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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 Wubsila &l 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 changas {Sang. H.C. et &l Cross-host evolution of severe acule réspiratory
ﬁj,-v"n_:i.rc':-rm: COMOREVIILS in Dalm civel and human, Prac Mall Acad Sei U S 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 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 evelution. 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 (SHCO014) 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.

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 Chinase sotial media
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associated with mouse adaptation. |{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 #°, Civets were proposed to be
an intermediate host of the bat-CoV's, 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 '?, 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
=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, Wini= SHC014-
MA15 can replicate efficiently in young and aged mouse ungs, infection was fully
attenuated, and less virus antigen was present in the airway epithellum as compared to

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

Commented [BRSE]; these six mutations were
reintroduced into a SARS molecular clone to isolate a SARS
MA1S recombinant virus, which recapitulated the severse

disease phenotype inmice.

=" Commented [BRS7]; SARS-CoV, as well as its closely

related SHCO14 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
MA15 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 [BRSS]: 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- a o

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 =1, 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 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 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]: pricessaz0z

’ " PMCSS67817
development of universal vaccines for all the SARS-like coronaviruses. 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 @ny peer review and-retyet peerraviewad 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 al.. EMI paoer
21272020). 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==4< 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://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 CoY with a bat CoV S gene
(SHCO14) 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 nuclentiides).

The-rasamiiaant 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. [hsse sl mutatons were rsintroduced inlo 3 SARS

e l Formatted: Font: (Default) Arial, Font color: Black




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-




71

Due to the elevated pathogenic activity of the SHC014-MA15 chimeric virus relative o« . - | Formatted; Highlight

-' '[Fomamd: Line spacing: Double

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: hittps://vwww.nih.gov/about-

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 >5,000 nuclaalidest 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

{ nihetic and

-~ | Commented [L51): Lishan: see Ralph's comments to
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COronavinuses.

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 nuclectiias |,

Thesecembmant 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-Co\/ gained elevated replication and lung
pathogenesis in aged mice (hence M15), due fo six coding genetic mutations

associated with mouse adaptation. These six mulabicas wers relnroduced 1010 3 SARS - | Formatted: Font: (Default) Arial, Font color: Black

molecular clons to solate a SARS MA1S recombinant virus, which recapiteiaied 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-
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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 nucleotiis=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 nofe that

the synthelic and chimeric panels of B3] and SARS-Ike CaV led 1o 1he idenlification of
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Coronavirases.

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



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 nuclectiias |,

Thesecembmant 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-Co\/ gained elevated replication and lung
pathogenesis in aged mice (hence M15), due fo six coding genetic mutations
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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-
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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 nucleotiis=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 nofe that
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SARS-lIke coronawiruses.

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 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 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
Infectious Diseases Institute

Center for Retrovirus Research
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The Ohio State University
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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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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 <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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Co-Director, Viruses and Emerging Pathogens Program
Infectious Diseases Institute

Center for Retrovirus Research
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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 nuclectiias |,

Thesecembmant 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-Co\/ gained elevated replication and lung
pathogenesis in aged mice (hence M15), due fo six coding genetic mutations

associated with mouse adaptation. These six mulabicas wers relniroduced 1610 3 SARS - | Formatted: Font: (Default) Arial, Font color: Black

molecular clons to solate a SARS MA1S recombinant virus, which recapiteiaied 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-




were not restricted when he did them—only later!
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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 nucleotiis=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 nofe that

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

rendasivir as a broad-bissad inhibitor of 28 group 2b SARS-|ike coronaviruses tested in =T ‘I Formatted: Highlight ]
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SARS-lIke coronawiruses.

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 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 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
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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!

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: lin.6244@osu.edu; shan-lu.lin@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.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



49

50

51

52

35

54

35

56

37

38

59

60

61

62

63

64

65

66

67

68

69

70

71

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



a5

96

97

98

S9

100
101

102

103

104

105

106

107

108

109

110

111

112

113

114

113

116

117

118

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
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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-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.



123

126

127

128

129

130

131

132

133

134

133

136

137

138

139

140

141

142

143

144

145

146

147

148

References

1.

Wang D, Hu B, Hu C, et al. Clinical Characteristics of 138 Hospitalized Patients With
2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA. 2020 Feb 7.
doi: 10.1001/jama.2020.1585. PubMed PMID: 32031570.

