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From: "rbarjc@email unc edu " <rbarjc@email unc edu> 

Date: Wednesday, February 12, 2020 12:32 PM 

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

Cc: Linda Saif <sajf 2@osu edu > 

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

My comments. 1
1ve included an excel file comparing the differences in the genome length sequences 

of the parental and chimeric viruses. Also made some text changes. I think the community needs to 

write these editorials and I thank you for your efforts . ralph 

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

Sent: Wednesday, February 12, 2020 10:11 AM 

To: Barie, 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 I do value your 
input. It is almost final and we are also getting comments from Perlman and Weiss. 
Thanks, 

-Lishan 

From: "Barie, 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 1t 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: Barie, Ralph S <rbar jc@email unc edu > 

Subject: A commentary on 2019 nCoV vs lab engineered viruses 

Hi Ralph: 

In response to the EMI journal editor1s request, Ors. 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 outbrea1< of a newly discovered acute r-espiratory 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 

(COVI0-19) ('-'•'HC 1,ob~ It! · .;f . 

According to what has been reported 1-3, COVID-2019 seems to have similar cl inical 

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 tti e highest being >96% 

identity 4•5. 

Currently, there are speculations, rumors and .conspiracy theories that SARS-CoV-2 is 

of laboratory ,origin. Some peo.~le have alleged that the human SARS-CoV-2 was 

leaked directly from a laboratory Jin Wuhan where a bat CoV (RaTG 13} was recently 

reported. whic'lil 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. wi a total of 202 single-nucleotide variations (SNVsj identified 

across the genome; among these SNVs, 200 were in the coding ONA 1sequences!_ ____ ~ J -{ commented (BRS1J: Not a doa virus 

amino-acid changes (Song H.O. ot . Cros.1 l'!Os.1 t\-'Olulion Of so·~ ~eutlt mpiFfltoi'.Y 

$ytl4rOl'nO OOfOr'lli\lifU$ in p«m Cil/fl Md hUl'l'lllli1. PJoc NaU Ai:4d SCI U S A J02, 2430-

24:M (.2005)). Given that ttlere are greater than 1000 nt differences between the human 



SA'RS-CoV-2.and the bat RaTG13-CoV 4, which are distributed throughout the genome 

in a naturally occurring pattern .and foUow 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 solirce of SARS-CoV-2. The absence of a logical targeted pattern in 

the new viral s~uences and a close relative in a wildlife species 1bats 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 Co Vs 

more closely related to human SARS-CoV-2. There is speculation that pangollns might 

have CoVs -closely related to SARS-CoV-2, but the data to substantiate this is not yet 

published ('>,eb!: :e l,nk re'). 

Another claim point~ to.a_,t~lat.urEt Medicin.e.P.apec P!;!lalLsJ:ieg !rt~Ot 5_ 6~ w,Nc!l.r~e~r!s. tjle _ -- - Ji Commentec'I IBRS2): In Chinese social med ia ~ 

construction of a chimeric CoV with a bat CoV S gene (SHC01 4)1n the backbone of a 

SARS CoV that has adapted to 'Infect mice (MA 15) and is capable of infecting human 

cells 7 _ However, this claim lacks any scientific basis and must be disc-0unted because 

of significant divergence in the genetic sequence of this construct with the new SARS-

CoV{4 _ , • .r Commented [BRS3): >s,ooo nts 

- ······-·-··-···--·---- --······-·--·-···--·---- --···· t 
] 

The !recombinant ,mouse-adapted SARS virus {.MA 15).Jl(pborts. A. ot _ , A MCU H • _____ J - { Commented IBRS4): No, wildtype was passaged ==i 
adap:ed SARS-coronavlrus causes disease and mort.alLfy In BALBtc mice. PLoS Pa1hog 

l . (!.$ (2007ft was generated :by serial passage of !SAR~t CoV in the respirato_!Y tract of __ • - i commented IBRSSJ: witdtype 

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 adaptatior:t. ~~ is ~~o !i~tly th.at ~~ 1.5_is high!Y. <!ttenuiftej _to . 

replicate in humar:i 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 fr.om human patients- or civets-derived viruses. was unable to use 

human ACE2 as a receptor for entry rinto ,human cells 8,9. Civets were proposed to be 

an intermediate host of the bat~CoVs, capable of spreading SARS CoV to humans 

( "' <1 tr: r, rd ,ur::-.). However, in 2013 several novel bat coronaviruses were isolated 

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

_ r - Commented [BRS6): these six muta tions we re_ 
re.introduced into a SARS mo'lecular d one to iso late a SARS 
MAlS recombinant v:irus, wbicb re:capitulared the severe 
d isease phenotype in mice. 

ACE2 from humans, civets and Chinese horseshoe bats for entry 7. !combine~ ~.i!I} ___ - _, Commented [BRS7): SARS·Cl>V. as well a s its closely 
re lated SHC014 bat stra i.n and t he chime.a a ll diffe r by ove r 
6,000 nts .as compa red With SARS-Cl>V 2. evolutionary evider:tce that the bat ACE2 gene has been positively selected at the same 

contact sites as the human ACE2 gene for interacting with SARS CoV 10, it was 

proposed that an intermediate host tnay not be necessary and that some bat SL-CoVs 

may be able to directly infect ihuman hosts. To directly address this possibility, the 

e:xea S gene from bat coronavirus SL-SHC014 was &)ITl~heslzed and used to gel'lerate 

a chimeric virus in the mouse adapted MA 15 SARS-CoV back.bone. The rresultal'lt SL

SHC014-MA 15 virus could indeed efficiently use human ACE2 and replicate in primary 

human airway cells to similar titers as epidemic strains of SARS-CoV. Wtu. SHC014-

MA 15 can replicate efficiently in ~ arid ~ l'l10f.lU k!l'lgs, ll'lftctfon .,.,.,, My 

atteooa~l?'d. and less Virus an~ w.:n present In 1he atlway eplthellum as compared to 

SAAS MA 15, wtlle:h eMeSH lolbel outeo"'*l ~rdltl$:i of .ago... ~eading to severe 

pathogenesis in aged, but not young animalsl 6 • ____________________________ ./ 

, 
i 

Genome identit ies .r· 
Differeoces betwieen 

Genomeulsx 

Commented [BRS8): This is not correct. 

But was fully .attenua ted a nd displayed reduced virus 
inf ection 1n the ai rway epithelium as co·mpared to SARS-Co\l 

MA15 which is leth al. 

Did oot p<oduce let ha l disease 1Uke wildtype sars, .so Its 

attenuated! 



Commented [BRS9): ,reduced jDue to the !elevated pathpge~ic ~ cyvity 0JP1,e. ~1;:1~9H-.M.11.5. s_hJrr~r!S. yii;u~s.r! La,!iy~ 10 • • _ ~ -
the SARS-MA 15 CoV 'in mice, such experiments with SHCO 14- MA 15 chimeric virus , ' ,_c_o_mm_· -. -nt-ed_ l_B_Rs-,-01-: .- . -w-,1tt-en- .-,uu- e,-t,-e-xp-en-.m-e-nt-, """' 

were done befor-e review. May want to reformulate 

were subject to pause, reviewed and later approved under the US government

mandated pause pollcy (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 risk-s of constructing 

such viruses that co1.l'ld have pandemic potential, irrespective of the finding these bat 

CoVs already exist in nature. Regardless, upon careful phylogenetic analyses by 

multiple internationa1 groups 5,11, the SARS-CoV-2 is undoubtedly distinct from SHC014-

MA 15. with >5000 nt difference.s 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 vi rus. Flna1ly, we note that tne synthetic and chimeric 

panels of bat and SARS-like CoV led ,to ,the identificati.on of remdesivir as a broad based 

inhibitor of all group 2b SARS-llke coronaviruses tested in vitro or il'I vivo, providing 

critical prelND data thaHed to the ongoing clinical trials in ,China. and for the future ____ - - -- commented 1BRS11J: PMC6954302 

development of unive1sal vaccines for all the SARS-like coronaviruses. 

There are also rumors that the SARS-CoV-2 was artificially, or antentiona11y, made by 

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

rnanu~fi,1)1 4ftatirtg ;ito prior to~ ~ ro·.few anEI net yet ~eer revieweEI far aeellraey) 

claiming that SARS-CoV-2 has HIV sequence in it and was thus likely generated j.n 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 

'J'! 12i?C2Q) . Becaus-e of the many concerns ,raised by the international community, the 

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

PMC5567817 



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 

Dist inguished University Professor 

Food An imal Health Research Program 

OARDC/The Ohio Stat e University 

1680 Madison Ave 

Woost er, 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 <sajf 2@osu edu> 

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

Hi Lishan and Linda, 

I 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 

o THE Omo STATB UNIVERSITY 

Shan-Lu Liu, M.D., Ph.D. 
Professor 
Co-Director, Virnses and Emerging Pathogens Program 
Infectious Diseases Institute 
Center for Retrovirus Research 
Depru1ments ofVeterina1y 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 liu@osumc edu 



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

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

To: "Saif, Linda" <sajf 2@osu edu>, Shan-Lu Liu <liu 6244@osu edu> 

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 

From: "Saif, Linda" <sajf 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 to him so hopefully the 2 

of you can incorporate them into the updated draft I 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 <sajf 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. I think the community needs to 

write these editorials and I thank you for your efforts . ralph 



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

Sent: Wednesday, February 12, 2020 10:11 AM 

To: Barie, Ralphs <rbarjc@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 I do value your 
input. It is almost final and we are also getting comments from Perlman and Weiss. 
Thanks, 

-Lishan 

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

Subject: A commentary on 2019 nCoV vs lab engineered viruses 

Hi Ralph: 

In response to the EMI journal editor's request, Ors. 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 (COVI D-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 (RaTG 13) was recently 

reported, which shared -96% homology vvith 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--GNA sequences 

~ . 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-atld followjng_ the evolutionm 

characteristics typical of CoVs, it is highly unlikely that RaTG13 CoV is the immediate 

source of SARS-CoV-2. The absence of a logical t argeted pattern tn ttle new viral 

sequences and a close relative in a wildlife species (bats) are the most revealing signs 

that SARS-CoV~2 evolved iby natural evolution. A search for an intermed1ate animal 

host betv/een bats and humans ,is needed to Identify animal CoVs more closely related 

to human SARS-CoV-2. There is speculation that pangolins might have OoVs closely 

related to SARS-CoV-2, but ttie data to substantiate this is not yet published 

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

Another claim m Chinese soaal moo.a points to a Nature Medicine paper published in 

2015 [7), which reports the construction of a chimeric CoV w ith a bat CoV S gene 

(SHC014) in the pacl<bone of a SARS CoV that has adapted to infect mice (MA 15) and 

is capable of infecting human ceJJs {8]. However, this claim lacks any scientific basi s 

and must be discounted because of significant divergence in the genetic sequence of 

this construct with the new SARS-CoV-2 4:;,-!1000 nudeotlcfes 1. 

The r:ed~Ql!IIIW'Ylt:it mouse-adapted SARS virus (MA 15) (9) was generated by seriaJ 

passage of an infectious wlldtype SARS CoV clone in the respiratory tract of BALB/c 

mice. After 15 passages ln mice, the SARS-CoV gained elevated replication and lung 

pathogenesis in aged mice (1hence M15), due to six coding genetic mutations 

associated with mouse adaptation. J'.tte:sa.slXJDU~re,,remtroduce..dJnto a S8RS ~ . , Formatted: Font; (Default) Aria~ Font color. Black 



molecular clone to isolate a SARS MA 15 recombinant virus. which recapitulated the 

severe disease phenotype in mice. It is-alse likely that MA 15 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-Co Vs, 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-VVIV1 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 \1\/ith SARS CoV [13) , it was 

proposed that an intermediate host may not be necessary and that some bat SL-Co Vs 

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 MA 15 SARS-CoV 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 SHC014-

MA 15 can replicate efficiently in young and aged mouse lungs, infection was ful ly 

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

SARS MA15, which causes lethal outcomes regardless of age IR1 13ortantly, ~l=IG014 



(7). 

p ue_t9 the elev~ted pathpgenic activity ofthe SHC-014-MA 1'5. chimeric vir::us rel!)tiVe to ~ -, , Formatted: Highlight , )------------------i. 
the SARS-MA 15 CoV 'in mice, such experiments with SHC014- MA 15 chimeric virus 

were tater restricted as gair,i of function (GOF) s·tudies under the US government-

Formatted: Line spacing: Doub.le 
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nih/who-we-are/nih-director/statements/nih-lifls-funding-pause:gain-function-research). 

The current COVID-2019 ep.idemic has restarted the debate over the risks of 

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

lb!!.these bat CoVs already exist ,in nature. Regardless. upon careful phyJogenetic 

analyses by multiple international groups (5, 14], the SARS-CoV-2 is undoubtedly 

distinct from SHCO 14- MA 15, with ;,.5.looo !'MSJ!9l:~#t differences across ihe Whole 

genome. Therefore, once agaih there ls no credible evidence to support the claim that 

the SARS-CoV-2 is der,ived from the chimeric SHC014-MA 15 virus. Flnal1¥1rwa oo:teJhat 

revise., a s I am coofused ! 
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Formatted: Highlight 
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coronav1ruses_ 

There are also rumors that the SAIRS-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. 1.n..§A rebuttal paper led 

by an HIV-1 expert Dr. Feng Gao....1!Jgy...J::\as 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 betvveen 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 

(COVI D-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 (RaTG 13) was recently 

reported, which shared -96% homology vvith 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-GWA sequences 

~ . 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 pattem..aA4 followi.JJ9... the evolutiOl'l.filY 

characteristics typical of CoVs. it is highly unlikely that RaTG13 CoV is the immediate 

source of SARS-CoV-2. The absence of a logical targeJed 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 alld humMs 1s irleeded to identify animal CoVs more closely related 

to human SARS-CoV-2. l ihere is speculation that pangolins might have CoVs closely 

related to SARS-CoV-2, but the data to substantiate this is not yet published 

{https:/Jwww.nature.com/articles/d41586-020-00364-2). 

Another claim in Chiryfsl! !IO~ ~ points to a Nature Medicine paper published in 

2015 [7), which reports the construc,tion of a chimeric CoV with a bat CoV S gene 

{SHC014) in the bac·kbone 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 {>51000 OUS:l!otWi), 

The FeeeA'l&lASAt mouse-adapted SARS virus (MA 15) (9) was generated by seJiiaJ 

passage of an infectious Wlldtypfl SA<RS CoV clone in the respiratory traot of BALB/c 

mice. After 15 P.assages in mice, t he SARS-CoV gained elevated replication and lung 

pathogenesis in aged mice (he111ce M15), due to six coding genetic mutations 

associated with mouse adaptatioli'I . .Jl'llf:"*' tl:t nnr1~~'=1 .... ,are ff!lntm<:!!c!ffd !i!JO, SAB§ -- , - Form~tted: Font: (Default) Aria~ Font color: Blaclc 

mol.acutar dooe,,to Isolate a SABaMA,15 r.ec.o.mtmao; >:iru.s wNcb recaollifa1ad.Jh.e, 



severe disease phenotype in mice. It is-a-lse likely that MA 15 is highly attenuated to 

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

V\/hen 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-Co Vs, 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-V\/IV1 vVas 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 MA 15 SARS-CoV backbone. The resultant SL

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

human airvVay cells to similar titers as epidemic strains of SARS-CoV. While SHC014-

MA 15 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 Importantly, al=IC014 

MA15 oan replioate effioiently in the mo~se l~ng, leading to seYere pathog.!ilib'.:enesis [7]. 



the SARS-MA 15 CoV in mice, such experiments with SHCO 14- MA 15 chimeric virus 

were .!m!t.restricted as .gain of function (GOF) studies under the US government

mandated ,pause policyKfrom_Oct. ,?014 to_Dec. 2,017: https://www.nih.gov/about

nih/who-we-are/nih-<firector/statements/nlh-llfts-funding-pause-gain-function-research). 

T he current COVlD-2019 ep.idemic has restarted the debate over the rrsks of 

constructing such viruses that could have pandemic potential, irre$pect ive of the finding 

!tl&these bat CoVs already exist in nature. Regardless. upon careful phylogenetic 

analyses by multiple iintematiol'lal groups [5, 14] , the SARS-CoV-2 is undoubtedly 

distinct from SHC014- MA 15, w ith >5. 000 nudeot«tgm differences across the whole 

genome. Therefore, once again there is no credible evidence to support the claim that 

the SARS-CoV-2 iiS derjved from the chimeric SH0014-MA15 virus. Flnallv, we note lhat 

rnmdf~vir H ~ lll_?ad MW£! l!,lloihitot Of£! sro!J.9 2b ~R§·ll!S.t ~1!1J~ •r,$1'2!1 

xttm.PrJn Ylvp oo;rodIDg crttNaLQ:eJNO,,da~a,tturt,,1&,cU;0,,tbe,,oogolng_t11n10una11Jn 
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corona,.,1ruses. 

