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Hi

Please note that Ralph made these changes on an earlier copy sent to him so hopefully the 2
of you can incorporate them into the updated draft | sent this AM!

Regards,

Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: "rharic@emailuncedu” <rbaric@emailuncedu>
Date: Wednesday, February 12, 2020 12:32 PM

To: "Su, Lishan" <lishan _su@med.unc.edu>

Cc: Linda Saif <saif.2@osu.edu>

Subject: RE: A commentary on 2019 nCoV vs lab engineered viruses

My comments. I've included an excel file comparing the differences in the genome length sequences
of the parental and chimeric viruses. Also made some text changes. | think the community needs to
write these editorials and | thank you for your efforts. ralph

From: Su, Lishan <lishan su@med.unc.edu>
Sent: Wednesday, February 12, 2020 10:11 AM
To: Baric, Ralph S <rbaric®email.unc.edu>

Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses

Hi Ralph:

We are trying to finish it and had no plan to get you too involved, but | do value your
input. It is almost final and we are also getting comments from Perlman and Weiss.
Thanks,

-Lishan

From: "Baric, Ralph S" <rbaric@email.unc.edu>
Date: Wednesday, February 12, 2020 at 10:02 AM

To: "Su, Lishan" <lishan_su@med.unc.edu>



Subject: RE: A commentary on 2019 nCoV vs lab engineered viruses

sure, but don't want to be cited in as having commented prior to submission.

From: Su, Lishan <lishan su@med.unc.edu>
Sent: Wednesday, February 12, 2020 1:12 AM
To: Baric, Ralph S <tbaric@®@emailuncedy>

Subject: A commentary on 2019 nCoV vs lab engineered viruses

Hi Ralph:

In response to the EMI journal editor's request, Drs. Shan-Lu Liu, Lin Saif and myself
are writing a commentary (1-2 pages) to dispute the rumors of 2019 nCoV origin. Will
you be interested, and have time, to have a quick read/comment? Please let me know
if you have time.

Tentative Title: Is 2019-nCoV laboratory origin®?

Thanks!

-Lishan
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A novel human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (WHO Wubsile Bl ref).

According to what has been reported ™, COVID-2019 seems to have similar clinical
manifestations to that of the severe acute respiratory syndrome (SARS) caused by
SARS-CoV. The SARS-CoV/-2 genome sequence also has ~B0% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity 45,

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 is
of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 *. However, as we
know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared
99.8% homology, with a total of 202 single-nucleotide variations (SNVs) identified
across the genome; among these SNVs, 200 were in the coding DNA sequences.
(CDSs), and among the 128 nonsynonymous mutations, 89 led to a predicted radical
amino-acid cha'ngas (Song, H.C. ot &l Cross-host evolution of severe acule réspiratory
syfidrome coranavinus in palm civel and human, Proc MNall Acad Seill 5 A 102, 2430

2435 (2005)). Given that there are greater than 1000 nt differences between the human

. - | Commented [BRS1]: Not a dna virus




SARS-CoV/-2 and the bat RaTG13-CoV 4, which are distributed throughout the genome
in a naturally occurring pattern and follow the evolution characteristics typical of CoVs,
including the S gene as the most variable region, it is highly unlikely that RaTG13 CoY
is the immediate source of SARS-CoV-2. The absence of a logical targeted pattern in
the new viral sequences and a close relative in a wildlife species (bats) are the most
revealing signs that SARS-CoV-2 evolved by natural evolution. A search for an
intermediate animal host between bats and humans is needed to identify animal CoVs
more closely related to human SARS-CoV-2, There is speculation that pangolins might
have CoVs closely related to SARS-CoV-2, but the data to substantiate this is not yet

published (#=bsita link ref).

Another claim points to a Nature Medicine paper published in 2015 5, which reports the
construction of a chimeric CoV/ with a bat CoV S gene (SHC014) in the backbone of a
SARS CoV that has adapted to infect mice (MA15) and is capable of infecting human
cells 7. However, this claim lacks any scientific basis and must be discounted because
of significant divergence in the genetic sequence of this construct with the new SARS-
Cov-2.

adapied SARS-coronavirus causes diseass and mortality in BALB/c mice. PlLoS Pathog
BALB/c mice. After 15 passages in mice, the SARS-CoV gained elevated replication

and lung pathogenesis in aged mice (hence M15), due to six coding genetic mutations
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associated with mouse adaptation. |t is also likely that MA15 is highly attenuated to

replicate in human cells or patients due to the mouse adaptation.

When the SARS-CoV/ was isolated. it was concluded that the S gene from bat-derived
CoV, unlike that from human patients- or civets-derived viruses, was unable to use
human ACEZ as a receptor for entry into human cells 5°. Civets were proposed to be
an intermediate host of the bat-CoVs, capable of spreading SARS CoV to humans
(need 1o Fad refs). However, in 2013 several novel bat coronaviruses were isolated

from Chinese horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use

evolutionary evidence that the bat ACE2 gene has been positively selected at the same

contact sites as the human ACE2 gene for interacting with SARS CoV 0, it was

| Commented [BRS6]; these six mutations were

reintroduced into a SARS molecular clone to isolate a SARS
MA1S recombinant virus, which recapitulated the severs

disease phenotype inmice.

proposed that an intermediate host may not be necessary and that some bat SL-CoVs
may be able to directly infect human hosts. To directly address this possibility. the
=xact S gene from bat coronavirus SL-SHC014 was synthesiz=d and used to generate
a chimeric virus in the mouse adapted MA15 SARS-CoV backbone. The resultant SL-
SHCO014-MA15 virus could indeed efficiently use human ACE2 and replicate in primary
human airway cells to similar titers as epidemic strains of SARS-CoV, \n'= SHC014-
MA15 can replicate efficiently in voung and sged mouse ungs, infection was fully
attenuated, and less virus antigen was present in the afreay epithellumn as compared to

SARS MA1S5, which causes lethal outcomes regardless of age Ieadlng to severe

Commented [BRS7]: SARS-CoV, as well as its closaly
related SHCD14 bat strain and the chimera all differ by over
6,000 nts as compared with SARS-CoV 2.
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But was fully attenuated and displayed reduced virus
infection in the airway epithelium as compared to SARS-CoV
MA&15 which is lethal

Did not produce lethal disease like wildtype sars, soits
attenuated!




Due to the lelevated pathogenic activity of the SHC014-MA15 chimeric virus relative to - | Commented [BRS9): reduced ]

the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus | Commented [BRS10]: as written, suggests experiments
| were done before review. Nh;t ilm'nt‘tn reformulate

were subject to pause, reviewed and later approved under the US government-
mandated pause policy (from Oct. 2014 to Dec. 2017: https://www.nih.gov/about-

nih/who-we-are/nih-director/statements/nih-lifts-funding-pause-gain-function-research). The
current COVID-2019 epidemic has restarted the debate over the risks of constructing
such viruses that could have pandemic potential, irrespective of the finding these bat

CoVs already exist in nature. Regardless, upon careful phylogenetic analyses by
multiple international groups =, the SARS-CoV/-2 is undoubtedly distinct from SHC014-
MA18, with >5000 nt differences across the whole genome. Therefore, once again
there is no credible evidence to support the claim that the SARS-CoV/-2 is derived from
the chimeric SHCO14-MA15 virus. Finally, we note that the synthetic and chimeric
panels of bat and SARS-like CoV led to the identification of remdesivir as a broad based
inhibitor of all group 2b SARS-like coronaviruses tested in vitro or in vivo, providing

critical preIND data that led to the ongoing clinical trials in China and for the future - - -| Commented [BRS111: pricasszoz J
PMC5567817

development of universal vaccines for all the SARS-like coronaviruses.

There are also rumors that the SARS-CoV-2 was artificially. or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv, (a
manuscripl sharing site prior o sny peer review and-retyet peerraviewed foraceuracy)
claiming that SARS-CoV/-2 has HIV sequence in it and was thus likely generated in the
laboratory. A rebuttal paper led by an HIV-1 expert Dr. Feng Gao has used careful
bicinformatics analyses to demonstrate that the original claim of multiple HIV insertions
into the SARS-CoV/-2 is not HIV-1 specific but random (Sac =t 2l EMI paoes
2/1272020). Because of the many concerns raised by the international community. the

authors who made the initial claim have already withdrawn this report.



Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of randomly occurring mutations.---And should not be present? in
naturally isolated viruses such as RaTG13. Currently, there is no credible evidence to
support the claim that SARS-CoV-2 was originated from a laboratory-engineered CoV.
It is more likely that SARS-CoV-2 is a recombinant CoV generated in nature between a
bat CoV and another coronavirus in an intermediate animal host. More studies are

needed to explore this possibility and resolve the natural origin of SARS-CoV-2.
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Thanks—a few minor last edits

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: "Liu, Shan-Lu" <[ju.6244@osu.edu>
Date: Wednesday, February 12, 2020 2:05 PM
To: "Su, Lishan" <lishan su@med.unc.edu>, Linda Saif <saif 2@osu.edu>

Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses

Hi Lishan and Linda,

| have just tried to incorporate Ralph’s comments into the version from Linda to make
a new “final” version, please see attached.

Lishan: you will need to add two new references for Ralph’s new sentences. Send me
the updated new Endote, along with your final version.

Thanks.

Shan-Lu

0 THE OHIO STATE UNIVERSITY

Shan-Lu Liu, M.D., Ph.D.

Professor

Co-Director, Viruses and Emerging Pathogens Program
Infectious Diseases Institute

Center for Retrovirus Research

Departments of Veterinary Biosciences, Microbial Infection and Immunity, and Microbiology
The Ohio State University

1900 Coffey Rd, Room 480 VMAB

Columbus, Ohio 43210

Phone: (614) 292-8690

Fax: (614) 292-6473

Email: liu.6244@osu.edu; shan-lu lin@osume.edu



From: "Su, Lishan" <lishan su@med.unc.edu>
Date: Wednesday, February 12, 2020 at 2:00 PM
To: "Saif, Linda" <saif 2@ osu.edu>, Shan-Lu Liu <[iu.6244@csu.edu>

Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses

Shan-Lu:

| will incorporate his comments, if needed, in the final version from you, and send to
you for a real final version.
Best,

-Lishan

From: "Saif, Linda" <saif 2@osu.edy>
Date: Wednesday, February 12, 2020 at 1:34 PM
To: "Liu, Shan-Lu" <|/ju.6244@osy.edu>, "Su, Lishan" <lishan_su@med.unc.edu>

Subject: FW: A commentary on 2019 nCoV vs lab engineered viruses

Hi

Please note that Ralph made these changes on an earlier copy sent to him so hopefully the 2
of you can incorporate them into the updated draft | sent this AM!

Regards,

Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: "rbaric@email.unc.edu" <rbaric@email.unc.edu>
Date: Wednesday, February 12, 2020 12:32 PM

To: "Su, Lishan" <lishan_su@med.unc.edu>

Cc: Linda Saif <saif 2@ osu.edu>

Subject: RE: A commentary on 2019 nCoV vs lab engineered viruses

My comments. I've included an excel file comparing the differences in the genome length sequences
of the parental and chimeric viruses. Also made some text changes. | think the community needs to
write these editorials and | thank you for your efforts. ralph



From: Su, Lishan <lishan su@med.unc.edu>
Sent: Wednesday, February 12, 2020 10:11 AM
To: Baric, Ralph S <tharic@emailunceduy>

Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses

Hi Ralph:

We are trying to finish it and had no plan to get you too involved, but | do value your
input. It is almost final and we are also getting comments from Perlman and Weiss.
Thanks,

-Lishan

From: "Baric, Ralph 5" <rbaric@email.unc.edu>
Date: Wednesday, February 12, 2020 at 10:02 AM

To: "Su, Lishan" <lishan_su@med.unc.edu>

Subject: RE: A commentary on 2019 nCoV vs lab engineered viruses

sure, but don’t want to be cited in as having commented prior to submission.

From: Su, Lishan <lishan su@med.unc.edu>
Sent: Wednesday, February 12, 2020 1:12 AM

To: Baric, Ralph S <rbaric®@emailunc.edu>

Subject: A commentary on 2018 nCoV vs lab engineered viruses

Hi Ralph:

In response to the EMI journal editor’s request, Drs. Shan-Lu Liu, Lin Saif and myself
are writing a commentary (1-2 pages) to dispute the rumors of 2019 nCoV origin. Will
you be interested, and have time, to have a quick read/comment? Please let me know
if you have time.

Tentative Title: Is 2019-nCoV laboratory origin®?

Thanks!

-Lishan
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A new mevelhuman coronavirus, SARS-CoV-2, was quickly
identified, and the associated disease is now referred to as coronavirus disease

discovered in 2019 (COVID-19) (hitps://globalbiodefense.com/novel-coronavirus-covid-

19-portalf).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 is
of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we
know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared
99.8% homology, with a total of 202 single-nuclectide variations (SNVs) identified
across the genome; among these SNVs, 200 were in the coding-BiA sequences
{&B8&s}, and among the 128 nonsynonymous mutations, 89 led to-a predicted radical

amino-acid changes [6]. Given that there are greater than 1000 nt differences between



the human SARS-CoY/-2 and the bat RaTG13-CoV [4], which are distributed throughout
the genome in a naturally occurring pattern-==< following_ the evolutionary
characteristics typical of CoVs, it is highly unlikely that RaTG13 CoV is the immediate
source of SARS-CoV-2. The absence of a logical targeted pattern in the new viral
sequences and a close relative in a wildlife species (bats) are the most revealing signs
that SARS-CoV-2 evolved by natural evolution. A search for an intermediate animal
host between bats and humans is needed to Identify animal CoV's more closely related
to human SARS-CoV-2. There is speculation that pangolins might have CoVs closely
related to SARS-CoVV-2, but the data to substantiate this is not yet published

(hitps://Mwww.nature.com/articles/d4 1586-020-00364-2).

Another claim In Chinese social med a points to a Nature Medicine paper published in

2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis
and must be discounted because of significant divergence in the genetic sequence of

this construct with the new SARS-CoV-2 (=5 000 nuclentiidss ).

Therasambizant mouse-adapted SARS virus (MA15) [9] was generated by serial
passage of an infectious wildfype SARS CoV clone in the respiratory tract of BALB/c
mice. After 15 passages in mice, the SARS-CoV gained elevated replication and lung
pathogenesis in aged mice (hence M15), due to six coding genetic mutations

associated with mouse adaptation. Jhsse slx mulatons were rsintroduced inlo 3 SARS
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molecular clone to isolate a SARS MA15 recombinant virus, which recapitulated the

severe disease phenotype in mice. |t isalse likely that MA15 is highly attenuated to

replicate in human cells or patients due to the mouse adaptation.

When the original SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to
use human ACEZ as a receptor for entry into human cells [10, 11]. Civets were
proposed to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV
to humans_[6, 12]. However, in 2013 several novel bat coronaviruses were isolated
from Chinese horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use
ACE2 from humans, civets and Chinese horseshoe bats for entry [8]. Combined with
evolutionary evidence that the bat ACEZ2 gene has been positively selected at the same
contact sites as the human ACE2 gene for interacting with SARS CoV [13], it was
proposed that an intermediate host may not be necessary and that some bat SL-CoVs
may be able to directly infect human hosts. To directly address this possibility, the
exact S gene from bat coronavirus SL-SHC014 was synthesized and used to generate
a chimeric virus in the mouse adapted MA15 SARS-CoV backbone. The resultant SL-
SHCO14-MA15 virus could indeed efficiently use human ACE2 and replicate in primary
human airway cells to similar titers as epidemic strains of SARS-CoV. While SHCO14-

MA15 can replicate efficiently in young and aged mouse lungs, infection was fully

attenuated. and less virus antigen was present in the airway epithelium as compared to

SARS MA15, which causes lethal outcomes regardless of age trporanthy,SHEO14-




Due to the elevated pathogenic activity of the SHC014-MA15 chimeric virus relative to  « - | Formated: Highlight

k '[Fomuthd: Line spacing: Double
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the SARS-MA15 CoV in mice, stch experiments with SHC014- MA15 chimeric virus
were later restricted as gain of function (GOF) studies under the US government-

mandated pause policy (from Oct. 2014 to Dec. 2017: httos//www.nih.qov/about- -~ | Commented [LS1): Lishan: see Ralph's comments to
revise, as | am confused!

nih/who-we-are/nih-director/statements/nih-lifts-funding-pause-gain-function-research).

The current COVID-2019 epidemic has restarted the debate over the risks of
constructing such viruses that could have pandemic potential, irrespective of the finding
ihat these bat CoVs already exist in nature, Regardless, upon careful phylogenetic
analyses by multiple international groups [5, 14], the SARS-CoV/-2 is undoubtedly
distinct from SHC014- MA15, with >5,000 nuclealidest differences across the whole
genome. Therefore, once again there is no credible evidence to support the claim that
the SARS-CoV-2 is derived from the chimeric SHC014-MA15 virus. Elnally, we nole that

the syntheti

remdesivir as a proad-based inhibitor of a8 group 2b SARS-llke coronaviruses fested i __ - { Formatted: Highlight
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COronaviruses.

There are also rumors that the SARS-CoV/-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a

manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV



sequence in it and was thus likely generated in the laboratory. |n a4 rebuttal paper led
by an HIV-1 expert Dr. Feng Gao, they-has used careful bioinformatics analyses to
demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is
not HIV-1 specific but random (Gao et al., EMI paper 2/12/2020 in press). Because of
the many concerns raised by the international community, the authors who made the

initial claim have already withdrawn this report.

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of randomly occurring mutations. In our view, there is currently no
credible evidence to support the claim that SARS-CoV-2 was-originated from a
laboratory-engineered CoV. It is more likely that SARS-CoV-2 is a recombinant CoV
generated in nature between a bat CoV and another coronavirus in an intermediate
animal host. More studies are needed to explore this possibility and resolve the natural

origin of SARS-CoV-2.
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The emergence and outbreak of a newly discovered acute respiratory disease in Wuhan,
China, has affected greater than 40,000 people, and killed more than 1,000 as of Feb.
10, 2020. A new nevelhuman coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (hitps://globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 is
of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we
know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared
99.8% homology, with a total of 202 single-nucleoctide variations (SNVs) identified
across the genome; among these SNVs, 200 were in the coding-BhA sequences
{EB&s}, and among the 128 nonsynonymous mutations, 89 led to-=a predicted radical
amino-acid changes [6]. Given that there are greater than 1000 nt differences between

the human SARS-CoV-2 and the bat RaT G13-CoV [4], which are distributed throughout



the genome in a naturally occurring pattern-aad following_the evolutionary
characteristics typical of CoVs, it is highly unlikely that RaTG13 CoV is the immediate
source of SARS-CoV-2. The absence of a logical targeted pattern in the new viral
sequences and a close relative in a wildlife species (bats) are the most revealing signs
that SARS-CoV-2 evolved by natural evolution. A search for an intermediate animal
host between bats and humans is needed to identify animal CoV/s more closely related
to human SARS-CoV/-2. There is speculation that pangolins might have CoVs closely
related to SARS-CoV/-2, but the data to substantiate this is not yet published

{hitps://www.nature.com/articles/d4 1586-020-00364-2).

Another claim I Chinese social meds points to a Nature Medicine paper published in

2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis
and must be discounted because of significant divergence in the genetic sequence of

this construct with the new SARS-CoV-2 (=5 000 nuclectiiias |,

Thesecembmant mouse-adapted SARS virus (MA15) [9] was generated by serial
passage of an infectious 'wildtvoe SARS CoV clone in the respiratory tract of BALB/c
mice. After 15 passages in mice, the SARS-CoV/ gained elevated replication and lung
pathogenesis in aged mice (hence M15), due fo six coding genetic mutations

associated with mouse adaptation, These six mulalions were reiniroduced inlo 8 SARS . - 'E Formatted: Font: (Default) Arial, Font color: Black

molecuiar clens to isolate a SARS MA1S recombinant virus, which recapituiated the




severe disease phenotype in mice. It is-alse likely that MA15 is highly attenuated to

replicate in human cells or patients due to the mouse adaptation.

When the original SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to
use human ACE2 as a receptor for entry into human cells [10, 11]. Civets were
proposed to he an intermediate host of the bat-CoVs, capable of spreading SARS CoV
to humans [6, 12]. However, in 2013 several novel bat coronaviruses were isolated
from Chinese horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use
ACE2 from humans, civets and Chinese horseshoe bats for entry [8]. Combined with
evolutionary evidence that the bat ACE2 gene has been positively selected at the same
contact sites as the human ACEZ2 gene for interacting with SARS CoV [13], it was
proposed that an intermediate host may not be necessary and that some bat SL-CoVs
may be able to directly infect human hosts. To directly address this possibility, the
exact S gene from bat coronavirus SL-SHCO014 was synthesized and used to generate
a chimeric virus in the mouse adapted MA15 SARS-CoV backbone. The resultant SL-
SHCO014-MA15 virus could indeed efficiently use human ACEZ2 and replicate in primary
human airway cells to similar titers as epidemic strains of SARS-CoV. While SHCO14-

MA15 can replicate efficiently in young and aged mouse lungs, infection was fully

attenuated. and less virus antigen was present in the airway epithelium as compared to

SAKRS MA15, which causes lethal outcomes regardless of age Hnporanth-SHCSOH-




Due to the elevated pathogenic activity of the SHC014-MA15 chimeric virus relativefo = ._ - | Formatted: Highlight

the SARS-MA15 CoV in mice. such experiments with SHC014- MA15 chimeric virus
were later restricted as gain of function (GOF) studies under the US government-
mandated pause policy {(from Oct. 2014 to Dec. 2017: hitps://www.nih.gov/about-

nih/who-we-are/nih-director/statements/nih-lifts-funding-pause-gain-function-research).

The current COVID-2019 epidemic has restarted the debate over the risks of
constructing such viruses that could have pandemic potential, irrespective of the finding
that these bat CoV's already exist in nature. Regardless, upon careful phylogenetic
analyses by multiple international groups [5, 14], the SARS-CoV-2 is undoubtedly
distinct from SHCO014- MA15, with >5,000 nuclectios=t differences across the whole
genome. Therefore, once again there is no credible evidence to support the claim that

the SARS-CoV-2 is derived from the chimeric SHC014-MA15 virus. Finally, we note that

the synthelic and chimeric panels of Bal and SARS-Ike CaV led 1o 1he idenlification of

remdasivir as a hroad-basad inhibifor of a8 aroup Zb SARS-lIke coronaviruses fesiad in

Coronavirses.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated In the laboratory. In aA rebuttal paper led
by an HIV-1 expert Dr. Feng Gao, they-has used careful bicinformatics analyses to
demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is
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not HIV-1 specific but random (Gao et al., EMI paper 2/12/2020 in press). Because of
the many concerns raised by the international community, the authors who made the

initial claim have already withdrawn this report.

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of randomly occurring mutations. In our view, there is currently no
credible evidence to support the claim that SARS-CoV-2 was-originated from a
laboratory-engineered CoV. It is more likely that SARS-CoV-2 is a recombinant CoV
generated in nature between a bat CoV and another coronavirus in an intermediate
animal host. More studies are needed to explore this possibility and resolve the natural

origin of SARS-CoV-2.
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The emergence and outbreak of a newly discovered acute respiratory disease in Wuhan,
China, has affected greater than 40,000 people, and killed more than 1,000 as of Feb.
10, 2020. A new nevelhuman coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (hitps://globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 is
of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we
know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared
99.8% homology, with a total of 202 single-nucleoctide variations (SNVs) identified
across the genome; among these SNVs, 200 were in the coding-BhA sequences
{EB&s}, and among the 128 nonsynonymous mutations, 89 led to-=a predicted radical
amino-acid changes [6]. Given that there are greater than 1000 nt differences between

the human SARS-CoV-2 and the bat RaT G13-CoV [4], which are distributed throughout



the genome in a naturally occurring pattern-aad following_the evolutionary
characteristics typical of CoVs, it is highly unlikely that RaTG13 CoV is the immediate
source of SARS-CoV-2. The absence of a logical targeted pattern in the new viral
sequences and a close relative in a wildlife species (bats) are the most revealing signs
that SARS-CoV-2 evolved by natural evolution. A search for an intermediate animal
host between bats and humans is needed to identify animal CoV/s more closely related
to human SARS-CoV-2. There is speculation that pangolins might camyhave CoVs
closely related to SARS-CoV-2, but the data to substantiate this is not yet published

{hitps://www.nature.com/articles/d4 1586-020-00364-2).

Another claim I Chinese social meds points to a Nature Medicine paper published in

2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis
and must be discounted because of significant divergence in the genetic sequence of

this construct with the new SARS-CoV-2 (=5 000 nuclectiiias |,

Thesecembmant mouse-adapted SARS virus (MA15) [9] was generated by serial
passage of an infectious 'wildtvoe SARS CoV clone in the respiratory tract of BALB/c
mice. After 15 passages in mice, the SARS-CoV/ gained elevated replication and lung
pathogenesis in aged mice (hence M15), due fo six coding genetic mutations

associated with mouse adaptation. These six mulalions were relntroduced inlo 8 SARS - 'E Formatted: Font: (Default) Arial, Font color: Black

molecuiar clens to isolate a SARS MA1S recombinant virus, which recapituiated the




severe disease phenotype in mice. It is-alse likely that MA15 is highly attenuated to

replicate in human cells or patients due to the mouse adaptation.

When the original SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to
use human ACE2 as a receptor for entry into human cells [10, 11]. Civets were
proposed to bhe an intermediate host of the hat-CoVs, capable of spreading SARS CoV
to humans [6, 12]. However, in 2013 several novel bat coronaviruses were isolated
from Chinese horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use
ACE2 from humans, civets and Chinese horseshoe bats for entry [8]. Combined with
evolutionary evidence that the bat ACE2 gene has been positively selected at the same
contact sites as the human ACEZ2 gene for interacting with SARS CoV [13], it was
proposed that an intermediate host may not be necessary and that some bat SL-CoVs
may be able to directly infect human hosts. To directly address this possibility, the
exact S gene from bat coronavirus SL-SHCO014 was synthesized and used to generate
a chimeric virus in the mouse adapted MA15 SARS-CoV backbone. The resultant SL-
SHCO014-MA15 virus could indeed efficiently use human ACEZ2 and replicate in primary
human airway cells to similar titers as epidemic strains of SARS-CoV. While SHCO14-

MA15 can replicate efficiently in young and aged mouse lungs, infection was fulby

attenuated. and less virus antigen was present in the airway epithelium as compared to

SAKRS MA15, which causes lethal outcomes regardless of age Hnporanth-SHCSOH-




Due to the elevated pathogenic activity of the SHC014-MA15 chimeric virus relativeto =

the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus

nih/who-we-are/nih-director/statements/nih-lifts-funding-pause-gain-function-research).

The current COVID-2019 epidemic has restarted the debate over the risks of
constructing such viruses that could have pandemic potential, irrespective of the finding
that these bat CoV's already exist in nature. Regardless, upon careful phylogenetic
analyses by multiple international groups [5, 14], the SARS-CoV-2 is undoubtedly
distinct from SHCO014- MA15, with >5,000 nuclectios=t differences across the whole
genome. Therefore, once again there is no credible evidence to support the claim that

the SARS-CoV-2 is derived from the chimeric SHC014-MA15 virus. Finally, we note that

the synthelic and chimeric panels of Bal and SARS-Ike TV led 1o 1he identification of

remdasivir a5 a broad-basaed inhibitor of ¥ group 2b SARS-lIiKe coronaviruses lesled in __

trials in [Ching and is crifical for the future develcoment of universal vaccines foralithe

SARS-lke coronaviruses.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated In the laboratory. In aA rebuttal paper led
by an HIV-1 expert Dr. Feng Gao, they-has used careful bicinformatics analyses to
demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is

T 'ILForml'bld: Highlight

| Formatted: Line spacing: Double

)
]

revise, as | am confused!

Commented [LS1]: Lishan; see Ralph's comments to

Commented [J2]: Ralph wants us to clarify that these exp

were not restricted when he did them—only later!

)
|
|

- | Formatted: Highlight

| Formatted: Highoht

= ‘{M [BRS3]: piMcs954302

BMCSSETA17




not HIV-1 specific but random (Gao et al., EMI paper 2/12/2020 in press). Because of
the many concerns raised by the international community, the authors who made the

initial claim have already withdrawn this report.

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted

changes instead of the randomly occurring mutations that are present in naturally

isolated viruses such as bat CoV RaTG13. In our view, there is currently no credible

evidence to support the claim that SARS-CoV-2 wwas-originated from a laboratory-
engineered CoV. It is more likely that SARS-CoV-2 is a recombinant CoV generated in
nature between a bat CoV and another coronavirus in an intermediate animal host.
More studies are needed to explore this possibility and resolve the natural origin of

SARS-CoV-2.
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (hitps./globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2
is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we know,
the human SARS-CoV and intermediate host palm civet SARS-like CoV shared 99.8%
homology, with a total of 202 single-nucleotide variations (SNVs) identified across the
genome; among these SNVs, 200 were in the coding sequences, and among the 128
nonsynonymous mutations, 89 led to predicted radical amino-acid changes [6]. Given that
there are greater than 1000 nt differences between the human SARS-CoV-2 and the bat

RaTG13-CoV [4], which are distributed throughout the genome in a naturally occurring



pattern following the evolutionary characteristics typical of CoVs, it is highly unlikely that
RaTG13 CoV is the immediate source of SARS-CoV-2. The absence of a logical targeted
pattern in the new viral sequences and a close relative in a wildlife species (bats) are the
most revealing signs that SARS-CoV-2 evolved by natural evolution. A search for an
intermediate animal host between bats and humans is needed to identify animal CoVs
more closely related to human SARS-CoV-2. There is speculation that pangolins might
have CoVs closely related to SARS-CoV-2, but the data to substantiate this is not yet

published (https://www.nature.com/articles/d41586-020-00364-2).

Another claim in Chinese social media points to a Nature Medicine paper published in
2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis and
must be discounted because of significant divergence in the genetic sequence of this

construct with the new SARS-CoV-2 (>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was generated by serial passage of an
infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15
passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in
aged mice (hence M15), due to six coding genetic mutations associated with mouse
adaptation. It is likely that MA15 is highly attenuated to replicate in human cells or patients

due to the mouse adaptation.



When the original SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to
use human ACE2 as a receptor for entry into human cells [10, 11]. Civets were proposed
to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV to humans
[6, 12]. However, in 2013 several novel bat coronaviruses were isolated from Chinese
horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 from
humans, civets and Chinese horseshoe bats for entry [8]. Combined with evolutionary
evidence that the bat ACEZ2 gene has been positively selected at the same contact sites
as the human ACEZ2 gene for interacting with SARS CoV [13], it was proposed that an
intermediate host may not be necessary and that some bat SL-CoVs may be able to
directly infect human hosts. To directly address this possibility, the exact S gene from bat
coronavirus SL-SHC014 was synthesized and used to generate a chimeric virus in the
mouse adapted MA15 SARS-CoV backbone. The resultant SL-SHC014-MA15 virus
could indeed efficiently use human ACEZ2 and replicate in primary human airway cells to
similar titers as epidemic strains of SARS-CoV. While SHC014-MA15 can replicate
efficiently in young and aged mouse lungs, infection was fully attenuated, and less virus
antigen was present in the airway epithelium as compared to SARS MA15, which causes

lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the SHC014-MA15 chimeric virus relative
to the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus
were later restricted as gain of function (GOF) studies under the US government-

mandated pause policy (https://www.nih.gov/about-nih/who-we-are/nih-




director/statements/nih-lifts-funding-pause-dain-function-research). The current COVID-

2019 epidemic has restarted the debate over the risks of constructing such viruses that
could have pandemic potential, irrespective of the finding that these bat CoVs already
exist in nature. Regardless, upon careful phylogenetic analyses by multiple international
groups [5, 14], the SARS-CoV-2 is undoubtedly distinct from SHC014-MA15, with =6,000
nucleotide differences across the whole genome. Therefore, once again there is no
credible evidence to support the claim that the SARS-CoV-2 is derived from the chimeric
SHC014-MA15 virus. Finally, we note that the synthetic and chimeric panels of bat and
SARS-like CoV led to the identification of remdesivir as a broad spectrum inhibitor of all
group 2b SARS-like coronaviruses tested in vitro or in vivo [15, 18], providing critical
preIND data that led to the ongoing clinical trials in China and for the future development

of universal vaccines for all the SARS-like coronaviruses.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by
an HIV-1 expert Dr. Feng Gao, they used careful bioinformatics analyses to demonstrate
that the original claim of multiple HIV insertions into the SARS-CoV-2 is not HIV-1 specific
but random (Gao et al., EMI paper 2/12/2020 in press). Because of the many concerns
raised by the international community, the authors who made the initial claim have already

withdrawn this report.



Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of randomly occurring mutations. In our view, there is currently no
credible evidence to support the claim that SARS-CoV-2 originated from a laboratory-
engineered CoV. It is more likely that SARS-CoV-2 is a recombinant CoV generated in
nature between a bat CoV and another coronavirus in an intermediate animal host. More
studies are needed to explore this possibility and resolve the natural origin of SARS-CoV-

2,
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From: Liu, Shan-Lu

To: Su, Lishan; Saif, Linda
Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses
Date: Wednesday, February 12, 2020 3:34:29 PM
Attachments: EMI-2019-nCoV Commentary Final for submission .docx
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Hi Linda and Lishan,
| have finalized it, please take a look at it and let me know.

Not sure if abstract and acknowledgment are needed at this point. Will check with the
editor.

Shan-Lu
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Shan-Lu Liu, M.D., Ph.D.

Professor

Co-Director, Viruses and Emerging Pathogens Program
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From: "Su, Lishan" <lishan_su@med.unc.edu>

Date: Wednesday, February 12, 2020 at 3:17 PM

To: Shan-Lu Liu <liu.6244@osu.edu>, "Saif, Linda" <saif.2@osu.edu>
Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses

Shan-Lu and Linda:

| have incorporated all comments and added the two references (in both text and
endnote file).

Please do a final proof read, and finalize it.

Thanks,

-Lishan

From: "Liu, Shan-Lu" <liu.6244 @osu.edu>
Date: Wednesday, February 12, 2020 at 3:03 PM



To: "Saif, Linda" <saif.2@osu.edu>, "Su, Lishan" <lishan_su@med.unc.edu>

Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses

Thanks Linda, all good!

Shan-Lu

From: "Saif, Linda" <saif.2@osu.edu>

Date: Wednesday, February 12, 2020 at 2:56 PM

To: Shan-Lu Liu <liu.6244@ osu.edu>, "Su, Lishan" <lishan_su@med.unc.edu>
Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses

Also sent prior draft—here is latest one LIS2x
Linda J. Saif, PhD

Distinguished University Professor

Food Animal Health Research Program
OARDC/The Ohio State University

1680 Madison Ave

Wooster, Oh 44691

From: Linda Saif <saif 2@osu.edu>
Date: Wednesday, February 12, 2020 2:54 PM

To: "Liu, Shan-Lu" <Jiu.6244@ osu.edu>, "Su, Lishan" <lishan_su@med.unc.edu>
Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses

Sorry just caught the error in the title!
Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: Linda Saif <saif. 2@ osu.edu>

Date: Wednesday, February 12, 2020 2:38 PM

To: "Liu, Shan-Lu" <Jiu.6244@ osu.edu>, "Su, Lishan" <lishan _su@med.unc.edu>
Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses

Thanks—a few minor last edits
Linda J. Saif, PhD
Distinguished University Professor



Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: "Liu, Shan-Lu" <liu.6244@osu.edu>
Date: Wednesday, February 12, 2020 2:05 PM
To: "Su, Lishan" <lishan_su@med.unc.edu>, Linda Saif <saif 2@osu.edu>

Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses

Hi Lishan and Linda,

| have just tried to incorporate Ralph’'s comments into the version from Linda to make
a new “final” version, please see attached.

Lishan: you will need to add two new references for Ralph’s new sentences. Send me
the updated new Endote, along with your final version.

Thanks.

Shan-Lu
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Shan-Lu Liu, M.D., Ph.D.

Professor
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Infectious Diseases Institute

Center for Retrovirus Research

Departments of Veterinary Biosciences, Microbial Infection and Immunity, and Microbiology
The Ohio State University

1900 Coffey Rd, Room 480 VMAB
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Fax: (614) 292-6473
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From: "Su, Lishan" <lishan_su@med.unc.edu>

Date: Wednesday, February 12, 2020 at 2:00 PM

To: "Saif, Linda" <saif.2@osu.edu>, Shan-Lu Liu <Jiu.6244@osu.edu>
Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses

Shan-Lu:



| will incorporate his comments, if needed, in the final version from you, and send to
you for a real final version.
Best,

-Lishan

From: "Saif, Linda" <saif.2@osu.edu>
Date: Wednesday, February 12, 2020 at 1:34 PM
To: "Liu, Shan-Lu" <liu.6244@osu.edu>, "Su, Lishan" <lishan_su@med.unc.edu>

Subject: FW: A commentary on 2019 nCoV vs lab engineered viruses

Hi

Please note that Ralph made these changes on an earlier copy sent te him so hopefully the 2
of you can incorporate them into the updated draft | sent this AM!

Regards,

Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: "rbaric@email.unc.edu" <rbaric@email.unc.edu>
Date: Wednesday, February 12, 2020 12:32 PM

To: "Su, Lishan" <lishan_su@med.unc.edu>

Cc: Linda Saif <saif. 2@ osu.edu>

Subject: RE: A commentary on 2019 nCoV vs lab engineered viruses

My comments. I've included an excel file comparing the differences in the genome length sequences
of the parental and chimeric viruses. Also made some text changes. | think the community needs to
write these editorials and | thank you for your efforts. ralph

From: Su, Lishan <lishan su@med.unc.edu>
Sent: Wednesday, February 12, 2020 10:11 AM

To: Baric, Ralph S <rbaric®email.unc.edu>

Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses

Hi Ralph:
We are trying to finish it and had no plan to get you too involved, but | do value your
input. It is almost final and we are also getting comments from Perlman and Weiss.



Thanks,

-Lishan

From: "Baric, Ralph S" <rbaric@email.unc.edu>
Date: Wednesday, February 12, 2020 at 10:02 AM

To: "Su, Lishan" <lishan_su@med.unc.edu>

Subject: RE: A commentary on 2019 nCoV vs lab engineered viruses

sure, but don’t want to be cited in as having commented prior to submission.

From: Su, Lishan <lishan su@med.unc.edu>
Sent: Wednesday, February 12, 2020 1:12 AM

To: Baric, Ralph S <fharic@emailunc.edu>

Subject: A commentary on 2019 nCoV vs lab engineered viruses

Hi Ralph:

In response to the EMI journal editor’s request, Drs. Shan-Lu Liu, Lin Saif and myself
are writing a commentary (1-2 pages) to dispute the rumors of 2019 nCoV origin. Will
you be interested, and have time, to have a quick read/comment? Please let me know
if you have time.

Tentative Title: Is 2019-nCoV laboratory origin®?

Thanks!

-Lishan
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (hitps./globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2
is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we know,
the human SARS-CoV and intermediate host palm civet SARS-like CoV shared 99.8%
homology, with a total of 202 single-nucleotide variations (SNVs) identified across the
genome; among these SNVs, 200 were in the coding sequences, and among the 128
nonsynonymous mutations, 89 led to predicted radical amino-acid changes [6]. Given that
there are greater than 1000 nt differences between the human SARS-CoV-2 and the bat

RaTG13-CoV [4], which are distributed throughout the genome in a naturally occurring



pattern following the evolutionary characteristics typical of CoVs, it is highly unlikely that
RaTG13 CoV is the immediate source of SARS-CoV-2. The absence of a logical targeted
pattern in the new viral sequences and a close relative in a wildlife species (bats) are the
most revealing signs that SARS-CoV-2 evolved by natural evolution. A search for an
intermediate animal host between bats and humans is needed to identify animal CoVs
more closely related to human SARS-CoV-2. There is speculation that pangolins might
have CoVs closely related to SARS-CoV-2, but the data to substantiate this is not yet

published (https://www.nature.com/articles/d41586-020-00364-2).

Another claim in Chinese social media points to a Nature Medicine paper published in
2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis and
must be discounted because of significant divergence in the genetic sequence of this

construct with the new SARS-CoV-2 (>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was generated by serial passage of an
infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15
passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in
aged mice (hence M15), due to six coding genetic mutations associated with mouse
adaptation. It is likely that MA15 is highly attenuated to replicate in human cells or patients

due to the mouse adaptation.



When the original SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to
use human ACE2 as a receptor for entry into human cells [10, 11]. Civets were proposed
to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV to humans
[6, 12]. However, in 2013 several novel bat coronaviruses were isolated from Chinese
horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 from
humans, civets and Chinese horseshoe bats for entry [8]. Combined with evolutionary
evidence that the bat ACEZ2 gene has been positively selected at the same contact sites
as the human ACEZ2 gene for interacting with SARS CoV [13], it was proposed that an
intermediate host may not be necessary and that some bat SL-CoVs may be able to
directly infect human hosts. To directly address this possibility, the exact S gene from bat
coronavirus SL-SHC014 was synthesized and used to generate a chimeric virus in the
mouse adapted MA15 SARS-CoV backbone. The resultant SL-SHC014-MA15 virus
could indeed efficiently use human ACEZ2 and replicate in primary human airway cells to
similar titers as epidemic strains of SARS-CoV. While SHC014-MA15 can replicate
efficiently in young and aged mouse lungs, infection was fully attenuated, and less virus
antigen was present in the airway epithelium as compared to SARS MA15, which causes

lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the SHC014-MA15 chimeric virus relative
to the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus
were later restricted as gain of function (GOF) studies under the US government-

mandated pause policy (https://www.nih.gov/about-nih/who-we-are/nih-




director/statements/nih-lifts-funding-pause-dain-function-research). The current COVID-

2019 epidemic has restarted the debate over the risks of constructing such viruses that
could have pandemic potential, irrespective of the finding that these bat CoVs already
exist in nature. Regardless, upon careful phylogenetic analyses by multiple international
groups [5, 14], the SARS-CoV-2 is undoubtedly distinct from SHC014- MA15, with =6,000
nucleotide differences across the whole genome. Therefore, once again there is no
credible evidence to support the claim that the SARS-CoV-2 is derived from the chimeric
SHC014-MA15 virus. Finally, we note that the synthetic and chimeric panels of bat and
SARS-like CoV led to the identification of remdesivir as a broad spectrum inhibitor of all
group 2b SARS-like coronaviruses tested in vitro or in vivo [15, 18], providing critical
preIND data that led to the ongoing clinical trials in China and for the future development

of universal vaccines for all the SARS-like coronaviruses.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by
an HIV-1 expert Dr. Feng Gao, they used careful bioinformatics analyses to demonstrate
that the original claim of multiple HIV insertions into the SARS-CoV-2 is not HIV-1 specific
but random (Gao et al., EMI paper 2/12/2020 in press). Because of the many concerns
raised by the international community, the authors who made the initial claim have already

withdrawn this report.



Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of randomly occurring mutations. In our view, there is currently no
credible evidence to support the claim that SARS-CoV-2 originated from a laboratory-
engineered CoV. It is more likely that SARS-CoV-2 is a recombinant CoV generated in
nature between a bat CoV and another coronavirus in an intermediate animal host. More
studies are needed to explore this possibility and resolve the natural origin of SARS-CoV-

2,
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Thank you, Linda. Susan is in Barcelona, with no comments.

| have made all your requested changes, but would like to check on your suggestion
for Ralph’s point. | thought the word “later” is sufficient. See attached updated version
and let me know if there are still errors.

Due to the elevated pathogenic activity of the SL-SHC014-MA15 chimeric virus
relative to the SARS-MA15 CoV in mice, such experiments with SL-SHC014-MA15
chimeric virus were later restricted as gain of function (GOF) studies under the US
government-mandated pause policy (https://www.nih.gov/about-nih/who-we-are/nih-

Thanks.

Shan-Lu
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From: "Saif, Linda" <saif.2@osu.edu>

Date: Wednesday, February 12, 2020 at 4:37 PM
To: Shan-Lu Liu <liu.6244@osu.edu>

Cc; "Su, Lishan" <lishan_su@med.unc.edu>
Subject: Re: [External] Commentary for EMI



Hi All

There were a few minor edits on this prior draft. Did Susan provide any edits?
Linda

Linda J. Saif, PhD

Distinguished University Professor

Food Animal Health Research Program

OARDC/The Ohio State University

1680 Madison Ave

Wooster, Oh 44691

From: "Liu, Shan-Lu" <liu.6244@osu.edu>
Date: Wednesday, February 12, 2020 4:09 PM
To: Linda Saif <saif.2@osu.edu>

Cc: "Su, Lishan" <lishan_su@med.unc.edu>

Subject: FW: [External] Commentary for EMI

Hi Linda,

Susan Weiss has decided to join the authorship — see the final version attached.
Shan-Lu
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From: "Weiss, Susan" <weisssr@pennmedicine.upenn.edu>

Date: Wednesday, February 12, 2020 at 4:00 PM

To: Shan-Lu Liu <liu.6244@osu.edu>

Cc: "Su, Lishan" <lishan_su@med.unc.edu>, "Lu, Shan" <Shan.lu@umassmed.edu>
Subject: Re: [External] Commentary for EMI




Shan-LU

| am still in Spain, going home on Saturday.

Yes please add my name as a co-author. This is important!!

Is the new virus now names SARS-2; maybe not a good name — should be different from SARS

| hope | am not too late

susan

From: "Liu, Shan-Lu" <liu.6244@osu.edu>
Date: Wednesday, February 12, 2020 at 5:26 PM
To: "Weiss, Susan" <weisssr@pennmedicine.upenn.edu>

Cc: "Su, Lishan" <lishan_su@med.unc.edu>, "Lu, Shan" <Shan.lu@umassmed.edu>

Subject: [External] Commentary for EMI

Dear Susan,
Hope your trip back to Philly was safe and pleasant.

Dr. Lishan Su at UNC and | have just wrapped up a commentary, at invitation by the
editor in chief of “Emerging Microbes and Infections”, Dr. Shan Lu (don’t get
confused, it's not me ). We are wondering if you would be interested in joining us as a
coauthor. We feel that this is an important issue, and as scientist, we should clear this
thing up if we can.

Please let us know as soon as possible, as we will try to submit it today. If you feel
someone else (other coronavirus experts), whom might be interested in becoming a
coauthor, kindly let us know as well.

Best wishes.

Shan-Lu
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (hitps./globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2
is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we know,
the human SARS-CoV and intermediate host palm civet SARS-like CoV shared 99.8%
homology, with a total of 202 single-nucleotide (nt) variations (SNVs) identified across the
genome; among these SNVs, 200 were in the coding sequences, and among the 128
nonsynonymous mutations, 89 led to predicted radical amino-acid changes [6]. Given that
there are greater than 1000 nt differences between the human SARS-CoV-2 and the bat

RaTG13-CoV [4], which are distributed throughout the genome in a naturally occurring



pattern following the evolutionary characteristics typical of CoVs, it is highly unlikely that
RaTG13 CoV is the immediate source of SARS-CoV-2. The absence of a logical targeted
pattern in the new viral sequences and a close relative in a wildlife species (bats) are the
most revealing signs that SARS-CoV-2 evolved by natural evolution. A search for an
intermediate animal host between bats and humans is needed to identify animal CoVs
more closely related to human SARS-CoV-2. There is speculation that pangolins might
carry CoVs closely related to SARS-CoV-2, but the data to substantiate this is not yet

published (https://www.nature.com/articles/d41586-020-00364-2).

Another claim in Chinese social media points to a Nature Medicine paper published in
2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis and
must be discounted because of significant divergence in the genetic sequence of this

construct with the new SARS-CoV-2 (>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was generated by serial passage of an
infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15
passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in
aged mice (hence M15), due to six coding genetic mutations associated with mouse
adaptation. It is likely that MA15 is highly attenuated to replicate in human cells or patients

due to the mouse adaptation.



When the original SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to
use human ACE2 as a receptor for entry into human cells [10, 11]. Civets were proposed
to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV to humans
[6, 12]. However, in 2013 several novel bat coronaviruses were isolated from Chinese
horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 from
humans, civets and Chinese horseshoe bats for entry [8]. Combined with evolutionary
evidence that the bat ACEZ2 gene has been positively selected at the same contact sites
as the human ACEZ2 gene for interacting with SARS CoV [13], it was proposed that an
intermediate host may not be necessary and that some bat SL-CoVs may be able to
directly infect human hosts. To directly address this possibility, the exact S gene from bat
coronavirus SL-SHC014 was synthesized and used to generate a chimeric virus in the
mouse adapted MA15 SARS-CoV backbone. The resultant SL-SHC014-MA15 virus
could indeed efficiently use human ACEZ2 and replicate in primary human airway cells to
similar titers as epidemic strains of SARS-CoV. While SL-SHC014-MA15 can replicate
efficiently in young and aged mouse lungs, infection was attenuated, and less virus
antigen was present in the airway epithelium as compared to SARS MA15, which causes

lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the SL-SHCO014-MA15 chimeric virus
relative to the SARS-MA15 CoV in mice, such experiments with SL-SHC014-MA15
chimeric virus were later restricted as gain of function (GOF) studies under the US

government-mandated pause policy (https:/www.nih.gov/about-nih/who-we-are/nih-




director/statements/nih-lifts-funding-pause-dain-function-research). The current COVID-

2019 epidemic has restarted the debate over the risks of constructing such viruses that
could have pandemic potential, irrespective of the finding that these bat CoVs already
exist in nature. Regardless, upon careful phylogenetic analyses by multiple international
groups [5, 14], the SARS-CoV-2 is undoubtedly distinct from SL-SHCO014-MA15,
with >6,000 nucleotide differences across the whole genome. Therefore, once again there
is no credible evidence to support the claim that the SARS-CoV-2 is derived from the
chimeric SL-SHC014-MA15 virus. Finally, we note that the synthetic and chimeric panels
of bat and SARS-like CoV led to the identification of remdesivir as a broad spectrum
inhibitor of all group 2b SARS-like coronaviruses tested in vitro or in vivo [15, 16],
providing critical pre-clinical data that has led to the ongoing clinical trials in China and is
critical for the future development of universal vaccines for all the SARS-like

coronaviruses.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by
an HIV-1 expert Dr. Feng Gao, they used careful bioinformatics analyses to demonstrate
that the original claim of multiple HIV insertions into the SARS-CoV-2 is not HIV-1 specific
but random (Gao et al., EMI paper 2/12/2020 in press). Because of the many concerns
raised by the international community, the authors who made the initial claim have already

withdrawn this report.



Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of the randomly occurring mutations that are present in naturally isolated
viruses such as bat CoV RaTG13. In our view, there is currently no credible evidence to
support the claim that SARS-CoV-2 originated from a laboratory-engineered CoV. It is
more likely that SARS-CoV-2 is a recombinant CoV generated in nature between a bat
CoV and another coronavirus in an intermediate animal host. More studies are needed to

explore this possibility and resolve the natural origin of SARS-CoV-2.
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The emergence and outbreak of a newly discovered acute respiratory disease in Wuhan,
China, has affected greater than 40,000 people, and killed more than 1,000 as of Feb.
10, 2020. A new nevelhuman coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (hitps://globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 is
of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we
know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared
99.8% homology, with a total of 202 single-nucleoctide variations (SNVs) identified
across the genome; among these SNVs, 200 were in the coding-BhA sequences
{EB&s}, and among the 128 nonsynonymous mutations, 89 led to-=a predicted radical
amino-acid changes [6]. Given that there are greater than 1000 nt differences between

the human SARS-CoV-2 and the bat RaT G13-CoV [4], which are distributed throughout



the genome in a naturally occurring pattern-aad following_the evolutionary
characteristics typical of CoVs, it is highly unlikely that RaTG13 CoV is the immediate
source of SARS-CoV-2. The absence of a logical targeted pattern in the new viral
sequences and a close relative in a wildlife species (bats) are the most revealing signs
that SARS-CoV-2 evolved by natural evolution. A search for an intermediate animal
host between bats and humans is needed to identify animal CoV/s more closely related
to human SARS-CoV-2. There is speculation that pangolins might camyhave CoVs
closely related to SARS-CoV-2, but the data to substantiate this is not yet published

{hitps://www.nature.com/articles/d4 1586-020-00364-2).

Another claim I Chinese social meds points to a Nature Medicine paper published in

2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis
and must be discounted because of significant divergence in the genetic sequence of

this construct with the new SARS-CoV-2 (=5 000 nuclectiiias |,

Thesecembmant mouse-adapted SARS virus (MA15) [9] was generated by serial
passage of an infectious 'wildtvoe SARS CoV clone in the respiratory tract of BALB/c
mice. After 15 passages in mice, the SARS-CoV/ gained elevated replication and lung
pathogenesis in aged mice (hence M15), due fo six coding genetic mutations

associated with mouse adaptation. These six mulalions were relntroduced inlo 8 SARS - 'E Formatted: Font: (Default) Arial, Font color: Black

molecuiar clens to isolate a SARS MA1S recombinant virus, which recapituiated the




severe disease phenotype in mice. It is-alse likely that MA15 is highly attenuated to

replicate in human cells or patients due to the mouse adaptation.

When the original SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to
use human ACE2 as a receptor for entry into human cells [10, 11]. Civets were
proposed to bhe an intermediate host of the hat-CoVs, capable of spreading SARS CoV
to humans [6, 12]. However, in 2013 several novel bat coronaviruses were isolated
from Chinese horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use
ACE2 from humans, civets and Chinese horseshoe bats for entry [8]. Combined with
evolutionary evidence that the bat ACE2 gene has been positively selected at the same
contact sites as the human ACEZ2 gene for interacting with SARS CoV [13], it was
proposed that an intermediate host may not be necessary and that some bat SL-CoVs
may be able to directly infect human hosts. To directly address this possibility, the
exact S gene from bat coronavirus SL-SHCO014 was synthesized and used to generate
a chimeric virus in the mouse adapted MA15 SARS-CoV backbone. The resultant SL-
SHCO014-MA15 virus could indeed efficiently use human ACEZ2 and replicate in primary
human airway cells to similar titers as epidemic strains of SARS-CoV. While SHCO14-

MA15 can replicate efficiently in young and aged mouse lungs, infection was fulby

attenuated. and less virus antigen was present in the airway epithelium as compared to

SAKRS MA15, which causes lethal outcomes regardless of age Hnporanth-SHCSOH-




Due to the elevated pathogenic activity of the SHC014-MA15 chimeric virus relativeto =

the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus

nih/who-we-are/nih-director/statements/nih-lifts-funding-pause-gain-function-research).

The current COVID-2019 epidemic has restarted the debate over the risks of
constructing such viruses that could have pandemic potential, irrespective of the finding
that these bat CoV's already exist in nature. Regardless, upon careful phylogenetic
analyses by multiple international groups [5, 14], the SARS-CoV-2 is undoubtedly
distinct from SHCO014- MA15, with >5,000 nuclectios=t differences across the whole
genome. Therefore, once again there is no credible evidence to support the claim that

the SARS-CoV-2 is derived from the chimeric SHC014-MA15 virus. Finally, we note that

the synthelic and chimeric panels of Bal and SARS-Ike TV led 1o 1he identification of

remdasivir a5 a broad-basaed inhibitor of ¥ group 2b SARS-lIiKe coronaviruses lesled in __

trials in [Ching and is crifical for the future develcoment of universal vaccines foralithe

SARS-lke coronaviruses.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated In the laboratory. In aA rebuttal paper led
by an HIV-1 expert Dr. Feng Gao, they-has used careful bicinformatics analyses to
demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is
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not HIV-1 specific but random (Gao et al., EMI paper 2/12/2020 in press). Because of
the many concerns raised by the international community, the authors who made the

initial claim have already withdrawn this report.

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted

changes instead of the randomly occurring mutations that are present in naturally

isolated viruses such as bat CoV RaTG13. In our view, there is currently no credible

evidence to support the claim that SARS-CoV-2 wwas-originated from a laboratory-
engineered CoV. It is more likely that SARS-CoV-2 is a recombinant CoV generated in
nature between a bat CoV and another coronavirus in an intermediate animal host.
More studies are needed to explore this possibility and resolve the natural origin of

SARS-CoV-2.
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Dear All,



Our statement is live as of just a few minutes ago!

https://www.thelancet.com/lancet/article/s0140-6736(20)30418-9

Please take time to send this out via twitter, email to your networks, post on your institution or
other websites, and distribute as widely as possible to get the word out. Include the link
too ( http://chng.it/SDpTBIKY{ ), so other people can register their support of the statement.

I really want to thank all of you for rallying for this - especially with such a short

timeline. This looks terrific and I know it will do a world of good towards buoying the spirits
of our colleagues in China and gaining an ear from those in policy to support collaborative,
open approaches to fighting this as well as future outbreaks.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

460 West 341 Street — 17" Floor
New York, NY 10001

Tel.
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance develops science-based solutions tp prevent pandemics and promote
conservation.



From: Liu, Shan-Lu

To: Saif, Linda

Subject: Re: Revised commentary for EMI - final!
Date: Tuesday, February 18, 2020 11:05:34 AM
Attachments: image001.png

Thanks. Would love to see it in Lancet, so please chare.

Shan-Lu

From: "Saif, Linda" <saif.2@osu.edu>

Date: Tuesday, February 18, 2020 at 11:00 AM
To: Shan-Lu Liu <liu.6244@osu.edu>

Subject: Re: Revised commentary for EMI - final!

Thanks—Good seminar this AM and so glad we could access it.

| will send you a copy of joint correspondence on SARS-CoV-2 initiated by Peter Daszak that
will be published today in Lancet!

Regards,

Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: "Liu, Shan-Lu" <liu.6244 @osu.edu>

Date: Tuesday, February 18, 2020 at 10:55 AM
To: Linda Saif <saif.2@osu.edu>

Subject: Re: Revised commentary for EMI - final!

Hi Linda,

| will be out for an NIH virology B study section Feb 20-21 so will miss your webinar. |
am sure it will go welll

Shan-Lu
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1900 Coffey Rd, Room 480 VMAB

Columbus, Ohio 43210

Phone: (614) 292-8690

Fax: (614) 292-6473

Email: liw.6244(@osu.edu; shan-lulivi@osume.edu

From: "Saif, Linda" <saif.2@osu.edu>

Date: Tuesday, February 18, 2020 at 9:37 AM
To: Shan-Lu Liu <liu.6244@osu.edu>

Subject: Re; Revised commentary for EMI - finall

Can you ask Speaker if he tried camel strains in his model and how do mice react since camel

strains less pathogenic in camels?

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: "Liu, Shan-Lu" <liu.6244@osu.edu>

Date: Monday, February 17, 2020 at 10:15 PM

To: "Su, Lishan" <lishan_su@med.unc.edu>

Cc: Linda Saif <saif.2@osu.edu>, "Lu, Shan" <Shan.Lu@umassmed.edu>, "Weiss, Susan"
<weisssr@ pennmedicine.upenn.edu>

Subject: Re: Revised commentary for EMI - finall

| agree toco

Shan-Lu Liu sent from iPhone



On Feb 17, 2020, at 9:54 PM, Su, Lishan <lishan_su@ med.unc.edu> wrote:
| agree. We should try to cite the link if possible.

-Lishan

From: "Saif, Linda" <saif. 2@osu.edu>

Date: Monday, February 17, 2020 at 9:25 PM

To: "Liu, Shan-Lu" <liu.6244@osu.edu>

Cc: "Su, Lishan" <lishan_su@med.unc.edu>, "Lu, Shan"
<Shan.Lu@umassmed.edu>, "Weiss, Susan" <weisssr@ pennmedicine.upenn.edu>
Subject: Re: Revised commentary for EMI - finall

Hi all

Since this is so relevant to our commentary, is it possible to cite it in our
commentary?

Thanks

Linda

Sentfrom my iPhone

On Feb 17, 2020, at 6:12 PM, Liu, Shan-Lu <liu.6244@ osu.edu>
wrote:

See a very relevant online posting:

hitp://virological.org/tthe-proximal-origin-of-sars-cov-2/398

Shan-Lu

From: "Saif, Linda" <saif.2@osu.edu>
Date: Sunday, February 16, 2020 at 7:20 PM



To: "Su, Lishan" <lishan_su@med.unc.edu>, "Lu, Shan"
<Shan.Lu@umassmed.edu>, Shan-Lu Liu <liu.6244@osu.edu>,
"Weiss, Susan" <weisssr@ pennmedicine.upenn.edu>

Subject: Re: Revised commentary for EMI - finall

Attached

Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: "Su, Lishan" <lishan su@med.unc.edu>

Date: Sunday, February 16, 2020 3:14 PM

To: "Lu, Shan" <Shan.lu@umassmed.edy>, "Liu, Shan-Lu"
<liu.6244@osu.edu>, Linda Saif <saif.2@osu.edu>, "Weiss, Susan"
<weisssr@pennmedicine . upenn.edu>

Subject: Re: Revised commentary for EMI - final!

See a typo in the title, and the last sentence as we had
discussed.
Thanks,

-Lishan

From: "Lu, Shan" <Shan.lu@umassmed.edu>
Date: Sunday, February 16, 2020 at 1:55 PM

To: "Liu, Shan-Lu" <[iu.6244@osy.edu>, "Su, Lishan"

<lishan_su@med.unc.edu>, "Saif, Linda" <saif.2@osu.edu>, "Weiss,

Susan" <wejsssr@pennmedicine.upenn.edu>
Subject: RE: Revised commentary for EMI - final!

Good to me.

From: Liu, Shan-Lu <Jiu.6244@osu.edu>
Sent: Sunday, February 16, 2020 1:45 PM
To: Su, Lishan <lishan_su@med.unc.edu>; Saif, Linda <saif.2@osu.edu>;

Weiss, Susan <weisssr@pennmedicine.upenn.edu>

Cc: Lu, Shan <Shan.lu@umassmed.edu>

Subject: Revised commentary for EMI - finall




Please look at this new version, sorry!
Shan-Lu
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Immunity, and Microbiology
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1900 Coffey Rd, Room 480 VMAB

Columbus, Ohio 43210

Phone: (614) 292-8690

Fax: (614) 292-6473

Email: Jiu.6244@osu.edu; shan-luliv@osume.edu

From: Shan-Lu Liu <liu.6244@ osu.edu>

Date: Sunday, February 16, 2020 at 1:38 PM

To: "Su, Lishan" <lishan_su@med.unc.edu>, "Saif, Linda"
<saif.2@osu.edy>, "Weiss, Susan"

<weisssr@ pennmedicine.upenn.edu>

Cc: "Lu, Shan" <Shan.lu@umassmed.edu>

Subject: Revised commentary for EMI

Dear All,

Following some discussions in the weekend, | had made a
change in the title, and also added a sentence to the end of
commentary — the latter is based on the concerns of lab safety
for this new virus and also other viruses previously.

Let me know what you think.
Shan-Lu
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From: Weiss, Susan

To: Liu, Shan-Ly; Saif, Linda; Su, Lishan; Lu, Shan
Subject: Re: [External] Re: Revised commentary for EMI - final!
Date: Monday, February 17, 2020 6:58:27 PM
Attachments: image001.png

Thanks, this is good

susan

From: "Liu, Shan-Lu" <liu.6244@ osu.edu>

Date: Monday, February 17, 2020 at 6:13 PM

To: "Saif, Linda" <saif.2@osu.edu>, "Su, Lishan" <lishan_su@med.unc.edu>, "Lu, Shan"
<Shan.Lu@umassmed.edu>, "Weiss, Susan" <weisssr@ pennmedicine.upenn.edu>

Subject: [External] Re: Revised commentary for EMI - final!

See a very relevant online posting:

Shan-Lu

From: "Saif, Linda" <saif.2@osu.edu>

Date: Sunday, February 16, 2020 at 7:20 PM

To: "Su, Lishan" <lishan_su@med.unc.edu>, "Lu, Shan" <Shan.Lu@umassmed.edu>, Shan-Lu
Liu <liu.6244@osu.edu>, "Weiss, Susan" <weisssr@ pennmedicine.upenn.edu>

Subject: Re: Revised commentary for EMI - finall

Attached

Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: "Su, Lishan" <lishan_su@med.unc.edu>
Date: Sunday, February 16, 2020 3:14 PM



To: "Lu, Shan" <Shan lu@umassmed.edu>, "Liu, Shan-Lu" <liu.6244@qgsu.edu>, Linda Saif
<saif 2@osu.edu>, "Weiss, Susan" <weisssr@pennmedicine.upenn.edu>

Subject: Re: Revised commentary for EMI - final!

See a typo in the title, and the last sentence as we had discussed.
Thanks,

-Lishan

From: "Lu, Shan" <Shan.lu@umassmed.edu>
Date: Sunday, February 16, 2020 at 1:55 PM
To: "Liu, Shan-Lu" <liu.6244@osu.edu>, "Su, Lishan" <lishan_su@med.unc.edu>, "Saif, Linda

<saif.2@osu.edu>, "Weiss, Susan" <weisssr@pennmedicine.upenn.edu>

Subject: RE: Revised commentary for EMI - final!

Good to me.

From: Liu, Shan-Lu <liu.6244 @osu.edu>

Sent: Sunday, February 16, 2020 1:45 PM

To: Su, Lishan <lishan_su@med.unc.edu>: Saif, Linda <saif 2@osu.edu>; Weiss, Susan
<weisssr@pennmedicine.upenn.edu>

Cc: Lu, Shan <Shan.lu@umassmed.edu>

Subject: Revised commentary for EMI - final!

Please look at this new version, sorry!

Shan-Lu
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From: Shan-Lu Liu <liu.6244 @osu.edu>




Date: Sunday, February 16, 2020 at 1:38 PM

To: "Su, Lishan" <lishan_su@med.unc.edu>, "Saif, Linda" <saif.2@osu.edu>, "Weiss, Susan"
<weisssr@pennmedicine.upenn.edu>

Cc: "Lu, Shan" <Shan.lu@umassmed.edu>

Subject: Revised commentary for EMI

Dear All,

Following some discussions in the weekend, | had made a change in the title, and
also added a sentence to the end of commentary — the latter is based on the
concerns of lab safety for this new virus and also other viruses previously.

Let me know what you think.

Shan-Lu
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From: Liu, Shan-lu

To: Saif, Linda

Subject: Re: Revised commentary for EMI - final!
Date: Tuesday, February 18, 2020 9:44.01 AM
Yes

Shan-Lu Liu sent from iPhone

On Feb 18, 2020, at 9:37 AM, Saif, Linda <saif.2(@osu.edu> wrote:

Canyou ask Speaker if he tried camel strains in his model and how do mice react

since camel strains less pathogenic in camels?

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: "Liu, Shan-Lu" <liu.6244@osu.edu>

Date: Monday, February 17, 2020 at 10:15 PM

To: "Su, Lishan" <lishan_su@med.unc.edu>

Cc: Linda Saif <saif.2@osu.edu>, "Lu, Shan" <Shan.Lu@umassmed.edu>, "Weiss,
Susan" <weisssr@ pennmedicine.upenn.edu>

Subject: Re: Revised commentary for EMI - finall

| agree too

Shan-Lu Liu sent from iPhone

On Feb 17, 2020, at 9:54 PM, Su, Lishan <lishan_su@med.unc.edu>
wrote:

| agree. We should try to cite the link if possible.

-Lishan



From: "Saif, Linda" <saif.2@osu.edu>

Date: Monday, February 17, 2020 at 9:25 PM

To: "Liu, Shan-Lu" <liu.6244@osu.edu>

Cc: "Su, Lishan" <lishan_su@med.unc.edu>, "Lu, Shan"
<Shan.Lu@umassmed.edu>, "Weiss, Susan"
<weisssr@ pennmedicine.upenn.edu>

Subject: Re: Revised commentary for EMI - finall

Hi all

Since this is so relevant to our commentary, is it possible to cite it in
our commentary?

Thanks

Linda

Sent from my iPhone

On Feb 17, 2020, at 6:12 PM, Liu, Shan-Lu

<liu.6244 @ osu.edu> wrote:

See a very relevant online posting:

CoV-2

http://virological.org/t/the-proximal-oridin-of-sars-
cov-2/398

Shan-Lu

From: "Saif, Linda" <saif.2@osu.edu>

Date: Sunday, February 16, 2020 at 7:20 PM

To: "Su, Lishan" <lishan_su@med.unc.edu>, "Lu, Shan"
<Shan.Lu@umassmed.edu> Shan-Lu Liu
<liu.6244@osu.edu>, "Weiss, Susan"
<weisssr@pennmedicine.upenn.edu>

Subject: Re: Revised commentary for EMI - finall

Attached



Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44891

From: "Su, Lishan" <lishan su@med.unc.edu>

Date: Sunday, February 16, 2020 3:14 PM

To: "Lu, Shan" <Shan.lu@umassmed.edu>, "Liu, Shan-
Lu" <liu.6244@osu.edy>, Linda Saif <saif. 2@ osu.edu>,

"Weiss, Susan" <weisssr@pennmedicine.upenn.edu>
Subject: Re: Revised commentary for EMI - finall

See a typo in the title, and the last sentence as we
had discussed.
Thanks,

-Lishan

From: "Lu, Shan" <Shan.lu@umassmed.edu>

Date: Sunday, February 16, 2020 at 1:55 PM

To: "Liu, Shan-Lu" <|iu.6244@ osy.edu>, "Su, Lishan"
<lishan su@med.unc.edu>, "Saif, Linda"
<saif 2@ osu.edu>, "Weiss, Susan"

<wejsssr@pennmedicine.upenn.edu>

Subject: RE: Revised commentary for EMI - final!

Good to me.

From: Liu, Shan-Lu </ju.6244@osu.edu>

Sent: Sunday, February 16, 2020 1:45 PM

To: Su, Lishan <lishan su@med.unc.edu>; Saif, Linda
<saif.2@osu.edu>; Weiss, Susan
<weisssr@pennmedicine.upenn.edu>

Cc: Lu, Shan <Shan lu@umassmed.edu>

Subject: Revised commentary for EMI - finall

Please look at this new version, sorry!

Shan-Lu
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From: Shan-Lu Liu <[iu.6244@osy.edu>
Date: Sunday, February 16, 2020 at 1:38 PM
To: "Su, Lishan" <lishan su@med.unc.edu>, "Saif, Linda"

<saif.2@osu.edu>, "Weiss, Susan"

<Weisssr ennmedicine.upenn.edu>

Cc: "Lu, Shan" <Shan.lu@umassmed.edu>
Subject: Revised commentary for EMI

Dear All,

Following some discussions in the weekend, | had
made a change in the title, and also added a
sentence to the end of commentary — the latter is
based on the concerns of lab safety for this new
virus and also other viruses previously.

Let me know what you think.

Shan-Lu
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Phone: (614) 292-8690
Fax: (614) 292-6473

Email: iu.6244(@osu.edu; shan-lu liu@osume.edu



From: Liu, Shan-Lu

To: Su, Lishan; Saif, Linda; Weiss, Susan
Cc: Lu, Shan
Subject: Revised commentary for EMI - final!
Date: Sunday, February 16, 2020 1:44:54 PM
Attachments: Liu et al EMI Commentary Revision Final.docx
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Please look at this new version, sorry!
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From: Shan-Lu Liu <liu.6244@osu.edu>
Date: Sunday, February 16, 2020 at 1:38 PM
To: "Su, Lishan" <lishan_su@med.unc.edu>, "Saif, Linda" <saif.2@osu.edu>, "Weiss, Susan'

<weisssr@ pennmedicine.upenn.edu>
Cc: "Lu, Shan" <Shan.Lu@umassmed.edu>
Subject: Revised commentary for EMI

Dear All,

Following some discussions in the weekend, | had made a change in the title, and
also added a sentence to the end of commentary — the latter is based on the
concerns of lab safety for this new virus and also other viruses previously.

Let me know what you think.

Shan-Lu
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (https://globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1-3], COVID-2019 seems to have similar clinical
manifestations to that of the severe acute respiratory syndrome (SARS) caused by SARS-
CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-CoV, but it

is most similar to some bat beta-coronaviruses, with the highest being >96% identity [4,5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2
is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we know,
the human SARS-CoV and intermediate host palm civet SARS-like CoV shared 99.8%
homology, with a total of 202 single-nucleotide (nt) variations (SNVs) identified across the
genome [6]. Given that there are greater than 1000 nt differences between the human
SARS-CoV-2 and the bat RaTG13-CoV [4], which are distributed throughout the genome
in a naturally occurring pattern following the evolutionary characteristics typical of CoVs,
it is highly unlikely that RaTG13 CoV is the immediate source of SARS-CoV-2. The
absence of a logical targeted pattern in the new viral sequences and a close relative in a

wildlife species (bats) are the most revealing signs that SARS-CoV-2 evolved by natural
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evolution. A search for an intermediate animal host between bats and humans is needed
to identify animal CoVs more closely related to human SARS-CoV-2. There is speculation
that pangolins might carry CoVs closely related to SARS-CoV-2, but the data to

substantiate this is not yet published (hitps://www.nature.com/aricles/d41586-020-
00364-2).

Another claim in Chinese social media points to a Nature Medicine paper published in
2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis and
must be discounted because of significant divergence in the genetic sequence of this

construct with the new SARS-CoV-2 (>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was generated by serial passage of an
infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15
passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in
aged mice (hence M15), due to six coding genetic mutations associated with mouse
adaptation. It is likely that MA15 is highly attenuated to replicate in human cells or patients

due to the mouse adaptation.

When the original SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to

use human ACE2 as a receptor for entry into human cells [10,11]. Civets were proposed
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to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV to humans
[6,12]. However, in 2013 several novel bat coronaviruses were isolated from Chinese
horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 from
humans, civets and Chinese horseshoe bats for entry [8]. Combined with evolutionary
evidence that the bat ACE2 gene has been positively selected at the same contact sites
as the human ACEZ2 gene for interacting with SARS CoV [13], it was proposed that an
intermediate host may not be necessary and that some bat SL-CoVs may be able to
directly infect human hosts. To directly address this possibility, the exact S gene from bat
coronavirus SL-SHC014 was synthesized and used to generate a chimeric virus in the
mouse adapted MA15 SARS-CoV backbone. The resultant SL-SHC014-MA15 virus
could indeed efficiently use human ACEZ2 and replicate in primary human airway cells to
similar titers as epidemic strains of SARS-CoV. While SL-SHC014-MA15 can replicate
efficiently in young and aged mouse lungs, infection was attenuated, and less virus
antigen was present in the airway epithelium as compared to SARS MA15, which causes

lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the SL-SHC014-MA15 chimeric virus
relative to the SARS-MA15 CoV in mice, such experiments with SL-SHC014-MA15
chimeric virus were later restricted as gain of function (GOF) studies under the US

government-mandated pause policy (https:/www.nih.gov/about-nih/who-we-are/nih-

director/statements/nih-lifts-funding-pause-gain-function-research). The current COVID-

2019 epidemic has restarted the debate over the risks of constructing such viruses that

could have pandemic potential, irrespective of the finding that these bat CoVs already
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exist in nature. Regardless, upon careful phylogenetic analyses by multiple international
groups [5,14], the SARS-CoV-2 is undoubtedly distinct from SL-SHC014-MA15,
with >6,000 nucleotide differences across the whole genome. Therefore, once again there
is no credible evidence to support the claim that the SARS-CoV-2 is derived from the

chimeric SL-SHC014-MA15 virus.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by
an HIV-1 virologist Dr. Feng Gao, they used careful bioinformatics analyses to
demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is not
HIV-1 specific but random [15]. Because of the many concerns raised by the international

community, the authors who made the initial claim have already withdrawn this report.