Chang, Lin M, Wei L, et al. Epidemiologic and Clinical Characteristics of Novel
Coronavirus Infections Involving 13 Patients Outside Wuhan, China. JAMA. 2020 Feb
7. doi: 10.1001/jama.2020.1623. PubMed PMID: 32031568.

Chen N, Zhou M, Dong X, et al. Epidemiological and clinical characteristics of 99
cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study.
Lancet. 2020 Jan 30. doi: 10.1016/S0140-6736(20)30211-7. PubMed PMID:
32007143.

Zhou P, Yang XL, Wang XG, et al. A pneumonia outbreak associated with a new
coronavirus of probable bat origin. Nature. 2020 Feb 3. doi: 10.1038/s41586-020-
2012-7. PubMed PMID: 32015507.

Zhu N, Zhang D, Wang W, et al. A Novel Coronavirus from Patients with Pneumonia
in China, 2019. N Engl J Med. 2020 Jan 24. doi: 10.1056/NEJMo0a2001017. PubMed
PMID: 31978945.

Song HD, Tu CC, Zhang GW, et al. Cross-host evolution of severe acute respiratory
syndrome coronavirus in palm civet and human. Proc Natl Acad Sci U S A. 2005 Feb
15;102(7):2430-5. doi: 10.1073/pnas.0409608102. PubMed PMID: 15695582;
PubMed Central PMCID: PMCPMC548959.

Menachery VD, Yount BL, Jr., Debbink K, et al. A SARS-like cluster of circulating bat

coronaviruses shows potential for human emergence. Nat Med. 2015



149

150

151

152

153

154

155

156

137

158

1589

160

161

162

163

164

165

166

167

168

169

170

171

Dec;21(12):1508-13. doi: 10.1038/nm.3985. PubMed PMID: 26552008; PubMed

Central PMCID: PMCPMC4797993.

. Ge XY, Li JL, Yang XL, et al. Isolation and characterization of a bat SARS-like

coronavirus that uses the ACE2 receptor. Nature. 2013 Nov 28,503(7477).535-8. doi:
10.1038/nature12711. PubMed PMID: 24172901; PubMed Central PMCID:

PMCPMC5389864.

. 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. doi:
10.1371/journal.ppat.0030005. PubMed PMID: 17222058, PubMed Central PMCID:

PMCPMC1769406.

10.Li F, Li W, Farzan M, et al. Structure of SARS coronavirus spike receptor-binding

domain complexed with receptor. Science. 2005 Sep 16;309(5742):1864-8. doi:

10.1126/science.1116480. PubMed PMID: 16166518.

11.Li W, Moore MJ, Vasilieva N, et al. Angiotensin-converting enzyme 2 is a functional

receptor for the SARS coronavirus. Nature. 2003 Nov 27,426(6965).450-4. doi:

10.1038/nature02145. PubMed PMID: 14647384.

12.Guan Y, Zheng BJ, He YQ, et al. Isolation and characterization of viruses related to

the SARS coronavirus from animals in southern China. Science. 2003 Oct

10;302(2643):276-8. doi: 10.1126/science.1087139. PubMed PMID: 12958366.

13.Demogines A, Farzan M, Sawyer SL. Evidence for ACE2-utilizing coronaviruses

(CoVs) related to severe acute respiratory syndrome CoV in bats. J Virol. 2012
Jun;86(11):6350-3. doi: 10.1128/JVI.00311-12. PubMed PMID: 22438550; PubMed

Central PMCID: PMCPMC3372174.



172 14.Wu F, Zhao S, Yu B, et al. A new coronavirus associated with human respiratory
173 disease in China. Nature. 2020 Feb 3. doi: 10.1038/s41586-020-2008-3. PubMed
174 PMID: 32015508.

175  15.Xiao C, Li X, Liu S, et al. HIV-1 did not contribute to the 2019-nCoV genome. Emerging

176 Microbes & Infections. 2020 Feb 14 9 (1): 378-381. DOl
177 10.1080/22221751.2020.1727299.

178

179

180



From: Saif, Linda
To: ishan; Lu, Shan; Liu, Shan-Lu; Weiss, Susan

Subject: Re: Revised commentary for EMI - final!
Date: Sunday, February 16, 2020 7:20:04 PM
Attachments: image001.png

Liu et al EMI Commentary Revision Final-sls.docx

Attached

Linda

Linda J. Saif, PhD

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

Wooster, Oh 44691

From: "Su, Lishan" <lishan _su@med.unc.eduz

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

To: "Lu, Shan" <Shanlu@®@umassmed.edu>, "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 - 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@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 - finall

Good to me.

