversation.

Please let us know if you can make it. Call in details will be sent tomorrow.
Thank you,

Bill Dowling (seconded to WHO)

William Dowling, PhD

Non-Clinical Vaccine Development Leader
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To: William Dowling[william.dowling@cepi.net]; Carolyn Clark[carolyn.clark@cepi.net]; Florence, Clint (NIH/NIAID)
[E][clint.florence@nih.gov]; larry.wolfraim@nih.gov[larry.wolfraim@nih.gov]; Raul Gomez Roman([raul.gomezroman@cepi.net];
Miles.Carroli@phe.gov.uk[Miles.Carroll@phe.gov.uk]; barney.graham@nih.gov[barney.graham@nih.gov]; Schmaljohn, Connie
(NIH/NIAID) [E][connie.schmaljohn@nih.gov]; Michael.holbrook@nih.gov[Michael.holbrook@nih.gov];
lisa.hensley@nih.gov[lisa.hensley@nih.gov]; Baric, Ralph S[rbaric@email.unc.edul];

vincent. munster@nih.gov[vincent. munster@nih.gov]; daszak@ecohealthalliance.org[daszak@ecohealthalliance.org];
b.haagmans@erasmusmc.nl[b.haagmans@erasmusmc.nl]; Vasan, VVasan (H&B, Geelong AAHL)[Vasan.Vasan@csiro.aul];
jokim@ivi.int[jokim@ivi.int]; mksong@ivi.intifmksong@ivi.int]; Volker.gerdts@usask.ca[Volker.gerdts@usask.cal;
Giada.Mattiuzzo@nibsc.org[Giada.Mattiuzzo@nibsc.org]; zlshi@wh.iov.cn[zlshi@wh.iov.cn];
Barbara.Schnierle@pei.de[Barbara.Schnierle@pei.de]; leejooyeon@korea.kr[leejooyeon@korea.kr];
limhy0919@korea.kr[limhy0919@korea.kr]; Damon, Inger K. (CDC/OID/NCEZID)[iad7@cdc.gov];
christian.brechot@pasteur.fr[christian.brechot@pasteur.fr]; Kayvon Modjarrad[kmodjarrad@eidresearch.org]

Cc: HENAO RESTREPO, Ana Marialhenaorestrepoa@who.int]; GSELL, Pierre[gsellp@who.int]; COSTA, Alejandro
Javier[costaa@who.int]; RIVEROS BALTA, Alina Ximena[lauriex@who.int]

From: Wang Linfa[linfa.wang@duke-nus.edu.sg]

Sent: Fri 1/24/2020 1:32:54 AM (UTC-05:00)

Subject: RE: WHO Consultation regarding the Wuhan coronavirus

Thanks Bill.
Yes | will attend.
LF

Linfa (Lin-Fa) WANG, PhD FTSE

Professor & Director

Programme in Emerging Infectious Disease
Duke-NUS Medical Schoo!,

8 College Road, Singapore 169857

Tel:

From: William Dowling <william.dowling@cepi.net>

Sent: Friday, 24 January 2020 5:40 AM

To: Carolyn Clark <carolyn.clark@cepi.net>; Florence, Clint (NIH/NIAID) [E] <clint.florence@nih.gov>; larry.wolfraim@nih.gov; Raul
Gomez Roman <raul.gomezroman@cepi.net>; Miles.Carroll@phe.gov.uk; barney.graham@nih.gov; Schmaljohn, Connie
(NIH/NIAID) [E] <connie.schmaljohn@nih.gov>; Michael.holbrook@nih.gov; lisa.hensley@nih.gov; rbaric@email.unc.edu;
vincent.munster@nih.gov; daszak@ecohealthalliance.org; b.haagmans@erasmusmc.nl; Vasan, Vasan (H&B, Geelong AAHL)
<Vasan.Vasan@csiro.au>; Wang Linfa <linfa.wang@duke-nus.edu.sg>; jokim@ivi.int; mksong@ivi.int; Volker.gerdts@usask.ca;
Giada.Mattiuzzo@nibsc.org; zlshi@wh.iov.cn; Barbara.Schnierle@pei.de; leejooyeon@korea.kr; limhy0919@korea.kr; Damon,
Inger K. (CDC/OID/NCEZID) <iad7 @cdc.gov>; christian.brechot@pasteur.fr; Kayvon Modjarrad <kmodjarrad@eidresearch.org>
Cc: HENAO RESTREPO, Ana Maria <henaorestrepoa@who.int>; GSELL, Pierre <gsellp@who.int>; COSTA, Alejandro Javier
<costaa@who.int>; RIVEROS BALTA, Alina Ximena <lauriex@who.int>

Subject: WHO Consultation regarding the Wuhan coronavirus

I— External Email -

Hello all,

On behalf of the WHO R&D Blueprint team, I am writing to request your participation on a call tomorrow at 9 PM
Central European time (which will be Saturday morning for some of you). The purpose of the call is to lend your expertise
to coordination of WHO response efforts. To that end , we would like to discuss the current status of efforts to culture the
Wuhan coronavirus (or generate a recombinant virus);, recent sequence data and modeling of the Spike protein; and potential
next steps to assess cross reactivity with other coronaviruses. We realize that this is very short notice, but the situation is
very dynamic. This would be an initial call with lengthier and more detailed calls in the near future.

Also, for those who have not seen them, I am attaching two reports on this topic that just came out and are highly relevant to
the conversation.



Please let us know if you can make it. Call in details will be sent tomorrow.
Thank you,

Bill Dowling (seconded to WHO)

William Dowling, PhD

Non-Clinical Vaccine Development Leader

CLPI

+1) (0)
+1) (m)

Willlam.dowlin cepi.net

1901 Pensylvania Ave, NW, Suite 1003, Washington, DC 20006 USA

www.cepi.net

Important: This email is confidential and may be privileged. If you are not the intended recipient, please delete it and notify us immediately; you should not copy or use it for any
purpose, nor disclose its contents to any other person. Thank you.



To: William Dowling[william.dowling@cepi.net]; Wang Linfa[linfa.wang@duke-nus.edu.sg]; Carolyn
Clark[carolyn.clark@cepi.net]; Florence, Clint (NIH/NIAID) [E][clint.florence@nih.gov];
larry.wolfraim@nih.gov[larry.wolfraim@nih.gov]; Raul Gomez Roman[raul.gomezroman@cepi.net];
Miles.Carroli@phe.gov.uk[Miles.Carroll@phe.gov.uk]; barney.graham@nih.gov[barney.graham@nih.gov]; Schmaljohn, Connie
(NIH/NIAID) [E][connie.schmaljohn@nih.gov]; Michael.holbrook@nih.gov[Michael.holbrook@nih.gov];
lisa.hensley@nih.gov[lisa.hensley@nih.gov]; Baric, Ralph S[rbaric@email.unc.edul];

vincent. munster@nih.gov[vincent. munster@nih.gov]; daszak@ecohealthalliance.org[daszak@ecohealthalliance.org];
b.haagmans@erasmusmc.nl[b.haagmans@erasmusmc.nl]; Vasan, Vasan (H&B, Geelong AAHL)[VVasan.Vasan@csiro.au]; Manki
Song[mksong@ivi.int]; Volker.gerdts@usask.ca[Volker.gerdts@usask.ca]; Giada.Mattiuzzo@nibsc.org[Giada.Mattiuzzo@nibsc.org];
zIshi@wh.iov.cn[zlshi@wh.iov.cn]; Barbara.Schnierle@pei.de[Barbara.Schnierle@pei.de];
leejooyeon@korea.kr[leejooyeon@korea.kr]; limhy0919@korea.kr[limhy0919@korea.kr]; Damon, Inger K.
(CDC/OID/NCEZID)[iad7@cdc.gov]; christian.brechot@pasteur.fr[christian.brechot@pasteur.fr]; Kayvon
Modjarrad[kmodjarrad@eidresearch.org]

Cc: HENAO RESTREPO, Ana Marialhenaorestrepoa@who.int]; GSELL, Pierre[gsellp@who.int]; COSTA, Alejandro
Javier[costaa@who.int]; RIVEROS BALTA, Alina Ximena[lauriex@who.int]

From: Jae Ouk Kim[jokim@ivi.int]

Sent: Fri 1/24/2020 3:58:09 AM (UTC-05:00)

Subject: RE: WHO Consultation regarding the Wuhan coronavirus

Dear Bill,

Thanks for your organizing a call. | will attend.
Best regards

Jae-Ouk

Jae-Ouk Kim, Ph.D.

Senior Research Scientist

Molecular Immunology, Science Unit
international Vaccine Institute (IV1)
T- {Din) E jokim@ivi.int_
Wowww, ivilint

Cdnstitute

Please consider the environment before printing this email.

From: William Dowling [mailto:william.dowling@cepi.net]

Sent: Friday, January 24, 2020 5:48 PM

To: Wang Linfa; Carolyn Clark; Florence, Clint (NIH/NIAID) [E]; larry.wolfraim@nih.gov; Raul Gomez Roman;
Miles.Carroll@phe.gov.uk; barney.graham@nih.gov; Schmaljohn, Connie (NIH/NIAID) [E]; Michael.holbrook@nih.gov;
lisa.hensley@nih.gov; rbaric@email.unc.edu; vincent.munster@nih.gov; daszak@ecohealthalliance.org;
b.haagmans@erasmusmc.nl; Vasan, Vasan (H&B, Geelong AAHL); Jae Ouk Kim; Manki Song; Volker.gerdts@usask.ca;
Giada.Mattiuzzo@nibsc.org; zlshi@wh.iov.cn; Barbara.Schnierle@pei.de; leejooyeon@korea.kr; limhy0919@korea.kr; Damon, Inger
K. (CDC/OID/NCEZID); christian.brechot@pasteur.fr; Kayvon Modjarrad

Cc: HENAO RESTREPO, Ana Maria; GSELL, Pierre; COSTA, Alejandro Javier; RIVEROS BALTA, Alina Ximena

Subject: RE: WHO Consultation regarding the Wuhan coronavirus

Dear Lin-Fa,

This is 9 PM Central Europe time on Friday Jan 24. | will be sending an outlook invite shortly with call -in details and agenda.
Thank you
Bill

From: Wang Linfa <linfa.wang@duke-nus.edu.sg>

Sent: Friday, January 24, 2020 9:10 AM

To: William Dowling <william.dowling@cepi.net>; Carolyn Clark <carolyn.clark@cepi.net>; Florence, Clint (NIH/NIAID) [E]
<clint.florence@nih.gov>; larry.wolfraim@nih.gov; Raul Gomez Roman <raul.gomezroman@cepi.net>; Miles.Carroll@phe.gov.uk;
barney.graham@nih.gov; Schmaljohn, Connie (NIH/NIAID) [E] <connie.schmaljohn@nih.gov>; Michael.holbrook@nih.gov;



lisa.hensley@nih.gov; rbaric@email.unc.edu; vincent. munster@nih.gov; daszak@ecohealthalliance.org;
b.haagmans@erasmusmc.nl; Vasan, Vasan (H&B, Geelong AAHL) <Vasan.Vasan@csiro.au>; jokim@ivi.int; mksong@ivi.int;
Volker.gerdts@usask.ca; Giada.Mattiuzzo@nibsc.org; zlshi@wh.iov.cn; Barbara.Schnierle@pei.de; leejooyeon@korea.kr;
limhy0919@korea.kr; Damon, Inger K. (CDC/OID/NCEZID) <iad7 @cdc.gov>; christian.brechot@pasteur.fr; Kayvon Modjarrad
<kmodjarrad@eidresearch.org>

Cc: HENAO RESTREPO, Ana Maria <henaorestrepoa@who.int>; GSELL, Pierre <gsellp@who.int>; COSTA, Alejandro Javier
<costaa@who.int>; RIVEROS BALTA, Alina Ximena <lauriex@who.int>

Subject: RE: WHO Consultation regarding the Wuhan coronavirus

Dear Bill,

Just to follow up with the exact timing of the meeting.

Do you mean 9 PM Central European time on Friday 24 Jan or Saturday 25 Jan as we received your email on Friday 24 Jan.
Thanks

LF

Linfo (Lin-Fo) WANG, PhD FTSE

Professor & Director

Programme in Emerging Infectious Disease

Duke-NUS Medical School,

8 College Road, Singapore 169857
Tel:

From: William Dowling <william.dowling @cepi.net>

Sent: Friday, 24 January 2020 5:40 AM

To: Carolyn Clark <carolvn.clark@cepi.net>; Florence, Clint (NIH/NIAID) [E] <clint.florence @nih.gov>; larry. wolfraim @nih.gov; Raul
Gomez Roman <raul.gomezroman@cepi.net>; Miles.Carroll@phe.gov.uk; barney.graham@nih.gov; Schmaljohn, Connie
(NIH/NIAID) [E] <connie.schmaljiohn@nih.gov>; Michael.holbrook@nih.gov; lisa.hensley@nih.gov; rbaric@email.unc.edy;
vincent.munster @nih.gov; daszak@ecohealthalliance.org; b.haagmans@erasmusmec.nl; Vasan, Vasan (H&B, Geelong AAHL)
<Vasan.Vasan@csiroc.au>; Wang Linfa <linfa.wang @duke-nus.edu.sg>; ickim@ivi.int; mksong@ivi.int; Volker.gerdts@usask.ca;
Giada.Mattiuzzo@nibsc.org; zlshi@wh.iov.cn; Barbara. Schnierle@pel.de; leejooveon@korea.kr; limhy0919@korea.kr; Damon,
Inger K. (CDC/OID/NCEZID) <iad7 @cdc.gov>; christian.brechot@pasteur.fr; Kayvon Modjarrad <kmodjarrad @eidresearch.org>
Cc: HENAO RESTREPO, Ana Maria <henaoresirepoa@who.int>; GSELL, Pierre <gsellp@who.int>; COSTA, Alejandro Javier
<costaa@who.int>; RIVEROS BALTA, Alina Ximena <lauriex@who.int>

Subject: WHO Consultation regarding the Wuhan coronavirus

I— External Email -

Hello all,

On behalf of the WHO R&D Blueprint team, I am writing to request your participation on a call tomorrow at 9 PM
Central European time (which will be Saturday morning for some of you). The purpose of the call is to lend your
expertise to coordination of WHO response efforts. To that end , we would like to discuss the current status of efforts to
culture the Wuhan coronavirus (or generate a recombinant virus); recent sequence data and modeling of the Spike protein;

and potential next steps to assess cross reactivity with other coronaviruses. We realize that this is very short notice, but
the situation is very dynamic. This would be an initial call with lengthier and more detailed calls in the near future.

Also, for those who have not seen them, I am attaching two reports on this topic that just came out and are highly relevant
to the conversation.

Please let us know if you can make it. Call in details will be sent tomorrow.



Thank you,

Bill Dowling (seconded to WHO)

William Dowling, PhD

Non-Clinical Vaccine Development Leader

CEPI :

(+1) (0)
+1) (m)

Willlam.dowlin cepi.net

1901 Pensylvania Ave, NW, Suite 1003, Washington, DC 20006 USA

www.cepi.net

Important: This email is confidential and may be privileged. If you are not the intended recipient, please delete it and notify us immediately; you should not copy or use it for any
purpose, nor disclose its contents to any other person. Thank you.

Notice: Information in this e-mall is intended for the exclusive use of the individual or entity named above and may constitute information that is privileged or confidential or otherwise
protected from disclosure; its contents do not constitute a commitment by the Infernational Vaccine Institute except where provided for in a written agreement between you and the
institute. Any unauthorized disclosure, use or dissemination, either whole or partial, is prohibited. If you are not the infended recipient of this message, please delete the message and
notify the sender immediately. Thank vou for your couperation.
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To: malik[malik@hku.hk]; Degrace, Marciela (NIH/NIAID) [E][marciela.degrace@nih.gov]; Webby,
Richard[Richard.Webby@STJUDE.ORG]; Yoshi Kawaoka[kawaokay@vetmed.wisc.edu]; R.A.M. Fouchier[r.fouchier@erasmusmc.nl];
Richard Rothman[rrothma1@jhmi.edu]; Pekosz, Andrew S.[apekosz@jhsph.edu]; Schultz-Cherry, Stacey[Stacey.Schultz-
Cherry@STJUDE.ORG]; Orenstein, Walter[worenst@emory.edu]; Lowen, Anice[anice.lowen@emory.edu]; Baric, Ralph
S[rbaric@email.unc.edu]; 'Periman, Stanley'[stanley-periman@uiowa.edul];
daszak@ecohealthalliance.org[daszak@ecohealthalliance.org]; zhuhch[zhuhch@hku.hk]; Aubree Gordon[gordonal@umich.edu];
Munster, Vincent (NIH/NIAID) [E][vincent.munster@nih.gov]

Cc: Post, Diane (NIH/NIAID) [E][postd@niaid.nih.gov]; Embry, Alan (NIH/NIAID) [E][embrya@niaid.nih.gov]; Lampley, Rebecca
(NIH/VRC) [Fl[rebecca.lampley@nih.gov]; Stemmy, Erik (NIH/NIAID) [E][erik.stemmy@nih.gov]

From: Ghazi Kayali[ghazi@human-link.org]

Sent: Fri 1/24/2020 4:20:03 AM (UTC-05:00)

Subject: RE: Wuhan - scheduling weekly investigator calls

Either work for me.
Ghazi Kayali, PhD, MPH

Chief Executive Officer
Human Link

Adjunct Assistant Professor

University of Texas Health Sciences Center

Department of Epidemiology, Human Genetics, and Environmental Sciences
Houston, Texas

e

Human

Office Tel. Office Address : 3" Floor, Camelia Il Building,
Office Fax Said Freiha Street,

GSM Mobile Hazmieh,

Baabda, Lebanon

Email s ghazi@human-link.or

From: malik <malik@hku.hk>

Sent: Friday, January 24, 2020 2:10 AM

To: Degrace, Marciela (NIH/NIAID) [E] <marciela.degrace@nih.gov>; Webby, Richard <Richard.Webby@STJUDE.ORG>; Ghazi Kayali
<ghazi@human-link.org>; Yoshi Kawaoka <kawaokay@vetmed.wisc.edu>; R.A.M. Fouchier <r.fouchier@erasmusmc.nl>; Richard
Rothman <rrothmal@jhmi.edu>; Pekosz, Andrew S. <apekosz@jhsph.edu>; Schultz-Cherry, Stacey <Stacey.Schultz-
Cherry@STJUDE.ORG>; Orenstein, Walter <worenst@emory.edu>; Lowen, Anice <anice.lowen@emory.edu>; Baric, Ralph
<rbaric@email.unc.edu>; 'Perlman, Stanley' <stanley-perlman@uiowa.edu>; daszak@ecohealthalliance.org; zhuhch
<zhuhch@hku.hk>; Aubree Gordon <gordonal@umich.edu>; Munster, Vincent (NIH/NIAID) [E] <vincent.munster@nih.gov>

Cc: Post, Diane (NIH/NIAID) [E] <postd@niaid.nih.gov>; Embry, Alan (NIH/NIAID) [E] <embrya@niaid.nih.gov>; Lampley, Rebecca
(NIH/VRC) [F] <rebecca.lampley@nih.gov>; Stemmy, Erik (NIH/NIAID) [E] <erik.stemmy@nih.gov>

Subject: Re: Wuhan - scheduling weekly investigator calls

I am OK for either Tuesday or Wednesday.
Suggest you also invite Leo Poon and Guan Yi to join all.

E mail lmpoon@hku hk

E mail veuan@hku hk

Malik



From: Degrace, Marciela (NIH/NIAID) [E] <marciela.degrace@nih.gov>

Sent: Thursday, January 23, 2020 23:32

To: Webby, Richard; malik; Ghazi Kayali; Yoshi Kawaoka; R.A.M. Fouchier; 'adolfo.garcia-sastre@mssm.edu'; Richard Rothman;
Pekosz, Andrew S.; Schultz-Cherry, Stacey; 'david_topham@urmc.rochester.edu’; Orenstein, Walter; Lowen, Anice; Baric, Ralph;
'Perlman, Stanley'; daszak@ecohealthalliance.org; zhuhch; Aubree Gordon; Munster, Vincent (NIH/NIAID) [E]

Cc: Post, Diane (NIH/NIAID) [E]; Embry, Alan (NIH/NIAID) [E]; Lampley, Rebecca (NIH/VRC) [F]; Stemmy, Erik (NIH/NIAID) [E]
Subject: Wuhan - scheduling weekly investigator calls

Hi everyone,

Given the escalating rate of infections with the new coronavirus, we would like to plan a weekly meeting with investigators
working on coronaviruses. Our hopes is that we can all share information we have regarding research and sample progress on the
virus, and we at NIAID can share any information and resource updates with all of you.

| know everyone’s schedules are quite busy at this point. Given the time zones everyone works in we are thinking Tuesdays at 9am
or Wednesdays at 9am. Please let me know by Friday if you have any strong preference, and we will get an invitation and call in
sent out for next week.

Thank you!

Marciela and Erik



To: William Dowling[william.dowling@cepi.net]

Cc: Carolyn Clark[carolyn.clark@cepi.net]; Florence, Clint (NIH/NIAID) [E][clint.florence@nih.gov];
larry.wolfraim@nih.gov[larry.wolfraim@nih.gov]; Raul Gomez Roman[raul.gomezroman@cepi.net];
Miles.Carroli@phe.gov.uk[Miles.Carroll@phe.gov.uk]; barney.graham@nih.gov[barney.graham@nih.gov]; Schmaljohn, Connie
(NIH/NIAID) [E][connie.schmaljohn@nih.gov]; Michael.holbrook@nih.gov[Michael.holbrook@nih.gov];
lisa.hensley@nih.gov[lisa.hensley@nih.gov]; Baric, Ralph S[rbaric@email.unc.edul];

vincent. munster@nih.gov[vincent. munster@nih.gov]; daszak@ecohealthalliance.org[daszak@ecohealthalliance.org];
b.haagmans@erasmusmc.nl[b.haagmans@erasmusmc.nl]; Vasan, VVasan (H&B, Geelong AAHL)[Vasan.Vasan@csiro.aul];
jokim@ivi.int[jokim@ivi.int]; mksong@ivi.intifmksong@ivi.int]; Volker.gerdts@usask.ca[Volker.gerdts@usask.cal;
Giada.Mattiuzzo@nibsc.org[Giada.Mattiuzzo@nibsc.org]; zlshi@wh.iov.cn[zlshi@wh.iov.cn];
Barbara.Schnierle@pei.de[Barbara.Schnierle@pei.de]; leejooyeon@korea.kr[leejooyeon@korea.kr];
limhy0919@korea.kr[limhy0919@korea.kr]; Damon, Inger K. (CDC/OID/NCEZID)[iad7@cdc.gov];
christian.brechot@pasteur.fr[christian.brechot@pasteur.fr]; Kayvon Modjarrad[kmodjarrad@eidresearch.org]; HENAO RESTREPO,
Ana Maria[henaorestrepoa@who.int]; GSELL, Pierre[gsellp@who.int]; COSTA, Alejandro Javier[costaa@who.int]; RIVEROS BALTA,
Alina Ximena[lauriex@who.int]

From: Wang Linfa[linfa.wang@duke-nus.edu.sg]

Sent: Fri 1/24/2020 5:23:36 AM (UTC-05:00)

Subject: Re: WHO Consultation regarding the Wuhan coronavirus

Thanks for clarification!

Sent from my iPhone

On 24 Jan 2020, at 4:47 PM, William Dowling <william.dowling@cepi.net> wrote:

I- External Email -

Dear Lin-Fa,
This is 9 PM Central Europe time on Friday Jan 24. | will be sending an outlook invite shortly with call -in details
and agenda.
Thank you
Bill

From: Wang Linfa <linfa.wang@duke-nus.edu.sg>

Sent: Friday, January 24, 2020 9:10 AM

To: William Dowling <william.dowling@cepi.net>; Carolyn Clark <carolyn.clark@cepi.net>; Florence, Clint
(NIH/NIAID) [E] <clint.florence@nih.gov>; larry.wolfraim@nih.gov; Raul Gomez Roman
<raul.gomezroman@cepi.net>; Miles.Carroll@phe.gov.uk; barney.graham@nih.gov; Schmaljohn, Connie (NIH/NIAID)
[E] <connie.schmaljohn@nih.gov>; Michael.holbrook@nih.gov; lisa.hensley@nih.gov; rbaric@email.unc.edu;
vincent.munster@nih.gov; daszak@ecohealthalliance.org; b.haagmans@erasmusmc.nl; Vasan, Vasan (H&B, Geelong
AAHL) <Vasan.Vasan@csiro.au>; jokim@ivi.int; mksong@ivi.int; Volker.gerdts@usask.ca;
Giada.Mattiuzzo@nibsc.org; zlshi@wh.iov.cn; Barbara.Schnierle@pei.de; leejooyeon@korea.kr;
limhy0919@korea.kr; Damon, Inger K. (CDC/OID/NCEZID) <iad7@cdc.gov>; christian.brechot@pasteur.fr; Kayvon
Modjarrad <kmodjarrad@eidresearch.org>

Cc: HENAO RESTREPO, Ana Maria <henaorestrepoa@who.int>; GSELL, Pierre <gsellp@who.int>; COSTA, Alejandro
Javier <costaa@who.int>; RIVEROS BALTA, Alina Ximena <lauriex@who.int>

Subject: RE: WHO Consultation regarding the Wuhan coronavirus

Dear Bill,
Just to follow up with the exact timing of the meeting.

