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The Honorable Tulsi Gabbard

Director of National Intelligence

Office of the Director of National Intelligence
2201 C St., N.W.

Washington, DC 20511

Dear Director Gabbard:

As Chairman of the Committee on Homeland Security and Governmental Affairs, I write to
request records related to the Committee’s ongoing investigation into the origins of COVID-19
and risky life sciences research. The Committee on Homeland Security and Governmental
Affairs has jurisdiction over government information and the duty of “studying the efficiency,
economy, and effectiveness of all agencies and departments of the Government.”! Additionally,
the Committee is authorized to investigate “the possible existence of fraud, misfeasance,
malfeasance, collusion, mismanagement, incompetence, corruption or unethical practices, waste,
extravagance, conflicts of interest, and the improper expenditure of Government funds in
transactions, contracts, and activities of the Government or of Government officials and
employees and any and all such improper practices between Government personnel and
corporations, individuals, companies, or persons affiliated therewith, doing business with the
Government, and the compliance or noncompliance of such corporations, companies, or
individuals or other entities with the rules, regulations, and laws governing the various
governmental agencies and the Government's relationships with the public.”?

Over the course of the investigation, I have obtained information that leads me to believe the
Intelligence Community is in possession of records critical to the Committee’s ongoing inquiry.
For example, in a September 2015 email, the Office of the Director of National Intelligence
(ODNI) and the Central Intelligence Agency (CIA) contacted Dr. Ralph Baric, a scientist who
collaborated with the Wuhan Institute of Virology (WIV), to discuss a “possible project” relating
to “[cJoronavirus evolution and possible natural human adaptation.”* On January 23, 2020, Dr.
Baric was asked by “the Sponsor” to give a presentation on the “current Coronavirus situation”
at a “B Group” meeting the following week.* “B Group™ appears to be a reference to the ODNI’s

'S. Rule XXV(k); S. Res. 445, 108th Cong. (2004)(enacted).

2S. Res. 94, 119th Cong. § 12(e) (2025)(enacted).

3 Email from Ralph Baric, RE: Request for Your Expertise (Sept. 9, 2015-Sept. 24, 2015); A SARS-like cluster of
circulating bat coronaviruses shows potential for human emergence
https://www.nature.com/articles/nm.3985#Sec12.

4 Email from Ralph Baric, RE: B Group Next Week (Jan. 23, 2020-Jan. 29, 2020).



Biological Sciences Experts Group (BSEG).? On January 29, 2020, Dr. Baric emailed a copy of
his PowerPoint presentation which included a slide titled “Origins” that discussed the possibility
of an accidental release by the WIV.®

For this reason, I respectfully request the following records be provided in complete, original,
and unredacted form no later than 5:00 PM on November 13, 2025:

1. All emails, including any attachments, sent or received between January 1, 2012, and
October 30, 2025, between any ODNI employee, ODNI contractor, or individual detailed
to ODNI by another federal agency and any of the following individuals: Ralph Baric,
Toni Baric, Anthony Fauci, Francis Collins, Cliff Lane, David Morens, Gray Handley,
Ping Chen, Dennis Carroll, Peter Daszak, Aleksei Chmura, Bob Garry, Linfa Wang,
Jeremy Farrar, Vincent Munster, or lan Lipkin. This request includes any email in which
the listed individuals appear in the to, from, cc, or bee fields, as well as any email that
references, mentions, or otherwise discusses any of the listed individuals, even if they are
not direct participants in the correspondence.

2. All records since January 1, 2012, referring or relating to any of the following
individuals: Ralph Baric, Toni Baric, Anthony Fauci, Francis Collins, Cliff Lane, David
Morens, Gray Handley, Ping Chen, Dennis Carroll, Peter Daszak, Aleksei Chmura, Bob
Garry, Linfa Wang, Jeremy Farrar, Vincent Munster, or Ian Lipkin.

3. All emails, including any attachments, sent or received between January 1, 2012, and
October 30, 2025, of any ODNI employee, ODNI contractor, or individual detailed to
ODNI by another federal agency, referring or relating to any of the following:

a. COVID-19 origins

Wuhan Institute of Virology (WIV)

Academy of Military Medical Sciences (AMMYS)

Zhengli Shi

Ben Hu

Yusen Zhou

EcoHealth Alliance

The National Biodefense Analysis and Countermeasures Center (NBACC)

The National Institute of Allergy and Infectious Diseases (NIAID) Integrated

Research Facility (IRF) at Fort Detrick

The National Institutes of Health (NIH) Rocky Mountain Laboratory (RML)

gain-of-function research (GOF)

biological dual use research of concern (DURC)

FEGR T 0 A0 O

=

> NAT. ARCHIVES AND RECS. ADMIN., REQUEST FOR RECS. DISPOSITION AUTH. FOR THE NAT’L
COUNTERPROLIFERATION CTR. (2010), https://www.archives.gov/files/records-mgmt/rcs/schedules/independent-
agencies/rg-0576/n1-576-08-006_sf115.pdf; Demaneuf, Gilles (@gdemaneuf). “1/2 Quick update to my Proximal
Origin piece to identify the confidential BSEG meeting of 25 or 26 Jan 2020, during which Baric explained that the
virus could have come from a lab, possibly after some engineering.” X, Jan. 26, 2025,
https://x.com/gdemaneuf/status/1883465391156109423.

