
From: Folkers, Greg (NIH/NIAID) [E] 
Sent: Mon, 29 Mar 202121:21:41 +0000 

To: Fauci, Anthony (NIH/NIAID) [E];Auchincloss, Hugh (NIH/NIAID) [E];Conrad, 
Patricia (NIH/NIAID) [E];Embry, Alan (NIH/NIAID) [E] 

Subject: FW: W HO report 

Attachments: 20210328- Full report COVI0-19 Origins Report - embargoed[3] .pdf, 
Annexes_20210328[1].pdf 

(b)(6) From: Hall, Bill (HHS/ASPA) --------
Sent: Monday, March 29, 2021 5:14 PM ----------~ To: Folkers, Greg {NIH/NIAID) [E] (b)(6J; Billet, Courtney {NIH/NIAID) [E] ---------(b )( 6) 

Subject: WHO report 

Greg/Courtney, 

Attached is the f ina l WHO report and the annexes. Wanted to make sure Tony has it to review. 

Bi ll 

William Hall 

Deputy Assistant Secretary for Public Affairs (Public Health) 

Office of the Assistant Secretary for Public Affa irs 

U.S. Depar tment of Health & Human Services 

Washington, DC 

www.hhs.gov 
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From: 
Sent: 
To: 
(NIH/NIAID) [E] 
Cc: 
Subject: 

Myles, Renate (NIH/OD) [E) 
Fri, 14 May 202117:15:04 +0000 
Collins, Francis (NIH/OD) [E];Fauci, Anthony (NIH/NIAID) [E);Embry, Alan 

Hallett, Adrienne (NIH/OD) [E) 
RE: Rebuttal to Ebright? 

Here's the full article in case folks aren't able to access it: 

NEWS 
NRiHi\ sc1E:.!\CE & n:cn 

Biosaf ety Expert Explains 
Why Fauci's NIH 'Gain
of-Function' Testimony 
Was 'Demonstrably 
False' 
By ISAAC SCHORR 
Ma 13, 2021 10:07 AM 

r. Anthony Fauci, director of the National Institute of Allergy 
and Infectious Diseases, prior to a hearing at the Capitol in Washington, D.C., May 11, 2021 (Greg 

Nash/Reuters} 
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Dr. Richard Ebright, a professor of chemistry and chemical biology at Rutgers 

University and biosafety expert, is contesting NIH director Dr. Anthony 

Fauci's testimony before the Senate Health, Education, Labor, and Pensions 

Committee on Tuesday. 

Dr. Fauci's claim - made during an exchange with Senator Rand Paul - that 

"the NIH [National Institutes of Health] has not ever and does not now fund 

gain of function research in the Wuhan Institute of Virology [WIV]" is 

"demonstrably false," according to Ebright. 

At least some of the NIH-funded research conducted at the WIV 

"unequivocally" qualifies as gain-of-function, Ebright told NATIONAL REVIEW. 

A research article written by WIV scientists, "Discovery of a rich gene pool of 

bat SARS-related coronaviruses provides new insights into the origin of SARS 

corona virus", for example, qualifies as gain-of-function and was clearly a 

product of NIH-funding. 

Ebright insists that the research can be classified as gain-of-function under a 

number of different definitions, including those found in two pieces of 

Department of Health and Human Services guidance on the subject. 

The first details the Obama administration's 2014 decision to halt domestic 

gain-of-function research, which it defines as that which "may be reasonably 

anticipated to confer attributes to influenza, MERS, or SARS viruses such that 

the virus would have enhanced pathogenicity and/ or transmissibility in 

mammals via the respiratory route." 

The second - drafted in 2017 as Fauci was pushing to renew government 

funding for gain-of-function research - provides a definition of what are 
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called "enhanced potential pandemic pathogen (PPP)" or those pathogens 

"resulting from the enhancement of the transmissibility and/ or virulence of a 

pathogen." 

Ebright claims that the work being conducted at the WIV, using NIH funds 

originally granted to Peter Daszak of EcoHealth Alliance, "epitomizes" gain-of

function research under the definition HHS provided in its guidance, and is 

the exact kind of research that led the Obama administration to conclude that 

gain-of-function was too dangerous to continue domestically. 

'The Wuhan lab used NIH funding to construct novel chimeric SARS-related 

coronaviruses able to infect human cells and laboratory animals," he said. 

"This is high-risk research that creates new potential pandemic pathogens 

(i.e., potential pandemic pathogens that exist only in a lab, not in nature). This 

research matches - indeed epitomizes - the definition of 'gain of function 

research of concern' for which federal funding was 'paused' in 2014-2017." 

"Chimeric" coronaviruses refers to those that have been altered and enhanced 

by man, in this case in such a way as to make them more transmissible and 

dangerous to humans. 

The paper drafted by WIV scientists clearly states that the underlying research 

was funded by, among other entities, the National Institutes of Health. The 

NIH's own database of grantees lists this research and confirms that over 

$660,000 was spent supporting it. 

Fauci appears to have been, at best, mistaken while sparring with Senator Paul 

on Tuesday. At worst, he was playing tenuous word games meant to deceive. 



From: Coll ins, Francis (NIH/OD) (E] --------(b)(6) 

Sent: Friday, May 14, 202112:33 PM --------:a-= To: Fauci, Anthony (NIH/NIAID) [E] .__ ______ (b_H _.6) Embry, Alan (NIH/NIAID) [E] 
(b)(6) 

Cc: Hallett, Adrienne (NIH/OD) [El (b)( Myles, Renate (NIH/OD) [El ----------(b )( 6) 

Subject: Rebuttal to Ebright? 

Hi Tony and Alan, 

https://www.nationalreview.com/news/biosafety-expert-explains-why-faucis-nih-gain-of-function
testimony-was-demonstrably-false/ 

https://journa Is. plos.org/plospathogens/ article ?id= 10.13 71/journal. ppat.1006698#abstract0 

FC 
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From: 
Sent: 
To: 
Subject: 
New York Times 
Attachments: 

Sent from my iPhone 

(b)(6) 

Sat, 26 Jun 2021 06:37:58 -0400 
Auchincloss, Hugh (NIH/NIAID) [E] 
Fwd: Re - A Coronavirus Epidemic Hit 20,000 Years Ago, New Study Finds - The 

Pl IS0960982221007946.pdf 

Begin forwarded message: 

From: Steve Anderson (b)(6) 

Date: June 26, 2021 at 2:27:53 AM EDT -------== To: "Fauci, Anthony (NIH/NlAID) [E]" (bH6>1, "Collins, Francis (NIH/OD) 
[E]" (b)C6) , "Mulach, Barbara (NIH/NIAID) [BJ" (b)C6) 

Professor William Schief at the Scripps Research Institute (b) (6) 

Cc: "Prime Minister NZ. Jacinda Ardem" (b)( , "Professor Dame Juliet 
A. Gerrard. Prime Ministers Chief Advisor" (b)(6) "Professor Ian Town. 
Chief Science Advisor at the Ministry of' (b) (6), "Professor Peter K ------====:::!.:-----~~ Dearden. Director of Genomics Aotearoa. Laboratory for" (b)(6) --------=----!:======-----~---Professor Miguel Quinones-Mate (b) (6) "Professor Michael 
Baker. Department of Public Baker. Department Of Public" (b) (6) , 

"Professor Nick Wilson. Dept Public Health" 
MIT. Daisy chain gene drive. Crispr/cas9" ~ , "Professor Pieter Cullis. 
Biochemistry and Molecular Biology' (b) (6) "Adjunct Professor of 
Epidemiology Wayne Koff. CEO Human Vaccines Project" (b)(6) 

Subject: Re - A Coronavirus Epidemic Hit 20,000 Years Ago, New Study Finds - The New 
York Times 

Hi Anthony. Interesting! 

"Scientists looking for drugs to fight the new coronavirus might want to scrutinize the 42 genes 
that evolved in response to the ancient epidemic, Dr. Souilmi said. "It's actually pointing us to 
molecular knobs to adjust the immune response to the virus," he said. 

Dr. Anders agreed, saying that the genes identified in the new study should get special attention 
as targets for drugs. "You know that they're important," she said. "That's the nice thing about 
evolution."" 

https://www.nytimes.com/202 l /06/24/science/ancient-coronavi rus
epidemic.html#click=https ://t.co/wh9b W 08tY C 
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Regards Steve 
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An ancient viral epidemic involving host coronavirus 
interacting genes more than 20,000 years ago in 
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• Ancient viral epidemics can be identified through adaptation 

in host genomes 

• Genomes in East Asia bear the signature of an ~ 25,000-year

old viral epidemic 

• Functional analysis supports an ancient corona- or related 

virus epidemic 

Souilmi et al. , 2021 , Current Biology 31, 1- 11 
August 23, 2021 © 2021 The Authors. Published by Elsevier Inc. 
https:/ /doi.org/10.1016/j.cub.2021 .05.067 
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Authors 

Yassine Souilmi, M. Elise Lauterbur, 

Ray Tobler, ... , Nevan J. Krogan, 
Kirill Alexandrov, David Enard 

Correspondence 
(b)(6) 

In brief 
Souilmi et al. find that strong genetic 

adaptation occurred in human East Asian 

populations, at multiple genes that 

interact with coronaviruses, including 

SARS-CoV-2. The adaptation started 

25,000 years ago, and functional analysis 

of the adapting genes supports the 
occurrence of a corona- or related virus 

epidemic around that time in East Asia. 
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SUMMARY 

The current severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has emphasized the 
vulnerability of human populations to novel viral pressures, despite the vast array of epidemiological and 
biomedical tools now available. Notably, modern human genomes contain evolutionary information tracing 
back tens of thousands of years, which may help identify the viruses that have impacted our ancestors-point
ing to which viruses have future pandemic potential. Here, we apply evolutionary analyses to human genomic 
datasets to recover selection events involving tens of human genes that interact with coronaviruses, including 
SARS-CoV-2, that likely started more than 20,000 years ago. These adaptive events were limited to the pop
ulation ancestral to East Asian populations. Multiple lines of functional evidence support an ancient viral se
lective pressure, and East Asia is the geographical origin of several modem coronavirus epidemics. An arms 
race w ith an ancient coronavirus, or with a different virus that happened to use similar interactions as corona
viruses with human hosts, may thus have taken place in ancestral East Asian populations. By learning more 
about our ancient viral foes, our study highlights the promise of evolutionary information to better predict 
the pandemics of the future. Importantly, adaptation to ancient viral epidemics in specific human populations 
does not necessarily imply any difference in genetic susceptibility between different human populations, and 
the current evidence points toward an overwhelming impact of socioeconomic factors in the case of corona
virus disease 2019 (COVID-19). 

INTRODUCTION 

Coronaviruses have been behind three major zoonotic out
breaks.1 The first outbreak, known as SARS-CoV (severe acute 
respiratory syndrome coronavirus), originated in China in 2002 
and infected more than 8,000 and killed more than 800 people.2 

Four years later, MERS-CoV (Middle East respiratory syndrome 
coronavirus) affected >2,400 and killed over 850 people (https:// 
www.who.int). The most recent outbreak began in late 2019 
when SARS-CoV-2 emerged in China, triggering an ongoing 
pandemic (coronavirus disease 2019 [COVID-19)).3 

The research on SARS-CoV-2 epidemiology has revealed that 
socioeconomic (e.g., access to healthcare, testing, and expo
sure at work), demographic, and personal health factors all 
play a major role in SARS-CoV-2 epidemiology.4

-
6 Additionally, 

several genetic loci that mediate SARS-CoV-2 susceptibility 
and severity have been found in contemporary European popu
lations, 7-

10 one of which contains a genetic variant that increases 
SARS-CoV-2 susceptibility that likely increased in frequency in 
the ancestors of modem Europeans after interbreeding with 
Neanctenhals.11 

Throughout the evolutionary history of our species, positive 
natural selection has frequently targeted proteins that physically 
interact with viruses- e.g., those involved in immunity or used by 
v iruses to hijack the host cellular machinery 12

-
14 In the millions 

of years of human evolution. selection has led to the fi xation of 
gene variants encoding virus-interacting proteins {VIPs) (Data 
S1A) at three times the rate observed for other classes of 
genes. 13

·
15 Strong selection on VIPs has continued in human 

populations during the past 50,000 years, as evidenced by VIP 

NIH - ono447 
Current Biology j( i - 11, August ~3. 2021 © 2021 The Authors. Published by Bsevier Inc. 1 

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). 



Please cite this article in press as: Souilmi et al .. An ancient viral epidemic involving host corona\lirus interacting genes more than 20.000 years ago in 
East Asia, Current Biology (2021), https://doi.org/10. 1016/j.cub.2021.05.067 

e)CelPress 
OPEN ACCESS 

genes being enriched for adaptive introgressed Neanderthal var
iants and also selective sweep signals (i.e., selection that drives a 
beneficial variant to substantial frequencies in a population), 
particularly around VIPs that interact with RNA viruses (Data 
S1 B), a viral class that includes the coronaviruses. 16

• 
17 

The accumulated evidence suggests that ancient RNA virus 
epidemics have occurred frequently during human evolution; 
however, we currently do not know whether selection has 
made a substantial contribution to the evolution of human genes 
that interact more specifically with coronaviruses. 

Accordingly, here, we investigate whether ancient coronavirus 
epidemics have driven past adaptation in modem human popu
lations, by examining whether selection signals are enriched 
within a set of 420 VIPs that interact with coronaviruses (denoted 
CoV-VIPs; Data S1C) across 26 human populations from the 
1000 Genomes Project.18 These CoV-VIPs comprise 332 
SARS-CoV-2 VIPs identified by high-throughput mass spec
trometry (Data S 1D),10 and an additional 88 proteins that were 
manually curated from coronaviruses literature (e.g., SARS
CoV-1, MER$, HCoV-NL63, etc.; Data S1 C)16 and are part of a 
larger set of 5,291 VIPs (STAR Methods; DataS1A) from multiple 
viruses.16 Our focus on VIPs is motivated by evidence indicating 
that these protein interactions are the central mechanism that vi
ruses use to hijack the host cellular machinery.16. 19 Accordingly, 
VIPs are much more likely to have functional impacts on viruses 
than other proteins (STAR Methods). An alternative that we 
cannot exclude however is that a different type of virus that hap
pens to use similar VIPs as coronaviruses might have driven 
adaptation signals at CoV-VIPs. 

Our analyses find a strong enrichment in sweep signals at 
CoV-VIPs across multip le East Asian populations, which is ab
sent from other populations. This suggests that an ancient co
ronavirus epidemic (or another virus using similar VIPs) drove 
an adaptive response in the ancestors of East Asians. Further, 
by leveraging ancestral recombination graph approaches,20•

21 

we find that 42 CoV-VIPs may have come under selection 
around 900 generations (~ 25,000 years) ago and exhibit a co
ordinated adaptive response. We further show that the CoV-VIP 
genes are enriched for anti - and proviral effects and variants 
that affect COVID-19 etiology in the modern British population 
(https:/ /grasp. nhlbi .nih.gov/Covid 19GWASResults.aspx). 22 ·' 3 

We further show that the inferred underlying causal mutations 
are situated near to regulatory variants active in lungs and other 
tissues impacted by COVID-19. These independent lines of ev
idence support an ancient coronavirus (or a similarly interacting 
virus) epidemic that emerged in the ancestors of contemporary 
East Asian populations. 

RESULTS 

Signatures of adaptation to an ancient epidemic 
Viruses have exerted strong selective pressures on modern hu
mans.15· 17 Accordingly, we use two statistical tests that are sen
sitive to such genetic signatures (i.e., selective sweeps)- nSL24 

and iHS25- while being insensitive to background selection.26•27 

Current Biology 
Article 

genes based on the average selection statistic score observed 
in genomic windows ranging from 50 kb to 2 Mb (STAR 
Methods). Different window sizes are used because smaller win
dows tend to be more sensitive to weaker sweeps, whereas 
larger windows tend to be more sensitive to stronger sweeps 
(STAR Methods). 17 After ranking the gene scores, we estimate 
an enrichment curve (Figure 1) for gene sets ranging from the 
top 10 to 10,000 ranked loci (STAR Methods). The significance 
of the whole enrichment curve is then calculated using a genome 
block-randomization approach that accounts for the genomic 
clustering of neighboring CoV-VIPs and provides an unbiased 
false-positive risk (FPR) for the whole enrichment curve28 by 
re -running the entire enrichment analysis pipeline on block-ran
domized genomes (STAR Methods).17 For our control gene set, 
we use protein-coding genes situated at least 500 kb from CoV
VIPs to avoid overlapping the same sweep signals. Additionally, 
genes in the control sets are chosen to have similar characteris
tics as the CoV-VIPs (e.g., similar recombination, density of cod
ing sequences, etc.; see STAR Methods for the complete list of 
factors) to ensure that any detected enrichment is virus specific 
rather than due to a confounding factor.17 Finally, we also 
exclude the possibility that functions other than viral interactions 
might explain our results by running a Gene Ontology analysis 
(STAR Methods; Data S1 E and S1F; Figures S1 A and S1 B).29 

Applying this approach to each of the 26 populations from the 
1000 Genomes Project dataset, we find a strong enrichment of 
sweep signals in CoV-VIPs that is specific to the five East Asian 
populations (whole enrichment curve for nSL and iHS combined 
FPR = 2. 10- 4; Figures 1 and S2A- S2N; STAR Methods). No 
enrichment is observed for populations from other continents, 
including in neighboring South Asia (whole enrichment curve 
for nSL and iHS combined FPR > 0.05 in all cases; Rgures 1 
and S2F-S21). Further, no enrichment is detected for VIP sets 
for 17 other viruses in East Asian populations (whole enrichment 
curve for nSL and iHS separately or combined; p > 0.05 in all 
cases; Figures S3 and S4). Taken together, these results suggest 
that coronaviruses (or a virus interacting similarly with hosts) 
have driven ancient epidemics in East Asia. This enrichment is 
unlikely to have been caused by any other virus represented in 
our set of 5,291 VIPs (Data S1A), but we still cannot exclude 
that a currently unknown type of virus that happened to use 
similar VIPs as coronaviruses could have been involved instead. 
The enrichment is most substantial for the top-ranked gene sets 
ranging between the top 10 and top 1,000 loci (Figure 1; whole 
enrichment curve FPR = 3.1 o-6 for nSL. FPR = 4.10- 3 for iHS. 
and FPR = 6.10- 5 for iHS and nSL combined) and is particularly 
strong for the top 200 loci in large windows (1 Mb) where a 4-fold 
enrichment is observed for both nSL and iHS statistics (pertain
ing to between 10 and 13 selected CoV-VIPs among the top 200 
ranked genes; Data S1 G). This suggests strong selection at mul
tip le CoV-VIPs. That the selected haplotype structures are de
tected by both the iHS and nSL statistics suggests that they 
are unlikely to have occurred prior to 30,000 years ago, as 
both statistics have little power before this time point.30 

After scanning each of the 26 populations for selection signals, An ancient epidemic in the ancestors of East Asians 
we apply an enrichment test that was previously used to detect starting more than 20,000 years ago 
enriched selection signals in RNA VIPs in human populations.17 To further test the existence of an ancient viral epidemic in East 
Briefly, for each population and selection statistic, we rank all Asia, we use a recent ancestral recombination graph (ARG)-based 

2 Current Biology 31, 1-11, August 23, 2021 
NIH - 000448 
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Figure 1. Coronavirus VIPs nSL ranks enrichment 
(AH E) are East Asian populations, and (F)-(0 are populations from other continents. They axis represents the bootstrap test (STAR Methods) relative fold 
enrichment of ttle number of genes in putative sweeps at CoV-VIPs, divided by tne number of genes in putative sweeps at control genes matciled for muniple 
confounding factors. The x axis represents the top rank threshold to designate putative sweeps. Black full line, average fold enrichment over 5,000 bootstrap test 
control sets. Fold enrichments greater than 20 are represented at 20. Gray area, 95% confidence interval of the fold enrichment over5.000 bootstrap test control 
sets. The rank thresholds where the confidence interval lower or higher fold enrichment has a denominator of zero are not represented (for example. graph B, top 
10 rank threshold). Lower confidence interval fold enrichments higher than 20 are represented at 20 (for example, graph B, top 30 rank threshold). Red dots, 
bootstrap test fold enrichment p <0.001 . Orange dots, bootstrap test fold enrichment p < 0.05. Note that the bootstrap test p values are not the same as the whole 
curve enrichment false positive risk (FPR) estimated using block-randomized genomes on top of the bootstrap test (STAR Methods). Related to STAR Methods 
and Figures S2-S4. 

method, Relate.20 to infer the t iming and trajectories of selected 
loci for the CoV-VIPs. If the selective pressure responsible for 
the mult iple independent selection events at CoV-VIPs was sud
den, as expected from a new epidemic, these selection events 
should have started independently around the same time. By esti
mating ARGs at variants distributed across the entire genome, 
Relate can reconstruct coalescent events across time and detect 
genom ic regions impacted by positive selection. To approximate 
the start time of selection, Relate estimates the first historical time 
point that a putatively selected variant had an observable fre
quency unlikely to be equal to zero (STAR Methods}. We use this 
approximation as the likely starting time of selection (STAR 
Methods). Additionally, we use the iSAFE software3 1- w hich en
ables the localization of selected variants-along with a curated 
set of regulatory variants (expression quantitative trait loci [eQTLsD 
from the GTEx Project32 to help identify the likely causal mutations 
in the selected CoV-VIP genes. There is good evidence that most 
adaptive mutations in the human genome are regulatory muta
tions.26·33-35 Accordingly, we find that iSAFE peaks are signifi
cantly closer to GTEx v8 eQTLs proximal to CoV-VIP genes than 
expected by chance (iSAFE proximity test; p < 1 o-9; STAR 
Methods}. Therefore, for each CoV-VIP gene, we c hoose a variant 
w ith the lowest Relate p value (<1 o-3; STAR Methods) that is situ
ated at or close to a GTEx eQTL associated with the focal gene to 
estimate the likely starting time of selection for that gene (STAR 
Methods; Figure S5A). 

Using this approach, we observe42 CoV-VIPs (DataS1H: Fig
ure SSA) w ith selection starting times clustered around 870 gen
erations ago (~ 200 generations wide, potent ially d ue to noise in 
our estimates; Figure 2). While this amounts to about four t imes 
more selected CoV-VIP genes than were detected using either 
nSL or iHS (both detected around ten CoV-VIPs among the top 
200 ranked genes; Data Sl G), th is is not unexpected, as Relate 
has more p ower to detect select ion events than nSL and iHS 
w hen the benefic ial allele is at intermediate frequencies (typically 
<60%; Figure 3; see Enard and Petrov,17 Ferrer-Admetlla et al.,24 

and Voight et al.25). The t ight clustering of starting times forms a 
highly significant peak (peak significance test p = 2.3.1 o-4

; Fig
ure 2) when comparing the observed clustering of CoV-VIPs start 
times with the distribution of inferred start times for randomly 
sampled sets of genes (STAR M ethods). Further, this signifi
cance test is not biased by the fact that CoV-VIPs are enriched 
for sweeps, as the test remains highly significant (p = 1.1 o-4

) 

when using random control sets with comparable high-scoring 
nSL statistics (STAR M ethods). Thus, the t ight temporal c lus
tering of selection events is a specif ic feature of the CoV-VIPs, 
rather than a confounding aspect of any gene set similarly en
riched for sweeps. 

Consequently, our results are consistent with the emergence 

of a viral epidemic ~ 900 generations, or ~ 25,000 years (28 years 
per generation),36 ago that drove a burst of strong positive selec
tion in East Asia. Selection events starting 900 generations ago 
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clearly predate the estimated split of different East Asian popu
lations included in the 1000 Genomes Project from their shared 
ancestral population. ' 8 

Although selective pressures other than a coronavirus or 

another unknown type of virus with similar host interactions 

m ight also cont ribute to these patterns, we note that the s ignal 

is restricted specifically atCoV-VIPsand none o f 17 other viruses 

that we tested exhibit the same temporal clustering (peak signif
icance test p > 0.05 in all cases; STAR Methods). Further, this 
test remained highly significant when retesting the clustering of 
CoV-VIPs using only RNA VIPs as the control set (p = 4.1 o-4

; 

Data S1 8). Importantly, the estimate of an ancient viral epidemic 
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Figure 2. Timing of selection at CoV-VIPs 
The figure shows the distribution of selection start 
times at CoV-VIPs (pink distribution) compared to 
the distribution of selection start times at all loci in 
the genome (blue distribution) . Details on how the 
two distributions are compared by the peak sig
nificance test, and how the selection start times 
are estimated with Relate, are provided In STAR 
Mett-ods. Related to STAR Methods and Fig

ure S1 . 

starting ~ 25,000 years ago in East Asia is remarkably congruent 
with the 23,000 years estimate for the emergence of sarbecovi
ruses (the viral family of SARS-CoV-2). 37 

Strong selection drove coordinated changes in multiple 
CoV-VIP genes over 20,000 years 
To learn more about the s tart and duration of selection acting in 

East Asia. we use CLUES21 to infer allele frequency trajectories 
and selection coeffic ients for the inferred beneficial mutations 
proximal to the 42 CoV-VIP genes with selection starting 900 
generations ago according to Relate (Figure 3). We anticipate 
that selection was probably strongest when the naive host 

Figure 3. Selected CoV-VIPs allele fre
quency trajectories over time estimated by 
CLUES in East Asia 
Each frequency trajectory is for one of the 42 
Relate selected mutations at CoV-VIPs within the 
peak around 900 generations ago (STAR 
Methods). 
(A) Frequency trajectories in the Chinese Dai COX 
1000 Genomes population. 
(B) Same but zoomed in from frequencies 0%-
10%. 
(C) Frequency trajectories in the Han Chinese from 
Beijing CHB 1000 Genomes population. 

o ._,_...,_.~ ..... - ..... - ................... - ...... ..,,, .. ., .... ,n .. ,....,_ ____________ ~ (D) Same but zoomed in from frequencies 0%-

10%. 

C 

i'.;' 
C: 

~ 
er ., ... 

0 

"' 0 

(Q 
0 

"". 
0 

<i 
0 

q 
0 

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 

generations ago in COX 

0 
0 

generations ago in COX 

._,_._-..... _...,._....,....,....,.~ .... .,. ........ IICD,11....,_ ____________ ~ 

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 

generations ago in CHB generations ago in CHB 

4 Current Biology 31 , 1-11, August 23, 2021 
NIH - 000450 

Related to STAR Methods. 



Please cite this article in press as: Souilmi et al.. An ancient viral epidemic involving host ccronavirus interacting genes more than 20.000 years ago in 
East Asia, Current Biology (2021), https://doi.org/10.1016/j.cub.2021 .06.067 

Current Biology 
Article 

A ~ 

"' d 

r, "' d 
e: 
:g 
a 
i " d 

N 
0 

0 
0 

B 

r, 
C: 
:g 
a 
~ 

~ 

CX) 

d 

"' d 

" d 

N 
d 

0 
d 

e'CelPress 
OPEN ACCESS 

Figure 4. Selected CoV-VIPs allele fre
quency trajectories over time estimated by 
CLUES in Africa (Yoruba) and Europe 
(British} 
Sarne as F;gure 3. 
(A} Yoruba popula1ion. The graph includes 17 fre
quency trajectories, the 25 other alleles selected in 
East ASla being absent In me Yoruba sample (but 
not Africa overall; see Data S 11). 

(B) British population. The graph includes 35 fre
quency trajectories, the other seven alleles 
selected in East Asia being absent in the British 
sample. 
Related to STAR Methods. 

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 
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population was first infected, before gradually waning as the host 
population adapted to the viral pressure.38 Similarly, a decrease 
in the virulence of the virus over time, a phenomenon that has 
been reported during long-term bouts of host-virus coevolu
tion,39 would also result in the gradual decrement of selection 
over time. Hence. for each of the 42 CoV-VIPs predicted to 
have come under selection ~ 900 generations ago, we use 
CLUES to estimate the selection coefficient in two successive 
time intervals (between 1,000 and 500 generations ago and 
from 500 generations ago to the present), predicting that selec
tion would be stronger in the oldest interval. We note that a 500 
generations interval was reported as the approximate time span 
that CLUES provides reliable estimates for humans.21 Following 
the protocol of Stern et al.,40 we base our estimates on two of the 
five East Asian populations (i.e., Dai and Beij ing Han Chinese; 
Figures 3A and 3B and 3C and 3D, respectively). 

CLUES infers more complex frequency trajectories than an 
abrupt jump in frequency 900 generations ago. Instead, the esti
mated trajectories (Figures 3A-3D) suggest that 900 generations 
ago is the approximate time when the bulk of the selected vari
ants reached a frequency of a few percent or more and when 
there is an acceleration in the frequency increase (Figures 3B 
and 3D). Note that this does not contradict the strong peak of se
lection times starting around 900 generations ago found by 
Relate, as this is the time when Relate estimates frequencies 
clearly distinguishable from zero (STAR Methods). This might 
correspond to the transition between the establishment and 
exponential phases of the sweeps and might imply that the se
lective pressure could be older than 900 generations. Although 
the slow starts of frequency increases make it hard to pinpoint 
when selection started exactly, the vast majority of the selected 
alleles appear to have reached 5% or higher frequencies by 600 
generations, thus making it highly unlikely that the selection 
would have started later. Frequency trajectories estimated in 
the Yoruba African population (Figure 4A) or the British European 
population (Figure 48) also show very low initial frequencies. The 
selected variants in East Asia are found nowadays at very low 
frequencies, especially in Africa (Data S1 I). 

generations ago (Dai average s = 0.034; Beijing Han average 
s = 0.042; Figures 5A and 58) but much weaker selection coeffi
cients from 500 generations ago to the present (Dai averages = 
0.002; Beijing Han averages = 0.003; Figures 5A and 58). These 
patterns are consistent with the appearance of a strong selective 
pressure that triggered a coordinated adaptive response across 
multiple independent loci, which waned through time as the host 
population adapted to the viral pressure and/or as the virus 
became less virulent. 

Validation of direct physical interactions between 
selected COV-VIPs and SARS-CoV-2 proteins 
To further validate that an ancient viral epidemic was responsible 
for the observed selection signals, next we test whether the 35 out 
of 42 selected CoV-VIPs that interact with SARS-CoV-2 (as 
opposed to other coronaviruses in our dataset) are indeed CoV
VIPs and directly interact with SAAS CoV-2 viral proteins. While 
these interactions were originally identified by high-throughput 
mass spectrometry,19 high-throughput mass spectrometry can 
sometimes identify indirect interactions in a larger protein com
plex or false positives altogether. 4 1 We co-express the candidate 
CoV-VIPs:SARS CoV-2 protein pairs in a cell-free protein expres
sion system and test their interactions using an AlphaLISA pro
tein:protein interaction assay (STAR Methods). This approach 
(Figure SSA) was previously used for rapid analysis of intra-viral 
PPI network of Zika virus.42 The assay is expected to detect 
~ 70% of protein interactions with human proteins (30% false 
negative rate; STAR Methods). Out of 35 selected SARS-CoV-2 
CoV-VIPs, 33 interacting protein pairs can be tested with the 
assay (STAR Methods). Figure 6 highlights the results for six of 
the 33 CoV-VIPs, while Figure S6 presents the results for the re
maining CoV-VIPs. Among the 33 interactions tested, we confirm 
2 4 or 73 % , the expected confirmation rate (taking the false nega
tive rate into account) if 100% or close to 100% of the selected 
CoV-VIPs are indeed CoV-VIPs (Figures 6A-6C and S6B; Data 
S1J). This very high validation rate further strengthens the evi
dence for an ancient viral epidemic in East Asia. 

The selected mutations are estimated to have continually Selected CoV-VIPs are enriched for antiviral and proviral 
increased in frequency in East Asia until ~ 200 generations factors 
(~ 5,000 years) ago (Figures 3A and 3C). Accordingly, CLUES es- To further c larify t hat a viral epidemic caused the strong burst of 
timates high selection coefficients between 1,000 and 500 selection, and not another ecological pressure acting on the 
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Figure 5 . Coronavirus selected VIPs selection coefficients esti
mated by CLUES 
This figure shows classic R boxplots of selected coefficients at the 42 Relate 
selected mutations within the peak around 900 generations ago (STAR 
Methods). 
(A) Selection coefficients in the Chinese Dai COX 1000 Genomes population. 
(Bl Selection coefficients in the Han Chinese from Beijing CHB 1000 Genomes 
population. Left: average selection coefficients between O and 500 genera
tions ago are shown. Right: average selection coefficients between 500 and 
1,000 generations ago are shown. 
Related to STAR Methods. 

same set of genes, we test whether the 42 selected CoV-VI Ps are 
enriched for genes with antiviral or proviral effects relative to 
other CoV-VlPs (i.e., loci that are known to have a detrimental 
or beneficial effect on the virus, respectively). Because the rele
vant literature for coronaviruses is currently limited, we extend 
our set of anti- and proviral loci to include loci reported for 
diverse viruses with high confidence from the general virology 
literature (STAR Methods; Data S1 Kand S1 L). We find that 21 
(50%) of the 42 CoV-VIPs that came under selection ~ 900 gen
erations ago have high-confidence anti- or proviral effects 
(versus 29% for all 420 CoV-VIPs), a significant inflation in 
such effects (hypergeometric test p = 6. 10- 4

) that further sup
ports our claim that the underlying selective pressure was 
most likely a viral epidemic. 

Current Biology 
Article 

proximity-based metric that quantifies the distance between 
the location of the causal mutation estimated by iSAFE and the 
tissue-specific eQTLs for the 42 loci with selection starting 
~ 900 generations ago and compare this to the same distances 
observed among randomly sampled sets of CoV-VIPs (Figure 
7; STAR Methods). 

We find that GTEx lung eQTLs lie closer to predicted causal 
mutations among the 42 putative selected loci than for any other 
tissue (p = 3. 10- 5; Figure 7). Several additional tissues known to 
be negatively affected by coronavirus-blood and arteries,43

·44 

adipose tissue.45 and the digestive tract4 6-also exhibit closer 
proximities between putative causal loci and eQTLs than ex
pected by chance (Figure 7). Interestingly, the spleen shows no 
tendency for eQTLs to lie closer to selected loci than expected 
around 900 generations ago compared to other evolutionary 
times, perhaps because the spleen is replete with multiple im
mune cell types that might be more prone to regular adaptation 
to diverse pathogens over time.07 Note that tissues with more 
eQTLs tend to have more signif icant p values. For example, skel
etal muscle has a lower proximity ratio than stomach but also a 
lower p value due to higher statistical power {more eOTLs). How
ever, we find no correlation (Pearson's correlation test p = 0.6) 
between the total number of GTEx v8 eQTLs32 for a given tissue 
and the proximity ratio for each tissue. Thus, different proximity 
ratios between tissues do not just reflect a statistical power b ias. 
We further show that iSAFE locates adaptation particularly 
closer to more lung-specific eQTLs compared to other tissues 
(Figure S7; STAR Methods). Our results indicate that the tissues 
impacted in the inferred viral epidemic in East Asia match those 
affected by SARS-CoV-2. 

Coronavirus VIPs are enriched for SARS-CoV-2 
susceptibility and COVID-19 severity loci 
Our results indicate that many of the selected CoV-VIPs now sit 
at intermediate frequencies in modern East Asian populations. 
We anticipate that these segregating loci should make a 
measurable contribution to the inter-individual variation in 
SARS-CoV-2 susceptibility and COVID-19 severity among 
contemporary populations in East Asia. While a genome-wide 
association study (GWAS) scan has yet to be reported for a 
large East Asian cohort, two GWASs were recently released 
that used sizable British cohorts to investigate SARS-CoV-2 
susceptibility (1 ,454 cases and 7,032 controls; henceforth 
called the susceptibility GWAS) and severi1y (325 cases [deaths] 
versus 1, 129 positive controls; henceforth called the severity 

Selected mutations lie near regulatory variants active in GWAS; data from the UK Biobank;22
•
23 https://grasp.nhlbi.nih. 

SARS-CoV-2-affected tissues gov/Covid19GWASResults.aspx). Because we use a non-East 
Coronavirus infections in humans are known to have patholog- Asian population, we only ask, as a functional validation of a 
ical consequences for specific tissues; therefore, we investigate viral pressure, whether there is an overlap between the selected 
whether the genes selected in East Asia are also enriched for loci in East Asia and stronger COVID-19 GWAS hits in the UK 
regulatory functions in similar tissues. In light of our finding that Biobank. We do not look at all at the directionality or the size 
many putative causal mutations in CoV-VIPs are proximal to of effects. It is indeed unclear that those would be transposable 
eQTLs, we investigate whether selected mutations are situated between populations, given that here we provide evidence that 
closer to eQTLs for a given tissue than expected by chance, as different pathogens may have influenced evolution in different 
this would indicate that the tissue was negatively impacted by human populations. This also means that we make no claim 
the virus (prompting the adaptive response). Note that the at all here about any decrease or increase of virus susceptibility 
GTEx eQTLs we use are not specific to a single tissue and are in any given human population compared to others. Further-
often shared between tissues. However, each tissue still has more, we use the UK-Biobank cohort instead of the complete 
its own specific combination of eQTLs. Briefly, we estimate a COVID-19 Host Genetics Initiative meta-GWAS data {https:// 
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with similar host interactions may have been the selection pres
sure behind the adaptive response we observe in East Asia. 
Notably, the strongest GWAS hits identified by the COVID-19 
Host Genetics Initiative (listed at ht1ps://www.covid19hg.org/ 
publications/) do not overlap with the 42 CoV-VIPs selected in 
East Asia. The lack of overlap is however not surprising and a 
result of the design of our analysis (STAR Methods). 

Selected CoV-VIP genes include multiple known drug 
targets 
Our analyses suggest that the 42 CoV-VIPs identified as putative 
targets of an ancient coronavirus (or another virus using similar 
host interactions) epidemic might play a functional role in 
SARS-CoV-2 etiology in modern human populations. We find 
that four of these genes (SMAD3, IMPDH2, PPIB, and GPX1) 
are targets of eleven drugs currently used or investigated in clin
ical trials to mitigate COVID-19 symptoms (STAR Methods). 
While this number is not higher than expected when compared 

0.5 1.5 2.5 
GTEx eans to iSAFE peaks proxlm~y ,atio 

3 to other CoV-VIPs (hypergeometric test p > 0.05), we note that 

Figure 6. Validation of selected CoV-VIPs/SARS-CoV-2 protein in
teractions using cell-free expressed proteins 
(A) A representative image of SOS-PAGE gel loaded with in vitro translation 
reactions co-expressing human VIPs/SARS-CoV-2 proteins in Leishmania 
tarentolae (L TE) system. Human proteins were tagged with EGFP at N terini
nus, and the viral proteins were tagged with mCherry at C terminus. The 
protein bands were visualized by fluorescence scanning: viral proteins: 
M,ORF9c, ORF10, and NSP5; human proteins: ACADM, C20orf4, PMPCA, 
NDFIP2, PPT1, and ARF6. 
(8) A plot of representative signals of AlphaLISA interaction assay for VIP/viral 
protein pairs shown in (A). Zika virus setf-dimerizing C-protein tagged with 
Cherry and EGFP was used as positive interaction control. As the negative 
control, we used FKBP-rapamycin-binding (FRB) domain. 
(C) Graphic summary of the VIPs/SARS-CoV-2 interaction analysis: the 
confirmed interactions are shown with green circle, whereas interactions that 
could not be conformed using this assay are depicted as red diamond. 
Related to STAR Methods and Figure SG. 

most of the 42 genes identified here have yet to be the focus 
of trials. In addition to the four selected CoV-VIP genes targeted 
bycoronavirus-specific drugs, five additional selected CoV-VIPs 
are targeted by multiple drugs to treat a variety of non-coronavi
rus pathologies (Data Si). An additional six of the 42 selected 
CoV-VIPs have been identified by Finan et al.48 as part of the 
"druggable genome" (Data S1 M). 

DISCUSSION 

We identified a set of 42 CoV-VIPs exhibiting a coordinated 
adaptive response that likely emerged more than 20,000 years 
ago (Figure 2). This pattern was unique to East Asian populations 
(as classified by the 1000 Genomes Project). We show that this 
selection pressure produced a strong response across the 42 
CoV-VIP genes that gradually waned and resulted in the selected 
loci plateauing at intermediate frequencies. Further, we demon-
strate that this adaptive response is likely the outcome of a viral 

www.covid19hg.org/), 7·
8 to avoid population stratification to the epidemic, as attested by the clustering of putatively selected loci 

best ex1ent possible (a legitimate concern with a trait clearly around variants that regulate tissues known to exhibit COVID-
affected by socioeconomic factors) . 19-related pathologies, and the enrichment of variants associ-

While we are unable to precisely identify the causal variants for ated with SARS-CoV-2 susceptibility and severity, as well as 
the selected CoV-VIP genes observed in the ancestors of East anti - and proviral functions, among the 42 CoV-VIP genes 
Asians- nor would these variants necessarily occur as outliers selected starting around 900 generations ago. 
in a GWAS conducted on the British population-we note that An important limitation is that some of our analyses rely upon 
it is possible that other variants in the same CoV-VIP genes comparative datasets that were generated in contemporary hu-
may also produce variation in SARS-CoV-2 susceptibility and man populations that have different ancestries than the East Asian 
COVI 0 -19 severity among modern British individuals. populations where the selected CoV-VI P genes were detected. In 

By contrasting variants in CoV-VIPs against those in random particular, both of the eQTL and GWAS datasets come from large 
sets of genes, we find t hat variants in CoV-VIPs have significantly studies that are focused on contemporary populations from Eu-
lower p values for both the susceptibility GWAS and severity rope and none of the five European populations in our study 
GWAS than expected (simple permutation test p < 10- 9 for exhibit the selection signals observed in East Asia. More d irect 
both GWAS tests; STAR Methods). More importantly, the 42 confirmation of the causal role of 42 CoV-VIP genes in COVID-
CoV-VIPs with selection starting ~ 900 generations ago have 19 etiology will require the appropriate GWAS to be conducted 
even lower GWAS p values compared to other CoV-VIPs (p = in East Asian populations. The detection of genetic associations 
0.0015 for susceptibility GWAS and p = 0.023 for severity; amongthe42CoV-VIPsin aGWASoncontemporaryEastAsians 
STAR Methods). This result indicates that the selected genes in- would provide further evidence that one or more coronaviruses, or 
ferred in our study might contribute to individual variation in another virus using similar interactions, comprised the selection 
COVID-19 etiology in modern human populations in the UK, pressure that drove the observed adaptive response. Moreover, 
providing further evidence that a coronavirus or another virus a high-powered GWAS in East Asian populations would be 
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Figure 7. Proximity of selection signals to 
GTEx eQTLs at the 42 selected CoV-VIPs 
compared to random CoV-VIPs 
The histogram shows how close selection signals 

localized by iSAFE peaks are to the GTEx eQTI.s 
from 25 different tissues, at peak-VIPs compared 
to randomly chosen CoV-VIPs (STAR Methods). 
How close ISAFE peaks are to GTI:x eQ1Ls 
compar&d to random CoV-VIPs is estimated 

through a proximity ratio. The proximtty ratio is 
described in the STAR Methods. It quantifies how 
much closer iSAFE peaks are to eOTLs of a spe
cific GTEx tissue, compared to random expec1a
tions that take the number and structure of iSAFE 

peaks as well as the number and structure of 
GTEx eOTLs into account (STAR Methods). 
.... Proximity ratio lest p < 0.0001 . ... Proximity 
ratio test p <: 0.001 . --p <: 0.01. ·p < 0.05. Nole that 

lower proximity ratios can be associated with 

smaller p values for tissues with more eOTLs (due 
to decreased null variance; for example, skeletal 
muscle versus pancreas). Related to STAR 
Methods and Figure S5. C RHOA 
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study. 19 This suggests that corona vi
ruses share a broad set of host proteins 
that they interact with, which should 
apply to ancient coronaviruses. These 
patterns are consistent with one or 
more coronaviruses driving selection 
that p roduced the signals reported here. 
Still, we cannot exclude that another 
currently unknown type of viruses might 
have been responsible, which used the 
same interactions as coronaviruses with 
human proteins. 
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required to identify the loci that currently impact individual varia
tion in COVID-19 etiology in East Asian individuals. Because of 
these limitations, and because it would be extremely difficult to 
control for all the other factors that differ across the world 
(including socioeconomic factors), our results do not represent 
evidence for any difference in either increased or decreased ge
netic susceptibility in any human population. 

Insights into ancient viral epidemics from modern 
human genomes 

PMPCA Further validation of the historical tra
jectories of the causal mutations at 
selected genes is still needed, including 
more finely resolved temporal and 

geographic patterns that could be derived from ancient DNA 
sampled from across East Asia; however, the requisite ancient 
samples are currently lacking. Nonetheless, we note the 
geographic origin of several modern outbreaks of coronavi
ruses in East Asia point to East Asia being a likely location 
where these ancient populations came into contact with the 
virus. Our results suggest that East Asia might have also been 
a natural range for coronavirus reservoi r species during the 
last 25,000 years.50 

A particularly salient feature of the adaptive response observed Applied evolutionary medicine: Using evolutionary 
for the 42 CoV-VIPs is that selection appears to be acting contin- information to combat COVID-19 
uously over an ~ 20,000 years period. The profile of selection in The net result of the ancient selection patterns on the CoV-VIPs 
the host East Asian populations is consistent with a new viral in ancient human populations is the creation of genetic differ-
pressure that ancestral populations had never experienced pre- ences among individuals now living in East Asia and between 
viously but that subsequently remained present for a very long East Asians and populations d istributed across the rest of the 
period of time. As this manuscript was in the final stages of prep- world. As we demonstrate in this study, this evolutionary genetic 
aration, the first host-virus interactomes were pub lished for information can be exploited by statistical analyses to identify 
SARS-CoV-1 and MERS-CoV,49 which exhibit an extensive loci potentially involved in the epidemiology of modern dis-
overlap with the SARS-CoV-2 interactome used in the present eases- COVID-19 in the present case. Such evolutionary 
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information may ultimately assist in the development o f future 

drugs and therapies by complementing information obtained 

from more traditional epidemiological and biomedical research. 
While such studies provide information on a specif ic gene, the 

evolutionary approach adopted here leverages evolutio nary in

formation in modern genomes to identify candidate genomic re

gions of interest. This is similar to the information provided by 

GW AS- i.e., lists of variants or genes that are potentially associ

ated w ith a particular trait or d isease-though we note that the 

information provided by evolutionary analyses comes with an 
added understanding about the historical processes that 

created the underly ing population genetic patterns. 

The current limitation shared by population genomic ap

proaches, such as GWAS and the evolutionary analyses pre
sented here, is that they identify statistical associations rather 

than causal links. Further evidence of causal relationships be

tween the CoV-VIPs and COVID-19 etiology could be obtained 

by examining which viral proteins the selected CoV-VIPs interact 

with, thus establishing the specific viral functions that are 

affected. 

The ultimate confirmation of causality requires functional vali
dation. It remains to be established whether the genes we have 

identified in this study might help drug-repurposing efforts and 

p rovide a basis for future drug and therapeutic development. 

By leveraging the evolutionary information contained in pub

licly available human genomic d atasets, we were able to infer 
ancient viral epidemics impacting the ancestors of contempo

rary East Asian populations. Im portantly, our evolutionary geno

mics analyses have identified several new candidate genes that 

might provide novel drug targets (Data S1). More broadly, our 

findings highlight the utility of thinking about the possib le contri

bution of evolutionary genomic approaches into standard medi

cal research protocols. Indeed, by revealing the identity of our 

ancient pathogenic foes. evolut ionary genomic methods may ul

timately improve our ability to predict-and thus prevent-the 

epidemics of the future. 
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Materials availability 
Th is study did not generate new unique reagents. The list of reagents used is provided in the Key resources table . 

Data and code availability 
The pipeline required to reproduce the analysis, as well as a complete list of VIPs for diverse viruses, are available at https://github. 
com/DavidPierreEnard/ Gene_Set_Enrichment_Pipeline 
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All the sources of b ioinformatic data used in the analysis are provided in the Key resources table. 

METHOD DETAILS 

Terminology 
For convenience, the 42 CoV-VIPs that we infer to have started coming under selection around 900 generations ago are called peak
VIPs in the STAR Methods. 

Coronavirus VIPs 
We used a dataset of 5 ,291 VIPs (Data S1 A). Of these. 1.920 of these VIPs are high confidence VIPs identified by low-throughput 
molecular methods, while the remaining VIPs were identified by diverse high-throughput mass-spectrometry studies. Using VIPs 
to find the genomic footprints of an ancient epidemic is justified by the fact that VIPs do not just interact with viruses. These inter
actions are in fact functionally consequential for viruses. The 420 CoV-VIPs are part of a much larger set of VIPs found to interact 
to date with more than 20 different vinuses that infect humans 16 (Data S1 A). In total, there are currently 5,291 VIPs (Data S1 A). Of 
these, 1,920 high confidence VIPs were annotated manually by curating the virology literature and correspond to VIPs that were iden
tified by low-throughput molecular methods.16 These VIPs were often identified by virologists who hypothesized that the interaction 
existed in the first p lace based on previous virology knowledge. The other 3,371 VIPs identified by multiple high-throughput mass 
spectrometry experiments, such as the one conducted to identify the 332 SARS-CoV-2 VIPs.19 

To confirm that VIPs are indeed functionally important for viruses beyond just interacting physically, and represent a viable way of 
detecting specific viral selective pressures that trigger host adaptation, we verify that VIPs have antiviral or proviral effects on the viral 
replication cycle on which positive selection can act. More specifically, we need to confirm that VIPs have much more frequent pro
viral or antiviral effects compared to non-VIPs. To test this, we are currently manually annotating all protein-coding genes in the hu
man genome that were involved in published low-throughput expression perturbation experiments to assess their effects on viruses, 
and manually curable in PubMed. Such expression perturbation experiments typically include RNAi knock-down experiments or 
overexpression experiments. These experiments are useful to annotate provi ral or antiviral effects. Indeed, decreasing the expres
sion of an antiviral VIP should be beneficial to viral replication, while increasing the expression of an antiviral VIP should be detrimental 
to the virus. Conversely, decreasing the expression of a proviral VIP should be detrimental to viral replication, while increasing the 
expression of a proviral VIP should be beneficial. We consider only low-throughput expression perturbation experiments, where 
the expression of only one candidate gene is perturbed. This excludes high throughput genome-wide RNAi screens known for their 
high false positive and high false negative rates. Using these criteria, we have so far found that 855, or 66% of 1,300 already anno
tated low-throughput VIPs have a known antiviral or proviral effect. Of the 2,627 high-throughput VIPs that we already annotated, 426 
or 16% have a known antiviral or proviral effect. Of the3.913 non-VIPs that we already annotated. 171 or 4% have a known antiviral of 
proviral effect. Although we have not annotated all human protein-coding genes yet, the large numbers already annotated imply that 
these proportions are very likely to be close to the final proportions when all genes are annotated. 

Thus, approximately two-thirds of low-throughput VIPs have known antiviral or proviral effects that were revealed by expression 
perturbation experiments such as gene knock-down or overexpression. The 16% proportion of high throughput VIPs known to have a 
clear antiviral or proviral effect is much lower than the two-thirds of low-throughput VIPs with antiviral or proviral effects, but it is 
important to consider that high-throughput VIPs have not been Investigated anywhere near as much as the low-throughput ones. 
In contrast, only 4% of non-VIPs with no known vi ral interaction have published antiviral or proviral effects. Both low-throughput 
and high-throughput VIPs are thus far more often functionally consequential for v iruses compared to non-VIPs (simple permutation 
test p < 10- 16 in both cases). Note that because they w ill d ilute the signal rather than create it , a certain amount of random, false
positive high-throughput interactions are expected to be conservative when trying to detect ancient epidemics. 

Focusing specifically on the 420 CoV-VIPs, we find that 121 or 28.9% of them already have published antiviral or proviral effects 
(Data S1 K). Of the 332 SARS-CoV-2 VIPs, 83 or 25% of them have antiviral or proviral effects (Data S1 K), often independently 
confirmed in multiple viruses. The SARS-CoV-2 VIPs are thus more than six times more likely to have antiviral or proviral effects 
than non-VIPs, which supports the high quality of the mass spectrometry screen conducted by Gordon et al.,19 as confirmed by 
our own validations o f interactions (Figure 6). Note that it is unrealistic to expect much higher percentages at SARS-CoV-2 VIPs, given 
that coronaviruses are only starting to be more thoroughly investigated, and have been much less investigated than other viruses 
such as HIV or IAV (Influenza Virus). 

Validation of selected SARS-CoV-2 CoV-VIPs 
We co-express the selected SARS-CoV-2 CoV-VIPs:SARS-CoV-2 protein pairs in Leishmania tarentolae (LTE) cell -free protein 
expression system and test their interactions using Alpha LISA protein: protein interaction assay. This approach (Figure S6A) was pre
viously used for rapid analysis of intra-viral PPI network of ZIKA virus.42 Two of the 35 selected SARS-CoV-2 CoV-VIPs, UBAP2 and 
FBN2, are missing from the analysis because they are not available in the DNASU plasmid repository (see below). All proteins were 
tagged with either EGFP or Cherry fluorescent proteins and with the exception of GCC2 and RTN4 could be detected on SOS-PAGE 
upon cell-free co-expression (Figures 6A and S6B). These two host proteins have large molecular weights (Data S1 ) that make proper 
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protein folding challenging. which likely explain detection failure. When 1he in vitro translation reactions were subjected to AlphaLISA 
interaction analysis, out of 33 interacting protein pairs 24 were positively confirmed by our assay (Figures 6A- 6C and S68). Of the two 
negative results for GCC2 and RTN4, only GCC2 is represented in lane 23 of Figure S68 for comparison with the positive results. The 
73% (24/33) validation rate is likely to be an underestimation of the actual true interactions in this experimental set due to the limi
tations of the expression system and also the details of biochemistry of the individual proteins. The obtained results probably contain 
a significant number of false negatives due to two factors. First, we have demonstrated that LTE cell-free system can produce 
approximately 70% of human proteins in full length, folded and monodispersed form.56 Therefore, it is likely that at least some of 
the human proteins have not been expressed in functional form. Furihermore, post-translational modifications and functional states 
of proteins may modulate their interactions with viral ORFs. For example one of these proteins in this set, RhoA, is post translationally 
prenylated and is carboxyl methylated in vivo.57·58 Due to the lack of isoprenoid pyrophosphate precursors this modification is likely 
to be absent in its L TE produced version. Furthermore, its nucleotide bound form (GDP versus GTP) modulates its interaction w ith 
many RhoA binding proteins~9 and may not be optimal in the current experimental set up. Moreover. protein-focused assay optimi
zation is likely to reveal additional positive interactions in this set. 

For gene sequences and generation of Cell-free expression vectors, the DNA sequences of SARS-CoV-2 were sourced from the 
isolate of 2019-nCoV/USA-WA1/2020, (accession number MN985325) and based on the published annotation of the genome 
sequence of SARS-CoV-2.19 The viral genes were synthesized and inserted into pCellFree_G06 gateway destination vector (available 
in Addgene, Plasmid# 67140; https:/ /www.addgene.org/67140/ by Gene Universal. The human gene plasmids were generated by 
DNASU plasmid repository (Arizona State University, US). The genes were cloned into pmCell-free_KA 1 gateway destination vector 
(available in Addgene, Plasmid #145369; https://www.addgene.org/145369/). The synthesized plasmids DNA were amplified and 
isolated by NucleoBond Xtra Midi kit. 

For the Cell-free co-expression of CoV-VIPs and SARS-CoV-2 protein pairs, the protein pairs were co-expressed in the L TE cell
free expression system. The Leishmania tarentolae translation competent extract and the feeding solution for protein expression 
were prepared as previously described.Go The DNA templates for N-terminal-GFP (8-12 nM) and C-terminal-Cherry (10-15 nM) 
tagged proteins were added concomitantly to the LTE reaction mixture and the samples were incubated for 5h at 25°C for expres
sion. The expression of proteins was performed using 384-well Proxiplate in 10 ~tl volume. The Protein expression was detected by 
measuring GFP and Cherry fluorescence using Tecan Spark multimode microplate reader (Tecan Australia Pty). In addition, for anal
ysis of co-translated eGFP and mCherry fused proteins, the LTE reactions were mixed with 1 :1 v/v of2x NuPAGE sample buffer and 
loaded on a Bolt 4%-12% Bis-Tris protein gel. The proteins were detected by scanning the gel using ChemiDoc MP System (Bio
Rad, Australia). 

Alpha LISA assays were performed in Optiplate-384 plus plates using Anti-GFP AlphaLISAAcceptor and Streptavidin Donor beads. 
Alpha beads were prepared according to the protocol provided by the manufacturer (https://www.perkinelmer.com/Content/ 
TDLotSheet/AS1 12D AS112_2587358.pdQ. Briefly, the acceptor and donor beads stocks (5 mg/ml ) were diluted to 100 ~tg/ml 
(5x) in AlphaLISA assay buffer (Buffer A: 25 mM HEPES, 50 mM NaCl. 0.1 % BSA and 0.01 % Nonidet P-40; pH:7.5). The biotinylated 
mCherry nanobody diluted in buffer A (final concentration of 4 nM) was added into microplate wells followed by the addition of lysate 
containing putative interacting proteins and 5 ftl of the acceptor beads (5x). The samples were incubated for 30 min at room tem
perature. Subsequently, 5 µLof donor beads (5x) were added to samples under low light conditions and incubated for 30 minutes at 
room temperature. For all experiments, samples were prepared in triplicate and the assay was repeated two times. The AlphaLISA 
signal was detected with Tecan Spark multimode microplate reader using the following settings: Mode: AlphaLISA, Excitation time: 
130 ms, Integration time: 300 ms. 

Genomes and sweeps summary statistics 
To detect signatures of adaptation in various human populations, we used the 1000 Genomes Project phase 3 dataset 18 which pro
vides chromosome level phased data for 26 distinct human populations representing all major continental groups. To measure nSL 
separately in each of the 26 populations, we use the selscan software available at https://github.com/szpiech/selscan.54 To measure 
iHS, we use the hapbin software available at https://github.com/evotools/hapbin.55 

Ranking of sweep signals at protein-coding genes and varying window sizes 
To detect sweep enrichments at CoV-VIPs, we first order, separately in each of the 26 1000 Genomes populations. human Ensembl6 1 

(version 83) protein-coding genes according to the intensity of the sweep signals at each gene. As a proxy for the intensity of these 
signals, we use the average of either iHS or nSL across all the SNPs with iHS or nSL values within a window of fixed size, centered at 
the genomic center of genes, halfway between the most upstream transcription start site and the most downstream transcription end 
site. We then rank the genes according to the average iHS or nSL (more precisely their absolute values) in these windows. We get six 
rankings for six different fixed window sizes: 50kb, 100kb, 200kb, 500kb, 1,000kb and 2,000kb. We do this to account for the variable 
size of sweeps of different strengths. We then estimate the sweep enrichment at CoV-VIPs compared to controls over all these 
different window sizes considered together, or at specific sizes, as described below and in Enard & Petrov. 17 Note that we use up 
to 2,000kb windows to measure the average nSL or iHS, while we use control genes that are at least 500kb away from CoV-VIPs. 
This means that a fraction of control windows can overlap CoV-VIP windows. This makes our comparison conservative by reducing 
the visible excess of sweep signals at CoV-VIPs compared to control genes, since a proportion of the controls now also reflect the 
enrichment at CoV-VIPs, albeit not to the same extent as windows actually centered on CoV-VIPs. 
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To estimate a sweep enrichment in a set of genes, a typical approach is to use the outlier approach to select, for example, the top 1 % 
of genes with the most extreme signals. Here we use a previously described approach to estimate a sweep enrichment while relaxing 
the requirement to identify a single top set of genes. Instead of, for example, only estimating an enrichment in the top 100 genes with 
the strongest sweep signals, we estimate the enrichment over a wide range of top X genes, where X is allowed to vary from the top 
10,000 to the top 10 with many intermediate values {10000, 9000, 8000, 7000, 6000, 5000, 4000, 3000, 2500, 2000, 1500, 1000, 900, 
800, 700, 600, 500, 450, 400,350,300, 250, 200, 150, 100, 90, 80, 70, 60, 50, 40, 30, 25, 20, 15, 10). This creates an enrichment curve 
as in Figure 1. Figure 1 shows the estimated relative fold enrichments at CoV-VIPs compared to contro ls, from the top 1,000to the top 
10 nSL. The statistical significance of the whole enrichment curve can then be estimated by using block-randomized genomes, as 
described in Enard & Petrov.1 7 All the methodological details on how we use block-randomized genomes to estimate the sensitivity 
and False Positive Risk of the pipeline are described in reference, 17 and the readers can refer to that reference for further details. In 
brief. block-randomized genomes make it possible to generate a large number of random whole enrichment curves while maintaining 
the same level of clustering of genes in the same candidate sweeps as in the real genome, which effectively controls for gene c lus
tering. Comparing the real whole enrichment curve to the random ones then makes it possible to estimate an unbiased false-positive 
risk28 (also known as False Discovery Rate in the context of multiple testing) for the observed whole enrichment curve at CoV-VIPs. A 
single false positive risk can be estimated for not just one curve but by summing over multiple curves combined, thus making it 
possible to estimate a single false positive risk over any arbitrary numbers of rank thresholds, window sizes, summary statistics, 
and populations. For instance, we estimate the false-positive enrichment risk of p = 2. 10- d at CoV-VIPs for rank threshold from 
the top 10,000 to top 10, over six window sizes, for the five East Asian populations in the 1000 Genomes data, and for both nSL 
and iHS, all considered together at once. This makes our approach more versatile and sensitive to selection signals ranging from 
a few very strong sweeps, to many, more moderately polygenic hitchhiking signals. The enti re pipeline to estimate false-positive risks 
with block-randomized genomes is available at https://g ithub.com/DavidPierreEnard/Gene_Set_Enrichment_Pipeline. Note that the 
false positive risk estimates fully take into account the extra variance expected from shrinking the pool of potential control genes by 
requiring control genes that match CoV-ViPs for multiple confounding factors.17 

Building sets of controls matching for confounding factors 
To estimate a sweep enrichment at CoV-VIPs, we compare CoV-VIPs with random control sets of genes selected far enough(> 500kb) 
from CoV-VIPs that they are unlikely to overlap the same large sweeps. We do not compare CoV-VIPs with completely random sets of 
control genes. Instead, we use a previously described bootstrap test to build random contro l sets of genes that match CoV-VIPs for a 
number of potential confounding factors that might explain a sweep enrichment, rather than interactions with viruses. The bootstrap 
test has been described in detail, 17 and is available at httpsJ/github.com/DavidPierreEnard/Gene_Set_Enrichment_Pipeline. 

We include 11 different potential confounding factors in the bootstrap test: 

• average GTEx expression in 53 GTEx V8 tissues. 
• GTEx expression in lymphocytes. 
• GTEx expression in testis. 
• the number of protein-protein interactions from the Intact database, curated by Luisi et al.51 

• the Ensembl (v83) coding sequence density in a 50kb window centered on each gene. 
• the density of conserved segments identified by PhastCons.52 (http://hgdownload.cse.ucsc.edu/goldenPath/hg19/ 

phastCons46way/). 
• the density of regulatory elements, estimated by the density of Encode DNase I V3 Clusters (http://hgdownload.soe.ucsc.edu/ 

goldenPath/hg19/encodeDCC/ wgEncodeRegDnaseClustered/) in a 50kb window centered on each gene. 
• the recombination rate in a 200kb window centered on each gene.53 

• the GC content in a 50kb window centered on each gene. 
• the number of bacteria each gene interacts w ith, according to the Intact database (as of June 2019; https://www.ebi.ac.uk/ 

Intact/). 
• the proportion of genes that are immune genes according to Gene Ontology annotations GO:0006952 (defense response), 

GO:0006955 (immune response), and GO:0002376 {immune system process) as of May 2020. 

Two other factors commonly controlled for in selection analyses are gene length and SNP density. In our controls. gene length is 
accounted for by the functional density controls such as the density of coding, conserved, and regulatory elements. Gene length 
could be an issue if longer genes mean higher densities of functional elements more likely to adapt. But we match functional den
sities, and thus gene length is not an issue. SNP density could be problematic, because the values of haplotype-based summary 
statistics such as iHS or nSL can be sensitive to the local SNP density. To testthe potential impact of SNP density, we add the number 
of SNPs in East Asia in 50kb w indows centered on genes, and the number of SNPs in larger, 500kb windows centered on genes, to 
the 11 confounding factors already included in the matching process. We find that adding SNP density to the other confounding fac
tors affects the observed sweep enrichment at CoV-VIPs in East Asia very weakly (top 1,000 rank thresholds, 1 Mb and 2Mbwindows, 
nSL+iHS: FPR = 6.1 o-5; compare Figures S20-S2S to Figure 1). 
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We further show thatthe strong sweep excess at CoV-VIPs is also visible when not controlling for confounding factors at all (Figures 
S2J-S2N; iHS+nSL FPR < 1 o-5). This confirms that the control genes selected by the bootstrap test when matching confounding 
factors are not unusual w ith respect to their sweep prevalence, as also shown by the FPR analysis. 

Host intrinsic functions do not explain the pattern and timing of adaptation at CoV-VIPs 
An important limitation to consider when inferring ancient epidemics is that VIPs do not just interact with viruses, but are also involved 
In multiple hosts intrinsic functions. These host functions could in theory explain the enrichment and timing of adaptation at CoV-VIPs, 
rather than interactions with a coronavirus or related virus. This would happen as a result of specific host functions being enriched at 
CoV-VIPs, and also intrinsically enriched in adaptive signals independently of any interaction with viruses. Host func tions not en
riched at CoV-VIPs are not expected to generate an enrichment in adapt ation at CoV-VIPs, because the lack of enrichment means 
that they are present in similar or smaller proportions in the rest of the genome. 

Thus, if host functions enriched at CoV-VIPs. rather than viral interactions. explain adaptation at CoV-VIPs. we expect that i) genes 
with these host functions should be enriched in sweep signals even when they don't interact with coronaviruses and ii) genes w ith 
these host functions should have started adapting around 900 generations ago, to also explain the timing of adaptation at CoV-VIPs, 
even when they do not interact with coronaviruses. 

To estimate the role of host intrinsic functions, we use the functional annotations from the Gene Ontology (GO) for GO biological 
processes, GO molecular functions, and GO cellular localizations. In total, there are 106 GO annotations that are enriched at CoV
VIPs compared to the matched controls already used to assess the sweep enrichment (p < 0.001 based on 10,000 matched control 
sets). Of these 106 GO annotations, only 20 have a more than two-fold enrichment among CoV-VIPs (and 50 genes or more among 
non-CoV-VIPs; Data St E) and are thus more likely to contribute to the strong sweep enrichment at CoV-VIPs. We first test if these 20 
GO annotations are enriched in sweeps independently of any interaction with coronaviruses. To do this, we use the same bootstrap 
test used to compare CoV-VIPs with matched controls, but this time we compare genes with the GO annotations, with control genes 
far enough (> 500kb) from any other gene with these annotations. To make sure that a significant enrichment would have nothing to 
do with coronaviruses, we exclude from this comparison any gene closer than 500kb to any CoV-VIP. In total, there are 1723 genes 
with at least one of the 20 highly enriched GO annotations, and 3701 far enough potential control genes. Using exactly the same iHS 
and nSL enrichment curves used to detect a sweep enrichment at CoV-VIPs (STAR Methods), we do not find any significant enrich
ment at the 1723 genes compared to matched controls {whole enrichment curves for nSL and iHS combined, p = 0.15). Furthermore, 
we do not find any significant enrichment in strong sweeps signals within the nSL or iHS top 1000 (p = 0. 77), as we do at CoV-VIPs 
(Figure 1). When considered individually rather than all together, only four of the 20 functions have a significant sweep enrichment 
(p < 0.05; Data S1 E). 

To test whether these four functions explain the sweep enrichment at CoV-VIPs, we test this sweep enrichment at CoV-VIPs again, 
but this time excluding all genes included in the four previous GO annotations. The sweep enrichment at the remaining CoV-VIPs 
(91 % of them) is the same as when testing all CoV-VIPs {the sum of differences between observed and expected numbers over 
all the nSL sweep rank thresholds. over all window sizes. and over all five East Asian populations is 14.620 for 352 CoV-VIPs included 
in the test, versus 15,848 for 385 CoV-VIPs included when not excluding GO functions, in other words almost perfectly proportional to 
the number of genes included in the test), thus showing that t hese four host functions do not explain the sweep enrichment at CoV
VIPs. Moreover, further excluding all genes with the 20 GO annotations over-represented more than twofold at CoV-VIPs, we find that 
the remaining CoV-VIPs (58% of them) have a stronger sweep enrichment than when considering all CoV-VIPs (the sum of differences 
between observed and expected numbers is 10,843 for 222 genes included in this test, proportionally more than the 15,848 sum of 
differences for 385 CoV-VIPs when not excluding GO functions). Excluding the genes with any of 106 over-represented GO annota
tions at CoV-VIPs, we also find that the remaining CoV-VIPs (16% of them) have a stronger sweep enrichment than when considering 
all CoV-VIPs (sum of differences 4,575 for 62 CoV-VIPs). Host intrinsic functions, as annotated by GO, thus cannot explain the sweep 
enrichment at CoV-VIPs. 