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

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



0 ITHE OH10 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: lin.6244(@osu.edu; shan-lu.lin@osumec.edu

From: Shan-Lu Liu <liu.6244@osu.edu>
Date: Sunday, February 16, 2020 at 1:38 PM
To: "Suy, 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

0 I'E 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-lulin@osume.edu



2 No Grediblecredible evidence supporting claims of the laboratory
3 engineering of SARS-CoV-2
4
5 Shan-Lu Liu *-234 Linda J. Saif 5, Susan Weiss ¢, and Lishan Su ’
6
7 ' Center for Retrovirus Research, The Ohio State University,
8 Columbus, OH 43210, USA
9 2 Department of Veterinary Biosciences, The Ohio State University, Columbus,
10 OH 43210, USA
11 ® Department of Microbial Infection and Immunity, The Ohio State University,
12 Columbus, OH 43210, USA
13 *Viruses and Emerging Pathogens Program, Infectious Diseases Institute,
14 The Ohio State University, Columbus, OH 43210, USA
15 5> Food Animal Health Research Program,
16 Ohio Agricultural Research and Development Center, CFAES
17 Department of Veterinary Preventive Medicine,
18 The Ohio State University, Wooster, Ohio 44691, USA
19 6 Department of Microbiology, Perelman School of Medicine,
20 University of Pennsylvania, Philadelphia, Pennsylvania, USA

21’ Lineberger Comprehensive Cancer Center, Department of Microbiology and Immunology,

22 University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA
23
24 Contact: Dr. Lishan Su, Isu@med.unc.edu

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




26

27

28

29

30

31

32

33

34

33

36

37

38

39

40

41

42

43

44

45

46

47

43

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



T2

73

74

75

76

77

78

79

80

81

82

&3

&4

&5

86

87

88

89

90

91

92

93

94

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.

URL: https//mc.manuscriptcentral.com/temi E-mail TEMI-peerreview@journals.tandf.co.uk

Page 6 of @



Page 7 of 9

O~ O U1 BN —

Emerging Microbes & Infections

References

1.

Wang D, Hu B, Hu C, et al. Clinical Characteristics of 138 Hospitalized Patients With
2019 Novel Coronavirus-Infected Pneumonia in VWuhan, China. JAMA. 2020 Feb 7.
doi: 10.1001/jama.2020.1585. PubMed PMID: 32031570.

Chang, Lin M, Wei L, et al. Epidemiologic and Clinical Characteristics of Novel
Coronavirus Infections Involving 13 Patients Outside Wuhan, China. JAMA. 2020 Feb
7. doi: 10.1001/jama.2020.1623. PubMed PMID: 32031568.

Chen N, Zhou M, Dong X, et al. Epidemiological and clinical characteristics of 99
cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study.
Lancet. 2020 Jan 30. doi: 10.1016/S0140-6736(20)30211-7. PubMed PMID:
32007143.

Zhou P, Yang XL, Wang XG, et al. A pneumonia outbreak associated with a new
coronavirus of probable bat origin. Nature. 2020 Feb 3. doi: 10.1038/s41586-020-
2012-7. PubMed PMID: 32015507.

Zhu N, Zhang D, Wang W, et al. A Novel Coronavirus from Patients with Pneumonia
in China, 2019. N Engl J Med. 2020 Jan 24. doi: 10.1056/NEJMo0a2001017. PubMed
PMID: 31978945.

Song HD, Tu CC, Zhang GW, et al. Cross-host evolution of severe acute respiratory
syndrome coronavirus in palm civet and human. Proc Natl Acad Sci U S A. 2005 Feb
15;102(7):2430-5. doi: 10.1073/pnas.0409608102. PubMed PMID: 15695582;
PubMed Central PMCID: PMCPMC548959.

Menachery VD, Yount BL, Jr., Debbink K, et al. A SARS-like cluster of circulating bat

coronaviruses shows potential for human emergence. Nat Med. 2015

URL: https//mc.manuscriptcentral.com/temi E-mail TEMI-peerreview@journals.tandf.co.uk



O~ O U1 BN —

Emerging Microbes & Infections

Dec;21(12):1508-13. doi: 10.1038/nm.3985. PubMed PMID: 26552008; PubMed

Central PMCID: PMCPMC4797993.