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of the randomly occurring mutations that are present in naturally isolated
viruses such as bat CoV RaTG13. In our view, there is currently no credible evidence to
support the claim that SARS-CoV-2 originated from a laboratory-engineered CoV. It is
more likely that SARS-CoV-2 is a recombinant CoV generated in nature between a bat
CoV and another coronavirus in an intermediate animal host. More studies are needed to
explore this possibility and resolve the natural origin of SARS-CoV-2. We should

emphasize that, although SARS-CoV-2 shows no evidence of laboratory origin, such a
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virus, and closely related, do pose great public health threats and must be handled
properly in the laboratory and also properly regulated by governments and scientific

community.
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (https://globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5.

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2
is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we know,
the human SARS-CoV and intermediate host palm civet SARS-like CoV shared 99.8%
homology, with a total of 202 single-nucleotide (nt) variations (SNVs) identified across the
genome [6]. Given that there are greater than 1000 nt differences between the human
SARS-CoV-2 and the bat RaTG13-CoV [4], which are distributed throughout the genome
in a naturally occurring pattern following the evolutionary characteristics typical of CoVs,
it is highly unlikely that RaTG13 CoV is the immediate source of SARS-CoV-2. The

absence of a logical targeted pattern in the new viral sequences and a close relative in a
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wildlife species (bats) are the most revealing signs that SARS-CoV-2 evolved by natural
evolution. A search for an intermediate animal host between bats and humans is needed
to identify animal CoVs more closely related to human SARS-CoV-2. There is speculation
that pangolins might carry CoVs closely related to SARS-CoV-2, but the data to

substantiate this is not yet published (https:/www.nature.com/articles/d41586-020-

00364-2).

Another claim in Chinese social media points to a Nature Medicine paper published in
2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis and
must be discounted because of significant divergence in the genetic sequence of this

construct with the new SARS-CoV-2 (>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was generated by serial passage of an
infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15
passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in
aged mice (hence M15), due to six coding genetic mutations associated with mouse
adaptation. It is likely that MA15 is highly attenuated to replicate in human cells or patients

due to the mouse adaptation.

When the original SARS-CoV was isolated, it was concluded that the S gene from bat-

derived CoV, unlike that from human patients- or civets-derived viruses, was unable to
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use human ACEZ2 as a receptor for entry into human cells [10, 11]. Civets were proposed
to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV to humans
[6, 12]. However, in 2013 several novel bat coronaviruses were isolated from Chinese
horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 from
humans, civets and Chinese horseshoe bats for entry [8]. Combined with evolutionary
evidence that the bat ACEZ2 gene has been positively selected at the same contact sites
as the human ACEZ2 gene for interacting with SARS CoV [13], it was proposed that an
intermediate host may not be necessary and that some bat SL-CoVs may be able to
directly infect human hosts. To directly address this possibility, the exact S gene from bat
coronavirus SL-SHC014 was synthesized and used to generate a chimeric virus in the
mouse adapted MA15 SARS-CoV backbone. The resultant SL-SHC014-MA15 virus
could indeed efficiently use human ACEZ2 and replicate in primary human airway cells to
similar titers as epidemic strains of SARS-CoV. While SL-SHC014-MA15 can replicate
efficiently in young and aged mouse lungs, infection was attenuated, and less virus
antigen was present in the airway epithelium as compared to SARS MA15, which causes

lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the SL-SHCO014-MA15 chimeric virus
relative to the SARS-MA15 CoV in mice, such experiments with SL-SHC014-MA15
chimeric virus were later restricted as gain of function (GOF) studies under the US

government-mandated pause policy (https:/www.nih.gov/about-nih/who-we-are/nih-

director/statements/nih-lifts-funding-pause-gain-function-research). The current COVID-

2019 epidemic has restarted the debate over the risks of constructing such viruses that



a5

96

97

98

S9

100

101
102

103

104

105

106

107

108

109

110

111

112

113

114

113

116

117

118

could have pandemic potential, irrespective of the finding that these bat CoVs already
exist in nature. Regardless, upon careful phylogenetic analyses by multiple international
groups [5, 14], the SARS-CoV-2 is undoubtedly distinct from SL-SHCO014-MA15,
with >6,000 nucleotide differences across the whole genome. Therefore, once again there
is nho credible evidence to support the claim that the SARS-CoV-2 is derived from the

chimeric SL-SHC014-MA15 virus.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by
an HIV-1 virologist Dr. Feng Gao, they used careful bioinformatics analyses to
demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is not
HIV-1 specific but random [15]. Because of the many concerns raised by the international

community, the authors who made the initial claim have already withdrawn this report.

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of the randomly occurring mutations that are present in naturally isolated
viruses such as bat CoV RaTG13. In our view, there is currently no credible evidence to
support the claim that SARS-CoV-2 originated from a laboratory-engineered CoV. It is
more likely that SARS-CoV-2 is a recombinant CoV generated in nature between a bat
CoV and another coronavirus in an intermediate animal host. More studies are needed to

explore this possibility and resolve the natural origin of SARS-CoV-2. We should
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emphasize that, although SARS-CoV-2 shows no evidence of laboratory origin, such a
virus, and closely related, do pose great public health threats and must be handled
properly in the laboratory and also properly regulated by governments and scientific

community.
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (https://globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1-3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4,5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2
is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we
know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared
99.8% homology, with a total of 202 single-nucleotide (nt) variations (SNVs) identified
across the genome [6]. Given that there are greater than 1000 nt differences between
the human SARS-CoV-2 and the bat RaTG13-CoV [4], which are distributed throughout
the genome in a naturally occurring pattern following the evolutionary characteristics
typical of CoVs, it is highly unlikely that RaTG13 CoV is the immediate source of SARS-

CoV-2. The absence of a logical targeted pattern in the new viral sequences and a
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close relative in a wildlife species (bats) are the most revealing signs that SARS-CoV-2
evolved by natural evolution. A search for an intermediate animal host between bats
and humans is needed to identify animal CoVs more closely related to human SARS-
CoV-2. There is speculation that pangolins might carry CoVs closely related to SARS-
CoV-2, but the data to substantiate this is not yet published

(https:/fwww.nature.com/articles/d41586-020-00364-2).

Another claim in Chinese social media points to a Nature Medicine paper published
in 2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis
and must be discounted because of significant divergence in the genetic sequence of

this construct with the new SARS-CoV-2 (>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was generated by serial passage of an
infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15
passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in
aged mice (hence M15), due to six coding genetic mutations associated with mouse
adaptation. It is likely that MA15 is highly attenuated to replicate in human cells or

patients due to the mouse adaptation.

When the original SARS-CoV was isolated, it was concluded that the S gene from

bat-derived CoV, unlike that from human patients- or civets-derived viruses, was unable
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to use human ACE2 as a receptor for entry into human cells [10,11]. Civets were
proposed to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV
to humans [6,12]. However, in 2013 several novel bat coronaviruses were isolated from
Chinese horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2
from humans, civets and Chinese horseshoe bats for entry [8]. Combined with
evolutionary evidence that the bat ACEZ2 gene has been positively selected at the same
contact sites as the human ACE2 gene for interacting with SARS CoV [13], it was
proposed that an intermediate host may not be necessary and that some bat SL-CoVs
may be able to directly infect human hosts. To directly address this possibility, the
exact S gene from bat coronavirus SL-SHC014 was synthesized and used to generate
a chimeric virus in the mouse adapted MA15 SARS-CoV backbone. The resultant SL-
SHC014-MA15 virus could indeed efficiently use human ACEZ2 and replicate in primary
human airway cells to similar titers as epidemic strains of SARS-CoV. While SL-
SHCO014-MA15 can replicate efficiently in young and aged mouse lungs, infection was
attenuated, and less virus antigen was present in the airway epithelium as compared to

SARS MA15, which causes lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the SL-SHCO014-MA15 chimeric virus
relative to the SARS-MA15 CoV in mice, such experiments with SL-SHC014-MA15
chimeric virus were later restricted as gain of function (GOF) studies under the US

government-mandated pause policy (https:/www.nih.gov/about-nih/who-we-are/nih-

director/statements/nih-lifts-funding-pause-gain-function-research). The current COVID-

2019 epidemic has restarted the debate over the risks of constructing such viruses that
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could have pandemic potential, irrespective of the finding that these bat CoVs already
exist in nature. Regardless, upon careful phylogenetic analyses by multiple
international groups [5,14], the SARS-CoV-2 is undoubtedly distinct from SL-SHCO14-
MA15, with >6,000 nucleotide differences across the whole genome. Therefore, once
again there is no credible evidence to support the claim that the SARS-CoV-2 is derived

from the chimeric SL-SHCO014-MA15 virus.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by
an HIV-1 virologist Dr. Feng Gao, they used careful bioinformatics analyses to
demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is
not HIV-1 specific but random [15]. Because of the many concerns raised by the
international community, the authors who made the initial claim have already withdrawn

this report.

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of the randomly occurring mutations that are present in naturally
isolated viruses such as bat CoV RaTG13. In our view, there is currently no credible
evidence to support the claim that SARS-CoV-2 originated from a laboratory-engineered
CoV. It is more likely that SARS-CoV-2 is a recombinant CoV generated in nature

between a bat CoV and another coronavirus in an intermediate animal host. More
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studies are needed to explore this possibility and resolve the natural origin of SARS-

CoV-2. We_should emphasize that_although SARS-CoV-2 shows no evidence of

laboratory origin, viruses with such great public health threats must be handled properly

in_the laboratory and also properly requlated by the scientific community and

governments . \hfe
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (https://globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1-3], COVID-2019 seems to have similar clinical
manifestations to that of the severe acute respiratory syndrome (SARS) caused by SARS-
CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-CoV, but it

is most similar to some bat beta-coronaviruses, with the highest being >96% identity [4,5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2
is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we know,
the human SARS-CoV and intermediate host palm civet SARS-like CoV shared 99.8%
homology, with a total of 202 single-nucleotide (nt) variations (SNVs) identified across the
genome [6]. Given that there are greater than 1000 nt differences between the human
SARS-CoV-2 and the bat RaTG13-CoV [4], which are distributed throughout the genome
in a naturally occurring pattern following the evolutionary characteristics typical of CoVs,
it is highly unlikely that RaTG13 CoV is the immediate source of SARS-CoV-2. The
absence of a logical targeted pattern in the new viral sequences and a close relative in a

wildlife species (bats) are the most revealing signs that SARS-CoV-2 evolved by natural
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evolution. A search for an intermediate animal host between bats and humans is needed
to identify animal CoVs more closely related to human SARS-CoV-2. There is speculation
that pangolins might carry CoVs closely related to SARS-CoV-2, but the data to

substantiate this is not yet published (hitps://www.nature.com/aricles/d41586-020-
00364-2).

Another claim in Chinese social media points to a Nature Medicine paper published in
2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis and
must be discounted because of significant divergence in the genetic sequence of this

construct with the new SARS-CoV-2 (>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was generated by serial passage of an
infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15
passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in
aged mice (hence M15), due to six coding genetic mutations associated with mouse
adaptation. It is likely that MA15 is highly attenuated to replicate in human cells or patients

due to the mouse adaptation.

When the original SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to

use human ACE2 as a receptor for entry into human cells [10,11]. Civets were proposed
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to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV to humans
[6,12]. However, in 2013 several novel bat coronaviruses were isolated from Chinese
horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 from
humans, civets and Chinese horseshoe bats for entry [8]. Combined with evolutionary
evidence that the bat ACE2 gene has been positively selected at the same contact sites
as the human ACEZ2 gene for interacting with SARS CoV [13], it was proposed that an
intermediate host may not be necessary and that some bat SL-CoVs may be able to
directly infect human hosts. To directly address this possibility, the exact S gene from bat
coronavirus SL-SHC014 was synthesized and used to generate a chimeric virus in the
mouse adapted MA15 SARS-CoV backbone. The resultant SL-SHC014-MA15 virus
could indeed efficiently use human ACEZ2 and replicate in primary human airway cells to
similar titers as epidemic strains of SARS-CoV. While SL-SHC014-MA15 can replicate
efficiently in young and aged mouse lungs, infection was attenuated, and less virus
antigen was present in the airway epithelium as compared to SARS MA15, which causes

lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the SL-SHC014-MA15 chimeric virus
relative to the SARS-MA15 CoV in mice, such experiments with SL-SHC014-MA15
chimeric virus were later restricted as gain of function (GOF) studies under the US

government-mandated pause policy (https:/www.nih.gov/about-nih/who-we-are/nih-

director/statements/nih-lifts-funding-pause-gain-function-research). The current COVID-

2019 epidemic has restarted the debate over the risks of constructing such viruses that

could have pandemic potential, irrespective of the finding that these bat CoVs already
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exist in nature. Regardless, upon careful phylogenetic analyses by multiple international
groups [5,14], the SARS-CoV-2 is undoubtedly distinct from SL-SHC014-MA15,
with >6,000 nucleotide differences across the whole genome. Therefore, once again there
is no credible evidence to support the claim that the SARS-CoV-2 is derived from the

chimeric SL-SHC014-MA15 virus.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by
an HIV-1 virologist Dr. Feng Gao, they used careful bioinformatics analyses to
demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is not
HIV-1 specific but random [15]. Because of the many concerns raised by the international

community, the authors who made the initial claim have already withdrawn this report.

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of the randomly occurring mutations that are present in naturally isolated
viruses such as bat CoV RaTG13. In our view, there is currently no credible evidence to
support the claim that SARS-CoV-2 originated from a laboratory-engineered CoV. It is
more likely that SARS-CoV-2 is a recombinant CoV generated in nature between a bat
CoV and another coronavirus in an intermediate animal host. More studies are needed to
explore this possibility and resolve the natural origin of SARS-CoV-2. We should

emphasize that, although SARS-CoV-2 shows no evidence of laboratory origin, viruses
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properly requlated by scientific community and governments.\WWe-shetHd-erphasize-that
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (https://globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5.

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2
is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we know,
the human SARS-CoV and intermediate host palm civet SARS-like CoV shared 99.8%
homology, with a total of 202 single-nucleotide (nt) variations (SNVs) identified across the
genome; among these SNVs, 200 were in the coding sequences, and among the 128
nonsynonymous mutations, 89 led to predicted radical amino-acid changes [6]. Given that
there are greater than 1000 nt differences between the human SARS-CoV-2 and the bat
RaTG13-CoV [4], which are distributed throughout the genome in a naturally occurring

pattern following the evolutionary characteristics typical of CoVs, it is highly unlikely that
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RaTG13 CoV is the immediate source of SARS-CoV-2. The absence of a logical targeted
pattern in the new viral sequences and a close relative in a wildlife species (bats) are the
most revealing signs that SARS-CoV-2 evolved by natural evolution. A search for an
intermediate animal host between bats and humans is needed to identify animal CoVs
more closely related to human SARS-CoV-2. There is speculation that pangolins might
carry CoVs closely related to SARS-CoV-2, but the data to substantiate this is not yet

published (https://www.nature.com/articles/d41586-020-00364-2).

Another claim in Chinese social media points to a Nature Medicine paper published in
2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis and
must be discounted because of significant divergence in the genetic sequence of this

construct with the new SARS-CoV-2 (>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was generated by serial passage of an
infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15
passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in
aged mice (hence M15), due to six coding genetic mutations associated with mouse
adaptation. Itis likely that MA15 is highly attenuated to replicate in human cells or patients

due to the mouse adaptation.
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When the original SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to
use human ACE2 as a receptor for entry into human cells [10, 11]. Civets were proposed
to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV to humans
[6, 12]. However, in 2013 several novel bat coronaviruses were isolated from Chinese
horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 from
humans, civets and Chinese horseshoe bats for entry [8]. Combined with evolutionary
evidence that the bat ACEZ2Z gene has been positively selected at the same contact sites
as the human ACEZ2 gene for interacting with SARS CoV [13], it was proposed that an
intermediate host may not be necessary and that some bat SL-CoVs may be able to
directly infect human hosts. To directly address this possibility, the exact S gene from bat
coronavirus SL-SHC014 was synthesized and used to generate a chimeric virus in the
mouse adapted MA15 SARS-CoV backbone. The resultant SL-SHC014-MA15 virus
could indeed efficiently use human ACEZ2 and replicate in primary human airway cells to
similar titers as epidemic strains of SARS-CoV. While SL-SHC014-MA15 can replicate
efficiently in young and aged mouse lungs, infection was attenuated, and less virus
antigen was present in the airway epithelium as compared to SARS MA15, which causes

lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the SL-SHCO014-MA15 chimeric virus
relative to the SARS-MA15 CoV in mice, such experiments with SL-SHC014-MA15
chimeric virus were later restricted as gain of function (GOF) studies under the US

government-mandated pause policy (https:/www.nih.gov/about-nih/who-we-are/nih-
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director/statements/nih-lifts-funding-pause-gain-function-research). The current COVID-

2019 epidemic has restarted the debate over the risks of constructing such viruses that
could have pandemic potential, irrespective of the finding that these bat CoVs already
exist in nature. Regardless, upon careful phylogenetic analyses by multiple international
groups [5, 14], the SARS-CoV-2 is undoubtedly distinct from SL-SHCO014-MA15,
with >6,000 nucleotide differences across the whole genome. Therefore, once again there
is no credible evidence to support the claim that the SARS-CoV-2 is derived from the
chimeric SL-SHC014-MA15 virus. Finally, we note that the synthetic and chimeric panels
of bat and SARS-like CoV led to the identification of remdesivir as a broad spectrum
inhibitor of all group 2b SARS-like coronaviruses tested in vitro or in vivo [15, 16],
providing critical pre-clinical data that has led to the ongoing clinical trials in China and is
critical for the future development of universal vaccines for all the SARS-like

coronaviruses.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by
an HIV-1 expert Dr. Feng Gao, they used careful bioinformatics analyses to demonstrate
that the original claim of multiple HIV insertions into the SARS-CoV-2 is not HIV-1 specific
but random (Gao et al., EMI paper 2/12/2020 in press). Because of the many concerns
raised by the international community, the authors who made the initial claim have already

withdrawn this report.
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Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of the randomly occurring mutations that are present in naturally isolated
viruses such as bat CoV RaTG13. In our view, there is currently no credible evidence to
support the claim that SARS-CoV-2 originated from a laboratory-engineered CoV. It is
more likely that SARS-CoV-2 is a recombinant CoV generated in nature between a bat
CoV and another coronavirus in an intermediate animal host. More studies are needed to

explore this possibility and resolve the natural origin of SARS-CoV-2.
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (https://globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5.

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2
is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we know,
the human SARS-CoV and intermediate host palm civet SARS-like CoV shared 99.8%
homology, with a total of 202 single-nucleotide (nt) variations (SNVs) identified across the
genome; among these SNVs, 200 were in the coding sequences, and among the 128
honsynonymous mutations, 89 led to predicted radical amino-acid changes [6]. Given that
there are greater than 1000 nt differences between the human SARS-CoV-2 and the bat
RaTG13-CoV [4], which are distributed throughout the genome in a naturally occurring

pattern following the evolutionary characteristics typical of CoVs, it is highly unlikely that



RaTG13 CoV is the immediate source of SARS-CoV-2. The absence of a logical targeted
pattern in the new viral sequences and a close relative in a wildlife species (bats) are the
most revealing signs that SARS-CoV-2 evolved by natural evolution. A search for an
intermediate animal host between bats and humans is needed to identify animal CoVs
more closely related to human SARS-CoV-2. There is speculation that pangolins might
carry CoVs closely related to SARS-CoV-2, but the data to substantiate this is not yet

published (https://www.nature.com/articles/d41586-020-00364-2).

Another claim in Chinese social media points to a Nature Medicine paper published in
2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis and
must be discounted because of significant divergence in the genetic sequence of this

construct with the new SARS-CoV-2 (>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was generated by serial passage of an
infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15
passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in
aged mice (hence M15), due to six coding genetic mutations associated with mouse
adaptation. It is likely that MA15 is highly attenuated to replicate in human cells or patients

due to the mouse adaptation.



When the original SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to
use human ACE2 as a receptor for entry into human cells [10, 11]. Civets were proposed
to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV to humans
[6, 12]. However, in 2013 several novel bat coronaviruses were isolated from Chinese
horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 from
humans, civets and Chinese horseshoe bats for entry [8]. Combined with evolutionary
evidence that the bat ACEZ2 gene has been positively selected at the same contact sites
as the human ACEZ2 gene for interacting with SARS CoV [13], it was proposed that an
intermediate host may not be necessary and that some bat SL-CoVs may be able to
directly infect human hosts. To directly address this possibility, the exact S gene from bat
coronavirus SL-SHC014 was synthesized and used to generate a chimeric virus in the
mouse adapted MA15 SARS-CoV backbone. The resultant SL-SHC014-MA15 virus
could indeed efficiently use human ACEZ2 and replicate in primary human airway cells to
similar titers as epidemic strains of SARS-CoV. While SL-SHC014-MA15 can replicate
efficiently in young and aged mouse lungs, infection was attenuated, and less virus
antigen was present in the airway epithelium as compared to SARS MA15, which causes

lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the SL-SHCO014-MA15 chimeric virus
relative to the SARS-MA15 CoV in mice, such experiments with SL-SHC014-MA15
chimeric virus were later restricted as gain of function (GOF) studies under the US

government-mandated pause policy (https:/www.nih.gov/about-nih/who-we-are/nih-




director/statements/nih-lifts-funding-pause-dain-function-research). The current COVID-

2019 epidemic has restarted the debate over the risks of constructing such viruses that
could have pandemic potential, irrespective of the finding that these bat CoVs already
exist in nature. Regardless, upon careful phylogenetic analyses by multiple international
groups [5, 14], the SARS-CoV-2 is undoubtedly distinct from SL-SHCO014-MA15,
with >6,000 nucleotide differences across the whole genome. Therefore, once again there
is no credible evidence to support the claim that the SARS-CoV-2 is derived from the
chimeric SL-SHC014-MA15 virus. Finally, we note that the synthetic and chimeric panels
of bat and SARS-like CoV led to the identification of remdesivir as a broad spectrum
inhibitor of all group 2b SARS-like coronaviruses tested in vitro or in vivo [15, 16],
providing critical pre-clinical data that has led to the ongoing clinical trials in China and is
critical for the future development of universal vaccines for all the SARS-like

coronaviruses.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by
an HIV-1 expert Dr. Feng Gao, they used careful bioinformatics analyses to demonstrate
that the original claim of multiple HIV insertions into the SARS-CoV-2 is not HIV-1 specific
but random (Gao et al., EMI paper 2/12/2020 in press). Because of the many concerns
raised by the international community, the authors who made the initial claim have already

withdrawn this report.



Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of the randomly occurring mutations that are present in naturally isolated
viruses such as bat CoV RaTG13. In our view, there is currently no credible evidence to
support the claim that SARS-CoV-2 originated from a laboratory-engineered CoV. It is
more likely that SARS-CoV-2 is a recombinant CoV generated in nature between a bat
CoV and another coronavirus in an intermediate animal host. More studies are needed to

explore this possibility and resolve the natural origin of SARS-CoV-2.
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To: "Su, Lishan" <lishan_su@med.unc.edu>
Cc: Linda Saif <saif.2@osu.edu>

Subject: RE: A commentary on 2019 nCoV vs lab engineered viruses

My comments. I've included an excel file comparing the differences in the genome length sequences
of the parental and chimeric viruses. Also made some text changes. | think the community needs to
write these editorials and | thank you for your efforts. ralph
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input. It is almost final and we are also getting comments from Perlman and Weiss.
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-Lishan
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are writing a commentary (1-2 pages) to dispute the rumors of 2019 nCoV origin. Wil
you be interested, and have time, to have a quick read/comment? Please let me know
if you have time.

Tentative Title: Is 2019-nCoV laboratory origin®?

Thanks!

-Lishan
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A new mevelhuman coronavirus, SARS-CoV-2, was quickly
identified, and the associated disease is now referred to as coronavirus disease

discovered in 2019 (COVID-19) (hitps://globalbiodefense.com/novel-coronavirus-covid-

19-portalf).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 is
of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we
know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared
99.8% homology, with a total of 202 single-nuclectide variations (SNVs) identified
across the genome; among these SNVs, 200 were in the coding-BiA sequences
{SB8&s}, and among the 128 nonsynonymous mutations, 89 led to-a predicted radical

amino-acid changes [6]. Given that there are greater than 1000 nt differences between



the human SARS-CoY/-2 and the bat RaTG13-CoV [4], which are distributed throughout
the genome in a naturally occurring pattern-==< following_ the evolutionary
characteristics typical of CoVs, it is highly unlikely that RaTG13 CoV is the immediate
source of SARS-CoV-2. The absence of a logical targeted pattern in the new viral
sequences and a close relative in a wildlife species (bats) are the most revealing signs
that SARS-CoV-2 evolved by natural evolution. A search for an intermediate animal
host between bats and humans is needed to Identify animal CoV's more closely related
to human SARS-CoV-2. There is speculation that pangolins might have CoVs closely
related to SARS-CoVV-2, but the data to substantiate this is not yet published

(hitps://Mwww.nature.com/articles/d4 1586-020-00364-2).

Another claim in Chinese social media points to a Nature Medicine paper published in

2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis
and must be discounted because of significant divergence in the genetic sequence of

this construct with the new SARS-CoV-2 (>5.000 nucleotides).

The-recembinant mouse-adapted SARS virus (MA15) [9] was generated by serial
passage of an infectious wildiype SARS CoV clone in the respiratory tract of BALB/c
mice. After 15 passages in mice, the SARS-CoV gained elevated replication and lung

pathogenesis in aged mice (hence M15), due to six coding genetic mutations

associated with mouse adaptation. These-sbcruiations-wererainirodused-inlo-a SARS
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‘ When the criginal SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to
use human ACE2 as a receptor for entry into human cells [10, 11]. Civets were
proposed to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV

| to humans_[6, 12]. However, in 2013 several novel bat coronaviruses were isolated

from Chinese horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use

ACE2 from humans, civets and Chinese horseshoe bats for entry [8]. Combined with

evolutionary evidence that the bat ACE2 gene has been positively selected at the same

contact sites as the human ACE2 gene for interacting with SARS CoV [13]. it was
proposed that an intermediate host may not be necessary and that some bat SL-CoV's
may be able to directly infect human hosts. To directly address this possibility. the
exact S gene from bat coronavirus SL-SHC014 was synthesized and used to generate

a chimeric virus in the mouse adapted MA15 SARS-Co\/ backbone. The resultant SL-

SHC014-MA15 virus could indeed efficiently use human ACE2 and replicate in primary

human airway cells to similar titers as epidemic strains of SARS-CoV. While SHCD14-

MA15 can replicate efficiently in young and aged mouse lungs, infection was fully

attenuated. and less virus antigen was present in the airway epithelium as compared to

SARS MA15. which causes lethal outcomes ssaardiass-aiin aged mice irperanths




the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus

were [ater restricted as gain of function (GOF) studies under the US government-

mandated pause policy [ #em-Set-2044-te-Dee-2047:-hitpsJ/www.nih.gov/about- _____H—"Im[lﬂluﬂm:seehﬂh'smmmw
revise, as | am confused!

nih/who-we-are/nih-director/statements/nih-lifts-funding-pause-gain-function-research).

The current COVID-2019 epidemic has restarted the debate over the risks of
constructing such viruses that could have pandemic potential, irrespective of the finding
Ihat these bat CoV's already exist in nature, Regardless, upon careful phylogenetic
analyses by multiple international groups [5, 14], the SARS-CoV/-2 is undoubtedly
distinct from SHC014- MA15, with >56,000 nuclectidest differences across the whole
genome. Therefore, once again there is no credible evidence to support the claim that
the SARS-CoV-2 is derived from the chimeric SHC014-MA15 virus. Finally, we note that

the synthetic and chimeric panels of bal and SARS-like CoV led to the identification of

remdesivir as a proad -baesa@specirum inhibitor of all group 2b SARS-like coronaviruses . - {M; Highlight

clinical trials in China and for the future development of universal vaccines for all the

SARS-like coronaviruses.

There are also rumors that the SARS-CoV-2 was artificially. or intentionally, made by

humans in the lab. and this is highlighted in one manuscript submitted to BioRxiv (a



manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated in the laboratory. |n a4 rebuttal paper led
by an HIV-1 expert Dr. Feng Gao, they-has used careful bioinformatics analyses to
demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is
not HIV-1 specific but random (Gao et al., EMI paper 2/12/2020 in press). Because of
the many concerns raised by the international community, the authors who made the

initial claim have already withdrawn this report.

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of randomly occurring mutations. In our view, there is currently no
credible evidence to support the claim that SARS-CoV-2 was-originated from a
laboratory-engineered CoV. It is more likely that SARS-CoV-2 is a recombinant CoV
generated in nature between a bat CoV and another coronavirus in an intermediate
animal host. More studies are needed to explore this possibility and resolve the natural

origin of SARS-CoV-2.
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Subject: Re: A commentary on 2019 nCoV vs lab engineered viruses

Shan-Lu:

I will incorporate his comments, if needed, in the final version from you, and send to
you for a real final version.

Best,

-Lishan
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Subject: RE: A commentary on 2019 nCoV vs lab engineered viruses

My comments. I've included an excel file comparing the differences in the genome length sequences
of the parental and chimeric viruses. Also made some text changes. | think the community needs to

write these editorials and | thank you for your efforts. ralph
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Hi Ralph:
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-Lishan
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Hi Ralph:

In response to the EMI journal editor’s request, Drs. Shan-Lu Liu, Lin Saif and myself
are writing a commentary (1-2 pages) to dispute the rumors of 2019 nCoV origin. Will
you be interested, and have time, to have a quick read/comment? Please let me know
if you have time.

Tentative Title: Is 2019-nCoV laboratory origin®?

Thanks!

-Lishan
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A novel human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (WHO Wubsile Bl ref).

According to what has been reported ™, COVID-2019 seems to have similar clinical
manifestations to that of the severe acute respiratory syndrome (SARS) caused by
SARS-CoV. The SARS-CoV/-2 genome sequence also has ~B0% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity 45,

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 is
of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 *. However, as we
know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared
99.8% homology, with a total of 202 single-nucleotide variations (SNVs) identified
across the genome; among these SNVs, 200 were in the coding DNA sequences.
(CDSs), and among the 128 nonsynonymous mutations, 89 led to a predicted radical
amino-acid cha'ngas (Song, H.C. ot &l Cross-host evolution of severe acule réspiratory
syfidrome coranavinus in palm civel and human, Proc MNall Acad Seill 5 A 102, 2430

2435 (2005)). Given that there are greater than 1000 nt differences between the human

. - | Commented [BRS1]: Not a dna virus




SARS-CoV/-2 and the bat RaTG13-CoV 4, which are distributed throughout the genome
in a naturally occurring pattern and follow the evolution characteristics typical of CoVs,
including the S gene as the most variable region, it is highly unlikely that RaTG13 CoY
is the immediate source of SARS-CoV-2. The absence of a logical targeted pattern in
the new viral sequences and a close relative in a wildlife species (bats) are the most
revealing signs that SARS-CoV-2 evolved by natural evolution. A search for an
intermediate animal host between bats and humans is needed to identify animal CoVs
more closely related to human SARS-CoV-2, There is speculation that pangolins might
have CoVs closely related to SARS-CoV-2, but the data to substantiate this is not yet

published (#=bsita link ref).

Another claim points|to a Nature Medicine paper published in 2015 &, which reports the
construction of a chimeric CoV/ with a bat CoV S gene (SHC014) in the backbone of a
SARS CoV that has adapted to infect mice (MA15) and is capable of infecting human
cells 7. However, this claim lacks any scientific basis and must be discounted because
of significant divergence in the genetic sequence of this construct with the new SARS-
Cov-2.

adapied SARS-coronavirus causes diseass and mortality in BALB/c mice. PlLoS Pathog
BALB/c mice. After 15 passages in mice, the SARS-CoV gained elevated replication

and lung pathogenesis in aged mice (hence M15), due to six coding genetic mutations

- - | Commented [BRS2]: In Chinese social media
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- ! Commented [BRS4]: No, wildtype was passaged




associated with mouse adaptation. |t is also likely that MA15 is highly attenuated to

replicate in human cells or patients due to the mouse adaptation.

When the SARS-CoV/ was isolated. it was concluded that the S gene from bat-derived
CoV, unlike that from human patients- or civets-derived viruses, was unable to use
human ACEZ as a receptor for entry into human cells 5°. Civets were proposed to be
an intermediate host of the bat-CoVs, capable of spreading SARS CoV to humans
(need 1o Fad refs). However, in 2013 several novel bat coronaviruses were isolated

from Chinese horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use

evolutionary evidence that the bat ACE2 gene has been positively selected at the same

contact sites as the human ACE2 gene for interacting with SARS CoV 0, it was

| Commented [BRS6]; these six mutations were

reintroduced into a SARS molecular clone to isolate a SARS
MA1S recombinant virus, which recapitulated the severs

disease phenotype inmice.

proposed that an intermediate host may not be necessary and that some bat SL-CoVs
may be able to directly infect human hosts. To directly address this possibility. the
=xact S gene from bat coronavirus SL-SHC014 was synthesiz=d and used to generate
a chimeric virus in the mouse adapted MA15 SARS-CoV backbone. The resultant SL-
SHCO014-MA15 virus could indeed efficiently use human ACE2 and replicate in primary
human airway cells to similar titers as epidemic strains of SARS-CoV, \n'= SHC014-
MA15 can replicate efficiently in voung and sged mouse ungs, infection was fully
attenuated, and less virus antigen was present in the afreay epithellumn as compared to

SARS MA1S5, which causes lethal outcomes regardless of age Ieadlng to severe

Commented [BRS7]: SARS-CoV, as well as its closaly
related SHCD14 bat strain and the chimera all differ by over
6,000 nts as compared with SARS-CoV 2.

Genome identities

a
Differences between
Genomes sisx
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But was fully attenuated and displayed reduced virus
infection in the airway epithelium as compared to SARS-CoV
MA&15 which is lethal

Did not produce lethal disease like wildtype sars, soits
attenuated!




Due to the elevated pathogenic activity of the SHC014-MA15 chimeric virus relative to - | Commented [BRS9]: reduced

the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus | Commented [BRS10]: as written, suggests experiments
were done before review. May want to reformulate
were subject to pause, reviewed and later approved under the US government- .3

mandated pause policy (from Oct, 2014 to Dec. 2017 https://www.nih.gov/about-

nih/who-we-are/nih-director/statements/nih-lifts-funding-pause-gain-function-research). The
current COVID-2019 epidemic has restarted the debate over the risks of constructing
such viruses that could have pandemic potential, irrespective of the finding these bat

CoVs already exist in nature. Regardless, upon careful phylogenetic analyses by
multiple international groups =, the SARS-CoV/-2 is undoubtedly distinct from SHC014-
MA18, with >5000 nt differences across the whole genome. Therefore, once again
there is no credible evidence to support the claim that the SARS-CoV/-2 is derived from
the chimeric SHCO14-MA15 virus. Finally, we note that the synthetic and chimeric
panels of bat and SARS-like CoV led to the identification of remdesivir as a broad based
inhibitor of all group 2b SARS-like coronaviruses tested in vitro or in vivo, providing

critical prelND data that led to the ongoing clinical trials in China and for the future ~ _ - -| Commented [BRS11]: pivicsssasoz

development of universal vaccines for all the SARS-like coronaviruses. EMCebIR ]

I

There are also rumors that the SARS-CoV-2 was artificially. or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv, (a
manuscripl sharing site prior o sny peer review and-retyet peerraviewed foraceuracy)
claiming that SARS-CoV/-2 has HIV sequence in it and was thus likely generated in the
laboratory. A rebuttal paper led by an HIV-1 expert Dr. Feng Gao has used careful
bicinformatics analyses to demonstrate that the original claim of multiple HIV insertions
into the SARS-CoV/-2 is not HIV-1 specific but random (Sac =t 2l EMI paoes
2/1272020). Because of the many concerns raised by the international community. the

authors who made the initial claim have already withdrawn this report.



Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of randomly occurring mutations.---And should not be present? in
naturally isolated viruses such as RaTG13. Currently, there is no credible evidence to
support the claim that SARS-CoV-2 was originated from a laboratory-engineered CoV.
It is more likely that SARS-CoV-2 is a recombinant CoV generated in nature between a
bat CoV and another coronavirus in an intermediate animal host. More studies are

needed to explore this possibility and resolve the natural origin of SARS-CoV-2.
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A new mevelhuman coronavirus, SARS-CoV-2, was quickly
identified, and the associated disease is now referred to as coronavirus disease

discovered in 2019 (COVID-19) (hitps://globalbiodefense.com/novel-coronavirus-covid-

19-portalf).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 is
of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we
know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared
99.8% homology, with a total of 202 single-nuclectide variations (SNVs) identified
across the genome; among these SNVs, 200 were in the coding-BiA sequences
{&B8&s}, and among the 128 nonsynonymous mutations, 89 led to-a predicted radical

amino-acid changes [6]. Given that there are greater than 1000 nt differences between



the human SARS-CoY/-2 and the bat RaTG13-CoV [4], which are distributed throughout
the genome in a naturally occurring pattern-==< following_ the evolutionary
characteristics typical of CoVs, it is highly unlikely that RaTG13 CoV is the immediate
source of SARS-CoV-2. The absence of a logical targeted pattern in the new viral
sequences and a close relative in a wildlife species (bats) are the most revealing signs
that SARS-CoV-2 evolved by natural evolution. A search for an intermediate animal
host between bats and humans is needed to Identify animal CoV's more closely related
to human SARS-CoV-2. There is speculation that pangolins might have CoVs closely
related to SARS-CoVV-2, but the data to substantiate this is not yet published

(hitps://Mwww.nature.com/articles/d4 1586-020-00364-2).

Another claim In Chinese social med a points to a Nature Medicine paper published in

2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis
and must be discounted because of significant divergence in the genetic sequence of

this construct with the new SARS-CoV-2 (=5 000 nuclentiidss ).

Therasambizant mouse-adapted SARS virus (MA15) [9] was generated by serial
passage of an infectious wildfype SARS CoV clone in the respiratory tract of BALB/c
mice. After 15 passages in mice, the SARS-CoV gained elevated replication and lung
pathogenesis in aged mice (hence M15), due to six coding genetic mutations

associated with mouse adaptation. Jhsse slx mulatons were rsintroduced inlo 3 SARS
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molecular clone to isolate a SARS MA15 recombinant virus, which recapitulated the

severe disease phenotype in mice. |t isalse likely that MA15 is highly attenuated to

replicate in human cells or patients due to the mouse adaptation.

When the original SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to
use human ACEZ as a receptor for entry into human cells [10, 11]. Civets were
proposed to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV
to humans_[6, 12]. However, in 2013 several novel bat coronaviruses were isolated
from Chinese horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use
ACE2 from humans, civets and Chinese horseshoe bats for entry [8]. Combined with
evolutionary evidence that the bat ACEZ2 gene has been positively selected at the same
contact sites as the human ACE2 gene for interacting with SARS CoV [13], it was
proposed that an intermediate host may not be necessary and that some bat SL-CoVs
may be able to directly infect human hosts. To directly address this possibility, the
exact S gene from bat coronavirus SL-SHC014 was synthesized and used to generate
a chimeric virus in the mouse adapted MA15 SARS-CoV backbone. The resultant SL-
SHCO14-MA15 virus could indeed efficiently use human ACE2 and replicate in primary
human airway cells to similar titers as epidemic strains of SARS-CoV. While SHCO14-

MA15 can replicate efficiently in young and aged mouse lungs, infection was fully

attenuated. and less virus antigen was present in the airway epithelium as compared to

SARS MA15, which causes lethal outcomes regardless of age trporanthy,SHEO14-




Due to the elevated pathogenic activity of the SHC014-MA15 chimeric virus relative to  « - | Formated: Highlight
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the SARS-MA15 CoV in mice, stch experiments with SHC014- MA15 chimeric virus
were later restricted as gain of function (GOF) studies under the US government-

mandated pause policy (from Oct. 2014 to Dec. 2017: httos//www.nih.qov/about- -~ | Commented [LS1): Lishan: see Ralph's comments to
revise, as | am confused!

nih/who-we-are/nih-director/statements/nih-lifts-funding-pause-gain-function-research).

The current COVID-2019 epidemic has restarted the debate over the risks of
constructing such viruses that could have pandemic potential, irrespective of the finding
ihat these bat CoVs already exist in nature, Regardless, upon careful phylogenetic
analyses by multiple international groups [5, 14], the SARS-CoV/-2 is undoubtedly
distinct from SHC014- MA15, with >5,000 nuclealidest differences across the whole
genome. Therefore, once again there is no credible evidence to support the claim that
the SARS-CoV-2 is derived from the chimeric SHC014-MA15 virus. Elnally, we nole that

the syntheti

remdesivir as a proad-based inhibitor of a8 group 2b SARS-llke coronaviruses fested i __ - { Formatted: Highlight

yifre orin vive, providing crifical praiND data that fed to the engeing clinical trals in e e
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COronaviruses.

There are also rumors that the SARS-CoV/-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a

manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV



sequence in it and was thus likely generated in the laboratory. |n a4 rebuttal paper led
by an HIV-1 expert Dr. Feng Gao, they-has used careful bioinformatics analyses to
demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is
not HIV-1 specific but random (Gao et al., EMI paper 2/12/2020 in press). Because of
the many concerns raised by the international community, the authors who made the

initial claim have already withdrawn this report.

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of randomly occurring mutations. In our view, there is currently no
credible evidence to support the claim that SARS-CoV-2 was-originated from a
laboratory-engineered CoV. It is more likely that SARS-CoV-2 is a recombinant CoV
generated in nature between a bat CoV and another coronavirus in an intermediate
animal host. More studies are needed to explore this possibility and resolve the natural

origin of SARS-CoV-2.
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A novel human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (WHO Wubsile Bl ref).

According to what has been reported ™, COVID-2019 seems to have similar clinical
manifestations to that of the severe acute respiratory syndrome (SARS) caused by
SARS-CoV. The SARS-CoV/-2 genome sequence also has ~B0% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity 45,

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 is
of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 *. However, as we
know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared
99.8% homology, with a total of 202 single-nucleotide variations (SNVs) identified
across the genome; among these SNVs, 200 were in the coding DNA sequences.
(CDSs), and among the 128 nonsynonymous mutations, 89 led to a predicted radical
amino-acid cha'ngas (Song, H.C. ot &l Cross-host evolution of severe acule réspiratory
syfidrome coranavinus in palm civel and human, Proc MNall Acad Seill 5 A 102, 2430

2435 (2005)). Given that there are greater than 1000 nt differences between the human
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SARS-CoV/-2 and the bat RaTG13-CoV 4, which are distributed throughout the genome
in a naturally occurring pattern and follow the evolution characteristics typical of CoVs,
including the S gene as the most variable region, it is highly unlikely that RaTG13 CoY
is the immediate source of SARS-CoV-2. The absence of a logical targeted pattern in
the new viral sequences and a close relative in a wildlife species (bats) are the most
revealing signs that SARS-CoV-2 evolved by natural evolution. A search for an
intermediate animal host between bats and humans is needed to identify animal CoVs
more closely related to human SARS-CoV-2, There is speculation that pangolins might
have CoVs closely related to SARS-CoV-2, but the data to substantiate this is not yet

published (#=bsita link ref).

Another claim points to a Nature Medicine paper published in 2015 5, which reports the
construction of a chimeric CoV/ with a bat CoV S gene (SHC014) in the backbone of a
SARS CoV that has adapted to infect mice (MA15) and is capable of infecting human
cells 7. However, this claim lacks any scientific basis and must be discounted because
of significant divergence in the genetic sequence of this construct with the new SARS-
Cov-2.

adapied SARS-coronavirus causes diseass and mortality in BALB/c mice. PlLoS Pathog
BALB/c mice. After 15 passages in mice, the SARS-CoV gained elevated replication

and lung pathogenesis in aged mice (hence M15), due to six coding genetic mutations

- - | Commented [BRS2]: In Chinese social media
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associated with mouse adaptation. |t is also likely that MA15 is highly attenuated to

replicate in human cells or patients due to the mouse adaptation.

When the SARS-CoV/ was isolated. it was concluded that the S gene from bat-derived
CoV, unlike that from human patients- or civets-derived viruses, was unable to use
human ACEZ as a receptor for entry into human cells 5°. Civets were proposed to be
an intermediate host of the bat-CoVs, capable of spreading SARS CoV to humans
(need 1o Fad refs). However, in 2013 several novel bat coronaviruses were isolated

from Chinese horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use

evolutionary evidence that the bat ACE2 gene has been positively selected at the same

contact sites as the human ACE2 gene for interacting with SARS CoV 0, it was

| Commented [BRS6]; these six mutations were

reintroduced into a SARS molecular clone to isolate a SARS
MA1S recombinant virus, which recapitulated the severs

disease phenotype inmice.

proposed that an intermediate host may not be necessary and that some bat SL-CoVs
may be able to directly infect human hosts. To directly address this possibility. the
=xact S gene from bat coronavirus SL-SHC014 was synthesiz=d and used to generate
a chimeric virus in the mouse adapted MA15 SARS-CoV backbone. The resultant SL-
SHCO014-MA15 virus could indeed efficiently use human ACE2 and replicate in primary
human airway cells to similar titers as epidemic strains of SARS-CoV, \n'= SHC014-
MA15 can replicate efficiently in voung and sged mouse ungs, infection was fully
attenuated, and less virus antigen was present in the afreay epithellumn as compared to

SARS MA1S5, which causes lethal outcomes regardless of age Ieadlng to severe

Commented [BRS7]: SARS-CoV, as well as its closaly
related SHCD14 bat strain and the chimera all differ by over
6,000 nts as compared with SARS-CoV 2.

Genome identities
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Due to the lelevated pathogenic activity of the SHC014-MA15 chimeric virus relative to - | Commented [BRS9): reduced ]

the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus | Commented [BRS10]: as written, suggests experiments
| were done before review. Nh;t ilm'nt‘tn reformulate

were subject to pause, reviewed and later approved under the US government-
mandated pause policy (from Oct. 2014 to Dec. 2017: https://www.nih.gov/about-

nih/who-we-are/nih-director/statements/nih-lifts-funding-pause-gain-function-research). The
current COVID-2019 epidemic has restarted the debate over the risks of constructing
such viruses that could have pandemic potential, irrespective of the finding these bat

CoVs already exist in nature. Regardless, upon careful phylogenetic analyses by
multiple international groups =, the SARS-CoV/-2 is undoubtedly distinct from SHC014-
MA18, with >5000 nt differences across the whole genome. Therefore, once again
there is no credible evidence to support the claim that the SARS-CoV/-2 is derived from
the chimeric SHCO14-MA15 virus. Finally, we note that the synthetic and chimeric
panels of bat and SARS-like CoV led to the identification of remdesivir as a broad based
inhibitor of all group 2b SARS-like coronaviruses tested in vitro or in vivo, providing

critical preIND data that led to the ongoing clinical trials in China and for the future - - -| Commented [BRS111: pricasszoz J
PMC5567817

development of universal vaccines for all the SARS-like coronaviruses.

There are also rumors that the SARS-CoV-2 was artificially. or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv, (a
manuscripl sharing site prior o sny peer review and-retyet peerraviewed foraceuracy)
claiming that SARS-CoV/-2 has HIV sequence in it and was thus likely generated in the
laboratory. A rebuttal paper led by an HIV-1 expert Dr. Feng Gao has used careful
bicinformatics analyses to demonstrate that the original claim of multiple HIV insertions
into the SARS-CoV/-2 is not HIV-1 specific but random (Sac =t 2l EMI paoes
2/1272020). Because of the many concerns raised by the international community. the

authors who made the initial claim have already withdrawn this report.



Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of randomly occurring mutations.---And should not be present? in
naturally isolated viruses such as RaTG13. Currently, there is no credible evidence to
support the claim that SARS-CoV-2 was originated from a laboratory-engineered CoV.
It is more likely that SARS-CoV-2 is a recombinant CoV generated in nature between a
bat CoV and another coronavirus in an intermediate animal host. More studies are

needed to explore this possibility and resolve the natural origin of SARS-CoV-2.
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Hi Ralph,

My 2 Chinese colleagues and | have prepared this commentary to try to scientifically address
some of the rumors and conspiracy theories on the internet about the origin of the 2019-
nCoV, now designated SARS-2. Since we have tried to address concerns about some of your
chimeric SARS constructs, it would be extremely helpful if you could review this and edit or
add anything that might be useful. | realize from what Peter said you may not want to add
your name but certainly your unacknowledged input and insights would be helpful to be
certain we have provided the key evidence against such rumors and a false claims.

| recognize that it is essential for scientists to do whatever they can to counter fake news and
false information and to support cur esteemed colleagues and scientists like yourself which is
what prompted this commentary!

In ancther matter Dr Wang and | want to try to get the SARS-2 CoV from BEI and attempt to
infect pigs in our BSL 3 Ag facility. Do you know of any funds we could apply for to do these
pilot studies, just to see if pigs are susceptible based on similar ACE2?

Hope you are well in spite of all the turmoil!
Regards,
Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691



SARVS-CoV-2: no evidence of a laboratory origin

Lishan Su', and Linda J. Saif 23, and Shan-Lu Liu3 4358

' Lineberger Comprehensive Cancer Center, Department of Microbiology and Immunology,
University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA
2Food Animal Health Research Program,

Ohio Agricultural Research and Development Center, CFAES
Department of Veterinary Preventive Medicine,

The Ohio State University, Wooster, Ohio 44691, USA
3 Viruses and Emerging Pathogens Program, Infectious Diseases Institute,
The Ohio State University, Columbus, OH 43210, USA
* Center for Retrovirus Research, The Ohio State University,
Columbus, OH 43210, USA
> Department of Veterinary Biosciences, The Ohio State University, Columbus,
OH 43210, USA
¢ Department of Microbial Infection and Immunity, The Ohio State University,

Columbus, OH 43210, USA

Contact:

Dr. Lishan Su, Isu@med.unc.edu

Dr. Shan-Lu Liu, Liu.6244@osu.edu




The emergence and outbreak of a newly discovered acute respiratory disease in Wuhan,
China, has affected greater than 40,000 people, and killed more than 1,000 as of Feb.
10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and the
associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (hitps./globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 is
of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we
know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared
99.8% homology, with a total of 202 single-nucleotide variations {SNVs) identified
across the genome; among these SNVs, 200 were in the coding DNA sequences
(CDSs), and among the 128 nonsynonymous mutations, 89 led to predicted radical
amino-acid changes [6]. Given that there are greater than 1000 nt differences between

the human SARS-CoV-2 and the bat RaTG13-CoV [4], which are distributed throughout



the genome in a naturally occurring pattern following the evolutionary characteristics
typical of CoVs, it is highly unlikely that RaTG13 CoV is the immediate source of SARS-
CoV-2. The absence of a logical targeted pattern in the new viral sequences and a
close relative in a wildlife species (bats) are the most revealing signs that SARS-CoV-2
evolved by natural evolution. A search for an intermediate animal host between bats
and humans is needed to identify animal CoVs more closely related to human SARS-
CoV-2. There is speculation that pangolins might have CoVs closely related to SARS-
CoV-2, but the data to substantiate this is not yet published

(https://www.nature.com/articles/d41586-020-00364-2).

Another claim points to a Nature Medicine paper published in 2015 [7], which reports
the construction of a chimeric CoV with a bat CoV S gene (SHC014) in the backbone of
a SARS CoV that has adapted to infect mice (MA15) and is capable of infecting human
cells [8]. However, this claim lacks any scientific basis and must be discounted
because of significant divergence in the genetic sequence of this construct with the new

SARS-CoV-2.

The recombinant mouse-adapted SARS virus (MA15) [9] was generated by serial
passage of an infectious SARS CoV clone in the respiratory tract of BALB/c mice. After
15 passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis
in aged mice (hence M15), due to six coding genetic mutations associated with mouse
adaptation. It is also likely that MA15 is highly attenuated to replicate in human cells or

patients due to the mouse adaptation.



When the original SARS-CoV was isolated, it was concluded that the S gene from bat-
derived CoV, unlike that from human patients- or civets-derived viruses, was unable to
use human ACEZ as a receptor for entry into human cells [10, 11]. Civets were
proposed to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV
to humans. However, in 2013 several novel bat coronaviruses were isolated from
Chinese horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2
from humans, civets and Chinese horseshoe bats for entry [8]. Combined with
evolutionary evidence that the bat ACE2 gene has been positively selected at the same
contact sites as the human ACE2 gene for interacting with SARS CoV [12], it was
proposed that an intermediate host may not be necessary and that some bat SL-CoVs
may be able to directly infect human hosts. To directly address this possibility, the S
gene from bat coronavirus SL-SHC014 was used to generate a chimeric virus in the
mouse adapted MA15 SARS-CoV backbone. The resultant SL-SHC014-MA15 virus
could indeed efficiently use human ACEZ2 and replicate in primary human airway cells to
similar titers as epidemic strains of SARS-CoV. Importantly, SHC014-MA15 can

replicate efficiently in the mouse lung, leading to severe pathology [7].

Due to the elevated pathogenic activity of the SHC014-MA15 chimeric virus relative to
the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus
were later restricted as gain of function (GOF) studies under the US government-

mandated pause policy (from Oct. 2014 to Dec. 2017: hitps://www.nih.gov/about-

nih/who-we-are/nih-director/statements/nih-lifts-funding-pause-gain-function-research).

The current COVID-2019 epidemic has restarted the debate over the risks of

constructing such viruses that could have pandemic potential, irrespective of the finding



that these bat CoVs already exist in nature. Regardless, upon careful phylogenetic
analyses by multiple international groups [5, 13], the SARS-CoV-2 is undoubtedly
distinct from SHC014- MA15, with >5000 nt differences across the whole genome.
Therefore, once again there is no credible evidence to support the claim that the SARS-
CoV-2 is derived from the chimeric SHC014-MA15 virus.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by
an HIV-1 expert Dr. Feng Gao, they used careful bioinformatics analyses to
demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is
not HIV-1 specific but random (Gao et al., EMI paper 2/12/2020 in press). Because of
the many concerns raised by the international community, the authors who made the

initial claim have already withdrawn this report.

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of randomly occurring mutations. In our view, there is currently no
credible evidence to support the claim that SARS-CoV-2 originated from a laboratory-
engineered CoV. It is more likely that SARS-CoV-2 is a recombinant CoV generated in
nature between a bat CoV and another coronavirus in an intermediate animal host.
More studies are needed to explore this possibility and resolve the natural origin of

SARS-CoV-2.
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Dear Linda;

Attached please find almost the final version of the commentary for EMI, so please
feel free to share it with Ralph. Let me know if you have additional suggestions — all
your points are incorporated into the new version, please check.

Note that | was trying to find official website links for the new names of the virus
(ICTV) and diseases (WHO), but failed; | therefore decided to use the following
website, which contains both.

https://globalbiodefense.com/novel-coronavirus-covid-19-portal/

We will try to submit it today, but are considering to add a few more coronavirus
experts — anyone that you would like to suggest? We will contact Stanley Periman
right now.

Shan-Lu
0 THE OH1O STATE UNIVERSITY

Shan-Lu Liu, M.D., Ph.D.

Professor

Co-Director, Viruses and Emerging Pathogens Program
Infectious Diseases Institute

Center for Retrovirus Research

Departments of Veterinary Biosciences, Microbial Infection and Immunity, and Microbiology
The Ohio State University

1900 Coffey Rd, Room 480 VMAB

Columbus, Ohio 43210

Phone: (614) 292-8690

Fax: (614) 292-6473

Email: li1.6244@osu.edu; shan-lu.lim@osume.edu

From: "Saif, Linda" <saif.2@osu.edu>

Date: Wednesday, February 12, 2020 at 9:37 AM

To: Shan-Lu Liu <liu.6244@osu.edu>

Subject: Re: Commentary for Emerging Microbes & Infections

Can you please send me the updated version first and then | will try to share with Ralph!



Thanks

Linda

Linda J. Saif, PhD

Distinguished University Professor

Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: "Liu, Shan-Lu" <|iu.6244@ osu.edu>
Date: Wednesday, February 12, 2020 12:47 AM
To: Linda Saif <saif. 2@ osu.edu>

Subject: Re: Commentary for Emerging Microbes & Infections

Hi Linda.
Thanks so much, and your comments are extremely helpful. Please feel free to share with

Ralph to get his feedback if possible. We would like to publish this in the next few days.

| will work on reference tomorrow and send vou a updated version.

Shan-Lu Liu sent from iPhone

On Feb 11, 2020, at 11:54 PM, Saif, Linda <saif.2@osu.edu> wrote:

Hi Shan-Lu,

| edited this version and added my name as | too feel strongly about denouncing
this.

Here are more comments and some refs that | have made in replies to some
reporters about this issue if you think any are useful to include. | also wonder if
we might share this with Ralph Baric since he is a conspiracy target and maybe he
could add additional points, but | know he would not want to be a co-author—not

sure if he has time to answer.

The absence of a logical targeted pattern in the new viral sequences and a close
relative in a wildlife species (bats) are the most revealing signs that 2019-nCoV
evolved by natural evolution. Evolution is stepwise and accrues mutations
gradually over time, whereas synthetic constructs would typically use a known
backbone and introduce logical or targeted changes instead of randomly
occurring mutations.



The closest virus relative to 2019-nCoV is bat CoV RaTG13. There are 4% nt
differences between 2019-nCoV and RaTG13, corresponding to >1000 nt based
on a genome size of 29k. These changes (SNP) are distributed throughout the
genome in a naturally occurring pattern and follow the evolution characteristics
typical of CoVs, including the S gene as the most variable region.

{(Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, SiHR, Zhu Y, Li B, Huang CL,
Chen HD, ChenJ, Luo Y, Guo H, Jiang RD, Liu MQ, Chen Y, Shen XR, Wang X, Zheng
XS, Zhao K, Chen QJ, Deng F, Liu LL, Yan B, Zhan FX, Wang YY, Xiao GF, Shi ZL.
2020. A pneumonia outbreak associated with a new coronavirus of probable bat
origin. Nature doi:10.1038/s41586-020-2012-7.

Regarding differences between civet cat SARSr-CoV and SARS-CoV, here is the
accurate data: . A total of 202 SNVs with multiple occurrences were identified,
among which 200 were in the CDSs. Among the 128 nonsynonymous mutations,
89 led to a predicted radical amino acid changes

Proc Natl Acad Sci U S A. 2005 Feb 15;102(7):2430-5. Epub 2005 Feb 4.
Cross-host evolution of severe acute respiratory syndrome coronavirus in palm
civet and human.

Song HD1, Tu CC, Zhang GW, Wang SY, Zheng K, Lei LC, Chen QX, Gao YW, Zhou
HQ, Xiang H, Zheng HJ, Chern 5W, Cheng F, Pan CM, Xuan H, Chen SJ, Luo HM,
Zhou DH, Liu YF, He JF, Qin PZ, Li LH, Ren YQ, Liang WJ, Yu YD, Anderson L, Wang
M, Xu RH, Wu XW, Zheng HY, Chen JD, Liang G, Gao Y, Liao M, Fang L, Jiang LY, Li
H, Chen F, Di B, He LJ, Lin JY, Tong S, Kong X, Du L, Hao P, Tang H, Bernini A, Yu XJ,
Spiga O, Guo ZM, Pan HY, He WZ, Manuguerra JC, Fontanet A, Danchin A, Niccolai
N, Li YX, Wu Cl, Zhao GP.
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Subject: Commentary for Emerging Microbes & Infections

Hi Linda,

Invited by the editor in chief of EMI, Lushan Su from UNC and | have
written a commentary on the possible origin of the 2019-nCoV or SARS-
CoV-2 in order to dispute some rumors, and we would like to invite you as
a coauthor. Attached please find an almost complete draft (references
needed) of the commentary, so kindly let me know what you think. Your
comments and suggestions are very much appreciated.

Thanks.

Shan-Lu
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A novel human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (hitps./globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1, 2, 3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4, 5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 is
of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we
know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared
99.8% homology, with a total of 202 single-nucleotide variations {SNVs) identified
across the genome; among these SNVs, 200 were in the coding DNA sequences
(CDSs), and among the 128 nonsynonymous mutations, 89 led to a predicted radical
amino-acid changes [6]. Given that there are greater than 1000 nt differences between

the human SARS-CoV-2 and the bat RaTG13-CoV [4], which are distributed throughout



the genome in a naturally occurring pattern and follow the evolution characteristics
typical of CoVs, it is highly unlikely that RaTG13 CoV is the immediate source of SARS-
CoV-2. The absence of a logical targeted pattern in the new viral sequences and a
close relative in a wildlife species (bats) are the most revealing signs that SARS-CoV-2
evolved by natural evolution. A search for an intermediate animal host between bats
and humans is needed to identify animal CoVs more closely related to human SARS-
CoV-2. There is speculation that pangolins might have CoVs closely related to SARS-
CoV-2, but the data to substantiate this is not yet published

(https://www.nature.com/articles/d41586-020-00364-2).

Another claim points to a Nature Medicine paper published in 2015 [7], which reports
the construction of a chimeric CoV with a bat CoV S gene (SHCO014) in the backbone of
a SARS CoV that has adapted to infect mice (MA15) and is capable of infecting human
cells [8]. However, this claim lacks any scientific basis and must be discounted
because of significant divergence in the genetic sequence of this construct with the new

SARS-CoV-2.

The recombinant mouse-adapted SARS virus (MA15) [9] was generated by serial
passage of an infectious SARS CoV clone in the respiratory tract of BALB/c mice. After
15 passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis
in aged mice (hence M15), due to six coding genetic mutations associated with mouse
adaptation. It is also likely that MA15 is highly attenuated to replicate in human cells or

patients due to the mouse adaptation.



When the SARS-CoV was isolated, it was concluded that the S gene from bat-derived
CoV, unlike that from human patients- or civets-derived viruses, was unable to use
human ACEZ2 as a receptor for entry into human cells [10, 11]. Civets were proposed to
be an intermediate host of the bat-CoVs, capable of spreading SARS CoV to humans.
However, in 2013 several novel bat coronaviruses were isolated from Chinese
horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 from
humans, civets and Chinese horseshoe bats for entry [8]. Combined with evolutionary
evidence that the bat ACEZ2 gene has been positively selected at the same contact sites
as the human ACE2 gene for interacting with SARS CoV [12], it was proposed that an
intermediate host may not be necessary and that some bat SL-CoVs may be able to
directly infect human hosts. To directly address this possibility, the S gene from bat
coronavirus SL-SHC014 was used to generate a chimeric virus in the mouse adapted
MA15 SARS-CoV backbone. The resultant SL-SHC014-MA15 virus could indeed
efficiently use human ACEZ2 and replicate in primary human airway cells to similar titers
as epidemic strains of SARS-CoV. Importantly, SHC014-MA15 can replicate efficiently

in the mouse lung, leading to severe pathogenesis [7].

Due to the elevated pathogenic activity of the SHC014-MA15 chimeric virus relative to
the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus
were restricted as gain of function (GOF) studies under the US government-mandated

pause policy (from Oct. 2014 to Dec. 2017: https://www.nih.gov/about-nih/who-we-

are/nih-director/statements/nih-lifts-funding-pause-gain-function-research). The current

COVID-2019 epidemic has restarted the debate over the risks of constructing such

viruses that could have pandemic potential, irrespective of the finding these bat CoVs



already exist in nature. Regardless, upon careful phylogenetic analyses by multiple
international groups [5, 13], the SARS-CoV-2 is undoubtedly distinct from SHC014-
MA15, with >5000 nt differences across the whole genome. Therefore, once again
there is no credible evidence to support the claim that the SARS-CoV-2 is derived from
the chimeric SHC014-MA15 virus.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated in the laboratory. A rebuttal paper led by
an HIV-1 expert Dr. Feng Gao has used careful bioinformatics analyses to demonstrate
that the original claim of multiple HIV insertions into the SARS-CoV-2 is not HIV-1
specific but random (Gao et al., EMI paper 2/12/2020 in press). Because of the many
concerns raised by the international community, the authors who made the initial claim

have already withdrawn this report.

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of randomly occurring mutations. In our view, there is currently no
credible evidence to support the claim that SARS-CoV-2 was originated from a
laboratory-engineered CoV. It is more likely that SARS-CoV-2 is a recombinant CoV
generated in nature between a bat CoV and another coronavirus in an intermediate
animal host. More studies are needed to explore this possibility and resolve the natural

origin of SARS-CoV-2.
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Hi Shan-Lu,

| edited this version and added my name as | too feel strongly about denouncing this.

Here are more comments and some refs that | have made in replies to some reporters about

this issue if you think any are useful to include. | also wonder if we might share this with Ralph
Baric since he is a conspiracy target and maybe he could add additional points, but | know he

would not want to be a co-author—not sure if he has time to answer.

The absence of a logical targeted pattern in the new viral sequences and a close relative in a
wildlife species {bats) are the most revealing signs that 2019-nCoV evolved by natural
evolution. Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted changes

instead of randomly occurring mutations.

The closest virus relative to 2019-nCoV is bat CoV RaTG13. There are 4% nt differences
between 2019-nCoV and RaTG13, corresponding to >1000 nt based on a genome size of 29k.
These changes (SNP) are distributed throughout the genome in a naturally occurring pattern
and follow the evolution characteristics typical of CoVs, including the S gene as the most
variable region.

(Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, Zhu Y, Li B, Huang CL, Chen HD,
ChenJ, Luo Y, Guo H, Jiang RD, Liu MQ, ChenY, Shen XR, Wang X, Zheng XS, Zhao K, Chen QJ,
Deng F, Liu LL, Yan B, Zhan FX, Wang YY, Xiao GF, Shi ZL. 2020. A pneumonia outbreak
associated with a new coronavirus of probable bat origin. Nature doi:10.1038/s41586-020-
2012-7.

Regarding differences between civet cat SARSr-CoV and SARS-CoV, here is the accurate data: .
A total of 202 SNVs with multiple occurrences were identified, among which 200 were in the
CDSs. Among the 128 nonsynonymous mutations, 89 led to a predicted radical amino acid
changes

Proc Natl Acad Sci U S A. 2005 Feb 15;102(7):2430-5. Epub 2005 Feb 4.

Cross-host evolution of severe acute respiratory syndrome coronavirus in palm civet and
human.

Song HD1, Tu CC, Zhang GW, Wang SY, Zheng K, Lei LC, Chen QX, Gao YW, Zhou HQ, Xiang H,
Zheng HJ, Chern SW, Cheng F, Pan CM, Xuan H, Chen SJ, Luo HM, Zhou DH, Liu YF, He JF, Qin
PZ, Li LH, Ren YQ, Liang W, Yu YD, Anderson L, Wang M, Xu RH, Wu XW, Zheng HY, Chen JD,
Liang G, Gao Y, Liac M, Fang L, liang LY, LiH, Chen F, Di B, He L], LinJY, Tong S, Kong X, Du L,
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The emergence and outbreak of a newly discovered acute respiratory disease in Wuhan,
China, has affected greater than 40,000 people, and killed more than 1.000 as of Feb.

10, 2020. A novel human coronavirus SAE=-CsU a0 OVID-15- was quickly identified,

and the associated disease is now referred to as novel coronavirus pneumonia tNCPI} -~ Commented [J1]: Nat sure how widely used or accepted

this is—please check or to avoid confusion use COVID-19?

or coronavirus disease discovered in 2019 (COVID-19 cifa WHO ref here).

According to what has been reported (Lancet, NEJM 2020), NCP seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-LeZC0V|0-19 genome sequence also has ~80% identity
with SARS-CoV, but 1 is most similar to some bat beta-coronaviruses, with the highest

being >96% identity (HJatura 2020 refs).

Currently, there are speculations =+ rumors and consgiracy Ihecdas that COVID-19 e
sag-Gov=is of @ laboratory origin. -Some pecble have Gelsin-poaia-susaosiod
2llagad that the fuman SARS-CaMLACOVID-19 waszie dirsetileaked dir=ctiy from a
laboratory in Wuhan where a bat CoV (RaTG13) was recently reported, which shared
~96% homology with the SARS-Co-2CCYID-15 (Nature, 2020). However, as we know,
the suman SARS-CoV and ptermediats hpst palm civets SARS-like CoV shared 99.8%
homology, which is only about 60 nt differences in the whole 22Kb (ck| genome
sequence (refs). Given that there are greater than 1000 nt differences between the

numan SARS-Ce 20 OVID- 13 and the bal RaTG13-CoV (refs), it is highly unlikely 1t
RaTG13 Lo\ is the immediate source of SARS-CoV-2C0VIDHY - s e padticuiasly - 1(:1:”“ [J2J: CoVs have a high mutation rate like ]
other RNA viruses!

S s hghit-of 8l anutasen Fate ol Ins covanaviiiess- Feder 4 shearching for an



intermediate animal host hetween bats and humans is needed to identify animal CoVs

more closely related to human COVID-19. There is speculation that pangolins might

have CoVs closely related to COVID-19. but the data to substantiate this is not yet

published (ref).

Another claim points to a Nature Medicine paper published in 2015, which reports the
construction of a chimeric CoV with a bat CoV S gene (SHC014) in the backbone of a
SARS CoV that has adapted to infect mice (MA15) and is capable of infecting human
cells (refs). However, this claim lacks any scientific basis and must be discounted

because of significant divergence in the genetic seguence of this construct with the new

CoVID-19.

The recombinant mouse-adapted SARS virus (MA15) (PLoS Pathog. 2007 Jan;3(1):e5)
was generated by serial passages of an infectious SARS CoV clone in the respiratory
tract of BALB/c mice. After 15 reundsef-passages in mice, the SARS-CoV gained
elevated replication and lung pathogenesis in aged mice (hence M15), due to six coding
genetic mutations associated with mouse adaptation. It is also likely that MA15 is highly

attenuated to replicate in human cells or patients due to the mouse adaptation.

When the SARS-CoV was isolated, it was concluded that the S gene from bat-derived
CoV, unlike that from human patients- or civets-derived viruses, was unsetable to use
human ACE2 as a receptor for entry_into human cells (refs). Civets were proposed to

be an intermediate host of the bat-CoVs,_capable of-beferethey spreading SARS CoV



to humans (refs). However, in 2013 several novel bat coronaviruses were isolated from
Chinese horseshoe bats ir2043-and the bat SARS-like or SL-CoV-WIV1 was able to
use ACE2 from humans, civets and Chinese horseshoe bats for entry (Nature 2013).
Combined with evolutionary evidence that the bat ACE2 gene has been positively
selected at the same contact sites as the human ACE2 gene for interacting with SARS
CoV (JVI 2012), it was proposed that an intermediate host may not be necessary and
that some bat SL-CoVs may be able to directly infect human hosts (refs). To directly
address this possibility, the S gene from bat coronavirus SL-SHC014 was used to
generate a chimeric virus in the mouse adapted MA15 SARS-CoV backbone. The

resultant SL-SHCO014-MA15 virus could san-indeed efficiently use human ACE2 and

replicate efficiently in primary human airway cells to similar titers as epidemic strains of
SARS-CoV. Importantly, SHCO14-MA15 can replicate efficiently in the mouse lung,

leading to severe pathogenesis (Nat. Med. 2015).

Due to the elevated pathogenic activity of the SHCO14-MA15 chimeric virus relative to
the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus are
now restricted eensidered-as gain of function (GOF) studies under the US government-
mandated pause policy (refs). The current NCP epidemic has restarted the debate over
the risks of constructing such viruses that could havewith pandemic potential,

irrespective of the finding these bat CoVs already exist in nature. Regardless, upon

careful phylogenetic analyses by multiple international groups (EMI, Nature...2020), the
SARS-CeM-2C0VID-19 is undoubtedly distinct from SHC014- MA15, with >=5000 nt

differences across the whole genome. Therefore, once again there is no credible



evidence to support the claim that the SARS-Ce-2C0OVID-19 is derived from the

chimeric SHC014-MA15 virus.

There are also rumors that the SARS-CaM2C0OVID-19 wasis artificially, or intentionally,
made by humans in the lab, and this is highlighted in one manuscript submitted to

BioRxiv,_(and not vet peer reviewed for accuracy) claiming that SARS-CaM-2C0OVID-19

has HIV sequence in it and wasis thus likely generated in the laboratory. A rebuttal
paper led by an HIV-1 expert Dr. Feng Gao has used careful bioinformatics analyses to
demonstrate that the original claim of multiple HIV insertions into the SARS-Cel-
2C0VID-19 is not HIV-1 specific but random (EMI paper 2/12/2020). Because of the
many concerns raised by the international community, the authors who made the initial

claim have recently desidedte-withdrawn this report.

In summary, swe-beleve-thatthere is no credible evidence to support the claim that the
SARS-CeV2C0VID-19 was-originated from a laboratory-engineered CoV _. It is much
more likelyHeweverwe-cannotrile-outthe pessibility- that SARS CeV 2C0OVID-19 is a
recombinant CoV generated in nature between a bat CoV and another coronavirus in an
intermediate animal host. More studies are needed to explore this possibility and

resolve the natural origin of SARS-Ce2C0OVID-19.
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1000 as
of Feb. 10, 2020. A novel human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as novel coronavirus pneumonia (NCP) or

coronavirus disease discovered in 2019 (COVID-19).

According to what has been reported (Lancet, NEJM 2020), NCP seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with
SARS-CoV, but is most similar to some bat beta-coronaviruses, with the highest

being >96% identity (refs).

Currently, there are speculations or rumors that the 2019-CoV is of a laboratory origin.
Certain people suspected that the SARS-CoV-2 is directly leaked from a laboratory in
Wuhan where a bat CoV (RaTG13) was recently reported, which shared ~96%
homology with the SARS-CoV-2 (Nature, 2020). However, as we know, the SARS-CoV
and palm civets CoV shared 99.8% homology, which is only about 60 nt differences in
the whole genome sequence (refs). Given that there are greater than 1000 nt
differences between the SARS-CoV-2 and the RaTG13-CoV (refs), it is highly unlikely
RaTG13 is the immediate source of SARS-CoV-2,; this is particularly true in light of a
low mutation rate of the coronaviruses (refs). Searching for an intermediate host

between bat and humans is needed.



Another claim points to a Nature Medicine paper published in 2015, which reports the
construction of a chimeric CoV with a bat CoV S gene (SHC014) in the backbone of a
SARS CoV that has adapted to infect mice (MA15) and is capable of infecting human

cells (refs). However, this claim lacks any scientific basis and must be discounted.

The recombinant mouse-adapted SARS virus (MA15) (PLoS Pathog. 2007 Jan;3(1):e5)
was generated by serial passages of an infectious SARS CoV clone in the respiratory
tract of BALB/c mice. After 15 rounds of passage in mice, the SARS-CoV gained
elevated replication and lung pathogenesis in aged mice (hence M15), due to six coding
mutations associated with mouse adaptation. It is likely that MA15 is highly attenuated

to replicate in human cells or patients due to the mouse adaptation.