® Presentation from Baric Laboratory, University of North Carolina, 2019-nHCov.




m. Biological Sciences Experts Group (BSEG)

DEFUSE proposal

Defense Advanced Research Projects Agency (DARPA) DEFUSE Proposal
DARPA PREventing Emerging Pathogenic Threats (PREEMPT) Program
USAID PREDICT Program

Biological laboratories located overseas that receive funding or support from the
U.S. government.

S~ o B

4. All records since January 1, 2012, referring or relating to any of the following:
a. COVID-19 origins
b. Wubhan Institute of Virology (WIV)
Academy of Military Medical Sciences (AMMS)
Zhengli Shi
Ben Hu
Yusen Zhou
EcoHealth Alliance
The National Biodefense Analysis and Countermeasures Center (NBACC)
The National Institute of Allergy and Infectious Diseases (NIAID) Integrated
Research Facility (IRF) at Fort Detrick
The National Institutes of Health (NIH) Rocky Mountain Laboratory (RML)
gain-of-function research (GOF)
biological dual use research of concern (DURC)
. Biological Sciences Experts Group (BSEG)
DEFUSE proposal
Defense Advanced Research Projects Agency (DARPA) DEFUSE Proposal
DARPA PREventing Emerging Pathogenic Threats (PREEMPT) Program
USAID PREDICT Program
Biological laboratories located overseas that receive funding or support from the
U.S. government.
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5. All emails, including any attachments, sent or received between January 1, 2020, and
October 30, 2025, between any ODNI employee, ODNI contractor, or individual detailed
to ODNI by another federal agency and Adrienne Keen or James Murphy. This request
includes any email in which the listed individuals appear in the to, from, cc, or bce fields,
as well as any email that references, mentions, or otherwise discusses any of the listed
individuals, even if they are not direct participants in the correspondence.

6. All assessments, reports, evaluations, or other analytic products related to the origins of
COVID-19 transmitted to or produced by ODNI, including limited-distribution reports
transmitted to ODNI.

7. All emails, including any attachments, sent or received between January 1, 2020, and
October 30, 2025, by any ODNI employee, ODNI contractor, or individual detailed to
ODNI by another federal agency referring or relating to a National Intelligence Council
assessment on the origins of COVID-19.



8. All documents, materials, or correspondence received from any Intelligence Community
component that are responsive to the Committee’s subpoenas issued on January 13, 2025.

Please segregate and transmit all unclassified material responsive to this request directly to my
office. Please transmit all responsive classified material directly to the Office of Senate Security
and notify my office upon delivery.

Thank you for your prompt attention to this important matter.

Sincerely,

(o ot

Rand Paul, M.D.

Chairman

U.S. Senate Committee on Homeland
Security and Governmental Affairs

Enclosures:
Email from Ralph Baric, RE: Request for Your Expertise (Sept. 9, 2015—Sept. 24, 2015)
Email from Ralph Baric, RE: B Group Next Week (Jan. 23, 2020—Jan. 29, 2020)



From: Baric, Ralph

Sent: Thur 9/24/2015 4:26:29 PM (UTC-04:00)
To - - oo I i <o
Subject: RE: Request for Your Expertise

E-li—. my apologies for not responding ezrlier, | was traveling through Mentana and out of touch. I'd be
glad to discuss this in more detail. Unfortunately, I leave for Beijing on Saturday and return on Thursday of next
week. The week aftar would be best for me. Is this okay? Thanks, ralph

From: [ - o0/
Sent: Thursday, September 24, 2015 2:49 PM
To: iBan’c, Ralph S

Subject: RE: Request for Your Expertise
Ralph,
| just wanted to reach out again to see if you would have a chance next week to discuss a possible project.

From:
Sent: Thursday, September 10, 2015 7:23 AM
o: [ - < > Ralph Baric

Subject: RE: Request for Your Expertise

Thank you for making the connection!
Ralph,
The topic concerns Coronavirus evolution and possible natural human adaptation
| would like to get a clearer picture.