. Ge XY, Li JL, Yang XL, et al. Isolation and characterization of a bat SARS-like

coronavirus that uses the ACE2 receptor. Nature. 2013 Nov 28,503(7477).535-8. doi:
10.1038/nature12711. PubMed PMID: 24172901, PubMed Central PMCID:

PMCPMC5389864.

. 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. doi:
10.1371/journal.ppat.0030005. PubMed PMID: 17222058, PubMed Central PMCID:

PMCPMC1769406.

10.Li F, Li W, Farzan M, et al. Structure of SARS coronavirus spike receptor-binding

domain complexed with receptor. Science. 2005 Sep 16;309(5742):1864-8. doi:

10.1126/science.1116480. PubMed PMID: 16166518.

11.Li W, Moore MJ, Vasilieva N, et al. Angiotensin-converting enzyme 2 is a functional

receptor for the SARS coronavirus. Nature. 2003 Nov 27;426(6965).450-4. doi:

10.1038/nature02145. PubMed PMID: 14647384.

12.Guan Y, Zheng BJ, He YQ, et al. Isolation and characterization of viruses related to

the SARS coronavirus from animals in southern China. Science. 2003 Oct

10;302(2643).276-8. doi: 10.1126/science.1087139. PubMed PMID: 12958366.

13.Demogines A, Farzan M, Sawyer SL. Evidence for ACE2-utilizing coronaviruses

(CoVs) related to severe acute respiratory syndrome CoV in bats. J Virol. 2012
Jun;86(11):6350-3. doi: 10.1128/JVI1.00311-12. PubMed PMID: 22438550; PubMed

Central PMCID: PMCPMC3372174.

URL: https//mc.manuscriptcentral.com/temi E-mail TEMI-peerreview@journals.tandf.co.uk

Page 8 of @



Page9of9 Emerging Microbes & Infections

14.Wu F, Zhao S, Yu B, et al. A new coronavirus associated with human respiratory

disease in China. Nature. 2020 Feb 3. doi: 10.1038/s41586-020-2008-3. PubMed

O~ O U1 BN —

PMID: 32015508.

10 15.Sheahan TP, Sims AC, Graham RL, et al. Broad-spectrum antiviral GS-5734 inhibits
both epidemic and zoonotic coronaviruses. Sci Transl Med. 2017 Jun 28;9(396). doi:
15 10.1126/scitransimed.aal3653. PubMed PMID: 28659436 PubMed Central PMCID:
17 PMCPMC5567817.

16.Sheahan TP, Sims AC, Leist SR, et al. Comparative therapeutic efficacy of remdesivir
29 and combination lopinavir, ritonavir, and interferon beta against MERS-CoV. Nat
24 Commun. 2020 Jan 10;11(1):222. doi: 10.1038/s41467-019-13940-6. PubMed PMID:

B 31924756, PubMed Central PMCID: PMCPMC6954302.

60 URL: https//mc.manuscriptcentral.com/temi E-mail TEMI-peerreview@journals.tandf.co.uk



From: Liu, Shan-lu

To: Lu, Shan

Cc: Su, Lishan; Saif, Linda; Weiss, Susan
Subject: EMI commentary

Date: Wecdnesday, February 12, 2020 5:12:43 PM

Attachments: EMI-2019-nCoV Commentary Final for submission .docx

Hi Shan,

Attached please find the final version of the commentary for your consideration to be
published at EMI.

Kindly advise.
Regards.

Shan-Lu



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

Lishan Su ', and Linda J. Saif 23, Susan Weiss ¢, and Shan-Lu Liu 3 567

' 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
* Department of Microbiology, Perelman School of Medicine,
University of Pennsylvania, Philadelphia, Pennsylvania, USA
S 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) (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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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
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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

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

From: "Baric, Ralph 5" <tbaric@email.unc.edu>
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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>
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To: Baric, Ralph S <rbaric@email.unc.edu>

Subject: A commentary on 2015 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. 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==4< 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://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 CoY with a bat CoV S gene
(SHCO14) 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-recombinant 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. These-shemulationswere-rainiroducedinto-a-SARS - - Formatted: Font: (Default) Arial, Font color: Black,
!_Strihethmugh
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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-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-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 lrporanths




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 [frem-Get-20i4-te-Des-a043-hitps/www nih.gov/about- -1 Commented [L51]: 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
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 SHCO014- MA15, with >56,000 nuclectident 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. Einally. we note that