Do you mean 9 PM Central European time on Friday 24 Jan or Saturday 25 Jan as we received your email on Friday 24
Jan.



Thanks
LF

Linfa (Lin-Fa) WANG, PhD FTSE

Professor & Director

Programme in Emerging Infectious Disease
Duke-NUS Medical Schoo!,

8 College Road, Singapore 169857

Tel:

From: William Dowling <william.dowling @cepi.net>

Sent: Friday, 24 January 2020 5:40 AM

To: Carolyn Clark <carolyn.clark@cepi.net>; Florence, Clint (NIH/NIAID) [E] <clint.florence @nih.gov>;
larry.wolfraim@nih.gov; Raul Gomez Roman <raul.gomezroman@cepi.net>; Miles.Carroll@phe.gov.uk;
barney.graham®@nih.gov; Schmaljohn, Connie (NIH/NIAID) [E] <connie.schmaljiohn@nih.gov>;
Michaelholbrook@nih.gov; lisa.henslev@nih.gov; rbaric@email.unc.edu; vincent.munster@nih.gov;
daszak@ecohealthalliance.org; b.haagmans@erasmusme.nl; Vasan, Vasan (H&B, Geelong AAHL)
<Vasan.Vasan@csiro.au>; Wang Linfa <linfa.wang @duke-nus.edu.sg>; iockim@ivi.int; mksong@ivi.int;
Volker.gerdts@usask.ca; Glada. Mattiuzzo@nibsc.org; zlshi@wh.lov.cn; Barbara.Schnierle@pei.de;
leejcoveon@korea.kr; limhy0919@korea.kr; Damon, Inger K. (CDC/OID/NCEZID) <iad7 @cdc.gov>;
christian.brechot@pasteur.fr; Kayvon Modjarrad <kmodjarrad@eidresearch.org>

Cc: HENAO RESTREPO, Ana Maria <henaorestrepoa@who.int>; GSELL, Pierre <gsellp@who.int>; COSTA, Alejandro
Javier <costaa@who.int>; RIVEROS BALTA, Alina Ximena <{guriex@who.int>

Subject: WHO Consultation regarding the Wuhan coronavirus

l— External Email -

Hello all,

On behalf of the WHO R&D Blueprint team, I am writing to request your participation on a call tomorrow at 9 PM
Central European time (which will be Saturday morning for some of you). The purpose of the call is to lend your expertise
to coordination of WHO response efforts. To that end , we would like to discuss the current status of efforts to culture the
Wuhan coronavirus (or generate a recombinant virus);, recent sequence data and modeling of the Spike protein; and potential
next steps to assess cross reactivity with other coronaviruses. We realize that this is very short notice, but the situation is
very dynamic. This would be an initial call with lengthier and more detailed calls in the near future.

Also, for those who have not seen them, I am attaching two reports on this topic that just came out and are highly relevant to
the conversation.

Please let us know if you can make it. Call in details will be sent tomorrow.
Thank you,

Bill Dowling (seconded to WHO)

William Dowling, PhD

Non-Clinical Vaccine Development Leader
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To: Marciela Degrace[marciela.degrace@nih.gov]

Cc: Richard Webby[Richard. Webby@STJUDE.ORG]; malikimalik@hku.hk]; Ghazi Kayali[ghazi@human-link.org]; Yoshi
Kawaoka[kawaokay@vetmed.wisc.edu]; R.A.M. Fouchier[r.fouchier@erasmusmc.nl]; Adolfo Garcia-Sastre[Adolfo.Garcia-
Sastre@mssm.edu]; Richard Rothman[rrothma1@jhmi.edu]; Andrew Pekosz[apekosz@jhsph.edu]; Schultz-Cherry,
Stacey[Stacey.Schultz-Cherry@STJUDE.ORG]; Orenstein, Walter{worenst@emory.edu]; Lowen, Anice[anice.lowen@emory.edu];
Baric, Ralph S[rbaric@email.unc.edu]; Perlman, Stanley[stanley-periman@uiowa.edul];
daszak@ecohealthalliance.org[daszak@ecohealthalliance.org]; zhu huachen[zhuhch@hku.hk]; Aubree Gordon[gordonal@umich.edul];
Munster, Vincent (NIH/NIAID) [E][vincent.munster@nih.gov]; Diane Post[postd@niaid.nih.gov]; Embry, Alan (NIH/NIAID)
[Ellembrya@niaid.nih.gov]; Lampley, Rebecca (NIH/VRC) [F][rebecca.lampley@nih.gov]; Stemmy, Erik (NIH/NIAID)
[E][erik.stemmy@nih.gov]

From: Topham, David[David_Topham@URMC.Rochester.edu]

Sent: Fri 1/24/2020 9:22:05 AM (UTC-05:00)

Subject: Re: Wuhan - scheduling weekly investigator calls

Wednesday at 9AM works for me.
Dave

On Jan 23, 2020, at 10:32 AM, Degrace, Marciela (NIH/NIAID) [E] <marciela. degrace@nih. gov> wrote:
Hi everyone,

Given the escalating rate of infections with the new coronavirus, we would like to plan a weekly meeting with
investigators working on coronaviruses. Our hopes is that we can all share information we have regarding research
and sample progress on the virus, and we at NIAID can share any information and resource updates with all of you.

| know everyone’s schedules are quite busy at this point. Given the time zones everyone works in we are
thinking Tuesdays at 9am or Wednesdays at 9am. Please let me know by Friday if you have any strong preference,
and we will get an invitation and call in sent out for next week.

Thank you!

Marciela and Erik



To: Baric, Ralph S[rbaric@email.unc.edu]; Peter Daszak[daszak@ecohealthalliance.org]

From: Baric, Toni C[/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=6A7390851CF045ES8BE4BB68C16F4F916-TONI C BARI]
Sent: Fri 1/24/2020 9:25:55 AM (UTC-05:00)

Subject: RE: Wuhan - scheduling weekly investigator calls

Hi Peter,

Please add me to your list serve to help with Ralph’s schedule. Ralph will be unavailable on 1/28 and 1/29 but more flexible in the
following weeks.

Toni

From: Baric, Ralph S <rbaric@email.unc.edu>

Sent: Thursday, January 23, 2020 6:35 PM

To: Peter Daszak <daszak@ecohealthalliance.org>; Degrace, Marciela (NIH/NIAID) [E] <marciela.degrace@nih.gov>; Webby,
Richard <Richard. Webby@STJUDE.ORG>; malik <malik@hku.hk>; Ghazi Kayali <ghazi@human-link.org>; Yoshi Kawaoka
<kawaokay@vetmed.wisc.edu>; R.A.M. Fouchier <r.fouchier@erasmusmc.nl>; 'adolfo.garcia-sastre@mssm.edu’; Richard Rothman
<rrothmal@jhmi.edu>; Pekosz, Andrew S. <apekosz@jhsph.edu>; Schultz-Cherry, Stacey <Stacey.Schultz-Cherry@STJUDE.ORG>;
'david_topham@urmc.rochester.edu'; Orenstein, Walter <worenst@emory.edu>; Lowen, Anice <anice.lowen@emory.edu>;
'Perlman, Stanley' <stanley-perlman@uiowa.edu>; zhu huachen <zhuhch@hku.hk>; Aubree Gordon <gordonal@umich.edu>;
vincent.munster_nih.gov vincent.munster@nih.gov <vincent.munster@nih.gov>

Cc: Post, Diane (NIH/NIAID) [E] <postd@niaid.nih.gov>; Embry, Alan (NIH/NIAID) [E] <embrya@niaid.nih.gov>; Lampley, Rebecca
(NIH/VRC) [F] <rebecca.lampley@nih.gov>; Stemmy, Erik (NIH/NIAID) [E] <erik.stemmy@nih.gov>; Baric, Toni C
<antoinette_baric@med.unc.edu>

Subject: RE: Wuhan - scheduling weekly investigator calls

| can likely do either Tuesday or wed at 9. ralph

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Thursday, January 23, 2020 3:38 PM

To: Degrace, Marciela (NIH/NIAID) [E] <marcigla.degrace @nih.gov>; Webby, Richard <Richard. Webby@STIUDE.ORG>; malik
<malik@hku.hk>; Ghazi Kayali <ghazi@human-link.org>; Yoshi Kawaoka <kawaockay@vetmed.wisc.edu>; R.A.M. Fouchier
<r.fouchier@erasmusmec.nl>; 'adolfo.garcia-sastre@mssm.edu’; Richard Rothman <rrothmal@ijhmi.edu>; Pekosz, Andrew S.
<apekosz@ihsph.edu>; Schultz-Cherry, Stacey <Stacey.Schultz-Cherry@STIUDE. ORG>; 'david_topham@urmc.rochester.edu’;
Orenstein, Walter <worenst@emory.edu>; Lowen, Anice <anice lowen@emory.edu>; Baric, Ralph S <rbaric@email.unc.edu>;
'Perlman, Stanley' <stanley-periman@uiowa.edu>; zhu huachen <zhuhch@hku.hk>; Aubree Gordon <gordonal@umich.edu>;
vincent.munster_nih.gov vincent.munster@nih.gov <vincent.munster@nih.gov>

Cc: Post, Diane (NIH/NIAID) [E] <postd@niaid.nih.gov>; Embry, Alan (NIH/NIAID) [E] <embrya@ niaid.nih.gov>; Lampley, Rebecca
(NIH/VRC) [F] <rebeccalampley@nih.gov>; Stemmy, Erik (NIH/NIAID) [E] <erik.stemmy@nih.gov>

Subject: RE: Wuhan - scheduling weekly investigator calls

Thanks Marciela — | can definitely do Wednesdays at 9am, but Mondays clash with other standing meetings.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.



Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and delicate
ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Degrace, Marciela (NIH/NIAID) [E] [mailto:marciela.degrace@nih.gov]

Sent: Thursday, January 23, 2020 10:33 AM

To: Webby, Richard; malik; Ghazi Kayali; Yoshi Kawaoka; R.A.M. Fouchier; 'adolfo.garcia-sastre@mssm.edu’; Richard Rothman;
Pekosz, Andrew S.; Schultz-Cherry, Stacey; 'david_topham@urmc.rochester.edu'; Orenstein, Walter; Lowen, Anice; Baric, Ralph;
'Perlman, Stanley'; Peter Daszak; zhu huachen; Aubree Gordon; vincent.munster_nih.gov vincent. munster@nih.gov

Cc: Post, Diane (NIH/NIAID) [E]; Embry, Alan (NIH/NIAID) [E]; Lampley, Rebecca (NIH/VRC) [F]; Stemmy, Erik (NIH/NIAID) [E]
Subject: Wuhan - scheduling weekly investigator calls

Importance: High

Hi everyone,

Given the escalating rate of infections with the new coronavirus, we would like to plan a weekly meeting with investigators
working on coronaviruses. Our hopes is that we can all share information we have regarding research and sample progress on the
virus, and we at NIAID can share any information and resource updates with all of you.

| know everyone’s schedules are quite busy at this point. Given the time zones everyone works in we are thinking Tuesdays at 9am
or Wednesdays at 9am. Please let me know by Friday if you have any strong preference, and we will get an invitation and call in
sent out for next week.

Thank you!

Marciela and Erik



To: William Dowling[william.dowling@cepi.net]; Carolyn Clark[carolyn.clark@cepi.net]; Florence, Clint (NIH/NIAID)
[E][clint.florence@nih.gov]; larry.wolfraim@nih.gov[larry.wolfraim@nih.gov]; Raul Gomez Roman([raul.gomezroman@cepi.net];
Miles.Carroli@phe.gov.uk[Miles.Carroll@phe.gov.uk]; barney.graham@nih.gov[barney.graham@nih.gov]; Schmaljohn, Connie
(NIH/NIAID) [E][Connie.schmaljohn@nih.gov]; Michael.holbrook@nih.gov[Michael.holbrook@nih.gov];
lisa.hensley@nih.gov[lisa.hensley@nih.gov]; Baric, Ralph S[rbaric@email.unc.edul];

vincent. munster@nih.gov[vincent. munster@nih.gov]; daszak@ecohealthalliance.org[daszak@ecohealthalliance.org];
b.haagmans@erasmusmc.nl[b.haagmans@erasmusmc.nl]; Vasan, VVasan (H&B, Geelong AAHL)[Vasan.Vasan@csiro.aul];
jokim@ivi.int[jokim@ivi.int]; mksong@ivi.intifmksong@ivi.int]; Volker.gerdts@usask.ca[Volker.gerdts@usask.cal;
Giada.Mattiuzzo@nibsc.org[Giada.Mattiuzzo@nibsc.org]; zlshi@wh.iov.cn[zlshi@wh.iov.cn];
Barbara.Schnierle@pei.de[Barbara.Schnierle@pei.de]; leejooyeon@korea.kr[leejooyeon@korea.kr];
limhy0919@korea.kr[limhy0919@korea.kr]; Damon, Inger K. (CDC/OID/NCEZID)[iad7@cdc.gov];
christian.brechot[christian.brechot@pasteur.fr]; Kayvon Modjarrad[kmodjarrad@eidresearch.org]

Cc: HENAO RESTREPO, Ana Marialhenaorestrepoa@who.int]; GSELL, Pierre[gsellp@who.int]; COSTA, Alejandro
Javier[costaa@who.int]; RIVEROS BALTA, Alina Ximena[lauriex@who.int]

From: Wang Linfa[linfa.wang@duke-nus.edu.sg]

Sent: Fri 1/24/2020 2:48:49 PM (UTC-05:00)

Subject: RE: WHO Consultation regarding the Wuhan coronavirus

Got it. Thanks and talk soon

Linfa (Lin-Fa) WANG, PhD FTSE

Professor & Director

Programme in Emerging Infectious Disease
Duke-NUS Medical Schoo!,

8 College Road, Singapore 169857

Tel:

From: William Dowling <william.dowling@cepi.net>

Sent: Saturday, 25 January 2020 3:41 AM

To: Carolyn Clark <carolyn.clark@cepi.net>; Florence, Clint (NIH/NIAID) [E] <clint.florence@nih.gov>; larry.wolfraim@nih.gov; Raul
Gomez Roman <raul.gomezroman@cepi.net>; Miles.Carroll@phe.gov.uk; barney.graham@nih.gov; Schmaljohn, Connie
(NIH/NIAID) [E] <Connie.schmaljohn@nih.gov>; Michael.holbrook@nih.gov; lisa.hensley@nih.gov; rbaric@email.unc.edu;
vincent.munster@nih.gov; daszak@ecohealthalliance.org; b.haagmans@erasmusmc.nl; Vasan, Vasan (H&B, Geelong AAHL)
<Vasan.Vasan@csiro.au>; Wang Linfa <linfa.wang@duke-nus.edu.sg>; jokim@ivi.int; mksong@ivi.int; Volker.gerdts@usask.ca;
Giada.Mattiuzzo@nibsc.org; zlshi@wh.iov.cn; Barbara.Schnierle@pei.de; leejooyeon@korea.kr; limhy0919@korea.kr; Damon,
Inger K. (CDC/OID/NCEZID) <iad7 @cdc.gov>; christian.brechot <christian.brechot@pasteur.fr>; Kayvon Modjarrad
<kmodjarrad@eidresearch.org>

Cc: HENAO RESTREPO, Ana Maria <henaorestrepoa@who.int>; GSELL, Pierre <gsellp@who.int>; COSTA, Alejandro Javier
<costaa@who.int>; RIVEROS BALTA, Alina Ximena <lauriex@who.int>

Subject: RE: WHO Consultation regarding the Wuhan coronavirus

I— External Email -

Hello all
| sent an outlook invite to everyone on this list. But if you did not get it, the call in information is below.
Bill

Join Skype Meeting
Trouble Joining? Try Skype Web Ap

Join by phone



Find a local number

Conference ID:’
Forgot your dial-in PIN? | Help

From: William Dowling

Sent: Thursday, January 23, 2020 10:40 PM

To: Carolyn Clark <carolvn.clark@cepi.net>; Florence, Clint (NIH/NIAID) [E] <clint.florence @nih.gov>; larry. wolfraim @nih.gov; Raul
Gomez Roman <raul.gomezroman@cepi.net>; Miles.Carroll@phe.gov.uk; barney.graham@nih.gov; Schmaljohn, Connie
(NIH/NIAID) [E] <connie.schmaliohn@nih.gov>; Michasl.holbrook@nih.gov; lisa.hensley@nih.gov; rbaric@email.unc.edy;
vincent.munster @nih.gov; daszak@ecohealthalliance.org; b.haagmans@erasmusmec.nl; Vasan, Vasan (H&B, Geelong AAHL)
<Vasan.Vasan@csiro.au>; linfa.wang@duke-nus.edu.sg; iokim@ivi.int; mksong @ivi.int, Volker.gerdts@usask.ca;

Gilada. Mattiuzzo@nibsc.org; zlshi@wh.iov.cn; Barbara.Schnierle@pei.de; leejooveon@korea.kr; limhv0919@korea.kr;
lad7@cdc.gov; christian.brechot@pasteur.fr; Kayvon Modjarrad <kmodjarrad@eidresearch.org>

Cc: HENAO RESTREPO, Ana Maria <henaoresirepoa@who.int>; GSELL, Pierre <gsellp@who.int>; COSTA, Alejandro Javier
<costaa@who.int>; RIVEROS BALTA, Alina Ximena <lauriex@who.int>

Subject: WHO Consultation regarding the Wuhan coronavirus

Hello all,

On behalf of the WHO R&D Blueprint team, I am writing to request your participation on a call tomorrow at 9 PM
Central European time (which will be Saturday morning for some of you). The purpose of the call is to lend your
expertise to coordination of WHO response efforts. To that end , we would like to discuss the current status of efforts to
culture the Wuhan coronavirus (or generate a recombinant virus); recent sequence data and modeling of the Spike protein;

and potential next steps to assess cross reactivity with other coronaviruses. We realize that this is very short notice, but
the situation is very dynamic. This would be an initial call with lengthier and more detailed calls in the near future.

Also, for those who have not seen them, I am attaching two reports on this topic that just came out and are highly relevant
to the conversation.

Please let us know if you can make it. Call in details will be sent tomorrow.
Thank you,

Bill Dowling (seconded to WHO)

William Dowling, PhD

Non-Clinical Vaccine Development Leader
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To: 'Chakravarti, Aravinda'[Aravinda.Chakravarti@nyulangone.org]; '‘andersen@scripps.edu'[andersen@scripps.edu]; Baric,
Ralph S[rbaric@email.unc.edu]; 'trevor@bedford.io'[trevor@bedford.io]; Peter Daszak
(daszak@ecohealthalliance.org)[daszak@ecohealthalliance.org]; 'dgriffi6@jhmi.edu'[dgriffi6@jhmi.edu]; Gigi
Gronvall[ggronvall@jhu.edu]; 'tinglesby@jhu.edu'[tinglesby@jhu.edu]; Stanley Perlman (stanley-periman@uiowa.edu)[stanley-
periman@uiowa.edu]; 'KATHRYBR'[KATHRYBR@dni.gov]; Tony Fauci (afauci@niaid.nih.gov)[afauci@niaid.nih.gov]; Hassell, David
(Chris) (OS/ASPR/IO)[David.Hassell@hhs.gov]; 'Mex7@cdc.gov'[Mex7@cdc.gov]; 'ribull@fbi.gov'[ribull@fbi.gov]; "Watson, lan D.
EOP/OSTP'[lan.D.\Watson@ostp.eop.gov]; Kadlec, Robert (OS/ASPR/IO)[Robert.Kadlec@hhs.gov]; 'Conrad, Patricia (NIH/NIAID)
[E]'[conradpa@niaid.nih.gov]; Barasch, Kimberly (NIH/NIAID) [C][kimberly.barasch@nih.gov]

Cc: May, David[DMay@nas.edu]; Chao, Samantha[SChao@nas.edu]; Laney, Kara N.[KLaney@nas.edu]; Shore,
Carolyn[CShore@nas.edu]; Shelton Davenport, Marilee[MShelton@nas.edu]; Symmes, Gregory[GSymmes@nas.edu]; Brown,
Lisa[LBrown@nas.edu]; Downey, Autumn[ADowney@nas.edu]; Wollek, Scott[SWollek@nas.edu]; Kanarek,
Morgan[MKanarek@nas.edu]; Dzau, Victor J.[VDzau@nas.edu]; Beachy, Sarah[SBeachy@nas.edu]; Logan,
Kendall[KLogan@nas.edu]; Kearney, Megan[MKearney@nas.edu]; Korsen, Dana[DKorsen@nas.edu]; Behney,
Clyde[CBehney@nas.edu]; Shern, Lauren[LShern@nas.edu]; Borel, Bridget[BBorel@nas.edu]

From: Pope, Andrew[APope@nas.edu]

Sent: Mon 2/3/2020 12:04:47 PM (UTC-05:00)

Subject: Today's Call/meeting info

Agenda- 2019-nCoV.docx

SOW.docx

Thank you for participating in today’s meeting of experts at the National Academies to discuss and identify what data, information
and samples are needed to understand the evolutionary origins of 2019-nCoV and more effectively respond to the outbreak and
resulting misinformation.

Attached for your information are:
Agenda
Scope of Work
A list of participants will be sent along shortly

Please let me know if you have any questions of problems with connecting.

“Zoom” Call-in info is as follows (and is included at top of agenda):

Zoom Dial-in Info:

Time: Feb 3, 2020 02:00 PM Eastern Time (US and Canada)

Join from PC, Mac, Linux, iOS or Android: https://nasem.zoom.us
Telephone:

Meeting ID:

International numbers available: https://nasem.zoom.us

Andrew M. Pope, Ph.D.
Director
Board on Health Sciences Policy
Health and Medicine Division
The National Academies of Sciences,
Engineering, and Medicine
apope®@nas.edu
direct
office
Find us at nationalacademies.org/HMD

The National Academies of
SCIENCES * ENGINEERING - MEDICINE




The National Academies of
SCIENCES * ENGINEERING « MEDICINE

Expert Meeting
Rapid Response for Assessment of Data Needs for 2019-nCoV

Agenda

February 3, 2020
2:00 p.m.—3:00 p.m. (ET)

Keck Center, Room 103
500 5th St NW, Washington, DC 20001

Join from PC, Mac, Linux, 10S or Android: https://nasem.zoom.us/
Telephone:
Meeting ID:
International numbers available: https://nasem.zoom.us/

Meeting Objective: Assess what data, information and samples are needed to understand the
evolutionary origins of 2019-nCoV and more effectively respond to the outbreak and resulting
misinformation.

2:00 p.m. Welcome and Introductions (5 mins)

ANDREW POPE
Director, Board on Health Sciences Policy
National Academies of Sciences, Engineering, and Medicine

2:05 p.m. Statement of Work (/0 mins)

KELVIN DROEGEMEIER
Director
Office of Science and Technology Policy

D. CHRISTIAN (“CHRIS”) HASSELL
Senior Science Advisor
U.S. Department of Health and Human Services

2:15 p.m. Perspective from NIH/NIAID (/0 mins)

ANTHONY (“TONY”) S. FAUCI

Director

National Institute of Allergy and Infectious Disecases
National Institutes of Health

l1|Page



The National Academies of
SCIENCES * ENGINEERING « MEDICINE

2:25 p.m. Discussion of Meeting Objective (30 mins)
2:55 p.m. Determine Next Steps (5 mins)
3:00 p.m. Adjourn

2|Page



The National Academies of
SCIENCES - ENGINEERING * MEDICINE

Statement of Work
Rapid Response for Assessment of Data Needs for 2019-nCoV

February 3, 2020

Statement of Task:

In response to a request from OSTP, the NASEM will examine information and identify data requirements that
would help determine the origins of 2019-nCoV, specifically from an evolutionary/structural biology standpoint.
NASEM will also consider whether this should include more temporally and geographically diverse clinical
isolates, sequences, etc. Although a widely-disputed paper posted on a pre-print server last week has since been
withdrawn, the response to that paper highlights the need to determine these information needs as quickly as
possible. As part of a broader deliberative process, this review will help prepare for future events by
establishing a process for quickly assembling subject matter experts for evaluation of other potentially
threatening organisms.