Please let me know If you are interested and if you have a minute or two on 15 September to discuss

Regards,

From:
Sent: Wednesday, September 09, 2015 4:23 PM
To: Ralph Baric

Subject: Request for Your Expertise

Hi Ralph,

1 hope this email finds you well. 1 believe you are still planning on attending the ad-hoc exercise on 13
September. If you are — and you can spare a little time before or after the exercise that day — my colleague
CC’ed) would like to gauge your interest/availability to draft a short paper outlining some of the items



you discussed during the last quarterly meeting JJcan elaborate on what exactly he’s looking for from you
(either via email or in person on the 15th) if you think you might be able to dedicate some time to this task

Please let us know if you’re interested in learning more about this request.

cdni.goy




Message

Sent: 1/29/2020 1:49:25 AM
To
cc
Subject: RE: B Group Next Week

Attachments: Baric BSEG Jan 2020.pptx

My presentation

s AL T

Sent: Thursday, January 23, 2020 3:16 PM

To: Baric, Raloh S I
Cc:

Subject: Re: B Group Next Week
Hi Ralph,
The Sponsor will be excited to hear that you are willing to lead this timely and important discussion.

it would be up to[lif for final decision on the site's ability to accept and position slides for Wednesday,
but | believe that you sending them directly to-(ycu can just Reply All to this note) Tuesday night might
work for a Wednesday presentation.

-do you concur?

Thanks,

From: Baric, Ralon s I

Sent: Thursday, January 23, 2020 3:01 PM

| RS DR

Subject: [EXTERNAL] RE: B Group Next Week

Very timely and appropriate. | was going te email this suggestion te you when | finally shed myself from all the reporters
today. | can put together a few slides that capture the essence of the problem and | would be delighted to present on
this topic. If | present for 15-20 mins on wed, when would you need the slides? Tuesday night? And who do | send them

to? Thanks, ralph

e R i ]

Sent: Thursday, January 23, 2020 2:07 PM

To: Baric, Raloh s I
Cc:
Subject: B Group Next Week

Hi Ralph,



A spot has opened up on the agenda for Day 2 (Wed), and the Sponsor believes that the best replacement
might be any thoughts you might be able to provide on the current Coronavirus situation.

No slides are expected at this late date of course, as the Sponsor believes that just your insights would be
highly valuable. But if you have any artifacts handy we could certainly position them for you.

Please let me know at earliest convenience if you might be in a position to speak, and if so how much time you
might prefer.




2019-nHCoV

Baric Laboratory
University of North Carolina




Introduction Outline

Emerging Coronaviruses

— SARS-CoV, MERS-CoV

— Pre-pandemic SARS-like Bat-CoV
— 2019-HCoV

* Genome Organization and relatedness

The Outbreak

— Origins

— Disease

— Human to Human Spread
Countermeasures

— Broad based CoV nucleoside inhibitors

Summary
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Emerging Human
Coronaviruses
SARS-CoV 2003
MERS-CoV 2012

2019-nHCoV 2019

Origins
Bat Coronaviruses

Not Snakes




Timeline: Emerging Nidoviruses

Virus Species

Emergence

HCoV-NL63 Human
HCoV-229E Human
HCoV-0C43 Human

PEDV Porcine
PRRSV Porcine
BCoV Bovine

SARS-CoV Human

MERS-CoV Human

SADS-CoV (Hku2) Porcine
2019-nHCoV Human

500-800 years
200-300 years
~120 years
~25 years €= 2012inUs
~25 years
~20 years
~16 years

~7 years Accelerating

Cross Species

'"”2 yea rs Movement
2 months

Fu et al., 2018 Infect Genetic Evolution; Peiris JS et al., Lancet 2003, Huynh J et al., J.Virol 2012;
ZakiAM et al., N Engl J Med. 2013, Mole B. Nature. 2013; Zhou P et al., Nature 2018



Drivers of CoV Evolution
e CoV Genome Size: 32Kb . R Rephee Gungin

e CoV Mutation Rate
m 10 — Regulated Fidelity {/
(nsp14: ExoN)
m Environmental Change
¢ Fidelity rates change

e High Rates RNA Recombination
m 25% during mixed infections

m Modular evolution mmm

IR TPases, o/
oy
L W

Nsp14 Removes 3’
End mismatches

Replicative recombination

PPFERRPVVEND ?MWM

Position Piece: CoV: An RNA Proofreading Machine Regulates Replication and Fidelity (RNA Biol, 2011), Dudas G. Virus Evolution 2016:
Eckerle et al., Plos Pathogens 2010; Graham et al., Nature Medicine 2012; Smith et al., Plos Path 2014
RS




Drivers of CoV Evolution
e CoV Genome Size: 32Kb CoV Replicase Complex

e CoV Mutation Rate

m 10 . Regulated Fidelity

(nsp14: ExoN)
m Environmental Change —

¢ Fidelity rates change
: . ) \ : Nsp14 Removes 3’
e High Rates RNA Recombination v End mismatches
m 25% during mixed infections Bvac
m Modular evolution TPy

e Plastic Surface Glycoprotein
m Tolerates high rates of mutation
m Deletions and Insertions (tropism, antigenicity)
m Recombination (modular evolution)

Position Piece: CoV: An RNA Proofreading Machine Reguiates Replication and Fidelity (RNA Biof, 2011); Dudas G. Virus Evolution 2016;
Eckerle et al., Plos Pathogens 2010; Graham et al., Nature Medicine 2012; Smith et al., Plos Path 2014; Kirchdoefer et al Nature 2016)



Origins of the Group 2B SARS and
SARS-like CoV

e SARS-CoV Origins

m pats
m Open Markets and Civet Intermediate Hosts

e SARS-like bat CoV

m Pre-epidemic potential

m Bats, low level seroprevalence in people residing near bat
hibernacula

e 2019-nHCoV

m Bats
m Open Market Origins?