Nevertheless, we further test which GO annotations enriched at CoV-VIPs have a significant peak of Relate times around 900 gen
erations ago. as we did before for CoV-VIPs. To do this, we consider all GO annotations enriched at COV-VIPs, but this time 
compared to completely random controls, rather than compared to control sets matched for confounding factors as before. Indeed, 
we previously tested the significance of the peak around 900 generations ago at CoV-VIPs compared to completely random controls 
(STAR Methods), and here we do the same for a fair comparison. Compared to fully random controls, CoV-VIPs are significantly en
riched in 316 GO annotations (p < 0.001). Of these 316 GO annotations, 238 are enriched more than two-fold, many more than the 20 
GO annotations enriched more than two-fold when using controls matched for confounding factors. This shows that controlling for 
the confounding factors t hat we take into account (STAR Methods) effectively controls for many other correlated host intrinsic func
tions. A total of 39 GO annotations are enriched more than four fold at CoV-VIPs when compared to fully random controls. When 
considered all together, all the 1,134 genes in the genome other than CoV-VIPs, but with at least one of these 39 highly enriched 
GO annotations, do not have a significant peak of Relate times (peak significance test p = 0.18). When considered individually, 
only 16 of all the initial 316 over-represented GO annotations have a significant peak between 770 and 970 generations ago (Data 
S1 F; peak significance test p < 0.05). When removing all CoV-VIPs with at least one of these 16 GO annotations (31 % of them), 
the magnitude of the peak around 900 generations ago at the remaining CoV-VIPs compared to all CoV-VIPs is not affected (Figures 
S1 AandS18). 
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Taken together. these results make it very unlikely that host intrinsic functions explain the patterns and timing of adaptation 
observed at CoV-VIPs, and make a causal role of coronavirus-like viruses more plausible. Below, we provide further, virus-focused 
functional evidence, further supporting this. 

Estimating adaptation start times at specific genes with Relate 
As times of emergence of adaptive mutations, we use the publicly available estimates from Relate (https://myersgroup.github.io/ 
relate/) . Relate estimates mutation emergence times while controlling for fluctuations of population size over time, based on the coa
lescence rates it reconstructs after inferring ancestral recombination graphs at the scale of the whole genome. ~0 Relate provides two 
times of emergence of mutations, one low estimate (less generations ago), and one high estimate (more generations ago). The low 
time estimate corresponds to the time when Relate estimates an elevated probability that the frequency of the mutation is different 
from zero (95% confidence interval, most recent time estimate). The high time estimate corresponds to the time when Relate esti
mates that the probabil ity is not too small that the frequency of the mutation is different from zero. For our purpose of estimating 
when selection started, the low time estimate is the best suited, because it provides an estimate of when the frequency of a selected 
mutation was already high enough to distinguish from zero, for those mutations where selection started from a very low frequency. 
For cases where selection started with standing genetic variants that were already distinguishable from zero, the Relate low time 
estimates for the emergence of mutations do not provide a good proxy for when selection actually started. Thus, if we were able 
to estimate when selection started for standing genetic variants, we might be able to observe an even stronger peak than the one 
we see when just relying on those variants where selection started from low frequencies. 

Using the low Relate time estimates is also justified due to the fact that the sweep establishment phase can take very variable 
amounts of time before the start of the sweep exponential phase. During the establishment phase, selected alleles are still mostly 
governed by drift which makes p inpointing the actual starting time of selection difficult. In this context, the low Relate time estimates 
provide an estimate of the time when the selected alleles were no longer at very low frequencies not statistically d ifferent from zero, 
and closer to entering the exponential phase. which provides a more certain time estimate for when selection started for certain. 

An important step is then to choose at each CoV-VIP locus, and all the other control loci, which Relate mutation to use to get a 
single time estimate for each locus. Note that here we make an assumption that each locus has experienced only one single adaptive 
event. Given our finding that iSAFE peaks at CoV-VIPs are much closer to GTEx VB eQTLs than expected by chance, it is likely that the 
selected adaptive mutations are regulatory mutations at, or c lose to annotated eQTLs for a specific gene. They are not necessarily 
exactly located at eQTLs, because current eQTLs annotations may still be incomplete, and in our case we use eOTLs identified in 
GTEx V8 using mostly European individuals, even though we analyze selection signals in East Asian populations. Because of these 
limitations, we use the Relate estimated time at the mutation where Relate estimates the lowest positive selection p value within 50kb 
windows centered on eQTLs. We also only consider variants with a minor allele frequency greater than 20%, given the signals de
tected by iHS and nSL that only have some power to detect incomplete sweeps above 20% frequencies.24

•
25 This also excludes a 

potential risk of confounding by low frequency neutral or weakly deleterious variants, that can show selection-like patterns when their 
only way to escape removal early on is through a chance. rapid frequency increase that can look like selection. The Relate selection 
test is based on faster than expected coalescence rates given the population size at any given time, and its results are publicly avail
able at https://myersgroup.github.io/relate/. Note that the mutation with the lowest Relate p value does not always overlap with an 
iSAFE peak (Figure SSA), which is not enti rely surprising if the haplotype signals exploited by both Relate and iSAFE partly deterio
rated due to recombination since the time selection at CoV-VIPs was strong (Figures 3 and 5). Both of these methods are indeed 
designed to locate the selected variant right after, or during, active selection. 

Because we work with five different East Asian populations, we more specifically select the variant w ith the lowest Relate selection 
test p value on average across all the five East Asian populations. Then, we also use the corresponding average low Relate mutation 
time estimate across the five East Asian populations. We do not attempt to estimate the selection time and p value by considering all 
1000 Genomes East Asian individuals tested together by Relate, because then the Relate selection test is at a greater risk of being 
confounded by population structure. Finally, we only consider CoV-VIPs and other control genes with an average Relate selection 
test p value lower than 10- 3

• to make sure that we indeed use estimated times at selected variants. 

The peak significance test 
To test if the peak of Relate time estimates around 900 generations ago at CoV-VIPs (Figure 2) is expected simply by chance or not, 
we designed a peak significance test. The test compares the peak at CoV-VIPs, with the top peaks obtained when repeatedly 
randomly sampling sets of genes. We first identify the most prominent peak at CoV-VIPs by visual inspection of the pink distribution 
of Relate times for CoV-VIPs compared to the blue distribution of Relate times for all protein-coding genes w ith an estimated Relate 
time (Figure 2). To build these distributions, top Relate selected mutations shared between multiple neighboring genes (CoV-VIPs or 
controls) are counted only once, to avoid a confounding effect of gene c lustering (152 selected variants at CoV-VIPs, 1771 selected 
variants for all protein coding genes). The peak around 900 generations ago (870 generations more exactly) spans approximately 200 
generations, where the pink distribution is clearly above the blue one. We then use a 200 generations-wide window, sliding every 
generation from Oto 6,000 generations to verify the peak more rigorously. Sliding one generation after another, each time we count 
the difference between the number of Relate selected variants at CoV-VIPs that fall in the sliding 200 generations window, and the 
number of Relate selected variants at all other genes that are not CoV-VIPs, weighted by the percentage of variants found at CoV
VIPs, to correct for the different size of the two sets of variants. Using t his sliding window approach, the top of the peak is found at 870 
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generations. with a difference of 19.5 additional Relate selected variants between 770 and 970 (870 plus or minus 100) at CoV-VIPs 
compared to the null expectation. 

We then repeat the sliding of a 200 generations window to identify the maximum peak and measure the same difference, but this 
time for random sets of Relate selected variants of the same size (152 selected variants out of the 1,771 selected variants). To es
timate p values, we then compare the actual observed difference w ith the distribution of differences generated with one million 
random samples. 

As mentioned in the Results, one potential issue is that we run the peak significance test after we already know that CoV-VIPs are 
enriched for iHS and nSL top sweeps, and especially enriched for nSL top sweeps. This enrichment may skew the null expectation for 
the distribution of Relate times at CoV-VIPs. In other words, there is a risk that any set of genes with the same sweep enrichment 
might exhibit the same peak as CoV-VIP. As a result, comparing CoV-VIPs with randomly chosen non-CoV-VIPs may not be appro
priate. To test this, we repeat the peak significance test, but this time comparing the peak at CoV-VIPs with the peaks at random sets 
of non-CoV-VIPs that we build to have the same distribution of nSL ranks as CoV-VIPs. To do this, we define nSL bins between ranks 
1 and the highest rank w ith a rank step of 100 between each bin, and we count how many Relate selected variants fall in each bin 
(each gene has one nSL rank and one Relate selected variant). To build the random set, we then fill each of the 100 bins with the same 
number of random non-CoV-VIPs, as long as their nSL rank falls within that bin. We use the average nSL rank over the five East Asian 
populations, and the lower population-averaged rank of either 1 Mb or 2Mb window sizes (where we observe the strongest enrich
ment at CoV-VIPs, see Results). The results of the peak significance test are unchanged when using the matching nSL distribution 
(peak significance test p:: 1.10-4 versus p == 2.3.10-4 without matching nSL distribution). 

In further agreement with the fact that the sweep enrichment does not confound the peak significance test, the peak at CoV-VIPs 
stands out more when repeating the peak significance test using a smaller nSL top rank limit (Figure S1 C). In this case, we compare 
sets of CoV-VIPs and sets of controls both enriched in stronger sweep signals. Thus, if stronger sweep signals at CoV-VIPs biased the 
peak significance test. we would expect the peak to fade away when comparing only CoV-VIPs and controls both with stronger nSL 
signals. Conversely, we observe that half of the CoV-VIPs w ith the weaker nSL signals (population-averaged nSL rank higher than 
7,200 for both 1 Mb and 2Mb w indows) do not show a significant peak (peak significance test p == 0.53). 

The iSAFE peaks/eQTL proximity test 
Adaptation in the human genome was likely mostly regulatory adaptation through gene expression changes. 26

•
33

- :$5 To test if positive 
selection at CoV-VIPs involved regulatory changes, we ask whether the signals of adaptation around CoV-VIPs are localized closer 
than expected by chance to GTEx eQTLs that affect the expression of CoV-VIPs in present human populations. We use proximity 
instead of exact colocalization because we do not expect selection signals in East Asia to colocalize perfectly with eQTLs identified 
mostly from European tissue samples. The genomic regions at or close to CoV-VIP GTEx eQTls are likely enriched for CoV-VIP reg
ulatory elements, and t herefore the most likely place to find CoV-VIP-related adaptations in the genome. To localize where adaptation 
occurred, we use the iSAFE method that was specifically designed for this purpose.3 1 iSAFE scans the genome and estimates a 
score that increases together with proximity to the actual selected mutation. The higher the score. the higher the odds that the scored 
variant is itself the selected one, or close to the selected one. An important caveat is that iSAFE is designed to localize where selection 
happened right after it happened, or as selection is still ongoing. In our case, we have evidence that selection was strong at CoV-VIPs 
only more than 500 generations(~ 14,000 years) ago, and then much weaker more recently (Figure 5). This could be an issue, because 
we expect that recombination events that occurred after the strong selection might have deteriorated the iSAFE signal that relies on 
haplotype structure. This is because recombination mixes together the haplotypes that hitchhiked with the selected mutation, w ith 
those that d id not. In line with th is, we often do not observe simple, clean ISAFE score peaks, but instead, iSAFE score plateaus and 
more rugged peaks (Figure S5A). For this reason, we designed an approach to not only identify the top of simple iSAFE peaks, but 
also more rugged peaks or plateaus. First, to measure iSAFE scores, we combine all the haplotypes from the five East Asian pop
ulations together as input, since we found that the selection signal at CoV-VIPs is common to all these populations (iSAFE param
eters:-lgnoreGaps-MaxRegionSize 250000000- window 300-step 100-MaxFreq 0.95-MaxRank 15). We then use a 500kb window 
sliding every 10kb to identify the highest local iSAFE value in the 500kb window (Figure S5B). Once we have the highest local iSAFE 
value and coordinate, we define a broader iSAFE peak as the region both upstream and downstream where the iSAFE values are still 
within 80% of the maximum value (Figure SSB). This way, we can better annotate iSAFE plateaus and rugged peaks, and take into 
account the fact that they can span more than just a narrow local maximum (Figure S5A). 

Once the local iSAFE peaks are identified, we can ask how close GTEx eQTLs are to these peaks compared to random expecta
tions. We first measure the distance of each CoV-VIP GTEx eQTL to the c losest iSAFE peak. To avo id redundancy, we merge eQTLs 
closer than 1 kb to each other into one test eQTL at the closest, lower multiple of 1,000 genomic coordinates (for example 3,230 and 
3,950 would both become 3,000). We then measure the average of the log of the distance between all CoV-VIPs and their closest 
iSAFE peak. We use the log (base 10) of the distance, because it matters if the eQTUiSAFE peak distance is 100 bases instead 
of 200kb, but it does not really matter if the distance is 200kb or 600kb, because the iSAFE peak at 200kb is likely not more related 
to the eQTL than the peak at 600kb. Once we have the average of log-distances, we compare it to its random expected distribution. 
To get this random distribution, we measure the log-distance between each CoV-VIP eOTL and the iSAFE peaks, but after shifting the 
iSAFE scores left or right by a random value between 1 Mb and 2.5Mb (Figure S58; less, or no shift at all if this falls within telomeres or 
centromeres). We shift by at least 1 Mb to make sure that we do not rebuild the original overlap of iSAFE peaks with eQTLs again and 
again (some iSAFE peaks, or more precisely rugged peaks and plateaus can be w ide and include several hundred kilobases; see 
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Figure SSA). The random shifting effectively breaks the relationship between eQTLs and iSAFE peaks, while maintaining the same 
overall eQTL and peak structure (and thus variance for the test). The random log-distance distribution then provides an overall 
random average log-distance to compare the observed average long-distance w ith, as well as estimate a p value. 

Then, to more specifically ask if lung eQTLs at CoV-VIPs or the eQTLs of other specific tissues are closer to iSAFE peaks than ex
pected by chance, we can do the same but only using the eQTLs of that specific tissue. The analysis represented in Figure 7 is how
ever more complicated than just testing if CoV-VIP eQTLs for a specific tissue are closer to iSAFE peaks than expected by chance by 
randomly sliding iSAFE values. Instead, what we ask is whether the 42 peak-VIPs have eQTLs for a given tissue that are even closer to 
iSAFE peaks than the eQTLs of all CoV-VIPs in general. To test th is, for example with lung eQTLs, we first estimate how close lung 
eOTLs are to iSAFE peaks at peak-VIPs, compared to random expectations, by measuring the d ifference between the observed and 
the average random log-distance, just as described before. We then count the number of peak-VIPs with lung eQTLs (19 out of 25 
peak-VIPs with GTEx eQTLs), and we randomly select the same number of any CoV-VIP (which may randomly include peak-VIPs) as 
long as the random set of CoV-VIPs has the same number of lung eQTLs (plus or minus 10%) as the set of peak VIPs with lung eQTLs 
(the same gene can have multiple eQTLs for one tissue). We make sure that the tested and the random sets have similar numbers of 
genes and eQTLs so that the test has the appropriate null variance. We then measure the difference between the observed log-dis
tance, and the randomly expected average log-distance for the random set of CoV-VIPs, exactly the same way we did before for the 
actual set of peak-VIPs. We then measure the ratio of the observed difference in log-distance between peak-VIPs and the random 
expectation after many random shiftings (1,000), d ivided by the average of the same d ifference measured over many random sets of 
CoV-VIPs. The final ratio tells us how much closer lung eQTLs are to iSAFE peaks at peak-VIPs compared to CoV-VIPs in general, and 
still takes the specific eQTLs and iSAFE peak structures at each locus into account, since we compare differences in log-distances 
expected while preserving the same eQTL and iSAFE peak structure (see above the description of the random coordinate shifting). 
One important last detail about the test is that because we already found that the 50% of loci with the lowest nSL signals do not show 
a peak of selection at CoV-VIPs around 900 generations ago (see Results), we do not use these loci in th is test since any iSAFE peak 
there is much more likely to represent random noise, not actual selection locations. and thus likely to dilute genuine signals. Using this 
test, we find that lung and other tissues' eQTLs at peak-VIPs are much closer to iSAFE peaks than they are at CoV-VIPs in general. 
This test thus specifically tells that adaptation happened closer to lung eQTLs, specifically around 900 generations ago compared to 
other evolutionary times. By estimating the same ratio for 24 other tissues with at least 10 peak-VIPs with the specific tested tissue 
eQTLs, we can finally rank each tissue for its more pronounced involvement in adaptation ~ 900 generations ago, as done in Figure 7. 
It is particularly interesting in t his respect that the tissue with least evidence for being more involved in adaptation at that time more 
than other evolutionary times is spleen. Spleen indeed likely represents a good negative control as a tissue strongly enriched in im
mune cell types and likely to have evolved adaptively for most of evolution. 

A possible limitation is that eQTLs tend to be shared between many tissues, and only a minority of eQTLs are tissue-specific. This 
means that in our analysis, specific tissues may stand out only because they share their eQTLs with other tissues that were the pri
mary targets of selection. In order to better identify which specific tissues may have been the strongest targets of selection, we 
consider again the 42 CoV-VIPs selected 900 generations ago. but this time we ask how much closer than expected by chance their 
eQTLs are to the location of selection (estimated by iSAFE), as a function of increasing eOTL tissue specificity. We define the tissue 
specificity of a given eQTL for tissue A as the total number of tissues where GTEx found the eQTL (tissue A + other tissues). We find 
that for most tissues, eQTLs that are increasingly more specific to these tissues, also tend to be found more and more randomly 
located compared to the location of selection (Figure $7). Out of 25 tissues, lung is the only one with a clear pattern of more lung
specific eQTLs being closer to the location of selection compared to random expectations (Figure S7, red curve). 

UK Biobank GWAS analysis 
To compare the UK Biobank GWAS p values at different loci, we assigned one p value for each gene, either CoV-VIPs, peak-VIPs or 
other genes, even though each gene locus can have many variants with associated GWAS p values. To assign just one single GWAS 
p value to each gene, we selected the variant with the lowest p value at or very c lose(< 1 kb) to GTEx eQTLs for a specific gene, in line 
w ith the fact that GWAS hits tend to overlap eQTLs . 62 and to remain consistent w ith the rest of our manuscript. We then compared 
the average p value between different sets of genes using classic permutations (one bill ion iterations). 

We note thatthe top-ranking loci identified by the COVID-19 Host Genetics Initiative (IFNAR2, OAS, RAVERT, DPP9, LZTFL1, etc.) 
are broadly acting immune factors. These factors do not interact with viral proteins, and are instead involved in immune signaling 
cascades that are not specific to a given virus. We therefore do not expect an overlap w ith the more coronavirus-specific CoV
VIPs that we use here. We also note that we do not necessarily expect the strongest GWAS hits in Europe to be strong hits in other 
populations. This is particularly true when the investigated trait is t he response to a pathogen, given that we show in this manuscript 
that the evolution of this response was probably population-specific. In addition, although adaptation implies a functional genetic 
effect, a genetic effect does not necessarily mean it has adaptive potential. Finally, the list of the very top GWAS hits might be sen
sitive to population stratification, and still change depending on how much population stratification is controlled for. The average 
strength of the GWAS hits over many Gov-VIPs that we focus on is likely to be less sensitive to these issues. The lack of overlap 
with the strongest COVID-19 Host Genetics Initiative hits is therefore not very surprising. It also does not take away the fact that 
we found an enrichment in stronger GWAS hits on average at CoV-VIPs and especially at selected CoV-VIPs. 
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We queried the databases DGldb,63 and PanDrugs64 for drugs targeting CoV-VIPs and peak-VIPs. For hits from Pan Drugs we limited 
the results to only genes that are in direct interact ion with the designated drug. Drugs targeting peak-VIPs are presented in Data S1 M. 
In addit ion, we present a list of peak-VIPs that are not currently drug targets, but have been previously identified in Finan et al.48 as 
viable drug targets (d ruggable genom e). 

QUANTIFICATION AND STATISTICAL ANALYSIS 

The Method details provide in-depth d escript ions of the quantifications and stat istical analyses used in this manuscript. 
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Discovery of a rich gene pool of bat SARS
related coronaviruses provides new insights 
into the origin of SARS coronavirus 
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Zheng Xie 1, Xu-Rui Shen 1, Yun-Zhi Zhang2 ·3, Ning Wang 1, Dong-Sheng Luo 1, Xiao
Shuang Zheng 1, Mei-Niang Wang 1 , Peter Daszak4

, Lin-Fa Wang5 , Jie Cui1*, Zheng
Li Shi1* 

1 GAS Key Laboratory of Special Pathogens and Biosafety, Center for Emerging Infectious Diseases of 
Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan, China, 2 Yunnan Institute of Endemic 
Diseases Control and Prevention, Dali, China, 3 Dali University, Dali, China, 4 EcoHealth Alliance, New 
York, New York, United States of America, 5 Programme in Emerging Infectious Diseases. Duke-NUS 
Medical School, Singapore 
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Abstract 

A large number of SAAS-related coronaviruses (SARSr-CoV) have been detected in horse

shoe bats since 2005 in different areas of China. However, these bat SARSr-CoVs show 

sequence differences from SARS coronavirus (SARS-CoV) in different genes (S, ORF8, 

ORF3, etc) and are considered unlikely to represent the direct progenitor of SARS-CoV. 

Herein, we report the findings of our 5-year surveillance of SARSr-CoVs in a cave inhabited 

by multiple species of horseshoe bats in Yunnan Province, China. The full-length genomes 

of 11 newly discovered SARSr-CoV strains, together with our previous findings, reveals that 

the SARSr-CoVs circulating in this single location are highly diverse in the S gene, ORF3 

and ORF8. Importantly, strains with high genetic similarity to SARS-CoV in the hypervari

able N-terminal domain (NTD) and receptor-binding domain (RBD) of the S1 gene, the 

ORF3 and ORF8 region, respectively, were all discovered in this cave. In addition, we report 

the first discovery of bat SARSr-CoVs highly similar to human SARS-CoV in ORF3b and in 

the split ORF8a and 8b. Moreover, SARSr-CoV strains from this cave were more closely 

related to SARS-CoV in the non-structural protein genes ORF1a and 1 b compared with 

those detected elsewhere. Recombination analysis shows evidence of frequent recombina

t ion events within the S gene and around the ORF8 between these SARSr-CoVs. We 

hypothesize that the direct progenitor of SARS-CoV may have originated after sequential 

recombination events between the precursors of these SARSr-CoVs. Cell entry studies 

demonstrated that three newly identified SAR Sr-Co Vs with different S protein sequences 

are all able to use human ACE2 as the receptor, further exhibiting the close relationship 

between strains in this cave and SARS-CoV. This work provides new insights into the origin 

and evolution of SARS-CoV and highlights the necessity of preparedness for future emer

gence of SARS-like diseases. 
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A gene pool of bat SA RS-related coronaviruses 

Author summary 

Increasing evidence has been gathered to support the bat origin of SARS coronavims 
(SARS-Co V) in the past decade. However, none of the currently known bat SARSr-Co Vs 
is thought to be the direct ancestor ofSARS-CoV. Herein, we report the identification of a 
diverse group ofbat SARSr-CoVs in a single cave in Yunnan, China. Importantly, all of 
the building blocks ofSARS-CoV genome, including the highly variable S gene, ORFS 
and ORF3, could be found in the genomes of different SARSr-CoV strains from this single 

location. Based on the analysis of full-length genome sequences of the newly identified bat 
SARSr-CoVs, we speculate that the direct ancestor ofSARS-CoV may have arisen from 
sequential recombination events between the precursors of these bat SARSr-Co Vs prior to 
spillover to an intermediate host. In addition, we found bat SARSr-CoV strains with dif
ferent S proteins that can all use the receptor ofSARS-CoV in hwnans (ACE2) for cell 
entry, suggesting diverse SARSr-CoVs capable of direct transmission to humans are circu
lating in bats in this cave. Our current study therefore offers a clearer picture on the evolu
tionary origin of SARS-Co V and highlights the risk of future emergence of SARS-like 
diseases. 

Introduction 
Severe Acute Respiratory Syndrome (SARS) is a severe emerging viral disease with high fatality 
characterized by fever, headache and severe respiratory symptoms including cough, dyspnea 
and pneumonia [l ]. Due to its high transmissibility among hwnans, after its first emergence in 
southern China in late 2002, it rapidly led to a global pandemic in 2003 and was marked as one 
of the most significant public health threats in the 21 st century [2,3). The causative agent, 
SARS coronavirus (SARS -Co V), has been previously assigned to group 2b Co Vandis now a 
member of the lineage B of genus Betacoronavirus in the family Coronaviridae [4]. It shares 
similar genome organization with other coronaviruses, but exhibits a unique genomic struc
ture which includes a number of specific accessory genes, including ORF3a, 3b, ORF6, ORF7a, 
7b, ORFSa, Sb and 9b [5,6]. 

Masked palm civets (Paguma larvata) were initially hypothesized to be the animal origin of 
SARS-Co V [7,8]. However, since a large number of genetically diverse SARS-related coronavi
ruses (SARSr-CoV) have been detected in multiple species of horseshoe bats (genus Rhinolo
phus) from different areas of China and Europe in the aftermath ofSARS, it is prevailingly 
considered that SARS-Co V originated in horseshoe bats with civets acting as the intermediate 
amplifying and transmitting host [9- 16). Recently we have reported four novel SARSr-CoVs 
from Chinese horseshoe bats that shared much higher genomic sequence similarity to the epi
demic strains, particularly in their S gene, of which two strains (termed WIVl and WIVl 6) 
have been successfully cultured in vitro [17,18]. These newly identified SARSr-CoVs have been 
demonstrated to use the same cellular receptor (angiotensin converting enzyme-2 [ACE-2]) as 
SARS-CoV does and replicate efficiently in primary human airway cells [17- 19). 

Despite the cumulative evidence for the emergence ofSARS -CoV from bats, all bat SARSr
CoVs described so far are clearly distinct from SARS-CoV in the S gene and/or one or more 
accessory genes such as ORF3 and ORFS, suggesting they are likely not the direct ancestor of 
SARS-Co V. Thus a critical gap remains in our understanding of how and where SARS-Co V 
originated from bat reservoirs. Previously, we reported a number of bat SARSr-CoVs with 
diverse S protein sequences from a single cave in Yunnan Province, including the four strains 
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mentioned above most closely related to SARS-CoV [17, 18]. Here we report the latest results 

of our 5-year longitudinal surveillance of bat SARSr-CoVs in this single location and system
atic evolutionary analysis using full -length genome sequences of 15 SARSr-CoV strains (11 
novel ones and 4 from previous studies). Efficiency of human ACE2 usage and the functions of 

accessory genes ORF8 and Sa were also evaluated for some of the newly identified strains. 

Results 

Continued circulation of diverse SARSr-CoVs in bats from a single 
location 

We have carried out a five -year longitudinal surveillance (April 2011 to October 2015) on 
SARSr-CoVs in bats from a single habitat in proximity to Kunming city, Yunnan province, 

China, which was mainly inhabited by horseshoe bats. A total of 602 alimentary specimens 
(anal swabs or feces) were collected and tested for the presence of Co Vs by a Pan-CoV 

RT-PCR targeting the 440-nt RdRp fragment that is conserved among all known o:- and P
CoVs [20]. [n total, 84 samples tested positive for Co Vs. Sequencing of the PCR amplicons 
revealed the presence ofSARSr-CoVs in the majority (64/84) of the CoV-positive samples 
(Table 1). Host species identification by amplification of either Cy tb or NDJ gene suggested 

that most (57/64) of the SARSr-CoV positive samples were from Rhinolophus sinicus, while the 
remaining 7 samples were from Rhinolophus Jerrumequinum, Rhinolophus affinis and from 
Aselliscus stoliczkanus which belongs to the family Hipposiderida e. 

Based on the preliminary analysis of the partial RdRp sequences, all of the 64 bat SARSr-

Co V sequences showed high similarity among themselves and with other reported bat SARSr
CoVs and SARS-CoVs from humans and civets. To understand the genetic diversity of these 
bat SARSr-CoVs, the most va1iable region of the SARSr-CoV S gene, corresponding to the 
receptor-binding domain (RBD) ofSARS-CoV, were amplified and sequenced. Due to low viral 

load in some samples, RBD sequences were successfully amplified only from 49 samples. These 
RBD sequences displayed high genetic diversity and could be divided into two large clades, both 
of which included multiple genotypes. Clade I strains shared an identical size and higher amino 
acid (aa) sequence identity with SARS-CoV RBD, while clade 2 had a shorter size than SARS

Co VS due to two deletions (5 and 12- 13 aa, respectively) (Sl Fig). Co-infections by two strains 
of different clades were detected in two samples, Rs3262 and Rs4087 (Sl Fig). 

Table 1. Summary of SARSr-CoV detection in bats from a single habitat in Kunming, Yunnan. 

Sampling time Sample type Sample Numbers SARSr-CoV + bat species (No.) 

Total CoV + SARSr-CoV+ 

April, 2011 anal swab 14 1 1 R. sinicus ( 1) 

October, 2011 anal swab 8 3 3 R. sinicus (3) 

May, 2012 anal swab & feces 54 9 4 R. sinicus (4) 

September, 2012 feces 39 20 19 R. sinicus(16) 

R. ferrumequinum (3) 

April , 2013 feces 52 21 16 R. sinicus (16) 

July, 2013 anal swab & feces 115 9 8 R. sinicus (8) 

May, 201 4 feces 131 8 4 A. stoliczkamus (3) -- --
R. affinis (1) -- -- ---

October, 201 4 anal swab 19 4 4 R. sinicus (4) -- -- _ ,_ --
May, 2015 feces 145 3 0 

October, 2015 anal swab 25 6 5 R. sinicus (5) 

Total 602 84 64 R(61)A(3) 

httpsJ/doi.org/10.1371 /journal.ppat.1006698.1001 
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Fig 1. Similarity plot based on the full-length genome sequence of civet SARS CoV SZ3. Full-length genome sequences of all SARSr
CoV detected in bats from the cave investigated in this study were used as reference sequences. The analysis was performed with the 
Kimura model, a Window size of 1500 base pairs and a step size of 150 base pairs. 

https://doi.org/10.1371~ournal.ppat.1006698.g001 

Genomic characterization of the novel SAR Sr-Co Vs 

Based on the diversity of RBD sequences, 11 novel SARSr-CoV strains named by abbreviation 
of bat species and sample ID (Rs4081, Rs4084, Rs4231 , Rs4237, Rs4247, Rs4255, Rs4874, 
Rs7327, Rs9401, Rf4092 and As6526) were selected for full-length genomic sequencing based 
on sample abundance, genotype ofRBD as well as sampling time. For each RBD genotype and 

each time of sampling, at least one representative strain was selected. The genome size of these 
novel SARSr-CoVs ranged from 29694 to 30291 nucleotides (nt). This gave a total of 15 full
length genomes of bat SARSr-Co Vs from this single location ( 13 from R.sinicus, and one each 
from R. ferrumequinum and A. stoliczkanus), including our previously reported strains, 
Rs3367, RsSHC014, WIVI and WIV I6 [17,18]. The genomes of alJ 15 SARSr-CoVs circulating 
in this single cave shared 92.0% to 99.9% nt sequence identity. The overall nt sequence identity 
between these SARSr-CoVs and human and civet SARS-CoVs is 93.2% to 96%, significantly 
higher than that observed for bat SARSr-CoVs reported from other locations in China (88-
93%) (9,10,12,14,21,22). The genome sequence similarity among the 15 SARSr-CoVs and 
SARS-Co V SZ3 strain was examined by Simplot analysis (Fig 1). The 15 SARSr-Co Vs are 

PLOS Pathogens I https://doi.org/10.1371/journal.ppat.1006698 November 30. 2017 
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highly conserved and share a uniformly high sequence similarity to SARS-Co Vin the non
structural gene ORF la (96.6% to 97.1 % nt sequence identity, 98.0% to 98.3% aa sequence iden
tity) and ORFl b (96.1 % to 96.6% nt sequence identity, 99.0% to 99.4% aa sequence identity). 
In contrast, a considerable genetic diversity is shown in the S gene (corresponding to SZ3 
genome position 21477 to 25244) and ORF8 (corresponding to SZ3 genome position 27764 to 
28132) (Fig 1). 

The 11 novel SARSr-CoVs identified from this single location generally shared similar 
genome organization with SARS-Co V and other bat SARSr-Co Vs. In our previous study, we 
identified an additional ORF termed ORFx present between ORF6 and ORF7 in strain WIV l 
and WIV16 [18,23]. In this study, ORFx was also found in the genomes ofRs7327 and Rs4874. 
Compared with that ofWIVl and WIV16, the length ofORFx in Rs7327 and Rs4874 was 
extended to 510 nt due to a delet ion of2 nt in a poly-T sequence that resulted in a shift of read
ing frame (Fig 2 and 2 Fig). 

Co-circulation of different bat SARSr-CoVs with S, ORF8 and ORF3 
sequences similar to those in SARS-CoV at a single location 
The primary difference between SARS-Co V and most bat SARSr-Co Vs is located in S gene. 
The S protein is functionally divided into two subunits, denoted Sl and S2, which is responsi
ble for receptor binding and cellular membrane fusion , respectively. Sl consists of two 
domains, the N-tenninal domain ( TD) and C-tenninal domain (CTD) which is also known 
as the RBD in SARS-CoV [24]. SARS-CoVand bat SARSr-CoVs share high sequence identity 
in the S2 region in contrast to the S1 region. Among the 15 SARSr-CoVs identified from bats 
in the surveyed cave, six strains with deletions in their RBD regions (Rs4081, Rs4237, Rs4247, 
Rs4255, Rf4092 and As6526) showed 78.2% to 80.2% aa sequence identity to SARS-CoV in the 
S protein, while the other nine st rains without deletions were much more closely related to 
SARS-CoV, with 90.0% (Rs4084) to 97.2% (Rs4874) aa sequence identity. These nine SARSr
CoVs can be further divided into four genotypes acco rding to their Sl sequences (Fig 2): 
RsSHC014/Rs4084 showed more genetic differences from SARS-CoV in both NTD and RBD 
regions; The RBD sequences ofSARSr-CoV Rs7327, Rs9401 and previously reported WIVl/ 
Rs3367 closely resembled that of SARS-Co V. However, they were distinct from SARS-Co V but 
sin1ilar to RsSHC014 in NTD. In contrast, we found a novel SARSr-CoV, termed Rs4231 , 
which shared highly similar NTD, but not RBD sequence with SARS-CoV (Figs 2 and 3). Its S 
protein showed 94.6% to 95% aa sequence identity to those of human and civet SARS-CoVs 
(Sl Table). Strains with both TD and RBD highly homologous to those ofSARS-CoV were 
also present in this cave. In addition to WIV 16 which we described previously [18], Rs4874 
was also found to have the S protein closest to SARS-CoV S (> 97% aa sequence identity) of all 
the bat SARSr-CoVs reported to date (Figs 2 and 3). Jn addition to the SARSr-CoVs subjected 
to full-length genome sequencing, we also obtained the RBD and TD sequences from other 
samples collected in thi cave. The sequences with high identity to SA RS-Co V RBD were 
amplified from 10 more R. sinicus samples. SARSr-CoVs with this genotype ofRBD were 
detected in different seasons throughout the five years. Strains containing the NTD similar to 
SARS-CoV were only found in 2013 (S2 Table). 

ORF8 is another highly variable gene among different SARS-CoV and SARSr-CoV strains 
[25,26]. We aligned the ORF8 nt sequences of the representative SARSr-CoVs discovered in 
this surveillance with those of other SARSr-CoVs and SARS-CoVs (Fig 4). Though WIV16, 
WIVl , Rs4231 and RsSHC014 were genetically closer to SARS-CoV in S gene, they contained 
a single 366-nt ORFS without the 29-nt deletion present in most human SARS-CoVs and 
showed only 47.l % to 51.0% nt sequence identity to human and civet SARS-CoVs. However, 
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From: 
Sent: 
To: 

Mulach, Barbara (NIH/NIAID) [El 
Tue, 14 Apr 2020 10:59:35 -0400 
Mulach, Barbara (NIH/NIAID) [El 

Subject: FW: Urgent for Dr. Fauci: China's lab for studying SARS and Ebola is in Wuhan, 
the outbreak's center 
Attachme nts: Daszak Wuhan Exceprts.docx 

(b)(6) From: Stemmy, Erik (NIH/NIAID) [El ---------
Sent: Thursday, January 23, 2020 9:13 PM --------=-c-= To: Mulach, Barbara (NIH/NIAID) [E] CbH6)>; Embry, Alan (NIH/NIAID) [El 

CbH6>:; Bryant, Paula (NIH/NIAID) [El (b)(6); Hewitt, Judith ________ _. 

{NIH/NIAID) [El (b)(6) 

(b)( Cc: NIAID BUGS <BUGS@niaid.nih.gov>; Erbelding, Emily (NIH/NIAID) [El ----------
Cassetti, Cristina (NIH/NIAID) [El (b)(6); Post, Diane {NIH/NIAID) [El 
______ Cb_>_<_,; Degrace, Marciela (NIH/NIAID) [El (b)(6) 

Subject : RE: Urgent for Dr. Fauci: China's lab for studying SARS and Ebola is in Wuhan, the outbreak's 

center 

Hi Barbara, 
Nice talking with you a little while ago. As promised, I excepted the major portions of the Daszak award 
that detail the work there. (b)(5) 

Hopefully this is helpful. Let me know if there is anything else you need. I'm in (b) ( at a site visit, so 
if I don't respond by email quickly you can also reach me via text/call my mobile (b)(6)). -----
Erik 

From: Mulach, Barbara (NIH/NIAID) [El (b)(6) 

Sent: Thursday, January 23, 2020 8:34 PM -------~= To: Embry, Alan (NIH/NIAID) [El (b)(6); Stem my, Erik (NIH/NIAID) [El 
(b)(6); Bryant, Paula (NIH/NIAID) [El (b)(6) Hewitt, Judith 

{NIH/NIAID) [E] (b)(6) 

Cc: NIAID BUGS <BUGS@niaid.nih.gov>; Erbelding, Emily {NIH/NIAID) [E] CbH6>; 
Cassetti, Cristina (NIH/NIAID) [El (b)(6) Post, Diane (NIH/NIAID) [El 

(b)(6); Degrace, Mardela (NIH/NIAID) [El (b)(6) --------
Subject : RE: Urgent for Dr. Fauci: China's lab for studying SAR$ and Ebola is in Wuhan, the outbreak's 
center 

Melinda forwarded this: 

https://www.niaid.nih.gov/news-events/new-coronavirus-emerges-bats-china-devastates-voung-swine 

Grant: R0l Al119064 
Pl: Peter Daszak 
Title: Understanding the Risk of Bat Coronavirus Emergence 
Institution: ECOHEALTH ALLIANCE, INC. 

NIH-001000 



2 R01 2019 Snap Abs Rev SS DASZAK. PETER 
Al 11 0964-06 No A Acctg Hist fil 

MG Docs GF PUB 
Like FACTS Who 

Understanding the Risk of Bat Coronavirus 
Emergence 

HSS __ _ 

-----Original Message-----
From: Embry, Alan (NIH/NIAID) (E] ---------(b)(6) 

Sent: Thursday, January 23, 2020 8:31 PM 
To: Mulach, Barbara (NIH/NIAID) [E]-------(b-=)=(6)= ; Stemmy, Erik (NIH/NIAID) [E] 

(b)(6)>; Bryant, Paula (NIH/NIAID) [E] (b)( ; Hewitt, Judith 
(NIH/NIAID) [E] (b)(6) 

(b)(6) Cc: NIAID BUGS <BUGS@niaid.n ih.gov>; Erbelding, Emily (NIH/NIAID) [E] ----------Cass et ti, Cristina (NIH/NIAID) [E] (bH >; Post, Diane (NIH/NIAID) [E] 
(b)(6); Degrace, Mardela (NIH/NIAID) [E] (b)(6) --------

Subject: RE: Urgent for Dr. Fauci: China's lab for studying SARS and Ebola is in Wuhan, the outbreak's 
center 

Received. I am not aware of any support to this lab. Will check with everyone to be sure. 

-----Original Message-----
From: Mulach, Barbara (NIH/NIAID) [E] (b)(6) 
Sent: Thursday, January 23, 2020 8:25 PM -------~= To: Embry, Alan {NIH/NIAID) [El (b)( ; Stemmy, Erik (NIH/NIAID) [El 

(b)(6) Bryant, Paula (NIH/NIAID) [El < (b)(6); Hewitt, Judith 
-( N- 1-H/"'!""N-IA_I_D )~[--.El~=:=:::!!'--:..._..:..._~(b~)(~6) 

Cc: NIAID BUGS <BUGS@niaid.nih.gov>; Erbelding, Emily (NIH/NIAID) [E] (b)(6) 
Cassetti, Cristina (NIH/NIAID) [E] (b)(6) 
Subject: FW: Urgent for Dr. Fauci: China's lab for studying SARS and Ebola is in Wuhan, the outbreak's 
center 

HI Alan, Erik, Paula, and Judy, 

See request below. Dr. Fauci needs to know the exact nature of any NIAID support to the Wuhan 
Institute of Virology/Biosafety lab for a meeting with multiple Senators on Friday morning. 

See background information in this article: https://www.dailymail.eo.uk/health/article-7922379/Chinas
lab-studying-SARS-Ebola-Wuhan-outbreaks-center.html 

If you have any information, please share as soon as possible. 

Thanks! 
Barbara 

-----Original Message----
From: Haskins, Melinda (NIH/NIAID) [El (b)(6) ---------

NIH-001001 



Sent: Thursday, January 23, 2020 8:18 PM 
To: NIAID BUGS <BUGS@niaid.nih .gov>; Handley, Gray (NIH/NIAID) [El (b)(6) 

Erbelding, Emily (NIH/NIAID) [El (b)(6) 

Cc: NIAID OCGR Leg <NIAIDOCGRLeg@mail.nih.gov> 
Subject: Urgent for Dr. Fauci: China's lab for studying SARS and Ebola is in Wuhan, the outbreak's center 

https://www.dailymail .co. u k/hea I th/article-7922379 /Chinas-la b-studyi ng-SARS-Ebola-Wu ha n
outbreaks-ce nter .html 

Colleagues, 

Dr. Fauci will be brief multiple Senators tomorrow morning on our novel coronavirus response at the 
request of Senator Lamar Alexander, who has an interest in public health matters and China. Would 
you please confirm t he exact nature or our support to the Wuhan Institute of Virology/Biosafety Lab. 
You'll want to read the Daily Mail article above. 

Thanks for the quick response! 

Melinda 

Sent from my iPhone 

NIH-001002 



(b) (4), (b) (5) 

NIH -001003 



(b) (4). (b) (5). (b) (6) 

-
NIH -001004 



(b) (5) 

NIH -001005 



(b) (4), (b) (5) 

NIH-001006 



(b) (4), (b) (5) 

NIH-001007 



(b) (4), (b) (5l 

NIH-001008 



(b) (4), (b) (5l 

NIH-001009 



(b) (4). (b) (5). (b) (6) 

NIH -001010 



(b) (5} 

-

NIH -001011 



(b) (4), (b) (5) 

NIH -001012 



(b) (4). (b) (5) 

NIH -001013 



(b) (4), (b) (5) 
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(b) (5) 

Fron: L.1\"ontaP,11e, Karl~ INHiOO) lfl -----°'(b'"')'("§J" 
SMt Mond<1Y, AprtJ 13 . .:.0204 13 fM -----
To: NIAID occ,;R leg <(.\1'&1P,1,c;s1h;@mdt! t11b ,a>:> 
SubiKt: SEfli;ltr Qs W 11hi1n !11slrlt1te o l VnolOAV 

Hl, N'+\JO 

'0,d !llt ''ICt I 

f'r(l ttt: MkhcJk Mitclu.:11 
OiHt: Mond.'W, Ar r i l 13 
To: KaMl L.t.Morl:l~gr.e. 
Subj«r: S..:11. Rubio ®':Sl"1.u • 

MM 

fr~: J1.1~1n Goo~rn~n 4bihllr@Wtll1rrnat«a\fl•o11i .,.. 
Sent Mon11av. Apnl 13,20202.36 tlM 
To: 

Svbirct: t.JJ,a,, NH lundin1t Wuhaf'lvirus !Jb 

(b) (Sl 

I hope you h&J a OK'.i: W<'ekcnd and are 5lllYIIII!. $3:fo.and tcallh:,.. I w.n,1ed II> make-.sweyou mw lhlt our1n:1;pay(:r wJid1Jul! l!!OtlPJUS. c:smi..c.d lhal lhc Nlltianal JastitlJl('5 (lfHr.nltb (NlU) biis bt'~• scrnlin,: tax dolia.n l• 
rht ro,11 ro,·trsi•I W!Sb1111 hutittft~ of'\lir0l"gy for :,t.11rs, hltlu(flng. for di:e_t1.gerou.s b b t~,,~rl r.nt11b ttn torcnu1rlrus-1•f't-trro bus op1urtd rrC11n c,11,·ts. The ~ . \VashRl!~ma fu,:·unm?r Onid~ ~rldo1hen ran 
!-tvn..~ :ilxiul 1hc 1ro1,1bti.1~ &id (l\>;;r the wt d u;nJ, 

Jus.1in 

,.llulifl Good tn illll, M .A. 
Vice Prc,;ii,km. t\dVQc:,c)' and Pu\lic Policy 
Wlu10 Colll \\laito t'\-oj.:;:I 

Tuxr~y .. •~.vh,mM11~, lvj<>1 ,.-d "' pay Slr> h1/Rmi-J.
/ i)t ml!ol i'/111 JWW1W'll dJJ om111r1J e1·pel'i1Ut'IIIS. 

PO Box 16019 
W:,~mft(Jn. ()(' 20001 

NIH -001015 
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Jl'honc: S60.882.14'J2 
lhm.ob: lru..1ID:1t1'.L,Juu i-



From: 
To: 

Stemmy, Erik INIH/NIAIQ} [El 
Gjaoa, Tseday (NIH/NlAID) IE) 

Subject: 
Date: 

RE: Grant Number: 2R01AI110964 - 06 PI Name: DASZAK, PETER 
Friday, August 2, 2019 12:31:00 PM 

Hi'Tseday, 
(b)(S) Thanks again for sorting this out! _________ .. 

Erik 

(b)(6) From: Girma, Tseday (N IH/NIAID) [E] ----------
Sent: Friday, August 2, 2019 11:39 AM 
To: Stemmy, Erik (NIH/NIAID) IE] _____ --='Cb"""'H=6) 

Subject: RE: Grant Number: 2R01Al110964 - 06 Pl Name: DASZAK, PETER 

Hi Erik, 

Thanks, 

Tseday 

Tseday Gii:ma, M'PA 

Granes Management Specialist 
National Institutes of Allerg31 and infectious Diseases 
5601 Fishers Lane, Room 41349 
Rockville, Nill 20852 
Phone: (b)(6) 

Email: ----------N IAJ D, National Institutes of Health, DHHS 

(b)(S) 

Effective J anuaty 1, 2017, NIH closeout documentation policy has changed (see NOT-OD-17-l/22). 
NlH is no longer accepting Final Progress Reports (FPR). Grantees must now report final project 
outcomes using the new r -RPPR. For instructions on how to submit the new P-RPPR please see 
instructions on the NIH RPPR Page. 

*"'* The in formation in tl1is email and any of irs attacl1ments is confidential and may contain sensitive 
information. It should 11ot be used by anyone \\'ho is o.or the originaJJi• intended rccipien.1. J f you have received 
chis email in error, please inform d1e sender and delete it from )'Our mailbox or any other storage devices. The 

3rional TnstituLe of Allergy wd T nfen ious Diseases shall nor ac:cept liabi lity for any sLaternents made rhat are 
the sender's own and not expressly made on behalf of NlAlD by one .of its represent11tives.~** 

NIH -001017 



From: Stemmy, Erik (NIH/NIAID) [E) ---------(b)( > 

Sent: Wednesday, July 31, 2019 12:00 PM 
--------~= To: Girma, Tseday (NIH/NIAID) [El (b)(6) ----------

Subject: RE: Grant Number: 2R01Al110964 - 06 Pl Name: DASZAK, PETER 

Thank you Tseday! Let me know if you need anything else from me. 

Erik 

From: Girma, Tseday (NIH/NIAID) (El -----------(b)(6) 

Sent: Wednesday, July 31, 2019 11:57 AM 

To: Stemmy, Erik (NIH/NIAID) [E) (b)(6) 

Subject: RE: Grant Number: 2R01Alll0964 - 06 Pl Name: DASZAK, PETER 

Good morning, 

I am wait ing for Donna's (our divis ion coordinator) gu idance regarding this change - I will let you 
know. 

Thanks, 

Tsedav 

Tseday Gitma, MPA 
Grams Management Specialist 
National institutes of Allergy and Infectious Diseases 
5601 Fishers Lane, Room 4E49 
Rockville, .MD 20852 
Phooc: (b) (6) 

1-'.maiJ: (b)(6) 

NlAlD, National Institutes of Health, DHHS 

(b)(5) 

Effective January 1, 2017, NIH closeout documentation policy has changed (see N OT-OD -17-022). 
NIH is no longer accepting Final Progress Reports (FPR). Gnntees must now report final project 
ou tcomes using the new F-RPPR. For irn;tructions on how to submit the new F-RPPR please see 
instructio ns on the ). I H RPP R Pa1c. 

*~* The in form atio n in this email and anv of its acmchm ents is confiden tial and may con tain sensiLive 

iufonnation. It should nor be used by anyone who is 11ot: the originally i ntended recipient. lf you have received 
th is email in en-or, plca~e inform the ~ender and d clcre ii fro m your mai lbox or any OLhcr srorage devices. The 
:'slatiortal Institute of Allergy and lnfcctious Diseases shnll 11ot accept liability for any statements mnde that arc 
the sende1-'s own and not exp,·essly m ade on behal r o f N LAlD by one of irs represen t.'ltives .*>l<>!c 

NIH -001018 



From: Stemmy, Erik (NIH/NIAID) [E) _________ ..... (b)(6) 

Sent: Friday, July 26, 2019 3:34 PM 
To: Girma, Tseday (N IH/NIAIO} [E) ______ _,..(b._.-)(=6) 

Subject: Re: Grant Number: 2R01Al110964 - 06 Pl Name: DASZAK, PETER 

Erik 

On Jul 26, 2019, at 3:32 PM, Girma, Tseday (NIH/NIAID} [E) (b)(6)> wrote: ---------
Good afternoon, 

Thank you fo r t he heads up about this. I did n't receive this letter prior to this. 

-
Thanks, 

Tseday 

Tseday Girma, MP/\ 

Grants Management Specialist 
I ational Institutes of AUergy and Infectious Diseases 
5601 Fishers Lane, Room 4E49 
Rockville, MD 20852 
Phone: (b) (6) 

Email: Cb) (6) 

NIAID , National Institutes of Health, DHHS 

(b) (5) 

---

E ffective Janu ary 1, 2017, lH closeout documentation policy has changed (see NOT
OD-17-022). TH is no longer accepting Final Progress Reports (FPR). Grantees must 
now report final project outcomes using the new F-RPPR. For instructions on how to 
submit the new F-RPPR please see instructions on the NIH RPPR Page. 

*** The information in this email and any of its attachments is confidential and may contain 
sensitive information. It should not be used by anyone who is not cbe originall y in tended 
recipient. If you have received this email in error, please inform the sender and delete it from 
your mailbox or any other storage devices. The National Institute of Allergy and Infectious 
Diseases shall not accept liability for any statements made that are the sender's own and not 

NIH -001019 

(b) (5l 



expressly made on behalf of NIAID by one of its representatives.*** 

From: Stemmy, Erik (NIH/NIAID) [E) ---------(b)(6) 

Se nt: Friday, July 26, 2019 2:50 PM 
To: Girma, Tseday (NIH/NIAID) [E] ______ __,__(b.,.H=6) 

Subject: Re: Grant Number: 2R01Al110964 - 06 Pl Name: DASZAK, PETER 

Hi Tseday1 

Thanks, 

Erik 

NIH-001020 

(b)(5) 



From: 
To: 
Subject: 
Date: 

Stemmy. Erik INIH/NJAIDl [El 
Rodriguez, Elizabeth (NIH/NIAJO) (El 
RE: Award Error for R01Al110964-06 PI Daszak 
Friday, August 2, 2019 12:31:00 PM 

Great! I'll let the GMS know. Thanks again! 

Erik 

(b)(6) From: Rodriguez, Elizabeth (NIH/NIAID) [E] -----------Sent: Friday, August 2, 2019 12:30 PM 
-------== To: Stemmy, Erik (NIH/NIAID) [El (b)(6) ----------

Cc: DM ID GrantOps <DMIDGrantOps@niaid.n ih.gov> 

Subject: RE: Award Error for R01Al110964-06 Pl Daszak 

Dear Erik, 

You' re most welcome-glad I cou ld help. Please let us know if you need any additional info . 

Liz 

From: St emmy, Erik (NIH/NIAID) [El ________ _, (b)(6) 

Sent: Friday, August 2, 2019 11:52 AM 
(b)(6) To: Rodriguez, Elizabeth (NIH/NIAID) [El -----------Cc: DMID GrantOps <DMIDGrantOps@niaid.nih.goy> 

Subject: RE: Award Error for R01Al110964-06 Pl Daszak 

Hi Liz, 

Thanks for your help! 

Erik 

(b)(6) From: Rodriguez, Elizabeth (NIH/NIAID) [El -----------Sent: Fr iday, July 26, 2019 11:09 AM 

NIH -001021 

(b) (5) 

(b) (5) 



To: Stemmy, Erik (NIH/NIAID) (El ----------(b)(6) 

Cc: DMID GrantOps <DMIDGrantOps@njajdnib.gov> 

Subject: RE: Award Error for R01Al110964-06 Pl Daszak 

Dear Dr. Er ik Stemmy, 
(b) (5) 

(b)(S) Please let us know if we can be of further --------------------assistance. 

Thank You, 

Liz 

Elizabeth Rodriguez, MS 
Health Special ist, DMID Grant Ops 
OSCPO/OMID/NIAID/NIH 
5601 Fishers Lane, Room 7G46 
Rockville MD 20852 
Phone: (b)(6) 

(b)(6) From: Stemmy, Erik (NIH/NIAID) [El ---------Sent: Thursday, Ju ly 25, 2019 12:31 PM 

To: DMID GrantOps <DMIDGrantOps@niaid.nih.goV> 

Subject: Award Error for R01Al110964-06 Pl Daszak 

Hi GrantO s 

Thanks! 

Erik 

ErikJ . Stemmy, Ph. D. 

Program Officer 

Respiratory Diseases Branch 

Division of Microbiology and Infectious Diseases NIAID/NIH/HHS 

5601 Fishers Lane, Room 8E18 

Bethesda, MD 20892-9825 

Phone: Cb) (6) 

Email: (b)(6) --------

(b) (Sl 

Getting ready to publish? Share the good news with your program officer asap! NIAID may be able to 

help publicize your article. And, remember to list your NIAID grant or contract number in the 

NIH-001022 



NIH -001023

publication. 

******************************************************************* 
NOTE: This material is intended for the individual or entity to which it is addressed. It may contain 

privileged, confidential information that is protected from disclosure under applicable laws. If you 

are not the addressee, or a person authorized to del iver the document to the addressee, please note 

that you are strictly proh ibited from reviewing, copying, disclosing, disseminating or distributing this 

materia l or any other action based on the contents of t his material. If you have received th is 

communication in error, please permanent ly delete t his from your system immediately. Thank you. 



From: Alekse; Chmura 
To: Girma. Tseday <NIH/NIAIPl [El 
Cc: Peter Daszak: Stemrny. Erik INIH/NIAIDl [El 
SUbject: Re: Grant Number: 2R01Alll0964 - 06 PI Name: DASZAK, PETER 

Monday, July 8, 2019 3 :04:13 PM Date: 

Tseday, 

I am just checking back with you about our FWA number. Let me know, ifl should contact 
OHRP to get a confirmation or any necessary documentation. 

Cheers! 

-Aleksei 

On Jul 8, 2019, at 07:58, Girma, Tseday (NIH/NIAID) [E] 
Cb)( wrote: 

Thanks for sending me this. I wi ll look into why its showing as none on my screen. 

Thanks, 

Tseday 

From: Aleksei Chmura (b)(6) ------------Sent: Monday, Ju ly 8, 2019 7:39 AM 
-------~~ To: Girma, Tseday (N!H/NIAID) [E] _______ Cb_H_6) 

Cc: Peter Daszak CbH >; Stemmy, Erik (NIH/NIAID) [E] 

(b)(6) 

Subject: Re: Grant Number: 2R01A!110964 - 06 Pl Name: DASZAK, PETER 

Tseday, 

This is via our current, active R01A!110964 - 05 award !RB with Hummingbird 

(IRB00009289). 

Please see attached screen shot from OHRP. Should I get them to email you to 

confirm? 

Cheers! 

-Aleksei 

<image0Ol.png> 
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Aleksei Chmura, PhD 
Chief of Staff 

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

(b)(6) (office) 
(mobile) ------

www.ecohealthaliiance.org 

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

On Ju l 8, 2019, at 07:33, Girma, Tseday (NIH/NIAID) [El 
(b) (6) wrote: 

Good morning, 

No - I couldn't find any record associated with that FWA in OHRP website. 

Please follow up w ith them and let me know the status. 

Thanks, 

Tseday 

From: Aleksei Chmura (b)(6) ------------Sent: Monday, July 8, 2019 7:23 AM 
-------~~ To: Girma, Tseday (NIH/NIAID) [E) (b)(6) 

Cc: Peter Daszak (b)( Stemmy, Erik 
{N IH/NIAID) [E] ...===========:(b;:;::) :;;;(6);:-----

Subject: Re: Grant Number: 2R01Al110964 - 06 Pl Name: DASZAK, PETER 

Dear Tseday, 

Can you find our number as follows: FWA00022431? 

Cheers! 

-Aleksei 
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On Jul 8, 2019, at 07:21, Girma, Tseday (NIH/NIAID) [E) 

(b)(6)> wrote: 

Good morning, 

Thank you for submitting the IIA document for North 
Carolina performance site. While reviewing your 
application, I noticed that you entered 'None' in 
eRA commons for Human subjects Federal Wide 
Assurance (FWA). Per policy, "Institutions that are 
awarded funds for human subjects research are 
considered to be engaged in human subjects 
research and must have an approved FWA even if 
another institution performs the human subjects 
activities through a subaward." For the full list of 
certification and assurance requirements, go to the 
Human Subjects Research Requirements SOP. I 
also check the OHRP website, I wasn't able to look 
up your FWA info. 

Please let us know if you established FWA with OHRP, if 

not, you will have to do it ASAP. We are not able to issue 

an award without an FWA. 

Thank you, 

Tseday Girma 

Tseday Girma, MPA 

Grants Management Specialist 
National Institutes of Allergy and Infectious Diseases 
5601 Fishers Lane, Room 4E24 
RockviUe, 1-ID 20852 
Phone (b) (6) 

Email: (b) (6) 

NIAID, National Institutes of H ealth, DHHS 

Effective January 1, 2017, NIH closeout documentation 
policy has changed (see NOT-OD-17-022). NIH is no longer 
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accepting Final Progress Reports (FPR). Grantees must now 
report final project outcomes using the new F-RPPR. For 
instructions on how to submit the new F-RPPR please see 

instructions on the NIH RPPR Page. 

*** The infom1ation in rhjs emaiJ and any of its att:achmencs is 
confidential and may contain sensitive information. It should not 
be used by anyone who is not the origina!Jy intended recipient. Tf 
you have received this email in error, please inform the sender 
and delete it from your maiJbox or any other storage devices. 
The National Institute of Allergy and Infectious Diseases sha!J 
not accept liability for any statements made that are the sender's 
own and not expressly made on behalf of NIAID by one of its 
representatives.*** 



From: 
To: 
Cc: 
SUbject: 
Date: 
Attachments: 

Alekse; Chmura 
Stemrny. Erik INIH/NIAIPl [El: Girma, Tseday <NIH/NIAID} [El 
Peter Daszak 
Re: Grant Number: 2R01Alll0964 - 06 PI Name: DASZAK, PETER 

Wednesday, June 19, 2019 3:13:22 PM 
EHAL FY19 Prov Rates Agrmt.pdf 

EHA- rates EY2020.pdf 

Dear Tseday and Erik, 

Please find our latest p rovisional rate agreement for FY' 19 and our FY'20 rate proposal as 
well. We are expecting DOD/USN to come back to us with our new next month. 

Many thanks! 

-Aleksei 

Aleksei Chmura, PhD 
Chief of Staff 

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

(b) (6) office) 
_______ mobile) 

www.ecohealtballiaoce.org 

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

From: "Girma, Tseday (NIH/NIAID) [E]°' (b)(6)> -------Date: June 18, 2019 at 4:25:1 4 PM EDT 
(b)(6) 

Cc: "Stemmy, Erik (NIH/NIAID) [E]" (b)(6) 
Subject: Grant Number: 2R01Al110964 - 06 Pl Name: DASZAK, PETER 

Good afternoon, 

Thank you for your recent JIT submissions. The most recent F&A Rate Agreement that was 

provided is dated 11/14/2018 and the F&A rate of (b)(4 . expired on 06/30/17. 

Did you have any documentation that you can send us that shows you could use the expired 

rate. Otherwise, we will have to put a restriction on the award until we receive a new F&A 

Rate Agreement. 

Please send this information ASAP but no later than 06/20/2019 
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DEPARTMENT OF THE NAVY 
OFFICE OF NAVAL RESEARCH 

875 NORrH RANDOLPH STREET 
SUITE 1425 

ARLINGTON. VA 22203-1995 

IN RFPl Y REFFR TO: 

Agreement Date: July 9, 2018 

INSTITUTION: 

NEGOTIATION AGREEMENT 

ECO HEAL TH ALLIANCE, INC. 
460 WEST 34TH ST.11fH FLR 
NEW YORK, NY 10001-2320 

The Indirect Cost and Fringe Benefits rates contained herein are for use on grants, contracts and/or 
other agreements issued or awarded to EcoHealth Alliance, Inc. by all Federal Agencies of the 
United States of America, in accordance with the provisions and cost principles mandated by 
2 CFR Part 200. These rates shall be used for forward pricing and billing purposes for 
EcoHealth Alliance, Inc. for Fiscal Year 2019. 

Section I: RATES - TYPE: PROVISIONAL (PROV) 
Indirect Rates: 
TYPE FROM TO 
Prov. 07/01/18 06/30/19 

Fringe Benefits Rates: 
TYPE FROM 
Prov. 07/01118 

TO 
06/30/ 19 

RATE 
(b) (4) 

RATE 
(b) (4) 

BASE 
(a) 

BASE 
(b) 

APPLICABLE TO 
All 

APPLICABLE TO 
All 

DISTRIBUTION BASES 

LOCATlON 
All 

LOCATION 
All 

(a) Total direct costs excluding capital expenditures (buildings, individual items of equipment; 
alterations and renovations), the portion of each subaward in excess of $25,000, participant 
support costs, and flow-through funds. 

(b) Salaries and Wages. 

SECTION II · GENERAL TERMS AND CONDITIONS 

A. LIMITATIONS: Use of the rates set forth under Section l is subject to any statutory or 
administrative limitations and is applicable to a given grant, contract or other agreement only to the 
extent that funds are available and consistent wi.th any and all limitations of cost clauses or 
provisions, if any, contained therein. Acceptance of any or all of the rates agreed to herein is 
predicated upon all the following conditions: (1) that no costs other than those incurred by the 
recipient\contractor were included in its indirect cost pool as finally accepted and that all such costs 
are legal obligations of the recipient\contractor and allowable under governing cost principles; (2) 
that the same costs that have been treated as indirect costs are not claimed as direct costs; (3) that 
simi lar types of costs, in like circumstances, have been accorded consistent accounting treatment; 

Page 1 of2 
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(4) that the information provided by the recipient\contractor, which was used as the basis for the 
acceptance of the rates agreed to herein and expressly relied upon by the Government in negotiating 
the said rates, is not subsequently found to be materially incomplete or inaccurate. 

B. ACCOUNTING CHANGES: The rates contained in Section I of this agreement are based on 
the accounting system in effect at the time this agreement was negotiated. Changes to the method(s) 
of accounting for costs, which affects the amount of reimbursement resulting from the use of these 
rates. require the written approval of the authorized representative of the cognizant negotiating 
agency for the Government prior to implementation of any such changes. Such changes include but 
are not limited to changes in the charging of a particular type of cost from indirect to direct. Failure 
to obtain such approval may result in subsequent cost disallowances. 

C. PROVISIONAL RATES: The provisional rates contained in this agreement are subject to 
unilateral amendment by the Government or bilateral amendment by the contracting parties at any 
time. 

D. USE BY OTHER FEDERAL AGENCIES: The rates set forth in Section I hereof were 
negotiated in accordance with and under the authority set fo1th in 2 CFR Part 200. Accordingly, 
such rates shall be applied to the extent provided in such regulations to grants, contracts, and/or 
other agreements to which 2 CFR Part 200 is applicable, subject to any limitations in part A of this 
section. Copies of this document may be provided by either party to other Federal agencies to 
provide such agencies with documentary notice of this agreement and its terms and conditions. 

E. SPECJAL REMARKS: The Government's agreement with the rates set forth in Section 1 is not 
an acceptance of the EcoHealth Alliance, Inc.'s accounting practices or methodologies. Any reliance 
by the Government on cost data or methodologies submitted by EcoHealth Alliance, Inc. is on a 
non-precedence-setting basis and does not imply Government acceptance. 

Accepted: 

EOR.ECOHTF..A LTH LLI~¥c~, INC.: 

<, '"" C O a,, (NVJ 
Chief Financial Officer 

01-f / --W(/3 
Date 

For iriformation concerning this agreement contact: 
Shea Kersey 
Office of Naval Research 

FOR THE U.S. GOVERNMENT: 
KERSEY.SHEA.DE 0 ;9;1,llysi9nedby 

KERSEY.SHEA.DRORES.1049331 149 

LQRES.10493311 ~~~:~!;:~!Government,ou:OoO, 

cn=KERSEY.SHEA.OELORES.1049131149 4 9 _ D.;.to:2018.07 . .1416:S9:32 *04'00' 

SHEAD. KERSEY 
Contracting Officer 

Jul y 24, 2018 

Date 

Phone: 
E-mail 

Page2 of2 
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ECOHEAL TH ALLIANCE, TNC. 

YEAR ENDED JUNE 30, 2018 

Schedule of Indirect Costs and Calculation of indirect 
Costs Rate 

Schedule A 

Salaries 

Payroll taxes and emloyees benefits 

Total salaries and related expenses 

Professional Fees 

Field Work Costs 
Meetings and Conferences 
Travel Expense 

Occupancy & Insurance 

Printing 

Postage 

Supplies 

Telephone 

Memberships/Subscriptions 

Miscellaneous Expenses 

D epreciation 

Information Technology 
Total Other than salaries and related expenses 

Total Expenses 

Distribution Base 

Indirect Costs Rate 
See indipendent auditor's report 

The accompanying notes are integral part of these notes 

Indirect Costs 

836,247 

311 ,491 

1, 147,738 

191 ,643 

502 

66,653 

33 ,891 

666, 153 

20,855 

2,576 

34,981 

30,545 

2 1,576 

218 

20,681 

37,952 

1,128,226 

A $ 2,275,964 

B $ 6,915,741 

(b) (4) 
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ECOHEALTH ALLlA CE, C AND 
WILDLLFE PRESERVATIO TRUST 
INTERNATIONAL, INC. 