There are also rumors that the SARS-CoV-2 was artiftcially, 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~~ 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 betvveen 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: Su, Lishan <lishan su@med.unc.edu> 

Sent: Wednesday, February 12, 2020 10:11 AM 

To: Barie, 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 I do value your 
input. It is almost final and we are also getting comments from Perlman and Weiss. 
Thanks, 

-Lishan 

From: "Barie, 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: Barie, Ralphs <rbarjc@email unc edu > 
Subject: A commentary on 2019 nCoV vs lab engineered viruses 

Hi Ralph: 

In response to the EMI journal editor's request, Ors. 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 

(COVI D-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 (RaTG 13) was recently 

reported, which shared -96% homology vvith 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-GWA sequences 

~ . 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 pattem..aA4 followi.JJ9... the evolutiOl'l.filY 

characteristics typical of CoVs. it is highly unlikely that RaTG13 CoV is the immediate 

source of SARS-CoV-2. The absence of a logical targeJed 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 alld humMs 1s irleeded to identify animal CoVs more closely related 

to human SARS-CoV-2. l ihere is speculat ion that pangolins might Sim'.~ CoVs 

closely related to SARS-CoV-2, but the data to substantiate this is not yet published 

{https:/Jwww.nature.com/articles/d41586-020-00364-2). 

Another claim in Chiryfsl! !IO~ ~ points to a Nature Medicine paper published in 

2015 [7), which reports the construc,tion of a chimeric CoV with a bat CoV S gene 

{SHC014) in the bac·kbone 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 {>51000 OUS:l!otWi), 

The FeeeA'l&lASAt mouse-adapted SARS virus (MA 15) (9) was generated by seJiiaJ 

passage of an infectious Wlldtypfl SA<RS CoV clone in the respiratory traot of BALB/c 

mice. After 15 P.assages in mice, t he SARS-CoV gained elevated replication and lung 

pathogenesis in aged mice (he111ce M15), due to six coding genetic mutations 

associated with mouse adaptatioli'I. Jl'llf:"*' tl:t nnr1~~'=1 .... ,are ff!lntm<:!!c!ffd !i!JO, SAB§ -- , - Form~tted: Font: (Default) Aria~ Font color: Blaclc 

mol.acutar dooe,Jo Isolate a SABaMA,15 r.ec.o.mtmao; >:iru.s wNcb recaollifa1ad.Jh.e, 



severe disease phenotype in mice. It is-a-lse likely that MA 15 is highly attenuated to 

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

V\/hen 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-Co Vs, 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-V\/IV1 vVas 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 MA 15 SARS-CoV backbone. The resultant SL

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

human airvVay cells to similar titers as epidemic strains of SARS-CoV. While SHC014-

MA 15 can replicate efficiently in young and aged mouse lungs, infection was .fl:lll.y 

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

SARS MA15, which causes lethal outcomes regardless of age Importantly, al=IC014 

MA15 oan replioate effioiently in the mo~se l~ng, leading to seYere pathog.!ilib'.:enesis [7]. 



· -~- ~F_o_rm_a_tt_ed_:_H5ig-hl~~N_i ____________ ~ ~ --t. 

the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus 
Formatted: Line sp acing: Double 

were only Jater restricted as 9aln of function (.GO':) studies under the US g_overnment- ____ -f..._F_o_rm_ .. _tt_ed_: _Hig.;;.h_li-=-gh-t _________________ ) 

mandated ,pause p olicy l!rsirn.9£t ZQ H to. Q~s.-_2.9.n: https://www.nih.qov/about- u - - - - , Commented [LS1]: Lishan: see Ralph'scomments to 

nih/who-we-are/nih-<firector/statements/nlh-llfts-funding-pause-gain-function-research). 
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analyses by multiple iintematior1al groups [5, 14], the SARS-CoV-2 is undoubtedly 
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SARS-llke corona.viruses. 

There are also rumors that the SARS-CoV-2 was artiftcially, 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~~ 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 RaTG 13. 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 human coronavirus, SARS-CoV-2, was quickly identified, and 

the associated disease is now referred to as coronavirus disease discovered in 2019 

(COVI D-19) (https://globa lbiodefense .com/novel-co ro navirus-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/d41 586-020-00364-2). 

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 

(SHC014) in the backbone of a SARS CoV that has adapted to infect mice (MA 15) 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 (MA 15) [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 MA 15 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-Co Vs, 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 MA 15 SARS-CoV backbone. The resultant SL-SHC014-MA 15 virus 

could indeed efficiently use human ACE2 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 MA 15, which causes 

lethal outcomes in aged mice [7]. 

Due to the elevated pathogenic activity of the SHC014-MA 15 chimeric virus relative 

to the SARS-MA 15 CoV in mice, such experiments with SHC014- MA 15 chimeric virus 

were later restricted as gain of function (GOF) studies under the US government

mandated pause pol icy (https://www.nih .gov/about-nih/who-we-a re/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 SHC014-MA 15, 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-MA 15 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 

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. 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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Hi Lishan and Linda, 

I 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 
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To: "Saif , Linda" <sa if.2@osu .edu>, Shan-Lu Liu <liu.6244@osu.edu> 

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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To: "Liu, Shan-Lu" <1iu.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 to him so hopefully the 2 

of you can incorporate them into the updated draft I 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 <sajf 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. I think the community needs to 

write these editorials and I thank you for your efforts . ralph 

From: Su, Lishan <lisbao su@med upc edu> 
Sent: Wednesday, February 12, 2020 10:11 AM 

To: Barie, 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 I do value your 
input. It is almost final and we are also getting comments from Perlman and Weiss. 



Thanks, 

-Lishan 

From: "Barie, 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: Barie, Ralphs <rbarjc@email u nc edu > 
Subject: A commentary on 2019 nCoV vs lab engineered viruses 

Hi Ralph: 

In response to the EMI journal editor's request, Ors. 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 

(COVI D-19) (https://globa lbiodefense .com/novel-co ro navirus-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/d41 586-020-00364-2). 

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 

(SHC014) in the backbone of a SARS CoV that has adapted to infect mice (MA 15) 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 (MA 15) [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 MA 15 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-Co Vs, 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 MA 15 SARS-CoV backbone. The resultant SL-SHC014-MA 15 virus 

could indeed efficiently use human ACE2 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 MA 15, which causes 

lethal outcomes in aged mice [7]. 

Due to the elevated pathogenic activity of the SHC014-MA 15 chimeric virus relative 

to the SARS-MA 15 CoV in mice, such experiments with SHC014- MA 15 chimeric virus 

were later restricted as gain of function (GOF) studies under the US government

mandated pause pol icy (https://www.nih .gov/about-nih/who-we-a re/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 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-MA 15 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 

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. 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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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 

(COVI D-19) (https://globa lbiodefense .com/novel-co ro navirus-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 Co Vs, 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/d41 586-020-00364-2). 

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 

(SHC014) in the backbone of a SARS CoV that has adapted to infect mice (MA 15) 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 (MA 15) [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 MA 15 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-Co Vs, 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 MA 15 SARS-CoV backbone. The resultant SL-SHC014-MA 15 virus 

could indeed efficiently use human ACE2 and replicate in primary human airway cells to 

similar titers as epidemic strains of SARS-CoV. While SL-SHC014-MA 15 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 MA 15, which causes 

lethal outcomes in aged mice [7]. 

Due to the elevated pathogenic activity of the SL-SHC014-MA 15 chimeric virus 

relative to the SA RS-MA 15 CoV in mice, such experiments with SL-SHC014-MA 15 

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 

exist in nature. Regardless, upon careful phylogenetic analyses by multiple international 

groups [5, 14], the SARS-CoV-2 is undoubtedly distinct from SL-SHC014-MA 15, 

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-MA 15 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~human coronavirus, SARS-CoV-2, was quickly identified, and 

the associated disease is now referred to as coronavirus disease discovered in 2019 

(COVI D-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 (RaTG 13) was recently 

reported, which shared -96% homology vvith 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-GWA sequences 

~ . 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 
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closely related to SARS-CoV-2, but the data to substantiate this is not yet published 

{https:/Jwww.nature.com/articles/d41586-020-00364-2). 

Another claim in Chiryfsl! !IO~ ~ points to a Nature Medicine paper published in 

2015 [7), which reports the construc,tion of a chimeric CoV with a bat CoV S gene 

{SHC014) in the bac·kbone 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 
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pathogenesis in aged mice (he111ce M15), due to six coding genetic mutations 

associated with mouse adaptatioli'I. Jl'llf:"*' tl:t nnr1~~'=1 .... ,are ff!lntm<:!!c!ffd !i!JO, SAB§ -- , - Form~tted: Font: (Default) Aria~ Font color: Blaclc 

mol.acutar dooe,Jo Isolate a SABaMA,15 r.ec.o.mtmao; >:iru.s wNcb recaollifa1ad.Jh.e, 



severe disease phenotype in mice. It is-a-lse likely that MA 15 is highly attenuated to 

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

V\/hen 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-Co Vs, 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-V\/IV1 vVas 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 MA 15 SARS-CoV backbone. The resultant SL

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

human airvVay cells to similar titers as epidemic strains of SARS-CoV. While SHC014-

MA 15 can replicate efficiently in young and aged mouse lungs, infection was .fl:lll.y 

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

SARS MA15, which causes lethal outcomes regardless of age Importantly, al=IC014 

MA15 oan replioate effioiently in the mo~se l~ng, leading to seYere pathog.!ilib'.:enesis [7]. 
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the SARS-MA15 CoV in mice, such experiments with SHC014- MA15 chimeric virus 
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The current COVlD-2019 ep.idemic has restarted the debate over the rrsks of 

constructing such viruses that could have pandemic potential, irre$pective of the finding 

!tl&these bat CoVs already exist in nature. Regardless. upon careful phylogenetic 

analyses by multiple iintematior1al groups [5, 14], the SARS-CoV-2 is undoubtedly 

distinct from SHC014- MA 15, w ith >5. 000 nudeot«tgm differences across the whole 

genome. Therefore, once again there is no credible evidence to support the claim that 

the SARS-CoV-2 iiS derjved from the chimeric SH0014-MA15 virus. Flnallv, we note lhat 
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SARS-llke corona.viruses. 

There are also rumors that the SARS-CoV-2 was artiftcially, 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~~ 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 RaTG 13. 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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Here is the statement with the opportunity for others to sign. Please distribute to col leagues l 
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"rcolwell@umiacs.umd.edu" <rcolwell@umiacs.umd.edu>, "J MH UGHE@emory.edu" 
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"J.Golding@wellcome.ac.uk" <J.Golding@wellcome.ac.uk>, Mike Turner 

<M.Turner@wellcome.ac.uk> 

Cc: Hongying Li <li@ecohealthalliance.org>, Aleksei Chmura <chmura@ecohealthalliance.org> 

Subject: Lancet Statement Posted l 

Dear All, 



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

https://www.thelancet.com/lancet/a1ticle/sO 140-673 6(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/SDpTB9Kf), so other people can register their suppo1i of the statement. 

I really want to thank all of you for rallying for this - especially with such a short 
timeline. This looks tenific 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 suppo1t collaborative, 
open approaches to fighting this as well as future outbreaks. 

Cheers, 

Peter 

Peter Daszak 
President 

EcoHealth Alliance 

460 West 34th Street - 17th Floor 
New York, NY 10001 

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

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

conservation. 
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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 t his AM and so glad we could access it. 

I wil l send you a copy of joint correspondence on SARS-CoV-2 initiat ed by Pet er Daszak t hat 

w ill be publ ished today in Lancet! 

Regards, 

Linda 

Linda J. Saif, PhD 

Dist inguished University Professor 

Food Anima l Health Research Program 

OARDC/The Ohio State University 

1680 Madison Ave 

Woost er, 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, 

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

Shan-Lu 
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Shan-Lu Liu, M.D. , Ph.D. 
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Co-Director, Viruses and Emerging Pathogens Program 
Infectious Diseases Institute 
Center for Retrovirus Research 
Departments of Veterinary Biosciences, Microbial Infection and 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-Ju Jiu@osumc edu 

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

Date: Tuesday, February 18, 2020 at 9:37 AM 

To: Shan-Lu Liu <1iu.6244@osu.edu> 

Subject: Re: Revised commentary for EMI -final! 

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" <1iu.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" 

<weisss r@pen n medicine .u pen n.edu> 

Subject: Re: Revised commentary for EMI -final! 

I agree too 

Shan-Lu Liu sent from iPhone 



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

I 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" <1iu.6244@osu.edu> 

Cc: "Su, Lishan" <lishan_su@med.unc.edu>1 "Lu, Shan" 

<Shan.Lu@umassmed.edu>1 "Weiss, Susan" <weisssr@pennmedicine.upenn.edu> 

Subject: Re: Revised commentary for EMI - final! 

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 <1iu.6244@osu.edu> 

wrote: 

See a very relevant online posting: 

The Proximal Origin of SARS-CoV-2 

httg://virological.org/t/the-groximal-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 <1iu .6244@osu.edu>, 

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

Subject: Re: Revised commentary for EMI - final l 

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> 
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To: "Lu, Shan" <Shan Lu@umassmed edu>, "Liu, Shan-Lu" 

<liu 6244@osu edu>, Linda Saif <saif 2@osu edu>, "Weiss, Susan" 

<weisssr@!Jennmedicine w1Jenn edu> 

Subject: Re: Revised commentary for EMI - final l 

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@gennmedicine.ugenn.edu> 

Subject: RE: Revised commentary for EM I - final l 

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 <weisss r@i;,en n medicine .u i;,en n .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 <1iu.6244@osu .edu> 

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

To: "Su, Lishan" < lishan su@med unc edu>, "Saif, Linda" 

<sajf 2@osu edu>, "Weiss, Susan" 

<weisssr@gennmedicine.ugenn ,edu> 

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

Subject: Revised commentary for EMI 

Dear All, 

Following some discussions in the weekend, I 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 

<image001.png> 

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

See a very relevant online posting: 

The Proximal Origin of SARS-CoV-2 

http· Uviro logica I o rg/t/the-proximal-origin-of-sa rs-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 <1iu.6244@osu.edu>, "Weiss, Susan" <weisssr@pennmedicine.upenn.edu> 

Subject: Re: Revised commentary for EMI -final! 

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 l u@umassmed edu>, "Liu, Shan-Lu" <liu 6244@osu edu>, Linda Saif 

<saif 2@osu edu>, "Weiss, Susan" <wejsssr@pennmedicioe upenn edu> 

Subject: Re: Revised commentary for EMI - fina l ! 

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>, "Sa if, 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 <sajf 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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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@pennmedicioe upeoo edu> 
Cc: "Lu, Shan" <Shan I u@umassmed edu> 
Subject: Revised commentary for EMI 

Dear All, 

Following some discussions in the weekend, I 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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Liu Shan-Lu 
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Subject: Re: Revised commentary for EMI - final! 
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Yes 

Shan-Lu Liu sent from iPhone 

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

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" <1iu.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 - final! 

I agree too 

Shan-Lu Liu sent from iPhone 

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

wrote: 

I 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" <1iu.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 - final l 

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 

<1iu .6244@osu.edu> wrote: 

See a very relevant online posting: 

The Proximal Origin of SARS
CoV-2 

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

Shan-Lu 

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

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

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

<Shan.Lu@umassmed.edu>, Shan-Lu Liu 

<1iu.6244@osu.edu>, "Weiss, Susan" 

<weisss r@pen n medicine .u pen n.edu> 

Subject: Re: Revised commentary for EMI -final l 

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" < 1iu.6244@osu.edu>, Linda Saif <saif.2@osu.edu>, 

"Weiss, Susan" <wejsssr@pennmedjcjne 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" 

<sajf 2@osu edu>, "Weiss, Susan" 

<weisss r@pen n medicine .u pen n.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 

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

<weisss r@gen n medicine .u gen n.edu> 

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

Subject: Revised commentary for EMI 

Dear All, 

Following some discussions in the weekend, I 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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26 The emergence and outbreak of a newly discovered acute respiratory disease in 

27 Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as 

28 of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and 

29 the associated disease is now referred to as coronavirus disease discovered in 2019 

30 (COVI D-19) (https://globa lbiodefense .com/novel-co ro navirus-covid-19-portal/). 

31 

32 According to what has been reported [1-3], COVID-2019 seems to have similar clinical 

33 manifestations to that of the severe acute respiratory syndrome (SARS) caused by SARS-

34 CoV. The SARS-CoV-2 genome sequence also has -80% identity with SARS-CoV, but it 

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

36 

37 Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 

38 is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was 

39 leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently 

40 reported, which shared -96% homology with the SARS-CoV-2 [4]. However, as we know, 

41 the human SARS-CoV and intermediate host palm civet SARS-like CoV shared 99.8% 

42 homology, with a total of 202 single-nucleotide (nt) variations (SNVs) identified across the 

43 genome [6]. Given that there are greater than 1000 nt differences between the human 

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

45 in a naturally occurring pattern following the evolutionary characteristics typical of Co Vs, 

46 it is highly unlikely that RaTG13 CoV is the immediate source of SARS-CoV-2. The 

47 absence of a logical targeted pattern in the new viral sequences and a close relative in a 

48 wildlife species (bats) are the most revealing signs that SARS-CoV-2 evolved by natural 



49 evolution. A search for an intermediate animal host between bats and humans is needed 

50 to identify animal Co Vs more closely related to human SARS-CoV-2. There is speculation 

51 that pangolins might carry CoVs closely related to SARS-CoV-2, but the data to 

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

53 00364-2). 

54 

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

56 2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene 

57 (SHC014) in the backbone of a SARS CoV that has adapted to infect mice (MA 15) and 

58 is capable of infecting human cells [8]. However, this claim lacks any scientific basis and 

59 must be discounted because of significant divergence in the genetic sequence of this 

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

61 

62 The mouse-adapted SARS virus (MA 15) [9] was generated by serial passage of an 

63 infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15 

64 passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in 

65 aged mice (hence M15), due to six coding genetic mutations associated with mouse 

66 adaptation. It is likely that MA 15 is highly attenuated to replicate in human cells or patients 

67 due to the mouse adaptation. 