¢ We will discuss




SARS-CoV Emergence in 2002 in China

8,096 cases, 774 deaths, in 32 countries, Nov 1 2002 - July 31 2003

Bat to Human to Civet

evolution towards efficient infection of human cells B
Bat to Civet to Human

Wikiwand.com

USAID Flikr page




SARS-CoV Emergence in 2002 in China

8,094 cases, 774 deaths, in 32 countries, Nov 1 2002 - July 31 2003

Most Likely Model

Epldem|c SARS CoV
WIV-16 {98% Iden’rzcol) ' |

Infermediate host
Bat to Human to Civet

BiCoV
Bats
Animals

Is SARS-CoV Extinct? <. Threat Level?




Most Emerging Viruses

Zoonotic Reservoirs

SARS-CoV

My,

SARS-like bat CoV =
SARS-CoV 8,000 cases
MERS-CoV 774 deaths

Future Outbreak?

2019-nHCoV

Heterogeneous Pools AJL2enkcOy
of related viruses (0-35*%)

g i Tl !1;{‘\.

i

PrePandemic High Risk _
5,934 cases, >1000 serious cases,

Strains Emergence 2019- over 132 deaths, 18 countries

Strains ol
Human transmission: Germany

Z. Shi, Institute of Virology (Discovery Work on the SARS-like bat coronaviruses): Nature. 2013 Nov 28;503(7477):535-8.
Sheahan et al., JV 2008; Becker PNAS 2008; Menachery V et al., Nature Medicine 2015, Menachery PNAS 2016; Simon et al., mBIO 2017




Known Group 2B SARS-like CoV Poised for Human Emergence

0% 10% 20%
Percent Variation in the Spike Glycoprotein




Common Features

Pre-epidemic Group 2B SARS-like CoV
* Origins: BATS
« Use hACE2 Receptor for docking and entry

— Use other ACE2 receptor orthologues for entry into different
species

* Grow efficiently in primary human airway epithelial
cells, and small airway epithelial cells




Common Features

Pre-epidemic Group 2B SARS-like CoV
Origins: BATS

Use hACE2 Receptor for docking and entry

— Use other ACE2 receptor orthologues for entry into different
species

Grow efficiently in primary human airway epithelial
cells, and small airway epithelial cells

Cause Acute Respiratory Disease Syndrome (ARDS) in
humans and/or Animals

— End stage lung disease with ~30% mortality rates

Cause an Age-Related Disease Phenotype

— Characterized by Increased Virus Growth and Mortality in
immune senescent populations




Immune Therapeutic
Countermeasures Fail

2003-2004 SARS-CoV
Outbreak Strains Group 2B SARS-like Bat Coronaviruses

5 4

Urbani  CUHK-W1  GZ02 GDO3
(Late) (Middle)  (Early) 2004

Intermediate

2019-2020
All Are Poised for Human Emergence Outbreak

Antigenic Distance is Large so SARS-CoV Immune Therapeutics (hmAB) and Vaccines Fail

© variation
Broadly active drugs are essential to control zoonotic CoV




Known Group 2C MERS-like CoV Poised for Human Emergence

M_ERS_-ReIatet_;l Strains

L Y

0% 10% 20% 35%
Percent Variation in the Spike Glycoprotein

-MERS-like bat CoV (China) 65% ldentity with MERS-CoV Spike
-Uses hDPP4 as a receptor for docking and entry
-Replicates efficiently in primary human airway epithelial cells




Zoonotic Virus Emergence Models

L] L L a
Classic Model: Mutation Driven Secondary NOSt ey Human
(reservoir) infection

—

Wb,
i, ‘.\}r\‘:

Epidemic strain

Host range m b
mutation '

Direct human Secondary host
infection (reservoir)

3-4 Step Model Requiring Mutations

Recombination
gyvents

¢ Limited Mutation is Necessary
Direct human Secondary host

infection (reservoir)

" /

Epidemic strain

Random

Generatists: \__/
~ receptor orthologs

PreProgrammed Viruses
S~ ]




SARS-CoV Outbreak Drivers

* Open Animal Markets

Civets

% Animal Reservoir
e

ease Expansion

. Hospifélé: Epiténters for Dis

o

- Health Care Workers
T Super-spreader Events

']?
* Transmission occurs 24-36 hrs after Disease Onset
—Community spread limited
—Few asymptomatic cases

Ro=1.8-2.5 (one person on average infected ~2.0 people)




SARS-CoV Outbreak Drivers

e Animal Markets-Civets

civet cats were culled
D their sale and
consumption banned

. Hospltals Ep|centers for Disease Expansion

I

1 gin'