CO SOUDA TED ST A TEMENT OF FUNCTTO AL EXPENSES 

YEAR EN DED JU E 30, 2018 

Schedule B 

Salaries 
Payro ll taxes and emloyees benefits 

Total salaries and related expenses 
ProfessioDal fees 
Grant to Other Organizations 
Subcontracts 
Field Work Costs 
Meetings and Conferences 
Travel Expense 
Occupancy & Insurance 
Prioting 

Postage 
Supplies 
Telephone 
Membersftips/Subscri ptions 
Miscellaneous Expenses 
Depreciation 
Catering and Faculi ty Rental 
lnfonnation Technology 
Investment Fees 

Total Other than salaries and related expenses 

Total Expenses 

Notes. • Excluded from indirect and direc1 cos1s 

2. Sut>-Rect: ipe.n1 c:-;ccc:tling $25,000 and Pf1S:Hhrough to Prn1nen; ovi:r $25,000 

3, Equipmc111 over $5,000 

4. Partfopants Costs 

5. Oad Debi expense 

6. Rcntn l cxpcns~ 

7. ln\'cslmt ru Fees 

See indipendent auditor's report 

The accompanying notes are Integral part of these notes 

Audited 
TOTAL 

4,521 ,242 
l ,606,748 
6,127,99 1 

541 ,460 
50,000 

6,768,985 
455,548 
27 l,3 74 
869,470 
666, 153 

63,93 1 
20, 116 
37,742 
70,633 
50,082 

6,495 
22,335 
99,748 

194,270 
16,765 

10,205, 109 

$ 16,333,100 

Exclusions Notes 

22,438 
50,000 

6,768,985 
188,734 
35,515 4 

4,294 

30,686 6 

23,978 
16,765 

7, 141,395 

$ 7,141,395 

Adjusted Total C< Indirect Fund Raising ProGram 
$ 4,521 ,242 $ 836,247 $ 46,905 $ 3,638,090 

1,606,748 31 1,49 1 27,521 1,267,736 
6,127,99 1 1, 147,738 74,426 4,905 826 
519,022 19 1,643 83,504 243,875 

266,814 502 3,246 263,066 
235 ,859 66,653 5,132 [64,074 

869,470 33,89 1 37,661 797,9 18 
666,153 666,153 0 

63,93 1 20,855 [8,37 1 24,706 
20, 116 2,576 3,905 13,636 
37,742 34,98 1 2,762 
70,633 30,545 40,088 
50,082 21,576 6,893 2 1,6[3 

2,200 2 18 1,982 
22,335 20,681 I 654 
69,062 69,062 

170,292 37,952 28,398 103,942 

3,063,715 1, 128,226 256, 173 1,679,316 

$ 9,191,705 $ 2,275,964 $ 330,599 $ 6,585,142 
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ECOU EALTH ALLIANCE, CNC. 
YEAR E [()ED JUNE 30, 2018 

Summary Fringe Benefits Allocations 

Schedule C-2 

Federal Agency 

Federal Awards 
ational Science Foundation ( SF) 
ational Science Foundation ( SF) 

DoD - Defense Threat Reduction Agency - DTRA 
DoD - Deren. e Threat Reduction Agency - DTRA 
DoD - Defense Threat Reduction Agency - DTRA 
DoD - Defense Threat Reduction Agency - DTRA 

.S. Departmellt of Health and Human Services (DHHS - NIB) 

U.S. Department of Health and Human Services (DHH S) 
United States Agency for Internati onal Development (USAfD) 

United States Agency for International Development (USAID) 

U. S Department of Homeland Security (DHS) 

U. S Department of Homeland Se,curity (OHS) 

Sub-Total Federal 

Non-Federal Awards 
on-Federa l Awards 
on-Federal Awards 
on-Federal Awards 
on-Federal Awards 
on-Federal Awards 

Sub-Total Non-Federal 

EcoHealth Alliance - General Funds 
EcoHealth Alliance - General Funds 
EcoHealth Alliance - General Funds 

Sub-T cneral Funds 

EcoHealth Alliance - General Funds 
Indirect Costs pool 

Grant Total 

Program 

Pass-through from Arizona State U niversity 

EcoHealth ct 
Global Rapid Identification System 
Spillover of Henipaviruses and Filoviruses at Agricultural 
Understanding the Ri sk of Bat-Borne Zoouotic Disease Emergence 
Rift Valley Fever in South Africa 

Bat Coronavirus in China 

Columbia University Center for Excellence 
Land se Change 

Pass Through UC Davis Emerging Pandemic Threat Program 

Ground Tru th 

IBIS: Inbound Bio-event Information System 

Predict and Prevent pandemics 
Predict and Prevent pandemics 
Pred ict and Prevent pandemics 
Pred ict and Prevent pandemics 
Predict and Prevent pandemics 

Global Rap id Identification System 
Land Use Change 
Pred ict and Prevent pandemics 

Fund R.ais i11g 
Indirect Costs pool 

Federal Contract 
umber 

141374 
DEB-080 I 0000 
H.DTRA 1- 15C-004 I 
HDTRA l-14-1-0037 
HDTRAl- 17- 1-0064 
HDTRAl -14-1-0029 

1ROIAl l 10964-01 

SU l9All09761 -05 
AfD-486-A-1 3-00005 
AJD-OAA-A- 14-
00 102 

HSHQDC-16-C-
00113 

HSl·JQDC-17-C-
B0031 

Reference Number 

7015 
7022 
7096 
7096 
7096 
7096 

7012 

7023 
7129 

71 IX 

7137 

7138 

7138 
7092 

7098 
7 143 
7144 

7100 
7100 
7100 

7100 
7100 

067 
851 

068 
103 
105 
294 

049 

262 
302 

306 

097 

099 

107 
850 

850 
104 

106 

068 
302 

306 

860 
860 

Salaries and 
Wages 

$ 4,525 
18,350 

181 ,234 
34,083 

J 19,628 
182,691 

163,575 

35,935 
94,709 

2,377,644 

129,445 

84,380 

$ 3,426 199 

67,451 
26,270 
2,680 
10,979 
28,450 

$ 135,831 

32,435 
4,058 
39,567 

$ 76 060 

46,905 
836,248 

$ 4 521 242 

Fringe 
Benefits 

$ 1,054 
7, 156 

63,277 
13,323 
44,715 
56,971 

55,511 

9. 173 

36,030 

846, 137 

47,907 

23,996 

$ 1,205,251 

17,849 
10, 133 
1,050 
4,296 
8,253 

$ 41 ,582 

4,766 
2,381 
13,756 

$ 20 904 

27,521 
3 11,491 

$ J 606 749 
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ECO HEAL TH ALLIANCE, INC. 
YEAR ENDED JUNE 30, 2018 

Summary Fringe Benefits 

Schedule C-1 - Summary 

Account Description 
Health Insurance 

Health Insurance payments in lieu of benefit 

COBRA Recovery (Exp Red) 

Vision Care 

Washington Unemployment Insurance 

Life Insurance ST/LT Disability/Dental 

NYS Unemployment Ins (NYSUI) 

Alaska Unempolyrnent Insurance Expense 

NYS Disability Insurance 

Pension Expense 

Tuition Reimbursement expense 

NYS Commuter Tax 

Social Security Employor Expense 

Workers Compensation 

FSA Fees 

Total Benefits 

Salaries and Wages 

Fringe Benefits Rates 

Fringe Beenfits, 
USO 

783,091 

8,917 

(13 ,528) 

2,713 

60 

129,606 

13,538 

0 
1,016 

312,180 

18,062 

17,500 

306,788 

26,340 

466 

$ 1,606,749 

Less Direct 
Charges to Net Fringe 

Grants Benefits 
783,091 

8,917 

( 13,528) 

2,713 

60 

129,606 

13,538 

0 
1,016 

312,180 

7,656 10,406 

17,500 

306,788 

26,340 

466 

$ 7,656 $ 1,599,093 A 

$ 4,521,242 B 

35.4% A/B 
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l.cCOHEAL TII ALLIANCE, INC. 
YEA R ENDED J UNE 30, 2018 

Schedule of Federal Awa rds 

Schedule E 

Schedu le F 
Direct Federal 

Federal Contract 
Indirect 

Reference 
Federal Ageucy / Pass- Type of Award Award Amount Award Period 

umber 
Pass-through Costs 

Through Limitations 

Na tional Science Foundation (NSF) 

A EcoHen lth Net Direct Federn l 
Research Subaward 

.i499,897 9- 1-2016 to 8-31-2021 D EB-080 l 0000 
Agreement 

0 

B Pass- through from Arizona State University Pass- Through Grant $ 162,024 9- 1-2014 108-3 1-2017 141374 15-588 0 

U.S. Oeparhneut of Defense (000) 
Defetlse Threat Redttction Agency - DTRA Direct Federa l 

C Global Rapid Identification System DOD Contract ( FAR) $4 ,479,678 4-9-2015 109-30-2017 1 IDTRA I - I SC-0041 0 

D Rifl Valley Fever in Soutb Africa Di reel F edern I Grant $4,936.359 5-28 -2014 to 5-27-2019 HDTRA I -14- 1-0029 No 

E 
Henipavi.ruses and Filoviruse · at Agricultural and Hunting Human• 

Direct Federal Graot $2.408.373 5- 1-2017 to 4-30-2020 HDTlv\ 1-14-1-0037 No 
Animal Interfaces in Ma laysia 

F 
Understanding the Risk of Bat-Borne Zoonotic Disease Emergence 

Di rect Federa l Grant $2,881,9 13 I 0- 1-2017 to 9-30-2022 HDTRA l -17- 1-0064 No 
in Western Asia 

U.S. Department of Health and Hunrn.11 Sen'iccs ( DH H S) 

ationol Institute of Heal tb 

G Bat Coronavirus in China Direct Federa l Grant (Research) $3,086,735 6- 1-2014 to 5-3 1-2019 IR0 IAII 10964-01 0 

H Pass-through from Co lumbia Un iversity Center for Exce llence Pass- Through 
Research Subaward 

$345 ,003 3-7-2014 to 2-28-2019 SU I 9Al I 0976 1-05 6(GG008377-39) 
Agreemenl 

0 

United States A~e ncy for International Development (USAID) 

Land Use Change Cooperative Agreement $2,499, 147 10- 15-2013 to 5-30-2018 AfD-486-A-1 3-00005 0 

J Emcrgiug Pandemic Threat Program Pass- Through Coopcra1ivc Agrcemcnl $47,651,6 1 I 10-1-2014 10 9-30-2019 
AID-OAA-A-14-
00102 

0 

U. S Departm ent of Hon1eland Security (DHS) 

K rB1 S: Iii bound Bio-event Information System Direct Feder.t i Contrncl $4 13,761 10-30-2017 to 10-28-2018 
HSHQDC-17-C-

No 
B0031 

L Ground Tntth Direct Federa l Fixed Fee Contract $27 1,272 9-30-2016 to 9-29-2018 HSHQDC-16-C-00 11 3 IA 
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t.:COIIEAL.Tl i ALLIANC E., lNC. 
YEAR EJliDl!'.D JUNE30, :201S 

S<:hedult! or Dlnct Co'.il l~ b,r Aiurd~ and Applk!d lndlre-cl 

Sd1Nlulef-· 
A C D G H K L 

llQO. Cosr DI-I. - Cost 
N f - Griml NSF'- Griim Relrnbur~eru e- 11 OOD-Gr&rH 000-Gr&nt DOO• Gl'RIJ I OHHS-Grar11 DHIIS--Gr&nt SAI D -Gn rtt USAID -Gr&nt Rdmb11 r-semie 11 1 1)11.S- f l,:~d F'tf' 

l Co111 ract Cont rac.1 To1;11 l hdnl 
Cnrnt1 Fund R11isin1: -

Totn.l Audikd rn dir«I DEB--080 10000 141374 
HDTR!\ 1°1.SC- HDTRAI -U -1- HDTRA.1 -14-1- HOTIU.1 -17- 1- I R0 1Al 110964- S 1,9,c\11 (197{, 1- 1-\l[)..4,86, A- 13- ~\ID-OAA· A· IISHQDC-1'-C- ll~IIQOC- 16- Tot llll No,1- .. H,.\ ln rer11ul 

EHA lrite--rmtl 
0(14 1 11029 110, , '""' 01 05 OOOD!i 14-00 11}2 B00.,1 c.00111 F'Meni l G r:a r1U flltHh 

Funds 
Salaries ~.!12 1;:42 836,141 IS,350 4,.S1S 18 1,.234 182,691 34,0R, I 19,6l8 16J~1S 3S,9JS 94,709 2,377,644 129',,US s,,J!O ),416,199 13),83 1 16,060 •6.90) 
Pu}rnll t..,~1$ ililt.l i:mfo)-e~ bi:ra: .tlls 1,606.748 311.491 7 .156 1,054 6] ,277 .S(i.97l 1:3 .J2J 44.7 15 5.S..5 11 9.I H 36.0]0 846.1 37 47.907 23.9% 1.205,.25 1 41.582 20.90] "17.52 1 

TOlnl .sa.lwics and rel.med expcn~es 6,IL7,99l 1,147,i.)8 2.S,506 S,l79 244,5 11 2 9,662 47,406 164~4) 219,086 45, I0R 130,739 J,:nJ,7-Sl tii,3.5-Z 108.3'6 ~.63 1,430 lii,4 1.3 %.96J 74,.i26 

Professional Fct~ ldl,460 191,6-1) 110 S.000 S, 104 44 2,996 37,) 12 10,6.9 185,%9 6 ll,CIOO 262,419 1.279 2,6 15 83,5(>< 
Granl lo Utlwr 0Jiwtl1.a1m11~ l0.000 50,000 
Subcomrac1s 6,161!,985 Sll,964 44.S,9 16 l4,29l 2lR,l7S ll,4.1S l,)98,R0) 6,768,98) (0) 
I tt:ld Work Costs 455 .548 502 IJ,9 11 169.935 39.31H 214 l l9 227.497 -451.464 336 J.246 
Meetings and Coofcrcnccs 27 1,374 66,65) :M,651 9,65! 11 ,780 IJ I0R )06 IIS,2 19 4l 14 16 1.801 2),1 10 14,67(> l,132 
1'm\·cll1:'tpt~ 869.470 JJ,891 1.402 2.347 32.8.29 S..976 4 1.MS IJ.592 'Ml 39,629 60 1.9')3 612 2.5i9 74~.704 43 ,4 8 11.726 31,66 1 
Oc-cu1>a1,c-y&lnsura t1t'C 666,ll) 666, lll 0 
Pnntln~ 63.931 20,SSS 3.9]9 24 127 I.J7S 232 17.252 198 23.147 389 1,169 Ul.37 1 
Po-s1agc 2.0, l I(, 2,576 l)60 IJR 20 6l lt, 1414 I0,644 2,99'l J.Q0S 
Suppti~ 37.742 34.981 2.762 2,762 (0) 
Tc-k-pl)t)l'IC" 70,6JJ 30J4S 70 S,OJI 220 Ill IJ...511R 1,%9 7J87 IS,736 61 3'>,IJil 954 0 
Membc-r~h1p!VS1.1b:;i.:rip1i t11i:s l0,0U 21.)76 491 21 1.0')6 2.464 2.2 1K 4.6~4 I0,979 322 10.312 6,893 
M i~oc-JID.ni..'OU.~ E.x})Cf\SCS 6.49S 218 6,276 
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L>ircd C-4"-r~ Uu~ 29,598 7,9 26 256,J44 s 312....! IS s 54,0lJ s 24 1.882 314,278 49.388 197.1 16 4,4:.H.534 s lqS,38.S 130,89'> 6,226,689 s m .299 135,155, J J0,599 
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ECO HEAL TH ALLIANCE, INC. 
YEAR ENDED JUNE 30, 2018 

GOVERNMENT PARTICIPATION IN INDIRECT COST POOLS 

Schedule G 

Awards 

Federal Grants 
Federal Contracts - Cost Reimbursements 
Federal - Fixed Fee 

Sub-Total Federal 

Non-Federal Awards 
Internal Funds 

Sub-Total on-Federal 

Total Indirect Costs 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

Indirect Costs %of 
Allocation Base 

1,857,460 82% 
148,664 7% 
43,079 2% 

2,049,203 90% 

73,488 3% 
153,280 7% 

226,767 10% 

2,275,964 100% 
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ECO HEAL TH ALLIANCE, INC. 
YEAR ENDED JUNE 30, 2018 

RECONCILIATIO OF TOTAL PAYROLL TO IRS 941 FORMS 

Schedule H 

Direct Salaries and Wages 
Indirect Salaries and Wages 

Total Salaries and Wages 

941 Reporting 
July 1 - September 30, 2017 
October 1 - December 31 , 201 7 
January 1 - March 31, 2018 
April 1 - June 30, 2018 

Total Salaries reported at 941 

Adjustments to Reconcile 

Total Adjusments 

Total Adjusted 

Stipents Paid by Check 
Health Insurance payments in lieu of benefits 
Non-Taxable FSA, Dependent Care and Transit 

3,684,995 
836,247 

$ 4,521,242 

1,158,912 
1,078,878 
1,074,560 
1,064,332 

$ 4,376,682 

3,500 
(661) 

141 ,721 

$ 144,560 

$ 4,521,242 



Please let me know 

Thanks, 

Tseday 

Tseday Girma, MPA 
Grants Management SpeciaUst 
National Institutes of Allergy and Infectious Diseases 
5601 Fishers Lane, Room 4E49 

Rockville, MD 20852 
Phone: (b) (6) 

Email: (b) (6) 

NIAID, National Institutes of Health, DHHS 

Effective January 1, 2017, NIH closeout documentation policy has changed (see NOT-OO-17-022). 
NIH is no longer accepting Final Progress Reports (FPR). Grantees mllst now report final project 
outcomes using the new F-RPPR. For instructions on how to submit the new F-RPPR please see 
instructions on the 1 lH RPPR Page. 

*** The information in this email and any of its attachments is confidential and may contain sensitive 
information. It should not be used by anyone who is not the originally intended recipient. If you have received 
chis email in error, please inform the sender and delete it from your mailbox or any other storage devices. The 
National Institute of Allergy and Infectious Diseases shall not accept Liability for any statements made that are 
the sender's own and not expressly made on behalf ofNIAJD by one of its representatives.~** 
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From: Gjrma. Tseday (N)H/NIAID) (El 
To: (b)(6) 
Cc: Stemmy. Erik INIH/NlAIPl [El 
SUbject: 
Date: 

Grant Number: 2R01AI110964 - 06 PI Name: DASZAK, PETER 

Tuesday, June 11, 2019 2:23:55 PM 

Good afternoon, 

Thank you for submitting the JIT for the above mentioned grant. Regarding the other support 

submitted for Amy Sims, Peng Zhou and Ben Hu, When I add the efforts of al l the grants in the 

other support (including some of the grants listed under pending that have a to be paid 

status), the total active support will be higher than (b)(6),(b)(4) including the effort for 

the above mentioned grant. While an individual may be affiliated with a number of 

organizations, the combination of appointments can be no higher than (b)(6),(b)(4 . 

Please indicate how much effort will be taken from which grants. We need specifics that 
(b)(6) 

shows the individuals will not go over (b)(4)at the time award. Please send revised other 

support. 

Please send me the information ASAP but no later than Wednesday, 06/12/2019 

Thanks, 

Tseday 

Tseday Girma, :MPA 

Grants Management Specialist 
National Institutes of Allergy and Infectious Diseases 
5601 Fishers Lane, Room 4£ 49 
Rockville, MD 20852 
Phone: (b) (6) 

,__--=-c--c= 

Email: Cb)( 

NIAID, National Institutes of Health, D I-II-IS 

Effective January 1, 2017, NIH closeout documentation policy has changed (see NOT-OD-17-022). 
NIH is no longer accepting Final Progress Reports (FPR). Grantees must now report final project 
outcomes using the new F-RPPR. For instructions on how to submit the new F-RPPR please see 
instructions on the NIH RPPR Page. 

**" The in formation in this email and any o f its attachments is confidential and may contain sensitive 
information. Tt should not be used hy anyone who is not the originally intended recipient. Tf you have received 
this email in error, pl~se inform the sender and delete it from your mailbag or any other storage devices. T he 
National Institute of Allergy and Infectious Diseases shall not accep t liability for any statements made that are 
the sender's own and not expressly made on behalf of NWD by one of its representatives.*** 

NIH-001040 



NIH -001041

From: 
To: 
Subject: 
Date: 

era-ootify@mail .njh.aov 
NIAIP FCTS: Stemmy. Erik INIH/NIAIDl (El: Bernabe. Gayle /NIH/NIAIDJ (El : Gjrma. Tseday CNIH/NIAIP} [El 
FACTS: State Department Clearance Request Approved 

Monday, May 20, 2019 10:00:48 PM 

*** This is an automated notification - Please do not reply to this message. *** 

Project Number: R0IAII 10964-06 
PI Name: PETER DASZAK 
Project Title: Understanding the Risk of Bat Corona virus Emergence 

Country: SINGAPORE 
SDCR Initiated By: Gayle Bernabe 
SDCR Status: Approved 
Action Comment: 

If you have any questions, please contact the eRA Help Desk at 
http://grants.nih.gov/support/index.html OR call 1-866-504-9552 (tty: 301-451 -5939) OR 
he1pdesk@od.nih.gov. 



From: Stemmy. Erik INIH/NJAIDl [El 
To: Girma. Tseday <NIH/NIAIPl (El: Bernabe. Gayle rNIH/NIAIPl (EJ 
Subject: RE: Foreign Clearance Request: Grant Number: 2 R0l Al 110964 - 06 PI Name: DASZAK, PETER - FOREIGN 

COUNTRY - CHINA (Sites/research objectives d arification needed) 

Date: Friday, May 24, 2019 2:56:00 PM 

HI Tseday and Gayle, 

I t hink I've addressed th e oth er questions you had. (b)(5) -------------------
anything else. 

Eri k 

From: Girma, Tseday {N IH/NIAID) [E) 

Sent: Wednesday, May 22, 2019 6:35 PM 

Let me know if you need 

To: Bernabe, Gayle (NIH/N IAID) [E]--------=-(b)'"""'(=6); Stemmy, Erik (N IH/NIAID) [E) 

(b)(6) 

Subject: RE: Foreign Clearance Request : Grant Number : 2 R0l Al 110964 - 06 Pl Name: DASZAK, 

PETER - FOREIGN COUNTRY- CHINA (Sit es/research objectives clarification needed) 

Good afternoon, 

Thanks, 

Tseday 

Tseday Gitma, MPA 
Granes Managemenc Specialist 

(b) (5) 

National Institutes of Allergy and Infectious Diseases 
5601 Fishers Lane, Room 4E49 
Rockville, MD 20852 
Phone: Cb) (6) 

---=cc--c= Email: Cb) (6) 

NIAID, National Institutes of Health, DHHS 

Effective January I, 2017, NIH closeout documentation policy has changed (see NOT-OO-17-0ZZ). 
NIH is no longer accepting Final Progress Reports (FPR). Grantees must now report final project 
outcomes using the new F-RPPR. For instructions on how to submit the new F-RPPR please see 
instructions on the NIH RPPR Page. 

*** The information in this email and any of its attachments is confidential and may contain sensitive 
information. It should not be used by anyone who is not the originally intended recipient. lf you have received 
chis email in error, please inform the sender and delete it from your mailbox or any other storage devices. The 
National Institute of Allergy and Infectious Diseases shaU not accept Liability for any statements made chat are 
the sender's own and not expressly made on behalf of NWD by one of its representatives.*** 
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From: Bernabe, Gayle (NIH/NIAID) [El 

Sent: Monday, May 6, 2019 3:27 PM 
------~~ To: Stemmy, Erik (NIH/NIAID) [EJ __________________________ Cb_...,,>_C-s-.-6)-:'-= 

Cc: Girma, Tseday (NIH/NIAID) [El (b)(6) ---------
Subject: Re: Foreign Clearance Request: Grant Number : 2 R0l Al 110964 - 06 Pl Name: DASZAK, 

PETER - FOREIGN COUNTRY - CHINA (Sites/research objectives clarification needed) 

Hi Erik, 

Thanks aga in, 

Gayle 

(b)(6) From: "Stem my, Erik (NIH/NIAID) [E] " ---------
Date: Monday, May 6, 2019 at 3:01 PM 

To: "Bernabe, Gayle (NIH/N IAID) [E]"-------~(b~)(=6) 

Cc: "Girma, Tseday (N IH/NIAID) [E]" (b)(6) ---------
Subject: RE: Foreign Clearance Request: Grant Number: 2 ROl Al 110964 - 06 Pl Name: 

DASZAK, PETER - FOREIGN COUNTRY - CHINA (Sites/research objectives clarification needed) 

Hi Ga le, 

Erik 

From: Bernabe, Gayle {NIH/NIAID) [El 

Sent: Monday, May 6, 2019 2:24 PM _______ ...,._..,,_, 

To: Stemmy, Erik (NIH/NIAID) [E] (b)(6) 

Cc: Girma, Tseday (NIH/NIAID) [El 

NIH -001043 

(b) (5) 

(b) (5) 



Subje ct: Re: Foreign Clearance Request: Grant Number : 2 R01AI 110964- 06 Pl Name: DASZAK, 

PETER - FOREIGN COUNTRY - CHINA (Sites/research objectives clarification needed) 

Hi Erik, 

Kind regards, 
Gayle 

(b) (5) 

On May 6, 2019, at 1:01 PM, Stemmy, Erik (N IH/N IAID) [E] (b)(6)> wrote: ,_ ______ _, 

Hi Gayle, 

Thanks ! 
Erik 

From: Bernabe, Gayle (NI H/NIAID) [E] 

Sent: Monday, May 6, 2019 12:20 PM 
------~~ To: Stemmy, Erik (N IH/NIAID) [E] _______ (b_ )_(6)_ ; Girma, Tsed ay (NIH/NIAID) 

[El (b) (6) 

Subject: Foreign Clearance Request: Grant Number: 2 R0l Al 110964 - 06 Pl Name: 
DASZAK, PETER - FOREIGN COUNTRY - CHINA (Sit es/research objectives clarification 

needed) 

Good afternoon, 

NIH -001044 

(b) (5) 

(b) (5) 



Attached is more detailed information about Research Object ives. Please let me know 

if you have any questions. 

Thank you for your time. 

Kind regards, 

Gayle 

Gayle Bernabe. MPH 

Reg,onol Program Officer-Eosl./5E As,o and lhe Pocif,c 
OJJ,ce of G obol Research (OGR) 

Norional Institute of Allergy ond Infectious DiseaseJ 

Notional Institutes of Health 

Department of Health and Human Services 

5601 r:,shers ln Rm lf MSC 9802 

Betne~do, MD 20892-9802 {For courier dPliveries· 208~2} 

Phone:.__ __ == 
Fax· (301) 480-2954 

Email:,._ ____ _,""'"""' 

D1sc.1mmer 

I J,e njorrnat or1 m ( hll r·rrall and any o' its Jttachmenl.!, .s t:on/tdentmi ana rnay cont am senstrivc: 1n/ormai10n It should not be med by anyanfl 

who ,s riol tht· u11g1no+ ,orc,,.,cled rec p1L~/',c. If you bove rcr.eivc:U this e-mo,J in t.·r,o• p/ro~c ,,)form thr.· sc/ld(•t and <.fok•tc ir Jrom your mailbox or cu?y 

other storage dewces Not,ono, lnst"tute of Allergy ond Infectious Diseases s!lall not occe.01 /100,t,t~ for ony srotements made rhor ore sender's cwn 
and oot expressly made on beh1/f of tile N/A,O b1 on. of 11s rcpresento1,ves. 

From: Littleton, Ashley (NIH/NIAID) [CJ 
Sent: Thursday, M ay 2, 2019 9:41 AM 

(b)(6) 

---------=-:~ To: Girma, Tseday (NIH/NIAID) [El _______ (b)_C6)_ >; NIAID State Dept 

Clearance <State DeptClea ra nce@mail . nih .€OV> 

Cc: Stemmy, Erik (N IH/NIAID) [El _______ (b_ )_(6)_ ; Bernabe, Gayle (NIH/NIAID) 

[El (b) <6J 
Subject: RE: Foreign Clea rance Request: Grant Number: 2 R0l Al 110964 - 06 Pl Name: 

DASZAK, PETER - FOREIGN COUNTRY - CHINA OGR POC: Gayle Bernabe 

Hello, 

We have received your request and it wi ll be reviewed by Gayle Bernabe at OGR. 

Thanks 

Ashley 

NIH-001045 
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Ashley A. Littleton 

Operations Coordinator © 

Notional Institutes of Health 

Department of Health and Human Services 

National Institute of Allergy and Infectious Diseases 

Office of Global Research{OGR) 

5601 Fishers Lane. 1£41 

Rockville. MD 20892 
Main phone: 
Direct line: 

Cell phone. 
(b)(6) 

Disclaimer: 

The information in this e-mail and any of its attachments is confidential and may 
contain sensitive information. It should not be used by anyone who is not the 
original intended recipient. If you hove received this e -mail in error please inform the 

sender and delete it from your mailbox or any other s torage devices. National 

Institute of Allergy and Infectious Diseases shall not accept liability for any 
statements made that are sender's own and not expressly made on behalf of the 
NIAID by one of its representatives. 

From: Girma, Tseday (NIH/N IAID) [E] 

Sent: Thursday, May 2, 2019 9:32 AM 

To: NIAID State Dept Clearance <StateDeptClearance@maiLnih.gov> 

Cc: Stemmy, Erik (N IH/NIAID) [E] (b)(6) 

Subject: Foreign Clearance Request: Grant Number: 2 R0l Al 110964 - 06 Pl Name: 

DASZAK, PETER - FOREIGN COUNTRY - CHINA 

The following req uest for foreign clearance is ready for review. 

Grant Number: 

P.I. : 

Applicant Organization : 

Foreign Country: 

GMS: 
PO: 

Thanks, 

2R01Al110964 - 06 

DASZAK, PETER 
ECOHEALTH ALLIANCE, INC 

China 

Tseday Girma 

Stemmy, Erik 
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Tseday Girma, MPA 
Grants Management SpeciaEst 
I ational Institutes of AUergy and Infectious Diseases 
5601 Fishers Lane, Room 4E24 
Rockville, :tvID 20852 
Phone: (b) (6) 

Email: (b)(6) 

NIAID, National Institutes of Health, D HHS 

Effective January 1, 2017, 1H closeout documentation policy has changed (see N.Q:L 
OD-17-022). N II-:l is no longer accepting Final Progress Reports (FPR). Grantees must 
now report final project outcomes using the ne,v F-RPPR. For instructions on how to 
submit the new F-RPPR please see instructions on the N IH RPPR Page. 

*** The information in this emaiJ and any of ics attachmems is confidencial and may comain 
scnsic:ivc informac:ion. Tt should not be used by anyone who is not the originall y intended 
recipient. If you have received this email in error, please inform the sender and delete it from 
your mailbox or any other storage devices. The National Tnsticuce of Allergy and Infectious 
Diseases shall not accept liability for any statements m:ide that are the sender's own and not 
e.xpressly made on behalf ofNTAID by one of its repre~entatives.*** 
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From: Ljttleton. Ashley <NIHINIAIDJ [CJ 
To: 
Cc: 

Girma. Tseday <NIH/NIAIDJ IE]: NIAID State Dept Clearance 
Stemmy. Erik INIH/NJAIDl (El: Bernabe. Gayle <NIH/NIAIDJ (El 

SUbject: RE: Foreign Oearance Request: Grant Number: 2 ROl AI 11096'\ - 06 PI Name: DASZAK, PETER • FOREIGN 
COUNTRY - CHINA OGR POC: Gayle Bernabe 

Date: Thursday, May 2, 2019 9:40:50 AM 

Hel lo, 

We have received your request and it will be reviewed by Gayle Bernabe at OGR. 

Thanks 

Ash ley 

Ashley A. Littleton 

Operations Coordinator © 

National Institutes of Health 

Department of Health and Human Services 
National Institute of Allergy and Infectious Diseases 

Office of Global Research(OGR) 

5601 Fishers Lane. 1E41 

Rockville, MD 20892 
Main phone:( (b)(6)) __.;======;.,:~ 
Direct line Cb) (6) 

Cellphone 

r CbH6>J 

Disclaimer: 

The information in this e-mail and any of its attachments is confidential and may contain 
sensitive information. It should not be used by anyone who is not the original intended recipient. 
If you have received this e-mail in error please inform the sender and delete it from your mailbox 

or any other storage devices. National Institute of Allergy and Infectious Diseases shall not accept 
liability for any statements made that are sender's own and not expressly made on behalf of the 
NIAID by one of its representatives. 

From: Girma, Tseday {NIH/NIAID) [E] 

Sent: Thursday, May 2, 2019 9:32 AM 
To: NIAID State Dept Clearance <StateDeptClearance@mai l.nih.gov> 

Cc: Stemmy, Erik (NIH/NIAID) [E] (b)(6)> 

Subject: Foreign Clearance Request: Grant Number: 2 R01 Al 110964 - 06 Pl Name: DASZAK, PETER -

FOREIGN COUNTRY - CHINA 

NIH -001048 



The following request for fore ign clearance is ready fo r review. 

Grant Number: 

P.I.: 

Applicant Organization: 

Foreign Country: 

GMS: 

PO: 

Thanks, 

Tseday Girma, MPA 

Grams Management Specialist 

2R01All10964 - 06 

DASZAK, PETER 

ECOHEALTH ALLIANCE, INC 

China 

Tseday Girma 

Stemmv, Erik 

National Institutes of Allergy and Infectious Diseases 
5601 Fishers Lane, Room 4E24 
RockviUe, MD 20852 
Phone· (b) (6) 
Email: ________ _ 

NIAID, National Institutes of Health, DHHS 

Effective January 1, 2017, NIH closeout docwnentation policy has changed (see NOT-OD-17-022). 
NIH is no longer accepting Final Progress Reports (FPR). Grantees must now report final project 
outcomes using the new F-RPPR. For instructions on how to submit the new F-RPPR please see 
instructions on the N(H RPPR Page. 

*** The information in this email and any o f its attachments is confidential and may contain sensitive 
information. It should not be used by anyone who is not the original ly intended recipient. If you have received 
this email in error, please inform the sender and delete it from your mailbox or any other storage devices. The 
National Institute of Allergy and Infectious Diseases shall not accept liability for any statements made that are 
che sender's own and 1101 expressly made on behalf of r IATD by one of its representatives.'"** 

NIH -001049 



From: 
To: 
Cc: 
SUbject: 

Date: 

Gjrma. Tseday (N)H/NIAID) (El 
NIAIP State Dept Clearance 
Stemmy. Erjk INIH/NJAIDl [El 
Foreign Clearance Request: Grant Number: 2 R0l AI 110964 • 06 PI Name: DASZAK, PETER - FOREIGN 
COUNTRY • CHINA 

Thursday, May 2, 2019 9:31:39 AM 

The following request for foreign clearance is ready for review. 

Grant Number: 

P.I.: 

Applicant Organization: 

Foreign Country: 

GMS: 

PO: 

Thanks, 

Tseday Gitma, MPA 

Grams Management Specialist 

2R01Al110964- 06 

DASZAK, PETER 

ECOHEALTH ALLIANCE, INC 

China 

Tseday Girma 

Stemmy, Erik 

National lnstitutes of Allergy and Infectious Diseases 
5601 Fishers Lane, Room 4E24 
RockvilJ.e, MD 20852 
Phone: (b) (6) 

Email: 
NIAID, National Institutes of Health, D HHS 

Effective January 1, 2017, NIH closeout documentation policy has changed (see NOT-OD- 17-022). 
NIH is no longer accepting Final Progress Reports (FPR) . Grantees must now report final project 
outcomes using the new F-RPPR. For i.nstructions on how to submit the new F-RPPR please see 
instructions on the N f H RPPR Page. 

*** T he information in this email and any of its attachments is confidential and may contain sensitive 
information. It should not be used by anyone who is not the originally intended recipient. If you have received 
this email in error, please inform the sender and delete it from your mailbox or any other storage devices. T he 
National Institute of Allergy and Infectious Diseases shall not accept liability for any statements made that are 
the sende.r's own and 1101 expressly made on behalf oi N TA lD by one ofits representatives.*** 

NIH -001050 



From: 
To: 

Gjrma. Tseday (N)H/NIAID) (El 
Stemrny. Erik INIH/NIAIPl [El 

Subject: 
Date: 

Grant Number: 2R01AI110964 - 06 PI Name: DASZAK, PETER 
Tuesday, April 30, 2019 8:59:25 AM 

Good morn ing, 

This is in regards to th e foreign collaboration in Ch ina. I see that it is entered into FACTS but the 

state department clearance request hasn't been initiated. 

Please initiate the clearance so I can forwa rd it to OGR. If t his is entered fore tracking purposes on ly, 

please make sure it is marked accordingly. 

Thanks, 

Tseday 

Tseday Girma, MPA 
Grants Management SpeciaUst 
National Institutes of Allergy and Infectious Diseases 
5601 Fishers Lane, Room 4E24 
Rockville MD 20852 
Phone: (b) (6) 

Email: ----------NW D, National Institutes of Health, DHHS 

Effective January 1, 2017, NIH closeout documentation policy has changed (see NOT-OD-17-022). 
NIH is no longer accepting Final Progress Reports (FPR). Grantees must now report final project 
outcomes using the new F-RPPR. For instructions on how to submit the new F-RPPR please see 
instructions on the NIH RPPR Page. 

*** The information in this email and any of its attachments is confiden tial and may contain sensitive 
information. lt should not be used by anyone who is not tl1e originally intended recipient. lf you have received 
chis email in error, please inform the sender and delete it from your mailbox or any od1er storage devices. The 
National Institute of Allergy and Infectious Diseases shall not accept liabil.ity for any statements made chat arc 
the sender's own and not expressly made on behalf of NIAlD by one of its representatives."** 
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From: 
To: 
Cc: 

Stemmy. Erik INIH/NJAIDl [El 
Peter Paszak 
A!eksei Chmura 

SUbject: 
Date: 

RE: ROl renewal application 2 ROl AI110964-06 
Tuesday, February 26, 2019 1:34:00 PM 

Hi Peter, 

Yes, that's very good news. Your renewal application did score w it hin payline. There's still a ways t o 

go before an award would be made, so nothing is set until the notice of award goes out. 

Best, 

Eri k 

ErikJ . Stemmy, Ph.D. 

Program Off icer 

Resp iratory Diseases Branch 

Division of M icrobiology and Infectious Diseases NIAID/NIH/HHS 

5601 Fishers Lane, Room 8E18 

Bethesda, MD 20892-9825 
Phone (b) (6) 

Emai l: 

Getting ready to publish? Share the good news with your program officer asap! NIAID may be able to 

help publicize your art icle. And, remember to list your NIAi D grant or cont ract number in the 

publicat ion. 

NOTE: This material is intended for the individual or entity to which it is addressed. It may conta in 

privileged, confidential information that is protected from disclosure under appl icable laws. If you 

are not the addressee, or a person authorized to deliver the document to t he addressee, please note 

that you are strict ly proh ibited from reviewing, copying, disclosing, disseminating or distributing this 

materia l or any other action based on the contents of this material. If you have received th is 

communication in error, please permanently delete t his from your system immediately. Thank you. 

From: Peter Daszak (b)(6) -------------
Sent; Tuesday, February 26, 2019 1:19 PM 

-------~~ To: Stemmy, Er ik (N_IH..:./_N_IA_ID..:.)..:.IE...:.]=====.~;-(b_H_6) 
Cc: Aleksei Chmura (b)(6) -------------Subject: ROl renewal appl ication 2 ROl Al110964-06 

Importance: High 

Hi Erik- I just want to check wit h you that I read my ERA commons score correctly. From what I see 

the renewal proposal scored percenti le of(:] and impact score of I'> • Is that correct from your 

memory of it? 

NIH-001052 



If so, that would mean I'm within the normal fu nd ing range, but I want to check because I don't want 

to be too optim istic! 

The number is: 2 RO 1 Al 110964-06 

Cheers, 

Peter 

Peter Daszak 

President 

EcoHealth Al liance 

460 West 34th Street - 1th Floor 

New York, NY 10001 

Tel. (b)(6) 

Website: www.ecohealt hallianee.org 

Twitter: @PeterDaszak 

EcoHealth Alliance leads cutting-edge research into the critical connections between human and 

wildlife health and delicate ecosystems. With this science we develop solutions that prevent 

pandemics and promote conservation. 

NIH-001053 



From: 
To: 
Cc: 
SUbject: 
Date: 

Jimmerman. Michelle <NIH/CSR} [El r (b) <6Y 
L ~temmy. Erik <NIH/NIAIP} (El 

RE: NIH Pre-approval needed for 2R01Alll0964-06 

Wednesday, November 14, 2018 1:53:39 PM 

NIAID has provided permission to submit this application to CSR. The application is now compliant 

with the $SOOK pol icy. It is being assigned for additional administrative review and peer review 

From: Timmerman, Michel le (NIH/CSR) [E] 

Sent: Friday, November 09, 2018 2:14 PM 

To: (b)(6) 

Cc:-------------~.---------------=·-
Subject: NIH Pre-approval needed for ZR01Alll0964-06 

Dear Dr. Daszak: 
Your application to PA-18-484 entitled "Understanding the Risk of Bat Coronavjrus 
Emergence" (2R01AI110964-06) has been received by the Division of Receipt and Referral in 
the Center for Scientific Review at the NIH. This application is subject to the NIH's policy 
regarding applications requesting $500,000 or more in subtotal direct costs for any year. 
Please see the Application Guide instructions for the R&R Budget Form 
(https://go.usa.gov/xPTR9), part 2.3.7.2 of the Grants Policy Statement it references 
(https://go usa gov/xPNCA) and the original announcement NOT-OD-02-004 
(https-//go nsa gov/xPTRX). Please also see Section IV.7 "Requests of $500,000 or more for 
direct costs in any year" in the Funding Opportunity Announcement. 

The policy has the following requirements: 
• The PD/PI must contact and obtain agreement from an appropriate Institute/Center to 

accept assignment of the application, at least six weeks in advance of submission. 
• The PD/PI must include a cover letter identifying the program staff member or the 

Institute/Center that has agreed to accept the assignment of the application. 
• The Institute or Center that is willing to accept the application must notify the Center for 

Scientific Review (CSR), Division of Receipt and Referral (DRR) directly, that the 
application is acceptable. 

Your application does not meet these requirements. Please see Total Direct Costs less 
Consortium F&A" in your application, which shows the requested budget of $515,358 in each 
year. Please also see the warning in your Commons account that states "ESubmission 
warning:Direct cost requests of $500k or more a year need approval to accept assignment from 
Institute/Center staff, except for RF As or PAs with budgetary limits. Applications without 
such approval may be delayed or not accepted for review. (020.52.2)". 

In order for your application to be considered for the current receipt cycle, we must receive 
notification of acceptance from an NIH Institute/Center by the end of the day November 16, 
2018. If notification has not been received by then, your application will be withdrawn 
without review. 

NIH policies on post-submission materials (NOT-OD-15-039) and late applications (NOT
OD-1 7-066) prohibit changing or correcting the budget or submitting budget forms on this 
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application at this point. 

Please acknowledge the receipt of this email. If you have questions about this policy, do not 
hesitate to contact me. 

Sincerely, 
Michelle M. Timmerman, Ph.D . 
Associate Director 
Division of Receipt and Referral 
Center for Scientific Rcvicw/NIH/DHHS 

(b)(6) 
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From: 
To: 
Cc: 

Stemmy. Erik INIH/NJAIDl [El 
Peter Paszak 

SUbject: 
A!eksei Chmura: Honqying Li: Graham. Adam (NIH/NIAIDI (E) 
Re: NIH Pre-approval needed for 2R01AI11096'1·06 

Wednesday, November 14, 2018 1:44:14 PM Date: 

No problem. Thank you and Aleksei for being so responsive. I think we have everything we 
need so let me know if you don't hear from CSR. 

Erik 

Sent from my iPhone 

On Nov 14, 2018, at 1 :27 PM, Peter Daszak 

Thanks for your help with this Erik, it's really much appreciated! 

Cheers, 

Peter 

Peter Daszak 

President 

EcoHealth Alliance 

460 West 34th Street- 1 ih Floor 
New York, NY 10001 

Tel. (b)(6) ------
Website: www ecohea lthalliaoce org 
Twitter: @PeterDaszak 

CbH wrote: 

EcoHealth Alliance leads cutting-edge research into the critical connections between 

human and wildlife health and delicate ecosystems. With this science we develop 

solutions that prevent pandemics and promote conservation. 

From: Stemmy, Erik (NIH/NIAID) [E] 
Sent: Wednesday, November 14, 20181 :21 Ptv1 
To: Aleksei Chmura 
Cc: Peter Daszak; Hongying Li; Graham, Adam (NIH/NIAID) [E] 
Subject: Re: NIH Pre-approval needed for 2R01AI110964-06 
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Thank you! I'll route it to our Fanta folks and let you know ifwe need anything 
else. 

Erik 

Sent from my iPhone 

(b)(6) On Nov 14, 2018, at 1:17 PM, Aleksei Chmur -------------wrote: 

Dear Erik, 

Please view the attached letter (PDF). Let me know, if it will be 
correct. 

Many thanks! 

-Aleksei 

Aleksei Chmura, PhD 
Chief of Staff 

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

CbH (office) 
________ mobile) 

www.ecohealthaUiaoce.org 

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

On Nov 14, 2018, at 12:17, Stem.my, Erilc (NIH/NIAID) [E] 
(b)(6) wrote: 

Hi Aleksei, 
In looking in to this further, I will need you to write a letter stating 
the original budget submission was in error and that if the application 
receives a fundable score you will reduce the budget to be below the 
$500k cap for all 5 years of the award. Please also include the new 
estimated total DC budgets for all years of the award. 
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The letter should be signed by the PI and the business official for 
EcoHealth. I'll need this ASAP. Would you be able to get it to me 
this afternoon? 

Erik 

Sent from my iPhone 

On Nov 13, 2018, at 11:06 AM, Aleksei Chmura 
CbH wrote: 

Erik, 

Just to clarify, Michelle is telling us that she needs your 
approval for us to upload our under-$500k-per-year 
budget. 

Cheers! 

-Aleksei 

On Nov 13, 2018, at 10: 17, Aleksei Chmura 
Cb) (6) wrote: 

Hi, Erik, 

Thanks for this, Erik! I just left you a voice message and 
· f o would lease contact Michelle Timmerman 

(b)(6) we 

he ready to upload anctJor submit our bu<tget~ 

Cheers, 

-Aleksei 

On Nov 13, 2018, at 10:01, Stemmy, Erik(NIH/NWD) 
[E] Cb) (6)> wrote: 

Thanks Aleksei. Let me know if you need my help with 
anything else. 

Erik 

Sent from my iPhone 
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On Nov 11, 2018, at 7:08 PM, Aleksei Chmura 
(b) (6) wrote: 

Dear Erik, 

I have responded to Michelle from DRR and 
asked about the process to upload or submit 
our revised budget. ASSIST does not 
currently permit me to modify our submitted 
budget, so I will await her instructions. We 
have modified our renewal proposal budget 
below the $500k per year cap and have it at 
the ready. 

Many thanks! 

-Aleksei 

Aleksei Chmura, PhD 
Chief of Staff & 
Authorized Organizational Representative 

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

l (bH, (office) 
_______ _,._ (mobile) 

www.ecohealthalliance.ora 

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

Begin forwarded message: 

From: "Timmerman, Michelle (NIH/CSR) 
[E]" (b)( 
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Subject: RE: NIH Pre-approval needed 
for 2R01AI110964-06 
Date: November 9, 2018 at 17:17:52 EST 
To: Aleksei Chmura 

(b)(6) 

Cc: Peter Daszak 

Dear Aleksei: 
Unfmtunately, this type of change is 
prohibited by NIH's policies about post 
submission mate1ials and late submission. I 
also don' t see a reason NII-I' s late 
submission policy accepts, like recent 
review service of the PD/PI. Unfortunately, 
if an IC does not provide the pre-approval 
this application will be withdrawn. 
You may also wish to view the NIH Guide 
(https -//grants oib gov/funding/searchg_ujde/index.htm)) 
to see if NIAID participates in other ROl 
funding opportunity aru1ouncements with an 
upcoming due date and May 2019 Advisory 
Council. 
Sincerely, 
M ichelle 

From: Aleksei Chmura 
(b)(6) 

Sent: Friday, November 09, 2018 4:19 PM 

To: Timmerman, M ichelle {NIH/CSR) [E] 
(b)(6) 

Cc: Peter Daszak 
(b)(6) 

Subject: Re: NIH Pre-approva l needed for 

2R01AI 110964-06 

Dear Michelle, 

Thank you for your help earl ier. We since spoke 

with Erik Stemmy our Program Officer at NIAID. 

Though he sa id he would have approved it, it 

would take 6-weeks through NIAID internal 

approval processes. Unfortunately, we had not 

realized that we were required to notify them 

of our intention to increase our renewa l budget 

above the $500 per yea r cap in advance of 
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submission. Therefore, NIAID wil l be unable to 

make the 18th November deadline. 

Is there any way to extend the due-date to 

accommodate the NIAID 6-week timeline? 

If not, then we as per Erik's recommendat ion, 

we will proceed with updating our budget to 

$500k in di rect costs per year. How may we do 

this in ASSIST or otherwise? 

Sincerely, 

-Aleksei 

Aleksei Chmura, PhD 
Chief of Staff & 
Authorized Organizational Representative 

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

(b) (6) (office) 
_______ (mobile) 

www.ecohealtballiance.org 

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

On Nov 9, 2018, at 14: 14, 

Timmerman, Michel le (NIH/CSR) 

[El 
(b)(6) 

wrote: 

Dear Dr. Daszak: 
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Your application to PA-18-484 
entitled "Understanding the 
Risk of Bat Coronavirus 
Emergence" (2R01AI110964-
06) has been received by the 
Division of Receipt and 
Referral in the Center for 
Scientific Review at the NIH. 
This application is subject to the 
NIH's policy regarding 
applications requesting 
$500,000 or more in subtotal 
direct costs for any year. Please 
see the Application Guide 
instructions for the R&R 
Budget Fo1m 
(https-//go usa gov/xPTR9), part 
2.3.7.2 of the Grants Policy 
Statement it references 
(https://go.usa.gov/xPNCA) and 
the original announcement 
NOT-OD-02-004 
(https://go.usa.gov/xPTRX). 
Please also see Section IV. 7 
"Requests of $500,000 or more 
for direct costs in any year" in 
the Funding Opportunity 
Announcement. 

The policy has the following 
requirements: 

• The PD/PI must contact 
and obtain agreement 
from an appropriate 
Institute/Center to accept 
assignment of the 
application, at least six 
weeks in advance of 
submission. 

• The PD/PI must include a 
cover letter identifying 
the program staff member 
or the Institute/Center 
that has agreed to accept 
the assignment of the 
application. 

• The Institute or Center 
that is willing to accept 
the application must 
notify the Center for 
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Scientific Review (CSR), 
Division of Receipt and 
Referral (DRR) directly, 
that the application is 
acceptable. 

Your application does not meet 
these requirements. Please see 
Total Direct Costs less 
Consortium F&A" in your 
application, which shows the 
requested budget of$515,358 in 
each year. Please also see the 
warning in your Commons 
account that states 
"ESubmission warning:Direct 
cost requests of $500k or more 
a year need approval to accept 
assignment from 
Institute/Center staff, except for 
RF As or PAs with budgetary 
limits. Applications without 
such approval may be delayed 
or not accepted for review. 
(020 .52.2)". 

In order for your application to 
be considered for the current 
receipt cycle, we must receive 
notification of acceptance from 
an NIH Institute/Center by the 
end of the day November 16, 
2018. If notification has not 
been received by then, your 
application will be withdrawn 
without review. 

NIH policies on post
submission materials (NOT
OD-15-039) and late 
applications (NOT-OD-17-066) 
prohibit changing or correcting 
the budget or submitting budget 
forms on this application at this 
point. 

Please acknowledge the receipt 
of this email. If you have 
questions about this policy, do 
not hesitate to contact me. 



Sincerely, 
Michelle M. Timmerman, Ph.D. 
Associate Director 
Division of Receipt and Referral 
Center for Scientific 
Review/NIH/DHHS 

(b)(6) 

<NIAID COV 2019 Budget Letter 2R01All 10964-06.pdf> 
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From: 
To: 
Cc: 

Stemmy. Erik INIH/NIAIDl [El 
Aleksei Chmura 

SUbject: 
Peter Daszak: Graham. Adam <NIH/NIAIPl [El : @zl/,W: Alison Andre 
RE: NIH Pre-approval needed for 2R01Alll0964-06 

Date: Friday, November 9, 2018 3:55:00 PM 

I think the best t hing is to check back in with M iche lle Timmerman at R&R. I'm not sure if you need 

to withdraw and resubmit the appli cation, or if you can ed it t he budget after submission. On the 

program side we don't have access to those systems. 

Eri k 

From: Aleksei Chmura (b)(6) ------------Sent: Friday, November 9, 2018 3:09 PM 
To: Stemmy, Erik (NIH/NIAID) [E]------~(b~) ~(6) 

Cc: Peter Das2ak (b)(6) Graham, Adam {NIH/NIAID) [E] ---------!::===========::::::!..--~~= 
Cb) (6) Alison And re 

Subject: Re: NIH Pre-approval needed for 2R01Al110964-06 

Dear Erik, 

I am sorry that we did not realize t hat. We wou ld like to proceed with having our application 

reviewed this round and wil l modify our Direct Costs to $500k per year. 

Should we modify our budget in ASS IST or via another method? 

Many thanks for the rap id reply! 

-Aleksei 

On Nov 9, 2018, at 14:58, Stem my, Erik {NIH/NIAID) [E] (b)(6) wrote: ---------
Hi Aleksei, 

I didn't know t hat your group was planning to req uest a budget over $500k for the 

renewal. Unfortunately, it won't be possible to get that approved before Nov 18th. 

There is a lengthy internal review process, and we require at least 6 weeks to process 

it . I've pasted a link below to NIAi D's Big Grant SOP that has some additiona l 

information. If you would still like you r application to be reviewed this round, t he on ly 

option wou ld be to reduce the budget to be below the cap, even through the out years 

of the award. 

NIH-001065 



Let me know how you'd like to proceed. If you want to pursue the large budget we can 

work to get it reviewed before the next receipt date. 

Erik 

Big Grant SOP: https ://www .n ia id .n ih .€OV / resea rch /bi€-€ra nts-sop 

Erik J. Stem my, Ph.D. 

Program Officer 

Respiratory Diseases Branch 

Division of M icrobiology and Infectious Diseases NIAID/NIH/HHS 

5601 Fishers Lane, Room 8E18 

Bethesda, MD 20892-9825 
Phone (b) (6) 

Email : 

Getting ready to publish? Share the good news with your program officer asap! NIAID 

may be able to help publicize your article. And, remember to list your NIAID grant or 

contract number in the publication. 
********** ** ******* ** ***************** ***************************** 

NOTE: This ma teria l is intended for the individual or entity to which it is addressed. It 

may contain privi leged, confidential information t hat is protected from disclosure 

under applicable laws. If you are not t he addressee, or a person authorized to de liver 

the document to t he addressee, please note that you are strictly prohibited from 

reviewing, copying, disclosing, disseminating or distributing t his material or any other 

act ion based on the contents of this materia l. If you have received this communicat ion 

in error, please permanently delete this from your system immediately. Thank you. 

From: Aleksei Chmura (b)(6) ------------Sent: Friday, November 9, 2018 2:50 PM 
To: Stemmy, Erik (NIH/NIAID) [E]-------..(b=) =c6J 

Cc: Peter Daszak (b)(6J Graham, Adam (NIH/NIAID) [E] ______ __.,!===========:::!...--~= 
(b)(6) Alison Andre 

Subject: Re: NIH Pre-approval needed for 2R01Al110964-06 

Dear Erik, 

We just spoke with Michelle Timmerman from the Department of Receipt and Referral. 

She sa id that as Program Officer at NIAID, you w ill need to f i ll out an "awaiting receipt 

of application form" to approve our renewal request in excess of t he $500 per year 

budget ca p. She also mentioned t hat we should update her as to t he progress through 

NIAID internal approval and that ultimately it will be send over to her at DRR. 
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Apologies if I have t he incorrect terms here. Please let me know, if there is anyth ing 

further that we may do. 

Sincerely, 

-Aleksei 

Aleksei Chmura, PhD 
Chief of Staff 

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

(b)(6)( office) 

(mobile) -----,--.... 
www.ecohealthalliance.org 

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

On Nov 9, 2018, at 14:14, Timmerman, Michelle (NIH/CSR) [E] 
(b)(6)> wrote : 

Dear Dr. Daszak: 
Your application to PA-18-484 entitled "Understanding the Risk of 
Bat Coronavirus Emergence" (2R0 lAJ 110964-06) has been received 
by the Division of Receipt and Referral in the Center for Scientific 
Review at the NIH. This application is subject to the NIH's policy 
regarding applications requesting $500,000 or more in subtotal direct 
costs for any year. Please see the Application Guide instructions for 
the R&R Budget Form (https://go.usa.gov/xPTR9), part 2.3.7.2 of the 
Grants Policy Statement it references (https://go.usa.gov/xPNCA) 
and the original announcement NOT-OD-02-004 
(https ://go.usa.gov/xPTRX). Please also see Section IV. 7 "Requests 
of $500,000 or more for direct costs in any year" in the Funding 
Opportunity Announcement. 

The policy has the following requirements: 
• The PD/Pl must contact and obtain agreement from an 
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appropriate Institute/Center to accept assignment of the 
application, at least six weeks in advance of submission. 

• The PD/PI must include a cover letter identifying the program 
staff member or the Institute/Center that has agreed to accept 
the assignment of the application. 

• The Institute or Center that is willing to accept the application 
must notify the Center for Scientific Review (CSR), Division 
of Receipt and Referral (ORR) directly, that the application is 
acceptable. 

Your application does not meet these requirements. Please see Total 
Direct Costs less Consortium F&A" in your application, which shows 
the requested budget of$515,358 in each year. Please also see the 
warning in your Commons account that states "ESubmission 
waming:Direct cost requests of $500k or more a year need approval 
to accept assignment from Institute/Center staff, except for RF As or 
PAs with budgetary limits. Applications without such approval may 
be delayed or not accepted for review. (020.52.2)". 

In order for your application to be considered for the current receipt 
cycle, we must receive notification of acceptance from an NIH 
Institute/Center by the end of the day November 16, 2018. If 
notification has not been received by then, your application will be 
withdrawn without review. 

NIH policies on post-submission materials (NOT-OD-15-039) and 
late applications (NOT-OD-17-066) prohibit changing or correcting 
the budget or submitting budget forms on this application at this 
point. 

Please acknowledge the receipt of this email. If you have questions 
about this policy, do not hesitate to contact me. 

Sincerely, 
Michelle M. Timmerman, Ph.D. 
Associate Director 
Division of Receipt and Referral 
Center for Scientific Review/NIH/DHHS 

(b)(6) 
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From: 
To: 

Graham. Adam (NIH/NIAIQ) [El 
Aleksei Chmura 

Cc: Stemmy. Erik INIH/NlAIPl [El: ½'W<M: Dr. Peter Daszak 
SUbject: 
Date: 

RE: IRB Question from Grant Number: 5R01AI 110964 - 05 PI Name: DASZAK , PETER 

Wednesday, October 10, 2018 8:04:39 AM 

Attachments: imaqe00 l.png 

Hi Aleksei, 

You wou ld need to obta in an updated IRB approval from your institut ion and provide notif ication of 

that approval to us. We wou ld not need the Chinese approval, as your IRB approval includes review 

of t hat. 

Thanks, 

Adam Graham 
Grants Management Specialist 

DHHS, NIH, NIAID, GMP 

Room 4E40, MSC 9833 

5601 Fishers Lane 
Bethesda, MD 20892 

(b)(6) 

Effective January 1, 2017, NIH closeout policy has changed (see NOT-OO-17-022). NIH is no longer 

accepting Final Progress Reports (FPR). Grantees must now report final project outcomes using the 

new F-RPPR. For instructions on how to submit the new F-RPPR please see instructions on the NIH 

BPPB Paae. 

ID National tnsliM e of 
Allergy and 
Infectious Diseases 

The informotion in chis e-mail and any of irs attachments is confidential and moy contain sensitive information. It should not be used by anyone who is 
not the intended recipient. If you have received this e-mail in error please inform the sender ond delete it from your mailbox or any other storoge 

devices. The Norionollnstitutes of Allergy and Infectious Diseases (NIAID) sho/1 not occept liability for ony statement mode that are the sender's own 
and not expressly made on beholf of the NIAID by one of its representatives. 

From: Aleksei Chmura (b)(6) ---------------Sent: Wednesday, October 3, 2018 9:46 AM 
To: Graham, Adam (NIH/NIAID) [E]--------(b ... ) =(6) ...:..::=========----------~~ Cc: Stemmy, Erik (NIH/NIAID) [E] (b)( · Dr. 

Peter Daszak (b) (6) 

Subject: IRB Question from Grant Number: SR01Al110964 - 05 Pl Name: DASZAK , PETER 

Dear Adam, 

We have an online, anonymous survey we would like to conduct with 
individuals at the wildlife- domestic animal interface in southern China 
under our award. We are teasing out the different risk and motivating 
factors for Corona.virus and bat exposure as per our specific aim 2 in our 
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proposal. The IRB of our Chinese/local partner the Wuhan School of Public 
Health has reviewed our proposed study and approved it. Bot h the Wuhan 
School of Public Health and EcoHealth Alliance (our institution) have active 
FWAs. This proposed online, anonymous survey is not part of our current, 
approved IRB protocol under our award. 

Our understanding is that we will also need USA IRB approval (as we have had 
with all our other human research) and that having a China- only IRB approval 
will not be sufficient for our proposed online survey. We wanted to confirm 
with you before proceeding with a new US IRB approval. This wi 11 affect our 
participant enrollment numbers too. How would we proceed with this - just 
forward to you our US and China IRB approval notifications or i s t his done 
via Research.gov? If it will be easier, bo t h Hongying Li and I are available 
for a phone call anytime tomorrow or Friday. 

Many thanks, 

-Aleksei 

Aleksei Chmura, PhD 
Chief of Staff 

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

(b) (6)(direct) 
(mobile) 

Aleksei MacDunan (Skype) 

www.ecohealthall iance.org 

Visit our blog: www ecohealthaUiance org/btog 

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

Begin forwarded message: 

From: 11 Graham, Adam (NIH/ NI AID) [E] 11 
(b)(6) 

Subject: Grant Number: 5R01AI110964 - 05 PI Name : DASZAK, PETER 
Date: July 5 2018 at 15:25:16 EDT 
To: 
"Stemm Erik NIH NIAID E ' 

Cc : 'Linde, Emily (NIH/ NIAID) [E]" 
"Glowinski, Irene (NIH/NIAID) [E] " 
"Erbelding, Emily (NIH/NIAID) [E ' 
"Ford, Andrew (NIH/NIAID) [E] " 
Dhana (NIH/ NIAID) [E] 

(b)(6) 

(b)( 

(b)(6) 

(b)(6) 

~huraJ 
(b)(~ 

-------------
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Good aftern oon, 

Attached is a letter notifying you t hat the GoF Research Funding Pause has been lifted 

via the HHS P3CO Framework and that the GoF term-o f-award was removed when t he 

next last Type 5 notice -of-award was issued. 

Please let us know if you have any questions. 

AclamGraham 
Grants Management Specialist 

DHHS, NIH, NIAID, GMP 

Room 4E40, MSC 9833 

5601 Fishers Lane 
Bethesda, MD 20892 

(b)(6) 

Effective January 1, 2017, NIH closeout policy has changed (see NOT-00-17-022). NIH 

is no longer accepting Final Progress Reports (FPR). Grantees must now report final 

project outcomes using the new F-RPPR. For instructions on how to submit the new F

R PPR please see instructions on the NIH RPPR Page. 

ID Natlonn. I Institute of 
Allergy and 
lnfeet,ous Oiseasos 

The informotion in this e-moil ond ony of its otrochments is confidential ond moy contain sensitive information, rt should nor be 

used by anyone who is not the intended recipient. If you have received this e-moil in error please inform the sender and delete it 

from your mailbox or ony other storage devices. The Notional Institutes of Allergy and Infectious Diseases (NIA/DJ shall not accept 

liability for any stotemeot made thar are the sender's own and nae expressly mode on behalf of che l'IIAJD by one of irs 

representatives. 
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From: Peter Qaszak 
To: Stemrny. Erik INIH/NIAIPl [El 
Cc: 
SUbject: 

A!eksei Chmura: Alison Andre: Coomes. Stephanie (NIH/NIAID} (EJ 
RE: AI110964 Site in Laos 

Date: Thursday, September 27, 2018 2:47:40 PM 

Hi Erik, 

Unfortunately, we weren't able to set up a field site in Laos properly - it's a tough country to work in 

with a very slow bureaucracy ... 

Let me know if t he group are passing through any other sites and I' ll be able to either put you in 

t ouch with our on-the-ground staff, or with other groups t hat are of interest... 

Cheers, 

Peter 

Peter Daszak 

President 

EcoHealt h All iance 

460 West 34th Street - 17th Floor 

New York, NY 10001 

Tel. (b)(6) 

www.ecohea lthalliance.org 

@ PeterDasza k 
@EcoHealthNYC 

EcoHealth Alliance leads cutting-edge research into the critical connections between human and 

wildlife health and delicate ecosystems. With this science we develop solutions that prevent 

pandemics and promote conservation. 

From: Stemmy, Erik (NIH/NIAID) (E_( :t""---,e------------se n t: Thursday, September 27, 201 1:43 PM 
To: Peter Daszak 
Cc: Aleksei Chmura; Alison Andre; Coomes, Stephanie (NIH/NIAID) [ E] 
Subject: AI110964 Site in Laos 

Hi Peter, 
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It was nice seeing you a few weeks ago in Beijing ! I have a question for you about your site in Laos 

for your grant Al 110964. Can you give me an idea of t he work they are doing there, and the facil ities 

they are in? Some folks from HHS leadersh ip may be traveling t hrough Southeast Asia, and we've 

been asked to identify sites for possible sit e visits in Laos. I know that the work t here isn't a major 

part of the award, but wanted to check with you to see if this might be one to suggest. I wou ld 

imaging the sampl ing sites are likely remote, but thought t he labs at t he Nationa l Animal Hea lth 

Laboratory might be a suggestion. Please let me know what you th ink. 

Thanks! 

Eri k 

ErikJ . Stemmy, Ph.D. 

Program Officer 

Respiratory Diseases Branch 

Division of Microbiology and Infectious Diseases NIAID/NIH/HHS 

5601 Fishers Lane, Room 8E18 

Bethesda, MD 20892-9825 
Phone (b) (6) 

Email: 

Getting ready to publish? Share the good news with your program officer asap! NIAID may be able to 

help publicize you r article. And, remembe r to list your NIAi D grant or contract number in the 

publication. 
******************************************************************* 

NOTE: This material is intended for the individual or ent ity to wh ich it is addressed. It may contain 

privileged, confidential information that is protected from disclosure under applicable laws. If you 

are not the addressee, or a person authorized to del iver the document to t he addressee, please note 

that you are strictly proh ibited from reviewing, copying, disclosing, disseminating or d ist ributing this 

materia l or any other action based on the contents of this material. If you have received th is 

communication in error, please permanently delete this from your system immediately. Thank you. 
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From: 
To: 
Cc: 
SUbject: 
Date: 

Hi Andrew, 

Stemmy. Erik INIH/NJAIDl [El 
Ford. Andrew (NIH/N)AID} [El 
Strickler-Dinglasan. Patricia /NIH/NIAID} (CJ 
RE: SR01AI110964-05 GoF-P3CO Replacement Term 

Thursday, June 2 1, 2018 2:57:00 PM 

Sorry, I was in training last week and missed this in the shuffle. I think the language is fi ne 

Sorry for the delay! 

Eri k 

From: Ford, Andrew (NIH/NIAID) [E] 

Sent: Thursday, June 21, 2018 2:45 PM 
-------~= To: Stemmy, Erik (NIH/NIAID) [El (b)(6) 

(b) (5) ----

--:---:-:--:-::::===------~~ Cc: St rickler-Dinglasan, Patricia (NIH/NIAID) [C] ___________ Cb_H_6) ; Ford, Andrew 

(N IH/NIAID) [E] (b)(6) 

Subject: FW: SR01Al110964-05 GoF-P3CO Replacement Term 

Hey Erik, 

Thanks, 

Andrew 

From: Ford, Andrew (NIH/NIAID) [E] 

Sent: Thursday, June 14, 2018 9:12 AM 
-------== To: Stemmy, Erik (NIH/NIAID) [El _______ Cb_~_C6)_ ; Kh uran a, Dhana (NIH/NIAID) [El 

(b)(6) 

(b) (5) 

Cc: Ford, Andrew (NIH/NIAID) [E] (b)(6) Strickler-Dinglasan, Patricia (N I H/N IAI D) 

[Cl CbH6) 

Subject: SR01Al110964-0S GoF-P3CO Replacement Term 

Dear Erik and Dhana, 

Attached is a draft letter to t he EcoHealth Alliance noting that NIAID re-reviewed the proposed 

research in accordance w ith the HHS P3CO Framework and revised the terms and conditions of the 

award t o reflect that shou ld certa in growth parameters be met, t he NIAID Program Officer and 

Grants Management Specialist are to be notifi ed immediately and that further resea rch may requi re 

review by DHHS in accordance with the HHS P3CO Framework. 

(b) (5) 
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After your review w e can proceed to have the let ter signed and sent. 

I would be happy to discuss any questions. 

Thanks, 

Andrew 

Andrew Q. Ford, Ph .D. 

Office of Scienti fic Coordi nation and Program Operat ions 

Division of M icrobiology and Infectious Diseases 

NIAID/NIH/DH HS 

5601 Fishers Lane Room 7G64 

Rockvil le, M D 20892 
(b)(6) 

Disclaimer: 
The information in this e-mail and any of its attachments is confidential and may contain sensitive 
information. It should not be used by anyone who is not the original intended recipient. If you have 
received this e-mail in error please inform the sender and delete it from your mailbox or any other storage 
devices. National Institute of Allergy and Infectious Diseases shall not accept liability for any statements 
made that are sender's own and not expressly made on behalf of the NIAID by one of its representatives. 

NIH-001076 

(b) (5l 



From: Peter Qaszak 
To: Stemrny. Erik INIH/NIAIPl [El 
Cc: 
SUbject: 

Smith, Phjlip <NIH/NIAIDI (El: Aleksej O)rnura: Hongying Li : Alison Andre 
SR01A1110964 Coronavirus Year 4 Report 

Date: Wednesday, April 25, 2018 9:27:31 PM 

Dear Erik, 

I just wanted to send you a pdf of our Year 4 Report which I submitted last week. We've had some 

fantastic resu lts th is past year and I've put these in the report summary, but also included the 

discovery of SADS-CoV as another key find ings. As you'll see, we're on track to hit all t he major goa ls 

of the project by the end of YrS, including human quest ionnaires and sampling, risk modeling, more 

in-depth vira l characterization and discovery. 

I know you've likely not had chance to read the report yet, but I also wanted t o check-in with 

you soon about submitt ing a new proposal/renewal to bui ld on t he work we've done. You suggested 

that this wou ld be good timing when we met last summer, and right now I'm looking at the 

November 5th 2018 deadline (renewal). I have a couple of questions on this : First, I've not 

submitted a renewal before the end of a cu rrent R0l, and just want to check that this is the standard 

procedure. Our R01 officia lly ends in May 31st 2019. Secondly, I wanted to check in which study 

section would be best for this. The original proposal went to CFRS-Clinical Resea rch and Field 

Studies of Infectious Diseases. I've asked Alison to set up a time for us to have a quick chat somet ime 

in the next few weeks if possible. 

Cheers, 

Peter 

Peter Daszak 

President 

EcoHealth All iance 

460 West 34th Street - 17th Floor 

New York, NY 10001 
Tel. (b)(6) 

www .ecohea Ith a lliance.org 

@PeterDasza k 

@EcoHealthNYC 

EcoHealth Alliance leads cutting-edge research into the critical connections between human and 

wildlife health and delicate ecosystems. With this science we develop solutions that prevent 

pandemics and promote conservation. 
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From: 
To: 
Subject: 
Date: 

Hi Melinda, 

Stemmy. Erik INIH/NJAIDl [El 
Tibbals, Melinda <NIH/NIAID) [Cl 
RE: number of participants in R01Alll0964 
Thursday, October 26, 2017 2:49:00 PM 

you need more info. 

Thanks! 

Eri k 

From: Tibbals, Mel inda (NIH/NIAID) [C] 
Sent: Thursday, October 26, 2017 2:33 PM 
To: Stemmy, Erik (NIH/NIAID) [E] _______ (b'"'~"'(6)= 

Subject: number of participants in R0lAI 110964 

Hi, Erik, 

(b) <5> Let me know if 

(b)(5 

wi ll be enrol led in R01Al110964, UNDERSTANDING THE RISK OF BAT 
CORONAVIRUS EMERGENCE, Peter Daszak. 