68 

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

70 derived CoV, unlike that from human patients- or civets-derived viruses, was unable to 

71 use human ACE2 as a receptor for entry into human cells [10, 11 ]. Civets were proposed 



72 to be an intermediate host of the bat-Co Vs, capable of spreading SARS CoV to humans 

73 [6, 12]. However, in 2013 several novel bat coronaviruses were isolated from Chinese 

74 horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 from 

75 humans, civets and Chinese horseshoe bats for entry [8]. Combined with evolutionary 

76 evidence that the bat ACE2 gene has been positively selected at the same contact sites 

77 as the human ACE2 gene for interacting with SARS CoV [13], it was proposed that an 

78 intermediate host may not be necessary and that some bat SL-CoVs may be able to 

79 directly infect human hosts. To directly address this possibility, the exact S gene from bat 

80 coronavirus SL-SHC014 was synthesized and used to generate a chimeric virus in the 

81 mouse adapted MA 15 SARS-CoV backbone. The resultant SL-SHC014-MA 15 virus 

82 could indeed efficiently use human ACE2 and replicate in primary human airway cells to 

83 similar titers as epidemic strains of SARS-CoV. While SL-SHC014-MA 15 can replicate 

84 efficiently in young and aged mouse lungs, infection was attenuated, and less virus 

85 antigen was present in the airway epithelium as compared to SARS MA 15, which causes 

86 lethal outcomes in aged mice [7]. 

87 

88 Due to the elevated pathogenic activity of the SL-SHC014-MA 15 chimeric virus 

89 relative to the SA RS-MA 15 CoV in mice, such experiments with SL-SHC014-MA 15 

90 chimeric virus were later restricted as gain of function (GOF) studies under the US 

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

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

93 2019 epidemic has restarted the debate over the risks of constructing such viruses that 

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



95 exist in nature. Regardless, upon careful phylogenetic analyses by multiple international 

96 groups [5, 14], the SARS-CoV-2 is undoubtedly distinct from SL-SHC014-MA 15, 

97 with >6,000 nucleotide differences across the whole genome. Therefore, once again there 

98 is no credible evidence to support the claim that the SARS-CoV-2 is derived from the 

99 chimeric SL-SHC014-MA15 virus. 

100 

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

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

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

104 sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by 

105 an HIV-1 virologist Dr. Feng Gao, they used careful bioinformatics analyses to 

106 demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is not 

107 HIV-1 specific but random [15]. Because of the many concerns raised by the international 

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

109 

110 Evolution is stepwise and accrues mutations gradually over time, whereas synthetic 

111 constructs would typically use a known backbone and introduce logical or targeted 

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

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

114 support the claim that SARS-CoV-2 originated from a laboratory-engineered CoV. It is 

115 more likely that SARS-CoV-2 is a recombinant CoV generated in nature between a bat 

116 CoV and another coronavirus in an intermediate animal host. More studies are needed to 

117 explore this possibility and resolve the natural origin of SARS-CoV-2. We should 

118 emphasize that, although SARS-CoV-2 shows no evidence of laboratory origin, such a 



119 virus, and closely related, do pose great public health threats and must be handled 

120 properly in the laboratory and also properly regulated by governments and scientific 

121 community. 

122 
123 
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26 The emergence and outbreak of a newly discovered acute respiratory disease in 

27 Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as 

28 of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and 

29 the associated disease is now referred to as coronavirus disease discovered in 2019 

30 (COVI D-19) (https://globa lbiodefense .com/novel-co ro navirus-covid-19-portal/). 

31 

32 According to what has been reported [1, 2, 3], COVID-2019 seems to have similar 

33 clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused 

34 by SARS-CoV. The SARS-CoV-2 genome sequence also has -80% identity with SARS-

35 CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96% 

36 identity [4, 5]. 

37 

38 Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 

39 is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was 

40 leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently 

41 reported, which shared -96% homology with the SARS-CoV-2 [4]. However, as we know, 

42 the human SARS-CoV and intermediate host palm civet SARS-like CoV shared 99.8% 

43 homology, with a total of 202 single-nucleotide (nt) variations (SNVs) identified across the 

44 genome [6]. Given that there are greater than 1000 nt differences between the human 

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

46 in a naturally occurring pattern following the evolutionary characteristics typical of Co Vs, 

47 it is highly unlikely that RaTG13 CoV is the immediate source of SARS-CoV-2. The 

48 absence of a logical targeted pattern in the new viral sequences and a close relative in a 



49 wildlife species (bats) are the most revealing signs that SARS-CoV-2 evolved by natural 

50 evolution. A search for an intermediate animal host between bats and humans is needed 

51 to identify animal CoVs more closely related to human SARS-CoV-2. There is speculation 

52 that pangolins might carry CoVs closely related to SARS-CoV-2, but the data to 

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

54 00364-2). 

55 

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

57 2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene 

58 (SHC014) in the backbone of a SARS CoV that has adapted to infect mice (MA 15) and 

59 is capable of infecting human cells [8]. However, this claim lacks any scientific basis and 

60 must be discounted because of significant divergence in the genetic sequence of this 

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

62 

63 The mouse-adapted SARS virus (MA 15) [9] was generated by serial passage of an 

64 infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15 

65 passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in 

66 aged mice (hence M15), due to six coding genetic mutations associated with mouse 

67 adaptation. It is likely that MA 15 is highly attenuated to replicate in human cells or patients 

68 due to the mouse adaptation. 

69 

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

71 derived CoV, unlike that from human patients- or civets-derived viruses, was unable to 



72 use human ACE2 as a receptor for entry into human cells [10, 11 ]. Civets were proposed 

73 to be an intermediate host of the bat-Co Vs, capable of spreading SARS CoV to humans 

74 [6, 12]. However, in 2013 several novel bat coronaviruses were isolated from Chinese 

75 horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 from 

76 humans, civets and Chinese horseshoe bats for entry [8]. Combined with evolutionary 

77 evidence that the bat ACE2 gene has been positively selected at the same contact sites 

78 as the human ACE2 gene for interacting with SARS CoV [13], it was proposed that an 

79 intermediate host may not be necessary and that some bat SL-CoVs may be able to 

80 directly infect human hosts. To directly address this possibility, the exact S gene from bat 

81 coronavirus SL-SHC014 was synthesized and used to generate a chimeric virus in the 

82 mouse adapted MA 15 SARS-CoV backbone. The resultant SL-SHC014-MA 15 virus 

83 could indeed efficiently use human ACE2 and replicate in primary human airway cells to 

84 similar titers as epidemic strains of SARS-CoV. While SL-SHC014-MA 15 can replicate 

85 efficiently in young and aged mouse lungs, infection was attenuated, and less virus 

86 antigen was present in the airway epithelium as compared to SARS MA 15, which causes 

87 lethal outcomes in aged mice [7]. 

88 

89 Due to the elevated pathogenic activity of the SL-SHC014-MA 15 chimeric virus 

90 relative to the SA RS-MA 15 CoV in mice, such experiments with SL-SHC014-MA 15 

91 chimeric virus were later restricted as gain of function (GOF) studies under the US 

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

93 di recto r/statements/nih-1 ifts-fundi ng-pa use-ga in-fu nctio n-resea rch). The current COVI D-

94 2019 epidemic has restarted the debate over the risks of constructing such viruses that 



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

96 exist in nature. Regardless, upon careful phylogenetic analyses by multiple international 

97 groups [5, 14], the SARS-CoV-2 is undoubtedly distinct from SL-SHC014-MA 15, 

98 with >6,000 nucleotide differences across the whole genome. Therefore, once again there 

99 is no credible evidence to support the claim that the SARS-CoV-2 is derived from the 

100 chimeric SL-SHC014-MA15 virus. 

101 

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

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

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

105 sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by 

106 an HIV-1 virologist Dr. Feng Gao, they used careful bioinformatics analyses to 

107 demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is not 

108 HIV-1 specific but random [15]. Because of the many concerns raised by the international 

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

110 

111 Evolution is stepwise and accrues mutations gradually over time, whereas synthetic 

112 constructs would typically use a known backbone and introduce logical or targeted 

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

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

115 support the claim that SARS-CoV-2 originated from a laboratory-engineered CoV. It is 

116 more likely that SARS-CoV-2 is a recombinant CoV generated in nature between a bat 

117 CoV and another coronavirus in an intermediate animal host. More studies are needed to 

118 explore this possibility and resolve the natural origin of SARS-CoV-2. We should 



119 emphasize that, although SARS-CoV-2 shows no evidence of laboratory origin, such a 

120 virus, and closely related, do pose great public health threats and must be handled 

121 properly in the laboratory and also properly regulated by governments and scientific 

122 community. 

123 
124 
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26 The emergence and outbreak of a newly discovered acute respiratory disease in 

27 Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as 

28 of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and 

29 the associated disease is now referred to as coronavirus disease discovered in 2019 

30 (COVI D-19) (https://globa lbiodefense .com/novel-co ro navirus-covid-19-portal/). 

31 

32 According to what has been reported [1-3], COVI D-2019 seems to have similar 

33 clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused 

34 by SARS-CoV. The SARS-CoV-2 genome sequence also has -80% identity with SARS-

35 CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96% 

36 identity [4,5]. 

37 

38 Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 

39 is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was 

40 leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently 

41 reported, which shared -96% homology with the SARS-CoV-2 [4]. However, as we 

42 know, the human SARS-CoV and intermediate host palm civet SARS-like CoV shared 

43 99.8% homology, with a total of 202 single-nucleotide (nt) variations (SNVs) identified 

44 across the genome [6]. Given that there are greater than 1000 nt differences between 

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

46 the genome in a naturally occurring pattern following the evolutionary characteristics 

47 typical of Co Vs, it is highly unlikely that RaTG13 CoV is the immediate source of SARS-

48 CoV-2. The absence of a logical targeted pattern in the new viral sequences and a 



49 close relative in a wildlife species (bats) are the most revealing signs that SARS-CoV-2 

50 evolved by natural evolution. A search for an intermediate animal host between bats 

51 and humans is needed to identify animal CoVs more closely related to human SARS-

52 CoV-2. There is speculation that pangolins might carry CoVs closely related to SARS-

53 CoV-2, but the data to substantiate this is not yet published 

54 (https://www.nature.com/articles/d41 586-020-00364-2). 

55 

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

57 in 2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene 

58 (SHC014) in the backbone of a SARS CoV that has adapted to infect mice (MA 15) and 

59 is capable of infecting human cells [8]. However, this claim lacks any scientific basis 

60 and must be discounted because of significant divergence in the genetic sequence of 

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

62 

63 The mouse-adapted SARS virus (MA 15) [9] was generated by serial passage of an 

64 infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15 

65 passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in 

66 aged mice (hence M15), due to six coding genetic mutations associated with mouse 

67 adaptation. It is likely that MA 15 is highly attenuated to replicate in human cells or 

68 patients due to the mouse adaptation. 

69 

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

71 bat-derived CoV, unlike that from human patients- or civets-derived viruses, was unable 



72 to use human ACE2 as a receptor for entry into human cells [10, 11 ]. Civets were 

73 proposed to be an intermediate host of the bat-Co Vs, capable of spreading SARS CoV 

74 to humans [6, 12]. However, in 2013 several novel bat coronaviruses were isolated from 

75 Chinese horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 

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

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

78 contact sites as the human ACE2 gene for interacting with SARS CoV [13], it was 

79 proposed that an intermediate host may not be necessary and that some bat SL-CoVs 

80 may be able to directly infect human hosts. To directly address this possibility, the 

81 exact S gene from bat coronavirus SL-SHC014 was synthesized and used to generate 

82 a chimeric virus in the mouse adapted MA 15 SARS-CoV backbone. The resultant SL-

83 SHC014-MA 15 virus could indeed efficiently use human ACE2 and replicate in primary 

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

85 SHC014-MA 15 can replicate efficiently in young and aged mouse lungs, infection was 

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

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

88 

89 Due to the elevated pathogenic activity of the SL-SHC014-MA 15 chimeric virus 

90 relative to the SA RS-MA 15 CoV in mice, such experiments with SL-SHC014-MA 15 

91 chimeric virus were later restricted as gain of function (GOF) studies under the US 

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

93 di recto r/statements/nih-1 ifts-fundi ng-pa use-ga in-fu nctio n-resea rch). The current COVI D-

94 2019 epidemic has restarted the debate over the risks of constructing such viruses that 



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

96 exist in nature. Regardless, upon careful phylogenetic analyses by multiple 

97 international groups [5, 14], the SARS-CoV-2 is undoubtedly distinct from SL-SHC014-

98 MA15, with >6,000 nucleotide differences across the whole genome. Therefore, once 

99 again there is no credible evidence to support the claim that the SARS-CoV-2 is derived 

100 from the chimeric SL-SHC014-MA 15 virus. 

101 

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

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

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

105 sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by 

106 an HIV-1 virologist Dr. Feng Gao, they used careful bioinformatics analyses to 

107 demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is 

108 not HIV-1 specific but random [15]. Because of the many concerns raised by the 

109 international community, the authors who made the initial claim have already withdrawn 

110 this report. 

111 

112 Evolution is stepwise and accrues mutations gradually over time, whereas synthetic 

113 constructs would typically use a known backbone and introduce logical or targeted 

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

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

116 evidence to support the claim that SARS-CoV-2 originated from a laboratory-engineered 

117 CoV. It is more likely that SARS-CoV-2 is a recombinant CoV generated in nature 

118 between a bat CoV and another coronavirus in an intermediate animal host. More 



119 studies are needed to explore this possibility and resolve the natural origin of SARS-

120 CoV-2. We should emphasize that, although SARS-CoV-2 shows no evidence of 

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

122 in the laboratory and also properly regulated by the scientific community and 

123 governments.'A'e sho1::1IEl emphasize that, altho1::1gh gAR,g CoV 2 shows no eviElence of 

124 laboratory origin, s1::1ch a virns, and closely related, do pose great p1::1blic health threats 

125 anEl m1::1st be hanElleEl properly in the laboratory anEl also properly reg1::1lateEl by 

126 governments anEl scientific comm1::1nity. 

127 
128 
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26 The emergence and outbreak of a newly discovered acute respiratory disease in 

27 Wuhan, China, has affected greater than 40,000 people, and killed more than 1,000 as 

28 of Feb. 10, 2020. A new human coronavirus, SARS-CoV-2, was quickly identified, and 

29 the associated disease is now referred to as coronavirus disease discovered in 2019 

30 (COVI D-19) (https://globa lbiodefense .com/novel-co ro navirus-covid-19-portal/). 

31 

32 According to what has been reported [1-3], COVID-2019 seems to have similar clinical 

33 manifestations to that of the severe acute respiratory syndrome (SARS) caused by SARS-

34 CoV. The SARS-CoV-2 genome sequence also has -80% identity with SARS-CoV, but it 

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

36 

37 Currently, there are speculations, rumors and conspiracy theories that SARS-CoV-2 

38 is of laboratory origin. Some people have alleged that the human SARS-CoV-2 was 

39 leaked directly from a laboratory in Wuhan where a bat CoV (RaTG13) was recently 

40 reported, which shared -96% homology with the SARS-CoV-2 [4]. However, as we know, 

41 the human SARS-CoV and intermediate host palm civet SARS-like CoV shared 99.8% 

42 homology, with a total of 202 single-nucleotide (nt) variations (SNVs) identified across the 

43 genome [6]. Given that there are greater than 1000 nt differences between the human 

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

45 in a naturally occurring pattern following the evolutionary characteristics typical of Co Vs, 

46 it is highly unlikely that RaTG13 CoV is the immediate source of SARS-CoV-2. The 

47 absence of a logical targeted pattern in the new viral sequences and a close relative in a 

48 wildlife species (bats) are the most revealing signs that SARS-CoV-2 evolved by natural 



49 evolution. A search for an intermediate animal host between bats and humans is needed 

50 to identify animal Co Vs more closely related to human SARS-CoV-2. There is speculation 

51 that pangolins might carry CoVs closely related to SARS-CoV-2, but the data to 

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

53 00364-2). 

54 

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

56 2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene 

57 (SHC014) in the backbone of a SARS CoV that has adapted to infect mice (MA 15) and 

58 is capable of infecting human cells [8]. However, this claim lacks any scientific basis and 

59 must be discounted because of significant divergence in the genetic sequence of this 

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

61 

62 The mouse-adapted SARS virus (MA 15) [9] was generated by serial passage of an 

63 infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15 

64 passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in 

65 aged mice (hence M15), due to six coding genetic mutations associated with mouse 

66 adaptation. It is likely that MA 15 is highly attenuated to replicate in human cells or patients 

67 due to the mouse adaptation. 