When the SARS-CoV was isolated, it was concluded that the S gene from bat-derived
CoV, unlike that from human patients- or civets-derived viruses, was not able to use
human ACEZ2 as a receptor for entry (refs). Civets were proposed to be an intermediate
host of the bat-CoVs before they spread to humans (refs). However, several novel bat
coronaviruses were isolated from Chinese horseshoe bats in 2013 and the bat SARS-
like or SL-CoV-WIV1 was able to use ACEZ2 from humans, civets and Chinese
horseshoe bats for entry (Nature 2013). Combined with evolutionary evidence that the
bat ACE2 gene has been positively selected at the same contact sites as human ACE2
gene for interacting with SARS CoV (JVI 2012), it was proposed that an intermediate
host may not be necessary and that some bat SL-CoVs may be able to directly infect

human hosts (refs). To directly address this possibility, the S gene from bat coronavirus



SL-SHCO014 was used to generate a chimeric virus in the mouse adapted MA15 SARS-
CoV backbone. The resultant SL-SHC014-MA15 virus can indeed efficiently use
human ACEZ2 and replicate efficiently in primary human airway cells to similar titers as
epidemic strains of SARS-CoV. Importantly, SHC014-MA15 can replicate efficiently in

the mouse lung, leading to severe pathogenesis (Nat. Med. 2015).

Due to the elevated pathogenic activity of the SHC014-MA15 chimeric virus relative to
the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus are
considered as gain of function (GOF) studies under the US government-mandated
pause policy (refs). The current NCP epidemic has restarted the debate over the risks
constructing such viruses with pandemic potential. Regardless, upon careful
phylogenetic analyses by multiple international groups (EMI, Nature...2020), the SARS-
CoV-2 is undoubtedly distinct from SHC014- MA15, with >5000 nt differences across
the whole genome. Therefore, there is no credible evidence to support the claim that

the SARS-CoV-2 is derived from the chimeric SHC014-MA15 virus.

There are also rumors that the SARS-CoV-2 is artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv,
claiming that SARS-CoV-2 has HIV sequence in it and is thus likely generated in the
laboratory. A rebuttal paper led by an HIV-1 expert Dr. Feng Gao has used careful
bioinformatics analyses to demonstrate that the original claim of multiple HIV insertions

into the SARS-CoV-2 is not HIV-1 specific but random (EMI paper 2/12/2020). Because



of the many concerns raised by the international community, the authors who made the

initial claim have recently decided to withdraw this report.

In summary, we believe that there is no credible evidence to support the claim that the
SARS-CoV-2 was originated from a laboratory-engineered CoV. However, we cannot
rule out the possibility that SARS-CoV-2 is a recombinant generated in nature hetween
a bat CoV and another coronavirus in an intermediate host. More studies are needed to

explore this possibility and resolve the origin of SARS-CoV-2.
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Be safe!
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The emergence and outbreak of a newly discovered
acute respiratory disease in Wuhan, China, has affected
greater than 40,000 people, and killed more than 1,000
as of Feb. 10, 2020. A new human coronavirus, SARS-
CoV-2, was quickly identified, and the associated dis-
ease is now referred to as coronavirus disease discov-
ered in 2019 (COVID-19) (https://globalbiodefense.
com/novel-coronavirus-covid- 19-portal/).

According to what has been reported [1-3],
COVID-2019 seems to have similar clinical manifes-
tations to that of the severe acute respiratory syndrome
(SARS) caused by SARS-CoV. The SARS-CoV-2 gen-
ome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-corona-
viruses, with the highest being >96% identity [4,5].

Currently, there are speculations, rumours and con-
spiracy theories that SARS-CoV-2 is of laboratory ori-
gin. Some people have alleged that the human SARS-
CoV-2 was leaked directly from a laboratory in
Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the
SARS-CoV-2 [4]. However, as we know, the human
SARS-CoV and intermediate host palm civet SARS-
like CoV shared 99.8% homology, with a total of 202
single-nucleotide (nt) variations (SNVs) identified
across the genome [6]. Given that there are greater
than 1,100 nt differences between the human SARS-
CoV-2 and the bat RaTG13-CoV [4], which are distrib-
uted throughout the genome in a naturally occurring
pattern following the evolutionary characteristics typi-
cal of CoVs, it is highly unlikely that RaTG13 CoV is
the immediate source of SARS-CoV-2. The absence
of a logical targeted pattern in the new viral sequences
and a close relative in a wildlife species (bats) are the
most revealing signs that SARS-CoV-2 evolved by
natural evolution, A search for an intermediate animal

host between bats and humans is needed to identify
animal CoVs more closely related to human SARS-
CoV-2. There is speculation that pangolins might
carry CoVs closely related to SARS-CoV-2, but the
data to substantiate this is not yet published (https://
www.nature.com/articles/d41586-020-00364-2).

Another claim in Chinese social media points to a
Nature Medicine paper published in 2015 [7], which
reports the construction of a chimeric CoV with a
bat CoV § gene (SHCO014) in the backbone of a SARS
CoV that has adapted to infect mice (MA15) and is
capable of infecting human cells [8]. However, this
claim lacks any scientific basis and must be discounted
because of significant divergence in the genetic
sequence of this construct with the new SARS-CoV-2
(>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was
generated by serial passage of an infectious wildtype
SARS CoV dlone in the respiratory tract of BALB/c
mice. After 15 passages in mice, the SARS-CoV gained
elevated replication and lung pathogenesis in aged mice
(hence M15), due to six coding genetic mutations
associated with mouse adaptation, It is likely that
MAI5 is highly attenuated to replicate in human cells
or patients due to the mouse adaptation.

It was proposed that the S gene from bat-derived
CoV, unlike that from human patients- or civets-
derived viruses, was unable to use human ACE2 as a
receptor for entry into human cells [10,11]. Civets
were proposed to be an intermediate host of the bat-
CoVs, capable of spreading SARS CoV to humans
[6,12]. However, in 2013 several novel bat corona-
viruses were isolated from Chinese horseshoe bats
and the bat SARS-like or SL-CoV-WIV1 was able to
use ACE2 from humans, civets and Chinese horseshoe
bats for entry [8]. Combined with evolutionary
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evidence that the bat ACE2 gene has been positively
selected at the same contact sites as the human ACE2
gene for interacting with SARS CoV [13], it was pro-
posed that an intermediate host may not be necessary
and that some bat SL-CoVs may be able to directly
infect human hosts. To directly address this possibility,
the exact S gene from bat coronavirus SL-SHC014 was
synthesized and used to generate a chimeric virus in the
mouse adapted MA15 SARS-CoV backbone. The resul-
tant SL-SHC014-MA15 virus could indeed efficiently
use human ACE2 and replicate in primary human
airway cells to similar titres as epidemic strains of
SARS-CoV. While SL-SHC014-MA15 can replicate
efficiently in young and aged mouse lungs, infection
was attenuated, and less virus antigen was present in
the airway epithelium as compared to SARS MAIS5,
which causes lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the
SHC014-MA15 chimeric virus relative to MAL5 chi-
meric virus with the original human SARS § gene in
mice, such experiments with SL-SHC014-MAL5 chi-
meric virus were later restricted as gain of function
(GOF) studies under the US government-mandated
pause policy (https://www.nih.gov/about-nih/who-we-
are/nih-director/statements/nih-lifts-funding-pause-
gain-function-research). The current COVID-2019
epidemic has restarted the debate over the risks of con-
structing such viruses that could have pandemic poten-
tial, irrespective of the finding that these bat CoVs
already exist in nature. Regardless, upon careful phylo-
genetic analyses by multiple international groups
[5,14], the SARS-CoV-2 is undoubtedly distinct from
SL-SHCO014-MAL15, with >6,000 nucleotide differences
across the whole genome. Therefore, once again there
is no credible evidence to support the claim that the
SARS-CoV-2 is derived from the chimeric SL-
SHCO014-MA15 virus.

There are also rumours that the SARS-CoV-2 was
artificially, or intentionally, made by humans in the
lab, and this is highlighted in one manuscript sub-
mitted to BioRxiv (a manuscript sharing site prior to
any peer review), claiming that SARS-CoV-2 has
HIV sequence in it and was thus likely generated in
the laboratory. In a rebuttal paper led by an HIV-1 vir-
ologist Dr. Feng Gao, they used careful bioinformatics
analyses to demonstrate that the original claim of mul-
tiple HIV insertions into the SARS-CoV-2is not HIV-1
specific but random [15]. Because of the many con-
cerns raised by the international community, the
authors who made the initial claim have already with-
drawn this report.

Evolution is stepwise and accrues mutations gradu-
ally over time, whereas synthetic constructs would typi-
cally use a known backbone and introduce logical or
targeted changes instead of the randomly occurring
mutations that are present in naturally isolated viruses
such as bat CoV RaTGl3. In our view, there is

currently no credible evidence to support the claim
that SARS-CoV-2 originated from a laboratory-engin-
cered CoV. It is more likely that SARS-CoV-2 is a
recombinant CoV generated in nature between a bat
CoV and another coronavirus in an intermediate ani-
mal host. More studies are needed to explore this possi-
bility and resolve the natural origin of SARS-CoV-2.
We should emphasize that, although SARS-CoV-2
shows no evidence of laboratory origin, viruses with
such great public health threats must be handled prop-
erlyin the laboratory and also properly regulated by the
scientific community and governments.
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emergence of the SARS-CoV-2 that causes COVID-19. These authors released the
first genome sequence of SARS-CoV-2 on January 10.
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The ongoing pandemic of a new human coronavirus, SARS-CoV-2, has generated enormous global
concem. We and others in China were involved in the initial genome sequencing of the virus. Herein,
we describe what genomic data reveal about the emergence SARS-CoV-2 and discuss the gapsin

our understanding of its origins.

A New Human Corenavirus

The first reports of a novel pneumonia
(COVID-19) in Wuhan city, Hubei prov-
ince, China, occurred in late December
2019, although retrospective analyses
have identified a patient with symptom
onset as early as December 1st. Because
the number of SARS-CoV-2 cases is
growing rapidly and spreading globally,
we will refrain from citing the number of
confirmed infections. However, it is likely
that the true number of cases will be sub-
stantially greater than reported because
very mild or asymptomatic infections will
often be excluded from counts. Any un-
der-reporting of case numbers obviously
means that the case fatality rate (CFR)
associated with COVID-19 in the worst-
hit regions will be lower than that currently
cited. CFRs will also vary geographically,
between age groups and temporally.
Although these uncertainties will likely
not be resolved without large-scale sero-
logical surveys, from current data it is
clear that the CFR for COVID-19 is sub-
stantially higher than that of seasonal
influenza but lower than that of two
closely related coronaviruses that have
similarly recently emerged in humans:
SARS-CoV, responsible for the SARS
outbreak of 2002-2003, and MERS-CoV
that since 2015 has been responsible for
the ongoing outbreak of MERS largely
centered on the Arabian peninsula. How-
ever, it is also evident that SARS-CoV-2
is more infectious than both SARS-CoV
and MERS-CoV and that individuals can
transmit the virus when asymptomatic or
presymptomatic, although how frequently
remains uncertain.

An important early association was
observed between the firstreported cases
of COVID-19 and the Huanan seafood and
wildlife market in Wuhan city (which we
both visited several years ago) where a va-
riety of mammalian species were available
for purchase at the time of the outbreak
(Figure 1). Given that SARS-CoV-2 un-
doubtedly has a zoonotic origin, the link
to such a "“wet” market should come as
no surprise. However, as not all of the early
cases were market associated, it is
possible that the emergence story is
more complicated than first suspected.
Genome sequences of "environmental
samples” —likely surfaces—from the mar-
ket have now been obtained, and phylo-
genetic analysis reveals that they are
very closely related to viruses sampled
from the earliest Wuhan patients. While
this again suggests that the market played
an important role in virus emergencs, it is
not clear whether the samples were
derived from people who inadvertently
deposited infectious material or from ani-
mals or animal matter present at thatloca-
tion. Unfortunately, the apparent lack of
direct animal sampling in the market may
mean that it will be difficult, perhaps
even impossible, to accurately identify
any animal reservoir at this location.

After clinical cases began to appear,
our research team, along with a number
of others, attempted to determine the
genome sequence of the causative path-
ogen (Lu et al., 2020; Wu et al., 2020;
Zhou et al.,, 2020; Zhu et al., 2020). We
focused on a patient admitted to the Cen-
tral Hospital of Wuhan on December 26,
2019, six days after the onset of symp-

toms (Wu et al., 2020). This patient was
experiencing fever, chest tightness,
cough, pain, and weakness, along with
lung abnormalities indicative of pneu-
monia that appear to be commonplace
in COVID-19 (Huang et al., 2020). Fortu-
nately, next-generation meta-transcrip-
tomic sequencing enabled us to obtain a
complete viral genome from this patient
on January 5, 2020. Initial analysis re-
vealed that the virus was closely related
to those of SARS-like viruses (family Co-
ronaviridae). This result was immediately
reported to the relevant authorities, and
an annotated version of the genome
sequence (strain Wuhan-Hu-1) was sub-
mitted to NCBI/GenBank on the same
day. Although the GenBank sequence
(GenBank: MN908947) was the first of
SARS-CoV-2 available, it was subse-
quently corrected to ensure its accuracy.
With the help of Dr. Andrew Rambaut
(University of Edinburgh), we released
the genome sequence of the virus on the
open access Virological website (http://
virological.org/) eary on January 11,
2020. Afterwards, the China CDC similarly
released SARS-CoV-2 genome se-
quences (with associated epidemiolog-
ical data) on the public access GISAID
database (hitps:/www.gisaid.org/). At
the time of writing, almost 200 SARS-
CoV-2 genomes are publicly available,
representing the genomic diversity of the
virus in China and beyond and providing
a freely accessible global resource.
Importantly, the release of the SARS-
CoV-2 genome sequence data facilitated
the rapid development of diagnostic tests
(Corman et al., 2020) and now an
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Figure 1. The Huanan Seafood and Wildlife Market in Wuhan, China
The photographs (credit: E.C.H.) were taken when both authors visited the market together in October 2014 and highlight some of the wide variety of wildlife on
sale, providing a potent mechanism for zoonotic transmission, Importantly, although many of the early COVID 19 cases were linked to this market, its role in the
initial emergence of SARS CoV 2 remains uncertain.

infectious clone (Thao et al., 2020). The
race to develop an effective vaccine and
antivirals is ongoing, with trails of the latter
underway (Wang et al., 2020).

Comparisons belween SARS-CoV-2
and Other Coronaviruses
The earliest genomic genome sequence
data made it clear that SARS-CoV-2 was
a member of the genus Betacoronavirus
and fell within a subgenus (Sarbecovirus)
that includes SARS-CaV (MERS-CoV falls
in a separate subgenus, Merbecovirus)
{Lu et al., 2020; Wu et al., 2020; Zhou
et al., 2020; Zhu et al., 2020). Indeed,
initial comparisons revealed that SARS-
CoV-2 was approximately 79% similar to
SARS-CoV at the nuclectide level. Of
course, patterns of similarity vary greatly
between genes, and SARS-CoV and
SARS-CoV-2 exhibit only ~72% nucleo-
tide sequence similarity in the spike (S)
protein, the key surface glycoprotein that
interacts with host cell receptors.

Given these close evolutionary relation-
ships, it is unsurprising that the genome
structure of SARS-CoV-2 resembles those

2 Cell 181, April 16, 2020

of other betacoronaviruses, with the
gene order 5'-replicase ORF1ab-S-enve-
lope(E)-membrane(M)-N-3'. The long repli-
case ORF1ab gene of SARS-CoV-2 isover
21 kb in length and contains 16 predicted
non-structural proteins and a number of
downstream open reading frames (ORFs)
likely of similar function to those of SARS-
CoV. Comparative genomic analysis has
been greatly assisted by the availability of
a related virus from a Rhinolophus affinis
(l.e., horseshoe) bat sampled in Yunnan
province, China, in 2013 (Zhou et al,
2020). This virus, denoted RaTG13, is
~96% similar to SARS-CoV-2 at the nucle-
otide sequence level. Despite this
sequence similarity, SARS-CoV-2 and
RaTG13 differ in a number of key genomic
features, arguably the most important of
which is that SARS-CoV-2 contains a poly-
basic (furin) cleavage site insertion (resi-
dues PRRA) at the junction of the S1 and
S2 subunits of the S protein (Coutard
et al., 2020). This insertion, which may
increase the infectivity of the virus, is not
present in related betacoronaviruses,
although similar polybasic insertions are

present in other human coronaviruses,
including HCoV-HKU1, as well as in highly
pathogenic strains of avian influenza virus.
In addition, the receptor binding domain
(RBD) of SARS-CoV-2 and RaTG13 are
only ~85% similar and share just one of
six critical amino acid residues. Both
sequence and structural comparisons sug-
gest that the SARS-CaV-2 RBD is well
suited for binding to the human ACE2 re-
ceptor that was also utilized by SARS-
CoV (Wrapp etal., 2020). Importantly, anin-
dependent insertion(s) of the amino acids
PAA at the S1/S2 cleavage site was
recently observed in a virus (RmYN02)
sampled in mid-2019 from another Rhino-
lophus bat in Yunnan province, indicating
that these insertion events reflect a natural
part of ongoing coronavirus evolution
(Zhou et al., 2020). While RmYND2 is rela-
tively divergent from SARS-CoV-2 inthe S
protein (~72% sequence similarity), it is
the closest relative (~97% nucleotide
sequence similarity) of the human virus in
the long replicase gene.

Although SARS-CoV and MERS-CoV
are both closely related to SARS-CoV-2
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and have bat reservoirs, the biological dif-
ferences between these viruses are strik-
ing. As noted above, SARS-CoV-2 is
markedly more infectious, resulting in
very different epidemiological dynamics
to those of SARS-CoV and MERS-CoV.
In these latter two viruses, there was a
relatively slow rise in case numbers, and
MERS-CoV has never been able to fully
adapt to human transmission: the majority
of the cases are due to spillover from
camels on the Arabian peninsula with
only sporadic human-to-human transmis-
sion (Sabir et al., 2016). In contrast, the
remarkable local and global spread of
SARS-CoV-2 caught most by surprise.
Determining the virological characteris-
tics that underpin such transmissibility is
clearly a priority,

The Zoonotic Origins of SARS-
CoV-2

The emergence and rapid spread of
COVID-19 signifies a perfect epidemio-
logical storm. A respiratory pathogen of
relatively high virulence from a virus family
that has an unusual knack of jumping spe-
cies boundaries, that emerged in a major
population center and travel hub shortly
before the biggest travel period of the
year: the Chinese Spring Festival. Indeed,
it is no surprise that epidemiological
modeling suggests that SARS-CoV-2
had already spread widely in China before
the city of Wuhan was placed under strict
quarantine {Chinazzi et al., 2020).

It was also no surprise that early
genomic comparisons revealed that the
most closely related viruses to SARS-
CoV-2 came from bats (Zhou et al,
2020). Sampling in recent years has iden-
tified an impressive array of bat coronavi-
ruses, including RaTG13 and RmYNO2
(Huetal, 2017; Yang et al., 2015). Hence,
bats are undoubtedly important reservoir
species for a diverse range of coronavi-
ruses (Cui et al, 2019). Despite this,
the exact role played by bats in the
zoonotic origin of SARS-CoV-2 is not
established. In particular, the bat viruses
most closely related to SARS-CoV-2
were sampled from animals in Yunnan
province, over 1,500 km from Wuhan.
There are relatively few bat coronaviruses
from Hubei province, and those that have
been sequenced are relatively distant to
SARS-CoV-2 in phylogenetic trees (Lin
et al, 2017). The simple inference from

this is that our sampling of bat viruses is
strongly biased toward some geograph-
ical locations. This will need to be rectified
in future studies. In addition, although
seguence similarity values of 96%-97%
make it sound like the available bat vi-
ruses are very closely related to SARS-
CoV-2, in reality this likely represents
more than 20 years of sequence evolution
(although the underlying miolecular clock
may tick at an uncertain rate if there was
strong adaptive evolution of the virus in
humans). It is therefore almost a certainty
that more sampling will identify additional
bat viruses that are even closer relatives
of SARS-CoV-2. A key issue is whether
these viruses, or those from any other an-
imal species, contain the key RBD muta-
tions and the same furin-like cleavage
site insertion as found in SARS-CoV-2.
Although bats are likely the reservoir
hosts for this virus, their general ecolog-
ical separation from humans makes it
probable that other mammalian species
act as “intermediate” or “amplifying”
hosts, within which SARS-CoV-2 was
able to acquire some or all of the muta-
tions needed for efficient human trans-
mission. In the case of SARS and MERS,
civets and camels, respectively, played
the role of intermediate hosts, although
as MERS-CoV was likely present in
camels for some decades before it
emerged in humans during muliple
cross-species events, these animals
may be better thought of as true reservoir
hosts (Sabir et al., 2016). To determine
what these intermediate host species
might be, it is imperative to perform a far
wider sampling of animals from wet
markets or that live close to human popu-
lations. This is highlighted by the recent
discovery of viruses closely related to
SARS-CoV-2 in Malayan pangolins (Manis
javanica) illegally imported into southern
China (Guangdong and Guangxi prov-
inces). The Guangdong pangolin viruses
are particularly closely related to SARS-
CoV-2 in the RBD, containing all six of
the six key mutations thought to shape
binding to the ACE2 receptor and exhibit-
ing 97 % amino acid sequence similarity
(although they are more divergent from
SARS-CoV-2 in the remainder of the
genome). Although pangolins are of great
interest because of how frequently they
are involved In illegal trafficking and their
endangered status, that they carmy a virus

related to SARS-CoV-2 strongly suggests
that a far greater diversity of related beta-
coronaviruses exists in a variety of
mammalian species but has yet to be
sampled.

While our past experience with corona-
viruses suggests that evolution in animal
hosts, both reservoirs and intermediates,
is needed to explain the emergence of
SARS-CoV-2 in humans, it cannot be
excluded that the virus acquired some of
its key mutations during a period of
“cryptic™ spread in humans prior to its
first detection in December 2019. Specif-
ically, it is possible that the virus emerged
earlier in human populations than envis-
aged (perhaps not even in Wuhan) but
was not detected because asymptomatic
infections, those with mild respiratory
symptoms, and even sporadic cases of
pneumonia were not visible to the stan-
dard systems used for surveillance and
pathogen identification. During this period
of cryptic transmission, the virus could
have gradually acquired the key muta-
tions, perhaps including the RBD and furin
cleavage site insertions, that enabled it to
adapt fully to humans. It wasn’t until a
cluster of pneumonia cases occurred
that we were able to detect COVID-19
via the routine surveillance system. Obvi-
ously, retrospective serological or meta-
genomic studies of respiratory infection
will go a long way to determining whether
this scenario is comect, although such
early cases may never be detected.

Another issue that has received consid-
erable attention is whether SARS-CoV-2
is a recombinant virus, and whether
such recombination might have facilitated
its emergence (Lu et al., 2020; Wu et al.,
2020). The complicating factor here is
that sarbeviruses, and coronaviruses
more broadly, experience widespread
recombination, so that distinguishing
recombination that assisted virus emer-
gence from “background” recombination
events is not trivial. Recombination is
visible at multiple locations across the
sarbevirus genome, including inthe S pro-
tein, and in bat viruses closely related to
SARS-CoV-2. For example, there is
some evidence for recombination among
SARS-CoV-2, RaTG13, and the Guang-
dong pangolin CoVs (Lam et al., 2020),
and the genome of RmYNO2 has similarly
been widely impacted by recombination
(Zhou et al, 2020). However, trying to
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determine the exact pattern and genomic
ancestry of recombination events is diffi-
cult, particularly as many of the recombi-
nant regions may be small and are likely
to change as we sample more viruses
related to SARS-CoV-2. To resolve these
issues, it will again be necessary to
perform a far wider sampling of viral diver-
sity in animal populations.

Ongoing Genomic Evolution of
SARS-CoV-2

As the COVID-19 epidemic has pro-
gressed, so more viral genomes have
been sequenced. As expected given their
recent common ancestry, the earliest
samples from Wuhan contained relatively
little genetic diversity. While this can pre-
vent detailed phylogenetic and phylogeo-
gaphic inferences, it does show that the
public health authorities in Wuhan did a
remarkable job in detecting the first clus-
ter of pneumonia cases. However, this
seemingly recent common ancestry
does not exclude a pre-outbreak period
of cryptic transmission in humans.
Although accumulating genetic diversity
means that it is now possible to detect
distinct phylogenetic clusters of SARS-
CoV-2 sequences, it is difficult to deter-
mine using genomic comparisons alone
whether the virus is fixing phenotypically
important mutations as it spreads through
the global population, and any such
claims require careful experimental verifi-
cation.

Given the high mutation rates that char-
acterize RNA viruses, it is obvious that
many more mutations will appear in the
viral genome and that these will help us
to track the spread of SARS-CoV-2 (Gru-
baugh et al, 2019). However, as the
epidemic grows, our sample size of se-
quences will likely be so small relative to
the total number of cases that it will be
very difficult, if not impossible, to detect
individual transmission chains. Caution
must therefore always be exercised
when attempting to infer exact transmis-
sion events. As an aside, although coro-
naviruses likely have lower mutation rates
than other RNA viruses because of an
inherent capacity for some proof-reading
activity due to a 3'-to-5' exoribonuclease
(Minskaia et al., 2006), their long-term
rates of nucleotide substitution (i.e., of
molecular evolution) fall within the distri-
bution of those seen in other RNA viruses
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(Holmes et al., 2016). This suggests that
lower mutation rates are to some extent
compensated by high rates of virus repli-
cation within hosts. Although there is no
evidence that this capacity to mutate
{common to RNA viruses) will result in
any radical changes in phenotype—such
as in transmissibility and virulence—as
these only rarely change at the scale of in-
dividual disease outbreaks (Grubaugh
et al., 2020), it is obviously important to
monitor any changes in phenotype as
the virus spreads. In all likelhood, any
drop in the number of cases and/or CFR
of COVID-19 will likely be due to rising im-
munity in the human population and
epidemiological context rather than muta-
tional changes in the virus.

Conclusions

It seems inevitable that SARS-CoV-2 will
become the fifth endemic coronavirus in
the human population (along with HKU1,
NL63, OC43, and 229E) and one that is
currently spreading in a totally susceptible
population. Coronaviruses clearly have
the capacity to jump species boundaries
and adapt to new hosts, making it straight-
forward to predict that more will emerge in
the future, although quite why coronavi-
ruses possess this capacity in comparison
to some other RNA viruses is unclear. Crit-
ically, the surveillance of animal coronavi-
ruses should include animals other than
bats, as the role of intermediate hosts is
likely of major importance, providing a
more direct pathway for the virus to
emerge in humans. Given the enormous
diversity of viruses in wildlife and their
ongoing evolution, arguably the simplest
and most cost-effective way to reduce
the risk of future outbreaks is to limit our
exposure to animal pathogens as much
as possible. While our intimate relation-
ship with the animal world means we
cannot build impregnable barriers, stron-
ger action against the illegal wildlife trade
and removing allmammalian (and perhaps
avian) wildlife from wet markets will pro-
vide an important buffer.
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Good morning everybody!
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please let me know.

Today, | would like to share a new paper just appearing on the BioRxiv website. |
thought this is a cool study.
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The recent outbreak of COVID-19 in Wuhan tumed into a public health emergency
of international concern. With no antiviral drugs nor vaccines, and the presence of
carriers without obvious symptoms, traditional public health intervention measures
are significantly less effective. Here, we report the epidemiological and virological
characteristics of the COVID-19 outbreak. Originated in bats, 2019-nCoV/ severe
acute respiratory syndrome coronavirus (SARS-CoV)-2 likely experienced adaptive
evolution in intermediate hosts before transfer to humans at a concentrated source
of transmission. Similarities of receptor sequence binding to 2019-nCoV between
humans and animals suggest a low species barrier for transmission of the virus
to farm animals. We propose, based on the One Health model, that veterinarians
and animal specialists should be involved in a cross-disciplinary collaboration in
the fight against this epidemic.

Emergence of COVID-19

In December 2019, a cluster of pneumonia with unknown eticlogy appeared in Wuhan City,
Hubei Province of China. Several of the initial patients visited a wet seafood market where
other wildlife species were also sold. Subsequent virus isolation from human patients and
molecular analysis showed that the pathogen was a new coronavirus (GoV), first named
2018-nCaV, and subsequently this disease was renamed by WHO as COVID-18. A study
group of the International Committee on Taxonomy of Viruses (ICTV) proposed the name
SARS-CoV-2, but this name remains to be officially approved [1]. This new CaoV is now the
seventh member of the Coronaviridae known to infect humans. With the explosive increase
of confirmed cases, the WHO declared this outbreak a public health emergency of international
concern (PHEIC) on January 30, 2020.

CoVs are a class of genetic diverse viruses found in a wide range of host species, including birds and
marnmals. Many CoVs cause intestinal and respiratory infections in animals and in humans [2-5].
CoV came into the spotlight in 2002-2003, when clusters of "atypical pneumnonia’ were first reported
in Guangdong Province, subsequently spreading to Hong Kong. Researchers in Hong Kong iso-
lated a novel CoV virus [SARS-CoV) and the disease was later renamed severe acute respiratory
syndrome (SARS) (see Glossary). Because of intemational travel, the virus spread from Hong Kong
to the rest of the world and more than 8000 people in 26 countries became infected, with a case
fatality rate of approximately 10% thttps://www .who.int/csr/sars/country/table2004 04 21/en/).
SARS posed a serious public health threat to the world at that time, with a significant negative
impact on the economy in affected areas. Subsequent studies found that SARS-CaV origi-
nated from bats and interspecies transmission to humans took place via an intermediate
host: Himalayan palm civets (Paguma larvata) or raccoon dogs (Nyctereutes procyonoides)
[5-7]. Another well-known CoV of animal origin is Middle East respiratory syndrome
coronavirus (MERS-CoV), which has an even higher case fatality rate, but it is rarely transmit-
ted between humans.
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As major natural reservoir species of Aiphacoronavirus and Betacoronavirus, bats carry
highly diverse SARS-like-CoVs. These bats are distributed in many provinces of China.
The genetic diversity of these SARS-lke-CoVs and their molecular evolution within their
natural host species have been studied intensively [2,8-11]. Here, we review the recent
but still very Iimited facts about the current epidemiology of COVID-18 and discuss viral
characteristics of 2019-nCoV on the backdrop of our knowledge about the previous
epidemic of SARS and MERS.

Epidemioclogy of COVID-19

As of 24:00 February 20, 2020 (UTC+8), there are a total of 75 995 confirmed cases, including
2239 fatalities in China (malnland: 75 881; Hong Kong: 68; Macao: 10; and Taiwan: 26), and
1200 confimmed cases, including eight fatal ones outside China, in all five continents (Figure 1).
The epidemiology curve can roughly be divided into three phases.

. The local outbreak by exposure in the aforementioned food wholesale market marks the first
phase. From the first case in December 2019 to the emergence of new cases outside Wuhan
by January 13, 2020, a total of 41 cases were confimmed. Epidemiologic analysis showed that
already in this initial phase, person-to-person transmission had occurred by close contact [12].

i. The second phase started on January 13, marked by rapid expansion and spread of the virus
within hospitals (nosocomial infection) and by family transmission (close-contact transmission).
In this phase the epidemic spread from Wuhan to other areas [12-18]. The first case outside
of China was reported in Thailand on January 13, caused by a Wuhan resident traveling to
this country. Cn January 19 cases were reported from outside Wuhan, in Beljing City, and in
the Guangdong Province, indicating that the virus had spread within China, and the total number
of confirmed cases rose to 205. Aready by January 23, 29 provinces, plus six foreign countries,
had reported & total of 846 confirmed cases, an approximately 20-fold increase from the first
phase. Meanwhile, Wuhan city implemented a ‘lock-down’ (i.e., shutting down all movement
within and out of the city). Unfortunately, this peried coincided with the traditional mass
movement of people, a fonm of ‘home-coming’, before Chinese New Year and thus more
than 5 milion people had already left Wuhan.

fi. The third phase started on January 26, which is marked by the rapid increase of cluster cases.
Cn February 10, refrospective analysis showed that the number of clustered cases accounted
for 50-80% of all confirmed cases in Beijing, Shanghal, Jiangsu, and Shandong [19]. Cn
January 30, the number increased 240-fold, reaching 8826 confirmed cases, and the
WHO declared this epidemic a PHEIC. By February 11, 44 730 confirmed cases and
16 067 suspected cases were reported in about 1386 counties and districts in China
[20]. However, there were only 441 confirmed cases in 24 countries outside of China.
The fatality rate remained high in China, with & total of 1114 deaths, but with just one fatality
outside China, in the Philippines. By February 12, due to adoption of & new clinical definition
for diagnosis in Hubel province, newly confirmed cases jumped to 14 840, of which 13 332
cases were based only on clinical diagnosis. By that time, 25 countries had reported 60
329 infections, with 1471 times the initial number (Figure 1A). Of note, February 3 seems
to be a tipping point of the epidemic, from which time the dally numbker of confirmed
cases outside Hubei began to decline. Whether it reflects a success of the ‘Wuhan lock-
down’ and other public health measures, or virus transmission reduced for other reasons,
remains unclear.

Furthermore, 85.8% of 37 269 confirmed cases had either lived in or traveled to Wuhan, or had
close contact with persons who had been to Wuhan [20,21]. Unfortunately, as of February 11,

1716 medical-related staff from 422 medical institutions were infected, of which 1688 confirmed
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cases were analyzed. Among them, 84% were infected in Wuhan city and 23.3% in the rest of
Hubei, excluding Wuhan [20]. The specific causes of the infection of medical staff and the failure
of protection need further investigation.

Initial evaluation of COVID-19 transmission dynamics showed that the basic reproductive
number (Ry) of 2019-nCoV is estimated to be 1.4-3.9[12]. The Ry of SARS-CoV in the absence
of interventions was 2.3-3.7 [22,23]. Breban et al. estimated MERS-CoV R, to be 0.50-0.92 by
analysis of 55 of the first 64 laboratory-confirmed cases [24]. With the implementation of rapid
diagnosis, coupled with effective isolation of patients, the Ry of SARS-CoV dropped to less
than 1, explaining why the SARS-CoV outbreak could eventually be controlled [26-27]. However,
it is worth noting that Rg estimates may vary upon numerous biologic, socio-behavioral, and en-
vironmental factors, and must be interpreted with caution [28].

Clinical Phenotype of COVID-19

Major initial symptoms of COVID-19include fever, cough, muscular soreness, and dyspnea. Some
patients showed atypical symptoms, such as diarhea and vomiting. However, the clinical pheno-
type is confounded by the fact that 25.2% patients had at least one other underlying medical
condition [13,15,29-32]. The overall clinical characteristics of COVID-19 were also influenced by
the different phases of this epidemic [12,18,21,29,33]. Patients in the first and second phase of
the epidemic were older, more likely to be male, and likely to have exposure to the seafood market.
Clinically, they had more bilateral patchy shadows, or ground glass opacity in the lungs
[13,21,29,33-36]. In addition, the mortality rate of the first and second phases of the epidemic
was 4.3-15% and thus significantly higher than the 1.36% determined for the later phase of
the epidemic [13,21,29,33,34]. This higher mortality rate was either due to: (i) more people with
underlying medical conditions, such as high blood pressure and diabetes [12,13,19,20,29,31,33];
(if) during the early phase of this epidemic the virus was more pathogenic; or (i) the lower mortality
rate was skewed by a larger sample size at the later phase of this epidemic. Importantly, B89 asymp-
tomatic or subdlinically symptomatic infected cases were reported [20,37]. Asymptomatic infection
was also documented in Germany: two asymptomatic patients’ throat samples were tested positive
by reverse transcription (RT)-PCR and by virus isolation, while both patients remained well and afebrile
for 7 days [38]. Importantly, the asymptomatic manifestation jeopardizes the screening of infected
people by temperature measurerments or by overt signs and symptoms [12,13,19,20,29,31,33].
Virus infection is not selective in age, as it was reported even in a 1-month-old infant [20,21,37], Of
the 44 672 confirmed cases, 77.8% are between 30 and 69 years old and 51 4% are male
[20]. Until now, there is no evidence for intrauterine infection by vertical transmission in women who
developed COVID-19 during late pregnancy and no evidence that pregnant wornen are more sus-
ceptble compared with other adult patients [34,39], Athough currently the number of new infections
is decreasing, the COVID-19 epidemicis still ongoing, The order to Chinese ditizens to return to work,
which is accompanied by massive population moverment, will ikely increase the risk of transmission
again, Overall, the current mortality rate of COVID-19 in China is 2,9% and in foreign countries
0.7%. The overal mortaiity rate remains the highest in Hubei (3.4%), 4,9 times higher than in other
provinces (0.7%). For comparison, SARS-CoV exhibited a case fatality rate of 9.6% (774/8096)
and MERS-CoV had a fatality rate of 34.4% (858/2494) (https:/www who.int/csr/sars/country/
table2004 04 21/en/; https://www.who.int/emergencies/mers-cov/en/), However, 2019-nCoV is
more infectious than SARS-CoV or MERS-CoV [40,41].

Origin and Evolution of 2019-nCoV

As animal markets had been implicated in the SARS-CoV outbreak of 2002-2003, and initial
2019-nCaV infections are also related to the seafood market with wildlife trading, it was soon
assumed that wild animals were also involved in the emergence of 2019-nCoV, Yet, from
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Glossary

Avian influenza virus: influenzavinuses
that circulate in birds, mainly in water
fowl, without causing clinical symptoms
(low pathogenic influenza virus).
Ocecasionally they aré introduced into
poultry, where they might acquire a
polybasic cleavage site within their main
glycoprotdn hemaggiutinin (HA). HA s
then cleaved by the ubiquitous protease
furin and the now highly pathogenic virus
causes a systemic and hence deadly
infection {*bird fiu).

agent to cause an epidemic, the extent of
fransmission without control measures,
and the effidency of control measures to
reduce transmission.
Enfuvirtide: anthiral drug (frade name
Fuzeon), lcensed for the treatment of
HV infiection, that inhibits the membrane
fusion activity of its glvcoprotein and
hence cell entry of the vinus.

Middle East respiratory syndrome

first idenfified in Saudi Arabiain 2012.
Since 2012, MERS has been reparted in
27 countries. Sciertific evidence suggests
that people ars infsctad through direct or
indirect contact with infected dromedary
camels.

Plaque: a plague is an area of dead cells
within a cell monolayer. The plaque is
caused by an infection of a single call by
ane virus that then spreads to neighboring
celis. Plque assaysars Used to detarmine
the number of ifeclioLs virus particles.
Severe acute respiratory syndrome
(SARS): caused by SARS coronavirus
(SARS CoV), which frst occurred in
Guangdong province, China, and
became a giobal epidemic disease in
2002 2003. The disease was reported
by 26 countries, with a case fataity rate
of approximately 10%. Studies showed
that SARS GoV criginated from bats
and was transmitted to humans via palm
civets or racaoon dogs.

ZDHHC family: farmily of polviopic
membrang proteins that arg
characterized by the amino acid motif
DHHC, which Is located within a
cystaine rich domain in one of its
cytoplasmic loops. Many of the family
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which species and under what circumstance the virus crossed the species barrier to infect ~ members have been shown to transfer

humans remains to be clarified. Early investigations about the origin of COVID-19 suggested Fivy dﬁt::yﬁ:;&;:.:w
that the 2019-nCaoV may have jumped from bats to human [42,43]. This is not unprecedented .
since bat viruses have been shown to ‘jump’ the species barrier frequently to infect new species
[44-50]. However, since bats were in hibernation when the outbreak occurred, and it was uncer-
tain whether bats were sold at the market, the virus is more likely to have been transmitted via
(A) == Confirmed cases
mE Total deaths
Wuhan reported 27 unknown 80 000+
pneumonia cases, some had close
contact with the Huanan Seafood 60 000
Wholesale Market and seven of
them were serious cases 40 000+
I 20 0004
E i
Huanan Seafood 2000
Wholesale Market
was closed 1500+
| 1500+
— s . — J— .............. -0 ¥ . | l 1 l
f ¥ 5 7 g
% Y & 8
1 ° -] § =
The unknown pathogen 1
was confirmed as a novel Human to human &
coronavirus by China transmissions were
cobc officially reported
1. WHO officially named this new disease
Wuhan confirmed 41 1. Ten family cluster as Coronavirus Disease 2019, abbreviated
cases caused by the Infection cases were COVID-19; 2. ICTV named this novel
novel coronavirus and reported in Guangdong;  coronavirus as Severe acute respiratory
ane of them died 2. Wuhan goes into syndrome coronavirus 2, abbreviated
lock-down SARS-CoV-2
Atlantic
Ocsan

Trereda i Wemacukr Medcine

Figure 1. Spreading of the 2019 nCoV Epidernic. {4) Timeline of events during the 2019 nCaV epidemic. (B) Human confirmed cases of 2019 nCaV infection in
China. {C) Human confirmed cases of 2019 nCoV infection in the world (Last update on 24:00 UTG+8. 20 February 2020). Abbreviations: CDC, Centers for Disease
Control; ICTV, International Committee on Taxonomy of Viruses,
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Box 1. Bvolution Analysis Methods
Sequences analyzed: 18 betacoronavirus sequences and 95 full length 2019 nCoV genomes kindly made avaiatle from GISAID
{https:/Awww gisalcLorg/) and from the Natiorl Canter for Biotechnology Information GenBark hittpsy/Awww.ncbl.nim.nih.gov)
platforms. Some seguences were omitted, as they were too short, contained sequencing artefacts, resulted from
resequencing of the same sample, or had insufficient annotations.
Sequence alignment and potential recombination analysis: sequences wera aligned using MAFFT [83] and manually
adjusted in MEGAY [84]. The breakpoints wers detected using the phylogenetic incongruence among segments In
sequence alignments using GARD and are shown by using the Simplot version 8.5.1 and Kimura model. Slide windows
were satas 1000 bp, with sach step 500 bp.
Phylogenstic analysis: all ML trees were reconstructed using the general time reversible substitution model with gamma
distributed rate heterogeneity and 1000 bootstraps by RAXML (v4.8.10j [85].
other species on the market. Genomic analyses of 2019-nCoV demonstrate a 96% nuclectide
identity with a CoV isolated from a bat: BetaCoV/RaTG13/2013 [42]. Previous reports showed
that species from the bat genera Rhinolophus in southem China are a rich pool of SARS-lke-
CoVs, which belong to the subgenera Sarbecovirus, These viruses exhibit rich genetic diversity
and frequent recormbination events, which may increase the potential for cross-species transmis-
sion [7,42,51-55]. Here, we reconstructed the evolutionary history of the 2013-nCoV cluster (Box
China-Province
(A) (B)
D
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ol -
Y Couniry
ué wlsA ™
i e ooy =
053 wlopan =
1 & Tabwian
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Figure 2. Structure of the 2019 nCoV Genorne. (A) Recombination analysis of 2019 nCoV. A rescaled structure of the 2018 nCoV genome (top) and similarity recombintion
analysis with reference sequences using Simplot v3.5.1 {acession number BetaCoVAWuhanAVIVD2/2018IER! ISL 402127 EPI ISL 402131, KJ473816, DOO71615, DQ4 12043,
(153543, AY304005, KF569996, MGT 720933, MGT72934). Sequances were separated based on potentid recombination breakpoint on nucleofides 13 522 and 23 686.
Meodmum likeltood (ML) phylogenetic trees inferred for the pink and purple regions confirm different topologies and recombination. (B) ML tree of 2019 nCoV spike protan
gene. The ML tree was reconstructed using the general time reversible substitution model with gamma distributed rate heterogeneity and 1000 bootstraps using RAXML (v4.8.10).
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1). Based on recombination analysis and phylogenetic trees (Figure 2A), we found that 2019-
nCoV shares a most recent common ancestor with BetaCoV/RaTG13/2013 (EPI ISL 402131),
because both viruses are in the same cluster. However, our results indicate that this cluster
may be the result of convergent evolution or complex recombination events involving at least
two virus species with differing evolutionary histories (Figure 2A). The two external segments of
this clustered viral genome, encompassing nucleotide (nt) 1 to nt 13 521, and nt 23 687 to nt
30 079, are similar to bat CoVs ZC45 and ZXC21. The first segment includes ORF1aand the sec-
ond segment Includes the C terminus of the 5 protein, ORF3, E, M, CRFG, CRF7a, CRF8, N, and
ORF10 (Figure 2A). This finding is also supported by reconstructing maximum likelihood (ML)
phylogenetic trees, which reveal that segments from nt 1 to nt 13 521 and from nt 23 687 to nt
30 079 are clustered with Sarbecovirus. However, based on the ML tree result, the middle seg-
ment from nt 13 522 to nt 23 686 of 2019-nCoV genome and RaTG13 does not cluster with
Sarbecovirus. It forms a new branch In the phylogenetic tree, located between Sarbecovirus
and an Unclassified CoV. In addition, a recent preliminary report showed that the receptor-
hinding motif (RBM) of these two genomes shares a very low sequence similarity [56]. This diver-
gence indicates a possible alternative source for the RBM encoding sequence in 2018-nCoV, as
suggested by other preliminary reports [562,57]. Interestingly, Lam et al. found several putative
pangolin CoV sequences with 85.5% to 92.4% similarity to 2019-nCoV [B2].
Further preliminary studies showing the existence of multiple lineages of pangolin CoVs with
genetic similarity to 2018-nCoV further support the hypothesis that pangolins served as a poten-
tial intermediate host [52,58]. The currently avallable data do not fully elucidate if the virus was
directly transmitted from bats to humans or indirectly through an intermediate host, nor do they
currently rule out convergent evolution as an alternative hypothesis to recombination to explain
the discordant phylogenetic trees. Consequentially, more sequence data are needed to confirm
the specific source and origin of the 2019-nCoV, which can only be achieved by enhanced
collection and monitoring of bat and other wild animal samples.

The topology of a phylogenetic tree with all the currently available spike protein gene sequences
of 2018-nCoV shows high similarities between human isolates (Figure 2B), indicating only minimal
genetic varlation, which is rather unexpected for fast evolving BNA viruses [42]. However, these
similarities could be the result of a relatively recent common ancestor, suggesting that the emer-
gence of the virus was a recent event. Furthermore, results are similar to the finding from other
preliminary reports that indicate that the virus source of interspecies transmission was highly con-
centrated or limited, possibly a single event [14,42,43,59]. In addition, the high sequence
similarity among the viruses isolated from patients indicates a recent introduction to humans
[60]. In all, these results further support the role of Wuhan as the epicenter of the outbreak and
there is no evidence for other sources of this 2019-nCoV.

Structure and Function of the Spike Protein of 2019-nCoV, the Major Determinant of
Cell Tropism

The spike protein (S) is the major determinant of cell troplsm and hence interspecies transmission
of CoVs, since it binds the virus to a cellular receptor and subsequently catalyzes virus entry
by membrang fusion. The 3D structure of the viral S of 2019-nCoV detenmined by electron mi-
croscopy (Figure 3A, [61]) revealed its similarity to S of other CoVs. This allows deduction of fur-
ther features from other CoVs. S is a type | trimeric transmembrane protein with an N terminal
cleavable signal peptide, one large and heavily A-glycosylated ectodomain (60-90
carbohydrates per trimer), a transmembrane region, and a cytoplasmic tail containing a cluster
of S-acylated cysteine residues. The ectodomain is cleaved by proteases into the between
genera highly variable S1 domain, carrying the receptor-binding activities, and the more
conserved S2 domaln that catalyzes membrane fusion. The 51 domain is further divided into
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Figure 3. Structure of Spike Protein (S) Before and After Membrane Fusion. (&) Structure of the trimeric ectodomain
of 8 from 2019 nCadV. The 52 subunitin one monomer is shown in green, the N terminal domain (NTD) of S2 in magenta, and
the C terminal domain (CTD) of S2 in blue. The CTD is in the "up conformation’, exposing the binding domain for the
angiotensin converting enzyme 2 (ACE2) receptor {cyan). The S$1/52 and 52" cleavage sites are indicated In red. The figure
was created with Pymol from Protein Data Bank (PDB) file 6YSB. (B} Structure of the heptad repeat (HR) domains of S
from savere acute respiratory syndrome coronavirus (SARS CoV). Heptad repeat region 1 (HR1} is labeled green and
repeat region 2 (HR2) in blue. Formation of this six helix bundle is supposed to drive membrans fusion. The figure was
created with Pymol from PDB fila 12V8. (G) Structure of the HR1 of S fom SARS CoV (grean) bound to the pan
coranavirus peptide inhibitor EK1 (blue). The amino acids in S essential for binding to EK1 are shown as magenta sticks in
one helik. The amino acids in & from 2018 nCoV not consanved in S from SARS CoV ara shown as red sticks. Since the
nonconserved aming acids are apparently not required for binding to EK1, the fusion inhibitor is likely to prevent cell entry
of 2019 nCoV. The figure was creatad with Pymol rom POB file 52VM. Abbreviations: RBD, receptar binding domain.

an N terminal domain (NTD) and a C terminal domain (CTD). The NTD exhibits a structural fold as
human galectins, galactose-binding lecting, and hence, in most CaVs, a sugar present at the cell
surface serves as an attachment factor. The CTD is responsible far binding to the host receptor
angiotensin-converting enzyme 2 (ACEZ2) in the case of SARS-CoV and 2019-nCoV. The CTD
contains two subdomaings: a core structure (a five-stranded antiparallel B-sheet) and the actual
RBM. which determines the receptor binding specificity. The recently released structure of the
RBM ACE2 complex (Figure 4A) revealed that most S residues contacting ACE2 are identical be-
tween SARS-CoV and 2019-nCoV. However, some are unique, including an important salt
bridge that involves different amino acids in ACE2 to bind S of SARS-CoV and 2019-nCoV.
These slight differences might explain the more efficient binding of S from 2019-nCoV to ACE2,
but this has not been observed in other preliminary studies [61,62].

The CTD of & has basicaly the same folding in other CoVs, even if they use different host recep-
tors, such as dipeptidyl peptidase 4 for MERS-CoV. The diversity of receptor usage is an out-
standing feature of CoVs and (assuming that they all have derived from a common ancestor)
already indicates that they have changed their receptor binding specificity multiple times dur-
ing evolution [63-65].

After binding to its receptor, S catalyzes fusion of the viral and cellular membrane to allow ac-
cess of the viral genome to the cytosol. A prerequisite for this activity is the cleavage of S into
subunits, a process called priming. The first cleavage site is located at the S1/52 boundary
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Figure 4. Spike Protein (3) and s RBeceptor. () Structure of the receptor binding demain of S from 2012 nCeV [green) bound to human angictensin converting
anzyme 2 (ACEZ) (blug). Most aming agios invoelved in binding are highlighted ss magenta (3 and ovan (ACEZ) sticks. Asparagine (N) that are M glvoosation sites
[motif N X S/T) in hurnan ACE2 arg shown as orange sticks, Aming acids in hurman ACEZ that are invobied in binding, but encode a potential A glyoosylation site in
ACEZ from other species, are shown as red glicks. The doftted ling indicates the salt bridge between D30 and K417 (generated with Pymol friom Protein Data Bank
fileBVER). [B) Aming acid exchanges between human ACEZ and pig ACEZ. Aming acid exchanges in ACEZ from pig compared with human ACE2 are highlighted in
red. The exchangs NOOT destrons the M ghyoosylation site in hurnan ACEZ. ([T Aming acid exchanges betwesn huran ACEZ and cattle ATEZ. Aming acid exchanges
in ACEZ from catfle compared with hurnan ACEZ are highlighted in recl. The exchangs N3 22Y destroys the M ghyoosation site in hurnan ACEZ. ACEZ2 from sheep exhibits
identical aming acid gxchanges. (O Aming acid exchanges betwesn hurnan and cat ACEZ. Aming acid exchanges in ACE2 from cat compared with human ACEZ arg
highlighted in red. Al relevant ghyoosylation sites in hurnan ACE2 are conservert.

and ancther site {called 32 within 2. CoVs have evolved multiple strategies for proteclytic ac-
tivation of 8, and alarge number of host proteases, such as furin, trypsin, trans-membrane pro-
tease/serine (TMPRSS), and cathepsins have been identified to process the spike protein. As a
rule, furin cleaves S at a polybasic cleavage site {minimal motif R-X-X-R} during its biosynthesis
in the trans-Golgi compartments or during virus entry in endosocmes. Cleavage by trypsin and
TMPRSS family members occurs at moncbasic cleavage sites and likely takes place in the ex-
tracellular space and at the cell surface. Cathepsins, ubiquitous lysosomal enzymes with a
rather broad substrate specificity, cleave 8 during virus entry [68]. For 2019-nCoV, it was
shown that TMPRSS 2 primes 3, the cathepsins B and L are only required in the absence of
this protease [67]. Interestingly, 8 of 2019-nCoV has acquired a polybasic motif at the 81/82
boundary, whichis not present in S of the bat CoVs and SARS-CoV [68]. Preliminary data
showed that 8 of 2019-nCoV is cleaved by furin during its bicsynthesis [69]. This is
reminiscent of low-pathogenic avian influenza viruses, which, if introduced inte a poultry
farm, may acquire a polybasic cleavage motif that causes a deadly cutbreak of highly
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pathogenic virus. S of MERS-CoV has a similar motif, which is cleaved by furin during biosyn-
thesis of 5. The availability and activity of the proteases in a certain cel, tissue, and host species
regulates the tropisms of CoVs. However, the fact that 5 can easily acquire new protease
cleavage sites and that various (some of them ubiquitous) proteases can fulfil the same task
suggests that CoVs are naturally equipped or can easily adapt to multiply in several cell types.

Cleavage at the internal 32 site occurs just upstream of the sequence S-F-I-E-D-L-L-F, which
is highly conserved between S proteins of CoVs. It likely functions as a fusion peptide that in-
serts into the cellular membrane once the conformational change that catalyzes membrane fu-
sion has been initiated. What triggers the refolding of S is unclear; the low pH prevailing in the
endosome during virus entry is only required to activate cathepsins and binding to the receptor
causes only minor conformational changes, but might be required to expose a previously hid-
den proteolytic cleavage site. The structure of parts of the S2 subunit from SARS-CoV in the
postfusion conformation (Figure 3B) revealed a six helix bundle between two heptad repeats
{a motif of seven amino aclds in which amino acid 1 and 4 are hydrophobic), which is a typical
feature of class | fusion proteins, such as hemagglutinin (HA) of influenza virus and Gp160 of
HIV. However, the six helix bundle formed by S is longer, indicating its formation released
more energy that drives the fusion of two lipid bilayers [70,71]. In summary, an amazingly
large number of experimental data have already been worked out for S of 2019-nCoV and these
models are still evolving.

Molecular Differences in the ACE2 Receptor between Human and Animal Species
The identification of the contact residues between the receptor-binding domain of S from
2018-nCoV and human ACE? allows estimation of whether 2018-nCoV could infect other species
(Figure 4A) [72]. To do so, we aligned all avallable ACEZ amino acid sequences with human ACEZ.
We placed emphasis on the presence of N-glycosylation maotifs near the binding site, since they
might affect attachment of 5. Human ACE? is glycosylated at N&3, N9Q, and N322 (Figure 4A,
orange sticks). N53 is conserved in all species. NS0 is not a glycosylation site in ACEZ of mouse,
pig, N. procyonoides, raccoon, civet, ferret, fox, £. felfaird, and chicken. N322 is not a
glycosylation site in ACE2 of mouse, rat, catlle, sheep, E. feffair, and pangolin. However, ACE2
of some species contain an additional glycosylation motif in this region. Residue L78 is a potential
N-glycosylation site in chicken and M82 is a potential glycosylation site in Rhinclophus sinicus,
pangolin, and rat. Notably, glycosylation of residue 82 has been show to prevent binding of S
from SARS-CoV to rat ACE? [73].

Some amino acids In ACE? affect binding to 8 of 2018-nCoV are depicted for varlous species in
Table 1. The S binding site of ACEZ from macague and chimpanzees is identical to human
ACE2. ACE? from other species revealed eleven (chicken), ning and ten (rodents), or only
three (cat) amino acid differences compared with human ACEZ. Of special interest are ACE2
proteins from farm animals and a pet cat, since they might become another possible reservoir
for 2019-nCoV. ACE2 from pig contains six exchanges, but thay are mostly located at the pe-
riphery of the binding site (Figure 48). N9OT causes the loss of the glycosylation site. E329
forms a salt bridge with R426 in S of SARS-CoV, but 8 of 2018-nCoV forms a salt bridge
with another residue {D30) in ACEZ2. Thus, the exchange of E329 by N in porcine ACE2
might affect binding to S of SARS-CaoV, but not to S from 2018-nCoV. A similar pattern
emerges for amino acld differences between human and cattle ACE? (Figure 4C) and cat
ACEZ (Figure 4D). The few exchanges are also located peripheral to the core of the binding re-
gion and thus their exchange might not represent a large obstacle for infection of cells from
these gpecies with 2018-nCoV.
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Table 1. Comparison of Some Important ACE2 Residues among Cifferent Species That Affect Binding to 2019 nCoV Receptor Binding Domain (REL)

Species Amine acids (19) in different species ACEZ that affect binding to 2018 nCoV RBL, corresponding positions are  Similarity GenBank

basad on human ACEZ numbering to human accession numoer

Zel Bet | NB4 ) Eag BaH e | sy FaE | o S8R FER [0 Aol FEeh | Eagh CEEEN FEERY FBaR | S ,{Zgge?d o

19 amino
acids)

Human de IR = e S e R R I S o E N K R R 19719 AATAH083.1
Pig Lo B R B R 3 SR s SR Q N N K R R 1319 XP 0209350331
Cat 20N ) EL| [N FE (S Bl SR S ST v | ) Q E N K R R 16/19 XP 023104564.1
Macague de IR = e S e R R I S o E N K R R 19719 AE DT FaRe0E
Chtppanzes (2 K HOOE B O & N L BE Y R N &} £ N K R R 1508 XP 0167284868.1
Mousez N B 9 & B &5 & W 78 BT B &} A N H R R S ABNBO106.1
Rat K K @ B B v 4 N 1 N F N Q P T N H R R 10/19 AAWTFEOT7F.A
Rhinolophus E K T K D H & N L N Y N N E N N K R R 12/19 AGZ48803.1
sinicus
Horse [ER R s EESR R I B ST ) T vl | (B Q I N K R R 14/19 XP 0014802411
Cattle @&k B E B Y &2 N MIT Yl F Q D N K R R 15/19 XP 005228485.1
Shesp @ e Bk B MYy RO T Y IR F &} D N K R R 1519 XP 0119616571
Nyctereutes L e ¥ ke | B M A A (R Q i N R R R 13719 ABWI1B956.1
procyonoides
Raccoon IS0 RIS RN [ RE 1S el BT F S el D Q E N K R R 1219 BAE72462.1
Camel Kol RE R R RS ) S R S R R Q D N K R R 14719 F o o |
Civet LI ST YA R R i Gl IRV 1 S BT vl BN ) Q E N K R R 1540 AAXB3TT5.1
Ferret 120 N | R R (S B S MRS ST vl ES:N ) E Q N K R R 111d BAES3380.1
Fox Kol e e R R ] s R B R R Q E N K R R 14719 AP 0258425131
FEchinops el R (S R I e G SRR S = o A = Q D K L R R G418 XP 0047100021
telail
Chicken EN FEN BV RS REA SN B E N R F D E T K R R 8/19 XP 4168222
Pangolin RN B S5 R RE A [ & 1 N ¥ N Q E N R R 13719 XP 017505752.1

Potential Drug Targets in S of 2019-nCoV

No approved antiviral agents are avalable against the current outbreak, but convalescent sera
or monoclonal antibodies inhibit SARS-CoV or MERS-CoV in vitro or in animal models. How-
ever, sufficient sera and antibodies can hardly be produced during a large outbreak. Moreover,
monoclonal antibodies neutralizing SARS-CoV are not (or only poorly) reactive against 2019-
nCoV, indicating that the antibody epitopes are highly variable [74]. Inhikbitors of the proteases
that prime S for fusion also have antiviral activity. However, since 5 can use various proteases
for priming, more than ong inhibitor is required.

More promising are drugs directed against the highly conserved 52 subunit, such as
peptides that inhibit membrane fusion. The proof of principle is enfuvirtide, a 20 amino
acid peptide that is identical in sequence to a part of the heptad repeat region 2 (HRZ2)
that forms a six helix bundle with heptad repeat region 1 (HR1). The peptide binds to
HR1, which saturates the binding site for HR2, thereby preventing the conformational
change that catalyzes membrane fusion. Peptides with a similar mode of action have
been developed for the 82 subunit of SARS-CoV and MERS-CoV. They inhibit virus entry,
reduce formation of plagques in vitro, and had beneficial effects in a mouse modesl. The
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maost promising peptide is called E1, which binds with high affinity to the HR1 region of S
from SARS-CoV [75]. Sequence comparison between HR1 of S from SARS-CoV and
2019-nCaV shows various amino acid exchanges, but none of them is involved in binding
to E1 (Figure 3C), indicating that E1 could also be effective against 2019-nCoV.

Another potential drug target might be the cellular enzyme(s) that attach fatty acids to a cluster of
cysteines in the cytoplasmic tail of S. The fatty acids are required for S to fuse with the host cell
and affect virus assembly, similar to what has been described for other spike proteins, such as
HA of influenza virus. Enzymes that attach acyl chains to S have not been identified, but cellular
proteins are acylated by one or several of the 23 members of the ZDHHC family, which have
distinct, only partly overdapping substrate specificities. If only a few of them might acylate S in
airway cells of the lung, their blockade might result in suppression of viral replication, while
acylation of cellular proteins will not be (or very little) compromised. Although more research is
required, targeting acyltransferases might be promising, since the cluster of cysteines is present
in & from all CoV genera, regardless of their origin. Acylation might thus be required for a very
basic function of S, arguing that even newly emerged CoVs probably will also rely on this modifi-
cation of Sto replicate efficiently [ 78], However, since key proteins of the innate immune response
are also palmitoylated, acylation inhibitors might be limited if the proteins of the innate immune re-
sponse are modified by the same enzymes as viral proteins.

Concluding Remarks

Previous studies showed that CoVs genomes display a high degree of plasticity in terms of
gene content and recombination. Furthermore, the relatively large CoV genome increases
the probabilities for adaptive mutations, with it being relative easy for the spike protein to exploit
multiple cellular receptors for virus attachment and entry [62,77-79]. These features are likely
the cause of this alarming propensity of CoVs for host-species expansion. Unfortunately,
China has seen a number of interspecies transmissions by CoV in recent years [80-82).
Whether this current COVID-19 epidemic 'frizzles out’ or expands into a full-blown pandemic
remains to be seen. it might also be desirable to monitor farm animals and pet cats for infection
with 2019-nCoV, since their ACEZ receptor responsible for 2019-nCoV binding differs inonly a
few amino acids from human ACEZ. Surveillance might prevent the virus establishing itself in
another animal species that is in close contact to humans. In addition, in light of the fact that
there are multiple species of CoVs circulating in wildlife species and that these animals are con-
stantly interacting with each other, hast-species expansion or interspecies transmission of new
CoV to humans seems to be inevitable. Major knowledge gaps regarding the emergence of
2019-nCoV remain exists but worldwide scientists are working with unprecedented speed to
investigate the virus, rushing to develop targeted therapeutics {see Outstanding Questions),
MNotwithstanding, a global surveillance network involving veterinarians and animal biologists is
urgently needed to monitor, and possibly to predict, potential sources for the emergence of an-
other highly pathogenic CoV. We propose the concept of ‘One Health' to facilitate scientific ex-
change across disciplines, sharing of data, and coordinated efforts in order to prevent future
outbreaks.
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Qutstanding Questions
When and how did COVID 19 emerge?
What is or are the natural and inter
mediate host species for 2019 nCoV?
What is the distribution of 2019 nCoV
in different mammalian species? Wil it
Infect farm anirmals or pets?

From surveillance and evolutionary
studies on animal viruses, can their
zoonotic potential be identiied before
interspecies transmission ocours?

What are the key interactions between
the spike protein (S) of 2019 nCoV and
its receptor angiotensin converting
enzyme 2 (ACE 2)7 Which amino acids
In ACE2 determine whather S can
bind? Is efficient binding to ACE2 the
only determinant that decides whether
an animal species can be infected?

ls expression of the trans membrane
proteasa/sering another decisive factor
for infection of a cel? Is the newly
acquired polybasic cleavage site in S
assodated with cross spedes transmis
sion of 2018 nCaV?

What are the similarities and differences
of COMD 19 epidemiology in compari
son with SARS and MERS? What is
the basic reproductive number (Rg),
the real incubation period, and the
morbidity and mortality rate? Can
COVID 19 develop into an endemic of
seasonal infecious disease, lke the flu?

With the experience of mitigating the
outbreaks of SARS and avian influenza,
what strategies can be applied in
mitigating COVID 19 and future CoV
outbreaks? Should veterinarians play
mors important roles in the prevention
and contral of emerging zoonoses in
the future?
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From: Liu, Shan-Lu

To: Saif, Linda; Yount, Jacob

Subject: Columbus Dispatch letter or commentary

Date: Saturday, March 21, 2020 4:03:36 PM
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Hi Linda and Jacob:

Last few days, | have received numerous requests for interview, including local news
media and even fire departments. | had to decline all of them for a variety of reasons.
But | thought that it would be helpful for three of us to write a letter or commentary
addressing some common questions and concerns people may have regarding the
virus (not too much the COIVD-19 disease). With this mind, | just had a draft and
would share with you. | would appreciate your comments, edits, etc.

Again, this is just an idea and the draft is rough, kind of outline...
Thanks.

Shan-Lu
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SARS-CoV-2: The Virus that Causes COIVD-19

Shan-Lu Liu, Jacob Yount, and Linda Saif

The Ohio State University

COIVD-19 (coronavirus diseases 2019) is now a global pandemic. The disease
originated in Wuhan, the capital city of Hubei Province in China in November 2019. A
Huanan seafood wholesale market in the city is thought to be the original source of the
virus where wild animals were sold, resulting in the transmission of the virus to humans.
As of March 21, 2020, more than XXX,000 confirmed cases of COIVD-19 were reported
worldwide, affecting at least XX countries and causing XXX deaths. In the US, there are

XXXX confirmed cases, including XX cases in the state of Ohio.

The virus causing COIVD-19 has been named by the International Committee on
Taxonomy of Viruses as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2). The natural reservoir of the virus SARS-CoV-2 is believed to be bats, the only flying
animal that harbors many other viruses, including the SARS coronavirus, Ebola virus
and Zika virus. Viral phylogenetic analyses show that SARS-CoV-2 shares over 96 %
similarity to one of the bat coronaviruses known as RaTG13 found in Rhinofophus
affinis. However, the intermediate animal species, if there is one, that directly transmit
the virus to human is currently clear. Notably, SARS-CoV-2 shares about 90% overall
hucleotide sequence identity to another related coronavirus found in the endangered

species of small mammals known as pangolins, and both likely use the same receptor



ACE?Z2 to enter the host cell. Recombination between coronaviruses in different animal

species may account for the origin of SARS-CoV-2.

Viruses in their natural hosts do not normally cause diseases because of mutual
coadaptation. However, when the virus jumps to a new species, including humans,
severe infection occurs that results in pathogenesis even deaths. This has been proven
to be the case for HIV that causes AIDS pandemic and many viruses. One critical
guestion is whether or not the continued spread of SARS-CoV-2 in humans would result
in changes in transmission rates and diseases severity. If the transmission is weakened
over time, the outbreak would ultimately end and the virus SARS-CoV-2 be eradicated
from humans. However, if effective transmission is sustained, the viral infection will
become community-acquired human coronaviruses, such as 229, OC43, HKU1 and
NL63, which are known to cause flu-like common cold. One measurement of the viral
transmission rate is the viral reproductive number (Ro); for SARS-CoV-2, it is currently
estimated to be 2.7, corresponding to an epidemic doubling time of about 6.4 days. This
rate is relatively high compared to that of SARS-CoV, the virus that caused SARS
outbreak in 2003 (Roless than 2.0). Accurately defining and monitoring the Ro values

should provide informed guidance for the effective control of the SARS-CoV-2 spread.

While SARS-CoV-2 causes severe pulmonary syndromes and even deaths, many
infected individuals remain asymptomatic, which constitutes a dangerous source of viral
transmission. Hence, social distancing currently taken by the US and other COIVD-19

outbroken countries is critical and the most effective way to contain the viral and



disease spread. In addition to transmission by droplets and close contact, fecal-oral
transmission of SARS-CoV has been recently reported; thus, frequent handwashing and
clean sanitation may be important. There have also been reports of ocular infection in
SARS-CoV-2 infected individuals, so eye protection is needed under certain

circumstances.

Animal coronavirus and implications for COIVD-19: Linda please add.

Vaccination is the most effective strategy to prevent occurrence of infectious diseases.
Unfortunately, an FDA-approved vaccine for SARS-CoV-2-induced COIVD-19 is
currently not available. Encouragingly, a viral mMRNA-based vaccine has just entered the
first phase of human trial, and if successful, this vaccine, along with many others in the

pipeline, will become powerful in the fight of COIVD-19.

The authors of this commentary, SLL, JY and LS, are co-directors of the Viruses and
Emerging Pathogens Program, The Infectious Diseases Institute, The Ohio State

University.



From: Liu, Shan-Lu

To: rbaric@email.unc.edu
Cc: Saif, Linda; tcbaric@med.unc.edu
Subject: Visit to The Ohio State University and commentary
Date: Thursday, February 27, 2020 2:20:10 AM
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Hi Ralph,

See below the link and also the attached PDF file of our newly published
commentary.

https://www tandfonline.com/doi/full/10.1080/22221751.2020.1733440

Kindly let us know your preferred date of the visit to OSU.

Best.

Shan-Lu

From: "Liu, Shan-Lu" <Shan-Lu.Liu@osumc.edu>

Date: Tuesday, February 25, 2020 at 6:34 PM

To: "rbaric@email.unc.edu" <rbaric@email.unc.edu>

Cc: "Saif, Linda" <saif.2@osu.edu>

Subject: Visit to The Ohio State University for a distinguished seminar

Dear Ralph,

It was great to see you at the VirB meeting last week, and | truly enjoyed our
discussion, although it was short.

As | mentioned, Linda and | would like to invite you to The Ohio State for a
distinguished seminar this year for our Infectious Diseases Institute seminar series. |
just looked at our schedule and realized that we will have a workshop focusing on
emerging viral pathogenesis and vaccine development on April 15. If you are able to
make this time, we will arrange your talk in the morning opening session as a
distinguished keynote address. In the afternoon, Dan Barouch from Harvard Medical
School will give another keynote lecture.

If the date of April 15 does not work for you, | will discuss with Linda and try to find
another time suitable for you. Perhaps you may also suggest some preferred dates
from March -June that will work for you.

As promised, | will send you're the link to our Commentary in EMI once it becomes
available online — should be online tomorrow or on Thursday.



Best wishes!

Shan-Lu
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ARTICLE HISTORY Received 13 February 2020, Accepted 13 February 2020

The emergence and outbreak of a newly discovered
acute respiratory disease in Wuhan, China, has affected
greater than 40,000 people, and killed more than 1,000
as of Feb. 10, 2020. A new human coronavirus, SARS-
CoV-2, was quickly identified, and the associated dis-
ease is now referred to as coronavirus disease discov-
ered in 2019 (COVID-19) (https://globalbiodefense.
com/novel-coronavirus-covid- 19-portal/).

According to what has been reported [1-3],
COVID-2019 seems to have similar clinical manifes-
tations to that of the severe acute respiratory syndrome
(SARS) caused by SARS-CoV. The SARS-CoV-2 gen-
ome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-corona-
viruses, with the highest being >96% identity [4,5].

Currently, there are speculations, rumours and con-
spiracy theories that SARS-CoV-2 is of laboratory ori-
gin. Some people have alleged that the human SARS-
CoV-2 was leaked directly from a laboratory in
Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the
SARS-CoV-2 [4]. However, as we know, the human
SARS-CoV and intermediate host palm civet SARS-
like CoV shared 99.8% homology, with a total of 202
single-nucleotide (nt) variations (SNVs) identified
across the genome [6]. Given that there are greater
than 1,100 nt differences between the human SARS-
CoV-2 and the bat RaTG13-CoV [4], which are distrib-
uted throughout the genome in a naturally occurring
pattern following the evolutionary characteristics typi-
cal of CoVs, it is highly unlikely that RaTG13 CoV is
the immediate source of SARS-CoV-2. The absence
of a logical targeted pattern in the new viral sequences
and a close relative in a wildlife species (bats) are the
most revealing signs that SARS-CoV-2 evolved by
natural evolution, A search for an intermediate animal

host between bats and humans is needed to identify
animal CoVs more closely related to human SARS-
CoV-2. There is speculation that pangolins might
carry CoVs closely related to SARS-CoV-2, but the
data to substantiate this is not yet published (https://
www.nature.com/articles/d41586-020-00364-2).

Another claim in Chinese social media points to a
Nature Medicine paper published in 2015 [7], which
reports the construction of a chimeric CoV with a
bat CoV § gene (SHCO014) in the backbone of a SARS
CoV that has adapted to infect mice (MA15) and is
capable of infecting human cells [8]. However, this
claim lacks any scientific basis and must be discounted
because of significant divergence in the genetic
sequence of this construct with the new SARS-CoV-2
(>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was
generated by serial passage of an infectious wildtype
SARS CoV dlone in the respiratory tract of BALB/c
mice. After 15 passages in mice, the SARS-CoV gained
elevated replication and lung pathogenesis in aged mice
(hence M15), due to six coding genetic mutations
associated with mouse adaptation, It is likely that
MAI5 is highly attenuated to replicate in human cells
or patients due to the mouse adaptation.

It was proposed that the S gene from bat-derived
CoV, unlike that from human patients- or civets-
derived viruses, was unable to use human ACE2 as a
receptor for entry into human cells [10,11]. Civets
were proposed to be an intermediate host of the bat-
CoVs, capable of spreading SARS CoV to humans
[6,12]. However, in 2013 several novel bat corona-
viruses were isolated from Chinese horseshoe bats
and the bat SARS-like or SL-CoV-WIV1 was able to
use ACE2 from humans, civets and Chinese horseshoe
bats for entry [8]. Combined with evolutionary
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evidence that the bat ACE2 gene has been positively
selected at the same contact sites as the human ACE2
gene for interacting with SARS CoV [13], it was pro-
posed that an intermediate host may not be necessary
and that some bat SL-CoVs may be able to directly
infect human hosts. To directly address this possibility,
the exact S gene from bat coronavirus SL-SHC014 was
synthesized and used to generate a chimeric virus in the
mouse adapted MA15 SARS-CoV backbone. The resul-
tant SL-SHC014-MA15 virus could indeed efficiently
use human ACE2 and replicate in primary human
airway cells to similar titres as epidemic strains of
SARS-CoV. While SL-SHC014-MA15 can replicate
efficiently in young and aged mouse lungs, infection
was attenuated, and less virus antigen was present in
the airway epithelium as compared to SARS MAIS5,
which causes lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the
SHC014-MA15 chimeric virus relative to MAL5 chi-
meric virus with the original human SARS § gene in
mice, such experiments with SL-SHC014-MAL5 chi-
meric virus were later restricted as gain of function
(GOF) studies under the US government-mandated
pause policy (https://www.nih.gov/about-nih/who-we-
are/nih-director/statements/nih-lifts-funding-pause-
gain-function-research). The current COVID-2019
epidemic has restarted the debate over the risks of con-
structing such viruses that could have pandemic poten-
tial, irrespective of the finding that these bat CoVs
already exist in nature. Regardless, upon careful phylo-
genetic analyses by multiple international groups
[5,14], the SARS-CoV-2 is undoubtedly distinct from
SL-SHCO014-MAL15, with >6,000 nucleotide differences
across the whole genome. Therefore, once again there
is no credible evidence to support the claim that the
SARS-CoV-2 is derived from the chimeric SL-
SHCO014-MA15 virus.