Irene is asking for t he info by 3:00ish. 

Thanks, Melinda 

M elinda Tibbals, RAC, CCRA 

NIH/NJAID/OMID/ROB, ST/8 [CJ 
5601 Fishers Lane 

For FedEx, UPS, and other courier services: Rockvifle, MD 20852 

For US Postal Services: Rockvifle, MD 20892-9825 

Tel: (b)(6) 

Cell -------
(b)(6) 
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From: 
To: 

Normjl, Carjne CNIH/NIAID} (CJ 
Aleksei Chmura 

Cc: 
SUbject: 
Date: 

Stemmy. Erik INIH/NlAIPl [El : Dr, Peter Daszak: Smith, Philip INIH/NIAIDl [El: Alison Andre 
RE: Publication compliance for Grant Number: SR01AI110964 - 04 PI Name: DASZAK, PETER 

Thursday, June 1, 2017 12:50:56 PM 

Thank you, Aleksei ! This information is very much appreciated. 

Best, 

Carine 

&tine .N Oltlllil 

Grants Management Specialist (Contractor) 

Grants Management Program. DEA, NIAID, NIH, HHS 
5601 fishers Lane, Rm 4G46, Bethesda . Maryland 20892 

Phone: (b)(6) ------
Fax: (301)-493-0597 
Email Cb) (6) 

m Natlooal lnttitute of 
Allergy and 
lnfectlOIJS Diseases 

From: Aleksei Chmura (b)(6) 

Sent: Wednesday, May 31, 2017 10:59 AM 
To: Normil, Carine (N IH/NIAID) [C] ---------..,(b).--.(=6) 

Cc: Stemmy, Erik (NIH/NIAID) [E (b)(6) Dr. Peter Daszak 

(b)(6); Smith, Phi lip (NIH/NIAID) [E] (b)(6); Alison --:--::::=========~~ ---------Andre (b) (6) 

Subject: Re: Publication compliance for Grant Number: SR01Al110964 - 04 Pl Name: DASZAK, PETER 

Importance: High 

Dear Carine, 

Please find the att ached documentation of this publication being in compliance with NIH Publ ic 

Access Policy. 

Many thanks most, 

Sincerely, 

-Aleksei 
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Aleksei Chmura 
Senior Coordinator of Operations 

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

L (b) (6j direct) 

mobile) 
e se, MacDurian (Skype) 

www ecohealthall iance org 

Visit our blog: www.ecohealthalliance.org/blog 

EcoHeolth Alliance leads cutting-edge research into the critical connection.s berween human and wildlife healrh and delicate 
ecosystems. With this science we develop solutions that promote conservation and prevent pondemics. 

(b)(6) On 23 May 2017, at 13:12, Normi l, Carine (NIH/N IAID) [C) ----------wrote: 

Good aftern oon: 

Your progress report for the above referenced award has a non-compliant publication. 

Please take t he necessary steps t o bring "Ge XY, Li JL, Yang XL, Chmura AA, Zhu G, 

Epstein JH, Mazet JK, Hu B, Zhang W, Peng C, Zhang YJ, Luo CM, Ton B, Wang N, Zhu Y, 
Crameri G, Zhang SY, Wang LF, Daszak P, Shi ZL. Isolation and characterization of a bat 

SARS-like coronavirus that uses the ACE2 receptor. Nature. 2013 November 

28;503(7477):535-8. PubMed PM/0: 24172901" into compliance with the NIH Public 
Access Policy. 

To comply with the policy, please~ to this email and provide a PDF generated 

report from My NCBI that includes evidence of compliance {PMCID number) for this 

publication. If you believe the above referenced publication does not fall under the 

Public Access Policy, please provide a brief explanat ion. A response is appreciated 

by June 15, 2017. 

If you have questions about the Policy, feel free to contact me via email 

a (b)(6) or send a note toPublicAccess@nih gov. ---------
Best regards, 

Carine 

Grants Management Specialist (Contractor) 

Grants Management Program, DEA, NIAID, NIH, HHS 
5601 fishers Lane, Rm 4G46, Bethesda , Maryland 20892 

Phone (bH ------
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Fax: (301 )-493-0597 
Email: Cb) (6) 

<image001.jpg> 
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From: 
To: 

Stemmy. Erik INIH/NJAIDl [El 
Smith. PhHip <NIHINIAID\ [El 

Subject: 
Date: 

RE: Year 2 Report for SR01Al110964 - 02 PI Name: DASZAK, PETER 
Tuesday, April 25, 2017 12:26:00 PM 

Thanks Philip, will do. 

Erik 

From: Smith, Philip (NIH/NIAID) [El 

Sent: Tuesday, April 25, 2017 12:17 PM 
-------== To: Stemmy, Erik (NIH/NIAID) [E] (b)(6) 

Subject: RE: Year 2 Report for 5R01Al110964 - 02 Pl Name: DASZAK, PETER 

Hi Eri k, 

If you have any additional questions, please let me know. 

Thanks, 

Phi lip Smit h 

'a : 
18l: 

(b)(6) 

From: Stemmy, Erik (NIH/NIAID) [El 

Sent: Tuesday, Apri l 25, 2017 11:58 AM 
To: Smith, Phi lip (N IH/NIAID) [E]------~(b~) =(6) 

Subject: RE: Year 2 Report for SR01Al110964 - 02 Pl Name: DASZAK, PETER 

Hi Phi lip, 

I'm complet ing the checkl ist for this award had had a couple of questions ... 

you think. 

Thanks! 

Erik 
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From: Stemmy, Erik (NIH/NIAID) [E) 

Sent: Thursday, March 16, 2017 1:23 PM 

To: Aleksei Chmura (b)( 

Cc: Smith, Ph il ip (NIH/N IAID) [E] (b)(6) 

Subject: RE: Year 2 Report for 5R01Al110964 - 02 Pl Name: DASZAK, PETER 

Hello Aleksei, 

I've been processing the new foreign clearances you requested and couple of addit iona l quest ions 

came up for the work in Myanmar. Could you respond to the questions below? 

Thank you! 

Erik 

-Will Dr Daszak (or other EcoHealth staff) plan to spend time directly in country in Myanmar? If so, 

please provide an approximate% of t ime. 

-How long do you anticipate the sampling wil l continue? That is, th rough the rema inder of the ROl, 

or a shorter amount of t ime? 

-Can you confirm the tota l amount of US$ to be sent to Myanmar for the work? 

From: Aleksei Chmura (b)(6) --------------Sent: Wednesday, March 01, 2017 12:55 PM ---------""' To: Stemmy, Er ik (NIH/NIAID) [E (b)(6) 

Cc: Smith, Phi lip (NIH/ NIAID) [E] ---------Subject: Re: Year 2 Report for 5R01Al110964 - 02 Pl Name: DASZAK, PETER 

Fantastic to hear, Erik! 

I quite understand and no rush. 

Much appreciated, 

-Aleksei 

On Mar 1 2017 at 17:51, Stemmy, Erik (NIH/NIAID) [E] 
Cb) (6) wrote: 

Hi Aleksei, 

Very sorry for my slow response, I've been swamped lately. I t hink I have everything I 

need to finish with t he foreign clearance, and will let you know if I need anyth ing else. 

Erik 

Erik J. Stemmy, Ph.D. 

Program Officer 

Respiratory Diseases Branch 
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Division of M icrobiology and Infectious Diseases NIAID/N IH/HHS 

5601 Fishers Lane, Room 8E18 

Bethesda, MD 20892-9825 

Phone 

Email: 

(b)(6) 

Getting ready to pub lish? Share the good news w ith your program officer asap! NIAID 

may be able to help publi cize your article. And, remember to l ist your NIAID grant or 

contract number in the publication. 
********************** ************************************* ******** 

NOTE: This material is intended for t he individua l or entity to wh ich it is addressed. It 

may contain privi leged, confidential information that is protected from disclosure 

under applicable laws. If you are not the addressee, or a person authorized to de liver 

the document to t he addressee, please note that you are strictly prohibited from 

reviewing, copying, disclosing, disseminati ng or distributing t his material or any other 

action based on the contents of this material. If you have rece ived this communication 

in error, please permanently delete t his from your system immediately. Thank you 

From: Aleksei Chmura (b)(6) ---------------Sent: Wednesday, March 1, 2017 12:31 PM -------~~ To: Greer, Jenny (NIH/ NIAID) [E] (b)(6) 

Cc: Smith, Phil ip (NIH/NIAID) [E] Stemmy, Eri k (NIH/NIAi D) [E] ---------(b )( 6) 

Subject: Re: Yea r 2 Report for 5R01Al110964 - 02 Pl Name: DASZAK, PETER 

Thanks, Jenny! 

Apologies. I will chase up with Philip and Erik. 

Cheers, 

-Aleksei 

On Mar 1 2017 at 17:28, Greer, Jenny (NIH/NIAID) [E] 
(b) (6) wrote: 

Aleksei, 

Thanks for your emai l. It looks like I did receive your emai l of February 18. 

However, as I mentioned, I am no longer the GMS assigned to th is grant. 

You will need to touch base with Philip Smith for any updates on your 

request. I've copied him on this email for your convenience. 
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All the best, 

Jenny 

Jenny Greer 

Grants Management Specialist 

DH HS/NI H/N IAI D/DEA/G MP 

5601 Fishers Lane, Room 4E49, MSC 9833 

Bethesda, MD 20892-9824 

Phone (b)(6) 

Email: ---------
Effective January 1, 2017, NIH closeout policy has changed (see NOT-00-

17-022). NIH is no longer accepting Final Progress Reports (FPR). Grantees 
must now report final project outcomes using the new F-RPPR. For 
instructions on how to submit the new F-RPPR please see instructions on 

the NIH RPPR Paae. 
Disclaimer: The information in this email and any of its 
attachments is confidential and may contain sensitive information. 
It shou ld not be used by anyone who is not the originally intended 
recipient. If you have received this email in error, please inform 
the sender and delete it from your mailbox or any other storage 
devices. The National Institute of Allergy and Infectious Diseases 
shall not accept liability for any statements made that are the 
sender's own and not expressly made on behalf of NIAID by one of 
its representatives. 

From: Aleksei Chmura (b)(6) 

Sent: Wednesday, March 01, 2017 5:07 AM 
To: Greer, Jenny (NIH/NIAID) [E]--------(b"""')(=6) 

Subject: Fwd: Year 2 Report for 5R01Al110964 - 02 Pl Name: DASZAK, 
PETER 

Hi, Jenny. 

I received an out-of-office message from Erik last month, so just 
wanted to see if you also received my email and PDF attachment 
(below) to Erik and if there were anything else required for now. No 
rush - I am just checking-in. 

Cheers! 

-Aleksei 

Aleksei Chmura 
Senior Coordinator of Operations 

EcoHealth Alliance 
460 West 34th Street - 17th floor 
New York, NY 10001 
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(b) ~ direct) 
_______ mobile) 

Aleksei MacDurian (Skype) 

www ecohealtballiance,ora 

Visit our blog: www.ecohealthalliance.org/blog 

EcoHeolth All/once feods cutting-edge research Into the criticof connections berween human 

ond wildlife health ond delicate ecosystems. With this science we develop solutions that promote 

conservation and prevent pandemics. 

Begin forwarded message: 

From: Aleksei Chmura 
(b)(6) 

Subject: Re: Year 2 Report for 5R01Alll0964- 02 PI 
Name: DASZAK, PETER 
Date: February 18, 2017 at03:18:23 GMT 
To: "Stemm , Erik IH/NIAID) [E]" 

(b)(6) 

Cc: "Greer Jenn I.H/NIAID) [E]" 
(b)(6) "Smith, Philip (NIH/NJAID) 

(b)(6) 

Dear Erik, 

Please find our responses in the attached PDF. If you 
need any additional details, please let me know. 

Many thanks! 

-Aleksei 

Aleksei Chmura 
Senior Coordinator of Operations 

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

(b) (6)(direct) 

(mobile) 
.._..,A.,.le"'"K-s""'ei""'M""a-c-=o,...u""'ri,..an (Skype) 

www.ecohealthalliance.org 

Visit our blog: www.ecohealthall iance org/blog 

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

On Feb 15, 2017, at 08:52 Stemmy Erik 
(NIH/NIAID) [E] _____ (b)(6) 

wrote: 

Hi Aleksei, 

I know you said nothing will be changing from 

your cu rrently approved animal studies, but it 

would be helpful for me in preparing the 

foreign clearance request if you could write a 

few concise sentences about the new animal 

work addressing the following points: 

o Kind or species of animal and 
number to be used 

o Location of the source of the 

animals, if known 

o A brief description of the sampling 

(blood draw, swab, etc) 

o Location from where the animals 
will be obta ined (source) 

o If possible, what will be done with 

the animals after the project ends 
(e.g., euthanized) 

Let me know if you have any quest ions. 

Thanks! 

Erik 

From: Aleksei Chmura 
(b)(6) 

Sent: Monday, February 13, 2017 4:23 PM 

To: Greer, Jenny (NIH/NIAID) [El 
(b)(6) 

Cc: Stemmy, Erik (NIH/NIAID) [El 
(b)(6); Smith, Ph ilip 

(b)(6) (NIH/NIAID) [E] ---------Subject: Re: Year 2 Report for 5R01Al110964 -

02 Pl Name: DASZAK, PETER 

Super! Thanks, Jenny. 

Erik and Philip - please let me know, if you 
have any questions or require additional 
details. We look forward to your responses. 
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Sincerely, 

-Aleksei 

Aleksel Chmura 
Senior Coordinator of Operations 

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

(b) (6)(direct) 
______ _.(mobile) 

Aleksei MacDurian (Skype) 

www ecohea!thalliance org 

Visit our blog: www.ecohealthalliance.org/blog 

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

On Feb 13, 20 17, at 16:18, 
Greer, Jenny (NIH/NIAID) [E] 

(b)(6) wrote: ----------
Aleksei, 

Thank you for your email. I am 

copying Erik on this response so 

he can make sure he has 

everyth ing needed to initiate a 

request for each of these foreign 

sites. I am also copying Philip 

Smith, the grants management 

specia I ist ass igned to t his grant 

for this fiscal year. Please don't 

hesitate to contact either of them 

with any questions you may have. 

Please note that this response 

does not constitute approval and 

it wi ll take at least 3 weeks for a 

final determination to be made. 
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Thanks again! And have a great 

afternoon I 

Jenny 

Jenny Greer 

Grants Management Specialist 

DH HS/NI H/N IAI D/D EA/GMP 

5601 Fishers Lane, Room 4E49, 

MSC 9833 

Bethesda, M D 20892-9824 
Phan (b)(6l 

Email: 

Effective January l , 2017, NIH 
closeout policy has changed 

(see NOT-OD-17-022). NIH is no 

longer accepting Final Progress 
Reports (FPR). Grantees must now 
report final project outcomes 

using the new F-RPPR. For 

instructions on how to submit the 
new F-RPPR please see 
instructions on the NIH RPPR 

Page. 
Disclaimer: The 
information in this email 
and any of its attachments 
is confidential and may 
contain sensitive 
information. It should not 
be used by anyone who is 
not the originally intended 
recipient. If you have 
received this email in error, 
please inform the sender 
and delete it from your 
mailbox or any other 
storage devices. The 
Nationa l Institute of Allergy 
and Infectious Diseases 
shall not accept liability for 
any statements made that 
are the sender's own and 
not expressly made on 
behalf of NIAID by one of 
its representatives. 

From: Aleksei Chmura 

Sent: Friday, February 10, 2017 

2:54 PM 
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To: Greer, Jenny (NIH/NIAID} [E] 
(b)(6) 

Subject: Re: Year 2 Report for 

SR01Al110964 - 02 Pl Name: 

DASZAK, PETER 

Dear Jenny, 

I am just following up with item 
1 and 1 a from your email 
below. As per Peter 's email 
(also below), we would like to 
request prior approval for 
collecting non-human animal 
samples in 7 countries: 
Cambodia, Indonesia, Lao PDR, 
Malaysia, Myanmar, Thailand, 
and Vietnam. 

No new animals will be 
introduced nor any new field 
procedures, we have submitted 
IACUC protocol modification -
for geographic locations only -
and will provide approval dates 
as soon as they are available. 

No work will be conducted until 
we have your approval and 
IACUC approval. 

Testing would be conducted 
locally and if any samples were 
to be transferred to China these 
would be only extracted viral 
DNA - and not the original 
sample material. 

Samples will be collected by 
either our current China field 
team personnel working directly 
with our collaborators in these 
countries or by respective in
country personnel and require 
no more than 10% budget 
modification total (from already 
budgeted China fieldwork) for 
any non-China in-country 
work. 
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Here is the list of our local in
country contacts and 
institutions: 

Cambodia 
Veasna Duong 
Institut Pasteur du Cambodge 
No. 5 Monivong Boulevard 
P.O Box. 983, Phnom 
Penh, Cambodia 

Indonesia 
Joko Pamungkas 
Primate 

(b)(6) 

Research Center at Bogor Agricultural University 
JalanLodayaII/5 ,Bogor 16151, Indonesia 

(b)(6) 

Lao People's Democratic 
Republic 
W atthana Theppangna 
National Animal Health 
Laboratory 
Department of Livestock and 
Fisheries 
Ministry of Agriculture and 
Forestry, Vientiane, Lao PDR 

(b)(6) 

Malaysia 
Torn J. Hughes 
Conservation Medicine, Ltd. 
Suite 4A, Level 4, Main Office 
Tower 
Financial Park Complex, Jalan 
Merdeka, 87000 
Federal Territory of Labuan, 
Malaysia 

(b)(6) 

Myanmar 
Aung Than Toe 
San Pya Clinic 
20/256, Insein Road 
Yangon 11051, Myanmar 
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(b)(6) 

Thailand 
Supaporn Wacharapluesadee 
Neuroscience Center for 
Research and Development 
King Chulalongkom Memorial 
Hospital 
Rama4 Road 
Patumwan, Bangkok, Thailand 
0330,_ ____ --= 

(b)(6) 

Vietnam 
Nguyen Huu Nam 
Faculty of Animal and 
Veterinary Science 
Hanoi Agricultural University 
Trauquy, Gialam, Hanoi, 
Vietnam 

(b)(6) 

If it will be easier to have a 
quick chat about this, I am 
happy to call anytime. Also, if 
this request should be sent more 
formally as a letter attachment, 
we can do that rapidly as well. 

I hope you and yours had a 
lovely Holiday and are 
surviving the blizzard! 

Cheers, 

-Aleksei 

Aleksei Chmura 
Senior Coordinator of Operations 

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

(b) (6)rect) 

obile) 

NIH-001092 



(b) (6), 
' kype) 

www ecohealthalliance org 

Visit our 
blog: www.ecohealthalliance.org/blog 

EcoHeolth Allronce leads cuttmg-edge research 

Into the crrticol conoeccions betwee,1 human 

and wildlife healrh and delicate 

ecosystems. With this science we develop 
solutions that promote conservation and 

prevent pandemics. 

On Aug 1, 2016, at 
12:39, Greer, Jenny 
(NIH/NIAID) [E] 

wrote: 

Thank you for your 

email. To answer 

your questions: 

(b)( 

1. To do any 

work in 

countries 

other than 

Ch ina, you 

wil l need to 

request prior 

approval 

from NIH. To 

do so, 

submit a 

formal 

request, 

including t he 

names, 

institutions, 

and full 

contact 

information 

of any 

institutions 

wit h which 

you w ill 

collaborate 

for such 

NIH -001093 



NIH -001094

activities. Be 

sure to 

indicate 

whether 

animal or 

human 

research wi ll 

be 

conducted 

and what 

funds, if any, 

will be going 

into these 

countries. 

The approva l 

process for 

new foreign 

sites takes at 

least 3 

weeks. 

1a . If you are 

introducing new 

animals into t he 

project, then there 

may be additiona l 

requirements from 

the Office of 

Laboratory An imal 

Welfare (OLAW). 

Again, you wou ld 

need to submit a 

formal request, 

providing a scientific 

justification for the 

inclusion of new 

species on the 

project, and, if 

appropriate, a new 

Vertebrate Animal 

Section. If additional 

IACUC approvals are 

required, you will 

need to provide us 

with the IACUC 

approval dates 
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(but not a copy of 

the actual approva l). 

2. These 

individuals 

are not listed 

in the Notice 

of Award as 

key 

personnel, 

so, from a 

grants 

management 

perspective, 

you do not 

need to get 

prior 

approval for 

this change. 

That said, if 

this change 

or other 

such 

personnel 

changes 

would have a 

significant 

impact on 

t he scope of 

the project 

or t he 

science 

itself, you 

would need 

to at least 

run it by 

your 

Program 

Officer. And 

if it is 

determined 

that 

personnel 

changes 

would cause 

a scope 
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change, then 

you would 

need grants 

management 

approval as 

well. 

3. I do not 

know what 

you are 

asking here. 

It looks like 

we have 

approved 

both the 

Wuhan 

University 

and ECNU 

for work on 

t his project. 

Therefore, 

no additional 

prior 

approval is 

required for 

changes 

unless 

otherwise 

specified in 

the NIH 

Grants Policy 

Statement 

(eg, a change 

of scope). 

Please don't hesitate 

to contact me with 

any addit ional 

questions. I will be 

ava ilable until 2:30 

eastern and then 

again on 

Wednesday. 

All the best, 



Jenny 

Jenny Greer 

Grants Management 

Specialist 

DH HS/NI H/N IAI D/DEA/G MP 

5601 Fishers Lane, 

Room 4E49, MSC 

9833 

Bethesda, MD 

20892-9824 

Phone (b)(6) -Emai l: (b)(6) --------
Discla imer: 
The 
information in 
this email and 
any of its 
attachments 
is confidential 
and may 
contain 
sensitive 
information. It 
should not be 
used by 
anyone who is 
not the 
originally 
intended 
recipient. lf 
you have 
received this 
email in error, 
please inform 
the sender 
and delete it 
from your 
mailbox or 
any other 
storage 
devices. The 
National 
Institute of 
Allergy and 
Infectious 
Diseases shall 
not accept 
liability for 
any 
statements 
made that are 
the sender's 
own and not 
expressly 
made on 
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behalf of 
NIAID by one 
of its 
representatives. 

From: Aleksei 

MacDurian 

Sent: Sunday, Ju ly 
31, 2016 6:06 AM 

To: Greer, Jenny 

{NI H/NIAID) [E] 
(b)(6) 

Subject: Re: Year 2 

Report for 

SR01Al110964 - 02 

Pl Name: DASZAK, 

PETER 

Dear Jenny, 

Since you were not 
cc'ed on the 
original email, I 
wanted to follow 
up with you on 
three things from 
Dr. Daszak's email 
to Erik (included 
below): 

1) Do we need to 
formally request 
permission to 
sample species of 
bats and other high
risk [rodents and 
carnivore] hosts in 
countries that 
neighbor China 
(Myanmar, 
Vietnam, 
Cambodia, Lao 
PDR) and others 
that supply wildlife 
to the international 
trade to China 
(Thailand , 
Malaysia, 
Indonesia). Under 

NIH-001098 
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this award our 
cw-rent US and 
China IACUC 
approved protocol 
via Tufts 
University and 
Wuhan Institute of 
Virology permits us 
to sample these 
species in these 
regions. 

2) We provided Dr. 
Noam Ross' CV 
with our Year 2 
Report. Dr. Ross 
has replaced Dr. 
Hosseini who is no 
longer working on 
this project. Do we 
need to do anything 
else for this? I have 
attached his 
Biosketch here for 
reference. 

3) Ow-Human 
surveillance work 
and local IRB 
approval have all 
been through the 
Wuhan University 
School of Public 
Health (WUSPH) 
in China (DUNS 
No. 529049295). We 
would like now - in 
Years 3 - 5 of our 
award to 
subcontract directly 
with them rather 
than with the 
institution on our 
current budget: 
East China Normal 
University (ECNU) 
School of Life 
Sciences. The 
Wuhan University 
School of Public 



Health budget 
amount would be 
the same annual 
amount as currently 
budgeted for East 
China Normal 
University in these 
same years. 

It may be easier to 
briefly chat about 
these questions via 
telephone. If so, 
you may reach me 
at Cb) (6) 

anytime. 

Many thanks! 

-Aleksei 

Aleksei Chmura 
Senior Coordinator of 
Operations 

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

(b)(6)t ) irect 
obile) 

(Skype) 

www.ecohealthalliance.org 

Visit our 
blog: wvtw .ecohealtha I liance.org/blog 

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

On Fri, May 13, 
2016 at 5:55 PM, 
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Peter Daszak 

wrote: 

Dear Erik, 

I just wanted to 

let you know that 

we submitted our 

Year 2 Report 

yesterday 

(attached as a 
pdf). 

It's been a pretty 

productive year, 

and some of the 

highlights include: 

collecting samples 

from 15 bat 

genera in 

southern China 

with 280 (12%) 
testing positive for 

coronavi ruses; 

SARS-like 

coronavi ruses 

being detected 

inRhino/ophus spp. 

bats in both 

Yunnan and 

Guangdong 

provinces; 7 

published papers 

from work under 

our award 

(including one in J. 

Viral. and one in 

press at J. Viral); 
218 quantitative 

interviews with 

samples and 47 

qualitative coded 

interviews 

conducted 

transcribed and 

NIH -001101 
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translated. 

In the report, I 

highl ight the 

reduced amount 

of wildlife in the 

local markets 

wit hin Southern 

Ch ina compared 

to t hat we've seen 

before, as well as 

t he 

continued expansion 

of the Chinese 

wild life t rade 

within SE Asia so 

t hat it is now a 

largesca le 

international 

activity. It means 

t hat SL-CoVs we 

f ind in t he wi ldlife 

t rade would likely 

have an origin in 

adjacent 

countries. Given 

t hat our 

collaborators and 

f ield team in China 

have great 

contacts in these 

countries, and 

EHA also has f ield 

teams in many of 

t hem, we would 

like to conduct 

short field trips to 

assess markets, 

identify w ildl ife in 

t hem, and sample 

species of bats 

and other high-

risk hosts in 

count ries that 

neighbor China 
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(Myanmar, 

Vietnam, 

Cambodia, Lao 

PDR) and others 

t hat supply 

wild life to the 

international 

t rade to Ch ina 

(Thai land, 

Malaysia, 

Indonesia). All 

samples collected 

would still be 

tested at the 

Wuhan Inst itute 

of Virology in 

Ch ina. Is there a 

formal process to 

ask for permission 

for t his, or is the 

report and this 

email 

appropriate? 

I also wanted to 

let you know 

about a recent 

personnel change. 

Since Dr. Parviez 

Hosseini has 

moved to the US 

Department of 

State as an 

Information 

Advisor earlier t his 

year, we hired 

another sen ior 

researcher Noam 

Ross to conduct 

data analysis and 

spatial mapping. 

Our Year 2 report 

includes his CV. 

Noam has great 

enthusiasm and I 



am eager to see 

his work on our 

data collected to 

date. He has 
already been out 

to Ch ina is hitting 

t he grou nd 

running! 

We have had 

great successes 

t his past yea r and 

I'd be happy to 
discuss any of 

t hem with you, if 

you'd li ke. 

Cheers, 

Peter 

Peter Daszak 

President 

EcoHealth Alliance 

460West 

34th St reet -

17th Floor 

New York, NY 

10001 

(b)(6) (d' ) 1rect 

------- (fax) 

www.ecohealthall iance.org 

EcoHealth Alliance 

leads cutting-edge 

research into the 

critical 

connections 

between human 

and wildlife health 

NIH -001104 
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and delicate 

ecosystems. With 

this science we 

develop solutions 

that promote 

conservation and 

prevent 

pandemics. 

<NIH-NIAID _5R01All 10964 Additional Site Q and A.PDF> 



From: Alekse; Chmura 
To: Greer, Jenny (NIH/NIAID) (E) 
Cc: Stemmy. Erjk INIH/NJAIDl [El: Smith, Phjlip (NIH/NIAIP) (El 
SUbject: Re: Year 2 Report for SR01Alll0964 - 02 PI Name: DASZAK, PETER 

Monday, February 13, 2017 4:24:29 PM Date: 

Super! Thanks, Jenny. 

Erik and Philip - please let me know, if you have any questions or require additional details. 
We look forward to your responses. 

Sincerely, 

-Aleksei 

Aleksei Chmura 
Senior Coordinator of Operations 

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

(b) (6)Jlirect) 

mobile) 
(Skype) 

www.ecohealthalliance.org 

Visit our blog: www ecohealthamance org/blog 

EcoHeolth Allionce leads cutting-edge reseorch into the criticol connections berween human ond wildlife health and delicate ecosystems. 
With this science we develop solutions that promote conservation and prevent pandemics. 

On Feb 13, 20 17, at 16:18, Greer, Jenny (NIWNIAID) [E] 
(b)(6) wrote: ----------

Aleksei, 

Thank you for your email. 1 am copying Erik on th is response so he can make sure he 

has everything needed to initiate a req uest for each of these foreign sites. I am also 

copying Phi lip Smith, the grants management specialist assigned to th is grant for t his 

fiscal yea r. Please don't hesitate to contact eit her of them with any quest ions you may 

have. 

Please note that t his response does not const itute approva l and it will take at least 3 

weeks for a final determination to be made. 

Thanks again! And have a great afternoon! 

Jenny 

NIH -001106 



Jenny Greer 

Grants Management Specialist 

DHHS/NIH/NIAID/DEA/GMP 

5601 Fishers Lane, Room 4E49, MSC 9833 

Bethe a..MD 20892-982~ 
(b)(6) 

Phan 

Email: 

Effective January 1, 2017, NIH closeout policy has changed (see NOT-OD-17-022). NIH 

is no longer accepting Final Progress Reports (FPR). Grantees must now report final 

project outcomes using the new F-RPPR. For instructions on how to submit the new F

R PPR please see instructions on the NIH RPPR Pa,;;e. 
Disclaimer: The information in this email and any of its attachments is 
confidential and may contain sensitive information. It should not be used by 
anyone who is not the originally intended recipient. If you have received this 
email in error, please inform the sender and delete it from your mailbox or any 
other storage devices. The Nationa l Institute of Allergy and Infectious Diseases 
shall not accept liability for any statements made that are the sender's own and 
not expressly made on behalf of NIAID by one of its representatives. 

From: Aleksei Chmura (b)(6) --------------Sent: Friday, February 10, 2017 2:54 PM 
To: Greer, Jenny (NIH/NIAID} [E]------c(b"'") ~(6) 

Subject: Re: Year 2 Report for SR01All l0964 - 02 Pl Name: DASZAK, PETER 

Dear Jenny, 

I am just following up with item 1 and la from your email below. As per Peter's 
email (also below), we would like to request prior approval for collecting non
human animal samples in 7 countries: Cambodia, Indonesia, Lao PDR, Malaysia, 
Myanmar, Thailand, and Vietnam. 

No new animals will be introduced nor any new field procedures, we have 
submitted IACUC protocol modification - for geographic locations only - and will 
provide approval dates as soon as they are available. 

No work will be conducted until we have your approval and IACUC approval. 

Testing would be conducted locally and if any samples were to be transferred to 
China these would be only extracted viral DNA - and not the original sample 
material. 

Samples will be collected by either our current China field team personnel 
working directly with our collaborators in these countries or by respective in
country personnel and require no more than l 0% budget modification tQ1al (from 
already budgeted China fieldwork) for any non-China in-country work. 

Here is the list of our local in-country contacts and institutions: 
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Cambodia 
Veasna Duong 
Institut Pasteur du Cambodge 
No. 5 .Monivong Boulevard 
P.O Box. 983, Phnom Penh, Cambodia 

(b)(6) 

Indonesia 
Joko Pamungkas 
Primate Research Center at Bogor Agricultural University 
JalanLodaY.aIIL5..BoiLqr 16151 , Indonesia 

(b)(6) 

Lao People's Democratic Republic 
Watthana Theppangna 
National Animal Health Laboratory 
Depa1tment of Livestock and Fisheries 
Ministry of Agriculture and Forestry, Vientiane, Lao PDR 

(b)(6) 

Malaysia 
Tom J. Hughes 
Conservation Medicine, Ltd. 
Suite 4A, Level 4, Main Office Tower 
Financial Park Complex, Jalan Merdeka, 87000 

ede.rnUe.rritoJX._of.Lab_ua~, Malaysia 
(b)(6) 

Myanmar 
Aung Than Toe 
San Pya Clinic 
20/256, Insein Road 
Yangon 11051, Myanmar 

- -- (b)(6) 

Thailand 
Supaporn Wacharapluesadee 
Neuroscience Center for Research and Development 
King Chulalongkom Memorial Hospital 
Rama 4 Road 
Patumwan, Bangkok, TI1ailand 10330 

(b)(6) 

Vietnam 
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Nguyen Huu Nam 
Faculty of Animal and Veterinary Science 
Hanoi Agricultural University 
Trauquy, Gialam, Hanoi, Vietnam 

(b)(6) 

If it will be easier to have a quick chat about this, I am happy to call anytime. 
Also, if this request should be sent more formally as a letter attachment, we can 
do that rapidly as well. 

I hope you and yours had a lovely Holiday and are surviving the blizzard! 

Cheers, 

-Aleksei 

Aleksei Chmura 
Senior Coordinator of Operations 

EcoHea lth Alliance 
460 West 34th Street - 17th floor 
New York, NY 10001 

(b)(6) 
lirect) 
obile) 

(Skype) 

www.ecohealthalliance.org 

Visit our blog: www,ecohea!thalliance,org/b!og 

EcoHeolth Alliance /e()ds cut1ing-edge research inro the critical connections between human ond wildlife healrh and 

delicote ecosyscems. With this science we develop solutions that promoce conservation and prevent pandemics 

On Aug 1, 2016, at 12:39, Greer, Jenny (NlH/NlAlD) [E] 
r (b) <4 wrote: 

Thank you for your email. To answer your questions: 

1. To do any work in countries other than China, you will need to 

request prior approval f rom NIH. To do so, submit a formal 

request , includ ing t he names, insti t ut ions, and full contact 

information of any institutions w it h w hich you w ill collaborate for 

such activities. Be sure to indicate whether animal or human 

resea rch w ill be conducted and what funds, if any, wi ll be going 

into t hese countries. The approval process for new foreign sites 

takes at least 3 weeks. 

1a. If you are introducing new animals into t he project, t hen there 

may be additional req uirements from the Off ice of Laboratory Animal 

Welfa re (OLAW). Again, you would need to submit a formal request, 
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providing a scientific justification for the inclusion of new species on the 

project, and, if appropriate, a new Vertebrate Animal Sect ion. If additiona l 

IACUC approva ls are required, you w il l need to provide us w ith the IACUC 

approval dates (but not a copy of the act ual approva l). 

2. These individua ls are not listed in the Notice of Award as key 

personnel, so, from a grants management perspective, you do not 

need to get prior approval for this change. That said, if this change 

or other such personnel changes would have a significant impact 

on the scope of the project or the science itse lf, you would need 

to at least run it by your Program Officer. And if it is determined 

that personnel changes would cause a scope change, then you 

would need grants management approval as well. 

3. I do not know what you are asking here. It looks like we have 

approved both the Wuhan University and ECNU for work on this 

project. Therefore, no additiona l prior approval is requi red for 

changes un less otherwise specified in the NIH Grants Policy 

Statement (eg, a change of scope). 

Please don't hesitate to contact me w ith any additional quest ions. I w ill be 

ava il able unt il 2:30 eastern and then aga in on Wednesday. 

All th e best, 

Jenny 

Jenny Greer 

Grants Management Specialist 

DH HS/NI H/N IAI D/DEA/G MP 

5601 Fishers Lane, Room 4E49, MSC 9833 

Bether MD 20892-9824 
Phon (b) (6)1 

Emai l: _ 

Disclaimer: The information in this email and any of its 
attachments is confidential and may contain sensitive information. 
It should not be used by anyone who is not the originally intended 
recipient. If you have received this email in error, please inform 
the sender and delete it from your mailbox or any other storage 
devices. The National Institute of Allergy and Infectious Diseases 
shall not accept liability for any statements made that are the 
sender's own and not expressly made on behalf of NIAID by one of 
its representatives. 

From: Aleksei MacDurian (b)(6) --------------Sent: Sunday, July 31, 2016 6:06 AM 
(b)(6) To: Greer, Jenny (NIH/NIAID) [E] ---------Subject: Re: Year 2 Report for SR01All10964 - 02 Pl Name: DASZAK, 

PETER 
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Dear Jenny, 

Since you were not cc'ed on the original email, I wanted to follow up 
with you on three things from Dr. Daszak's email to Erik (included 
below): 

1) Do we need to formally request permission to sample species of 
bats and other high-risk [rodents and carnivore] hosts in countries 
that neighbor China (Myanmar, Vietnam, Cambodia, Lao PDR) and 
others that supply wildlife to the international trade to China 
(Thailand, Malaysia, Indonesia). Under this award our current US 
and China IACUC approved protocol via Tufts University and 
Wuhan Institute of Virology permits us to sample these species in 
these regions. 

2) We provided Dr. Noam Ross' CV with our Year 2 Report. Dr. 
Ross has replaced Dr. Hosseini who is no longer working on this 
project. Do we need to do anything else for this? I have attached his 
Biosketch here for reference. 

3) Our Human surveillance work and local IRB approval have all 
been through the Wuhan University School of Public Health 
(WUSPH) in China (DUNS No. 529049295). We would like now - in 
Years 3 - 5 of our award to subcontract directly with them rather than 
with the institution on our current budget: East China Normal 
University (ECNU) School of Life Sciences. The Wuhan University 
School of Public Health budget amount would be the same annual 
amount as currently budgeted for East China Normal University in 
these same years. 

It may be easier to briefly chat about these questions via telephone. If 
so, you may reach me at Cb) (6) anytime. 

Many thanks! 

-Aleksei 

Aleksei Chmura 
Senior Coordinator of Operations 

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

(b) (6) irect) 

obile) 
______ (Skype) 

www ecohealthalliance org 

Visit our blog: www.ecohealthalliance.org/blog 
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EcoHeo/th Alliance leads cutting-edge research into the critical connections between human and 

wildlife health and delicate ecosyscems. With this science we develop solutions thot promote 

conservation and prevent pandemics. 

On Fri, May 13, 2016 at 5:55 PM, Peter Daszak 
r (b) (6)~ wrote: 

Dear Erik, 

I just wanted to let you know t hat we submitted our Year 2 Report 

yesterday (attached as a pdf). 

It's been a pretty productive year, and some of the high lights include: 

collecting samples from 15 bat genera in southern China with 280 

(12%) testing posit ive for coronaviruses; SARS-like coronaviruses being 

detected inRhino/ophus spp. ba ts in both Yunnan and Guangdong 

provinces; 7 published papers from work under our award (includ ing 

one in J. Virol. and (b)(4 218 quantitat ive interviews 

wit h samples and 47 qua litative coded interviews conducted 

t ranscribed and translated . 

In the report, I highlight the reduced amount of wildlife in the local 

markets within Southern China compared to t hat we've seen before, as 

well as the cont inued expansion of the Ch inese wildlife trade within SE 

Asia so that it is now a largescale international activity. It means t hat SL

CoVs we find in the w ildl ife trade would likely have an origin in adjacent 

countries. Given that our collaborators and field team in China have 

great contacts in these countries, and EHA also has field teams in many 

of them, we would like t o conduct short field t rips to assess markets, 

identify w ildl ife in them, and sample species of bats and other high-risk 

hosts in countries that neighbor China (Myanmar, Vietnam, Cambodia, 

Lao PDR) and others that supply wi ldlife to the international trade to 

Ch ina (Tha iland, Malaysia, Indonesia). All samples collected would still 

be tested at the Wuhan Institute of Virology in China. Is there a formal 

process to ask for permission for this, or is the report and t his emai l 

appropriate? 

I also wanted to let you know about a recent personnel change. Since 

Dr. Parviez Hossein i has moved to the US Department of State as an 

Information Advisor earl ier th is year, we hired anot her senior 

researcher Noam Ross to conduct data ana lysis and spatial mapping. 

Our Year 2 report includes his CV. Noam has great enthusiasm and I am 

eager to see his work on our data collected to date. He has al ready 

been out to China is hitting the ground running! 

We have had great successes th is past year and I'd be happy to discuss 

any of them w ith you, if you'd like. 
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Cheers, 

Peter 

Peter Daszak 

President 

EcoHea lth All iance 

460 West 34th Street - 1 ih Floor 

New York, NY 10001 

_____ Cb_>_<6)_,( direct) 

+1.212.380.4465 (fax) 

www.ecohea lthalliance.org 

EcoHealth Affiance leads cutting-edge research into the critical 

connections between human and wildlife health and delicate 

ecosystems. With this science we develop solutions that promote 

conservation and prevent pandemics. 

NIH -001113 



From: 
To: 
Cc: 

Alekse; Chmura 
Stem my. Erik I NIH/NIAIPl [El 
Smith, Philip <NIH/NIAIDI (El 

SUbject: Re: eRA Commons: RPPR for Grant 5R01AI110964·04 Submitted to NIH with a Non-Compliance warning 

Tuesday, April 18, 2017 10:29:47 AM Date: 

Thanks, Erik! 

-Aleksei 

On Apr 18, 2017, at 12:53, Stemmy,Erik(NIH/NIAID) [E] (b)(6) wrote: ---------
Thanks Aleksei. I've passed your response along and will let you know if there are any 

follow up questions. 

Best, 

Erik 

From: Aleksei Chmura (b)(6) ---------------Sent: Monday, April 17, 20171:38 PM 
-------~~ To: Stemmy, Erik (N IH/NIAID) [El (b)(6) 

Cc: Normi l, Carine (NIH/NIAID) [C.':":] ;:::::::;:::::::;:::::::;:::::::;:::::::;:::::::;::::::::;:(b~H= · Or. Peter Daszak 

CbH6J; Smith, Phil ip (N IH/NIAID) [El 
::::==========;;;:::;;;--:;;:-~ CbH ; ~~ffi (b)(6) ---------
Subject: Re: eRA Commons: RPPR for Grant SR01Al110964-04 Submitted to NIH with a 

Non-Compliance warning 

Dear Erik, 

As per Peter, the work is planned to supplement that done by PREDICT and 
hopefully to collaborate with the PREDICT team if possible. The aim is for the 
Co-investigator (Zhengli Shi) and her fie ld team to coordinate with the 
PREDICT Myanmar field team and co-leads to ensure that there is no duplication 
of effort (the NIAID group will not use the PREDICT protocols), and that there is 
the opportunity for cross-training. Samples will be collected from bats and tested 
by PCR for SARS-like Corona viruses, then for positive samples, to do a series of 
further characterization of the viruses using the techniques Zhengli has developed 
in her lab ( spike protein binding assays etc.). 

Samples collected will also be made available to the Myanmar lab so that the 
PREDICT protocols can be run in-country. 

Please let me know, if you have any further questions. 

Cheers, 

NIH -001114 



Aleksei Chmura 
Senior Coordinator of Operations 

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

(b)(6) 
li rect) 
obile) 

(Skype) 

www ecohealthaUjance.org 

Visit our blog: www.ecohealthalliance.org/blog 

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

On 13 A r 2017, at 12:26, Stemmy, Erik (NIH/NIAID) [E] 
Cb) (6) wrote: 

Thanks Aleksei! 

One add itional it em. In processing the foreign clearance for Myanmar, 

the State Department requested a little bit more information on how the 

project relates to the PREDICT work. Specifical ly, they've asked: 

"could you ask the PI to clarify how they are working with the USAID 
funded PREDICT Project - it is our understanding that ECO-Health is a 
partner in PREDICT and the sampling methods, etc. described are similar 
to activities in PREDICT (it may b e that the PR is going to be doing 
additional testing on already collected samples, but that is not clear from 
the information provided)." 

It sounds li ke they just want to cla ri fy whether the sampling work is in 

addit ion to the PREDICT work. Wil l this be specif ic sampling for MERS 

beyond what is already being done? 

Best, 

Erik 

From: Aleksei Chmura (b)(6) ---------------Sent: Wednesday, April 12, 2017 7:42 PM 
To: Stemmy, Erik (NIH/NIAID) (E]--------=(b"'") "--="'(6) 

Cc: Normil, Carine (N IH/NIAID) [C] (b)(6)· Peter Da szak 

(b)(6) Smith, Phil ip (NIH/NIAID) [E] 

Subject: Re: eRA Commons: RP PR for Grant SR01Al110964-04 Submitted 

to NIH with a Non-Compliance warning 

Dear Erik, 
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The non-compliant paper referenced above has been uploaded in 
NIHMS and should be updated in Peter's My NCBl as soon as 
NIHMS approves it. 

Many thanks ! 

-Aleksei 

Aleksei Chmura 
Senior Coordinator of Operations 

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

(b) (6)Jirect) 
\iobile) 
(Skype) --------

www.ecohealthalliance.org 

Visit our blog: www ecohealthal!iance org/blog 

EcoHeolth Allio nee leods cutting-edge research into the cr1ticol connections between human 

and wildlife health ond dehcote ecosystems. With this science we develop solutions thot promote 

conservation and prevent pandemics. 

On Thu, Apr 13, 2017 at 12:10 AM, <era-notify@majl.nih.gov> 
wrote: 

••• This is an automated notification - Please do not reply to this message. ••• 

Dear Grantee, 

The progress report for the above-reference award includes citation(s) that are 
out of compliance with the NIH Public Access Policy. Compliance with the NIH 
Public Access Policy is a legal requirement and a term and condition of al l NIH 
awards. This award wi ll be delayed until all publications arising from it are in 
compliance with the policy. 
The Authorized Organization Representative (AOR) or PD/Pl with delegated 
Progress Report Submit Authority must provide verification that all publications 
are in compliance with the NIH Public Access Policy. to the Grants Management 
Specialist (GMS). The Public Access compliance verification may be submitted 
either using the new Progress Report Additional Material (PRAM) link on the eRA 
Commons Status page or via email. 

Instructions for SO/AOR verification: 

• Verify that the PD/PI has used My NCBI to enter 
publications and/or update compliance status. 

• Include a My NCBI PDF report demonstrating all the 
formerly non-compliant public access citations are now 
compliant. To process your award, every citation in the 
report should be either complete, in process or exempt N/ A). 
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NIH -001117

Please 
see http://publicaccess.nih.gov/citation methods.htm for 
more information about acceptable compliance statuses for 
public access papers. We have more information about My 
NCBI athttp://publicaccess.nih.gov/communications.htm. 

• If unable to provide verification, provide a justification for 
why the specific publication(s) cannot be brought into 
compliance. 

NIH awardees are responsible for ensuring that evidence of compliance is 
included in all NIH applications, proposals and reports. If you have questions 
about the Policy, please check the NIH Public Access Website or send an email 
to PublicAccess@nih.gov. 
For any further questions about this email, call the eRA Help Desk at 1-866-504-
~ or refer to http://grants.nih.gov/support for additional methods of contact. 
Please access Commons at http://public.era.nih.gov/commons/. 
For more information please visit http·//era.nih.gov/ 
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From: 
To: 
Subject: 
Date: 

era-ootify@mail .njh.goy 
NIAIP FCTS: Stemmy. Erik INIH/NIAIDl (El : Bernabe. Gayle INIH/NIAIDJ (El : Greer. Jenny /NIH/NIAIDl (El 
FACTS: State Department Clearance Request Approved 

Friday, March 17, 2017 5: 14:30 AM 

*** This is an automated notification - Please do not reply to this message. *** 

Project Number: R0IAII 10964-03 
PI Name: PETER DASZAK 
Project Title: Understanding the Risk of Bat Corona virus Emergence 

Country: THAILAND 
SDCR Initiated By: Gayle Bernabe 
SDCR Status: Approved 
Action Comment: We note that the Pis include USAID Regional Development Mission for 
Asia partners currently undertaking similar work in the same countries through the Emerging 
Pandemic Threats PREDICT 2 project. The distinction between that project and this one is not 
immediately clear. 

If you have any questions , please contact the eRA Help Desk at 
http: //grants.nih.gov/support/jndex.html OR call 1-866-504-9552 (tty: 301-451-5939) OR 
helpdesk@od.nih.gov. 



From: 
To: 

Stemmy. Erik INIH/NJAIDl [El 
Peter Paszak: Alison Andre 

Cc: Aleksei Chmura: Smith. Philip (NIH/NIAID) [El: Evelyn Luciano 
SUbject: 
Date: 

RE: Out of Office RE: Year 2 Report for SR01Al11096'1 - 02 PI Name: DASZAK, PETER 

Thursday, March 16, 2017 2:11:00 PM 

Thank you Peter! 

Erik 

ErikJ. Stemmy, Ph.D. 

Program Officer 

Respiratory Diseases Branch 

Division of M icrobiology and infectious Diseases NlAlD/NIH/HHS 

5601 Fishers Lane, Room 8E18 

Bethesda, MD 20892-9825 

Phone 
(b)(6) 

Email: 

Getting ready to publish? Share the good news with your program officer asap! NIAID may be able to 

help publicize your article. And, remember to list your NIAi D grant or contract number in the 

publ ication. 
**************************************************** ** ************* 

NOTE: This material is intended for the ind ividual or entity to which it is addressed. It may conta in 

privileged, confidential information that is protected from disclosure under applicable laws. If you 

are not the addressee, or a person authorized to deliver the document to the addressee, please note 

that you are strictly prohibited from reviewing, copying, disclosing, disseminating or distributing this 

materia l or any other action based on the contents of this material. If you have received th is 

commun ication in error, please permanently delete this from your system immediately. Thank you. 

From: Peter Daszak (b)(6) ---------------Sent: Thursday, March 16, 2017 2:10 PM 
To: Stemmy, Erik (NIH/NIAID) (E]------~(b~)(~ -; Alison Andre 

(b)(6) 

Cc: Aleksei Chmura (b)(6) Smith, Phi lip (NIH/N lAlD) [E) 

(b)( Evelyn Luciano (b)( ----------Subject: RE: Out of Office RE: Year 2 Report for 5R01Al110964 - 02 Pl Name: DASZAK, PETER 

Hi Erik, 

l've just returned from travel and we'll get answers to you on this by Monday COB. 
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Cheers, 

Peter 

Peter Daszak 

President 

EcoHealth Al liance 

460 West 34th Street - 17th Floor 

New York, NY 10001 

(b)(6)(d . ) irect -------
+1.212.380.4465 (fax) 

www.ecohea lthalliance.org 

EcoHealth Alliance leads cutting-edge research into the critical connections between human and 

wildlife health and delicate ecosystems. With this science we develop solutions that promote 

conservation and prevent pandemics. 

From: Stemmy, Erik (NIH/NIAID) [E] (b) ( 

sent: Thursday, March 16, 2017 1:33 PM 
To: Alison Andre 
Cc: Peter Daszak; Aleksei Chmura; Smith, Philip (NIH/NIAID) [E] 
Subject: FW: Out of Office RE: Year 2 Report for SR01AI110964 - 02 PI Name: DASZAK, PETER 

Hello Alison, 

I received an out of office message from Aleksei. I am working on new foreign clearances for the 

grant referenced above, and need some add it ional information for the site in Myanmar. Wou ld you 

be ab le to help address the questions below? 

Thank you, 

Erik 

-Will Dr Daszak (or other EcoHealth staff) plan to spend time directly in country in Myanmar? If so, 

please provide an approximate% of time. 

-How long do you anticipate the sampling wil l continue? That is, through the remainder of the ROl, 
or a shorter amount of t ime? 

-can you confirm the total amount of US$ to be sent to Myanmar for the work? 

From: Aleksei Chmura (b)(6) --------------Sent: Thursday, March 16, 2017 1:23 PM 
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To: Stemmy, Erik (NIH/NIAID) (E] _______ Cb_>_< 

Subject: Out of Office RE: Year 2 Report for 5R01Al110964 - 02 Pl Name: DASZAK, PETER 

Thank you for your email. 

I will be out of the office and traveling until 20 March 2017. During this time, I may not have regular access to emails and 
voice messages. If you should need immediate assistance, please contact Alison Andre at (!,) (6) 
Otherwise, I will respond to your message as soon as possible. 

Sincerely, 

Aleksei Chmura 
Senior Coordinator of Operations 

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

(b) (6)t rect) 
nobile) 
(Skype) 

www.ecohealthall iance.org 

Visit our blog: www.ecohealthalliance.org/blog 

EcoHeolth Allio nee leads cutting-edge research into the critical conneclions between human and wildlife health and delico1e 

ecosystems. With this science vie develop solutions thot promote conservat,on and prevent pandemics. 
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From: Peter Qaszak 
To: Fenton. Matthew /NIH/NIAID) [El: Erbeldjng. Emjly (NIH/NIAJP) [El: Cassettj. Crjstina (NIH/NIAID) (El: Lilli!.e. 

Emily (NIH/NIAID) (El : Post, Diane / NIH/NIAID) [El : Stemmy. Erik (NIH/NIAID) (El 

Cc: 

Subject: 
Date: 

Aleksei Chmura 
FW: Regarding 2R01AI110964-06 

Sunday, April 11, 2021 5:14:05 PM 

Attachments: 
Importance: 

Response to NIH April 2021 re. reactivation and suspension of 2R01AI1 10964,odf 
High 

Dear all, 

I'm just forwardi ng my response (attached letter and email chain below) to Michael Lauer re. the 10 
cond itions imposed on the grant to EcoHea lth All iance. 

I've tried to stick to a logica l argument, but I'm also m indfu l of the dozens o f FolA requests targeting 

EHA and myself and that previous letters have been leaked to the press, so have made sure all 

deta ils are laid out. I do not aim to make this letter public, of course and am sending this to you 

confidentia lly. 

As per my emai l to Dr. Lauer below, the intent of this letter is to demonstrate in good faith what we 

believe are reasonable efforts to address these conditions and to state the limits of what is possible. 

The goal is full and rapid reinstatement of our funding - not only because of the damage t his has 

already done to our organ ization and my personal safety, but more importantly because 

coronavi ruses are likely continuing to spill over into people in the region and our research may help 

reduce that risk. 

Thanks for all you r help and support and I wil l let you know what I hear back from the Director's 

Office in due course. 

Cheers, 

Peter 

Peter Daszak 
President 

EcoHealth Al liance 

520 Eighth Avenue, Suit e 1200 
New York, NY 10018-6507 
USA 

Tel. : (b)(6) -------
Website: www ecohealtballiance org 
Twitter: @PeterDaszak 
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G EcoHealth Alliance 

Dr. Michael Lauer 
Deputy Director for Extramural Research, 
NIH, Bethesda, MO. 

Response to the Reinstatement and immediate suspension of 2R01Al110964 

"Understanding the Risk of Bat Coronavirus Emergence" 

April 11th 2021 
Dear Dr. Lauer, 

I am responding your letters of 7/8/2020 and 10/3/2020 regarding the reinstatement and immediate 
suspension of NIH grant 2R01Al110964 "Understanding the Risk of Bat Coronavirus Emergence", that 
was terminated "for convenience" on 4/24/2020. In particular, this letter addresses the conditions you 
state would need to be fulfilled in order for us to have access to the funds to continue this work. 

As you know, we had not set up any subcontracts to the Wuhan Institute of Virology under this renewal 
ROl. Immediately following NIH 's letter on 4/19/2020 that the WIV was being 'investigated', we 
suspended all plans for contractual work with WIV. This termination of a funded relationship with the 
institute makes it extraordinarily difficult and more likely impossible to provide the information 
requested about an autonomous foreign organization - as would also be the case for a domestic one -
that our organization neither works with currently, nor has control over. 

Additionally, our collaborative work with the Wuhan Inst itute of Virology prior to your grant termination 

letter of 4/24/2020 and that planned in the suspended grant, is wholly unrelated to many of the 
conditions listed below. These conditions also pertain to certain events and situations that in no way 
involve EcoHealth Alliance or are not under our control. Thus, most of the conditions below are either 
unrelated to EcoHealth Alliance's planned research in our highly rated, approved and funded grant 
application, and/or to the biosafety of our continued research funded by the suspended grant when it is 

reinstated in full. 

Furthermore, in our recent correspondence with NIH regarding the latest in a series of FolA requests, we 

were informed (1/26/2021- see email correspondence at the end of this letter) by an NIH staff member 
Garcia-Malene Gorka that "any indication from my program that there is an ongoing investigation into 
WIV can now be disregarded, as we recently confirmed there are no pending investigations into that 

organization." Because this was the explanation in your initial letter of 4/19/2020 for the decisions from 
your office regarding restrictions on, termination of, then reinstatement and suspension of our grant, 
we believe that these decisions should now be reassessed. 

EcoHealth Alliance 
520 Eighth Avenue, Suite 1200 

New York, NY 10018 
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Despite our concerns about the relevance, fairness, or ability to fulfil the conditions as set forth in detail 
below, I have made extensive efforts to satisfy NI H's broad concerns, and have provided details of how 
these are relevant to each condit ion below. This includes serving as an expert on the WHO-China joint 
Mission on the Animal Origins of COVID-19, which involved 1 month on the ground in China (including 2 

weeks locked in quarantine), at great personal burden and risk to me, to our organization, and to my 
family. I undertook this mission at a time when I have had increasing levels of personal attack and 
harassment, including a white-powder letter to my home address a few weeks after the details of our 
grant termination went public, and death threats that begun at the same time and continue to this day. 
It is clear in the wording of these attacks that many are a direct result of dangerous conspiracy theories 
inadvertently amplified by NI H's grant termination, and repeated in the condit ions listed below. This 

type of harassment has accelerated to the point that personal security guards are now stationed at my 
home address, where I have also had to install invasive equipment and set up procedures to protect my 
family against expected violent attacks. Additionally, I now meet regularly with FBI agents and others at 
my home to monitor these threats. As I am sure you appreciate, this has a significant toll on my work, 
my personal life and my family. 

Below, I detail our response to each of the conditions placed on our suspended grant, in an effort to 
provide as much information as possible and to explain the limitations on what we can do to respond. I 
look forward to your reply and hope that these will allow NIH to lift the suspension on funding so that 
we can continue our work to help protect our nation, indeed the global population, against future 

coronavirus pandemics. Should you wish, I feel certain we may discuss these points without legal 
counsel in a scientist-to-scientist conversation, as you have suggested verbally to others at NIH, and they 
have conveyed to me. 

1. Provide an aliquot of the actual SARS-CoV-2 virus that WIV used to determine the viral sequence. 

We believe this condition is effectively impossible for us to fulfil, for the following reasons. Firstly, there 
is no scientific nor administrative rationale for us to attempt to obtain a SARS-CoV-2 aliquot given that it 
is not part of our funded collaboration with WIV. Secondly, EcoHealth Alliance scientists do not have any 

capacity to work on such an aliquot (EHA does not conduct virological laboratory work on SARS-CoV-2) 
in the USA. This further reduces the validity of a scientific basis for this request to WIV. Thirdly, 
EcoHealth Alliance scientists were not part of the work that WIV conducted to determine the viral 
sequence of SARS-CoV-2, and this was not part of our (then active) ROl funded collaboration. This is 
publicly stated by the lack of EHA authors listed on the paper and the lack of acknowledgement of our 

grant as a funding source for this work. This publicly discounts any claim of sample ownership or control. 
Fourthly, the collaborative research laid out in our now-suspended grant does not include the shipping 
of human viral isolates out of China. Finally, during the last 16 months, there has been a series of vit riolic 
attacks from the US Government accusing China of bioengineering and releasing SARS-CoV-2 or of 
otherwise allowing COVID to become pandemic. Given these attacks, and WIV's status as a government 

entity, it seems to us incredulous that any request, particularly without scientific rat ionale, from a US 
non-profit to a Chinese Government laboratory for an active sample of a pathogenic human virus would 
likely be successful. We note that 1) to our knowledge China has not supplied such an aliquot to any 
formal request from a government; and 2) that if circumstances were reversed and a Chinese non-

Eco Health Alliance 
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governmental instit ution requested a similar pathogenic viral aliquot from a US government BSL-4 
laboratory, this would also be unlikely to be fulfilled. 

While we understand that it may be of scientific interest to some US-based researchers to analyze this 

viral sequence, this scientific interest could easily be satisfied without the need for an aliquot. The full 
genome of this viral sequence was uploaded to a freely accessible database on January 10 2020, and has 
been used widely by scientists in the USA (included those funded by NIH) and around the world in their 
work. Furthermore, isolates of the virus from patients in Thailand and Australia during early 2020 are 
essentially the same, and have been shared extensively. 

2. Explain the apparent disappearance of Huang Yanling, a scientist / technician who worked in the 

WIV lab but whose lab web presence has been deleted. 

International experts on the WHO COVID-19 origins mission, including myself, asked direct questions on 
this issue to staff at WIV, including the Director of the institute, the P4 Lab Director, Or. Shi and others. 

The response from all was consistent, as stated in the WHO mission report published 3/30/2020: "This 
person according the WIV staff was an alumnus who graduated in 2015 and was now working in a 

different province and did not accept to talk with media. The person had been contacted and tested and 
ascertained to be healthy." 

Given that the WHO team was not given access to this individual, and that China's personal privacy laws 
are preclude our ability to insist on a meeting, it is difficult to see how a request from a US non-profit 
would have been approved. It seems at the least to be significantly outside the remit of a US-based non
profit organization to inquire further about the whereabouts of a citizen of a foreign country who has 
never to our knowledge been involved in our work, and over whom we have no control, influence, nor 

legal responsibility. 

Finally, while many conspiracy theorists have suggested that the lack of a web presence of this person 
suggests some nefarious act ivity, there are dozens of unremarkable and routine reasons why a person 
may be removed from a web listing of employees or students. Not least of these is when a staff member 
leaves an institution, or a student graduates. 

3. Provide the NIH with WIV's responses to the 2018 U.S. Department of State cables regarding safety 
concerns. 
We believe that WIV senior staff comments reported in the WHO COVID origins mission report directly 
address this request in that they publicly state that no significant safety issues were found in their 

laboratory prior to, or following, the emergence of COVID. Any questions regarding the safety of the 
WIV also need to be put into the context of the widely published history of this lab as being built to 
international safety engineering standards, adhering to international safety practice standards indicated 
in the BMBL, and with lead WIV staff t rained in safety in the United States by a known authority running 
the BSL-4 lab at the University of Texas Medical Branch in Galveston (as reported in the U.S. Dept of 

State cables). Furthermore, no verifiable evidence of safety issues have been reported prior to, or 
following the U.S. Dept of State cables. 

Eco Health Alliance 
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Regarding the U.S. Dept. of State cables, these do not in fact provide evidence of safety concerns at the 
laboratory. Neither do they convincingly imply safety issues. In fact, they may be simply interpreted as a 
request for funding from a diplomatic mission set up to further joint US-China research. It is important 

to note that initially only very limited phrases from these cables were selectively leaked by a 
Washington Post reporter in an opinion piece that did not verify nor quote direct sources. This opinion 
piece is demonstrably incomplete in its reporting, however it has been widely cited as providing 
evidence of safety issues at WIV (https://www.washingtonpost.com/opinions/2020/04/14/state
department-cables-warned-safety-issues-wuhan-lab-studying-bat-coronaviruses/}. I have some detailed 

knowledge of the background to these cables because the diplomatic visit to WIV that they report was a 
direct result of our NIH-funded work. As part of Eco Health Alliance's work in China over the past 15 
years, including that funded by NIAID, I visited the US Embassy in Beijing regularly and was involved in 
discussions with US Embassy staff to set up a field visit to the WIV in order to generate goodwill 
between the US and China at a time when President Trump was planning a state visit. I did this out of a 

sense of duty to our government, and to the NIH so that our project could help foster goodwill between 
our countries, as well as provide an indication of the importance of NIH's work. Following the US 
Embassy staff mission, I was told by people privy to the cable's contents that the articles were positive 
and supportive of the work we were doing under NIAID funding, and that the t rip was a success. 

Now that the full text of these cables (embedded at the end of this letter) has been released with minor 

redactions (https://news.slashdot.org/story/20/07 /20/0611205/full-text-of-us-state-department-cables
finally-released-showing-safety-in-chinese-lab), it seems that this more positive interpretation is 
justified. As you can see in the excerpts below, the request for more laboratory technician support could 
be reasonably interpreted as simply a request for the funding for more laboratory technician support, 
rather than a statement that the lab was unsafe, particularly given that the visit was set up as part of an 

effort to further develop US-China collaborative research opportunities. Furthermore, the cables are 
extremely positive about the importance of the collaborative work we were conducting with WIV under 

NIAID funding: 

"REDACTED noted that the new lab has a serious shortage of appropriately trained technicians and 
investigators needed to safely operate this high-containment laboratory. University of Texas Medical 

Branch in Galveston (UTMB), which has one of several well-established BSL-4 labs in the United States 
(supported by the National Institute of Allergy and Infectious Diseases (NIAID of NIH)), has scientific 

collaborations with WIV, which may help alleviate this talent gap over time. Reportedly, researchers 
from GTMB are helping train technicians who work in the WIV BSL-4 lab. Despite this they would 
welcome more help from U.S. and international organizations as they establish "gold standard" 

operating procedures and training courses for the first time in China." 

"The ability of WIV scientists to undertake productive research despite limitations on the use of the new 

BSL-4 facility is demonstrated by a recent publication on the origins of SARS. Over a five-year study 
REDACTED (and their research team) widely sampled bats in Yunnan province with funding support from 

NIAID/NIH, USAID, and several Chinese funding agencies. The study results were published in PLoS 
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Pathogens online on Nov. 30, 2017 (1 ), and it demonstrated that a SARS-like coronaviruses isolated 
from horseshoe bats in a single cave contain all the building blocks of the pandemic SARS-coronavirus 

genome t hat caused the human outbreak. These results strongly suggest t hat the highly pathogenic 
SARS-coronavirus originated in this bat population. Most importantly, the researchers also showed that 
various SARS-like coronaviruses can interact with ACE2, the human receptor identified for SARS 

coronavirus. This finding strongly suggests that SARS-like coronaviruses from bats can be transmitted to 
humans to cause SARS-l ike disease. From a public health perspective. this makes the continued 
surveillance of SARS-like corona viruses in bats and study of the animal-human interface crit ical to 

future emerging coronavirus outbreak pred ict ion and prevention ." 

4. Disclose and explain out-of-ordinary restrictions on laboratory facilities, as suggested, for example, 

by diminished cell-phone traffic in October 2019, and the evidence that there may have been 

roadblocks surrounding the facility from October 14-19, 2019. 

The WIV staff categorically stated to the WHO mission that their lab is audited annually and no unusual 

events have been ident ified. The reports of diminished cell-phone traffic and roadblocks have not been 
verified or published by reliable sources. Furthermore, should hard evidence of diminished cell-phone 

traffic and roadblocks exist, it is not necessarily indicative of any issues related to concerns about the 
laboratory studies underway or safety or security incidents within the laboratory. These issues could be 
explained by any one of a series of issues that occur regularly in the US without nefarious connotations. 

For example, they could be due to roadwork or other infrastructure repair or maintenance, technical 
problems with cell-phone transmission, or rerouting of traffic as regularly occurs in Washington DC and 
other cities due to transport of visit ing dignitaries or other events. Finally, there is no credible reason to 

think that any request a US non-profit might make to the Chinese government for an explanation of 
t raffic or cell-phone issues would result in any response. 

5 . Explain why WIV failed to note that the RaTG13 virus, the bat-derived coronavirus in its collection 

with the greatest similarity to SARS-CoV-2, was actually isolated from an abandoned mine where 

three men died in 2012 with an illness remarkably similar to COVID-19, and explain why this was not 

followed up. 

Since your letter of 7/8/2020, it has been widely reported that WIV scientists have published an 
addendum to their original paper in Nature that described SARS-CoV-2 and compared it phylogenetically 

to RaTG13. In this follow-up publication, they explain the rationale for conducting work in this mine, and 
any potent ial connection to the miner's illnesses and deat hs. Importantly, they state that serological 
results in their lab at the time of the incident did not show that these miners were positive for SARSr

CoVs as some media articles have suggested. They then re-tested the miner samples in 2020 using a 
range of assays, and found no evidence of SARS-related CoV, nor of SARS-CoV-2 specific antibodies or 
nucleic acid. During the meeting of the WHO mission team with WIV staff, they were asked a series of 

questions about the miner's illnesses. The responses were that, while symptoms identified were similar 
to COVID in that they had pneumonia (a common occupational hazard for miners), their symptoms were 
also similar to other bacterial or fungal pneumonias. This, and the lack of evidence for SARSr-CoV 

infection, led them to conclude that SARS or COVID infect ion was not the cause of these miner's 
illnesses. 

Eco Health Alliance 
520 Eighth Avenue, Suite 1200 

New York, NY 10018 

EcoHealthAlliance.org NIH -001127 



6. Additionally, EcoHealth Alliance must arrange for WIV to submit to an outside inspection team 

charged to review the lab facilities and lab records, with specific attention to addressing the question 

of whether WIV staff had SARS-CoV-2 in their possession prior to December 2019. The inspection 

team should be granted full access to review the processes and safety of procedures of all of the WIV 

fieldwork (including but not limited to collection of animals and biospecimens in caves, abandoned 

man-made underground cavities, or outdoor sites). The inspection team could be organized by NIAID, 

or, if preferred, by the U.S. National Academy of Sciences. 

The WHO mission was negotiated at the very highest levels as the legitimate way to proceed in an 
invest igation of COVID-19 origins, particularly with such critical geopolitical ramifications from this 
pandemic. Given the intensity of political attacks and conspiracy theories around this lab, it is 
unreasonable to expect that the Chinese government or WIV would respond to a request from a US non

profit for an outside inspection team. The 11 international expert members of the WHO team included 
authorities on epidemiology, animal-origin viral infections and One Health. Members of this team have 

extensive experience conducting lab audits (e.g. Dr. Peter Ben Embarek}, running laboratories dealing 
with human clinical samples (e.g. Ors. Dominic Dwyer, Thea Fischer), and commissioning, managing and 

accrediting laboratories in foreign countries (myself, Dr. Fabian Leendertz). The WHO-China Joint Study 
report details the field site visits to multiple labs in Wuhan, including the WIV and summarizes our 
findings. This includes information on the management of the WIV, safety at the labs, audits and training 

and testing of staff. I acted in good fa ith to try to conform to the WHO terms of reference while ensuring 
that as much information on the laboratory was provided in the report. This information specifically 
addresses one of your questions above, with categorical statements from WIV senior staff that they did 
not have SARS-CoV-2 in their possession prior to December 2019. 