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

remdesivir as a proad -bassdspectrum inhibitor of all group 2b SARS-like coronaviruses - {mﬂ: Highlight

tested in vitro or in vivo (Sheahan, TP, et 8l Scl Transl Med 9 (2017}, Sheahan, T.P. sf
a8 Mal Commun 11, 222 (2020} ). providing critical prelND 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. |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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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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input. It is almost final and we are also getting comments from Perlman and Weiss.
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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 Wubsila &l 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 changas {Sang. H.C. et &l Cross-host evolution of severe acule réspiratory
ﬁj,-v"n_:i.rc':-rm: COMOREVIILS in Dalm civel and human, Prac Mall Acad Sei U S 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 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 evelution. 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 (SHCO014) 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.

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 Chinase sotial media

~ ‘i Eomeal’!‘ _[B_éﬂ_]' >5,000 nts

- ! Commented [BRS4]: No, wildtype was passaged
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associated with mouse adaptation. |{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 #°, Civets were proposed to be
an intermediate host of the bat-CoV's, 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 '?, 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
=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, Wini= SHC014-
MA15 can replicate efficiently in young and aged mouse ungs, infection was fully
attenuated, and less virus antigen was present in the airway epithellum as compared to

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

Commented [BRSE]; these six mutations were
reintroduced into a SARS molecular clone to isolate a SARS
MA1S recombinant virus, which recapitulated the severse

disease phenotype inmice.

=" Commented [BRS7]; SARS-CoV, as well as its closely

related SHCO14 bat strain and the chimera all differ by over
6,000 nts as compared with SARS-CoV 2.

Eenome identities

=n

Differences between
Genomes.sisx

| Commented [BRS8]: This Is not correct.

But was fully attenuated and displayed reduced virus
infection in the airway epithelium as compared to SARS-CoV
MA15 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 [BRSS]: 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- a o

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 =1, 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 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 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]: pricessaz0z

’ " PMCSS67817
development of universal vaccines for all the SARS-like coronaviruses. 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 @ny peer review and-retyet peerraviewad 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 al.. EMI paoer
21272020). 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==4< 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://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 CoY with a bat CoV S gene
(SHCO14) 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 nuclentiides).

The-rasamiiaant 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. [hsse sl mutatons 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-
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Due to the elevated pathogenic activity of the SHC014-MA15 chimeric virus relative o« . - | Formatted; Highlight
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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: hittps://vwww.nih.gov/about-

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 >5,000 nuclaalidest 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

{ nihetic and

-~ | Commented [L51): Lishan: see Ralph's comments to
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COronavinuses.

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 Wubsila &l 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 changas {Sang. H.C. et &l Cross-host evolution of severe acule réspiratory
ﬁj,-v"n_:i.rc':-rm: COMOREVIILS in Dalm civel and human, Prac Mall Acad Sei U S 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 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 evelution. 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 (SHCO014) 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.

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 Chinase sotial media
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- ! Commented [BRS4]: No, wildtype was passaged
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associated with mouse adaptation. |{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 #°, Civets were proposed to be
an intermediate host of the bat-CoV's, 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 '?, 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
=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, Wini= SHC014-
MA15 can replicate efficiently in young and aged mouse ungs, infection was fully
attenuated, and less virus antigen was present in the airway epithellum as compared to

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

Commented [BRSE]; these six mutations were
reintroduced into a SARS molecular clone to isolate a SARS
MA1S recombinant virus, which recapitulated the severse

disease phenotype inmice.

=" Commented [BRS7]; SARS-CoV, as well as its closely

related SHCO14 bat strain and the chimera all differ by over
6,000 nts as compared with SARS-CoV 2.

Eenome identities
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But was fully attenuated and displayed reduced virus
infection in the airway epithelium as compared to SARS-CoV
MA15 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 [BRSS]: 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- a o

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 =1, 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 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 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]: pricessaz0z

’ " PMCSS67817
development of universal vaccines for all the SARS-like coronaviruses. 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 @ny peer review and-retyet peerraviewad 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 al.. EMI paoer
21272020). 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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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.
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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.



References

1.

10.

11.

12.

Wang D, Hu B, Hu C, et al. Clinical Characteristics of 138 Hospitalized Patients
With 2019 Novel Coronavirus-Infected Pneumonia in VWWuhan, China. JAMA. 2020
Feb 7. doi: 10.1001/jama.2020.1585. PubMed PMID: 32031570.