There are also rumours that the SARS-CoV-2 was
artificially, or intentionally, made by humans in the
lab, and this is highlighted in one manuscript sub-
mitted to BioRxiv (a manuscript sharing site prior to
any peer review), claiming that SARS-CoV-2 has
HIV sequence in it and was thus likely generated in
the laboratory. In a rebuttal paper led by an HIV-1 vir-
ologist Dr. Feng Gao, they used careful bioinformatics
analyses to demonstrate that the original claim of mul-
tiple HIV insertions into the SARS-CoV-2is not HIV-1
specific but random [15]. Because of the many con-
cerns raised by the international community, the
authors who made the initial claim have already with-
drawn this report.

Evolution is stepwise and accrues mutations gradu-
ally over time, whereas synthetic constructs would typi-
cally use a known backbone and introduce logical or
targeted changes instead of the randomly occurring
mutations that are present in naturally isolated viruses
such as bat CoV RaTGl3. In our view, there is

currently no credible evidence to support the claim
that SARS-CoV-2 originated from a laboratory-engin-
cered CoV. It is more likely that SARS-CoV-2 is a
recombinant CoV generated in nature between a bat
CoV and another coronavirus in an intermediate ani-
mal host. More studies are needed to explore this possi-
bility and resolve the natural origin of SARS-CoV-2.
We should emphasize that, although SARS-CoV-2
shows no evidence of laboratory origin, viruses with
such great public health threats must be handled prop-
erlyin the laboratory and also properly regulated by the
scientific community and governments.
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ARTICLE HISTORY Received 13 February 2020, Accepted 13 February 2020

The emergence and outbreak of a newly discovered
acute respiratory disease in Wuhan, China, has affected
greater than 40,000 people, and killed more than 1,000
as of Feb. 10, 2020. A new human coronavirus, SARS-
CoV-2, was quickly identified, and the associated dis-
ease is now referred to as coronavirus disease discov-
ered in 2019 (COVID-19) (https://globalbiodefense.
com/novel-coronavirus-covid- 19-portal/).

According to what has been reported [1-3],
COVID-2019 seems to have similar clinical manifes-
tations to that of the severe acute respiratory syndrome
(SARS) caused by SARS-CoV. The SARS-CoV-2 gen-
ome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-corona-
viruses, with the highest being >96% identity [4,5].

Currently, there are speculations, rumours and con-
spiracy theories that SARS-CoV-2 is of laboratory ori-
gin. Some people have alleged that the human SARS-
CoV-2 was leaked directly from a laboratory in
Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the
SARS-CoV-2 [4]. However, as we know, the human
SARS-CoV and intermediate host palm civet SARS-
like CoV shared 99.8% homology, with a total of 202
single-nucleotide (nt) variations (SNVs) identified
across the genome [6]. Given that there are greater
than 1,100 nt differences between the human SARS-
CoV-2 and the bat RaTG13-CoV [4], which are distrib-
uted throughout the genome in a naturally occurring
pattern following the evolutionary characteristics typi-
cal of CoVs, it is highly unlikely that RaTG13 CoV is
the immediate source of SARS-CoV-2. The absence
of a logical targeted pattern in the new viral sequences
and a close relative in a wildlife species (bats) are the
most revealing signs that SARS-CoV-2 evolved by
natural evolution, A search for an intermediate animal

host between bats and humans is needed to identify
animal CoVs more closely related to human SARS-
CoV-2. There is speculation that pangolins might
carry CoVs closely related to SARS-CoV-2, but the
data to substantiate this is not yet published (https://
www.nature.com/articles/d41586-020-00364-2).

Another claim in Chinese social media points to a
Nature Medicine paper published in 2015 [7], which
reports the construction of a chimeric CoV with a
bat CoV § gene (SHCO014) in the backbone of a SARS
CoV that has adapted to infect mice (MA15) and is
capable of infecting human cells [8]. However, this
claim lacks any scientific basis and must be discounted
because of significant divergence in the genetic
sequence of this construct with the new SARS-CoV-2
(>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was
generated by serial passage of an infectious wildtype
SARS CoV dlone in the respiratory tract of BALB/c
mice. After 15 passages in mice, the SARS-CoV gained
elevated replication and lung pathogenesis in aged mice
(hence M15), due to six coding genetic mutations
associated with mouse adaptation, It is likely that
MAI5 is highly attenuated to replicate in human cells
or patients due to the mouse adaptation.

It was proposed that the S gene from bat-derived
CoV, unlike that from human patients- or civets-
derived viruses, was unable to use human ACE2 as a
receptor for entry into human cells [10,11]. Civets
were proposed to be an intermediate host of the bat-
CoVs, capable of spreading SARS CoV to humans
[6,12]. However, in 2013 several novel bat corona-
viruses were isolated from Chinese horseshoe bats
and the bat SARS-like or SL-CoV-WIV1 was able to
use ACE2 from humans, civets and Chinese horseshoe
bats for entry [8]. Combined with evolutionary
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evidence that the bat ACE2 gene has been positively
selected at the same contact sites as the human ACE2
gene for interacting with SARS CoV [13], it was pro-
posed that an intermediate host may not be necessary
and that some bat SL-CoVs may be able to directly
infect human hosts. To directly address this possibility,
the exact S gene from bat coronavirus SL-SHC014 was
synthesized and used to generate a chimeric virus in the
mouse adapted MA15 SARS-CoV backbone. The resul-
tant SL-SHC014-MA15 virus could indeed efficiently
use human ACE2 and replicate in primary human
airway cells to similar titres as epidemic strains of
SARS-CoV. While SL-SHC014-MA15 can replicate
efficiently in young and aged mouse lungs, infection
was attenuated, and less virus antigen was present in
the airway epithelium as compared to SARS MAIS5,
which causes lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the
SHC014-MA15 chimeric virus relative to MAL5 chi-
meric virus with the original human SARS § gene in
mice, such experiments with SL-SHC014-MAL5 chi-
meric virus were later restricted as gain of function
(GOF) studies under the US government-mandated
pause policy (https://www.nih.gov/about-nih/who-we-
are/nih-director/statements/nih-lifts-funding-pause-
gain-function-research). The current COVID-2019
epidemic has restarted the debate over the risks of con-
structing such viruses that could have pandemic poten-
tial, irrespective of the finding that these bat CoVs
already exist in nature. Regardless, upon careful phylo-
genetic analyses by multiple international groups
[5,14], the SARS-CoV-2 is undoubtedly distinct from
SL-SHCO014-MAL15, with >6,000 nucleotide differences
across the whole genome. Therefore, once again there
is no credible evidence to support the claim that the
SARS-CoV-2 is derived from the chimeric SL-
SHCO014-MA15 virus.

There are also rumours that the SARS-CoV-2 was
artificially, or intentionally, made by humans in the
lab, and this is highlighted in one manuscript sub-
mitted to BioRxiv (a manuscript sharing site prior to
any peer review), claiming that SARS-CoV-2 has
HIV sequence in it and was thus likely generated in
the laboratory. In a rebuttal paper led by an HIV-1 vir-
ologist Dr. Feng Gao, they used careful bioinformatics
analyses to demonstrate that the original claim of mul-
tiple HIV insertions into the SARS-CoV-2is not HIV-1
specific but random [15]. Because of the many con-
cerns raised by the international community, the
authors who made the initial claim have already with-
drawn this report.

Evolution is stepwise and accrues mutations gradu-
ally over time, whereas synthetic constructs would typi-
cally use a known backbone and introduce logical or
targeted changes instead of the randomly occurring
mutations that are present in naturally isolated viruses
such as bat CoV RaTGl3. In our view, there is

currently no credible evidence to support the claim
that SARS-CoV-2 originated from a laboratory-engin-
cered CoV. It is more likely that SARS-CoV-2 is a
recombinant CoV generated in nature between a bat
CoV and another coronavirus in an intermediate ani-
mal host. More studies are needed to explore this possi-
bility and resolve the natural origin of SARS-CoV-2.
We should emphasize that, although SARS-CoV-2
shows no evidence of laboratory origin, viruses with
such great public health threats must be handled prop-
erlyin the laboratory and also properly regulated by the
scientific community and governments.
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The emergence and outbreak of a newly discovered
acute respiratory disease in Wuhan, China, has affected
greater than 40,000 people, and killed more than 1,000
as of Feb. 10, 2020. A new human coronavirus, SARS-
CoV-2, was quickly identified, and the associated dis-
ease is now referred to as coronavirus disease discov-
ered in 2019 (COVID-1%) (https://globalbiodefense.
comfnovel-coronavirus-covid-19-portal/).

According to what has been reported [1-3],
COVID-2019 seems to have similar clinical manifes-
tations to that of the severe acute respiratory syndrome
(SARS) caused by SARS-CoV. The SARS-CoV-2 gen-
ome sequenice also has ~B80% identity with SARS-
CoV, but it is most similar to some bat beta-corona-
viruses, with the highest being >96% identity [4,5].

Currently, there are speculations, rumours and con-
spiracy theories that SARS-CoV-2 is of laboratory ori-
gin. Some people have alleged that the human SARS-
CoV-2 was leaked directly from a laboratory in
Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the
SARS-CoV-2 [4]. However, as we know, the human
SARS-CoV and intermediate host palm civet SARS-
like CoV shared 99.8% homalogy, with a total of 202
single-nucleotide (nt) variations (SNVs) identified
across the genome [6]. Given that there are greater
than 1000 nt differences between the human SARS-
CoV-2 and the bat RaTG13-CoV [4], which are distrib-
uted throughout the genome in a naturally occurring
pattern following the evolutionary characteristics typi-
cal of CoVs, it is highly unlikely that RaTG13 CoV is
the immediate source of SARS-CoV-2. The absence
of a logical targeted pattern in the new viral sequences
and a close relative in a wildlife species (bats) are the
most revealing signs that SARS-CoV-2 evolved by
natural evolution. A search for an intermediate animal

host between bats and humans is needed to identify
animal CoVs more closely related to human SARS-
CoV-2. There is speculation that pangolins might
carry CoVs closely related to SARS-CoV-2, but the
data to substantiate this is not yet published (https://
www.nature.com/articles/d41586-020-00364-2).

Another claim in Chinese social media points to a
Nature Medicine paper published in 2015 [7], which
reports the construction of a chimeric CoV with a
bat CoV S gene (SHCD14) in the backbone of a SARS
CoV that has adapted to infect mice (MA15) and is
capable of infecting human cells [8]. However, this
claim lacks any scientific basis and must be discounted
because of significant divergence in the genetic
sequence of this construct with the new SARS-CoV-2
(>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was
generated by serial passage of an infectious wildtype
SARS CoV clone in the respiratory tract of BALB/c
mice. After 15 passages in mice, the SARS-CoV gained
elevated replication and lung pathogenesis in aged mice
{hence M15), due to six coding genetic mutations
associated with mouse adaptation. It is likely that
MA15 is highly attenuated to replicate in human cells
or patients due to the mouse adaptation.

When the original SARS-CoV was isolated, it was
concluded that the S gene from bat-derived CoV,
unlike that from human patients- or civets-derived
viruses, was unable to use human ACE2 as a receptor
for entry into human cells [10,11]. Civets were pro-
posed to be an intermediate host of the bat-CoVs,
capable of spreading SARS CoV to humans [6,12].
However, in 2013 several novel bat coronaviruses
were isolated from Chinese horseshoe bats and the
bat SARS-like or SL-CoV-WIV1 was able to use
ACE2 from humans, civets and Chinese horseshoe

CONTACT Shan-Lu Liu e lsu@med uncedu; Lishan Su @ Liu.6244@osu.edu
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bats for entry [8]. Combined with evolutionary evi-
dence that the bat ACE2 gene has been positively
selected at the same contact sites as the human ACE2
gene for interacting with SARS CoV [13], it was pro-
posed that an intermediate host may not be necessary
and that some bat SL-CoVs may be able to directly
infect human hosts. To directly address this possibility,
the exact S gene from bat coronavirus SL-SHC014 was
synthesized and used to generate a chimeric virus in the
mouse adapted MAI5 SARS-CoV backbone. The resul-
tant SL-SHC014-MA15 virus could indeed efficiently
use human ACE2 and replicate in primary human
airway cells to similar titres as epidemic strains of
SARS-CoV. While SL-SHC014-MAI5 can replicate
efficiently in young and aged mouse lungs, infection
was attenuated, and less virus antigen was present in
the airway epithelium as compared to SARS MAIS5,
which causes lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the
SL-SHC014-MA15 chimeric virus relative to the
SARS-MAI5 CoV in mice, such experiments with
SL-SHC014-MA15 chimeric virus were later restricted
as gain of function (GOF) studies under the US govern-
ment-mandated pause policy (https://www.nih.gov/
about-nih/who-we-are/nih-director/statements/nih-lif
ts-funding-pause-gain-function-research). The current
COVID-2019 epidemic has restarted the debate over
the risks of constructing such viruses that could have
pandemic potential, irrespective of the finding that
these bat €CoVs already exist in nature. Regardless,
upon careful phylogenetic analyses by multiple inter-
national groups [5,14], the SARS-CoV-2 is undoubt-
edly distinct from SL-SHC014-MA15, with >6,000
nucleotide differences across the whole genome. There-
fore, once again there is no credible evidence to support
the claim that the SARS-CoV-2 is derived from the chi-
meric SL-SHCO014-MAI5 virus.

There are also rumours that the SARS-CoV-2 was
artificially, or intentionally, made by humans in the
lab, and this is highlighted in one manuscript sub-
mitted to BioRxiv (a manuscript sharing site prior to
any peer review), claiming that SARS-CoV-2 has
HIV sequence in it and was thus likely generated in
the laboratory. In a rebuttal paper led by an HIV-1 vir-
ologist Dr. Feng Gao, they used careful bioinformatics
analyses to demonstrate that the original claim of mul-
tiple HIV insertions into the SARS-CoV-2 is not HIV-1
specific but random [15]. Because of the many con-
cerns raised by the international community, the
authors who made the initial claim have already with-
drawn this report.

Evolution is stepwise and accrues mutations gradu-
ally over time, whereas synthetic constructs would typi-
cally use a known backbone and introduce logical or
targeted changes instead of the randomly occurring
mutations that are present in naturally isolated viruses
such as bat CoV RaTGI3. In our view, there is

currently no credible evidence to support the claim
that SARS-CoV-2 originated from a laboratory-engin-
eered CoV. It is more likely that SARS-CoV-2 is a
recombinant CoV generated in nature between a bat
CoV and another coronavirus in an intermediate ani-
mal host. More studies are needed to explore this possi-
bility and resolve the natural origin of SARS-CoV-2.
We should emphasize that, although SARS-CoV-2
shows no evidence of laboratory origin, viruses with
such great public health threats must be handled prop-
erly in the laboratory and also properly regulated by the
scientific community and governments.

Disclosure statement

No potential conflict of interest was reported by the author(s). Q2

ORCID

Susan Weiss | http//orcid.org/0000-0002-8155-4528

References

[1] Wang D, Hu B, Hu C, et al. Clinical characteristics of
138 hospitalized patients with 201% novel coronavirus-
infected pneumonia in Wuhan, China. JAMA. 2020
Feb 7.

[2] Chang LM, Wei L, et al. Epidemiologic and clinical
characteristics of novel coronavirus infections invol-
ving 13 patients outside Wuhan, China. JAMA. 2020
Feb 7.

[3] Chen N, Zhou M, Dong X, et al. Epidemiological and
clinical characteristics of 99 cases of 2019 novel coro-
navirus pneumonia in Wuhan, China: a descriptive
study. Lancet. 2020 Jan 30.

[4] Zhou P, Yang XL, Wang XG, et al. A pneumonia out-
break associated with a new coronavirus of probable
bat origin. Nature. 2020 Feb 3.

[5] Zhu N, Zhang D, Wang W, et al. A novel coronavirus
from patients with pneumonia in China, 2019. N Engl ]
Med. 2020 Jan 24.

[6] Song HD, Tu CC, Zhang GW, et al. Cross-host evol-
ution of severe acute respiratory syndrome coronavirus
in palm civet and human. Proc Natl Acad Sci USA.
2005 Feb 15;102(7):2430-2435.

[71 Menachery VD, Yount Jr. BL, Debbink K, et al. A
SARS-like cluster of circulating bat coronaviruses
shows potential for human emergence. Nat Med.
2015 Dec;21(12):1508-1513.

[8] Ge XY, Li]JL, Yang XL, et al. Isolation and characteriz-
ation of a bat SARS-like coronavirus that uses the
ACE2 receptor. Nature. 2013 Nov 28;503(7477):535-
538.

[9] Roberts A, Deming D, Paddock CD, et al. A
mouse-adapted SARS-coronavirus causes disease and
mortality in BALB/c mice. PLoS Pathog. 2007 Jan;3
(1):e5.

[10] LiF, Li W, Farzan M, et al. Structure of SARS corona-
virus spike receptor-binding domain complexed with
receptor, Science, 2005 Sep 16;309(5742):1864-1868.

[11] Li W, Moore M], Vasilieva N, et al. Angiotensin-con-
verting enzyme 2 is a functional receptor for the

170

175

180

185

190

195

200

205

210

215

220



225

230

235

240

245

250

255

260

265

270

R

[12]

(13]

SARS coronavirus. Nature. 2003 Nov 27:426
(6965):450-454.

Guan Y, Zheng BJ, He YQ, et al. Isolation and charac-
terization of viruses related to the SARS coronavirus
from animals in southern China. Science. 2003 Oct
10;302(5643):276-278.

Demogines A, Farzan M, Sawyer SL. Evidence for
ACE2-utilizing coronaviruses (CoVs) related to severe

[14]

[15]

EMERGING MICRCGBES AND INFECTIONS @ 3

acute respiratory syndrome CoV in bats. ] Virol. 2012
Jun;86(11):6350-6353.

Wu F, Zhao §, Yu B, et al. A new coronavirus associ-
ated with human respiratory disease in China.
Nature. 2020 Feb 3. Q9
Xiao C, Li X, Liu S, et al. HIV-1 did not contribute to 1
the 2019-nCoV genome. Emerg Microbes Infect. 2020
Dec;9(1):378-381.

280

285

2%0

295

300

305

310

315

320

325

330



From: Greg Gray, M.D,
To: Bailey, Emily "TTUHC"; Barnes, Amber; Blair, Patrick; Brown, Ian; Bui, Anh Bui; Callahan, Johnny; Cooper, Michael
(NIH/NIAID); Dao, Duy Tung; Dawson, Erica; Dean Erdman - CDC (Derdman05@gmail.com); DeRisi, Joe; Everett,

Helen; Gerhard, John; Gonchigoo, Battsetseg (Batiy); Greer, Annette; Hil,
KingChing; Lindsley, William; Ma, Mai-Juan (MJ); Mazet, Jonna; Nguyen-Viet, Hung (ILRI}; Nyunt, Myaing; John
Perfect, M.D.; Plowe, Chris; Salf Linda; Salman.Mo; Sanchez Jose L; Suhaili, Mohammed Raili; Tamerius, John;

Mng_m.NghLa_ﬂmgng.) Wang, Guo-Lin; Weinberger, Ar: Wickenkamp, Natalie VT
Wl]axaratne, Gax Dr Cameron Wolfe, M.D.; Zhang, Dingmei; Benjamin Anderson, Ph.D; Ricardo Qi; Xinye Wang;
Anfal Abdelgadir; Natalle Alarja; Benjamin Anderson, Ph.D: Raguel Binder, Ph.D.; Chen Chen Sumana Goli; Kara

M,memmm
Coleman, Kristen; Than, Son T,

Subject: Important commentary to consider!
Date: Saturday, July 25, 2020 8:03:24 AM
Attachments: OQrigins of COVID-19 (ASTMH 2019 Morens).ndf

Gregory C. Gray, MD, MPH, FIDSA

Duke Medicine Duke-NUS Medical School, Singapore ~ Duke Kunshan University,

Professor, Division of Infectious Diseases, Professor, Program in Emerging Infectious China

Global Health Institute, & Nicholas School of Diseases Professor, Global Health

the Environment, Duke University 8 College Road, Singapore 169857 No. 8 Duke Avenue, Kunshan, Jiangsu, China

Duke One Health: http:/sites .globalhealth.duke .edu/dukeonehealth/ Email: Gregory.gray@duke. edu



In order to provide our readers with timely access to new content, papers accepted by the American Journal of Tropical Medicine and Hygiene are posted online ahead of print publication.
FPapers that have been accepted for publication are peer-reviewed and copy edited but do not incorporate all corrections or constitute the final versions that will appear in the Journal. Final,
cotrected papers will be published online concurrent with the release of the print issue.

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

Am. J Trop. Med. Hyg., 000}, 2020, pp. 1-5
doi:10.4269/ajtmh.20-0849
Copyright © 2020 by The American Society of Tropical Medicine and Hygiene

Perspective Piece
The Crigin of GOVID-19 and Why It Matters
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Virginia; *Arthropod-borne and Infectious Diseases Laboratory, Department of Microbiclogy, Immunclogy & Pathoiogy, College of Veterinary
Medicine and Biomedical Sciences, Colorado State University, Fort Collins, Colorado; ®Department of Microbiclogy and immunology, University of
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Abstract. The COVID-19 pandemic is among the deadliest infectious diseases to have emerged in recent history. As
with all past pandemics, the specific mechanism of its emergence in humans remains unknown. Nevertheless, alarge body
of virologic, epidemiclogic, veterinary, and ecologic data establishes that the new virus, SARS-CoV-2, evolved directly or
indirectly from a B-coronavirus in the sarbecovirus (SARS-like virus) group that naturally infect bats and pangalins in Asia
and Southeast Asia. Scientists have warned for decades that such sarbecoviruses are poised to emerge again and again,
identified risk factars, and argued for enhanced pandemic prevention and control efforts. Unfortunately, few such pre-
ventive actions were taken resulting in the latest coronavirus emergence detected in late 2019 which quickly spread
pandemically. The risk of similar coronavirus outbreaks in the future remains high. In addition to controlling the COVID-19
pandemic, we must undertake vigorous scientific, public health, and societal actions, including significantly increased
funding for basic and applied research addressing disease emergence, to prevent this tragic history from repeating itself.

In 2007, scientists studying coronaviruses warned: “The HOW VIRAL DISEASES EMERGE
presence of a large reservoir of SARS-CoV-like viruses in
horseshoe bats. .. is a time bomb. The possibility of the re-
emergence of SARS and other novel viruses. . . should not be
ignored.”’

Few paid attention following the disappearance of SARS
after the initial outbreak in 2002. Now, 18 years later, COVID-19
has emerged as the deadliest respiratory disease pandemic
since 1918, when the “Spanish” influenza pandemic killed an
estimated 50 million people.? We need to understand what
happened so that we can prevent it from happening again, and
be better preparedto contain similar pandemics attheir outsets.

Viruses are compact nucleic acid packages of either DNA or
{in the case of coronaviruses) RNA associated with proteins, and in
some cases with lipids. Viruses are not living organisms and can
only reproduce inside living cells susceptible to viral entry and with
the capacity to replicate viral nucleic acids and translate nucleic
acid signals into amino acids to build viral proteins. Viruses are
therefore nonliving self-contained genetic programs capable of
redirecting a cell's machinery to produce more of themselves.

[t follows that when a virus enters a human cell for thefirst time, it
has very recently been transmitted from cells of some other host,
that is, from another animal or, for example, an insect vectaor.
Emergence of a pathogen between a vertebrate or an insect has
been referred to as host-switching, sometimes described as a
spillover event. Most of the human viral and nonviral infectious
diseases that have existed for centuries—measles, influenza,
cholera, smallpox {eradicated in 1980), falciparum malaria,”
dengue, HIV, and many others—ariginated by animal-to-human

EMERGENCE OF THE COVID-18 PANDEMIC

The agent of COVID-19, SARS-CoV-2, was named afterthe
genetically related SARS-CoV {more recently distinguished
by some as SARS-CoV-1), which caused a deadly near-
pandemic in 2002-2003.% Before 2019, neither SARS-CoV-2

nor its genetic sequences had ever been identified in viruses of
humans or animals.

Even so, scientific research conducted over the last two
decades provides clues about how and why the COVID-19
pandemic appeared. We must understand these critically
important scientific findings, described in the following text, so
that we can better address significant existential risks we will
continue to face for the foreseeable future.

* Address correspondence to David M. Morens, Room 7A-03, Building
31, 31 Center Drive, Bethesda, Maryland 20892-2520. Email:
dm270g@nih.gov

host-switching.® The complex genetic events that underlie host-
switching differ greatly from pathogen to pathogen, but general
mechanisms have been recognized for many.5°

Host-switching determinants prominently include social, en-
vironmental, and biological factors providing the opportunity for
host-species interaction; shared host cell receptors; genetic
distance between transmitting and receiving hosts; and char-
acteristics and complexity of the viral quasi-species or viral
swarm. (RNA viruses in particular are not transmitted to multiple
cells as identical virions, but as collections of thousands of dif-
ferent genetically related virions. The ever-changing complexity
of the viral swarm varies between infections of genetically distinct
but related hosts and in single hosts over time.)
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Ficure 1.  Phylogenetic relationships of selected coronaviruses of
medical and veterinary importance. Human SARS-CoV and SARS-CoV-2
are closely related to numerous bat and pangolin coronaviruses in a vird
genetic grouping called sarbecoviruses, which contains many other
viruses very closely related to SARS-CoV and SARS-CoV-2. These viru-
ses belong to the order Nidovirales, family Coronaviridae, subfamily
Comnavirinae and the four genera virus, Betacoronavins,
Gammacoronavirus, and Deftacoronavirus. The betacoronaviruses are
comprised of two subgenera, Sarbecovirus and Merbecovirus. Theformer
include SARS-CoV and SARS-CoV-2; the latter includes Middle East re-

spiratory syndrome-related coronavirus (MERS-CoV). Image created by
Sebastian M. Gygli, Ph.D., NIAID, NIH, and usad with permission.

Studying animal viruses that have previously spilled over
into humans provides clues about host-switching determi-
nants. A well-understood example is influenza virus emer-
gence into humans and other mammals.? Human pandemic
and seasonal influenza viruses arise from enzootic viruses of
wild waterfowl and shore birds. From within this natural res-
ervoir, the 1918 pandemic “founder” virus somehow host-
switched into humans. We know this from genetic studies
comparing avian viruses, the 1918 virus, and its descendants,

which have caused three subsequent pandemics, as well as
annual seasonal influenza in each of the 102 years since 1918.
Similarly, other avian influenza viruses have host-switched into
horses, dogs, pigs, seals, and other vertebrates, with as yet un-
known pandemic potential >'%'" Although some molecular host-
switching events remain unobserved, phylogenetic analyses of
influenza viruses allow us to readily characterize evolution and
host-switching as it occurs in nature.”

CORONAVIRUSES

Coronaviruses are RNA viruses globally distributed in a
large but unknown number of animal species. Coronaviruses
important for humans are found within phylogenetically
distinct taxonomic subgroups, labeled as the a- and B-
coronaviruses (Figure 1).12 Four endemic human coronavi-
ruses, which emerged at some undetermined time in the past,
cause (mostly) mild self-limited upper respiratory tract infec-
tions (Figure 1).

RECENT CORONAVIRUS EMERGENCES FROM ANIMALS
INTO HUMANS

Until recently, relatively little was known about coronavi-
ruses, and research interest in these common cold viruses
was minimal. Eighteen years ago, a previously unknown -
coronavirus named SARS-CoV suddenly emerged. Following
its initial appearance in China it spread to 29 other countries,
causing a near-pandemic and killing 813 of the 8,809 people
with confirmed infection before being controlled by aggres-
sive public health measures. It has not been seen since. In
2012, however, another previously unknown B-coronavirus
named Middle East respiratory syndrome coronavirus (MERS-
CoV), and closely related to SARS-CoV, emerged to cause
high case-fatality human infections. Fortunately, this virus
does not efficiently transmit between humans, and cases have
been largely limited to the Middle East where its intermediary
host, the dromedary camel, is present in relatively high num-
bers. In 2016, yet another novel bat-origin coronavirus, an
a-caronavirus, emerged in China to cause a novel epizootic
disease in pigs, termed swine acute diarrhea syndrome
coronavirus (SADS-CoV). And most recently, at least as eady
as late November 2019, SARS-CoV-2 was recognized and
became the third fatal bat virus-associated human disease

Ficure 2. Predicted global hotspots for disease emergence, showing estimated risks, adjusted for reporting bias. From a comprehensive global
study combining multiple data sources. Reproduced with permission from Allen et aL™
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emergence and the fourth bat virus-associated mammalian
emergence in 18 years.

CORONAVIRUS EMERGENCE RISKS

An enormous reservoir of coronaviruses infects hundreds of bat
species distributed globally. SARS-CoV, MERS-CoV, and SARS-
CoV-2 are closely related B-coronaviruses clustering in two adja-
cent phylogenetic groupings: sarbecovirus (SARS-like viruses)
and merbecovirus {MERS-like viruses) (Figure 1). The two SARS
viruses, as well as SADS-CaV, are descended from viruses en-
zootic in rhinalophid (genus, Rhinolophus), or horseshoe bats.

Over the past 15 years, scientists have also identified global
animal reservoirs of coronaviruses (in Africa, the Americas, the
Middle East, Asia and Southeast Asia, and particularly China, the
location of three of the four mast recent emergences). These
efforts have revealed much about coronaviral ecosystems, res-
ervoir hosts, viral movement between hosts, viral evolution, and
risk of emergence into humans and other mammals.

Bats of numerous globally distributed genera and species
are now known to be the major reservoir of animal coronavi-
ruses. One 20-country study of more than 19,000 animals
{predominantly naonhuman primates, bats, and rodents)
revealed that bats accounted for more than 98% of corona-
virus detections, and that almost 9% of > 12,000 randomly
studied bats were infected with one or more coronavirus.'®
Significant interspecies viral transmission between closely
and distantly related bats also appears to be important. Bats of
some species, including rhinolophids, co-roost with bats of
other species, facilitating viral exchanges and enhanced viral
evolution associated with genetic recombination. In fact, many
such bat coronaviruses have genetic sequences similar to
SARS-CoV and SARS-CoV-2.

Investigators have also mapped global hotspots for po-
tential infection emergence, prominently in south/southwest
China and contiguous regions and countries (Figure 2),'* and
have identified numerous human-animal interactions that con-
stitute emergence risk factors, for example bat tourism, wet
markets, wildlife supply chains for human consumption,'® land
management practices, and environmental perturbations.’®1®
Virologic and risk mapping studies indicate a very high risk of
further coronavirus outbreaks. =1

SARS-CoV and SARS-CoV-2 emerged in China, home to
bats of more than 100 species, many of which carry a- and/ar
B-coranaviruses. In one study, more than 780 partial coro-
navirus genetic sequences were identified from bats of
41 species infected by o- and of 31 species infected by
B-coranaviruses.?! Within the sarbecovirus lineage, en-
compassing SARS and SARS-like viruses, many identified
genetic sequences are very similarto SARS-CoV and SARS-
CoV-2.2722 One such virus is more than 96% identical to
SARS-CaV-2 in its whole genome®®; another shares more
than 97% identity in the 1ab replicase gene, as well as afurin
cleavage site insertion.2* Nature is clearly a cauldron for in-
tense and dangerous coronavirus evolution.

WAS COVID-19 PREDICTED?

A clearer, mare worrisome picture of the coronavirus eco-
system has recently come together. A contiguous area en-
compassing parts of south/southwest China, Lacs, Myanmar,
and Vietnam constitutes a bat coronavirus “hotspot,” featuring

intense interspecies viral transmission. In such hotspots, a
rich diversity of SARS-like viruses has been found, not anly in
rhinolophid bats but also in bats of other genera and species to
which these viruses had host-switched. The same rhinclophid
bats are also implicated in the emergence of SADS-CoV in
southern China. Many of these SARS-like viruses bind to hu-
man angiotensin-converting enzyme-2 {ACE?2) receptors and
infect human respiratory epithelial cells in vitro, suggesting their
pandemic potential.’®25

Ominously, bat-to-human transmission of SARS-like viruses
has already been detected,® perhaps representing pandemic
near-misses. Even the more genetically distant SADS-CoV
infects cells of humans and numerous other vertebrates,
raising concern about indirect coronavirus emergences. This
seems to have occurred with the bat-to-camel-to-human
emergence of MERS, and possibly with SARS-CoV emer-
gence into humans, which may have resulted from bat virus
infection of masked palm civet cats {Paguma larvata), with
subsequent human spillover.'® As a byproduct of the impor-
tant international surveillance work described above, in 2017,
the therapeutic benefit of the antiviral drug remdesivir was
suggested; it is now, in 2020, being widely used to treat per-
sons infected with SARS-CoV-2.2°

Since 2007, when alarming predictions about threatened
coronavirus emergences began to appear,’ understanding
of coronavirus ecosystems has become far more complete.
Over the past 5 years, Chinese, American, European, and
other scientists have begun to renew warnings that hu-
mans are intensively interacting with coronavirus-infected
bats, that enzootic SARS-related bat coronaviruses have all
of the essential compaonents of the SARS virus, that some
of these SARS-like viruses can infect laboratory-humanized
mice to cause SARS-like disease, that SARS-like viruses have
the ability to directly infectand be transmitted between humans,
and, therefore, that these viruses are poised for human
emergence.'®2122 Many scientists have proposed aggressive
monitoring of known hotspots to try to predict and prevent viral
emergence that might impact human health, including early
warning of host-switching events.'®2%27

Unfortunately, outside of some members of the scientific
community, there has been little interest and no sense of
urgency. In 2020, we learned, tragically, what 12 years of un-
heeded warnings have led to: a bat-derived sarbecovirus—
from the very same SARS-like bat virus group that had been
warned about by multiple voices for over a decade—emerged
and proceeded to cause the COVID-19 pandemic that now
sweeps the globe.

SARS-CoV-2 emerged essentially as predicted: a natural
event associated with either direct transmission of a bat
coronavirus to humans or indirect transmission to humans via
an intermediate host such as a Malaysian pangolin (Manis
javanica) or another, yet-to-be-identified mammal 28-31

It should be clarified that thearies about a hypothetical man-
made origin of SARS-CoV-2 have been tharoughly discredited
by multiple coranavirus experts.2' ?2% SARS-CoV-2 contains
neither the genetic fingerprints of any of the reverse genetics
systems that have been used to engineer coronaviruses nor
does it contain genetic sequences that would have been
“forward engineered” from preexisting viruses, including the
genetically closest sarbecoviruses. That is, SARS-CoV-2 is
unlike any previously identified coronavirus from which it
could have been engineered. Moreover, the SARS-CaoV-2
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receptor-binding domain, which has affinity for cells of various
mammals, binds to human ACEZ2 receptors via a novel
mechanism.

Engineering such a virus would have required 1) published
or otherwise available scientific knowledge that did not exist
until after COVID-19 recognition; 2) a failure to follow obvious
engineering pathways, resulting in an imperfectly constructed
virus; and 3) an ability to genetically engineer a new virus
without leaving fingerprints of the engineering. Furthermore,
the 12 amino acid furin-cleavage site insertion between the
SARS-CoV-2 spike protein’s 81 and 82 domains, which some
have alleged to be a sign of genetic engineering, is found in
other bat and human coronaviruses in nature, probably arising
via naturally occurring recombination.?*

It is also highly unlikely that SARS-CoV-2 was released from
a laboratory by accident because no laboratory had the virus
nor did its genetic sequence exist in any sequence database
before its initial GenBank depasition {early January 2020).
China's laboratory safety practices, policies, training, and
engineering are equivalent to those of the United States and
other developed countries,? making viral “escape” extremely
unlikely, and of course impossible without a viral isclate pre-
sent. SARS-CoV-2 shares genetic properties with many other
sarbecoviruses, lies fully within their genetic cluster, and is
thus a virus that emerged naturally.

COVID-19 EMERGENCE MECHANISMS: WHY
THEY MATTER

Understanding how CCOVID-19 emerged is of great importance.
We now know that the viruses causing SARS, MERS, and COVID-
19 are all members of enormous groups of bat coronaviruses
distributed globally, and that many of these viruses are function-
ally preadapted to human emergence. This preadaptation can be
thought of as “accidental” because it must have occurred in na-
ture in the absence of human infection and does not rule out
further human adaptation to enable pandemicity. Molecular
mechanisms of preadaptation are not fully known, but are un-
doubtedly related to functional similarities between ACE2 re-
ceptors onthe cells of numerous mammals (bats, humans, minks,
cats, and other domestic and wild animals) 3%

The ability of coronaviruses to evolve at a high rate, illustrated
by extreme phylogenetic diversity, coupled with the dispersion of
new viral variants within an enormous array of wild animal species
that can serve as hosts, portends poorly for the future of coro-
navirus disease emergence. We are already seeing coronavirus
mutants with altered affinity for human ACE2. Whether bat
coronaviruses evolve independently or by “sampling” various
mammalian ACE2 receptors, the result is the same. That bat
sarbecoviruses so easily switch between multiple hosts sug-
gests a many-pronged human risk: directly from bats and in-
directly from other mammals infected by bat viruses. Because we
have only just begun to sample, sequence, and study bat/
mammalian coronaviruses, we can be certain that what we now
know is but the tip of a very large iceberg.

The findings described earlier reaffirm what has long been
obvious: that future coronavirus transmissions into humans
are not only possible, but likely. Scientists knew this years ago
and raised appropriate alarm. Our prolonged deafness now
exacts a tragic price.

The story of COVID-19 emergence sends a powerful mes-
sage. A quantum leap in bat coronavirus surveillance and

research is urgently needed. This work must emphasize viro-
logic and behavioral field studies of humans and animals
whereverthey interface, and especially in disease hotspots, as
well as virologic studies related to human and animal spillover
risks and the means of reducing them.*®

Important research that has languished, been underfunded, or
discontinued should be greatly expanded to deal with the ur-
gency of the situation, and more scientists, including scientists
working in China and other hotspot countries {Figure 2), should
be recruited to these effarts, especially in international research
partnerships. Full, open international collaberation involving
many countries is essential. In particular, field research on the
prevalence and virus-host relationships of coronaviruses, de-
velopment of platform technologies for diagnostics, vaccines,
and animal models for studies of pathogenesis and potential
therapeutics is essential to permit, for example, modeling
structure/function relationships of specific binding domains from
newly identified agents to create critical tools for disease control.

In addition to robust expansion of surveillance and re-
search, there are things that we can do now to lower our risks.
We know much about coronavirus hotspots, not only in China
but also globally; we can more aggressively surveil these lo-
cations to learn more about the local viral ecology and identify
initial human spillover events. We also know much about hu-
man behaviors that directly and indirectly bring us into contact
with bats, including risks from wet markets, bat cave tourism,
capturing and eating bats, and perturbing the environment in
ways that alter bat habitats and habits. These are behaviors
that we can and must change.

We can also strengthen basic public health, including hygiene
and sanitation, sothat emerging viruses do not have afertile field
in which to amplify replication, and we must build and maintain
strong public health infrastructure to respond quickly and effi-
ciently to pathogen emergence. For viruses that have emerged,
such as SARS-CoV-2, we need to develop effective antivirals
and, ideally, broadly protective vaccines. Education and com-
munication with populations where spillover events occur is also
an important component of risk reduction.

We must also realize that the problem is larger than just
coronaviruses. In recent years, we have seen emergences and
reemergences of numerous other human infectious diseases
such as Ebaola fever, Lassa fever, hantavirus pulmaonary syn-
drome, human monkeypox, HIV, dengue, chikungunya, Zika,
and epizootic avian influenza. We have entered a new pan-
demic era,®® one in which epidemic and pandemic emer-
gences are becoming commonplace; some are likely to be
highly pathogenic. In 2020, our science is sufficiently robust to
have agood chance of controlling pandemic viral emergences
within 2-3 years, but dramatically insufficient to prevent and
control their emergences in the first place.

We should begin developing broadly protective vaccines
and broadly therapeutic antiviral/antimicrobial agents against
pathogens within taxonomic groups likely to emerge in the
future, including coronaviruses, henipaviruses, and filoviruses,
among others. Organizations like the Coalition for Epidemic
Preparedness Innovations, among others, should be extended
and strengthened, emphasizing, in addition to vaccine devel-
opment, therapeutics as well as prevention tools. Pandemic
prevention should be a global effort on a par with chemical and
nuclear weapon prevention.

Unless we reset the equation; invest mare in critical and cre-
ative laboratory, field, and behavioral research; and start finding
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ways to prevent these emergences, we will soon see additional
coranavirus pandemics, as well as global spread of other types of
infectious agents not yet imagined, caused by some of the mil-
lions of viruses in the natural world, many of which we have not
yet had the time and funding to identify and study.*”

Understanding how COVID-19 emerged is a critical point on
asteep learning curve we must quickly master. As we face the
mounting deaths and societal upheavals of the COVID-19
pandemic, we must not lose sight of how this pandemic be-
gan, how and why we missed the warning signs, and what we
can do to prevent it from happening again—and again.
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Dear Colleagues:

Further to that letter you published in The L ancet.
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30418-9/fulltext

I am writing to you all again. Apart from our attempt to alert the world in The Lancet and The Australian (early
February, below) all our analyses and predictions on the origin and global spread of COVID-19 are now published
or In Press. We are the only scientific analysts and pundits who have got it right from the Get-go: our explanation
is consistent with all the genetic, immunologic, epidemiologic, geophysical, astrophysical and astrobiological data
and observations — the principles and key turning point analyses were largely assembled earlier ( 40 years ago) hy
Sir Fred Hoyle and Professor N Chandra Wickramasinghe, and now updated here by Professor Chandra
Wickramasinghe (in his 81 st year) and his active colleagues for the COVID-19 pandemic ( see URLs to recent
comprehensive reviews at end of list below) .

Their 1979 book “Diseases from Space” is obligatory reading, a scientific masterpiece written for the general
intelligent reader — both Fred and Chandra should have been awarded the Nobel years ago, but human frailty,
clay feet, jealously, envy and cowardice made sure that did not happen.

Yours sincerely

Ted Steele
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FeoHealth Alliance orchestrated key scientists’ statement on “natural origin” of SARS-Col’-2



hitps://www. gmwatch org/en/mews/latest-news/19600

"The emails obtained via public records requests show that EcoHealth Alliance President Peter
Daszak drafted the Lancet statement, and that he intended it to “not be identifiable as coming
from any one organization or person’ but rather to be seen as “simply a letter from leading
scientists”. Daszak wrote that he wanted “to avoid the appearance of a political statement™."

We know exactly how SARS-CoV-2 originated.

Root cause of COVID-19? Biotechnology's dirty secret. Contamination. Bioinformatics
evidence demonstrates that SARS-Col’-2 was created in a laboratory, unlikely to be a
bioweapon but most likely a result of sloppy experiments

https://doi.ore/10.5281/zenodo.3766462

Coronavirus may have been a ‘cell-culture experiment' gone wrong
https://www skynews.com.aw/details/ 6158843835001
SARS-CoV-2 is well adapted for humans. What does this mean for re-emergence?

https://www.biorxiv.org/content/10.1101/2020.05.01.073262v 1

It grew on human embryonic kidney cells in a Wuhan lab. Is it a surprise that it is well adapted
for humans?

Thanks,

Vinu



From: Saif, Linda

To: Peter Daszak
Subject: Re: CGTN World Insight Interview Invite: Conspiracy Theories of COVID-19, Feb. 26, 27
Date: Tuesday, February 25, 2020 6:58:45 PM

Dr Wang said Chinese government has said this!

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: Peter Daszak <daszak@ecohealthalliance.org>

Date: Tuesday, February 25, 2020 at 6:53 PM

To: Linda Saif <saif.2@osu.edu>

Subject: RE: CGTN World Insight Interview Invite: Conspiracy Theories of COVID-19, Feb. 26,
27

Not heard of that anywhere, even in China. It's BSL-3 here and likewise prob in China | believe.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

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

T
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: Saif, Linda [mailto:saif.2@osu.edu]

Sent: Tuesday, February 25, 2020 11:50 AM

To: Peter Daszak

Subject: Re: CGTN World Insight Interview Invite: Conspiracy Theories of COVID-19, Feb. 26, 27

Thanks. Do you know anything about efforts to classify SARS-CoV-2 as BSL4 or is this only in
China?

Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: Peter Daszak <daszak@ecohealthalliance.org>

Date: Monday, February 24, 2020 at 11:32 PM

To: Linda Saif <saif.2@osu.edu>

Subject: RE: CGTN World Insight Interview Invite: Conspiracy Theories of COVID-19, Feb. 26,
27

I've been on CGTN afew times and they're good. They're state run, of course, but so is every news
outlet in mainland China. To me they're a bit like Al Jazeera— an attempt to be an outwardly normal

media company, but with a subtle pro-China stance.

If you're willing, it's great publicity.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance



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

rel -

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: Saif, Linda [ mailto:saif.2@osu.edu]

Sent: Monday, February 24, 2020 5:31 PM

To: Peter Daszak

Subject: FW: CGTN World Insight Interview Invite: Conspiracy Theories of COVID-19, Feb. 26, 27

Here is latest request for interview. This is state owned media station, so not sure if should
follow through with interview.

What are your thoughts?

Thanks

Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: €& <cui.ruofan@cgtn.com=>

Date: Sunday, February 23, 2020 at 9:41 PM

To: Linda Saif <saif.2@osu.edu>

Subject: CGTN World Insight Interview Invite: Conspiracy Theories of COVID-19, Feb. 26, 27

Dear Professor Saif,

Hope this mail finds you well.

This is Ruofan with CGTN World Insight on China's state English broadecaster: China Global Television Networlk
(CGTN). CGTN was formerly the English channel of China Central Television (CCTV). Our show is a current
affairs commentary program; we invited experts across the globe to discuss 1ssues related to China and beyond.

I noticed you signed on the statement published on the Lancet to stand to condemn conspiracy theories suggesting
that Covid-19 does not have a natural origin, so hope we could have a chance to mvite you to join our show and help
us analyze more on this pneumaonia.



We plan to do an interview focusing on the conspiracy theory on the Covid-19, why the rumor spreads so fast, why
people choose to believe in 1t, why we still know very little on this coronavirus? Can we see the turmng point in a
short time? As more people out of China are getting infected, how should we control the severe situation?

We could arrange to do the mterview on Wednesday and Thursday base on your schedule. Better be on Wednesday
or Thursday everung 9:00 pm to 9:30 pm.

We could help to book local studio.
Hope to hear back from you.

Take care!

Ms. Cui Ruofan

Producer, World Insight, CGTN
+86 136 0127 7871

CCTV Headquarters: 32 East 3rd Ring Road Middle, Chaoyang, Beijing, China



From: calisher@cybersafe. net
To: Charles Calisher@colostate.edu; bushschoolscowcroft@amu.edu; rcolwell@umd edy; heordey@bu.edu;
christian.drosten@charite.de; L Enjuanes@cnb.csices:

Cc: "Jane Hilton"; "Equitech"”
Subject: RE: Origin Coronavirus COVID-19
Date: Thursday, February 20, 2020 12:43:27 PM

There’s a meteorite circling my house right now. Should | be concerned?

Charlie

From: Ted Steele <e.j.steele@bigpond.com>

Sent: Thursday, February 20, 2020 2:58 AM

To: Charles.Calisher@colostate.edu; bushschoolscowcroft@tamu.edu; rcolwell@umd.edu;
rbcorley@bu.edu; daszak@ecohealthalliance.org; christian.drosten@charite.de;
L.Enjuanes@cnb.csic.es; a.e.gorbalenya@lumc.nl; b.haagmans@erasmusmec.nl;
jmhughe@emory.edu; karesh@ecohealthalliance.org; keusch@bu.edu; lamsk@nipahvirus.org;
Juan.Lubroth@fac.org; J.Mackenzie@curtin.edu.au; Lawrence.Madoff@umassmemorial.org;
jkmazet@ucdavis.edu; peter.palese@mssm.edu; stanley-perlman@uiowa.edu; lImpoon@hku.hk;
bernard.roizman@bsd.uchicago.edu; saif. 2@osu.edu; kanta.subbarao@influenzacentre.org
Cc: Jane Hilton <janewilsonhilton@gmail.com>; Equitech <equitech@bigpond.com>

Subject: Origin Coronavirus COVID-19

Dear Colleagues:

We understand why you had to write and sign that letter in this week's The
Lancet.
https://www.thelancet.com/journals/lancet/article/P1IS0140-6736(20)30418-

9/fulltext

The conspiracy theory that COVID-19 is a bioweapon that has been released
from Wuhan bioweapons facility c. f. Senator Tom Cotton, is highly implausible.

However we also feel a special responsibility to make contact with biomedical
scientists such as yourselves. COVID-19 is the biggest story on the planet right
now- knowing how it may have plausibly arisen gives insight into its spread and
then decline, and how it should be managed rationally. e.g. those older
passengers on the cruise ships ( the vulnerable sub-group) should have been
advised to not make hand contact with the deck railings outside the sea-side



cabin).

We are experts in the analysis of the origins of sudden emerging diseases just
like COVID-19 - and how they also precipitously decline and fade away. Several
of us are biomedical immunaologists and immunogeneticists. Our explanation
handles all the genetic, immunologic, epidemiologic, geophysical and
astrophysical (astrobiologic) data surrounding this suddenly emerging COVID-
19 mediated disease.

| am sure you will understand our analysis-—— we agree it did not come from a
Wuhan bio-weapons lab { Why would the Chinese Defence Dept design a low
mutation rate, low person-to-person transmitting virus, that only kills older
already co-morbid susceptible patients?).

As the key correspondent with you | am a fairly well known senior Australian
scientist and immunologist, of 50 years standing. | am widely published in the
peer-reviewed scientific literature (Check out EJ Steele on PubMed).

My colleagues ,Professor Chandra Wickramasinghe (University of Buckingham,
UK) is the world expert on sudden disease emergence like this. Together with
Professor Reginald Gorczynski MD PhD { clinical immunology scientist and
basic researcher,University of Toronto, Canada) we, and our other expert co-
authors have analysed all the genetic, immunologic, epidemiological,
geophysical and astrophysical data surrounding the origins and spread of this
newly emergent Coronavirus. It follows a pattern all too familiar to us { check
out our analyses at the URL links)- sudden emergence, then massive induced
herd immunity, then sudden decline- this is unfolding right now with COVID-19.

It did not come from animals, it did not come from the Wuhan research facility
- all our scientific analysis (in URL links below) indicate it has most plausibly
come from a meteorite which burst over central China on the night of October
11 2019. Over the next month the fall-out , much like from an upper
atmosphere nuclear test, settled mainly in the central Chinese city of Wuhan
and its surrounds. But this fall-out is an infective replicating virus not
radioactivity.



The whole central China /Wuhan region and Hubei province has, in our view,
been physically contaminated with reasonably high concentrations of COVID-19
virus particles (that replicate in susceptible hosts on landing). As you know it
causes a rather mild common cold in humans, and only causes severe
pneumonia in older vulnerable , co-morbid, patients. The death rate is low. The
mutation rate is low. The actual "cough in your face" human-human
transmission is low. It is spread by environmental contamination - that is the
key to understanding this virus e.g. we believe that at least two cruise shipsin
the South China Sea/Sea of Japan have been heavily contaminated by this
drifting virus fall out dust cloud.

But the panic and hysteria is high- and the ham-fisted and secretive way the
Communist Chinese government has behaved has made it even worse. But the
Communist Government is acting rationally in trying to disinfect and lock down
almost 500 million citizens in Central China ( e.g. images of Chinese men in
moon suites with disinfectant spray guns spraying down machinery, road ways,
etc). Xi and the Communist Party of China knew of the widespread physical
contamination, | am certain, by early January- it was a rational decision by Xi to
lock down the region. We believe the viral dust cloud hit the Diamond
Princess cruise ship ( and the Dutch Westerdam cruise ship ), and is these ships
are now heavily contaminated. (Cruise ships in the Atlantic and Mediterranean
sea are not reporting this ship wide phenomenon). In our view a fragment of
the viral dust cloud ( or even the same one) made spot in-falls over Japan- all
these COVID-19 cases in Japan with NO links to China are factual evidence in
favour of our explanation.

"None of Japan's new coronavirus patients had direct China links - Nikkei Asian
Review"

https://asia.nikkei.com/Spotlight/Coronavirus/None-of-Japan-s-new-

coronavirus-patients-had-direct-China-links

But there is much other evidence consistent with our explanation, and
predictions for the future course of the COVID-19 pandemic.

| know many of you will understand the logic our scientific analysis, that is why |



am making contact, as you are all scholars, scientists and analysts who react to
hard data. At the URLs click to read the PDF articles of our detailed scientific
analyses of this epidemic, now clearly a pandemic at :

Origin of New Emergent Coronavirus and Candida Fungal Disease—
Terrestrial or Cosmic?- posted 17.2.20-Chapter 6 for “Cosmic Genetic
Evolution”

Authors: Edward J. Steele, Jiangwen Qu, N. Chandra Wickramasinghe, Reginald
M. Gorczynski, Gensuke Tokoro, Robert Temple, Robyn A. Lindley.
http://viXra.org/abs/2002.0310

Category: Physics of Biology

Article submitted to The Australian 6.2.20, updated 9.2.20
The Coronavirus May Have Come From Space

Authors: N. Chandra Wickramasinghe, Edward J Steele
https://vixra.org/abs/2002.0118
http://viXra.org/abs/2002.0118?ref=11085574

Category: Physics of Biology

Letter to The Lancet at:

viXra:2002.0039 submitted on 2020-02-03 17:33:22
hitp://viXra.org/abs/2002.00357ref=11076818

Comment on the Origin of the 2019 Novel Coronavirus

Authors: Edward J. Steele, N. Chandra Wickramasinghe, Jiangwen Qu, Robert
Temple, Gensuke Tokoro, Reginald M. Gorczynski

Category: Physics of Biology

We are happy to be advisors and discuss this further if any of you make contact
with us.

Thank you and kind regards. We are genuinely sincere in wanting to
communicate the most plausible explanation of the causes of this COVID-19
pandemic

Ted Steele



NB: Some of the letter co-signers did not have an easily recoverable email e.g,
Hume Field, Uni QLD; and those with Welcome Trust (Jeremy Farrar, Josie
Golding, Mike Turner) . Could those of you who are concerned please forward
this email to them.

Edward J Steele PhD

Member: AIMS,ASI,ASCIA

Life Fellow, CYO Foundation, Piara Waters, 6112
Perth, AUSTRALIA

Email: gjsteele@cyo.edu.au

/i : IE .

Edward J Steele PhD

Member: AIMS,ASI, ASCIA

Immunomics (ABN 68 385 770 045)
Unit 14, 35A Grandview Grove,

Prahran, 3181, Melbourne, ¥IC Australia

email: e.j.steele@bigpond.com



From: Madoff, |awrence

To: - R B: William B, K - a ; e cal a
Cc: bushschoolscowcroft@tamu.edu; roohwell@umd.edu; Peter Daszak; christian.drosten@charite.de;

L.Enjuanes@cnb.csic.es; a.e.gorbalenya@lume.nl: b.haagmans@erasmusme.nl; JMHUGHE@emory.edu; Keusch
Gerald T; lamsk@nipahvirus.org; Juan Lubroth; John MacKenzie; Jonna Mazet; peter.palese@mssm.edu; stanley-
perdman@uiowa.edu; llmpoon@hku.hk; bernard.mizman@bsd.uchicago.edu; Saif, Linda;
kanta.subbarao@influenzacentre.org; Jane Hilton; Eguitech

Subject: Re: Origin Coronavirus COVID-19

Date: Thursday, February 20, 2020 4:04:30 PM

| had to check the calendar to see if it was April 1st.
Larry

From: Corley, Ronald B <rbcorley@bu.edu>

Sent: Thursday, February 20, 2020 1:.07 PM

To: William B. Karesh; calisher@cybersafe.net; Charles.Calisher@colostate.edu

Cc: bushschoolscowcroft@tamu.edu; rcolwell@umd.edu; Peter Daszak;
christian.drosten@charite.de; L.Enjuanes @cnb.csic.es; a.e.gorbalenya@lumec.nl;
b.haagmans@erasmusmec.nl; JIMHUGHE@emory.edu; Keusch, Gerald T; lamsk@nipahvirus.org; Juan
Lubroth; John MacKenzie; Madoff, Lawrence; Jonna Mazet; peter.palese@mssm.edu; stanley-
periman@uiowa.edu; lImpoon@hku.hk; bernard.roizman@hbsd.uchicago.edu; saif.2@osu.edu;
kanta.subbarao@influenzacentre.org; Jane Hilton; Equitech

Subject: Re: Origin Coronavirus COVID-19

This is rich — thank you!

Ron

From: "William B. Karesh" <karesh@ecohealthalliance.org>

Date: Thursday, February 20, 2020 at 12:58

To: "calisher@cybersafe.net" <calisher@cybersafe.net> "Charles.Calisher@colostate.edu”
<Charles.Calisher@colostate.edu>

Cc: "bushschoolscowcroft@tamu.edu" <bushschoolscoweroft@tamu.edus,
"rcolwell@umd.edu" <rcolwell@umd.edu>, RBC Office <rbcorley@bu.edu>, Peter Daszak
<daszak@ecohealthalliance.org>, "christian.drosten@charite.de"
<christian.drosten@charite.de>, "L.Enjuanes@cnb.csic.es" <L.Enjuanes@cnb.csic.es>,
"a.e.gorbalenya@lumec.nl" <a.e.gorbalenya@Ilumc.nl>, "b.haagmans@erasmusmc.nl"
<b.haagmans@erasmusmec.nl> "JIMHUGHE@emory.edu" <jmhughe@emory.edu>, Gerald
Keusch <keusch@bu.edu>, "lamsk@nipahvirus.org" <lamsk@nipahvirus.org>, Juan Lubroth
<Juan.Lubroth@fao.org>, John MacKenzie <J.Mackenzie@curtin.edu.au>,
"Lawrence.Madoff @umassmemorial.org" <Lawrence.Madoff@ umassmemorial.org>, Jonna
Mazet <jkmazet@ucdavis.edu>, "peter.palese@mssm.edu" <peter.palese@ mssm.edu>,
"stanley-perlman@ uiowa.edu" <stanley-perlman@uiowa.edu>, "llmpoon@ hku.hk"
<llmpoon@hku.hk>, "bernard.roizman@bsd.uchicago.edu"

<bernard.roizman@bsd.uchicago.edu>, "saif. 2@osu.edu" <saif.2@osu.edu>,



"kanta.subbarao@influenzacentre.org" <kanta.subbarao@influenzacentre.org>, Jane Hilton
<janewilsonhilton@gmail.com>, Equitech <equitech@bigpond.com=>
Subject: Re: Origin Coronavirus COVID-19

Same hypothesis as SARS from the same person!l, and my alternative hypothesis at the time (2003).
see attached from an old presentation | used to use.

Billy

William B. Karesh, D.V.M
Executive Vice President for Health and Policy

EcoHealth Alliance
460 West 34th Street - 17th Floor
New York, NY 10001 USA

The information transmitted is intended only for the person or entity to which it is addressed
and may contain confidential and/or privileged material. Any review, transmission, re-
transmission, dissemination or other use of, or taking of any action in reliance upon this
information by persons or entities other than the intended recipient is prohibited. If you
received this in error, please contact the sender and delete the material from any computer.



From: Saif, Linda

To: Peter Daszak

Subject: Re: Revised commentary for EMI - final!
Date: Tuesday, February 18, 2020 8:46:50 AM
Attachments: image001.png

Hi Peter,

Once again thanks for tackling this. Glad to see this group has reversed its conclusions once
the actual data was analyzed and interpreted on a factual basis!

Hope this too gets to the “Grey House”.

Thanks,

Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: Peter Daszak <daszak@ecohealthalliance.org>
Date: Tuesday, February 18, 2020 at 12:27 AM

To: Linda Saif <saif.2@osu.edu>

Subject: RE: Revised commentary for EMI - finall

Definitely — already cited it. It's in review for Nature. Unfortunately this is the exact same group

that elevated the potential that this was a lab release all the way to the White House two weeks ago,
and helped fuel some of the conspiracy theorists.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

460 West 347" Street — 17" Floor



New York, NY 10001

rel. -

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: Saif, Linda [ mailto:saif.2@osu.edu]

Sent: Monday, February 17, 2020 9:28 PM

To: Peter Daszak

Subject: Fwd: Revised commentary for EMI - final!

Hi Peter

Highly relevant posting. Could we still cite it on our statement?
Thanks for funding ideas!

Regards

Linda

Sent from my iPhone

Begin forwarded message:

From: "Liu, Shan-Lu" <liu.6244@osu.edu>

Date: February 17, 2020 at 6:12:34 FM EST

To: "Saif, Linda" <saif.2@osu.edu>, "Su, Lishan" <lishan_su@med.unc.edu>, "Lu,
Shan" <Shan.Lu@umassmed.edu>, "Weiss, Susan"

<weisssr@ pennmedicine.upenn.edu>

Subject: Re: Revised commentary for EMI - final!

See a very relevant online posting:

The Proximal Origin of SARS-CoV-2

hitp://virolodgical.org/t/the-proximal-origin-of-sars-cov-2/398

Shan-Lu



From: "Saif, Linda" <saif.2@osu.edu>

Date: Sunday, February 16, 2020 at 7:20 PM

To: "Su, Lishan" <lishan_su@med.unc.edu>, "Lu, Shan"
<Shan.Lu@umassmed.edu>, Shan-Lu Liu <liu.6244@osu.edu>, "Weiss, Susan"
<weisssr@ pennmedicine.upenn.edu>

Subject: Re: Revised commentary for EMI - finall

Attached

Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: "Su, Lishan" <lishan su@med.unc.edu>
Date: Sunday, February 16, 2020 3:14 PM
To: "Lu, Shan" <Shan.lu@umassmed.edu>, "Liu, Shan-Lu" <|iu.6244@ osu. edu>,

Linda Saif <saif.2@osu.edu>, "Weiss, Susan"

<wejsssr@pennmedicine.upenn.edu>

Subject: Re: Revised commentary for EMI - finall

See a typo in the title, and the last sentence as we had discussed.
Thanks,

-Lishan

From: "Lu, Shan" <Shan.lu@®@umassmed.edu>

Date: Sunday, February 16, 2020 at 1:55 PM

To: "Liu, Shan-Lu" <Jiu.6244@osuy.edu>, "Su, Lishan" <lishan su@med.unc.edu>,
"Saif, Linda" <saif.2@osu.edu>, "Weiss, Susan"

<weisssr@ pennmedicine.upenn.edu>
Subject: RE: Revised commentary for EMI - finall

Good to me.

From: Liu, Shan-Lu <|iu.6244@osu.edu>>
Sent: Sunday, February 16, 2020 1:45 PM
To: Su, Lishan <lishan su@med.unc.edu>: Saif, Linda <saif 2@ osu.edu>: Weiss, Susan

<WEeisssr ennmedicine.upenn.edu>

Cc: Lu, Shan <Shan.lu@umassmed.edu>




Subject: Revised commentary for EMI - finall

Flease look at this new version, sormy!

Shan-Lu

0 THE OHIo STATE UNIVERSITY

Shan-Lu Liu, M D PhD.

Professzor

Co-Director, Viruses and Emerging Pathogens Program
Infectious Diseases Institute

Center for BEetrovirus Eesearch

Departments of Veterinary Biosciences, Microbial Infection and Immunity, and
Microbiology

The Chio State Thaversity

1900 Coffey BEd, Eoom 480 VAR

Columbus, Ohio 43210

Phone: (614) 292-8620

Fax: (614) 2526473

Emal: liu 6244@osu edu; shan-lu lin@osume edu

From: Shan-Lu Liu <l 4@ =

Date: Sunday, February 16, 2020 at 1:38 P

To: "Su, Lishan" <lishan_su@ edu>, "Saif, Linda" <saif 7@ osu edus,
"Weiss, Susan” <weisssr@pennmedicing upenn.edu>

Cc: "Lu, Shan" <Shan lu@umassmed edu>

Subject: Revised commentary for ERI

Dear All,

Following some discussions in the weekend, | had made a change in the
title, and also added a sentence to the end of commentary — the latter is
based on the concemns of lab safety for this new virus and also other
Yiruses previously.

Let me know what v ou think.

Shan-Lu

0 THE OHIO STATE UKIVERSITY

Shan-Lu Liu, MD ., Ph.D.

Professor

Co-Director, Viruses and Emerging Pathogens Program
Infectious Diseases Institute



Center for Retrovirus Research

Departments of Veterinary Biosciences, Microbial Infection and Immunity, and
Microbiology

The Ohio State University

1900 Coffey Rd, Room 480 VMAB

Columbus, Ohio 43210

Phone: (614) 292-8690

Fax: (614) 292-6473

Email: lin.6244@osu.edu; shan-lu lin@osume.edu



From: Saif, Linda

To: Peter Daszak

Subject: FW: SARS reagents

Date: Sunday, April 12, 2020 3:47:29 PM
Hi Peter,

Below is the list of reagents most urgently needed.

Thanks for any help you can give us to procure these as rapidly as possible to undertake our
BSL3 SARS CoV-2 research!
Regards,

Linda

Linda J. Saif, PhD
Distinguished University Professor

Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: "Wang, Qiuhong" <wang.655®@osu.edu>
Date: Sunday, April 12, 2020 2:06 PM

To: Linda Saif <saif 2@ osu.edu>, Anastasia Vlasova <ylasova. l@osu.edu>
Subject: RE: SARS reagents

| suggest that we also request the hyperimmune sera to SARS-CoV-2 nonstructural and structural

proteins, respectively, for IHC and IFA assays.

So, the list of reagents are below:

1.

0= e wN

SARS-CoV-2 5-pseudovirus;

Hyperimmune sera to SARS-CoV-2 nonstructural and structural proteins, respectively;
Human antiserum to SARS-CoV-2;

Human antiserum to SARS-CoV;

Human antiserum to MERS-CoV;

Human antiserum to HCoV-0C43;

Human antiserum to HCoV-HKUZ1;

Human antiserum to HCoV-229E;

Human antiserum to HCoV-NLE3;

Thanks,
Qiuhong

From: Saif, Linda <saif. 2@osu.edu>
Sent: Sunday, April 12,2020 12:51 PM

To: Wang, Qiuhong <wang.655@osu.edu>; Vlasova, Anastasia <vlasova.l @osu.edu>
Subject: Re: SARS reagents



From: Linda Saif <saif. 2@ osu.edu>

Date: Saturday, April 11, 2020 at 1.51 PM

To: "Wang, Qiuhong" <wang.655@osu.edu>, Anastasia Vlasova <vlasova.l@osu.edu>
Subject: FW: SARS reagents

Hi

Maybe opportunity for us.

Please send me the list to forward. Lets also include S pseudotype virus and the Human CoVs and
antiseral

Linda

Linda J. Saif, PhD

Distinguished University Professor

Food Animal Health Research Program

OARDC/The Ohio State University

1680 Madison Ave

Wooster, Oh 44691

From: Peter Daszak <daszak@ecohealthalliance.org>
Date: Saturday, April 11, 2020 1:19 PM

To: Linda Saif <saif. 2@ osu.edu>
Cc: Alison Andre <andre@ecohealthalliance.org>, Aleksei Chmura <chmura@ecohealthalliance.org>

Subject: RE: nature news request
Hi Linda,

Delayed response, but I'm particularly bad for that at the moment.

| think Ralph will know best how to get access to reagents, but the NIH CoV Pl call that I'm on every
week with NIH/NIAID is a good place to start.

Can you send me a new email with a bulleted list of the reagents you need right now and I'll forward
it to the group, cc’'d to you. We'll get a good response | think. Ralph is part of that group, and it’s
headed up by Erik Stemmy (the program officer for my CoV RO1) and includes the CEIRS group
(Centers of Excellence for Influenza Research).

Cheers,



Peter

Peter Daszak
President

EcoHealth Alliance

460 West 34T Street
New York, NY 10001
USA

rel.. S

Website: www.ecohealthalliance.org
Twitter: @PeterDaszak

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation

From: Saif, Linda <saif 2Z@osu.edy>

Sent: Friday, February 28, 2020 10:23 PM

To: Peter Daszak <daszak@ecohealthalliance.org>
Subject: Re: nature news request

Importance: High

HI Peter,

Thanks foryour reply! | appreciate your perspectives. We have also contacted Ralph about his CoV
RO1 so we need to see where our research will fit best and is most feasible. We will stay in touch
about this and | appreciate your offer to help.

However it is not just for Agriculture to see if pigs are susceptible, but if they are, because they
better resemble humans in physiology, metabolism and immunity than rodent models, they could be
a better model to test vaccines and antivirals for COVID-19. A major component of my research has
been using the pig as a model for human rotavirus vaccines since they are susceptible to disease and
infection with human rotaviruses and | have long term NIH support for this research using a pig
disease model (also for human noroviruses testing for antivrials!).

Do you know any source for the SARS-CoV-2 reagents | indicated below?

Thanks again for getting back to me so promptly and your willingness to consider our proposal.
Regards,
Linda

Linda J. Saif, PhD
Distinguished University Professor
Food Animal Health Research Program



OARDC/The Ohio State University
1680 Madison Ave
Wooster, Oh 44691

From: Peter Daszak <daszak@ecohealthalliance.org>

Date: Friday, February 28, 2020 7:04 PM

To: Linda Saif <gsaif 2@ osu.edu>

Cc: Aleksei Chmura <chmura@ecohealthalliance.org>, Hongying Li <li@ecohealthalliance.org>
Subject: RE: nature news request

Hi Linda...responses below...

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

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

rel -

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: Saif, Linda [mailto:saif.2@osu.edu]
Sent: Friday, February 28, 2020 6:19 PM

To: Peter Daszak
Subject: Re: nature news request

Hi Peter,
| would be very cautious to imply anything about pigs without any scientific proof. This could cause a
major public panic in the face of what likely will be a major outbreak in the US soon and have a



drastic effect on the swine industry and pork in the US and worldwide—like what happened during
the concern over influenza spilling over from chickens, when the consumption of poultry
plummeted!

[Peter Daszak] Good point and something | normally don’t have to think about with our work, but |
totally agree. My point to the reporter was that there are other possible pathways than the
pangolin, but | think | should probably just say to him that this is a hypothesis with no data other
than the ACE2 info. The other people making this point and hypothesis are on the WHO outbreak
team, who have commented on the mixed farms that are across China (wildlife farming and
pig/poultry farming in the same site).

In all the wildlife markets that | visited in China, | never saw any pigs, but | am sure you would know
more about this. Are pigs sold in the wildlife or wet markets? Also my Chinese colleagues have
mentioned that the availability of pigs in China is drastically reduced because of ASFV and so many
pigs were slaughtered.

[Peter Daszak] except that in many markets they sell mixed livestock and wildlife and | have
information that the Huanan Seafood market did sell pork and poultry. In any case, my hypothesis is
that pigs may have been infected in afarm and then the virus transferred to the market via infected
pigs coming in to slaughter.

Because | do have a great concern about this, Dr Wang and | are trying very hard to find funding and
to get the SARS-CoV-2 and inoculate it into pigs in our BSL3 Ag facility for large animals. We also
have to fill in tons of forms and it is not clearyet if SARS CoV 2 will be a select agent. The only NIH
funding | have seen for COVID-19 is only as supplements to those Pls with an existing NIAID RO1
working on CoV which makes it impossible for others outside of this to get funds to work on COVID-
18! This is why | asked about your NIH grant. | will also need to develop our own ELISA to detect
antibodies in swine specific for SARS-CoV-2, so if you know where | can get cDNA clones for the
SARS-CoV-2 spike and N protein, and positive SARS-CoV-2 Ab controls, please let me know as quickly
as possible because | can work on this immediately.

[Peter Daszak] | agree —we could putin asupplement to do this, using my grant as the parent. I'm
putting in my own supplement, but there’s no problem with doing more than one. I’'m absolutely
fine to do this and we should probably talk with Erik Stemmy (my program officer) if you'd like to go
ahead. {cc’ing Alekseiand Hongying so they are awarel)

| noted that CDC in their advisories for the public, mentioned that anyone with pets should not be
indirect contact with them if the person gets sick with COVID-19—1 agree with this! | think a greater
concern is that humans may infect pets, such as cats with related ACE2 receptor (or pigs) and then
we will have new animal reservoirs if virus is infectious for pets! This is why | think it is so urgent to
set up ELISAs to detect Abs in animals including cats!

[Peter Daszak] And today there is a news item about a positive dog. Unclearyet if it's just picked up
virus around the snout from close contact or if it's infected and infectious. The news item is here:
https://www.scmp.com/news/hong-kong/health-environment/article/3052874/coronavirus-no-

(Note that it's a Pomeranian, and particularly cute!)

[ would love to hear your perspective on all this and any advise about funding sources and the



reagents (| am checking BEIl resources since | deposited all our animal CoV strains and Abs with them
after SARS)!

Sorry for such a long reply!

[Peter Daszak] great to get a long reply — I'm so sick of single sentence emails now because
everyone’s so busy!l Let’s plan to call my Program Officer next week to see what's possible and if
it's possible I’d be very happy to help out. He's suggesting that supplementary proposals are not too
expensive (not the same as an RO1). Reading between the lines | expect a budget of $150-200K
direct would be what they’d fund. But he might say they can’t fund this because it's work aimed at
agriculture, so let’s talk first, then speak with him...

Regards,
Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Chio State University
1680 Madison Ave

Wooster, Oh 44691

From: Peter Daszak <daszak@ecchealthalliance.org>

Date: Friday, February 28, 2020 4:58 PM

To: Smriti Mallapaty <gmriti.mallapaty@nature.com>

Cc: Alison Andre <andre@ecohealthalliance.org>, Aleksei Chmura <chmura@ecohealthalliance.org>,
Robert Kessler <kessler@ecohealthalliance.org>, Linda Saif <saif.2@osu.eduz

Subject: RE: nature news request

Hi Linda,

I'm introducing you to a reporter from Nature who is doing a story on the animal origins of SARS-
CoV-2. | mentioned that the pangolin link is likely spurious, i.e. that it's unlikely they were an
amplifier of infection at the Wuhan market because they are so rare in the wildlife trade as live
animals {mainly dried scales sold for medicine). | also mentioned that one concern is other
mammals, e.g. farmed wildlife or pigs could be a potential intermediate or amplifying host because
the ACE2 receptors seem able to bind the virus spike protein and because these are a very common
animal in and around wildlife and other markets in Wuhan.

Would you be able to comment on this to her? I've cc’d her above and told her you'd be a good
independent voice to give an opinion of the possibility that pigs could have played a part.



Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

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

rel. S
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: Smriti Mallapaty [mailto:smriti.mallapaty @nature.com]
Sent: Friday, February 28, 2020 3:25 AM

To: Peter Daszak
Cc: Alison Andre; Aleksei Chmura; Robert Kessler
Subject: RE: nature news request

Dear Peter,

Just to follow up on this — do you know anyone who is seriously investigating this hypothesis? |
would be interested in hearing more on this if any further research developments emerge.

Kind regards,
Smriti

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Tuesday, 25 February 2020 4:26 AM

To: Smriti Mallapaty <gmriti.mallapaty@nature.com>

Cc: Alison Andre <andre@ecohealthalliance.org>; Aleksei Chmura <chmura@ecohealthalliance.org>;

Robert Kessler <kessler@ecohealthalliance.org>

Subject: RE: nature news request

Hi Smriti,



The pig i

Cheers,

Peter

dea is based on:

sequence analysis that shows the pig ACE2 receptor can likely bind with SARS-CoV-2,
meaning it could likely infect pigs.

Live pangolins are extremely rare in markets, so are unlikely to have played a significant role
in transmission. Pangolin scales (dried, and therefore unlikely to be able to transmit virus)
are normally sold.