After returning to the USA, and in the weeks prior to the publicat ion of the report, I worked hard to 
make sure this critical information was shared as rapidly as possible with the US Government and 
agencies, including by: 

• Briefing Ors. Anthony Fauci and Clifford lane of NIAID on the findings of the mission; 

• Presenting a fu ll talk about the work to the NIAID COVID Pl group that meets weekly 

• Briefing FBI and other US Government intelligence agency staff 

• Briefing members of the US NASEM Forum on M icrobial Threats 

• Briefing staff on the White House National Security Council 

• Briefing staff on the House Committee for Science, Space, and Technology 

7 . Lastly, EcoHealth Alliance must ensure that all of its subawards are fully reported in the Federal 

Subaward Reporting System 

This has been done and all subawards fully reported as soon as we could once you notified us of this 

requirement in your letter of 7/8/2020. 

8. Provide copies of all EcoHealth Alliance - WIV subrecipient agreements as well as any other 

documents and information describing how EcoHealth Alliance monitored WIV's compliance with the 

terms and conditions of award, including with respect to biosafety. 

Eco Health Alliance 
520 Eighth Avenue, Suite 1200 

New York, NY 10018 
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As we related in response to your letter of 4/19/2020 that asked us to suspend work with WIV, we had 
not yet set up a subcontract with WIV for the period of this award, therefore no such subrecipient 

agreements exist. Our plan was to monitor WIV's compliance as we had in the S years prior, by means of 
semi-annual meetings with the lead investigator and assessments of compliance against all conditions of 

the award. Additionally, following the NIH's termination, then reinstatement and suspension of our 
funding, we have contracted with a leading lab biosafety contractor based in Southeast Asia (Dr. Paul 
Selleck) who has extensive experience commissioning, accrediting and auditing BSL-2, -3, and -4 labs, 
and has worked for over a decade at the BSL-4 Australian Anima l Health Lab. We will be using their 
services where appropriate for foreign lab subcontractees to assess lab biosafety procedures and 
conduct audits, including following the full reinstatement of 2R01Alll0964. Finally, we have appointed a 

Senior Field Veterinarian who will oversee all Eco Health Alliance fieldwork in the region and ensure 
continued compliance with biosafety when conducting animal capture, sampling and sample handling. 
We have done this at EcoHealth Al liance's own expense, despite our unblemished record on biosafety, 
to pre-empt calls for further sanctions against our work given the continued attacks against EcoHealth 
All iance in the press after the termination of our NIH grant. 

9. Describe EcoHealth's efforts to evaluate WIV's risk of noncompliance with Federal statutes, 

regulations, and the terms and conditions of the subaward. 

Over a 15-year period of collaboration with WIV, we have found no evidence to suggest that there was 
any element of noncompliance with any of the conditions of the grants or contracts covering our 
collaboration. Our interactions with all staff at the institute have been professional, respectful, open, 
and with a focus on the science at a very high level. This has contributed to a relationship built on trust 
and one that is entirely comparable to our scientific collaborations with laboratories in the US, Europe, 
Australia, Thailand and over 20 other count ries. We continue to believe that this laboratory is highly 
competent and is an extremely low risk for undisclosed accidental release of virus, and there is no 
verifiable indication as to why we should not continue to believe so. We would of course consider a 
change in this assessment if significant and verifiable evidence of lab biosafety issues or breach of other 
Federal statutes are brought forth, but to date we are aware of none. 

10. Provide copies of all WIV biosafety reports from June 1, 2014 through May 31, 2019. 
Given the intense geopolitical pressure around the accusations that WIV intentionally or accidentally 
released SARS-CoV-2 (something which the WHO mission deemed 'extremely unlikely'), obtaining such 
information is not a plausible option at present. 

11. Additional information, re. Lack of ongoing investigation into Wuhan Institute of Virology by NIH: 

From: Garcia-Malene, Gorka (N IH/OD) [E] (b)(6) 

Sent: Tuesday, January 26, 2021 12:20:51 PM 

To: [REDACTED] 
Cc: [REDACTED] Bartek, Lauren (NIH/NIAID) [E]; NIH FOIA 
Subject : [EXT] FW: FOIA Case No. 55702 re: EcoHealth Alliance & Grant No. R01A l110964-6 

Eco Health Alliance 
520 Eighth Avenue, Suite 1200 

New York, NY 10018 
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Good afternoon, [REDACTED] -

I'd like to insert myself into the unfolding FOIA conversation in hopes of providing some helpfu l 
context. Our records show that th is competing renewal has in fact been funded. In addition, 
any indication from my program that there is an ongoing investigation into WIV can now be 
disregarded, as we recently confirmed there are no pending investigations into that 
organization. If we can agree on the above, all that would remain is to receive your proposed 
redactions to the records sought under the FOIA request. 

Please let me know if there are any questions. I look forward to facil itating the Pre-Disclosure 
Notification process as efficiently as possible. 

Best regards. 

Gorka Garcia-Malene I FOIA Officer for the National Institutes of Health 

From: [REDACTED] 
Sent: Monday, January 25, 2021 5:21 PM 

---------'="'""'= To: Bartok, Lauren (NIH/NIAID) Cb)(6) -----------
Cc: [REDACTED] 
Subject: FOIA Case No. 55702 re: EcoHealth Alliance & Grant No. R01Al110964-6 

Dear Ms. B artok: 

As you may recall, this furn represents EcoHealth Alliance, Inc. ("EcoHealth Alliance"), with 
respect to certain FOIA requests, including the instant request, FOIA Case No. 55702. The instant 
request seeks the same documents sought last year in FOIA Case No. 53996, regarding the research 
project Understanding the Risk of Bat Coronavirus Emergence, funded under grant 
2R01AI110964. A copy of our prior letter regarding FOIA 53996 is available via the link provided 
below using the password [REDACTED]. On the grounds set forth in the letter, FOIA 53996 was 
denied in its entirety. 

Likewise, FOIA 55702 should be denied and the grant documents should be withheld. First, grant 
2R01All 10964-06 remains an unfunded competing renewal grant that is the subject of a pending 
first-level appeal and, thus, the materials are not subject to disclosure under NIH Grants Policy 
Statement §2.3.11.2.2. Moreover, in the context of the appeal, NIH has made multiple requests for 
further information regarding The Wuhan Institute of Virology ("WIV"), which requests indicate 
that a law enforcement investigation concerning WIV remains ongoing. Second, ai; demonstrated 
by the recent attack on the US Capital fueled by disinformation and conspiracy theories, the need 
to protect the privacy of E.coHealth Alliance's employees and affiliates is more important than 
ever. Last, while EcoHealth Alliance did not initially identify that the grant proposal contained 
confidential-commercial and propriety info1mation, this is not dispositive. Moreover, since the 

Eco Health Alliance 
520 Eighth Avenue, Suite 1200 

New York, NY 10018 
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filing of the renewal application, there bas been a global COVID-19 pandemic, which has sparked 
international and highly competitive research in the area of bat coronavimses. 

At the very least, the responsive documents will require significant redactions. \.Vhile the grant 
documents were previously reviewed and redacted in connection with FOIA 53996, we require a 
further opportunity to review the documents to confirm, inter alia, that all personnel information 
has been removed given the heightened risk of harm in this unprecedented political environment. 
Accordingly, EcoHealth Alliance respectfully requests a forty-five (45) day extension of time to 
respond to FOIA 55702, to allow sufficient time for EcoHealth Alliance to conduct a further review 
of the responsive documents and provide an updated letter response that incorporates recent 
developments and specific j ustifications for additional redactions. 

Please confirm that NIH will deny FOIA 55702 in its entirety or that NIH is agreeable to EcoHealth 
Alliance's request for an extension of time to provide a particulruized response to FOIA 55702. 
Please also confirm NIH's receipt of this email. 

Thank you. 

Best, 
[REDACTED] 

FOIA Case No. 53996 - EcoHealth Alliance's Letter Response to FOIA Request, dated June 5, 
2020 (With Exhibits) 
[REDACTED] 

Tarter 

&
Krins_ky 
Drogin 

[REDACTED] 

Tarter Krinsky & Drogin LLP 
1350 Broadway I New York I NY I 10018 
www.tarterkrinsky.com I Unkedln 
COVID-19 RESOURCE CENTER 

12. Publicly released details of U.S. Department of State Cables regarding vi5it to Wuhan Institute of 
Virology, as cited in condition #3 above. These are available from a number of sources, including the 
Washington Post and (https ://news.slashdot.org/story/20/07 /20/0611205/full-text-of-us-state
department-cables-finally-re leased-showing-safety-in-chi nese-1 ab). 

EcoHealth Alliance 
520 Eighth Avenue, Suite 1200 

New York, NY 10018 

EcoHealthAlliance.org 
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China Opens First Bio Safety Level 4 Laboratory 

1. (SBU) Summary and Comment; The Chinese Academy of Sciences (CAS) has recently 
established what is reportedly China's first Biosafety Level 4 (BSL-4) laboratory in Wuhan. 
This state-of-the-art facility is designed for prevention and control research on diseases that 
require the highest level of biosafety and biosecurity containment. Ultimately, scientists hope 
the lab will contribute to the development of new antiviral drugs and vaccines, but its current 
productivity is limited by a shortage of the highly trained technicians and investigators required 
to safely operate a BSL-4 laboratorv and a lack of claritv in related Chinese oovernment nolicies 
and guidelines. l(b)(S) I 
b)(5) 

I b){5) I End Summary and Comment . ..__ ___ ..... 
China Jnvesting in Jnfectious Disease Control 

2. (U) Between November 2002 and July 2003, China faced an outbreak of Severe Acute 
Respiratory Syndrome (SARS), which, according to the World Health Organization, resulting in 
8,098 cases and leading to 774 deaths reported in 37 countries. A majority of cases occurred in 
China, where the fatality rate was 9.6%. This incident convinced China to prioritize 
international cooperation for infectious disease control. An aspect of th is prioritization was 
China's work with the Jean Merieux BSL-4 Laboratory in Lyon, France, to build China's first 
high containment laboratory at Wuhan's l'nstitute of Virology (WN), an institute under the 
auspices of the Chinese Academy of Sciences (CAS). Construction took 11 years and $44 
million USD, and construction on the facility was completed on January 31, 2015. Following 
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two years of effort, which is not wrnsual for such facilities, the WIV lab was accredited in 
February 2017 by the China National Accreditation Service for Confonnity Assessment. It 
occupies four floors and consists of over 32,000 square feet. WIV leadership now considers the 
lab operational and ready for research on class-four pathogens (P4), among which are the most 
virulent viruses that pose a high risk of aerosolized person-to-person transmission. 

Unclear Guidelines on Virus Access and a Lack of Trained Talent Impede Research 

3. (SBU) In addition to accreditation, the lab must also receive permission from the ational 
Health and Family Planning Commission (NHFPC) to initiate research on specific highly 
contagious pathogens. According to some WIV scientists, it is unclear how NHFPC detennines 
what viruses can or cannot be studied in the new laborato1y. To date, WIV has obtained 
pennission for research on three viruses: Ebola virus, ipah virus, and Xinjiang hemoJThagic 
fever virus (a strain of Crimean Congo hemorrhagic fever found in China's Xinjiang Province). 
Despite this permission , however, the Chinese government has not allowed the wrv to impo1t 
Ebola viruses for study in the BSL-4 lab . Therefore, WIV scientists are frustrated and have 
pointed out that they won't be able to conduct research project with Ebola viruses at the new 
BSL-4 lab despite of the permission. 

b)(6) 

I b)(B) jrhus, while the BSL-4 lab is ostensibly fully accredited, its utilization is 
limited by lack of access to specific organisms and by opaque government review and approval 
processes. As long as this situation continues Beijing's commitment to prioritizing infectious 
disease control - on the regional and international level, especially in relation to highly 
pathogenic viruses, remains in doubt. 

b)(6) noted that the new lab 
has a serious shortage of a ro riately trained technicians and investigators needed to safely 
operate this high-containment laborat01y. University of Texas Medical Branch in Galveston 
(UTMB), which has one of several well-established BSL-4 labs in the United States (su_12ported 
by the ational Institute of Allergy and Infectious Diseases ( IAID of IH)), has scientific 
collaborations with WIV, which may hel alleviate this talent ga over time. Re ortedly, 
researchers from GTMB are helping train technicians who work in the WIV BSL-4 lab. Des ite 
this,fb)(B) ~hey would welcome more help from U.S. and 
international orgamzat1ons as they establish ' 'gold standard" operating procedures and training 
courses for the first time in China. As China is building more BSL-4 labs, including one in 
Harbin Veterinary Research Institute subordinated to the Chinese Academ~ of Agricultural 
Sciences (CAAS) for veterinary research us{b)(B) _ ~he training for 
technicians and investigators working on dangerous pathogens will certam y be in demand. 

Despite Limitations, WlV Researchers Produce SARS Discoveries 
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6. (SBU) The ability of WIV scientists to undertake productive research despite limitations on 
the use of the new BSL-4 facil i is demonstrated b a recent publication on the origins of 
SARS. Over a five-year study (b)<5) (and their research team) widely sampled 
bats in Yunnan province with funding su_Q ort from NIAID/NIH, USAID and several Chinese 
funding agencies. The study results were published in PLoS Pathogens online on Nov. 30, 2017 
(1), and it demonstrated that a SARS-like coronaviruses isolated from horseshoe bats in a single 
cave contain all the building blocks of the pandemic SARS-coronavirns genome that caused the 
human outbreak. These results strongly suggest that the highly pathogenic SARS-coronavirus 
originated in this bat population. Most importantly, the researchers also showed that various 
SARS-like coronaviruses can interact with ACE2, the human receptor identified for SARS
coronav irus. This finding strongly suggests that SARS-l ike coronav iruses from bats can be 
transm itted to humans 10 cause SA RS-like disease. From a public health perspective> this 
makes the continued surveillance of SA RS-like corona viruses in bats and study of the animal
human interface critical to future emerging coronavirus outbreak prediction an prevention~(D)(5) I 

r)<5) ~ WTV scientists are allowed to study the SARS-hke coronaviruses isolated 
from bats whlie t ey are precluded from studying human-disease causing SARS coronavirus in 
their new BSL-4 lab until permission fo r such work is granted by the NHFCP. 

l. Hu B, Zeng L-P, Yang X-L, Ge X-Y, Zhang W, Li B, et al. (20 17) Discovery of a rich gene 

pool of bat SARS-related coronaviruses provides new insights into the origin of SARS 

coronavirus. PLoS Pathog 13(1 1): el 006698. https://doi.org/10.1371/journal.ppat.1006698 
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We await your response at the earliest opportunity. 

Yours sincerely, 

Dr. Peter Daszak 

President 

(b)(6) 

(t) (b)(6) (e) ________ Cb_ >_c6))_ 

cc. Dr. Aleksei A. Chmura (Chief-of-Staff) 

Eco Health Alliance 
520 Eighth Avenue, Suite 1200 

New York, NY 10018 

EcoHealthAlliance.org 
NIH -001135 



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

From: Peter Daszak (b)(6) ------------
Sent: Sunday, April 11, 202 1 4:36 PM 
To: 'Lauer, M ichael (NIH/OD) [E]' ------=(b'"'"')(=6) 

Cc: Aleksei Chmura (b)(6) 'Lauer, Michael (NIH/OD) [E]' 
------~(b;:-)(~6):-----------

Subject: Regarding 2R01Al110964-06 

Importance: High 

Dear Dr. Lauer, 

Please find attached a detailed response to your two previous letters. 

I hope you will take our response in the way it was intended - a good fa ith effort to address as far as 

is reasonably possible the general concerns that NIH has expressed to us, wit h a goal of rapid and full 

removal of th e suspension on funding for this crit ically import ant work. 

Cheers, 

Peter 

Peter Daszak 

President 

EcoHealth All iance 

520 Eighth Avenue, Suite 1200 

New York, NY 10018-6507 

USA 

Tel. : _____ Cb>_C6)_ 

Website: www ecohealt halliance.org 

Twitter: @PeterDaszak 

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

(b)(6) From: Lauer, Michael (NIH/OD) [E] ---------Sent: Wednesday, March 10, 2021 5:37 AM 

To: Peter Daszak 

Cc: Aleksei Chmura >; Lauer, M ichael (NIH/OD) [E] 
______ _=;(b;:;:)::;;(6);;---------

NIH -001136 



Subject: Re: Regarding 2R01Al110964-06 

Dear Dr. Daszak 

Attached please find two letters that I sent you previously. 

Sincerely, 
Michael S Lauer, MD 

Michael S Lauer, M D 

NIH Deputy Director for Ext ramural Research 

1 Cent er Drive, Building 1, Room 144 

Bethesda MD 20892 __ (b~ ,~,6)= 
Phone '\ 

Email: 

From: Peter Daszak (b)( 
.....,..-~-,.----,,-,,-,........,....,.----

Date: Thursday, March 4, 2021 at 10:02 PM 
To: "Lauer, Michael (NIH/OD) [E]" (b)(6) 

Cc: Aleksei Chmura (b)(6){Peter Daszak:J REDACTED> ~ .,,..,...,..,,.,...,..,,..,,...,,-,,-.,,..,,..-------
Subject: Regarding 2R0 lAil 10964-06 

Dear Dr. Lauer, 

I spoke yesterday with my program officer and other NIAID staff regarding our grant on the 

risk of coronavirus emergence (2R01Al110964-06) t hat includes collaboration with scientists 

at t he Wuhan Institute of Virology, China. [Peter Daszak:] REDACTED joined the meeting and 

told me about his conversation with you about the conditions currently in place on our grant 

and my efforts to address some of them via my recent work in Wuhan with the WHO. He also 

commented that you would be willing to talk with me, as Pl of this award, about a pathway to 

reinstate this grant. I would very much value this and am emailing to see if we can arrange a 

time that's suitable for you, perhaps next week if possible? 

I'm cc' ing my assistant REDACTED, who can help arrange a suitable time, and also our Chief of 

Staff Aleksei Chmura, who I would hope could join us, as someone who can access any 

relevant information on t his award, and gained his own Ph.Das part of our original ROl work 

in China. I want to reassure you that I would not request to talk with legal counsel or bring 

them into a conversation, and that this would be a discussion with scientists focused on the 

goals of the grant, focused on research to protect us all against further coronavirus spillover. 

Sincerely, 

Peter 

NIH -001137 



Peter Daszak 

President 

EcoHealth Al liance 

460 West 34th Street 

New York, NY 10001 

USA 

Tel.: (b)((;) ---------
Website: www ecabealtball iaoce arg 

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

conservation 

Disclaimer 

The information contained in this communication from the sender is confidential. It is intended solely for use 
by the recipient and others authorized to receive it. If you are not the recipient, you are hereby notified that 
any disclosure, copying, distribution or taking action in relation of the contents of this information is strict ly 
prohibited and may be unlawful. 

This email has been scanned for viruses and malware, and may have been automatically archived by 
Mimecast, a leader in email security and cyber resilience. Mimecast integrates email defenses with brand 
protection, security awareness training, web security, compliance and other essential capabilities. Mimecast 
helps protect large and small organizations from malicious activity, human error and technology failure; and 
to lead the movement toward building a more resilient world. To find out more, visit our website. 

Disclaimer 

The information contained in this communication from the sender is confidential. It is intended solely for use 
by the recipient and others authorized to receive it. If you are not the recipient, you are hereby notified that 
any disclosure, copying, distribution or taking action in relation of the contents of this information is strictly 
prohibited and may be unlawful. 

This email has been scanned for viruses and malware, and may have been automatically archived by 
Mimecast, a leader in email security and cyber resilience. Mimecast integrates email defenses with brand 
protection, security awareness t raining, web security, compliance and other essential capabilities. Mimecast 
helps protect large and small organizations from malicious activity, human error and technology fa ilure; and 
to lead the movement toward building a more resilient world. To find out more, visit our website. 
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From: 
To: 
Cc: 

Subject: 
Date: 
Attachments: 

Lauer Michael <NIH/OD} [El 
Matthew R.Torsiello 
Linde. Emily <NIHINIAIDl [El: Stemmy, Erik /NIH/NIAIDl (El; Andrew N, Krinsky: Nets L Uppert: Black. Jodi 
(NIH/OD\ (El ; Erbeld ing , Emily (NIH/NIAID} [El: BulJs. Michelle G. (NIH/OD} [El : Peter Daszak; Aleksei Chmura; 
I auer Michael (NIH/OD) [El 
Re: EcoHealth Alliance re Suspension of NIH Grant No. 2R01 AI 110964-6 
Friday, August 14, 2020 5:17:14 AM 

imaaeoo1.ona 
EcoHealth Alliance - Letter to NIH re Grant suspension 8-13-2020 <with Exhibits\(21.pdf 

Dear Mr. Torsiello -letter received. 

Thank you, Mike 

Michael S Lauer, MD 
NIH Deputy Director for Extramural Research 
1 Center Drive, Building 1, Room 144 

Bethe da..l)IIQJ..013.9,..2 -~~ 
(b)(6j 

Phon 

Email 

From: "Matthew R.Torsiello" (b)(6) -------------0 ate: Thursday, August 13, 2020 at 5:54 PM 
--------~~ To: "Lauer, Michael (N IH/OD) [E)" (b)(6) 

==============:.;;:;;;-Cc: "Linde, Emily (N IH/NIAID) [El" (b)(6), "Stemmy, Erik (NIH/N IAID) [E]" 

(b)(6) "Andrew N. Krinsky" (b)( , "Nels T. Lippert" ---------- (b)(6) "Black, Jodi (NIH/OD) [E]" (bH6l, "Erbelding, ____________ .. 
Emily [NIH/NIAID) [El" (b)(6) "Bulls, Michelle G. (NIH/OD) [El" 

________ (b_H_6l, Peter Daszak ___________ (b_>_~ ·, Aleksei Chmura 

(b)( , "Li nde, Emily (NIH/NIAID) [El" (b)(6) --------------Subject: EcoHealth Alliance re Suspension of NIH Grant No. 2R01 Al 110964-6 

Dr. Lauer: 

Please see the attached letter from Andrew Krinsky on behalf of EcoHealth Alliance, Inc., 
regarding the decision by NIH to suspend NIH Research Grant 2R0 l AI 110964-6 on or about 
July 8, 2020. 

Please confirm receipt. Thank you. 

NIH -001139 
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Tarter 
Krinsky 

&Drogin 

Tarter Krinsky & Drogin LLP 
1350 Broadway 
New York, NY 10018 
p (b) (6) 

F 212.216.800 I 
www .tarterkrinsky.com 

Via Email, Certified Mail, & FedEx 
(b)( V 

Michael S. Lauer, MD 
NIH Deputy Director for Extramural Research 
National Institutes of Health 
National Institute of Allergy and Infectious Diseases 
I Center Drive, Building I, Room 144 
Bethesda, Maryland 20892 

Andrew N. Krinsky. Partner 
(b)(6) , Direct Dial 

August 13, 2020 

Re: Suspension of NIH Grant 2R01 AI 110964-6 

Dear Dr. Lauer: 

This firm represents EcoHealth Alliance, Inc. ("EcoHealth Alliance"), in connection with 
the post-award decision by the National Institute of Allergy and Infectious Diseases ("NIAID"), 
an Institute within the National Institute of Health ("NIH"), under the Department of Health and 
Human Services ("HHS"), on July 8, 2020, to suspend grant 2R01 AI 110964-6 (the "Suspension:"), 
which funds the project Understanding the Risk of Bat Coronavirus Emergence (the "Project"). 

This letter constitutes EcoHealth Alliance's initial response to the Suspension, which was 
due to purported concerns regarding the safety of unspecified research being conducted at the 
Wuhan Institute of Virology ("WIV") and for EcoHealth Alliance's alleged failure to report certain 
subawards in connection with grant 2R01 AI 110964-6 (the "Grant").1 As set forth in more detail 
below, the Suspension is unjustified as WN has no connection to the Project or EcoHealth 
Alliance's current research and EcoHealth Alliance had not issued any subawards in connection 
with the Grant at the time of the Suspension. Moreover, NlAlD is not authorized under 45 CPR 
§§ 75.371, 75.205, and 75.207, entitled Spec(fic Award Conditions, to impose, interalia, conditions 
that consist of demands for information regarding entities that are neither subrecipients of grant funds 
nor project affiliates.2 Accordingly, EcoHealth Alliance hereby demands that the Suspension be 
withdrawn and all funding in the HHS Payment Management System be released immediately. 

BACKGROUND 

A. EcoHealth Alliance 

EcoHealth Alliance is a prolific New York-based nonprofit institution dedicated to 
protecting the health of people, animals, and the environment from emerging zoonotic diseases. 
For more than a decade, EcoHealth Alliance has been conducting cutting edge scientific research 

1 A copy of my prior letter, dated May 22, 2020, regarding NIJ-l's tem1ination of !he Grant, is attached hereto as Exhibit 1. 
2 Notwithstanding NIH's lack of authority to impose extraneous conditions on the Grant and Project, EcoHealth 
Alliance has made a good faith effort to respond to NIH's questions regarding wrv. 
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EcoHealth Alliance 
August 13, 2020 
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to identify hundreds of new coronaviruses ("CoVs") in bats and to study the capacity of these 
viruses to infect human cells. The purpose of this research is to identify high risk populations so 
international actors can leverage their resources to address potential pandemics. In cooperation 
with a global network of over seventy partners, including academic institutions, intergovernmental 
and governmental agencies, infectious disease surveillance laboratories, and other international 
and national organizations in over thirty countries, EcoHealth Alliance's work has led to numerous 
scientific papers published in high impact journals. These publications have been critical in raising 
awareness of the threat that Co Vs pose to global health, the global economy, and U.S. National Security. 

EcoHealth Alliance has a long history of successful cooperation with NIH including 
multiple Research Project Grant ROI awards. In particular, Peter Daszak, EcoHealth Alliance's 
President and Chief Scientist, has been the Principal Investigator on more than five 
multidisciplinary R0ls. As demonstrated by Dr. Daszak's research, which produced the fir t ever 
global emerging disease "hotspots" map that identified locations in the world where viruses with 
pandemic potential are most likely to emerge, EcoHealth Alliance is uniquely qualified to assist in 
both identifying the origins of severe acute respiratory syndrome coronavirus 2 ("SARS-Co V-2") 
and developing and implementing strategies to combat coronavirus disease 2019 ("COVID-19"). 

Significantly, at this time, EcoHealth Alliance is working with several countries including, 
inter alia, Bangladesh, Cote d'Ivoire, Indonesia, Liberia, Malaysia, Republic of Congo, and 
Thailand to distribute PPE and provide critical reagents to test for and contain COVID-19. 
Notably, this effort is being supported by both the United States Department of State and the 
United States Agency for International Development. EcoHealth Alliance is also assisting the U.S. 
Geological Survey, the U.S. Fish & Wildlife Service, the International Union for Conservation of 
Nature, the World Health Organization, the World Organization for Animal Health, and the World 
Bank Group to place the COVID-19 pandemic in historical context, assess the risk of COVID-19 
resurgence and spillover impacts, and determine best practices and cost-effective solutions to 
combat the virus. In sum, EcoHealth Alliance's research agenda is more consequential than ever. 

B. Nill Is.sues EcoHealtb Alliance A Five-Year Research Grant To Continue The Project 

NIH issued EcoHealth Alliance an initial five-year research award for the Project in 2014. 
In 2019, EcoHealth Alliance submitted a renewal application to NIH through NIAID that 
contained a revised scope of work, research goals, and proposed collaborators and sought to extend 
the Project for an additional five years. Upon filing of its renewal application, the Project was 
ranked as an "extremely high priority" (in the top 3%) by NIAID during its external review 
process. In light of its success, the absence of any allegation that EcoHealth Alliance had violated 
the terms and conditions of its prior awards, and the importance of EcoHealth Alliance's continued 
research, on July 24, 2019, NIH reauthorized grant ROI AI 110964 and issued EcoHealth Alliance 
a notice of award in the amount of $733,750.00 funded under grant 2R01 AI 110964-6.3 

3 A copy of the notice of award , dated July 24, 2019, is attached hereto as Exhibit 1-A. 
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C. EcoHealth Alliance Informs HHS That WIV Is Not A Subrecipient Of Grant 
Funds And Agrees Not To Collaborate With WIV In Connection With The Project 

On April 19, 2020, Michael S. Lauer, IvID, NIH Deputy Director for Extramural Research, 
sent a letter to EcoHealth Alliance on behalf of NIH regarding WIV. The letter stated that, given 
allegations that COVID-19 "was precipitated by the release from WIV of the coronavirus 
responsible for COVID-19", NIH was pm-suing suspension of WIV from participating in Federal 
programs. However, Dr. Lauer assured EcoHealth Alliance that "[t]his suspension of the sub
recipient does not affect the remainder of [EcoHealth Alliance's] grant assuming that no grant 
funds are provided to WIV following receipt of this email during the period of suspension." 4 

On April 21, 2020, Dr. Daszak of EcoHealth Alliance responded by email to Dr. Lauer 
stating that he could "categoticaJJy state that no funds from [sic] 2R0I AI 110964-6 have been 
sent to Wuhan Institute of Virology, nor has any contract been signed." Dr. Daszak further 
represented that EcoHealth Alliance would comply with all NIAID requirements . Dr. Lauer 
acknowledged (1) that no monies from grant 2R01 AI 110964-6 had gone to WIV and no contract 
between EcoHealth Alliance and WIV had been signed and (2) EcoHealth Alliance's agreement 
that it would not provide any funds to WIV until and unless directed otherwise by NIH.5 

D. NIH Unlawfully Terminates The Grant "For Convenience" 

Notwithstanding NIH's representation that suspension ofWIV would not affect EcoHealth 
Alliance's ongoing research, the Grant, or the Project, on April 24, 2020, NIH notified EcoHealth 
Alliance by letter that, effective immediately, the Grant and Project had been terminated (the 
"Termination"). The purported grounds for the Termination were: (1) convenience; (2) NIH' s 
discretion not to award a grant, or to award a grant at a particular funding level ; and (3) NIH's 
belief that the Project outcomes did not align with the program goals and agency priorities. 6 As a 
result of the Termination, EcoHealth Alliance was notified by HHS that it was required to submit 
a Final Research Performance Progress Report for the Project. 

E. EcoHealth Alliance Files A First-Level Appeal Of The Termination 

On May 22, 2020, by letter, EcoHealth Alliance filed a first- level appeal of the Termination 
on NIH, pursuant to NIH Grants Policy Statement Section 8.7 and 42 CFR 50, Subpart D (the 
"Appeal"). (Ex. 1). In its Appeal , EcoHealth Alliance argued, inter alia, that: (1) NIH research 
grants are not subject to termination for convenience; (2) NIH's discretion to award a grant at a 
particular funding level did not authorize NIH to issue a post-award decision to terminate a duly 
awarded grant during the budget period; (3) the research goal of the Project and the NIAID are 
substantiaJJy identical ; and (4) there was no rational basis to terminate the Grant for cause. 

4 A copy of the NIAID's letter regarding WIV, dated April 19, 2020, is attached hereto as Exhibit 1-8. 
5 A copy of the email correspondence between NIH and EcoHealth Alliance is attached hereto as Exhibit 1-C. 
6 A copy of the NIAID's letter regarding the Termination, dated April 24, 2020, is attached hereto as Exhibit 1-D. 
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F. NIAID Withdraws The Termination But Suspends The Grant Due To Alleged Safety 
Concerns At WIV And For EcoHealth's Purported Failure To Report Subawards 

Lacking a rational basis for its decision to terminate the Grant, on July 8, 2020, Dr. Lauer 
notified EcoHealth Alliance by letter that NIAID had withdrawn its termination of the Grant 
supporting the Project.7 However, citing "bio-safety concerns" at WIV and EcoHealth Alliance's 
purported failure to report unspecified subawards, NIAID proceeded to immediately suspend the 
Grant and the Project, pursuant to 45 CFR § 75.371 and NIH Grants Policy Statement Section 
8.5.2, leaving the status of the Project effectively unchanged. In addition, the Suspension seeks to 
impose on EcoHealth Alliance the outrageous obligation to provide NIH with info1mation and 
materials in the custody and control of WIV and to somehow facilitate access by an USFG 
"inspection team" to WIV, as a condition for lifting the Suspension.8 

ARGUMENT 

In the Suspension, NIAID identifies two and only two grounds for its decision to suspend 
the Grant and the Project: (1) purported safety concerns regarding WIV; and (2) EcoHealth 
Alliance's purported failure to report unspecified subawards. As set forth in detail herein, 
EcoHealth Alliance is not conducting any research or otherwise collaborating with WIV in 
connection with the Project. Moreover, EcoHealth Alliance had not issued any subawards in 
connection with the Grant at the time of the Suspension. Accordingly, the Suspension should be 
withdrawn immediately.9 

A. NIH's Purported Concern That WIV Poses A Threat To Public Health And 
Welfare Is Not A Basis To Suspend The Grant Or The Project As WIV Is Not A 
Current Subrecipient Of Grant Funds And Has No Connection To The Project 

Under 45 CFR §§ 75.207, 75.205, and 75.371 and NIH Grants Policy Statement Section 
8.5.2, NIAID may take one or more enforcement actions where a grant recipient bas failed to 
materially comply with the terms and conditions of the award. Under 45 CPR 75.374, the HHS 
awarding agency must provide the non-Federal entity an opportunity to object and provide 
information challenging any suspension or termination action. Given the exclusion of WIV from 
the Project, and NIH's failure to identify any other safety concerns, there is no basis for NIAID to 
suspend the Grant or to impose additional conditions. 

At all relevant times, EcoHealth Alliance has duly monitored the act1v1t1es of its 
subrecipients as necessary to ensure that any subawards were used for authorized purposes, in 
compliance with Federal statutes, regulations, and the terms and conditions of the subaward. 
Moreover, EcoHealth Alliance is not aware of any allegation that any subrecipient of grant lR0l 
Al 110964 funds has ever used such funds for unauthorized purposes, or in violation of any Federal 

7 Please confirm that, due to the withdrawal of the Termination, Ecol-Iealth A11iance is not required to submit a final 
Project report at this time. 
8 A copy of the NIAID's letter regarding the Suspension, dated July 8, 2020, is attached hereto as Exhibit 2. 
9 EcoHealth Alliance notes that the Suspension did not state any specific deadline for EcoHealth Alliance to respond 
to the Suspension or proposed additional conditions . Accordingly , this response is timely. 
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statutes, regulations, or the terms and conditions of the subject subaward. Furthermore, NIH has 
never accused EcoHealth Alliance of any act that posed a risk to public welfare and safety. 

Significantly, WIV is the only organization identified in the Suspension as posing a risk to 
public welfare and safety. As stated in my prior letter on May 22, 2020, regarding the now 
admittedly unlawful termination of the Grant, at NIH's express request, no Grant funds have been 
distributed to WIV and no contract has been signed between EcoHealth Alliance and WIV in 
connection with the Project. Thus, the allegation that WIV's independent research at its facility 
poses unspecified bio-safety concerns should have no bearing on the Project, which was in strict 
compliance with NIH Grants Policy Statement §§ 4 and 4.1.24, and the terms and conditions of 
the Notice of Award (Ex. 1-A), at the time of the Suspension. 

To reiterate, WIV is not a subrecipient of any Grant funds and will not be involved in the 
Project in any capacity. (see Ex. l-C-7). Significantly, NIAID explicitly told EcoHealth Alliance 
that it could exclude WIV and continue the Project without jeopardizing the Grant so long as "no 
grant funds [were] provided to WIV." (Ex. 1-B). 

B. EcoHealth Alliance Has Duly Reported All Issued Subawards And Was In 
Compliance With The Transparency Act At The Time Of The Suspension 

Contrary to NIAID's assertion that EcoHealth Alliance failed to report unspecified 
subawards, EcoHealth Alliance did not issue or sign any subawards in connection with the 2019 
Grant or before July 8, 2020. Accordingly, the reporting requirements of the Federal Funding 
Accountability and Transparency Act (the "FFATA") did not apply at the time of the Suspension. 

Regarding the Project period between 2014 and 2019, EcoHealth Alliance duly complied 
with all NIAID-system-only financial reporting requirements. While EcoHealth Alliance had not 
entered the FFATA reporting information in the Federal Subaward Reporting System ("the 
FSRS"), all subawards issued in connection with the 2014 Project and the 2019 Project are now 
fully reported in the FSRS. Notably, no one at NIAID or NIH ever contacted or otherwise notified 
EcoHealth Alliance that it was not in compliance. As Ec0Healtl1 Alliance has taken appropriate 
corrective action that fully resolves its alleged non-compliance with the FFATA, pursuant to NIH 
Grants Policy Statement Section 8.5.2, the Suspension should be withdrawn. 

C. HHS Has No Authority To Impose New Conditions That Are Wholly 
Unrelated To The Project And EcoHealth Alliance's Ongoing Research 

Under 45 CFR § 75.207, NIAID may impose additional specific award conditions under 
the following circumstances: when the applicant or recipient has a history of failure to comply 
with the general or specific terms and conditions of a Federal award; when an applicant or 
recipients fails to meet expected performance goals; and when an applicant or recipient is not 
otherwise responsible. Allowed conditions include: (1) requiring payments as reimbursements 
rather than advance payments; (2) withholding authority to proceed to the next phase until receipt 
of evidence of acceptable performance within a given period of perfonnance; (3) requiring 
additional, more detailed financial reports; ( 4) requiring additional project monitoring (5) requiring 
the non-Federal entity to obtain technical or management assistance; or (6) establishing additional 
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prior approvals. (45 CFR § 75.207[b]). The purpose of these additional conditions are to encourage 
the award recipients to comply with the original terms and conditions of the award, applicable 
statutes, and regulations. 

There is no statute or NIH Grants Policy Statement provision that authorizes NIAID to 
impose additional conditions that consist of demands for information and materials regarding 
entities that are neither cmrent subrecipients of grant funds nor connected to the research project 
funded by the subject grant. This makes sense, given that the purpose of imposing additional 
conditions is to ensure that research funded under a particular grant is conducted safely and in 
compliance with applicable laws. 

Here, NIH's First, Second, Third, Fourth, Fifth, and Sixth proposed conditions, which 
require that EcoHealth Alliance, inter aiia, provide information and materials regarding WIV, are 
wholly unrelated to the safety and efficacy of Project and EcoHealth Alliance's ongoing research 
as WIV is not a subrecipient of Grant funds (see Ex. l-C-6, 7 and 8). Moreover, certain conditions, 
including the Sixth condition that "EcoHealth Alliance must airnnge for WIV to submit to an 
outside inspection team charged to review the lab facilities and lab records, with specific attention 
to addressing the question of whether WIV staff had SARS-Co V-2 in their possession prior to 
December 2019" seek to impose impossible obligations. EcoHealth Alliance has no authority to 
grant NIAID access to the WIV lab facilities and is not conducting any research with WIV in 
connection with the Project. Whether or not EcoHealth Alliance is able to provide responses to the 
proposed conditions regarding WIV will not affect the safety of EcoHealth Alliance's current 
research, which will not involve WIV. 

Without waiving any objections, in the interest of cooperation, EcoHealth Alliance has 
made a good faith effort to provide responses to the additional conditions (the "Requests") based 
on information now known to Peter Daszak, EcoHealth Alliance's President and Chief Scientist. 10 

CONCLUSION 

Every single outbreak of a novel virus has been accompanied by the allegation that the 
subject virus was created in a lab, including, inter alia, HIV, Ebola, and now SARS-Co V-2. There 
is no credible evidence to support these theories. By comparison, we know that seventy-five 
percent of new emerging diseases originate in wildlife. Every species of wildlife carry these 
viruses, an estimated 1.7 million of which are still unknown. While many of these viruses are 
benign, occasionally a lethal virus will emerge that can directly infect humans. EcoHealth Alliance 
is a valuable resource. The instant request to resume the Project funded by the Grant presents HHS 
with the opportunity to support proven research regarding the threat of zoonotic disease emergence 
and to support scientists who are working to determine whether certain vaccines and drugs can kill 
the SARS-CoV-2 virus to save our lives. 

At this time, EcoHealth Alliance is in compliance with all of the terms and conditions of the 
award including the FFATA, there is no public health concern posed by EcoHealth Alliance's 

10 A copy of EcoHealth Alliance's Objections and Responses to the Requests is attached hereto as Exhibit 3. 
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resumption of the Project, which will not involve WIV in any capacity (see NIH Grants Policy 
Sections 4 and 4.1.24), and EcoHealth Alliance has hereby provided, to the best of its ability, the 
information and materials requested by NIH in the Suspension. Accordingly, the Suspension 
should be withdrawn and all funding in the HHS Payment Management System should be released 
immediately. 

Please note that this letter is not intended to provide an exhaustive list of all possible 
grounds for vacating the Suspension and may not reflect all arguments and claims that EcoHealth 
Alliance will assert in the event that it is required to file a first-level appeal or other action or 
proceeding concerning any future adverse determination by NIAID affecting the Grant or the Project. 
A ll of EcoHealth Alliance's rights and remedies to seek review of any adverse detennination are 
expressly reserved. 

Should you wish to present evidence in an effort to refute any of the factual assertions made 
in this letter, and/or to engage in good faith negotiations regarding appropriate terms and 
conditions for the resumption of funding for grant 2R0 I AI I 10964-6, we are prepared to review 
such evidence and to participate in such negotiations. 

We await your response to this letter. 

cc: (by emaff) 

Dr. Erik Stemmy 
Ms. Emily Linde 

I 

(b)(6) _________ ____, 
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Via Email, Certified Mail, & FedEx 
(b)(6) 

Michael S. Lauer, MD 
NIH Deputy Director for Extramural Research 
National Institutes of Health 
National Institute of Allergy and Infectious Diseases 
1 Center Drive, Building 1, Room 144 
Bethesda, Maryland 20892 

May 22, 2020 

Re: Termination of NIH Grant 2R01 AI 110964-6 

Dear Dr. Lauer: 

Andrew N. Krinsky, Partner 
(b) ( , Direct Dial 

This firm represents EcoHealth Alliance, Inc. ("EcoHealth Alliance") with regard to the 
post-award decision by the National Institute of Allergy and Infectious Diseases ("NIAID"), an 
Institute within the National Institute of Health ("NIH"), under the Department of Health and 
Human Services ("HHS"), to terminate the project Understanding the Risk of Bat Coronavirus 
Emergence, funded under grant ROI Al 110964, on April 24, 2020 (the 'Termination"). 

This letter, pursuant to NIH Grants Policy Statement Section 8. 7 and 42 CFR 50, Subpart D, 
constitutes EooHealth Alliance's first-level appeal of the Termination, which was "for 
convenience." As set forth in more detail below, the Tern1ination is not authorized under the NIH 
Grants Policy Statement, arbitrary and capricious and an indefensible attack on public health and 
welfare given that it undermines a pivotal I 0-year research project involving the origins, spread 
and threat of emerging bat coronaviruses during the peak of an unprecedented worldwide 
coronavirus pandemic. Accordingly, EcoHealth Alliance hereby demands that grant 2R01 Al 
110964-6 be reinstated immediately. 

BACKGROUND 

A. EcoHealth Alliance 

EcoHealtb Alliance is a prominent New York-based nonprofit institution dedicated to 
protecting the health of people, animals, and the environment from emerging zoonotic diseases. 
For more than a decade, EcoHealth Alliance has been conducting cutting edge scientific research 
to identify hundreds of new coronaviruses ("Co Vs") in bats and to study the capacity of these 
viruses to infect human cells. The purpose of this research is to identify high risk populations so 
international actors can leverage their resources to address potential pandemics. In cooperation 
with a global network of over seventy partners, including academic institutions, intergovernmental 
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and governmental agencies, infectious disease surveillance laboratories, and other international 
and national organizations in over thirty countries, EcoHealth Alliance's work has led to numerous 
scientific papers published in high impact journals. These publications have been critical in raising 
awareness of the threat that Co Vs pose to global health, the global economy, and U.S. National Security. 

EcoHealth Alliance has a long history of successful cooperation with NIH including 
multiple Research Project Grant ROI awards. In particular, Peter Daszak, EcoHealth Alliance's 
President and Chief Scientist, has been the Principal Investigator on five multidisciplinary RO ls. 
All of these projects used modeling, epidemiology, laboratory, and field science to test hypotheses 
on the emergence of wildlife-origin viral zoonoses, including SARS-Co V, the Nipah and Hendra 
viruses, Avian influenza, and other bat-origin viruses. Eco Health Alliance, a 501 ( c )(3) 
organization, is unique in that it goes one step further by leveraging its research goals to create an 
alliance of international collaborators that can advocate for real-world changes to protect high risk 
populations. 

Notably, in collaboration with virologists in China, EcoHealth Alliance isolated and 
characterized SARSr-CoVs from bats that use the same human host cell receptor (ACE2) as 
SARS-Co V. This work provided critical reagents and resources that have advanced scientific 
understanding of virus-host binding and contributed to vaccine development. For example, the 
genetic sequences of the bat viruses that EcoHealth Alliance discovered under its NIH research 
funding, which were published online (Genbank & GISAID), have been used to test the 
effectiveness of the drug Remdesivir against not only SARS-Co V, but also MERS, and other 
potentially zoonotic or pre-pandemic bat Co Vs. Significantly, this type of testing can be performed 
without the need for viral cultures or shipping viruses internationally. 

B. NIH Awards And Extends EcoHealth Alliance Research Grant ROI AI 110964 

In 2014, NIH issued EcoHealth Alliance a five-year research award for the project 
Understanding the Risk of Bat Coronavirus Emergence, funded under grant ROI Al 110964 (the 
"Project"). EcoHealth Alliance received additional awards for the Project each year between 2015 
and 2018. Between 2015 and 2019, the Project resulted in the publication of more than twenty papers. 

In 2019, EcoHealth Alliance submitted a renewal application to NIH through NWD to 
extend the Project period for an additional five years. Upon filing of its renewal application, the 
Project was ranked as an "extremely high priority" (in the top 3%) by NIAID during its external 
review process. In light of its success and the imp01tance of EcoHealth Alliance's work, on July 
24, 2019, NIH reauthorized grant ROl Al 110964 and increased EcoHealth Alliance's funding. 
EcoHealth Alliance was issued a notice of award in the amount of $733,750.00 (the "2019 
Award"). The notice of award also extended the Project period for an additional five years to 2024. 
A copy of the notice of award is attached hereto as Exhibit A. 

C. EcoHealth Alliance Agrees Not To Fund The Wuhan Institute Of Virology 

During the pendency of the Project, in December of 2019, China reported a cluster of cases 
of pneumonia in Wuhan, Hubei Province. It was later determined that the cause of this pneumonia 

2 



NIH -001151

EcoHealth Alliance 
May 22, 2020 
Page 13 

was a novel CoV, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), causing 
corona virus disease (COVID-19). Thereafter, SARS-Co V-2 spread to nearly every country 
throughout the world. In response, EcoHealth Alliance has prioritized its efforts in conducting 
research that will be integral to developing an effective strategy to combat SARS-CoV-2. 

On April 19, 2020, Michael S. Lauer, MD, NIH Deputy Director for Extramural Research, 
sent a letter to EcoHealth Alliance on behalf of NIH regarding a laboratory in China, the Wuhan 
Institute of Virology ("WIV"). WIV was a prior sub-recipient of a small portion of the RO 1 AI 
110964 grant funds. The letter stated that, given allegations that COVID-19 "was precipitated by 
the release from WIV of the coronavirus responsible for COVID-19", NIH was pursuing 
suspension of WIV from paiticipating in Federal programs. However, Mr. Lauer assured 
EcoHealth Alliance that "[t]his suspension of the sub-recipient does not affect the remainder of 
[EcoHealth Alliance's] grant assuming that no grant funds are provided to WIV following receipt 
of this email during the period of suspension." A copy of the letter is attached hereto as Exhibit B. 

On April 21, 2020, Dr. Daszak of EcoHealth Alliance responded by email to Dr. Lauer 
stating that he could "categorically state that no funds from [sic] 2R01 AI 110964-6 have been 
sent to Wuhan Institute of Virology, nor has any contract been signed." Dr. Daszak fmther 
represented that EcoHealth Alliance would comply with all NIAID requirements. Dr. Lauer 
acknowledged (1) that no monies from grant 2R0 1 AI 110964-6 had gone to WIV and no contract 
between EcoHealth Alliance and WIV had been signed and (2) EcoHealth Alliance' s agreement 
that it would not provide any funds to WIV until and unless directed otherwise by NIH. A copy of 
the email correspondence between NIH and EcoHealth Alliance is attached hereto as Exhibit C. 

D. NIH Abruptly Terminates Research Grant 2R01 AI 110964-6 "For Convenience" 

Notwithstanding NIH's representation that suspension of WIV would not affect the 
remainder of EcoHealth Alliance's 2019 Award, on April 24, 2020, NIH notified EcoHealth 
Alliance by letter that, effective immediately, the 2019 Award had been tenninated by NIAID. The 
stated grounds for the Termination were: (1) convenience; (2) NIH's discretion not to award a 
grant, or to award a grant at a particular funding level; and (3) NIH's belief that the Project 
outcomes did not align with the program goals and agency priorities. A copy of the Termination 
is attached hereto as Exhibit D. 

ARGUMENT 

A. NIH Research Grants Are Not Subject To Termination For Convenience 

"Termination for convenience" refers to the exercise of the government's right to bring to 
an end the performance of all or part of the work provided for under a contract prior to the 
expiration of the contract "when it is in the Government's interest" to do so. Federal agencies 
typically incorporate clauses in their procurement contracts which give them the right to terminate 
for convenience. Here, there is no clause in the terms and conditions applicable to the 2019 Award, 
or in the NIH Grants Policy Statement, that pe1mits NIAID or NIH to issue a post-award decision 
to terminate a NIH research grai1t award "for convenience." 
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Moreover, the unprecedented assertion by NIH that active research grants can be 
terminated "for convenience" during the subject budget period renders Section 8.5.2 of the NIH 
Grants Policy Statement meaningless. See, e.g., Liv. Eddy, 324 F.3d 1109, 1110 (9th Cir. 2003) 
(rejecting suggested statutory interpretation on the grounds that the interpretation ran squarely 
against the canon of construction that courts interpret statutes so as not to render any section 
meaningless). Section 8.5.2 of the NIH Grants Policy Statement governs, inter alia, modification 
or termination of an award for misconduct. If NIH grants were terminable for convenience, NIH 
could always choose to terminate for convenience to avoid ( 1) the "for cause" restriction on grant 
terminations and (2) the labor intensive task of enforcing compliance through disallowing costs, 
withholding further awards, or wholly suspending the grant, pending corrective action. 

B. NIH's Discretion Not To A ward A Grant, Or To A ward a Grant At A Particular 
Funding Level, Does Not Authorize A Post-Award Decision To Terminate 

NIH's discretion regarding the "decision not to award a grant, or to award a grant at a 
particular funding level" does not give NIH the authority to issue a post-award decision 
terminating a duly awarded grant during the budget period. This purported discretion, which is 
based on language in the last paragraph of NIH Grants Policy Statement Section 2.4.4, entitled 
Disposition of Applications, concerns NIH's authority to reject incomplete or otherwise 
undesirable grant applications in the first instance only. The provisions of Section 2, generally, 
have no bearing on post-award decisions affecting duly approved grants for which specified funds 
have already been allocated. As the 2019 Grant in the amount of $733,750.00 was awarded to 
EcoHealth Alliance on July 24, 2019, NIH's authority to deny initial grant applications does not 
allow NIH to terminate the 2019 Grant. 

C. The Research Goals Of EcoHealth Alliance And NIAID Are Virtually Identical 

NIH's contention that the Project's outcomes do not align with the agency's priorities is 
demonstrably false. First, the Project was ranked as "extremely high priority" on external review 
by NIAID less than nine months ago, before the discovery of SARS-Co V-2. Since this discovery, 
NIH has promulgated new grants seeking applicants to conduct research on the same issues 
covered by the Project and the 2019 Award. 

In addition, there is substantial overlap between the four strategic research priorities on 
page 1 ofNIAID's Strategic Plan for COVID-19 Research, published April 22, 2020, and the three 
Specific Aims of the Project. Both NIAID and EcoHealth Alliance seek to: ( l) improve 
fundamental knowledge of SARS-Cov-2; (2) develop methods to assess the rate of infection and 
disease incidence; (3) contribute to the development of an effective vaccine; and ( 4) increase public 
health preparedness. Copies of the Project's Specific Aims and the NIAID Strategic Plan's four 
strategic research priorities for COVID-19 research are attached hereto as Exhibit E. 

D. There Is No Rational Basis To Terminate The 2019 Award For Cause 

The grounds and procedures for suspension and termination of awards are specified in NIH 
Grants Policy Statement Section 8.5.2 and 45 CFR Pa1ts 75.371 through 75.373. Notably, Section 
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8.5.2 provides, inter alia, that NIH will generally suspend (rather than immediately terminate) a 
grant and allow the recipient an opportunity to take appropriate corrective action before NIH makes 
a termination decision. Through this lens, 45 CFR 75.372 provides that NIH may terminate a 
Federal award, in whole or in part, if:(]) the non-Federal entity fails to comply with the terms and 
conditions of the award; (2) for cause; (3) by the HHS awarding agency or pass-through entity 
w ith the consent of the non-Federal entity; or (4) by the non-Federal entity upon written notice to 
the HHS awarding agency setting forth the reasons for such termination, and other information. 
None of the foregoing predicate conditions exist here. 

As of the date of the Tennination, EcoHealth Alliance had not received any notice from 
NIH, NTATD, or HHS that it e ither fa iled to comply with any of the terms or conditions of the 2019 
Award, or committed any misconduct in connection with the award. To the contrary, in email 
correspondence following EcoHealth Alliance 's representation that it had not and would not give 
any funds from the 2019 Award to WIV, A leksei Chmura, EcoHealth Alliance's Chief of Staff, 
memorialized the mutual agreement between NlH and EcoHealth Alliance that EcoHealth Alliance 
was in compliance with all requests. (Ex. C, p. I). To be clear, EcoHealth Alliance clearly and 
unequivocally stated that it had not and will not distribute any funds from the 2019 Award to WIV. 

In sum, there is no statutory, regulatory, or contractual basis for NIAID's termination of 
the Project, Unders1anding the Risk of Bat Coronavirus Emergence, funded under grant 2R01 AI 
110964-6. However, please note that this Jetter is not intended to provide an exhaustive list of all 
possible grounds for reversal of the Termination and may not reflect all arguments and claims that 
EcoHealth Alliance will asse1t in the event that a formal second-level appeal of the Termination 
is required. 

Should you wish to present evidence in an effort to refute any of the factual assertions made 
in this letter and/or to engage in good fai th negotiations regarding appropriate terms and conditions 
for the resumption of funding for grant 2R0 l AI 110964-6, we are prepared to review such 
evidence and to participate in such negotiations. 

We await your response to th is letter. 

cc: (by email) 

Dr. Erik Stemmy 
Ms. Emily Linde 

(b)(6) 

I 
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Notice of Award 
RESEARCH Federal Award Date: 07/24/2019 
Department of Health and Human Services 
National Institutes of Health 

NATIONAL INSTITUTE OF ALLERGY AND INFECTIOUS DISEASES 

Grant Number: 2R01Al110964-06 
FAIN: R01Al110964 

Principal lnvestlgator(s): 
PETER DASZAK, PHD 

Project Title: Understanding the Risk of Bat Coronavirus Emergence 

Dr. Daszak, Peter 
PD/Pl 
460 West 34th Street 
Suite 1701 
New York, NY 100012320 

Award e-mailed to: (b)(6) -----------
Period Of Performance: 
Budget Period: 07/24/2019 - 06/30/2020 
Project Period: 06/01 /2014 - 06/30/2024 

Dear Business Official: 

The National Institutes of Health hereby awards a grant in the amount of $733,750 (see "Award 
Calculation" in Section I and "Terms and Conditions" in Section Ill) to ECOHEALTH ALLIANCE, 
INC. in support of the above referenced project. This award is pursuant to the authority of 42 
USC 241 42 CFR 52 and is subject to the requirements of this statute and regulation and of 
other referenced, incorporated or attached terms and conditions. 

Acceptance of this award including the 'Terms and Conditions" is acknowledged by the grantee 
when funds are drawn down or otherwise obtained from the grant payment system. 

Each publication, press release, or other document about research supported by an NIH award 
must include an acknowledgment of NIH award support and a disclaimer such as "Research 
reported in this publication was supported by the National Institute Of Allergy And Infectious 
Diseases of the National Institutes of Health under Award Number R01Al110964. The content is 
solely the responsibility of the authors and does not necessarily represent the official views of 
the National Institutes of Health." Prior to issuing a press release concerning the outcome of this 
research , please notify the NIH awarding IC in advance to allow for coordination. 

Award recipients must promote objectivity in research by establishing standards that provide a 
reasonable expectation that the design, conduct and reporting of research funded under NIH 
awards will be free from bias resulting from an Investigator's Financial Conflict of Interest (FCOI), 
in accordance with the 2011 revised regulation at 42 CFR Part 50 Subpart F. The Institution 
shall submit all FCOI reports to the NIH through the eRA Commons FCOI Module. The regulation 
does not apply to Phase I Small Business Innovative Research (SBIR) and Small Business 
Technology Transfer (STTR) awards. Consult the NIH website 
http://qrants.nih.gov/qrants/policy/coi/ for a link to the regulation and additional important 
information. 

If you have any questions about this award, please contact the individual(s) referenced in Section 
IV. 

Sincerely yours, 

NIH NGA RI Vers,oo 56- 12,26/2018 2.22:00 PMI Genera:€d on 7124!2019 12.03 26 AM 
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Tseday G Girma 
Grants Management Officer 
NATIONAL INSTITUTE OF ALLERGY AND INFECTIOUS DISEASES 

Additional information follows 
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SECTION 1- AWARD DATA-2R01Al110964-06 

Approved Budget 
Total Amount of Federal Funds Obligated (Federal Share) 
TOTAL FEDERAL AWARD AMOUNT 

AMOUNT OF THIS ACTION (FEDERAL SHARE} 

SUMMARY TOTALS FOR ALL YEARS 

$733,750 
$733,750 
$733,750 

$733,750 

YR THIS AWARD CUMULATIVE TOTALS 
6 $733,750 $733,750 
7 $709,750 $709,750 
8 $709,750 $709,750 
9 $709,750 $709,750 
10 $709,750 $709,750 

Recommended future year total cost support, subject to the availability of funds and satisfactory 
progress of the project 

Fiscal Information: 
CFDA Name: 
CFDA Number: 
EIN: 
Document Number: 
PMS Account Type: 
Fiscal Year: 

IC CAN 
Al 8472364 

Allergy and Infectious Diseases Research 
93.855 
1311726494A1 
RAl1109648 
P (Subaccount} 
2019 

2019 2020 
$733,750 $709,750 

2021 
$709,750 

2022 2023 
$709,750 $709,750 

Recommended future year total cost support, subject to the availability of funds and satisfactory 
progress of the project 

NIH Administrative Data: 
PCC: M51 C 8 / OC: 4148 / Released: (b)(6) 07/18/2019 
Award Processed: 07/24/2019 12:03:26 AM 

SECTION 11- PAYMENT/HOTLINE INFORMATION - 2R01Al110964-06 

For payment and HHS Office of Inspector General Hotline information, see the NIH Home Page 
at httpJ/qrants.nih.qov/qrants/policy/awardconditions.htm 

SECTION Ill -TERMS AND CONDITIONS- 2R01Al110964-06 

This award is based on the application submitted to, and as approved by, NIH on the above-titled 
project and is subject to the terms and conditions incorporated either directly or by reference in 
the following : 

a. The grant program legislation and program regulation cited in this Notice of Award. 
b. Conditions on activities and expenditure of funds in other statutory requirements, such as 

those included in appropriations acts. 
NIAagreHJi7 
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c. 45 CFR Part 75. 
d. National Policy Requirements and all other requirements described in the NIH Grants 

Policy Statement, including addenda in effect as of the beginning date of the budget 
period. 

e. Federal Award Performance Goals: As required by the periodic report in the RPPR or in 
the final progress report when applicable. 

f. This award notice, INCLUDING THE TERMS AND CONDITIONS CITED BELOW. 

(See NIH Home Page at http://grants.nih.gov/grants/policy/awardconditions.htm for certain 
references cited above.) 

Research and Development (R&D): All awards issued by the National Institutes of Health (NIH) 
meet the definition of "Research and Development" at 45 CFR Part§ 75.2. As such, auditees 
should identify NIH awards as part of the R&D cluster on the Schedule of Expenditures of Federal 
Awards (SEFA). The auditor should test NIH awards for compliance as instructed in Part V, 
Clusters of Programs. NIH recognizes that some awards may have another classification for 
purposes of indirect costs. The auditor is not required to report the disconnect (i.e., the award is 
classified as R&D for Federal Audit Requirement purposes but non-research for indirect cost rate 
purposes), unless the auditee is charging indirect costs at a rate other than the rate(s) specified in 
the award document(s). 

An unobligated balance may be carried over into the next budget period without Grants 
Management Officer prior approval. 

This grant is subject to Streamlined Noncompeting Award Procedures (SNAP). 

This award is subject to the requirements of 2 CFR Part 25 for institutions to receive a Dun & 
Bradstreet Universal Numbering System (DUNS) number and maintain an active registration in 
the System for Award Management (SAM). Should a consortium/subaward be issued under this 
award, a DUNS requirement must be included. See 
http://grants.nih.gov/grants/policy/awardconditions.htm for the full NIH award term implementing 
this requirement and other additional information. 

This award has been assigned the Federal Award Identification Number (FAIN) R01Al110964. 
Recipients must document the assigned FAIN on each consortium/subaward issued under this 
award. 

Based on the project period start date of this project, this award is likely subject to the 
Transparency Act subaward and executive compensation reporting requirement of 2 CFR Part 
170. There are conditions that may exclude this award; see 
http://grants.nih.gov/grants/policy/awardconditions.htm for additional award applicability 
information. 

In accordance with P .L. 110-161 , compliance with the NIH Public Access Policy is now 
mandatory. For more information, see NOT-OD-08-033 and the Public Access website: 
http://publicaccess.nih.gov/. 

In accordance with the regulatory requirements provided at 45 CFR 75.113 and Appendix XII to 
45 CFR Part 75, recipients that have currently active Federal grants, cooperative agreements, 
and procurement contracts with cumulative total value greater than $10,000,000 must report and 
maintain information in the System for Award Management (SAM) about civil, criminal, and 
administrative proceedings in connection with the award or performance of a Federal award that 
reached final disposition within the most recent five-year period. The recipient must also make 
semiannual disclosures regarding such proceedings. Proceedings information will be made 
publicly available in the designated integrity and performance system (currently the Federal 
Awardee Performance and Integrity Information System (FAPIIS)). Full reporting requirements 
and procedures are found in Appendix XII to 45 CFR Part 75. This term does not apply to NIH 
fellowships. 

Page-4 
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Treatment of Program Income: 
Additional Costs 

SECTION IV - Al Special Terms and Conditions - 2R01Al110964-06 

Clinical Trial Indicator: No 
This award does not support any NIH-defined Clinical Trials. See the NIH Grants Policy Statement 
Section 1.2 for NIH definition of Clinical Trial. 

The Research Performance Progress Report (RPPR), Section G.9 (Foreign component), includes 
reporting requirements for all research performed outside of the United States. Research 
conducted at the following site(s) must be reported in your RPPR: 

This award reflects current Federal policies regarding Facilities & Administrative (F&A) Costs for 
foreign grantees including foreign sub-awardees, and domestic awards with foreign sub
awardees. Please see: Chapter 16 Grants to Foreign Organizations, International Organizations, 
and Domestic Grants with Foreign Components, Section 16.6 "Allowable and Unallowable Cost" 
of the NIH Grants Policy. 

This award may include collaborations with and/or between foreign organizations. Please be 
advised that short term travel visa expenses are an allowable expense on this grant, if justified as 
critical and necessary for the conduct of the project. 

The budget period anniversary start date for future year(s) will be July 1. 

Dissemination of study data will be in accord with the Recipient's accepted genomic data sharing 
plan as stated in the page(s) 203 of the application. Failure to adhere to the sharing plan as 
mutually agreed upon by the Recipient and the NIAID may result in Enforcement Actions as 
described in the NIH Grants Policy Statement. 

This award is subject to the Clinical Terms of Award referenced in the NIH Guide for Grants and 
Contracts, July 8, 2002, NOT Al-02-032. These terms and conditions are hereby incorporated by 
reference, and can be accessed via the following World Wide Web address: 
https://www.niaid.nih.gov/qrants-contracts/niaid-clinicaHerms-award All submissions required by 
the NIAID Clinical Terms of Award must be forwarded electronically or by mail to the responsible 
NIAID Program Official identified on this Notice of Award. 

NIAagtHM 
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Awardees who conduct research involving Select Agents (see 42 CFR 73 for the Select Agent 
list; and 7 CFR 331 and 9 CFR 121 for the relevant animal and plant pathogens 
at http://www.selectagents.gov/Requlations.html) must complete registration with CDC (or 
APHIS, depending on the agent) before using NIH funds. No funds can be used for research 
involving Select Agents if the final registration certificate is denied. 

Prior to conducting a restricted experiment with a Select Agent or Toxin, awardees must notify the 
NIAID and must request and receive approval from CDC or APHIS. 

******************** 

Select Agents: 
Awardee of a project that at any time involves a restricted experiment with a select agent, is 
responsible for notifying and receiving prior approval from the NIAID. Please be advised that 
changes in the use of a Select Agent will be considered a change in scope and require NIH 
awarding office prior approval. The approval is necessary for new select agent experiments as 
well as changes in on-going experiments that would require change in the biosafety plan and/or 
biosafety containment level. An approval to conduct a restricted experiment granted to an 
individual cannot be assumed an approval to other individuals who conduct the same restricted 
experiment as defined in the Select Agents Regulation 42 CFR Part 73, Section 13.b 
(http://www.selectagents.gov/Regulations. html). 

Highly Pathogenic Agent: 
NIAID defines a Highly Pathogenic Agent as an infectious Agent or Toxin that may warrant a 
biocontainment safety level of BSL3 or higher according to the current edition of the CDC/NIH 
Biosafety in Microbiological and Biomedical Laboratories (BMBL) 
(http://www.cdc.gov/OD/ohs/biosfty/bmbl5/bmbl5toc.htm). Research funded under this grant 
must adhere to the BMBL, including using the BM BL-recommended biocontainment level at a 
minimum. If your Institutional Biosafety Committee (or equivalent body) or designated 
institutional biosafety official recommend a higher biocontainment level, the highest 
recommended containment level must be used. 
When submitting future Progress Reports indicate at the beginning of the report: 

If no research with a Highly Pathogenic Agent or Select Agent has been performed or is planned 
to be performed under this grant. 

If your IBC or equivalent body or official has determined, for example, by conducting a risk 
assessment, that the work being planned or performed under this grant may be conducted at a 
biocontainment safety level that is lower than BSL3. 

If the work involves Select Agents and/or Highly Pathogenic Agents, also address the following 
points: 

Any changes in the use of the Agent(s) or Toxin(s) including its restricted 
experiments that have resulted in a change in the required biocontainment level, 
and any resultant change in location, if applicable, as determined by your IBC or 
equivalent body or official. 

If work with a new or additional Agent(s)/Toxin(s) is proposed in the upcoming 
project period, provide: 

STAFF CONT ACTS 

o A list of the new and/or additional Agent(s) that will be studied; 
o A description of the work that will be done with the Agent(s), and 
whether or not the work is a restricted experiment; 
o The title and location for each biocontainment resource/faci lity, 
including the name of the organization that operates the facility, and the 
biocontainment level at which the work will be conducted, with 
documentation of approval by your IBC or equivalent body or official. It 
is important to note if the work is being done in a new location. 

Page-6 
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The Grants Management Specialist is responsible for the negotiation, award and administration of 
this project and for interpretation of Grants Administration policies and provisions. The Program 
Official is responsible for the scientific, programmatic and technical aspects of this project. These 
individuals work together in overall project administration. Prior approval requests (signed by an 
Authorized Organizational Representative) should be submitted in writing to the Grants 
Management Specialist. Requests may be made via e-mail. 

Grants Management Specialist: Tseday G Girma 
Email: (b)(6) Phone: (b)(6) Fax: 301-493-0597 

Program Official: Erik J . Stemmy 
Email{.------- Phone: ____ Cb>_< .... 6) 

SPREADSHEET SUMMARY 
GRANT NUMBER: 2R01Al110964-06 

INSTITUTION: ECOHEAL TH ALLIANCE, INC. 

Facilities and Administrative Costs Year 6 Year? Years Year9 Year 10 
F&A Cost Rate 1 32% 32% 32% 32% 32% 
F&A Cost Base 1 $438,711 $363,711 $363,711 $363,71 1 $363,711 
F&A Costs 1 $140,388 $1 16,388 $116,388 $116,388 $116,388 

NIAagret-~1 
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Date: April 19, 2020 

From: 

To: 

Michael S Lauer, MD 
NIH Deputy Director for Extramural Research 

Kevin Olival, PhD 
Vice-President for Research 
EcoHealth Alliance 

(b)(6) 

Naomi Schrag, JD 

Lauer Mi Ch a e I Digitally signed by Lauer, 
t Michael (NIH/OD) [El 

(NIH/OD) [E] ?o~~~~~o20.04.19 10:47:4o 

Vice-President for Research Compliance, Training, and Policy 
Columbia University 

(b)( 

Subject: Project Number 2R0 lAil 10964-06 

Dear Dr. Olival and Ms. Schrag: 

EcoHealth Alliance, Inc. is the recipient, as grantee, of an NlH grant entitled ''Understanding the 
Risk of Bat Coronavirus Emergence." It is our understanding that one of the sub-recipients of 
the grant funds is the Wuhan Institute of Virology ("WTV"). It is our understanding that WIV 
studies the interaction between corona viruses and bats. The scientific community believes that 
the coronavirus causing COVID-19 jumped from bats to humans likely in Wuhan where the 
COVID-19 pandemic began. There are now allegations tbat the current crisis was precipitated 
by the release from WIV of tbe coronavirus responsible for COVID-19. Given these concerns, 
we are pursuing suspension of WIV from participation in Federal programs. 