Workplan:

NASEM will hold a meeting of experts to assess what data, information and samples are needed to address the
unknowns, in order to understand the evolutionary origins of NCoV and more effectively respond to both the
outbreak and any resulting misinformation. A statement from the National Academies will be prepared and
published on the Web as a “Based on Science” article that summarizes the status and needs for more and what
types of data. A more in-depth examination of the issues will be established as a follow up as needed.

500 Fifth Street, NW, Washington, DC 20001



To: 'Chakravarti, Aravinda'lAravinda.Chakravarti@nyulangone.org]; Kristian Andersen

) o - o |; Baric, Ralph S[rbaric@email.unc.edu]; Trevor Bedford
(trevor@bedford.io)[trevor@bedford.io]; Peter Daszak (daszak@ecohealthalliance.org)[daszak@ecohealthalliance.org]; Gigi
Gronvall[ggronvall@jhu.edu]; Tom Inglesby (tinglesby@jhu.edu)[tinglesby@jhu.edu]; Stanley Periman (stanley-
periman@uiowa.edu)[stanley-periman@uiowa.edu]

Cc: Shore, Carolyn[CShore@nas.edu]; Chao, Samantha[SChao@nas.edu]

From: Pope, Andrew[APope@nas.edu]

Sent: Tue 2/4/2020 9:10:35 AM (UTC-05:00)

Subject: URGENT: Please review by NOON if at all possible...

Response Letter DRAFT - Feb 4.docx

Many thanks again for your thoughtful participation yesterday. The plans have changed in terms of our product. Instead
of a “Based on Science” web posting, we are now developing a letter that will be signed by the 3 Presidents of our 3
Academies (NAS, Marcia McNutt; NAM, Victor Dzau; NAE, John Anderson), in response to a letter from OSTP. We think
this will be more appropriate and expeditious.

Thus, given the urgency of the request from OSTP and HHS we ask that you please review the attached DRAFT
CONFIDENTIAL letter, and let us know if you have any concerns or suggested edits. In particular, we would like to ask if
there might be some additional detail added to the data needs that are identified. We think it would be helpful to be a
bit more specific, but don’t want to go into too much detail either. Your help there would be most helpful.

Many sincere thanks again for your continued engagement on this important activity!
Andy

Andrew M. Pope, Ph.D.
Director
Board on Health Sciences Policy
Health and Medicine Division
The National Academies of Sciences,
Engineering, and Medicine
apope®@nas.edu
direct
office
Find us at nationalacademies.org/HMD

The National Academies of
SCIENCES * ENGINEERING - MEDICINE




CONFIDENTIAL DRAFT

February 4, 2020
[insert address]
Dear XXX:

Thank you for your letter regarding the current outbreak of a new respiratory virus, the 2019
Novel Coronavirus, or 2019-nCoV, which was first detected in Wuhan, China, and has now been
reported in a growing number of locations worldwide, including the United States.! The request from
OSTP is timely given the public health urgency of the outbreak and potential for misinformation.

In response to your request, we consulted leading experts® in the fields of virology, infectious
disease genomics, genome sciences, epidemiology, microbiology, immunobiology, coronaviruses,
emerging infections, biosecurity, and global health, to share their views of whether available genomic
data on 2019-nCoV are consistent with natural evolution and the data that could help determine the
origins of 2019-nCoV, specifically from an evolutionary and structural biology standpoint.

Many studies of the genome of 2019-nCoV to better understand its origin and how it relates to
viruses found in bats and other species are already underway.’ The initial views of the experts* is that
the available genomic data are consistent with natural evolution’ and that there is currently no evidence
that the virus was engineered to spread more quickly among humans. [ask experts to add specifics re
binding sites?] They also told us that additional genomic sequence data from geographically and
temporally diverse viral samples, including samples that have been collected prior to the outbreak in
Wuhan, could be used to clarify the origins of the virus. Understanding the driving forces behind viral
evolution may facilitate the development of more effective strategies for managing the 2019-nCoV
outbreak. International collaboration is more important than ever to overcome these types of global
challenges.

The National Academies stand ready to assemble a committee of experts to examine these
issues in more detail and provide more complete evidence-based advice to you in an expedited manner

if requested.

Thank you, again for your commitment to the National Academies and our efforts to provide
independent, objective analysis; advise the nation; and inform public policy decisions.

Sincerely,

%2019 Novel Coronavirus (2019-nCoV) Situation Summary.” Centers for Disease Control and Prevention, 3 Feb.
2020. https://www.cdc.gov/coronavirus/2019-nCoV/summary.html#anchor 1580079137454. Accessed

3 Feb. 2020.

2 [possible add list]

3 [insert references]

3 [possibly add brief explanation that this does not preclude an unintentional release from a laboratory studying the
evolution of related coronaviruses]



cc: [insert names]



To: Leo Poon[limpoon@hku.hk]; Webby, Richard[Richard. Webby@STJUDE.ORG]; malik[malik@hku.hk]; Ghazi
Kayali[ghazi@human-link.org]; Yoshi Kawaokalkawaokay@vetmed.wisc.edu]; R.A.M. Fouchier[r.fouchier@erasmusmc.nl];
yguan@hku.hk[yguan@hku.hk]; 'adolfo.garcia-sastre@mssm.edu'['adolfo.garcia-sastre@mssm.edu']; Richard
Rothman[rrothma1@jhmi.edu]; Pekosz, Andrew S.[apekosz@jhsph.edu]; Schultz-Cherry, Stacey[Stacey.Schultz-
Cherry@STJUDE.ORG]; 'david_topham@urmc.rochester.edu'['david_topham@urmc.rochester.edu']; Orenstein,
Walter[worenst@emory.edu]; Lowen, Anice[anice.lowen@emory.edu]; Baric, Ralph S[rbaric@email.unc.edu]; 'Perlman,
Stanley'[stanley-periman@uiowa.edu]; daszak@ecohealthalliance.org[daszak@ecohealthalliance.org]; zhu huachen[zhuhch@hku.hk];
Aubree Gordon[gordonal@umich.edu]; Munster, Vincent (NIH/NIAID) [E][vincent.munster@nih.gov];
PETERPALESE[peter.palese@mssm.edu]; 'Krammer, Florian' (florian.krammer@mssm.edu)[florian.krammer@mssm.edu]; Ben
Cowling[bcowling@hku.hk]; larry.anderson@emory.edu[larry.anderson@emory.edu]; jwramme@emory.edu[jwramme@emory.edul;
aneesh.mehta@emory.edu[aneesh.mehta@emory.edu]; Baric, Toni C[antoinette_baric@med.unc.edu]; MASATO
HATTA[masato.hatta@wisc.edu]; Gabriele Neumann (gabriele.neumann@wisc.edu)[gabriele.neumann@wisc.edu]; Subbarao,
Kanta[kanta.subbarao@influenzacentre.org]

Cc: Fry, Alicia (CDC/DDID/NCIRD/ID)[agf1@CDC.GOV]; Pallansch, Mark A. (CDC/DDID/NCIRD/DVD)[map1@CDC.GOV];
Hall, Aron (CDC/DDID/NCIRD/DVD)[esg3@CDC.GOV]; Post, Diane (NIH/NIAID) [E][postd@niaid.nih.gov]; Embry, Alan (NIH/NIAID)
[Ellembrya@niaid.nih.gov]; Lampley, Rebecca (NIH/VRC) [F][rebecca.lampley@nih.gov]; Stemmy, Erik (NIH/NIAID)
[E][erik.stemmy@nih.gov]; Andy Pekosz[apekosz1@jhu.edu]; Topham, David[David_Topham@URMC.Rochester.edu]; Gerber, Susan
|. (CDC/DDID/NCIRD/DVD)[bhx1@cdc.gov]; zhuhuachen@gmail.com[zhuhuachen@gmail.com]

From: Degrace, Marciela (NIH/NIAID) [E][marciela.degrace@nih.gov]

Sent: Tue 2/4/2020 9:23:34 AM (UTC-05:00)

Subject: RE: nCoV weekly investigators meeting

Apologies to everyone who got a reminder email this morning for the incorrect link. If you had trouble joining, the proper meeting
link is below:

httns Halobal gotomeeling corm/ioiny

You can also dial in using your phone,
United States:

Access Code:



To: Pope, Andrew[APope@nas.edu]
Cc: Chakravarti, AravindalAravinda.Chakravarti@nyulangone.org]; Kristian Andersen
; Baric, Ralph S[rbaric@email.unc.edu]; Trevor Bedford[trevor@bedford.io]; Peter
Daszak (daszak@ecohealthalliance.org)[daszak@ecohealthalliance.org]; Gigi Gronvall[ggronvall@jhu.edu]; Tom Inglesby
(tinglesby@jhu.edu)[tinglesby@jhu.edu]; Shore, Carolyn[CShore@nas.edu]; Chao, Samantha[SChao@nas.edu]
From: Perlman, Stanley[stanley-periman@uiowa.edu]
Sent: Tue 2/4/2020 11:21:18 AM (UTC-05:00)
Subject: Re: URGENT: Please review by NOON if at all possible...

I would add to one of the sentences that Trevor suggested modifying to state: They also told us that additional genomic
sequence data from geographically and temporally diverse viral samples, including samples that have been collected prior to the
outbreak in Wuhan, could be used to clarify the origins of the virus and to assess whether virus is evolving to better infect or be
transmissible between humans, as occurred during the SARS epidemic.

On another note, as I thought about our discussion last night, I could think of no examples of CoV evolving on passage in cultured
cells to encode a furin site at the S1-S2 cleavage site. The cleavage sites are so variable among CoV that there is no need to invoke
evolution in cultured cells (as I think we concluded yesterday).

Stanley Perlman, MD, Ph.D.
Professor
Depts of Microbiology and Immunology, and Pediatrics
BSB 3-712
University of lowa
Towa City, 1A 52242

On Feb 4, 2020, at 9:14 AM, Trevor Bedford <trevor(@bedford.io> wrote:

Briefly, my suggestions:

1. I wouldn't mention binding sites here. If you start weighing evidence there's a lot to consider for both
scenarios.

2. I would say "no evidence of genetic engineering" full stop.

3. Rather than "including samples that have been collected prior to the outbreak in Wuhan" I would say
"including samples collected from as early as possible in the Wuhan outbreak".

I'm not sure what the exact capacity of this group going forward will be, but I might suggest moving to more
secure forms of communication.

- Trevor

On Feb 4, 2020, at 6:10 AM, Pope, Andrew <APope(@nas edu> wrote:

Many thanks again for your thoughtful participation yesterday. The plans have changed in terms
of our product. Instead of a “Based on Science” web posting, we are now developing a letter
that will be sighed by the 3 Presidents of our 3 Academies (NAS, Marcia McNutt; NAM, Victor
Dzau; NAE, John Anderson), in response to a letter from OSTP. We think this will be more
appropriate and expeditious.

Thus, given the urgency of the request from OSTP and HHS we ask that you please review the
attached DRAFT CONFIDENTIAL letter, and let us know if you have any concerns or suggested
edits. In particular, we would like to ask if there might be some additional detail added to the



data needs that are identified. We think it would be helpful to be a bit more specific, but don’t
want to go into too much detail either. Your help there would be most helpful.

Many sincere thanks again for your continued engagement on this important activity!
Andy

Andrew M. Pope, Ph.D.
Director
Board on Health Sciences Policy
Health and Medicine Division
The National Academies of Sciences,
Engineering, and Medicine
apope®@nas.edu
direct
office
Find us at nationalacademies.org/HMD

<image001.png>

<Response Letter DRAFT - Feb 4.docx>



To: Peter Daszak[daszak@ecohealthalliance.org]

Cc: Pope, Andrew[APope@nas.edu]; Chakravarti, Aravinda[Aravinda.Chakravarti@nyulangone.org]; Baric, Ralph
S[rbaric@email.unc.edu]; Trevor Bedford (trevor@bedford.io)[trevor@bedford.io]; Gigi Gronvall[ggronvall@jhu.edu]; Tom Inglesby
(tinglesby@jhu.edu)[tinglesby@jhu.edu]; Stanley Perlman (stanley-periman@uiowa.edu)[stanley-periman@uiowa.edu]; Shore,
Carolyn[CShore@nas.edu]; Chao, Samantha[SChao@nas.edu]

From: Kristian G. Andersen

Sent: Tue 2/4/2020 12:05:54 PM (UTC-05:00)

Subject: Re: URGENT: Please review by NOON if at all possible...

I too agree with all that has been said, but would caution against adding language suggesting that the virus might evolve (i.e.,
"mutate" to most people) towards better infectivity or transmission - a lot has been said about that for Ebola and other
viruses, and it's been driving fear because most people don't fully understand what it means. I'm not arguing that it's not
something that might well happen - the SARS data beautifully show it - but I would be worried about the message it could
send.

Reading through the letter I think it's great, but I do wonder if we need to be more firm on the question of engineering. The
main crackpot theories going around at the moment relate to this virus being somehow engineered with intent and that is
demonstrably not the case. Engineering can mean many things and could be done for either basic research or nefarious
reasons, but the data conclusively show that neither was done (in the nefarious scenario somebody would have used a
SARS/MERS backbone and optimal ACE2 binding as previously described, and for the basic research scenario would have
used one of the many already available reverse genetic systems). If one of the main purposes of this document is to counter
those fringe theories, I think it's very important that we do so strongly and in plain language ("consistent with" [natural
evolution] is a favorite of mine when talking to scientists, but not when talking to the public - especially conspiracy theorists).

Best,
Kristian

On Tue, Feb 4, 2020 at 9:02 AM Peter Daszak <daszak(@ecohealthalliance org> wrote:

I agree with all of the other comments so far sent in, and want to add the following:

1) Inthe 3" paragraph, it’s important to add “including further samples from wildlife”, and perhaps the rationale for this
“to identify other viruses closely related to nCoV”

2) Re. references for #3 that there are current and planned studies underway on the bat origins of CoVs. Here are some
references to pick from if they make sense:

e Latinne A, Hu B, Olival KJ, et al.; Origin and cross-species transmission of bat coronaviruses in China. Nature
Communications 2020;In review.

e Wang N, Li S-Y, Yang X-L, et al.; Serological Evidence of Bat SARS-Related Coronavirus Infection in
Humans, China. Virologica Sinica 2018. doi: 10.1007/s12250-018-0012-7.

e Hu B, Zeng L-P, Yang X-L, et al.; Discovery of a rich gene pool of bat SARS-related coronaviruses provides
new insights into the origin of SARS coronavirus. PLOS Pathogens 2017;13(11):e1006698. doi:
10.1371/journal.ppat.1006698.

e ZhouP, Fan H, Lan T, et al.; Fatal Swine Acute Diarrhea Syndrome caused by an HKU2-related Coronavirus of Bat
Origin. Nature 2018



Cheers,

Peter

Peter Daszak

President

EcoHealth Alliance
460 West 34™ Street — 17" Floor

New York, NY 10001

Tel.

Website: www. ecchealthalliance org

Twitter: (@PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and
delicate ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Pope, Andrew [mailto: APope@nas.edu]

Sent: Tuesday, February 4, 2020 9:11 AM

To: 'Chakravarti, Aravinda'; Kristian Andersen ; Ralph Baric (rbaric@email.unc.edu); Trevor Bedford

(trevor@bedford.io); Peter Daszak; Gigi Gronvall; Tom Inglesby (tinglesby@ihu.edu); Stanley Perlman (stanley-
erlman@uiowa.edu)

Cc: Shore, Carolyn; Chao, Samantha

Subject: URGENT: Please review by NOON if at all possible...

Importance: High

Many thanks again for your thoughtful participation yesterday. The plans have changed in terms of our product. Instead of
a “Based on Science” web posting, we are now developing a letter that will be signed by the 3 Presidents of our 3
Academies (NAS, Marcia McNutt; NAM, Victor Dzau; NAE, John Anderson), in response to a letter from OSTP. We
think this will be more appropriate and expeditious.



Thus, given the urgency of the request from OSTP and HHS we ask that you please review the attached DRAFT
CONFIDENTTAL letter, and let us know if you have any concerns or suggested edits. In particular, we would like to ask
if there might be some additional detail added to the data needs that are identified. We think it would be helpful to be a bit
more specific, but don’t want to go into too much detail either. Your help there would be most helpful.

Many sincere thanks again for your continued engagement on this important activity!

Andy

Andrew M. Pope, Ph.D.

Director

Board on Health Sciences Policy

Health and Medicine Division

The National Academies of Sciences,
Engineering, and Medicine

apope(@nas.edu

direct
office

Find us at nationalacademies. ore/HMD

The National Academies of
SCIENCES * ENGINEERING - MEDICINE




To: Peter Daszak[daszak@ecohealthalliance.org]; Pope, Andrew[APope@nas.edu]; 'Chakravarti,
Aravinda'[Aravinda.Chakravarti@nyulangone.org]; Kristian Andersen o - o |; Trevor Bedford
(trevor@bedford.io)[trevor@bedford.io]; Gigi Gronvall[ggronvall@jhu.edu]; Tom Inglesby (tinglesby@jhu.edu)[tinglesby@jhu.edul];
Stanley Perlman (stanley-periman@uiowa.edu)[stanley-periman@uiowa.edu]

Cc: Shore, Carolyn[CShore@nas.edu]; Chao, Samantha[SChao@nas.edu]

From: Baric, Ralph S[/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=BB0D9CC80C184735A4E862C3BDD8A15D-RALPH S BAR]

Sent: Tue 2/4/2020 12:24:05 PM (UTC-05:00)

Subject: RE: URGENT: Please review by NOON if at all possible...

Response Letter DRAFT - Feb 4-rsb.docx

| also agree with the other comments. However, | do think we need to say that the closest relative to this virus {96%) was identified
from bats circulating in a cave in Yunnan, China. This makes a strong statement for animal origin. | have included a more articulate
sentence in the draft document.

From: Peter Daszak <daszak@ecohealthalliance.org>
Sent: Tuesday, February 4, 2020 12:01 PM
To: Pope, Andrew <APope@nas.edu>; 'Chakravarti, Aravinda' <Aravinda.Chakravarti@nyulangone.org>; Kristian Andersen
; Baric, Ralph S <rbaric@email.unc.edu>; Trevor Bedford (trevor@bedford.io)
<trevor@bedford.io>; Gigi Gronvall <ggronvall@jhu.edu>; Tom Inglesby (tinglesby@jhu.edu) <tinglesby@jhu.edu>; Stanley
Perlman (stanley-perlman@uiowa.edu) <stanley-perIman@uiowa.edu>
Cc: Shore, Carolyn <CShore@nas.edu>; Chao, Samantha <SChao@nas.edu>
Subject: RE: URGENT: Please review by NOON if at all possible...
Importance: High

| agree with all of the other comments so far sent in, and want to add the following:

1) Inthe 3™ paragraph, it’s important to add “including further samples from wildlife”, and perhaps the rationale for this “to
identify other viruses closely related to nCoV”

2) Re. references for #3 that there are current and planned studies underway on the bat origins of CoVs. Here are some
references to pick from if they make sense:

e Latinne A, Hu B, Olival KJ, et al.; Origin and cross-species transmission of bat coronaviruses in China. Nature
Communications 2020;In review.

e WangN, Li S-Y, Yang X-L, et al.; Serological Evidence of Bat SARS-Related Coronavirus Infection in Humans, China.
Virologica Sinica 2018. doi: 10.1007/s12250-018-0012-7.

e Hu B, Zeng L-P, Yang X-L, et al.; Discovery of a rich gene pool of bat SARS-related coronaviruses provides new
insights into the origin of SARS coronavirus. PLOS Pathogens 2017;13(11):e1006698. doi:
10.1371/journal.ppat.1006698.

e ZhouP,FanH, LanT, et al.; Fatal Swine Acute Diarrhea Syndrome caused by an HKU2-related Coronavirus of Bat
Origin. Nature 2018

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001



Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and delicate
ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Pope, Andrew [mailto:APope@nas.edu]

Sent: Tuesday, February 4, 2020 9:11 AM

To: 'Chakravarti, Aravinda'; Kristian Andersen » Ralph Baric (rbaric@email.unc.eduy); Trevor Bedford
(trevor@bedford.io); Peter Daszak; Gigi Gronvall; Tom Inglesby (tinglesby@ihu.edu); Stanley Perlman (stanley-
periman@uiowa.edu)

Cc: Shore, Carolyn; Chao, Samantha

Subject: URGENT: Please review by NOON if at all possible...

Importance: High

Many thanks again for your thoughtful participation yesterday. The plans have changed in terms of our product. Instead
of a “Based on Science” web posting, we are now developing a letter that will be signed by the 3 Presidents of our 3
Academies (NAS, Marcia McNutt; NAM, Victor Dzau; NAE, John Anderson), in response to a letter from OSTP. We think
this will be more appropriate and expeditious.

Thus, given the urgency of the request from OSTP and HHS we ask that you please review the attached DRAFT
CONFIDENTIAL letter, and let us know if you have any concerns or suggested edits. In particular, we would like to ask if
there might be some additional detail added to the data needs that are identified. We think it would be helpful to be a
bit more specific, but don’t want to go into too much detail either. Your help there would be most helpful.

Many sincere thanks again for your continued engagement on this important activity!
Andy

Andrew M. Pope, Ph.D.
Director
Board on Health Sciences Policy
Health and Medicine Division
The National Academies of Sciences,
Engineering, and Medicine
apope®@nas.edu
direct
office
Find us at nationalacademies.org/HMD

The National Academies of
SCIENCES * ENGINEERING - MEDICINE




CONFIDENTIAL DRAFT

February 4, 2020
[insert address]
Dear XXX:

Thank you for your letter regarding the current outbreak of a new respiratory virus, the 2019
Novel Coronavirus, or 2019-nCoV, which was first detected in Wuhan, China, and has now been
reported in a growing number of locations worldwide, including the United States.! The request from
OSTP is timely given the public health urgency of the outbreak and potential for misinformation.

In response to your request, we consulted leading experts® in the fields of virology, infectious
disease genomics, genome sciences, epidemiology, microbiology, immunobiology, coronaviruses,
emerging infections, biosecurity, and global health, to share their views of whether available genomic
data on 2019-nCoV are consistent with natural evolution and the data that could help determine the
origins of 2019-nCoV, specifically from an evolutionary and structural biology standpoint.

Many studies of the genome of 2019-nCoV to better understand its origin and how it relates to
viruses found in bats and other species are already underway.’ The initial views of the experts* is that
the available genomic data are consistent with natural evolution’ and that there is currently no evidence
that the virus was engineered to spread more quickly among humans. [ask experts to add specifics re
binding sites?] They also told us that additional genomic sequence data from geographically and
temporally diverse viral samples, including samples that have been collected prior to the outbreak in
Wuhan, could be used to clarify the origins of the virus. Understanding the driving forces behind viral
evolution may facilitate the development of more effective strategies for managing the 2019-nCoV
outbreak. International collaboration is more important than ever to overcome these types of global
challenges.

The National Academies stand ready to assemble a committee of experts to examine these
issues in more detail and provide more complete evidence-based advice to you in an expedited manner

if requested.

Thank you, again for your commitment to the National Academies and our efforts to provide
independent, objective analysis; advise the nation; and inform public policy decisions.

Sincerely,

%2019 Novel Coronavirus (2019-nCoV) Situation Summary.” Centers for Disease Control and Prevention, 3 Feb.
2020. https://www.cdc.gov/coronavirus/2019-nCoV/summary.html#anchor 1580079137454. Accessed

3 Feb. 2020.

2 [possible add list]

3 [insert references]

3 [possibly add brief explanation that this does not preclude an unintentional release from a laboratory studying the
evolution of related coronaviruses]



cc: [insert names]



To: Peter Daszak[daszak@ecohealthalliance.org]; 'Chakravarti, Aravinda'[Aravinda.Chakravarti@nyulangone.org]; Kristian
Andersen ; Baric, Ralph S[rbaric@email.unc.edu]; Trevor Bedford
(trevor@bedford.io)[trevor@bedford.io]; Gigi Gronvall[ggronvall@jhu.edu]; Tom Inglesby (tinglesby@jhu.edu)[tinglesby@jhu.edul];
Stanley Perlman (stanley-periman@uiowa.edu)[stanley-periman@uiowa.edu]

Cc: Chao, Samantha[SChao@nas.edu]; Pope, Andrew[APope@nas.edu]

From: Shore, Carolyn[CShore@nas.edu]

Sent: Tue 2/4/2020 12:42:48 PM (UTC-05:00)

Subject: RE: URGENT: Please review by NOON if at all possible...