We still don’t know the history of the pangolins that had the CoV with genetic elements
close to SARS-CoV-2, and it’s possible they were infected during transit from another
intermediate host

One plausible scenario is that there are farms with the virus circulating in a receptive
mammal (e.g. a pig) in rural SW or Central China, and that these animals were taken to the
wet markets, slaughtered and butchered, enhancing the transmission of the CoV into
people.

Peter Daszak
President

EcoHealth Alliance

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

rel. -

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: Smriti Mallapaty [ mailto:smriti.mallapaty @nature.com]
Sent: Saturday, February 22, 2020 8:25 PM

To: Pete

r Daszak

Cc: Alison Andre; Aleksei Chmura; Robert Kessler

Subject

: RE: nature news request



Dear Peter,

| just noticed something inyour response and wanted to ask you about it. At the moment,
researchers have suggested that pangolins might have been a potential source of the virus spreading
to humans. You mentioned pigs. Is there a growing body of research that suggests, or a group of
researchers that believe, that it isn’t pangolins, but instead pigs?

Thank you,
Smriti

From: Smriti Mallapaty
Sent: Tuesday, 18 February 2020 4:36 PM
To: Peter Daszak <daszak@ecohealthalliance.org>

Cc: Alison Andre <andre@ecohealthalliance.org>: Aleksei Chmura <chmura@ecohealthalliance.org>:

Robert Kessler <kessler@ecohealthalliance.org>

Subject: Re: nature news request

Thank you again Peter, | just have some follow up questions below from your comments.

Thanks again, and sorry for all the questions!

Kind regards,

Smriti

From: Peter Daszak <daszak@ecohealthalliance.org>
Sent: Tuesday, February 18, 2020 4:23 PM

To: Smriti Mallapaty

Cc: Alison Andre; Aleksei Chmura; Robert Kessler

Subject: RE: nature news request

No problem —some answers to your questions below...

Cheers,

Peter



Peter Daszak
President

EcoHealth Alliance

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

e, I
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: Smriti Mallapaty [

Sent: Monday, February 17, 2020 10:42 PM

To: Peter Daszak

Cc: Alison Andre; Aleksei Chmura; Robert Kessler
Subject: RE: nature news request

Dear Peter,

Thank you for your quick response. Can | also ask another question about the infectiousness of the
virus?

How does this study help to explain the infectiousness of the virus?

[Peter Daszak] The identification of potential binding sites in the Receptor Binding Domain of the
Spike Protein of the virus suggests that it has enhanced ability to bind to human ACE2 (cell surface
receptor protein) relative to the nearest known bat-CoV relative. The binding pattern that this virus
gene encodes is different to SARS-CoV suggesting it evolved separately (and there may be other
hinding patterns in other viruses in bats not yet worked out). The ability to efficiently bind ACE2 may
explain some of this viruses’ capacity to undergo human-to-human transmission (i.e. infectivity), and
other aspects of the illness may also help (respiratory infection that causes a lot of mucus, sneezing,
etc. assists in other viral infections).

--Could you please elaborate on this point of other aspects of the illness that help to explain how
infectious the virus is?

--Have you seen any other studies pointing to what might make this coronavirus so infectious?
--How would you assess the infectiousness of this virus compared to other viruses? One researcher |
spoke to said that the cases on the cruise ship suggest that it is very infectious.

What is the significance of the virus acquiring a polybasic cleavage site?
[Peter Daszak] Unfortunately, we don’t have detailed analyses of SARS-CoV-2 and related viruses in



cell culture or animal models, so we're left with a bit of a gap and the authors rightfully say that the
significant is not yet known. However, in avian flu, there are low-pathogenicity and high-
pathogenicity strains. The high-path strains are extremely lethal to poultry and have caused high
mortality in the low numbers of people infected. One of the key differences between them is that
the low path strains don’t have the polybasic cleavage site and sequential evolution of the cleavage
site leads to enhanced proteolytic activity and higher pathogenicity. The low path strains are only
able to infect cell types that have lots of trypsin (which is proteolytic) mainly in respiratory cells and
Gl tract, but the high path Al strains can affect many different organs. The point is that if this has
happened with SARS-CoV-2, it might explain why it acquired an ability to be lethal in people and
affect them throughout the lungs. There is some evidence to back this up —when a cleavage site is
engineered into SARS-CoV it enhances cell-cell fusion (but not viral entry).

And the two options —sustained human-to-human transmission vs involvement of an intermediate
host — could either one help to better explain how infectious the virus is?

[Peter Daszak] Both scenarios would give the virus chance to mutate and adapt, particularly if there
is a high density of hosts so that any beneficial mutations to the virus can be transmitted readily and
out-compete less efficient mutants. Sustained human-to-human transmission would do this but it
would be particularly effective if there was a farmed animal intermediate host — e.g. pigs, which are
common and in dense populations. The paper then makes important points about the need to 1)
identify these potential sources so that we can rule out further spillover and identify the origins of
these mutations; and 2) better understanding of the ACE2 receptors across a wide range of animals
—this would help understand the capacity of other bat-CoVs to bind and transmit.

| would add a third issue — given that we have already identified 500 or so CoVs in bats in China and
we expect many more —we should also have a concerted effort to identify and fully sequence as
many bat-CoVs as possible to 1) assess other potential pathways to RBD-ACE2 binding; and 2) be
better able to test candidate vaccines and drugs against a wide range of potentially zoonotic CoVs.
Currently we have some candidate vaccines against SARS that we know don’t work against other bat
CoVs we've discovered. As a public health pandemic prevention strategy, we're feeling around
blindly in the dark if we don’t identify the diversity of potential viral threats out there in wildlife.

Thank you,
Smriti

From: Peter Daszak <daszak@ecchealthalliance.org>

Sent: Tuesday, 18 February 2020 1:13 PM

To: Smriti Mallapaty <gmriti.mallapaty@nature .com:

Cc: Alison Andre <andre@ecohealthalliance,org>; Aleksei Chmura <chmura@®@ecohealthalliance.org>;

Robert Kessler <kessler@ecohealthalliance.org>

Subject: RE: nature news request
Importance: High

Thanks Smriti,

Yes — | read the paper and here are my thoughts:



First, I'm delighted to see an analysis of SARS-CoV-2 sequence data by this group of leading
evolutionary virologists. | think the big take home for me is that their analysis supports what many
of us working on bat-origin coronaviruses have said, that there’s a high diversity of CoVs in bats in
southeast Asia (we've identified over 500 in the last few years), and that these animals have
frequent and intimate contact with people, livestock and other wildlife in the region. The paper
clearly demonstrates a natural origin for SARS-CoV-2 and strongly refutes the theory that this virus
was bicengineered. It also provides a strong argument against hypotheses that this virus was an
escape from a lab.

The two most likely hypotheses the authors put forward for the acquisition of polybasic cleavage
sites are interesting. Re. the potential for sustained human-to-human transmission prior to the
outbreak being noticed — | agree that’s possible and it certainly happened with SARS. This may have
been happening in a rural site, even as part of the market supply chain — a wildlife hunter, farmer or
wildlife trade middleman may have transmitted the virus to people in the Wuhan market as part of
trading activities. In support of this, we conducted a small survey in rural Yunnan and Guangxi
provinces, S. China a couple of years ago and found 2.93% (6/200) people who live near bat caves in
Yunnan to have antibodies to bat coronaviruses (published in Virologica Sinica). We don’t know
which one, or whether this caused any symptoms, but if you look at the human population across
the region that Rhinolophus spp. bats live in SE Asia, you're looking at a few million people who have
likely been exposed in their lifetime, if these numbers hold throughout the region. That's a large
interface, and suggests these events are far more common, but that evolution towards a large
outbreak is rare — as we'd expect, and as we saw with HIV.

However, | believe the involvement of other animal hosts {so-called ‘intermediate’ hosts) is even
more plausible. Having visited many rural villages, wildlife markets, bat caves, livestock and wildlife
farms across South China during the last 15 years, the opportunities for these viruses to spillover
across a very active wildlife-livestock-human interface is clear and obvious. There is a booming and
lucrative industry breeding wildlife for food, given the scarcity (and often illegal nature) of wild-
caught animals. These farms almost invariably stock a diversity of captive-bred wildlife species —
civets, porcupines, bamboo rats, coypu, ferret-badgers, raccoon dogs etc., and they're usually mixed
in with livestock — pigs, chickens, ducks, geese. And these farms are usually wide open to bats which
feed at night above the pens, and some of which roost in the buildings. They are also usually linked
to people’s houses so that whole families are potentially exposed — and workers who often sleep
adjacent to the pens. This is a shocking milieu if you think about it from a viral evolutionary point of
view — perfect for a not-quite well-adapted bat CoV to acquire the right mutations to become better
at transmission among other mammals, including humans. In support of this hypothesis, Zhou et al.
2020 show that SARS-CoV-2 spike proteins would likely bind to the ACE2 of pigs. We found another
bat-CoV (HKU-2, SADS-CoV) causing a die-off of 25,000 pigs in 5 farms in Guangdong province a
couple of years ago (published in Nature). A scenario | find really likely is that a Rhinolophus affinis or
related species bat was feeding in a pig farm in rural Hubei or further south and a progenitor virus
was transmitted via bat feces to pigs at that farm. These pigs were then butchered and the meat
sold, or sold live to one of more markets, which then led to a substantial initial exposure of a number
of people, seeding human-to-human transmission in mid- to late-November. The nightmare
scenario is that this virus is therefore not only circulating in humans in China, but also, currently
unknown to us, in one or a number of pig or wildlife farms in the region. This means that even if the



outbreak is controlled, if we don’t get to the animal source, we could see repeated seeding of future
epidemics through spillover at these farms. That scenario has been discussed at a number of
meetings and calls I've been on, including with WHO at the R&D Blueprint Research Agenda-setting
meeting and is something that should be investigated.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

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

rel. -

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: Smriti Mallapaty [mailto:smriti.mallapaty @nature.com]
Sent: Monday, February 17, 2020 8:06 PM

To: Peter Daszak
Subject: nature news request

Dear Peter,

| am a reporter for nature news, covering the coronavirus.

| assume you have seen this preprint recently posted online: hitp://virclogical.org/t/the-proximal-
origin-of-sars-cov-2/398

' wanted to know if you had any thoughts on the research and the significance of the findings? | have
included a few key points below.

It talks about a cleavage site that is a unique feature of SARS-COV-2. The papers says ‘the functional
consequence of the polybasic cleavage site in SARS-CoV-2 is unknown’ but then goes on to describe



how similar events in other coronavirus have been linked to a virus going from low to high
pathogenicity. Acquisition of a polybasic cleavage site in HA, by either insertion or

recombination, converts low pathogenicity avian influenza viruses into highly pathogenic
forms

The paper also considers whether this and other mutations happened in an intermediary animal
before the spillover, or after in humans. If it happened in animals then > if SARS-CoV-2 pre-

adapted in another animal species then we are at risk of future re-emergence events even
if the current epidemic is controfled. If it happened in humans then > if the adaptive process

we describe occurred in humans, then even if we have repeated zoonotic transfers they are
unlikely to take-off unless the same series of mutations occurs.

Thank you again,
Smriti

Smriti Mallapaty

Senior reporter, Asia-Pacific

Nature

Suite 8.03, Level 8, 227 Elizabeth Street
Sydney

NSW 2000

T. 46129228 7908

E: smriti.mallapaty@nature.com

W: nature.com/news

Smriti Mallapaty

Senior reporter, Asia-Pacific

Nature

Suite 8.03, Level 8, 227 Elizabeth Street
Sydney

NSW 2000

T:+61 2 9228 7908

E: smriti.mallapaty@nature.com

W: nature.com/news




From: Saif, Linda

To: Peter Daszak

Subject: Re: nature news request

Date: Saturday, April 11, 2020 1:53:57 PM
Importance: High

Thanks for reply—I know the feeling of being overwhelmed just now! Beside the SARS-CoV-2
and antiserum, we need S pseudotype virus ASAP—will get back to you on other reagents.
Does our request have to go thru BEI?

Stay safe,

Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: Peter Daszak <daszak@ecohealthalliance.org>
Date: Saturday, April 11, 2020 1:19 PM

To: Linda Saif <saif 2@ osu.edu>
Cc: Alison Andre <andre@ecohealthalliance.org>, Aleksei Chmura <chmura@ecohealthalliance.org>

Subject: RE: nature news request
Hi Linda,
Delayed response, but I'm particularly bad for that at the moment.

[ think Ralph will know best how to get access to reagents, but the NIH CoV Pl call that I'm on every
week with NIH/NIAID is a good place to start.

Can you send me a new email with a bulleted list of the reagents you need right now and I'll forward
it to the group, cc'd to you. We'll get a good response | think. Ralph is part of that group, and it’s

headed up by Erik Stemmy (the program officer for my CoV R01) and includes the CEIRS group
(Centers of Excellence for Influenza Research).

Cheers,

Peter



Peter Daszak
President

EcoHealth Alliance

460 West 347" Street
New York, NY 10001
USA

rel.:

Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance develops science-based solutions to prevent pandemics and promaote conservation

From: Saif, Linda <saif 2@osu.edy>

Sent: Friday, February 28, 2020 10:23 PM

To: Peter Daszak <daszak@ecohealthalliance.org>
Subject: Re: nature news request

Importance: High

HI Peter,

Thanks foryour reply! | appreciate your perspectives. We have also contacted Ralph about his CoV
RO1 so we need to see where our research will fit best and is most feasible. We will stay in touch
about this and | appreciate your offer to help.

However it is not just for Agriculture to see if pigs are susceptible, but if they are, because they
better resemble humans in physiology, metabolism and immunity than rodent models, they could be
a better model to test vaccines and antivirals for COVID-19. A major component of my research has
been using the pig as a model for human rotavirus vaccines since they are susceptible to disease and
infection with human rotaviruses and | have long term NIH support for this research using a pig
disease model (also for human noroviruses testing for antivrials!).

Do you know any source for the SARS-CoV-2 reagents | indicated below?

Thanks again for getting back to me so promptly and your willingness to consider our proposal.
Regards,
Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
QARDC/The Chio State University
1680 Madison Ave



Wooster, Oh 44691

From: Peter Daszak <daszak@ecohealthalliance.org>
Date: Friday, February 28, 2020 7:04 PM

To: Linda Saif <saif.2@osu.edu>
Cc: Aleksei Chmura <chmura@ecohealthalliance.org>, Hongying Li <li@ecohealthalliance.org>

Subject: RE: nature news request

Hi Linda...responses below...

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

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

rel. S
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: Saif, Linda [mailto:

Sent: Friday, February 28, 2020 6:19 PM
To: Peter Daszak

Subject: Re: nature news request

Hi Peter,

' would be very cautious to imply anything about pigs without any scientific proof. This could cause a
major public panic in the face of what likely will be a major outbreak in the US soon and have a
drastic effect on the swine industry and pork in the US and worldwide—like what happened during
the concern over influenza spilling over from chickens, when the consumption of poultry



plummeted!

[Peter Daszak] Good point and something | normally don’t have to think about with our work, but |
totally agree. My point to the reporter was that there are other possible pathways than the
pangolin, but | think | should probably just say to him that this is a hypothesis with no data other
than the ACE2 info. The other people making this point and hypothesis are on the WHO outbreak
team, who have commented on the mixed farms that are across China (wildlife farming and
pig/poultry farming in the same site).

In all the wildlife markets that | visited in China, | never saw any pigs, but | am sure you would know
more about this. Are pigs sold in the wildlife or wet markets? Also my Chinese colleagues have
mentioned that the availability of pigs in China is drastically reduced because of ASFV and so many
pigs were slaughtered.

[Peter Daszak] except that in many markets they sell mixed livestock and wildlife and | have
information that the Huanan Seafood market did sell pork and poultry. In any case, my hypothesis is
that pigs may have been infected in afarm and then the virus transferred to the market via infected
pigs coming in to slaughter.

Because | do have a great concern about this, Dr Wang and | are trying very hard to find funding and
to get the SARS-CoV-2 and inoculate it into pigs in our BSL3 Ag facility for large animals. We also
have to fill in tons of forms and it is not clear yet if SARS CoV 2 will be a select agent. The only NIH
funding | have seen for COVID-19 is only as supplements to those Pls with an existing NIAID RO1
working on CoV which makes it impossible for others outside of this to get funds to work on COVID-
15! This is why | asked about your NIH grant. | will also need to develop our own ELISA to detect
antibadies in swine specific for SARS-CoV-2, so if you know where | can get cDNA clones for the
SARS-CoV-2 spike and N protein, and positive SARS-CoV-2 Ab controls, please let me know as quickly
as possible because | can work on this immediately.

[Peter Daszak] | agree —we could putin asupplement to do this, using my grant as the parent. I'm
putting in my own supplement, but there’s no problem with doing more than one. I’'m absolutely
fine to do this and we should probably talk with Erik Stemmy (my program officer) if you'd like to go
ahead. {cc’ing Alekseiand Hongying so they are awarel)

| noted that CDC in their advisories for the public, mentioned that anyone with pets should not be
indirect contact with them if the person gets sick with COVID-19—1 agree with this! | think a greater
concern is that humans may infect pets, such as cats with related ACE2 receptor (or pigs) and then
we will have new animal reservoirs if virus is infectious for pets! This is why | think it is so urgent to
set up ELISAs to detect Abs in animals including cats!

[Peter Daszak] And today there is a news item about a positive dog. Unclearyetif it's just picked up
virus around the snout from close contact or if it's infected and infectious. The news item is here:
https://www.scmp.com/news/hong-kong/health-environment/article/3052874/coronavirus-no-

need-panic-hong-kong-veterinarians

(Note that it's a Pomeranian, and particularly cutel)

' would love to hear your perspective on all this and any advise about funding sources and the
reagents (| am checking BEI resources since | deposited all our animal CoV strains and Abs with them
after SARS)!



Sorry for such a long reply!

[Peter Daszak] great to get a long reply — I'm so sick of single sentence emails now because
everyone’s so busy!l Let’s plan to call my Program Officer next week to see what's possible and if
it's possible I'd be very happy to help out. He's suggesting that supplementary proposals are not too
expensive (not the same as an RO1). Reading between the lines | expect a budget of $150-200K
direct would be what they’d fund. But he might say they can’t fund this because it's work aimed at
agriculture, so let’s talk first, then speak with him...

Regards,
Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: Peter Daszak <daszak@ecohealthalliance.org>

Date: Friday, February 28, 2020 4:59 PM

To: Smriti Mallapaty <smriti.mallapaty@nature.com:

Cc: Alison Andre <andre@ecohealthalliance.org>, Aleksei Chmura <chmura@ecohealthalliance.org>,
Robert Kessler <kessler@ecohealthalliance org>, Linda Saif <gaif,.2@osu.edu>

Subject: RE: nature news request

Hi Linda,

I'm introducing you to a reporter from Nature who is doing a story on the animal origins of SARS-
CoV-2. | mentioned that the pangolin link is likely spurious, i.e. that it's unlikely they were an
amplifier of infection at the Wuhan market because they are so rare in the wildlife trade as live
animals {mainly dried scales sold for medicine). | also mentioned that one concern is other
mammals, e.g. farmed wildlife or pigs could be a potential intermediate or amplifying host because
the ACE2 receptors seem able to bind the virus spike protein and because these are a very common
animal in and around wildlife and other markets in Wuhan.

Would you be able to comment on this to her? I've cc’d her above and told her you’d be a good
independent voice to give an opinion of the possibility that pigs could have played a part.



Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

460 West 34" Street — 170 Floor
New York, NY 10001

rel. -

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: Smriti Mallapaty [ mailto:smriti. mallapaty @nature.com]
Sent: Friday, February 28, 2020 3:25 AM

To: Peter Daszak
Cc: Alison Andre; Aleksei Chmura; Robert Kessler
Subject: RE: nature news request

Dear Peter,

Just to follow up on this — do you know anyone who is seriously investigating this hypothesis? |
would be interested in hearing more on this if any further research developments emerge.

Kind regards,
Smriti

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Tuesday, 25 February 2020 4:26 AM

To: Smriti Mallapaty <smriti.mallapaty@nature. .com:

Cc: Alison Andre <andre@ecohealthalliance.org>; Aleksei Chmura <chmura@ecohealthalliance.org>;
Robert Kessler <kessler@ecohealthalliance.org>

Subject: RE: nature news request

Hi Smriti,

The pigidea is based on:



sequence analysis that shows the pig ACE2 receptor can likely bind with SARS-CoV-2,
meaning it could likely infect pigs.

Live pangolins are extremely rare in markets, so are unlikely to have played a significant role

in transmission. Pangolin scales (dried, and therefore unlikely to be able to transmit virus)

are normally sold.

We still don’t know the history of the pangolins that had the CoV with genetic elements

close to SARS-CoV-2, and it’s possible they were infected during transit from another
intermediate host
One plausible scenario is that there are farms with the virus circulating in a receptive

mammal (e.g. a pig) in rural SW or Central China, and that these animals were taken to the

wet markets, slaughtered and butchered, enhancing the transmission of the CoV into
peaple.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

460 West 34T street — 17" Floor
New York, NY 10001

rel. -

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: Smriti Mallapaty [mailto:smriti.mallapaty @nature.com]
Sent: Saturday, February 22, 2020 8:25 PM

To: Peter Daszak
Cc: Alison Andre; Aleksei Chmura; Robert Kessler
Subject: RE: nature news request

Dear Peter,



| just noticed something in your response and wanted to ask you about it. At the moment,
researchers have suggested that pangolins might have been a potential source of the virus spreading
to humans. You mentioned pigs. Is there a growing body of research that suggests, or a group of
researchers that believe, that it isn’t pangolins, but instead pigs?

Thank you,
Smriti

From: Smriti Mallapaty

Sent: Tuesday, 18 February 2020 4:36 PM

To: Peter Daszak <daszak@ecohealthalliance.org>

Cc: Alison Andre <gndre@ecohealthalliance org>; Aleksei Chmura <chmura®ecohealthalliance org>;
Robert Kessler <kessler@ecohealthalliance.org>

Subject: Re: nature news request

Thank you again Peter, | just have some follow up questions below from your comments.

Thanks again, and sorry for all the questions!

Kind regards,
Smriti

From: Peter Daszak <daszak@ecohealthalliance.org>
Sent: Tuesday, February 18, 2020 4:23 PM
To: Smriti Mallapaty

Cc: Alison Andre; Aleksei Chmura; Robert Kessler
Subject: RE: nature news request

No problem —some answers to your questions below...

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
th th



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

rel.
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: Smriti Mallapaty [mailto:

Sent: Monday, February 17, 2020 10:42 PM

To: Peter Daszak

Cc: Alison Andre; Aleksei Chmura; Robert Kessler
Subject: RE: nature news request

Dear Peter,

Thank you for your quick response. Can | also ask another question about the infectiousness of the
virus?

How does this study help to explain the infectiousness of the virus?

[Peter Daszak] The identification of potential binding sites in the Receptor Binding Domain of the
Spike Protein of the virus suggests that it has enhanced ability to bind to human ACE2 (cell surface
receptor protein) relative to the nearest known bat-CoV relative. The binding pattern that this virus
gene encodes is different to SARS-CoV suggesting it evolved separately (and there may be other
binding patterns in other viruses in bats not yet worked out). The ability to efficiently bind ACE2 may
explain some of this viruses’ capacity to undergo human-to-human transmission (i.e. infectivity), and
other aspects of the illness may also help (respiratory infection that causes a lot of mucus, sneezing,
etc. assists in other viral infections).

--Could you please elaborate on this point of other aspects of the illness that help to explain how
infectious the virus is?

--Have you seen any other studies pointing to what might make this coronavirus so infectious?
--How would you assess the infectiousness of this virus compared to other viruses? One researcher |
spoke to said that the cases on the cruise ship suggest that it is very infectious.

What is the significance of the virus acquiring a polybasic cleavage site?

[Peter Daszak] Unfortunately, we don’t have detailed analyses of SARS-CoV-2 and related viruses in
cell culture or animal models, so we're left with a bit of a gap and the authors rightfully say that the
significant is not yet known. However, in avian flu, there are low-pathogenicity and high-
pathogenicity strains. The high-path strains are extremely lethal to poultry and have caused high
mortality in the low numbers of people infected. One of the key differences between them is that
the low path strains don’t have the polybasic cleavage site and sequential evolution of the cleavage
site leads to enhanced proteolytic activity and higher pathogenicity. The low path strains are only
able to infect cell types that have lots of trypsin (which is proteolytic) mainly in respiratory cells and



Gl tract, but the high path Al strains can affect many different organs. The point is that if this has
happened with SARS-CoV-2, it might explain why it acquired an ability to be lethal in people and
affect them throughout the lungs. There is some evidence to back this up —when a cleavage site is
engineered into SARS-CoV it enhances cell-cell fusion (but not viral entry).

And the two options —sustained human-to-human transmission vs involvement of an intermediate
host — could either one help to better explain how infectious the virus is?

[Peter Daszak] Both scenarios would give the virus chance to mutate and adapt, particularly if there
is a high density of hosts so that any beneficial mutations to the virus can be transmitted readily and
out-compete less efficient mutants. Sustained human-to-human transmission would do this but it
would be particularly effective if there was a farmed animal intermediate host — e.g. pigs, which are
common and in dense populations. The paper then makes important points about the need to 1)
identify these potential sources so that we can rule out further spillover and identify the origins of
these mutations; and 2) better understanding of the ACE2 receptors across a wide range of animals
—this would help understand the capacity of other bat-CoVs to bind and transmit.

| would add a third issue — given that we have already identified 500 or so CoVs in bats in China and
we expect many more —we should also have a concerted effort to identify and fully sequence as
many bat-CoVs as possible to 1) assess other potential pathways to RBD-ACE2 binding; and 2) be
better able to test candidate vaccines and drugs against a wide range of potentially zoonotic CoVs.
Currently we have some candidate vaccines against SARS that we know don’t work against other bat
CoVs we've discovered. As a public health pandemic prevention strategy, we're feeling around
blindly in the dark if we don’t identify the diversity of potential viral threats out there in wildlife.

Thank you,
Smriti

From: Peter Daszak <daszak@ecohealthalliance.org>
Sent: Tuesday, 18 February 2020 1:13 PM

To: Smriti Mallapaty <smriti.mallapaty @ nature.com>
Cc: Alison Andre <andre@ecohealthalliance.org>; Aleksei Chmura <chmura®@ecohealthalliance.org>;
Robert Kessler <kessler@ecohealthalliance.org>

Subject: RE: nature news request
Importance: High

Thanks Smriti,
Yes — | read the paper and here are my thoughts:

First, I'm delighted to see an analysis of SARS-CoV-2 sequence data by this group of leading
evolutionary virologists. | think the big take home for me is that their analysis supports what many
of us working on bat-origin coronaviruses have said, that there’s a high diversity of CoVs in bats in
southeast Asia (we've identified over 500 in the last few years), and that these animals have
frequent and intimate contact with people, livestock and other wildlife in the region. The paper
clearly demonstrates a natural origin for SARS-CoV-2 and strongly refutes the theory that this virus
was bicengineered. It also provides a strong argument against hypotheses that this virus was an



escape from a lab.

The two most likely hypotheses the authors put forward for the acquisition of polybasic cleavage
sites are interesting. Re. the potential for sustained human-to-human transmission prior to the
outbreak being noticed — | agree that’s possible and it certainly happened with SARS. This may have
been happening in a rural site, even as part of the market supply chain — a wildlife hunter, farmer or
wildlife trade middleman may have transmitted the virus to people in the Wuhan market as part of
trading activities. In support of this, we conducted a small survey in rural Yunnan and Guangxi
provinces, S. China a couple of years ago and found 2.93% (6/200) people who live near bat caves in
Yunnan to have antibodies to bat coronaviruses (published in Virologica Sinica). We don’t know
which one, or whether this caused any symptoms, but if you look at the human population across
the region that Rhinolophus spp. bats live in SE Asia, you’re locking at a few million people who have
likely been exposed in their lifetime, if these numbers hold throughout the region. That's a large
interface, and suggests these events are far more common, but that evolution towards a large
outbreak is rare — as we’d expect, and as we saw with HIV.

However, | believe the involvement of other animal hosts {so-called ‘intermediate’ hosts) is even
more plausible. Having visited many rural villages, wildlife markets, bat caves, livestock and wildlife
farms across South China during the last 15 years, the opportunities for these viruses to spillover
across a very active wildlife-livestock-human interface is clear and obvious. There is a bhooming and
lucrative industry breeding wildlife for food, given the scarcity (and often illegal nature) of wild-
caught animals. These farms almost invariably stock a diversity of captive-bred wildlife species —
civets, porcupines, bamboo rats, coypu, ferret-badgers, raccoon dogs etc., and they're usually mixed
in with livestock — pigs, chickens, ducks, geese. And these farms are usually wide open to bats which
feed at night above the pens, and some of which roost in the buildings. They are also usually linked
to people’s houses so that whole families are potentially exposed — and workers who often sleep
adjacent to the pens. This is a shocking milieu if you think about it from a viral evolutionary point of
view — perfect for a not-quite well-adapted bat CoV to acquire the right mutations to become better
at transmission among other mammals, including humans. In support of this hypothesis, Zhou et al.
2020 show that SARS-CoV-2 spike proteins would likely bind to the ACE2 of pigs. We found another
bat-CoV (HKU-2, SADS-CoV) causing a die-off of 25,000 pigs in 5 farms in Guangdong province a
couple of years ago (published in Nature). A scenario | find really likely is that a Rhinolophus affinis or
related species bat was feeding in a pig farm in rural Hubei or further south and a progenitor virus
was transmitted via bat feces to pigs at that farm. These pigs were then butchered and the meat
sold, or sold live to one of more markets, which then led to a substantial initial exposure of a number
of people, seeding human-to-human transmission in mid- to late-November. The nightmare
scenario is that this virus is therefore not only circulating in humans in China, but also, currently
unknown to us, in one or a number of pig or wildlife farms in the region. This means that even if the
outbreak is controlled, if we don’t get to the animal source, we could see repeated seeding of future
epidemics through spillover at these farms. That scenario has been discussed at a number of
meetings and calls I've been on, including with WHO at the R&D Blueprint Research Agenda-setting
meeting and is something that should be investigated.



Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

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

rel. -

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: Smriti Mallapaty [ mailto:smriti.mallapaty @nature.com]
Sent: Monday, February 17, 2020 8:06 PM

To: Peter Daszak

Subject: nature news request

Dear Peter,

| am a reporter for nature news, covering the coronavirus.

| assume you have seen this preprint recently posted online: hitp://virological.org/t/the-proximal-

' wanted to know if you had any thoughts on the research and the significance of the findings? | have
included a few key points below.

It talks about a cleavage site that is a unique feature of SARS-COV-2. The papers says ‘the functional
consequence of the polybasic cleavage site in SARS-CoV-2 is unknown’ but then goes on to describe
how similar events in other coronavirus have been linked to a virus going from low to high
pathogenicity. Acquisition of a polybasic cleavage site in HA, by either insertion or

recombination, converts low pathogenicity avian influenza viruses into highly pathogenic
forms

The paper also considers whether this and other mutations happened in an intermediary animal
before the spillover, or after in humans. If it happened in animals then > if SARS-CoV-2 pre-



adapted in another animal species then we are at risk of future re-emergence events even
if the current epidemic is controfled. If it happened in humans then > if the adaptive process
we describe occurred in humans, then even if we have repeated zoonotic transfers they are
unlikely to take-off unless the same series of mutations occurs.

Thank you again,
Smriti

Smriti Mallapaty

Senior reporter, Asia-Pacific

Nature

Suite 8.03, Level 8, 227 Elizabeth Street

Sydney
NSW 2000

T:+61 29228 7908

E: smriti.mallapatv@nature.com

W: nature.com/news

Smriti Mallapaty

Senior reporter, Asia-Pacific

Nature

Suite 8.03, Level 8, 227 Elizabeth Street

Sydney
NSW 2000

T:+61 29228 7908
E: smritimallapaty@nature.com

W: nature.com/news



From: Peter Daszak

To: Peter Daszak

Cc: Aleksei Chmura; Robert Kessler: Hongying Li

Subject: Contact for joumnalists re. today"s statement in the Lancet
Date: Tuesday, February 18,2020 9:10:30 AM

Attachments: 20t11775Corr 2 Correctad proofs, pdf

Importance: High

Dear all,

We've been in touch with Lancet this morning to get all the final details of our statement of support
letter fixed (see corrected proofs attached). We expect this to be published in about 1 hour from
now, and have begun reaching out to journalists who might cover the story.

To make sure we have good coverage and a range of voices speaking with reporters, we would very
much like to pass on your name and email address as someone for journalists to contact about the
issues we're discussing in the letter —i.e. the need to support colleagues working under difficult
situations in an outbreak, to reduce rumors and misinformation, and the scientific evidence
demonstrating that the conspiracy theories on the virus’ origins are unfounded.

If you are willing to talk with reporters, please send your phone numbers (landline and mobile if
possible) by return to me and cc'ing Robert Kessler, who will help coordinate press interest. Lancet
will also be contacting journalists and we will pass on your contact info to them also.

Ideally, we would have people from Europe, Australia, Asia, and the Americas (all represented on the
authorship list) able to talk or email with journalists, so please step forward!

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

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

el

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.



Doctopic: Analysis and Interpretation

20TL1775_Corr

Embargo: February 18, 2020—ASAP

Correspondence

Statement in support of
the scientists, public
health, and medical
professionals of china
combating COVID-19

We are public health scientists who
have closely followed the emergence
of 2019 novel coronavirus disease
(COVID-19) and are deeply concerned
about its impact on global health
and wellbeing. We have watched
as the scientists, public health, and
medical professionals of China, in
particular, have worked diligently
and effectively to rapidly identify the
pathegen behind this cutbreak, putin
place significant measures to reduce
its impact, and share their results
transparently with the global health
community. This effort has been
remarkable,

We sign this statement in solidarity
with all scientists and health
professionals in China who continue
to save lives and protect global health
during the challenge of the COVID-19
outbreak. We are all in this together,
with our Chinese counterparts in the
forefront, against this new viral threat.

The rapid, open, and transparent
sharing of data on this outbreak is
now being threatened by rumors and
misinformation around its origins. We
stand together to strongly condemn
conspiracy theories suggesting that
COVID-19 does not have a natural
origin. Scientists from multiple
countries have published and analysed
genomies of the causative agent,
severe acute respiratory syndrome
corona virus 2 (SARS-CoV-2),* and they
overwhelmingly conclude that this
coronavirus originated in wildlife*
as have so many other emerging
pathogens.™ 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.
Conspiracy theories do nothing but
create fear, rumors, and prejudice that

jeopardise cur global collaboration in
the fight against this virus. We support
the call from the Director General of
WHO to promote scientific evidence
and unity over misinformation and
conjecture. 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 professicnals of
Wuhan and across China. Stand with
our colleagues on the front-line!

We speak inone woice. [ A Any competing

M isEditor of

i out of the list of

nterasts you'd like to declare

mall as have taken o

The informatior it match

the infarmation provided in your ICME form. |

Charles Calisher, Dennis Carroll,

Rita Colwell, Ronald B Corley,

*Peter Daszak, Christian Drosten,

Luis Enjuanes, Jeremy Farrar, Hume
Field, Josie Gelding,

Alexander Gorbalenya, Bart Haagmans,
James M Hughes, William B Karesh,
Gerald T Keusch, Sai Kit Lam,

Juan Lubroth, John S Mackenzie,

Larry Madoff, Jonna Mazet,

Peter Palese, Stanley Perlman,

Leo Poon, Bernard Roizman, Linda Saif,
Kanta Subbarao, Mike Turner
daszak@ecohealthalliance.org

Colorado State University, Fort Collins, €0, USA
(CO); Scowcroft Institute of International Affairs,
Texas A&M, College Station, TX, USA (DC);
University of Maryland, College Park, MD, USA (RC);
NEIDL Institute (RBC), Boston University (GTK),
Boston, MA, USA; EcoHealth Alliance, New York,

NY [ A zipeode please |, USA (PD); Charité -
Universitatsmedizin Berlin, Berlin, Germany {CD};
National Center of Biotechnology, Madrid, Spain
(LE); The Wellcomea Trust, Landon, UK (JF, JG); School
ot Veterinary Science, The University of Queensland,
Brisbane, QLD, Australia (HM); Leiden University
Medical Center, Leiden, Netherlands (AG); Erasmus
Medical Center, Rotterdam, Nethedands (BH);
Ermory University, Atlanta, GA, USA {|MH); Wodd
Organization for Animal Health (OIE)Working
Group on Wildlife, USA (WBK [A: where in theUS is
tha OET City, state] [); University of Malaya, Kuala
Lumpur, Malaysia (SKL); Food and Agriculture
Organization of the United Nations, Rome, htaly {JL);
Curtin University, Perth, WA, Australia (JSM);
Massachusetts Medical School, Worcester, MA, USA
(LM); University of California at Davis, Davis, CA,
USA (JM); Department of Microbiology, lcahn
School of Medicine, Mt Sinai Hospital, New York,
NY, USA (PP); University of lowa, Roy ] and

Lucille A Carver College of Medicine, lowa City, 1A,
USA (SP); The University of Hong Kong, Hong Kong
{LPY; University of Chicago, Chigaco, IL, USA (BR);

www.thelancetcom Published online February 18, 2020 https://doi.org/10.1016/PI|

The Ohio State University, Columbus, OHUSA (LS);
and The University of Melbourne, Melboune, VIC,
Australia (KS)

[A: The ariglmnal ref 1 s now in the margin. Please
dheck the rest of the references, |

1  Gorbalenya AE, Baker 5C, Baric RS, etal. Severe
acute respiratory syndrome-related
coronavirus: the species and its viruses—a
statementof the Coronavirus Study Group.
bioRxiv 2020; published online MM DD [ A:
please complete]. DOl 2020.02.07.037862.

2 ZhouP,YangX-L, WangX-G, etal.

A pneumonia outhreak associated with a new
coronavirus of probable bat origin. Mature
2020; published online Feb 3.D0I:10.1038/
s41586-020-2012-7

3 LuR,ZhaoX, Li), etal. Genomic
characterisation and epidemiology 0f 2019
novel coronavirus: implications for virus
originsand receptor binding. Lancet 2020;
publishecl online Jan 30. https:fidoi.
0rg/10.1016/50140-6736(20)30251-8.

4 ZhuN, Zhang D, Wang W, etal. A novel
coronavirus from patients with pneumania in
China, 2019. NEJM 2020; published online
Jan24. DOL:10.1056/NE) Moa2001017

5  Renl, WangY-M, Wu Z-Q, etal. Identification
af a novel coronavirus causing severe
pneumania in human: a descriptive study.
Chin Med } 2020; published anline Feb 11.
DOI:10.1097/CM9.000 0000000000722,

6 Paraskevis D, Kostaki EG, Magiorkinis G,
Panayiotakopoulos G, Tsiodras 5. Full-genome
evolutionary analysis of the novel corona virus
(2019-nCoV) rejects the hypothesis of
amergence as a result ofa mcent
recombination event, fnfect Genet Evol 2020;
publishecl online Jan 29. DOI:10.1016/j.
meegid.2020.104212.

7  Benvenuto D, Giovanetti M, Gocozz A,

Spote §, Angeletti 5, Ciccozzi M. The 2019-new
coronavirus epidemic: evidence for virus
evelution. | Med Virol 2020; published online
Jan29. DOL10.1002/jmv.25688.

8  WanY, Shang), Graham R, Baric RS, Li F.
Receptor recognition by novel coronavirus
from Wuhan: An analysis based on decade-
long structural studies of SARS. | Virol 2020;
published online Jan 29. DOI:10.1128/
JML.00127-20.

9  (DC Coronavirusdisease 2019 (COVID-19)
situation summary. Feb 16, 2020.
https:/ fanarar.cde.govicoronavirusf2019-nCaV/
summary.html (accessed Feb 8, 2020).

10 Andersen KG, RambautA, Lipkin W1, Holmes
EC, Garry RF. The proximal origin of SARS-
CaV-2. Feb 16, 2020; http:/ virological.org/t/
the-proximal-orgin-of-sars-cov-2/398
(accessed Feb 17, 2020).

11  Bengis R, Leighton F, Fischer |, Artois M,
Maorner T, Tate C. The role of wildlife in
emerging and re-ernerging zoonoses.

Rev Sci Tech 2004; 23: 497-512.

12 Woolhouse ME, Gowtage-Sequeria S.

Host range and emerging and reemerging
pathogens. Emerg fnfect Dis 2005; 11: 1842-4 7

13 MASEM.The Mational Academies of Science

Engineering and Medicine of the USA.
NAS, NAE, and NAM Presidents’ letter to the
White House Office of Science and Technology
Policy. Feb 6, 2020. https:{fwww.
nationalacademies.org/includes/NASEM%20
Response®h2 0to% 2005TP% 20re %20
Coronavirus_February%206,%202020.pdf
(accessed Feb 7, 2020).

14  WHO. Director-General's rerarks at the media

@

Published Online
February 18, 2020
https:/fdoi.org/10.1016/
Gl

Forthe SARS-CoV-2 genome
analysis see https /S gisald,
argfepiflu-applications/next-
betacov-app/

Submissions should be
made via our electronic
submission system at
http://ees.elsevier.com/
thelancet/



briefing on 2915 novel coronaviruson 8
February 2620. Feb 8, 2020, littps://
warswhointfdg/speeches/detail fdirecior-
general-s-rarmarks-at-the-media-briefing-on-
2019 -noval-corenavirus. - 8-febroary-2020
facassect MB D3, 20200,



From: Peter Daszak

To: Peter Daszak

Cc: Aleksei Chmura; Hongving Li

Subject: URGENT - need signatures in next few hours: Our statement on COVID-19 will be published this marning US
Eastern time in The Lanoeat

Date: Tuesday, February 18, 2020 5:51:48 AM

Attachments: Statement of support COVID-19 China submission comected clean.docx
IL_AuthorSigs 2019 pdf
icrnie-COLf ; f

Importance: High

Dear All,

[ want to let you all know that we received strong support from Richard Horton at The Lancet, and

our paper will be published today (Tuesday 18 Feb) at 3pm UK time (10am Eastern US time). Thank
you also to those of you who sent last minute changes — I've incorporated them where possible (see
final version attached). I've also cited a paper that was uploaded yesterday
(http://virological.org/t/the-proximal-origin-of-sars-cov-2/398), currently in review in Nature (|

believe) that clearly refutes the bio-engineered virus hypothesis and strongly supports the
conclusion that SARS-CoV-2 is of natural origin.

As we discussed, the authorship will be alphabetical. Unfortunately, it looks like there has to be a
single corresponding author, but the editor will put a statement at the top of the authorship list to
indicate that we are all speaking in one voice on this. | will see what that looks like when proofs
come through in a minute. The Lancet have also agreed to publish our Mandarin version of this
statement (thanks for the translation Hongying) online, so it reaches a wider audience in Asia and
around the world.

| have two urgent requests:

1) Pleasefill in the attached Conflict of Interest form ASAP

2) Please e-sign the Author signature form ASAP
It will be really important to get this message out to journalists once it's published. Finally, | would
ask all of you who can post this to your websites, or on social media, or email to your colleagues,
please do so.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

460 West 34" Street — 17" Floor



New York, NY 10001

rel. -

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 COVID-19 Outbreak

We, the undersigned, are public health scientists who have closely followed the emergence

of COVID-19, and are deeply concerned about its impact on global health and well-being. We
have watched as the scientists, public health and medical professionals of China, in particular,
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 has been remarkable.

We sign this statement in solidarity with all scientists and health professionals in China who
continue to save lives and protect global health during the challenge of this novel coronavirus
outbreak. We are all in this together, with our Chinese counterparts in the forefront, against
this new viral threat.

The rapid, open and transparent sharing of data on this outbreak is now being threatened by
rumors and misinformation around its origins. We stand together to strongly condemn
conspiracy theories suggesting that COVID-19 does not have a natural origin. Scientists from
multiple countries have published and analyzed genomes of the causative agent, SARS-CoV-
2'2 and they overwhelmingly conclude that this coronavirus originated in wildlife*'2, as have
s0 many other emerging pathogens'®'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. Conspiracy theories do nothing but create fear,
rumors, and prejudice that jeopardize our global collaboration in the fight against this virus.
We support the call from the Director-General of the World Health Organization to promote
scientific evidence and unity over misinformation and conjecture'®. 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!

Signatories

Dr. Charles Calisher, Professor Emeritus, Colorado State University, USA

Dr. Dennis Carroll, Senior Fellow, Scowcroft Institute of International Affairs, Texas A&M University,
USA

Dr. Rita Colwell, Distinguished University Professor, University of Maryland College Park, USA
Dr. Ronald B. Corley, Director & Professor, NEIDL Institute, Boston University, USA

Dr. Peter Daszak, President, EcoHealth Alliance, USA

Dr. Christian Drosten, Professor, Charité — Universitatsmedizin Betrlin, Germany

Dr. Luis Enjuanes, National Center of Biotechnology, Madrid, Spain

Dr. Jeremy Farrar, Director, The Wellcome Trust, UK

Dr. Hume Field, Honorary Professor, School of Veterinary Science, The University of Queensland,
Australia

Dr. Josie Golding, Epidemics Lead, The Wellcome Trust, UK

Dr. Alexander Gorbalenya, Professor, Leiden University Medical Center, The Netherlands



Dr. Bart Haagmans, Researcher, Erasmus Medical Center, The Netherlands

Dr. James M. Hughes, Professor, Emory University, USA

Dr. William B. Karesh, President, World Organization for Animal Health (OIE) Working Group on
Wildlife, USA

Dr. Gerald T. Keusch, Professor of Medicine and Global Health, Boston University, USA

Dr. Sai Kit Lam, Professor Emeritus, University of Malaya, Kuala Lumpur, Malaysia

Dr. Juan Lubroth, Former Chief Veterinary Officer, Food and Agriculture Organization of the United
Nations, Italy

Dr. John 8. Mackenzie, Professor Emeritus, Curtin University, Perth, Australia

Dr. Larry Madoff, Editor & Professor of Medicine, ProMED-mail & University of Massachusetts
Medical School, USA

Dr. Jonna Mazet, Professor, University of California at Davis, USA

Dr. Peter Palese, Professor & Head, Dept Microbiclogy, Icahn School of Medicine, Mt. Sinai Hospital,
USA

Dr. Stanley Perlman, Professor, Carver College of Medicine, University of lowa, USA

Dr. Leo Poon, Professor, The University of Hong Kong, Hong Kong

Dr. Bernard Roizman, Joseph Regenstein Distinguished Service Professor Emeritus of Virology,
University of Chicago, USA

Dr. Linda $aif, Distinguished University Professor, The Ohio State University, USA

Dr. Kanta Subbarao, Honorary Professor, The University of Melbourne, Australia

Dr. Mike Turner, Director of Science, The Wellcome Trust, UK
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From: Saif, Linda

To: Peter Daszak

Cc: Aleksei Chmura: Hongving Li

Subject: Re: COVID-19 statement of support for Scientists and Public Health Professionals in China, and a condemnation
of conspiracy theories on the origin of the virus

Date: Sunday, February 16, 2020 11:11:24 PM

Attachments: Liu etal EMI Commentary Revision Final-sls.docx

Importance: High

Hi Peter,

Thanks again for taking the lead on this—I| saw the segment about Cotton which makes this
statement all the more timely.

Attached is a commentary from me, Susan Weiss and 2 of my US Chinese American colleagues
that we just submitted to EMI.

Hopefully NAS will put together a task force to address COVID-192 and these issues, especially
since NAS was active in sending NAS members (I went) and others to Wuhan and Harbin to
tour the new BSL4 facilities and foster relations with our Chinese CAS counterparts.

Regards,

Linda

Regards,

Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691

From: Peter Daszak <daszak@ecohealthalliance.ors>

Date: Sunday, February 16, 2020 10:48 PM

To: Peter Daszak <daszak@ecohealthalliance.org>

Cc: Aleksei Chmura <chmura@ecohealthalliance,org>, Hongying Li <[i@ecohealthalliance org>
Subject: COVID-19 statement of support for Scientists and Public Health Professionals in China, and
a condemnation of conspiracy theories on the origin of the virus

Dear All,

Firstly, | want to thank each of you for your kindness, academic integrity, and openness in signing
this statement of support. I've attached the current version of it for your records, and you can see
the list of the eminent public health scientists from 8 countries who have co-sighed with you. These
include former heads of government agencies, current heads of world class research groups and
major organizations, members of the US National Academies of Medicine and Science, an
Academician from Malaysia, an Officer of the Order of Australia, and others who have achieved
great success in public health and infectious disease research.



Secondly, | want to mention that the situation as regards conspiracy theories has worsened over the
last few days, having been given credence through reporting yesterday in a UK tabloid (Express),
regurgitation on prime time TV yesterday in the USA by US senator Tom Cotton, and discussions at a
very high level within government in the USA and China. At the same time, some colleagues in China
have received violent threats to their families and themselves.

For these reason, and as a way to get our statement across directly to the senior leaders in the
governments of China and around the world, Jeremy Farrar {Director of the Wellcome Trust, and co-
signatory) suggested that | submit this letter to the editor of The Lancet for possible publication. |
have done so just now, out of a sense of urgency, and await his response (| have also asked if he is
willing to sign).

| realize that all of you agreed to having this letter published and distributed, and | believe this would
be an extremely appropriate platform to do so. Please let me know if you feel otherwise by
responding to this email. Note that, for equity and impact, | have assigned authorship of the
statement alphabetically, and will ask that no one person act as corresponding author.

[ will, of course, let you know of the response as soon as | hear back.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

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

re!.
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.
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The emergence and outbreak of a newly discovered acute respiratory disease in
Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as
of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and
the associated disease is now referred to as coronavirus disease discovered in 2019

(COVID-19) (https://globalbiodefense.com/novel-coronavirus-covid-19-portal/).

According to what has been reported [1-3], COVID-2019 seems to have similar
clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused
by SARS-CoV. The SARS-CoV-2 genome sequence also has ~80% identity with SARS-
CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96%

identity [4,5].

Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2
is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was
leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently
reported, which shared ~96% homology with the SARS-CoV-2 [4]. However, as we
know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared
99.8% homology, with a total of 202 single-nucleotide (nt) variations (SNVs) identified
across the genome [6]. Given that there are greater than 1000 nt differences between
the human SARS-CoV-2 and the bat RaTG13-CoV [4], which are distributed throughout
the genome in a naturally occurring pattern following the evolutionary characteristics
typical of CoVs, it is highly unlikely that RaTG13 CoV is the immediate source of SARS-

CoV-2. The absence of a logical targeted pattern in the new viral sequences and a
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close relative in a wildlife species (bats) are the most revealing signs that SARS-CoV-2
evolved by natural evolution. A search for an intermediate animal host between bats
and humans is needed to identify animal CoVs more closely related to human SARS-
CoV-2. There is speculation that pangolins might carry CoVs closely related to SARS-
CoV-2, but the data to substantiate this is not vyet published

(https://www .nature.com/articles/d41586-020-00364-2).

Another claim in Chinese social media points to a Nature Medicine paper published
in 2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene
(SHCO014) in the backbone of a SARS CoV that has adapted to infect mice (MA15) and
is capable of infecting human cells [8]. However, this claim lacks any scientific basis
and must be discounted because of significant divergence in the genetic sequence of

this construct with the new SARS-CoV-2 (>5,000 nucleotides).

The mouse-adapted SARS virus (MA15) [9] was generated by serial passage of an
infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15
passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in
aged mice (hence M15), due to six coding genetic mutations associated with mouse
adaptation. It is likely that MA15 is highly attenuated to replicate in human cells or

patients due to the mouse adaptation.

When the original SARS-CoV was isolated, it was concluded that the S gene from

bat-derived CoV, unlike that from human patients- or civets-derived viruses, was unable
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to use human ACE2 as a receptor for entry into human cells [10,11]. Civets were
proposed to be an intermediate host of the bat-CoVs, capable of spreading SARS CoV
to humans [6,12]. However, in 2013 several novel bat coronaviruses were isolated from
Chinese horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2
from humans, civets and Chinese horseshoe bats for entry [8]. Combined with
evolutionary evidence that the bat ACEZ2 gene has been positively selected at the same
contact sites as the human ACE2 gene for interacting with SARS CoV [13], it was
proposed that an intermediate host may not be necessary and that some bat SL-CoVs
may be able to directly infect human hosts. To directly address this possibility, the
exact S gene from bat coronavirus SL-SHCO014 was synthesized and used to generate
a chimeric virus in the mouse adapted MA15 SARS-CoV backbone. The resultant SL-
SHC014-MA15 virus could indeed efficiently use human ACEZ2 and replicate in primary
human airway cells to similar titers as epidemic strains of SARS-CoV. While SL-
SHCO014-MA15 can replicate efficiently in young and aged mouse lungs, infection was
attenuated, and less virus antigen was present in the airway epithelium as compared to

SARS MA15, which causes lethal outcomes in aged mice [7].

Due to the elevated pathogenic activity of the SL-SHCO014-MA15 chimeric virus
relative to the SARS-MA15 CoV in mice, such experiments with SL-SHC014-MA15
chimeric virus were later restricted as gain of function (GOF) studies under the US

government-mandated pause policy (https:/www.nih.gov/about-nih/who-we-are/nih-

director/statements/nih-lifts-funding-pause-gain-function-research). The current COVID-

2019 epidemic has restarted the debate over the risks of constructing such viruses that
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could have pandemic potential, irrespective of the finding that these bat CoVs already
exist in nature. Regardless, upon careful phylogenetic analyses by multiple
international groups [5,14], the SARS-CoV-2 is undoubtedly distinct from SL-SHCO14-
MA15, with >6,000 nucleotide differences across the whole genome. Therefore, once
again there is no credible evidence to support the claim that the SARS-CoV-2 is derived

from the chimeric SL-SHC014-MA15 virus.

There are also rumors that the SARS-CoV-2 was artificially, or intentionally, made by
humans in the lab, and this is highlighted in one manuscript submitted to BioRxiv (a
manuscript sharing site prior to any peer review), claiming that SARS-CoV-2 has HIV
sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by
an HIV-1 virologist Dr. Feng Gao, they used careful bioinformatics analyses to
demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is
not HIV-1 specific but random [15]. Because of the many concerns raised by the
international community, the authors who made the initial claim have already withdrawn

this report.

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic
constructs would typically use a known backbone and introduce logical or targeted
changes instead of the randomly occurring mutations that are present in naturally
isolated viruses such as bat CoV RaTG13. In our view, there is currently no credible
evidence to support the claim that SARS-CoV-2 originated from a laboratory-engineered
CoV. It is more likely that SARS-CoV-2 is a recombinant CoV generated in nature

between a bat CoV and another coronavirus in an intermediate animal host. More
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studies are needed to explore this possibility and resolve the natural origin of SARS-
CoV-2. We should emphasize that, although SARS-CoV-2 shows no evidence of
laboratory origin, viruses with such great public health threats must be handled properly

in the laboratory and also properly regulated by scientific community and governments.
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From: Peter Daszak

To: Peter Daszak

Cc: Aleksei Chmura: Hongving Li

Subject: COVID-19 statement of support for Scientists and Public Health Professionals in China, and a condemnation of
conspiracy theories on the origin of the virus

Date: Sunday, February 16, 2020 10:51:24 PM

Attachments: Staterment of support COVID-19 China 021620.docx

Importance: High

Dear All,

Firstly, | want to thank each of you for your kindness, academic integrity, and openness in sighing
this statement of support. I've attached the current version of it for your records, and you can see
the list of the eminent public health scientists from 8 countries who have co-signed with you. These
include former heads of government agencies, current heads of world class research groups and
major organizations, members of the US National Academies of Medicine and Science, an
Academician from Malaysia, an Officer of the Order of Australia, and others who have achieved
great success in public health and infectious disease research.

Secondly, | want to mention that the situation as regards conspiracy theories has worsened over the
last few days, having been given credence through reporting yesterday in a UK tabloid {Express),
regurgitation on prime time TV yesterday in the USA by US senator Tom Cotton, and discussions at a
very high level within government in the USA and China. At the same time, some colleagues in China
have received violent threats to their families and themselves.

For these reason, and as a way to get our statement across directly to the senior leaders in the
governments of China and around the world, Jeremy Farrar (Director of the Wellcome Trust, and co-
signatory) suggested that | submit this letter to the editor of The Lancet for possible publication. |
have done so just now, out of a sense of urgency, and await his response (| have also asked if he is
willing to sign).

| realize that all of you agreed to having this letter published and distributed, and | believe this would
be an extremely appropriate platform to do so. Please let me know if you feel otherwise by
responding to this email. Note that, for equity and impact, | have assigned authorship of the

statement alphabetically, and will ask that no one person act as corresponding author.

[ will, of course, let you know of the response as soon as | hear back.

Cheers,

Peter

Peter Daszak
President



EcoHealth Alliance

460 West 34" Street — 170 Floor
New York, NY 10001

rel. -

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 (COVID-19) Outbreak

We, the undersigned, are public health scientists who have closely followed the emergence

of COVID-19, and are deeply concerned about its impact on global health and well-being. We
have watched as the scientists, public health and medical professionals of China, in particular,
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 has been remarkable.

We sign this statement in solidarity with all scientists and health professionals in China who
continue to save lives and protect global health during the challenge of this novel coronavirus
outbreak. We are all in this together, with our Chinese counterparts in the forefront, against
this new viral threat.

The rapid, open and transparent sharing of data on this outbreak is now being threatened by
rumors and misinformation around its origins. We stand together to strongly condemn
conspiracy theories suggesting that COVID-19 does not have a natural origin. Scientists from
multiple countries have published and analyzed SARS-CoV-2 genomes’, and they
overwhelmingly conclude that this virus originated in wildlife?'°, as have so many other
emerging diseases'"-2. 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. Conspiracy theories do nothing but create fear, rumors, and
prejudice that jeopardize our global collaboration in the fight against this virus. We support
the call from the Director-General of the World Health Organization to promote scientific
evidence and unity over misinformation and conjecture'. 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!

Signatories

Dr. Charles Calisher, Professor Emeritus, Colorado State University, USA

Dr. Dennis Carroll, Senior Fellow, Scowcroft Institute, Texas A&M, USA

Dr. Rita Colwell, Distinguished University Professor, University of Maryland College Park, USA
Dr. Ronald B. Corley, Director & Professor, NEIDL Institute, Boston University, USA

Dr. Peter Daszak, President, EcoHealth Alliance, USA

Dr. Christian Drosten, Professor, Charité — Universitatsmedizin Betrlin, Germany

Dr. Jeremy Farrar, Director, The Wellcome Trust, UK

Dr. Hume Field, Honorary Professor, School of Veterinary Science, The University of Queensland,
Australia

Dr. Josie Golding, Programme Officer for Epidemic Preparedness and Response, The Wellcome
Trust, UK

Dr. Alexander Gorbalenya, Professor, Leiden University Medical Center, The Netherlands

Dr. Bart Haagmans, Researcher, Erasmus Medical Center, The Netherlands

Dr. James M. Hughes, Professor, Emory University, USA



Dr. William B. Karesh, President, World Organization for Animal Health {(OIE) Working Group on
Wildlife, USA

Dr. Gerald T. Keusch, Professor of Medicine and Global Health, Boston University, USA

Dr. Sai Kit Lam, Professor Emeritus, University of Malaya, Kuala Lumpur, Malaysia

Dr. Juan Lubroth, Former Chief Veterinary Officer, Food and Agriculture Organization of the United
Nations, Italy

Dr. John 8. Mackenzie, Professor Emeritus, Curtin University, Perth, Australia

Dr. Larry Madoff, Editor & Professor of Medicine, ProMED-mail & University of Massachusetts
Medical School, USA

Dr. Jonna Mazet, Professor, University of California at Davis, USA

Dr. Peter Palese, Professor & Head, Dept Microbiclogy, Icahn School of Medicine, Mt. Sinai Hospital,
USA

Dr. Stanley Perlman, Professor, University of lowa, Carver College of Medicine, USA

Dr. Leo Poon, Professor, The University of Hong Kong, Hong Kong

Dr. Bernard Roizman, Joseph Regenstein Distinguished Service Professor Emeritus of Virology,
University of Chicago, USA

Dr. Linda Saif, Distinguished University Professor, The Ohio State University, USA

Dr. Kanta Subbarao, Honorary Professor, The University of Melbourne, Australia
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From: Peter Daszak

To: Saif, Linda

Subject: Confidential - re. NASEM Standing Committee
Date: Wednesday, April 1, 2020 2:31:03 AM
Importance: High

Linda, apologies for not responding sooner, but as you can see from the timestamp on this email, I'm
overworked right now as we all are.

| too am a bit surprised at the makeup of the Standing Committee. Obviously, I'm pleased to be on,
not least because it began in response to a question about the potential bioengineered origin of
SARS-CoV-2 which was a majorshock to me as a close collaborator with the alleged conspirators. My
joining was in itself was a struggle, as | had to explain my relationship with the Wuhan Institute of
Virology to the group, given the conspiracy theories that started this whole request from OSTP to
the NASEM.

| ' was very surprised to not see Ralph and yourself on there. | think Ralph is even more in the
crosshairs of the conspiracy theorists, so that may be one reason, even though it's inappropriate, the
politics are such thatwe have an administration with people who might tend to believe these
theories! Additionally, | saw thatyou weren’t on, and neither are many well-known and well-
experienced EID outbreak people, like Jim Hughes, Jerry Keusch etc. Meanwhile we have few if any
real epidemiologists, too many sequence phylogeny people, and some who just don’t have the
gravitas I'd have liked to have seen.

One explanation may be that although this is an NASEM committee, it was pushed heavily by Victor
Dzau, so maybe it's weighted a bit to the NAM. By the way —that's my membership —I'm in NAM,
not NAS, although | am being nominated for NAS this year by Rita Colwell.

All that said, | did mention your absence to Julie Pavlin (obviously without mentioning your email),
who's staff director of the Board on Global Health at NAM and heavily involved in this committee.
She agreed itis surprising that you aren’t on and said she’d mention it to Andrew Pope, who's sort of
managing the committee on NASEM staff.

The committee will also be setting up a series of Working Groups, including one on One Health, and
another on Epidemiology etc. That might be an opportunity for your involvement, albeit that you

really should be running one of these...

I’'m glad you’re organizing a statement from NAS. Please let me know if there’s anything maore | can

do or something more direct. I'll definitely push as much as possible to get you involved —your
expertise is sorely needed. I'll do this confidentially at this point, and openly if you say | should!
Cheers,

Peter



Peter Daszak
President

EcoHealth Alliance

460 West 347" Street
New York, NY 10001
USA

rel

Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation

From: Saif, Linda <saif.2@osu.edu>

Sent: Tuesday, March 24, 2020 10:37 AM

To: Peter Daszak <daszak@ecohealthalliance.org>
Subject: COVID-19

Hi Peter,

| am very disappointed that as one of only a few members of NAS who has extensive
experience working on CoVs {more than 40 years), that | have not been asked to serve on

the Standing Committee on Emerging Infectious Diseases and 21st Century Health Threats to
address the issues pertaining to COVID-19. | know that you are a member and as one of the
few members of NAS with CoV expertise | too would like to volunteer to offer my extensive
expertise on CoVs. | am trying to keep up with the COVID-19 literature on this and | could also

offer long term perspectives based on my broad experience on CoVs across many species.

As you are aware here are many ominous political issues now that will impact our ability to
mitigate or suppress COVID-19 in the US. | plan to write a letter to Dr McNutt and the other
NAS officers to ask them now to prepare a letter or whitepaper, signed by NAS members if
helpful, to send to the President and Congressional elected officials and governors to provide
the factual information about the epidemiologic estimates for the projected numbers of cases
in the US, hospitalizations and deaths with and without the various mitigation or suppression
strategies, based on the data from China, Italy and the Imperial College report. | think the
congress and governors need to see these figures in front of them for their decision making.
We were created to advise the nation and are supposed to be the scientific advisors to the US:
ie "we provide independent, objective advice to inform policy with evidence, spark progress
and innovation, and confront challenging issues for the benefit of society." As one of the



biggest disease crises in US history, the NAS should not abdicate a leadership role in dealing
with the COVID-19 outbreak.

Please let me know your thoughts on this—I| am drafting my letter this week!

Regards,
Linda

Linda J. Saif, PhD

Distinguished University Professor
Food Animal Health Research Program
OARDC/The Ohio State University
1680 Madison Ave

Wooster, Oh 44691



From: Peter Daszak

To: R Bt el ; i

Cc: Robert Kessler

Subject: confidential (ish) our paper will be out on preprint server this week with >700 novel sequences (RdRp) and
analysis of bat-CoVs China

Date: Wednesday, April 1, 2020 2:20:34 AM

Attachments: China bat CoVs R2 PD.docx

Importance: High

Ralph and Linda,

We've got a paper just accepted in Nature Communications that analyzes a tone of RdRp sequences
of bat-CoVs from China. They're making us upload it onto a preprint server, which we’ll do
Wednesday night. I've attached the uncorrected version here, and some talking points that | drafted.

| don’t know if we’ll get reporters asking about it, but we are in the middle of a pandemic caused by
a relative of one of these, so it's possible. If so, I'd like to suggest you as alternate voices to speak to
them. | hope that's ok.

Hope you and your families are well and staying safe. | already have a relative in the UK who has
now (last night) died of COVID-19 — my father-in-law. Tragic and shocking that this is a bat-origin
CoV, but gives my more drive to do this work. Likewise, thanks for both of your work on these
viruses for many years —we’re right now seeing how valuable that is.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

460 West 34T Street
New York, NY 10001
USA

rel.. [
Website: www.ecohealthalliance.org

Twitter: @PeterDaszak



EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation
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Origin and cross-species transmission of bat coronaviruses in China

Alice Latinne®™, Ben Hu?", Kevin J. Olivall, Guangjian Zhu?, Libiao Zhang?, Hongying Lit, Aleksei A.
Chmural, Hume E. Field* Carlos Zambrana-Torreliol, Jonathan H. Epstein', Bei Li?, Wei Zhang?, Lin-Fa
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Abstract

Bats harbor a large diversity of coronaviruses {CoVs) and have been identified as the likely natural
reservoirs and evolutionary origin of several zoonotic coronaviruses, including Severe Acute Respiratory
Syndrome {SARS)-CoV that emerged in China in 2002 and SARS-CoV-2 2049-rte¥ that emerged in Hubei,
China and is currently causing a global pandemic. However, the evolution and diversification of CoVs in

their bat hosts remain poorly understood. Here, we use an extensive dataset (including 732 novel CoV

seguences) and Bayesian statistical framework to study the macroevolution of bat-CeMbat-CoVs, their
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cross-species transmission dynamics, and dispersal in China. Qur findings reveal that alpha-CoVs have
switched hosts more frequently, and among more distantly related taxa, than beta-CoVs during their
evolution. Phylogenetic distance among hosts was found to represent a higher constraint on host
switches for beta- than for alpha-CoVs. We also show that Rhinolophidae and the genus Rhinolophus
were involved in more inter-family and inter-genus significant host switching events than any other
family or genus. We use our analyses to identify the host taxa and geographic regions that together
define hotspots of CoV evolutionary diversity in China. This provides a strategy for better targeting of
bat-borne CoV discovery and proactive zoonotic disease surveillance. Finally, we provide the most
comprehensive analysis to date, including all known bat-CoVs, to show that the emerging SARS-CoV-2

2849-nEeV has a likely origin in Rhinclophus spp. bats.
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Introduction

Coronaviruses (CoVs) are RNA viruses causing respiratory and enteric diseases with varying
pathogenicity in humans and animals. All CoVs known to infect humans are zoonotic, or of animal origin,
with many thought to originate in bat hosts’2. Due to their large genome size (the largest non-
segmented RNA viral genome), frequent recombination and high genomic plasticity, CoVs are prone to
cross-species transmission and are able to rapidly adapt to new hosts'?. This phenomenon is thought to
have led to the emergence of a number of CoVs affecting livestock and human health®®. Three of these
causing significant outbreaks originated in China during the last two decades. Severe Acute Respiratory
Syndrome (SARS)-CoV emerged first in humans in Guangdong province, southern China, in 2002 and
spread globally, causing fatal respiratory infections in close to 800 people!®®2, Subsequent investigations
identified horseshoe bats (genus Rhinolophus) as the natural reservoirs of SARS-CoV*18, In 2016, Swine
Acute Diarrhea Syndrome (SADS)-CoV caused the death of over 25,000 pigs in farms within Guangdong
province®’. This virus appears to have originated within Rhinclophus spp. bats, and belongs to the HKU2-
CoV clade previously detected in bats in the region” . Meryrecenthyln 2019, a novel coronavirus (SARS-
CoV-22040-rCeM) wastdertiflied-asthe-eatseoafcaused an outbreak of respiratory illness (COVID-19) first

detected in Wuhan, Hubei province, China, which has since become a pandemic. This emerging human

virus is closely related to SARS-CoV, and also appears to have originated in horseshoe bats -- with its full

genome 96% similar to a virus we discovered in Rhinclophus affinis®.

A growing body of research has identified bats as the evolutionary sources of SARS- and Middle East
Respiratory Syndrome [MERS)-CoVs 131%2123 and as eveltionar-the source of progenitors for the
human CoVs, NLE3 and 229E**2%, The emergence of SARS-CoV-2 2040-wCalfurther underscores the

importance of bat-origin CoVs ferto global health, and understanding their origin and cross-species

20,26

transmission efis a high priority for pandemic preparedness®™“°. Bats harbor the largest diversity of
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CoVs among mammals and two CoV genera, alpha- and beta-CoVs (a- and B-CoVs), have been widely
detected in bats from most regions of the world??28, BatCe¥/Bat-CoV diversity seems to be correlated
with host taxonomic diversity globally, the highest CoV diversity being found in areas where-with the
highest bat species richnessis-the-highest®®. Host switching of viruses over evolutionary time is an
important mechanism driving the evolution of bat coronaviruses in nature and appears to vary
geographically?®?®. However, detailed analyses of host-switching have been hampered by incomplete or

opportunistic sampling, typically with relatively low numbers of viral sequences from any given region’L.

China has a rich bat fauna, with more than 100 described bat species and several endemic species
representing both the Palearctic and Indo-Malay regions®2. Its situation at the crossroads of two
zoogeographic regions heightens China’s potential to harbor a unique and distinctive CoV diversity.
Since the emergence of SARS-CoV in 2002, China has been the focus of an intense viral surveillance and
a large number of diverse bat-Covbat-CoVs has been discovered in the region®™". However, the
macroevolution of CoVs in their bat hosts in China and their cross-species transmission dynamics remain

poorly understood.

In this study, we analyze an extensive field-collected dataset of batCeMbat-CoV sequences from across
China. We use a phylogeographic Bayesian statistical framework to reconstruct virus transmission
history between different bat host species and virus spatial spread over evolutionary time. Our
objectives were to compare the macroevolutionary patterns of a- and B-CoVs and identify the hosts and
geographical regions that act as centers of evolutionary diversification for batCeMbat-CoVs in China.
These analyses aim to improve our understanding of how CoVs evolve, diversify, circulate among, and
transmit between bat families and genera to help identify bat hosts and regions where the risk of CoV

spillover is the highest.

Results
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Taxonomic and geographic sampling

We generated 732 partial sequences (440 nt) of the RNA-dependent RNA polymerase (RdRp) gene from
bat rectal swabs collected in China and added 508 batceMbat-CoV sequences from China available in
GenBank to our datasets {list of GenBank accession numbers available in Supplementary Material). For
each CoV genus, two datasets were created: one including all sequences with known host (host dataset)
and one including all sequences with known sampling location at the province level {geographic
dataset). To create a geographically discrete partitioning scheme that was more ecologically relevant
than administrative borders for our phylogeographic reconstructions, we defined six zoogeographic
regions within China by clustering provinces with similar mammalian diversity using hierarchical
clustering™ (see Methods): South western region (SW), Northern region (NO), Central northern region

{CN), Central region (CE), Southern region (S0) and Hainan island (HI) {(Fig. 1 and Fig. S1).

Our host datasets included 718 a-CoV sequences (XX new sequences, including XX new SADSr-CoV

sequences) from 41 bat species {14 genera, five families) and 544 B-CoV sequences_ (XX new seguences,

including XX new SARSr-CoV sequences) from 31 bat species (15 genera, four families) (Table 51). Qur

geographic datasets included 694 a-CoV sequences from six zoogeographic regions (22 provinces) and
519 B-CoV sequences from five zoogeographic regions (21 provinces) (Fig 1). As some regions or hosts
were overrepresented in our datasets, we also created and ran our analyses using a more uniform
subset of our sequence data that included ~30 randomly-selected sequences per host family or region to

mitigate sampling and surveillance intensity bias.

Ancestral hosts and cross-species transmission

We used a Bayesian discrete phylogeographic approach implemented in BEAST® to reconstruct the
ancestral host of each node in the phylogenetic tree using bat host family as a discrete character state.

The phylogenetic reconstructions for a-CoVs in China suggest an evolutionary origin within rhinolophid
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and vespertilionid bats (Fig 2A). The first a-CoV lineage to diverge historically corresponds to the
subgenus Rhinacovirus (L1), originating within rhinolophid bats, and includes sequences related to
HKU2-CoV and SADS-CoV (Fig 52). Then several lineages, labelled L2 to L7, emerged from vespertilionid
bats (Fig 2A). The subgenus Decacovirus (L2) includes sequences mostly associated with the
Rhinolophidae and Hipposideridae and related to HKU10-CoV (Fig $3), while the subgenera
Myotacovirus (L3) and Pedacovirus (L5) as well as an unidentified lineage (L4) include CoVs mainly from
vespertilionid bats and related to HKU6-, HKU10-, and 512-CoVs (Fig $4-S5). Finally, a well-supported
node comprises the subgenera Nyctacovirus (L6) from vespertilionid bats and Minunacovirus (L7) from
miniopterid bats, and includes HKU7-, HKU&-, 1A-, and 1B-CoVs (Fig S6). These seven a-CoV lineages are
mostly associated with a single host family but each also included several sequences identified from
other bat families (Fig 24, $2-56 and Table $1), suggesting frequent cross-species transmission events
have occurred among bats. Ancestral host reconstructions based on the random data subset, to
normalize sampling effort, gave very similar results with rhinolophids and vespertilionids being the most
likely ancestral hosts of most a-CoV lineages too (Fig S7A). However, the topology of the tree based on

the random subset was slightly different as the lineage L5 was paraphyletic.

Chinese B-CoVs likely originated from vespertilionid and rhinolophid bats (Fig 2B). The MCC tree was
clearly structured into four main lineages: Merbecovirus (Lineage C), including MERS-related {(MERSr-})
CoVs, HKU4- and HKU5-CoVs and strictly restricted to vespertilionid bats (Fig S8); Nobecovirus {lineage
D), originating from pteropodid bats and corresponding to HKU9-CoV (Fig $9); Hibecavirus (lineage E)
comprising sequences isolated in hipposiderid bats (Fig $10) and Sarbecovirus (Lineage B) including
sequences related to HKU3- and SARS-related (SARSr-) CoVs originating in rhinolophid bats (Fig $11). We
show that SARS-CoV-2 28048-xrceM-forms a divergent clade within Sarbecovirus and is most closely
related to viruses sampled from Rhinolophus affinis (Fig 3). Similar tree topology and ancestral host

inference were obtained with the random subset (Fig S7B).
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We used a Bayesian Stochastic Search Variable Selection (BSSVS) procedure™ to identify viral host
switches (transmission over evolutionary time) between bat families and genera that occurred along the
branches of the MCC annotated tree and calculated Bayesian Factor (BF) to estimate the significance of
these switches (Fig 4). We identified nine highly supported {BF > 10) inter-family host switches for a-
CoVs and three for B-CoVs (Fig 4A and 4B). These results are robust over a range of sample sizes, with
seven of these nine switches for a-CoVs and the exact same three host switches for B-CoVs having
strong BF support (BF > 10) when analyzing our random subset (Tables S2 and $3). To quantify the
magnitude of these host switches, we estimated the number of host switching events {Markov
jumps)** along the significant inter-family switches (Fig 4C and 4D) and estimated the rate of inter-
family host switching events per unit of time for each CoV genus. The rate of inter-family host switching
events was mere-than10five times higher in the evolutionary history of o- (98£8-703=12.20.010) than -
CoVs (+3£6-026=2-20.002) in China. For a-CoVs, host switching events from the Rhinclophidae and the
Miniopteridae were greater than from other bat families while rhinolophids were the highest donor
family for B-CoVs. The Rhinolophidae and the Vespertilionidae for a-CoVs and the Hipposideridae for -
CoVs received the highest numbers of switching events (Fig 4C and 4D). When using the random
dataset, similar results were obtained for B-CoVs while rhinclophids were only the highest donor family

for a-CoVs (Tables S4 and S5).