68 

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

70 derived CoV, unlike that from human patients- or civets-derived viruses, was unable to 

71 use human ACE2 as a receptor for entry into human cells [10, 11 ]. Civets were proposed 



72 to be an intermediate host of the bat-Co Vs, capable of spreading SARS CoV to humans 

73 [6, 12]. However, in 2013 several novel bat coronaviruses were isolated from Chinese 

74 horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 from 

75 humans, civets and Chinese horseshoe bats for entry [8]. Combined with evolutionary 

76 evidence that the bat ACE2 gene has been positively selected at the same contact sites 

77 as the human ACE2 gene for interacting with SARS CoV [13], it was proposed that an 

78 intermediate host may not be necessary and that some bat SL-CoVs may be able to 

79 directly infect human hosts. To directly address this possibility, the exact S gene from bat 

80 coronavirus SL-SHC014 was synthesized and used to generate a chimeric virus in the 

81 mouse adapted MA 15 SARS-CoV backbone. The resultant SL-SHC014-MA 15 virus 

82 could indeed efficiently use human ACE2 and replicate in primary human airway cells to 

83 similar titers as epidemic strains of SARS-CoV. While SL-SHC014-MA 15 can replicate 

84 efficiently in young and aged mouse lungs, infection was attenuated, and less virus 

85 antigen was present in the airway epithelium as compared to SARS MA 15, which causes 

86 lethal outcomes in aged mice [7]. 

87 

88 Due to the elevated pathogenic activity of the SL-SHC014-MA 15 chimeric virus 

89 relative to the SA RS-MA 15 CoV in mice, such experiments with SL-SHC014-MA 15 

90 chimeric virus were later restricted as gain of function (GOF) studies under the US 

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

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

93 2019 epidemic has restarted the debate over the risks of constructing such viruses that 

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



95 exist in nature. Regardless, upon careful phylogenetic analyses by multiple international 

96 groups [5, 14], the SARS-CoV-2 is undoubtedly distinct from SL-SHC014-MA 15, 

97 with >6,000 nucleotide differences across the whole genome. Therefore, once again there 

98 is no credible evidence to support the claim that the SARS-CoV-2 is derived from the 

99 chimeric SL-SHC014-MA15 virus. 

100 

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

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

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

104 sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by 

105 an HIV-1 virologist Dr. Feng Gao, they used careful bioinformatics analyses to 

106 demonstrate that the original claim of multiple HIV insertions into the SARS-CoV-2 is not 

107 HIV-1 specific but random [15]. Because of the many concerns raised by the international 

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

109 

110 Evolution is stepwise and accrues mutations gradually over time, whereas synthetic 

111 constructs would typically use a known backbone and introduce logical or targeted 

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

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

114 support the claim that SARS-CoV-2 originated from a laboratory-engineered CoV. It is 

115 more likely that SARS-CoV-2 is a recombinant CoV generated in nature between a bat 

116 CoV and another coronavirus in an intermediate animal host. More studies are needed to 

117 explore this possibility and resolve the natural origin of SARS-CoV-2. We should 

118 emphasize that. although SARS-CoV-2 shows no evidence of laboratory origin. viruses 



119 with such great public health threats must be handled properly in the laboratory and also 

120 properly regulated by scientific community and governments.V\le shobllc::J emphasize that , 

121 althoblgh SARS CoV 2 sho1.vs no evic::Jence of laboratory origin , sblch a vims, anc::J closely 

122 relatec::J, Elo pose greaLf3b1blic health threats anc::J mblst be hanc::Jlec::J properly in the laboratory 

123 anc::J also r2rop~ regbllatec::J by gov:ernments anc::J scientific commblnity . 

124 
125 
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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 

10 the associated disease is now referred to as coronavirus disease discovered in 2019 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 

(COVI D-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 

22 by SARS-CoV. The SARS-CoV-2 genome sequence also has -80% identity with SARS-
23 

24 CoV, but it is most similar to some bat beta-coronaviruses, with the highest being >96% 
25 
26 
27 
28 
29 
30 
31 
32 
33 

34 
35 
36 
37 

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 

38 reported, which shared -96% homology with the SARS-CoV-2 [4]. However, as we know, 
39 

40 the human SARS-CoV and intermediate host palm civet SARS-like CoV shared 99.8% 
41 
42 
43 
44 

homology, with a total of 202 single-nucleotide (nt) variations (SN Vs) identified across the 

45 genome; among these SNVs, 200 were in the coding sequences, and among the 128 
46 
47 nonsynonymous mutations, 89 led to predicted radical amino-acid changes [6]. Given that 
48 

49 
50 
51 

52 
53 

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 

54 pattern following the evolutionary characteristics typical of CoVs, it is highly unlikely that 
55 
56 
57 
58 
59 
60 URL: https://mc.manuscriptcentral.com/temi E-mail:TEMl-peerreview@journals.tandf.co.uk 
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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 

15 carry CoVs closely related to SARS-CoV-2, but the data to substantiate this is not yet 
16 

17 published (https://www.nature.com/articles/d41 586-020-00364-2). 
18 
19 
20 
21 
22 
23 

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

24 2015 [7], which reports the construction of a chimeric CoV with a bat CoV S gene 
25 
26 
27 
28 
29 
30 

(SHC014) in the backbone of a SARS CoV that has adapted to infect mice (MA 15) and 

is capable of infecting human cells [8]. However, this claim lacks any scientific basis and 

31 must be discounted because of significant divergence in the genetic sequence of this 
32 
33 
34 
35 
36 
37 
38 
39 

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

The mouse-adapted SARS virus (MA 15) [9] was generated by serial passage of an 

40 infectious wildtype SARS CoV clone in the respiratory tract of BALB/c mice. After 15 
41 
42 
43 
44 

passages in mice, the SARS-CoV gained elevated replication and lung pathogenesis in 

45 aged mice (hence M15), due to six coding genetic mutations associated with mouse 
46 
47 adaptation. It is likely that MA 15 is highly attenuated to replicate in human cells or patients 
48 

49 
50 
51 

52 
53 
54 
55 
56 
57 
58 
59 
60 

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-Co Vs, capable of spreading SARS CoV to humans 

[6, 12]. However, in 2013 several novel bat coronaviruses were isolated from Chinese 

15 horseshoe bats and the bat SARS-like or SL-CoV-WIV1 was able to use ACE2 from 
16 

17 humans, civets and Chinese horseshoe bats for entry [8]. Combined with evolutionary 
18 
19 
20 
21 

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

22 as the human ACE2 gene for interacting with SARS CoV [13], it was proposed that an 
23 

24 intermediate host may not be necessary and that some bat SL-CoVs may be able to 
25 
26 
27 
28 
29 
30 

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 

31 mouse adapted MA 15 SARS-CoV backbone. The resultant SL-SHC014-MA 15 virus 
32 
33 

34 
35 
36 
37 

could indeed efficiently use human ACE2 and replicate in primary human airway cells to 

similar titers as epidemic strains of SARS-CoV. While SL-SHC014-MA 15 can replicate 

38 efficiently in young and aged mouse lungs, infection was attenuated, and less virus 
39 

40 antigen was present in the airway epithelium as compared to SARS MA15, which causes 
41 
42 
43 
44 
45 
46 
47 
48 

49 
50 
51 

52 
53 

lethal outcomes in aged mice [7]. 

Due to the elevated pathogenic activity of the SL-SHC014-MA 15 chimeric virus 

relative to the SA RS-MA 15 CoV in mice, such experiments with SL-SHC014-MA 15 

chimeric virus were later restricted as gain of function (GOF) studies under the US 

54 government-mandated pause policy (https://www.nih.gov/about-nih/who-we-are/nih-
55 
56 
57 
58 
59 
60 URL: https://mc.manuscriptcentral.com/temi E-mail:TEMl-peerreview@journals.tandf.co.uk 
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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-SHC014-MA 15, 

15 with >6,000 nucleotide differences across the whole genome. Therefore, once again there 
16 

17 is no credible evidence to support the claim that the SARS-CoV-2 is derived from the 
18 
19 
20 
21 

chimeric SL-SHC014-MA 15 virus. Finally, we note that the synthetic and chimeric panels 

22 of bat and SARS-like CoV led to the identification of remdesivir as a broad spectrum 
23 

24 inhibitor of all group 2b SARS-like coronaviruses tested in vitro or in vivo [15, 16], 
25 
26 
27 
28 
29 
30 

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 

31 coronaviruses. 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

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 

42 sequence in it and was thus likely generated in the laboratory. In a rebuttal paper led by 
43 

44 an HIV-1 expert Dr. Feng Gao, they used careful bioinformatics analyses to demonstrate 
45 
46 
47 
48 

that the original claim of multiple HIV insertions into the SARS-CoV-2 is not HIV-1 specific 

49 but random (Gao et al., EMI paper 2/12/2020 in press). Because of the many concerns 
50 

51 raised by the international community, the authors who made the initial claim have already 
52 
53 
54 
55 
56 
57 
58 
59 
60 

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 

15 more likely that SARS-CoV-2 is a recombinant CoV generated in nature between a bat 
16 

17 CoVand another coronavirus in an intermediate animal host. More studies are needed to 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

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 

(COVI D-19) (https://globa lbiodefense .com/novel-co ro navirus-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 Co Vs, 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 

(SHC014) in the backbone of a SARS CoV that has adapted to infect mice (MA 15) 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 (MA 15) [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 MA 15 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-Co Vs, 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 MA 15 SARS-CoV backbone. The resultant SL-SHC014-MA 15 virus 

could indeed efficiently use human ACE2 and replicate in primary human airway cells to 

similar titers as epidemic strains of SARS-CoV. While SL-SHC014-MA 15 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 MA 15, which causes 

lethal outcomes in aged mice [7]. 

Due to the elevated pathogenic activity of the SL-SHC014-MA 15 chimeric virus 

relative to the SA RS-MA 15 CoV in mice, such experiments with SL-SHC014-MA 15 

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 

exist in nature. Regardless, upon careful phylogenetic analyses by multiple international 

groups [5, 14], the SARS-CoV-2 is undoubtedly distinct from SL-SHC014-MA 15, 

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-MA 15 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~human coronavirus, SARS-CoV-2, was quickly 

identified, and the associated disease is now referred to as coronavirus disease 

discovered in 2019 (COVI D-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 (RaTG 13) was recently 

reported, which shared -96% homology vvith 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--GNA sequences 

~ . 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-atld followjng_ the evolutionm 

characteristics typical of CoVs, it is highly unlikely that RaTG13 CoV is the immediate 

source of SARS-CoV-2. The absence of a logical t argeted pattern tn ttle new viral 

sequences and a close relative in a wildlife species (bats) are the most revealing signs 

that SARS-CoV~2 evolved iby natural evolution. A search for an intermed1ate animal 

host betv/een bats and humans ,is needed to Identify animal CoVs more closely related 

to human SARS-CoV-2. There is speculation that pangolins might have OoVs closely 

related to SARS-CoV-2, but ttie data to substantiate this is not yet published 

(https://vvww.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 w ith a bat CoV S gene 

(SHC014) in the pacl<bone of a SARS CoV that has adapted to infect mice (MA 15) and 

is capable of infecting human ceJJs {8]. However, this claim lacks any scientific basi s 

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 reGemeiRaRt mouse-adapted SARS virus (MA 15) (9) was generated by seriaJ 

passage of an infectious wildtype SARS CoV clone in the respiratory tract of BALB/c 

mice. After 15 passages ln mice, the SARS-CoV gained elevated replication and lung 

pathogenesis in aged mice (1hence M15), due to six coding genetic mutations 
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Strikethrough 
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When the originl!II SARS-CoV was Jsolated, 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_[G, 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 [SJ. Comblmed 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 coronavjrus SL-SHC014 was synthesized and .used to generate 

a chimeric vfrus in the mouse adapted MA 15 SARS-CoV backbone. The resultant SL

SHC014-MA 15 v,ims could indeed efficiently use human ACE2 and replicate in primary 

human airway cells to similar titers as epidemic strains of SARS-CoV. While SHC014-

MA 15 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 MA 15, which causes lethal outcomes J6Cralildle6& 6'fln aqedmtc__e IFA:p9FtaAtly. 
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1,0ue to the elevated pathogenic activity of the SHC014-MA 15 chimeric virus relative to _ • ~ : >-F_o_rm_•_tt_ed_:_H_igh_li_gh_i ________ _ 

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

were fater restricted as gain of function (GOF) studies under the US government

mandated pause policy k!i:4;11¥1 O&k .l014 te ON 201;· https:/IWWW.nih.gov/about

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

The current COVID-2019 ep.idemic has restarted the debate over the risks of 

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

lb!!.these bat CoVs already exist ,in nature. Regardless. upon careful phyJogenetic 

analyses by multiple international groups (5, 14], the SARS-CoV-2 is undoubtedly 

distinct from SHCO 14- MA 15, with >-5§..000 nucleotidem differences across the whole 

genome. Therefore, once agaih there ls no credible evidence to support the claim that 

the SARS-CoV-2 is der,ived from the chimeric SHC014-MA 15 virus. Finally, we note that 

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

Formatted: Line spacing: Doub.le 
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remdesivir as a proad b-a§:&:95Peclrum inhibitor of all group 2b SARS-like coronaviruses _ - -{ Formatted: Highlight -----~~--------~ 
tested in vitro or in vivo <Sbahafl IP e:tal Sci I@ost Med ii (2Q17} Sheahan IP et 

Nl!t cen,mtm 11, :223 [29£0 t ), providing critical pre IND data that led to the ongoing 

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

SARS-llke coronaviruses. 

There are also rumors that the SARS-CoV-2 was artificially, or antentiona11y, 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. !.o....§.A rebuttal paper led 

by an HIV-1 expert Dr. Feng Gao~--f\aS 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 outbrea1< of a newly discovered acute r-espiratory 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 

(COVI0-19) ('-'•'HC 1,ob~ It! · .;f . 

According to what has been reported 1-3, COVID-2019 seems to have similar cl inical 

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 tti e highest being >96% 

identity 4•5. 

Currently, there are speculations, rumors and .conspiracy theories that SARS-CoV-2 is 

of laboratory ,origin. Some peo.~le have alleged that the human SARS-CoV-2 was 

leaked directly from a laboratory Jin Wuhan where a bat CoV (RaTG 13} was recently 

reported. whic'lil 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. wi a total of 202 single-nucleotide variations (SNVsj identified 

across the genome; among these SNVs, 200 were in the coding ONA 1sequences!_ ____ ~ J -{ commented (BRS1J: Not a doa virus 

amino-acid changes (Song H.O. ot . Cros.1 l'!Os.1 t\-'Olulion Of so·~ ~eutlt mpiFfltoi'.Y 

$ytl4rOl'nO OOfOr'lli\lifU$ in p«m Cil/fl Md hUl'l'lllli1. PJoc NaU Ai:4d SCI U S A J02, 2430-

24:M (.2005)). Given that ttlere are greater than 1000 nt differences between the human 



SA'RS-CoV-2.and the bat RaTG13-CoV 4, which are distributed throughout the genome 

in a naturally occurring pattern .and foUow 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 solirce of SARS-CoV-2. The absence of a logical targeted pattern in 

the new viral s~uences and a close relative in a wildlife species 1bats 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 Co Vs 

more closely related to human SARS-CoV-2. There is speculation that pangollns might 

have CoVs -closely related to SARS-CoV-2, but the data to substantiate this is not yet 

published ('>,eb!: :e l,nk re'). 

Another claim point~ to. a_,t~latur~ M! dicin.e.P.aP! ! pu~lisJ:ieg 1n_ ~01_5_ 6~ w,Nc!l.r~e~r!s. tjle _ -- - J i Commentec'I IBRS2): In Chinese social med ia ~ 

construction of a chimeric CoV with a bat CoV S gene (SHC01 4)1n the backbone of a 

SARS CoV that has adapted to 'Infect mice (MA 15) and is capable of infecting human 

cells 7 _ However, this claim lacks any scientific basis and must be disc-0unted because 

of significant divergence in the genetic sequence of this construct with the new SARS-

CoV{4 _ ,- .f Commented [BRS3): >s,ooo nts 

- ······-·-··-···--·---- --······-·--·-···--·---- --···· t 
] 

The !recombinant ,mouse-adapted SARS virus {.MA 15).Jl(pborts. A. ot _ , A MCU H • _____ J - { Commented IBRS4): No, wildtype was passaged ==i 
adap:ed SARS-coronavlrus causes disease and mort.alLfy In BALBtc mice. PLoS Pa1hog 

l . (!.$ (2007ft was generated :by serial passage of !SAR~t CoV in the respirato_!Y tract of ___ ~ i commented IBRSSJ: witdtype 

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 adaptatior:t. ~~ is ~~o !i~tly th.at ~~ 1.5_is high!Y. <!ttenuiftej _to . 

replicate in humar:i 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 fr.om human patients- or civets-derived viruses. was unable to use 

human ACE2 as a receptor for entry rinto ,human cells 8,9. Civets were proposed to be 

an intermediate host of the bat~CoVs, capable of spreading SARS CoV to humans 

( "' <1 tr: r, rd ,ur::-.). However, in 2013 several novel bat coronaviruses were isolated 

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

_ r - Commented [BRS6): these six muta tions we re_ 
re.introduced into a SARS mo'lecular d one to iso late a SARS 
MAlS recombinant v:irus, wbicb re:capitulared the severe 
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6,000 nts .as compa red With SARS-Cl>V 2. evolutionary evider:tce that the bat ACE2 gene has been positively selected at the same 

contact sites as the human ACE2 gene for interacting with SARS CoV 10, it was 

proposed that an intermediate host tnay not be necessary and that some bat SL-CoVs 

may be able to directly infect ihuman hosts. To directly address this possibility, the 

e:xea S gene from bat coronavirus SL-SHC014 was &)ITl~heslzed and used to gel'lerate 

a chimeric virus in the mouse adapted MA 15 SARS-CoV back.bone. The rresultal'lt SL

SHC014-MA 15 virus could indeed efficiently use human ACE2 and replicate in primary 

human airway cells to similar titers as epidemic strains of SARS-CoV. Wtu. SHC014-

MA 15 can replicate efficiently in ~ arid ~ l'l10f.lU k!l'lgs, ll'lftctfon .,.,.,, My 

atteooa~l?'d. and less Virus an~ w.:n present In 1he atlway eplthellum as compared to 
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were subject to pause, reviewed and later approved under the US government

mandated pause pollcy (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 risk-s of constructing 

such viruses that co1.l'ld have pandemic potential, irrespective of the finding these bat 

CoVs already exist in nature. Regardless, upon careful phylogenetic analyses by 

multiple internationa1 groups 5,11, the SARS-CoV-2 is undoubtedly distinct from SHC014-

MA 15. with >5000 nt difference.s 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 vi rus. Flna1ly, we note that tne synthetic and chimeric 

panels of bat and SARS-like CoV led ,to ,the identificati.on of remdesivir as a broad based 

inhibitor of all group 2b SARS-llke coronaviruses tested in vitro or il'I vivo, providing 

critical prelND data thaHed to the ongoing clinical trials in ,China. and for the future ____ - - -- commented 1BRS11J: PMC6954302 

development of unive1sal vaccines for all the SARS-like coronaviruses. 