Whi le we review these allegations during the period of suspension, you are instructed to cease 
providing any funds from the above noted grant to the WIY. Tbis temporary action is authorized 
by 45 C.F.R § 75.371(d) ("Initiate suspension or debarmt!nt prot;eedings as authorized under 2 
C.F.R. part J 80,,). The incorporated 0MB provision provides that the funding agency may, 
through suspension, immediately and temporarily exclude from Federal programs persons who 
are not presently responsible where "immediate action is necessary to protect the public interest." 
2 C.F.R. § 180.700(c). It is in the public interest that NIH ensure that a sub-recipient has taken 
all appropriate precautions to prevent the release of pathogens that it is studying. This 
suspension of the sub-recipient does not affect the remainder of your grant assuming that no 
grant funds are provided to WIV following receipt of this email during the period of suspension. 
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1 Michael Lauer email 20 April 2020 

From: Lauer, Michael (NIH/OD) [E] CbH6) 

Sent: Sunday, April 19, 2020 11 :00 AM 
To: __________ CbH6) Naomi Schrag CbH6) 

Cc: Black, Jodi (NIH/OD) [E] CbH(;) 

Subject: Please read and acknowledge receipt -- Actions needed regarding 
2R01Al110964-06 
Importance: High 

Dear Dr. Olival and Ms. Schrag 

Please see attached. 

Many thanks, Mike 

Michael S Lauer, MD 
NIH Deputy Director for Extramural Research 
1 Center Drive, Building 1, Room 144 
Bethe (b) (6) 
Phon 
Email: 

NIH -001165 



2 Kevin Olival email on 20 April 2020 

From: Kevin Oliva (b)(6) > 

Subject: Re: Please read and acknowledge receipt -- Actions needed regarding 2R01Al110964-06 
Date: April 20, 2020 at 4:12:28 PM EDT ------~~ To : "Lauer, Michael (NIH/ OD) [E]" CbH6) > 

.,.;_ __ .:...:...::...!:=~~'""""'.'.':":""'"-:-'".""'""'.:"."'. 
Cc Naomi Schrag _______ Cb_H_6) >, "Black, Jodi (NIH/OD) [E]" ______ Cb_H_6) 

Dear Mike, 

I received the attached letter, however please note: 

1. I am not the Pl on this award. You should contact Dr. Peter Daszak (b)(6) who is the Pl and ----------leading this project for EcoHea lth Alliance. 
2. Columbia University is not involved in this NIH proj ect, and it is not clear to me why Naomi and Columbia University were 

included. 

Thank you, 
Kevin 

Kevin J. Olival, PhD 
Vice President for Research 

EcoHealth Alliance 
460 West 34t h St reet , Suite 1701 
New York, NY 10001 

Cb)<6) (di rect) 
(mobile) --------1.212.380.4465 (fax) 

www.ecohealthalliance.org. 
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3 Michael Lauer email on 20 April 2020 

Re: Please read and acknowledge receipt -- Actions needed regarding 
2R01Al110964-06 

(b)(6) Lauer, Michael (NIH/OD) [E] -----------
Mon 4/20/2020 4:31 PM 

To:Kevin Oliva l (b)(6) Peter Daszak (b)(6) --------- ----------
Cc:Naomi Schrag (b)(6) Black, Jodi (NIH/OD) 1El ______ Cb_H _6) Lauer, Michael (NIH/ OD) [El 

(b) (6) ; 

Importance: High 

@J 2 attachments 

Screen Shot 2020-04-20 at 4.23.38 PM.png; EcoHealth Alliance re Al grant 4 19 20.pdf; 

Thank you Kevin 

• We need to work with a senior responsible business official - usually Pt's and senior business officials 
are different people. 

• When I looked you up on the web, I see the Columbia logo (see attached screenshot). Specifically, it 
appears to be Columbia University> Ecology, Evolution, and Environmental Biology> EcoHealth 
Alliance (labeled as an "Affiliation/Department"). Thus the web profile makes it look to me as if 
EcoHealth Alliance is linked to Columbia University. 

• In any case, I'm looping in Dr. Daszak. 
• We need to know all sites in China that have been in any way linked to this award (Type 1 and Type 

2). We have data in NIH, but we want to make absolutely sure that we're of the same understanding. 

We greatly appreciate your prompt attention to this matter. 

Best, Mike 

Michael S Lauer, MD 

NIH Deputy Director for Extramural Research 

1 Center Drive, Building 1, Room 144 

Bethesda, MD 20892 
Phon 

Email: 

(b)(6) 

NIH -001167 



Re: Please read and acknowledge receipt -- Actions needed re .. . - Peter Daszak 5/22/20, 14:09 

Re: Please read and acknowledge receipt -- Actions needed regarding 

2R01Al110964-06 4 Michael Lauer email on 20 April 2020 

Lauer, Michael (NIH/OD) [E] -----------(b)(6) 

Mon 4/20/2020 6:34 PM 

(b)(6) To:Naomi Schrag Cb) < >; Kevin Oliva! Cb) (6) Peter Dasza ------- ---------- _________ _,, 

cc:Black, Jodi (NIH/OD) [El Cb)< Lauer, Michael (NI H/0D) [El Cb) (6) ; ______ __, ._ ______ __, 

@J 1 attachment 

Screen Shot 2020-04-20 at 4.23.38 PM.png; 

Thanks Naomi - not the impression an observer would get looking at the website (see screen shot), but we 
understand about the grant. 

If they "are entirely separate entities" then why does Columbia identify EcoHealth Alliance as an 
"Affiliation/Department" on its website. 

Maybe with the label "Affiliation/Department" you would have a clearly visible disclaimer that says, 
"EcoHealth Alliance is not affiliated with nor a department of Columbia"? - although even that is internally 
contradictory. 

Best, Mike 

From: Naomi Schrag CbH6) 

Date: Monday, April 20, 2020 at 5:19 PM --------~~ To: "Lauer, Michael (NIH/OD) [E]" CbH6), Kevin Olival 
(b)(6) 

' Cc: Naomi Schrag CbH6), "Black, Jodi (NIH/OD) [E]" CbH6) 
Subject: RE: Please read and acknowledge receipt--Actions needed regarding 2R01Al110964-06 

Dear Dr. Lauer, 
Columbia and EcoHealth Alliance are entirely separate entities. Some individuals affiliated with EcoHealth 
Alliance do have adjunct appointments in Columbia's Ecology, Evolution, and Environmental Biology ("E3B") 
department, but we are not aware of any Columbia involvement with the referenced grant, and have found 
no agreement or record in our grants system to the contrary. 

We would be happy to answer any additional questions. Thank you. 
Sincerely, 
Naomi Schrag 

Naomi J. Schrag 

h1tps://mex06.emailsrvr.com/owa/#viewmodel=ReadMessageltem&lt .. . Q59cgEgOF2gAFWhHydwAAAA%3O¾3D&lsPrintView=l&wid =59&ispopout: 1 
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Re: Please read and acknowledge receipt -- Actions needed re ... - Peter Daszak 

Vice President for Research Compliance, Training and Policy 
Otlice of Research Compliance and Training 
475 Riverside Drive, Suite 840 
New York, New York 101 15 

(b)(6) 

www.researchcomP-liance.columbia.edu 

NIH -001169 
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RE: Please read and acknowledge receip t -- Actions needed re ... - Peter Daszak 5/22/20, 1 a:13 

RE: Please read and acknowledge receipt -- Actions needed regarding 

2R01Al110964-06 

Peter Daszak 

Tue 4/21/2020 1:32 AM 

To:Lauer, Michael (NIH/OD) [E] 
(b)(6) 

(b)(6) cc:Black, Jodi (NIH/OD) [El -------

5 Peter Daszak email on 21 April 2020 

(b)(6) ; Naomi Schrag (b)(6) ; Kevin Oliva! _______ _, 

Dear Michael Lauer & Jodi Black - I now have your email and will deal with it directly with you and your 
staff. Naomi is correct that there is no involvement of Columbia University in this grant. I'm sure NIH has 
records to confirm that. 

From this moment on, I will not cc any staff at Columbia as part of this discussion, and I hope you will also 
honor that. Respecful ly, the discussion of whether or not EHA is an affiliate of CU is entirely irrelevant to the 
request that you contacted us about, and should remain a private matter between EcoHealth Alliance and 
Columbia University. 

I'll look over your email and respond tomorrow. 

Cheers, 

Peter 

Peter Daszak 
President 

EcoHealth Alliance 
460 West 34th Street 
New York, NY 10001 
USA 

Tel. : (b)(6) 

Website : www.ecohealthalliance.org 
Twitter: @PeterDaszak 

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

https://mex06.emailsrvr.com/owa/#vfewmodel=ReadMessageltem&lt .. . Q59cgEgOF2gAFWhCoVgAAAA%3D%3D&lsPrintView=1&wid=79&ispopout=1 
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RE: Please read and acknowledge receip t -- Actions needed re ... - Peter Daszak 5/22/20, 14:14 

RE: Please read and acknowledge receipt -- Actions needed regarding 
2R01Al110964-06 

6 Peter Daszak email on 21 April 2020 

Peter Daszak 

Tue 4/21/2020 7:03 PM 

To:Lauer, Michael (NIH/OD) [E] _______ _, (b)(6) 

Cc:Black, Jodi (NIH/OD) [E 
~:-:::-::===="'"" Stemmy, Erik (NIH/NIAID) [El -------

(b)(6) 

(b)(6) 

Importance: High 

@, 1 attachment 

EcoHealth Alliance re Al grant 4 19 20.pdf; 

Dear Michael - Confirming receipt of your email. I'm also cc'ing the following people so they're aware of this 
request: 

1 . Our AOR - Dr. Aleksei Chmura, who has access to all our records 
2. My Program Officer for this award, Dr. Erik Stemmy & the Division Director (DMID), Dr. Emily 

Erberding, so they are informed and aware of the request and our response. 

That said we need some time to go through the request for information and will provide this as quickly as 
we can. 

However, I can categorically state that no funds form 2R01 Al110964-06 have been sent to Wuhan 
Institute of Virology, nor has any contract been signed. Furthermore, we will comP.IY. with NIAID 
reguirements, of course. 
Concerning the request for information on all of the sites linked to this award in China, you should be aware 
that these are documented in our progress reports over the course of the grant. As you can understand we 
are under enormous pressure to generate data related to the current pandemic, and we do not want to divert 
staff to this effort. We are hoping the previously tiled reports will satisfy this request. 

We are well aware of the political concerns over the origins of this outbreak. Our collaboration with Wuhan 
Institute of Virology has been scientific and we have been consistently impressed with the scientific 
capabilities of that laboratory and its research staff. Our joint work has led to a series of critical papers 
published in high impact journals that served to raise awareness of the future threat coronaviruses pose for 
global health and therefore US national security. Scientific insights with epidemiological significance have 
been jointly published and our relationship has always been open and transparent and with one concern 
only, scientific validity. We are concerned that current actions may jeopardize 15 years of fruitful 
collaboration with colleagues in Wuhan, who are working at the leading edge to design vaccines and drugs 
that could help us fight this new threat in future years. It is quite remarkable that of the 5 vaccine candidates 
listed by WHO that are already in human trials, 3 have been developed in China. That said, we of course will 

h1tps://mex06.emailsrvr.com/owa/#viewmodel=ReadMessageltem&lt .. . Q59cgEgOF2gAFWhCoWwAAAA%3D%3D&lsPrintView=1&wid=2&ispopout=1 

NIH -001171 

Page 1 of 4 



RE: Please read and acknowledge receipt -- Actions needed re ... - Peter Daszak 5/ 22/ 20. 14:14 

do all we can to make sure any further questions from NIH or any Federal agency are addressed to our 
fullest knowledge. 

Yours sincerely, 

Peter Daszak 
President 

EcoHealth Alliance 

460 West 34th Street 
New York, NY 10001 
USA 

Tel. : CbH6) 

Website: www.ecohealthalliance.org 
Twitter: @PeterDaszak 

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation 
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7 Michael Lauer email on 21 April 2020 

From: Lauer, Michael (NIH/OD) [E] (b) (6) ~ 
Subject: Re: Please read and acknowledge receipt -- Actions needed regarding 2R01 Al 110964-06 

Date: April 21 , 2020 at 19:28 
To: Peter Daszak --. ....... .._ (b)(6) 
Cc: Black, Jodi (NIH/OD) [El (b)(6) , Aleksei Chmura (b)(6) , Stemmy, Erik (NIH/NIAID) [El 

(b)( , Erbelding, Emily (NIH/NIAID) (E] (b)(6)v, Lauer, Michael (NIH/OD) (E) 

Many thanks Peter for your response. 

We note that: 
• No monies have gone to WIV on the Type 2 award and no contract has been 

signed. 
• You agree that you will not provide any funds to WIV until and unless directed 

otherwise by NIH. 
• All foreign sites for the Type 1 and Type 2 awards have been documented in the 

progress reports submitted to NIH. 

We appreciate your working with us. 

Best, Mike 

Michael S Lauer, MD 
NIH Deputy Director for Extramural Research 
1 Center Drive, Building 1, Room 144 
Bethesda, MD 20892 
Phone' (b) (6j 

Email: 

NIH -001173 



From: Aleksei Chmura (b) (6) 
8 Aleksei Chmura email on 21 April 2020 

(b)(6) 

Subject: Re: Please read and acknowledge receipt -- Actions needed regarding 2R01Al110964-06 
Date: April 23, 2020 at 13:50 

To: Lauer, Michael (NIH/OD) [E] 
Cc: Peter Daszak _______ (b)( , Jodi (NIH/OD) [E] _____ Cb.,.)._(...,6)v, Erik Stemmy ______ Cb_)_.(..,6) 

Erbelding, Emily (NIH/NIAID) [E] ______ Cb,._H....,6) 

Dear Mike, 

I read that we are in agreement and in compliance with all requests. Please let us know if anything further is required. We will continue 
in our usual close communication with our Program Officer Erik Stemmy. 

Sincerely, 

-Aleksei 

Aleksei Chmura 
Chief of Staff & 
Authorized Organizational Representative 

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

(b)(6) (office) 

----,-_,,,-(mobile) 
www.ecohealthalliance.org 

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

NIH -001174 



From: Lauer, Michael (NIH/OD) (E] (b) (6) 
Subject: Re: Please read and acknowledge receipt -- Actions needed regarding 2R01Al110964-06 

Date: April 23, 2020 at_1_3_:5_9 ______ ~~ 
To: Aleksei Chmura (b) (6) 

______ Cb._.).,.(6)_.., Black, Jodi (NIH/OD) [E] (b)(6), Stemmy, Erik (NIH/NIAID) [E] 
(b)(6) , Erbelding, Emily (NIH/NIAID) [E] (b)( ' Lauer, Michael (NIH/OD) (E) 

Cc: Peter Daszak 

,__ _____ (b_)_(6)_. Compliance Review ComplianceReview@mail.nih.gov 

Many thanks Aleksei. 

Best, Mike 
9 Michael Lauer email on 21 April 2020 
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From: Lauer, Michael (NIH/OD) [EJ (b)(6) # 
Subject: PLEASE READ-· Re: Please read and acknowledge receipt•- Actions needed regarding 2R01Al110964·06 

Date: April 24, 2020 at 16:47 
To: Aleksei Chmura ---------..(b.-.) =(6) Peter Daszak -------......... Cc: Black, Jodi (NIH/OD) [E (b)( , Stemmy, Erik (NIH/NIAID) [E] __ ............ _ 

Erbelding, Emily (NIH/NIAID) [E] (b) ~ ' Linde, Emily (NIH/NIAID) [E 

(b)(6) 

(b)(6) 

(b)(6) 

(b)(6) Lauer, Michael (NIH/OD) [E (b) (6) Bulls, Michelle G. (NIH/OD) [E _______ _. 

Dear Dr. Chmura and Dr. Daszak 

Please see attached. 

Sincerely, 
Michael S Lauer, MD 

Michael S Lauer, MD 
NIH Deputy Director for Extramural Research 
1 Center Drive, Building 1, Room 144 
Bethesda MD 20892 
Phan 
Email 

(b)(6) 

10 Michael Lauer email on 24 April 2020 
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From: 
Subject: 

Date: 
To: 

Aleksei Chmura (b) (6) ---------------Re: PLEASE READ •· Re: Please read and acknowledge receipt •· Actions needed regarding 2A01Al110964-06 
April 27, 2020 at 23:57 
Lauer, Michael (NIH/OD) [E (b)(6) 

(b)(6) 

Cc: Peter Daszak 
Emily Erbelding 

(b)(6), Black, Jodi (NIH/OD) [El (b)(6) , Erik Stemmy (b)(6) 
____ Cb_>< , Linde, Emily (NIH/NIAID) [El _____ Cb_H_6), Bulls, Michelle G. (NIH/OD) [E) 

(b)(6)Alison Andre (b)(6) ---------
Dear Michael, 

Could Peter and I have a quick chat with you sometime tomorrow (Tuesday) about your email , below? 

Sincerely, 

-Aleksei 

Aleksei Chmura, PhD 
Chief of Staff 

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

(b)(6) (office) 
--------,--__,,,,_,,.,,(mobile) 

www.ecohealthalliance.org 

11 AJeksei Chmura email on 27 April 2020 

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation. 
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('"'.) DEPARTMENT OF HEALTH & HUMAN SERVICES \:I- Public Health Service 

Drs. Aleksei Chmura and Peter Daszak 
EcoHealth Alliance, Inc. 
460 W 34th St 
Suite 170.l 
New York, NY 10001 

National Institutes of Health 
Nationa l Institute of Allergy 
and Infectious Diseases 
Bethesda, Maryland 20892 

24 April 2020 

Re: Termination of NIH Grant ROI AI 110964 

Dear Ors. Chmura and Daszak: 

I am writing to notify you that the National Institute of Allergy and Infectious Diseases (NTAID), an 
Institute within the National Institutes of Health (NIH), under the Department of Health and Human 
Services (HHS) has elected to termi.oate the project Understanding the Risk of Bat Coronavirus 
Emergence, funded under grant RO 1 All 10964, for convenience. This grant project was issued under the 
authorization of Sections 301 and 405 of the Public Health Service Act as amended (42 USC 24 1 and 
284). This grant was funded as a discretionary gram as outlined in the NIH Grants Policy Statement, 
which states that the decision not to award a grant, or to award a grant at a particular funding level, is at 
the discretion of the agency, in accordance with NIH's dual review system. 

At this time, NTH does not believe tbat the cuJTent project outcomes align with the program goals and 
agency priorities. NIA ID has detennined there are no animal and human ethical considerations, as this 
project is not a clinical trial, but rather an observational study. 

As a result of this termination, a total of $369,819.56 will be remitted to NIAJD and additional 
drawdowns will not be supported. The remaining funds have been restricted in the HH S Payment 
Management System, effective immediately. 

Please let me know if you have any questions concerning the information in this letter. 

cc: Dr. Erik Ste1mny 
Ms. Emily Linde 

Sincerely, 
Digitally signed b)' Lai.u:r. Mkhael (N IH/ 

Lauer, Michael (NIH/OD) [El ooi re1 
O.)tC: 2020.04.24 16:41 :16 ·04'00' 

Michael S Lauer, MD 
NIH Deputy Director for Extramural Research 
Email: Cb) (6) 

NIH -001179 
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SPECIFIC AIMS 
Zoonotic coronaviruses are a significant threat to global health, as demonstrated with the emergence of 
Severe Acute Respiratory Syndrome coronavirus (SARS-CoV) in 2002, and the continuing spread of 
Middle East Respiratory Syndrome (MERS-CoV). The wildlife reservoirs of SARS-CoV were identified by 
our group as bat species, and since then we have sequenced dozens of novel SARS-related CoV 
(SARSr-CoV) strains. Our previous R01 work demonstrates that bats in southern China harbor an 
extraordinary diversity of SARSr-CoVs, some of which are able to use human ACE2 to enter into human cells, 
can infect humanized mouse models to cause SARS-like illness, and evade available therapies or vaccines. 
We found that the bat hosts of SARSr-CoVs appear to no longer be traded in wildlife markets, and that people 
living close to bat habitats are the primary risk groups for spillover. At one of these sites, we found diverse 
SARSr-CoVs containing every genetic element of the wild-type SARS-CoV genome, and serological evidence 
of human exposure among people living nearby. Thus, there is significant potential for future spillover of 
SARSr-CoVs, and of public health impacts. Yet salient questions remain: Are there specific bat communities 
and sites that harbor CoV strains with higher risk for bat-to-human spillover? Which human behaviors drive risk 
of bat SARSr-CoVexposure that could lead to infection? Does human exposure to these viruses cause SARS
like or other illness? Can we characterize viral strain diversity, bat traits and human behaviors to assess risk of 
potential future CoV spillover? The proposed work in this renewal R01 builds on these findings to address 
these issues by conducting: 1) focused sampling of bats in southern China to identify viral strains with high 
predicted risk of spillover; 2) community-based, and clinic-based syndromic, sampling of people to identify 
spillover, and assess behavioral risk factors and evidence of illness; and 3) conduct in vitro and in vivo 
viral characterization and analyze epidemiological data to identify hotspots of future CoV spillover risk. 
This work will follow 3 specific aims: 

Aim 1: Characterize the diversity and distribution of high spillover-risk SARSr-CoVs in bats in southern 
China. We will conduct targeted bat sampling at sites where we predict that undiscovered high risk SARSr
CoV strains exist. Bat sampling will be targeted geographically and by host species to test predictions about 
evolutionary diversity of SARSr-CoV. We will analyze RdRp and S protein sequences to test their capacity for 
spillover to people in Aim 3. 

Aim 2: Community- and clinic-based surveillance to capture SARSr-CoV spillover, routes of exposure 
and potential public health consequences. We will conduct focused, targeted human surveys and sampling 
to identify key risk factors for SARSr-CoV spillover and evidence of illness. To maximize our opportunity of 
capturing human exposure to bat CoVs, we will conduct community-based surveillance in regions with high 
SARSr-CoV prevalence and diversity, and individuals having contact with bats. We will assess bat-CoV 
seropositive status against a small number of questions about human-wildlife contact and exposure. We will 
conduct clinic-based syndromic surveillance close to these sites to identify patients presenting with influenza
like illness and severe acute respiratory illness, assess their exposure to bats via a questionnaire, and test 
samples for PCR- and serological evidence of SARSr-CoV infection. We will conduct follow-up sampling to 
capture patients who had not yet seroconverted at the time of clinic visit. 

Aim 3: In vitro and in vivo characterization of SARSr-CoV spillover risk, coupled with spatial and 
phylogenetic analyses to identify the regions and viruses of public health concern. We will characterize 
the propensity of novel SARSr-CoVs to infect people in vitro using primary human airway epithelial cells and in 
vivo using the transgenic hACE2 mouse model. We will use mAb and vaccine treatments to test our hypothesis 
that SARSr-CoVs with 10-25% divergence in S protein sequences from SARS-CoV are likely able to infect 
human cells, and to evade mAb therapeutics and vaccines. We will then map the geographic distribution of 
their bat hosts and other ecological risk factors to identify the key 'hotspots' of risk for future spillover. 

Overall, our SARSr-CoV program serves as a model platform to integrate virologic, molecular and ecologic 
factors contributing to CoV emergence while informing high impact strategies to intervene and prevent future 
pandemics. This includes providing critical reagents, therapeutic interventions and recombinant viruses for 
future SARSr-CoV pandemic and public health preparedness. 



This scanning electron microscope image shows SARS-CoV-2 (yel low), 

the vi rus that causes COVIO-19, isolated from a patient in the United 

States, emerging from the surface of cel ls (pink) cultured in the lab. 

Credit: NIAID-RML 
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Executive Summary 
The National Institute of Allergy and Infectious Diseases (NIAID) at the United States (U.S.) National 
Institutes of Health (NIH) is committed to safeguarding the health of Americans and people around the 
world by accelerating research efforts to prevent, diagnose, and treat COVID-19 and characterize the 
causative agent of this disease, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). This 
NIA/0 Strategic Plan for COV/0-19 Research 
builds on current t rans-NIAID efforts to 
better understand SARS-CoV-2 pathogenesis, 
transmission, and mechanisms of protective 
immunity by expanding resources and 
activities that support rapid development of 
biomed ical tools to more effectively combat 
this disease and pandemic. Given the 
urgency of the public hea Ith response, 
studies that inform efforts to control virus 

Boxl 
NIAID Strategic Plan for COVID-19 Research 

Mission 
Conduct and support research on SARS-CoV-2 and 

COV/D-19 to accelerate the development of safe and 
effective medical countermeasures that decrease 
disease incidence, mitigate morbidity and prevent 

mortality. 

spread and mitigate morbidity and mortality, including therapeutic and vaccine development, are the 
priority. In addition, it is essential to develop rapid, accurate, point-of-care diagnostics-a critical asset 
to mitigating the spread of COVID-19. 

The NIA/0 Strategic Plan for COV/0-19 Research aligns w ith the priorities set by U.S. Government-wide 
task forces for the development of medical countermeasures. NIAID actively participates in COVID-19 
task forces to identify opportunities, ensure open communication, encourage resource sharing, and 
avoid duplicat ion of effort. The plan is structured around four strategic research priorities: 

1. Improve fundamental knowledge of SARS-CoV-2 and COVID-19, including studies to characterize 
the virus and how it is transmitted and understand the nat ural history, epidemiology, host 
immunity, disease immunopathogenesis, and the genetic, immunologic, and clinical associations 
with more severe disease outcomes. This includes accelerating the development of small and large 
animal models that replicate human disease. 

2. Support the development of diagnostics and assays, including point-of-care molecular and 
antigen-based diagnostics for identifying and isolating COVID-19 cases and serologic assays to 
better understand disease prevalence in the population. Diagnostics also will be essential for 
evaluating the effectiveness of candidate countermeasures. 

3. Characterize and test therapeutics, including identifying and evaluating repurposed drugs and 
novel broad-spectrum antivirals, virus-targeted antibody-based therapies (including plasma-derived 
intravenous immunoglobulin (IVIG) and monoclonal antibodies), and host-directed strategies to 
combat COVID-19. 

4. Develop safe and effective vaccines against SARS-CoV-2, including support of clinical trial testing. 

To accelerate research, NIAID w ill leverage current resources and global collaborations, including 
existing research programs and clinical t rials networks. NIAi D's research response to COVID-19 will build 
on experience with diseases caused by other zoonotic coronaviruses (Co Vs), including severe acute 

1 
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respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS). NIAID will pursue public
private partnerships to facilitate the translation of research outcomes into life-saving public health 
interventions. Working with pharmaceutical companies, NIAID has already initiated Phase 1 clinical 
trials for candidate COVID-19 vaccines and therapeutics. A concerted effort will be made to include 
minority populations, as well as at-risk and vulnerable populations, in all aspects of NIAID-sponsored 
research to address health disparities between diverse groups. Characterization of the fundamental 
virology of SARS-CoV-2 and the immunological response to infection will inform future studies and 
facilitate the development of effective medical countermeasures. With collaboration from all agencies 
within the U.S. government and other key U.S. and global partners, NIAID will rapidly disseminate these 
results so that the information can be translated into clinical practice and public health interventions to 
combat the pandemic. As such, NIAID has already implemented open sharing of scientific data through 
publicly available websites and will continue to promote the prompt disclosure of SARS-CoV-2 and 
COVID-19 research data by the scientific community. 

Research Plan 
Priority 1: Improve fundamental knowledge of SARS-CoV-2 and COVID-19 

Developing effective medical and public health countermeasures against a newly emergent virus like 
SARS-CoV-2 will require a better understanding of the complex molecular and immune mechanisms 
underlying infection and disease. Studies that delineate the viral lifecycle and host immune responses to 
infection can lead to the identification of novel targets for intervention against SA RS-Co V-2 infection and 
COVID-19. Early studies suggest that the clinical manifestations of COVID-19 can vary significantly, and 
disease severity can range from mild to critical. Thus, a detailed understanding of the clinical course of 
disease, as well as the clinical, virologic, immunological, and genetic predictors of disease severity, are 
needed. Gaps also exist in our understanding of the dynamics of disease transmission in different 
populations over time, including the role of pediatric and elderly populations in viral spread, and the 
potential seasonality of viral circulation. 

Obj ective 1.1 : Characterize fundamental SARS-CoV-2 virology and immunological host response 

to infection 

• Support the development and distribution of reagents and viral isolates to researchers. NIAID w ill 
cont inue to support both intramural and extramural researchers by developing reagents and assays 
for virus characterization and immunological analyses. NIAID will continue to accelerate SARS-CoV-2 
research by sourcing viral isolates and clinical specimens for the research community and placing 
them in repositories to help advance research and countermeasure development. In addition, NIAID 

• 

will place other critical 
reagents needed for assay 
development (e.g., 
pseudovirions and antigens) in 
publicly available repositories 
for distribution. 

Characterize virus biology 
and immunological responses 
to disease. A comprehensive 
understanding of the 

Box2 
Priority 1: Improve fundamental knowledse of SARS-COV-

2 and COVID-19 
Objective 1.1: Characterize fundamental SARS-CoV-2 virology 
and immunological host response to infection 
Objective 1.2: Evaluate disease dynamics through natural history, 
transmission, and surveillance studies 
Objective 1.3: Develop animal models that recapitulate human 
disease 
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biological processes involved in SARS-CoV-2 infection and the pathogenesis of COVID-19 are 
paramount to developing new medical countermeasures to fight the spread of disease. Building on 
prior research related to MERS and SARS coronaviruses, early studies confirmed several critical 
features of SARS-CoV-2 infection, including the primary host receptor, angiotensin converting 
enzyme 2 {ACE-2), and the structure of the virus receptor-binding domain. Studies that delineate the 
viral lifecycle and host immune responses to infection can lead to the identification of novel targets 
for intervention against SARS-CoV-2 infection and COVID-19. Understand ing the function of essential 
viral proteins will be necessary for improving diagnostic and immunological assays, in vitro and in 
vivo models, and other resources needed to advance safe and effective medical countermeasure 
development. In addition, evaluating the dynamics of host-pathogen interactions at the molecular 
and cellular levels w ill be critical to advancing our understanding ofviral pathogenesis and immune 
responses that contribute to SARS-CoV-2 infection. 

• Determine viral evolution and molecular epidemiology. With a newly emergent virus like SARS
CoV-2, studies to characterize genetic diversity, including those that assess the potential for the 
virus to evolve and escape host immunity, are pivotal for understanding disease progression and 
transmission dynamics and may have implications for countermeasure development. Viral genomic 
analysis matched with patient clinical data will be important to identify biomarkers of virulence and 
establish paradigms of sequence diversity. In addition, evaluating viral sequence associations with 
disease outcomes, immune status, and viral replication will provide crucial data to accelerate the 
development of effective medical countermeasures. 

• Develop low-containment assays to study virus neutralization. Studies using non-infectious 
pseudovirions can be conducted in labs without BSL-3 capacity, making them an important tool to 
enhance understanding of SARS-CoV-2 infection. This capability would enable researchers w ithout 
high-containment infrastructure to study the dynamics of virus neutralization in vitro. 

• Research into optimal public health prevention and mitigation modalities. Clinical trials including 
family members of a COVID-19 positive individua l can be devised to evaluate transmission, 
prevention, and other mitigation measures within the household. 

Objective 1.2: Eva luate disease dynamics through natural history, transmission, and survei llance 
studies 
• Characterize disease incidence through surveillance studies. Clinical manifestations of COVID-19 

can vary greatly, ranging from asymptomatic or mildly symptomatic to the development of 
pneumonia, acute respiratory distress syndrome, and even death. 1 The variat ion in clinical 
presentation of COVID-19, combined with the challenges in diagnostic capacity, have made accurate 
initial assessments of disease incidence a formidable challenge. However, rapid point-of-care and 
point-of-need molecular tests, which became available in March 2020, will enable hospitals and 
other healthcare facilities to make informed decisions regarding patient isolation and care. Studies 
that leverage existing high-throughput diagnostic capacity along with these rapid tests will advance 
our understanding of disease incidence across the nation and will be a critical component of 
strategies to implement effective medical countermeasures. Combin ing these studies with broad 
serosurveillance studies across existing surveillance networks, including blood bank studies, would 

1 Wu Zand McGoogan JM. JAMA 2020 Feb 24. Epub. PMID 32091533. 
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provide a more complete picture of the scope of disease and the dynamics of infection. Detailed 
knowledge of host genetics and the human responses to infection across the lifespan wi ll not only 
provide insights into new approaches for diagnosis, treatment, and prevention, but also may 
elucidate why individuals respond to SARS-CoV-2 in different ways. Reports to date suggest that 
COVID-19 resolves in most cases, 2 implying that the immune system can keep the infection from 
progressing to severe disease in many individuals. However, additiona l research is needed to better 
understand why some people progress to severe disease, which will lend critical insights to medical 
countermeasure development. 

• Assess the dynamics of disease transmission. Our current understanding of COVID-19 transmission 
is limited. Whi le recent studies have suggested timeframes for virus surviva l in aerosols and on 
surfaces, 3 the contributions of different routes of transmission and the dynamics of animal-to
human and human-to-human transmission remain unclear. The diverse clin ica l presentations of 
COVID-19, including a high prevalence of asymptomatic cases, add further comp lexity to 
understanding transmission dynamics. Provid ing a clearer pictu re of the natural history of viral 
shedd ing is a priority, both in acute cases and in asymptomatic infection. Given the challenges of 
accurately diagnosing asymptomatic individuals because they do not present for treatment, 
determining the role they play in transmission would provide valuable insights. Elucidating the role 
of ped iatric cases in the spread of SARS-CoV-2 is particu larly important. Although pediatric COVID-19 
cases are generally asymptomatic or have less severe cl inica l manifestations than those of adu lts, 
the ro le that ch ildren play in spread ing the virus is unknown. Add it ionally, stud ies to identify 
potential an imal reservoirs and better understand transmission from an imals to humans are a 
research priority, as these reservoirs may lead to future virus introductions and re-emergence of 
disease in humans. Virus transmission depends on a complex interplay of host, vira l, and 
environmenta l factors that contribute to disease incidence and spread. Identifying the factors that 
maintain the disease transmission cycle is cri t ica l to developing effective medical countermeasures 
and public health interventions that will prevent future pandemics. 

• Determine disease progression through natural history studies. Delineating the natural history of 
COVID-19 wi ll inform immunopathogenesis, vira l tropisms and length of shedd ing, immune 
phenotypes, and both protective immunity and host susceptibility. Disease assessment us ing 
longitudinal cohort stud ies, including among high-risk populations such as healthcare workers and 
the elderly, are important to better understand disease pathogenesis and immune responses to 
infection . Bioma rkers identified from these studies may provide va luable insights into predictors of 
disease severity. 

Objective 1.3: Develop animal models that recapitulate human disease 
• Develop small and large animal models that replicate SARS-CoV-2 pathogenesis. Developing 

anima l models that recapitulate human disease is a vital early step toward understanding disease 
pathogenesis and test ing the efficacy of medical countermeasures. Small an imal models enable 
rapid, scalable analyses that are particularly valuable for screening countermeasure candidates for 
efficacy and addressing issues concerning vaccine-induced immune enhancement. Among the small 
anima l models being tested, transgenic mice expressing the human ACE-2 receptor are a promising 
cand idate. In paral lel, development and characterization of large an imal models, includ ing non
human primates (NHPs) that mimic human COVID-19, are a pivotal step to advance promising 

2 ibid . 
3 van Doremalen Net al. N Engl J Med 2020 Mar 17. Epub. PMI D 32182409. 
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countermeasure candidates. Previous experience w ith related coronavirus diseases such as MERS 
and SARS suggests that replicating human disease, particularly its more severe manifestations, in an 
animal model may be challenging. Fundamental research assessing animal models ranging from 
mice to NHPs is already underway. NIAID will continue to support the development of small and 
large animal model candidates to better understand this emerging infection and investigate optimal 
ways to t reat and prevent COVID-19. NIAID also will ensure that validated animal models are made 
available to the scientific community for evaluating priority countermeasures. 

Priority 2: Support the development of diagnostics and assays 
Availability of rapid, accurate Food and Drug Administration (FDA)-cleared or authorized diagnostics wiff 
increase testing capacity and are critical for identifying and rapidly isolating cases, tracking spread of the 
virus, managing patient care, and supporting clinical trials. Molecular tests specifically designed to 
detect SARS-Cov-2 RNA in clinical samples are able to detect low levels of pathogen in clinical samples 
and offer robust specificity in differentiating SARS-CoV-2 from other related viruses. Continuing to 
improve the speed and accuracy of molecular and antigen-based diagnostics and making them available 
at point- of-care wilf be paramount to accelerating the ability to mitigate disease spread in the current 
outbreak and any future outbreaks. The development of serologic assays would further bolster 
survei/lance efforts, including the ability to identify individuals who may have resolved prior infection 
with SARS-CoV-2. 

Objective 2.1: Accelerate the development and evaluation of diagnostic platforms 

• Support the development, characterization and availability of reagents for diagnostic validation . 

NIAID wi ll support t his effort 
t hrough the development 
and testing of reagents for 
diagnostic validation t hat will 
be made available t hrough 
NIAID-sponsored 
repositories. 

Box3 
Priority 2: Support the development of diasnostlcs and 

assays 
Objective 2.1: Accelerate the development and evaluation of 
diagnostic platforms 
Objective 2.2: Develop assays to increase understanding of 
infection and disease incidence 

• Support the development of 

new rapid diagnostics. NIAID will provide funding to support the development of new rapid 
diagnostics, including molecular tests and novel antigen detection tests with improved sensitivity, if 
deemed feasible based on nat ural history studies. 

• Support the evaluation of promising diagnostics. In some cases, stakeholders that develop 
potent ial diagnostic t ests do not have the infrastructure needed to rigorously validate those tests 
against clinical samples. NIAID will support the testing of promising diagnostics and provide the 
capacity for evaluating t hem with live virus samples using our biocontainment laboratories. 

Objective 2.2: Develop assays to increase understanding of infection and disease incidence 

• Develop and validate SARS-CoV-2 serological assays. Serological tests, which detect host antibodies 
to infectious agents, do not detect the presence of a pathogen directly but can be used as a 
surrogate marker of infection. Developing more effective serologic tests would help provide 
information on the extent of asymptomatic infections and cumulative disease incidence, for 
example through serosurveillance studies. NIAID, with the Centers for Disease Control and 
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Prevention and the FDA, is developing tests that identify antibodies to SARS-CoV-2 proteins to 
determine seroprevalence rates and potentially help distinguish antibody responses in individuals 
receiving vaccines. NIAID will support the development and validation of additiona l serological 
assays for serosurveillance studies and as tools for testing the efficacy of promising vaccine or 
therapeutic candidates. 

Priority 3: Characterize and test therapeutics 
Currently, there are no FDA-approved or licensed therapeutics specific for coronaviruses. While 
traditional development pathways for therapeutics can take years, the urgency of the current outbreak 
underscores the need for rapid development and testing of promising therapeutics. Possible avenues for 
developing therapeutics include the evaluation of broad-spectrum antiviral agents (antivirals) that have 
shown promise for other coronaviruses and the identification of novel monoclonal antibodies (mAbs). For 
broad-spectrum antivirals, Phase 2/2b testing of the RNA polymerase inhibitor developed by Gilead, 
remdesivir, is already underway. Additional studies will be critical to identify promising therapeutic 
candidates and to advance them through clinical trial testing. To optimize findings during the pandemic, 
multiple clinical trials will be conducted in parallel among various populations, including both inpatient 
and outpatient studies. 

Objective 3.1: Identify promising cand idates with activity aga inst SARS-CoV-2 
• Screen protease inhibitor and nucleotide analogue class agents and other small molecules with 

documented activity against other coronaviruses SARS-CoV-2. Screening drugs that are already 
licensed by the FDA for other ind ications and might be efficacious against SARS-CoV-2 infection may 
provide a route to identifying a therapeutic for use in the current pandemic. Broad-spectrum 
antivirals that are already FDA approved or in clinical development for other indications-including 
those previously targeting SARS-CoV-1 and MERS CoV-can be evaluated for their potential activity 
against SARS-CoV-2 infections. Approved therapeutics for other infectious diseases also are being 
evaluated as possible treatments for COVID-19. By leveraging their existing efficacy, safety, and 
manufacturability data, the time to development and production can be reduced. NIAID also will 
continue working with partners to screen compound libraries for potential activity against SARS
CoV-2. For these studies, priority will be given to compounds based on in vitro screening data and 
the existence of human 
safety data. Box 4 

• Identify viral targets for 
therapeutic development. 
Advances in structural biology 
technology enable 
researchers to map key viral 
structures at an 

Priority 3: Characterize and test therapeutics 
Objective 3.1: Identify promising candidates with activity against 
SARS-CoV-2 
Objective 3.2: Conduct treatment studies to advance high-priority 
therapeutic candidates 

unprecedented level. The Structural Genomics Centers for Infectious Diseases (SGCID) apply state
of-the-art, high-throughput technologies and methodologies, including computational modeling, x
ray crystallography, nuclear magnetic resonance imaging, and cryogenic electron microscopy, to 
experimentally characterize the three dimensional atomic structure of proteins that play an 
important biological role in human pathogens and infectious diseases. NIAID w ill continue to 
support use of this powerful technology to identify viral targets of SARS-CoV-2 for therapeutics or 
vaccines. 

NIH -001189 
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• Identify novel mAbs for use as therapy or prophylaxis. Data from early studies indicate that well
characterized conva lescent plasma may provide a treatment benefit in COVID-19. 4 Therefore, IVIG 
derived from conva lescent plasma may also hold promise for treatment. Moreover, peripheral blood 
mononuclear cells and plasma are being used to identify novel neutra lizing antibod ies. Through 
collaborations with structural biologists, binding propert ies can be quickly assessed. Pa ired with 
assessment of neutral ization activity, the most promising mAbs will be identified for further 
characterization in an imal models and human tria ls. 

Objective 3.2: Conduct t reatment studies to advance high-priority thera peutic ca ndidates 
• Characterize and evaluate host-directed strategies for treatment of disease. Experience with other 

coronaviruses indicates that infection of the respiratory tract is rapid and damage is primarily 
mediated by the host inflammatory response. 5 These cond it ions may make it difficult to modify 
COVID-19 with pathogen-d irected therapeutics. Instead, host-d irected strategies that target the 
immune response may exert a beneficial therapeutic effect. Host-di rected strategies, including 
immune-modulating agents, wi ll be investigated as potential therapeut ic cand idates. 

• Conduct clinical trials to demonstrate safety and efficacy of lead therapeutic candidates. Many 
potential therapeutic candidates have been identified and are being tested in clin ica l trials. 
0 

0 

0 

In March 2020, NIAID launched a multicenter, adaptive, randomized controlled clinica l trial to 
eva luate the safety and efficacy of the investigational antivira l drug remdesivir (GS-5734) for the 
treatment of COVID-19 in hospita lized adu lts with laboratory-confirmed SARS-CoV-2 infection 
and evidence of lung involvement. The trial bui lds on recent stud ies by NIAID scientists showing 
that remdesivir can improve the disease course in rhesus macaques when administered 
promptly after viral cha llenge with the MERS CoV. 6 The trial is also adaptive, allowing for 
additional arms should other therapeutics warrant assessment for efficacy. 
NIAID is final izing the protocol for the Big Effect Trial (BET), in which putative therapeutics that 
have existing human data and are read ily avai lable will be tested in patients hospita lized with 
lower respiratory tract disease. Each potential intervention will be given to approximately 75 
patients and evaluated for mitigating disease symptoms. Candidate therapeutics that meet the 
criteria in this init ial study will be further evaluated in larger cl inica l trials for which the 
infrastructure is already in place. 
As mentioned above, identification of novel mAbs for therapy or prophylaxis is another strategic 
priority. These mAbs should be safe, highly effective, amenable to fast manufacturi ng, and easy 
to administer. They will be tested in clin ica l trials to develop immunotherapies for the 
prevention and early treatment of COVID-19, potentially in high-risk populations including 
healthcare workers. 

• Conduct outpatient studies for mild COVID-19 cases. In cases of mild COVID-19 that do not requ ire 
hospital ization, outpatient stud ies could be extremely va luable for testing promising, oral ly 
administered FDA-approved drugs that have existing safety data. The antiviral activity of 
hydroxychloroquine and azithromycin against SARS-CoV-2 has been the focus of many early 

4 Roback JD and Guarner J. JAMA 2020 Mar 27. Epub. 32219429. 
5 Newton AH et al. Semin lmmunopathol. 2016;38(4) :471-82. PMID 26965109. 

6 de Wit E et al. Proc Natl Acad Sci USA 2020;117(12):6771-6. PMID 32054787. 
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therapeutic studies. 7•8•9 Testing of these and other candidates, includ ing protease inhibitors and 
other molecules, in outpatient studies may provide crit ical efficacy data and cou ld identify an 
existing drug or drug combination that is safe and effective against COVID-19. 

• Conduct outpatient studies in high-risk populations. High-risk popu lations, including hea lth care 
workers, the elderly or individuals w ith chronic cond itions, are a critical target for the development 
of therapeutics. Conducting studies in patients with mild cases of COVID-19 among these high-risk 
groups wou ld be of interest for identifying the benefits of early treatment strategies to mitigate the 
impact of infection . Therapeutic cand idates that have once a day dosing could also be considered for 
pre-exposure prophylaxis (PrEP) in some of these populations. 

Priority 4: Develop safe and effective vaccines against SARS-CoV-2 
Developing a safe and effective SARS-CoV-2 vaccine is a priority for preventing future outbreaks of the 
virus. As vaccine candidates for MERS-CoV, SARS-CoV-1 and other coronaviruses have previously been 
developed, NIA/0 investigators and the scientific community are well poised to use similar approaches in 
the current pandemic. NIA/0 will leverage its broad intramural and extramural infrastructure to advance 
vaccine candidates through Phase 1 safety and dosing clinical trials, with considerations for Phase 2/2b 
clinical trials for the most promising candidates. 

Objective 4.1: Advance promising vaccine candidates through clinical tria l testing 
• Conduct a Phase 1 clinical trial of (mRNA) platform candidate mRNA-1273. Given the urgency of 

the response effort to develop a safe and effective vaccine, NIAID is priorit izing promising vaccine 
candidates that can be rapidly produced and tested . NIAID, in collaborat ion with the biotechnology 
company Moderna, is conducting a Phase 1 clinical trial of a vaccine cand idate that uses a 
messenger RNA (mRNA) vaccine platform expressing a NIAID-designed recombinant spike protein of 
SARS-CoV-2. The tria l is being conducted at NIAID-funded clinical research sites, with the first 
enrolled individual receiving the vaccine on March 16, 2020. 

• Prepare for a pivotal Phase 2/2b clinical trial of candidate mRNA-1273. Preparing for the 
likelihood of a seasonal recurrence of SARS-CoV-2 is imperative to the public health response. 
Given the theoretica l risk of vaccine-enhanced respiratory disease, large Phase 2 trials are unlikely to 
launch unti l th is possibil ity is eva luated in an imal models. Plann ing for those an imal studies is 
underway, and, assuming favorable resu lts, a Phase 2/2b study could be launched later in 2020. Th is 
represents a historica lly fast timeline for the development and test ing of a vaccine cand idate. 
Add it ionally, these studies will provide information on corre lates of immunity that will help 
accelerate the advancement of other vaccine candidates. If the mRNA-1273 vaccine cand idate 
shows protection aga inst SARS-CoV-2 infection in a Phase 2/2b tria l, NIAID will work with 
government partners to ensure that the vaccine is manufactured in sufficient quantities to al low 
prompt distribution to t hose at highest ri sk of acqui ring disease. 

7 Gautret Pet al. Int J Antimicrob Agents. 2020 Mar 20: 105949. Epub. PMI D 32205204. 

8 Molina JM et al. 2020 Med Mal Infect. 2020 Mar 30. pi i:50399-077X(20)30085-8. Epub. PM ID 32240719. 

9 Chen Z et al. medRxiv 2020:2020.03 .22.20040758. 
https ://www. med rxiv .o rg/ co ntent/10.1101/2020.03 .22. 20040758v2 
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• Investigate additional 
candidates through NIAID 
vaccine programs. Although 
promising candidates may 
show efficacy in preclinical 
studies, many do not 
translate into effective 
vaccines in clinical trials. 
Therefore, it is crucial to 
support multiple promising 

BoxS. 
Priority 4: Develop safe and effective vaccines against 

SARS-CoV-2 
Objective 4.1: Advance promising vaccine candidates through 
clinical trial testing 
Objective 4.2: Advance vaccine development through assay and 
reagent development 
Objective 4.3: Advance vaccine development through adjuvant 
characterization and development 

preclinical candidates in the research and development pipeline. To that end, NIAID is advancing 
multiple additional SARS-CoV-2 vaccine candidates through its Rocky Mountain Laboratories (RML), 
including approaches that have shown promise against coronaviruses that cause SARS and MERS. 
Building on previous research to develop a MERS-CoV vaccine, scientists at RML are collaborating 
with Oxford University investigators to develop a SARS-CoV-2 vaccine that uses a chimpanzee 
adenovirus vector. RML investigators also are partnering with the biopharmaceutical company 
CureVac on an mRNA vaccine candidate and collaborating with the University of Washington on a 
universal coronavirus vaccine development. By leveraging its extensive expertise and research 
infrastructure, NIAID will continue working with partners and collaborators to advance promising 
SARS-CoV-2 vaccine candidates. 

• Leverage existing vaccine approaches to target SARS-CoV-2. NIAID is pursuing multiple strategies to 
develop a COVID-19 vaccine. Building on past research on emerging pathogens, especially MERS-CoV 
and SARS-CoV-1 (the virus that causes SARS), NIAID is using previously developed vaccine platforms 
to rapidly assess the potential of SARS-CoV-2 vaccine candidates. This approach has already resulted 
in severa l promising strategies that may be leveraged for SARS-CoV-2, including vaccination using 
recombinant spike protein, chimpanzee adenovirus vaccine vector, virus-like particles, and live 
attenuated virus. In addition, NIAID is funding the development of novel vaccine candidates that will 
be efficacious across the lifespan, including in the elderly. 

Objective 4.2: Advance vaccine development through assay and reagent development 
• Develop critical reagents to support vaccine development. Appropriate tools are needed to identify 

the most promising vaccine candidates and advance the development of lead candidates as rapidly 
as possible. To accelerate the vaccine pipeline, NIAID is generating master and working SARS-CoV-2 
virus stocks and other reagents critical for developing SARS-CoV-2 immune assays, developing 
quantitative tests for characterizing SARS-CoV2 assay material, developing a quantitative SARS-CoV-
2-specific ELISA, developing virus-specific neutralization assays, and developing quantitative assays 
for assessing SARS-CoV-2 viral load. 

Objective 4.3: Advance vaccine development through adjuvant characterization and 
development 
• Provide adjuvants to support vaccine development. Adjuvants are vaccine components that 

improve vaccine efficacy by inducing long-lived protective immunity. Selection of appropriate 
adjuvants is crucial for developing safe and effective vaccines . NIAID is working with multiple 
collaborators to provide adjuvants to the research community for use in SARS-CoV-2 vaccine 
candidates. These adjuvants are at various stages of development and include compounds that 
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specifically improve vaccine efficacy in elderly individuals or modulate host immunity toward 
protective responses while limiting or preventing harmful inflammatory responses. 

Conclusion 
The sudden emergence and rapid global spread of the novel coronavirus SARS-CoV-2 has created a 

daunting public health challenge. To address this challenge, NIAID is focusing its considerable expertise 

and emerging infectious disease resources to facilitate the development of medical countermeasures 

including diagnostics, therapeutics, and vaccines. The resulting discoveries will not only help mitigate 

the current pandemic, but also inform prevention, diagnosis, and treatment of future emerging 

infectious diseases. 

A comprehensive strategy requires a coordinated effort among governmental, academic, private, and 
community-based organizations. The NIAID Strategic Plan for COVID-19 Research defines the areas of 
COVID-19 research within the NIAID mission and outlines the institute's research priorities and goals. 
This strategic plan builds on many other national efforts and represents a commitment from multiple 
U.S. government agencies to improve coordination of COVID-19 research and discovery efforts and the 
development of medical countermeasures. 
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( ,•·~ DEPARTMENT OF HEALTH&. HUMAN SERVICES 

\;:/-

Drs. Aleksei Chmura and Peter Daszak 
EcoHealth Alliance, Inc. 
460 W 34th St 
Suite 1701 
New York, NY 10001 

Re: IH Grant ROIAil 10964 

Dear Drs. Chmura and Daszak: 

Public Health Service 

National Institutes of Health 
National Institute of Allergy 
and Infectious Diseases 
Bethesda, Maryland 20892 

8 July 2020 

In follow-up to my previous letter of April 24, 2020, I am writing to notify you that the National 
Institute of Allergy and Infectious Diseases (NIAID), an Institute within the National Institutes 
of Health (NIH), under the Department of Health and Human Services (HHS), has withdrawn its 
termination of grant RO lAil 10964, which supp01is the project Understanding the Risk ofBat 
Coronavirus Emergence. Accordingly, the grant is reinstated. 

However, as you are aware, the NIH has received reports that the Wuhan Institute of Virology 
(WIV), a subrecipient ofEcoHealth Alliance under ROlAil 10964, has been conducting research 
at its facilities in China that pose serious bio-safety concerns and, as a result create health and 
welfare threats to the public in China and other countries, including the United States. Grant 
award RO lAil 10964 is subject to biosafety requirements set forth in the NlH Grants Policy 
Statement (e.g., IH GPS, Section 4.1.24 "Public Health Secmity") and the Notice of Award 
( e.g., requiring that "Research funded under this grant must adhere to the [CDC/ IH Biosafety 
in Microbiological and Biomedical Laboratories (BMBL)]."). Moreover, NIH grant recipients 
are expected to provide safe working conditions for their employees and foster work 
environments conducive to high-quality research. IH GPS, Section 4. The te1ms and conditions 
of the grant award flow down to subawards to subrecipients. 45 C.F.R. § 75.101. 

As the grantee, EcoHealth Alliance was required to "monitor the activities of the subrecipient as 
necessary to ensure that the subaward is used for authorized purposes, in compliance with 
Federal statutes, regulations, and the tenns and conditions of the subaward ... " 45 C.F.R. § 
75 .352(d). We have concerns that WIV has not satisfied safety requirements under the award, 
and that EcoHealth Alliance has not satisfied its obligations to monitor the activities of its 
subrecipient to ensme compliance. 

Moreover, as we have informed you through prior otices of Award, this award is subject to the 
Transparency Act subaward and executive compensation reporting requirement of 2 C.F.R. Part 
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170. To date you have not reported any subawards in the Federal Subaward Reporting System. 

Therefore, effective the date of this letter, July 8, 2020, NIH is suspending all activities related to 
RO lAil 10964, until such time as these concerns have been addressed to NIH's satisfaction. This 
suspension is taken in accordance with 45 C.F.R. § 75.371, Remedies for Noncompliance, which 
permits suspension of award activities in cases of non-compliance, and the NIH GPS, Section 
8.5.2, which permits NIH to take immediate action to suspend a grant when necessary to protect 
the public health and welfare. This action is not appealable in accordance with 42 C.F .R. § 
50.404 and the NIH GPS Section 8.7, Grant Appeals Procedures. However, EcoHealth Alliance 
has the opportunity to provide information and documentation demonstrating that WN and 
EcoHealth Alliance have satisfied the above-mentioned requirements. 

Specifically, to address the NIH's concerns, EcoHealth must provide the NIH with the following 
information and materials, which must be complete and accmate: 

1. Provide an aliquot of the actual SARS-CoV-2 virus that WN used to determine the viral 
sequence. 

2. Explain the apparent disappearance of Huang Yanling, a scientist / technician who 
worked in the WIV lab but whose lab web presence has been deleted. 

3. Provide the NIH with WIV's responses to the 2018 U.S. Department of State cables 
regarding safety concerns. 

4. Disclose and explain out-of-ordinary restrictions on laboratory facilities, as suggested, for 
example, by diminished cell-phone traffic in October 2019, and the evidence that there 
may have been roadblocks sunounding the facility from October 14-19, 2019. 

5. Explain why WIV failed to note that the RaTG 13 virus, the bat-derived corona virus in its 
collection with the greatest similarity to SARS-CoV-2, was actually isolated from an 
abandoned mine where three men died in 2012 with an illness remarkably similar to 
COVID-19, and explain why this was not followed up. 

6. Additionally, Ecol-Iealth Alliance must arrange for WN to submit to an outside 
inspection team charged to review the lab facilities and lab records, with specific 
attention to addressing the question of whether WIV staff had SARS-Co V-2 in their 
possession prior to December 2019. The inspection team should be granted full access to 
review the processes and safety of procedures of all of the WIV field work (including but 
not limited to collection of animals and biospecimens in caves, abandoned man-made 
underground cavities, or outdoor sites). The inspection team could be organized by 
NIAID, or, ifprefened, by the U.S. National Academy of Sciences. 

7. Lastly, EcoHealth Alliance must ensure that all of its subawards are fully reported in the 
Federal Subaward Repo1ting System 

During this period of suspension, NIH will continue to review the activities under this award, 
taking into consideration information provided by EcoHealth Alliance, to further asses 
compliance by EcoHealth Alliance and WIV, including compliance with other terms and 
conditions of award that may be implicated. Additionally, during the period of suspension, 
Eco Health Alliance may not allow research under this project to be conducted. Further, no funds 
from grant R0lAil 10964 may be provided to or expended by EcoHealth Alliance or any 
subrecipients; all such charges are unallowable. It is EcoHealth Alliance's responsibility as the 



recipient of this grant award to ensure that the terms of this suspension are communicated to and 
understood by all subrecipients. EcoHealth Alliance must provide adequate oversight to ensure 
compliance with the terms of the suspension. Any noncompliance of the terms of this 
suspension must be immediately reported to NIH. Once the original award is reinstated, NIH 
will take additional steps to restrict all funding in the HHS Payment Management System in the 
amount of $369,819. EcoHealth Alliance will receive a revised Notice of Award from NIAID 
indicating the suspension of these research activities and funding restrictions as a specific 
condition of award. 

Please note that this action does not preclude NIH from taking additional corrective or 
enforcement actions pursuant to 45 CFR Part 75, including, but not limited to, terminating the 
grant award. NIH may also take other remedies that may be legally available if NIB discovers 
other violations of terms and conditions of award on the part of EcoHealth Alliance or WIV. 

cc: Dr. Erik Stem.my 
Ms. Emily Linde 

Sincerely, 
Digitally signed by Michael 5. 

Michael s. Lauer -5 Lauer •S 
Date: 2020.07.08 21 :43:41 -04'00' 

Michael S Lauer, MD 
NIH Deputy Director for Extramural Research 
Email: (b) (6) 
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ECOHEALTH ALLIANCE'S OBJECTIONS AND RESPONSES TO NIH'S 
ADDITIONAL CONDITIONS ON GRANT 2R01 AI 110964-6 

EcoHealth Alliance, Inc. ("EcoHealth Alliance"), by and th.rough its attorneys, Tarter 

Krinsky & Drogin LLP, hereby responds and objects to the additional conditions (the Requests") 

imposed on grant 2R01 AI 110964-6 on July 8, 2020, by the National Institute of Allergy and 

Infectious Diseases ("NIAID"), an Institute within the National Institutes of Health ("NIH"), under 

the Department of Health and Human Services ("HHS"), as follows: 

GENERAL OBJECTIONS 1 

1. EcoHealth Alliance objects to the Requests to the extent they purport to impose 

obligations beyond those authorized by the NIH Grants Policy Statement and the applicable 

statutes and regulations. 

2. EcoHealth Alliance object to the Requests to the extent they seek information and 

documents that are neither relevant to the Project nor reasonably likely to affect the safety or 

efficacy of EcoHealth Alliance's continued research funded by grant 2R0 1 AI 110964-6. 

3. EcoHealth Alliance objects to the Requests to the extent they seek the production 

of documents that are not in EcoHealth Alliance's possession, custody, or control. 

4. EcoHealth Alliance objects to the Reg uests to the extent they are vague, ambiguous, 

or otherwise unclear as to the precise categories of documents and information sought. 

5. EcoHealth Alliance objects to the Requests to the extent that they are overbroad, 

unduly burdensome, or unreasonably cumulative and duplicative. 

6. EcoHealth Alliance objects to the Requests to the extent they seek documents and 

information concerning personal information relating to individuals not affiliated with the Project 

or Grant on the ground that such requests may invade the rights of privacy of such individuals. 

1 Any capitaJjzed terms not otherwise defined herein shall have the same meaning ascribed to them in EcoHealth 
Alliance's letter to NIAID, dated August 12, 2020. 
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7. EcoHealth Alliance objects to the Requests to the extent they seek documents and 

information regarding transactions or occurrences that took place on or before July 1, 2019, on the 

ground that such requests are overbroad, and that such documents and information are not relevant 

to EcoHealth Alliance's continued research funded by grant 2R01 AI 110964-6. 

8. EcoHealth Alliance's Responses and Objections to the Requests (including each 

Request therein) shall not be interpreted as implying that: (i) responsive documents or information 

exist, (ii) EcoHealth Alliance acknowledges the proprietary of any Request; or (iii) that any 

Request propounded by NIH is either factually correct or legally binding upon EcoHealth Alliance. 

9. EcoHealth Alliance specifically reserves its right to amend, modify, or supplement 

the objections and responses provided herein. 

10. These general objections ("General Objections") are hereby incorporated by 

reference into each and every of EcoHealth Alliance's responses to the Requests, below. 

RESPONSES AND OBJECTIONS TO THE REQUESTS 

1. Provide an aliquot of the actual SARS-CoV-2 virus that WIV used to determine the 

viral sequence. 

Response to Request No. 1: 

EcoHealth Alljance objects to the Request to the extent it seeks documents and information 
that are not in EcoHealth Alliance's possession, custody, or control. EcoHealth Alliance further 
objects to the Request to the extent it seeks information that is not relevant to the Project, which 
was granted prior to the discovery of SARS-Co V-2. Subject to and notwithstanding the foregoing 
and without prejudice thereto, EcoHealth Alliance responds that it has no knowledge or information 
regarding the actual SARS-CoV-2 virus that WIV used to determine the viral sequence. 

2. Explain the apparent disappearance of Huang Yan1ing, a scientist/ technician who 

worked in the WIV lab but whose lab web presence has been deleted. 
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Response to Request No. 2: 

See General Objections. EcoHealth Alliance objects to the Request to the extent it purports 
to seek information or documents that are not in EcoHealth Alliance's possession, custody, or 
control. EcoHealth Alliance further objects to the Request to the extent it seeks information that is 
not relevant to the Project. EcoHealth Alliance further objects to the extent the Request seeks 
documents and information concerning personal information relating to individuals who are not 
affiliated with the Project. Subject to and notwithstanding the foregoing and without prejudice 
thereto, EcoHealth Alliance responds that it lacks knowledge or information regarding the alleged 
"disappearance of Huang Yan.ling" or the contention that her "lab web presence has been deleted." 

3. Provide the NIH with WIV's responses to the 2018 U.S. Department of State cables 

regarding safety concerns. 

Response to Request No. 3: 

See General Objections. EcoHealth Alliance objects to the Request to the extent it purports 
to seek information or documents that are not in EcoHealth Alliance's possession, custody, or 
control. EcoHealth Alliance further objects to the Request to the extent it seeks information that is 
not relevant to the Project. Subject to and notwithstanding the foregoing and without prejudice 
thereto, EcoHealth Alliance responds that, upon information and belief, it is not in possession, 
custody, or control of "WIV's responses to the 2018 U.S. Department of State cables regarding 
safety concerns." 

4. Disclose and explain out-of-ordinary restrictions on laboratory facilities, as 

suggested, for example, by diminished cell-phone traffic in October 2019, and the evidence that 

there may have been roadblocks surrounding the facility from October 14-19, 2019. 

Response to Request No. 4: 

See General Objections. EcoHealth Alliance objects to the Request in that it is vague, 
ambiguous, or otherwise unclear as to the precise categories of documents and information that 
are being sought and because the term "out-of-ordinary" is undefined. EcoHealth Alliance further 
objects to the Request to the extent it purports to seek documents or information that are not in 
Eco Health Alliance's possession, custody, or control. Subject to and notwithstanding the foregoing 
and without prejudice thereto, EcoHealth Alliance responds that it lacks knowledge or information 
regarding "diminished cell-phone traffic in October 2019" and/or "roadblocks surrounding [WIV] 
from October 14-19, 2019." 
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5. Explain why WIV failed to note that the RaTG13 virus, the bat-derived coronavirus 

in its collection with the greatest similarity to SARS-Co V-2, was actually isolated from an 

abandoned mine where three men died in 2012 with an illness remarkably similar to COVID-19, 

and explain why this was not followed up. 

Response to Request No. 5: 

See General Objections. EcoHealth Alliance objects to the Request to the extent it purports 
to seek information or documents that are not in EcoHealth Alliance's possession, custody, or 
control. EcoHealth Alliance further objects to the Request to the extent it seeks information that is 
not relevant to the Project. Subject to and notwithstanding the foregoing and without prejudice 
thereto, EcoHealth Alliance responds that it lacks knowledge or information regarding the 
contention that "WIV failed to note that the RatG13 virus ... was [] isolated from an abandoned 
mine where three men died in 2012" and why this was not followed up. 

6. Additionally, Eco Health Alliance must anange for WIV to submit to an outside 

inspection team charged to review the lab facilities and lab records, with specific attention to 

addressing the question of whether WIV staff had SARS-CoV-2 in their possession prior to 

December 2019. The inspection team should be granted full access to review the processes and 

safety of procedures of all of the WIV field work (including but not limited to collection of animals 

and biospecimens in caves, abandoned man-made underground cavities, or outdoor sites). The 

inspection team could be organized by NIAID, or, if prefe1Ted, by the U.S. National Academy of Sciences. 

Response to Request No. 6: 

See General Objections. EcoHealth Alliance objects to the Request to the extent it seeks to 
impose obligations on EcoHealth Alliance that are not authorized by the NIH Grants Policy 
Statement or any applicable statute or regulation. EcoHealth Alliance further objects to the Request 
to the extent it seeks to impose obligations that are wholly unrelated to the Project or EcoHealth 
Alliance's ongoing research funding by the Grant. Subject to and notwithstanding the foregoing 
and without prejudice thereto, EcoHealth Alliance responds that, on April 19, 2020, Michael S. 
Lauer, MD, NIH Deputy Director for Extramural Research, sent a letter to EcoHealth Alliance on 
behalf of NIH that stated that EcoHealth Alliance was not allowed to collaborate with WIV 
regarding the Project and that it should not remit any Grant funds to WIV. On April 21, 2020, Peter 
Daszak of EcoHealth Alliance sent an email to Dr. Lauer that confirmed (i) no funds from the 
Grant had been sent to WIV, (ii) no contract had been signed between EcoHealth Alliance 
regarding research funded under the Grant, and (iii) EcoHealth Alliance would not provide any 
funds to WIV. As a result, at this time, Eco Health Alliance is not collaborating with WIV, is not 
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in possession, custody, or control of WIV, and has no authority to grant NIAID and the U.S. 
National Academy of Sciences access the facility to conduct an inspection. 

7. Lastly, EcoHeaith Alliance must ensure that all of its subawards are fully reported 

in the Federal Subaward Reporting System. 

Response to Request No. 7: 

See General Objections. Subject to and notwithstanding the General Objections and 
without prejudice thereto, EcoHealth Alliance responds that, upon information and belief, as of 
the date of these responses, all of EcoHealth Alliance's subawards are fully reported in the Federal 
Subaward Reporting System. 

Dated: New York, New York 
August 13, 2020 

TARTER KRINSK · OGIN LLP 
Attome s or. Alliance 

(b)(6) 

B 

TO: DL Michael S. Lauer (b)(6) 
--========:c;----DJ. Erik Stemmy (b) (6) 

Ms. Emily Lindef - -------



Best, 

Matthew 

Tarter 
Krinsky 

&Drogin 

Matthew R.Torsiello I Associate 
D: (b)(6) I F: 212-216-8001 

(I>)(©: I Bio 

Tarter Krinsky & Drogin LLP 

1350 Broadway I New York I NY I 10018 
www.tarterkrinsky .com I Linkedln 

COVID-19 RESOURCE CENTER 

Tarter Krinsky & Drogin is rully operational. All attorneys and staff have been and will continue to be working remotely and TKO has put 
measures in place to ensure our services continue uninterrupted. However, because of anticipated delays in receiving regular mail and 
other deliveries, please e-mail copies of anything ou send b re ular mail or delivery, includin issuin remittances electronically, until 
further notice. Please contact Katnnia Soares at._ __ ,,_.,....,.,,.---'-== or by phone at,_ _ _,-== with any questions Thank 
you in advance for your courtesies durtng these unprecedented times. 

NOTE: If regular mailing or other specific transmission type is required by terms of a contract, order or statute, please comply with those 
obhgat1ons and transmit the matenals by the means set forth 1n the agreement, order or statute as well as by email. 

Confidentiality Disclosure: This Information in this email and in attachments is confidential and intended solely for the attention and use of 
the named (addressee(s). This information may be subject to attorney/client privilege or may ott>erwise be protected by work product 
privilege or other legal rules. It must not be disclosed to any person without our authority, If you are not the intended recipient, or a 
person responsible for delivering it to the intended rec,p,ent, you are not authorized to disclose. and must not disclose, capy, dlstribule, or 
retain this message or any part of rt. 

This email Is an informal communication !hat is not meant to be legally binding upon the sender unless expressly noted to the contrary. 

Tarter Knnsky & Drogin LLP, Attorneys-at-Law. 