At the genus level, we identified 20 highly supported inter-genus host switches for a-CoVs, 17 of them
were also highly significant using the random subset (Fig 5A and Table S6). Rhinolophus and Myotis were
the donor genera in four of these switches while Miniopterus and Rhinolophus were each the recipients
of four of these switches (Fig 5A). Sixteen highly supported inter-genus switches were identified for B-
CoVs (Fig 5B). Similar results were obtained for the random B-CoV subset (Table S7). Cynopterus was the
most common donor and Myotis the most common recipient of these switches (Fig 5B). Most of the

significant cross-genus CoV switches for a-CoVs, 15 of 20 (75%), were between genera in different bat
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families, while this proportion was only 6 of 16 (37.5%) for B-CoVs. The estimated rate of inter-genus
host switching events (Markov jumps) was mere-than-two-tmeshighersimilar for a-
(+2340-703=1750.014) andihes B-CoVs (#846-926=760.014). For a-CoVs, Rhinolophus and Miniopterus
were the greatest donor genera and Rhinclophus was the greatest receiver (Table S8). For B-CoVs,

Rousettus was the greatest donor and Eonycteris the greatest receiver genus (Table S9).

CoV spatiotemporal dispersal in China

We used our Bayesian discrete phylogeographic model with zoogeographic regions as character states
to reconstruct the spatiotemporal dynamics of CoV dispersal in China. Eleven and seven highly
significant {BF > 10) dispersal routes within China were identified for a- and B-CoVs, respectively (Fig 6).
Seven and five of these dispersal routes, respectively, remained significant when using our random
subsets (Tables S10 and $11). The Rhinacovirus lineage (L1) that includes HKU2 and SADS-CoV likely
originated in the SO region while all other a-CoV lineages historically arose in SW China and spread to
other regions before several dispersal events from SO and NO in all directions (Fig 6A and Fig $12). A

roughly similar pattern of a-CoV dispersal was obtained using the random subset (Tables $10 and $12).

The oldest inferred dispersal movements for B-CoVs occurred among the SO and SW regions (Fig 6B).
The SO region was the likely origin of Merbecovirus (Lineage C, including HKU4 and HKUS5) and
Sarbecovirus subgenera (Lineage B, including HKU 3 and SARSr-CoVs) while the Nobecovirus (lineage D,
including HKU9) and Hibecovirus (lineage E) subgenera originated in SW China (Fig $12). Then several
dispersal movements likely originated from SO and CE (Fig 6B). More recent southward dispersal from
NO was observed. Similar spatiotemporal dispersal patterns were observed using the random subset of

B-CoVs (Tables S11 and S13).

The estimated rate of migration events per unit of time along these significant dispersal routes was five

more than two times higher for a- (2224/0-7023=222.90.026) than B-CoVs (54/0:-826=61.60.011) and SO
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was the region involved in the greatest total number of migration events for both a- and B-CoVs. SO had
the highest number of outbound and inbound migration events for a-CoVs (Fig 6C and Table $12). For B-
CoVs, the highest number of cutbound migration events was estimated to be from NO and SO while SO

and SW had the highest numbers of inbound migration events (Fig 6D and Table $13).

Phylogenetic diversity

In order to identify the hotspots of CoV phylogenetic diversity in China and evaluate phylogenetic
clustering of CoVs, we calculated the Mean Phylogenetic Distance (MPD) and the Mean Nearest Taxon

Distance (MNTD) statistics*” and their standardized effect size (SES).

We found significant and negative SES MPD values, indicating significant phylogenetic clustering, within
all bat families and genera for both a- and B-CoVs, except within the Aselliscus and Tylonycteris for a-
CoVs (Fig 7A and 7B). Negative and mostly significant SES MNTD values, reflecting phylogenetic
structure closer to the tips, were also observed within most bat families and genera for a- and B-CoVs
but we found non-significant positive SES MNTD value for vespertilionid bats and Pipistreflus for B-CoVs
{Fig 7A and 7B). In general, we observed lower phylogenetic diversity for B- than a-CoVs within all bat
families and most genera when looking at SES MPD, but the difference in the level of diversity between
a- and B-CoVs is less important when looking at SES MNTD (Fig 7). These results suggest stronger basal
clustering (reflected by larger SES MPD values) for B-CoVs than a-CoVs, indicating stronger host
structuring effect and phylogenetic conservatism for B-CoVs. Very similar results were obtained with the

random subsets for both a- and B-CoVs (Tables $14-521).

We found negative and mostly significant values of MPD and MNTD (Fig 7C and Tables $22-525)
indicating significant phylogenetic clustering of CoV lineages in bat communities within the same
zoogeographic region. However, SES MPD values for a-CoVs in SW were positive (significant for the

random subset) indicating a greater evolutionary diversity of CoVs in that region than others (Fig 7 and
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Tables $22-525). We used a linear regression analysis to assess the relationship between CoV
phylogenetic diversity and bat species richness in China and determine if bat richness is a significant
predictor of bat-ceMbat-CoV diversity and evolution. a-CoV phylogenetic diversity (MPD) was not
significantly correlated to total bat species richness or sampled bat species richness in zoogeographic
regions or provinces (Table $26). Non-significant correlations between bat species richness and B-CoV
phylogenetic diversity were also observed at the zoogeographic region level (Table 527). However, a
significant correlation was observed between sampled bat species richness and p-CoV phylogenetic
diversity at the province level (Table $27). Similar results were obtained when using the random subsets
{Table 526 and $27). These findings suggest that bat host diversity is not the main driver of CoV diversity
in China and that other ecological or biogeographic factors may influence this diversity. We observed
higher CoV diversity than expected in several southern or central provinces (Hainan, Guangxi, Hunan)

given their underlying total or sampled bat diversity (Fig 13 and 514).

We also assessed patterns of CoV phylogenetic turnover/differentiation among Chinese zoogeographic
regions and bat host families by measuring the inter-region and inter-host values of MPD (equivalent to
a measure of phylogenetic B diversity) and their SES. We found positive inter-family SES MPD values,
except between Pteropodidae and Hipposideridae for a-CoVs and between Rhinolophidae and
Hipposideridae for B-CoVs (Fig 8A and 8B and Tables 528 and 529), suggesting higher phylogenetic
differentiation of CoVs among most bat families than among random communities. Qur phylo-
ordination based on inter-family MPD values indicated that a-CoVs from vespertilionids and
miniopterids, and from hipposiderids and pteropodids; as well as B-CoVs from rhinolophids and
hipposiderids are phylogenetically closely related (Fig 8A and 8B). We also observed strong phylogenetic
turnover between a-CoV strains from rhinolophids and all other bat families, and between B-CoV strains
from vespertilionids and all other bat families. Phylo-ordination among bat genera based on inter-genus

MPD confirmed these results and indicated that CoV strains from genera belonging to the same bat
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family were mostly more closely related to each other than to genera from other families (Fig 8C and 8D

and Tables $30 and S31).

We abserved high and positive inter-region SES MPD values between SW/HI and all other regions,
suggesting that these two regions host higher endemic diversity (Fig 9 and Tables $32 and $31). Negative
inter-region SES MPD values suggested that the phylogenetic turnover among other regions was less
important than expected among random communities. Our phylo-ordination among zoogeographic
regions also reflected the high phylogenetic turnover and deep evolutionary distinctiveness of both a-
and B-CoVs from SW and HI regions (Fig 9 and Tables $32 and $33). Similar results were obtained using

the random subset (Tables $32 and S$33).

Mantel tests

Mantel tests revealed a positive and significant correlation between CoV genetic differentiation (Fsr) and
geographic distance matrices, both with and without provinces including fewer than four viral
sequences, for a- (r=0.25, p=0.0097; r=0.32, p = 0.0196; respectively) and B-CoVs (r=0.22, p =
0.0095; r=0.23, p = 0.0336; respectively). We also detected a positive and highly significant correlation
between CoV genetic differentiation (Fs1) and their host phylogenetic distance matrices, both with and
without genera including fewer than four viral sequences, for B-CoVs (r=041,p=0;r=0.39,p =

0.0012; respectively) but not for a-CoVs (r=-0.13, p = 0.8413; r = 0.02, p = 0.5019; respectively).

Discussion

QOur dataset and analyses represent the most comprehensive investigation of bat-origin CoVs in China to
date. Qur phylogenetic analysis shows a high diversity of CoVs from bats sampled in China, with most
bat genera included in this study (10/16) infected by both a- and B-CoVs. In the most comprehensive

phylogenetic analysis published to date, that includes all known at-cedbat-Covbat-CoVs from China,

we find that the emerging SARS-CoV-2 2039-xca¥s likely derived from a clade of viruses originating in
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horseshoe bats (Rhinolophus spp.) from Yunnan province. This analysis also demonstrates that a

significant amount of cross-species transmission has occurred among bat hosts over evolutionary time.
Qur Bayesian phylogeographic inference and Bayesian analysis of host switching showed varying levels
of viral connectivity among bat hosts and allowed us to identify significant host transitions that appear

to have occurred during batEe¥bat-CoV evolution in China.

We found that bats in the family Rhinolophidae (horseshoe bats) played a key role in the evolution and
cross-species transmission history of a-CoVs. The family Rhinolophidae and the genus Rhinolophus were
involved in more inter-family and inter-genus highly significant host switching of @-CoVs than any other
family or genus. They were the greatest receivers of a-CoV host switching events and second greatest
donors after Miniopteridae/Miniopterus. The Rhinolophidae, together with the Hipposideridae, also
played an important role in the evolution of B-CoVs, being at the origin of most inter-family host
switching events. Chinese horseshoe bats are characterized by a distinct and evolutionary divergent a-
CoV diversity, while their B-CoV diversity is similar to that found in the Hipposideridae. The
Rhinolophidae comprises a single genus, Rhinclophus, and is the most speciose bat family after the
Vespertilionidae in China®®, with 20 known species, just under a third of global Rhinolophus diversity,
mostly in Southern China®2. This family likely originated in Asia***®, but some studies suggest an African
origin®l*2, Rhinolophid fossils from the middle Eocene (38 - 47.8 Mya) have been found in China,
suggesting a westward dispersal of the group from eastern Asia to Europe®®. The ancient likely origin of
the Rhinolophidae in Asia and China in particular may explain the central role they played in the
evolution and diversification of batCa¥bat-CoVs in this region, including SARS-CoV-22049-rCeM, SARSr-
CoVs and SADSr-CoVs, which are important human and livestock pathogens. Horseshoe bats are known
to share roosts with genera from all other bat families in this study®®, which may also favor CoV cross-
species transmission from and to rhinolophids®. A global meta-analysis showing higher rates of viral

sharing among co-roosting cave bats supports this finding®®.
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Vespertilionid and miniopterid bats {largely within the Myotis and Miniopterus genera) also appear to
have been involved in several significant host switches during a-CoV evolution. However, no significant
transition from vespertilionid bats was identified for B-CoVs and these bats exhibit a divergent -CoV
diversity compared to other bat families. Vespertilionid and miniopterid bats are characterized by strong
basal phylogenetic clustering but high recent CoV diversification rates, indicating a more rapid
evolutionary radiation of CoVs in these bat hosts. At the genus level, similar findings were observed for

the genera Myotis, Pipistrellus and Miniopterus.

A significant correlation between geographic distance and genetic differentiation of both a- and B-CoVs
has been detected, even if only a relatively small proportion of the variance is explained by geographic
distance. We also revealed a significant effect of host phylogeny on B-CoV evolution while it had a
minimal effect on a-CoV diversity. Contrary to the a-CoV phylogeny, the basal phylogenetic structure of
B-CoVs mirrored the phylogeny of their bat hosts, with a clear distinction between the Yangochiroptera,
encompassing the Vespertilionidae and Miniopteridae, and the Yinpterochiroptera, which includes the
megabat family Pteropodidae and the microbat families Rhinolophidae and Hipposideridae, as
evidenced in recent bat phylogenies*®®, These findings suggest a profound co-macroevolutionary
process between B-CoVs and their bat hosts, even if host switches also occurred throughout their
evolution as our study showed. The phylogenetic structure of a-CoVs, with numerous and closely related
lineages identified in the Vespertilionidae and Miniopteridae, contrasts with the B-CoV
macroevolutionary pattern and suggests «-CoVs have undergone an adaptive radiation in these two
Yangochiroptera families. Qur BSSVS procedure and Markov jump estimates revealed higher
connectivity, both qualitatively and quantitatively, among bat families and genera in the a-CoV cross-
species transmission history. Larger numbers of highly significant host transitions and higher rates of
switching events along these pathways were inferred for a- than B-CoVs, especially at the host family

level. These findings suggest that a-CoVs are able to switch hosts more frequently and between more
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distantly related taxa, and that phylogenetic distance among hosts represents a higher constraint on
host switches for B- than a-CoVs. This is supported by more frequent dispersal events in the evolution of

a- than B-CoVs in China.

Variation in the extent of host jumps between a and B-CoVs within the same hosts in the same
environment may be due to virus-specific factors such as differences in receptor usage between a- and
B-CoVs®? Coronaviruses use a large diversity of receptors, and their entry into host cells is mediated
by the spike protein with an ectodomain consisting of a receptor-binding subunit S1 and a membrane-
fusion subunit $2°°. However, despite differences in the core structure of their S1 receptor binding
domains (RBD), several a- and B-CoV species are able to recognize and bind to the same host
receptors®. Other factors such as mutation rate, recombination potential, or replication rate might also
be involved in differences in host switching potential between a- and B-CoVs. A better understanding of
receptor usage and other biological characteristics of these bat-Ca¥bat-CoVs may help predict their

cross-species transmission and zoonotic potential.

We also found that some bat genera were infected by a single CoV genus: Miniopterus (Miniopteridae)
and Murina (Vespertilionidae) carried only a-CoVs, while Cynopterus, Eonycteris, Megaerops
{Pteropodidae) and Pipistrelius (Vespertilionidae) hosted only B-CoVs. This was found despite using the
same conserved pan-CoV PCR assays for all specimens screened and it can’t be explained by differences
in sampling effort for these genera (Table $1): for example, >250 a-CoV sequences but no B-CoV were
discovered in Miniopterus bats in China during our recent fieldwork. These migratory bats, which seem
to have played a key role in the evolution of a-CoVs, share roosts with several other bat genera hosting
B-CoVs in China®*, suggesting high likelihood of being exposed to B-CoVs. Biological or ecological

properties of miniopterid bats may explain this observation and clearly warrant further investigation.

14



314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

326

330

331

332

333

334

335

336

337

Qur Bayesian ancestral reconstructions revealed the importance of South western and Southern China
as centers of diversification for both a- and B-CoVs. These two regions are hotspots of CoV phylogenetic
diversity, harboring evolutionarily old and phylogenetically diverse lineages of - and B-CoVs. South
western China acted as a refugium during Quaternary glaciation for numerous plant and animal species
including several bat species, such as Rhinolophus affinis®, Rhinolophus sinicus®, Myotis davidi®*, and
Cynopterus sphinx®®. The stable and long-term persistence of bats and other mammals throughout the
Quaternary may explain the deep macroevolutionary diversity of batCeVlbat-CoVs in these regions®.
Several highly significant and ancient CoV dispersal routes from these two regions have been identified
in this study. Other viruses, such as the Avian Influenza A viruses H5N6, H7N9 and H5N1, also likely

originated in South western and Southern Chinese regions®”®,

QOur findings suggest that bat host diversity is not the main driver of CoV diversity in China and that
other ecological or biogeographic factors may influence this diversity. Overall, there were no significant
correlations between CoV phylogenetic diversity and bat species diversity (total or sampled) for each
province or biogeographic region, apart from a weak correlation between B-CoV phylogenetic diversity
and the number of bat species sampled at the province level. Yet, we observed higher than expected
phylogenetic diversity in several southern provinces (Hainan, Guangxi, Hunan). These results and main
conclusions are consistent and robust even when we account for geographic biases in sampling effort by

analyzing random subsets of the data.

Despite being the most exhaustive study of batCeMbat-CoVs in China, this study had several limitations
that must be taken into consideration when interpreting our results. First, only partial RdRp sequences
were generated in this study and used in our phylogenetic analysis as the non-invasive samples (rectal
swabs/feces) collected in this study prevented us from generating longer sequences in many cases. The
RdRp gene is a suitable marker for this kind of study as it reflects vertical ancestry and is less prone to

recombination than other regions of the CoV genome such as the spike protein gene!®®®. While using

15



338 long sequences is always preferable, our phylogenetic trees are well supported and their topology

339 consistent with trees obtained using longer sequences or whole genomes?”7%, Second, most sequences
340 in this study were obtained by consensus PCR using primers targeting highly conserved regions. Even if
341 this broadly reactive PCR assay designed to detect widely variant CoVs has proven its ability to detect a

342  large diversity of CoVs in a wide diversity of bats and mammals?®717*

, we may not rule out that some bat
343  &£eMbat-CoV variants remained undetected. Using deep sequencing techniques would allow to detect

344 this unknown and highly divergent diversity.

345 In this study, we identified the host taxa and geographic regions that together define hotspots of CoV
346 phylogenetic diversity and centers of diversification in China. These findings may provide a strategy for
347 targeted discovery of bat-borne CoVs of zoonotic or livestock infection potential, and for early detection
348 of bat-CeVbat-CoV outbreaks in livestock and people, as proposed elsewhere’. Our results suggest that
349 future sampling and viral discovery should target two hotspots of CoV diversification in Southern and
350 South western China in particular. These regions are characterized by a subtropical to tropical climate;
351 dense, growing and rapidly urbanizing populations of people; a high degree of poultry and livestock
352 production; and high rates of consumption of wildlife, including bats — all factors which may promote
353 cross-species transmission and disease emergence””’. Additionally, faster rates of evolution in the

354 tropics have been described for other RNA viruses which could favor cross-species transmission of RNA
355 viruses in these regions’®. Both SARS-CoV and SADS-CoV emerged in this region, and several bat SARSr-
356 CoVs with high zoonotic potential have recently been reported from there, although the dynamics of
357 their circulation in wild bat populations remain poorly understood®®®. Importantly, the closest known
358 relative of SARS-CoV-220489-rCal, a SARS-related virus, was found in a Rhinolophus sp. bat in this

359 region. The significant public health and food security implications of these outbreaks reinforces the
360 need for enhanced, targeted sampling and discovery of novel CoVs. Qur finding that Rhinolophus spp.

361 are most likely to be involved in host-switching events makes them a key target for future longitudinal
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surveillance programs, but surveillance targeted the genera Hipposideros and Aselliscus may also be

fruitful as they share numerous B-CoVs with Rhinolophus bats.

In the aftermath of the SARS-CoV and MERS-CoV outbreaks, B-CoVs have been the main focus of bat
CeMbat-CoV studies in China, Africa, and Europe!”?®33587 However, we have shown that a-CoVs have a
higher propensity to switch host within their natural bat reservoirs, and therefore also have a high cross-
species transmission potential and risk of spillover. This is exemplified by the recent emergence of SADS-
CoV in pigs in Guangdong province!”. Two human a-CoVs, NL63 and 229E, also likely originated in
bats?*?* reminding us that past spillover events from bat species can readily be established in the
human population. Future work discovering and characterizing the biological properties of bat a-CoVs
may therefore be of potential value for public and livestock health. Our study, and recent analysis of
viral discovery rates®, suggest that a substantially wider sampling and discovery net will be required to
capture the complete diversity of coronaviruses in their natural hosts and assess their potential for
cross-species transmission. The bat genera Rhinolophus, Hipposideros, Myotis and Miniopterus, all
involved in numerous naturally-occurring host switches throughout a-CoV evolution, should be a
particular target for a-CoV discovery in China, with in vitro and experimental characterization to better

understand their potential to infect people or livestock and cause disease.

Material and Methods

Bat sampling

Bat oral and rectal swabs and fecal pellets were collected from 2010 to 2015 in numerous Chinese
provinces (Anhui, Beijing, Guangdong, Guangxi, Guizhou, Hainan, Henan, Hubei, Hunan, Jiangxi, Macau,
Shanxi, Sichuan, Yunnan, and Zhejiang). Fecal pellets were collected from tarps placed below bat
colonies. Bats were captured using mist nets at their roost site or feeding areas. Each captured bat was

stored into a cotton bag, all sampling was non-lethal and bats were released at the site of capture
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immediately after sample collection. A wing punch was also collected for barcoding purpose. Bat-
handling methods were approved by Tufts University IACUC committee (proposal #52017-32) and
Wuhan Institute of Virology Chinese Academy of Sciences IACUC committee (proposal WIVAO5201705).

Samples were stored in viral transport medium at -80°C directly after collection.

RNA extraction and PCR screening

RNA was extracted from 200 pl swab rectal samples or fecal pellets with the High Pure Viral RNA Kit
{Roche) following the manufacturer’s instructions. RNA was eluted in 50 pl elution buffer and stored at -
80°C. A one-step hemi-nested RT-PCR (Invitrogen) was used to detect coronavirus RNA using a set of
primers targeting a 440-nt fragment of the RdRp gene and optimized for batCe¥bat-CoV detection
{CoV-FWD3: GGTTGGGAYTAYCCHAARTGTGA; CoV-RVS3: CCATCATCASWYRAATCATCATA; CoV-
FWD4/Bat: GAYTAYCCHAARTGTGAYAGAGC)®. For the first round PCR, the amplification was performed
as follows: 50°C for 30 min, 94°C for 2 min, followed by 40 cycles consisting of 94°C for 20 sec, 50°C for
30 sec, 68°C for 30 sec, and a final extension step at 68°C for 5 min. For the second round PCR, the
amplification was performed as follows: 94°C for 2 min followed by 40 cycles consisting of 94°C for 20
sec, 59°C for 30 sec, 72°C for 30 sec, and a final extension step at 72°C for 7 min. PCR products were gel
purified and sequenced with an ABI Prism 3730 DNA analyzer (Applied Biosystems, USA). PCR products
with low concentration or bad sequencing quality were cloned into pGEM-T Easy Vector (Promega) for
sequencing. Positive results detected in bat genera that were not known to harbor a specific CoV lineage
previously were repeated a second time (PCR + sequencing) as a confirmation. Species identifications
from the field were also confirmed and re-confirmed by cytochrome (cytb) DNA barcoding using DNA
extracted from the feces or swabs®. Only viral detection and barcoding results confirmed at least twice

were included in this study.

Sequence data
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We also added batEaibat-CoV RdRp sequences from China available in GenBank to our dataset. All
sequences for which sampling year and host or sampling location information was available either in
GenBank metadata or in the original publication were included (as of March 15, 2018). Our final datasets
include 732 sequences generated for this study and 508 sequences from GenBank (list of GenBank
accession numbers available in Supplementary Material, Tables $34 and $35). Nucleotide sequences
were aligned using MUSCLE and trimmed to 360 base pair length to reduce the proportion of missing
datain the alignments. All phylogenetic analyses were performed on both the complete data and

random subset, and for a- and B-CoVs separately.

Defining zoogeographic regions in China for phylogeographic analyses

Hierachical clustering was used to define zoogeographic regions within China by clustering provinces
with similar mammalian diversity®. Hierarchical cluster analysis classifies several objects into small
groups based on similarities between them. To do this, we created a presence/absence matrix of all
extant terrestrial mammals present in China using data from the IUCN spatial database® and generated
a cluster dendrogram using the function hclust with average method of the R package stats. Hong Kong
and Macau were included within the neighboring Guangdong province. We then visually identified

geographically contiguous clusters of provinces for which CoV sequences are available {Fig 1 and Fig S1).

We identified six zoogeographic regions within China based on the similarity of the mammal community
in these provinces: South western region (SW; Yunnan province), Northern region (NO; Xizang, Gansu,
Jilin, Anhui, Henan, Shandong, Shaanxi, Hebei and Shanxi provinces and Beijing municipality), Central
northern region (CN; Sichuan and Hubei provinces), Central region (CE; Guangxi, Guizhou, Hunan, Jiangxi
and Zhejiang provinces), Southern region {SO; Guangdong and Fujian provinces, Hong Kong, Macau and
Taiwan), and Hainan island {HI}. Hunan and Jiangxi, clustering with the SO provinces in our dendrogram,

were included within the central region to create a geographically contiguous Central cluster (Fig S1).
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These six zoogeographic regions are very similar to the biogeographic regions traditionally recognized in
China®*. The three B-CoV sequences from HI were included in the SO region to avoid creating a cluster

with a very small number of sequences.

Model selection and phylogenetic analysis

Bayesian phylogenetic analysis were performed in BEAST 1.8.4%. Sampling years were used as tip dates.
Preliminary analysis were run to select the best fitting combination of substitution models (HKY/GTR]},
codon partition scheme, molecular clock (strict/lognormal uncorrelated relaxed clock) and coalescent
models (constant population size/exponential growth/GMRF Bayesian Skyride). Model combinations
were compared and the best fitting model was selected using a modified Akaike information criterion
{AICM) implemented in Tracer 1.6%°. We also used TEMPEST®® to assess the temporal structure within
our a- and B-CoV datasets. TEMPEST showed that both datasets did not contain sufficient temporal
information to accurately estimate substitution rates or time to the most recent common ancestor

{(TMRCA). Therefore we used a fixed substitution rate of 1.0 for all our BEAST analysis.

All subsequent BEAST analysis were performed under the best fitting model including a HKY substitution
model with two codons partitions ({142}, 3), a strict molecular clock and a constant population size
coalescent model. Each analysis was run for 2.5 x 10® generations, with sampling every 2 x 10" steps. All
BEAST computations were performed on the CIPRES Science Getaway Portal®. Convergence of the chain
was assessed in Tracer so that the effective sample size (ESS) of all parameters was > 200 after removing

at least 10% of the chain as burn-in.

Ancestral state reconstruction and transition rates

A Bayesian discrete phylogeographic approach implemented in BEAST 1.8.4 was used to reconstruct the
ancestral state of each node in the phylogenetic tree for three discrete traits: host family, host genus
and zoogeographic region. An asymmetric trait substitution model was applied. These analyses were
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performed for each trait on the complete dataset and random subsets. Maximum clade credibility (MCC)
tree annotated with discrete traits were generated in TreeAnnotator and visualized using the software

SpreaD3®,

For each analysis, a Bayesian stochastic search variable selection (BSSVS) was applied to estimate the
significance of pairwise switches between trait states using Bayesian Factor {(BF) as a measure of
statistical significance™. BF were computed in SpreaD3. BF support was interpreted according to Jeffreys
1961% (BF > 3: substantial support, BF > 10: strong support, BF > 30: very strong support, BF > 100:
decisive support) and only strongly supported transitions were presented in most figures, following a
strategy used in other studies®®®l. We also estimated the count of state switching events (Markov
jumps)** along the branches of the phylogenetic tree globally (for the three discrete traits) and for
each strongly supported (BF > 10) transition between character states (for bat families and ecoregions
only). Convergence of the MCMC runs was confirmed using Tracer. The rate of state switching events
per unit of time was estimated for each CoV genus by dividing the total estimated number of state

switching events by the total keight-branch length of the MCC tree.

To assess the phylogenetic relationships among SARS-CoV-2 and other CoVs from the Sarbecovirus

subgenus, we also reconstructed a MCC tree in BEAST 1.8.4 and median-joining network in Network??

including all Sarbecovirus sequences and two sequences of SARS-CoV-2 isolated in humans (GenBank

accession numbers: MN908947 and MN975262) and one sequence of SARS-CoV {GenBank accession

number: NC 004718).

Phylogenetic diversity
The Mean Phylogenetic Distance (MPD) and the Mean Nearest Taxon Distance (MNTD) statistics™ and
their standardized effect size (SES) were calculated for each zoogeographic region, bat family and genus

: 3

using the R package pieante™picante®’. MPD measures the mean phylogenetic distance among all pairs
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of CoVs within a host or a region. It reflects phylogenetic structuring across the whole phylogenetic tree
and assesses the overall divergence of CoV lineages in a community. MNTD is the mean distance
between each CoV and its nearest phylogenetic neighbor in a host or region, and therefore it reflects the
phylogenetic structuring closer to the tips and shows how locally clustered taxa are. SES MPD and SES
MNTD values correspond to the difference between the phylogenetic distances in the observed
communities versus null communities. Low and negative SES values denote phylogenetic clustering, high
and positive values indicate phylogenetic over-dispersion while values close to 0 show random
dispersion. The SES values were calculated by building null communities by randomly reshuffling tip
labels 1000 times along the entire phylogeny. Phylogenetic diversity computations were performed on
both the complete dataset and random subset for each trait. A linear regression analysis was performed
in R to assess the correlation between CoV phylogenetic diversity (MPD) and bat species richness in
China. Total species richness per province or region was estimated using data from the IUCN spatial
database while sampled species richness corresponds to the number of bat species sampled and tested

for CaV per province or region in our datasets.

The inter-region and inter-host values of MPD (equivalent to phylogenetic B diversity), corresponding to
the mean phylogenetic distance among all pairs of CoVs from two distinct hosts or regions, and their SES
were estimated using the function comdist of the R package pidecsrme®phylocomr®. The matrices of
inter-region and inter-host MPD were used to cluster zoogeographic regions and bat hosts in a
dendrogram according to their evolutionary similarity (phylo-ordination) using the function hclust with
complete linkage method of the R package stats (R core team). These computations were performed on

both the complete dataset and random subset.

Mantel tests and isolation by distance
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Mantel tests performed in ARLEQUIN 3.5%%5%° were used to compare the matrix of viral genetic
differentiation (Fst) to matrices of host phylogenetic distance and geographic distance in order to
evaluate the role of geographic isolation and host phylogeny in shaping CoV population structure. The
correlation between these matrices was assessed using 10,000 permutations. To gain more resolution
into the process of evolutionary diversification, these analyses were also performed at the host genus
and province levels. To calculate phylogenetic distances among bat genera, we reconstructed a
phylogenetic tree including a single sequence for all bat species included in our dataset. Pairwise
patristic distances among tips were computed using the function distTips in the R package
adephyte®™adephylo®. We then averaged all distances across genera to create a matrix of pairwise
distances among bat genera. Pairwise Euclidian distances were measured between province centroids
and log transformed. Mantel tests were performed with and without genera and provinces including

less than four viral sequences to assess the impact of low sample size on our results.
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Figure legends

Fig. 1 Pie chart (A) showing the number of sequences of each CoV genus (a-CoVs and B-CoVs) available
for each zoogeographic region and map of China provinces (B) showing the number of RdRp sequences
available for each province, in bold grey for a-CoVs and black for B-CoVs. Province colors correspond to
the zoogeographic region to which they belong: NO, Northern region; CN, Central northern region; SW,
South western region; CE, Central region; SO, Southern region; Hl, Hainan island. The three B-CoV
sequences from Hl were included in the SO region. Provinces colored in grey are those where CoV

sequences are not available.
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Fig. 2 a-CoV {A) and B-CoV (B) maximum clade credibility annotated trees using complete datasets of
RdRp sequences and bat host family as discrete character state. Pie charts located at the root and close
to the deepest nodes show the state posterior probabilities for each bat family. Branch colors
correspond to the inferred ancestral family with the highest probability. Branch lengths are scaled
according to relative time units (clock rate = 1.0). Well-supported nodes (posterior probability > 0.95)
are indicated with a black dot. The ICTV approved CoV subgenera were highlighted: Rhinacovirus (L1),
Decacovirus (L2), Myotacovirus (L3), Pedacovirus (L5), Nyctacovirus (L6), Minunacovirus (L7) and an
unidentified lineage (L4) for a-CoVs; and Merbecovirus (Lineage C), Nobecovirus (lineage D), Hibecovirus

{lineage E) and Sarbecovirus (Lineage B) for B-CoVs.

Fig. 3 Maximum clade credibility tree (A} including 201 RdRp sequences from the Sarbecovirus lineage
isolated in bats and two sequences of 28480-rCaVSARS-CoV-2 isolated in humans (GenBank accession
numbers: MN908947 and MN975262). Well-supported nodes {posterior probability > 0.95) are indicated
with a black dot. Tip colors correspond to the bat host genus, SARS-CoV-2 2848 rEetfsequences are

highlighted in yellow. Median-jcining network (B) including 201 RdRp sequences from the Sarbecovirus

lineage isolated in bats and two sequences of SARS-CoV-2 isclated in humans (GenBank accession

numbers: MN908947 and MN975262) and one seguence of SARS-CoV (GenBank accession number:

NC 004718). Colored circles correspond to distinct CoV sequences, circle size is proportional to the

number of identical sequences in the data set. Small black circles represent median vectors {ancestral or

unsampled intermediate sequences). Branch length is proportional to the number of mutational steps

between haplotypes.

Fig. 4 Strongly supported host switches between bat families for a- (A) and B-CoVs (B). Arrows indicate
the direction of the switch; arrow thickness is proportional to the switch significance level, only host

switches supported by strong Bayes factor (BF) > 10 are shown. Histograms of total number of host
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776 switching events (state changes counts using Markov jumps) from/to each bat family along the

777 significant inter-family switches for a- (C) and B-CoVs (D).

778 Fig. 5 Strongly supported host switches between bat genera for a- (A) and B-CoVs (B) and their

779 significance level {Bayes factor, BF). Only host switches supported by strong BF values > 10 are shown.
780 Line thickness is proportional to the switch significance level. Red lines correspond to host switches
781 among bat genera belonging to different families, black lines correspond to host switches among bat
782 genera from the same family. Arrows indicate the direction of the switch. Genus names are colored

783 according to the family they belong to using the same colors as in Figures 2 and 3.

784 Fig. 6 Strongly supported dispersal routes (BF > 10) over recent evolutionary history among China

785 zoogeographic regions for a- {A) and B-CoVs (B). Arrows indicate the direction of the dispersal route;
786 arrow thickness is proportional to the dispersal route significance level. Darker arrow colors indicate
787 older dispersal events. Histograms of total number of dispersal events (Markov jumps) from/to each
788 region along the significant dispersal routes for a- (C) and B-CoVs (D). NO, Northern region; CN, Central

789 northern region; SW, South western region; CE, Central region; SQ, Southern region; HI, Hainan island.

790 Fig. 7 Metrics of CoV phylogenetic diversity within each bat family (A), genus (B) and zoogeographic
791 regions (C): standardized effect size of Mean Phylogenetic Distance (SES MPD), on the left panels; and
792 standardized effect size of Mean Nearest Taxon Distance (SES MNTD), on the right panels. Values

793 departing significantly from the null model (p-value < 0.05) are indicated with an asterisk. NO, Northern
794 region; CN, Central northern region; SW, South western region; CE, Central region; SQ, Southern region;

795 HI, Hainan island.

796 Fig. 8 Phylogenetic B-diversity (standardized effect size of Mean Phylogenetic Distance, SES MPD) and
797 phylogenetic ordination among bat host families (A, B) and genera (C, D) for a- and B-CoVs. Boxplots for

798 each host family and genus show the mean {cross), median (dark line within the box), interquartile range
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{box), 95% confidence interval {(whisker bars), and outliers {dots), calculated from all pairwise

comparisons between bat families and genera.

Fig. 9 Phylogenetic B-diversity (standardized effect size of Mean Phylogenetic Distance, SES MPD) and
phylogenetic ordination among zoogeographic regions for a- (A) and B-CoVs (B). Boxplots for each
region show the mean {cross), median (dark line within the box), interquartile range (box), 95%
confidence interval {(whisker bars), and outliers (dots), calculated from all pairwise comparisons between
regions. NO, Northern region; CN, Central northern region; SW, South western region; CE, Central

region; SO, Southern region; HI, Hainan island.

36






811

812

813

814

815

Figure 2

A. Alpha-CoVs
Rhinolophidae

Hipposideridae

y
Rhinolophidae ”‘
D

| Rhinacovirus

Vespertilionidae

Vespertilionidae

Vespertilionidae
= [

Vespertilionidae i

Vespertilionidae

——l‘ Miniopteridae
Ancestral host family “ ;
B Hipposideridae
- Miniopteridae
. Pteropodidae
B Rninolophidae
M Vespertiiionidae

“ .7

-0.7 -086 05 -04 -0.3

B. Beta-CoVs

Vespertilionidae

-0.2

Pteropodidae

0.1

Vespertilionidae

Pteropodidae

]

L2

Decacovirus

= | Myotacovirus
3 L4

L5

% | Pedacovirus

, L6
= Nyctacovirus

L7

Minunacovirus

C
Merbecovirus

Hipposideridae

s = ==

Rhinolophidae

Rhinolophidae

Rhinolophidae

Ancestral host family
B Hipposideridae

. Pteropodidae

| | Rhinolophidae

B Vespertilionidae

Nobecovirus

Hibecovirus

Sarbecovirus

-0.9 -0.8 -07 -0.6 -0.5 -0.4

38

-0.3

-0.2

-0.1



816  Figure 3

A

Lineage B - Sarbecovirus

B Rhinolophus

0 Aselliscus

W Hipposideros
2019-nCoV, Wuhan

@ R. affinis
@ R. ferrumequinum
@ R. macrotis

@ R. pearsonii

© R. pusillus

® R rex

@ R. sinicus

© R. thomasi

© Rhinolophus sp.

817

/2019-nCoV
4 F R. affinis from Yunnan
=lR. affinis and Rhinolophus sp.
Y T from Yunnan
© A. stoliczkanus @ Humans
@ H. armiger
@ H. pomona
O H. pratti
SARS-CoV-2

39



Figure 4

818

Alpha-CoVs

Rhinolophidae

N

Pteropodidae
Hipposideridae

A.

N Receiver

m Donor

e,

%
I
0,
%

>,

&)

nw 9o 1w O v o ! o
@w M N & oo

sjunoo abueyo a)elg

Vespertilionidae

/

Miniopteridae

- 100 < BF

I

—— 30<BF <100
— 10<BF <30

S,
%,

m =
3
%

L4

g %,
% &e&
g
u
sunod abueyo siels
(]
©
T
e
9
=
']
Q.
3
>
[+}]
(1]
T
=
o —— e ———
o
o
j=
£
4
(]
©
©
S
<]
Qo
2
2
o

Beta-CoVs

Hipposideridae

819

820

40



821  Figure5

A. Alpha-CoVs

Rhinolophus

Vespertilio Aselliscus

Tylonycteris Hipposideros

Scotophilus Rousettus
Myotis
———
Hypsugo la
Nyctﬁ\ Murina
Eptesicus
= 100 < BF
— 30<BF <100
B. Beta-CoVs == e
Hipposideros
Vespertilio Aselliscus
Tylonycter7 Rhinolophus
Scotophilus Rousettus
Myotis Megaerops

la Eonycteris

Pipistrellus Cynopterus

Eptesicus Hypsugo

822

823

41



Alpha-CoVs

Figure 6

824

% %

WY .
@ I
Loy W
\x_ f»)ﬁ - Mwm:mo,wm,:msm, o”.mﬂw

42

= 100 < BF
— 30<BF <100
— 10<BF <30

Significant dispersal routes

[72]

>

QL

Q ey \x
© \ <y
-

(O]

m

825



Figure 7

826

S,
7
\QQO\ o
L7
W

o&@wﬁo -
% =

.. a.;zm wM.@% ’
e&soq@ §
%

9,
mbxo
%

.,

o o o (=] o
h

(adw s3s)
Ausianip onauabolhyd

0
brd

o
To)

N Beta-CoVs

W Alpha-CoVs

m

R0
N .emeooﬁr 2222202
s, =y
o, é@o,,v .
'S
S Y%, % 77
ie?
%,
s s s
&, A E——
Mg, 7 L .
ao@@ “ !
L7
e 08 o x
Vs, | vt
4
%oy, 2
& em—
9,
"y ——
5 .
o
o,oaq\@ 2220222203
o [ ]
Sy, 105 I
TS e
S, @oe.\o i
"0 Q 27
%, 7
Sy By =]
7, .
b ==

2% B Ol o g
R BN

(QLNW s38)
Aysianip onauabojAyd

St m
@o@o .
v

<,

g

e, e, PP
o)

Sny
ém@aoQ iz 4

,
.\O\QONN\
Yy
Y, 2 | ———
#o&.c (22,
@@o % =
s, o, I
7 I
@Q@oo&
& ——
1oy, 3
Sy, AN
%o

7,

0

2y 4
%,

S0, \osee O 2
%, _-—
S0, 7%

2

,

O

),
Mgy

o o o 9 o
v S % ¥

-50

(Qdw s3s)
Aysianip onauabolhuyd

¥ Beta-CoVs

M Alpha-CoVs

T
%
g
N

? I

o §§
g

b
O

w

©

© v T v o v
e T o
(aLNW s3S)

Aysianip onauabolhyd

HI

—

SW

SO

NO

0
——N

N o o ¥ 9 @

CN

CE

(adw s3s)
Aysianip onauabolhyd

0
X

o
o

827

828

43



829

830

Figure 8

A. Alpha-CoVs

B. Beta-CoVs

Phylogenetic B-diversity

n
o

-k
[

-
o

(SES MPD)
wm

o

Vespertilionidae [l

Miniopteridae

(SES MPD)
bhowoa B

Phylogenetic B-diversity
3

—Rhinolophidae [

—Hipposideridae [l

|— Pteropodidae [

Phylogenetic B-diversity

— Rhinolophidae -

11 1.0 09 08 0.7 06 05 04

Height
C. Alpha-CoVs
12
o & % .o &
2 & £ o S Lo &
ke o 2 & @ XN
SSTEFS e 88
SESEE s HE
&

- =N
o o o

(SmeMPD)
3
K

¥

Vespertilio [l
Myotis [

Scotophilus [

Murina [
a I

Hypsugo [
| |: Eptesicus [
Nyctalus [
Tylonycteris [l
{ Miniopterus []
Rousettus [T

Hipposideros [l
Aselliscus [

Rhinolophus [I
12 10 08 06

04 02 00

I— Hipposideridae [l

—Pteropodidae []

L— Vespertilionidae [
1.8 16 |.’4 1;2 1.0 0.8 06
Height

D. Beta-CoVs

& 2

2 2

2=

z E 10

B

i

oh

8) -10

_E‘ -15

= Rhinolophus [l

4'_—: Aselliscus [l
Hipposideros [l
— Megaerops [
Eonycteris [[1]
Rousettus [I0]
Cynopterus [

i I
Eptesicus [
Hypsugo [

Pipistrellus [l
Vespertilio [I
Tylonycteris [
I_rc Scotophilus [
Myotis [
15 10 05 00



831  Figure9

A. Alpha-CoVs B. Beta-CoVs
CE CN NO SO Sw Hi CE CN NO SO SsSw
> ; > 2
(2] s
- g_*
© & -§ Q10
S5 - e
% o ‘; i E’ @ 0 -
o g o 2
2 2 i S s _
£ 3 &
-4 o 10
I: NO [ { SO
CE M CN O
—solm
NO [
— CN[] |_
. L cem
Sw @& — SW - ' ) ) ) ‘
0.‘90 0.‘85 U.‘BO 0.75 0.70 1.6 1.5 14 13 1.2 4 1.0 0.9
Height Height
832
833

45



Talking points from Latinne et al. Origin and cross transmission of bat CoVs in China

Study funded by NIH/NIAID & USAID/PREDICT

1. Most comprehensive analysis of bat coronavirus evolutionary origins ever conducted
a. Includes 732 novel sequences not previously reported from bats in China
b. XXalpha-CoVs (includes SADS-CoV); XX beta-CoVs (includes SARS-CoV & SARS-CoV-2)
c. XX SARSr-CoVs, XX SADSr-CoVs
d. Includes closest known relatives of SARS-CoV and SARS-CoV-2. Strongly supports their
originin bats

2. Helps understand why China is a hotspot
a. Not just because of high bat diversity
b. Ecological or biogeographic factors — sharing roosts with other species, ancient origin of
horseshoe bats,
c. Higher CoV diversity than expected in some S. China provinces (Hainan, Guangxi, Hunan)

3. Significant cross-species transmission of CoVs among bats over evolutionary time

a. Rhinclophidae and Rhinolophus (Horseshoe) bats involved in more inter-family and
inter-genus highly significant host switching of a-CoVs than any other family or genus

b. Rhinolophidae (Horseshoe) & Hipposideridae at the origin of most inter-family host
switching events for p-CoVs

c. Overall, B-CoVs (incl. SARS group) also had strong evidence of co-evolution with their
bat hosts. Their ability to diversify as bats evolve, and switch hosts, may have helped
produce higher diversity of strains.

d. «-CoVs (incl. SADS-CoV) are able to switch hosts more frequently and between more
distantly related bats.

e. Differences between these viral groups may be explained by subtle differences in host
cell receptor binding, mutation rate, recombination potential, or replication rate.

4. Southern Chinais a hotspot for evolutionary diversification of bat-coronaviruses
a. South western and Southern China are centers of diversification for both a- and B-CoVs
b. They harbor evolutionarily old and phylogenetically diverse lineages of a- and p-CoVs
c. SW China was Quaternary glacial refugium for bat species incl. Rhinolophus spp. & may
have allowed survival of older viral strains leading to increased diversity.
d. Similar theories for avian flu origins.

Relevance for pandemic risk:

1. Thereis an extraordinary diversity of coronaviruses in bats in southern China, some of which
have already emerged in people and livestock, others that are poised to, still others about which
we know very little. This represents a significant potential pandemic risk, and threat to food
security through livestock disease. Our study alone identified >700 novel sequences and we
expect there are many more to be discovered.




Evolution and human ecology collide to produce high risk of CoV emergence in S. China: The

hotspots of CoV diversification in S & SW China also are regions with a subtropical to tropical
climate; dense, growing and rapidly urbanizing populations of people; a high degree of poultry
and livestock production; and high rates of consumption of wildlife, including bats — all factors
which may promote cross-species transmission and disease emergence.

Targeting bats in these regions for surveillance will help identify novel coronaviruses that may
emerge in future, helping generate vaccines and control programs to stop them emerging.

We should target coronaviruses broadly, not just those similar to SARS-CoV or SARS-CoV-2: We
show that a-CoVs have a higher propensity to switch host within their natural bat reservoirs,
and therefore high cross-species transmission potential and risk of spillover. These include
SADS-CoV in pigs in Guangdong (also can infect human cells) & two human CoVs that likely

originated in bats historically: NL63 and 229E. There may be more in the future, and targeted
surveillance should be urgently conducted to identify whole diversity of this group.

This study provides rationale for programs of viral discovery (like the Global Virome Project) and

capacity building/intervention programs to prevent pandemics {like PREDICT) in regions like S.
and SW China.

Note limitations of study:

Short sequences used (RdRp), may not reflect evolutionary patterns of whole viral genomes.
However, consistent with evolutionary patterns seen using whole genomes.

PCR technique builds on known viruses {consensus sequences), and may have missed some
unknown viruses.



From: Su Yadana

To: ECKERLE Isabella; danielleanderson duke-nus; Hume Feld; das Neves, Carlos Goncalo: spwa hotmail; Keusch,
Gerald T; Pelman, Stanley; malik; amuas001@umn.edu; Prof Lam Sai Kit; Saif, Linda

Cc: Peter Daszak; Robert Kessler

Subject: Draft press release: The Lancet COVID-19 Commission Taskforce

Date: Monday, November 16, 2020 1:40:09 AM

Attachments: Lancet Commission Taskforce on origins announcement for distribution.docx -

Dear all,
Attached is the draft press release. Please see the following message from Peter:

Please sce attached a draft press release about the Lancet COVID-19 Commission’s Taskforce
on the “Origins and early spread of COVID-19, and One Health solutions to future
pandemics”. You may have seen that there’s a lot of interest in the press on the Taskforce’s
goals, and how we’ll go about the work (e.g. thls report n Washmgton Post from a Couple of

The aim of this release is just to get some basic information out about 1) the make-up of the
taskforce; 2) the general goals of what we’ll do. As reporters ask for interviews, we’ll be able
to go into a bit more detail, but for now we were hoping to make this short and sweet.

Please read through this release, make any comments or edits that you would like and send
back to me and Su. We’ve also suggested a place in this release for a quote from you so that
you can generate some press for your own institution, if you would like to. Please send back
your version with those quotes so that we can track how it goes.

The goal is to release this to the press this week, probably Thursday if possible (US Eastern
time, morning). We would like any release from your own institution to coordinate exactly at
that time — please keep in touch with Robert Kessler (‘cc in this email), who’s EHA’s Director
of Communications for that.

Also, one point that’s really important as you speak to reporters. Please make sure that you
stick to 1) the goals of the taskforce as laid out in the attached doc and in our meetings, and 2)
your own expertise and why you have been invited to be part of this group. It’s really critical
that we don’t give opinions about any of the results of the work before we’ve done it,
especially with so many conspiracy theories about the origins. We will be looking at all of
them, with an objective and scientific view to see what evidence is available and what gaps
exist. For now, that’s all we can really say because we’ve not yet got into the work.



Cheers,

Peter

Best,

Su Yadana, MPH
Research Scientist

EcoHealth Alliance
520 Eighth Avenue, Suite 1201
New York, NY 10018

1.212.380.4483 (direct)
(mobile)
212,350, (fax)
www.ecohealthalliance.org

EcoHealth Allianee develops science-based solutions to prevent pandemics and promote conservation



EcoHealth Alliance

I“@e’.
Contact:
Robert Kessler

1.212.380.4469
kessler@ecohealthalliance.org

FOR IMMEDIATE RELEASE

MEMBERS OF THE LANCET COVID COMMISSION TASKFORCE ON THE ORIGINS OF SARS-COV-2
NAMED

NEW YORK — November TK, 2020 — As cases surge globally and disruption continues, many
questions remain about COVID-19 and SARS-CoV-2, the virus behind this pandemic. Chief
among them: Where did it come from, how did it escape our control, and how can we stop
future pandemics like COVID-19? These questions will be the focus of an international taskforce
led by Dr. Peter Daszak, president of EcoHealth Alliance, a nonprofit working at the intersection
of animal, environmental, and human health on a global scale. The taskforce is part of The

Lancet COVID-19 Commission, chaired by Jeffrey D. Sachs of Columbia University.

“We intend to conduct a thorough and rigorous investigation into the origins and early spread
of SARS-CoV-2,” Dr. Daszak, a disease ecologist who's spent years studying coronavirus
transmission in China and Southeast Asia. “Our group will use the findings to formulate One

Health solutions for managing future zoonotic disease risk.”

FOR TASKFORCE MEMBERS AND INSTITUTIONS TO INSERT QUOTES: As a member of the
taskforce, and a leader in XXXXX (e.g. Virology, One Health, lab biosecurity etc.), Dr. XXXXXX of
XXXXX adds: “ INSERT QUOTE HERE......" (e.g. comment on how important this work is, how your

expertise will be used, what specific aspect you are most intrigued by etc.).

The Lancet taskforce has 12 members who come from a diverse set of scientific disciplines and
backgrounds, with expertise in One Health, outbreak investigation, virology, lab biosecurity and

disease ecology. They are:



Dr. Peter Daszak, Chair

Peter Daszak, PhD, is the President of EcoHealth Alliance. A member of the U.S. National
Academy of Medicine, he chairs the National Academies of Science, Engineering, and
Medicine’s Forum on Microbial Threats.

Dr. John Amuasi, MD PhD

John Amuasi, MD PhD, is Director of the African Research Network for Neglected Tropical
Diseases. He lectures at the School of Public Health, Kwame Nkrumah University of Science and
Technology and is Group Leader of the Global Health and Infectious Diseases Research Group at
the Kumasi Centre for Collaborative Research in Tropical Medicine in Ghana.

Dr. Danielle Anderson

Danielle Anderson, PhD, is the Scientific Director of the BSL-3 laboratory at the Duke-NUS
Medical School in Singapore. Dr. Anderson conducts research on negative-stranded RNA viruses
such as measles, mumps, and Nipah virus and was the first to isclate SARS-CoV-2 in Singapore.

Dr. Isabella Eckerle
Isabella Eckerle, MD, is a leading virologist, Head of the Centre for Emerging Viral Diseases at
the Université de Genéve, and has led research on MERS-CoV, SARS-CoV and SARS-CoV-2.

Dr. Hume E. Field

Hume E. Field, DVM PhD, is an Honorary Professor at the University of Queensland. Dr. Field led
the original World Health Organization veterinary investigation into the origins of SARS-CoV at
wet markets in China’s Guangdong Province.

Dr. Gerald Keusch

Gerald Keusch, MD, is Associate Director of the BSL-4 National Emerging Infectious Diseases
Laboratories laboratory at Boston University. He is the former Director of the NIH Fogarty
International Center and a member of the U.S. National Academy of Medicine.

Dr. Dato’ Sai Kit (Ken) Lam

Dato’ Sai Kit (Ken) Lam, PhD, is Professor Emeritus at the University of Malaya, a member of the
Malaysian Academy of Sciences and discovered Nipah virus following its initial outbreak in
peninsular Malaysia, for which he won the prestigious Merdaka Award.

Dr. Carlos das Neves, DVM PhD

Carlos das Neves, DVM PhD, is the Director for Research and Internationalization at the
Norwegian Veterinary Institute, President of the International Wildlife Disease Association, and
the former Hon. Consul of the Portuguese Republic in Norway.

Dr. Malik Peiris

Malik Peiris, PhD FRS holds the Tam Wah-Ching Professorship, Division of Public Health
Laboratory Sciences at the University of Hong Kong. Dr. Peiris was the first person to isolate
SARS-CoV and is a global leader in coronavirus and influenza virus research.



Dr. Stanley Perlman, MD PhD

Stanley Perlman, MD PhD, is a Professor of Microbiology and Immunology as well as the Mark
Stinski Chair of Virology at the University of lowa, Carver College of Medicine. Dr. Perlman
conducts research on several respiratory human coronaviruses including SARS-CoV, MERS-CoV,
SARS-CoV-2, human coronavirus-0C43, and human coronavirus-NL63.

Dr. Linda J. Saif

Linda J. Saif, PhD, is a Professor at the Dept of Veterinary Preventative Medicine at Ohio State
University. Dr. Saif is a member of the U.S. National Academy of Sciences, and has worked on
coronaviruses since before the SARS outbreak.

Dr. Supaporn Wacharapluesadee

Supaporn Wacharapluesadee, PhD, is in the Faculty of Medicine at Chulalongkorn University in
Bangkok and Deputy Director of the Thai Red Cross Emerging Infectious Diseases-Health
Science Centre. Dr. Wachaeapluesadee’s team was the first to positively identify a human
COVID-19 infection outside of China.

In its investigation, the taskforce will recreate a complete timeline of the outbreak of COVID-19,
starting from the discovery of RaTG13—the closest known viral relative of SARS-CoV-2—in 2013
and up to the WHO's declaration of COVID-19 as a Public Health Emergency of International
Concern on January 30, 2020. They will analyze the available evidence for each of the
hypotheses put forward on the origins of COVID-19, and compare its early spread and outbreak

control to previous outbreaks to identify strategies that might assist future pandemic

prevention.

“There is a great deal of interest in understanding how COVID-19 emerged and spread, but
there is a deeper reason for this taskforce's work,” The Lancet COVID-19 Commission lead Jeff
Sachs said. “If we can understand why this pandemic began, we can design solutions to prevent

the next one.”

More information on The Lancet COVID-19 Commission and this taskforce can be found |herel._ - ‘{Commented [RK1]: Link Tk

About EcoHealth Alliance



Building on over 45 years of groundbreaking science, EcoHealth Alliance is a global nonprofit
organization dedicated to protecting wildlife, environmental, and public health from the
emergence of disease. Approximately 60 percent of emerging infectious diseases like Ebola,
HIV, Zika, SARS, MERS, West Nile virus, and, now, SARS-CoV-2 have all originated in animals
before spilling over to human populations. Using environmental and health data covering the
past 60 years, EcoHealth Alliance scientists created the first-ever global disease hotspots map
that identified at-risk regions to determine where research and field work are needed to help
predict and prevent the next pandemic crisis. That work is the foundation of EcoHealth
Alliance's rigorous, science-based approach working in nearly 30 countries worldwide.
EcoHealth Alliance's strength is founded on innovations in research, training, global
partnerships, capacity building, and policy initiatives.

For more information, please visit www.ecohealthalliance.org.
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The Lancet COVID-19 Commission

Taskforce on the Origins, Early Control of the Pandemic, and One Health Solutions to Future Pandemic
Threats

Significance

Better understanding of the arigin of SARS-CoV-2 may:
e |dentify potential continued risk of re-emergence or emergence of future CoVs or other agents.
e Provide a strategy to heighten biosecurity, design behavior change programs, and introduce
legislation/policies to reduce risk of future emergence in China, SE Asia and beyond
e Inform and potentially undermine a politically-divisive strategy to ‘blame’ countries for the
outbreak.
Assessing earfy controf of the pandemic may:
e |dentify specific points at which future epidemics can be contained more effectively before
amplification and international spread
e |dentify specific strategies, agencies, policies to improve future control of pandemics as close as
possible to initial spillover event.

Identifying One Health approaches to controlling future pandemics will:

e Examine the underlying drivers of COVID-19 in the context of other emerging diseases and
pandemics

e |dentify potential synergistic effects and return-on-investment of taking a multisectoral
approach to outbreak investigation and pandemic prevention that includes Animal Health,
Human Health, Environmental Health aspects

e Identify key strategies, organizations and mechanisms to fund and deliver a coordinated One
Health approach to preventing future pandemics

Logistics:

Taskforce lead is Peter Daszak, EcoHealth Alliance (daszak@ecohealthalliance.org). Project coordinator
for the Taskforce at EcoHealth is Su Yadana BS MPH (yadana@ecohealthalliance.org) who is based in
New York, originally from Myanmar, and has worked in Singapore (DukeNUS) and has an MPH from
Columbia University School of Public Health. Point of Contact for our taskforce on the COVID-19
Commission is Dr. Ozge Karadag Caman (ok2267 @columbia.edu) at the Center for Sustainable
Development, currently back in Turkey. Dr. Caman is also part of the Secretariat for the Lancet Commission
on COVID-19 and is involved in One Health.

We will meet by zoom in October then again in November to discuss strategy and initial draft plan. We
will draft a 10-page report by Dec 1% 2020 to sum up our initial approach, findings. We will conduct
background research, zoom meetings throughout Winter, Spring, Summer 2021 to analyze available

data, interview key leaders involved in outbreak investigation, conduct background research, draft
report. Report Due: Sept. 2021.

Strategy
1. Assemble aninternational group of trusted experts on emerging disease to review scientific

evidence on key theories of COVID-19 origins & control. Expertise on:
a. Virology, sequence analysis
b. Ecology of viral emergence



-~ o oa o

g.

Qutbreak investigation, epidemiology

Social science of risk behavior in developing countries
Wildlife ecology/One Health

Wildlife trade

Biosecurity lab safety

2. On the origin guestion: Use ‘Preponderance of Evidence’ approach to analyze data on all leading

theories for origin. What do we know? What don’t we know?

a.

Work backwards from the Huanan Market, as well as forwards from the rural Yunnan
sites of nearest known relatives in wildlife

Approach key members of the outbreak investigation teams, virological labs analyzing
early cases in China to seek further support or lack thereof for each theory

Build a detailed timeline of the outbreak, stretching from discovery of nearest relatives
(2012) through to declaration of COVID-19 as a PHEIC by WHO (Jan 30™ 2020)

Weigh the evidence for and against each theory on COVID origins. Identify critical gaps
in data and recommend strategies that can be adopted to address them.

3. On the early controlissue: Document outhreak investigation and control efforts from China,

WHO and other countries within the timeline up to Jan 30™ 2020.

a.

Compare these with other recent emerging diseases {e.g. Nipah virus, HIN1, West Africa
Ebola, H7N9)

Identify critical points in the investigation and control efforts that alternative strategies
could have been adopted for,

Identify gaps in our understanding of early control

Recommend strategies for future efforts for control

4. One Health and Preventing Future Pandemics: Identify when a One Health approach would

have benefits to preventing future pandemics, how this would be funded, and what
organizations would be involved

a.

What we know:

Review common features among COVID-19 and other pandemics that have origins in
wildlife, livestock and are driven to emerge by underlying environmental changes
Identify potential synergistic effects and return-on-investment of taking a multisectoral
approach to outbreak investigation and pandemic prevention that includes Animal
Health, Human Health, Environmental Health aspects

Identify key strategies, organizations and mechanisms to fund and deliver a coordinated
One Health approach to preventing future pandemics at the intergovernmental and

national levels

e SARS-CoV and SARS-CoV-2 are both Clade 2b B-coronaviruses. Closest relatives (RaTG13,
RmYNO2) are from bats.
e There are 528 B-CoV sequences in Genbank which includes 100+ SARSr-CoV sequences. Only a

handful

have not been reported from bats (sequenced from pangolins)

e Majority are from China, but this reflects collecting bias. Others reported from across SE Asia

e Phylogenetic analysis points to S. China (Yunnan province) or Myanmar/Laos/Vietnam as
evolutionary hotspot for this clade.



What that tells us is that it's extremely likely that SARS-CoV-2 evolved from within this cluster of
bat CoVs, probably from an insectivorous bat, probably from Yunnan, S. China, near the border
of Myanmar, Laos, & Vietnam.

Some of these viruses can infect human cells directly, although SARS-CoV (and maybe SARS-CoV-
2} infected mammalian ‘intermediate’ hosts.

Role of pangolins may be incidental: animals were seized in China after prob. many weeks in
transit. Wildlife trade is known to heighten CoV prevalence, pangolins at start of wildlife trade
are CoV-free.

Main theories that have been proposed for the origin of COVID-19:

1)

2)

3)

4)

5)

6)

7)

8)

Yunnan bat-> hunter-> Wuhan. The virus evolved in S. China from a bat SARSr-CoV lineage and
infected a person directly — e.g. a bat hunter —and this person got sick and transmitted it to
their social network, which is people in the wildlife trade, so the virus moved through the trade
network to Wuhan. Would need to assess all potential pathways of human exposure by bats in
the region.

Yunnan bat-> traded/farmed wildlife intermediate host-> Wuhan. SARS-CoV-2 was in a bat that
was captured by a hunter, or flew into a farm where people have wildlife in cages and infected
animals the hunter/farmer was ready to sell into the wildlife trade. The animals carried the virus
to the Wuhan market as they were trucked into Wuhan. The animals could be civets,
porcupines, raccoon dogs or another one of the animals commonly raised for food or furin
China

Hubei bat-> via hunter, intermediate host or direct to Wuhan market. The virus is from a bat
endemic to Hubei {the province where Wuhan is), and either of the above two pathways began
there. Need to take into account timing of spillover vs. first cluster of cases and assess whether
and when bats hibernate in that region.

Qrigin in another region in China or neighboring countries. This happened in another part of
China, e.g. Guangdong, or even in countries over the border from Yunnan where the same bats

and prob. similar viruses circulate.

Qrigin in another more distant country. Assess hypotheses on US or European origin. Analyze
data on proposed first findings of evidence of COVID outside China (e.g. patient in France,
sewage in Spain etc.).

Role of pangolins as intermediate hosts. The virus moved from bats into pangolins in the wildlife
trade and then into people. Assess sequence data from all close relative CoVs, assess volume of
live or frozen pangolins traded, analyze ability of pangolin scales to transmit virus

It was bioengineered in the Wuhan BSL-4 |lab. This has been discounted by everyone who works
in the field because there is no evidence from the genetic sequence that the virus has been
genetically manipulated, and there almost certainly would be, had that happened.

It is derived from a bat virus that was accidentally released from WIV, Wuhan CDC or Wuhan
University lab. This theory suggests it was cultured in the lab and accidentally infected a lab
worker, or was discarded with animals used in experiments, or infected people sampling bats in
caves. Would need to assess what samples were present in the labs, what the routine protocols
were, the number of people with access to samples or bat caves for sampling, evidence of safety
violations or lack of biosecurity.




Invited members:

10.

11.

12,

13.

Peter Daszak PhD Chair. President of EcoHealth Alliance, New York. Member of US National
Academy of Medicine, Chair NASEM Forum on Microbial Threats. Viral Discovery, Epidemiology,
Ecology USAJUK. Male

John Amuasi MD Ph.D., Director of Africa Ctr for Neglected Tropical Diseases & Sr. Lecturer, Kwame
Nkrumah University of Science and Technology (KNUST), Accra, Ghana. MD, One Health, Global
Health Policy Ghana, Male

Danielle Anderson Ph.D., Director BSL-3 lab, Duke-NUS, Singapore. First non-Chinese citizen to work
in the Wuhan Institute of Virology BSL-4 lab. Lab Biosafety, virology. Australia, Female

Isabella Eckerle MD, Head of Centre for Emerging Diseases, Univ. Geneva. MD, Virologist.
Switzerland/German, Female

Hume E. Field DVM Ph.D., School of Veterinary Science, Univ Queensland — Led the original WHO
veterinary investigation into the origin of SARS-CoV in wet markets in Guangdong. Veterinarian, One
Health Australia, Male

Manish Kakkar MD, Public Health Foundation of India — long term experience in zoonoses research
and policy, involvement in WHO SEARO. MD, Zoonoses research, Public Health Policy India, Male

Gerald Keusch MD, Boston University, Head of BSL-4 lab (NEIDL), Former Director of NIH Fogarty
Intl. Center, Member National Academy of Medicine. Lab Biosafety. USA, Male

Qgtcﬁf‘"sa'i' Kit (Ken) Lam Ph.D., Frofessor Emeritus Univ Malaya. Discavered Nipah virus, Member
Malaysian Academy of Science. Medical emerging disease virologist. Malaysia, Male

Carlos das Neves DVM Ph.D., Director for Research & Internationalization, Norwegian Veterinary
Institute, President of International Wildlife Disease Association, Former Hon. Consul of Portuguese
Republic in Norway. One Health. Portuguese, Norwegian, Male

Malik Peiris Ph.D. FRS Legion d’honneur, Hong Kong University. Key researcher with deep knowledge
of coronaviruses, influenza viruses and Chinese research. Medical virology. Sri LankanfHong Kong
China, Male. Alternate: Leo Poon, HKU.

Stanley Perlman MD Ph.D., Univ lowa, Coll Medicine, Rapid Falls — long-time CoV expert, no links to
Chinese labs. Long term Coronavirus virologist. USA, Male

Linda Saif Ph.D. — Ohio State Univ, Columbus — Has worked on coronaviruses pre-SARS and was one
of the team that inspected the Wuhan lab a few yrs ago from the NAS. Member of US National
Academy of Sciences. Long term Coronavirus research animal models. USA, Female

Sunab:orﬁ Wacharapluesadee Ph.D., WHO Collaborating Ctr, King Chulalongkorn Memorial Hospital,
Faculty of Medicine, Chulalongkorn University, Bangkok — good virologist, knows the set up in China
well. Virologist. Thailand, Female

Agenda for First meeting

1.

Specific non-field research we should do to fill out some of our knowledge gaps:
o QOrigins:



= Background rate of spillover of bat-CoVs, possibility of origin in neighboring
countries
o Early control;
="  Comparison to other outbreak responses over the past 30 yrs (Nipah —COVID-19
timeline)
o One Health Solutions:
= Assessment

2. Background consultation we’d like to engage in:
o Origins
o Early Control
o One Health Solutions

3. Membership of sub-teams?
o Origins
=  Danielle Anderson
= Jerry Keusch
= Malik Peiris
= Stanley Perlman
o Early Control
= Elizabeth Eckerle
®*  Hume Field
" SaiKit Lam
"  Supaporn Wacharapluesadee
o One Health Solutions
= John Amuasi
= Manish Kakkar
= Carlos das Neves
= Linda Saif

4, External Communication

5. Timelines



From: Su Yadana

To: Stanley; Saif, Linda; spwa hotmail; amuas001@umn.edy; malik; ECKERLE Isabella; danielle anderson duke-nus;
das Neves, Carlos Goncalo; Keusch, Gerald T; Hume Field; Prof Lam Saj Kit; Ozge Karadag Caman

Cc: Alison Andre; Peter Daszak; Aleksei Chmura

Subject: Meeting notes from Task Force 1st meeting and press release

Date: Tuesday, November 10, 2020 10:23:56 AM

Attachments: Meeting Notes 10.29.20 (1st Task Force Meeting- The Lancet Commission).docx

Dear all,
| have attached the meeting minutes from our first meeting including the work plan the group

discussed.

The WHO has released Terms of Reference and a report of their initial mission to China to look
into the Animal Or|g|ns of COVID-19 and it m|ght be of interest to

We’ll also be sending around a draft press release ASAP.

Best,
Su

Su Yadana, MPH
Research Scientist

EcoHealth Alliance
520 Eighth Avenue, Suite 1201
New York, NY 10018

1.212.380.4483 (direct)
(mobile)
L (fax)
www.ccohealthalliance.org

FeoHealth Alliance develops science-based solutions to prevent pandemics and promote conservaion.



Meeting Notes
Oct 29", 2020

The Lancet COVID-19 Commission: Taskforce on the Origins, Early Control of the Pandemic, and One
Health Solutions to Future Pandemic Threats

Attendees:

Danielle Anderson,

Isabella Eckerle

Hume Field

Jerry Keusch

Sai Kit Lam

Carlos das Neves

Stanley Perlman

Linda Saif

Su Yadana (Research Scientist)
Supaporn Wacharapluesadee

Apologies:
John Amuasi
Manish Kakkar
Malik Peiris

1. Introductions:

Peter Daszak thanked everyone for volunteering for the Task Force. Everyone introduced themselves,
shared their background and expertise. Peter briefly introduced three people who couldn’t join the
meeting.

Peter highlighted gender-balanced and nationality-balanced nature of this group and highlighted the
members’ work on broad topics of relevance to the Taskforce’s proposed work: biosafety, virology,
epidemiology, outbreak investigation, experience in China/SE Asia.

2. Brief Summary of The Lancet COVID-19 Commission and Task Forces (Ozge Karadag Caman)

Dr. Ozge Karadag Caman, who is a member of the Secretariat of the Lancet COVID-19 Commission and a
focal point for communications between the Commission and the Task Force, gave a short presentation
oh The Lancet commission, shared the commission’s key aims and topics and the work of other Task
Forces. Dr. Caman also highlighted the COVID-19 data portal of the Lancet Commission which is updated
daily. The Lancet COVID-12 Commission had their first statement in Sep 14, 2020 and will have a second
statement in early 2021 and the third statement on Sep, 2021. All the Task Forces will have their own
statements in addition to the Commission’s statements.

3. Overview & Goals (Peter Daszak)



Peter Daszak mentioned that this Task Force’s first deliverable is a 10-12 page report by Dec 1%, 2020
which will lay out the Task Force’s mission and goals, who the members are, what we are planning to do
and how we will do it. Peter highlighted that the conversations and the documents shared among
members are confidential.

4. Open Discussion on key issues on potential background research

On the origins: Peter referred to the document shared with the members during informal invitations. He
pointed out some work of the Task force, particularly the pandemic’s origin overlaps with WHO's
mission. A WHO team of 2 people has already travelled to China, spoke with Chinese officials and
published Terms of Reference for deeper analysis of the virus’ “animal corigins”
(https://www.who.int/publications/m/item/who-convened-global-study-of-the-origins-of-sars-cov-2).
There is currently a 2 week quarantine for all foreign visitors to China, and obtaining permission to
conduct work on the origin of COVID-19 is sensitive. For this reason, and the fact that the WHO will
launch a detailed mission that includes fieldwork in China, the Lancet Commission Task Force is unlikely
to need to visit China. Instead, we will aim to interview key contacts who have information from their
work on the ground on SARS-CoV-2. We also need to make sure that this Task Force’s work has to be
different but complementary to WHO-mission on investigating the origin of SARS-CoV-2.

Hume Field brought up challenges with this work, especially because of the politicizing of the topic.
There is a blaming for the virus outbreak, which is a great concern. Going forward, we need to work
together like we did with previous SARS outbreak.

Peter Daszak commented that an approach we can use to provide useful analysis of the origins could be
to examine where the “Preponderance of Evidence” for each hypothesis’ validity lies. We can analyze
data on what we know, what we don’t know and point to gaps in our knowledge that could be filled by
future resarch. Qur review should be both objective and science based — looking for scientific data that
provides evidence for each of the hypotheses on origins..

On the early spread: Jerry Keush mentioned we should put our focus on the preparedness side. What
needs to be done in a practical way to enhance future preparedness.

Peter Daszak agreed and added that we could review what happened with covid-19 in the context of
what happened in previous outbreak investigations. Was the approach usual, unusual? Were there
major gaps compared with, say, the investigations into Nipah, hendra virus, or the emergence of SARS

Isabella Eckerele pointed out we can use MERS example which has been around but didn’t cause a
pandemic. From syndromic surveillance in Bangladesh, we see that there are MERS cases every year.
These things are going on all the time. Scientists know it but the public does not.

Linda Saif said that it is good to give a historical perspective for coronaviruses and put together a
timeline on SARS, and MERS discovery. That gives you perspectives on human coronaviruses that have
been circling seasonally.



Carlos de Neves agreed and emphasized that laying out a timeline, with evidence and details for each
part of the origin and early spread is important to give public data so that ‘fake news’ and conspiracy
theories are put into context.

Jerry Keusch raised the question of who our audience is going to be. If the publicis included in the
audience, they would need basic background on how the viruses emerge and circulate.

Dani Anderson shared her personal experience of interviews re. her lab work in the Wuhan Institute of
Virology from government bodies. Surprisingly, there was a lack of basic understanding of the typical
work that happens in a lab, e.g. whether people work with bats in a lab, and dispose of carcasses by
selling them at markets. This suggests a key role for our Task Force in helping explain to the public how a
typical BSL-3 or -4 lab functions. Likewise the public also has little knowledge that scientific work is
based on collaboration and on extensive collaborative work internationally. It highlights that the public
will need very basic background knowledge if the work of the Task Force is targeted for the public.

QOzge Caman clarified that the audience is mainly global leaders, policy makers, academics, NGOs and
alliances. Main aim is to increase awareness for policy makers and global leaders who don’t understand
technical aspects for future preparedness for these outbreaks. Task force can still publish their work for
the general audience.

Peter Daszak mentioned that it is hard to convince conspiracy theorists since they have a strong belief
that there is a secret behind things. But what is possible is to educate people and why this outbreak has
occurred. We should do press conferences, talk to reporters and media outlets.

Jerry Keusch shared his own experience with BSL-3 opening in a residential area in Boston that there
was a huge push-back. How they got the residents to agree is by talking to the kids and explaining the
science and then the kids convinced their parents. So it is crucial that the work of this Task Force be
available and accessible for that audience.

Peter Daszak highlighted the need to add a history timeline on what policy measures were taken for the
previous SARS outbreak. Hongying Li from EHA wrote a paper on this topic and has a lot of information
about it. Maybe she can join one of the meetings in the future and share what she knows.