There are also rumors that the SARS-CoV-2 was artificially, or antentiona11y, made by 

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

rnanu~fi,1)1 4ftatirtg ;ito prior to~ ~ ro·.few anEI net yet ~eer revieweEI far aeellraey) 

claiming that SARS-CoV-2 has HIV sequence in it and was thus likely generated j.n 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 

'J'! 12i?C2Q) . Becaus-e of the many concerns ,raised by the international community, the 

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

PMC5567817 



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~human coronavirus, SARS-CoV-2, was quickly 

identified, and the associated disease is now referred to as coronavirus disease 

discovered in 2019 (COVI D-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 (RaTG 13) was recently 

reported, which shared -96% homology vvith 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--GNA sequences 

~ . 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-atld followjng_ the evolutionm 

characteristics typical of CoVs, it is highly unlikely that RaTG13 CoV is the immediate 

source of SARS-CoV-2. The absence of a logical t argeted pattern tn ttle new viral 

sequences and a close relative in a wildlife species (bats) are the most revealing signs 

that SARS-CoV~2 evolved iby natural evolution. A search for an intermed1ate animal 

host betv/een bats and humans ,is needed to Identify animal CoVs more closely related 

to human SARS-CoV-2. There is speculation that pangolins might have OoVs closely 

related to SARS-CoV-2, but ttie data to substantiate this is not yet published 

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

Another claim m Chinese soaal moo.a points to a Nature Medicine paper published in 

2015 [7), which reports the construction of a chimeric CoV w ith a bat CoV S gene 

(SHC014) in the pacl<bone of a SARS CoV that has adapted to infect mice (MA 15) and 

is capable of infecting human ceJJs {8]. However, this claim lacks any scientific basi s 

and must be discounted because of significant divergence in the genetic sequence of 

this construct with the new SARS-CoV-2 4:;,-!1000 nudeotlcfes 1. 

The r:ed~Ql!IIIW'Ylt:it mouse-adapted SARS virus (MA 15) (9) was generated by seriaJ 

passage of an infectious wlldtype SARS CoV clone in the respiratory tract of BALB/c 

mice. After 15 passages ln mice, the SARS-CoV gained elevated replication and lung 

pathogenesis in aged mice (1hence M15), due to six coding genetic mutations 

associated with mouse adaptation. J'.tte:sa.slXJDU~re,,remtroduce..dJnto a S8RS ~ . , Formatted: Font; (Default) Aria~ Font color. Black 



molecular clone to isolate a SARS MA 15 recombinant virus. which recapitulated the 

severe disease phenotype in mice. It is-alse likely that MA 15 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-Co Vs, 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-VVIV1 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 \1\/ith SARS CoV [13) , it was 

proposed that an intermediate host may not be necessary and that some bat SL-Co Vs 

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 MA 15 SARS-CoV 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 SHC014-

MA 15 can replicate efficiently in young and aged mouse lungs, infection was ful ly 

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

SARS MA15, which causes lethal outcomes regardless of age IR1 13ortantly, ~l=IG014 



(7). 

p ue_t9 the elev~ted pathpgenic activity ofthe SHC-014-MA 1'5. chimeric vir::us rel!)tiVe to ~ -, , Formatted: Highlight , )------------------i. 
the SARS-MA 15 CoV 'in mice, such experiments with SHC014- MA 15 chimeric virus 

were tater restricted as gair,i of function (GOF) s·tudies under the US government-
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The current COVID-2019 ep.idemic has restarted the debate over the risks of 

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

lb!!.these bat CoVs already exist ,in nature. Regardless. upon careful phyJogenetic 

analyses by multiple international groups (5, 14], the SARS-CoV-2 is undoubtedly 

distinct from SHCO 14- MA 15, with ;,.5.looo !'MSJ!9l:~#t differences across ihe Whole 

genome. Therefore, once agaih there ls no credible evidence to support the claim that 

the SARS-CoV-2 is der,ived from the chimeric SHC014-MA 15 virus. Flnal1¥1rwa oo:teJhat 

revise., a s I am coofused ! 
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coronav1ruses_ 

There are also rumors that the SAIRS-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. 1.n..§A rebuttal paper led 

by an HIV-1 expert Dr. Feng Gao....1!Jgy...J::\as 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 betvveen 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 outbrea1< of a newly discovered acute r-espiratory 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 

(COVI0-19) ('-'•'HC 1,ob~ It! · .;f . 

According to what has been reported 1-3, COVID-2019 seems to have similar cl inical 

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 tti e highest being >96% 

identity 4•5. 

Currently, there are speculations, rumors and .conspiracy theories that SARS-CoV-2 is 

of laboratory ,origin. Some peo.~le have alleged that the human SARS-CoV-2 was 

leaked directly from a laboratory Jin Wuhan where a bat CoV (RaTG 13} was recently 

reported. whic'lil 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. wi a total of 202 single-nucleotide variations (SNVsj identified 

across the genome; among these SNVs, 200 were in the coding ONA 1sequences!_ ____ ~ J -{ commented (BRS1J: Not a doa virus 

amino-acid changes (Song H.O. ot . Cros.1 l'!Os.1 t\-'Olulion Of so·~ ~eutlt mpiFfltoi'.Y 

$ytl4rOl'nO OOfOr'lli\lifU$ in p«m Cil/fl Md hUl'l'lllli1. PJoc NaU Ai:4d SCI U S A J02, 2430-

24:M (.2005)). Given that ttlere are greater than 1000 nt differences between the human 



SA'RS-CoV-2.and the bat RaTG13-CoV 4, which are distributed throughout the genome 

in a naturally occurring pattern .and foUow 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 solirce of SARS-CoV-2. The absence of a logical targeted pattern in 

the new viral s~uences and a close relative in a wildlife species 1bats 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 Co Vs 

more closely related to human SARS-CoV-2. There is speculation that pangollns might 

have CoVs -closely related to SARS-CoV-2, but the data to substantiate this is not yet 

published ('>,eb!: :e l,nk re'). 

Another claim point~ to.a_,t~lat.urEt Medicin.e.P.apec P!;!lalLsJ:ieg !rt~Ot 5_ 6~ w,Nc!l.r~e~r!s. tjle _ -- - Ji Commentec'I IBRS2): In Chinese social med ia ~ 

construction of a chimeric CoV with a bat CoV S gene (SHC01 4)1n the backbone of a 

SARS CoV that has adapted to 'Infect mice (MA 15) and is capable of infecting human 

cells 7 _ However, this claim lacks any scientific basis and must be disc-0unted because 

of significant divergence in the genetic sequence of this construct with the new SARS-

CoV{4 _ , • .r Commented [BRS3): >s,ooo nts 

- ······-·-··-···--·---- --······-·--·-···--·---- --···· t 
] 

The !recombinant ,mouse-adapted SARS virus {.MA 15).Jl(pborts. A. ot _ , A MCU H • _____ J - { Commented IBRS4): No, wildtype was passaged ==i 
adap:ed SARS-coronavlrus causes disease and mort.alLfy In BALBtc mice. PLoS Pa1hog 

l . (!.$ (2007ft was generated :by serial passage of !SAR~t CoV in the respirato_!Y tract of __ • - i commented IBRSSJ: witdtype 

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 adaptatior:t. ~~ is ~~o !i~tly th.at ~~ 1.5_is high!Y. <!ttenuiftej _to . 

replicate in humar:i 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 fr.om human patients- or civets-derived viruses. was unable to use 

human ACE2 as a receptor for entry rinto ,human cells 8,9. Civets were proposed to be 

an intermediate host of the bat~CoVs, capable of spreading SARS CoV to humans 

( "' <1 tr: r, rd ,ur::-.). However, in 2013 several novel bat coronaviruses were isolated 

from Chinese horseshoe ,bats and the bat SARS-like or SL~oV-WIV1 was able to use 
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SHC014-MA 15 virus could indeed efficiently use human ACE2 and replicate in primary 

human airway cells to similar titers as epidemic strains of SARS-CoV. Wtu. SHC014-
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mandated pause pollcy (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 risk-s of constructing 

such viruses that co1.l'ld have pandemic potential, irrespective of the finding these bat 

CoVs already exist in nature. Regardless, upon careful phylogenetic analyses by 

multiple internationa1 groups 5,11, the SARS-CoV-2 is undoubtedly distinct from SHC014-

MA 15. with >5000 nt difference.s 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 vi rus. Flna1ly, we note that tne synthetic and chimeric 

panels of bat and SARS-like CoV led ,to ,the identificati.on of remdesivir as a broad based 
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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 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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My 2 Chinese colleagues and I 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. I 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. 

I recognize that it is essential for scientists to do whatever they can to counter fake news and 

false information and to support our esteemed colleagues and scientists like yourself which is 

what prompted this commentary! 

In another matter Dr Wang and I 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 An imal Health Research Program 

OARDC/The Ohio State University 

1680 Madison Ave 
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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 

(COVI D-19) (https://globa lbiodefense .com/novel-co ro navirus-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 Co Vs, 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/d41 586-020-00364-2). 

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 (MA 15) 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 (MA 15) [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 ACE2 as a receptor for entry into human cells [10, 11 ]. Civets were 

proposed to be an intermediate host of the bat-Co Vs, 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 ACE2 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-MA 15 chimeric virus relative to 

the SARS-MA 15 CoV in mice, such experiments with SHC014- MA 15 chimeric virus 

were later 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 



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- MA 15, 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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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 I was trying to find official website links for the new names of the virus 
(ICTV) and diseases (WHO), but failed; I 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 Perlman 
right now. 

Shan-Lu 

Q' !JIE Omo STATE UNIVERSITY 

Shan-Lu Liu, M.D., Ph.D. 
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From: "Saif, Linda" <sa if. 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 M icrobes & Infections 

Can you please send me t he updated version first and t hen I w ill try to share with Ra lph ! 



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" <1iu.6244@osu .edu> 

Date: Wednesday, February 12, 2020 12:47 AM 

To: Linda Saif <sajf 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. 

I will work on reference tomorrow and send you a updated version. 

Shan-Lu Liu sent from iPhone 

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

Hi Shan-Lu, 

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

this. 

Here are more comments and some refs that I have made in replies to some 

reporters about this issue if you think any are useful to include. I also wonder if 

we might share this with Ralph Barie since he is a conspiracy target and maybe he 

could add additional points, but I 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, Chen J, 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 US 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 HDl, 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 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 0, 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 I have 
written a commentary on the possible origin of the 2019-nCoV or SARS
CoV-2 in order to dispute some rumors, and we would like to invite you as 
a coauthor. Attached please find an almost complete draft (references 
needed) of the commentary, so kindly let me know what you think. Your 
comments and suggestions are very much appreciated. 

Thanks. 

Shan-Lu 
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The emergence and outbreak of a newly discovered acute respiratory disease in 

Wuhan , China, has affected greater than 40,000 people, and killed more than 1,000 as 

of Feb. 10, 2020. A novel human coronavirus, SARS-CoV-2, was quickly identified, and 

the associated disease is now referred to as coronavirus disease discovered in 2019 

(COVI D-19) (https://globa lbiodefense .com/novel-co ro navirus-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 Co Vs, 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/d41 586-020-00364-2). 

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 (MA 15) 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 (MA 15) [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 ACE2 as a receptor for entry into human cells [10, 11 ]. Civets were proposed to 

be an intermediate host of the bat-Co Vs, 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 ACE2 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-MA 15 chimeric virus relative to 

the SARS-MA 15 CoV in mice, such experiments with SHC014- MA 15 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/n ih-d irector/state me nts/ni h-lifts-fu nding-pa use-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 Co Vs 



already exist in nature. Regardless, upon careful phylogenetic analyses by multiple 

international groups [5, 13], the SARS-CoV-2 is undoubtedly distinct from SHC014-

MA15, with >5000 nt differences across the whole genome. Therefore, once again 

there is no credible evidence to support the claim that the SARS-CoV-2 is derived from 

the chimeric SHC014-MA15 virus. 

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

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

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

sequence in it and was thus likely generated in the laboratory. A rebuttal paper led by 

an HIV-1 expert Dr. Feng Gao has used careful bioinformatics analyses to demonstrate 

that the original claim of multiple HIV insertions into the SARS-CoV-2 is not HIV-1 

specific but random (Gao et al., EMI paper 2/12/2020 in press). Because of the many 

concerns raised by the international community, the authors who made the initial claim 

have already withdrawn this report. 

Evolution is stepwise and accrues mutations gradually over time, whereas synthetic 

constructs would typically use a known backbone and introduce logical or targeted 

changes instead of randomly occurring mutations. In our view, there is currently no 

credible evidence to support the claim that SARS-CoV-2 was originated from a 

laboratory-engineered CoV. It is more likely that SARS-CoV-2 is a recombinant CoV 

generated in nature between a bat CoV and another coronavirus in an intermediate 

animal host. More studies are needed to explore this possibility and resolve the natural 

origin of SARS-CoV-2. 
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I edited this version and added my name as I too feel strongly about denouncing this. 

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

this issue if you think any are useful to include. I also wonder if we might share this with Ralph 

Barie since he is a conspiracy target and maybe he could add additional points, but I 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, 

Chen J, 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 US 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 HDl, 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 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 0, Guo ZM, Pan HY, He WZ, Manuguerra JC, Fontanet A, 

Danchin A, Niccolai N, Li YX, Wu Cl, Zhao GP. 
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The emergence and outbrea1< 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, if,Ri COV 2COVI0.~9,. was qui~kly identified, 

and the associated disease is now ;referred to as novel coronav irus pneumonia QNCF1) 

or coronavirus disease discovered in 2019 (COVID-19 919 WHO ryf t-,trt). 

clinical manffestations to that of the severe acute respiratory syndrome (SARS) caused 

by SARS-CoV. The SAlilSCe.\t 2COV1D-19 genome sequence also has -SO% identity 

with SARS-CoV, but DJs most similar to some bat beta-coronaviruses, with the highest 

being >96% ,identity (Nl'!I\JM :w~p refs). 

Currently, there are speculafions.-Of mmors !:'OS conH?fmcy !h!MSi that CQY!P:19 ~ 

N~~ Go\' is of laboratory origin . ..som• r.«,p!t hm GeAai" r,ioople e1:1qiiu~ 

e AA~ that the t!l!mfm.S.b RS Cell :aCO,¥lll;!.9 ~ 11hr&t&t~ leaked gj(ecttx from a 

laboratory in Wuhan where a bat CoV (RaTG13) was recently reported, which shared 

-96% homology with the ~ O&tlt 2COVI0-19 {Nature, 2020) . However, as we know, 

the hw@n SARS-CoV and lntegnedjat>? hp§; palm civet; $AB$:fjke CoV shared 99.8% 

homology, which ·is or1ly about 60 nt differences in the whole 29Kb fcic} genome 

sequence (refs). Given that there are greater than 1000 nt differences between the 

bWPM $A~i C;V ~COVjQ:J9 and the .W,.RaTG13-CoV ~ fs), it is highly unlikely !tW 

• ' Commented [J1): Not sure how widely used or accepted 
this is- please ch:eck orto avoid confusion use COVID-19? 

RaTG 13~ is the ,immediate source of $A~-ov ~COVIP:h 9., ,;. ~-I! :ff~l~~ ___ , - Commented [J2); CoVs hal/e a high mutation rate like 
ot her .RNA viruses~ 



intermediate animal host between bat.§ and humans is needed to identify animal CoVs 

more closely related to human COVI D-19. There is specu lation 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 (MA 15) 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 sequence of this construct with the new 

COVID-19. 

The recombinant mouse-adapted SARS virus (MA 15) (PLoS Pathog. 2007 Jan;3(1) :e5) 

was generated by serial passage& of an infectious SARS CoV clone in the respiratory 

tract of BALB/c mice. After 15 rmrnEls of passage§ 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 MA 15 is highly 

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

VVhen 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 unfl8t-.able 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 eefore they spreading SARS CoV 



to humans (refs). However, in 2013 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 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 ~ VI 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 MA 15 SARS-CoV backbone. The 

resultant SL-SHC014-MA 15 virus could E.a-R-indeed efficiently use human ACE2 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 (t,Jat. Med. 2015). 