Lancel genomic-characterization-2019-nCoV 2020.pdf

Thank you, all, for your input on the draft letter. A couple of clarifying questions regarding citations:

s Ralph —is the attached article the appropriate citation for your comment regarding the closest relative of 2019-nCoV or is
there another citation we should reference?
s Are there any other articles that we should cite that examine the origin of 2019-nCoV specifically?

Best,
Carolyn

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Tuesday, February 4, 2020 12:01 PM

To: Pope, Andrew <APope@nas.edu>; 'Chakravarti, Aravinda' <Aravinda.Chakravarti@nyulangone.org>; Kristian Andersen
(KGA1978@gmail.com) <KGA1978@gmail.com>; Ralph Baric (rbaric@email.unc.edu) <rbaric@email.unc.edu>; Trevor Bedford
(trevor@bedford.io) <trevor@bedford.io>; Gigi Gronvall <ggronvall@jhu.edu>; Tom Inglesby (tinglesby@jhu.edu)
<tinglesby@jhu.edu>; Stanley Perlman (stanley-periman@uiowa.edu) <stanley-perlman@uiowa.edu>

Cc: Shore, Carolyn <CShore@nas.edu>; Chao, Samantha <SChao@nas.edu>

Subject: RE: URGENT: Please review by NOON if at all possible...

Importance: High

| agree with all of the other comments so far sent in, and want to add the following:

1) Inthe 3™ paragraph, it’s important to add “including further samples from wildlife”, and perhaps the rationale for this “to
identify other viruses closely related to nCoV”

2) Re. references for #3 that there are current and planned studies underway on the bat origins of CoVs. Here are some
references to pick from if they make sense:

e Latinne A, Hu B, Olival KJ, et al.; Origin and cross-species transmission of bat coronaviruses in China. Nature
Communications 2020;In review.

e Wang N, LiS-Y, Yang X-L, et al.; Serological Evidence of Bat SARS-Related Coronavirus Infection in Humans, China.
Virologica Sinica 2018. doi: 10.1007/s12250-018-0012-7.

e HuB, Zeng L-P, Yang X-L, et al.; Discovery of a rich gene pool of bat SARS-related coronaviruses provides new
insights into the origin of SARS coronavirus. PLOS Pathogens 2017;13(11):e1006698. doi:
10.1371/journal.ppat.1006698.

e ZhouP, FanH, LanT, et al.; Fatal Swine Acute Diarrhea Syndrome caused by an HKU2-related Coronavirus of Bat
Origin. Nature 2018

Cheers,

Peter

Peter Daszak
President



EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and delicate
ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Pope, Andrew [mailto:APope@nas.edu]

Sent: Tuesday, February 4, 2020 9:11 AM

To: 'Chakravarti, Aravinda'; Kristian Andersen 1; Ralph Baric (rbaric@email.unc.edu); Trevor Bedford
(trevor@bedford.io); Peter Daszak; Gigi Gronvall; Tom Inglesby (tinglesby@ihu.edu); Stanley Perlman (stanley-
periman@uiowa.edu)

Cc: Shore, Carolyn; Chao, Samantha

Subject: URGENT: Please review by NOON if at all possible...

Importance: High

Many thanks again for your thoughtful participation yesterday. The plans have changed in terms of our product. Instead
of a “Based on Science” web posting, we are now developing a letter that will be signed by the 3 Presidents of our 3
Academies (NAS, Marcia McNutt; NAM, Victor Dzau; NAE, John Anderson), in response to a letter from OSTP. We think
this will be more appropriate and expeditious.

Thus, given the urgency of the request from OSTP and HHS we ask that you please review the attached DRAFT
CONFIDENTIAL letter, and let us know if you have any concerns or suggested edits. In particular, we would like to ask if
there might be some additional detail added to the data needs that are identified. We think it would be helpful to be a
bit more specific, but don’t want to go into too much detail either. Your help there would be most helpful.

Many sincere thanks again for your continued engagement on this important activity!
Andy

Andrew M. Pope, Ph.D.
Director
Board on Health Sciences Policy
Health and Medicine Division
The National Academies of Sciences,
Engineering, and Medicine
apope®@nas.edu
direct
office
Find us at nationalacademies.org/HMD

The National Academies of
SCIENCES * ENGINEERING - MEDICINE
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Genomic characterisation and epidemiology of 2019 novel
coronavirus: implications for virus origins and receptor
binding

Roujian Lu*, Xiang Zhao™, juan Li*, Peihua Niu™, Bo Yang*, Honglong W™, Wenling Wang, Hao Song, Baoying Huang, Na Zhy, Yuhai Bi,
Xuejun Ma, Faxian Zhan, Liang Wang, Tao Hu, Hong Zhou, Zhenhong Hu, Weimin Zhou, Li Zhao, fing Chen, Yao Meng, Ji Wang, Yang Lin,
Jianying Yuan, Zhihao Xie, Jinmin Ma, William | Liv, Dayan Wang, Wenbo Xu, Edward C Holmes, George F Gao, Guizhen Wul, Weijun Chendl,
Weifeng Shifl, Wenjie Tan4]

Summary

Background In late December, 2019, patients presenting with viral pneumonia due to an unidentifiedmicrobial agent
were reported in Wuhan, China. A novel coronavirus was subsequently identified as the causative pathogen,
provisionally named 2019 novel coronavirus (2019-nCoV). As of Jan 26, 2020, more than 2000 cases of 2019-nCoV
infection have been confirmed,most of which involved people living in or visiting Wuhan, and human-to-human
transmission has been confirmed.

Methods We did next-generation sequencing of samples from bronchoalveolar lavage fluidand cultured isolates from

nine inpatients, eight of whom had visited the Huanan seafood market in Wuhan. Complete and partial 2019-nCoV
genome sequences were obtained from these individuals. Viral contigs were connected using Sanger sequencing to
obtain the full-length genomes, with the terminal regions determined by rapid amplification of cDNA ends.

Phylogenetic analysis of these 2019-nCoV genomes and those of other coronaviruses was used to determine the
evolutionary history of the virus and help infer its likely origin. Homology modelling was done to explore the likely
receptor-binding properties of the virus.

Findings The ten genome sequences of 2019-nCoV obtained from the nine patients were extremely similar, exhibiting
more than 99-98% sequence identity. Notably, 2019-nCoV was closely related (with 88% identity) to two bat-derived
severe acute respiratory syndrome (SARS)-like coronaviruses, bat-SL-CoVZC45 and bat-SL-CoVZXC21, collected
in 2018 in Zhoushan, eastern China, but were more distant from SARS-CoV (about 79%) and MERS-CoV (about 50%).
Phylogenetic analysis revealed that 2019-nCoV fell within the subgenus Sarbecovirus of the genus Betacoronavirus,
with a relatively long branch length to its closest relatives bat-SL-CoVZC45 and bat-SL-CoVZXC21, and was genetically
distinct from SARS-CoV. Notably, homology modelling revealed that 2019-nCoV had a similar receptor-binding
domain structure to that of SARS-CoV, despite amino acid variation at some key residues.

Interpretation 2019-nCoV is sufficientlydivergent from SARS-CoV to be considered a new human-infecting
betacoronavirus. Although our phylogenetic analysis suggests that bats might be the original host of this virus, an
animal sold at the seafood market in Wuhan might represent an intermediate host facilitating the emergence of the
virus in humans. Importantly, structural analysis suggests that 2019-nCoV might be able to bind to the angiotensin-
converting enzyme 2 receptor in humans. The future evolution, adaptation, and spread of this virus warrant urgent
investigation.

Funding National Key Research and Development Program of China, National Major Project for Control and
Prevention of Infectious Disease in China, Chinese Academy of Sciences, Shandong First Medical University.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction Among the several coronaviruses that are pathogenic

Viruses of the family Coronaviridae possess a single-
strand, positive-sense RNA genome ranging from
26 to 32 kilobases in length. Coronaviruses have been
identifiedin several avian hosts, ** as well as in various
mammals, including camels, bats, masked palm civets,
mice, dogs, and cats. Novel mammalian coronaviruses
are now regularly identified.” For example, an HKU2-
related coronavirus of bat origin was responsible for a
fatal acute diarrhoea syndrome in pigs in 2018.

to humans, most are associated with mild clinical
symptoms,' with two notable exceptions: severe acute
respiratory syndrome {SARS) coronavirus (SARS-CoV), a
novel betacoronavirus that emerged in Guangdong,
southern China, in November, 2002, and resulted in
more than 8000 human infections and 774 deaths in
37 countries during 2002-03;° and Middle East respiratory
syndrome (MERS) coronavirus (MERS-CoV), which was
firstdetected in Saudi Arabia in 2012 7and was responsible
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Research in context

Evidence before this study

The causal agent of an outbreak of severe pneumonia in
Wauhan, China, is a novel coronavirus, provisionally named
2019 novel coronavirus (2019-nCoV). The first cases were
reported in December, 2019,

Added value of this study

We have described the genomic characteristics of 2019-nCoV
and similarities and differences to other coronaviruses,
including the virus that caused the severe acute respiratory
syndrome epidemic of 2002-03. Genome sequences of
2019-nCoV sampled from nine patients who were among the
early cases of this severe infection are almost genetically
identical, which suggests very recent emergence of this virus in

for 2494 laboratory-confirmed cases of infection and
858 fatalities since September, 2012, including 38 deaths
following a single introduction into South Korea.*

In late December, 2019, several patients with viral
pneumonia were found to be epidemiologically associ-
ated with the Huanan seafood market in Wuhan, in the
Hubei province of China, where a number of non-aquatic
animals such as birds and rabbits were also on sale
before the outbreak. A novel, human-infecting corona-
virus," provisionally named 2019 novel coronavirus
(2019-nCoV), was identifiedwith use of next-generation
sequencing. As of Jan 28, 2020, China has reported more
than 5900 confirmed and more than 90 00 suspected
cases of 2019-nCoV infection across 33 Chinese prov-
inces or municipalities, with 106 fatalities. In addition,
2019-nCoV has now been reported in Thailand, Japan,
South Korea, Malaysia, Singapore, and the USA. Infec-
tions in medical workers and family clusters were also
reported and human-to-human transmission has been
confirmed.” Most of the infected patients had a high
fever and some had dyspnoea, with chest radiographs
revealing invasive lesions in both lungs.”"

We report the epidemiological data of nine inpatients,
from at least three hospitals in Wuhan, who were
diagnosed with viral pneumonia of unidentified cause.
Using next-generation sequencing of bronchoalveolar
lavage fluidsamples and cultured isolates from these
patients, 2019-nCoV was found. We describe the genomic
characterisation of ten genomes of this novel virus,
providing important information on the origins and cell
receptor binding of the virus.

Methods

Patients and samples

Nine patients with viral pneumonia and negative for
common respiratory pathogens, who presented to at least
three hospitals in Wuhan, were included in this study.
Eight of the patients had visited the Huanan seafood
market before the onset of illness, and one patient
(WHO4) did not visit the market but stayed in a hotel near

humans and that the outbreak was detected relatively rapidly.
2019-nCoV is most closely related to other betacoronaviruses
of bat origin, indicating that these animals are the likely
reservoir hosts for this emerging viral pathogen.

Implications of all the available evidence

By documenting the presence of 2019-nCoV in a sample of
patients, our study extends previous evidence that this virus
has led to the novel pneumonia that has caused severe disease
in Wuhan and other geographical localities. Currently available
data suggest that 2019-nCoV infected the human population
from a bat reservoir, although it remains unclear if a currently
unknown animal species acted as an intermediate host
between bats and humans.

the market between Dec 23 and Dec 27, 2019 (table).
Five of the patients (WH19001, WH19002, WH19004,
WH19008, and YS8011) had samples collected by the
Chinese Center for Disease Control and Prevention
(CDC) which were tested for 18 viruses and four bac-
teria using the RespiFinderSmart22 Kit (PathoFinder,
Maastricht, Netherlands) on the LightCycler 480 Real-
Time PCR system (Roche, Rotkreuz, Switzerland).
Presence of SARS-CoV and MERS-CoV was tested using
a previously reported method.* All five CD C samples
were negative for all common respiratory pathogens
screened for. Four of the patients (WHO01, WH02, WHO03,
and WHO04) had samples collected by BGI (Beijing,
China), and were tested for fiveviruses and one bacterium
using the RespiPathogen 6 Kit (Jiangsu Macro & Micro
Test, Nantong, China) on the Applied Biosystems ABI
7500 Real-Time PCR system (ThermoFisher Scientific,
Foster City, CA, USA). All four samples were negative for
the targeted respiratory pathogens.

Virus isolation

Special-pathogen-free human airway epithelial (HAE)
cells were used for virus isolation. Brieflybronchoalveolar
lavage fluids or throat swabs from the patients were
inoculated into the HAE cells through the apical surfaces.
HAE cells were maintained in an air-liquid interface
incubated at 37°C. The cells were monitored daily for
cytopathic effects by light microscopy and the cell
supernatants were collected for use in quantitative
RT-PCR assays. After three passages, apical samples
were collected for sequencing.

BGl sequencing strategy

All collected samples were sent to BGI for sequencing.
140 L bronchoalveolar lavage fluid samples (WHO1L to
WHO04) were reserved for RNA extraction using the
QIAamp Viral RNA Mini Kit (52904; Qiagen, Heiden,
Germany), according to the manufacturer's recom-
mendations. A probe-captured technique was used to
remove human nucleic acid. The remaining RNA was

www thelancet.com Published online January 29, 2020 https://doi.org/10.1016/50140-6736(20)30251-8
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Patient information

Exposure to Date of Admission date
Huanan seafood  symptom onset
market
Samples WH19001  Yes Dec 232019 Dec 29, 2019
and WH15005
Sample WH19002 Yes Dec 22,2019 NA
Sample WH19004 = Yes NA NA
Sarmple WH19008 Yes NA Dec 29,2019
SampleY58011 Yes NA NA
Sample WHO1 Yes NA NA
Sample WHO? Yes NA NA
Sample WHO3 Yes Dec 26,2019 NA
Sample WHO4. No* Dec 27,2019 NA

Sample information Genome sequence obtained

t=threshold cycle. BALF=bronchoalveolar lavage fluid. NA=not available. 2019:nCoV=2019 novel coronavirus. *Patient stayed in a hotel near Huanan seafood market

rom Dec 23 to Dec 27,2019, and reported fever on Dec 27,2019,

able: Information about samiples taken from nine patients infected with 2019-nCoV.

Sample type Collection date  Ctvalue
1
BALE and Dec30,2019 3003 Complete i
cultured virus |
BALF Dec 30, 2019 30.50 Partial (27130 nucleotides) }
BALE jan12020 214 Complete :
BALF Dec30,2019 2635 Complete |
Throat swab jan 72020 22.85 Complete |
BALF Dec 26,2019 32:60 Complete }
BALE Dec 31,2019 34:23 Partial (19503 nucleotides) ‘
BALF Jan 1, 2020 25.38 Complete 1
BALE Jans 2020 2853 Complete |
|
|
|
|
|

reverse-transcribed into ¢cDNA, followed by the second-
strand synthesis. Using the synthetic double-stranded
DNA, a DNA library was constructed through DNA-
fragmentation, end-repair, adaptor-ligation, and PCR
amplification. The constructed library was qualifiedwith

an Invitrogen Qubit 2.0 Fluorometer (ThermoFisher,
Foster City, CA, USA), and the qualifieddouble-stranded
DNA library was transformed into a single-stranded
circular DNA library through DNA-denaturation and circu-
larisation. DNA nanoballs were generated from single-
stranded cdrcular DNA by rolling circle amplification,
then qualifiedwith Qub it 2.0 and loaded onto the flowcell
and sequenced with PE100 on the DNBSEQ-T7 platform
(MGI, Shenzhen, China).

After removing adapter, low-quality, and low-complexity
reads, high-quality genome sequencing data were
generated. Sequence reads were firstfilteredagainst the
human reference genome (hg19) using Burrows-Wheeler
Alignment.” The remaining data were then aligned to
the local nucleotide database (using Burrows-Wheeler
Alignment) and non-redundant protein database (using
RapSearch),” downloaded from the US National Center
for Biotechnology Information website, which contain
only coronaviruses that have been published. Finally, the
mapped reads were assembled with SPAdes” to obtain a
high-quality coronavirus genome sequence.

Primers were designed with use of OLIGO Primer
Analysis Software version 6.44 on the basis of the assem-
bled partial genome, and were verifiedby Prim er-Blast
{for more details on primer sequencs used please
contact the corresponding author). PCR was set up as
follows: 4.5 pL of 10X buffer, 4 pL of ANTP mix
(25 pmol/L), 1 pL of each primer (10 pmol/L), and
0-75 units of HS Ex Taq (Takara Biomedical Technology,
Beijing, China), in a total volume of 30 pL. The cDNAs
reverse transcribed from clinical samples were used
as templates, and random primers were used.
The following program was run on the thermocycler:

95°C for 5 min; 40 cycles of 95°C for 30 s, 55°C for 30 s,
and 72°C for 1 min as determined by product size; 72°C
for 7 min; and a 4°C hold. Finally, the PCR products
were separated by agarose gel electrophoresis, and pro-
ducts of the expected size were sequenced from both
ends on the Applied Biosystems 3730 DNA Analyzer
platform (Applied Biosystems, Life Technologies, Foster
City, CA, USA; for more details on expected size please
contact the corresponding author).

Chinese CDC sequencing strategy

The whole-genome sequences of 2019-nCoV from
six samples (WH19001, WH19005, WH19002, WH19004,
WH19008, and YS8011) were generated by a combination
Sanger, Ilumina, and Oxford nanopore sequencing.
First, viral RNAs were extracted directly from clinical
samples with the QIAamp Viral RNA Mini Kit, and then
used to synthesise cDNA with the SuperScript I1I Reverse
Transcriptase (ThermoFisher, Waltham, MA, USA) and
N6 random primers, followed by second-strand syn-
thesis with DNA Polymerase I, Large (Klenow) Fragment
(ThermoFisher). Viral ¢cDNA libraries were prepared
with use of the Nextera XT Library Prep Kit (Illumina,
San Diego, CA, USA), then purified with Agencourt
AMPure XP beads (Beckman Coulter, Brea, CA, USA),
followed by quantificationwith an Invitrogen Qub it 2.0
Fluorometer. The resulting DNA libraries were sequenced
on either the MiSeq or iSeq platforms (Illumina) using a
300-cycle reagent kit. About 1-2-5 GB of data were
obtained for each sample.

The raw fastQ filesfor each virus sample were filtered
using previously described criteria,” then subjected to
de novo assembly with the CLCBio software version
11.0.1. Mapped assemblies were also done using the bat-
derived SARS-like coronavirus isolate bat-SL-CoVZC45
{accession number MG772933.1) as a reference. Variant
calling, genome alignments, and sequence illustra-
tions were generated with CLCBio software, and the

www.thelancet.com Published online January 29, 2020 https://doi.org/10.1016/50140-6736(20)30251-8
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See Online for appendix

For Genbank see https://www.
ncbi.nlm.nih.gov/genbank

For the China National
Microbiological Data Center
website see http://nmdc.cn/

Forthe data from BGl on the
China National GeneBank see
https://db.cngb.org/datamart/

disease/DATAdis19/

assembled genome sequences were confirmedby Sanger
sequencing.

Rapid amplification of cDNA ends (RACE) was done
to obtain the sequences of the 5" and 3’ termini, using the
Invitrogen 5 RACE System and 3’ RACE System
(Invitrogen, Carlsbad, CA, USA), according to the manu-
facturer's instructions. Gene-specific primers ( appendix
p 1) for 5" and 3’ RACE PCR amplificationwe re designed
to obtain a fragment of approximately 400-500 bp for the
two regions. Purified PCR products were cloned into the
pMD18-T Simple Vector (TaKaRa, Takara Biotechnology,
Dalian, China) and chemically competent Escherichia coli
(DH5a cells; TaKaRa), according to the manufacturer’s
instructions. PCR products were sequenced with use of
M13 forward and reverse primers.

Virus genome analysis and annotation

Reference virus genomes were obtained from GenBank
using Blastn with 2019-nCoV as a query. The open
reading frames of the verifiedgenome sequences were
predicted using Geneious {version 11.1.5) and anno-
tated using the Conserved Domain Database.” Pairwise
sequence identities were also calculated using Geneious.
Potential genetic recombination was investigated using
SimPlot software (version 3.5.1)® and phylogenetic
analysis.

Phylogenetic analysis

Sequence alignment of 2019-nCoV with reference se-
quences was done with Mafftsoftware (version 7450). %
Phylogenetic analyses of the complete genome and
major coding regions were done with RAXML software
(version 8.2.9)” with 1000 bootstrap replicates, employing
the general time reversible nucleotide substitution model.

Development of molecular diagnostics for 2019-nCoV

On the basis of the genome sequences obtained, a real-time
PCR detection assay was developed. PCR primers and
probes were designed using Applied Biosystems Primer
Express Software (ThermoFisher Scientific,Foster City, CA,
USA) on the basis of our sequenced virus genomes. The
specific primers and probe set (labelled with the reporter
6-carboxyfluorescein [FA M)} and the quencher Black Hole
Quencher 1{BHQ1)) for orfla were as follows: forward primer
5-AGAAGATTGGTTAGATGATGATAGT-3'; reverse primer
5 TTCCATCTCTAATTGAGGTTGAACC-3'; and probe
5-FAM-TCCTCACTGCCGTCTTGTTGACCA-BHQ1-3".
The human GAPDH gene was used as an internal control
{forward primer 5-TCAAGAAGGTGGTGAAGCAGG-3';
reverse primer 5-CAGCGTCAAAGGTGGAGGAGT-3';
probe 5'-VIC-CCTCAAGGGCATCCTGGGCTACACT-
BHQ1-3'). Primers and probes were synthesised by BGI
(Beijing, China). RT-PCR was done with an Applied
Biosystems 7300 Real-Time PCR System (Thermo-
Scientific)with 3 0 pL reaction volumes consisting of 14 uL
of diluted RNA, 15 pL of 2X Tagman One-Step RT-PCR
Master Mix Reagents (4309169; Applied Biosystems,

ThermoFisher), 0-5 pL of 40X MultiScribe and RNase
inhibitor mixture, 0-75 pL forward primer (10 pmol/L),
0-75 pL reverse primer (10 pmol/L), and 0-375 pL probe
(10 pmol/L). Thermal cycling parameters were 30 min
at 42°C, followed by 10 min at 95°C, and a subsequent
40 cycles of amplification(95°C for 15 s and 58°C for 45 s).
Fluorescence was recorded during the 58°C phase.

Role of the funding source

The funder of the study had no role in data collection,
data analysis, data interpretation, or writing of report.
GFG and WS had access to all the data in the study, and
GFG, WS, WT, WC, and GW were responsible for the
decision to submit for publication.

Results

From the nine patients’ samples analysed, eight complete
and two partial genome sequences of 2019-nCoV were
obtained. These data have been deposited in the China
National Microbiological Data Center (accession num-
ber NMDC10013002 and genome accession numbers
NMDC60013002-01 to NMDC60013002-10) and the data
from BGI have been deposited in the China National
GeneBank (accession numbers CNA0007332-35).

Based on these genomes, we developed a real-time
PCR assay and tested the original clinical samples from
the BGI (WHO01, WHO02, WHO03, and WHO04) again to
determine their threshold cycle (Ct) values (table). The
remaining samples were tested by a differentreal-time
PCR assay developed by the Chinese CDC, with Ct values
ranging from 22-85 to 32-41 (table). These results
confirmed the presence of 2019-nCoV in the patients.

Bronchoalveolar lavage fluid samples or cultured
viruses of nine patients were used for next-generation
sequencing. After removing host (human) reads, de novo
assembly was done and the contigs obtained used as
queries to search the non-redundant protein database.
Some contigs identified in all the samples were
closely related to the bat SARS-like betacoronavirus
bat-SL-CoVZC45  betacoronavirus.” Bat-SL-CoVZC45
was then used as the reference genome and reads from
each pool were mapped to it, generating consensus
sequences corresponding to all the pools. These
consensus sequences were then used as new reference
genomes. Eight complete genomes and two partial
genomes (from samples WH19002 and WHO2; table)
were obtained. The de novo assembly of the clean reads
from all the pools did not identify any other long contigs
that corresponded to other viruses at high abundance.

The eight complete genomes were nearly identical
across the whole genome, with sequence identity above
99-98%, indicative of a very recent emergence into the
human population {figure 1A). The largest nucleotide
difference was four mutations. Notably, the sequence
identity between the two virus genomes from the same
patient (WH19001, from bronchoalveolar lavage fluid,
and WH19005, from cell culture) was more than 99-99%,
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Figure 1: Sequence comparison and genomic organisation of 2019-nCoV
(A) Sequence alignment of eight full-length genomes of 2019-nCoV, 29829 base pairs in length, with a few nucleotides truncated at both ends of the genome.