NIH-001204 
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( ~ DEPARTMENT OF HEALTH & HUMAN SERVICES 

\ ~ 
Public Health Service 

Drs. Aleksei Chmura and Peter Daszak 
EcoHealth All iance, Inc. 
460 W 341Ji St 
Suite 170 1 
New York, NY 1 0001 

National Institutes of Health 
National Institute of Allergy 
and Infectious Diseases 
Bethesda, Maryland 20892 

24 April 2020 

Re: Termination of NIH Grant ROl AI 110964 

Dear D rs. Chmura and Daszak: 

I am writing to notify you that the National Institute of Allergy and Infectious Diseases (NIA ID), an 
Institute w ithin the National Institutes of Health (NIH), under the Department of Health and Human 
Services (HHS) has elected to termiuate the project Understanding the Risk of Bat Coronavirus 
Emergence, funded under grant ROl All 10964, for convenience. This grant project was issued under the 
auth01ization of Sections 301 and 405 of the Public Health Service Act as amended ( 42 USC 241 and 
284). T his grant was funded as a discretionary grant as outlined in the NTH Grants Pol icy Statement, 
which states that the decision not to award a grant, or to award a grant at a particular funding level, is at 
the discretion of the agency, in accordance with NIH's dual review system. 

At this time, NIH does not believe that the current project outcomes align with the program goals and 
agency priorities. NTAlD has determined there are no animal and human ethical considerations, as this 
project is not a clinical tria l, but rather an observational study. 

As a resuJt of this termination, a total of $369,819.56 will be remitted to NTAJD and additional 
drawdowns will not be supported. The remaining funds have been restricted in the HHS Payment 
Management System, effective immediately. 

Please let me know if you have any questions concern ing the information in th is letter. 

cc: Dr. Erik Ste1mny 
Ms. Emily Linde 

Sincerely, 
Digitally signed b)' lat..1er, Mi<haet(NIH/ 

Lauer, Michael (NIH/OD) [El ooi IEJ 
O.)tC-: 2020.04.2◄ 16:41 :1 6 -04'00' 

Michael S Lauer, MD 
NIH Deputy Director for Extramural Research 
Email Cb) (6) 
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Date: April 19, 2020 

From: Michael S Lauer, MD 
NIH Deputy Director for Extramural Research 

To: Kevin Olival, PhD 
Vice-President for Research 
EcoHealth Alliance 

(b)(6) 

Naomi Schrag, JD 

Lauer Michael Digitally signed by Lauer, 
t Michael (NIH/0D)[E] 

(NIH/OD) [E] Date: 2020.04.19 10:47:40 
-04'00' 

Vice-President for Research Compliance, Training, and Policy 
Columbia University 

(b)(6) 

Subject: Project Number 2R0 lAil 10964-06 

Dear Dr. Olival and Ms. Schrag: 

EcoHealth Alliance, Inc. is the recipient, as grantee, of an NIH grant entitled "Understanding the 
Risk of Bat Corona virus Emergence." It is our understanding that one of the sub-recipients of 
the grant funds is the Wuhan Institute of Virology (''WIV"). It is our understanding that WIV 
studies the interaction between corona viruses and bats. The scientific community believes that 
the coronavirus causing COVID-19 jumped from bats to humans likely in Wuhan where the 
COVID-19 pandemic began. There are now allegations that the current crisis was precipitated 
by the release from WIV of the coronavirus responsible for COVID-19. Given these concerns, 
we are pursuing suspension of WIV from participation in Federal programs. 

While we review these allegations during the period of suspension, you are instructed to cease 
providing any funds from the above noted grant to the WN. This temporary action is authorized 
by 45 C.F.R. § 75.37l(d) ("Initiate suspension or debarment proceedings as authorized under 2 
C.F.R. part 180"). The incorporated 0MB provision provides that the funding agency may, 
through suspension, immediately and temporalily exclude from Federal programs persons who 
are not presently responsible where "immediate action is necessary to protect the public interest." 
2 C.F.R. § 180.700(c). It is in the public interest that NIH ensure that a sub-recipient has taken 
all appropriate precautions to prevent the release of pathogens that it is studying. This 
suspension of the sub-recipient does not affect the remainder of your grant assuming that no 
grant funds are provided to WIV following receipt of this email during the period of suspension. 

NIH-001207 



~ EcoHealth Alliance 

National Institutes of Health (NIH) 
9000 Rockville Pike 
Bethesda, Maryland 20892 

Re: Budget Error in Renewal Proposal 2R01Al110964-06 

To Whom It May Concern: 

14 November 2018 

This letter pertains to our renewal proposal (2R01AJ110964-06) with the title "Understanding the Risk of 
Bat Coronavirus Emergence" for consideration under the NIH Research Grant Program (R01, PA-18-
484 ). Our submitted renewal proposal budget was in error. If our application receives a fundable score, 
we will reduce our budget to below the $500,000 per year cap in all 5 years of the award. 

Our total budget should be $3,225,898 including indirect costs. Without indirect costs our total direct cost 
budget should be $2,499,944 and annually detailed as follows: 

Year Direct Cost Indirect Cost Total 
1 $499,989 $164,835 $664,824 
2 $499,989 $140,280 $640,269 
3 $499,989 $140,280 $640,269 
4 $499,989 $140,280 $640,269 
5 $499,989 $140,280 $640,269 

Please contact us, if there are any questions or further details required. Thank you very much for your 
consideration. 

Sincere! 

Or. PeterOaszak, Pl 
President, EcoHealth Alliance 
460 West 34th Street, Ste 1701 
New York, NY 10001 , USA 

(b)(6) 

(b)(6) 

(b)(6) 

Dr. Alekse1 C mura 
AOR and Chief of Staff, EcoHealth Alliance 
460 West 34th Street, Ste 1701 
New York NY 10001 USA 

(b)(6) 
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1. Kind or species of animal and number to be used: 

Species taxa Family, Genus or Target numbers 
Species Name 

Fruit bats e.g: Cynopterus, Rousettus, Eonycterus spp. 900 individuals (30 
Insectivorous e.g.: Rhinilophidae, Hipposideridae, individuals from 30 
bats Emballonuridae, Vespertillionidae, different species) 

Mollsidae, Miniopteridae spp. 

Rodents e.g: Chinese bamboo rat (Rhizomys 900 individuals 
sinensis), Malayan porcupine (Hystrix 

brachyura), bandicoot (Bandicota indica) 

Small e.g.: Raccoon dog (Nyctereutes 500 individuals 
Carnivores procyonoides), Asian Palm civet 

(Paradoxurus hemaphroditus), ferret 
badger (Melo~ale moschata) 

2. Location of the source of the animals, if known: 

Free-ranging bat surveys and bats in wet markets: China, Malaysia, Thailand, Cambodia, Lao PDR, 
Myanmar, Vietnam, and Indonesia. 

Other mammals: We will opportunistically sample the other aforementioned taxa that are also sold in 
live animal markets, trading locations or bred on farms to supply markets throughout southeast Asia. 
Species and numbers of animals sampled from markets will be based on animal availability. 

3. A brief description of the sampling (blood draw, swab, etc) 

Bat capture. Free-ranging bats will be captured using either a mist net or harp trap and bats are removed 
from the net as soon as they become entangled to minimize stress and prevent injury. Bats will be 
manually restrained during sampling. Bats that are fractious may be anesthetized for restraint purposes 
in order to maximize safety for the bat and handler. Depending on the species and size of bat, swabs will 
be taken from the oropharynx, urogenital tract, and rectum. Fresh feces will be collected if available, in 
which case a rectal swab will not be collected. Blood will be collected from either from the cephalic vein 
or from the radial artery or vein using a 25-gauge needle. Bats are held for a maximum of six hours and 
then released following sample collection. We will euthanize 2 individuals per bat species for organ tissue 
banking. 

Wild and captive bred rodent capture. Free-ranging rodents will be captured using box traps. Captive 
bred rodents (e.g. at rodent farms) will be manually captured and restrained. Traps for free-ranging 
rodents will be checked a minimum of every 12 hours, including once in the morning. Captive bred and 
wild rodent sampling procedures (including anesthesia, if necessary), will involve manual restraint, 
venipuncture, mucosal swabs, fecal, and urine sample collection. 

Other small mammals: Anesthesia will be used to restrain small mammals such as civets and ferret 
badgers. Animals will be monitored continuously while recovering from anesthesia and will only be 
released once fully recovered from anesthesia. Animals that are sourced from markets and that may 
potentially be consumed, will be manually restrained without anesthesia, if possible, so that they may be 
returned to the vendor. Otherwise, the animal will be sampled and then euthanized via exsanguination 
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(cardiac puncture) while under anesthesia, then disposed of using biohazard protocols in order to prevent 
subsequent human or animal consumption. 

4. Location from where the animals will be obtained (source): 

Markets and surrounding caves/forest: sites will be identified along value chain routes linking southern 
China to southeast Asian countries that serve as sources for the Chinese market system. Specific field 
sites have not yet been determined. 

5. If possible, what will be done with the animals after the project ends (e.g., euthanized) 

All wild animals will be released unharmed after sampling at the capture location. While we do not 
anticipate any severe adverse events related to the capture or sampling of free ranging wildlife, we will 
observe all animals caught in traps and nets for injuries. Veterinary care of wildlife in the field is limited. 
Any animal with an injury that is deemed life- threatening, or significant enough to prevent survival upon 
release, will be humanely euthanized in accordance with the A VMA guidelines for euthanasia (2013) . 
Any animal that is injured in the course of restraint or sampling such that it is deemed unable to survive 
if released or if appears to be in severe pain due to injury, will be humanely euthanized. Animals that are 
caught and moribund (depressed mentation, non-responsive to stimuli, emaciated and weak or 
exhibiting neurological signs), will be humanely euthanized. 



(b) (5)
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{" ~ DEPARTMENT OF HEALTH &. HUMAN SERVICES 

\,~ 
Public Health Service 

Mr. Aleksei Chmura 

EcoHealth All iance 

460 W. 34th Street - 17th Floor 

New York, NY 10001 

RE: SR01Alll0964-05 

Dear Mr. Chmura: 

July 05, 2018 

Nationa I Institutes of Health 
Nationa I Institute of Allergy 
and Infectious Diseases 
Bethesda, Maryland 20892 

On December 19, 2017, the U.S. Department of Health and Human Services (DHHS) issued the 

Department of Health and Human Services Framework for Guiding Funding Decisions about Proposed 

Research Involving Enhanced Potential Pandemic Pathogens (HHS P3CO Framework) 

(https://www.phe.gov/s3/dua luse/Documents/P3CO.pdf). The HHS P3CO Framework is responsive to 

and in accordance with the Recommended Policy Guidance for Departmental Development of Review 

Mechanisms for Potential Pandemic Pathogen Care and Oversight (Recommended Policy Guidance) 

(https://www.phe.gov/s3/d ua luse/Documents/P3CO-Fina1Gu idanceStatement.pdf) issued by the White 

House Office of Science and Technology Policy on January 9, 2017. Additionally, and as noted in the 

Recommended Policy Guidance, adoption of the HHS P3CO Framework satisfies the requirement for 

lifting the Research Funding Pause on certa in gain-of-function (GoF) research. 

The HHS P3CO Framework gu ides DHHS funding decisions on research that is reasonably anticipated to 
create, transfer, or use enhanced potential pandemic pathogens (PPPs). A PPP is a pathogen that 
satisfies both of the following: 

• It is likely highly transmissible and likely capable of wide and uncontrollable spread in human 
popu lat ions; and 

• It is likely highly virulent and likely to cause sign ificant morbidity and/or mortality in humans. 

In accordance w ith the HHS P3CO Framework, research involving an enhanced PPP is subject to 
add it ional HHS department-level review. NIAID re-reviewed the grant appl ication and other information 
provided by you, and made the following assessment: 

The experiments to generate MERS-li ke or SARS-like chimeric coronaviruses, are not subject to 
the HHS P3CO Framework. The terms and cond it ions of the award have been revised to indicate 
that should experiments proposed in th is award result in a virus w ith enhanced growth by more 
than 1 log compared to wild type stra ins, you must notify your NIAID Program Officer and 



Grants Management Specialist immediately and that further research involving the result ing 
virus(es) may require review by the DHHS in accordance with the HHS P3CO Framework. 

Please remember that the institution must comply in full with all terms and conditions placed on this 
grant. 

Please let us know if you have any questions, or if you require additional information. 

CC: Dr. Peter Daszak 
Ms. Emily Linde 
Dr. Emily Erbelding 
Dr. Irene Glowinski 
Dr. Andrew Ford 

Sincerely, 
(b)(6) 

Adam Graham 
Grants Management Specialist 
NIAID/NIH/DHHS 

(b)(6) 

[S.Cl J. Stemmy P .D. 

Program Offiter 
Respiratory Diseases Branch 
Division of Microbiology and Infectious Diseases 
NIAID/NIH/DHHS 
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From: Routh, Jennjfer /NIH/NIAIP} (El 
To: Selgrade, Sara /NIH/NIAID} (El: Deatrjck. Elizabeth /NIH/NIAIP} (El: Embry. Alan fNIH/NIAID} [El: fom. 

Andrew (NIH/NIAID} [El : Billet, Courtney (NIH/NIAID) (El : NIAID BUGS 

Cc: NIAID OCGR NSWB; NIAID Media I nquiries; Haskins. Melinda (NIH/NIAID) [El 
Subject: 
Date: 
Attachments: 
Importance: 

RE: For review again: Response to GoF inquiry from FactCheck.org 

Thursday, July 22, 2021 4:55:08 PM 

Response to FactCheck JR ed ae cb AOF dean ss.docx 
High 

I am adding BUGS, Andrew and Courtney to this thread so we are all on t he same thread. The 

original response pul led from cleared language. I'd like to get this finalized ASAP. We really need to 

move this forward. 

Jennifer Routh [E] 
News and Science Writing Branch 
Office of Communications and Government Relations 
National Institute of Allergy and Infectious Diseases (NIAID) 
NIH/HHS 
31 Center Drive Room 7A17C 
Bethesda, MD 20892 
Direct: Cb) (6) 

Disclaimer: Them rmat1on m this e-mail anc! any of its attachments is confidential and may contain sensitive information. It should not 
be used by anyone who is not the original intended recipient. If you have received this e-mail in error please inform the sender and 
delete it from your mailbox or any other storage devices. The National Institute of Allergy and Infectious Diseases shall not accept liability 
for any statements made that are sender's own and not expressly made on behalf of the N IAI D by one of its representatives. 

From: Selgrade, Sara (NIH/NIAID) [E] -----------(b)(6) 

Sent: Thursday, Ju ly 22, 2021 4:49 PM 
----------~~ To: Deatrick, El izabeth (NIH/NIAID) [E] (b)(6); Embry, Alan (NIH/NIAID) [El ------------(b )( 6) 

Cc: NIAID OCGR NSWB <NIAIDOCGRNSWB@mai l.nih.gov>; NIAID Media Inquiries 

<mediainquiries@niaid.nih.gov>; Haskins, Mel inda (NIH/NIAID) [E] ________ Cb_H_6) 

Subject: RE: For review again: Response to GoF inquiry from FactCheck.org 

Thanks Elizabeth. Some ed its for your consideration in the attached. I'm copying Melinda as well for 

her review. 

Defer to Alan on whether DMID shou ld review again. 

(b)(6) From: Deatrick, Elizabeth (NIH/NIAi D) [E) ------------Sent: Thursday, July 22, 2021 4:33 PM 

To: Embry, Alan (NIH/NIAID) [E] r-------;;(b:-:-) =( >; Selgrade, Sara (NIH/NIAID) [El 

(b)(6) 

Cc: NIAID OCGR NSWB <NIAIDOCGRNSWB@mai l nib gov>; NIAID Media Inquiries 

<media i nq uiries@nia id. nih .gov> 

Subject: For review again: Response to GoF inquiry from FactCheck.org 

Good afternoon, 

NIH -001216 
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DMID has reviewed our response to FactCheck.org on GoF research, but recommended that we run 

the copy past you one more time before moving it forward in the clearance process. Please let me 

know if you have any notes on t he at tached clean document. 

Best, 

Elizabeth Deatrick 
Technical Writer-Editor 

Office of Communications and Government Relations 

National Institute of Allergy and Infectious Diseases (NIA/0) 
(b)(6) 

Please note thot I am not a spokesperson for NJAID and should not be quoted as such. 
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From: 
To: 
Cc: 
SUbject: 
Date: 
Attachments: 

Hey And rew, 

Abbey. LjUjan INIH/NlA!D) [El 
Ford. Andrew INIH/N)AID} [El 
DMID Word Nerds 
FW: For review: GoF Response to FactChed<.org 
Thursday, July 22, 2021 2:16:02 PM 
Response to FactCheck JR ed ae cb.docK 

I acknowledged Elizabeth's request since I am on com ms duty from 12-5 today but wondering if you 

want to handle t his. Please let me know. 

Thanks, 

Lill ian 

(b)(6) From: Deatrick, Elizabeth (NIH/NIAID) [E] -----------Sent: Thursday, July 22, 2021 2:07 PM 

To: NIAID BUGS <BUGS@niaid.nih.gov> 

Cc: NIAID OCGR NSWB <NIAIDOCGRNSWB@mai l.nih.gov>; NIAID Media Inquiries 

<media inquiries@niaid.nih.gov> 

Subject: For review: GoF Response to FactCheck.org 

Good afternoon, 

Yesterday, we received a med ia inqui ry from FactCheck.org regarding the exchange that Dr. Fauci 

had with Sen. Paul in the briefing the other day, and asking specifically about the paper t hat Sen. 

Paul cited. Would you be able to have Program review t he attached response we've drafted? It uses 

some existing language we've used for other purposes, but we would still li ke to check it for accuracy 

The writer's deadline has passed, but we'd stil l li ke to get it to them today, if possible. 

Best, 

Elizabeth Deatrick 
Technical Writer-Editor 

Office of Communications and Government Relations 

National Institute of Allergy and Infectious Diseases (NJAID) 
(b)(6) 

Please note thot I om not a spokesperson for NIAID and should not be quoted as such. 
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From: 
To: 
Subject: 
Date: 

Thanks! 

Miers. Sarah (NIH/NIAIDl [E) 
Ford. Andrew INIH/N)AID} [El: Stemmy. Erik <NIH/NIAIDl [E): Hauquel. Teresa CNCH/NIAID} [El 
Re: Urgent Action: Additional FLIPs for review 
Tuesday, October 19, 2021 1: 17:57 PM 

From: "Ford, Andrew (NIH/NIAID) [E]" _______ Cb_>_<6) 

Date: Tuesday, October 19, 2021 at 1:14 PM 

To: "Stemmy, Erik (NIH/N IAID) [E]" CbH6l, "Miers, Sarah (N IH/NIAID) [E] " 

Cb)( , "Hauguel, Teresa (N IH/NIAID) [E]' CbH6) ---------
Subject: RE: Urgent Action: Additional FLIPs for review 

Andrew Q. Ford, Ph.D. 

Office of Scientific Coordination and Program Operations 

Division of Microbiology and Infectious Diseases 

NIAID/NIH/DHHS 

5601 Fishers Lane Room 7G64 

Rockville, MD 20892 
(b)(6) 

Disclaimer: 

(b) (5) 

The information in this e-mail and any of its attachments is confidential and may contain sensitive 

information. It shou ld not be used by anyone who is not the original intended recipient. If you have 

received this e-ma il in error please inform the sender and delete it from your mailbox or any other 

storage devices. National Institute of Allergy and Infectious Diseases shall not accept liabi lity for any 

statements made that are sender's own and not expressly made on behalf of the NIAID by one of its 

represe ntatives. 

From: Stemmy, Erik (NIH/NIAID) [E] ---------(b)(6) 

Sent: Tuesday, October 19, 20211:00 PM 

To: M iers, Sarah (NIH/NIAID) [El (b)(6) Hauguel, Teresa (NIH/NIAID) [El 

~"'."".""'."".'""'."'-:-:"-:':":'===(b=)=<6):'..:.;_B_e..:::ig:...e.:..I, _Jo_h .... n,..;_(=NIH) [El (b)(6l; Cardemil, Cristina 
(NIH/NIAID) [El CbH6)>; Ford, Andrew (NIH/NIAID) [El (b)(6) 

Subject: RE: Urgent Action: Additional FLIPs for review 

Hi Sarah, 

Comments from me in the attached. I d idn't have comments for the others. 

Erik 

NIH-001222 



(b)(6) From: Miers, Sarah (NIH/ NIAID) [E] --------
Sent: Tuesday, October 19, 202111:42 AM 

To: Stemmy, Erik {NIH/NIAID} [El--------=Cb--:-H=6)Hauguel, Teresa (NIH/NIAID) [El 

(b)(6); Beigel, John (NIH} [E] (b)(6); Cardemil, Cristina 
7( N-:-:1-:--:H/-:-:N-:-:-IA-:--l=D-:--) ::[ E::-:] ======--.____::..__~(b)~(= >; Ford, Andrew { N IH/N IAI D) [E] (b)(6) 

Subject: Urgent Action: Additional FLIPs for review 

Importance: High 

Hel lo-

We have rece ived additional fl ip cards to review for Dr. Fauci for the upcoming Senate HELP hearing. 

Some of these cards have been reviewed before and OCGR-Leg has added questions or edit s for us 

t o review on them. Here is the list of cards: 

• 2016- Barie Nature M icrobiology Paper 

• _Covid - Vax Trials in Ch ildren 

• 2017 PLOS Pathogens Paper 

• Benefits of GOF research 

• Fur in Cleavage Site_CGG Repeats 

• Eco Hea lt h All iance CoV Grant (2014-2018) Year S [Also going to DEA for review] 

• _COVI D - Pregnant Women and Vax Tria ls [Also going to DAIDS for review) 

• Natural Immunity to SARS-CoV (Going t o all Divisions for reviewl 

Unfortunately we have a very short turnaround t ime for t hese and Emi ly needs to review them. 

Please respond to me by 2:00 PM t oday. My apologies for t he rapid turnaround. 

Thanks 

Sarah 

(b)( From: "Arms, Erin (NIH/ NIAID) [El" --------
0 ate: Tuesday, October 19, 2021 at 11:14 AM 

To: NIAID BUGS <BlJGS@niaid nib gov> 

Cc: NIAID OCGR Leg <NIAIDOCGRLeg@mail.nih.gov> 

Subject: Action by 3 pm today (10/19): Additional FLIPs for review 

Hello Bugs, 

Background 
Thank you for your ongoing assistance to prepare FLIPs for the November 4th Senate HELP 

Committee hearing to discuss t he ongoing Federal response to COVID-19. Attached are add it ional 

FLI Ps for your review. Please not e - some of t he FLIPs have already been reviewed. Th e versions of 

these FLI Ps included here have additional ed its or questions for your review. 

NIH-001223 



2016- Barie Nature M icrobiology Paper 

• _Covid - Vax Tria ls in Children 

• 2017 PLOS Pathogens Paper 

• Benefits of GOF research 

• Furin Cleavage Site_CGG Repeats 

• EcoHea lt h All iance CoV Grant (2014-2018) Year 5 [Also going to DEA for review] 

• _COVID - Pregnant Women and Vax Tria ls [Also going to DAIDS for review] 

• Natura l Immunit y to SARS-CoV (Going t o all Divisions for review] 

&mm 
This is an exped ited request for FLIP review. Please send completed FLIPs to OCGR-Leg by 3 PM 

today, October 19th. As these are for Dr. Fauci's use during the upcoming hearing, we do request 

t hat Dr. Erbelding clear DMID's updated FLIPs. 

Please let us know if you have any questions or if any of the above FLI Ps should be reviewed by 

addit ional Divisions. 

Thanks, 

Erin 

Erin Arms, Ph.D. 
{she, her, hers) 

Public Health An alyst 

Legislative Affa irs and Correspondence Management Branch 

Office of Communications and Govern ment Relations 

NIAID/NIH/DHHS 

31 Center Drive 

Bldg. 31, Room 7A17H, MSC 2520 

Bethesda, MO 20892-2080 
(b)(6) 

Disclaimer: 

The information in this e-mail and any of its attachments is confidential and may contain sensitive 

information. It should not be used by anyone who is not the original intended recipient. If you have 

received this e -mail in error please inform the sender and delete it from your mailbox or any other 

storage devices. National Institute of Allergy and Infectious Diseases shall not accept liability for any 

statements made that are sender's own and not expressly made on behalf of the NIAID by one of its 

representatives. 
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From: 
To: 
Cc: 

Miers. Sarah (NIH/NIAIDl [E) 
Hastings. Andrew < NIH/NIAIDl [El 
NIAIP BUGS: NIAIP OCGR Leg 

SUbject: 
Date: 

Re: For Review by 10 AM Tomorrow (10/22): Responses to QFRs for House L-HHS Appropriations hearing 

Friday, October 22, 202110:10:11 AM 

Attachments: LHHS 5.25 - OFRs for NIAIDassiqnments toDiv AQF.docx 

Hi Drew, we have some ed its and comments in the attached. Please let me know if you have any 

quest ions or need anything else. 

Sarah 

From: "Miers, Sarah (NIH/NIAID) [E]" _______ Cb_H_6) 

Date: Thursday, October 21, 2021 at 10:59 AM 

To: "Hast ings, Andrew (NIH/NIAID) [El" (b)(6) 

Cc: NIAID BUGS <BUGS@niaid.nih.gov>, NIAID OCGR Leg <N IAIDOCGRLeg@mail.nih.gov> 

Subject: Re: For Review by 10 AM Tomorrow (10/22): Responses to QFRs for House L-HHS 

Appropriations hearing 

Will do, Drew 

(b)(6) From: "Hastings, Andrew (NIH/NIAID) [El" -----------Date: Thursday, October 21, 2021 at 10:29 AM 

To: NIAID BUGS <BUGS@niaid.nih.gov>, NIAID DAIDS WOCRB 

<NIAIDDAIDSSCIB@niaid.nih .gov>, NIAID DAIT-OPA <DAIT-OPA@niaid .nih.gov>, NIAID DCR

OCGR <NIAIDDCR-OCGR@mail.nih.gov>, NIAID DIR-OCGR <NIAIDDI R-OCGR@mail.nih.gov>, 

NIAID VRC-OPA <NIAIDVRC-OPA@niaid .nih.gov> 

Cc: NIAID OCGR Leg <NIAIDOCGRLeg@mail.nih.gov> 

Subject: For Review by 10 AM Tomorrow (10/22): Responses to QFRs for House L-HHS 

Appropriations hearing 

Good morning, 

Background: 
NIAID has been assigned to respond to a few questions for the record (QFRs) from the House Labor-

HHS Appropriations subcommittee on May 25th
, 2021. As you may recall, Dr. Fauci accompan ied Dr. 

Collins to the hearing along with several other IC Di rectors . We have been iostwcted to prepare 

these responses with information that is current as of the date of the hearing. 

OCGR-Leg used previously cleared documents to prepare the attached draft responses t o these 

QFRs. 

NIH-001225 
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Action: 

By 10 AM Tomorrow, Friday, October 22nd, please review these draft responses and let us know if 

you have any edits in t rack-changes. 

Let me know if you have any questions. 

Thanks, 

Drew 

Cel l # (b)( ------
Andrew K. Hastings, Ph.D. 

Public Health Analyst 

Legislative Affairs and Correspondence Management Branch 

Office of Communications and Government Relations 

NIAID/NIH/DHHS 

Bldg. 31, Room 7Al7, MSC 2520 

Bethesda, MD 20892-2520 
(b)(6) 

Disclaimer: 

The information in this e-moil ond any of its attachments is confidential and may contain sensitive information. It should not be 

used by anyone who is not the original intended recipient. If you hove received this e-mail in error please inform the sender 

and delete it from your mailbox or any other storage devices. National Institute of Allergy and Infectious Diseases shall not 

accept liability for any statements made that are sender's own and not expressly mode on behalf of the NIAID by one of its 

representatives. 
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From: Miers. Sarah (NIH/NIAIDl [E) 
To: Stemrny. Erik INIH/NIAIPl [El: Hauguel. Teresa <NIH/NIAID} (El: Bejgel. John [NIH} [El : Cardernil. Cristina 

(NIH/NIAIO) (El ; Fo rd. Andrew (NIH/NIAID) (El 

Subject: Urgent Action: Additional FLIPs for review 

Date: Tuesday, October 19, 202111:42:30 AM 
Attachments: 2016 - Barie Nature Microbioloav Paoer toDMID.docx 

C0VID - Vax Trials in Child~ 
2017 PLOS Pathogens Paoer toDMIDJiru:.x 
i:ten_efi~ Qf fil)F_r~~i,rch toQ.MID._(jQQS. 
Furin aeavaae Site CGG Reoeats toDMID.docx 
EcoHealth Alliance CoV Grant C2014·2OJ8l Year s RPPR toDiYisions.docx 
COVID - Pregnant Women and Vax Trials toDivs.docx 

J'L,~!).11:1itL11J!:rH,tnitvJ;Q_S_ARS::CoV-2 t@iyHl,9!;.x 

Importance: High 

Hel lo -

We have rece ived additional fl ip cards to review for Or. Fauci for the upcoming Senate HELP hearing. 

Some of these cards have been reviewed before and OCGR-Leg has added questions or edits for us 

to review on them. Here is the list of cards: 

• 2016 - Barie Nature Microbiology Paper 

• _Covid - Vax Trials in Ch ildren 

• 2017 PLOS Pathogens Paper 

• Benefits of GOF research 

• Furin Cleavage Site_CGG Repeats 

• Eco Hea lt h Alliance CoV Grant (2014-2018) Year 5 [Also going to DEA for review] 

• _COVID- Pregnant Women and Vax Tria ls [Also going to DAIDS for review] 

• Natura l Immunity to SARS-CoV [Going to all Divisions for review] 

Unfortunately we have a very short turnaround t ime for these and Emily needs to review them. 

Please respond to me by 2:00 PM today. My apologies for the rapid turna round. 

Thanks 

Sarah 

(b)(6) From: "Arms, Erin (NIH/N IAID) [E]" ---------O ate: Tuesday, October 19, 2021 at 11:14 AM 
To: NIAID BUGS <BUGS@niaid.nih.gov> 

Cc: NIAID OCGR Leg <NIAIDOCGRLeg@mai l.n ih.gov> 

Subject: Action by 3 pm today (10/19): Additional FLI Ps for review 

Hel lo Bugs, 

Background 
Thank you for your ongoing assistance to prepare FLI Ps for the November 4th Senate HELP 

Committee hearing to discuss the ongoing Federal response to COVID-19. Attached are add itional 

FLIPs for your review. Please note - some of the FLIPs have already been reviewed. Th e versions of 
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these FLI Ps included here have additional edits or questions for your review. 

• 2016 - Barie Nature Microbiology Paper 

• Covid - Vax Trials in Ch ildren 

• 2017 PLOS Pathogens Paper 

• Benefits of GOF research 

• Furin Cleavage Site_CGG Repeats 

• Eco Hea lth All iance CoV Grant (2014-2018) Year S [Also go ing to DEA for review] 

• _COVID - Pregnant Women and Vax Tria ls [Also going to DAIDS for review] 

• Natura l Immunity to SARS-CoV [Going t o all Divisions for review] 

&1iQn 
This is an exped ited request for FLIP review. Please send completed FLIPS to OCGR-Leg by 3 PM 

today, October 19th. As these are for Dr. Fauci's use during the upcoming hearing, we do request 

that Dr. Erbelding clear DMID's updated FLIPs. 

Please let us know if you have any questions or if any of the above FLIPs should be reviewed by 

addit ional Divisions. 

Thanks, 

Erin 

Erin Arms, Ph.D. 
(she, her, hers) 

Publi c Health An alyst 

Legislative Affairs and Correspondence Management Branch 

Office of Communications and Government Relations 

NIAID/NIH/DHHS 

31 Center Drive 

Bl dg. 31, Room 7A17H, MSC 2520 

Bethesda, M D 20892-2080 
(b)(6) 

Disclaimer: 

The information in this e-mail and any of its attachments is confidential and may contain sensitive 

information. It should not be used by anyone who is not the original intended recipient. If you have 

received this e-mail in error please inform the sender and delete it from your mailbox or any other 

storage devices. National Institute of Allergy and Infectious Diseases shall not accept liability for any 

statements made that are sender's own and not expressly made on behalf of the NIA/0 by one of its 

representatives. 
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From: Miers. Sarah (NIH/NIAID} [E) 
To: 
Cc: 

Arms. Erin (NIH/NIAID) [El : NIAID BUGS 
NIAID OCGR Leg 

SUbject: Re: Action by 3 pm today (10/19): Additional FLIPs for review 

Tuesday, October 19, 2021 2:41:53 PM Date: 
Attachments: COVID - Pregnant Women and Vax Trials toDivs cc.docx 

COYID · Vax Trials in Children to DMID cc.docx 
2016 - Barie Nature Microbiology Paper toDMID es AOF,docx 
2017 PLOS Pathogens Paper toOMID es.docx 
Benefits of GOF research toDMIO es.docx 

EcoHealth Alliance cov Grant <2014-2018) Year s RPPR toDjvisjons es.docx 
Furin aeavaqe Site CGG Repeats toPMIP es.docx 

Erin, (b)(5) Our edits and responses are included in -------------------the attached cards. 

From: "Miers, Sarah (N IH/NIAID) [E] " (b)(6) 

Date: Tuesday, October 19, 2021 at 11:38 AM 

To: "Arms, Erin (NIH/N IAID) [El" (b)( , NIAID BUGS <BUGS@niaid.nih.gov> 

Cc: NIAID OCGR Leg <NIAIDOCGRLeg@mail.nih.gov> 

Subject: Re: Action by 3 pm today (10/19) : Additional FLIPs for review 

Will do, Erin 

(b)(6) From: "Arms, Erin (NIH/N IAID) [E]" --------
0 ate: Tuesday, October 19, 2021 at 11:14 AM 

To: NIAID BUGS <BUGS@niaid.nih.gov> 

Cc: NIAID OCGR Leg <NIAIDOCGRLeg@mail.nih.gov> 

Subject: Action by 3 pm today (10/19) : Additional FLIPs for review 

Hel lo Bugs, 

Background 
Thank you for your ongoing assistance to prepare FLIPs for the November 4th Senate HELP 

Committee hearing to discuss the ongoing Federal response to COVID-19. Attached are add it ional 

FLIPs for your review. Please note - some of the FLIPs have already been reviewed . The versions of 

these FLIPs included here have add itional edits or questions for your review. 

• 2016- Barie Nature Microbiology Paper 

• _Covid - Vax Trials in Ch ildren 

• 2017 PLOS Pathogens Paper 

• Benefits of GOF research 

• Furin Cleavage Site_CGG Repeats 

• EcoHea lth All iance CoV Grant (2014-2018) Year 5 [Also going to DEA for review] 

• _COVID - Pregnant Women and Vax Tria ls (Also going to DAIDS for review] 

• Natural Immunity to SARS-CoV [Going to all Divisions for review] 
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&1i2n 
This is an expedited request for FLIP review. Please send completed FLIPs to OCGR-Leg by 3 PM 

today, October 19th. As these are fo r Dr. Fauci's use during the upcoming hearing, we do request 

that Dr. Erbelding clear DMID's updated FLIPs. 

Please let us know if you have any questions or if any of the above FLI Ps should be reviewed by 

additional Divisions. 

Thanks, 
Erin 

Erin Arms, Ph.D. 
(she, her, hers) 

Public Health An alyst 
Legislative Affa irs and Correspondence Management Branch 

Office of Com munications and Government Relations 

NIAID/NIH/DHHS 

31 Cent er Drive 
Bl dg. 31, Room 7A17H, MSC 2520 

Bethesda, MD 20892-2080 
(b)(6) 

Disclaimer: 

The information in this e-mail and any of its attachments is confidential and may contain sensitive 

information. It should not be used by anyone who is not the original intended recipient. If you have 

received this e-mail in error please inform the sender and delete it from your mailbox or any other 

storage devices. National Institute of Allergy and Infectious Diseases shall not accept liability for any 

statements made that are sender's own and not expressly made on behalf of the N /AID by one of its 

representatives. 
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From: 
To: 

Cc: 

Subject: 

Date: 
Attachments: 
Importance: 

Hello al l, 

Background 

Selgrade. Sara rNIH/NIAID) [El 
Erbelding. Emily (NIH/NIAID} [El : Stemmy. Erik !NIH/NIAID} [El : Hauguel. Teresa (NIH/NIAIDJ (E]; t::!..Y.l.aill. 
Barbara (NIH/NIAID) (El ; Ford. Andrew (NIH/ NIAID) [El : Fenton . Matthew (NIH/NIAID) [El ; Linde. Emily 
(NIH/NIAID) [El : Ghedin. Elodie (NIH/NIAID) [El 

NIAID OCGR Leg : Embry. Alan (NIH/NIAID) [El : Billet. Courtney (NIH/NI AID) (El : Folkers. Greg (NIH/NIAID) 
I.El; NIAID BUGS; NIAID DIR-OCGR: Holland Steven rNIH/NIAID} [El 
URGENT for ASF - ASAP: Review Hearing Prep Q&A 
Wednesday, July 7, 2021 7:30: 16 PM 

Kev Questions 070721 to Divisions.docx 
High 

As you are aware, Dr. Fauci wil l testify before a hearing of t he Senat e Hea lt h, Ed ucation, Labor, and 

Pens ions (HELP) Committee on COVID-19 on July 20th. In preparation for th is hearing, NIAID OD has 

assembled the attached Q&A for Dr. Fa uci's reference. 

Action Item 
We would appreciate your review of the att ached document for accuracy and completeness ASAe.... 
Please note there are comments incl uded for your consideration and input, where re levant. If t here 

are areas where you feel information is du pli cative, or other questions you th in k cou ld be raised, 

please let us know. 

Thank you for you r help on t his quick tu rn around request for Dr. Fauci . Please let us know if you 

have any questions. 

Than ks, 

Sa ra 
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From: 
To: 
Cc: 
SUbject: 
Date: 
Attachments: 

Hi Emily, 

Selgrade. Sara (NIH/NIAID) (El 
Linde. Emily CNIHINIAIQl (El: Arms Erin CNIH/NIAIQl (El: NIAID DEA DART 
NIAID BUGS: NIAID OCGR Leg: Embry. Alan (NIH/NIAID) (El: Stemmy, Erik (NIH/NIAID) [El 
RE: Action ASAP: follow-up Q"s on Year 4 RPPR - FLIPs for Nov 4th Senate HELP hearing 

Thursday, October 21, 2021 1:35:35 PM 
Year 4 EHA.pdf 

Related to th is topic, we've been asked to confirm that the attached is t he origina l year 4 RPPR. Can 

you let me kn ow? It looks correct to me, but wou ld appreciate if you could confirm. 

Thanks, 

Sara 

From: Linde, Emily (NIH/NIAID) [E] --------(b)(6) 

Sent: Wednesday, October 20, 2021 3:56 PM 
--------.......-= To: Se lgrade, Sara (N IH/NIAID) [El (b)(6); Arms, Erin (NIH/NIAID) [E] ----------(b)(6); NIAID DEA DART <dart @mai l.nih.gov> --------

Cc: NIAID BUGS <BUGS@niaid.n ih .gov>; NIAID OCGR Leg <NIAIDOCGRLeg@mail.nih.gov> 

Subject: RE: Action ASAP: follow-up Q"s on Year 4 RPPR - FLIPs for Nov 4th Senat e HELP hearing 

Please find attached a copy of the original RPPR __________________ Cb_>_<_5> 

(b)(5) and the regenerated RPP R. --------------
(b) (5) 

(b)(5) 

(b)(S) The publicati ons would have pulled, automatica lly, any publ icat ions t hat are associated w ith 

the grant as capt ured by the NLM managed MyNCBI system and would not have included any 

publications previously reported. It looks like the 5 publi cations original ly reported (two complete* 

and t hree in process) are not in the regenerated version and t hat five later publi cations (all 

complete* at the t ime of regeneration) are in the regenerated version. [* N.B. complete means th at 

they are compliant with the NIH Public Access Reporting Policy]. 

I hope this helps 

Please let me know if you have additional questions. 

Thanks, 

Emily 

From: Linde, Emily (NIH/NIAID) [E] --------(b)(6) 

Sent: Wednesday, October 20, 2021 2:44 PM 
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RPPR FINAL 

A. COVER PAGE 

Project T ltle: Understanding the Risk of Bat Coronavirus Emergence 

Grant Number: 5R01Al110964-05 Project/Grant Per1od: 06/01/2014 - 05/31/2019 

Reporting Per1od: 06/01/2017 - 05/31/2018 Requested Budget Period: 06/01/2018 - 05/31/2019 

Report Term Frequency: Annual Date Submitted: 04/ 13/2018 

Program Dlrector/Pr1nclpal Investigator Information: Recipient Organization: 

PETER DASZAK , PHO BS ECOHEAL TH ALLIANCE, INC. 

Phone number: (b) (6'; 
ECOHEAL TH ALLIANCE. INC. 
460W34THST 

Ema11:1 (b)(~ 17TH FLOOR 
NEW YORK, NY 100012320 

DUNS: 077090066 
EIN: 1311726494A1 

RECIPIENT ID: NIAID Coronavirus 

Change of Contact PD/Pl: N/A 

Administrative Offlcla l: Signing Official: 

ALEKSEI CHMURA ALEKSEI CHMURA 
460 W 34th St., 17th Floor 460 W 34th St., 17th Floor 
New York, NY 10001 New York, NY 10001 

Phone number.I ·(b)~ Phone number.I \UJ 

Emall:[ (b (~ Eman:1 (b)(~ 

Human Subjects: Yes Vertebrate Animals: Yes 
HS Exempt: No 
Exemption Number: 
Phase Ill Clinical Trial: 

hESC:No Inventions/Patents: No 
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B. ACCOMPLISHMENTS 

8.1 WHAT ARE THE MAJOR GOALS OF THE PROJECT? 

Zoonotic coronaviruses are a significant threat to global health, as demonstrated with the emergence of severe acute respiratory 
syndrome coronavirus (SARS-CoV) in 2002 , and the recent emergence Middle East Respiratory Syndrome (MERS-CoV). The wildlife 
reservoirs of SARS-CoV were identified by our group as bat species, and since then hundreds of novel bat-CoVs have been discovered 
(including >260 by our group). These, and other wildlife species, are hunted , traded, butchered and consumed across Asia, creating a 
largescale human-wildlife interface, and high risk of future emergence of novel CoVs. 
To understand the risk of zoonotic CoV emergence, we propose to examine 1) the transmission dynamics of bat-CoVs across the 
human-wildlife interface, and 2} how this process is affected by CoV evolutionary potential, and how it might force CoV evolution . We will 
assess the nature and frequency of contact among animals and people in two critical human-animal interfaces: live animal markets in 
China and people who are highly exposed to bats in rura l China. In the markets we hypothesize that viral emergence may be accelerated 
by heightened mixing of host species leading to viral evolution , and high potential for contact with humans. In th is study, we propose 
three specific aims and will screen free ranging and captive bats in China for known and novel coronaviruses; screen people who have 
high occupational exposure to bats and other wildlife ; and examine the genetics and receptor binding properties of novel bat-CoVs we 
have already identified and those we will discover. We will then use ecological and evolutionary analyses and predictive mathematical 
models to examine the risk of future bat-CoV spillover to humans. This work will follow 3 specific aims: 

Specific Aim 1: Assessment of CoV spillover potential at high risk human-wildlife interfaces. We will examine if: 1) wildlife markets in 
China provide enhanced capacity for bat-CoVs to infect other hosts, either via evolutionary adaptation or recombination ; 2) the import of 
animals from throughout Southeast Asia introduces a higher genetic diversity of mammalian CoVs in market systems compared to within 
intact ecosystems of China and Southeast Asia ; We will interview people about the nature and frequency of contact with bats and other 
wildlife ; collect blood samples from people highly exposed to wildlife ; and collect a full range of clinical samples from bats and other 
mammals in the wild and in wetmarkets; and screen these for CoVs using serological and molecular assays. 

Specific Aim 2: Receptor evolution , host range and predictive modeling of bat-CoV emergence risk. We propose two competing 
hypotheses: 1) CoV host-range in bats and other mammals is limited by the 
phylogenetic relatedness of bats and evolutionary conservation of CoV receptors; 2) CoV host-range is limited by geographic and 
ecological opportunity for contact between species so that the wildlife trade disrupts the 'natural' co-phylogeny, facilitates spillover and 
promotes viral evolution. We will develop CoV phylogenies from sequence data collected previously by our group, and in the proposed 
study, as well as from Gen bank. We wi ll examine co-evolutionary congruence of bat-CoVs and their hosts using both functional 
(receptor) and neutral genes . We will predict host-range in unsampled species using a generalizable model of host and viral ecological 
and phylogenetic traits to explain patterns of viral sharing between species. We will test for positive selection in market vs. wild-sampled 
viruses, and use data to parameterize mathematical models that predict CoV evolutionary and transmission dynamics. We will then 
examine scenarios of how CoVs with different transmissibility would likely emerge in wildlife markets. 

Specific Aim 3: Testing predictions of CoV inter-species transmission . We will test our models of host range (i .e. emergence potential) 
experimentally using reverse genetics, pseudovirus and receptor binding assays, and virus infection experiments in cell culture and 
humanized mice. With bat-CoVs that we've isolated or sequenced, and using live virus or pseudovirus infection in cells of different origin 
or expressing different receptor molecules, we will assess potential for each isolated virus and those with receptor binding site sequence, 
to spill over. We will do this by sequencing the spike (or other receptor binding/fusion) protein genes from all our bat-CoVs, creating 
mutants to identify how significantly each would need to evolve to use ACE2, CD26/DPP4 (MERS-CoV receptor) or other potential CoV 
receptors . We will then use receptor-mutant pseudovirus binding assays, in vitro studies in bat, primate, human and other species' cell 
lines, and with humanized mice where particularly interesting viruses are identified phylogenetically, or isolated. These tests wi ll provide 
public health-relevant data, and also iteratively improve our predictive model to better target bat species and CoVs during our field 
studies to obtain bat-CoV strains of the greatest interest for understanding the mechanisms of cross-species transmission. 

8.1.a Have the major goals changed since the initial competing award or previous report? 

No 

B.2 WHAT WAS ACCOMPLISHED UNDER THESE GOALS? 

File uploaded: Year 4 NIAID CoV Report_Final for eRA Commons.pdf 

B.3 COMPETITIVE REVISIONS/ADMINISTRATIVE SUPPLEMENTS 

For this reporting period, is there one or more Revision/Supplement associated with this award for which reporting is required? 

No 

B.4 WHAT OPPORTUNITIES FOR TRAINING AND PROFESSIONAL DEVELOPMENT HAS THE PROJECT PROVIDED? 

File uploaded: Year 4 NIAID CoV Training and Prof Devlp.pdf 
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B.5 HOW HAVE THE RESULTS BEEN DISSEMINATED TO COMMUNITIES OF INTEREST? 

1.Conference and University Lectures: Pl Daszak, and Co-investigators Shi, Epstein , Oliva!, and Zhang gave invited University and 
Conference lectures including Harvard Univ. Columbia Univ., Tufts Univ., Mt. Sinai, the 2nd International Symposium on Emerging Viral 
Disease in China, the 2nd International Symposium on the Infectious Diseases of Bats in Colorado, Cell Symposia: Emerging and Re
emerging Viruses 2017 in Virginia , The International Union of Microbiological Societies 2017 National Academy of Sciences in 
Singapore, 2018 Borneo Quality of Life Conference in Malaysia, 2017 Chemical and Biological Defense Science and Technology (CBD 
S&T) in California , Prince Mahidol Award Conference in Bangkok, Collaboration for Environmental Evidence Meeting in Paris, US-China 
NSF Ecology and Evolution of Infectious Disease (EEID) Meeting , and others that included specific discussion of the current project and 
results. 

2.Agency and other briefings: Pl Daszak and Co-investigator Shi introduced this project and discussed new opportunities about 
predicting and preventing zoonoses within National Institute of Allergy and Infectious Disease Office, Defense Advanced Research 
Projects Agency, National Natural Science Foundation of China, Chinese Center for Disease Control and Prevention , US NASEM Forum 
on Microbial Threats, Chinese Academy of Sciences, and the Health Working Group at the US Embassy in Beijing. 

3.Public outreach: Pl Daszak and Co-investigator Shi, Epstein , Olival , have presented this work to the general public in a series of 
meetings over Year 4 including at Cosmos Club briefings that EcoHealth Alliances hosts in Washington DC, over 10 meetings on the 
China National Virome Project and the Global Virome Project in China, Europe, Austral ia, Southeast Asia and Latin America. Co
investigator Oliva I presented this work at a public event on Disease Transmission and Technologies in New York, co-investigator Ross 
presented this work at EcoHealth Webinar on wildlife trade network research. Zhu broadly introduced this work to the conservation and 
ecological research community in China through field training workshops. 

B.6 WHAT DO YOU PLAN TO DO DURING THE NEXT REPORTING PERIOD TO ACCOMPLISH THE GOALS? 

Specific Aim 1: Assessment of CoV spillover potential at high risk human-wildlife interfaces. 

•To commence an in-depth analysis of data collected from the integrated biological behavioral surveillance from Yunnan, Guangxi , and 
Guangdong provinces, incorporating questionnaires and serological testing results . 
•To initiate lab analysis of human samples collected from the passive hospital surveillance from four hospitals in Yunnan province: 1) Dali 
College Affiliated Hospital; 2) Dali Prefecture Hospital; 3) Kunming No. 3 People's Hospital , and 4) Chuxiong Prefecture Hospital. The 
goal will be to identify examples of CoV spillover events in China that may lead to illness. 

Specific Aim 2: Receptor evolution , host range and predictive modeling of bat-CoV emergence risk 

•To repeat and continue in vivo experiments of SARSr-CoVs with spike variants on hACE-expressing transgenic mice (survival rate , 
histopathological analysis, etc) to evaluate the risk of cross-species infection of different SARSr-CoVs to humans; 
•Continue searching for the receptor of SARSr-CoVs with deletions in the homologous region of SARS-CoV RBD (i.e. Rp3, Rs672) , and 
SARSr-CoVs that are unable to utilize bat ACE2 (e.g. Rs4231 ). 
•Continue the phylogeographic study of bat-CoV with newly collected samples to better understand the geographic distribution and 
evolution of bat-CoV genetic diversity in south China and SE Asia. 

Specific Aim 3: Testing predictions of CoV inter-species transmission. 

•Using the full-length infectious cDNA clone of MERS-CoV, chimeric viruses with the spikes of newly identified MERSr-CoVs will be 
constructed . The pathogenesis of these MERSr-CoVs will be tested on the human DPP4-expressing mouse model that has already been 
developed and validated in Y4. 
•To conduct a population genetics study of Rhinolophus sinicus ACE2s, including the amplification of ACE2 genes from R. sinicus 
samples of different origin , test of the usage efficiency of R. sinicus ACE2s of different origins by SL-CoVs and kinetics study on the 
binding of SL-CoV RBD to different R. sinicus ACE2s. 
•In collaboration with South China Agrricultural University, gather data on the spatial structure and barn-level mortality records to 
parameterize our mathematical model of virus spread that incorporates a meta-population structure in individual and use this to fit the 
model on a training set of farms and validate it on a hold-out set. 
•Using the intra-farm transmission model, we will (a) determine the characteristics of a farm that determine the likel ihood and size of an 
outbreak given a spillover event, and (b) determine whether SADS and PEDV outbreaks on farms can be distinguished by differing 
dynamics, as measured by transmission parameters in our intra-farm transmission model. 
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Year 4 Report: Understanding the Risk of Bat Coronavirus Emergence 

Award Number: R01Al110964-03 

Reporting Period: 06/01/2017 - 05/31/2018 

************* 

B.2 What was accomplished under these goals? 

Summary 

The results of the 4th year of our R01 work are detailed below. They include: 

• Completed behavioral risk survey questionnaires and biological sample data collection for 
1,585 people in Yunnan, Guangxi, and Guangdong provinces. 

• Preliminary analysis of behavioral survey responses exploring key risk factors relating to 
potential viral zoonotic disease spillover in China, indicating notable differences among the 
respondents in Guangdong , Guangxi, and Yunnan. 

• Completed serologic testing of collected human samples for MERS-CoV, SARSr-CoV, 
HKU9 CoV and HKU10 CoV, showing the serologic evidence of spillover of bat SARS
related CoVs (7 people in Yunnan province) and HKU9 CoV (2 people in Guangxi province). 

• Testing of samples from 671 individual bats to identify diverse alpha- and beta
coronaviruses. 

• Genetic diversity and genomic characterization of beta-coronaviruses in fruit bats and 
characterization of the full-length genome sequence of a novel HKU9-related CoV. 

• Analysis of host-virus phylogeography for all bat CoV RdRp sequences collected by our 
group in China from 2008-2015 (Alpha-CoVs: n = 491 ; Beta-CoVs: n = 326) to identify the 
geographic areas that are likely sources of origin/diversity for this important group of viruses. 

• Identification of two novel MERS-related Co Vs that use DPP4 receptor. 

• In vivo infection of SARSr-CoVs with variants of S protein in human ACE2 (hACE2) 
expressing mice. 

• Identification of a novel bat-origin CoV (swine acute diarrhea syndrome coronavirus, SADS
CoV) causing a multi-farm outbreak of fatal acute diarrhea in piglets in Guangdong 
(published in Nature in April 2018). 

• Development of an intra-farm transmission model to understand SADS-CoV spread and 
help predict and prevent future outbreaks. 

Specific Aim 1: Assessment of CoV spillover potential at high-risk human-wildlife 
interfaces 
During Year 4 we completed behavioral risk surveys and biological sample collection from 
people at selected sites in three provinces in southern China (Guangdong, Guangxi, and 
Yunnan) and began analyzing the results. 
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Behavioral Survey 
We administered 1,585 surveys in Guangdong, Guangxi, and Yunnan provinces. Questions 
explored respondent health-seeking behavior, experiences with unusual illnesses, contact with 
wildlife and livestock, and general background information. Blood samples were collected from 
respondents and tested for SAS-related Co Vs (SARSr-CoVs) and HKU10-CoV using serological 
assays. Survey data was analyzed by province to examine patterns among respondent 
characteristics and behavioral risk factors across provinces. 

Respondent General Background Information 
Of the 1,585 respondents who completed the survey, 420 were from Guangdong, 412 were 
from Guangxi, and 753 were from Yunnan. More females than males completed the survey in 
all provinces. The mean age of the overall survey sample was 52 years (Figs. 1, 2) . ... ,..,,,. 
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Figure 1: Gender of respondents 
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Figure 2: Age distribution of respondents. 

Across all provinces, most respondents had lived in their respective locales for more than 5 
years (96.3%) (Fig. 3) and earned less than 10,000 renminbi (RMB) annually (84.6%) (Fig. 4). 
In 2016, the updated poverty standard in China was 3,000 RMB as defined by Poverty 
Alleviation Office of State Council. More families in Guangxi (61.8%) lived at or below the 
poverty level as compared to those in Guangdong (36.9%) and Yunnan (43.3%). 

' -
Figure 3: Duration of residency. 
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Figure 4: Family annual per capita income (RMB). 
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In Guangdong, Guangxi, and Yunnan, 73.9%, 57.0% and 69.6% of respondents, respectively, 
had a primary school-level education or less (Fig. 5). Across all provinces the most common 
livel ihood was crop production. In Yunnan, 699 out of 753 (92.8%) individuals from the province 
identified crop production as a livelihood activity. In comparison, 237 out of 420 (56.4%) 
individuals from Guangdong, and 260 out of 412 (63.1%) individuals from Guangxi (Fig. 6) 
named crop production as a livelihood in the last year. Respondents, however, where not 
restricted to defining a single livelihood, many indicated engaging in multiple types of 
livelihoods. 
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Figure 5: Highest level of education completed 
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Figure 6: Types of activities conducted to earn a livelihood since this time last year (above) 
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In Guangdong, Guangxi, and Yunnan, 41 .7%, 50.7% and 59.6% of respondents, respectively, 
indicated that they traveled outside of their village town or city in the past year. Among those 
who traveled, the average number of trips was 5 in Guangdong and Guangxi, and 6 in Yunnan. 
The average distance traveled by respondents in Guangdong and Yunnan were 113 Km and 
118 Km, respectively, compared to 66 Km by respondents in Guangxi. 

Health-Seeking Behavior and Experiences with Unusual Illnesses 
When asked where they usually get treatment for illness or infection, the top 3 responses across 
all provinces in aggregate were hospitals, clinics, and pharmacies/dispensaries in descending 
order (Fig. 7). However, within Yunnan, most respondents went to hospitals, followed by 
pharmacies, then clinics. 
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238 
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Figure 7: Location where care was usually received for illness or infection. 

600 

All survey respondents were asked whether they had experienced an unusual illness in their 
lifetime and in the past year, defined by a series of the most common symptoms associated with 
encephalitis, hemorrhagic fever (HF), severe acute respiratory infection (SARI), and influenza
like illness (ILi). Additional symptoms that were asked about included: fever with diarrhea or 
vomiting ; fever with rash ; and, persistent rash or sores on skin. Respondents were not restricted 
to selecting one illness and could provide multiple responses. 

The proportion of respondents who had an unusual illness with any of the above-mentioned 
symptoms in their lifetime varied slightly by province. Between the three provinces, Yunnan had 
the fewest number of respondents who reported experiencing the symptoms provided {38.8%), 
compared to Guangdong and Guangxi (51.9% and 51.3%, respectively). Yunnan was also the 
only province where less than half of the respondents reported experiencing the symptoms 
provided (Fig. 8). 
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Figure 8: Respondent's experience of unusual illnesses . 
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Across all three provinces, among those who had experienced any symptoms of unusual illness 
in thei r lifetimes, those associated with ILi were the most commonly reported. In Guangdong 
province, this was followed by symptoms associated with SARI, then by other symptoms not 
mentioned in the survey. In Guangxi province, the second most reported symptoms were ones 
associated with encephalitis, fol lowed by other symptoms not mentioned in the survey. Similarly, 
in Yunnan, symptoms associated with encephalitis were the second most commonly reported, 
but this was followed by symptoms associated with SARI (Fig. 9). 

Figure 9: Symptoms reported by people who had experienced unusual illness in their lifetime. 
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In each province, just under one-third of respondents who experienced the symptoms 
associated with an unusual illness in their lifetime indicated experiencing any of the symptoms 
in the past year - 22_2% in Guangdong, 32.8% in Guangxi and 23.0% in Yunnan (Fig. 10). 
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Figure 10: Whether respondents had experienced symptoms associated with an unusual illness, in the 
past year. 
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Of the respondents who reported 
having symptoms of unusual 
illness in the past year, across all 
three provinces, symptoms 
associated ILi were the most 
commonly reported. In 
Guangdong province, this was 
followed by symptoms associated 
with SARI then by other 
symptoms not provided in the 
survey. In Guangxi, symptoms 
associated with ILi were followed 
by symptoms associated with 
encephalitis, then by fever with 

diarrhea or vomiting. In Yunnan, symptoms associated with ILi were followed by symptoms 
associated with encephalitis, then by both SARI and other symptoms not provided in survey 
(Fig. 11). 

Figure 11: Symptoms experienced by those reporting unusual illness in the past year. 
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When respondents were asked what caused the symptoms associated with unusual illness 
experienced in the past year, 64.4% in Guangxi (85 of 132 respondents) , and 50.0% in both 
Guangdong and Yunnan (46 of 92 respondents and 86 of 172, respectively), said they did not 
know the cause (Fig. 12). Only one respondent in Guangxi said their symptoms were due to 
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contact w ith animals (wild animals, specifically). Two respondents in Guangdong and one 
respondent in Guangxi said their symptoms were due to contact with animals (non-wild animals, 
specifically) , whereas none of the respondents in Yunnan attributed their cause to contact with 
animals. 
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Figure 12: Reported cause of sickness in the past year. 
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Respondents reporting an unusual illness in the past year were asked if any of the people they 
lived with in the past year had symptoms similar to theirs, to assess possibilities of transmission 
among household members. Most respondents did not, across all three provinces: 82.4% in 
Guangdong, 83.6% in Guangxi and 79.9% in Yunnan (Fig. 13). 
Figure 13: Whether household members had similar symptoms of unusual illness, in the past year 
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Of the household members who experienced symptoms of unusual illness in the past year, the 
most commonly reported symptoms were those associated with ILi (Fig. 14). 
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Figure 14: Symptoms of household members who were ill, in past year. 
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Respondents were also asked if any members of their household who experienced symptoms of 
unusual illness died as a result of their illness in the past year. Across all the three provinces, 
almost none had died from these illnesses (Fig. 15). 
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Figure 15: Whether household members died from illness, in the past year. 
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Contact with Animals 

All respondents were asked about various types of animal contacts in their lifetime and in the 
past year. More than two-thirds of the respondents across all provinces, as well as in each of 
the provinces, reported raising an animal within their lifetime (71.2% in Guangdong, 77.7% in 
Guangxi, and 97.7% in Yunnan). More than half of the respondents in each province reported 
having animals come inside their dwellings (83.1 % in Guangdong, 60.2% in Guangxi, and 
92.5% in Yunnan). More than half of respondents in each province reported handling live 
animals (51.5 % in Guangdong, 56.9% in Guangxi, and 62.9% in Yunnan) (Table 1). 
Respondents from Yunnan had more types of contact with animals in their lifetime than those 
from Guangdong and Guangxi. With the exception of cooking or handl ing meat, organs, or 
blood from a recently killed animal and being scratched or bitten by an animal, the proportion of 
respondents from Yunnan who engaged in all types of animal activities was higher than the 
other provinces. 

Guangdong Guangxl Yunnan 
Type of animal contact (past year) 

(n) (%) (n) (%) (n) (%) 
Lived with an animal as a pet 43 100 % 72 98.6 % 335 100 % 

Handled live animals 212 100 % 226 98.3 % 332 99.7 % 
Raised a live animal 296 100 % 312 99.4 % 518 99.8 % 
Shared water source with animals for washing 47 100 % 19 95.0 % 97 100 % 

Seen animal feces In or near food before you have eaten It 18 100 % 15 93.8 % 43 100 % 

Eaten food after an animal has touched or damaged it 6 100 % 6 100 % 29 100 % 

Animals come inside the dwelling Where you live 345 100 % 239 98.0 % 493 100 % 
Cooked or handled meat, organs, or blood from a recently 

333 100 % 144 97.3 % 412 100 % 
kilted animal 
Eaten raw or undercooked meat or organs or blood 2 1uu % LO ~l:1.3 % 65 l:l~.5 % 

Eaten an animal that was not well/sick - - 1 100 % 6 100 % 

Found a dead animal and collected it to eat, share, or sell - - 3 100 % 10 100 % 
Been scratched or bitten by an animal 1 100 % 31 100 % 28 96.6 % 
Slaughtered an animal 145 100 % 69 98.6 % 303 100 % 

Hunted or trapped an animal 9 100 % 4 100 % 22 95.7% 

Ii.I 
Table 1: Types of animal contact, within a respondent's lifetime. 

Respondents who reported having animal contact in their lifetime were also asked to indicate if 
they had the same type of animal contact in the past year (Table 2). In the past year, across all 
three provinces and in each province, almost all respondents engaged in all contact types with 
the exception of eating an animal that was not well/sick, and finding a dead animal and 
collecting it to eat, share, or sell {0% for both in Guangdong). 
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Guangdong Guangxl Yunnan 
Type of animal contact (lifetime) 

(n ) (%) (n) (%) (n) (%) 

Lived with an animal as a pet 43 10.4 % 73 18.1 % 335 62.9 % 
Handled live animals 212 51.5 % 230 56.9 % 334 62.8 % 
Raised a live animal 296 71 .2 % 31 4 77.7 % 521 97.7 % 
Shared water source with animals for washing 47 11.5 % 21 5.2 % 97 18.2 % 

Seen animal feces in or near food before you have eaten it 18 4.4 % 16 3.9 % 43 8.1 % 
Eaten food after an animal has touched or damaged it 6 1.5 % 6 1 .5 % 29.0 5.4 % 

Animals come inside the dwelling where you live 345 !S;j.1 % 244 bU.2 % 4!:1;j !:1:l.5 % 

cooked or handled meat, organs, or blood from a recently 
333 80.4 % 148 36.7 % 413 77.5 % 

killed animal 
Eaten raw or undercooked meat or organs or blood 2 0.5 % 28 6 .9 % 68 12.8 % 
Eaten an animal that was not well/sick - - 1 0 .3 % 6 1.1 % 

Found a dead animal and collected it to eat, share, or sell - - 3 0.7 o/o 10 1.9 o/o 

Table 2: Types of animal contact, in past year. 

Respondents w ho had animal contact in the past year w ere asked to identify the animals 

involved in the interaction. (Figs. 16-26, below: the first two figures are enlarged to show row 
labels, which are identical for all) . Cats and dogs were the most common pets reported across 
all provinces and in each province (Fig. 16b). 

43 72 335 

1'10 

Figure 16a (top) & b (below): (a) Whether respondents had lived with an animal as a pet, in the past 
year, and (b) among those who had, types of animal kept as pets. 
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Poultry was the most common type of animal handled across all provinces as well as in each 
province, with 96.2%, 90.3%, and 92.8% of respondents handling animals in Guangdong, 
Guangxi and Yunnan, respectively (Fig. 17b). 

~':r.~ ....... Cuano®no a...,,,,, Vuman 
l/'l•nl (f\ool 240> n • '2li)J (n - soa, 

,., 212 229 332 
Roo•nlalShltwS - lo 2 22 

e•1 - 5 

"HP .. 

" S1tds.· 12 2 114 

C:.imlvOfes• fe 3 17 
i unou1a1H • i ~-
~ Pwlir,· - 204 204 308 .. 

C0.111'1Sl'IH0 - 12 2 Is 
:'I• 

S'Wln•• r 10 105 

Cl'lll..,&.tl'a l o 2 le 
Oogs• le 10 24 

• 1 
O· - t a.1; • 1 3 

. . . . . • I • • • • . ' . . 
"' 

,;, '" 
,.. '" 0 1()0 2 11"0 300 400 500 0 100 200 .JOO 400 5-30 0 100 200 100 400 500 

Couil 

Figure 17a & b: ( a) Whether respondents had handled live animals, in the past year, and (b) among 
those who had, types of live animals handled. 
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Poultry was also the most commonly raised animal in each of the three provinces; 95.3%, 
87.5%, 95.4% in Guangdong, Guangxi, and Yunnan, respectively (Fig. 18b). 
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Figures 18a & b: (a) Whether respondents had raised Jive animals in the past year, and (b) among those 
who had, types of animals raised. 

In all three of the provinces, the most common type of animals found in respondent dwellings 
were rodents or shrews. In Guangdong and Yunnan, birds were the second most common 
animal type found in dwellings. In Guangxi province, birds along with poultry were the second 
most common animal type. Respondents in Guangdong and Yunnan reported that all 12 animal 
taxa had come inside their dwellings in the past year. Taxa seen in the dwellings of respondents 
from Guangdong and Yunnan and not Guangxi were non-human primates, ungulates, goats or 
sheep, swine, and cattle or buffalo (Fig. 20b). 
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Figure 19a & b: (a) Whether respondents had animals come inside dwelling, in the past year, and (b) 
among those who had, types of animals in dwelling. 

RPPR NIH -001291 

Mit 

12 

Page 15 



B.2 (Year4 NIAID CoV Report_Final foreRA Commons.pdt) 

1 R01 Al1 10964 Year 4 Report Pl: Daszak, Peter 

Almost all of the respondents who said they have cooked or handled meat, organs, or blood in 
their lifetime reported doing so in the past year. Common animal types that were cooked 
handled included poultry and swine in all three provinces (Fig. 20) . 
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Figure 20a & b: (a) Whether respondents had cooked or handled meat, organs or blood from a recently 
killed animal, in the past year, and (b) among those who had, types of animals whose meat, organs or 
blood was cooked or handled. 

;. 

More respondents in Yunnan reported eating raw or undercooked meat compared to 
respondents in Guangdong and Guangxi (Fig. 21). In Yunnan, 96% of respondents who ate raw 
or undercooked meat in their lifetime did so in the past year. The types of animal products that 
were eaten raw or undercooked by respondents in Yunnan were mostly from swine. In Guangxi, 
the most commonly reported type of animal meat that had been eaten raw or undercooked was 
that of carnivores. 
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Figure 21 a & b: (a) Whether respondents had eaten raw or undercooked meat or organs or blood, in the 
past year, and (b) among those who had, types of animals whose meat, organs or blood were eaten raw 
or undercooked. 
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Across all provinces, a total of 13 respondents in Guangxi and Yunnan indicated that they 
collected an animal that was found dead to eat, share or sell. In Guandong , no respondents 
reported finding a dead animal and collecting it to eat, share, or sell. The most common type of 
animal collected across all provinces in aggregate was poultry. In Yunnan, poultry was the most 
common type of animal found dead and collected to eat, share or sell (80.0%), whereas dogs 
were the most common type in Guangxi (66.7%) (Fig. 22) . 
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Figure 22 a & b: (a) Whether respondents had found a dead animal and collected it to eat, share, or sell, 
in the past year, and (b) among those who had, types of animals that were found dead and collected to 
eat, share, or sell. 

In each province, almost all of the respondents who indicated being scratched or bitten by an 
animal in their lifetime said it occurred in the past year (100% in Guangdong , 98.6% in Guangxi, 
and 100% in Yunnan). In both Guangxi and Yunnan, dogs were the common type of animal that 
respondents said they were scratched or bitten by (64.5% in Guangxi and 50.0% in Yunnan). 
Cats were the second most common in Guangxi and Yunnan (9.6% in Guangxi, and 28.5% in 
Yunnan) . Across all three provinces, only one respondent from Yunnan said that they were 
scratched or bitten by a bat (Fig. 23) . 
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Figure 23 a & b: ( a) Whether respondents had been scratched or bitten by an animal, in the past year, 
and (b) among those who had, types of animals that scratched or bit respondents. 
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Poultry was the most common type of animal slaughtered during the past year across all 
provinces as well as in each province (95.8% in Guangdong, 79.7% in Guangxi, and 94.1% in 
Yunnan) . In addition to poultry, respondents in Yunnan also commonly only slaughtered swine 
(43.9%), compared to 1.4% in Guangdong and 7.3% in Guangxi (Fig. 24) . 
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Figure 24 a & b: (a) Whether respondents had slaughtered an animal, in the past year, and (b) among 
those who had, types of animals slaughtered. 