R

Health Care Workers | .
i
.? ~ Super- Spreader EVEnts

e Transmission occurs 24-36 hrs after Disease Onset

—Community spread “mited ....... . Vulnerable to quarantine

—Few asymptomatic cases 7 Contact Tracing

Ro=<1.0 (epidemic goes extinct)
Public Health Response




2019-nHCoV

Emerged Early Dec in Wuhan China (Dec 1)

Began as Cluster of Cases Associated with Open Markets (Dec 31)

— No Evidence of Human to Human Transmission
— Not Very Pathogenic
— Not SARS-CoV, Likely a Novel Virus

Wuhan Open Fish Market Closed (Jan 1, 2020)

Identified as a Coronavirus on Jan 7t", 2020
— distant relative to the SARS-CoV (kissing cousin)

Genome Length Sequence Reported (5 isolates) (~9-11t")

15 HCW infected, China Confirms Person to Person Spread (~20'")



2019 nHCoV Disease Course
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A new coronavirus called 2019 novel coronavirug, or 2019-nCoV, 1s spreading in P S e ,i P AP P AN
China. It is similar to both SARS and MERS. \,r\,riy“@»“;‘f:"; ‘1’; & ;@“‘L “"’f‘;. P b s ‘;{ P *qi‘i;.c"‘;w"\_f 83
COURTESY: IVDC, CHINA CDC ViA GISAID ol

3 of 4 not in seafood market (Open Markets)
Chaolin Huang et al., Lancet Published online January 24, 2020 https://doi.org/10.1016/50140-6736(20)30183-5



Origins

 Earlier Open Market Origin

— Index case was not identified

— most recent common ancestor (27 genomes)—pinpoints early Oct as the likely start
of the outbreak (Kristian Andersen, an evolutionary biologist at the Scripps Research

Institute)

* People in rural areas, who live or work in near proximity of bat
hibernacula
— infected and traveled to Wuhan (visitors, etc.)
— Transmit the disease to local residents, localized spread........ noticed (MD)
— Serological evidence of rural exposure settings (Virol Sin. 2018 Feb;33(1):104-107.)




Origins
 Earlier Open Market Origin

— Index case was not identified

— most recent common ancestor (27 genomes)—pinpoints early Oct as the likely start
of the outbreak (Kristian Andersen, an evolutionary biologist at the Scripps Research
Institute)

* People in rural areas, who live or work in near proximity of bat
hibernacula

— infected and traveled to Wuhan (visitors, etc.)
— Transmit the disease to local residents, localized spread........ noticed (MD)
— Serological evidence of rural exposure settings (Virol Sin. 2018 Feb;33(1):104-107.)

* Accidental Release
— Institute of Virology (Wuhan) Studies SARS-group 2B bat Coronaviruses
— Sequenced 1,000s of SARS-like group 2B bat coronaviruses

— Cultured multiple group 2B bat coronaviruses (pre-epidemic strains)

« Do this work under BSL2 conditions; despite virus use of hACE2 receptor growth in
primary human airway epithelial cells

* J Virol 2016 Jul 15; 90(14): 6573-6582

— They have reported a bat virus that is similar to 2019-nHCoV, which contains big
deletions in RBD, not sure when

— They had not specifically reported on any virus like 2019-nHCoV (RNAseq data’?)
e




2019-nHCoV Genome Organization
R ————— R
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29903 bp
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SARS-CoV¥ Tor2
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Uses hACE2 Receptor for Entry -

b Human WH-CoV-2020 RBD (model)

Zhou et al., bioRxiv 2020.01.22.914952
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2019-nHCoV S Glycoprotein RBD Interface Residues

WUCV S-RBD ACE2 Interface Residues™
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Variation across the contact interface residues can alter orthologue ACE2 Usage
Change Intermediate Host?




Human to Human Transmission

I I“?E‘ﬁ‘l‘& fl“‘m 38 £33 03 £ BN DK =—=Six patients (patients 1-6) flew from Shenzhen to
L] bt ant i s e s s Wuhanon Dec 29, 2019, and back home on Jan
T PR DS 1 11 U L T LT 4, 2020

H

B RENCICL o il s o D no history of contact with animals, visits to markets
R

1) : : ; : : :
e TRTRLR EH TR o N it Patients 1-6 had met with their relatives {relatives

e, bk i) 2-5: one female cousin and three aunts of patient
500 DN DoDonnne 3) every day during their stay in Wuhan for meals

- DI (R [~ [ 1 T D fnl i ia o] Patient 1 acquired the infection from a Wuhan
MGt hospital while visiting their relative (relative 1)

ooy Patients 1-5 transmitted the virus to patient 7 on
" returning to Shenzhen.

Attack rate is rather high, up to 83%

2 . 4 | patients 143 or
g close contacts with relatives 1-3 had
= relatives (1-5) stayed overnight
e P SR ) {white boxes) at or
e 7 | patients S-6stayed - had visited (blue
2 i ! with patient 7 boxes) at hospital
S visiting patient #1

Jasper Fuk-Woo Chan et al., The Lancet Published online January 24, 2020
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Virion Structure
Outbreak period
Initial site of isolation

No. of countries/cases
No. of cases (mortality)
No. of cases U.S.