Due to the elevated pathogenic activity of the SHC014-MA 15 chimeric virus relative to 

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

now restricted son6i.lere.l 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 .Qf_constructing such viruses that could havewitR 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 

~A~~ Col/ 2COV1D-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 ~AR~ GoV 2COV1D-19 is derived from the 

chimeric SHC014-MA15 virus. 

There are also rumors that the 19AR~ Col/ 2COV1D-19 wasi& artificially, or intentionally, 

made by humans in the lab, and this is highlighted in one manuscript submitted to 

BioRxiv, (and not yet peer reviewed for accuracy) claiming that aARa Col/ 2COVI D-19 

has HIV sequence in it and ~si& 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 aARa GoV 

~COVI D-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 desided to withdrawn this report. 

In summary, 1,•.re eelieve Uiat there is no credible evidence to support the claim that the 

aARa GoV 2COV1D-19 was-originated from a laboratory-engineered CoV_. It is much 

more likelyl=lowever, we saRRot rnle 01:1t the possiai lity _that aARa GoV 2COVI D-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 aARa GoV 2COV1D-19. 
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The emergence and outbreak of a newly discovered acute respiratory disease in 

Wuhan, China, has affected greater than 40,000 people, and killed more than 1000 as 

of Feb. 10, 2020. A novel human coronavirus, SARS-CoV-2, was quickly identified, and 

the associated disease is now referred to as novel coronavirus pneumonia (NCP) or 

coronavirus disease discovered in 2019 (COVID-19). 

According to what has been reported (Lancet, NEJM 2020), NCP seems to have similar 

clinical manifestations to that of the severe acute respiratory syndrome (SARS) caused 

by SARS-CoV. The SARS-CoV-2 genome sequence also has -80% identity with 

SARS-CoV, but is most similar to some bat beta-coronaviruses, with the highest 

being >96% identity (refs). 

Currently, there are speculations or rumors that the 2019-CoV is of a laboratory origin. 

Certain people suspected that the SARS-CoV-2 is directly leaked from a laboratory in 

Wuhan where a bat CoV (RaTG13) was recently reported, which shared -96% 

homology with the SARS-CoV-2 (Nature , 2020). However, as we know, the SARS-CoV 

and palm civets CoV shared 99.8% homology, which is only about 60 nt differences in 

the whole genome sequence (refs). Given that there are greater than 1000 nt 

differences between the SARS-CoV-2 and the RaTG13-CoV (refs), it is highly unlikely 

RaTG13 is the immediate source of SARS-CoV-2; this is particularly true in light of a 

low mutation rate of the coronaviruses (refs). Searching for an intermediate host 

between bat and humans is needed. 



Another claim points to a Nature Medicine paper published in 2015, which reports the 

construction of a chimeric CoV with a bat CoV S gene (SHC014) in the backbone of a 

SARS CoV that has adapted to infect mice (MA 15) 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 (MA 15) (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 MA 15 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 ACE2 as a receptor for entry (refs). Civets were proposed to be an intermediate 

host of the bat-Co Vs 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 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 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 MA 15 SARS

CoV backbone. The resultant SL-SHC014-MA 15 virus can indeed efficiently use 

human ACE2 and replicate efficiently in primary human airway cells to similar titers as 

epidemic strains of SARS-CoV. Importantly, SHC014-MA 15 can replicate efficiently in 

the mouse lung, leading to severe pathogenesis (Nat. Med. 2015). 

Due to the elevated pathogenic activity of the SHC014-MA 15 chimeric virus relative to 

the SARS-MA 15 CoV in mice, such experiments with SHC014- MA 15 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- MA 15, 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 between 

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 [1-3J, 
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
Co V, 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 aJleged that the human SARS
Co V-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 Co V 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 Co Vs, 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 

CONTACT Shan Lu Liu e Liu.6244@osu.edu; Ushan Su e lsu@med.unc.edu 

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/d4 l 586-020-00364-2). 

Another claim in Chinese social media points to a 
Nature Medicine paper published in 2015 (7), which 
reports the construction of a chimeric Co V with a 
bat CoV S gene (SHC014) in the backbone of a SARS 
CoV that has adapted to infect mice (MAIS) 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 (MAIS) (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 MIS), due to six coding genetic mutations 
associated with mouse adaptation. lt is likely that 
MAIS 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-WIVl was able to 
use ACE2 from humans, civets and Chinese horseshoe 
bats for entry [8]. Combined with evolutionary 

Cl 2020 The Author(s). PubliShed by lnforma UK Limited, trading as Taylor & Francis Group, on behalf of Shanghai Shangyixun Cultural Communication Co. Ltd 
This is an Open Access a.rticle distributed under the terms of the Creative Commons Attribution License (htq>://aeat~ommons.orgl1icen5Hlby/4,0/), which permits unrestricted 
use, distribution, and reproduction in any medium, pro,ided the original work is prl:1)erly cited. 
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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. l'o 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 MAlS SARS-CoV backbone. The resul" 
tant SL-SHC014-MA1S 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-MA1S 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 MAIS, 
which causes lethal outcomes in aged mice [7]. 

Due to the elevated pathogenic actiVity of the 
SHC014-MA1S chimeric virus relative to MAIS chi
meric virus with the original human SARS S gene in 
mice, such experiments with SL-SHC014-MA1S chi
meric virus were later restricted as gain of function 
(GOP) 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 Co Vs 
already exist in nature. Regardless, upon careful phylo
genetic analyses by multiple international groups 
(5,141, the SARS-CoV-2 is undoubtedly distinct from 
SL-SHC014-MA1S, 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 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 bas 
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-Co V-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 RaTG13. 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 genome release time was Jan 11 in Chinese time but Jan 10 in the US. The 
email was based on my note. 
Just a clarification. 
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Good morning everybody! Happy Friday. 

Thank you for sharing your ideas and participating in the discussions. I know many of 
you (and me too) have questions regarding where and how to obtain patient's 
samples, how to quickly get IBC amendments approved and get to get access to 
BSL3 facilities on campus, etc. Those are indeed critical questions and issues at this 
time, and all have been discussed in the past week Zoom meeting organized by Gene 
Otiz. We hope to have some updates next week. 

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 
concern. 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 gaps in 
our understanding of its origins. 

A New Numan Coronavlrus 
The first reports of a novel pneumonia 
(COVID-19) in Wuhan city, Hubel 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 SAAS-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 (CFA) 
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 CFA 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 SAAS 
outbreak of 2002-2003, and MEAS-COV 
that ·since 2015 has been responsible for 
the ongoing outbreak of MEAS largely 
centered on the Arabian peninsula. How
ever, it is also evident that SAAS-CoV-2 
is more infectious than both SAAS-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 severalyearsago)where a va
riety of mammalian species were available 
for purchase at the time of the outbreak 
(Figure 1). Given that SAAS-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 emergence, it is 
not clear whether the samples were 
derived from people who inadvertently 
deposited infectious material or from ani
mals or animal matter present at that loca
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 admitt.ed to the Cen
tral Hospital of Wuhan on December 26, 
2019, six days after the onset of symp-

toms ~ u 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 SAAS-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 
SAAS-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 
o.pen access Virological website (http:// 
virological.orw) early on January 11, 
2020. Afterwards, the China CDC similarly 
released SAAS-COV-2 genome se
quences (with associated epidemiolog
ical data) on the public access GISAID 
database (https://www.gisaid.org/). At 
the time of writing, almost 200 SAAS
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 SAAS
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 Huan.a, Seafood and Wildlife Marttet In WUhan, China 
The photographs (credit: E.C.H.) were taken when both authors visited the market together In October2014 and highlight some of the wide variety of wild life on 
sale, providing a potent mechanism for zoonotic transmission. Importantly, although many of the earty COVID 19 cases were linked to this market, its role in the 
initial emergence of SAAS 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 Othel' Coronaviruses 
The ear1iest 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 il'ICludes 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 nucleotide 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 evoh,rtionary relation
ships, it is unsurprising that the genome 
structure of SARS-CoV-2 resembles those 
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of other betacoronaviruses, with the 
gene order 5'-replicase ORF1 ab-S-enve
lope(E)-membrane(M)-N-3'. The long repli
case ORF1 ab gene of SARS-CoV-2 is over 
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 SAAS· 
CoV. Comparative genomic analysis has 
been greatly assisted by the availability of 
a related virus from a Rhinolophus affinis 
Q.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 atthe nucle
otide sequence level. Despite this 
sequence similarity, SARS-CoV-2 and 
RaTG 13 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 PARA) 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 HGoV-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, an in
dependent insertion(s) of the amino acids 
PAA at the S1/S2 cleavage site was 
recently observed in a virus (RmYN02) 
sampled in mid-2019 from another Rhino
lophus bat in Yunnan province, indicating 
that these insertion events reflect a natural 
part of ongoing coronavirus evolution 
(Zhou et al., 2020). While RmYN02 is rela
tively divergent from SARS-CoV-2 in the 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 SAAS• 
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 RmYN02 
(Hu et al., 2017; Yang et al., 2015). Hence, 
bats are undoubtedly important reservoir 
species for a diverse range of coronavi· 
ruses (Cui et al., 2019). Despite this, 
the exact role played by bats in the 
zoonotic origin of SARS-CoV-2 is not 
established. In particular, the bat viruses 
most closely related to SARS-CoV-2 
were sampled from animals in Yunnan 
province, over 1,500 km from Wuhan. 
There are relatively few bat coronaviruses 
from Hubel province, and those that have 
been sequenced are relatively distant to 
SARS-CoV-2 in phylogenetic trees (Lin 
et al., 201 7). 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 
sequence 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 SAR~CoV-2 was 
able to acquire some or all of the muta
tions needed for efficient human trans
mission. In the case of SAAS and MEAS, 
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 multiple 
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 SAAS· 
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 carry 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, if is possible that the virus emerged 
eartier 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 correct, although such 
earty 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 in the 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 RmYN02 has similarly 
been widely impacted by recombination 
(Zhou et al., 2020). However, trying to 
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detennine the exact pattern and genomic 
ancestry of recombination events is diffi
cult, particular1y 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 
perfonn 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, anc;1 ;iny such 
claims require careful experimental verifi
cation. 

Given the high mutation rates that char
acterize RNA viruses, it is obvious that 
many more mutati.ons will appear in the 
viral genome and that these will help us 
to track the spread of SARS-CoV-2 (Gru
baugh et al., 2019). However, as the 
epidemic grows, our sample size of se
quences will likely be so small relative to 
the total number of cases that it will be 
very difficult, if not impossible, to detect 
individual transmission chains. Caution 
must therefore always be exercised 
when attempting to infer exact transmis
sion events. As an aside, although coro
naviruses likely have lower mutation rates 
than other RNA viruses because of an 
inherent capacity for some proof-reading 
activity due to a 3' -to-5' exoribonuclease 
(Minskaia et al., 2006), their long-tenn 
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 likelihood, 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. 

Concluslons 
It seems inevitable that SARS-CoV-2 will 
become the fifth endemic coronavirus in 
the human population (along with HKU1, 
NL63, OC43, and 229E) and one that is 
currently spreading in a totally susceptible 
population. Coronaviruses clearly have 
the capacity to jump species boundaries 
and adapt to new hosts, making it straight
forward to predict that more will emerge in 
the future, although quite why coronavi
ruses possess this capacity in comparison 
to some other RNA viruses is unclear. Crit
ically, the surveillance of animal coronavi
ruses should include animals other than 
bats, as the role of intennediate 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 wor1d means we 
cannot build impregnable barriers, stron
ger action against the illegal wildlife trade 
and removing all mammalian (and perhaps 
avian) wildlife from wet markets will pro· 
vide an important buffer. 
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Subject: OSU COIVD-19 working groups 

[WARNING: External Email - Use Caution] 

Good morning everybody! 

Thank you for your interest in joining the OSU COIVD-18 discussion and working 
groups. I believe I have included everyone who expressed an interest, but if not, 
please let me know. 

Today, I would like to share a new paper just appearing on the BioRxiv website. I 
thought this is a cool study. 

https://www.biorxiv.org/content/10.1101/2020.03.22.002386v1 

Attached also please find a review article, which I thought is comprehensive. 

Shan-Lu 
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COVI0-19: Epidemiology, Evolution, and 
Cross-Disciplinary Perspectives 

Jiumeng Sun,1
'8 Wan Ting He,1'

8 Lifang Wang,2 Alexander Lai,3 Xiang Ji,4 Xiaofeng Zhai, 1 Gairu Li, 1 

Marc A. Suchard,4 Jin Tian,5 Jiyong Zhou,6 Michael Veit,7
,* and Shuo Su1

'* 

The recent outbreak of COVI 0-19 in Wuhan turned 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 etiology 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 (CoV), first named 
2019-nCoV, and subsequently this disease was renamed by WHO as COVID-19. 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 J. This new CoV is now the 
seventh member of the Coronavirid8.e known to infect t,umans. With the explosive increase 
of confirmed cases, the WHO declared this outbreak a public health emergency of international 
concern (PHBC) on January 30, 2020. 

Co Vs are a class of genetb diverse viruses found in a wide range of host speces, including birds and 
mammals. Many CoVs cause intestinal and respiratory infections in animals and in humans (2- 5]. 
CoV came into the spotlight in 20CY2- 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) a"ld the disease was later renamed severe acute respiratory 
syrxirome (SAAS) (see Gbssay). Because of international travel, the virus spread from Hong Kong 
to the rest of the wor1d and more than 8000 peopk:3 in 26 countries became infected, with a case 
fatality rate of approximately 10% (https://www.who.int/csr/sars/country/table2004 04 21/en/). 
SAR$ 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-CoV origi
nated from bats and interspecies transmission to humans took place via an intermediate 
host: Himalayan palm civets (Paguma larvata) or raccoon dogs (Nyctereutes procyonoldes) 
(5-7]. Another well-known CoV of animal origin is Middle East respiratory syndrome 
corona virus (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 Alphacoronavirus and Betacoronavirus, bats carry 
highly diverse SARS-like-CoVs. These bats are distributed in many provinces of China. 
The genetic diversity of these SARS-like-CoVs and their molecular evolution within their 
natural host species have been studied intensively [2,8-1 1]. Here, we review the recent 

but still very limited facts about the current epidemiology of COVID-19 and discuss viral 
characteristics of 2019-nCoV on the backdrop of our knowledge about the previous 
epidemic of SARS and MERS. 

Epidemiology 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 (mainland: 75 891 ; Hong Kong: 68; Macao: 10; and Taiwan: 26), and 
1200 confirmed cases, including eight fatal ones outside China, in all five continents (Figure 1 ). 

The epidemiology curve can roughly be divided into three phases. 

i. 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 confirmed. Epidemiologic analysis showed that 
already in this initial phase, person-to-person transmission had occurred by close contact [12]. 

ii. 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 [12-1 8]. The first case outside 
of China was reported in Thailand on January 13, caused by a Wuhan resident travelling to 
this country. On January 19 cases were reported from outside Wuhan, in Beijing City, and in 

the Guangdong Province, indicating that the virus had spread within China, and the total number 
of confirmed cases rose to 205. Already by January 23, 29 provinces, plus six foreign countries, 
had reported a 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 period coincided with the traditional mass 

movement of people, a form of 'home-coming', before Chinese New Year and thus more 
than 5 million people had already left Wuhan. 

iii. The third phase started on January 26, which is marked by the rapid increase of cluster cases. 
On February 10, retrospective analysis showed that the number of clustered cases accounted 
for 50-80% of all confirmed cases in Beijing, Shanghai, Jiangsu, and Shandong [19]. On 

January 30, the number increased 240-fold, reaching 9826 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 a total of 1114 deaths, but with Just one fatality 
outside China, in the Philippines. By February 12, due to adoption of a new clinical definition 
for diagnosis in Hubei province, newly confirmed cases jumped to 14 840, of which 13 332 
cases were based only on cl inical 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 daily number of confirmed 

cases outside Hubei began to decline. Whether it reflects a success of the 'Wuhan lock
down' and other publ ic 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, 64 % 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 (Ro) of 2019-nCoV is estimated to be 1.4-3.9 (12]. The Ro of SARS-CoV in the absence 
of interventions was 2.3-3. 7 [22,23]. Breban et at. estimated MERS-CoV Ro 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 Ro of SARS·CoV dropped to less 
than 1, explaining why the SARS-CoV outbreak could eventually be control led [25-27]. However, 
it is worth noting that Ro 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-19 include fever, cough, muscular soreness, and dyspnea. Some 
patients showed atypical symptoms, such as diarrhea and vomitng. However, the clinical pheno
type is confounded by the fact that 25.2% patients had at least one other underlying medical 
condition [13, 15,2&-32]. The overall clnlcal 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]; 
(iQ during the early phase of this epidemic the virus was more pathogenic; or (i~ the lcwer mortaity 
rate was skewed by a larger sample size at the later phase of this epidemic. lmportl:ntly, 889 asymp
tomatic or subclinically symptomatc infected cases were reported [20,37]. Asymptomatic infection 
was also dorumented in Germany: two asymptomatic patients' throat samples were tested positive 
by r01erse transcrption (Rl)-PCR and by virus isolatbn, while both patients remained well and afel:Yile 
for 7 days [38]. lmporta,tly, the asymptomatic manifestation jeopardizes the screening of infected 
people by temperature measurements 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-rnonth-old intent {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 rv.:m, there is no evidence for intrauterine infection by vertical transmissbn in women who 
developed COVID-19 during late pregnancy and no evidence that pregnant women are more sus
ceptble comp;ired with othe- ad.lit patients [34 ,39]. Although current~ the number of rlf:Nv infections 
is decreasing, the COV1D-l9 epidemic is still ongoing. The order to Chinese citizens to return to work, 
which is oooompanied by massive population movement, will ikely increase the risk of transmssior1 
again. Overall, the current mortality rate of COVID-19 in China is 2.9% and in foreign countries 
0.7%. The Overall mortatty rate remains the highest h 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% (85&'2494} (https://www.who.int/csr/sars/country/ 
table2004 04 21/en/; https://www.who.int/emergendes/mers-00v/enl). Howe.er, 2019-nCoV is 
more infectious tha"l SAPS-CoV or MER&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-nCoV 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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which species and under what circumstance the virus crossed the species barrier to infect 
humans remains to be clarified . Early investigations about the origin of OOVID-19 suggested 
that the 2019-nCoV 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 

membels have been shown to transfer 
bng chai'I fatfy adds to cysime 
residJes ofcEJluar and viral p-oteins. 
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Fgure 1. Spreading <:i the 2019 nCoV Epidemic. (A) Timeline of events during the2019 reov epidenic. (B) Human ooofimed cases ct a:>19 reov lnfectloo In 
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Box 1. 8.Qlutloo Analysis Mett'lods 
$e:iuer(SS ana~e:t; 18 betooorona,..trus seQJel'lCElS and 95 full length 2019 rD:.iV !)eJiOmeS kindly n\adeavaiat::Ae from GISAID 
~/,www.gsald.ag/) and from the Nooona Center tor B10technologylntormata1 GenBa'lk f'lttps:/MWW.ncbl.nhl.nti.go.,/) 
platfonns. sorne sequences were omitted, as they were too short, oontained 00quencing artefacts, resijied from 
resequencng ct the same sampe, or ti.id Insufficient amotatiotts. 