Chang, Lin M, Wei L, et al. Epidemiologic and Clinical Characteristics of Novel
Coronavirus Infections Involving 13 Patients Outside Wuhan, China. JAMA. 2020
Feb 7. doi: 10.1001/jama.2020.1623. PubMed PMID: 32031568.

Chen N, Zhou M, Dong X, et al. Epidemiological and clinical characteristics of 99
cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive
study. Lancet. 2020 Jan 30. doi: 10.1016/50140-6736(20)30211-7. PubMed
PMID: 32007143.

Zhou P, Yang XL, Wang XG, et al. A pneumonia outbreak associated with a new
coronavirus of probable bat origin. Nature. 2020 Feb 3. doi: 10.1038/s41586-020-
2012-7. PubMed PMID: 32015507 .

Zhu N, Zhang D, Wang W, et al. A Novel Coronavirus from Patients with
Pneumonia in China, 2019. N Engl J Med. 2020 Jan 24. doi:
10.1056/NEJM0a2001017. PubMed PMID: 31978945.

Song HD, Tu CC, Zhang GW, et al. Cross-host evolution of severe acute
respiratory syndrome coronavirus in palm civet and human. Proc Natl Acad Sci U
S A. 2005 Feb 15;102(7):2430-5. doi: 10.1073/pnas.0409608102. PubMed
PMID: 15695582, PubMed Central PMCID: PMCPMC548959.

Menachery VD, Yount BL, Jr., Debbink K, et al. A SARS-like cluster of circulating
bat coronaviruses shows potential for human emergence. Nat Med. 2015
Dec;21{(12):1508-13. doi: 10.1038/nm.3985. PubMed PMID: 26552008; PubMed
Central PMCID: PMCPMC4797993.

Ge XY, Li JL, Yang XL, et al. Isolation and characterization of a bat SARS-like
coronavirus that uses the ACE2 receptor. Nature. 2013 Nov 28;503(7477):535-8.
doi: 10.1038/nature12711. PubMed PMID: 24172901; PubMed Central PMCID:
PMCPMC5389864.

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.
doi: 10.1371/journal.ppat.0030005. PubMed PMID: 17222058; PubMed Central
PMCID: PMCPMC1769406.

Li F, Li W, Farzan M, et al. Structure of SARS coronavirus spike receptor-binding
domain complexed with receptor. Science. 2005 Sep 16;309(5742).1864-8. doi:
10.1126/science.1116480. PubMed PMID: 16166518.

Li W, Moore MJ, Vasilieva N, et al. Angiotensin-converting enzyme 2 is a
functional receptor for the SARS coronavirus. Nature. 2003 Nov
27,426(6965):450-4. doi: 10.1038/nature02145. PubMed PMID: 14647384.
Demogines A, Farzan M, Sawyer SL. Evidence for ACE2-utilizing coronaviruses
(CoVs) related to severe acute respiratory syndrome CoV in bats. J Virol. 2012
Jun;86(11):6350-3. doi: 10.1128/JVI].00311-12. PubMed PMID: 22438550;
PubMed Central PMCID: PMCPMC3372174.



13. WU F, Zhao S, Yu B, et al. A new coronavirus associated with human respiratory
disease in China. Nature. 2020 Feb 3. doi: 10.1038/s41586-020-2008-3. PubMed
PMID: 32015508.



From: Saif, Linda

To: Liu, Shan-ly

Subject: Re: Commentary for Emerging Microbes & Infections
Date: Tuesday, February 11, 2020 11:54:35 PM
Attachments: image001.png

EMI-2019-nCoV Commentary LJS.docx

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, =£E5-Ca 200NV |D-15- was quickly identified,

and the associated disease is now referred fo as novel coronavirus pneumonia (NCP)) - -~ | Commented [J1]: Not sure how widely used or accepted

this is—please check or o avoid confusion use COVID-197

or coronavirus disease discovered in 2019 (COVID-19 cita 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-LaZC0V|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 (*Jatura 2020 refs).