(B) Coding regions of 2019-nCoV, bat-SL-CoVZ(45, bat-SL-CoVZXC21, SARS-CoV, and MERS-CoV. Only open reading frames of more than 100 nucleotides are
shown. 2019-nCoV=2019 novel coronavirus. SARS-CoV=severe acute respiratory syndrome coronavirus. MERS-CoV=Middle East respiratory syndrome coronavirus.
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Figure 2: Sequence identity between the consensus of 2019-nCoV and representative betacoronavirus genomes
(A) Sequence identities for 2019-nCoV compared with SARS-CoV GZ02 (accession number AY390556) and the bat SARS-like coronaviruses bat-SL-CoVZC45
(MG772933) and bat-SL-CoVZXC21 (MG772934). (B) Similarity between 2019-nCoV and related viruses. 2019-nCoV=2019 novel coronavirus. SARS-CoV=severe

acute respiratory syndrome coronavirus.

with 100% identity at the amino acid level. In addition,
the partial genomes from samples WH02 and WH19002
also had nearly 100% identity to the complete genomes
across the aligned gene regions.

A Blastn search of the complete genomes of 2019-nCoV
revealed that the most closely related viruses available
on GenBank were bat-SL-CoVZC45 ({sequence identity
87-99%; query coverage 99%) and another SARS-like
betacoronavirus of bat origin, bat-SL-CoVZXC21 (acces-
sion number MG772934;” 87-23%; query coverage 98%).
In fivege ne regions (E, M, 7, N, and 14), the sequence
identities were greater than 90%, with the highest
being 98-7% in the E gene (figure 2A). The S gene of
2019-nCoV exhibited the lowest sequence identity with
bat-SL-CoVZC45 and bat-SL-CoVZXC21, at only around
75%. In addition, the sequence identity in 1b {about 86%)
was lower than that in 1a {about 90%,; figure 2A). Most of
the encoded proteins exhibited high sequence identity
between 2019-nCoV and the related bat-derived corona-
viruses (figure 2a). The notable exception was the spike
protein, with only around 80% sequence identity, and

protein 13, with 73-2% sequence identity. Notably, the
2019-nCoV strains were less genetically similar to
SARS-CoV (about 79%) and MERS-CoV {about 50%). The
similarity between 2019-nCoV and related viruses was
visualised using SimPlot software, with the 2019-nCoV
consensus sequence employed as the query (figure 2B).
Comparison of the predicted coding regions of
2019-nCoV showed that they possessed a similar genomic
organisation to bat-SL-CoVZC45, bat-SL-CoVZXC21, and
SARS-CoV (figure 1B). At least 12 coding regions were
predicted, including 1ab, S, 3, E, M, 7, 8,9, 10b, N, 13, and
14 (figure 1B). The lengths of most of the proteins encoded
by 2019-nCoV, bat-SL-CoVZC45, and bat-SL-CoVZXC21
were similar, with only a few minor insertions or dele-
tions. A notable differencewas a longer spike protein
encoded by 2019-nCoV compared with the bat SARS-like
coronaviruses, SARS-CoV, and MERS-CoV (figure 1B).
Phylogenetic analysis of 2019-nCoV and its closely
related reference genomes, as well as representative beta-
coronaviruses, revealed that the five subg enera formed
fivew ell supported branches (figure 3). The subgenus
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Figure 3: Phylogenetic analysis of full-length genomes of 2019-nCoV and representative viruses of the genusBetacoronavirus
2019-nCoV=2019 novel coronavirus. MERS-CoV=Middle East respiratory syndrome coronavirus. SARS-CoV=severe acute respiratory syndrome coronavirus.

Sarbecovirus could be classifiedinto three well supported
clades: two SARS-CoV-related strains from Rhinolophus sp
from Bulgaria (accession number GU190215) and Kenya
(KY352407) formed clade 1; the ten 2019-nCoV from
Wuhan and the two bat-derived SARS-like strains from
Zhoushan in eastern China (bat-SL-CoVZC45 and
bat-SL-CoVZXC21) formed clade 2, which was notable for
the long branch separating the human and bat viruses;
and SARS-CoV strains from humans and many genetically
similar SARS-like coronaviruses from bats collected
from southwestern China formed clade 3, with bat-derived
coronaviruses also falling in the basal positions (figure 3).
In addition, 2019-nCoV was distinct from SARS-CoV
in a phylogeny of the complete RNA-dependent RNA
polymerase (RdRp) gene {appendix p 2). This evidence
indicates that 2019-nCoV is a novel betacoronavirus
from the subgenus Sarbecovirus.

As the sequence similarity plot revealed changes in
genetic distances among viruses across the 2019-nCoV
genome, we did additional phylogenetic analyses of

the major encoding regions of representative members
of the subgenus Sarbecovirus. Consistent with the
genome phylogeny, 2019-nCoV, bat-SL-CoVZC45, and
bat-SL-CoVZXC21 clustered together in trees of
the la and spike genes (appendix p 3). By contrast,
2019-nCoV did not cluster with bat-SL-CoVZC45 and
bat-SL-CoVZXC21 in the 1b tree, but instead formed a
distinct clade with SARS-CoV, bat-SL-CoVZC45, and
bat-SL-CoVZXC21 (appendix p 3), indicative of potential
recombination events in 1b, although these probably
occurred in the bat coronaviruses rather than 2019-nCoV.
Phylogenetic analysis of the 2019-nCoV genome ex-
cluding 1b revealed similar evolutionary relationships as
the full-length viral genome (appendix p 3).

The envelope spike (S) protein mediates receptor
binding and membrane fusion” and is crucial for
determining host tropism and transmission capacity.®?*
Generally, the spike protein of coronaviruses is func-
tionally divided into the S1 domain {especially positions
318-510 of SARS-CoV), responsible for receptor binding,
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and the S2 domain, responsible for cell membrane
fusion.” The 2019-nCoV S2 protein showed around
93% sequence identity with bat-SL-CoVZC45 and
bat-SL-CoVZXC2l—much higher than that of the
S1 domain, which had only around 68% identity with
these bat-derived viruses. Both the N-terminal domain
and the C-terminal domain of the S1 domain can bind to
host receptors.” We inspected amino acid variation in the
spike protein among the Sarbecovirus coronaviruses
(figure 4). Although 2019-nCoV and SARS-CoV fell
within different clades (figure 3), they still possessed
around 50 conserved amino acids in S1, whereas most
of the bat-derived viruses displayed mutational differences
(figure 4). Most of these positions in the C-terminal
domain (figure 4). In addition, a number of deletion
events, including positions 455-457, 463-464, and 485497,
were found in the bat-derived strains (figure 4).

The receptor-binding domain of betacoronaviruses,
which directly engages the receptor, is commonly
located in the C-terminal domain of S1, as in SARS-CoV?®
for lineage B, and MERS-CoV**” and BatCoV HKU4,”
for lineage C (figure 5). Through phylogenetic analysis
of the receptor-binding domain of four differenfineages
of betacoronaviruses (appendix p 4), we found that,
although 2019-nCoV was closer to bat-SL-CoVZC45
and bat-SL-CoVZXC21 at the whole-genome level, the
receptor-binding domain of 2019-nCoV fell within
lineage B and was closer to that of SARS-CoV (figure 5A).
The three-dimensional structure of 2019-nCoV receptor-
binding domain was modelled using the Swiss-Model
program® with the SARS-CoV receptor-binding domain
structure (Protein Data Bank ID 2DD8)* as a template.
This analysis suggested that, like other betacoro-
naviruses, the receptor-binding domain was composed
of a core and an external subdomain (figure 5B-D).

Notably, the external subdomain of the 2019-nCoV
receptor-binding domain was more similar to that of
SARS-CoV. This result suggests that 2019-nCoV might
also use angiotensin-converting enzyme 2 (ACE2) as a
cell receptor. However, we also observed that several key
residues responsible for the binding of the SARS-CoV
receptor-binding domain to the ACE2 receptor were
variable in the 2019-nCoV receptor-binding domain
(including Asn439, Asn501, GIn493, Gly485 and Phe486;
2019-nCoV numbering).

Discussion

From genomic surveillance of clinical samples from
patients with viral pneumonia in Wuhan, China, a novel
coronavirus {termed 2019-nCoV) has been identified."
Our phylogenetic analysis of 2019-nCoV, sequenced from
nine patients’ samples, showed that the virus belongs to
the subgenus Sarbecovirus. 2019-nCoV was more similar
to two bat-derived coronavirus strains, bat-SL-CoVZC45
and bat-SL-CoVZXC21, than to known human-infecting
coronaviruses, including the virus that caused the SARS
outbreak of 2003.

Epidemiologically, eight of the nine patients in our study
had a history of exposure to the Huanan seafood market
in Wuhan, suggesting that they might have been in close
contact with the infection source at the market. However,
one patient had never visited the market, although he
had stayed in a hotel near the market before the onset of
their illness. This findingsuggests either possible droplet
transmission or that the patient was infected by a currently
unknown source. Evidence of clusters of infected family
members and medical workers has now confirmed the
presence of human-to-human transmission.” Clearly,
this infection is a major public health concern, particularly
as this outbreak coincides with the peak of the Chinese
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Spring Festival travel rush, during which hundreds of
millions of people will travel through China.

As a typical RNA virus, the average evolutionary rate
for coronaviruses is roughly 104 nucleotide substitutions
per site per year,! with mutations arising during
every replication cycle. It is, therefore, striking that
the sequences of 2019-nCoV from different patients
described here were almost identical, with greater than
99-9% sequence identity. This finding suggests that
2019-nCoV originated from one source within a very
short period and was detected relatively rapidly.
However, as the virus transmits to more individuals,
constant surveillance of mutations arising is needed.

Phylogenetic analysis showed that bat-derived corona-
viruses fell within all five subgenera of the genus
Betacoronavirus. Moreover, bat-derived coronaviruses fell
in basal positions in the subgenus Sarbecovirus, with
2019-nCoV most closely related to bat-SL-CoVZC45
and bat-SL-CoVZXC21, which were also sampled from
bats.” These data are consistent with a bat reservoir for
coronaviruses in general and for 2019-nCoV in particular.
However, despite the importance of bats, several facts
suggest that another animal is acting as an intermediate
host between bats and humans. First, the outbreak was
firstreported in late Dece mber, 2019, when most bat
species in Wuhan are hibernating. Second, no bats were
sold or found at the Huanan seafood market, whereas
various non-aquatic animals (including mammals) were
available for purchase. Third, the sequence identity
between 2019-nCoVandits closerelatives bat-SL-CoVZC45
and bat-SL-CoVZXC21 was less than 90%, which is
reflectedin the relatively long branch between them.
Hence, bat-SL-CoVZC45 and bat-SL-CoVZXC21 are not
direct ancestors of 2019-nCoV. Fourth, in both SARS-CoV
and MERS-CoV, bats acted as the natural reservoir,
with another animal (masked palm civet for SARS-CoV*
and dromedary camels for MERS-CoV)* acting as an
intermediate host, with humans as terminal hosts.
Therefore, on the basis of current data, it seems likely
that the 2019-nCoV causing the Wuhan outbreak might
also be initially hosted by bats, and might have been
transmitted to humans via currently unknown wild
animal(s) sold at the Huanan seafood market.

Previous studies have uncovered several receptors
that different coronaviruses bind to, such as ACE2 for
SARS-CoV” and CD26 for MERS-CoV.” Our molecular
modelling showed structural similarity between the
receptor-binding domains of SARS-CoV and 2019-nCoV.
Therefore, we suggest that 2019-nCoV might use ACE2 as
the receptor, despite the presence of amino acid mutations
in the 2019-nCoV receptor-binding domain. Although a
previous study using Hela cells expressing ACE2
proteins showed that 2019-nCoV could employ the ACE2
receptor,” whether these mutations affectACE2 binding
or change receptor tropism requires further study.

Recombination has been seen frequently in coro-
naviruses.! As expected, we detected recombination in

www.thelancet.com Published online January 29, 2020 https://doi.org/10.1016/50140-6736(20)30251-8

A
0.05 Lineage A
- Unknown receptor
S
£
? Receptor CD26
Lineage B
Receptor ACE2 t
0,
D) % &
R * e
Co‘,
Bat-Co
o v HKuq Lineage C
C
—SL'CO\’Z N &9(
-\-O : )
& “
2 8 %,
S ()
Q;’?
Unknown receptor
o
F
e
)
<
=
<
)
Lineage D Unknown receptor
B SARs-Cov C 2019-nCoV D MERS-Cov
o ACE2
o D26
'A Phe486
A 1
B G oy
o ) oo 1
U o § W
Asn439 f
. R External W External . b Exltyilmal i
subdomain subdomain i subdomain
Core subdomain Core subdomain “/% . v\ Core subdomain

Figure 5: Phylogenetic analysis and homology modelling of the receptor-binding domain of the 2019-nCoV,
SARS-CoV, and MERS-CoV

(A) Phylogenetic analysis of the receptor-binding domain from various betacoronaviruses. The star highlights
2019-nCoV and the question marks means that the receptor used by the viruses remains unknown. Structural
comparison of the receptor-binding domain of SARS-CoV (B), 2019-nCoV (C), and MERS-CoV (D) binding to
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and MERS CoV are orange, dark blue, and green, respectively. Variable residues between SARS-CoV and 2019-nCoV
in the receptor-binding site are highlighted as sticks. CoV=coronavirus. 2019-nCoV=2019 novel coronavirus.
SARS-CoV=severe acute respiratory syndrome coronavirus. MERS=Middle East respiratory syndrome coronavirus.

the Sarbecoviruses analysed here. Our results suggest
that recombination events are complex and are more
likely occurring in bat coronaviruses than in 2019-nCoV.
Hence, despite its occurrence, recombination is probably
not the reason for emergence of this virus, although this
inference might change if more closely related animal
viruses are identified.

In conclusion, we have described the genomic structure
of a seventh human coronavirus that can cause severe
pneumonia and have shed light on its origin and
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receptor-binding properties. More generally, the disease
outbreak linked to 2019-nCoV again highlights the hid-
den virus reservoir in wild animals and their potential to
occasionally spill over into human populations.
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To: Shore, Carolyn[CShore@nas.edu]; Peter Daszak[daszak@ecohealthalliance.org]; 'Chakravarti,
Aravinda'[Aravinda.Chakravarti@nyulangone.org]; Kristian Andersen ; Trevor Bedford
(trevor@bedford.io)[trevor@bedford.io]; Gigi Gronvall[ggronvall@jhu.edu]; Tom Inglesby (tinglesby@jhu.edu)[tinglesby@jhu.edul];
Stanley Perlman (stanley-periman@uiowa.edu)[stanley-periman@uiowa.edu]

Cc: Chao, Samantha[SChao@nas.edu]; Pope, Andrew[APope@nas.edu]

From: Baric, Ralph S[/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=BB0D9CC80C184735A4E862C3BDD8A15D-RALPH S BAR]

Sent: Tue 2/4/2020 12:51:50 PM (UTC-05:00)

Subject: RE: URGENT: Please review by NOON if at all possible...

541586-020-2012-7 reference.pdf

This is the right paper. Ralph

From: Shore, Carolyn <CShore@nas.edu>

Sent: Tuesday, February 4, 2020 12:43 PM

To: Peter Daszak <daszak@ecohealthalliance.org>; 'Chakravarti, Aravinda' <Aravinda.Chakravarti@nyulangone.org>; Kristian
Andersen (KGA1978@gmail.com) <KGA1978@gmail.com>; Baric, Ralph S <rbaric@email.unc.edu>; Trevor Bedford
(trevor@bedford.io) <trevor@bedford.io>; Gigi Gronvall <ggronvall@jhu.edu>; Tom Inglesby (tinglesby@jhu.edu)
<tinglesby@jhu.edu>; Stanley Perlman (stanley-periman@uiowa.edu) <stanley-perlman@uiowa.edu>

Cc: Chao, Samantha <SChao@nas.edu>; Pope, Andrew <APope@nas.edu>

Subject: RE: URGENT: Please review by NOON if at all possible...

Thank you, all, for your input on the draft letter. A couple of clarifying questions regarding citations:

s  Ralph —is the attached article the appropriate citation for your comment regarding the closest relative of 2019-nCoV or is
there another citation we should reference?
s Are there any other articles that we should cite that examine the origin of 2019-nCoV specifically?

Best,
Carolyn

From: Peter Daszak <daszak@ecohealthalliance.org>
Sent: Tuesday, February 4, 2020 12:01 PM
To: Pope, Andrew <APope@nas.edu>; 'Chakravarti, Aravinda' <Aravinda.Chakravarti@nvyulangone.org>; Kristian Andersen
; Ralph Baric (rbharic@email.unc.edu) <rbaric@email.unc.edu>; Trevor Bedford
(trevor@bedford.io) <trevor@bedford.io>; Gigi Gronvall <ggronvall@ihu.edu>; Tom Inglesby (tinglesby@jhu.edu)
<tinglesby@ijhu.edu>; Stanley Perlman (stanley-perlman@uiowa.edu) <stanley-periman@uiowa.edu>
Cc: Shore, Carolyn <CShore @nas.edu>; Chao, Samantha <5Chao@nas.edu>
Subject: RE: URGENT: Please review by NOON if at all possible...
Importance: High

| agree with all of the other comments so far sent in, and want to add the following:

1) Inthe 3™ paragraph, it’s important to add “including further samples from wildlife”, and perhaps the rationale for this “to
identify other viruses closely related to nCoV”

2) Re. references for #3 that there are current and planned studies underway on the bat origins of CoVs. Here are some
references to pick from if they make sense:

e Latinne A, Hu B, Olival KJ, et al.; Origin and cross-species transmission of bat coronaviruses in China. Nature
Communications 2020;In review.

e WangN, Li S-Y, Yang X-L, et al.; Serological Evidence of Bat SARS-Related Coronavirus Infection in Humans, China.
Virologica Sinica 2018. doi: 10.1007/s12250-018-0012-7.

e Hu B, Zeng L-P, Yang X-L, et al.; Discovery of a rich gene pool of bat SARS-related coronaviruses provides new
insights into the origin of SARS coronavirus. PLOS Pathogens 2017;13(11):e1006698. doi:
10.1371/journal.ppat.1006698.

e ZhouP,FanH, LanT, et al.; Fatal Swine Acute Diarrhea Syndrome caused by an HKU2-related Coronavirus of Bat
Origin. Nature 2018



Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and delicate
ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Pope, Andrew [mailto:APope@nas.edu]

Sent: Tuesday, February 4, 2020 9:11 AM

To: 'Chakravarti, Aravinda'; Kristian Andersen ; Ralph Baric (rbaric@email.unc.eduy); Trevor Bedford
(trevor@bedford.io); Peter Daszak; Gigi Gronvall; Tom Inglesby (tinglesby@ihu.edu); Stanley Perlman (stanley-
periman@uiowa.edu)

Cc: Shore, Carolyn; Chao, Samantha

Subject: URGENT: Please review by NOON if at all possible...

Importance: High

Many thanks again for your thoughtful participation yesterday. The plans have changed in terms of our product. Instead
of a “Based on Science” web posting, we are now developing a letter that will be signed by the 3 Presidents of our 3
Academies (NAS, Marcia McNutt; NAM, Victor Dzau; NAE, John Anderson), in response to a letter from OSTP. We think
this will be more appropriate and expeditious.

Thus, given the urgency of the request from OSTP and HHS we ask that you please review the attached DRAFT
CONFIDENTIAL letter, and let us know if you have any concerns or suggested edits. In particular, we would like to ask if
there might be some additional detail added to the data needs that are identified. We think it would be helpful to be a
bit more specific, but don’t want to go into too much detail either. Your help there would be most helpful.

Many sincere thanks again for your continued engagement on this important activity!
Andy

Andrew M. Pope, Ph.D.
Director
Board on Health Sciences Policy
Health and Medicine Division
The National Academies of Sciences,
Engineering, and Medicine
apope®@nas.edu
direct
office
Find us at nationalacademies.org/HMD
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esatthebeginningofthe outbreak,weresenttoWlVlaboratoryfor
athogendiagnosis(Extended DataTable1).AsaCoVlab, wefirstused

pan-CoVPCRprimersto testthese samples”, consideringthe outbreak
happened in winter and in a market, same environment as SARS. We
foundfive PCRpositive. Asample (WIV04)collected frombronchoal-
veolarlavagefluid (BALF) was analysedby metagenomicsanalysisusing
next-generation sequencing (NGS) to identify potential etiological
agents.Ofthe10,038,758totalreads, or 1582 totalreadsobtainedafter
humangenomefiltering, 1378 (87.1%) matchedsequences of SARSr-CoV
(Fig.1a). By denovo assemblyand targeted PCR, we obtained a29,891-
bp CoVgenomethatshared79.5% sequenceidentityto SARS-CoVBJ01
(GenBankaccessionnumberAY278488.2).Highgenomecoveragewas
obtained by remappingthe totalreadsto thisgenome (Extended Data
Figure1). Thissequencehasbeen submitted to GISAID (accessionno.
EPL_ISL_402124). Following the name by WHO, we tentatively call it
novel coronavirus 2019 (2019-nCoV). Four more full-length genome
sequences of 2019-nCoV (WIV02, WIV0S5, WIV06, and WIV07) (GISAID
accessionnos.EPI ISL 402127-402130)thatwereabove 99.9%identical
to each other were subsequently obtained from other four patients
using NGS and PCR (Extended Data Table 2).

The virus genome consists of six major openreading frames (ORFs)
common to coronaviruses and a number of other accessory genes
(Fig.1b). Furtheranalysisindicatesthatsome of the 2019-nCoVgenes
shared less than 80% nt sequence identity to SARS-CoV. However,
the seven conserved replicase domains in ORFlab that were used for

'CAS Key Laboratory of Special Pathogens, Wuhan Institute of Virology, Center for Biosafety Mega-Science, Chinese Academy of Sciences, Wuhan, People's Republic of China. *Wuhan Jinyintan
Hospital, Wuhan, China. *University of Chinese Academy of Sciences, Beijing, People’s Republic of China. *Hubei Provincial Center for Disease Control and Prevention, Wuhan, People's
Republic of China. *These authors contributed equally: Peng Zhou, Xing-Lou Yang, Xian-Guang Wang. *e-mail: zlshi@wh.iov.cn
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CoV species classification, are 94.6% aa sequence identical between
2019-nCoV and SARS-CoV, implying the two belong to same species
(ExtendedData Table 3).

We then found a short RdRp region from a bat coronavirus termed
BatCoV RaTG13 which we previously detected in Rhinolophus affinis
from Yunnan Province showed high sequenceidentity to 2019-nCoV.
We did full-length sequencing to this RNA sample (GISAID acces-
sion no.EPI_ISL_402131). Simplot analysis showed that 2019-nCoV
was highly similar throughout the genome to RaTG13 (Fig. 1c ), with
96.2% overall genome sequence identity. Using the aligned genome
sequencesof2019-nCoV,RaTG13,SARS-CoVand previouslyreported
bat SARSr-CoVs, no evidence for recombination events was detected
in the genome 0f2019-nCoV. The phylogenetic analysisof full-length
genome, RNA-dependent RNA polymerase (RdRp) gene and S gene
sequences all showed that RaTG13 is the closest relative of the 2019-
nCoV and form a distinct lineage from other SARSr-CoVs (Fig.1d and
Extended DataFigure 2). Thereceptor binding protein spike (S) gene
was highly divergent to other CoVs (Extended Data Figure 2), withless
than 75% nt sequenceidentity to all previously described SARSr-CoVs
except a 93.1% ntidentity to RaTG13 (Extended Data Table 3). The S
genes of 2019-nCoV and RaTG13 S gene are longer than other SARSr-
CoVs.Themajor differencesin 2019-nCoVare the threeshort insertions
in the N-terminaldomain, andfour out of five keyresidueschangesin
thereceptor-bindingmotif, in comparisonwith SARS-CoV (Extended
Data Figure 3). Whether the insertions in N-terminal domain of 2019-
nCoV confers asialicacid binding activity like MERS-CoV needs to be
furtherstudied. TheclosephylogeneticrelationshiptoRaTG13 provides
evidence fora bat originof2019-nCoV.