Stanley Perlman pointed out the timeline from mid-December, 2019 or even November 2019 will be
important for early outbreak timeline where hospitals were talking to each other, but it wasn’t accepted
as an outbreak of a new virus until it got to the higher level. China CDC didn’t find out until Dec 30. What
animals did they look at? What tissues did they take?

Ozge Caman asked if the Task Force planned to interview infectious disease senior professors to
understand their experience with this virus compared to experience with other viruses. Peter Daszak
said that speaking to outside infectious disease senior physicians, in addition to existing expertise among
this Task Force will be useful, in terms of when we found out human to human transmission.

External communication plan and expectations
Peter Daszak proposed to draft a press release about the Task Force, its members, what we intend to
do, what we don’t intend to do. We will target a release date of the week of November 16" 2020. A



draft release will be shared with all members for edits/comments, and can then be adapted to fit their
home institutions. We will plan to release this jointly at the same time.

Ken Lam pointed out that the publicity of the Task Force will also bring outside expertise among the
scientific community in getting new information.

Work plan

{i} Peter Daszak to prepare and send the press release statement to members next two weeks (by the
week of Nov 8™ 2020)

{ii) Members to email Peter Daszak and cc Su Yadana if they do not want to be involved publicly

{iii) Peter will email members individuals for different tasks that need to be finished before the Task
Force’s 2nd meeting - Nov 23rd, 8-10 am EST ( after Day light saving ends, so non-US time-zones will be
an hour later than today’s meeting time)

{iv) Su Yadana & Peter Daszak will begin work on:
e adetailed timeline of COVID-19 origins, early spread
e list of hypotheses with references
e fleshed out workplan for each section: Origins, early spread, One Health solutions to future
pandemics



From: Smriti Mallapaty

To: Peter Daszak

Cc: Alison Andre; Aleksei Chmura; Robert Kessler: Saif, Linda
Subject: RE: nature news request

Date: Sunday, March 1, 2020 6:33:06 PM

Thank you Peter.
Dear Linda,

I'd be interested in speaking more with you on this subject — the latest WHO/China CDC report
suggests that more research is needed to identify any intermediate amplification host of the virus,
and | wonder if you have any insights on this, or know any researchers studying it.

| am based in Sydney, so your afternoons would be a good time to speak.

Thank you,
Smriti

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Saturday, 29 February 2020 8:59 AM

To: Smriti Mallapaty <smriti.mallapaty@nature.com>

Cc: Alison Andre <andre@ecohealthalliance.org>; Aleksei Chmura <chmura@ecohealthalliance.org>;
Robert Kessler <kessler@ecohealthalliance.org>; Saif, Linda <saif. 2@osu.edu>

Subject: RE: nature news request

Hi Linda,

I'm introducing you to a reporter from Nature who is doing a story on the animal origins of SARS-
CoV-2. | mentioned that the pangolin link is likely spurious, i.e. that it's unlikely they were an
amplifier of infection at the Wuhan market because they are so rare in the wildlife trade as live
animals {mainly dried scales sold for medicine). | also mentioned that one concern is other
mammals, e.g. farmed wildlife or pigs could be a potential intermediate or amplifying host because
the ACE2 receptors seem able to bind the virus spike protein and because these are a very common
animal in and around wildlife and other markets in Wuhan.

Would you be able to comment on this to her? I've cc’d her above and told her you’d be a good
independent voice to give an opinion of the possibility that pigs could have played a part.

Cheers,

Peter



Peter Daszak
President

EcoHealth Alliance

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

rei.+1 I
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: Smriti Mallapaty [mailto:smriti.mallapaty @nature.com]
Sent: Friday, February 28, 2020 3:25 AM

To: Peter Daszak

Cc: Alison Andre; Aleksei Chmura; Robert Kessler

Subject: RE: nature news request

Dear Peter,

Just to follow up on this — do you know anyone who is seriously investigating this hypothesis? |
would be interested in hearing more on this if any further research developments emerge.

Kind regards,
Smriti

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Tuesday, 25 February 2020 4:26 AM

To: Smriti Mallapaty <gmriti.mallapaty@nature.com>

Cc: Alison Andre <andre@ecohealthalliance,org>; Aleksei Chmura <chmura@ecohealthalliance.org>;

Robert Kessler <kessler@ecchealthalliance.org>

Subject: RE: nature news request
Hi Smriti,

The pigidea is based on:
e sequence analysis that shows the pig ACE2 receptor can likely bind with SARS-CoV-2,
meaning it could likely infect pigs.
e |ive pangolins are extremely rare in markets, so are unlikely to have played a significant role
in transmission. Pangolin scales (dried, and therefore unlikely to be able to transmit virus)



are normally sold.

e  We still don’t know the history of the pangolins that had the CoV with genetic elements
close to SARS-CoV-2, and it’s possible they were infected during transit from another
intermediate host

e  One plausible scenario is that there are farms with the virus circulating in a receptive
mammal (e.g. a pig) in rural SW or Central China, and that these animals were taken to the
wet markets, slaughtered and butchered, enhancing the transmission of the CoV into
people.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

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

rel.+1 [
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: Smriti Mallapaty [mailto:

Sent: Saturday, February 22, 2020 8:25 PM

To: Peter Daszak

Cc: Alison Andre; Aleksei Chmura; Robert Kessler
Subject: RE: nature news request

Dear Peter,

[ just noticed something in your response and wanted to ask you about it. At the moment,
researchers have suggested that pangolins might have been a potential source of the virus spreading
to humans. You mentioned pigs. Is there a growing body of research that suggests, or a group of
researchers that believe, that it isn’t pangolins, but instead pigs?



Thank you,
Smriti

From: Smriti Mallapaty
Sent: Tuesday, 18 February 2020 4:36 PM

To: Peter Daszak <daszak@ecohealthalliance.org>
Cc: Alison Andre <andre@ecohealthalliance.org>; Aleksei Chmura <chmura@ecohealthalliance.org>;

Robert Kessler <kessler@ecohealthalliance.org>

Subject: Re: nature news request

Thank you again Peter, | just have some follow up questions below from your comments.
Thanks again, and sorry for all the questions!

Kind regards,
Smriti

From: Peter Daszak <daszak@ecchealthalliance.org>
Sent: Tuesday, February 18, 2020 4:23 PM

To: Smriti Mallapaty

Cc: Alison Andre; Aleksei Chmura; Robert Kessler

Subject: RE: nature news request

No problem —some answers to your questions below...

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

460 West 340 Street — 17" Floor
New York, NY 10001

rel. +1 I



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: Smriti Mallapaty [ mailto:smriti. mallapaty @nature.com]
Sent: Monday, February 17, 2020 10:42 PM

To: Peter Daszak
Cc: Alison Andre; Aleksei Chmura; Robert Kessler
Subject: RE: nature news request

Dear Peter,

Thank you for your quick response. Can | also ask another question about the infectiousness of the
virus?

How does this study help to explain the infectiousness of the virus?

[Peter Daszak] The identification of potential binding sites in the Receptor Binding Domain of the
Spike Protein of the virus suggests that it has enhanced ability to bind to human ACE2 (cell surface
receptor protein) relative to the nearest known bat-CoV relative. The binding pattern that this virus
gene encodes is different to SARS-CoV suggesting it evolved separately (and there may be other
binding patterns in other viruses in bats not yet worked out). The ability to efficiently bind ACE2 may
explain some of this viruses’ capacity to undergo human-to-human transmission (i.e. infectivity), and
other aspects of the illness may also help (respiratory infection that causes a lot of mucus, sneezing,
etc. assists in other viral infections).

--Could you please elaborate on this point of other aspects of the illness that help to explain how
infectious the virus is?

--Have you seen any other studies pointing to what might make this coronavirus so infectious?
--How would you assess the infectiousness of this virus compared to other viruses? One researcher |
spoke to said that the cases on the cruise ship suggest that it is very infectious.

What is the significance of the virus acquiring a polybasic cleavage site?

[Peter Daszak] Unfortunately, we don’t have detailed analyses of SARS-CoV-2 and related viruses in
cell culture or animal models, so we're left with a bit of a gap and the authors rightfully say that the
significant is not yet known. However, in avian flu, there are low-pathogenicity and high-
pathogenicity strains. The high-path strains are extremely lethal to poultry and have caused high
mortality in the low numbers of people infected. One of the key differences between them is that
the low path strains don’t have the polybasic cleavage site and sequential evolution of the cleavage
site leads to enhanced proteolytic activity and higher pathogenicity. The low path strains are only
able to infect cell types that have lots of trypsin (which is proteolytic) mainly in respiratory cells and
Gl tract, but the high path Al strains can affect many different organs. The point is that if this has
happened with SARS-CoV-2, it might explain why it acquired an ability to be lethal in people and
affect them throughout the lungs. There is some evidence to back this up —when a cleavage site is
engineered into SARS-CoV it enhances cell-cell fusion (but not viral entry).



And the two options —sustained human-to-human transmission vs involvement of an intermediate
host — could either one help to better explain how infectious the virus is?

[Peter Daszak] Both scenarios would give the virus chance to mutate and adapt, particularly if there
is a high density of hosts so that any beneficial mutations to the virus can be transmitted readily and
out-compete less efficient mutants. Sustained human-to-human transmission would do this but it
would be particularly effective if there was a farmed animal intermediate host — e.g. pigs, which are
common and in dense populations. The paper then makes important points about the need to 1)
identify these potential sources so that we can rule out further spillover and identify the origins of
these mutations; and 2) better understanding of the ACE2 receptors across a wide range of animals
—this would help understand the capacity of other bat-CoVs to bind and transmit.

| would add a third issue — given that we have already identified 500 or so CoVs in bats in China and
we expect many more —we should also have a concerted effort to identify and fully sequence as
many bat-CoVs as possible to 1) assess other potential pathways to RBD-ACE2 binding; and 2) be
better able to test candidate vaccines and drugs against a wide range of potentially zoonotic CoVs.
Currently we have some candidate vaccines against SARS that we know don’t work against other bat
CoVs we've discovered. As a public health pandemic prevention strategy, we're feeling around
blindly in the dark if we don’t identify the diversity of potential viral threats out there in wildlife.

Thank you,
Smriti

From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Tuesday, 18 February 2020 1:13 PM

To: Smriti Mallapaty <smriti.mallapaty@nature.com:

Cc: Alison Andre <andre@ecohealthalliance.org>; Aleksei Chmura <chmura@ecohealthalliance.org>;
Robert Kessler <kessler@ecohealthalliance.org>

Subject: RE: nature news request

Importance: High

Thanks Smriti,
Yes — | read the paper and here are my thoughts:

First, I'm delighted to see an analysis of SARS-CoV-2 sequence data by this group of leading
evolutionary virologists. | think the big take home for me is that their analysis supports what many
of us working on bat-origin coronaviruses have said, that there’s a high diversity of CoVs in bats in
southeast Asia (we've identified over 500 in the last few years), and that these animals have
frequent and intimate contact with people, livestock and other wildlife in the region. The paper
clearly demonstrates a natural origin for SARS-CoV-2 and strongly refutes the theory that this virus
was bioengineered. It also provides a strong argument against hypotheses that this virus was an
escape from a lab.

The two most likely hypotheses the authors put forward for the acquisition of polybasic cleavage
sites are interesting. Re. the potential for sustained human-to-human transmission prior to the



outbreak being noticed — | agree that’s possible and it certainly happened with SARS. This may have
been happening in a rural site, even as part of the market supply chain — a wildlife hunter, farmer or
wildlife trade middleman may have transmitted the virus to people in the Wuhan market as part of
trading activities. In support of this, we conducted a small survey in rural Yunnan and Guangxi
provinces, S. China a couple of years ago and found 2.93% (6/200) people who live near bat caves in
Yunnan to have antibodies to bat coronaviruses (published in Virologica Sinica). We don’t know
which one, or whether this caused any symptoms, but if you look at the human population across
the region that Rhinolophus spp. bats live in SE Asia, you’re locking at a few million people who have
likely been exposed in their lifetime, if these numbers hold throughout the region. That's a large
interface, and suggests these events are far more common, but that evolution towards a large
outbreak is rare — as we'd expect, and as we saw with HIV.

However, | believe the involvement of other animal hosts (so-called ‘intermediate’ hosts) is even
more plausible. Having visited many rural villages, wildlife markets, bat caves, livestock and wildlife
farms across South China during the last 15 years, the opportunities for these viruses to spillover
across a very active wildlife-livestock-human interface is clear and obvious. There is a booming and
lucrative industry breeding wildlife for food, given the scarcity (and often illegal nature) of wild-
caught animals. These farms almost invariably stock a diversity of captive-bred wildlife species —
civets, porcupines, bamboo rats, coypu, ferret-badgers, raccoon dogs etc., and they're usually mixed
in with livestock — pigs, chickens, ducks, geese. And these farms are usually wide open to bats which
feed at night above the pens, and some of which roost in the buildings. They are also usually linked
to people’s houses so that whole families are potentially exposed — and workers who often sleep
adjacent to the pens. This is a shocking milieu if you think about it from a viral evolutionary point of
view — perfect for a not-quite well-adapted bat CoV to acquire the right mutations to become better
at transmission among other mammals, including humans. In support of this hypothesis, Zhou et al.
2020 show that SARS-CoV-2 spike proteins would likely bind to the ACE2 of pigs. We found another
bat-CoV (HKU-2, SADS-CoV) causing a die-off of >25,000 pigs in 5 farms in Guangdong province a
couple of years ago (published in Nature). A scenario | find really likely is that a Rhinolophus affinis or
related species bat was feeding in a pig farm in rural Hubei or further south and a progenitor virus
was transmitted via bat feces to pigs at that farm. These pigs were then butchered and the meat
sold, or sold live to one of more markets, which then led to a substantial initial exposure of a number
of people, seeding human-to-human transmission in mid- to late-November. The nightmare
scenario is that this virus is therefore not only circulating in humans in China, but also, currently
unknown to us, in one or a number of pig or wildlife farms in the region. This means that even if the
outbreak is controlled, if we don’t get to the animal source, we could see repeated seeding of future
epidemics through spillover at these farms. That scenario has been discussed at a number of
meetings and calls I've been on, including with WHO at the R&D Blueprint Research Agenda-setting
meeting and is something that should be investigated.

Cheers,

Peter



Peter Daszak
President

EcoHealth Alliance

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

rei.+1 I
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: Smriti Mallapaty [

Sent: Monday, February 17, 2020 8:06 PM
To: Peter Daszak

Subject: nature news request

Dear Peter,
| am a reporter for nature news, covering the coronavirus.

| assume you have seen this preprint recently posted online: hittp://virological.org/t/the-proximal-

' wanted to know if you had any thoughts on the research and the significance of the findings? | have
included a few key points below.

It talks about a cleavage site that is a unique feature of SARS-COV-2. The papers says ‘the functional
consequence of the polybasic cleavage site in SARS-CoV-2 is unknown’ but then goes on to describe
how similar events in other coronavirus have been linked to a virus going from low to high
pathogenicity. Acquisition of a polybasic cleavage site in HA, by either insertion or

recombination, converts low pathogenicity avian influenza viruses into highly pathogenic
forms

The paper also considers whether this and other mutations happened in an intermediary animal
before the spillover, or after in humans. If it happened in animals then > if SARS-CoV-2 pre-
adapted in another animal species then we are at risk of future re-emergence events even
if the current epidemic is controfled. If it happened in humans then > if the adaptive process
we describe occurred in humans, then even if we have repeated zoonotic transfers they are
unlikely to take-off unless the same series of mutations occurs.



Thank you again,
Smriti

Smriti Mallapaty

Senior reporter, Asia-Pacific

Nature

Suite 8.03, Level 8, 227 Elizabeth Street
Sydney

NSW 2000

T:+61 2 5298 7908

E: smriti.mallapaty@nature.com

W: nature.com/news

Smriti Mallapaty

Senior reporter, Asia-Pacific

Nature

Suite 8.03, Level 8, 227 Elizabeth Street

Sydney
NSW 2000

T:+61 29228 7908
E: smriti.mallapatv@nature.com

W: nature.com/news



From: Saif, Linda

To: Peter Daszak

Subject: Re: Invitation to join a Lancet COVID-19 Commission Taskforce on the "Origins, early control of COVID-19 and
One Health solutions to future pandemic threats"

Date: Thursday, October 29, 2020 12:55:57 PM

Attachments: Origin SARS-CoV-2 AJTM 2020 tpmd200849. pdf

Hi Peter,

Good meeting today and | look forward to working with you and the team on this important task.

[ want to strongly recommend one more person whose experience and expertise would greatly
contribute to this Taskforce and also its impact. This is Dr James Le Duc {jwleduc@UTMB.EDU). He is
the director of the BSL4 Galveston National Laboratory, professor, Microbiology and Immunology
and the John Sealy Distinguished Chair in Tropical and Emerging Virology, University of Texas
Medical Branch, Galveston Texas. Dr. Le Duc joined UTMB in late 2006 from the Centers for Disease
Control and Prevention in Atlanta, where he was the influenza coordinator and director of the
Division of Viral and Rickettsial Diseases. With more than four decades of experience working in the
fields of biodefense and public health, his work has taken him around the world, from West Africa,
where he began his professional career as a field biologist working for the Smithsonian Institution, to
Brazil and Panama during a 23-year career as a U.S. Army officer in the medical research and
development command.

You too have interacted with him during our NAS talks with Chinese scientists—he always provides
an astute summary at the end. He went with the NAS group on all our biosecurity visits to China to
tour the BSL4 labs in Wuhan and Harbhin, so he too has extensive first hand knowledge about BSL4
labs and the Chinese BSL4 labs and their operation. In his interactions with our Chinese
counterparts, he was always very calm, well-spoken and perceptive about the issues involved and
how to frame the key questions. He is also very familiar with media interviews and does a great job
with interviews, as well as having experience in working in a government agency, the CDC. He
contributed to the attached highly relevant paper that was very perceptive and may help to frame
our report as well.

| strongly suggest inviting him to be a member of our taskforce. He would be a major contributor
based on his extensive background on international emerging diseases and provide additional
background and perspectives that are not present within current members of our working team.
Thanks

Linda

From: Peter Daszak <daszak@ecohealthalliance.org>

Date: Wednesday, October 21, 2020 at 12:27 AM

To: linda saif <saif.2@osu.edu>

Cc: Su Yadana <yadana@ecohealthalliance.org>

Subject: RE: Invitation to join a Lancet COVID-19 Commission Taskforce on the "Origins, early

control of COVID-19 and One Health solutions to future pandemic threats"

Great to know that you’ll be able to take partin this Linda! I’'m cc’ing Su Yadana, who works at EHA



and will be the point of contact for the taskforce. She’ll organize a formal invitation from the COVID-
19 Commission Chair, Jeff Sachs.

I'll send another email re. SADS, cc’ing Hongying...

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

520 Eighth Avenue, Suite 1200
New York, NY 10018-6507
USA

rel+1

Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation

From: Saif, Linda <saif.2@osu.edu>

Sent: Thursday, October 15, 2020 10:42 PM

To: Peter Daszak <daszak@ecohealthalliance.org>

Subject: Re: Invitation to join a Lancet COVID-19 Commission Taskforce on the "Origins, early control
of COVID-19 and One Health solutions to future pandemic threats"

Importance: High

Hi Peter,

Thanks for your invitation. The topic is very timely and it will be an honor to serve on the taskforce. |
hope that we can talk about both zoonoses and reverse zoonoses regarding COVID-1S or other
emerging diseases ! | also hope that this does not once again become totally politicized (origin of
SARS-CoV-2) as we have all experienced before! Did you hear any report from the WHO task force to
find the animal reservoir in China?



It will be a pleasure to work with you on these important topics!

| have potten a lot of questions since Ralph's PNAS paper on SADS in human cells about its impact on
swine and pork production and possible spillover to humans.,
Can you please clarify several points for me for which | am unsure.

1 Isthere information on whether this virus is still circulating in swine in & China—any further
outbreaks or serology studies in swine?

Or were most of the swine herds culled because of ASFY so that SADS could have been
aliminated?

2. Was there ever any serology or evidence for SADS infections in humans in the region of the
original SADS outbreaks?

Thanks,
Linda

Linda 1. Saif, PhD

Distinguished University Professor

Food Animal Health Research Program
OARDC/The Ohio State University

1680 Madison fve Wooster, Ohio 44691

-}‘t*‘e CENTER TO
. “STOP COVID

From: Peter Daszak < ) i
Date: Monday, October 12, 2020 11.50 PM
To: Linda Saif <gaif 2 pedy>

Cc: Su Yadana ' C 1 >, Alison Andre <gndref@ecohealthalliance org>
Subject: Invitation to join 2 Lancet COVID-19 Commission Taskforce on the "Origins, early control of
COVID-19 and One Health solutions to future pandemic threats™

Dear Linda,
| hope all’s well with you and that you're staying healthy and busy during these difficult times.

I"ve been asked to join the Llancet COVID-19 Commission and run a 12 month Taskforce to conduct a
review of the "Origins, early control of COVID-19 and One Health solutions to future pandemic
threats”. The Lancet COVID-12 Commission has been created to helpspeed up global, equitable, and
lasting solutions to the pandemic. Two key aims of this Commission are {i) to speed up the
awareness and adoption worldwide of successful strategies to suppress transmission and {ii) to
ensure that any new COVID-12 vaccines and other key technologies are eguitably accessible across
the world. There is mformanon on the membership and details of the goals on its main website:

and also in an article recently published in The Lancet;




https://www.thelancet.com/pdfs/journals/lancet/PlIS0140-6736(20)31494-X .pdf

The goal of the taskforces are to focus on specific dimensions of the pandemic, review all available
information and provide a ‘state-of-the-art’ assessment of an issue and point to future directions,
including intergovernmental policy initiatives, research gaps, regional and national policies and other
issues that might benefit global health and equity.

' would very much like you to serve on the taskforce that I’ll be running. I've attached a brief
summary of the goals and workplan, and names of others who've been invited. Please consider this
an informal request at the moment — if you indicate your willingness, I'll send a formal invitation co-
signed by Commission Chair, Jeff Sachs.

Please note that if you are willing to serve, your involvement will be voluntary and the time
commitment will be until September, 2021 when the final report is due. There may be a possibility of
on-the-ground work if travel allows and the cost will be covered by the Commission, but given the
timeline and the continued disruption of travel by COVID-18, | believe this is unlikely. The taskforce is
expected to meet via monthly Zoom calls. Qur first meeting will be in October and the first draft
report is aimed for Dec, 2020. Please also note that I'm cc’ing Su Yadana, who will be the point
person for running the workings of the taskforce here at EHA, as well as my assistant Alison Andre.
Please cc both of them on all correspondence.

I'm confident that the taskforce will do significant and meaningful work towards understanding and
providing lasting solutions to the pandemic and that your expertise and involvement will strengthen

its efforts.

| really hope that you will accept my invitation to join and will then be able to set up dates for our
first call.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
520 Eighth Avenue, Suite 1200



New York, NY 10018-8507
USA

rel+ S

Website: www.ecohealthalliance.org
Twitter: @PeterDaszak

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation
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Perspective Piece
The Origin of GOVID-19 and Why It Matters

David M. Morens,"?* Joel G. Breman,® Charles H. Calisher, Peter C. Doherty,® Beatrice H. Hahn,®” Gerald T. Keusch,??:1°
Laura D. Kramer,"2 James W. LeDugc,'® Thomas P. Monath,®'* and Jeffery K. Taubenberger'®
1 American Committee on Arthropod-Borne Viruses, American Society of Tropical Medicine and Hygiene, Arfington, Virginia; “National institute of
Allergy and Infectious Diseases, National institutes of Health, Bethesda, Maryland: *American Society of Tropical Medicine and Hygiens, Arlington,
Virginia; *Arthropod-borne and Infectious Diseases Laboratory, Department of Microbiclogy, Immunclogy & Pathoiogy, College of Veterinary
Medicine and Biomedical Sciences, Colorado State University, Fort Collins, Colorado; ®Department of Microbiclogy and immunology, University of
Melbourne at the Doherty Institute, Melbourne, Australia; 8Department of Medicine, Perelman School of Medicine, University of Pennsylivania,
Philadslphia, Pennsyivania; 'Department of Microbiology, Perelman School of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania;
8Department of Medicine, Boston University Schooi of Medicine, Boston, Massachusetts; *Department of Giobal Health, Boston University School
of Public Health, Boston, Massachusetts; 1°National Emerging Infectious Diseases Laboratory at Boston University, Boston, Massachusetts;

M Arbovirus Laboratory, Wadsworth Center, New York State Department of Health, Albany, New York: "“Department of Biomedical Sciences,
School of Public Health, State University of New York at Albany, Albany, New York; BGalveston National Laboratory and Department of
Microbiology and immunoiogy, University of Texas Medical Branch, Galveston, Texas; "*Crozet BioPharma LLC, Devens, Massachusetts; "*Virai
Pathogenesis and Evolution Section, Laboratory of Infectious Diseases, National institufe of Allergy and Infectious Diseases, National Institutes of
Health, Bethesda, Maryland

Abstract. The COVID-19 pandemic is among the deadliest infectious diseases to have emerged in recent history. As
with all past pandemics, the specific mechanism of its emergence in humans remains unknown. Nevertheless, alarge body
of virologic, epidemiclogic, veterinary, and ecologic data establishes that the new virus, SARS-CoV-2, evolved directly or
indirectly from a R-coronavirus in the sarbecovirus (SARS-like virus) group that naturally infect bats and pangalins in Asia
and Southeast Asia. Scientists have warned for decades that such sarbecoviruses are poised to emerge again and again,
identified risk factars, and argued for enhanced pandemic prevention and control efforts. Unfortunately, few such pre-
ventive actions were taken resulting in the latest coronavirus emergence detected in late 2019 which quickly spread
pandemically. The risk of similar coronavirus outbreaks in the future remains high. In addition to controlling the COVID-19
pandemic, we must undertake vigorous scientific, public health, and societal actions, including significantly increased
funding for basic and applied research addressing disease emergence, to prevent this tragic history from repeating itself.

In 2007, scientists studying coronaviruses warned: “The HOW VIRAL DISEASES EMERGE
presence of a large reservoir of SARS-CoV-like viruses in
horseshoe bats. .. is a time bomb. The possibility of the re-

emergence of SARS and other novel viruses. . . should not be o ) - .
ignored.‘” some cases with lipids. Viruses are not living organisms and can

Few paid attention following the disappearance of SARS only reproduoeinsiqelwing oellssusloeptlibleto viral entry and W'rt.h
after the initial outbreak in 2002. Now, 18 years later, COVID-19 the capacity to replicate viral nucleic acids and translate nucleic
has emerged as the deadliest respiratory disease pandemic acid signals inltcln amino acidsl to build Vilral proteins. Viruses are
since 1918, when the “Spanish” influenza pandemic killed an the.refor.e nonll\n,ng self—gontamed genetic programs capable of
estimated 50 million people.2 We need to understand what redirecting a cell's machinery to produce more of themselves.

happened so that we can prevent it from happening again, and [t follows that when a virus enters a human cell for thefirst time, it

be better prepared to contain similar pandemics attheir outsets. has very recently been transmitted from cells of some other host,
that is, from another animal or, for example, an insect vectaor.

Emergence of a pathogen between a vertebrate or an insect has
been referred to as host-switching, sometimes described as a

The agent of COVID-18, SARS-CoV-2, was named after the spillover event. Most of the human viral and nonviral infectious

genetically related SARS-CoV {more recently distinguished diseases that have EXiSt,ed for F:enturies—mgasles, influenlzai
by some as SARS-CoV-1), which caused a deadly near- cholera, smallpox {eradicated in 1980), falciparum malaria,

pandemic in 2002-2003.% Before 2019, neither SARS-Cov-z ~ dengue, HIV, and many others—originated by animal-to-hurman

. . 5 f .
nor its genetic sequences had ever been identified in viruses of ho,St'S\,N'tCh,mg' The complex genetic events that underlie host-
humans or animals. switching differ greatly from pathogen to pathogen, but general

; . 6-8
Even so, scientific research conducted over the last two mechanisms have been recognized for many.

decades provides clues about how and why the COVID-19 Host-switching determinants prominently include social, en-
pandemic appeared. We must understand these critically vironmental, and biological factors providing the opportunity for

important scientific findings, described in the following text, so host-species interaction; shared host cell receptors; genetic

that we can better address significant existential risks we will disltalnce between trapsmitting E,md rece!ving h,o sts; apd charac-
continue to face for the foreseeable future. teristics and complexity of the viral quasi-species or viral swarm.

(RNA viruses in particular are not transmitted to multiple cells as
identical virions, but as caollections of thousands of different ge-
* Address correspondenceto David M. Morens, Room 7A-03, Building netically related virions. The ever-changing complexity of the viral

31, 31 Center Drive, Bethesda, Maryland 20892-2520. Erail: swarm varies among species, genetically distinct but related in-
dm270g@nih.gov dividuals of the same species, and in single hosts over time.)
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Viruses are compact nucleic acid packages of either DNA or
(in the case of coronaviruses) RNA associated with proteins, and in

EMERGENCE OF THE COVID-19 PANDEMIC



956 MORENS AND OTHERS

Ficure 1.  Phylogenetic relationships of selected coronaviruses of
medical and veterinary importance. Hurman SARS-CoV and SARS-CoV-2
are closely related to numerous bat and pangolin coronaviruses in a vira
genetic grouping called sarbecoviruses, which contains many other
viruses very closely related to SARS-CoV and SARS-CoV-2. These viru-
ses belong to the order Nidovirales, family Coronaviridae, subfamily
Coronavirinae and the four genera Alphacoronavirus, Betacoronavirus,
Gammacoronavirus, and Deltacoronavirus. The betacoronaviruses are
comprised of two subgenera, Sarbecovirus and Merbecovirus. Theformer
include SARS-CoV and SARS-CoV-2; the latter includes Middle East re-
spiratory syndrome-related coronavirus (MERS-CoV). Image created by
Sebastian M. Gygli, Ph.D., NIAID, NIH, and used with permission.

Studying animal viruses that have previously spilled over
into humans provides clues about host-switching determi-
nants. A well-understood example is influenza virus emer-
gence into humans and other mammals2 Human pandemic
and seasonal influenza viruses arise from enzootic viruses of
wild waterfowl and shore birds. From within this natural res-
ervoir, the 1918 pandemic “founder” virus somehow host-
switched into humans. We know this from genetic studies
comparing avian viruses, the 1918 virus, and its descendants,

which have caused three subsequent pandemics, as well as
annual seasonal influenza in each of the 102 years since 1918.
Similary, other avian influenza viruses have host-switched into
horses, dogs, pigs, seals, and other vertebrates, with as yet un-
known pandemic potential %1% Atthough some molecular host-
switching events remain unobserved, phylogenetic analyses of
influenza viruses allow us to readily characterize evolution and
host-switching as it occurs in nature

CORONAVIRUSES

Coronaviruses are RNA viruses globally distributed in a
large but unknown number of animal species. Coronaviruses
important for humans are found within phylogenetically
distinct taxonomic subgroups, labeled as the a- and B-
coronaviruses (Figure 1).'? Four endemic human coronavi-
ruses, which emerged at some undetermined time in the past,
cause (mostly) mild self-limited upper respiratory tract infec-
tions (Figure 1).

RECENT CORONAVIRUS EMERGENCES FROM ANIMALS
INTO HUMANS

Until recently, relatively litle was known about coronavi-
ruses, and research interest in these common cold viruses
was minimal. Eighteen years ago, a previously unknown -
coronavirus named SARS-CoV suddenly emerged. Following
its initial appearance in China it spread to 29 other countries,
causing a near-pandemic and killing 813 of the 8,809 people
with confirmed infection before being controlled by aggres-
sive public health measures. It has not been seen since. In
2012, however, another previously unknown [-coronavirus
named Middle East respiratory syndrome coronavirus (MERS-
GoV), and closely related to SARS-CoV, emerged to cause
high case-fatality human infections. Fortunately, this virus
does not efficiently transmit between humans, and cases have
been largely limited to the Middle East where its intermediary
host, the dromedary camel|, is present in relatively high num-
bers. In 2016, yet another novel bat-origin coronavirus, an
a-coronavirus, emerged in China to cause a novel epizootic
disease in pigs, termed swine acute diarrhea syndrome
coronavirus (SADS-CoV). And most recently, at least as early
as late November 2019, SARS-CoV-2 was recognized and
became the third fatal bat virus-associated human disease

Ficure2. Predicted global hotspots for disease emergence, showing estimated risks, adjusted for reporting bias. From a comprehensive global
study combining multiple data sources. Reproduced with permission from Allen et al'
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emergence and the fourth bat virus—associated mammalian
emergence in 18 years.

CORONAVIRUS EMERGENCE RISKS

An enormous reservoir of coronaviruses infects hundreds of bat
species distributed globally. SARS-CoV, MERS-CoV, and SARS-
CoV-2 are closely related B-coronaviruses clustering in two adja-
cent phylogenetic groupings: sarbecovirus {(SARS-like viruses)
and merbecovirus {MERS-like viruses) (Figure 1). The two SARS
viruses, as well as SADS-CaV, are descended from viruses en-
zootic in rhinalophid (genus, Rhinolophus), or horseshoe bats.

Over the past 15 years, scientists have also identified global
animal reservoirs of coronaviruses (in Africa, the Americas, the
Middle East, Asia and Scutheast Asia, and particularly China, the
location of three of the four maost recent emergences). These
efforts have revealed much about coronaviral ecosystems, res-
ervoir hosts, viral movement between hosts, viral evolution, and
risk of emergence into humans and other mammails.

Bats of numerous globally distributed genera and species
are now known to be the major reservoir of animal coronavi-
ruses. One 20-country study of more than 19,000 animals
{predominantly nonhuman primates, bats, and rodents)
revealed that bats accounted for more than 98% of corona-
virus detections, and that almost 9% of > 12,000 randomly
studied bats were infected with one or more coronavirus.'®
Significant interspecies viral transmission between closely
and distantly related bats also appearsto be important. Bats of
some species, including rhinolophids, co-roost with bats of
ather species, facilitating viral exchanges and enhanced viral
evolution associated with genetic recombination. In fact, many
such bat coronaviruses have genetic sequences similar to
SARS-CoV and SARS-CoV-2.

Investigators have also mapped global hotspots for po-
tential infection emergence, prominently in south/southwest
China and contiguous regions and countries (Figure 2),'* and
have identified numerous human-animal interactions that con-
stitute emergence risk factors, for example bat tourism, wet
markets, wildlife supply chains for human consumption,'® land
management practices, and environmental perturbations.’®1®
Virologic and risk mapping studies indicate a very high risk of
further coronavirus outbreaks. 21

SARS-CoV and SARS-CoV-2 emerged in China, home to
bats of more than 100 species, many of which carry a- and/ar
B-coranaviruses. In one study, more than 780 partial coro-
navirus genetic sequences were identified from bats of
41 species infected by o- and of 31 species infected by
B-coranaviruses.?! Within the sarbecovirus lineage, en-
compassing SARS and SARS-like viruses, many identified
genetic sequences are very similarto SARS-CoV and SARS-
CoV-2.2722 One such virus is more than 96% identical to
SARS-CaV-2 in its whole genome®®; another shares more
than 97% identity in the 1ab replicase gene, as well as afurin
cleavage site insertion.2* Nature is clearly a cauldron for in-
tense and dangerous coronavirus evolution.

WAS COVID-19 PREDICTED?

A clearer, mare worrisome picture of the coronavirus eco-
system has recently come together. A contiguous area en-
compassing parts of south/southwest China, Lacs, Myanmar,
and Vietnam constitutes a bat coronavirus “hotspot,” featuring

intense interspecies viral transmission. In such hotspots, a
rich diversity of SARS-like viruses has been found, not anly in
rhinolophid bats but also in bats of other genera and species to
which these viruses had host-switched. The same rhinclophid
bats are also implicated in the emergence of SADS-CoV in
southern China. Many of these SARS-like viruses bind to hu-
man angiotensin-converting enzyme-2 {ACE?2) receptors and
infect human respiratory epithelial cells in vitro, suggesting their
pandemic potential.'®25

Ominously, bat-to-human transmission of SARS-like viruses
has already been detected,® perhaps representing pandemic
near-misses. Even the more genetically distant SADS-CoV
infects cells of humans and numerous other vertebrates,
raising concern about indirect coronavirus emergences. This
seems to have occurred with the bat-to-camel-to-human
emergence of MERS, and possibly with SARS-CoV emer-
gence into humans, which may have resulted from bat virus
infection of masked palm civet cats {Paguma larvata), with
subsequent human spillover.'® As a byproduct of the impor-
tant international surveillance work described above, in 2017,
the therapeutic benefit of the antiviral drug remdesivir was
suggested; it is now, in 2020, being widely used to treat per-
sons infected with SARS-CoV-2.2°

Since 2007, when alarming predictions about threatened
coronavirus emergences began to appear,! understanding
of coronavirus ecosystems has become far more complete.
Over the past 5 years, Chinese, American, European, and
other scientists have begun to renew warnings that hu-
mans are intensively interacting with coronavirus-infected
bats, that enzootic SARS-related bat coronaviruses have all
of the essential components of the SARS virus, that some
of these SARS-like viruses can infect laboratory-humanized
mice to cause SARS-like disease, that SARS-like viruses have
the ability to directly infect and be transmitted between humans,
and, therefore, that these viruses are poised for human
emergence.'®2'22 Many scientists have proposed aggressive
manitoring of known hotspots to try to predict and prevent viral
emergence that might impact human health, including early
warning of host-switching events.'®2%27

Unfortunately, outside of some members of the scientific
community, there has been little interest and no sense of
urgency. In 2020, we learned, tragically, what 12 years of un-
heeded warnings have led to: a bat-derived sarbecovirus—
from the very same SARS-like bat virus group that had been
warned about by multiple voices for over a decade—emerged
and proceeded to cause the COVID-19 pandemic that now
sweeps the globe.

SARS-CoV-2 emerged essentially as predicted: a natural
event associated with either direct transmission of a bat
coronavirus to humans or indirect transmission to humans via
an intermediate host such as a Malaysian pangolin (Manis
javanica) or another, yet-to-be-identified mammal 281

It should be clarified that theories about a hypothetical man-
made origin of SARS-CoV-2 have been tharoughly discredited
by multiple coranavirus experts.2'22% SARS-CoV-2 contains
neither the genetic fingerprints of any of the reverse genetics
systems that have been used to engineer coronaviruses nor
does it contain genetic sequences that would have been
“forward engineered” from preexisting viruses, including the
genetically closest sarbecoviruses. That is, SARS-CoV-2 is
unlike any previously identified coronavirus from which it
could have been engineered. Moreover, the SARS-CoV-2
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receptor-binding domain, which has affinity for cells of various
mammals, binds to human ACE2 receptors via a novel
mechanism.

Engineering such a virus would have required 1) published
or otherwise available scientific knowledge that did not exist
until after COVID-19 recognition; 2) a failure to follow obvious
engineering pathways, resulting in an imperfectly constructed
virus; and 3) an ability to genetically engineer a new virus
without leaving fingerprints of the engineering. Furthermore,
the 12 amino acid furin-cleavage site insertion between the
SARS-CoV-2 spike protein’s S1 and 82 domains, which some
have alleged to be a sign of genetic engineering, is found in
other bat and human coronaviruses in nature, probably arising
via naturally occurring recombination.2*

It is alsa highly unlikely that SARS-CoV-2 was released from
a laboratory by accident because no laboratory had the virus
nor did its genetic sequence exist in any sequence database
before its initial GenBank deposition {early January 2020).
China's laboratory safety practices, policies, training, and
engineering are equivalent to those of the United States and
other developed countries,2 making viral “escape” extremely
unlikely, and of course impassible without a viral isclate pre-
sent. SARS-CoV-2 shares genetic properties with many other
sarbecoviruses, lies fully within their genetic cluster, and is
thus a virus that emerged naturally.

COVID-19 EMERGENCE MECHANISMS: WHY
THEY MATTER

Understanding how COVID-19 emerged is of great importance.
We now know that the viruses causing SARS, MERS, and COVID-
19 are all members of enormous groups of bat coronaviruses
distributed globally, and that many of these viruses are function-
ally preadapted to human emergence. This preadaptation can be
thought of as “accidental” because it must have occurred in na-
ture in the absence of human infection and does not rule out
further human adaptation to enable pandemicity. Molecular
mechanisms of preadaptation are not fully known, but are un-
doubtedly related to functional similarities between ACE2 re-
ceptors anthe cells of numerous mammals (bats, humans, minks,
cats, and other domestic and wild animals) 3%

The ability of coronaviruses to evolve at a high rate, illustrated
by extreme phylogenetic diversity, coupled with the dispersion of
new viral variants within an enormous array of wild animal species
that can serve as hosts, portends poorly for the future of coro-
navirus disease emergence. We are already seeing coronavirus
mutants with altered affinity for human ACE2. Whether bat
coronaviruses evolve independently or by “sampling” various
mammalian ACE2 receptors, the result is the same. That bat
sarbecoviruses so easily switch between multiple hosts sug-
gests a many-pronged human risk: directly from bats and in-
directly from other mammals infected by bat viruses. Because we
have only just begun to sample, sequence, and study bat/
mammalian coronaviruses, we can be certain that what we now
know is but the tip of a very large iceberg.

The findings described earlier reaffirm what has long been
obvious: that future coronavirus transmissions into humans
are nat only possible, but likely. Scientists knew this years ago
and raised appropriate alarm. Our prolonged deafness now
exacts a tragic price.

The story of COVID-19 emergence sends a powerful mes-
sage. A quantum leap in bat coronavirus surveillance and

research is urgently needed. This work must emphasize viro-
logic and behavioral field studies of humans and animals
whereverthey interface, and especially in disease hotspots, as
well as virologic studies related to human and animal spillover
risks and the means of reducing them.*®

Important research that has languished, been underfunded, or
discontinued should be greatly expanded to deal with the ur-
gency of the situation, and more scientists, including scientists
working in China and other hotspot countries {Figure 2}, should
be recruited to these effarts, especially in interational research
partnerships. Full, open international collaberation involving
many countries is essential. In particular, field research on the
prevalence and virus-host relationships of coronaviruses, de-
velopment of platform technaologies for diagnaostics, vaccines,
and animal models for studies of pathogenesis and potential
therapeutics is essential to permit, for example, modeling
structure/function relationships of specific binding domains from
newly identified agents to create critical tools for disease control.

In addition to robust expansion of surveillance and re-
search, there are things that we can do now to lower our risks.
We know much about coronavirus hotspots, not only in China
but also globally; we can more aggressively surveil these lo-
cations to learn more about the local viral ecalogy and identify
initial human spillover events. We also know much about hu-
man behaviors that directly and indirectly bring us into contact
with bats, including risks from wet markets, bat cave tourism,
capturing and eating bats, and perturbing the environment in
ways that alter bat habitats and habits. These are behaviors
that we can and must change.

We can also strengthen basic public health, including hygiene
and sanitation, so that emerging viruses do not have afertile field
in which to amplify replication, and we must build and maintain
strong public health infrastructure to respond quickly and effi-
ciently to pathogen emergence. For viruses that have emerged,
such as SARS-CoV-2, we need to develop effective antivirals
and, ideally, broadly protective vaccines. Education and com-
munication with populations where spillover events occur is also
an important component of risk reduction.

We must also realize that the problem is larger than just
coronaviruses. In recent years, we have seen emergences and
reemergences of numerous other human infectious diseases
such as Ebola fever, Lassa fever, hantavirus pulmonary syn-
drome, human monkeypox, HIV, dengue, chikungunya, Zika,
and epizootic avian influenza. We have entered a new pan-
demic era,®® one in which epidemic and pandemic emer-
gences are becoming commonplace; some are likely to be
highly pathogenic. In 2020, our science is sufficiently robust to
have a good chance of controlling pandemic viral emergences
within 2-3 years, but dramatically insufficient to prevent and
control their emergences in the first place.

We should begin developing broadly protective vaccines
and broadly therapeutic antiviral/antimicrobial agents against
pathogens within taxonomic groups likely to emerge in the
future, including coronaviruses, henipaviruses, and filoviruses,
among others. Organizations like the Coalition for Epidemic
Preparedness Innovations, among others, should be extended
and strengthened, emphasizing, in addition to vaccine devel-
opment, therapeutics as well as prevention tools. Pandemic
prevention should be a global effort on a par with chemical and
nuclear weapon prevention.

Unless we reset the equation; invest mare in critical and cre-
ative laboratory, field, and behavioral research; and start finding
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ways to prevent these emergences, we will soon see additional
coranavirus pandemics, as well as global spread of othertypes of
infectious agents not yet imagined, caused by some of the mil-
lions of viruses in the natural world, many of which we have not
yet had the time and funding to identify and study.*”

Understanding how COVID-19 emerged is a critical point on
asteep learning curve we must quickly master. As we face the
mounting deaths and societal upheavals of the COVID-19
pandemic, we must not lose sight of how this pandemic be-
gan, how and why we missed the warning signs, and what we
can do to prevent it from happening again—and again.
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From: Su Yadana

To: Saif, Linda

Cc: Alison Andre; Peter Daszak

Subject: Re: Pw: Invitation to join a Lancet COVID-19 Commission Taskforce on the "Origins, early control of COVID-19
and One Health solutions to future pandemic threats"

Date: Tuesday, October 20, 2020 4:53:55 PM

Attachments: o = -

Dear Dr. Saif,

| will be helping coordinate this Task Force for Dr. Daszak. Would you be available to

join the first Task Force meeting in the morning of Oct 29th (Thursdav) from &-10am (EST)?

For the second meeting in November, we are tentatively scheduling it for November
23rd either from 8:30 to 10AM or 9 to 10:30AM (EST) but | will send out another email
with the set time in November.

Looking forward to your response.

Best,
Su

From: Saif, Linda <saif 2@ osu.edu>

Sent: Thursday, October 15, 2020 10:41 PM

To: Peter Daszak

Subject: Re: Invitation to join a Lancet COVID-19 Commission Taskforce on the "Origins, early
control of COVID-19 and One Health solutions to future pandemic threats"

Hi Peter,

Thanks for your invitation. The topic is very timely and it will be an honor to serve on the
taskforce. | hope that we can talk about both zoonoses and reverse zoonoses regarding
COVID-19 or other emerging diseases | | also hope that this does not once again become
totally politicized (origin of SARS-CoV-2) as we have all experienced before! Did you hear any
report from the WHO task force to find the animal reservoir in China?

It will be a pleasure to work with you on these important topics!

| have gotten a lot of questions since Ralph's PNAS paper on SADS in human cells about its
impact on swine and pork production and possible spillover to humans.
Can you please clarify several points for me for which | am unsure.

1. Is there information on whether this virus is still circulating in swine in S China—any
further outbreaks or serology studies in swine?

Or were most of the swine herds culled because of ASFV so that SADS could have
been eliminated?
2. Was there ever any serclogy or evidence for SADS infections in humans in the region of



the original SADS outbreaks?

Thanks,
Linda

Linda J. Saif, PhD

Distinguished University Professor

Food Animal Health Research Program

OARDC/The Ohio State University

1680 Madison Ave Wooster, Ohio 44691
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From: Peter Daszak <daszak@ecohealthalliance.org>

Date: Monday, October 12, 2020 11:50 PM

To: Linda Saif <saif. 2@osu.edu>

Cc: Su Yadana <yadana@ecohealthalliance.org>, Alison Andre <andre@ecohealthalliance.org>
Subject: Invitation to join a Lancet COVID-19 Commission Taskforce on the "Origins, early control
of COVID-19 and One Health solutions to future pandemic threats"

Dear Linda,

| hope all’s well with you and that you’re staying healthy and busy during these difficult
times.

I've been asked to join the Lancet COVID-19 Commission and run a 12 month Taskforce to
conduct a review of the "Origins, early control of COVID-19 and One Health solutions to
future pandemic threats". The Lancet COVID-19 Commission has been created to help speed
up global, equitable, and lasting solutions to the pandemic. Two key aims of this Commission
are (i) to speed up the awareness and adoption worldwide of successful strategies to
suppress transmission and (ii) to ensure that any new COVID-19 vaccines and other key
technologies are equitably accessible across the world. There is information on the
membership and details of the goals on its main website: https://covid19commission.or

and also in an article recently published in The Lancet:
https://www.thelancet.com/pdfs/journals/lancet/P11S0140-6736(20)31494-X.pdf



The goal of the taskforces are to focus on specific dimensions of the pandemic, review all
available information and provide a ‘state-of-the-art’ assessment of an issue and point to
future directions, including intergovernmental policy initiatives, research gaps, regional and

national policies and other issues that might benefit global health and equity.

| would very much like you to serve on the taskforce that I'll be running. I've attached a brief
summary of the goals and workplan, and names of others who've been invited. Please
consider this an informal request at the moment —if you indicate your willingness, I'll send a
formal invitation co-signed by Commission Chair, Jeff Sachs.

Please note that if you are willing to serve, your involvement will be voluntary and the time
commitment will be until September, 2021 when the final report is due. There may be a
possibility of on-the-ground work if travel allows and the cost will be covered by the
Commission, but given the timeline and the continued disruption of travel by COVID-19, |
believe this is unlikely. The taskforce is expected to meet via monthly Zoom calls. Qur first
meeting will be in October and the first draft report is aimed for Dec, 2020. Please also note
that I'm cc’ing Su Yadana, who will be the point person for running the workings of the
taskforce here at EHA, as well as my assistant Alison Andre. Please cc both of them on all
correspondence.

I’'m confident that the taskforce will do significant and meaningful work towards
understanding and providing lasting solutions to the pandemic and that your expertise and
involvement will strengthen its efforts.

| really hope that you will accept my invitation to join and will then be able to set up dates
for our first call.



Cheers,

Peter

Peter Daszak

President

EcoHealth Alliance
520 Eighth Avenue, Suite 1200
New York, NY 10018-6507

USA

Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote
conservation



Su Yadana, MPH
Research Scientist

FEcoHealth Alliance
520 Eighth Avenue, Suite 1201
New York, NY 10018

1.212.380.4483 (direct)
(mobile)

212,380, (fax)

www,ecohealthalliance.org

FcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservaion.



From: Rusek, Benjamin
To: 7 = - i .
MEL.. f _uﬂman@.ta.n.ﬁmi.gdu_,@ T .Eﬁﬁ@wﬂ . T w’m. - @UTMB.ED

Cc: "fsharples 3@hotmail.com”; Lowenthal Micah: antomette baric.med: Alison Andre: "jennifer.ryan@moore.org”;
Bowman, Katherine; Kanarek, Morgan; "Ravrnond JEANLOZ". Hare, Hope; Cervenka, Nicole; Sharples, Fran;
Block, Bruce

Subject: RE: Some bullets following our US-China dialogue discussion on Friday

Date: Monday, October 19, 2020 11:57:58 PM

Attachments: 3-month follovw-up-JP Weng pdf

Greetings,

Thanks again for participating in the China bio dialogue sessions last week. And thank you Peter and
others who sent me feedback and thoughts on the future of the dialogue. Additional thoughts and
comments are welcome.

Re nextsteps: The general plan is to try and hold another two night session in 2-3 months, when we
have more information to share on vaccines, durability of immunity and the evaluation and uses of
different types of tests. More discussion on the origin or “natural history” of the virus focused on
preventing future outbreaks (since George Gao seems to be open to it) might be possible as well.

PS | have attached the ppt on learning from Covid patients from the dialogue.
Kind regards,
Ben

Benjamin Rusek
The U.S. National Academy of Sciences
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From: Peter Daszak <daszak@ecohealthalliance.org>

Sent: Monday, October 19, 2020 12:21 AM

To: Rusek, Benjamin <BRusek@nas.edu>; 'relman@stanford.edu’ <relman@stanford.edu>;
rbaric_email.unc <rbaric@email.unc.edu>; 'saif.2@osu.edu’ <saif.2@osu.edu>; 'stanley-
periman@uiowa.edu' <stanley-perlman@uiowa.edu>; ‘harvey.fineberg@moore.org'
<harvey.fineberg@moore.org>; 'dgriffic@jhmi.edu’ <dgriffic@jhmi.edu>; 'peggy @hbfam.net'
<peggy@hbfam.net>; 'jwleduc@UTMB.EDU' <jwleduc@UTMB.EDU>; 'peshi@ UTMB.EDU'
<peshi@UTMB.EDU>; Dzau, Victor J. <VDzau@nas.edu>; 'Nancy Connell' <NancyConnell@jhu.edu>;
'‘Dave Franz (davidrfranz@gmail.com)' <davidrfranz@gmail.com>

Cc: 'fsharples_3@hotmail.com' <fsharples_3@hotmail.com>; Lowenthal, Micah
<mlowenth@nas.edu>; antoinette_baric.med <antoinette baric@med.unc.edu>; Alison Andre
<andre@ecochealthalliance.org>; 'jennifer.ryan@moore.org' <jennifer.ryan@moore.org>; Bowman,
Katherine <kBowman@nas.edu>; Kanarek, Morgan <MKanarek@nas.edu>; 'Raymond JEANLOZ'
<jeanloz@berkeley.edu>; Hare, Hope <HHare@nas.edu>; Cervenka, Nicole <NCervenka@ nas.edu>;
Sharples, Fran <FSharples @nas.edu>; Block, Bruce <BBlock@nas.edu>

Subject: Some bullets following our US-China dialogue discussion on Friday



Importance: High

Thanks for a good discussion on Friday Ben,

| fully support a continued dialog and noted, as did some of those on the call, that George Gao and
others were more open in their discussion of investigations into animal reservoirs of SARS-CoV-2 —
i.e. discussion about the origin. We discussed ways we could frame a future topic that would allow
us to talk about some important issues around the ‘natural history’ of SARS-CoV-2, that might also
be comfortable for our Chinese colleagues. Here are a couple of bullets along the lines you asked me
for:

1. Summary of recent findings re. the ability of SARS-CoV-2 to infect other species of animals
in the lab, and in the wild, around the world (e.g. mink farm infections Europe and US,
experimental infections of ferrets & raccoon dogs, risk assessments of SARS-CoV-2 infecting
bats in other countries)

2. From the natural history of the virus, what do we know about the diversity of alpha and
beta CoVs in wildlife reservoirs, and in potential intermediate hosts in various countries in
Asia.

3. What information can we identify from the receptor binding domain of SARS-related CoVs
that might help us predict future potential for emergence of CoVs from other countries

| think a good strategy would be to have the US side give the opening slide deck so that we sort of
set the parameters and open up some of the discussion that I'm sure would lead to interesting

information. I'd be happy to help on the first 2 points, and I’'m sure Ralph could talk to the 37d point.
Linda and Stanley have a great deal of knowledge and could provide supporting comments...

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

520 Eighth Avenue, Suite 1200
New York, NY 10018-6507
USA
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Website: www.ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation

From: Rusek, Benjamin <BRusek@nas.edu>

Sent: Thursday, October 15, 2020 1:18 PM

To: 'relman@stanford.edu’ <relman@stanford.edu>; rbaric_email.unc <rbaric@email.unc.edu>;
'saif.2@osu.edu’ <saif. 2@osu.edu>; 'stanley-perlman@uiowa.edu' <stanley-perlman@uiowa.edu>;
Peter Daszak <daszak@ecohealthalliance.org>; 'harvey.fineberg@moore.org'
<harvey.finebers@moore.org>; 'dgriffic@jhmi.edu’ <dgriffic@jhmi.edu>; 'peggy@hbfam.net’
<peggy@hbfam.net>; 'jwleduc@UTMB.EDU' <jwleduc@UTMB.EDU>; 'peshi@ UTMB.EDL!
<peshi@UTMB.EDU>: Dzau, Victor J. <¥Dzau@nas.edu>; 'Nancy Connell' <NancyConnell@jhu.edu>;

'‘Dave Franz (davidrfranz@gmail.com)' <davidrfranz@gmail.com:>

Cc: 'fsharples_3@hotmail.com' <fsharples_3@hotmail.com>; Lowenthal, Micah
<mlowenth@nas.edu>; antoinette_baric.med <antoinette baric@med.unc.edu>; Alison Andre
<andre@ecohealthalliance.org>; 'jennifer.ryan@moore.org' <jennifer.ryan@moore.org>; Bowman,
Katherine <KBowman®@nas.edu>; Kanarek, Morgan <}V Kanarek@nas.edu>; 'Raymond JEANLOZ'
<jeanloz@berkeley.edu>; Hare, Hope <HHare@nas.edu>; Cervenka, Nicole <NCervenka®nas.edu>;
Sharples, Fran <ESharples @nas.edu>; Block, Bruce <BBlock@nas.edu>

Subject: RE: Virtual U.S. China dialogue meeting October 13 and 14 - agenda with zoom links

Greetings,

Thank you for participating in the China bio dialogue sessions on Tuesday and Wednesday
this week. We have scheduled a short hotwash session so the American participants can
discuss the virtual dialogue discussions (from this week and earlier this year) and your get
your ideas on future topics and other issues.

The session will take place tomorrow from 5:30-6:30 PM, Zoom link is below. Sorry for the
short notice, if you can’t make it tomorrow feel free to weigh in by email.

Topic: China Bio Post Dialogue Meeting Discussion

Time: Oct 16, 2020 5:30 PM ET/ 4:30 PM CT / 2:30 PM PT
Meeting Link: https://nasem.zoom.us/1/92476126782?
pwd=a0VUaDI1dEVORIKOCIxaXRuTGpRdz09
Password: 604638

PS T have asked CAS for the ppts from last night, will send those out as soon as I get them.

Kind regards,
Ben

Benjamin Rusek



The U.S. National Academy of Sciences
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From: Rusek, Benjamin
Sent: Wednesday, October 14, 2020 7:32 PM

! 'relman@stanford.edu' <relman@stanford.edu>; 'rbaric@email.unc.edu’
<m@_m_a_|_|_m> 'saif. 2@osu.edu’ <saif. 2@osu.edu>; 'stanley-periman@uiowa.edu’
<stanley-perlman@uiowa.edu>; 'daszak@ecohealthalliance.org' <daszak@ecohealthalliance.org>;
'harvey fineberg@moore.org' <harvey.finebers@moare.org>; 'dgriffie@jhmi.edu’
<dgriffie@jhmi.edu>; 'peggy @hbfam.net' <pegsy@hbfam.net>; 'jwleduc@UTMB.EDU'
<jwleduc@UTMB.EDU>; 'peshi@UTMB.EDU' <peshi@UTMB.EDU>; Dzau, Victor J.
<VDzau@nas.edu>; '"Nancy Connell' <NancyConnell@jhu,edu>; 'Dave Franz
(davidt 2 ; P edavidrt 2 ; N
Cc: 'fsharples_3@hotmail.com' <fsharples 3@hotmail.com>; Lowenthal, Micah
<mlowenth@nas.edu>; 'antoinette baric@med.unc.edu' <antoinette baric@med.uncedu>;
'‘andre@ecohealthalliance.org' <andre@ecohealthalliance.org>; 'jennifer.ryan@moore.org'
<jennifer.rvan@moore.org>; Bowman, Katherine <KBowman@nas.edu>; Kanarek, Morgan
<MKanarek@nas.edu>; 'Raymond JEANLOZ' <jeanloz@berkeley.edu>; Hare, Hope
<HHare@nas.edu>; Cervenka, Nicole <NCervenka@nas.edu>; Sharples, Fran <ESharples@nas.edu>;
Block, Bruce <BBlock@nas.edu>
Subject: RE: Virtual U.S. China dialogue meeting October 13 and 14 - agenda with zoom links

Greetings,

Thank you for joining the dialogue session last night. | have attached the slides from the three
presentations.

FYI CAS has invited two additional CCDC experts to the session tonight.

Dr. Huaging Wang, Pl, Immunization program, Chinese Center for Disease Control and Prevention
Dr. Zundong Yin, Director of National Immunization Program, Chinese Center for Disease Control and
Prevention

Looking forward seeing and hearing from you all in a few hours.
Session 2: Wednesday October 14, 9-11 PM ET / 6-8 PM PT in U.S.

Meeting Link: hitps://nasem zoom.us/j/984208892327

pwd=NF|IKzF1eWaxTOxDZHQzOWxMbn)Pdz09
Password: 375761

Kind regards,
Ben

Benjamin Rusek
The U.S. National Academy of Sciences
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From: Rusek, Benjamin

Sent: Monday, October 12, 2020 12:36 PM

To: 'relman@stanford.edu’ <relman@stanford.edu>; 'rbaric@email.unc.edu’
<rbaric@emajluncedu>; 'saif.2@osu.edu’ <gaif 2@gosu.edu>; 'stanley-periman@uiowa.edu’
<stanlev-perlman@uijowa.edu>; 'daszak@ecohealthalliance.org' <daszak@ecohealthalliance.org>;
'‘harvey.fineberg@moore.org' <harvey.fineberg@moore.org>; 'dgriffie@jhmi.edu’
<dgriffie@jhmi.edu>; 'peggy@hbfam.net' <pegsy@hbfam.net>; 'jwleduc@UTMB.EDU'
<jwleduc@UTMB.EDU>; 'peshi@UTMB.EDU' <peshi@UTMB.EDU>; Dzau, Victor J.
<VDzau@nas.edu>; 'Nancy Connell' <NancyConnell@jhu.edu>; 'Dave Franz
(davidrfranz@gmail.com)' <davidrfranz@gmail.com>

Cc: 'fsharples_3@hotmail.com' <fsharples 3@hotmail.com>; Lowenthal, Micah
<mlowenth@nas.edu>; 'antoinette baric@med.unc.edu' <antoinette baric@med.unc.edu>;
'andre@ecohealthalliance.org' <andre@ecohealthalliance.org>; 'jennifer.ryan@moore.org'
<jennifer.rvan® moore.org>; Bowman, Katherine <KBowman@nas.edu>; Kanarek, Morgan
<MKanarek@nas.edu>; 'Raymond JEANLOZ' <jeanloz@berkeley.edu>; Hare, Hope
<HHare@nas.edu>; Cervenka, Nicole <NCervenka@nas.edu>; Sharples, Fran <ESharples@nas.edu>;
Block, Bruce <BBlock@nas.edu>

Subject: RE: Virtual U.S. China dialogue meeting October 13 and 14 - agenda with zoom links
Importance: High

Greetings,

| have attached what should be the final agenda for the U.S. China dialogue meeting sessions on
Tuesday, October 13 and Wednesday October 14. It includes the Chinese participant list at the end.
Links to join the Zooms are also below.

Looking forward to seeing/talking to you all on Tuesday and Wednesday evening.
Kind regards,
Ben

Benjamin Rusek
The U.S. National Academy of Sciences

d

E

Session 1: Tuesday, October 13, 9-11 PM ET / 6-8 PM PT in U.S.
Meeting Link: https://nasem.zoom.us/j/927549038157?

pwd=0UVZR3BPdDdibDdZ724veGdAV mIoUTO9
Password: 833624

Session 2: Wednesday October 14, 9-11 PM ET / 6-8 PM PT in U.S.



Meeting Link: https://nasem.zoom.us/j/984208892327
pwd=NFIIKzF1eWgxTOxDZHQzQWxMbnlPdz09
Password: 375761

From: Rusek, Benjamin
Sent: Friday, October 9, 2020 5:43 PM

o: 'relman@stanford.edu' <relman®@stanford.edu>; 'rbaric@email.unc.edu’
< bar|c@ema|l unc.edu>; 'saif.2@osu.edu’ <saif 2 @osu.edu>; 'stanley-periman@uiowa.edu’
<stanlev-perlman@ujowa.edu>; 'daszak@ecohealthalliance.org' <daszak@ecohealthalliance.org>;
'harvey .fineberg@moore.org' <harvey.fineberg@moare.arg>; 'dgriffie@jhmi.edu’
<dgriffie@jhmi.edu>; 'peggy@hbfam.net' <pessy@hbfam.net>; 'jwleduc@UTMB.EDU'
<jwleduc@UTMB.EDU>; 'peshi@UTMB.EDU' <peshi@UTMB.EDU>; Dzau, Victor J.
<VDzau@nas.edu>; 'Nancy Connell' <NancyConnell@jhu.edu>; 'Dave Franz
(davidfranz@gmail.com)' <davidrfranz@gmail.com>
Cc: 'fsharples_ 3@hotmail.com' <fsharples 3@hotmail.com>; Lowenthal, Micah
<mlowenth@nas.edu>; 'antoinette baric@med.unc.edu' <antoinette baric@med.uncedu>;
'‘andre@ecohealthalliance.org' <andre@ecohealthalliance.org>; 'jennifer.ryan@moore.org’
<jennifer.rvan@moore.org>; Bowman, Katherine <KBowman@nas.edu>; Kanarek, Morgan
<MKanarek@nas.edu>; 'Raymond JEANLOZ' <jeanloz@berkeley.edu>; Hare, Hope
<HHare@nas.edu>; Cervenka, Nicole <NCervenka@nas.edu>; Sharples, Fran <ESharples@nas.edu>
Subject: RE: Virtual U.S. China dialogue meeting October 13 and 14 - agenda with zoom links
Importance: High

Greetings,

We are looking forward to the two virtual bio dialogue sessions set to take place on Tuesday,
October 13 (9-11 PM ET / 6-8 PM PT) and Wednesday, October 14 (9-11 PM ET / 6-8 PM PT) next
week. Like in previous sessions we expect that the Chinese expert participants will lead the
discussion on the majority of the topics and that the format will be more of a discussion among the
participants instead of a series of formal presentations. | have attached an agenda that includes the
Zoom connection links for both days along with the U.S. participant list. If | get the Chinese
participant list before the session | will send that out to you all.

Feel free to respond to this email with any thoughts, points of emphasis or issues that you would like
to discuss among the U.S. group before the sessions. Also let me know if you have any questions or
Concerns.

Kind regards,

Ben

Benjamin Rusek
The U.S. National Academy of Sciences
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From: Rusek, Benjamin
Sent: Monday, September 21, 2020 5:01 PM

0: 'relman@stanford.edu’ <relman@stanford.edu>; 'rbaric@email.unc.edu’
< bar|c@ema|l unc.edu>; 'saif.2@osu.edu’ <saif 2 @osu.edu>; 'stanley-periman@uiowa.edu'
<stanley-perlman@uiowa.edu>; 'daszak@ecohealthalliance.org' <daszak@ecchealthalliance.org>;
'harvey.fineberg@moore.org' <harvey.fineberg@moore.org>; 'dgriffi@jhmi.edu’
<dgriffic@jhmi.edu>; 'peggy @hbfam.net' <pegsy@hbfam.net>; 'jwleduc@UTMB.EDU'
<jwleduc@UTMB.EDU>; 'peshi@UTMB.EDU' <peshi@UTMB.EDU>; Dzau, Victor J.
<VDzau@nas.edu>; 'Nancy Connell' <NancyConnell@jhu.edu>; Dave Franz (davidrfranz@gmail.com)
<davidrfranz@gmail.com>
Cc: 'fsharples_3@hotmail.com' <fsharples 3@hotmail.com>; Lowenthal, Micah
<mlowenth@nas.edu>; 'antoinette_baric@med.unc.edu' <antoinette baric@med.unc.edu>;
‘andre @ecohealthalliance.org' <andre @ecchealthalliance.org>; 'jennifer.ryan@moore.org'
<jennifer.rvan@ moore.org>; Bowman, Katherine <KBowman@nas.edu>; Kanarek, Morgan
<MKanarek@nas.edu>: 'Raymond JEANLOZ' <jeanloz@berkelev.edu>; Hare, Hope
<HHare@nas.edu>
Subject: Virtual U.S. China dialogue meeting October 13 and 14
Importance: High

Greetings,

[ hope you all had a good summer and are staying safe and healthy. The Chinese Academy of

Sciences has agreed to hold another(4th) virtual bio dialogue meeting with NASEM on 1) vaccine
development and delivery and 2) immunity, testing and diagnostics. The agreed topics for the
session are below. We have reserved Tuesday, October 13 (9-11 PM ET / 6-8 PM PT) and
Wednesday, October 14 (9-11 PM ET / 6-8 PM PT) to discuss the topics on the agenda.

We hope you are able to participate. Please let me know if you are available and if so save the dates
and times on your calendar. We will get back to you with more information and a detailed agenda
for the sessions soon.

Kind regards,
Ben

Benjamin Rusek
The U.S. National Academy of Sciences
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Vaccine development and delivery

Human

1) Current status of CoVID-19 vaccine development in China and the U.S.
2) Chinse vaccination of military personnel and other Chinese populations
3) Vaccination of pediatric populations



4)  Active surveillance strategies for monitoring adverse events observed after vaccination
(as well as immunogenicity)

5) Adapting current vaccine platforms to novel mass vax strategies and other mass
vaccination strategic issues

6) Progress on a universal influenza vaccines

7) Vaccine for enterovirus D68

Animal
1) Status of corona virus vaccination for animals - kinds of vaccine, efficacy, complications,
etc

2) ASF in China and ASF vaccine progress
3) New swine coronavirus
4) Vaccination strategy for H5SN1 avian influenza and domestic poultry
Immunity, testing and diagnostics
1) Correlates of immunity including the possibility of background immunity from circulating
“common cold” coronaviruses
2) Chinese diagnostic testing strategies for testing large populations quickly
3) Antibody and antibody testing topics, importance of T-cell responses
4) Long-term sequela following COVID-19 infection—Ilung function, neurologic issues, athers

From: Rusek, Benjamin
Sent: Thursday, June 4, 2020 1:25 PM

o: 'relman@stanford.edu' <relman®stanford.edu>; 'rbaric@email.unc.edu’
< bar|c@ema|l unc.edu>; 'saif.2@osu.edu’ <saif .2 @osu.edu>; 'stanley-periman@uiowa.edu’'
<stanley-perlman@ujowa.edu>; 'daszak@ecohealthalliance.org' <daszak@ecohealthalliance.org>;
'harvey fineberg@moore.org' <harvey.fineberg@moare.arg>; 'dgriffie@jhmi.edu’
<dgriffie@jhmi.edu>; 'peggy@hbfam.net' <pesgy@hbfam.net>; 'jwleduc@UTMB.EDU'
<jwleduc@UTMB.EDU>: 'peshi@UTMB.EDU' <peshi@UTMB.EDU>; Dzau, Victor J.
<¥Dzau@nas.edu>
Cc: 'fsharples_3@hotmail.com' <fsharples 3@hotmail.com>; Lowenthal, Micah
<mlowenth@®@nas.edu>; 'antoinette baric@med.unc.edu' <gntoinette baric@med.uncedu>;
'andre @ecohealthalliance.org' <andre@ecohealthalliance,org>; 'jennifer.ryan@moore.org'
<jennifer.rvan@® moore.org>; Bowman, Katherine <KBowman@nas.edu>; Kanarek, Morgan
<MKanarek@nas.edu>; 'Raymond JEANLOZ' <jeanloz@berkeley.edu> Hare, Hope
<HHare@nas.edu>; 'davidrfranz@gmail.com' <davidifranz@gsmail.com>; 'Nancy Connell'
<NancyConnell@jhu.edu>
Subject: RE: 3rd Virtual U.S. China dialogue meeting on COVID-19 Tuesday, June 8, 9-11PM ET
Importance: High

Greetings,

| have attached the American version of the agenda for the 3rd U.S. China virtual dialogue meeting
on immunity and related topics set to take place on Tuesday night, June 9 from 9:00-11:00 PM ET



(9-11 AM the next morning, Beijing time).

As you can see we have incorporated George Gao’s questions into the agenda, we hope that Harvey
Fineberg can provide information on and lead the discussion of 1) serologic investigation in the U.S.
2) strategy in the U.S. for the second half of this year 3) vaccine availability in the U.S. and that Ralph
Baric can do the same re progress in the development of vaccine in the U.S. {especially mRNA
vaccine).

We have also listed delegation member names after the other Immunity questions. Like previously,
folks are listed simply so someone is responsible for getting an answer from the Chinese to each
question during the discussion. | will send a version to CAS without those names listed but will let
them know who we have asked to answer George’s questions.

Please let us know if you have any thoughts or comments on the agenda or this plan. | will send you
the Zoom link later tonight or tomorrow morning.

Kind regards,
Ben

Benjamin Rusek
The U.S. National Academy of Sciences
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From: Rusek, Benjamin
Sent: Monday, June 1, 2020 10:03 AM

t'relman@stanford.edu' <relman@stanford.edu>; 'rbaric@email.unc.edu’
<_d)_a_[|_Q@e_m_a_|_|_M_D_Q__e_du> 'saif.2@osu.edu’ <saif.2 @osu.edu>; 'stanley-perlman@uiowa.edu’
<stanley-perlman@uiowa.edu>; 'daszak@ecohealthalliance.org' <daszak@ecohealthalliance.org>;
'harvey fineberg@moore.org' <harvey.finebers@moore.org>; 'dgriffie@jhmi.edu’
<dgriffie@jhmi.edu>; 'peggy @hbfam.net' <peggy@hbfam.net>; 'jwleduc@UTMB.EDU'
<jwleduc@UTMB.EDU>; 'peshi@UTMB.EDU' <peshi@UTMB.EDU>; Dzau, Victor J.
<VDzau@nas.edu>
Cc: 'fsharples_ 3@hotmail.com' <fsharples 3@hotmail.com>; Lowenthal, Micah
<mlowenth@nas.edu>; 'antoinette baric@med.unc.edu' <antoinette baric@med.unc.edu>;
'‘andre@ecohealthalliance.org' <andre@ecohealthalliance.org>; 'jennifer.ryan@moore.org'
<jennifer.rvan@ moore.org>; Bowman, Katherine <KBowman@nas.edu>; Kanarek, Morgan
<MKanarek@nas.edu>; 'Raymond JEANLOZ' <jeanloz@berkeley.edu>; Hare, Hope
<HHare@nas.edu>; 'davidrfranz@gmail.com' <davidifranz@smail.com>
Subject: RE: 3rd Virtual U.S. China dialogue meeting on COVID-19 Tuesday, June 8, 9-11PM ET
Importance: High

Greetings,

Good news, just heard back from CAS. They agreed to hold the 3rd dialogue meeting on the



proposed immunity topics on Tuesday, June 9 from 9:00-11:00 PM ET (S-11 AM the next morning,
Beijing time). Please hold that time on your calendar.

CAS let us know that George Gao wants to add the following questions to the discussion:
e Could any US participant introduce the progress in the development of vaccine in the US,
especially mRNA vaccine?
e How is the overall situation of serologic investigation in the US?
e  Whatis the COVID-19 prevention and control strategy in the US for the second half of this
year? When do you expect COVID-19 vaccine to be available in the US ?