Currently, there are speculations -&+ rumors and canspiracy hecdes that COVID-19 the
FeE3-Gov=is of @ labaratory origin. -Some pecble have Gelsn-poape-Susaatod
2llagad that the fuman SARS-CaMLAC0VID-19 wasie dirseti-leaked dir=cty from a
laboratory in Wuhan where a bat CoV (RaTG13) was recently reported, which shared
~96% homology with the SARS-Co 200V ID-15 (Nature, 2020). However, as we know,
the human SARS-CoV and [ntermediats host palm civets SARS-like CoV shared 99.8%
homology, which is only about 80 nt differences in the whole 22Kb (ck| genome
sequence (refs). Given that there are greater than 1000 nt differences between the

numan SARS-Cel 200VID-13 and the bat RaTG13-CoV (refs), it is highly unlikely it
RaTG13.Ccl Is the immediate source of SARS-Col-200VIDHG - this le padticwiasy - 1 Commented [J2]: Covs have a high mutation rate fike ]
other RNA viruses!

G e hghit-al 8 i Ut ENenFate o Ins Covanavifiess- Feder 2 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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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

0 THE OH10 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: ln.6244@osu.edu; shan-lu.lin@osume.edu



Is SARS-CoV-2 a laboratory origin?

Lishan Su', and Shan-Lu Liu? 342

'Lineberger Comprehensive Cancer Center, University of North Carolina at Chapel Hill,

Chapel Hill, North Carolina, USA

2 Center for Retrovirus Research, The Ohio State University,
Columbus, OH 43210, USA
3 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
S Viruses and Emerging Pathogens Program, Infectious Diseases Institute,

The Ohio State University, Columbus, OH 43210, USA

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 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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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 (SHCO14) 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
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-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-
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-
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-
erlyin the laboratory and also properly regulated by the
scientific community and governments.
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See below a link, and also attached, in yesterday’s Cell regarding the origin and
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 Coronavirus

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 first reported 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 presentat 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/) eardy on January 11,
2020. Afterwards, the China CDC similarly
released SARS-CoV-2 genmome 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 between 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-CoV (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
(i.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-CoV-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-
fophus 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
(Huet al, 2017; Yang et al., 2015). Hence,
bats are undoubtedly impaortant 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 molecular 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., 2008), 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 incomparison
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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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 CoV 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 aclass of genetic diverse viruses found in a wide range of host species, including birds and
marmmals. 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 pneumonia’ 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 word and more than 8000 peaple 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 [25-27]. 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 [12,13,21,29,33]. 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, 889 asymp-
tomatic or subdlinically symptomatic infected cases were reported [20,37]. Asymptomiatic 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).
Oececasionally they aré introduced into
poultry, whera they might acquire a
polybasic cleavage site within their main
glycoprotdn hemaggiutinin (HA). HA s
then cleaved by the ublquitous 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 effidiency of control measures to
reduce transmission.
Enfuvirtide: anthviral drug (frade name
Fuzeon), lcensed for the treatment of
H inflection, that inhibits the membrane
fusion activity of its glvcoprotein and
hence cell entry of the vinus.

Middle East respiratory syndrome

first idenfified in Saudi Arablain 2012.
Since 2012, MERS has been reparted in
27 countries. Scientific evidence suggests
that peaple are infected through direct or
indirect contact with infected dromedary
camels.

Plaque: a plague is & ared of dead cells
within a cell monolayer. The plaque is
caused by an infection of asingle call by
ane virus that then spreads to neighboring
celis. Plque assaysars Used to detarmine
the number of inecioLs virus particles.
Severe acute respiratory syndrome
(SARS): caused by SARS coronavirus
(SARS CoV), which first 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 raccoon dogs.

ZDHHC family: farmily of polytopic
membrane 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 &ﬁ’mﬁjfm
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
mm Total deaths
Wuhan reported 27 unknawn 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 20 000+
? - =u il I I I I
i 2500=-r e . .
Huanan Seafood 2000
Wholesale Market
was closed 1500+
| 1500
dan 1 500+
— J— .............. -0 ¥ -2 1 1 l
g F § g g
m 5 1
1 o 3 E =
The unknown pathogen 1
was confirmed as a novel Human to human 8
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-18; 2. ICTV named this novel
novel coronavirus and reported in Guangdong;  coronavirus as Severe acute respiratory
one of them died 2. Wuhan goes into syndrome coronavirus 2, abbreviated
lock-down SARS-CoV-2
Atiantle
Oasan

Trersci i briacuisr Msdcine

Figure 1. Spreading of the 2019 nCoV Epidernic. {4) Timeline of events during the 2019 nCaV epidemic. (B) Human confimed cases of 2019 nCaV infection in
China. {C) Human confirned cases of 2019 nCoV infection in the world (Last update on 24:00 UTG+8. 20 February 2020). Abbreviations: CDC, Centers for Disease
Caontrol; ICTV, International Committee on Taxonomy of Viruses,
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Box 1. BEvolution Analysis Methods

Sequences analyzed: 18 betacoronavirus sequences and 95 full length 2019 nCoV genomes kindly made availatle from GISAID
{ttps:/www glsald.crg/) and from the National Genter for Biotechnology Infarmation GenBark hitpss/www.ncbilnim.nib.govi)
platforms. Some seguences were omitted, as they were too short, contained seguencing artefacts, resulted from
resequencing of the same sample, or had insufficient annctations.