Werapidly developeda gPCRdetectionbasedonthereceptor-bind-
ing domain of spike gene, the most variable region among genome
(Fig.1c).Ourdatashowthe primerscoulddifferentiate2019-nCoVwith
all other human coronavirusesincludingbat SARSr-CoVWIV1, whichis
95%identityto SARS-CoV (ExtendedDataFigure4aand4b).From
seven patients, we found 2019-nCoVpositive in six BALF and five
swabsamplesduringthefirstsamplingby qPCRand conventiggalPC
However,we cannolonger find viralpositiveinoralswabs,an
and blood from these patients during the second samplmg ( a).
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presume that the disease should be transmitt rway, yet
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RSr-CoV’. Asaresearchlab, we

s obser¥ed (Fig.2b). For a second investigation, we
1 five of the sevenviral positive patients around
easeonset (ExtendedDataTableland2). All patient
samples from healthy people, showed strong viral
ig. 2b). We also found three IgM positive, indicating

thensuccessfullyisolated the virus (named 2019-nCoVBetaCoV/
an/W1IV04/2019),inboth Vero and Huh7 cells using BALF sample
om ICU-06 patient. Clear cytopathogenic effects were observed in

cells after three days incubation (Extended Data Figure 6a and 6b).
Theidentity of the strain WIV0O4 was verified in VeroE6 cells by immu-
nofluorescence microscopy using cross-reactive viral NP antibody

(Extended Data Figure 6c and 6d), and by metagenomic sequencing,
fromwhichmostofthe reads mappedto2019-nCoVand qPCRshowing

2 | Nature | www.nature.com

viralloadincreasefromday1today 3 (Extended DataFigure 6eand 6f).
Viral particles in ultrathin sections of infected cells displayed typical
coronavirusmorphology underelectron microscopy (Extended Data
Figure 6g).To furtherconfirmtheneutralizationactivity of the virallgG
positive samples, we conducted serum-neutralizationassaysin Vero
E6 cells using the five IgG positive patient sera. We demonstrate that
all sampleswereable to neutralize120 TCID502019-nCoVatadilution
0f 1:40-1:80. We also show that this virus could be cross-neutralized by
horse anti-SARS-CoV serum (offered by L-F Wang) at dilutions 1:8
butthe potentialfor crossreactivity with SARS-CoVantibodie

ns, Chinese
-nCoVisable

it 2019-nCoV does not
Woeptidase N and dipeptidyl

observed in all patients tested provides
etweenthediseaseandthe presenceofthis
re stillmany urgentquestions to be answered.
eenthe2019-nCoVand the diseasehas notbeen
experiments to full the Koch postulates. We don’t

Id closely monitor if the virus continue evolving to become
virulent. Owingto shortage of specific treatmentand considering
the relatedness between SARS-CoV and 2019-nCoV, some drugs and

pre-clinicalvaccine against SARS-CoVprobably can be applied to this
virus.Finally,consideringthewide spreadof SARSr-CoVintheir natural
reservoirs, futureresearchshould befocusedon activesurveillance of
thesevirusesthroughabroadergeographicregions.Inthelong-term,
broad-spectrum antiviral drugs and vaccine should be prepared for
thefutureemerginginfectiousdiseasescausedbythis clusterofvirus.
Mostimportantly, strict regulationsagainst the wildlifedomestication
and consumingshould be implemented.
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2019-nCoV antibodies in one patient who showed sign of disease on 2019.12.23
(ICU-06).c, serological test of 2019-nCoV antibodies in five patients (more
information canbe found in Extended Data Table 2). Star indicates data
collected from patient ICU-06 on 2020.01.10. For band ¢, cut-off was setup as
0.2 for IgM test and 0.3 for IgG test, according to healthy controls.
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DAPI ACE2-FITC NP-Cy3 Merge

Hela-hACE2

Hela-bACE2

Hela-sACE2

Hela-cACE2

Hela-mACE2

Hela

. - e e

Fig.3 | Analysis of 2019-nCoV receptor usage. Determination of virus infectivity in HeLa celis with or without the expression of ACE2. h, human; b, Rhinolophus
sinicusbat; ¢, civet; s, swine (pig); m, mouse. ACE2 protein (green), viral protein (red) and nuclei (blue) was shown. Scale bar=10 um.
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Methods

Sample collection

Human samples, including oral swabs, anal swabs, blood, and BALF
samples werecollected by Jinyintan hospital (Wuhan) with the consent
fromall patients and approved by the ethics commission of the desig-
nated hospitalforemerginginfectiousdiseases. Patientsweresampled
without gender or age preference unless whereindicated. For swabs,
1.5 mI DMEM+2%FBS mediumwas added each tube. Supernatantwas
collected after 2500 rpm, 60 s vortex and 15-30 min standing. Super-
natantfromswabsorBALF (no pretreatment)wasaddedtoeitherlysis
buffer for RNA extractionortoviraltransport medium (VTM) forvirus
isolation. VTM composed of Hank's balanced salt solution at pH7.4
containing BSA (1%), amphotericin (15 pg/ml), penicillin G (100 units/
ml), and streptomycin(50 pg/ml). Serum was separatedby centrifuga-
tion at 3,000 g for 15 min within 24 h of collection, followed by 56 °C
30 mininactivation,and thenstoredat4 °C untiluse.

Virus isolation, cell infection, electron microscope and
neutralization assay

The following cells were used for virus isolation in this study: Vero,
VeroE6, and Huh7 that werecultured in DMEM +10% FBS. A list of cells
were used for susceptibility test (Extended Data Fig. 6). All cell lines
were tested free of mycoplasma contamination, applied to species
identification and authenticated by microscopicmorphologicevalu-
ation. None of cell lineswas onthe listof commonly misidentified cell
lines (by ICLAC).

Cultured cell monolayers were maintained in their respective
medium. PCR-positive BALF sample from ICU-06 patient was spin at
8,000 g for 15 min, filtered and diluted 1:2 with DMEM supplied with
16 pg/mltrypsinbefore adding to cells. Afterincubationat 37 °C for 1
h, theinoculumwasremovedand replaced with fresh culture medium
containing antibiotics (below) and 16 pg/ml trypsin. The cells wer,
incubatedat 37 °C and observed daily for cytopathiceffect (CPE).
culture supernatant was examined for presence of virusby q

culture media.

The VeroEé cellswere infected with new viru
3 yde and
ded seriesof

cells were prepared,
depositedontoFormvar-coatedco Omesh), stained with

uranylacetateandlead citrate

ried out in a 48-well plate. The
patientserumsampl sinactivatedbyincubationat56°Cfor

30 minbeforeuse.

E6
cat@After

movingthe supernatant,the platewas washedtwicewith

um. Cellswereincubatedwith DMEM supplementedwith

for 24 hours. Then the cells were fixed with 4% formaldehyde.

evirus were detected using SL-CoV Rp3 NP antibody followed
y3-conjugated mouse anti-rabbit IgG. Nuclei were stained with
APL Infected celinumberwas countedby high-contentcytometers.

RNA extractionand PCR
Whenever commercial kits were used, manufacturer’s instructions
were followed without modification. RNA was extracted from 200 pl

ofsampleswith the High Pure ViralRNAKit (Roche).RNAwaselutedin
50 plofelutionbuffer and used as the template for RT-PCR.

For qPCR analysis, primers based on 2019-nCoV S gene was
designed: RBD-qF1: 5-CAATGGTTTAACAGGCACAGG-3'; RBD-qRI:
5-CTCAAGTGTCTGTGGATCACG-3"RNA extracted from above used
in qPCR by HiScript” 11 One Step qRT-PCR SYBR" Green Kit (Vazyme
Biotech Co.,Ltd). Conventional PCR test was also performed using
thefollowing primer pairs:ND-CoVs-951F TGTKAGRTTYCCTAAYAT:
TAC; ND-CoVs-1805RACATCYTGATANARAACAGC®. The 20 pl qPC
reaction mix contained 10 pl 2x One Step SYBR Green Mix, 1
Step SYBR Green Enzyme Mix, 0.4 pl 50 x ROX Reference Dy,
of each primer (10 uM) and 2 pl template RNA. Amplifigki
performed as follows: 50 °C for 3 min, 95°C for 30 s fo
40 cycles consisting 0of 95 °Cfor10s, 60 °C for 30 Qgnd a
melting curve stepin an ABI 7700 machine.

Serological test
In-house anti-SARSr-CoVigGandigME
SARSr-CoV Rp3 NP as antigen, whicj

erghlevelopedusing
e 90% amino acid
2worp Nunc-immuno 96
ell) overnight withrecom -

wellELISAplateswereco 00ng/well) overnight withanti-human
IgM (i chain an serawere used at 1:100 dilution for 40 min at
379C, follgffed b p3 NP-HRP conjugated (Kyab Biotech Co.,
Ltd, Wuhalg Chindj at a dilution 0f1:4000. The OD value (450-630)
was galcula

Wwn of ACE2 receptor for 2019-nCoV infection

Is transiently expressing ACE2 were prepared by a lipo-
ine 3000 system (Thermo Fisher Scientific) in 96-well plate,
with mock-transfected cells as controls. 2019-nCoV grown from Vero
6 cells was used for infection at multiplicity of infection 0.05. Same for
testingof APN and DPP4. The inoculum was removed after 1 h absorp-
tion and washed twice with PBS and supplemented with medium. At
24 hpi, cells were washed with PBS and fixed with 4% formaldehyde
in PBS (pH 7.4) for 20 min at room temperature. ACE2 expression
was detected using mouse anti-S tag monoclonal antibody followed
by FITC-labelled goat anti-mouse IgG H&L (Abcam, ab96879). Viral
replication was detected using rabbit antibody against the Rp3 NP
protein (made inhouse, 1:100) followed by cyanin 3-conjugated goat
anti-rabbit IgG (1:50, Abcam, ab6939). Nucleus was stained with DAPI
(Beyotime).Staining patterns wereexamined using the FV1200 confo-
cal microscopy (Olympus).

High throughputsequencing, pathogen screening and genome
assembly

Samples from patient BALF or from virus culture supernatant were
used for RNA extraction and next-generation sequencing using BGI
MGISEQ2000 and lllumina MiSeq 3000 sequencers. Metagenomic
analysis was carried out mainly base on the bioinformatics platform
MGmapper (PE_2.24and SE_2.24). The raw NGS reads werefirstly pro-
cessed by Cutadapt (v1.18) with minimum read length of 30bp. BWA
(v0.7.12-r1039) was utilized to align reads to local database with a fif-
ter hits parameter at 0.8 FMM value and minimum alignment score
at 30. Parameters for post-processing of assigned reads was set with
minimum size normalized abundance at 0.01, minimum read count
at 20 and other default parameters. A local nucleic acid database for
human and mammals was employed to filter reads of host genomes
before mapping reads to virus database. Theresults of metagenomic
analysis were displayed through pie charts using WPS Office 2010.
NGSreadswereassembledintogenomes using Geneious(v11.0.3) and
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MEGAHIT (v1.2.9). PCR and Sanger sequencing was performed to fill
gapsin the genome. 5-RACE was performed to determine the 5-end
of the genomes using SMARTer RACE 5'/3'Kit (Takara). Genomes were
annotated using CloneManager ProfessionalSuite 8 (Sci-Ed Software).

Phylogenetic analysis

Routine sequence management and analysis was carried out using
DNAStar. The sequence alignment of complete genome sequences
was performed by MAFFT (version 7.307) with default parameters.
The codon alignmentsoffull-length S and RdRp gene sequences were
converted fromthe corresponding proteinalignments by PAL2NAL
(version 14), respectively, of which the protein alignments werecre-
ated by Clustal Omega (version 1.2.4) under default parameters.
Maximum Likelihood phylogenetic trees were carried out using
RAXML (version 0.9.0) with GTR+G substitution model and 1000
bootstrap replicates.

Data availability

Sequence data that support the findings of this study have been
deposited in GISAID with the accession numbers EPL_ISL_402124,
EPLISL 402127-EPI_ISL_402130and EPI_ISL 402131.
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Extended DataFig.1|NGS raw reads from WIV04 patient mappjng to 20%-nCoV.
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showninbold and in red. The trees were constructed by the maximum
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Theshortinsertions in the N-terminal domain of the novel coronavirus are

455
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443
4471
446

BT
570
556
532
557
543
547

indicated by the blue boxes.Bat CoV RaTG13 was identified from R. affinisin

Yunnan Province. Bat CoV ZC45 was identified from R. sinicusin Zhejiang
Province.
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Extended DataFig.4 |Molecular detection meth
standard curve for qPCR primers. PCR product
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of qPCR primers. Nucleotide samples from the indicated pathogens were used.
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2019 CoV. Viro E6 cells are shown at 24 hours post infection with mock (a) or
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Extended Data Table 1| Patient information and their diagnosis history (some records are missing)

Patient No. Gender Age Date of Onset Date of Admission Symptoms When Admitted Current Status (2020.01.13) Diagnosis history
ICU-01* Male 62  2019.12.12 2019.12.27 fever recover, discharged negative
ICU-04 Male 32 2019.12.19 2019.12.29 fever, cough, dyspnea fever, intermittent cough negative
ICU-05 Male 40  2019.12.17 2019.12.27 fever (38 °C), expectoration, malaise, dyspnea  fever, malaise, intermittent cough AdV (IgM)
ICU-06 Female 49 2019.12.23 2019.12.27 fever (37.9 °C), palpitation fever, malaise, cough Coronavirus (nt)
ICU-08 Female 52  2019.1222 2019.12.29 fever (38.5 °C), expectoration, malaise, dyspnea recover, discharged Streptococcus pneumoniae (nt)
ICU-09 Male 40 2019.12.22 2019.12.28 fever (38.5 °C), expectoration fever (38.5 °C), malaise, expectoration, dizziness negative
ICU-10 Male 56  2019.12.20 2019.12.20 fever, dyspnea, chest tightness fever, malaise, cough, dyspnea negative

All patients are seafood market sellers or deliverymen except ICU-01, whose contact history is unclear. All patients were in intensive care unit {ICU) during the first investigation, and now in

stable condition. Blood igM tests have been performed for the following respiratory pathogens for all patients: legionella pneumophilia, mycoplasma pneumoniae, chlamydia pney
piratory syncytial virus, adenovirus, rickettsia, influenza A virus, influenza B virus, parainfluenza virus. *This patient reported fever on 2019.12.12, and then recovered without medi
He came back to hospital on 2019.12.27 due to fever. His wife was also sick and admitted to hospital. Both of them were recovered.
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Extended Data Table 2 | Laboratory detection results

First sampling-2019.12.30 Second sampling-2020.01.10
Patient No.  Test No. BALF Oral Swab Blood (Ab) Oral Swab  Anal Swab Blood (PCR) Blood (Ab)
ICU-01 WIVO01 - Ct=32.0 NA NA NA NA NA
ICU-04 WIV02" Ct=17.6 Ct=26.6 NA - - - +
1ICU-05 WIV03 Ct=27.0 Ct=31.9 NA - - - +
ICU-06 WIV04™ Ct=18.3  Ct=27.7 + - - - +
ICU-08 WIV05*  Ct=24.1 - NA NA NA NA NA
ICU-09 WIV06® Ct=21.6 Ct=29.4 NA - - -
ICU-10 WIV07" Ct=25.7 Ct=24.0 NA - - - +
Samples from two patients (ICU-01and ICU-08) were not available during the second investigation. They have been discharged from hospital. We did serial test for ICU-06 p! at the fol-
lowing date: 19.12.30, 19.12.31, 20.01.01 and 20.01.10, corresponding to seven, eight, nine and eighteen days upon disease onset (19.12.23). Table shows molecular i and IgG}

detection results for 2019-nCoV. *Full-length genome obtained. *Virus isolated.
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Extended Data Table 3 | Genomic comparison of 2019-nCoV WIV04 with SARS-CoVs and bat SARSr-CoVs

Sequence identities with SARS-CoVs & bat SARSr-CoVs (nt/aa %)

Full-length

genome ORFla ORFI1b S ORF3a E M ORF6 ORF7a ORF7b ORF8 N
SARS-CoV GZ02 79.6 76.0/80.9 86.2/95.7 73.4/77.0 75.6/73.4 94.7/96.0 85.4/90.5  76.3/68.9 82.8/86.0 84.8/81.4 52.0/31.6 87.7/91.2
SARS-CoV BJ01 79.6 76.0/80.8 86.2/95.7 73.4/76.9 75.3/72.6 94.7/96.0 85.6/90.5  758/672 82.8/86.0 84.8/81.4 St/ 88.8/91.2
SARS-CoV Tor2 79.6 76.0/80.9 86.2/95.8 73.4/76.7 75.4/72.6 94.7/96.0 85.6/90.5  76.3/68.9 82.8/86.0 84.8/81.4 St/ 88.8/91..
SARS-CoV SZ3 79.6 76.0/81.0 86.2/95.8 73.4/76.9 75.4/72.6 94.7/96.0 85.3/90.0  76.3/68.9 82.8/86.0 84.8/81.4 52.3/31.6
SARS-CoV PC4-227 79.5 76.0/80.8 86.1/95.6 73.4/76.7 75.5/72.6 94.7/96.0 85.1/90.0  75.8/68.9 82.8/86.0 84.8/81.4 52.3/-
Bat SARr-CoV RaTG13 96.2 96.0/98.0 97.3/99.3 93.1/97.7 96.3/97.8 99.6/100 95.5/99.6 98.4/100 95.6/97.5 99.2/97.7
Bat SARr-CoV WIV1 79.7 76.0/80.7 85.9/95.8 73.4/77.6 76.1/74.35 95.6/96.0 84.8/90.0  78.0/738 85.0/88.4 85.6/83.7
Bat SARSr-CoV WIV16 79.7 75.9/81.0 86.1/95.6 73.1/77.8 76.1/74.35 95.6/96.0 84.8/90.0  77.4/72.1 85.0/88.4 .6/90.9
Bat SARSy-CoV SHCO014 79.6 75.9/80.9 85.9/95.8 73.3/77.7 76.1/74.35 95.6/96.0 84.8/90.0  78.0/70.5 84.4/88.4 88.6/90.9
Bat SARSr-CoV Rs4231 79.7 76.0/81.0 86.2/95.8 72.9/71.5 75.8/74.1 94.3/94.7 84.4/90.0 76.9/672 85.0/88.4 88.8/91.4
Bat SARSr-CoV YNLF31C 79.0 75.7/80.6 85.8/95.7 71.4/75.5 75.0/71.2 94.3/96.0 84.7/80.6  76.9/70.5 88.3/90.5
Bat SARSs-CoV LYRall 79.6 75.8/80.6 85.7/95.6 73.9/77.3 77.2/76.3 94.7/94.7 85.1/90.0  78.5/70.5 66.7/57.9 89.0/91.6
Bat SARSr-CoV Z(C45 88.1 91.0/95.7 86.1/96.0 77.8/82.3 87.8/90.9 98.7/100 93.4/98.6  95.2/934 88.5/94.2 91.1/94.3
Bat SARSr-CoV ZXC21 88.0 90.9/95.7 86.2/95.8 77.1/81.7 88.9/92.0 98.7/100 93.4/98.6  95.2/934 95.5/93.0 88.5/94.2 91.2/94.3
Bat SARSr-CoV HuB2013 79.6 76.3/81.2 85.3/95.7 73.1/76.8 75.4/75.5 95.2/94.7 85.3/91.0 85.6/83.7 62.0/49.6 88.9/91.6
Bat SARSy-CoV GX2013 79.1 75.9/80.8 86.0/95.9 73.1/77.1 75.6/73.0 94.7/96.0 84.8/91.4 84.1/79.1 51.4/31.6 87.9/90.2
Bat SARS-CoV SX2013 78.9 76.2/80.6 85.1/95.5 71.2/75.3 74.7/71.2 94.3/93.3 83.0/89.6 85.6/83.7 49.7/30.4 86.9/90.2
Bat SARS-CoV SC2018 79.4 75.8/80.7 85.5/95.2 72.7/76.4 75.0/71.2 94.3/96.0 85.2/87.6 84.8/83.7 66.1/55.4 88.2/91.2
Bat SARSr-CoV Rs672 79.6 76.0/80.9 85.9/95.8 72.8/76.2 75.2/71.9 95.2/96.0 84.7/88.4 85.6/83.7 65.8/58.7 87.9/91.2
Bat SARS-CoV Rp3 79.5 75.9/80.5 86.0/95.7 73.1/77.2 74.9/74.8 95.2/96.0 76.9/68.9 83.9/89.3 84.8/83.7 66.4/56.2 88.4/90.7
Bat SARSr-CoV Rfl 78.8 76.2/80.6 84.8/95.3 71.1/75.7 74.3/69.0 83.3/89.6  79.0/68.9 84.2/86.8 84.1/83.7 50.6/31.3 86.8/89.5
Bat SARSy-CoV HKU3-1 79.4 76.1/80.9 84.9/95.1 73.4/77.9 75.8/73 4 84.7/91.0  753/672 85.0/89.3 84.1/79.1 66.4/57.0 88.3/90.0
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Extended Data Table 4 | Virus neutralization test (VNT) of serum samples

Samples VNT titre for nCoV-2019
Healthy people #1 from Wuhan neg

Healthy people #2 from Wuhan neg

Horse anti-SARS-CoV serum  >1:80

WIV02 >1:80
WIV03 1:40
WIV04 >1:80

WIV06 >1:80

WIV07 >1:80 Q
Each serum sample was tested in triplicate. Two healthy people from Wuhan, five patient serum samples and a horse anti-SARS-CoV anti-serum were used. 12 1D.gviruses Were used each

well. Serum samples were used in a dilution from 1:10, 1:20, 1:40 %o 1:80.
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Reporting Summary

Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Research policies, see Authors & Referees and the Editorial Policy Checklist.

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

>

/a | Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

D The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] Adescription of all covariates tested

XX X [0

D A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates {e.g. regression coefficient)

vy

X AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

< D For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
4D

Give P values as exact values whenever suitable.

D For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

X X

[j For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

X

[:} Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection No software was used.

Data analysis  BWA (v0.712-r1039), Cutadapt (v1.18), Geneious (v11.0.3), MEGAHIT (v1.2.9), Clone Manager Professional Suite 8, MAFFT (v7.307),
MGmapper (PE2.24 and SE2.24), PAL2NAL (version 14), Clustal Omega (version 1.2.4), RAXML (version 0.9.0)

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers.
We strongly encourage code deposition in a community repository {e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unigue identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

Sequence data that support the findings of this study have been deposited in GISAID with the accession no. EPI_ISL_402124 and PI_ISL_402127-402130.

Field-specific reporting

Please select the one below that is the best fit for your research. if you are not sure, read the appropriate sections before making your selection.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Samples of seven pneumonia patients are available from the clinical hospital to be sent to Wuhan Institute of Virology for patlogen
identification. The coronavirus genome sequences were obtained from 5 different patients and shared >99.9% identity, suggestinghey were
infected by the same virus. Therefore, the sample size is sufficient for conducting the following study which aims to identifyand characterize
the causative agent of this pneumonia outbreak.

Data exclusions  No data excluded

Replication The authors guarantee the findings are reliably reproducible. At least three independent experiments were performed, which wastated in
the text.

o
s
o
«
=
o
i
n
v
™
=
o
D
D
@
o
D
o
o
o
v
o
=
=
u
s
-

Randomization Samples were chosen randomly.

Blinding We were blinded when choosing samples.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here,indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a [ist item applies to your research, read the appropiate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
P Antibodies DA chip-seq
Eukaryotic cell lines X D Flow cytometry
D Palaeontology & D MRI-based neuroimaging

D Animals and other organisms
Human research participants

D Clinical data

NOXXOOS

Antibodies

Antibodies used 1. SARSr-CoV Rp3 NP antibody made in house; 2. Cy3-conjugated mouse anti-rabbit IgG; 3. Anti-Human IgG-HRP conjugated
monoclonal antibody (Kyab Biotech Co., Ltd, Wuhan, China, dilution: 1:40000); 4. Anti-Rp3 NP-HRP conjugated (Kyab Biotech Co.,
Ltd, Wuhan, China, dilution: 1:4000); 5. FITC-labelled goat anti-mouse IgG H&L (Abcam, ab96879, dlilution 1:100); 6. cyanin 3-
conjugated goat anti-rabbit 1IgG (Abcam,ab6939, dilution: 1:50); 7. mouse anti-S tag monocional antibody made in house
{1:10000)

Validation The house-made SARSr-CoV Rp3 NP antibodies and anti-S tag monoclonal antibody were validated in a WB. The cy3-conjugated
anti-rabbit 1gGs were validated in IFA. The FITC-labelled goat anti-mouse 1gG H&L was validated in IHC.

Eukaryotic cell lines

Policy information about cell lines

Cell line source(s) | 1. African green monkey origin, Vero and Vero E6 cells; 2. Human lung cell Huh7 ; 3. Human Hela celis. All cell lines were
| from ATCC.
Authentication - All monkey and human cells were from ATCC with authentication. The authentication was performed by microscope

| morphology check, growth curve analysis or identity verification with STR analysis (for human cell lines).

Mycoplasma contamination | We confirm that all cells were tested as mycoplasma negative.