Sequence alignment and potential recombination analysls; sequences were aligned using MAFFT (83) and manualy 
adjusted in MEGA7 (84). The breakpoints were detected l.lslng the phylogenetic lnoongruence among seQ!ll81'1ts In 
sequeooe aignments using GARD and are shONn by using the Sirrplot versiQn 3.5.1 and Kmura model. SIJde v.indows 
were set as 1000 bp, With each step 600 bp. 

Phylogenetic analysis: au ML trees were reconstructed uslng the general time reversble stbstilut',on model with gamma 
distributed rate het~ogeneity and 1000 bOotstraps by RAxML (V4.8.10) (85). 

other species on the market. Genomic analyses of 2019-nCoV demonstrate a 96% nucleotide 
identity with a CoV isolated from a bat: BetaCoV/RaTG13/2013 {42]. Previous reports showed 
that species from the bat genera Rhinolophus in southern 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 2019-nCoV cluster (Box 
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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 Co Vs ZC45 and ZXC21. The first segment includes ORF1 a and the sec

ond segment includes the C terminus of the S protein, ORF3, E, M, ORF6, ORF7a, ORF8, 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
binding 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 2019-nCoV, as 
suggested by other preliminary reports [52,57]. Interestingly, Lam et al. found several putative 

pangolin CoV sequences with 85.5% to 92.4% similarity to 2019-nCoV [52]. 

Further preliminary studies showing the existence of multiple lineages of pangolin Co Vs with 
genetic similarity to 2019-nCoV further support the hypothesis that pangolins served as a poten
tial intermediate host (52 ,58]. The currently available 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. Consequential ly, 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 2019-nCoV shows high similarities between human isolates (Figure 28), indicating only minimal 

genetic variation, which is rather unexpected for fast evolving RNA 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 thatthe 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 tropism and hence interspecies transmission 
of CoVs, since it binds the virus to a cellular receptor and subsequently catalyzes virus entry 
by membrane fusion. The 30 structure of the viral S of 2019-nCoV determined by electron mi

croscopy (Figure 3A, (61]) revealed its similarity to S of other Co Vs. This allows deduction of fur
ther features from other CoVs. S is a type I trimeric transmembrane protein with an N terminal 
cleavable signal peptide, one large and heavily N-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 domain that catalyzes membrane fusion. The S1 domain is further divided into 
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(B) 

(C) 

'mnilln Mlt,-uiir~ Jrm., 

Figure 3. Structure of Spike Protein (S) Before and After Membrane Fusion. (~ Structure of the trimeric ectodomain 
of S from 2019 reov. TheS2subunitinone mooomer is shown in green, theNterminaldom.iin(NTD)-otS2 n magenta.and 
the C tenT1inat dor'nain (CTD) of S2 in blue. The CTD is in the 'up oontormation', exposing the binding domain for the 
angiotensin oonwrtng enzyme 2 (ACE2) receptor (cyan). The S1 /S2 and S2' oleavage sles are indicated In red. The fig11e 
was created wtth Pymol from Protein Data Bank (PDB) file 6VSB. (B) Siructure of the heptad repeat (HR) domains of S 
trom severe acute respiratory syndrome ooronavirus (SARS Co\l). Heptad repeat region 1 (HR1) is labeled green and 
repeat region 2 (HR2) in blue. Formation of this six helix bmdle Is supposed to drive membrane fuslon. The figure was 
created with Pymol lrom PDB file 1ZV8. (C) Structue of the HR1 of s from SARS CoV (green) bound to the pan 
ooronavirus peptide inli ibltor EK1 (blue). The amino adds in S essential for binding to 8<1 are shown as magenta sticks in 
one helix. The amino acids Ins trom 2019 reov not conserved n s from &\RS eov are shown as red sticks. Sinoe the 
noooonserved amino acids are apparently not required tor binding to EK1, the fusion inhibitor is likely to prevent cell entry 

of 2019 reov. The figixewas created \Nlth Pymol from PDB tile 5ZVM. Abbreviations: RBD, receptor binding dOmah. 

an N terminal domain (NTD) and a C terminal domain (CID). The NTD exhibits a structural fold as 
human galectins, galactose-binding lectins, and henoe, in most Co Vs, a sugar presa,t at the cell 
surface serves as an attachment factor. The CTD is responsible for binding to the host receptor 
angiotensin-converting enzyme 2 (ACE2) in the case of SARS-CoV and 2019-nCoV. The CTD 
contains two subdomains: a eore structure (a five-stranded antiparallel 13-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 dlffera,ces 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 S 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 Hiat 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/S2 boundary 
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Rgure 4. Spike Protein (S) and Its Receptor. (A) Structure of the receptor binding domain of S from 2019 nCoV (green) bound to human angiotensin converting 

enzyme 2 (ACE2) (blue). Most amino acids involved in binding are highlighted as magenta (S) and cyan (ACE2) sticks. Asparagine (N) that are N glycosylation sites 
(motif N X Sil) in human ACE2 are shown as orange sticks. Amino acids in human ACE2 that a~ involved in binding, but encode a potential N glycosylation site in 

ACE2 from other species, a~ shown as ~d sticks. The dotted line indicates the salt bridge between 030 and K41 7 (generated with Pymol from Protein Data Elank 

file6VSB). (8) Amino acid exchanges between human ACE2 and pig ACE2. Amino acid exchanges in ACE2 from pig compa~d with human ACE2 are highlighted in 

~d. The exchange N90T destroys the N glycosylation site in human ACE2. (C) Amino acid exchanges between human ACE2 and cattle ACE2. Amino acid exchanges 
in ACE2 from cattle compared with human ACE2 are highlighted in red. The exchange N3 22Y destroys the N glycosylation ste in human ACE2. ACE2 from sheep exhNs 

identical amino acid exchanges. (D) Amino acid exchanges between human and cat ACE2. Amino acid exchanges in ACE2 from cat compared wth human ACE2 are 

highlighted in red. All relevant glycosylation sites in human ACE2 a~ conseNed. 

and another site (called S2') within S2. CoVs have evolved multiple strategies for proteolytic ac
tivation of S, and a large 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 Sat a polybasic cleavage site (minimal motif R-X-X-R) during its biosynthesis 
in the trans-Golgi compartments or during virus entry in endosomes. Cleavage by trypsin and 
TMPRSS family members occurs at monobasic 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 S during virus entry (66]. For 2019-nCoV, it was 

shown that TMPRSS 2 primes S, the cathepsins Band Lare only required in the absence of 
this protease (67]. Interestingly, S of 2019-nCoV has acquired a polybasic motif at the S1 /S2 
boundary, which is not present in S of the bat CoVs and SARS-CoV (68]. Preliminary data 
showed that S of 2019-nCoV is cleaved by furin during its biosynthesis (69]. This is 
reminiscent of low-pathogenic avian influenza viruses, which, if introduced into a poultry 
farm, may acquire a polybasic cleavage motif that causes a deadly outbreak 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 S. The availability and activity of the proteases in a certain cell, tissue, and host species 
regulates the tropisms of Co Vs. However, the fact that S 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 S2' site occurs just upstream of the sequence S-F-1-E-O-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 Sis 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 acids in which amino acid 1 and 4 are hydrophobic), which is a typical 
feature of class I fusion proteins, such as hemagglutinin (HA) of influenza virus and Gp160 of 

HIV. However, the six hel ix 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 res idues between the receptor-binding domain of S from 
2019-nCoV and human ACE2 allows estimation of whether 2019-nCoV could infect other species 
(Figure 4A) (72]. To do so, we aligned all available ACE2 amino acid sequences with human ACE2. 

We placed emphasis on the presence of N-glycosylation motifs near the binding site, since they 
might affect attachment of S. Human ACE2 is glycosylated at N53, N90, and N322 (Figure 4A, 
orange sticks). N53 is conserved in all species. N90 is not a glycosylation site in ACE2 of mouse, 
pig, N. procyonoides, raccoon, civet, ferret, fox, E. te/fairi, and chicken. N322 is not a 

glycosylation site in ACE2 of mouse, rat, cattle, sheep, E. te/fairi, and pangolin. However, ACE2 
of some species contain an additional glycosylation motif in this region. Residue L79 is a potential 
N-glycosylation site in chicken and M82 is a potential glycosylation site in Rhinolophus sinicus, 
pangolin, and rat. Notably, glycosylation of residue 82 has been show to prevent binding of S 

from SARS-CoV to rat ACE2 [73]. 

Some amino acids in ACE2 affect binding to S of 2019-nCoV are depicted for various species in 

Table 1. The S binding site of ACE2 from macaque and chimpanzees is identical to human 
ACE2. ACE2 from other species revealed eleven (chicken), nine and ten (rodents), or only 
three (cat) amino acid differences compared with human ACE2. 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 they are mostly located at the pe
riphery of the binding site (Figure 4B). N90T causes the loss of the glycosylation site. E329 
forms a salt bridge with R426 in S of SARS-CoV, but S of 2019-nCoV forms a salt bridge 
with another residue (030) in ACE2. Thus, the exchange of E329 by N in porcine ACE2 

might affect binding to S of SARS-CoV, but not to S from 2019-nCoV. A similar pattern 

emerges for amino acid differences between human and cattle ACE2 (Figure 4C) and cat 
ACE2 (Figure 40). 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 species with 2019-nCoV. 
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Table 1. Comparison of Some Important ACE2 Residues among Different Species That Affect Bind ing to 2019 nCoV Receptor Binding Domain (RBD) 

Species Amino acids (1 9) in different species ACE2 that affect binding to 2019 nCoV RBD, corresponding positions a-e 
based on human ACE2 numbering 

24 31 34 35 38 330 353 652 

Human Q K H E D y Q N L M y N N Q E N K R 

Pig L K L E D y Q N T y T N Q N N K R 

Cat L K H E E y Q N L T y N N Q E N K R 

Macaque Q K H E D y Q N L M y N N Q E N K R 

Chimpanzee Q K H E D y Q N L M y N N Q E N K R 

Mouse N N a E D y Q N T s F T H Q A N H R 

Rat K K a E D y Q N N F N a p T N H R 

Rhinolophus E K T K D H Q N L N y N N E N N K R 
sinicus 

Horse L K s E E H Q N L T y N N Q E N K R 

Cattle Q K H E D y Q N M T y N y Q D N K R 

Sheep Q K H E D y Q N M T y N y Q D N K R 

Nyctereutes L K y E E y Q N L T y D N Q E N R R 
procyonoides 

Raccoon L N N E E y Q N a T y D N Q E N K R 

Camel L E H E D y Q N T T y N N Q D N K R 

Civet L T y E E y Q N L T y D N Q E N K R 

Ferret L K y E E y Q N H T y D N E a N K R 

Fox L K y E E y Q N L T y D N Q E N K R 

Echinops Q T N E N y Q N L K F D p Q D K L R 
telfairi 

Chicken E E V R D y E N N R F D N E T N K R 

Pangolin E K s E E y Q N N y N K Q E N K R 

Potential Drug Targets in S of 2019-nCoV 
No approved antiviral agents are available 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 [7 4]. Inhibitors of the proteases 
that prime S for fusion also have antiviral activity. However, since S can use various proteases 
for priming, more than one inhibitor is required. 

More promising are drugs directed against the highly conserved S2 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 (HR2) 
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 S2 subunit of SARS-CoV and MERS-CoV. They inhibit virus entry, 
reduce formation of plaques in vitro, and had beneficial effects in a mouse model. The 
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19/19 XP 0 11733505.1 
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8/19 XP 416822.2 
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most 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 
201 9-nCoV 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 aoids 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 Shave not been identified, but cellular 
proteins are acylated by one or several of the 23 members of the Z.DHHC family, which have 
distinct, only partly overlapping 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 C€11ular 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 S 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
oatior, of S to replicate efficiently [76]. However, since key proteins of the innate immune response 
are also palmitoylated, acylation inhibrtors might be limited if the proteins of the Innate immune re
sponse are modified by the same enzymes as viral proteins. 

Concluding Remar'ks 
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 [52, 77-79]. Ttlese 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 COVlD-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 ACE2 receptor responsible for 201 9-nCoVbinding differs in only a 
few amino acids from human ACE2. Surveillance might prevent the virus establishing itself in 
another animal species that is in close contact to humans. In addrtion, 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, host-species expansion or interspecies transmission of new 
CoV to humans seems to be inevrtable. Major knowledge gaps regarding the emergence of 
201 9-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 to monitor, and possibly to predict, potential sources for the emergence of an
other highly pathogenic CoV. We propose the concept of 'One Health' to facilrtate scientific ex
change across disciplines, sharing of data, and· coordinated efforts in order to prevent future 
outbreaks. 
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Outstanding Questions 
Wien and how did COVID 19 emerge? 
What is or are the natlJ'al and inter 
mediate host species for 2019 rCoV/ 
'Mlal is the distrbution of 2019 reov 
n diflerent mammalian spec1es? WHI it 
nfect fa-m animals or pets? 

From surveillanoe and e\ol'.llutlonary 
studies on animal viruses, can their 
zoonotio potential be identif10d betae 
nt~species transmissior1 occurs? 

'Mlat are the key interactloos between 
the spike pr0tein ($)of 2019 ncov and 
Its receptor angiotensln converting 
enzyme 2 (ACE 2)? 'Whieh amino acids 
1n ACE2 determine whether S can 
bind? Is effiefent bindr1g to ACE2 the 
only dei=lnl'linant that deo1des whether 
an animal species can be inf~? 

Is expression of the trans mernbrme 
protease/serine anotha- ~lsive factor 
for ini3ction of a cell? Is the nev.iy 
acquired polybasic oleavage site n S 
associated with aoss .species tmnsmis 
sionof2019 rCoV? 

'M1at are the similarities and dfferences. 
of C0\11D 19 epidlmlobgy in oompa1 
Sul with &\RS and MERS? What 1s 
the basic reproductive number (Ro). 
the real ina.bation period, and the 
morbidity and mortality rate? Can 
COVID 19 dellelop into an endemic:: or 
seasonal infeclous dJsease, like the tu? 

With the experience d mitigating the 
outtxeaks of SARS and avian influenza, 
'Mia! stratl)gies can be applled in 
mitigating COVID 19 and future CoV 
outbreaks? Shoud veteri'lan.ins play 
more llll)Oltant roles n the prevention 
and oontrol of emerging zoonoses in 
the Mure? 
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Hi Linda and Jacob: 

Last few days, I have received numerous requests for interview, including local news 
media and even fire departments. I had to decline all of them for a variety of reasons. 
But I 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, I just had a draft and 
would share with you. I would appreciate your comments, edits, etc. 

Again, this is just an idea and the draft is rough , kind of outline ... 

Thanks. 

Shan-Lu 

o THE Omo STATB UNIVERSITY 

Shan-Lu Liu, M.D., Ph.D. 
Professor 
Co-Director, Virnses and Emerging Pathogens Program 
Infectious Diseases Institute 
Center for Retroviius Research 
Depru1ments ofVeterina1y Biosciences, Microbial Infection and JJ.nmunity, 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.liu@osumc.edu 



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 Rhinolophus 

affinis. However, the intermediate animal species, iUhere is one, that directly transmit 

the virus to human is currently clear. Notably, SARS-CoV-2 shares about 90% overall 

nucleotide sequence identity to another related coronavirus found in the endangered 

species of small mammals known as pangolins, and both likely use the same receptor 



ACE2 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 

question 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 229E, 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 (Ro less 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 mRNA-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. 
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See below the link and also the attached PDF file of our newly publ ished 
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@emai l.unc.edu" <rbaric@email.unc.edu> 

Cc: "Sa if, Linda" <sa if.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 I truly enjoyed our 
discussion , although it was short. 