Reservoir (intermediate
host)

Incubation period
Infectivity, rho
Super spreaders

Asymptomatic/mild
Spread

Attack Rate

Transmission (including
to HCP)

Treatment (PEP)
Infection Prevention?

*likely higher than SARS-CoV

2003-2004

Guangdong province, China

29
8,096 (9.6%)
8
Bats (palm civet)

2-7 days (range, 2-21)
1.8-3.0
Yes
No

10.3% to 60%

Droplet/Direct,
Airborne/Indirect?

Supportive (none)

Airborne, contact, fate

shield

Enveloped RNA virus

UPDATE ON NEWLY DISCOVERED CORONAVIRUS

Enveloped RNA virus

2012-present
Saudi Arabia

27
2,494 (~34%)
2 (2014)

Bats (dromedary camels)

2-7 (range, 2-14 days)

0.3-1.3

Yes (uncommon)

Rare

4 to 20%

Droplet/Direct,
Airborne/Indirect?

Supportive (none)
- Airborne, contact, face

shield

2019-present
Wuhan, China

18
~5 934 (N=136)*
5 (WA, IL, CA, AZ)
Bats (likely a zoonosis)

2-14 days (CDC, based on MERS)
~ Unknown,25-3.8* '
Yes (1 case infected 14 HCW)
Perhaps/Yes

?, 80+% (one study)

Droplet/Direct,
Airborne/Indirect?

Supportive (none)*
“Airborne, contact, face shield

Ro0>3.0 basically need to reduce reproductive rate by >75% to stop epidemic




Two Day Synopsis of the News Cycle [;l]le[ Coronavirus reaches US, death toll climbs:

NBC NEWS Jan 21, 2020 “ Jan 22, 2020

1st case of coronavirus from China confirmed in U.S. The virus, which has infected more than 570 people and caused
17 deaths, arrived in Washington state this week. Here are

JAN 22, 2020 details about the mysterious new disease.
The CDC announced Tuesday that five US airports
—-New York's John F. Kennedy International Airport Business Insider (Jan 22, 2020)

--San Francisco International Airport

--Los Angeles International Airport
--Hartsfield-Jackson Atlanta International Airport
--Chicago O'Hare International Airport

— would begin screening passengers for the virus.

Wuhan, China, is about to be quarantined. The city has 3
million more residents than New York City.

-shut down the city's public transportation,
including buses, trains, ferries, and the airport.




Two Day Synopsis of the News Cycle
NBC NEWS Jan 21, 2020

1st case of coronavirus from China confirmed in U.S.

JAN 22, 2020

The CDC announced Tuesday that five US airports
--New York's John F. Kennedy International Airport

--San Francisco International Airport

--Los Angeles International Airport

--Hartsfield-Jackson Atlanta International Airport
--Chicago O'Hare International Airport

— would begin screening passengers for the virus.

WHO says virus is not a global health

emergency: Jan 23, 2020
The World Health Organization said Thursday the viral
illness in China is not yet a global health emergency.

Wuhan to build designated hospital to treat
coronavirus patients, aims to complete in six days
seven hospitals are being "fully utilized* (3,000 beds)

M Coronavirus reaches US, death toll climbs:

Jan 22,2020

The virus, which has infected more than 570 people and caused
17 deaths, arrived in Washington state this week. Here are
details about the mysterious new disease.

Business Insider (Jan 22, 2020)
Wuhan, China, is about to be quarantined. The city has 3

million more residents than New York City.

-shut down the city's public transportation,
including buses, trains, ferries, and the airport.

BBC News: Jan 23, 2020 (Morning)

Wuhan and Huanggang (7 million) on lockdown........and

then Ezho (1 million)......(10 cities)
299,600 train passengers departed from Wuhan (22)

Jan 23 (evening) CBS NEWS

177/830 cases of coronavirus reported in China involve
severe infections (21%), as death toll rises to 25 (3%),
virus has affected 29 provinces in China

a full-blown community epidemic (>50% never in market)
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Two Day Synopsis of the News Cycle N ¢ ciciainie b S déa .

Jan 22, 2020
NBC NEWS |§ Chinas Health Minister: Ma Xlaowel )

1st case of co . eople and caused
el ‘people can spread it before they become symptomatic’  CIEEEE

MG “the Wuhan virus has an incubation period of couple days o |

Cases, WHO ¢ o) e
smireeney B two weeks " US Official i as the

TheCDC an . ' B & 3 million more
oo e China quarantines 56 million people/20 cities

-San Francisc R L : |
PSSO Hong Kong closes schools, public functions, places where people

~-Hartsfield-z ' . congregate
--Chicago O'HE

— would KIS Imagine the Impact on the Natlonal Economy!