Commonly misidentified lines ' No commonly misidentified cell lines were used.
(See |CLAC register)
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Human research participants

Policy information about studies involving human research participants

Population characteristics Participants were all 2019-nCoV infected patients.

Recruitment Samples were sent to Wuhan Institute of Virology by hospital for pathogen identification.

Ethics oversight Wuhan Jinyintan Hospital (the co-authored institution)

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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To: Baric, Ralph S[rbaric@email.unc.edu]
Cc: Shore, Carolyn[CShore@nas.edu]; Peter Daszak[daszak@ecohealthalliance.org]; Kristian Andersen

Trevor Bedford (trevor@bedford.io)[trevor@bedford.io]; Gigi
Gronvall[ggronvall@jhu.edu]; Tom Inglesby (tinglesby@jhu.edu)[tinglesby@jhu.edu]; Stanley Periman (stanley-
periman@uiowa.edu)[stanley-periman@uiowa.edu]; Chao, Samantha[SChao@nas.edu]; Pope, Andrew[APope@nas.edu]
From: Chakravarti, Aravinda[Aravinda.Chakravarti@nyulangone.org]
Sent: Tue 2/4/2020 1:15:28 PM (UTC-05:00)
Subject: Re: URGENT: Please review by NOON if at all possible...

Sorry in faculty recruitment today...I am happy with the letter particularly given the corrections/changes suggested by the
experts in this area. I think saying not engineered is stronger than the CURRENT data are consistent with natural evolution is
better. The call for more data from earlier times is important as is a clear statement that the data and analyses be shared
openly (the Academy can endorse the Wellcome Trust statement) so that a scientific consensus can emerge. Its perhaps
important to add that many scientific and medical questions remain to be answered which is why additional data are needed.

On Feb 4, 2020, at 12:51 PM, Baric, Ralph S <rbaric@email unc edu> wrote:

[EXTERNAL]

This is the right paper. Ralph

From: Shore, Carolyn <CShore@nas.edu>

Sent: Tuesday, February 4, 2020 12:43 PM

To: Peter Daszak <daszak@ecohealthalliance.org>; 'Chakravarti, Aravinda' <Aravinda.Chakravarti@nyulangone.org>;

Kristian Andersen ;; Baric, Ralph S <rbaric@email.unc.edu>; Trevor

Bedford (irevor@bedford.io) <trevor@bedford.io>; Gigi Gronvall <ggronvall@ihu.edu>; Tom Inglesby

(tinglesby@ihu.edu) <tinglesby@jhu.edu>; Stanley Perlman (stanley-periman@uiowa.edu) <stanley-
erlman@uiowa.edu>

Cc: Chao, Samantha <SChao@nas.edu>; Pope, Andrew <APope@nas.edu>

Subject: RE: URGENT: Please review by NOON if at all possible...

Thank you, all, for your input on the draft letter. A couple of clarifying questions regarding citations:

s  Ralph —is the attached article the appropriate citation for your comment regarding the closest relative of
2019-nCoV or is there another citation we should reference?
s Are there any other articles that we should cite that examine the origin of 2019-nCoV specifically?

Best,
Carolyn

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Tuesday, February 4, 2020 12:01 PM

To: Pope, Andrew <APope@nas.edu>; 'Chakravarti, Aravinda' <Aravinda.Chakravarti@nyulangone.org>; Kristian

Andersen ; Ralph Baric (rbaric@email.unc.edu)

<rbaric@email.unc.edu>; Trevor Bedford (trevor@bedford.io) <trevor@bedford.io>; Gigi Gronvall

<ggronvall@ihu.edu>; Tom Inglesby (tinglesby@ihu.edu) <tinglesby@ihu.edu>; Stanley Perlman (stanley-
erlman@uiowa.edu) <stanley-perlman@uiowa.edu>

Cc: Shore, Carolyn <CShore@nas.edu>; Chao, Samantha <5Chao@nas.edu>

Subject: RE: URGENT: Please review by NOON if at all possible...

Importance: High

| agree with all of the other comments so far sent in, and want to add the following:

1) Inthe 3™ paragraph, it’s important to add “including further samples from wildlife”, and perhaps the rationale
for this “to identify other viruses closely related to nCoV”

2) Re. references for #3 that there are current and planned studies underway on the bat origins of CoVs. Here
are some references to pick from if they make sense:



e Latinne A, Hu B, Olival KJ, et al.; Origin and cross-species transmission of bat coronaviruses in
China. Nature Communications 2020;In review.

e WangN, Li S-Y, Yang X-L, et al.; Serological Evidence of Bat SARS-Related Coronavirus Infection in
Humans, China. Virologica Sinica 2018. doi: 10.1007/s12250-018-0012-7.

e Hu B, Zeng L-P, Yang X-L, et al.; Discovery of a rich gene pool of bat SARS-related coronaviruses
provides new insights into the origin of SARS coronavirus. PLOS Pathogens 2017;13(11):e1006698.
doi: 10.1371/journal.ppat.1006698.

e ZhouP,FanH, LanT, et al.; Fatal Swine Acute Diarrhea Syndrome caused by an HKU2-related
Coronavirus of Bat Origin. Nature 2018

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and
delicate ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Pope, Andrew [mailto:APope@nas.edu]

Sent: Tuesday, February 4, 2020 9:11 AM

To: 'Chakravarti, Aravinda'; Kristian Andersen ); Ralph Baric (rbaric@email.unc.eduy); Trevor
Bedford (trevor@bedford.io); Peter Daszak; Gigi Gronvall; Tom Inglesby (tingleshy@ihu.eduy); Stanley Perlman
(stanley-periman@uiowa.edu)

Cc: Shore, Carolyn; Chao, Samantha

Subject: URGENT: Please review by NOON if at all possible...

Importance: High

Many thanks again for your thoughtful participation yesterday. The plans have changed in terms of our
product. Instead of a “Based on Science” web posting, we are now developing a letter that will be sighed by
the 3 Presidents of our 3 Academies (NAS, Marcia McNutt; NAM, Victor Dzau; NAE, John Anderson), in
response to a letter from OSTP. We think this will be more appropriate and expeditious.

Thus, given the urgency of the request from OSTP and HHS we ask that you please review the attached
DRAFT CONFIDENTIAL letter, and let us know if you have any concerns or suggested edits. In particular, we
would like to ask if there might be some additional detail added to the data needs that are identified. We
think it would be helpful to be a bit more specific, but don’t want to go into too much detail either. Your
help there would be most helpful.

Many sincere thanks again for your continued engagement on this important activity!



Andy

Andrew M. Pope, Ph.D.
Director
Board on Health Sciences Policy
Health and Medicine Division
The National Academies of Sciences,
Engineering, and Medicine
apope®@nas.edu
direct
office
Find us at nationalacademies.org/HMD

<image(001.png>

<s41586-020-2012-7 reference.pdf>

Aravinda Chakravarti, PhD

Director, Center for Human Genetics & Genomics
Muriel G & George W Singer Professor of Neuroscience & Physiology
NYU School of Medicine

Assistant: Veronika Worosz

T:

E: Veronika.Worosz@nyulangone.org




To: Baric, Ralph S[rbaric@email.unc.edu]; Saif, Linda[saif.2@osu.edu]; IMHUGHE@emory.edu[jmhughe@emory.edu]; Rita
Colwell[rita.colwell@cosmosid.com]; rcolwell@umiacs.umd.edu[rcolwell@umiacs.umd.edu]; rcolwell@umd.edu[rcolwell@umd.edul;
Wang Linfa[linfa.wang@duke-nus.edu.sg]; Hume Field[hume.field@ecohealthalliance.org]

Cc: Alison Andre[andre@ecohealthalliance.org]; Aleksei Chmura[chmura@ecohealthalliance.org]; Hongying
Li[li@ecohealthalliance.org]; William B. Karesh[karesh@ecohealthalliance.org]; Robert Kessler[kessler@ecohealthalliance.org]
From: Peter Daszak[daszak@ecohealthalliance.org]

Sent: Thur 2/6/2020 12:43:40 AM (UTC-05:00)
Subject: A Statement in support of the scientists, public health and medical professionals of China
Statement of support, 2019nCoV China Final.docx

Dear Ralph, Linda, Jim, Rita, Linfa and Hume,

I’'ve been following the events around the novel coronavirus emergence in China very closely and have been dismayed by the
recent spreading of rumors, misinformation and conspiracy theories on its origins. These are now specifically targeting scientists
with whom we’ve collaborated for many years, and who have been working heroically to fight this outbreak and share data with
unprecedented speed, openness and transparency. These conspiracy theories threaten to undermine the very global collaborations
that we need to deal with a disease that has already spread across continents.

We have drafted a simple statement of solidarity and support for scientists, public health and medical professionals of China, and
would like to invite you to join us as the first signatories. If you agree, we will send this letter to a group of around half-a-dozen
other leaders in the field and then disseminate this widely with a sign-up webpage for others to show their support by signing up to
its language. | will then personally present this at my plenary during the ICID 2020 conference in Malaysia in two weeks, with the
goal of also getting widespread attention in SE Asia to our support for the work that our colleagues in China are undertaking.

| sincerely hope you can join us. Please review the letter, and let me know if you are willing to join Billy Karesh and myself as co-
signatories. Also, please confirm your title and affiliation that will be shown in the letter. We plan to make circulate this widely to
coincide with a letter from the Presidents of the US National Academies of Science, Engineering, and Medicine, which will likely be
released tomorrow or Friday.

Thank you for your consideration and support of the scientific and public health community around the world!

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and delicate
ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.



Statement in Support of the Scientists, Public Health, and Medical Professionals

of China Combating the Novel Coronavirus Outbreak

We, the undersigned, are scientists who have followed the emergence of 2019-nCoV,
and are deeply concerned about its global impact on people’s health and well-being.
We have watched as the scientists, public health and medical professionals of China
have worked heroically to rapidly identify the pathogen behind this outbreak, put in
place significant measures to reduce its impact, and share their results transparently
with the global health community. We sign this statement in solidarity with all scientists,
public health, and medical professionals in China who continue to save lives and
protect global health during the challenge of this novel coronavirus outbreak. We want
you to know that we are all in this together, with you in front of us on the battlefield

against the novel coronavirus.

The rapid, open and transparent sharing of data on 2019-nCoV is now being
threatened by rumors and misinformation around the origins of this outbreak. We stand

together to strongly condemn conspiracy theories suggesting that 2019-nCoV does not

have a natural origin. Scientific evidence overwhelmingly suggests that this virus

originated in wildlife, as have so many other emerging diseases (7-4). This is further
supported by a letter from the Presidents of the US National Academies of Science,
Engineering, and Medicine, and by the scientific communities they represent (INSERT
REF). Conspiracy theories will do nothing but create fear, rumors, and prejudice that
jeopardize our global collaboration in the fight against this virus. We need to prioritize

scientific evidence and unity over misinformation and conjecture now. We want you all

to know that we stand with you, the science and health professionals of China, in your

fight against this virus.

We invite others to join us in supporting the scientists, public health, and medical

professionals of Wuhan and across China. Stand with our colleagues on the front-line!

Please add your name in an act of support by going to [INSERT LINK HERE].



Signatories

Dr. Peter Daszak, President, EcoHealth Alliance

Dr. Jim Hughes, Professor Emeritus, Emory University

Dr. Rita Colwell, former Director of National Science Foundation

Dr. Ralph Baric, Professor, The University of North Carolina, Chapel Hill

Dr. Linda Saif, Distinguished University Professor, The Ohio State University
Dr. Billy Karesh, Executive Vice President, EcoHealth Alliance

Dr. Linfa Wang, Professor, Duke-NUS Medical School

Dr. Hume Field, Honorary Professor, The University of Queensland

References

1. P. Zhou et al., A pneumonia outbreak associated with a new coronavirus of probable bat
origin. Nature, (2020).

2. R. Lu et al., Genomic characterisation and epidemiology of 2019 novel coronavirus:
implications for virus origins and receptor binding. The Lancet, (2020).

3. N. Zhu et al., A Novel Coronavirus from Patients with Pneumonia in China, 2019. New
England Journal of Medicine, (2020).

4, L. Ren et al., Identification of a novel coronavirus causing severe pneumonia in human: a

descriptive study. Chin Med J. Epub ahead of print, (2020).



To: Peter Daszak[daszak@ecohealthalliance.org]; Baric, Ralph S[rbaric@email.unc.edu]; Saif, Linda[saif.2@osu.edul];
jmhughe@emory.edu[jmhughe@emory.edu]; Rita Colwell[rita.colwell@cosmosid.com];
rcolwell@umiacs.umd.edu[rcolwell@umiacs.umd.edu]; rcolwell@umd.edu[rcolwell@umd.edu]; Wang Linfa[linfa.wang@duke-
nus.edu.sg]

Cc: Alison Andre[andre@ecohealthalliance.org]; Aleksei Chmura[chmura@ecohealthalliance.org]; Hongying
Li[li@ecohealthalliance.org]; William B. Karesh[karesh@ecohealthalliance.org]; Robert Kessler[kessler@ecohealthalliance.org]
From: Hume Field[hume.field@ecohealthalliance.org]

Sent: Thur 2/6/2020 4:10:50 AM (UTC-05:00)
Subject: RE: A Statement in support of the scientists, public health and medical professionals of China
Statement of support 2019nCoV China Final HF.docx

Peter, some suggested edits to the statement for consideration, with the benefit of time..

Hume

From: Hume Field <hume.field@ecohealthalliance.org>

Sent: Thursday, 6 February 2020 4:35 PM

To: 'Peter Daszak' <daszak @ecohealthalliance.org>; 'Ralph Baric (rbaric@email.unc.edu)' <rbaric@email.unc.edu>; 'Saif, Linda'
<saif.2@osu.edu>; 'Imhughe@emory.edu' <imhughe@emory.edu>; 'Rita Colwell' <rita.colwell@cosmosid.com>;
'reolwell@umiacs.umd.edu’ <reolwell@umiacs.umd.edu>; 'reolwell@umd.edu’ <rcolwell@umd.edu>; 'Wang Linfa'
<linfa.wang@duke-nus.edu.sg>

Cc: Alison Andre <andre@ecchealthalliance.org>; Aleksei Chmura <chmura@ecohealthalliance.org>; Hongying Li
<li@ecohealthalliance.org>; William B. Karesh <karesh@ecchealthalliance.org>; Robert Kessler <kessler@ecohealthalliance.org>
Subject: RE: A Statement in support of the scientists, public health and medical professionals of China

Count me in Peter. | had thought/hoped that this conspiracy stuff would fade, but clearly not. So yes, | agree it’s time to actively
counter it, and express peer support for the world class Chinese scientists doing such great work, yet being publicly and
professionally impugned.

Well done mate.
Hume

Hume Field BVSc MSc PhD MACVS
Honorary Professor | University of Queensland | Australia

Science & Policy Advisor | EcoHealth Alliance | USA
Director | Jeppesen Field Consulting | Australia.

Ph:

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Thursday, 6 February 2020 3:44 PM

To: Ralph Baric (rbaric@email.unc.edu) <rbaric@email.unc.edu>; Saif, Linda <saif.2@osu.edu>; imhughe@emory.edu; Rita Colwell
<rita.colwell@cosmosid.com>; rcolwell@umiacs.umd.edu; rcolwell@umd.edu; Wang Linfa <linfa.wang@duke-nus.edu.sg>; Hume
Field <hume.field@ecohealthalliance.org>

Cc: Alison Andre <andre@ecchealthalliance.org>; Aleksei Chmura <chmura@ecohealthalliance.org>; Hongying Li
<li@ecohealthalliance.org>; William B. Karesh <karesh@ecchealthalliance.org>; Robert Kessler <kessler@ecohealthalliance.org>
Subject: A Statement in support of the scientists, public health and medical professionals of China

Importance: High

Dear Ralph, Linda, Jim, Rita, Linfa and Hume,

I’'ve been following the events around the novel coronavirus emergence in China very closely and have been dismayed by the
recent spreading of rumors, misinformation and conspiracy theories on its origins. These are now specifically targeting scientists
with whom we’ve collaborated for many years, and who have been working heroically to fight this outbreak and share data with
unprecedented speed, openness and transparency. These conspiracy theories threaten to undermine the very global collaborations



that we need to deal with a disease that has already spread across continents.

We have drafted a simple statement of solidarity and support for scientists, public health and medical professionals of China, and
would like to invite you to join us as the first signatories. If you agree, we will send this letter to a group of around half-a-dozen
other leaders in the field and then disseminate this widely with a sign-up webpage for others to show their support by signing up to
its language. | will then personally present this at my plenary during the ICID 2020 conference in Malaysia in two weeks, with the
goal of also getting widespread attention in SE Asia to our support for the work that our colleagues in China are undertaking.

| sincerely hope you can join us. Please review the letter, and let me know if you are willing to join Billy Karesh and myself as co-
signatories. Also, please confirm your title and affiliation that will be shown in the letter. We plan to make circulate this widely to
coincide with a letter from the Presidents of the US National Academies of Science, Engineering, and Medicine, which will likely be
released tomorrow or Friday.

Thank you for your consideration and support of the scientific and public health community around the world!

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and delicate
ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.



Statement in Support of the Scientists, Public Health, and Medical Professionals

of China Combating the Novel Coronavirus Outbreak

We, the undersigned, are emerging infectious disease scientists who have closely
followed the emergence of 2019-nCoV, and are deeply concerned about its current and
potential global impact on human health and well-being. We have watched as the
scientists, public health and medical professionals of China have worked diligently and
effectively to rapidly identify the pathogen behind this outbreak, put in place significant
measures to reduce its impact, and share their results transparently with the global
health community. This effort, notwithstanding the benefit of hindsight, has been

remarkable.

We sign this statement in solidarity with all scientists, public health, and medical
professionals in China who continue to save lives and protect global human health
during the challenge of this novel coronavirus outbreak. We are all in this together, with

our Chinese counterparts in the fore, against this new virus threat.

The rapid, open and transparent sharing of data on 2019-nCoV is now being
threatened by rumors and misinformation around the origins of this outbreak. We stand

together to strongly condemn conspiracy theories suggesting that 2019-nCoV does not

have a natural origin. Scientific evidence overwhelmingly suggests that this virus

originated in wildlife, as have so many other emerging diseases (7-4). This is further
supported by a letter from the Presidents of the US National Academies of Science,
Engineering, and Medicine, and by the scientific communities they represent (INSERT
REF). Conspiracy theories do nothing but create fear, rumors, and prejudice that
jeopardize our global collaboration in the fight against this virus. We need to promote

scientific evidence and unity over misinformation and conjecture now. We want you, the

science and health professionals of China, to know that we stand with you in your

fight against this virus.




We invite others to join us in supporting the scientists, public health, and medical

professionals of Wuhan and across China. Stand with our colleagues on the front-line!

Please add your name in an act of support by going to [INSERT LINK HERE].

Signatories

Dr. Peter Daszak, President, EcoHealth Alliance

Dr. Jim Hughes, Professor Emeritus, Emory University

Dr. Rita Colwell, former Director of National Science Foundation

Dr. Ralph Baric, Professor, The University of North Carolina, Chapel Hill

Dr. Linda Saif, Distinguished University Professor, The Ohio State University

Dr. Billy Karesh, Executive Vice President, EcoHealth Alliance

Dr. Linfa Wang, Professor, Duke-NUS Medical School

Dr. Hume Field, Honorary Professor, School of Veterinary Science, The University of Queensland

References
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origin. Nature, (2020).

2. R. Lu et al., Genomic characterisation and epidemiology of 2019 novel coronavirus:
implications for virus origins and receptor binding. The Lancet, (2020).

3. N. Zhu et al., A Novel Coronavirus from Patients with Pneumonia in China, 2019. New
England Journal of Medicine, (2020).

4, L. Ren et al., Identification of a novel coronavirus causing severe pneumonia in human: a

descriptive study. Chin Med J. Epub ahead of print, (2020).



To: Hume Field[hume.field@ecohealthalliance.org]

Cc: Peter Daszak[daszak@ecohealthalliance.org]; Baric, Ralph S[rbaric@email.unc.edu];
jmhughe@emory.edu[jmhughe@emory.edu]; Rita Colwell[rita.colwell@cosmosid.com];
rcolwell@umiacs.umd.edu[rcolwell@umiacs.umd.edu]; rcolwell@umd.edu[rcolwell@umd.edu]; Wang Linfa[linfa.wang@duke-
nus.edu.sg]; Alison Andre[andre@ecohealthalliance.org]; Aleksei Chmura[chmura@ecohealthalliance.org]; Hongying
Li[li@ecohealthalliance.org]; William B. Karesh[karesh@ecohealthalliance.org]; Robert Kessler[kessler@ecohealthalliance.org]
From: Saif, Linda[saif.2@osu.edu]

Sent: Thur 2/6/2020 11:48:58 AM (UTC-05:00)

Subject: Re: A Statement in support of the scientists, public health and medical professionals of China

Hi all

I concur with this draft!

One question is whether it would be useful to add just one or 2 statements in support of why nCoV is not a lab generated
virus and is naturally occurring? Seems critical to scientifically refute such claims!

Linda

Sent from my iPhone

On Feb 6, 2020, at 4:12 AM, Hume Field <hume field@ecohealthalliance.org> wrote:

Peter, some suggested edits to the statement for consideration, with the benefit of time..

Hume

From: Hume Field <hume.field@ecohealthalliance.org>

Sent: Thursday, 6 February 2020 4:35 PM

To: 'Peter Daszak' <daszak@ecohealthalliance.org>; 'Ralph Baric (rbaric@email.unc.edu)’ <rbaric@email.unc.edu>;
'Saif, Linda' <saif.2@osu.edu>; 'imhughe@emory.edu’ <imhughe@emory.edu>; 'Rita Colwell'
<rita.colwell@cosmosid.com>; 'reolwell@umiacs.umd.edu’ <recolwell@umiacs.umd.edu>; 'reolwell@umd.edu’
<reolwell@umd.edu>; 'Wang Linfa' <linfa.wang@duke-nus.edu.sg>

Cc: Alison Andre <andre@ecchealthalliance.org>; Aleksei Chmura <chmura@ecohealthalliance.org>; Hongying Li
<li@ecoheslthalliance.org>; William B. Karesh <karesh@ecohealthalliance.ors>; Robert Kessler
<kessler@ecohealthalliance.org>

Subject: RE: A Statement in support of the scientists, public health and medical professionals of China

Count me in Peter. | had thought/hoped that this conspiracy stuff would fade, but clearly not. So yes, | agree it’s time
to actively counter it, and express peer support for the world class Chinese scientists doing such great work, yet being
publicly and professionally impugned.

Well done mate.
Hume

Hume Field BVSc MSc PhD MACVS
Honorary Professor | University of Queensland | Australia

Science & Policy Advisor | EcoHealth Alliance | USA
Director | Jeppesen Field Consulting | Australia.

Ph:

From: Peter Daszak <daszak@ecohealthalliance.org>
Sent: Thursday, 6 February 2020 3:44 PM
To: Ralph Baric (rbaric@email.unc.edu) <rbaric@email.unc.edu>; Saif, Linda <saif.2@osu.edu>;




imhughe@emory.edu; Rita Colwell <rita.colwell@cosmosid.com>; reolwell@umiacs.umd.edy; reolwell@umd.edy;
Wang Linfa <linfa.wang@duke-nus.edu.sg>; Hume Field <hume.field@ecohealthalliance.org>

Cc: Alison Andre <andre@ecchealthalliance.org>; Aleksei Chmura <chmura@ecohealthalliance.org>; Hongying Li
<li@ecoheslthalliance.org>; William B. Karesh <karesh@ecohealthalliance.org>; Robert Kessler
<kessler@ecohealthalliance.org>

Subject: A Statement in support of the scientists, public health and medical professionals of China

Importance: High

Dear Ralph, Linda, Jim, Rita, Linfa and Hume,

I’'ve been following the events around the novel coronavirus emergence in China very closely and have been
dismayed by the recent spreading of rumors, misinformation and conspiracy theories on its origins. These are now
specifically targeting scientists with whom we’ve collaborated for many years, and who have been working heroically
to fight this outbreak and share data with unprecedented speed, openness and transparency. These conspiracy
theories threaten to undermine the very global collaborations that we need to deal with a disease that has already
spread across continents.

We have drafted a simple statement of solidarity and support for scientists, public health and medical professionals of
China, and would like to invite you to join us as the first signatories. If you agree, we will send this letter to a group of
around half-a-dozen other leaders in the field and then disseminate this widely with a sign-up webpage for others to
show their support by signing up to its language. | will then personally present this at my plenary during the ICID 2020
conference in Malaysia in two weeks, with the goal of also getting widespread attention in SE Asia to our support for
the work that our colleagues in China are undertaking.

| sincerely hope you can join us. Please review the letter, and let me know if you are willing to join Billy Karesh and
myself as co-signatories. Also, please confirm your title and affiliation that will be shown in the letter. We plan to
make circulate this widely to coincide with a letter from the Presidents of the US National Academies of Science,
Engineering, and Medicine, which will likely be released tomorrow or Friday.