Sequence alignment and potential recombination analysis: sequences wera aligned using MAFFT [83] and manually
adjusted in MEGAY [84]. The breakpoints were 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 each step 500 bp.

Phylogenetic analysis: all ML trees wera reconstructed using the general time reversible substitution model with gamma
distributed rate heterogeneity and 1000 bootstraps by RAXML (v4.8.10; [85].

other species on the market. Genomic analyses of 2019-nCoV demonstrate a 96% nuclectide
identity with a CoV isolated from a bat: BetaCoVW/RaTG13/2013 [42]. Previous reports showed
that species from the bat genera Rhinolophus in southem China are a rich pool of SARS-like-
CoVs, which belong to the subgenera Sarbecovirus, These viruses exhibit rich genetic diversity
and frequent recombination events, which may increase the potential for cross-species transmis-
sion [7,42,51-55]. Here, we reconstructed the evolutionary history of the 2018-nCoV cluster (Box
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Figure 2. Structure of the 2019 nCoV Genorne. (A} Recombination analysis of 2019 nCoV. A rescaled strudture of the 2018 nCoV genome (top) and similarity recombinetion
analysis with reference sequences using Simplot v3.5.1 {aceession number BetaCoVAWuhanAMIVID2/2018IER! ISL 402127 EPI ISL 402131, KJ473816, DOO7T1615, DQ4 12043,
(G0O153543, AY304005, KF569996, MG7 72033, MGT72934). Sequances were separated based on potentid recombination breakpaint on nucleotdes 13 522 and 23 686.
Maximurm likelihood (ML) phylogenetic trees inferred for the pink and purple regions confirm different topologies and recombination. (B) ML tree of 2019 nCoV splke 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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(A)

Trands in Mossuksr Medeine
Figure 3. Structure of Spike Protein (S) Before and After Membrane Fusion. (&) Structure of the trimeric ectodomain
of 8 from 2019 nCol. The S2 subunitin ofe monamer is shown in green, the N terminal domain (NTD) of 82 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 severe 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 file 12V8. (C) Structure of the HR1 of S fom SARS CoV (green) 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 helix. The aming acids in 8 from 2018 nCoV not consarved in 8 from SARS CoV ara shown as red sticks. Since the
nonconserved aming acids are apparently not required for binding to EK1, the fusion inhibsitor is likely to prevent cell entry
of 2019 nCoV. The figure was created with Pymol rom PODB file 52VM. Abbreviations: RBD, receptor 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 CaoVs, a sugar present at the cell
surface serves as an attachment factor. The CTD is responsible for binding to the host receptor
angiotensin-converting enzyme 2 (ACEZ2) in the case of SARS-CoV and 2019-nCoV. The CTD
contains two subdomaing: 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-nCaoV 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 [76]. 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 differsinonly 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),
Notwithstanding, a global surveillance network involving veterinarians and animal biologists is
urgently needed ta 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 animals or pets?

From surveillance and evolutionary
studies on animal viruses, can their
zoonotic potential be identified 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)? Which amino acids
In ACE2 determine whether S can
bind? Is efficient binding to ACE2 the
cnily determinant that decides whether
an animal species can be infected?

Is expression of the trans membrane
proteasa/sering another decisive factor
for infection of a cel? Is the newly
acquired polybasic cleavage site in S
sion of 2019 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
seasonalinfeclious disease, like the flu?

With the experience of mitigating the
outbreaks of SARS and avian influsnza,
what strategies can be appled in
mitigating COVID 18 and future CoV
outbreaks? Should veterinarians play
more 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.
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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 (SHCO14) 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
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-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-
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-
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-
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 (SHCO14) 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
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-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-
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-
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-
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-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 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
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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.
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The Crigin of GOVID-19 and Why It Matters
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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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Fiaure 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 Alphacoronavirus, Betacoronavinus,
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. Gyali, 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 [3-
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 early
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 alL™
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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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