WHO says vil§ i Wuhan (22)
emergency: You Don't Do this Unless Your Very Worried/Situation Dire

The World HE =
hina involve

illness in Chi | | Sl 1‘/26 /2020 | ' o 1025 (3%),
‘ [\OUELRGRT  New coronavirus has killed 80 people and infected at least 2,774 more in China
coronavirus ot 5 Cases Reported in the US (Az, Ill, Ca, Wash) i '

N seven hospitalt

and




Wuhan coronavirus - cases and deaths
1/28/2020:
wn Cases i Clina = Cases oulside Ching == Deaths 5985 cases Conﬁrmed in China,

136 deaths (~3% mortality)

1500
[More than 2,700 |
‘cases in Hubei
i Province

300 |

500

1144/2020  20/1:2020 2112020 22012020 231:2020 24:1/2020 25172020 26/12020

US has upgraded its travel advice to China

1 1 China Frantically Shuts Down Stock Market to
to level 3 — its highest level

Prevent Coronavirus Selloff

2019 nHCoV successfully recovered by researchers in Melbourne, Australia (1/28/2020)



1/28/2020:
5985 cases confirmed in China,
ality)

- We may be on the verge of a global pandemic

1111/20244

USI has Up g AW dvVCl dUVILC 1T China Frtcall Shuts Down Stock Market to
to level 3 — its highest level Prevent Coronavirus Selloff

2019 nHCoV successfully recovered by researchers in Melbourne, Australia (1/28/2020)
ot




Therapeutic Interventions

* No approved drugs, immune therapeutics and
against any group 2b coronavirus

Experimental Drugs (nsp12-RdRp target)

Remdesivir-ribonucleoside inhibitor

Combination lopinavir, ritonavir, and interferon beta
Therapeutic antibodies (MERS-CoV)

Conservation of key RdRp motif residues

Motif G
Positioning of the XESD moli in
5 femplate strand polyrmerase active ste
DESAGYPFNELOK LEKYAISARDRARTVACY PILVOWDYPRCDREM GOTSSODATTAYANSVENILOVVSANRVATELET FOLMILSDDOVACID
HESACHPLNKFGK LEYAISGXERARTVCOGV PELMOWDYPECDRAM GOTTSGDATTAYANSVENIFQAVSSNINCVLEV FSMMILSDDGVVCYN
DESAGYPFNKFGK LKYAISAXNRARTVAGY PVLMCWDYPKCDRAM CGTESGDATTAFANSVFNICQAVEANVCALMSC FEMMILSDDGVVCYN
DESAGYPFHNEFCK LEYAISAXNRARTVACY PVLMGCHDYPHECDRAM GGTESCGDATTAFANEVENICOAVEANVCALMEC FEMMILESDDGUVCYN
DHSACYPFNRFGR LKYAISAXNRARTVAGY PVLMOWDYPRCDRAM GOTSSGRATTAFPANSVENICQAVEANVCSLMAC FEMMILISDDGVVCYN
DESAGYPFNKFGEK LEKYAISAXNRARTVAGY PVLMOGWDYPKCDRAM GGTISGDATTAFANSVEFNICQAVTANVCSLMAC FOMMILSDDGYVCYN
DESAGHPFNEFGK LEYAISAKNRARTVAGY PHLMGWDYPECDRAM GOGTSSGUATTAYANSVENILOATTANVSALMGA FGMMILIDDGVVCYN
DESAGFPFNEFGE LEYAISAKNRARTVAGY PHLMGWDY PECDRAM GOTSSGDSTTAYANSVFNICQAVSANLNTPLGI FOMMILEDDGVVCYN
DRSAGFPFNRWGK LEYAISARNRARTVAGY PHLMGWDYPKCDRAM GGTSSGDATTATANSVENICQAVTANVNALLST FOSMMILSDDAVVCEN
DESAGFPFNEWGE LEYAISARWRARTVAGY PHLMGWDYPRCDRAM GOTSSGDATTAYANSVEFNICQAVTIANVIALLST FESMHMILSDDAVVCYN
DESAGFPFNEWGE LEYAISAENRARTVAGY PHLMGWDY PKCDRAM GGTSSGDATTAYANSVFRICQAVTANVNALLST FEMMILSDDAVVCYN
D!’ GFPFNKWGR AGV ‘PKLMGWDYPFCDM GGT“ SGDATT. IM""J'E'NICDPNTRNV“&LLQT FSMMILSDDAVVT YN
EEETEE - 8 i e | N
4989 511544 Ht} 753 '.'68
Position in SARS-CoV RdRp
VS53L n MHY and V5570 SARS-CaV in fdotf F