Thank you for your consideration and support of the scientific and public health community around the world!

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34™ Street — 17 Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and
delicate ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

<Statement of support 2019nCoV China Final HF.docx>



To: Peter Daszak[daszak@ecohealthalliance.org]; Baric, Toni C[antoinette_baric@med.unc.edu]
Cc: Alison Andre[andre@ecohealthalliance.org]; Aleksei Chmura[chmura@ecohealthalliance.org]
From: Baric, Ralph S[/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=BB0D9CC80C184735A4E862C3BDD8A15D-RALPH S BAR]
Sent: Thur 2/6/2020 4:01:22 PM (UTC-05:00)

Subject: RE: No need for you to sign the "Statement" Ralph!!

| also think this is a good decision. Otherwise it looks self-serving and we lose impact. ralph

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Thursday, February 6, 2020 3:16 PM

To: Baric, Ralph S <rbaric@email.unc.edu>; Baric, Toni C <antoinette_baric@med.unc.edu>

Cc: Alison Andre <andre@ecohealthalliance.org>; Aleksei Chmura <chmura@ecohealthalliance.org>
Subject: No need for you to sign the "Statement" Ralph!!

Importance: High

| spoke with Linfa last night about the statement we sent round. He thinks, and | agree with him, that you, me and him should not
sign this statement, so it has some distance from us and therefore doesn’t work in a counterproductive way.

Jim Hughes, Linda Saif, Hume Field, and | believe Rita Colwell will sign it, then I'll send it round some other key people tonight.
WEe’ll then put it out in a way that doesn’t link it back to our collaboration so we maximize an independent voice.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34" Street — 17" Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and delicate
ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.



To: Chakravarti, Aravinda[Aravinda.Chakravarti@nyulangone.org]; andersen@scripps.edu[andersen@scripps.edu]; Baric,
Ralph S[rbaric@email.unc.edu]; trevor@bedford.io[trevor@bedford.io]; Peter Daszak
(daszak@ecohealthalliance.org)[daszak@ecohealthalliance.org]; Gigi Gronvall[ggronvall@jhu.edu];
tinglesby@jhu.edu[tinglesby@jhu.edu]; Stanley Perlman (stanley-periman@uiowa.edu)[stanley-periman@uiowa.edu]

Cc: Griffin Diane[dgriffi6@jhmi.edu]; Chao, Samantha[SChao@nas.edu]; Shore, Carolyn[CShore@nas.edu]; Kearney,
William[WKearney@nas.edu]; Symmes, Gregory[GSymmes@nas.edu]; Behney, Clyde[CBehney@nas.edu]; Shern,
Lauren[LShern@nas.edu]

From: Pope, Andrew[APope@nas.edu]

Sent: Fri 2/7/2020 8:24:57 PM (UTC-05:00)

Subject: Thanks and News about the letter

Dear all

On behalf of the National Academies I want to say thank you again for your willingness to respond so quickly to our requests
for expert expert assistance in developing a rapid response to OSTP on nCoV. We couldn’t have done it without you!

Please see our news posting at the following link, and let us know if you have any questions or concerns.

http://www8 . nationalacademies. org/onpinews/newsitem.aspx?RecordID=272020& ga=2 118407884.416011462.158102716
3-581770746.1511913188

Thanks again and have a great weekend!

Andy
Sent from my "smart" phone...



To: Peter Daszak[daszak@ecohealthalliance.org]

Cc: Leo Poon[limpoon@hku.hk]; Webby, Richard[Richard. Webby@stjude.org]; malik[malik@hku.hk]; Ghazi
Kayali[ghazi@human-link.org]; Yoshi Kawaokalkawaokay@vetmed.wisc.edu]; R.A.M. Fouchier[r.fouchier@erasmusmc.nl];
yguan@hku.hk[yguan@hku.hk]; adolfo.garcia-sastre@mssm.edu['adolfo.garcia-sastre@mssm.edu']; Richard
Rothman[rrothma1@jhmi.edu]; Pekosz, Andrew S.[apekosz@jhsph.edu]; Schultz-Cherry, Stacey[Stacey.Schultz-Cherry@stjude.org];
david_topham@urmc.rochester.edu['david_topham@urmc.rochester.edu']; Orenstein, Walter[worenst@emory.edu]; Lowen,
Anice[anice.lowen@emory.edu]; Baric, Ralph S[rbaric@email.unc.edu]; Perlman, Stanley[stanley-periman@uiowa.edu]; zhu
huachen[zhuhch@hku.hk]; Aubree Gordon[gordonal@umich.edu]; Munster, Vincent (NIH/NIAID) [E][vincent.munster@nih.gov];
PETERPALESE[peter.palese@mssm.edu]; Krammer, Florian[florian.krammer@mssm.edu]; Ben Cowling[bcowling@hku.hk];
larry.anderson@emory.edu[larry.anderson@emory.edu]; jwramme@emory.edu[jwramme@emory.edul;
aneesh.mehta@emory.edu[aneesh.mehta@emory.edu]; Baric, Toni C[antoinette_baric@med.unc.edu]; MASATO
HATTA[masato.hatta@wisc.edu]; Gabriele Neumann (gabriele.neumann@wisc.edu)[gabriele.neumann@wisc.edu]; Subbarao,
Kanta[kanta.subbarao@influenzacentre.org]; Mathur, Punam (NIH/NIAID) [E][mathurpu@niaid.nih.gov]; Fry, Alicia
(CDC/DDID/NCIRD/ID)[agf1@CDC.GOV]; Pallansch, Mark A. (CDC/DDID/NCIRD/DVD)[map1@CDC.GOV]; Hall, Aron
(CDC/DDID/NCIRD/DVD)[esg3@CDC.GOV]; Post, Diane (NIH/NIAID) [E][postd@niaid.nih.gov]; Embry, Alan (NIH/NIAID)
[Ellembrya@niaid.nih.gov]; Lampley, Rebecca (NIH/VRC) [F][rebecca.lampley@nih.gov]; Stemmy, Erik (NIH/NIAID)
[E][erik.stemmy@nih.gov]; Andy Pekosz[apekosz1@jhu.edu]; Topham, David[David_Topham@urmc.rochester.edu]; Gerber, Susan |.
(CDC/DDID/NCIRD/DVD)[bhx1@cdc.gov]; zhuhuacher

From: Degrace, Marciela (NIH/NIAID) [E][marciela.degrace@nih.gov]

Sent: Tue 2/11/2020 7:26:57 AM (UTC-05:00)

Subject: RE: virus isolate availability- update

Thanks, Peter. We're going to keep the call and hope some of you at the WHO meeting can join for a bit. I'll also try to send some
brief notes after so no one misses any updates on reagent development and availability.

Hope the meeting is going well!!

Marciela

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Tuesday, February 11, 2020 7:14 AM

To: Degrace, Marciela (NIH/NIAID) [E] <marciela.degrace@nih.gov>

Cc: Leo Poon <limpoon@hku.hk>; Webby, Richard <Richard. Webby@stjude.org>; malik <malik@hku.hk>; Ghazi Kayali
<ghazi@human-link.org>; Yoshi Kawaoka <kawaokay@vetmed.wisc.edu>; R.A.M. Fouchier <r.fouchier@erasmusmc.nl>;
yguan@hku.hk; adolfo.garcia-sastre@mssm.edu <'adolfo.garcia-sastre@mssm.edu'>; Richard Rothman <rrothmal@jhmi.edu>;
Pekosz, Andrew S. <apekosz@jhsph.edu>; Schultz-Cherry, Stacey <Stacey.Schultz-Cherry@stjude.org>;
david_topham@urmc.rochester.edu <'david_topham@urmc.rochester.edu'>; Orenstein, Walter <worenst@emory.edu>; Lowen,
Anice <anice.lowen@emory.edu>; Baric, Ralph <rbaric@email.unc.edu>; Perlman, Stanley <stanley-perlman@uiowa.edu>; zhu
huachen <zhuhch@hku.hk>; Aubree Gordon <gordonal@umich.edu>; Munster, Vincent (NIH/NIAID) [E]
<vincent.munster@nih.gov>; PETERPALESE <peter.palese@mssm.edu>; Krammer, Florian <florian.krammer@mssm.edu>; Ben
Cowling <bcowling@hku.hk>; larry.anderson@emory.edu; jwramme@emory.edu; aneesh.mehta@emory.edu; Baric, Toni C
<antoinette_baric@med.unc.edu>; MASATO HATTA <masato.hatta@wisc.edu>; Gabriele Neumann (gabriele.neumann@wisc.edu)
<gabriele.neumann@wisc.edu>; Subbarao, Kanta <kanta.subbarao@influenzacentre.org>; Mathur, Punam (NIH/NIAID) [E]
<mathurpu@niaid.nih.gov>; Fry, Alicia (CDC/DDID/NCIRD/ID) <agf1@CDC.GOV>; Pallansch, Mark A. (CDC/DDID/NCIRD/DVD)
<mapl@CDC.GOV>; Hall, Aron (CDC/DDID/NCIRD/DVD) <esg3@CDC.GOV>; Post, Diane (NIH/NIAID) [E] <postd@niaid.nih.gov>;
Embry, Alan (NIH/NIAID) [E] <embrya@niaid.nih.gov>; Lampley, Rebecca (NIH/VRC) [F] <rebecca.lampley@nih.gov>; Stemmy, Erik
(NIH/NIAID) [E] <erik.stemmy@nih.gov>; Andy Pekosz <apekosz1@jhu.edu>; Topham, David
<David_Topham@urmc.rochester.edu>; Gerber, Susan I. (CDC/DDID/NCIRD/DVD) <bhx1@cdc.gov>; zhuhuachen

Subject: Re: virus isolate availability- update

Some of us are at the WHO R&D Blueprint meeting in Geneva today. | see that Stan Perlman, Kanta Subarrao and others from NIH
are in the room. The goal is to set research priorities across everything from animal reservoir to drug/vaccine to social science.
We're in breakout groups this afternoon and hopefully can call in for some of the meeting and give a quick update.

Cheers,

Peter

Peter Daszak



(Sent from my iPhone)

President
EcoHealth Alliance

460 West 34th Street, New York, NY10001, USA

www.EcoHealthAlliance.or

On Feb 7, 2020, at 4:49 PM, Degrace, Marciela (NIH/NIAID) [E] <marciela.degrace @nih.gov> wrote:

Hello everyone,

Many of you have asked about availability of virus isolates, and | wanted to provide an update. A 2019-nCoV virus
isolate is now available for order in the BEI Resources Repository here:
hitps://www.beiresources.org/Catalog/animalviruses/NR-52281 . aspx

Have a great weekend, and looking forward to speaking with you all next Tuesday,

Marciela

From: Degrace, Marciela (NIH/NIAID) [E]

Sent: Friday, January 24, 2020 8:08 AM

To: Degrace, Marciela (NIH/NIAID) [E]; Leo Poon; Webby, Richard; malik; Ghazi Kayali; Yoshi Kawaoka; R.A.M.
Fouchier; yguan@hku.hk; 'adolfo.garcia-sastre@mssm.edu'; Richard Rothman; Pekosz, Andrew S.; Schultz-Cherry,
Stacey; 'david_topham@urmc.rochester.edu’'; Orenstein, Walter; Lowen, Anice; Baric, Ralph; 'Perlman, Stanley’;
daszak@ecohealthalliance.org; zhu huachen; Aubree Gordon; Munster, Vincent (NIH/NIAID) [E]; PETERPALESE;
'Krammer, Florian'; Ben Cowling; larry.anderson@emory.edu; iwramme@emory.edu; ansesh.mehta@emory.edu;
Baric, Toni C; MASATO HATTA; Gabriele Neumann (gabriele.neumann@wisc.edu); Subbarao, Kanta; Mathur, Punam
(NIH/NIAID) [E]

Cc: Fry, Alicia (CDC/DDID/NCIRD/ID); Pallansch, Mark A. (CDC/DDID/NCIRD/DVD); Hall, Aron (CDC/DDID/NCIRD/DVD);
Post, Diane (NIH/NIAID) [E]; Embry, Alan (NIH/NIAID) [E]; Lampley, Rebecca (NIH/VRC) [F]; Stemmy, Erik (NIH/NIAID)
[E]; Andy Pekosz; Topham, David; Gerber, Susan |. (CDC/DDID/NCIRD/DVD); zhuhuachen

Subject: nCoV weekly investigators meeting

When: Tuesday, February 4, 2020 9:00 AM-10:00 AM (UTC-05:00) Eastern Time (US & Canada).

Where: GoToWebinar

Hello everyone,

Below please find the registration link for our weekly investigators meeting regarding the nCoV. Please do not
forward. If you would like anyone else to be added to the invitation, please let me (Marciela.degrace @nih.gov) or Erik
(erik.stemmy@nih.gov) know.

Our tentative agendas will be:
¢ Epi Updates
NIAID Updates
Other HHS partner Updates, if applicable
Investigator research updates
¢ Discussion and Action Items

Thank you,

Marciela DeGrace, Ph.D.
Project Officer, CEIRS



NIH/NIAID/DMID/RDB

*updated webinar information*
htins olobal gotomeeling corm/ioing

You can also dial in using vour phone.
United States: A

Access Code:



To: Degrace, Marciela (NIH/NIAID) [E][marciela.degrace@nih.gov]; Leo Poon[limpoon@hku.hk]; Webby,
Richard[Richard.Webby@STJUDE.ORG]; malik[malik@hku.hk]; Ghazi Kayali[ghazi@human-link.org]; Yoshi
Kawaoka[kawaokay@vetmed.wisc.edu]; R.A.M. Fouchier[r.fouchier@erasmusmc.nl]; yguan@hku.hk[yguan@hku.hk]; Richard
Rothman[rrothma1@jhmi.edu]; Pekosz, Andrew S.[apekosz@jhsph.edu]; Schultz-Cherry, Stacey[Stacey.Schultz-
Cherry@STJUDE.ORG]; Orenstein, Walter[worenst@emory.edu]; Lowen, Anice[anice.lowen@emory.edu]; Baric, Ralph
S[rbaric@email.unc.edu]; 'Periman, Stanley'[stanley-periman@uiowa.edul];
daszak@ecohealthalliance.org[daszak@ecohealthalliance.org]; zhu huachen[zhuhch@hku.hk]; Aubree Gordon[gordonal@umich.edul];
Munster, Vincent (NIH/NIAID) [E][vincent.munster@nih.gov]; Palese, Peter[peter.palese@mssm.edu]; Ben
Cowling[bcowling@hku.hk]; larry.anderson@emory.edu[larry.anderson@emory.edu]; jwramme@emory.edu[jwramme@emory.edul;
aneesh.mehta@emory.edu[aneesh.mehta@emory.edu]; Baric, Toni C[antoinette_baric@med.unc.edu]; MASATO
HATTA[masato.hatta@wisc.edu]; Gabriele Neumann (gabriele.neumann@wisc.edu)[gabriele.neumann@wisc.edu]; Subbarao,
Kanta[kanta.subbarao@influenzacentre.org]; Garcia-Sastre, Adolfo[Adolfo.Garcia-Sastre@mssm.edu]; Matthew
Frieman[matt.frieman@gmail.com]

Cc: Fry, Alicia (CDC/DDID/NCIRD/ID)[agf1@CDC.GOV]; Pallansch, Mark A. (CDC/DDID/NCIRD/DVD)[map1@CDC.GOV];
Hall, Aron (CDC/DDID/NCIRD/DVD)[esg3@CDC.GOV]; Post, Diane (NIH/NIAID) [E][postd@niaid.nih.gov]; Embry, Alan (NIH/NIAID)
[Ellembrya@niaid.nih.gov]; Lampley, Rebecca (NIH/VRC) [F][rebecca.lampley@nih.gov]; Stemmy, Erik (NIH/NIAID)
[E][erik.stemmy@nih.gov]; Andy Pekosz[apekosz1@jhu.edu]; Topham, David[David_Topham@URMC.Rochester.edu]; Gerber, Susan
|. (CDC/DDID/NCIRD/DVD)[bhx1@cdc.gov]; zhuhuachen

From: Krammer, Florian[florian.krammer@mssm.edu]

Sent: Tue 2/11/2020 4:56:55 PM (UTC-05:00)

Subject: Re: nCoV weekly investigators meeting

Dear all,

A paper describing the pathogenicity of SARS CoV 2 (aka nCoV) in hACE2 mice just came out in
Bioarchive: https://www.biorxiv.org/content/10.1101/2020.02.07.939389v 1. full.pdf

Best,

Florian

From: Degrace, Marciela (NIH/NIAID) [E]

Sent: Friday, January 24, 2020 8:08 AM

To: Degrace, Marciela (NIH/NIAID) [E]; Leo Poon; Webby, Richard; malik; Ghazi Kayali; Yoshi Kawaoka; R.A.M. Fouchier;
yguan@hku.hk; 'adolfo.garcia-sastre@mssm.edu’; Richard Rothman; Pekosz, Andrew S.; Schultz-Cherry, Stacey;
'david_topham@urmc.rochester.edu'; Orenstein, Walter; Lowen, Anice; Baric, Ralph; 'Perlman, Stanley';
daszak@ecohealthalliance.org; zhu huachen; Aubree Gordon; Munster, Vincent (NIH/NIAID) [E]; Palese, Peter; Krammer, Florian; Ben
Cowling; larry.anderson@emory.edu; jwramme@emory.edu; aneesh.mehta@emory.edu; Baric, Toni C; MASATO HATTA; Gabriele
Neumann (gabriele.neumann@wisc.edu); Subbarao, Kanta

Cc: Fry, Alicia (CDC/DDID/NCIRD/ID); Pallansch, Mark A. (CDC/DDID/NCIRD/DVD); Hall, Aron (CDC/DDID/NCIRD/DVD); Post, Diane
(NIH/NIAID) [E]; Embry, Alan (NIH/NIAID) [E]; Lampley, Rebecca (NIH/VRC) [F]; Stemmy, Erik (NIH/NIAID) [E]; Andy Pekosz; Topham,
David; Gerber, Susan |. (CDC/DDID/NCIRD/DVD); zhuhuachen

Subject: nCoV weekly investigators meeting

When: Tuesday, February 11, 2020 9:00 AM-10:00 AM.

Where: GoToWebinar

Hi everyone,

Please see updated webinar links below. Hopefully this resolves any issues people had last time with sound.

Hello everyone,

Below please find the registration link for our weekly investigators meeting regarding the nCoV. Please do not forward. If you
would like anyone else to be added to the invitation, please let me (Marciela.degrace@nih.gov) or Erik (erik.stemmy@nih.gov)




know.
Our tentative agendas will be:
¢ Epi Updates
¢ NIAID Updates
¢ Other HHS partner Updates, if applicable
¢ Investigator research updates
¢ Discussion and Action Items
[ ]

*updated webinar link*
htins alobal gotomesling. comfioin/

You can also dial in using your phone,
United States:

Access Code:

Thank you,

Marciela DeGrace, Ph.D.
Project Officer, CEIRS
NIH/NIAID/DMID/RDB



To: aneesh.mehta@emory.edu[aneesh.mehta@emory.edu]; R.A.M. Fouchier|r.fouchier@erasmusmc.nl]; Johnson, Reed
(NIH/NIAID) [E][johnsonreed@niaid.nih.gov]; Hensley, Lisa (NIH/NIAID) [E][lisa.hensley@nih.gov];
vimenach@UTMB.EDU[vimenach@UTMB.EDU]; MFrieman@som.umaryland.edu[MFrieman@som.umaryland.edu]; Mark
Denison[mark.denison@vumc.org]; jmclellan@austin.utexas.edu[jmclellan@austin.utexas.edu]; Leo Poon[limpoon@hku.hk]; Webby,
Richard[Richard.Webby@STJUDE.ORG]; malik[malik@hku.hk]; Ghazi Kayali[ghazi@human-link.org]; Yoshi
Kawaoka[kawaokay@vetmed.wisc.edu]; yguan@hku.hk[yguan@hku.hk]; 'adolfo.garcia-sastre@mssm.edu'['adolfo.garcia-
sastre@mssm.edu']; Richard Rothman[rrothma1@jhmi.edu]; Pekosz, Andrew S.[apekosz@jhsph.edu]; Schultz-Cherry,
Stacey[Stacey.Schultz-Cherry@STJUDE.ORG]; 'david_topham@urmc.rochester.edu'['david_topham@urmc.rochester.edu'];
Orenstein, Walter[worenst@emory.edu]; Lowen, Anice[anice.lowen@emory.edu]; Baric, Ralph S[rbaric@email.unc.edu]; 'Perlman,
Stanley'[stanley-periman@uiowa.edu]; daszak@ecohealthalliance.org[daszak@ecohealthalliance.org]; zhu huachen[zhuhch@hku.hk];
Aubree Gordon[gordonal@umich.edu]; Munster, Vincent (NIH/NIAID) [E][vincent.munster@nih.gov];
PETERPALESE[peter.palese@mssm.edu]; 'Krammer, Florian'[florian.krammer@mssm.edu]; Ben Cowling[bcowling@hku.hk];
larry.anderson@emory.edu[larry.anderson@emory.edu]; jwramme@emory.edu[jwramme@emory.edu]; Baric, Toni
Clantoinette_baric@med.unc.edu]; MASATO HATTA[masato.hatta@wisc.edu]; Gabriele Neumann
(gabriele.neumann@wisc.edu)[gabriele.neumann@wisc.edu]; Subbarao, Kanta[kanta.subbarao@influenzacentre.org]; Mathur, Punam
(NIH/NIAID) [E][mathurpu@niaid.nih.gov]

Cc: Bozick, Brooke (NIH/OD) [E][brooke.bozick@nih.gov]; Fry, Alicia (CDC/DDID/NCIRD/ID)[agf1@CDC.GOV]; Pallansch,
Mark A. (CDC/DDID/NCIRD/DVD)[map1@CDC.GOV]; Hall, Aron (CDC/DDID/NCIRD/DVD)[esg3@CDC.GOV];

zhuhuachen l; Post, Diane (NIH/NIAID) [E][postd@niaid.nih.gov]; Embry, Alan (NIH/NIAID)
[Ellembrya@niaid.nih.gov]; Lampley, Rebecca (NIH/VRC) [F][rebecca.lampley@nih.gov]; Stemmy, Erik (NIH/NIAID)
[E][erik.stemmy@nih.gov]; Andy Pekosz[apekosz1@jhu.edu]; Topham, David[David_Topham@URMC.Rochester.edu]; Gerber, Susan
|. (CDC/DDID/NCIRD/DVD)[bhx1@cdc.gov]

From: Degrace, Marciela (NIH/NIAID) [E][marciela.degrace@nih.gov]

Sent: Wed 2/12/2020 9:58:37 AM (UTC-05:00)

Subject: nCoV investigator call - follow up resources

200 Protocol v28 O.pdf

Hi everyone,

It was great speaking to you yesterday. Thank you for sharing your updates. As promised, here’s some information for those unable
to join yesterday’s call so you can stay in the loop.

Funding: While we currently do not have any new funds designated for nCoV, we are collecting supplement requests so we can be
ready if/when funds arrive.

Grantees: To submit a supplement request, please follow the instructions of this NOSI. The appropriate PA to use for
submission is here.

CEIRS: Please send the CEIRS concept form to me and to the Prime Pl of the Center you are working with.
If you are currently funded by CEIRS and have an urgent need for nCoV funds, write me an email and we can discuss. If you have
both CEIRS and grant funding, please do not submit the same work to both as we will be reviewing all requests together.

Reagents: Currently BEI has one virus isolate available and is working on making genomic RNA available. We're also aware that the
European Virus archive has an isolate and RNA. We are trying to get more isolates from multiple countries into BEI — please keep
me informed if you know of connections we can reach out to about this. As you develop reagents, Erik and | will work with you to
help expedite their deposit into BEI, so please keep us posted on your progress.

We are also working to see if the Ad-ACE2 vector can be deposited and I’ll try to update by next week. If there are other high
priority reagents you would like to see in BEI, please email me so | can curate a list.

Patient Samples: CDC teams still working on outreach and consent, so we expect an extremely limited supply of PBMCs, sera and
blood from US patients. For those interested in setting up a protocol for collection of samples from patients at their institution or
with a collaborator abroad, a template that the NIH Vaccine Research Center uses is attached. Please keep Erik and | informed if
you decide to pursue this.

Thank you all! Please don’t hesitate to email with any questions and we will talk next Tuesday! Looking forward to updates from
those of you doing animal model testing.

Marciela
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