We will send out a new agenda and Zoom link for the meeting later in the week.
Kind regards,
Ben

Benjamin Rusek
The U.S. National Academy of Sciences
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From: Rusek, Benjamin

Sent: Friday, May 22, 2020 3:55 PM

To: 'relman@stanford.edu' <relman@stanford.edu>; 'rbaric@email.unc.edu’
<rbaric@email.unc.edu>; 'saif.2@osu.edu’ <saif 2 @osu.edu>; 'stanley-perlman@uiowa.edu'

<stanlev-perlman@uijowa.edu>; 'daszak@ecohealthalliance.org' <daszak@ecohealthalliance.org>;
'harvey.fineberg@moore.org' <harvey.fineberg@moore.org>; 'dgriffib@jhmi.edu’
<dgriffic@jhmi.edu>; 'peggy @hbfam.net' <pegsy@hbfam.net>; 'jwleduc@UTMB.EDU'
<jwleduc@UTMB.EDU>; 'peshi@UTMB.EDU' <peshi@UTMB.EDU>; Dzau, Victor J.
<VDzau@nas.edu>

Cc: 'fsharples_3@hotmail.com' <fsharples 3@hotmail.com>; Lowenthal, Micah
<mlowenth@nas.edu>; 'antoinette_baric@med.unc.edu' <antoinette baric@med.unc.edu>;

'‘andre@ecohealthalliance.org' <andre@ecohealthalliance.org>; 'jennifer.ryan@moore.org'

<jennifer.rvan@ moore.org>; Bowman, Katherine <KBowman@nas.edu>; Kanarek, Morgan
<MKanarek@nas.edu>; 'Raymond JEANLOZ' <jeanloz@berkeley.edu>; Hare, Hope
<HHare@nas.edu>; 'davidrfranz@gmail.com' <davidrfranz@gmail.com>

Subject: RE: 3rd Virtual U.S. China dialogue meeting on COVID-19

Importance: High

Greetings,

Good news: Last night CAS leadership agreed to hold the 3 virtual dialogue (Zoom meeting) on the

list of Immunity topics we proposed. However they would like to push the dates for the 3™ meeting
back to the first or second week of June (so no Zoom meeting on Tuesday night next week). Some of
our Chinese counterparts are involved in China’s National People's Congress taking place next week.



We are targeting one night on June 1-4 or on June 8-11 {at 9-11 PM ET for the Americans, the
following morning for the Chinese group.)

Please send your availability to participate on those nights (or maybe simply send the nights you
can’t participate) to Hope Hare [HHare@nas.edu] so we can propose a date or dates to CAS that

works best for the American group.

Thanks again for your availability and willingness to participate in this initiative and | hope you have a
good long weekend.

Kind regards,
Ben

Benjamin Rusek
The U.S. National Academy of Sciences
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Learning from following
up of COVID-19 patients
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o
COVID-19 global

pandemic: a
historical challenge

1. https://covid19.who.int/ (accessed October 14, 2020)

- Globally, as of 5:06pm CEST, 13 October 2020
- 37,704,153 confirmed cases
- Causing 1,079,029 deaths




Epidemiology of COVID-19 among
Infant and Children in China

- Pediatric cases accounted for approx. 1% of all cases (728/80,000,
estimated via China CDC case series)

o

o
e
e oo
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- Communicability of infection amongst children has been tracked and, as
expected, infected children shed virus although, as noted above, they are
frequently asymptomatic or only mildly symptomatic.

- Negative breast milk, Amniotic fluid, cord blood, and neonatal throat swab
samples by RT-PCR from mothers with COVID-19 reported.

- Cases series of babies breastfed by mothers with overt COVID-19 — not
infected

1. Dong, et al. Pediatrics. 2020 Jun;145(6):e20200702. 2. Chen H, et al. Lancet. 2020;395(10226):809-815.
3. Liu W, et al. J Hum Lact. In press. 4. Zhu H, et al. Transl Pediatr. 2020;9(1):51-60.
5. Bi Q, et al. Lancet Infect Dis. 2020;20(8):911-9109.




after discharge

- A single-center, prospective
observational follow-up
study to characterize the
outcomes in patients with
COVID-19at 1,3 and 6

months after discharge

- Currently, analysis has
finished with the 1- and 3-
month data

Manuscript under review

85 hospitalized cases
of COVID-19

Clinical follow-up of COIVD-19 patients

1 death

Discharged patients
(n=84)

¥ 3 refusal of F/U

Patients(n=81)

Patients(n=62) at 1M

14 F/U at local hospital
5 Refusal of F/U

Patients(n=61) at 3M

A 4

1 loss of F/U
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©)) At 3-month COVID-19 patients were not
= fully recovered

- Baseline characteristics: 58% male; median age 45 years, IQR(34-55) ;
11% had smoking history; 37% had chronic disorders;

- At 3-month (n=61)
= 1 re-activated virus RT-PCR on D100
= 38% symptoms persisted: dyspnea(18%), coughing(15%), fatigue(8%)
= 54% CT scans abnormalities: GGOs (15%), fibrosis (5%)

= pulmonary ventilating function & physical activity (6MWD) gradually
recovering




Potentially more prompt recovery at 3-
month compared to SARS

- Compared with SARS, COVID-19 appears to be associated with a
prompter resolution on chest CT during the recovery phase.

- Our findings indicate potentially more prompt recovery of COVID-19
patients at 3M in 6MWD compared to those with SARS.

- Preferable to combine FEV1 with DLCO in identifying pulmonary
function impairment with higher sensitivity

- No significant difference among the discharged survivors with
different severity pneumonia regarding other pulmonary function
measures

1. NgCK, et al.. Thorax. 2004;59(10):889-891.
2. Hui DS, et al. Chest. 2005;128(4):2247-2261.
3. Mo X, et al. Eur Respir J. 2020:2001217.




Serological study of COVID-19 patients
after recovery

- Previous studies suggest that there is a significant reduction of
neutralizing antibodies in the serum of COVID-19 patients in

their early convalescent stage.

- Patients recovered from COVID-19 might not have protection
against re-infection

1. Robbiani DF, et al. Nature. 2020 Aug;584(7821):437-442. doi: 10.1038/s41586-020-2456-9.
2. lLong Q-X, et al. Nat Med. 2020 Aug;26(8):1200-1204. doi: 10.1038/s41591-020-0965-6.




Decline of SARS-CoV-2 specific
antibodies in convalescent patients

« Serological study based on A, s, B e, O ra,
27 patients followed-up after
discharge
« 100% IgG (COI 1.67-61.26)
remains positive, 81.5% (COI -
0.15-93.73) for IgM and |
77.78% (COI 0.25-30.36) for o E F
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- Substantial decline of ol \‘;\ \
antibodies level at 3 months  “v—= gz o= S m e o m w e

1. Ma et al. Sci China Life Sci, 2020, doi: 10.1007/s11427-020-1805-0



I ©)) Decline of SARS-CoV-2 specific
=~ antibodies in convalescent patients

- IgG antibody would become undetectable after discharge
for 273 days

- IgM and IgA would be 150 and 108 days

- Our result suggests humoral immunity diminish in short
period, losing the protection for the virus

- Together with previous studies, triggering strong cellular
Immune response and immune memory is the key for
SARS-CoV-2 vaccine development.

1. Ma et al. Sci China Life Sci, 2020, doi: 10.1007/s11427-020-1805-0



Next-generation sequencing revealed influenza and Chlamydia infection
in recurrent pneumonia in a recovered COVID-19 patient

Table 1 The main pathogens of alveolar lavage fluid sequenced by next generation sequencing.

A 53-year-old man was admitted to hospital with ey 3;’2 - 2;222988 Ge”IUS — 2’;’ ;233 :iz‘;z fenus
. ifi ] isteria
SARS-CoV-2 on January 25, 2020 s :
RANATy < J 6.948 2733676  Chlamydia 16 0205 80778 Idiomarina
v _ cannot be assignedto a ]
) 3 4764 1874455 17 0197 77399 Klebsiella
Discharged on February 9, 2020 genus
- 4 2.387 939292 Enterococcus 18 0.195 76888 Salmonella
‘b 82 days 5 195 769431 Lingulodinium 19 018 70859 Epulopiscium
Recurrence of suspected COVID-19 GGO-like pneumonia 6 1381 543303 Bacillus 20 0.162 63717 Curvibacter
On MEIV 1. 2020 7 1.278 502795 Acinetobacter 21 0.142 55903 C(lostridioides
— ! 8 1.152 453243 Plasmodium 22 0.111 43483 Sarcocystis
* . 9 0.55 216421 Pseudomonas 23 0.109 42722 Kangiella
NGS showed co-infection with influenza and Chlamydia 10 0491 193240  Clostridium 24 0107 41987 Neisseria
v i 11 0.384 151225 Streptococcus 25 0.096 37916 Enterobacter
Disch d 2 -M 28. 2020 [ 12 0.362 142335 Escherichia 26 0.085 37467 Burkholderia
ISeharged on viay 28 13 034 133773  Mycobacterium 27 0095 37280 Viruses

14 0.322 126861 Staphylococcus
Table 2 The information of influenza viruses sequenced by next generation sequencing.

No. Reads  Virus Subtype Description

il 40 Influenza B virus Influenza B virus B/Connecticut/Flu110/2013
2 157 Influenza A virus H1N1 subtype A/Brazil/RS-3335/2009

3 4 Influenza A virus

4 2 Influenza Avirus  H3N2 subtype A/Brazil/RS-3335/2009

5 1 Influenza A virus H1N2 subtype

A/American green-winged

CT on I\/Iay 1’ 2020 CT on May 28, 2020 ske@Wen Wi, Zhang 6] WQBZHABAII5 Tao MM SUDIKDS; Liu W +2hpngdskiensbg)robe

Z20.20. Preaision Clinical Medicine, doi:10.1053/pcmedi/pbaals 3.




))) Concerns in developing vaccines...
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Thank you for listening!

Jianping Weng
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From: Peter Daszak

To: Saif, Linda

Cc: Su Yadana; Alison Andre

Subject: Invitation to join a Lancet COVID-19 Commission Taskforce on the "Origins, early control of COVID-19 and One
Health solutions to future pandemic threats"

Date: Monday, October 12, 2020 11:50:59 PM

Attachments: orce on oriains, eady control 3

Importance: High

Dear Linda,
| hope all's well with you and that you're staying healthy and busy during these difficult times.

I've been asked to join the Lancet COVID-19 Commission and run a 12 month Taskforce to conduct a
review of the "Origins, early control of COVID-19 and One Health solutions to future pandemic
threats". The Lancet COVID-19 Commission has been created to help speed up global, equitable, and
lasting solutions to the pandemic. Two key aims of this Commission are (i) to speed up the
awareness and adoption worldwide of successful strategies to suppress transmission and (ii) to
ensure that any new COVID-19 vaccines and other key technologies are equitably accessible across
the world. There is information on the membership and details of the goals on its main website:

https://covid19commission.org/, and also in an article recently published in The Lancet:

The goal of the taskforces are to focus on specific dimensions of the pandemic, review all available
information and provide a ‘state-of-the-art’ assessment of an issue and point to future directions,
including intergovernmental policy initiatives, research gaps, regional and national policies and other
issues that might benefit global health and equity.

| would very much like you to serve on the taskforce that I'll be running. I've attached a brief
summary of the goals and workplan, and names of others who've been invited. Please consider this
an informal request at the moment — if you indicate your willingness, I'll send a formal invitation co-
signed by Commission Chair, Jeff Sachs.

Please note that if you are willing to serve, your involvement will be voluntary and the time
commitment will be until September, 2021 when the final report is due. There may be a possibility of
on-the-ground work if travel allows and the cost will be covered by the Commission, but given the
timeline and the continued disruption of travel by COVID-19, | believe this is unlikely. The taskforce is
expected to meet via monthly Zoom calls. Qur first meeting will be in October and the first draft
report is aimed for Dec, 2020. Please also note that I'm cc’ing Su Yadana, who will be the point
person for running the workings of the taskforce here at EHA, as well as my assistant Alison Andre.
Please cc both of them on all correspondence.

I'm confident that the taskforce will do significant and meaningful work towards understanding and
providing lasting solutions to the pandemic and that your expertise and involvement will strengthen

its efforts.

| really hope that you will accept my invitation to join and will then be able to set up dates for our



first call.

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance

520 Eighth Avenue, Suite 1200
New York, NY 10018-6507
USA

rel..++ S

Website: www.ecohealthalliance.org
Twitter: @PeterDaszak

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation



The Lancet COVID-19 Commission

Taskforce on the Origins, Early Control of the Pandemic, and One Health Solultions to Future
Pandemic Threats

Significance

Better understanding of the origin of SARS-CoV-2 may:
¢ |dentify potential continued risk of re-emergence or emergence of future CoVs or other agents.
e Provide a strategy to heighten biosecurity, design behavior change programs, and introduce
legislation/policies to reduce risk of future emergence in China, SE Asia and beyond
¢ Inform and potentially undermine a politically-divisive strategy to ‘blame’ countries for the
outbreak.
Assessing early control of the pandemic may:
¢ Identify specific points at which future epidemics can be contained more effectively before
amplification and international spread
¢ Identify specific strategies, agencies, policies to improve future control of pandemics as close as
possible to initial spillover event.

Identifying One Health approaches to controlling future pandemics will:

¢ Examine the underlying drivers of COVID-19 in the context of other emerging diseases and
pandemics

e |dentify potential synergistic effects and return-on-investment of taking a multisectoral
approach to outbreak investigation and pandemic prevention that includes Animal Health,
Human Health, Environmental Health aspects

o Identify key strategies, organizations and mechanisms to fund and deliver a coordinated One
Health approach to preventing future pandemics

Logistics:

Taskforce lead is Peter Daszak, EcoHealth Alliance {daszak @ecohealthalliance.org). Project coordinator
for the Taskforce at EcoHealth is Su Yadana BS MPH (vadana@ecohealthalliance.org) who is based in
New York, originally from Myanmar, and has worked in Singapore (DukeNUS) and has an MPH from
Columbia University School of Public Health. Point of Contact for our taskforce on the COVID-19
Commission is Dr. nge Karadag Caman (ok2267 @columbia.edu) at the Center for Sustainable
Development, currently back in Turkey. Dr. Caman is also part of the Secretariat for the Lancet Commission
on COVID-19 and is involved in One Health.

We will meet by zoom in October then again in November to discuss strategy and initial draft plan. We
will draft a 10-page report by Dec 1% 2020 to sum up our initial approach, findings. We will conduct
background research, zoom meetings throughout Winter, Spring, Summer 2021 to analyze available
data, interview key leaders involved in outbreak investigation, conduct background research, draft
report. Report Due: Sept. 2021.

Strategy
1. Assemble an international group of trusted experts on emerging disease to review scientific
evidence on key theories of COVID-19 origins & control. Expertise on:
a. \Virology, sequence analysis
b. Ecology of viral emergence



Outbreak investigation, epidemiology

Social science of risk behavior in developing countries
Wildlife ecology/One Health

Wildlife trade

g. Biosecurity lab safety

P oo

2. On the origin question: Use ‘Preponderance of Evidence’ approach to analyze data on all leading

theories for origin. What do we know? What don’t we know?

a. Work backwards from the Huanan Market, as well as forwards from the rural Yunnan
sites of nearest known relatives in wildlife

b. Approach key members of the outbreak investigation teams, virological labs analyzing
early cases in China to seek further support or lack thereof for each theory

¢. Build a detailed timeline of the outbreak, stretching from discovery of nearest relatives
(2012) through to declaration of COVID-19 as a PHEIC by WHO (Jan 30" 2020)

d. Weigh the evidence for and against each theory on COVID origins. Identify critical gaps
in data and recommend strategies that can be adopted to address them.

On the early control issue: Document outbreak investigation and control efforts from China,
WHO and other countries within the timeline up to Jan 30" 2020.
a. Compare these with other recent emerging diseases (e.g. Nipah virus, HIN1, West Africa
Ebola, H7N9)
b. Identify critical points in the investigation and control efforts that alternative strategies
could have been adopted for,
¢. ldentify gaps in our understanding of early control
d. Recommend strategies for future efforts for control

One Health and Preventing Future Pandemics: Identify when a One Health approach would
have benefits to preventing future pandemics, how this would be funded, and what
organizations would be involved
a. Review common features among COVID-19 and other pandemics that have origins in
wildlife, livestock and are driven to emerge by underlying environmental changes

b. Identify potential synergistic effects and return-on-investment of taking a multisectoral
approach to outbreak investigation and pandemic prevention that includes Animal
Health, Human Health, Environmental Health aspects

¢. ldentify key strategies, organizations and mechanisms to fund and deliver a coordinated
One Health approach to preventing future pandemics at the intergovernmental and

national levels

What we know:

SARS-CoV and SARS—CoV-2 are both Clade 2b B-coronaviruses. Closest relatives (RaTG13,
RmYNO2) are from bats.

There are 528 B-CoV sequences in Genbank which includes 100+ SARSr-CoV sequences. Only a
handful have not been reported from bats (sequenced from pangolins)

Majority are from China, but this reflects collecting bias. Others reported from across SE Asia
Phylogenetic analysis points to S. China (Yunnan province) or Myanmar/Laos/Vietnam as
evolutionary hotspot for this clade.



What that tells us is that it's extremely likely that SARS-CoV-2 evolved from within this cluster of
bat CoVs, probably from an insectivorous bat, probably from Yunnan, S. China, near the border
of Myanmar, Laos, & Vietnam.

Some of these viruses can infect human cells directly, although SARS-CoV (and maybe SARS-CoV-
2) infected mammalian ‘intermediate” hosts.

Role of pangolins may be incidental: animals were seized in China after prob. many weeks in
transit. Wildlife trade is known to heighten CoV prevalence, pangolins at start of wildlife trade
are CoV-free.

Main theories that have been proposed for the origin of COVID-19:

1)

2)

3)

4)

5)

6)

7)

8)

Yunnan bat-> hunter-> Wuhan. The virus evolved in 5. China from a bat SARSr-CoV lineage and
infected a person directly —e.g. a bat hunter — and this person got sick and transmitted it to
their social network, which is people in the wildlife trade, so the virus moved through the trade
network to Wuhan. Would need to assess all potential pathways of human exposure by bats in
the region.

Yunnan bat-> traded/farmed wildlife intermediate host-> Wuhan. SARS-CoV-2 was in a bat that
was captured by a hunter, or flew into a farm where people have wildlife in cages and infected
animals the hunter/farmer was ready to sell into the wildlife trade. The animals carried the virus
to the Wuhan market as they were trucked into Wuhan. The animals could be civets,
porcupines, raccoon dogs or another one of the animals commonly raised for food or fur in
China

Hubei bat-> via hunter, intermediate host or direct to Wuhan market. The virus is from a bat
endemic to Hubei (the province where Wuhan is), and either of the above two pathways began
there. Need to take into account timing of spillover vs. first cluster of cases and assess whether
and when bats hibernate in that region.

Origin in another region in China or neighboring countries. This happened in another part of
China, e.g. Guangdong, or even in countries over the border from Yunnan where the same bats
and prob. similar viruses circulate.

Origin in another more distant country. Assess hypotheses on US or European origin. Analyze
data on proposed first findings of evidence of COVID outside China {e.g. patient in France,
sewage in Spain etc.).

Role of pangolins as intermediate hosts. The virus moved from bats into pangolins in the wildlife
trade and then into people. Assess sequence data from all close relative CoVs, assess volume of
live or frozen pangolins traded, analyze ability of pangolin scales to transmit virus

It was bioengineered in the Wuhan BSL-4 lab. This has been discounted by everyone who works
in the field because there is no evidence from the genetic sequence that the virus has been
genetically manipulated, and there almost certainly would be, had that happened.

It is derived from a bat virus that was accidentally released from WIV, Wuhan CDC or Wuhan
University lab. This theory suggests it was cultured in the lab and accidentally infected a lab
worker, or was discarded with animals used in experiments, or infected people sampling bats in
caves. Would need to assess what samples were presentin the labs, what the routine protocols
were, the number of people with access to samples or bat caves for sampling, evidence of safety
violations or lack of biosecurity.




Invited members:

10.

11

12.

13.

Peter Daszak Ph.D., Chair. President of EcoHealth Alliance, New York. Member of US National
Academy of Medicine, Chair NASEM Forum on Microbial Threats. Viral Discovery, Epidemiology,
Ecology USAfUK. Male

Hume E. Field DVM Ph.D., School of Veterinary Science, Univ Queensland — Led the original WHO
veterinary investigation into the origin of SARS-CoV in wet markets in Guangdong. Veterinarian, One
Health Australia, Male

Manish Kakkar MD, Public Health Foundation of India — long term experience in zoonoses research
and policy, involvement in WHO SEARO. MD, Zoonoses research, Public Health Policy India, Male

John Amuasi MD Ph.D., Director of Africa Ctr for Neglected Tropical Diseases & Sr. Lecturer, Kwame
Nkrumah University of Science and Technology (KNUST), Accra, Ghana. MD, One Health, Global
Health Policy Ghana, Male

Danielle Anderson Ph.D., Director BSL-3 lab, Duke-NUS, Singapore. First non-Chinese citizen to work
in the Wuhan Institute of Virology BSL-4 lab. Lab Biosafety, virology. Australia, Female

Stanley Perlman MD Ph.D., Univ lowa, Coll Medicine, Rapid Falls — long-time CoV expert, no links to
Chinese labs. Long term Coronavirus virologist. USA, Male

Linda Saif Ph.D. — Ohio State Univ, Columbus — Has worked on coronaviruses pre-SARS and was one
of the team that inspected the Wuhan lab a few yrs ago from the NAS. Member of US National
Academy of Sciences. Long term Coronavirus research animal models. USA, Female

Supaporn Wacharapluesadee Ph.D., WHO Collaborating Ctr, King Chulalongkorn Memorial Hospital,
Faculty of Medicine, Chulalongkorn University, Bangkok — good virologist, knows the set up in China
well. Virologist. Thailand, Female

Dato’ Sai Kit (Ken) Lam Ph.D., Professor Emeritus Univ Malaya. Discovered Nipah virus, Member
Malaysian Academy of Science. Medical emerging disease virologist. Malaysia, Male

Malik Peiris Ph.D. FRS Legion d’honneur, Hong Kong University. Key researcher with deep knowledge
of coronaviruses, influenza viruses and Chinese research. Medical virology. Sri Lankan/Hong Kong
China, Male. Alternate: Leo Poon, HKU.

Isabella Eckerle MD, Head of Centre for Emerging Diseases, Univ. Geneva. Epidemiologist.
Switzerland/German, Female

Gerald Keusch MD, Boston University, Head of BSL-4 lab {NEIDL}, Former Director of NIH Fogarty
Intl. Center, Member National Academy of Medicine. Lab Biosafety. USA, Male

Carlos das Neves YMD, Director for Research & Internationalization, Norwegian Veterinary Institute,
President of International Wildlife Disease Association, Advisor to Norwegian Minister of
Agriculture, Hon. Consul of Portuguese Republic in Norway. One Health. Portuguese, Norwegian,
Male




From:
To:
Cc:

Subject:
Date:

Attachments:

illiam B. K
calisher@cybersafe.net; Charles Calisher@colostate.edy
bushschoolscowcroft@tamu. edu, roolwell@umd. edur Corley, Ronald B: Peter Daszak;
christian.drosten@charite.de; L.Enjuanes@cnb.csic.es; a.e.qorbalenya@lumc.nl; haagrnans@erasmusmc.nl;
JMHUGHE@emory.edu; Gerald Keusch: lamsk@nipahvirus.org, Juan Lubroth; John MacKenzie;
Lawrence. Madoff@umassmemonial.org; Jonna Mazet: peter.palese@®mssm.edu; stanley-pedman@uiowa.edu:;
limpoon@hku.hk; bernard.roizman@bsd.uchicago.edu; Saif, Linda; kanta.subbarao@influenzacentre.org; Jane
Hilton; Eguitech
Re: Origin Coronavirus COVID-19
Thursday, February 20, 2020 12:59:37 PM
space.ppt
ATT00001 htm

Same hypothesis as SARS from the same person!!, and my alternative hypothesis at the time
(2003). see attached from an old presentation I used to use.

Billy

William B. Karesh, D.V.M
Executive Vice President for Health and Policy

EcoHealth Alliance

460 West 34th Street - 17th Floor
New York, NY 10001 USA



Is SARS from outer space?

By Lauren Compton
CNN
Friday, May 23, 2003

LONDON, England (CNN) — ’

The SARS virus might have originated in outer space,
according to a scientist in Britain.

In a letter to The Lancet medical journal, professor Chandra
Wickramasinghe of Cardiff University suggests the virus was
introduced to Earth on a comet or meteorite.
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From: David Morens

To: Peter Daszak

Cc: Saif, Linda; Gerald Keusch; nbhadeli@bu.edu; dearrollQ08@amail.com; Dr. Ralph Baric (rsharic@amail.com);
Toni C Baric (tcharic@gmail.com); Robert Kessler

Subject: Re: paper coming out next week on bioRxiv reporting 780+ partial sequences of bat-CoVs in China

Date: Friday, May 29, 2020 4:25:23 PM

Attachments: Talking points Latinne et al. Bat Coropaviruses, China.docx
China bat CoVs R2 v5 changes accepted.docx

Peter, thanks 1 just got this and havent had time to read, just scanned the abstract, but it looks
important

Yes, definitely, you can refer reporters to me, but if you have the chance please convey the
following. All on the record discussions with the press need to be cleared by hhs and the white
house, and that includes tony. They often wont let even tony talk to the press and knowing
what 1 have said and written in the past, they might not let me speak on this particular issue.
Knowing this, even our own nih media office might try to steer the press away

If the want to speak to anyone in particular such as me they should insist and that might or
might not work

If it doesnt work 1 can still speak to them on background. Dont worry, 1 am not afraid to
speak out

On a different but related matter, 1 am still waiting for you to send me info we discussed. In
the meantime 1 have been going over a number of you papers 1 have including the one by Hu.
I am only an epidemiologist and struggle to understand the viral genetics so this may be an off
the mark Q. That Hu paper seems to show, if 1 understand it correctly, rather remarkable
variability in the rbd Sequences of the bat viruses studied. What does this mean? Is it
possible these viruses are “sampling” various receptors of different bat species, ie, doing alot
of inter-species host switching, or even to non bat species? This gets at the Q of how similar
are Ace2 receptors of different species and are they sufficiently similar To allow frequent
host-swltching of these sars-like bat viruses and over time the shaping Of “generalized” rbds
in individual viruses or in quasispecies. If this were the case it might mean that these viruses
could be pre-adapted to humans even if they hadn't ever seen human cells. What does this all
mean. TY. David

Sent from my iPhone
David M Morens
OD, NIAID, NIH

On May 29, 2020, at 15:29, Peter Daszak <daszak(@ecohealthalliance.org> wrote:

Hello all,

Just emailing to give you advance info on a paper that we’re uploading onto bioRxiv this
weekend. I've attached the draft here and some talking points I've written out for
journalists. We've spoken with one NY Times reporter, and depending on what



happens next week, it might get some pick up in the news. Is it OK for me to suggest
your names to journalists as people who are knowledgeable on COVID-19, CoVs,
pandemics, high impact viral diseases etc.? | think this paper helps a little bit to show
that there’s nothing unusual about COVID-19 being a bat virus that got into people
naturally. There’s also the fact that the other close virus (RmYNOQ2) is in the same clade
as SARS-2 and RaTG13, and thatvirus has an insertion in the Spike protein, disproving
one of the conspiracy theories, but that won’t stop them.

| feel like | should add a disclaimer to emails along the lines of “if you do speak to
journalists about this work you may end up being targeted by nutjobs and potentially
have one or two of your grants terminated by El Guru-in-Chief!”

BTW — please use Ralph’s gmail address so | don’t get FolA'd

Cheers,

Peter

Peter Daszak
President

EcoHealth Alliance
460 West 34T Street

New York, NY 10001
USA

rei. +
Website: www .ecohealthalliance.org

Twitter: @PeterDaszak

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote
conservation



Talking points from Latinne et al. Origin and cross transmission of bat CoVs in China

In press at Nature Communications. Already peer-reviewed, this version is almost final. Uploaded to
bioRxiv June 1st

Natural origin of COVID-19. The paper provides further evidence that SARS-CoV-2 emerged naturally
from bats, casting even more doubt on the lab-origin conspiracy theory:

The high diversity of bat-CoVs in the wild (781 novel genetic sequences) with 2 known to infect
people, others known to infect human cells, and one that has caused an outbreak in pigs suggests
ample opportunity for spillover of bat-CoVs into people on a regular basis.

We find particularly high diversity of the group that contains SARS-CoV & SARS-CoV-2 (106 novel
genetic sequences from Sarbecovirus genus — SARS-related CoVs).

Pangolin viruses are close to SARS-CoV-2, but two bat viruses are more closely related, supporting
its origin in bats (RaTG13 & RmYNO2 — both from Rhinolophus horseshoe bats in S. China).
SARS-CoV-2 has a furin-cleavage insertion between the S1 and S2 genes of the spike protein (the
part that binds to human cells) which some have suggested is bioengineered. RmYNO2 from bats has
a similar insertion and is in the same clade as RaTG13 and the pangolin CoVs, proving that these
insertions occur naturally within the same clade of viruses, even though RaTG13 doesn’t have this.

Geographic origin of COVID-19. SARS-CoV-2 (cause of COVID-19) likely emerged from a clade of viruses
in bats in SW China (Yunnan province) or countries bordering Yunnan {Myanmar, Lac PDR, Vietnam)

This is the most thorough analysis of viruses related to SARS and COVID-19 ever published. We
analyzed 781 novel genetic sequences that we discovered, published here for the first time, along
with 509 previously known bat-CoVs. This means our conclusions on origin are the most accurate.
However, we only sampled bats within China and the bats carrying closest relatives of SARS-CoV-2
(Rhinolophus affinis & R. malayanus) also occur in neighboring countries, across SE Asia and into S.
Asia. It is likely that the same or similar viruses occur in these bats in other countries.

Many of sampling sites for SARSr-CoV positives were close to the border of Myanmar and Lao PDR.
SW China was Quaternary glacial refugium for bat species incl. Rhinolophus spp. & may have
allowed survival of older viral strains leading to increased diversity.

Importance for pandemic risk.

This work was funded by the NIH grant that was recently terminated ‘for convenience’ following
political interference from the White House - as reported in 60 Minutes and other outlets, and
recently criticized by 77 Nobel Laureates and 31 Scientific Societies. All of the genetic sequences
reported here are fragments, and our future plans were to sequence whole genomes and
particularly the Receptor Binding Domains to see if any of these viruses are likely able to infect
humans. That work will not happen without the funding from NIH.

There is an high diversity of bat coronaviruses in southern China, some of which have already

emerged in people and livestock, others that are poised to, still others about which we know very
little. This represents a significant potential pandemic risk, and threat to food security through
livestock disease. Even though we have found a few hundred new CoVs, we expect there to be many
more across SE Asia and globally (perhaps as many as 10-15,000 bat-CoVs yet-to-be-discovered).

Bats in SE Asia should be targeted for focused surveillance/viral discovery to help identify novel

coronaviruses that may emerge in future. Sequences can be used to test vaccines, drugs. Control
programs to stop them emerging can be targeted to where the risk is highest.




Other key findings:

Evolution and human ecology collide to produce high risk of CoV emergence in S. China: Hotspots of CoV
diversification in S & SW China have subtropical to tropical climate; dense, growing and rapidly
urbanizing populations of people; a high degree of poultry and livestock production; high rates of
consumption of wildlife, including bats — all factors that promote viral spillover & disease emergence.

Coronaviruses are a broad pandemic threat, not just those similar to SARS-CoV or SARS-CoV-2: We show
that a-CoVs have a higher propensity to switch host within their natural bat reservoirs, and therefore

high cross-species transmission potential and risk of spillover. These include SADS-CoV in pigs in
Guangdong (also can infect human cells) & two human CoVs that likely originated in bats historically:
NLE3 and 229E. Targeted surveillance should be conducted to identify whole diversity of this group.

This study provides rationale for programs of viral discovery (like the Global Virome Project) and
capacity building/intervention programs to prevent pandemics (like PREDICT) in Southeast Asia.

Summary of paper’s findings
1. Most comprehensive analysis of bat coronavirus evolutionary origins ever conducted
a. 781 novel sequences from bats in China; 509 previously published
b. 106 novel sequences of SARS-related viruses — the clade (genus Sarbecovirus) that contains
the cause of SARS and of COVID-19.
2. Helps understand why China is a hotspot
a. Not just because of high bat diversity: Ecological or biogeographic factors — sharing roosts
with other species, ancient origin of horseshoe bats.
b. Higher CoV diversity than expected in some S. China provinces {Hainan, Guangxi, Hunan)
3. Significant cross-species transmission of CoVs among bats over evolutionary time
a. Rhinclophidae and Rhinolophus (Horseshoe) bats involved in more inter-family and inter-
genus highly significant host switching of a-CoVs than any other family or genus
b. Rhinolophidae (Horseshoe) & Hipposideridae at the origin of most inter-family host
switching events for B-CoVs
c. B-CoVs (incl. SARS group) had strong evidence of co-evolution with their bat hosts. Their
ability to diversify, and switch hosts, may have helped produce higher diversity of strains.
d. «-CoVs (incl. SADS-CoV) are able to switch hosts more frequently and between more
distantly related bats.
e. Differences between these viral groups may be explained by subtle differences in host cell
receptor binding, mutation rate, recombination potential, or replication rate.
4. S.China/neighboring countries represent hotspot for evolution/diversification of bat-CoVs.
a. South western and Southern China are centers of diversification for both a- and B-CoVs
b. They harbor evolutionarily old and phylogenetically diverse lineages of a- and B-CoVs
c. SW China was Quaternary glacial refugium for bat species incl. Rhinclophus spp. & may have
allowed survival of older viral strains leading to increased diversity.
d. Similar theories for avian flu origins.

Note limitations of study:
e Short sequences used (RdRp), may not reflect evolutionary patterns of whole viral genomes.
However, consistent with evolutionary patterns seen using whole genomes.
e PCRtechnigue builds on known viruses {consensus sequences), and may have missed some
unknown viruses.
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Abstract

Bats are presumed reservoirs of diverse coronaviruses (CoVs) including progenitors of Severe Acute
Respiratory Syndrome (SARS)-CoV and SARS-CoV-2, the causative agent of COVID-19. However, the
evolution and diversification of these coronaviruses remains poorly understood. We used a Bayesian

statistical framework and sequence data from all known bat-CoVs (including 781 novel CoV sequences)
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to study their macroevolution, cross-species transmission, and dispersal in China. We find that host-

switching was more frequent and across more distantly related host taxa in alpha- than beta-CoVs, and
more highly constrained by phylogenetic distance for beta-CoVs. We show that inter-family and -genus
switching is most common in Rhinolophidae and the genus Rhinclophus. Qur analyses identify the host
taxa and geographic regions that define hotspots of CoV evolutionary diversity in China that could help
target bat-CoV discovery for proactive zoonotic disease surveillance. Finally, we present a phylogenetic

analysis suggesting a likely origin for SARS-CoV-2 in Rhinolophus spp. bats.



31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

Introduction

Coronaviruses (CoVs) are RNA viruses causing respiratory and enteric diseases with varying
pathogenicity in humans and animals. All CoVs known to infect humans are zoonotic, or of animal origin,
with many thought to originate in bat hosts’?. Due to their large genome size (the largest non-
segmented RNA viral genome), frequent recombination and high genomic plasticity, CoVs are prone to
cross-species transmission and are able to rapidly adapt to new hosts'?. This phenomenon is thought to
have led to the emergence of a number of CoVs affecting livestock and human health®*®. Three of these
causing significant outbreaks originated in China during the last two decades. Severe Acute Respiratory
Syndrome {SARS)-CoV emerged first in humans in Guangdong province, southern China, in 2002 and
spread globally, causing fatal respiratory infections in close to 800 people!®??. Subsequent investigations
identified horseshoe bats (genus Rhinclophus) as the natural reservoirs of SARS-related CoVs and the
likely origin of SARS-CoV*31%, |n 2018, Swine Acute Diarrhea Syndrome (SADS)-CoV caused the death of
over 25,000 pigs in farms within Guangdong province!’. This virus appears to have originated within
Rhinolophus spp. bats, and belongs to the HKU2-CoV clade previously detected in bats in the region®’?%,
In 2019, a novel coronavirus (SARS-CoV-2) caused an outbreak of respiratory illness (COVID-19) first
detected in Wuhan, Hubei province, China, which has since become a pandemic. This emerging human
virus is closely related to SARS-CoV, and also appears to have originated in horseshoe bats?® (Zhou et al

2020)- with its full genome 96% similar to a viral sequence reported from Rhinclophus affinis®®. Closely

related sequences were also identified in Malayan pangolins {(Lam et al, 2020; Xiao et al, 2020).

A growing body of research has identified bats as the evolutionary sources of SARS- and Middle East

13,14,21-23

Respiratory Syndrome (MERS)-CoVs , and as the source of progenitors for the human CoVs, NL63
and 229E?%%, The emergence of SARS-CoV-2 further underscores the importance of bat-origin CoVs to

global health, and understanding their origin and cross-species transmission is a high priority for
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pandemic preparedness?®?®

. Bats harbor the largest diversity of CoVs among mammals and two CoV
genera, alpha- and beta-CoVs {a- and B-CoVs), have been widely detected in bats from most regions of
the world?”%. Bat-CoV diversity seems to be correlated with host taxonomic diversity globally, the
highest CoV diversity being found in areas with the highest bat species richness?®. Host switching of
viruses over evolutionary time is an important mechanism driving the evolution of bat coronaviruses in
nature and appears to vary geographically*®3. However, detailed analyses of host-switching have been

hampered by incomplete or opportunistic sampling, typically with relatively low numbers of viral

sequences from any given region®.

China has a rich bat fauna, with more than 100 described bat species and several endemic species
representing both the Palearctic and Indo-Malay regions®. Its situation at the crossroads of two
zoogeographic regions heightens China’s potential to harbor a unigue and distinctive CoV diversity.
Since the emergence of SARS-CoV in 2002, China has been the focus of an intense viral surveillance and
a large number of diverse bat-CoVs has been discovered in the region®**. However, the macroevclution
of CaVs in their bat hosts in China and their cross-species transmission dynamics remain poorly

understood.

In this study, we analyze an extensive field-collected dataset of bat-CoV sequences from across China.
We use a phylogeographic Bayesian statistical framework to reconstruct virus transmission history
between different bat host species and virus spatial spread over evolutionary time. Qur objectives were
to compare the macroevolutionary patterns of a- and B-CoVs and identify the hosts and geographical
regions that act as centers of evolutionary diversification for bat-CoVs in China. These analyses aim to
improve our understanding of how CoVs evolve, diversify, circulate among, and transmit between bat

families and genera to help identify bat hosts and regions where the risk of CoV spillover is the highest.

Results
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Taxonomic and geographic sampling

We generated 781 partial sequences (440 nt) of the RNA-dependent RNA polymerase (RdRp) gene from
bat rectal swabs collected in China and added 509 bat-CoV and 8 pangolin CoV sequences from China
available in GenBank or GISAID to our datasets (list of GenBank and GISAID accession numbers available
in Supplementary Note 1). For each CoV genus, two datasets were created: one including all sequences
with known host (host dataset) and one including all sequences with known sampling location at the
province level (geographic dataset). To create a geographically discrete partitioning scheme that was
more ecologically relevant than administrative borders for our phylogeographic reconstructions, we
defined six zoogeographic regions within China by clustering provinces with similar mammalian diversity
using hierarchical clustering® (see Methods): South western region (SW), Northern region (NO), Central
northern region (CN), Central region (CE), Southern region (SO) and Hainan island (HI} {Fig. 1 and

Supplementary Fig. 1).

Qur host datasets included 718 a-CoV sequences (464 new sequences, including 134 new SADSr-CoV
sequences (Rhinacovirus)) from 41 bat species (14 genera, five families) and 544 B-CoV sequences (317
new sequences, including 106 new SARSr-CoV sequences (Sarbecovirus)) from 31 bat species {15 genera,
four families) (Supplementary Table 1). Our geographic datasets included 694 a-CoV sequences from six
zoogeographic regions {22 provinces) and 519 B-CoV sequences from five zoogeographic regions (21
provinces) (Fig. 1). As some regions or hosts were overrepresented in our datasets, we also created and
ran our analyses using a more uniform subset of our sequence data that included ~30 randomly-selected

sequences per host family or region to mitigate sampling and surveillance intensity bias.

Ancestral hosts and cross-species transmission

We used a Bayesian discrete phylogeographic approach implemented in BEAST® to reconstruct the

ancestral host of each node in the phylogenetic tree using bat host family as a discrete character state.
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The phylogenetic reconstructions for a-CoVs in China suggest an evolutionary origin within rhinolophid
and vespertilionid bats (Fig. 2A). The first «-CoV lineage to diverge historically corresponds to the
subgenus Rhinacavirus (L1), originating within rhinolophid bats, and includes sequences related to
HKU2-CoV and SADS-CoV (Supplementary Fig. 2). Then several lineages, labelled L2 to L7, emerged from
vespertilionid bats (Fig. 2A). The subgenus Decacovirus {L2) includes sequences mostly associated with
the Rhinolophidae and Hipposideridae and related to HKU10-CoV (Supplementary Fig. 3), while the
subgenera Myotacovirus (L3) and Pedacovirus (L5) as well as an unidentified lineage (L4) include CoVs
mainly from vespertilionid bats and related to HKU6-, HKU10-, and 512-CoVs ({Supplementary Fig. 4-5).
Finally, a well-supported node comprises the subgenera Nyctacovirus (L6) from vespertilionid bats and
Minunacovirus (L7) from miniopterid bats, and includes HKU7-, HKUS8-, 1A-, and 1B-CoVs
(Supplementary Fig. 6). These seven a-CoV lineages are mostly associated with a single host family but
each also included several sequences identified from other bat families (Fig. 2A, Supplementary Fig. 2-6
and Supplementary Table 1), suggesting frequent cross-species transmission events have occurred
among bats. Ancestral host reconstructions based on the random data subset, to normalize sampling
effort, gave very similar results with rhinclophids and vespertilionids being the most likely ancestral
hosts of most a-CoV lineages too (Supplementary Fig. 7A). However, the topology of the tree based on

the random subset was slightly different as the lineage L5 was paraphyletic.

Chinese B-CoVs likely originated from vespertilionid and rhinolophid bats (Fig. 2B). The MCC tree was
clearly structured into four main lineages: Merbecovirus (Lineage C), including MERS-related {(MERSr-})
CoVs, HKU4- and HKUS-CoVs and strictly restricted to vespertilionid bats (Supplementary Fig. &);
Nobecovirus {lineage D), originating from pteropodid bats and corresponding to HKU9-CoV
{Supplementary Fig. 9); Hibecovirus (lineage E) comprising sequences isolated in hipposiderid bats
{Supplementary Fig. 10) and Sarbecovirus (Lineage B) including sequences related to HKU3- and SARS-

related (SARSr-) CoVs originating in rhinolophid bats (Supplementary Fig. 11). We show that SARS-CoV-2
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forms a divergent clade within Sarbecovirus and is most closely related to viruses sampled from
Rhinolophus malavanus and R. affinis and from Malayan pangolins (Manis javanica) (Fig. 3). Similar tree

topology and ancestral host inference were obtained with the random subset (Supplementary Fig. 7B).

We used a Bayesian Stochastic Search Variable Selection (BSSVS) procedure* to identify viral host
switches (transmission over evolutionary time) between bat families and genera that occurred along the
branches of the MCC annotated tree and calculated Bayesian Factor (BF) to estimate the significance of
these switches (Fig. 4). We identified nine highly supported (BF > 10) inter-family host switches for a-
CoVs and three for B-CoVs (Fig. 4A and 4B). These results are robust over a range of sample sizes, with
seven of these nine switches for a-CoVs and the exact same three host switches for B-CoVs having
strong BF support (BF > 10) when analyzing our random subset (Supplementary Tables 2 and 3). To
guantify the magnitude of these host switches, we estimated the number of host switching events

{(Markov jumps)**1®

along the significant inter-family switches (Fig. 4C and 4D) and estimated the rate of
inter-family host switching events per unit of time for each CoV genus. The rate of inter-family host
switching events was five times higher in the evolutionary history of a- {0.010 host switches/unit time)
than B-CoVs (0.002 host switches/unit time) in China. For a-CoVs, host switching events from the
Rhinolophidae and the Miniopteridae were greater than from other bat families while rhinolophids were
the highest donor family for B-CoVs. The Rhinolophidae and the Vespertilionidae for a-CoVs and the
Hipposideridae for B-CoVs received the highest numbers of switching events (Fig. 4C and 4D). When

using the random dataset, similar results were obtained for B-CoVs while rhinclophids were only the

highest donor family for a-CoVs (Supplementary Tables 4 and 5).

At the genus level, we identified 20 highly supported inter-genus host switches for a-CoVs, 17 of them
were also highly significant using the random subset (Fig. 5A and Supplementary Table &). Sixteen highly
supported inter-genus switches were identified for B-CoVs (Fig. 5B). Similar results were obtained for

the random B-CoV subset (Supplementary Table 7). Most of the significant cross-genus CoV switches for

7
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a-CoVs, 15 of 20 (75%), were between genera in different bat families, while this proportion was only 6
of 16 (37.5%) for B-CoVs. The estimated rate of inter-genus host switching events (Markov jumps) was
similar for a- (0.014 host switches/unit time) and B-CoVs (0.014 host switches/unit time). For a-CoVs,
Rhinolophus and Miniopterus were the greatest donor genera and Rhinclophus was the greatest receiver
{Supplementary Table 8). For B-CoVs, Rousettus was the greatest donor and Eonycteris the greatest

receiver genus (Supplementary Table 9).

CoV spatiotemporal dispersal in China

We used our Bayesian discrete phylogeographic model with zoogeographic regions as character states
to reconstruct the spatiotemporal dynamics of CoV dispersal in China. Eleven and seven highly
significant {BF > 10) dispersal routes within China were identified for a- and B-CoVs, respectively (Fig. 6).
Seven and five of these dispersal routes, respectively, remained significant when using our random
subsets (Supplementary Tables 10 and 11). The Rhinacovirus lineage (L1) that includes HKU2 and SADS-
CoV likely originated in the SO region while all other «-CoV lineages historically arose in SW China and
spread to other regions before several dispersal events from SO and NO in all directions (Fig. 6A and
Supplementary Fig. 12). A roughly similar pattern of a-CoV dispersal was obtained using the random

subset (Supplementary Tables 10 and 12).

The oldest inferred dispersal movements for B-CoVs occurred among the SO and SW regions (Fig. 6B).
The SO region was the likely origin of Merbecovirus {Lineage C, including HKU4 and HKUS) and
Sarbecovirus subgenera (Lineage B, including HKU 3 and SARSr-CoVs) while the Nobecovirus (lineage D,
including HKUS) and Hibecovirus (lineage E) subgenera originated in SW China (Supplementary Fig. 12).
Then several dispersal movements likely originated from SO and CE (Fig. 6B). More recent southward
dispersal from NO was observed. Similar spatiotemporal dispersal patterns were observed using the

random subset of B-CoVs (Supplementary Tables 11 and 13).
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The estimated rate of migration events per unit of time along these significant dispersal routes was
more than two times higher for a- {0.026 host switches/unit time) than B-CoVs {0.011 host switches/unit
time) and SO was the region involved in the greatest total number of migration events for both a- and B-
CoVs. SO had the highest number of outbound and inbound migration events for a-CoVs (Fig. 6C and
Supplementary Table 12). For B-CoVs, the highest number of outbound migration events was estimated
to be from NO and SO while SO and SW had the highest numbers of inbound migration events (Fig. 6D

and Supplementary Table 13).

Phylogenetic diversity

In order to identify the hotspots of CoV phylogenetic diversity in China and evaluate phylogenetic
clustering of CoVs, we calculated the Mean Phylogenetic Distance (MPD) and the Mean Nearest Taxon

Distance (MNTD) statistics?” and their standardized effect size (SES).

We found significant and negative SES MPD values, indicating significant phylogenetic clustering, within
all bat families and genera for both a- and B-CoVs, except within the Aselliscus and Tylonycteris for a-
CoVs (Fig. 7A and 7B). Negative and mostly significant SES MNTD values, reflecting phylogenetic
structure closer to the tips, were also observed within most bat families and genera for a- and p-CoVs
but we found non-significant positive SES MINTD value for vespertilionid bats, and particularly for those
in the Pipistrelius genus, for B-CoVs (Fig. 7A and 7B). In general, we observed lower phylogenetic
diversity for B- than a-CoVs within all bat families and most genera when looking at SES MPD, but the
difference in the level of diversity between a- and B-CoVs is less important when looking at SES MNTD
(Fig. 7). These results suggest stronger basal clustering (reflected by larger SES MPD values) for B-CoVs
than a-CoVs, indicating stronger host structuring effect and phylogenetic conservatism for B-CoVs. Very
similar results were obtained with the random subsets for both a- and B-CoVs {Supplementary Tables

14-21).
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We found negative and mostly significant values of MPD and MINTD (Fig. 7C and Supplementary Tables
22-25) indicating significant phylogenetic clustering of CoV lineages in bat communities within the same
zoogeographic region. However, SES MPD values for a-CoVs in SW were positive (significant for the
random subset) indicating a greater evolutionary diversity of CoVs in that region than others (Fig. 7 and
Supplementary Tables 22-25). We used a linear regression analysis to assess the relationship between
CoV phylogenetic diversity and bat species richness in China and determine if bat richness is a significant
predictor of bat-CoV diversity and evolution. a-CoV phylogenetic diversity (MPD) was not significantly
correlated to total bat species richness or sampled bat species richness in zoogeographic regions or
provinces (Supplementary Table 26). Non-significant correlations between bat species richness and B-
CoV phylogenetic diversity were also observed at the zoogeographic region level (Supplementary Table
27). However, a significant correlation was observed between sampled bat species richness and 3-CoV
phylogenetic diversity at the province level (Supplementary Table 27). Similar results were obtained
when using the random subsets (Supplementary Tables 26 and 27). These findings suggest that bat host
diversity is not the main driver of CoV diversity in China and that other ecological or biogeographic
factors may influence this diversity. We observed higher CoV diversity than expected in several southern
or central provinces (Hainan, Guangxi, Hunan) given their underlying total or sampled bat diversity

{Supplementary Fig. 13 and 14).

We also assessed patterns of CoV phylogenetic turnover/differentiation among Chinese zoogeographic
regions and bat host families by measuring the inter-region and inter-host values of MPD (equivalent to
a measure of phylogenetic B diversity) and their SES. We found positive inter-family SES MPD values,
except between Pteropodidae and Hipposideridae for a-CoVs and between Rhinolophidae and
Hipposideridae for B-CoVs (Fig. 8A and 8B and Supplementary Tables 28 and 29), suggesting higher
phylogenetic differentiation of CoVs among most bat families than among random communities. Qur

phylo-ordination based on inter-family MPD values indicated that «-CoVs from vespertilionids and
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miniopterids, and from hipposiderids and pteropodids; as well as B-CoVs from rhinclophids and
hipposiderids are phylogenetically closely related (Fig. 8A and 8B). We also observed strong
phylogenetic turnover between a-CoV strains from rhinolophids and from miniopterids and all other bat
families, and between B-CoV strains from vespertilionids and all other bat families (Supplementary
Tables 28 and 29). Phylo-ordination among bat genera based on inter-genus MPD confirmed these
results and indicated that CoV strains from genera belonging to the same bat family were mostly more
closely related to each other than to genera from other families (Fig. 8C and 8D and Supplementary

Tables 30 and 31).

We abserved high and positive inter-region SES MPD values between SW/HI and all other regions,
suggesting that these two regions host higher endemic diversity (Fig. 9 and Supplementary Tables 32
and 31). Negative inter-region SES MPD values suggested that the phylogenetic turnover among other
regions was less important than expected among random communities. Our phylo-ordination among
zoogeographic regions also reflected the high phylogenetic turnover and deep evolutionary
distinctiveness of both a- and B-CoVs from SW and Hl regions (Fig. 9 and Supplementary Tables 32 and

33). Similar results were obtained using the random subset (Supplementary Tables 32 and 33).

Mantel tests

Mantel tests revealed a positive and significant correlation between CoV genetic differentiation (Fsr) and
geographic distance matrices, both with and without provinces including fewer than four viral
sequences, for a- (r=0.25, p =0.0097; r = 0.32, p = 0.0196; respectively) and B-CoVs (r=0.22,p =
0.0095; r=0.23, p = 0.0336; respectively). We also detected a positive and highly significant correlation
between CoV genetic differentiation (Fst) and their host phylogenetic distance matrices, both with and
without genera including fewer than four viral sequences, for B-CoVs (r=0.41,p=0;r=0.39,p =

0.0012; respectively) but not for a-CoVs (r=-0.13, p = 0.8413; r = 0.02, p= 0.5019; respectively).
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Discussion

Qur phylogenetic analysis shows a high diversity of CoVs from bats sampled in China, with most bat
genera included in this study (10/16) infected by both a- and B-CoVs. In our phylogenetic analysis that
includes all known bat-CoVs from China, we find that SARS-CoV-2 is likely derived from a clade of viruses
originating in horseshoe bats (Rhinolophus spp.). The geographic location of this origin appears to be
Yunnan province. However, it is important to note that: 1) our study collected and analyzed samples
solely from China; 2) many sampling sites were close to the borders of Myanmar and Lao PDR; and 3)
most of the bats sampled in Yunnan also occur in these countries, including R. affinis and R. malayanus,
the species harboring the CoVs with highest RdRp sequence identity to SARS-CoV-2 (Zhou et al 2020).
For these reasons, we cannot rule out an origin for the clade of viruses that are progenitors of SARS-
CoV-2 that is outside China, and within Myanmar, Lao PDR, Vietnam or another Southeast Asian country.
Additionally, our analysis shows that the virus RmYNO2 from R. malayanus, which is characterized by the
insertion of multiple amino acids at the junction site of the $1 and $2 subunits of the Spike (S) protein,
belongs to the same clade as both RaTG13 and SARS-CoV-2, providing further support for the natural
origin of SARS-CoV-2 in Rhinolophus spp. bats in the region (Zhou et al 2020, Zhou et al 2020). Finally,
while our analysis shows that the RdRp sequences of coronaviruses from the Malayan pangolin are
closely related to SARS-CoV-2 RdRp, analysis of full genomes of these viruses suggest that these
terrestrial mammals are less to be the origin of SARS-CoV-2 than Rhinolophus spp. bats (Lam et al 2020,
Xiac et al 2020). This analysis also demonstrates that a significant amount of cross-species transmission
has occurred among bat hosts over evolutionary time. Our Bayesian phylogeographic inference and
analysis of host switching showed varying levels of viral connectivity among bat hosts and allowed us to

identify significant host transitions that appear to have occurred during bat-CoV evolution in China.
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We found that bats in the family Rhinolophidae (horseshoe bats) played a key role in the evolution and
cross-species transmission history of a-CoVs. The family Rhinolophidae and the genus Rhinolophus were
involved in more inter-family and inter-genus highly significant host switching of a-CoVs than any other
family or genus. They were the greatest receivers of a-CoV host switching events and second greatest
donors after Miniopteridae/Miniopterus. The Rhinolophidae, together with the Hipposideridae, also
played an important role in the evolution of B-CoVs, being at the origin of most inter-family host
switching events. Chinese horseshoe bats are characterized by a distinct and evolutionary divergent a-
CoV diversity, while their B-CoV diversity is similar to that found in the Hipposideridae. The
Rhinolophidae comprises a single genus, Rhinclophus, and is the most speciose bat family after the
Vespertilionidae in China®*®, with 20 known species, just under a third of global Rhinolophus diversity,
mostly in Southern China®2 This family likely originated in Asia**?, but some studies suggest an African
origin®l*2, Rhinolophid fossils from the middle Eocene (38 - 47.8 Mya) have been found in China,
suggesting a westward dispersal of the group from eastern Asia to Europe®. The ancient likely origin of
the Rhinolophidae in Asia and China in particular may explain the central role they played in the
evolution and diversification of bat-CoVs in this region, including SARSr-CoVs, MERS-cluster CoVs, and
SADSr-CoVs, which contain important human and livestock pathogens. Horseshoe bats are known to
share roosts with genera from all other bat families in this study®®, which may also favor CoV cross-
species transmission from and to rhinclophids®. A global meta-analysis showing higher rates of viral

sharing among co-roosting cave bats supports this finding®”.

Vespertilionid and miniopterid bats {largely within the Myotis and Miniopterus genera) also appear to
have been involved in several significant host switches during a-CoV evolution. However, no significant
transition from vespertilionid bats was identified for B-CoVs and these bats exhibit a divergent -CoV
diversity compared to other bat families. Vespertilionid and miniopterid bats are characterized by strong

basal phylogenetic clustering but high recent CoV diversification rates, indicating a more rapid
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evolutionary radiation of CoVs in these bat hosts. At the genus level, similar findings were observed for

the genera Myotis, Pipistrellus and Miniopterus.

A significant correlation between geographic distance and genetic differentiation of both a- and B-CoVs
has been detected, even if only a relatively small proportion of the variance is explained by geographic
distance. We also revealed a significant effect of host phylogeny on B-CoV evolution while it had a
minimal effect on a-CoV diversity. Contrary to the a-CoV phylogeny, the basal phylogenetic structure of
B-CoVs mirrored the phylogeny of their bat hosts, with a clear distinction between the Yangochiroptera,
encompassing the Vespertilionidae and Miniopteridae, and the Yinpterochiroptera, which includes the
megabat family Pteropodidae and the microbat families Rhinolophidae and Hipposideridae, as
evidenced in recent bat phylogenies*®®, These findings suggest a profound co-macroevolutionary
process between B-CoVs and their bat hosts, even if host switches also occurred throughout their
evolution as our study showed. The phylogenetic structure of a-CoVs, with numerous and closely related
lineages identified in the Vespertilionidae and Miniopteridae, contrasts with the B-CoV
macroevolutionary pattern and suggests a-CoVs have undergone an adaptive radiation in these two
Yangochiroptera families. Qur BSSVS procedure and Markov jump estimates revealed higher
connectivity, both qualitatively and quantitatively, among bat families and genera in the a-CoV cross-
species transmission history. Larger numbers of highly significant host transitions and higher rates of
switching events along these pathways were inferred for a- than B-CoVs, especially at the host family
level. These findings suggest that a-CoVs are able to switch hosts more frequently and between more
distantly related taxa, and that phylogenetic distance among hosts represents a higher constraint on
host switches for B- than a-CoVs. This is supported by more frequent dispersal events in the evolution of

a- than B-CoVs in China.

Variation in the extent of host jumps between a and B-CoVs within the same hosts in the same

environment may be due to virus-specific factors such as differences in receptor usage between «- and
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B-CoVs®?, Coronaviruses use a large diversity of receptors, and their entry into host cells is mediated
by the spike protein with an ectodomain consisting of a receptor-binding subunit S1 and a membrane-
fusion subunit S2%°. However, despite differences in the core structure of their S1 receptor binding
domains (RBD), several a- and B-CoV species are able to recognize and bind to the same host
receptors®. Other factors such as mutation rate, recombination potential, or replication rate might also
be involved in differences in host switching potential between a- and B-CoVs. A better understanding of
receptor usage and other biological characteristics of these bat-CoVs may help predict their cross-

species transmission and zoonotic potential.

We also found that some bat genera were infected by a single CoV genus: Miniopterus (Miniopteridae)
and Murina (Vespertilionidae) carried only a-CoVs, while Cynopterus, Eonycteris, Megaerops
{Pteropodidae) and Pipistrelius (Vespertilionidae) hosted only B-CoVs. This was found despite using the
same conserved pan-CoV PCR assays for all specimens screened and it can’t be explained by differences
in sampling effort for these genera (Supplementary Table 1): for example, »250 a-CoV sequences but no
B-CoV were discovered in Miniopterus bats in China during our recent fieldwork. These migratory bats,
which seem to have played a key role in the evolution of a-CoVs, share roosts with several other bat
genera hosting B-CoVs in China®, suggesting high likelihood of being exposed to B-CoVs. Biological or
ecological properties of miniopterid bats may explain this observation and clearly warrant further

investigation.

Qur Bayesian ancestral reconstructions revealed the importance of South western and Southern China
as centers of diversification for both a- and B-CoVs. These two regions are hotspots of CoV phylogenetic
diversity, harboring evolutionarily old and phylogenetically diverse lineages of «- and B-CoVs. South
western China acted as a refugium during Quaternary glaciation for numerous plant and animal species
including several bat species, such as Rhinolophus affinis®?, Rhinolophus sinicus®®, Myotis davidi®*, and

Cynopterus sphinx®. The stable and long-term persistence of bats and other mammals throughout the
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Quaternary may explain the deep macroevolutionary diversity of bat-CoVs in these regions®®. Several
highly significant and ancient CoV dispersal routes from these two regions have been identified in this
study. Other viruses, such as the Avian Influenza A viruses H5SNG, H7 N2 and H5N1, also likely originated

in South western and Southern Chinese regions®” %,

Qur findings suggest that bat host diversity is not the main driver of CoV diversity in China and that
other ecological or biogeographic factors may influence this diversity. Overall, there were no significant
correlations between CoV phylogenetic diversity and bat species diversity (total or sampled) for each
province or biogeographic region, apart from a weak correlation between B-CoV phylogenetic diversity
and the number of bat species sampled at the province level. Yet, we observed higher than expected
phylogenetic diversity in several southern provinces (Hainan, Guangxi, Hunan). These results and main
conclusions are consistent and robust even when we account for geographic biases in sampling effort by

analyzing random subsets of the data.

Despite being the most exhaustive study of bat-CoVs in China, this study had several limitations that
must be taken into consideration when interpreting our results. First, only partial RdRp sequences were
generated in this study and used in our phylogenetic analysis as the non-invasive samples (rectal
swabs/feces) collected in this study prevented us from generating longer sequences in many cases. The
RdRp gene is a suitable marker for this kind of study as it reflects vertical ancestry and is less prone to
recombination than other regions of the CoV genome such as the spike protein gene!®®®. While using
long sequences is always preferable, our phylogenetic trees are well supported and their topology
consistent with trees obtained using longer sequences or whole genomes?””?, Second, most sequences
in this study were obtained by consensus PCR using primers targeting highly conserved regions. Even if
this broadly reactive PCR assay designed to detect widely variant CoVs has proven its ability to detect a

29,71-74

large diversity of CoVs in a wide diversity of bats and mammals , we may not rule out that some
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bat-CoV variants remained undetected. Using deep sequencing technigques would allow to detect this

unknown and highly divergent diversity.

In this study, we identified the host taxa and geographic regions that together define hotspots of CoV
phylogenetic diversity and centers of diversification in China. These findings may provide a strategy for
targeted discovery of bat-borne CoVs of zoonotic or livestock infection potential, and for early detection
of bat-CoV outbreaks in livestock and people, as proposed elsewhere’. Our results suggest that future
sampling and viral discovery should target two hotspots of CoV diversification in Southern and South
western China in particular, as well as neighboring countries where similar bat species live. These
regions are characterized by a subtropical to tropical climate; dense, growing and rapidly urbanizing
populations of people; a high degree of poultry and livestock production; and other factors which may
promote cross-species transmission and disease emergence’>”’. Additionally, faster rates of evolution in
the tropics have been described for other RNA viruses which could favor cross-species transmission of
RNA viruses in these regions’®. Both SARS-CoV and SADS-CoV emerged in this region, and several bat
SARSr-CoVs with high zoonotic potential have recently been reported from there, although the dynamics
of their circulation in wild bat populations remain poorly understood?®®®. Importantly, the closest known
relative of SARS-CoV-2, a SARS-related virus, was found in a Rhinolophus sp. bat in this region?®,
although it is important to note that our survey was limited to China, and that the bat hosts of this virus
also occur in nearby Myanmar and Lao PDR. The significant public health and food security implications
of these outbreaks reinforces the need for enhanced, targeted sampling and discovery of novel CoVs.
Because intensive sampling has not, to our knowledge, been undertaken in countries bordering
southern China, these surveys should be extended to include Myanmar, Lao PDR, and Vietnam, and
perhaps across southeast Asia. Our finding that Rhinolophus spp. are most likely to be involved in host-

switching events makes them a key target for future longitudinal surveillance programs, but surveillance
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targeted the genera Hipposideros and Aselliscus may also be fruitful as they share numerous B-CoVs

with Rhinclophus bats.

In the aftermath of the SARS-CoV and MERS-CoV outbreaks, B-CoVs have been the main focus of bat-
CoV studies in China, Africa, and Europel’?*33587% However, we have shown that a-CoVs have a higher
propensity to switch host within their natural bat reservoirs, and therefore also have a high cross-
species transmission potential and risk of spillover. This is exemplified by the recent emergence of SADS-
CoV in pigs in Guangdong province!”. Two human a-CoVs, NL63 and 229E, also likely originated in
bats?*?*, reminding us that past spillover events from bat species can readily be established in the
human population. Future work discovering and characterizing the biological properties of bat a-CoVs
may therefore be of potential value for public and livestock health. Our study, and recent analysis of
viral discovery rates®, suggest that a substantially wider sampling and discovery net will be required to
capture the complete diversity of coronaviruses in their natural hosts and assess their potential for
cross-species transmission. The bat genera Rhinolophus, Hipposideros, Myotis and Miniopterus, all
involved in numerous naturally-occurring host switches throughout a-CoV evolution, should be a
particular target for a-CoV discovery in China and across southeast Asia, with in vitro and experimental

characterization to better understand their potential to infect people or livestock and cause disease.

Methods

Bat sampling

Bat oral and rectal swabs and fecal pellets were collected from 2010 to 2015 in numerous Chinese
provinces (Anhui, Beijing, Guangdong, Guangxi, Guizhou, Hainan, Henan, Hubei, Hunan, Jiangxi, Macau,
Shanxi, Sichuan, Yunnan, and Zhejiang). Fecal pellets were collected from tarps placed below bat
colonies. Bats were captured using mist nets at their roost site or feeding areas. Each captured bat was

stored into a cotton bag, all sampling was non-lethal and bats were released at the site of capture
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immediately after sample collection. A wing punch was also collected for barcoding purpose. Bat-
handling methods were approved by Tufts University IACUC committee (proposal #52017-32) and
Wuhan Institute of Virology Chinese Academy of Sciences IACUC committee (proposal WIVA05201705).

Samples were stored in viral transport medium at -80°C directly after collection.

RNA extraction and PCR screening

RNA was extracted from 200 pl swab rectal samples or fecal pellets with the High Pure Viral RNA Kit
{Roche) following the manufacturer’s instructions. RNA was eluted in 50 pl elution buffer and stored at -
80°C. A one-step hemi-nested RT-PCR (Invitrogen) was used to detect coronavirus RNA using a set of
primers targeting a 440-nt fragment of the RdRp gene and optimized for bat-CoV detection (CoV-FWD3:
GGTTGGGAYTAYCCHAARTGTGA; CoV-RVS3: CCATCATCASWYRAATCATCATA; CoV-FWD4/Bat:
GAYTAYCCHAARTGTGAYAGAGC)®. For the first round PCR, the amplification was performed as follows:
50°C for 30 min, 94°C for 2 min, followed by 40 cycles consisting of 94°C for 20 sec, 50°C for 30 sec, 68°C
for 30 sec, and a final extension step at 68°C for 5 min. For the second round PCR, the amplification was
performed as follows: 94°C for 2 min followed by 40 cycles consisting of 94°C for 20 sec, 59°C for 30 sec,
72°C for 30 sec, and a final extension step at 72°C for 7 min. PCR products were gel purified and
sequenced with an ABI Prism 3730 DNA analyzer (Applied Biosystems, USA). PCR products with low
concentration or bad sequencing quality were cloned into pGEM-T Easy Vector (Promega) for
sequencing. Positive results detected in bat genera that were not known to harbor a specific CoV lineage
previously were repeated a second time (PCR + sequencing) as a confirmation. Species identifications
from the field were also confirmed and re-confirmed by cytochrome (cytb) DNA barcoding using DNA
extracted from the feces or swabs®. Only viral detection and barcoding results confirmed at least twice

were included in this study.

Sequence data
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We also added bat-CoV RdRp sequences from China available in GenBank to our dataset. All sequences
for which sampling year and host or sampling location information was available either in GenBank
metadata or in the original publication were included (as of March 15, 2018). Our final datasets include
732 sequences generated for this study and 508 sequences from GenBank (list of GenBank accession
numbers available in Supplementary Note 1, and Supplementary Tables 34 and 35). Nucleotide
sequences were aligned using MUSCLE and trimmed to 360 base pair length to reduce the proportion of
missing data in the alignments. All phylogenetic analyses were performed on both the complete data

and random subset, and for a- and p-CoVs separately.

Defining zoogeographic regions in China for phylogeographic analyses

Hierachical clustering was used to define zoogeographic regions within China by clustering provinces
with similar mammalian diversity®. Hierarchical cluster analysis classifies several objects into small
groups based on similarities between them. To do this, we created a presence/absence matrix of all
extant terrestrial mammals present in China using data from the IUCN spatial database® and generated
a cluster dendrogram using the function hclust with average method of the R package stats. Hong Kong
and Macau were included within the neighboring Guangdong province. We then visually identified
geographically contiguous clusters of provinces for which CoV sequences are available (Fig. 1 and

Supplementary Fig. 1).

We identified six zoogeographic regions within China based on the similarity of the mammal community
in these provinces: South western region (SW; Yunnan province), Northern region (NO; Xizang, Gansu,
Jilin, Anhui, Henan, Shandong, Shaanxi, Hebei and Shanxi provinces and Beijing municipality), Central
northern region (CN; Sichuan and Hubei provinces), Central region (CE; Guangxi, Guizhou, Hunan, Jiangxi
and Zhejiang provinces), Southern region {SO; Guangdong and Fujian provinces, Hong Kong, Macau and

Taiwan), and Hainan island {HI}. Hunan and Jiangxi, clustering with the SO provinces in our dendrogram,
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were included within the central region to create a geographically contiguous Central cluster
{Supplementary Fig. 1). These six zoogeographic regions are very similar to the biogeographic regions
traditionally recognized in China®*. The three B-CoV sequences from Hl were included in the SO region to

avoid creating a cluster with a very small number of sequences.

Model selection and phylogenetic analysis

Bayesian phylogenetic analysis were performed in BEAST 1.8.4*. Sampling years were used as tip dates.
Preliminary analysis were run to select the best fitting combination of substitution models (HKY/GTR),
codon partition scheme, molecular clock (strict/lognormal uncorrelated relaxed clock) and coalescent
models (constant population size/exponential growth/GMRF Bayesian Skyride). Model combinations
were compared and the best fitting model was selected using a modified Akaike information criterion
{AICM) implemented in Tracer 1.6%°. We also used TEMPEST®® to assess the temporal structure within
our a- and B-CoV datasets. TEMPEST showed that both datasets did not contain sufficient temporal
information to accurately estimate substitution rates or time to the most recent common ancestor

(TMRCA). Therefore we used a fixed substitution rate of 1.0 for all our BEAST analysis.

All subsequent BEAST analysis were performed under the best fitting model including a HKY substitution
model with two codons partitions ({1+2), 3), a strict molecular clock and a constant population size
coalescent model. Each analysis was run for 2.5 x 10® generations, with sampling every 2 x 10" steps. All
BEAST computations were performed on the CIPRES Science Getaway Portal®’. Convergence of the chain
was assessed in Tracer so that the effective sample size (ESS) of all parameters was > 200 after removing

at least 10% of the chain as burn-in.

Ancestral state reconstruction and transition rates

A Bayesian discrete phylogeographic approach implemented in BEAST 1.8.4 was used to reconstruct the
ancestral state of each node in the phylogenetic tree for three discrete traits: host family, host genus
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and zoogeographic region. An asymmetric trait substitution model was applied. These analyses were
performed for each trait on the complete dataset and random subsets. Maximum clade credibility (MCC)
tree annotated with discrete traits were generated in TreeAnnotator and visualized using the software

SpreaD3®,

For each analysis, a Bayesian stochastic search variable selection (BSSVS) was applied to estimate the
significance of pairwise switches between trait states using Bayesian Factor (BF) as a measure of
statistical significance™. BF were computed in SpreaD3. BF support was interpreted according to Jeffreys
1961% (BF > 3: substantial support, BF > 10: strong support, BF > 30: very strong support, BF > 100:
decisive support) and only strongly supported transitions were presented in most figures, following a
strategy used in other studies®®®!. We also estimated the count of state switching events (Markov

jumps)*4e

along the branches of the phylogenetic tree globally (for the three discrete traits) and for
each strongly supported (BF > 10) transition between character states (for bat families and ecoregions
only). Convergence of the MCMC runs was confirmed using Tracer. The rate of state switching events

per unit of time was estimated for each CoV genus by dividing the total estimated number of state

switching events by the total branch length of the MCC tree.

To assess the phylogenetic relationships among SARS-CoV-2 and other CoVs from the Sarbecovirus
subgenus, we also reconstructed a MCC tree in BEAST 1.8.4 and median-joining network in Network
10.0” including all Sarbecovirus sequences, two sequences of SARS-CoV-2 isolated in humans (GenBank
accession numbers: MN908947 and MN975262), one sequence of SARS-CoV (GenBank accession
number: NC_004718), eight sequences from Malayan pangolins (Manis javanica) (GISAID accession
numbers: EPI_ISL_410538-410544, EPI_ISL_410721) and one from Rhinolophus malayanus (GISAID

accession number: EPI_ISL_412977).

Phylogenetic diversity
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The Mean Phylogenetic Distance (MPD) and the Mean Nearest Taxon Distance (MNTD) statistics™ and
their standardized effect size (SES) were calculated for each zoogeographic region, bat family and genus
using the R package picante®®. MPD measures the mean phylogenetic distance among all pairs of CoVs
within a host or a region. It reflects phylogenetic structuring across the whole phylogenetic tree and
assesses the overall divergence of CoV lineages in a community. MNTD is the mean distance between
each CoV and its nearest phylogenetic neighbor in a host or region, and therefore it reflects the
phylogenetic structuring closer to the tips and shows how locally clustered taxa are. SES MPD and SES
MNTD values correspond to the difference between the phylogenetic distances in the observed
communities versus null communities. Low and negative SES values denote phylogenetic clustering, high
and positive values indicate phylogenetic over-dispersion while values close to 0 show random
dispersion. The SES values were calculated by building null communities by randomly reshuffling tip
labels 1000 times along the entire phylogeny. Phylogenetic diversity computations were performed on
both the complete dataset and random subset for each trait. A linear regression analysis was performed
in R to assess the correlation between CoV phylogenetic diversity (MPD) and bat species richness in
China. Total species richness per province or region was estimated using data from the IUCN spatial
database while sampled species richness corresponds to the number of bat species sampled and tested

for CoV per province or region in our datasets.

The inter-region and inter-host values of MPD (equivalent to phylogenetic B diversity), corresponding to
the mean phylogenetic distance among all pairs of CoVs from two distinct hosts or regions, and their SES
were estimated using the function comdist of the R package phylocomr®®. The matrices of inter-region
and inter-host MPD were used to cluster zoogeographic regions and bat hosts in a dendrogram
according to their evolutionary similarity {phylo-ordination) using the function Aclust with complete
linkage method of the R package stats (R core team). These computations were performed on both the

complete dataset and random subset.
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Mantel tests and isolation by distance

Mantel tests performed in ARLEQUIN 3.5%° were used to compare the matrix of viral genetic
differentiation (Fst) to matrices of host phylogenetic distance and geographic distance in order to
evaluate the role of geographic isolation and host phylogeny in shaping CoV population structure. The
correlation between these matrices was assessed using 10,000 permutations. To gain more resolution
into the process of evolutionary diversification, these analyses were also performed at the host genus
and province levels. To calculate phylogenetic distances among bat genera, we reconstructed a
phylogenetic tree including a single sequence for all bat species included in our dataset. Pairwise
patristic distances among tips were computed using the function distTips in the R package adephylo®.
We then averaged all distances across genera to create a matrix of pairwise distances among bat
genera. Pairwise Euclidian distances were measured between province centroids and log transformed.
Mantel tests were performed with and without genera and provinces including less than four viral

sequences to assess the impact of low sample size on our results.

Data availability

GenBank accession numbers of sequences generated in this study and previously published sequences

included in our analysis are available in the Supplementary Note 1 and Supplementary Tables 34 and 35.
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