As I mentioned, Linda and I would like to invite you to The Ohio State for a 
distinguished seminar this year for our Infectious Diseases Institute seminar series. I 
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, I 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 w ill work for you. 

As promised, I will send you're the link to our Commentary in EMI once it becomes 
available online - should be online tomorrow or on Thursday. 



Best wishes! 

Shan-Lu 

o THE Omo STAT£ UNIVERSITY 

Shan-Lu Liu, M.D., Ph.D. 
Professor 
Co-Director, Virnses and Emerging Pathogens Program 
Infectious Diseases Institute 
Center for Retroviius Research 
Depar tments ofVeterina1y 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 
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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 [1-3J, 
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
Co V, 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 aJleged that the human SARS
Co V-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 Co V 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 Co Vs, 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 

CONTACT Shan Lu Liu e Liu.6244@osu.edu; Ushan Su e lsu@med.unc.edu 

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/d4 l 586-020-00364-2). 

Another claim in Chinese social media points to a 
Nature Medicine paper published in 2015 (7), which 
reports the construction of a chimeric Co V with a 
bat CoV S gene (SHC014) in the backbone of a SARS 
CoV that has adapted to infect mice (MAIS) 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 (MAIS) (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 MIS), due to six coding genetic mutations 
associated with mouse adaptation. lt is likely that 
MAIS 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-WIVl 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. l'o 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 MAlS SARS-CoV backbone. The resul" 
tant SL-SHC014-MA1S 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-MA1S 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 MAIS, 
which causes lethal outcomes in aged mice [7]. 

Due to the elevated pathogenic actiVity of the 
SHC014-MA1S chimeric virus relative to MAIS chi
meric virus with the original human SARS S gene in 
mice, such experiments with SL-SHC014-MA1S chi
meric virus were later restricted as gain of function 
(GOP) 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 Co Vs 
already exist in nature. Regardless, upon careful phylo
genetic analyses by multiple international groups 
(5,141, the SARS-CoV-2 is undoubtedly distinct from 
SL-SHC014-MA1S, 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 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 bas 
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-Co V-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 RaTG13. 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 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 [1-3J, 
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
Co V, 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 aJleged that the human SARS
Co V-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 Co V 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 Co Vs, 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 

CONTACT Shan Lu Liu e Liu.6244@osu.edu; Ushan Su e lsu@med.unc.edu 

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/d4 l 586-020-00364-2). 

Another claim in Chinese social media points to a 
Nature Medicine paper published in 2015 (7), which 
reports the construction of a chimeric Co V with a 
bat CoV S gene (SHC014) in the backbone of a SARS 
CoV that has adapted to infect mice (MAIS) 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 (MAIS) (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 MIS), due to six coding genetic mutations 
associated with mouse adaptation. lt is likely that 
MAIS 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-WIVl 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. l'o 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 MAlS SARS-CoV backbone. The resul" 
tant SL-SHC014-MA1S 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-MA1S 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 MAIS, 
which causes lethal outcomes in aged mice [7]. 

Due to the elevated pathogenic actiVity of the 
SHC014-MA1S chimeric virus relative to MAIS chi
meric virus with the original human SARS S gene in 
mice, such experiments with SL-SHC014-MA1S chi
meric virus were later restricted as gain of function 
(GOP) 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 Co Vs 
already exist in nature. Regardless, upon careful phylo
genetic analyses by multiple international groups 
(5,141, the SARS-CoV-2 is undoubtedly distinct from 
SL-SHC014-MA1S, 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 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 bas 
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-Co V-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 RaTG13. 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 emergence and outbreak of a newly discovered 
acute respiratory disease in W uhan, China, has affected 
greater than 40,000 people, and killed more than 1,000 
as of Feb. 10, 2020. A new human coronavirus, SARS
Co V-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 o1 the severe acute respiratory syndrome 
(SARS) caused by SARS--CoV. The SARS-CoV-2 gen
ome sequence also has - 80% identity with SARS
Co V, but it is most similar to some bat beta-corona
viruses, with the higliest being >96% identity [4,5). 

Currently, there are speculations, rumours and con
spiracy theories that SARS-CoV-2 is oflaboratory ori
gin. Some people have alleged that the human SARS
Co V-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-Co V 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
Co V -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 Co Vs, it is higlily 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 

CONT.ACT Shan-Lu Liu O lsu@med.un= du; Lishan Su O Liu.6244@osu.edu 

host between bats and humans is needed to identify 
animal Co Vs more closely related to human SARS-
Co V-2. There is speculation that pangolins miglit 
carry CoVs closely related to SARS-CoV-2, but the 
data to substantiate this is not yet published (https:// 
www.nature..com/articles/d4l 586-020-00364-2). 

Another claim in Chinese social media points to a 
Nature Medicine paper published in 2015 [7], which 
reports the construction of a chimeric Co V with a 
bat CoV S gene (SHC014) in the backbone of a SARS 
CoV that has adapted to infect mice (MAlS) 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 (MAIS) [9] was 
generated by serial passage of an infectious wildtype 
SARS Co V done 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 MIS), due to six coding genetic mutations 
associated with mouse adaptation. It is likely that 
MAlS is highly attenuated to replicate in human cells 
or patients due to the mouse adaptation. 

When the original SARS-Co V 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-WIVl was able to use 
ACE2 from humans, civets and Chinese horseshoe 

© 2020 The Author(,). Published by lnforma UK Um~ed, trading as Taylor & Francis Group, on behalf oc Shanghai Shang)ixun Cultural Communical;ion Co., Lt d 
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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-Co Vs 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 MAIS 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 MAIS, 
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-MAIS CoV in mice, such experiments with 
SL-SHC014-MA15 chimeric virus were later restricted 
as gain offunction (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 Co Vs 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-SHC014-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-I vir
ologist Dr. Feng Gao, they used careful bioinformatics 
analyses to demonstrate that the original claim of mul
tiple HIV insertions into the SARS-Co V-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 RaTG13. 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 Co V generated in nature between a bat 
CoV and another coronavirus in an intermediate ani- 170 

mal host. More studies are needed to explore this possi-
bility and resolve the natural origin of SARS-Co V -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- 175 

erly in the laboratory and also properly regulated by the 
scientific community and governments. 
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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, a large body 
of virologic, epidemiologic, veterinary, and ecologic data establishes that the new virus, SARS-CoV-2, evolved directly or 
indirectly from a ~-coronavirus in the sarbecovirus (SARS-like virus) group that naturally infect bats and pangolins in Asia 
and Southeast Asia. Scientists have warned for decades that such sarbecoviruses are poised to emerge again and again, 
identified risk factors, 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 
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." 1 

Few paid attention following the disappearance of SARS 
after the initial outbreak in 2002. Now, 18years later, COVID-19 
has emerged as the deadliest respiratory disease pandemic 
since 1918, when the "Spanish" influenza pandemic killed an 
estimated 50 million people.2 We need to understand what 
happened so that we can prevent it from happening again, and 
be better prepared to contain similar pandemics at their outsets. 

EMERGENCE OF THE COVID-19 PANDEMIC 

The agent of COVID-19, SARS-CoV-2, was named after the 
genetically related SARS-CoV (more recently distinguished 
by some as SARS-CoV-1), which caused a deadly near
pandemic in 2002-2003.3 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 inthefollowing 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 7 A-03, Bui lding 
31 , 31 Center Drive, Bethesda, Maryland 20892-2520. Email: 
dm270q@nih.gov 
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HOW VIRAL DISEASES EMERGE 

Viruses are compact nucleic acid packages of either DNA or 
On 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 ofthemselves. 

It fol lows that when a virus enters a human cell to rthe firsttime, it 
has very recently been transmitted from cells of some other host, 
that is, from another animal or, for example, an insect vector. 
Emergence of a pathogen between a vertebrate or an insect has 
been referred to as host-sw~ching, 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,4 

dengue, HIV, and many others-originated by animal-to-human 
host-switching. 5 The complex genetic events that underlie host
switching differ greatly from pathogen to pathogen, but general 
mechanisms have been recognized for many.s--9 

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 transm~ting 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 disti net 
but related hosts and in single hosts over time.) 



2 MORENS AND OTHERS 

FIGURE 1. Phylogenetic relationships of selected ooronaviruses of 
medical and veterinary irrportance. Human SARS-CoV and SARS-CoV-2 
are closely relaled to runeroos l::8t and pqngoli1 coronaviruses in a vira 
genetic grouping called sarteooviruses, which contains many other 
viruses very closely related to SARS-CoV and SAAS-CoV-2.. These viru
ses belong to the order Nidoviraes, family Caonaviricile, subfamily 
Coronavirinae and the four genaa A/phaeoronavirus, Betaxxonavirus, 
Gammacaonavirus, and Deltacoronaviius. The betacaonaviruses are 
compisedoftwosubgenera,Sa/beoov,iusandMerbeoovilus. Thetormer 
include SA.AS-CoV arid SARS-CoV-2; lhe latter includes Middle East re
spiratory synctome-related caonavirus (MEAS-CoV). Image created by 
Sebastian M. Gygfi, Ph.D., NJ.AID, NIH, and used with permi$ion. 

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.2 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 human.s. 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 10'2 years since 1918. 
Sinilarly, other avian influenza viruses have host-switched into 
horses, dogs, pigs, seals, and other vertebrates, with as yet un
knownpandemicpctential! ·10·11 Althoughsomemolecularhost
switching events remain unobserved, phylogenetic analyses of 
influenza viruses allow us to readily characterize evolution and 
host-switching as it occurs in nature.2 

CORONA VIRUSES 

Coronaviruses are RNA viruses globally distributed in a 
large but unknown number of animal species. Coronaviruses 
important tor humans are found within phylogenetically 
distinct taxonomic subgroups, labeled as the a- and 13-
coronaviruses (Figure 1).12 Four endemic human coronavi
ruses, which emerged at some undetermined time in the past, 
cause (mostly) m ild self-limited upper respiratory tract infec
tions (Figure 1 ). 

RECENT CORONAVIRUS EMERGENCES FROM ANIMALS 
TNTOHUMANS 

Until recently, ralativeJy little was known abolil coronavi
ruses, and research interest in these common cold viruses 
was minimal. Eighteen yeai:s ago, a previously unknown p
coronavirus named SARS-CoV suddenly emerged. Following 
its initial appearance in China ft 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. 1n 
2012, however, another previously l.llknown 13-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-ooronavirus, emerged in China to cause a novel epizootic 
disease in pigs, termed swine acute dianhea 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 

FlGURE 2. Predicted global hotspots for disease .emergence, shc;>wing estimated risks, adjusted for reporting bias. From a comprehensive global 
s.tudy combining multiple data sources. Reproduced with permission from AOen ,et al 1 4 
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emergence and the fourth bat virus-associated mammalian 
emergence in 18 years. 

CORONAVIRUS EMERGENCE RISKS 

An enormous reservoir of co ronavi ruses infects hundreds of bat 
species distributed globally. SARS-CoV, MERS-CoV, and SARS
CoV-2 are closely related ~-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-CoV, are descended from viruses en
zootic in rhinolophid (genus, Rhinolophus), or horseshoe bats. 

Over the past 15 years, scientists have also idenrnied global 
animal reservoirs of coronaviruses Qn Africa, the Americas, the 
Middle East, Asia and Southeast Asia, and particularly China, the 
location of three of the four most 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 nonhuman primates, bats, and rodents) 
revealed that bats accounted for more than 98% of corona
virus detections, and that almost 9% of > 12,000 randomly 
studied bats were infected with one or more coronavirus.13 

Significant interspecies viral transmission between closely 
and distantly related bats also appears to be important. Bats of 
some species, including rhinolophids, co-roost w~h bats of 
other species, facilitating viral exchanges and enhanced viral 
evolution associated w~h 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),14 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,15 land 
management practices, and environmental perturbations.16--

18 

Virologic and risk mapping studies indicate a very high risk of 
further coronavirus outbreaks.19-21 

SARS-CoV and SARS-CoV-2 emerged in China, home to 
bats of more than 100 species, many of which carry a- and/or 
~-coronaviruses. In one study, more than 780 partial coro
navirus genetic sequences were identified from bats of 
41 species infected by a- and of 31 species infected by 
~-coronaviruses.21 Within the sarbecovirus lineage, en
compassing SARS and SARS-like viruses, many identified 
genetic sequences are very similar to SARS-CoV and SARS
CoV-2.21-23 One such virus is more than 96% identical to 
SARS-CoV-2 in its whole genome23; another shares more 
than 97% identity in the 1 ab replicase gene, as well as a tu rin 
cleavage site insertion.24 Nature is clearly a cauldron for in
tense and dangerous coronavirus evolution. 

WAS COVID-19 PREDICTED? 

A clearer, more worrisome picture of the coronavirus eco
system has recently come together. A contiguous area en
compassing parts of south/southwest China, Laos, 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 only in 
rhinolophid bats but also in bats ofother genera and species to 
which these vi ruses had host-switched. The same rhi nolo ph id 
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 (ACE2) receptors and 
infect human respiratory epithelial cells in vitro, suggesting their 
pandemic potential.19 ,2s 

Ominously, bat-to-human transmission of SARS-like viruses 
has already been detected,20 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.12 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-2.26 

Since 2007 , when alarming predictions about threatened 
coronavirus emergences began to appear, 1 understanding 
of coronavirus ecosystems has become far more complete. 
Over the past 5 years, Chinese, American, European, and 
other scientists have begun to renew warnings that hu
mans are intensively interacting with coronavirus-infected 
bats, that enzootic SARS-related bat coronaviruses have all 
of the essential components of the SARS virus, that some 
of these SARS-like viruses can infect laboratory-humanized 
mice to cause SARS-like disease, that SARS-like viruses have 
theabilityto directly infect and be transmitted between humans, 
and, therefore, that these viruses are poised for human 
emergence.19·21 ·22 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.19·20·27 

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 theories about a hypothetical man
made origin of SA RS-Co V-2 have been thoroughly discredited 
by multiple coronavirus experts.21 ·28·29 SARS-CoV-2 contains 
neither the genetic fingerprints of any of the reverse genetics 
systems that have been used to engineer coronaviruses nor 
does it contain genetic sequences that would have been 
"forward engineered" from preexisting viruses, including the 
genetically closest sarbecoviruses. That is, SARS-CoV-2 is 
unlike any previously identified coronavirus from which it 
could have been engineered. Moreover, the SARS-CoV-2 
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receptor-binding domain , which has affinity for cells of various 
mammals, binds to human ACE2 receptors via a novel 
mechanism. 

Engineering such a virus would have required 1) published 
or otherwise available scientific knowledge that did not exist 
until after COVID-19 recognition; 2) a failure to follow obvious 
engineering pathways, resulting in an imperfectly constructed 
virus; and 3) an ability to genetically engineer a new virus 
without leaving fingerprints of the engineering. Furthermore, 
the 12 amino acid furin-cleavage site insertion between the 
SARS-CoV-2 spike protein's S1 and S2 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.24 

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 deposition (early January 2020). 
China's laboratory safety practices, policies, training , and 
engineering are equivalent to those of the United States and 
other developed countries,32 making viral "escape" extremely 
unlikely, and of course impossible without a viral isolate 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 MATIER 

Understanding how COVID-19 emerged is of great importance. 
We now know that the viruses causing SARS, MERS, and COVI D-
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 on the cells of numerous mammals (bats, humans, minks, 
cats, and other domestic and wild animals).33

·
34 

The ability of coronaviruses to evolve at a high rate, illustrated 
by extreme phylogenetic diversity, cou pied w ~ h the dispersion of 
new viral variants w ~ hi n an enormous array of wi Id 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 baV 
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 
wherever they interface, and especially in disease hotspots, as 
well as virologic studies related to human and animal spillover 
risks and the means of reducing them.35 

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 recru~ed to these efforts, especially in international research 
partnerships. Full, open international collaboration 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, so that emerging viruses do not have a fertile field 
in which to amplify replication, and we must build and maintain 
strong public health infrastructure to respond quickly and effi
ciently to pathogen emergence. For viruses that have emerged, 
such as SARS-CoV-2, we need to develop effective antivirals 
and, ideally, broadly protective vaccines. Education and com
munication with populations where spillover events occur is also 
an important component of risk reduction. 

We must also realize that the problem is larger than just 
coronaviruses. In recent years, we have seen emergences and 
reemergences of numerous other human infectious diseases 
such as Ebola fever, Lassa fever, hantavirus pulmonary syn
drome, human monkeypox, HIV, dengue, chikungunya, Zika, 
and epizootic avian influenza. We have entered a new pan
demic era,36 one in which epidemic and pandemic emer
gences are becoming commonplace; some are likely to be 
highly pathogenic. In 2020, our science is sufficiently robustto 
have a good chance of controlling pandemic viral emergences 
within 2-3 years, but dramatically insufficient to prevent and 
control their emergences in the first place. 

We should begin developing broadly protective vaccines 
and broadly therapeutic antiviral/antimicrobial agents against 
pathogens within taxonomic groups likely to emerge in the 
future, including coronaviruses, henipaviruses, and filoviruses, 
among others. Organizations like the Coalition for Epidemic 
Preparedness Innovations, among others, should be extended 
and strengthened, emphasizing, in addition to vaccine devel
opment, therapeutics as well as prevention tools. Pandemic 
prevention should be a global effort on a par w~h chemical and 
nuclear weapon prevention. 

Unless we reset the equation; invest more 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 
coronavirus pandemics, as well as global spread of at her 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.27 

Understanding how COVI D-19 emerged is a critical point on 
a steep 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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