Motif B

Nuciectide binding

Motif A Motif C

SNucleotide binding

Motif F

Musleotize binding

PDCoV
228K
NL63
ocas

MHV

KU1

MERS
HKI9-4
nCoV-2019
RKU3
SARS-CoV
SHCO14

" 626 ura

Sheahan et al., Nature Communications 11, 222 (2020)

vaccines

EIDD-1931-(b-D-N*-hydroxycytidine)-ribonucleoside inhibitor

against MERS-CoV

Motif D

Stabilization of core structure

Motif E
Thumb

region fexibaty

AXACAVADLDOFRDILFYQMNVYMAD HEFCSQHTVLA
AELGYIADISAFEATLYYQUOVFMST HEFCSQHTMQI
ASKGYIANISAFQOVLYY(QNNVFMSE HEFCEQRTMLV
ABSKCYTANISAFQQVLYYQNNVFMSE HEFCGORTMLV
ASKCYIANISAFQQVLYYOHNVFMEE HEFCSQHTHMLY
ASKGYIANISVFQQVLYYQNNVFMSE HEFCSOHTMLY
ARKGYIAGIQNFKETLYYQNNVFMIE HEFCSQRTLY I
ADEGYVADIOGFRELLYFONNVFMGE HEFCSQETMLY
ASQGLVASIKNFKSVLYYQNNVFMGE HEFCSQHTMLV
AAQGLVASIKNFEAVLYYQINIVFMSE HEFCSQRETMLV
ARQGLVASIKNFEAVLYYQNIWVFMSE HEFCEQHETMLV
MOGI.VAS IKNFEAVLYYQNNVFMSE HEFCS QHM\I

Y WEEEE BT

186 810
= A iri\t tiky

Sheahan et al., Sci Trans| Med. 2017 Jun 28;9(396).



GS-5734 is a broad-specirum antiviral

b

EBOV DRC Clinical Trials

Mortality in Untreated: ~70%

Ebola virus
disease

Overall mortality was 50% (84/169) in all

(clonnd + patients treated with Zmapp
GS-5734 . . i
+3dpi Mortality rate in remdesivir treated

patients was 51%

35% (61/174) of patients in the mAb114
treatment group

L 34% (52/155) of patients in the REGN-EB3
Protecis group died by 28 days

Nucleoside Analogues have poor activity against CoV?



Antiviral effect in primary human cells

D s
MERS-CoV Titer in HAE MERS-CoV RNA in HAE SARS-CoV Titer in HAE SARS-CoV RNA in HAE
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GS5734 Also Inhibits MERS-CoV replication in primary lung fibroblasts and
vascular endothelial cells at similar levels

Sheahan et. al 2017 Science Translational Medicine 2017 Jun 28;9(396)
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Titer (pfu//ml)

Efficacy of GS-5734 against diverse CoV

|~

HCoV-NL63 Bat-CoV HKU5 Bat-CoV HKU3  Bat-CoVSCHO14  Bat-CoVWIV1
10 1
106* : 1 @ 1 : “e‘a
o8
10°{ o® ¥ : il 2 - =
104_ ! % R - . @ ]
@ iy Fa 3 8
10°- ,, : £ T *
e ! - “ { 0®
| ® &0

[ . i | | | i ] | | | | i

e B0 —66 I :
0 6% 1 10 @064 110 ©o0F 11w B0 1% 00y 21 50
GS-5734 [UM]  GS-5734 [uM] GS-5734 [uM]  GS-5734 [uM]  GS-5734 [uM]

Contemporary Prepandemic SARS and MERS-like BtCoV
Human

Sheahan et. al 2017 Science Translational Medicine 2017



GS-5734 diminishes SARS-CoV Disease
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Effective against SARS-like HKU3 in Aged animals

Sheahan et. al 2017 Science Translational Medicine 2017




GS-5734 improves pulmonary function

Prophylactic Therapeutic
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Sheahan et. al 2017 Science Translational Medicine 2017



Will therapevutic Rx improve outcomes?

RT3 o~
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Virus Lung Titer
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Therapeutic RDV reduces weight loss
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Therapeutic RDV reduces viral load

Virus Lung Titer Virus Lung Titer
0% = 108
W07 107
o10% F o W
L0 . £
S 10k = 16
E 10% ; 104 T
10° 10°]
108 L L
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Vehicle LPV/RTV
IFN Low IFN High
Treatment Group

Vehic;Ie Remdesivir
Treatment Group

Sheahan et. al Nature Communications 2020




EIDD-1931

A % Inhibition MERS-CoV in 2B4 Cells B Cell death factor expression in HAE
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EIDD-1931 In Vivo
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Effective in vivo against MERS-CoV and SARS-CoV



Baric Laboratory: 2019 nHCoV

« 2019-nHCoV replicates and causes lethal disease by
day 7 in C57BI/6 hACEZ2 mice

— Z. Shi-Institute of Virology, Wuhan China

— Test variety of vaccines NIH VRC/CEPI, protective
immunity in vivo

— Test therapeutic hmABs and drugs

« Chimeric SARS-like bat CoV SHC014 encoding the
2019-nHCoV S glycoprotein spike

— Building mouse adapted versions-mutations in RBD than
enhance mMACE2 interaction

« 2019-nHCoV Reverse genetic Platform and
recombinant viruses

— Building mouse adapted versions-mutations in RBD than
enhance mACEZ2 interaction



Virus 402 426436

SARS-CoV
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*Conservations based on BLOSUM®62 Matrix




WUCV S-RBD ACE2 Interface Residues™
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