Carnivores were the most common taxa of animals hunted or trapped in the past year, in 
Guangdong and Guangxi. In Yunnan, rodents or shrews and birds were reported as the most 
common. Bats, non-human primates and dogs were animal types hunted by respondents in 
Yunnan but not by respondents in Guangdong and Guangxi (Fig. 25). 
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Figure 25 a & b: (a) Whether respondents had hunted or trapped an animal, in the past year, and (b) 
among those who had, types of animals hunted or trapped. 
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In examining bat-specific contact , across all provinces and within each province, the most 
common interaction with bats was finding them inside their houses. Respondents in Yunnan 
also hunted/trapped and handled bats, and were scratched/bitten by bats, whereas these did 
not occur in Guangdong or Guangxi (Fig. 26). 
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Figure 26: Types of bat contact. 

After respondents were asked about their contact w ith wildlife and livestock, they were asked 
about their knowledge of whether animals can spread diseases and whether they were worried 
about diseases and disease outbreaks at wet markets. The proportion of respondents who 
thought that animals can spread disease was highest in Guangdong province (72.3%). In 
Guangxi and Yunnan, the proportion of those who thought animals could spread disease 
compared to those who thought that they did not were roughly equivalent - 47.5% versus 50.7% 
in Guangxi and 49.2% versus 49.3% in Yunnan (Fig. 27). 
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Figure 27: Whether respondents 
thought that animals can spread 
disease. 
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Similarly, when respondents were asked about whether they were worried about diseases or 
disease outbreaks in animals at wet markets, Guangdong had the highest proportion of 
respondents who said they were worried (67.3%). In both Guangxi and Yunnan, the proportion 
of respondents that was not worried (57.5% and 51 .5%, respectively) was higher than the 
proportion that was worried (Fig. 28) 
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Figure 28: Whether respondents were worried about diseases or disease outbreaks in animals at wet 
markets. 

Serological Evidence of Bat SARS-related CoV Infection in Humans 

Respondents were asked to provide a biological sample to assess whether SARS-CoV spillover 
had occurred at the high-risk location where the survey has been implemented. A total of 1,530 
serum samples were collected from 2016 to 2017 from individual residents in villages close to 
bat caves where coronaviruses were previously detected. 

We developed an ELISA serology test using the purified NP protein of MERS-CoY, SARSr-CoV, 
HKU9 CoV and HKU1 o CoV as coating antigen respectively and using Anti-Human lgG 
Monoclonal antibody as secondary antibody. All sera were screened for antibodies against 
these 4 bat-origin coronaviruses. Anti-SARSr-CoV NP lgG was detected in 10 samples, and 6 
samples were positive for lgG against HKU1 0 NP. The 16 ELISA positive samples were further 
tested by confirmatory western blot, 7 samples from Yunnan province were confirmed positive 
for anti-SARSr-CoV, two samples (one from Guangdong province and one Guangxi province) 
were confirmed positive for anti-HKU10 (Table 3). 

17 

RPPR NIH-001296 Page 20 



NIH -001297

B .2 (Year 4 NIAID Co Repo.n_Final for eRA Commons .pdf) 

1R01Al110964 Year4 Report Pl: Daszak, Peter 

NP Antibody Positive No. 

Locations Sample No. MERS 
HKU9 CoV 

CoV 
SARSr-CoV HKU10 CoV 

Jinning 209 *6 

Yunnan Mengla 168 2 (*1) 

(2016) Jinghong 212 2 

Lufeng 144 
Guangdong Zengcheng 234 1 2 

(2016) Ruyuan 179 

Guangxi Mashan 160 1 

(2017) Guilin 224 *2 

Total 1,530 0 0 *7 *2 
Table 3 Results of ELISA testing of human sera for antibodies to 4 different bat CoV species (*confirmed 
with western blot). 

Links Between ELISA Results and Behavior 
Only one out of the seven SARS-related CoV seropositive respondents said that they had an 
unusual illness in their lifetime with reported symptoms similar to encephalitis or neural 
involvement. Two of the respondents said they had experienced symptoms in the past year with 
only one respondent specifying that they experienced epigastric pain and dizziness. The seven 
seropositive SARSr-CoV respondents reported various types of animal contacts in the past 
year. Three had lived with an animal as a pet, four handled a live animal, four raised a live 
animal, five saw animals inside their dwellings, five had cooked or handled meat, organs, or 
blood from a recently killed animals, one ate an animal that they knew was not well or sick, one 
was scratched or bitten by an animal, and four had slaughtered an animal. The only bat contact 
reported was by one respondent who saw a bat in their dwelling. 

Both of the respondents who tested positive for HKU10-CoV antibodies said they had 
experienced an unusual illness in their lifetime, with symptoms associated with encephalitis and 
SARI. Neither respondent had experienced any symptoms of unusual illness in the past year. 
Both had reported handling and raising animals, with one indicating they saw animals come 
inside their dwelling , and one indicating cooking or handling meat, organs, or blood from a 
recently killed animal. No bat contact was reported by either of the respondents. Overall , five of 
the total nine SARS-related CoV and HKU10-CoV seropositive respondents reported being 
worried about disease or disease outbreaks at wet markets. Seven of the nine reported 
purchasing live animals from a wet market. 

Specific Aim 1: Summary of Key Findings 
Our analysis of the key risk factors relating to potential viral zoonotic disease spillover in China 
indicated some notable differences among the respondents in Guangdong, Guangxi, and 
Yunnan. With respect to demographic factors, Guangxi fared the lowest on key socio-economic 
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status indicators when compared to Guangdong and Yunnan provinces as reflected by the 
higher proportion of respondents in Guangxi living under the poverty level. 

When assessing the type of animal contact and the associated animal taxa over the course of a 
respondent's lifetime, the results show that respondents in Yunnan engaged in greater contact 
with animals then those from Guangdong and Guangxi. For example, for 12 of the 14 animal 
contact types, a higher proportion of Yunnan respondents engaged in these respective activities 
than in Guangdong and Guangxi. Respondents in Yunnan also reported hunting bats, dogs, and 
non-human primates which were not reported to being hunted in Guangdong and Guangxi. 
Swine contact was higher in Yunnan for handling, raising, and slaughtering activities. When 
examining the various types of animal contact associated with bats only, our results also show 
that Yunnan respondents reported more varied types of contact with bats. Respondents in 
Yunnan indicated handling, being scratched by, slaughtering, and hunting bats, but these 
interactions did not occur in Guangdong or Guangxi. Additional analyses that examine 
predictors of animal contact in each province will be the focus of human behavioral analyses in 
Year 5 of the study. 

Even though our sample population lives in areas that have dense and diverse bat populations, 
our results show an overall low proportion of respondents reporting hunting and trapping bats in 
all three provinces. The low proportion of hunting practice could be attributed to the success of 
conservation enforcement efforts undertaken by the government. These efforts may have 
effectively reduced the illegal practice of hunting wildlife or, as a consequence, moved the 
activity underground which made respondents less forthcoming about revealing their 
engagement in such practices. Further investigation into the potential causes is also warranted. 

Our analyses also reveal differences in perceptions associated with zoonotic disease spillover 
between Guangdong, and Guangxi and Yunnan. For example, the proportion of respondents 
who thought that animals can spread disease was highest in Guangdong province at 72.3%, as 
compared to Guangxi (48.3%) and Yunnan (49.9%). Moreover, about two-thirds of respondents 
in Guangdong were worried about diseases and disease outbreaks in wet markets. These 
differences in perception observed in Guangdong compared to Guangxi and Yunnan could 
potentially be attributable to a heightened awareness of zoonotic disease emergence due to the 
2001 SARS outbreak. 

Finally, our serological testing results provide the first evidence ever of a bat SARSr-CoV 
spilling over into people in the wild. All of the SARSr-CoV positive individuals were from Yunnan 
province, which is the site of a cave in which we have identified a large diversity of SARSr-CoVs 
within the virome of which every genetic element of SARS-CoV can be identified. These findings 
warrant further investigations into the type of exposures that may have contributed to bat SARS
related Co Vs to infect humans in this particular region. They also highlight this region as a 
hotspot for SARSr-CoV future spillover risk. 
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Specific Aim 2: Receptor evolution, host range and predictive modeling of bat-CoV 
emergence risk 

Bat CoV PCR Detection and Sequencing from Live-Sampled Bat Populations 
We collected rectal swab and oral swab samples from 671 individual bats from 20 species in 
Guangdong and Guangxi provinces in southern China in Year 4 (Table 4). 671 rectal swab 

samples were tested for CoV RNA and 154 (23.0%) w ere positive (Table 5). 

Date of Sampling Sampling Locations Rectal swabs Oral swabs 
May 10th 2017 Hezhou, Guangxi 6 6 
May 11-12th 2017 Chongzuo, Guangxi 67 67 
May 13th 2017 Nanning, Guangxi 66 66 
May 17th, 2017 Beihai, Guangxi 23 23 

May 19th 2017 Chongzuo, Guangxi 36 36 

May 21 st 2017 Yangshan, Qingyuan, Guangdong 46 46 

May 22nd, June 7 h 2017 Huidong, Huizhou, Guangdong 103 103 

June 9th 2017 Nanning, Guangxi 71 71 

June 9th 2017 Ningming, Chongzuo, Guangxi 63 63 
September 10th 2017 Huidong, Huizhou, Guangdong 100 100 

September 11th 2017 Yingde, Guangdong 90 90 
Total 671 671 

Table 4. Bat samples collected for CoV surveillance in Year 4 

Species Guangdong Guangxi Total 

Rhinolophus sinicus 9/27 6 9/33 
Rhinolphus rex 4 4 
Rhinolophus pusi/us 1 2 3 
Rhinolophus pearsoni 5 5 

Hipposideros armiger 24 8 32 
Hipposideros faNatus 9 9 18 

Hipposideros pomona 20 20 
Hipposideros pratti 26 26 
Aselliscus stoliczkanus 1 1 
Miniopterus fuliginosus 1 1 

Miniopterus pusillus 29/39 29/39 
Myotis chinensis 2/27 2/27 
Myotis daubentonii 2 2 

Myotis ricketti 86/178 86/178 
Pipistrel/us abramus 2 2 
Pipistrellus pipistrellus 2 2 
Scotophilus kuhli 24/137 24/137 

Tylonycteris pachypus 4/11 5 4/ 115 
Tylonycteris robustu/a 3 3 

Cynopterus sphinx 23 23 
Total 126/339 28/332 154/671 

Table 5. Number of bat specimens tested and positive (bold) in Year 4 
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A high prevalence of HKU6-related coronaviruses (48.3%), Scotophilus coronavirus 512 
(17.5%), and coronavirus 1 B (71.8%) was detected in Myotis ricketii, Schotophilus khulii and 
Miniopterus pusillus, respectively. SARS-related coronaviruses and HKU2-related 
coronaviruses were discovered in 4 and 5 Rhino/ophus sinicus samples respectively from 
Guangdong. HKU4 coronaviruses were identified in 4 Tyfonycteris pachypus from Guangxi (Fig. 
29). 
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Figure 29: Phylogenetic analysis of partial RdRp gene of CoV (440-nt partial sequence) 

Genetic Diversity and Genomic Characterization of Betacoronaviruses in Fruit Bats 
In Year 4, we analyzed the genetic diversity of betacoronaviruses we have detected since 2009 
in different species of fruit bats in Yunnan province, including Eonycteris spefaea, Rousettus 
leschenaultia and an unclassified Rousettus species. These viruses are classified into two 
betacoronavirus species, HKU9-CoV and GCCDC1-CoV. All HKU9-related viruses (n=46) were 
found in Rousettus spp. bats while GCCDC1 -related viruses (n=13) from E. spelaea. 
Phylogenetic analysis of the full-length N gene suggests that HKU9-related Co Vs are highly 
diverse and divided into 5 lineages with previously reported strains, and the GCCDC1 -related 
Co Vs were more similar between each other (Fig. 30). 

The full-length genome sequence of a novel HKU9-related CoV termed 2202 was determined. It 
shares 83% nt identity with other HKU9 strains, with the most divergent regions located in the S 
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protein, but shares only 68% aa identity with those of other HKU9 strains. Virus quantification 
revealed that intestine was the primary infected organ for HKU9-related Co Vs while kidney and 
lungs could also be target tissues, suggesting potential for spillover through oral-fecal , 
respiratory, or uro-genitary routes. 
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Figure 30. Phylogenetic analysis of full-length N gene of HKU9 and GCCDC1 Co Vs 

Bat Coronavirus Host-Virus Phylogeography in China 
We used discrete ancestral character state reconstruction to estimate viral history and 
reconstructed the inferred bat host genus for each node within the phylogenetic tree (Figs. 31, 
32). The color of tree branches indicates the inferred ancestral host bat genus for the 
reconstructed phylogeny. Rhinofophus is the inferred ancestral host of lineages B and C (SARS
like CoVs and MERS-like CoVs, respectively) . This genus played an important role in the 
diversification of Beta-Co Vs. A larger host diversity is observed for Alpha-CoVs. Our dataset for 
this analysis includes all CoV RdRp sequences isolated from bat specimens collected by our 
team from 2008-2015 (Alpha-CoVs: n = 491 - Beta-CoVs: n = 326), including those collected 
under prior NIAID funding (1 R01 AI079231), funding from Chinese Federal Agencies, and a 
large majority from our current NIAID project. All Chinese bat CoV RdRp sequences avai lable in 
GenBank were also added to our dataset (Alpha-CoVs: n = 226 - Beta-CoVs: n = 206). 
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Phylogenetic trees were reconstructed for Alpha- and Beta-Co Vs separately using Bayesian 
inference (BEAST 1.8). 
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Figure 31. Ancestral host reconstruction for Beta-Co Vs, at a host genus level. 
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Figure 32. Ancestral host reconstruction for Alpha-Co Vs, at a host genus level. 
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To better understand the geographic origins and extent of specific CoV clades, we also used 
discrete ancestral character state reconstruction in BEAST to reconstruct the ancestral location 
of each branch of the tree. We used SPREAD to visualize the tree in its geographic context and 
infer CoV spatial spread in China (Fig. 33). These analyses allow us to identify the geographic 
areas that are likely sources of origin/diversity for this important group of viruses. The common 
ancestor of most Beta-Co Vs lineages is located in Hong Kong and Guangdong. The common 
ancestor of most Alpha-CoV lineages was located in Yunnan province, and our results suggest 
they spread to other provinces from Yunnan. 

Beta-Co Vs Alpha-Co Vs 
Figure 33. Ancestral location reconstruction for Beta- and Alpha-Co Vs. The bigger the circle is, the more 
ancestral the corresponding node is. 

Specific Aim 3: Testing Predictions of CoV Inter-Species Transmission 

Identification of two novel MERS-related CoVs that use DPP4 receptor 
Two novel MERSr-CoVs, BtCoV/ li/GD/2013-845 and BtCoV/ li/GD/2014-422, were identified 
from great evening bats (/a io) in Guangdong province. Phylogenetic analysis of polyprotein 1 
and the E, M, and N proteins suggests that the two novel strains are more closely related to 
MERS-CoV than to other lineage C Beta-CoVs. Their RdRp sequences are closely related to 
those of MERS-CoY and other MERSr-CoVs, with 94.4-97.0% aa identities. In contrast, they 
are divergent from MERS-CoV and other MERSr-CoVs in the spike protein, with only 58.9-
64. 7% aa identities. However, in the receptor-binding domain (RBD) of the spike protein, the 
two novel MERSr-CoVs are identical to MERS-CoV at six out of the 13 residues that directly 
interact with human DPP4 receptor, making them more similar to MERS-CoV than any other 
known lineage C BetaCoVs (Fig. 34a). Protein- protein interaction assays demonstrated that the 
spike proteins of the novel MERSr-CoVs bind to both human and bat DPP4 (Fig. 34b) . 
Moreover, bat cells exogenously expressing human DPP4 support the entry of the retrovirus 
pseudotyped with BtCoV/li/GD/2014-422 spike, while the pseudovirus fails to enter cells that do 
not express DPP4. The results demonstrate that the spike protein of the newly identified 
MERSr-CoV recognizes the human DPP4 receptor. 
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Figure 34. BtCoV/li/GD/2014-422 RBD analysis (a) and DPP4-binding assay (b) 

In Vivo Infection of Human ACE2 (hACE2) Expressing Mice with SARSr-CoV S Protein 
variants 
Using the reverse genetic methods we previously developed, infectious clones with the WIV1 
backbone and the spike protein of SHC014, W IV16 and Rs4231, respectively, were constructed 
and recombinant viruses were successfully rescued. In Year 4, we performed preliminary in vivo 
infection of SARSr-CoVs on transgenic mice that express hACE2. Mice were infected with 105 

pfu of full-length recombinant v irus of W IV1 (rWIV1) and the three chimeric viruses with different 
spikes. Pathogenesis of the 4 SARSr-CoVs was then determined in a 2-week course. Mice 
challenged with rW IV1-SHC014S have experienced about 20% body weight loss by the 6th day 
post infection, while rW IV1 and rWIV-4231 S produced less body weight loss. In the mice 
infected with rWIV1 -WIV16S, no body weight loss was observed (Fig. 35a). 2 and 4 days post 
infection, the viral load in lung tissues of mice challenged with rWIV1-SHC014S, rWIV1-WIV16S 
and rWIV1-Rs4231 S reached more than 106 genome copies/g and were significantly higher than 
that in rWIV1-infected mice (Fig. 35b). These results demonstrate varying pathogenicity of 
SARSr-CoVs with different spike proteins in humanized mice. 
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Figure 35. In vivo infection of SARSr-CoVs in hACE2-expressing mice. (a, left) Body weight change after 
infection; {b, right) Viral load in lung tissues 

Addltlonal Year 4 Results for Specific Alm 3: 

Identification of a HKU2-related Coronavirus of Bat Origin that Caused Fatal Acute 
Diarrhea in Piglets 
From October 2016, a series of fatal swine diarrhea disease outbreaks occurred in Guangdong 
province. By May 2017, it had resulted in death of 24,693 piglets across four farms. We 
identified a novel coronavirus as the etiological agent of the disease by metagenomic analysis, 
viral isolation and experimental infection, and named this "Swine Acute Diarrhea Syndrome 
coronavirus (SADS-CoV). During Year 4, we submitted and published a paper on this finding to 
Nature (Zhou et al., 2018). The full-length genome of SADS-CoV shares 95% sequence identity 
to bat CoV HKU2. However, the S gene sequence identity is only 86%, suggesting that the 
previously reported HKU2-CoV is not the direct progenitor of SADS-CoV, but that they may 
have originated from a common ancestor. 

Using a SADS-CoV specific qPCR assay based on its RdRp gene, SADS-related coronaviruses 
(SADSr-CoVs) were detected in rectal swabs of Rhinolophus bats collected from 2013 to 2016 
in Guangdong. Full-length genome sequencing of 4 bat SADSr-CoVs revealed 96% to 98% 
overall genome sequence identity between SADSr-CoVs and SADS-CoV. Most importantly, the 
S protein of SAOS-CoV shared more than 98% sequence identity with those of the two SADSr
CoVs (162149 and 141388), compared to 86% with HKU2-CoV (Fig. 36a). The phylogeny of S1 
protein sequence showed strong co-evolutionary relationships with bat alphacoronavirus and 
their hosts. with swine SAOS-CoV more closely related to SADSr-CoVs from Rhino/ophus affinis 
than strains from Rhino/ophus sinicus in which HKU2-CoV was found (Fig. 36b) . Analysis of the 
33 SADS-CoV full genome sequences we were able to characterize from pigs suggests that 
viruses from the four farms may have been transmitted from their reservoir hosts independently. 
These findings highlight the importance of identifying coronavirus diversity and distribution in 
bats to mitigate future outbreaks that threaten livestock and public health. 
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Figure 36. Genome organization and comparison (a) and Phylogenetic analysis of S1 protein (b) of 
SADS-CoV and bat SADSr-CoVs 

Intra-Farm Transmission Model to Understand to Predict Future Transmission and 
Outbreak 

To better understand amplification dynamics and assess the potential for future transmission 
resulting in large outbreaks, we developed an intra-farm, age-structured, stochastic 
transmission model for SADS-CoV (Fig. 37) . We developed multiple versions of this model to 
represent different hypotheses of disease transmission mechanisms and fit them to time-series 
data of reported deaths on multiple SADS-infected farms. 
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Figure 37: Schematic of intra-farm transmission mode. 
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Our first model structure, which assumed equal mixing of animals across farms (Fig. 38) 
showed that age structure alone was insufficient to generate the temporal pattern of reported 
deaths on SADS-infected farms. Our second model structure (Fig. 39) represented individual 
barns on a farm as a series of pig-virus meta-populations. This structure was sufficient to re
create the dynamics of the series of rapid "mini-epidemics" that progressed in SADS-infected 
farms. 
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Figure 38: Best-fit simulations (red) from an equal-mixing transmission model and actual reported death 
time series {black) on a SADS-infected farm. 
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Figure 39: Best-fit simulations (grey) from an metapopulation transmission model and actual reported 
death time series (black) on a SADS-infected farm. 
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Specific Goals Not Meet 
• The wild animal farm survey was piloted in early Y4, with data collected from seven wild 

animal farms, it was postponed due to the emergence of SADS-CoV where our group 
had focused on instead in Y4, but will be resumed in Y5 to continue collecting and 

analyzing data. 
• The passive hospital surveillance has been piloted will continue in Year 4 to collect and 

test for CoVs. 

29 

RPPR Page 32 



NIH -001309

B.4 (Year4 NIAID CoV Training and Prof Devlp.pdf) 

1R01Al110964 Year4 Report Pl: Daszak, Peter 

B. 4 What opportunities for training and professional development has the project 
provided? 

1. Conference and University lectures: We provided human subject research trainings to 
chief physicians and nurses at local clinics, staff from Yunnan Institute of Endemic 
Diseases Control and Prevention, students from Dali College and Wuhan University for 
both qualitative and quantitative research. 

2. Agency and other briefing: Dr. Guangjian Zhu was invited by the Guangdong Institute of 
Applied Nature Resources, Guangdong Academy of Sciences to provide training to 8 
field team members regarding biosafety and PPE use, bats and rodents sampling. Dr. 
Zhengli Shi participated in the US National Science Foundation-funded EcoHealthNet 
(grant to EcoHealth Alliance - Epstein Pl) that provides research exchange opportunities 
to undergraduate and graduate-level students. 

3. Public outreach: Pl Daszak, and Co-investigators Shi, Epstein, and Olival presented the 
results of this project to the public via interviews with national central and local television, 
social media, newspaper and journals in China and the US. 
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C. PRODUCTS 

C.1 PUBLICATIONS 

Are there publications or manuscripts accepted for publication in a journal or other publication (e.g., book, one-time publication, 
monograph) during the reporting period resulting directly from this award? 

Yes 

Publications Reported for this Reporting Period . ,~ -"v liiliii1 111iii: 
Complete Olival KJ, Hosseini PR, Zambrana-Torrelio C, Ross N, Bogich TL, Daszak P. Host and 

viral traits predict zoonotic spillover from mammals. Nature. 2017 June 
29;546(7660):646-650. PubMed PMID: 28636590; PubMed Central PMCID: 
PMC5570460. 

Complete Hu B, Zeng LP, Yang XL, Ge XY, Zhang W, Li B, Xie JZ, Shen XR, Zhang YZ, Wang N, 
Luo DS, Zheng XS, Wang MN, Daszak P, Wang LF, Cui J , Shi Zl. Discovery of a rich 
gene pool of bat SARS-related coronaviruses provides new insights into the origin of 
SARS coronavirus. PLoS pathogens. 2017 November;13(11):e1006698. PubMed PMID: 
29190287; PubMed Central PMCID: PMC5708621. 

In Process at NIHMS Luo Y , Li B, Jiang RD, Hu BJ, Luo DS, Zhu GJ, Hu B, Liu HZ, Zhang YZ, Yang XL, Shi 
ZL. Longitudinal Surveillance of Betacoronaviruses in Fruit Bats in Yunnan Province, 
China During 2009-2016. Virologica Sinica. 2018 February;33(1):87-95. PubMed PMID: 
29500692. 

In Process at NIHMS Wang N, Li SY, Yang XL, Huang HM, Zhang YJ, Guo H, Luo CM, Miller M, Zhu G , 
Chmura AA, Hagan E, Zhou JH, Zhang YZ, Wang LF, Daszak P, Shi ZL. Serological 
Evidence of Bat SARS-Related Coronavirus Infection in Humans, China. Virologica 
Sinica. 2018 February;33(1):104-107. PubMed PMID: 29500691. 

In Process at NIHMS Zhou P, Fan H, Lan T , Yang XL, Shi WF, Zhang W, Zhu Y , Zhang YW, Xie QM, Mani S, 
Zheng XS, Li B, Li JM, Guo H, Pei GQ, An XP, Chen JW, Zhou L, Mai KJ, Wu ZX, Li D, 
Anderson DE, Zhang LB, Li SY, Mi ZQ, He TT, Cong F, Guo PJ, Huang R, Luo Y, Liu 
XL, Chen J, Huang Y, Sun Q, Zhang XL, Wang YY, Xing SZ, Chen YS, Sun Y, Li J, 
Daszak P, Wang LF, Shi ZL, Tong YG, Ma JY. Fatal swine acute diarrhoea syndrome 
caused by an HKU2-related coronavirus of bat origin. Nature. 2018 Apri1;556(7700):255-
258. PubMed PMIO: 29618817. 

C.2 WEBSITE($) OR OTHER INTERNET SITE($) 

Nothing to report 

C.3 TECHNOLOGIES OR TECHNIQUES 

NOTHING TO REPORT 

C.4 INVENTIONS, PATENT APPLICATIONS, AND/OR LICENSES 

Have inventions, patent applications and/or licenses resulted from the award during the reporting period? No 

If yes, has this information been previously provided to the PHS or to the official responsible for patent matters at the grantee 
organization? No 

C.5 OTHER PRODUCTS AND RESOURCE SHARING 

Nothing to report 
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D. PARTICIPANTS 

0.1 WHAT INDIVIDUALS HAVE WORKED ON THE PROJECT? 

{ti)(~ y DASZAK, BS.PHO PD/Pl NA 
PETER 

L (b)(6l N Chmura, BS,PHD Non-Student NA 
Aleksei Research 

Assistant 

N Ross, Noam PhD Co- NA 
Martin Investigator 

y Olival, Kevin PHD Co- NA 
J. Investigator 

y Zhang, Shu-yi PHO Co- East China CHINA NA 
Investigator Normal 

University 

N ZHU, PHO Co- East China CHINA NA 
GUANGJIAN Investigator Normal 

University 

N GE, XINGYI PHO Co- Wuhan CHINA NA 
Investigator Institute of 

Virology 

N KE, PHD Co- Center for CHINA NA 
CHANGWEN Investigator Disease 

Control 
and 
Prevention 
of 
Guangdon 
g 
Province 

y ZHANG, PHO Co- Yunnan CHINA NA 
YUNZHI Investigator Provincial 

Institute of 
Endemic 
Diseases 
Control & 
Prevention 

N EPSTEIN, MPH,DVM Co- NA 
JONATHAN ,BA.PHO Investigator 
H 

N SHI, PhD Co- Wuhan CHINA NA 
ZHENGLI Investigator Institute of 

Virology 

Glossary of acronyms: 
S/K - Senior/Key 

Foreign Org - Foreign Organization Affiliation 
SS - Supplement Support 

DOB - Date of Birth RE - Reentry Supplement 
Cal - Person Months (Calendar) DI - Diversity Supplement 
Aca - Person Months (Academic) OT - Other 
Sum - Person Months (Summer) NA - Not Applicable 

0.2 PERSONNEL UPDATES 

D.2.a Level of Effort 
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Will there be, in the next budget period, either (1) a reduction of 25% or more in the level of effort from what was approved by the agency 
for the PD/Pl(s) or other senior/key personnel designated in the Notice of Award, or (2) a reduction in the level of effort below the 
minimum amount of effort required by the Notice of Award? 

No 

0.2.b New Senior/Key Personnel 

Are there, or will there be, new senior/key personnel? 

No 

0.2.c Changes in Other Support 

Has there been a change in the active other support of senior/key personnel since the last reporting period? 

No 

D.2.d New Other Significant Contributors 

Are there, or will there be, new other significant contributors? 

No 

0.2.e Multi-Pl (MPI) Leadership Plan 

Will there be a change in the MPI Leadership Plan for the next budget period? 

NA 
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E. IMPACT 

E.1 WHAT IS THE IMPACT ON THE DEVELOPMENT OF HUMAN RESOURCES? 

Not Applicable 

FINAL 

E.2 WHAT IS THE IMPACT ON PHYSICAL, INSTITUTIONAL, OR INFORMATION RESOURCES THAT FORM INFRASTRUCTURE? 

NOTHING TO REPORT 

E.3 WHAT IS THE IMPACT ON TECHNOLOGY TRANSFER? 

Not Applicable 

E.4 WHAT DOLLAR AMOUNT OF THE AWARD'S BUDGET IS BEING SPENT IN FOREIGN COUNTRY(IES)? 
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F.CHANGES 

F.1 CHANGES IN APPROACH AND REASONS FOR CHANGE 

Not Applicable 

F.2 ACTUAL OR ANTICIPATED CHALLENGES OR DELAYS AND ACTIONS OR PLANS TO RESOLVE THEM 

NOTHING TO REPORT 

F.3 SIGNIFICANT CHANGES TO HUMAN SUBJECTS, VERTEBRATE ANIMALS, BIOHAZARDS, AND/OR SELECT AGENTS 

F.3.a Human Subjects 

No Change 

F.3.b Vertebrate Animals 

No Change 

F.3.c Biohazards 

No Change 

F.3.d Select Agents 

No Change 
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G. SPECIAL REPORTING REQUIREMENTS 

G.1 SPECIAL NOTICE OF AWARD TERMS AND FUNDING OPPORTUNITIES ANNOUNCEMENT REPORTING REQUIREMENTS 

NOTHING TO REPORT 

G.2 RESPONSIBLE CONDUCT OF RESEARCH 

Not Applicable 

G.3 MENTOR'S REPORT OR SPONSOR COMMENTS 

Not Applicable 

G.4 HUMAN SUBJECTS 

G.4.a Does the project involVe human subjects? 

Yes 

Is the research exempt from Federal regulations? 

No 

Does this project involve a clinical trial? 

No 

G.4.b Inclusion Enrollment Data 

Report Attached: Understanding the Risk of Bat Coronavirus Emergence-PROTOCOL-001 

G.4.c ClinicalTrials.gov 

Does this project include one or more applicable clinical trials that must be registered in ClinicalTrials.gov under FDAAA? 

No 

G.5 HUMAN SUBJECTS EDUCATION REQUIREMENT 

Ana there personnel on this project who are newly involved in the design or conduct of human subjects research? 

No 

G.6 HUMAN EMBRYONIC STEM CELLS (HESCS) 

Does this project involve human embryonic stem cells (only hESC lines listed as approved in the NIH Registry may be used in NIH 
funded research)? 

No 

G.7 VERTEBRATE ANIMALS 

Does this project involve vertebrate animals? 

Yes 

G.8 PROJECT/PERFORMANCE SITES 
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II I I 
Primary: EcoHealth 077090066 NY-010 460 West 34th Street 
Alliance, Inc. 17th Floor 

New York NY 100012317 

Wuhan Institute of 529027474 Xiao Hong Shan, No. 44 
Virology Wuchang District 

Wuhan 

East China Normal 420945495 3663 Zhongshan Beilu 
University Shanghai 

G.9 FOREIGN COMPONENT 

Organization Name: Wuhan Institute of Virology 
Country: CHINA 
Descrlptton of Foreign Component: 
Principal Laboratory for all Research in China as per section G8 (above) and detailed in our Specific Aims 

Organization Name: Wuhan School of Public Health 
Country: CHINA 
DescrlpUon of Foreign Component: 
Principal Coordinating Team for all project field work as per section GS (above) and detailed in our Specific Aims 

G.10 ESTIMATED UNOBLIGATED BALANCE 

G.10.a Is it anticipated that an estimated unobligated balance (including prior year carryover) will be greater than 25% of the current 
year's total approved budget? 

No 

G.11 PROGRAM INCOME 

Is program Income anticipated during the next budget period? 

No 

G.12 F&A COSTS 

Is there a change in perfomiance sites that will affect F&A costs? 

No 
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Inclusion Data Record (IDR) #: 166195 

Delayed Onset Study ?: No 

Enrollment Location: Foreign 

Inclusion Enrollment Report 

Using an Existing Dataset or Resource: No 

Clinical Trial: No 

NIH Defined Phase Ill Clinical Trial: No 

Study Title: Understanding the Risk of Bat Coronavirus Emergence-PROTOCOL-001 

Planned Enrollment 

Ethnic Categories 
Unknown/Not Racial Categories Not Hispanic or Latino Hispanic or Latino Reported Ethnicitv 

Female Male Unknown{ Female Male Unknown/ Female Male Unknown/ 
Not Reported Not Reported Not Reported 

American lndiarvAlaska Native 0 0 0 0 

Asian 1230 1230 0 0 

Native Hawaiian or 0 0 0 0 Other Pacific Islander 

Black or African American 0 0 0 0 

White 0 0 0 0 

More than One Race 0 0 0 0 

Unknown or Not Reported 

Total 1230 1230 0 0 

Cumulative Enrollment 

Ethnic Categories 

Racial Categories Unknown/Not 
Not Hispanic or Latino Hispanic or Latino Reported Ethnicity 

Female Male Unknown/ Female Male Unknown/ Female Male Unknown/ 
Not Reported Not Reported Not Reported 

American Ind ianf Alaska Native 0 0 0 0 0 0 0 0 0 

Asian 980 616 0 0 0 0 0 0 0 

Native Hawaiian or 0 0 0 0 0 0 0 0 0 Other Pacific Is lander 

Black or African American 0 0 0 0 0 0 0 0 0 

Whne 0 0 0 0 0 0 0 0 0 

More than One Race 0 0 0 0 0 0 0 0 0 

Unknown or Not Reported 0 0 0 0 0 0 0 0 0 

Total 980 616 0 0 0 0 0 0 0 

Page 1 

Total 

0 

2460 
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0 

0 

0 

2460 

Total 

0 

1596 

0 

0 

0 

0 

0 

1596 



To: Se lgrade, Sara (N IH/NIAID) [E] ________ Cb_H_6J; Arms, Erin (NIH/NIAID) [E] 

(b)( NIAID DEA DART <dart@mail nih.goy> -------
Cc: NIAID BUGS <BUGS@niaid.nih.gov>; NIAID OCGR Leg <NIAIDOCGRLeg@mail.n ih.gov> 
Subject: RE: Action ASAP: follow-up Q's on Year 4 RPPR - FLIPs for Nov 4th Senate HELP hearing 

I did get the background of what happened, so I can answer that question to the best of my abi lity. 

wil l ask eRA if the RPPR regeneration wou ld have pulled in more recent publicati ons and will try to 

have t hat answer by Friday as wel l. 

Thank you. 

(b)(6) From: Selgrade, Sara (NIH/NIAID) [E] ---------Sent: Wednesday, October 20, 2021 2:38 PM 

To: Linde, Emily (NIH/NIAID) [El Cb)(6J Arms, Erin (NIH/NIAID) [El --------
(b)(6)>; NIAID DEA DART <dart@majl.njh.gov> -------

Cc: NIAID BUGS <BUGS@niaid.nih.gov>; NIAID OCGR Leg <NIAIDOCGRLeg@mail.n ih.gov> 

Subject: RE: Action ASAP: follow-up Q's on Year 4 RPPR - FLIPs for Nov 4th Senate HELP hearing 

Hi Emily, 

At the meeting on Friday with Dr. Fauci, would you be the right person to explain to him what may 

have happened wit h eRA when the report was regenerated (i.e., wou ld this have pul led a current 
version of t he publication list into the report?) 

Thanks, 

Sara 

(b)(6) From: Linde, Emily (NIH/NIAID) [E --------
Sent: Wednesday, October 20, 2021 2:3S PM 

To: Arms, Erin {NIH/NIAID) [El (b)(6); NIAID DEA DART <dart@maiLnjh.gov> 

Cc: NIAID BUGS <BUGS@niaid.nih.gov>; NIAID OCGR Leg <NIAIDOCGRLeg@ma jl.nih.gov> 
Subject: RE: Action ASAP: follow-up Q's on Year 4 RPPR - FLIPs for Nov 4th Senate HELP heari ng 

There are instructions in the NIH RPPR Instructions- NIH and Other PHS Agency Research 

Performance Progress Report (RPPR) Instruction Guide: see 6.3 Section c- Products, C.1 
Publications (bottom of page 76) 

(b)(6) From: Arms, Erin (NIH/NIAID} IE] -------
Sent: Wednesday, October 20, 2021 2:22 PM 

To: NIAID DEA DART <dart@maj l.nih.gov> 

Cc: NIAID BUGS <BUGS@niaid.nih.gov>; NIAID OCGR Leg <NIAIDOCGRLeg@mail.n ih.gov> 

Subject: Action ASAP: follow-up Q's on Year 4 RP PR - FLIPs for Nov 4th Senate HELP hearing 

NIH -001318 



Hi Mark, 

Thanks for providing t he additional information on the report regeneration issue. It wou ld be helpful 

for us to have some additional information on how the publication section of an RPPR is generated 

so that we can respond to questions on why the regenerated Year 4 RPPR contains references 

published after the RPPR was originally submitted in 2018. 

Can you please provide us with the following information related to t his po int? 

• How is the publicat ion section of the report generated? Is t his automatically generated, or is 

it part of a PDF that t he grantee uploads to t he system? 

o The following link from t he NIH website makes it appear to be t he latter, so it wou ld be 

helpful to have confirmation of how t his is done: htti;is://grants.nih.gov/grants/how-to

apply-appljcation-guide/forms-e/genera l/g.400-phs-398-research-plan-form.htm#4 

• Are copies of the original (2018) and the regenerated {2020) RPPR ava ilable for us t o review? 

If so, please send us copies so that we can do a direct compare. 

I am cc' ing DMID so they are aware of these requests. We wou ld appreciate having this information 

as soon as possible. 

Please let us know if we need to set up a call to discuss. 

Thanks, 

Erin 

(b)(6) From: Helfma n, Mark (NIH/NIAID) [E) ----------Sent: Wednesday, October 20, 2021 10:43 AM 

To: Arms, Erin {NIH/NIAID) [E] (b)(6) 

Cc: NIAID OCGR Leg <NIAIDOCGRLeg@mail nib.gov>; NIAID DEA DART <dart@mail.nih .gov> 

Subject: Re: Action by 2 pm t oday (10/19): FLIPs for Nov 4t h Senate HELP hearing 

Erin, see attached. 

Please not e, regard ing your question about whether we have other progress reports for year -05, 

please note the Interim RPPR is the progress report that reports on progress in year -OS. Year 4 does 

include information on what they p lan to do in year -OS, but these are separate reports. There are 

no other RPPRs. 

Mark Heitman 

Division of Extramural Activities (DEA), National Institute of Allergy and Infectious Diseases (NIAID), National 

Institutes of Healt h (NIH) 

Phon (b)(6) I Email: (b)(6) I Office: 4G29 
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From: "Arms, Erin (NIH/N IAID) [E]" (b)( · 

Date: Wednesday, October 20, 2021 at 8:57 AM 

To: "Helfman, Mark (NIH/NIAID) [E] " (b)( 

Cc: NIAID OCGR Leg <NIAIDOCGRLeg@mail.n ih.gov>, NIAID DEA DART <dart@mail.nih.gov> 

Subject: RE: Action by 2 pm today (10/19): FLIPs for Nov 4th Senate HELP hearing 

Hi Mark, 

I just wanted to check on the status of the Year 4 FLIP. We are working to clear FLI Ps through the FO 
and would appreciate having this as soon as possible . 

Thanks, 

Erin 

(b)(6) From: Helfman, Mark (NIH/NIAID) [El ---------Sent: Tuesday, October 19, 20212:09 PM 
(b)(6) To: Arms, Erin (NIH/NIAID) [El -------

Cc: NIAID OCGR Leg <NIAIDOCGRLeg@maiLnih.gov>; NIAID DEA DART <dart@mail.nih.gov> 

Subject: Re: Action by 2 pm today (10/19): FLIPs for Nov 4th Senate HELP hearing 

Hi Erin. We reviewed one of t he FLIPs, Eco Health Alliance CoV Grant (2014-2018) Year S. See our 

comments, attached. Stand by for our response to the other. 

Mark Helfman 

Division of Extramural Activities (DEA), National Institute of Allergy and Infectious Diseases (NIAID), National 

Institutes of Health (NIH) 

Phone: (b)(6) I Email : (b)( v I Office: 4G29 

From: "Arms, Erin (NIH/N IAID) [E]" ______ (b>_<_· 
October 19, 2021 at 11:26 AM 

To: NIAID DEA DART <dart@mail.nih.gov> 

Cc: Matthew Fenton (b)(6)>, "Linde, Emily (NIH/NIAID) [E]" 

(b)(6)>, "Billet, Courtney (NIH/NIAID) [E]" (b)( , NIAID OCGR _______ ...... 
Leg <NlAIDOCGRLeg@mail.nih.gov> 

Subject: Action by 2 pm today (10/19): FLIPs for Nov 4th Senate HELP hearing 

Hello DEA, 

Background 
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As you are aw are, Dr. Fauci has been invited to testify before the Senate HELP Committee on 

November 4t h at 10 a.m . to discuss t he ongoing Federal response to COVID-19. In preparation for 

this hearing, we are working to prepare FLI Ps and other background materials. OCGR-Leg has 

prepared the attached FLIPS. We would appreciate if you would review these FLIPs and respond to 

any specific comments d irected to DEA. 

• EcoHealt h Alliance CoV Grant (2014-2018) Year 4 [Previously reviewed by DMID] 

• EcoHealt h Alliance CoV Grant (2014-2018) Yea r S [Also going to DMID for review] 

&mm 
This is an exped ited request for FLIP review. Please send completed FLIPs to OCGR-Leg by 2 p.m. 

today, October 19th. As these are fo r Dr. Fauci' s use during the upcoming hearing, we do request 

that Dr. Fenton or Emily Linde clear DEA's updates as appropriat e. 

Please let us know if you have any questions. 

Thanks, 

Erin 

Erin Arms, Ph.D. 
{she, her, hers) 

Public Health Analyst 

Legislative Affa irs and Correspondence Management Branch 

Office of Com munications and Government Relations 

NIAID/NIH/DHHS 

31 Center Drive 

Bldg. 31, Room 7A17H, MSC 2520 

Bethesda, MD 20892-2080 
(b)(6) 

Disclaimer: 

The information in this e-mail and any of its attachments is confidential and may contain sensitive 
information. It should not be used by anyone who is not the original intended recipient. If you have 

received this e -mail in error please inform the sender and delete it from your mailbox or any other 

storage devices. National Institute of Allergy and Infectious Diseases shall not accept liability for any 

statements made that are sender's own and not expressly made on behalf of the NIAID by one of its 

representatives. 

NIH -001321 



From: 
To: 
Subject: 
Date: 
Attachments: 

HauqyeL Teresa (NIH/NIAID) (El 
Ford, Andrew INIH/N)AID} (El: Stemmy, Erik <NIH/NIAIPl [El 
RE: For review again: Response to GoF inquiry from FactCheck.org 
Thursday, July 22, 2021 6:18:30 PM 

&!soon.se to FactCheck JR ed ae cb AOF clean ss ae AOF TH..QQQ\ 

Forgot to include my comment about the;._ ___ Cb>_cs ... ~ - see attached 

r:I'eresa Jvt. . J{augue(, Pli.V. 
Act ing Chief, Respiratory Diseases Branch 

COR, Collaborative Influenza Vaccine Innovation Centers (CIVICs} 

Division of Microbiology and Infectious Diseases 

NIAID/NIH/DHHS 

5601 Fishers Lane, Room 8E19 

Rockville, M D 20852 

Phone 

Email: 

(b)(6) 

From: Hauguel, Teresa (NIH/NIAID) [El 

Sent: Thursday, Ju ly 22, 2021 6:16 PM 

To: Ford, Andrew (NIH/NIAID} [El-------..(b..-H=6) Stemmy, Erik (NIH/NIAID} [El 

(b)(6) 

Subject: RE: For review again: Response to GoF inquiry from FactCheck.org 

Andrew and Erik - see attached comment. 

Not sure if Eri k will have a chance to review but we rea lly need his opin ion on the language. 

'Teresa Jvl.. Jf'augue[, Pli.V. 
Acting Chief, Respiratory Diseases Branch 

COR, Collaborat ive Influenza Vaccine Innovation Centers (CIVICs) 

Division of M icrobiology and Infectious Diseases 

NIAID/NIH/ DHHS 

5601 Fishers Lane, Room 8E19 

Rockville, M D 20852 

Phon 

Email: 

(b)(6) 

From: Ford, And rew (NIH/NIAID) [El (b)(6) ---------
Sent: Thursday, Ju ly 22, 2021 5:46 PM 

-------~= 
To: Stemmy, Erik (NIH/NIAID} [El (b)(6); Hauguel, Teresa (NIH/NIAID) [El ----------

(b)(6) 

Cc: NIAID BUGS <BUGS@niaid.n ih .gov>; Embry, Alan (NIH/NIAID} [El ---------(b)(6) 

Subject: FW: For review again: Response to GoF inquiry from FactCheck.org 

Importance: High 
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Hey Erik and Teresa, 

Attached for another round of review is the response to FactChecker. Note, in response to Alan's 

comment, I attempted to provide alternative language; (b)(5) 

Please do send your thoughts as soon as possible. 

Thanks and apologies, 

Andrew 

From: " Em bry, Alan (N IH/NIAID) [E)" (b)(6) ---------
0 ate: Thursday, July 22, 2021 at 5:16 PM 

To: "Billet, Courtney (NIH/NIAID) [E]" (b)(6) "Routh, Jennifer (NIH/NIAID) 

[E]" (b)(6) Sara Selgrade (b)(6) "Deatrick, Elizabet h 

(NIH/N IAID) [El' (b)(6) "Ford, Andrew (NI H/NIAID) [El" 

Cb)( ·, NIAID BUGS <BUGS@niaid .nih.gov> ________ .... 
Cc: NIAID OCGR NSWB <NIAIDOCGRNSWB@mail.oih.gov>, NIAID Media Inquiries 

<mediainquiries@niaid.nih.gov>, "Haskins, Melinda (NIH/N IAID) [El" 
(b)(6) 

Subject: RE: For review again : Response to GoF inqu iry from FactCheck.org 

This language needs revision. Please work with DM ID to fix. 

From: Billet, Courtney (NIH/NIAID) [El --------(b)(6) 

Sent: Thursday, July 22, 2021 5:05 PM 

To: Routh, Jennifer (NIH/NIAID) [ El------~(b~)(=6) Selgrade, Sara (NIH/NIAID) [El 

(b)(6) ; Deatrick, Elizabeth (NIH/NIAID) [E) CbH6J>; Embry, 

Alan (NIH/NIAID) [El (b)(6)Ford, An drew (NIH/NIAID) [E) 

(b)(6) NIAID BUGS <BUGS@niaid.nih.gov> --------
Cc: NIAID OCGR NSWB <NIAIDOCGRNSWB@mail.nih.gov>; NIAID Media Inquiries 

<mediainqt1iries@niaid nib gov>; Haskins, Melinda (NIH/NIAID) [El ----------(b)(6) 

Subject: RE: For review again: Response to GoF inquiry from FactCheck.org 

It's ok with me, wit h t he caveat that I defer to Alan's expertise. Alan, OK with you? 

From: Routh, Jennifer (NIH/NIAID) (E) (b)(6)1 

Sent: Thursday, July 22, 2021 4:55 PM 

To: Se lgrade, Sara (N IH/NIAID) [E)-------=(b-"H=6) Deatrick, Eli zabeth (NIH/NIAID) [El 

(b)(6) Embry, Alan (NIH/NIAID} [E) (b)(6J; Ford, Andrew 
~~'."":"".":-:-:-:::-:::::===~--~ (NIH/NIAID) [E) CbH ; Bi llet, Courtney (NIH/NIAID) [El (b)(6); 

NIAID BUGS <BUGS@niaid.nih.gov> 

Cc: NIAID OCGR NSWB <NIAIDOCGRNSWB@mail nib gov>; NIAID Media Inquiries 

NIH-001325 



<media i nq uir ies@nia id. nih .gov>; Haskins, Melinda (NI H/N IAI D) [El ________ Cb_>_C_6) 

Subject: RE: For review again: Response to GoF inquiry from FactCheck.org 

Importance: High 

I am add ing BUGS, Andrew and Courtney to this thread so we are all on t he same t hread. The 

original response pul led from cleared language. I'd like to get this f inalized ASAP. We really need to 

move this forward. 

Jennifer Routh [E] 
News and Science Writing Branch 
Office of Communications and Government Relations 
National Institute of Allergy and Infectious Diseases (NIAID) 
NIH/HHS 
31 Center Drive Room 7 A 17C 
Bethesda, MD 20892 
Direct: Cb) (6) 

(b)(6) 
u1sC"1a11ner.-rne·1n,ormc1uon'"l rrmis e-mail and any of its attachments is confidential and may contain sensitive information. It should not 
be used by anyone who is not the original intended recipient. If you have received this e-mail in error please inform the sender and 
delete it from your mailbox or any other storage devices. The National Institute of Allergy and Infectious Diseases shall not accept liability 
for any statements made that are sender's own and not expressly made on behalf of the NIAID by one of its representatives. 

From: Selgrade, Sara {NIH/NIAID) [E] ----------(b)(6) 

Sent: Thursday, July 22, 2021 4:49 PM 

To: Deatrick, Elizabeth (NIH/NIAID) [E] (b)(6J Embry, Alan (NIH/NIAID) [E) ------------(b )( 6) 

Cc: NIAID OCGR NSWB <NIAIDOCGRNSWB@mail.nih.gov>; NIAID Media Inquiries 

<mediainquiries@niaid nib gov>; Haskins, Melinda (NIH/NIAID) [El ----------(b)(6) 

Subject: RE: For review again: Response to GoF inquiry from FactCheck.org 

Thanks Elizabeth. Some ed its for your consideration in the attached. I'm copying Melinda as well for 

her review. 

Defer to Alan on whether DMID should review again. 

From: Deatrick, Elizabeth (NIH/NIAID) [E] -----------(b)(6) 

Sent: Thursday, July 22, 2021 4:33 PM 

To: Embry, Alan (NIH/NIAID) [E] _______ Cb_H_6) Selgrade, Sara (NIH/NIAID) [El 

(b)(6) 

Cc: NIAID OCGR NSWB <NIAIDOCGRNSWB@mail.nih.gov>; NIAID Media Inquiries 

<media i ng uiries@nia id. nib .gov> 

Subject: For review aga in: Response to GoF inquiry from FactCheck.org 

Good afternoon, 

DMID has reviewed our response to FactCheck.org on GoF research, but recommended that we run 

the copy past you one more time before moving it forward in the clearance process. Please let me 

know if you have any notes on the attached clean document. 
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Best, 
Elizabeth Deatrick 
Technical Writer-Editor 

Office of Communications and Government Relations 

National Institute of Allergy and Infectious Diseases {NIAID) 

(b)(6) 

Please note that I om not a spokesperson for NIA/0 and should not be quoted as such. 
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From: HauqyeL Teresa (NIH/NIAID) (El 
To: 
Subject: 

Ford, Andrew INIH/N)AID} (El : Stemmy, Erik <NIH/NIAIPl [E): Miers, Sarah £NlH/NIAID} (El 
RE: Urgent Action: Additional FLIPs for review 

Date: Tuesday, October 19, 2021 1:51:22 PM 

Nothing add itional from me 

Teresa :Jvt. Jfaueue{, 'Pli.V. 
Acting Chief, Respiratory Diseases Branch 

COR, Collaborative Influenza Vaccine Innovation Centers (CIVICs) 

Division of M icrobiology and Infectious Diseases 

NIAID/NIH/DHHS 

5601 Fishers Lane, Room 8E19 

Rockville, MD 20852 

Phan 

Emai l: 

(b)(6) 

(b)(6) From: Ford, Andrew (NIH/NIAID) [El ---------
Sent: Tuesday, October 19, 20211:15 PM 

To: Stemmy, Erik {NIH/NIAID) [El CbH6J>; Miers, Sarah (NIH/NIAID) [El 

(b)(6) Hauguel, Te resa (NIH/NIAID) [E (b)(6) ---------Subject: RE: Urgent Action: Add itional FLIPs for review 

Andrew Q. Ford, Ph.D. 

Office of Scientific Coordination and Program Operat ions 

Division of M icrobiology and Infectious Diseases 

NIAID/NIH/DHHS 

5601 Fishers Lane Room 7G64 

Rockville, MD 20892 
(b)(6) 

Disclaimer: 

(b) (5) 

The information in th is e-mail and any of its attachments is confidential and may contain sensitive 

information. It should not be used by anyone who is not the original intended recipient. If you have 

received th is e-ma il in error please inform the sender and delete it from you r mailbox or any other 

storage devices. National Inst itute of Allergy and Infectious Diseases shall not accept liabil ity for any 

statements made that are sender's own and not expressly made on behalf of the NIAID by one of its 

representatives. 

From: Stemmy, Erik (NIH/NIAID) [El ---------(b)(6) 

Sent: Tuesday, October 19, 20211:00 PM 
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To: Miers, Sarah {NIH/NIAID) [El (b)(6); Hauguel, Teresa {NIH/NIAID) [E) 

(b)( >; Beigel, John (NIH} [El (b)(6)>; Cardemil, Cristina 

{NIH/NIAID) [E] (b)(6) Ford, Andrew (NIH/NIAID) [El CbH6J1> 

Subject: RE : Urgent Action: Additional FLIPs for review 

Hi Sarah, 

Comments from me in the attached. I didn't have comments for t he others. 

Erik 

(b)(6) From: M iers, Sarah (NIH/NIAID} [E] --------
Sent: Tuesday, October 19, 202111:42 AM 

To: Stemmy, Erik (NIH/NIAID) (E] _____ __,_(b--.-.-)(=6)1>; Hauguel, Teresa (NIH/NIAID) [E] 

(b)(6) Beigel, John (NIH) [El (b)( Cardemi l, Cristina 
":".( N~l"."'.'H/7.N"."'.'IA-:-1:::D-:-) -;:[ E7:] ;::::::;::::::;:::::::::::...__::..__~(bs-,-.H =6) Ford, Andrew ( N IH/N IAI D) [E] (b)(6) 

Subject: Urgent Action: Additiona l FLIPs for review 

Importance: High 

Hel lo-

We have rece ived additional flip cards to review for Dr. Fauci for the upcoming Senate HELP hearing. 

Some of these cards have been reviewed before and OCGR-Leg has added questions or edits for us 

to review on them. Here is the list of cards: 

• 2016 - Barie Nature Microbiology Paper 

• _Covid - Vax Trial s in Ch ildren 

• 2017 PLOS Pathogens Paper 

• Benefits of GOF research 

• Furin Cleavage Site_CGG Repeats 

• EcoHea lt h Alliance CoV Grant (2014-2018) Year 5 [Also going to DEA for review] 

• _COVID - Pregnant Women and Vax Tria ls [Also going to DAIDS for review] 

• Natura l Immunity to SARS-CoV [Going to all Divisions for review] 

Unfortunately we have a very short turnaround t ime for these and Emily needs to rev iew them. 

Please respond to me by 2:00 PM t oday. My apologies for t he rapid turnaround. 

Thanks 

Sarah 

(b)(6)> From: "Arms, Erin (NIH/N IAID) [E]" -------
Date: Tuesday, October 19, 2021 at 11:14 AM 

To: NIAID BUGS < BUGS@ niaid .nih .gov> 

Cc: NIAID OCGR Leg <NIAIDOCGRLeg@ma il.n ih .gov> 
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Subject: Action by 3 pm today (10/19) : Additional FLIPs for review 

Hello Bugs, 

Background 

Thank you for your ongoing assistance to prepare FLIPs for the November 4th Senate HELP 

Commit tee hearing to discuss the ongoing Federal response to COVID-19. Attached are add itional 

FLIPs for you r review. Please note - some of the FLIPs have already been reviewed. The versions of 

these FLIPs incl uded here have add it ional edits or questions for your review. 

• 2016 - Barie Nature Microbiology Paper 

• Covid - Vax Trials in Ch ildren 

• 2017 PLOS Pathogens Paper 

• Benefits of GOF research 

• Furin Cleavage Site_CGG Repeats 

• Eco Hea lth All iance CoV Grant (2014-2018) Yea r 5 [Also going to DEA for review] 

• _COVID- Pregnant Women and Vax Tria ls [Also going to DAIDS for review] 

• Natural Immunity to SARS-CoV [Going t o all Divisions for review] 

Arum 
This is an exped ited request for FLIP review. Please send completed FLIPS to OCGR-Leg by 3 PM 

today, October 19th. As these are for Dr. Fauci's use during the upcoming hearing, we do request 

that Dr. Erbelding clear DMID's updated FLIPs. 

Please let us know if you have any questions or if any of the above FLIPs should be reviewed by 

addit ional Divisions. 

Thanks, 

Erin 

Erin Arms, Ph.D. 
(she, her, hers) 

Public Health An alyst 

Legislative Affa irs and Correspondence Management Branch 

Office of Communications and Government Relations 

NIAID/NIH/DHHS 

31 Center Drive 

Bldg. 31, Room 7A17H, MSC 2520 

Bethesda, MD 20892-2080 
(b)(6) 

Disclaimer. 

The information in this e-mail and any of its attachments is confidential and may contain sensitive 
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information. It should not be used by anyone who is not the original intended recipient. if you have 
received this e-mail in error please inform the sender and delete it from your mailbox or any other 
storage devices. National Institute of Allergy and Infectious Diseases shall not accept liability for any 
statements made that are sender's own and not expressly made on behalf of the NIA/0 by one of its 
representatives. 



From: 
To: 

Cc: 

Subject: 
Date: 
Attachments: 

Hel lo, 

Background 

Zendt. Mackenzje (NIH/N[AIO} [El 
Harper, Jill CNIH/NIAID} (El: BHlet. Courtney {NIH/NIAID} (El: Embry. Alan /NIH/NIAID} (El: Stemmy, Erik 
(NIH/NIAIO) [El : Hauguel, Teresa {NJH/NIAID) [Ej: Ford, Andrew (NIH/NIAID) [El 
NIAID 0CGR Leg 
Urgent ASAP: 4 additional flip cards 

Tuesday, July 13, 2021 3:48:11 PM 

Jesse Bloom Preprint and Early SARS-CoV-2 Seauences toGrouo.docx 
FLIP 2012 PLQS Pacer toGrouo.docx 
Holmes Preprint · Origins of SARS-cov-2 toGroup.docx 
FLIP P3CO Requirements for Researchers toGroup.docx 

As you may be aware, Dr. Fauci is testifying before the Senate Health, Education, Labor, and 

Pensions (HELP) Committee t his month. OCGR-Leg would appreciate your review of the attached 

ne.w fl ip ca rds. 

• Jesse Bloom Preprint and Early SARS-CoV-2 Sequences 

• PLOS Paper 

• Holmes Preprint 

• P3CO Requirements for Researchers 

Adi.Qn 

As soon as possible and no later than 4p.m. Tuesday, Ju ly 13th
, please review the attached fl ip card 

and provide any edits or comments using tracked changes. 

Thanks, 

Mackenzie 

Mackenzie Zendt, MPH 

Health Special ist I Presidential Management Fellow 

National Institute of Allergy and Infectious Diseases 

National Institutes of Health 

Emai l 

Phon 

(b)(6) 
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J 
From: 
Sent: 
To: 
Subject: 
Attachments: 

Folkers, Greg (NIH/NIAID) [E] 

Monday, September 27, 2027 3:45 PM 
Fauci, Anthony (NIH/NIAID) [E] 

asf - those two ajph papers / i pulled out the table 
aj ph.2021.30631 0.pdf; ajph.2021.306326.pdf 

Comparing pandemics; 1918 influenza and 2019 COVID-19 
Variable 

lnfecrlous Agem 
Mechanism of arn«qence 

Source or ern4!1oence 
Cellfl!Cl!l)lDt 

Clink:al & Pathological Disease 
Cllnlal 

Complialion5 

Pulmonary p;ilhology 

Epidemiology 
l'reex!sung iml!Wrnty 

Mo~ty 

Mortlllity 
Odgill & spread 

Public Health Responses 

Treatment 

Ps-ychosoclal Reactions 

1918 l nnuenn 

NOVeirespr.llOl)'WUS 

Host switching 

Wild mtertowt CAnserifOll!ll!SI 
Slallc .adds on respiratory eplthellil 

Vlruspreadapled or qwcldy adapted 10 human 
SJ)(eacl 

Upper rnsplratOfY Cllse:ise, pneumoru.i 
No vill2mia, no systemic disease, 

S!!condary b.icte!1ill pneumonb, empyerna 

Viral pnet.monia, DAO, OO(!ffla 
Micr<Xhrombi, varbble hemonh;ige in some 
Abemnt immune re!pOllse 

M•~•lve neutn;pl,11 t Infill rote, fn '°"'" 

Possible lmmoolty tn older persons 
Case-fata[ty t'lllO.iboul 1'6 ln lklited St.'ltes 

Hlgh ... mon::illt)I ininbnU. oldc!n/, chrooiallyill 

Pregnant women/fetuses 

MomJ1ty peakln adults aged 2o-40 )'l!ao 
Morbditype.ik in ldloohlgedcllildren 
Spread by trawl, from l>lgc.ties.sprwdoutw.1rd 
Rges1imatedto beab<)ut 1-2 

Spread bydroplet.aero50l. lunds and fom1t0s 
Asympt001atlc amers 
SUper sp~aders prooobJe 
lnwces Ml or partl.11 protecnve mmumty 

Perslsted by means of Y1ral evolution 
Closures, l50lalklll, socill diltilllClng, m~ks 
B;Ktwtii \QCCines 

5U:pportiw cate, plasma lll«.py, no tel11 

No antlbiotics or an1Mrals 

Qu;ia .nd untried remedies 
W-ldespreild dlsease fe~ 
Common den11nce ol publ c heallh 
rec:omm~<btions 

Altruism~ oolping oUl«smscommon 

2019 COV10·19 

Navel m;pimory \lll\lS 

Host SWltch,ng 

Wlld Rll/nolopllus bat 
ACEl receptor on multlpla ctlls, multiple 
organs 

Virus p,ll'Jldapted or quldJy adapted to human 
spreacl 

upper respr;itory dl~.ise, pneumong 
vt ..... 1. wllh systemk dlse-a,., vucular 
mm.age 
Second.ary ~:.al pneumonl:.a less rrequent; 
MultlsYSt@m db@al(O 

Viral pneurnonD, DAD, edl!mii 
Microtllrombi, v;uiable hemooh.lge in some 
Al>Nrant Immune 1esponse 

N1eutrophiJ1c1nfi'ml~, leu frequent 

Prlo4' lml'I\Ullltyst;itus notyet ceiuln 

CN--OO!ity ratb estlln.ited .lround I 'lb 1n Unlll!d 
5i-tes 
Chlldron :and young :adults;: Iowa, lnddonco I, 
severity 
No otreme moltalltJ In prei1nan1 
women/fetusesl 
No mort.allty pGk In .adahs 2g@d 2M0 ye.an 
low morbidity In difldren & young .adults 
SPfl!.lll by travl!I, from big dUes, spread outwaro 

Ro•boul 1-2. burvanes greatly 
Spread by ctoplet, aerosol hands ;uid fomites 

A5yml)U)lllacic urriers 
SUJ)ef spreaders 
lnructJon oi flJII or p¥U.il pro«!Cti\'1! immunny not 
estabhShl!d 
Pl!(SISlEOte poten1Jal notyt>t established 
Closures, isolation, !lOdal dirunong, misks 
Bactl!NI v.iccines. SARS-CoV-2 vlnl Y.ICCIMS 

5upponive c.;ire, ptuma lherapy, KUs 

Antlblc>tlc., anttvtr:it,. glutom rtkolds 

Quxk Xld untried rmiedies 
\Vldespreacl disease mr 
Common deflanCI! ol public health 
rerommendations 
Altruism and bQ!p4ng <lUIKS was common 

Disclaimer: Any third-party material in this email has been shared for in ternal use under fair use provisions of U.S. copyright law, 
w ithout further verification of its accuracy/veracity. It does not necessarily represent my views nor those of NIAID, NIH, HHS, or the 

U.S. government. 
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RESEARCH & AMALYSIS AJPI-I 

A Centenary Tale of Two Pandemics: 
The 1918 Influenza Pandemic and 
COVID-19, Part II 
David M. Morens, MD, Jeffery K. Taubenberger, MD, PhD, and Anthony 5. Fauci, MD 

Both the 1918 inAuenza pandemic and the 2019-2021 COVID-19 pandemic are among the most 

disastrous infectious disease emergences of modern times. In addition to similarities In their clinical, 

pathological, and epidemiological features, the two pandemics, separated by more than a century, were 

each met with essentially the same, or very similar, public health responses, and elicited research efforts 

to control them with vaccines, therapeutics, and other medical approaches. Both pandemics had lasting, 
if at times invisible, psychosocial effects related to loss and hardship. In considering these two deadly 

pandemics, we ask: what lessons have we learned over the span of a century, and how are we applying 

those lessons to the challenges of COVID-19? (Am J Public Health. 2021 ;111 (7):1267- 1272. https:// 

doi.org/10.21 05/AJ PH 2021 306326) 

There are many similarities, and 

some differences, between the 

influenza pandemic of 1918-1919 and 

the COVID-19 pandemic of 2019-2021 . 

Epidemiological and cl inical similarities, 

including viral origin, transmission, and 

disease morbidity and mortality, were 

discussed in Part I of this arcicle.1 

PUBLIC 
HEAL TH RESPONSES 

In 1918, fundamental knowledge of sani

tation, hygiene, and principles of disease 

transmission were almost as well under

stood as they are coday.2 Mechanisms 
of respiratory spread and means of pre

venting respira tory transmission were 

particularly well understood (Figure 1 ). 

The dangerous effects of crowding in 

public places and closed airflow in build

ings and the need to socially distance 
were likewise ful ly appreciated. This 

knowledge had been accumulating since 

the beginning of the sanitary movement 

in the 1840s, was greatly advanced by 

acceptance of a "germ theory" in the 

1870s, and had been publicly visible 

since the 1880s in international public 
health efforts to control the spread of 

tuberculosis, then a major killer. 

Masks, coughing etiquette, use of 

clean handkerchiefs, proscription of 

spitting, placement of spittoons in 

saloons, isolation of the ill, avoidance of 
congregation, and closing of sports 

events, theaters, schools, and churches 

were all employed in 1918 (Figure 1 ). In 

the pandemics of both 1918 and 

2019-2021, public health officials rec

ommended wearing face masks. As nei
ther N95 nor modern surgical masks 

were available in 1918, newspapers 

printed illustrated instructions on mak

ing homemade masks using cloth 

handkerchiefs and string. Both pan

demics prompted fanciful improvisa
tions, including morbid art that seemed 

to mock death; others made masks for 

domestic pets (Figure 1 ). In 1918, some 

professional, collegiate, and ocher 

sports events were closed,3 but in 

other cases athletes went on playing 

with or without masks (Figure 1). Public 
refusal to wear masks was nearly as 

common as it is today, even though in 

1918 scofflaws often faced sti ff fi nes. 

Church gatherings and even court 

proceedings in 1918 were held out

doors, even in the streets. Forced and 
self-isolation were common. Just as 

Boccaccio and friends had done more 

than five centuries earlier, during the 

1348 pandemic of bubonic and pneu

monic plague, in 1918 citizens took 

their own public health actions, such as 
isolating themselves away from crowds, 

work, and school. After he was rejected 

for US military service, future novelist 

William Faulkner fled to Canada for air 

force training; the Royal Canadian Air 

Force locked down (i.e., isolated) Faulk
ner and the other trainees for a period 

of time during the pandemic, prevent

ing them from being infected. In the 
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0 
z I FIGURE 1- Wearing of Face Masks, 1918 and 2020 

Nore. In the pandemics of both 1918 (influenza) and 2019- 2021 (COVID-19). public health officials recommended wear ing face masks for both casual outings 
and at sports events, and at other large gatherings. Parts a and b: Masked pet owners and pets, circa 1918 (a) and 2020 (b). Parts c and d: Fanciful masks 
seem to mock the pandemic's "grim reaper" circa 1918 (c) and 2020 (d). Parts e and f: In 1918, some sports events were canceled but others went on, often 
with masked players or spectators, or both (e). In 2019- 2021, many live sports events have been canceled or played without live spectators (f; Photo by Mike 
Krreev/NurPhoro via Getty images: published w ith permission). 

COVID-19 pandemic, many more peo

ple are able to self-isolate at home 

because of teleworking and better

organized food-delivery services. 

Public health programs in the United 

States in 1918 were largely state- and 

city-based. The key pandemic decision

makers were governors, mayors, local 

health departments, businessmen, and 

community leaders, and sometimes 

nurses and volunteers. Because the 

pandemic spread so rapidly across the 

United States,4 there was little time for 

planning or coordination. In smaller 

towns, the pandemic abruptly 

emerged, peaked, and was often reced

ing or gone within three or four weeks. 

Different public health response plans 

were improvised on the spot. Some 

were more effective than others; mor

tality varied greatly from one place to 

the next. Many citizens defied public 

health recommendations. 

Associations between strictness of 

public health measures and low 

mortality were immediately noted and 

much discussed in 1918, especially in 

cities such as Pittsburgh and Philadel

phia, Pennsylvania, where overcrowd

ing, lockdown resistance, and tolerance 

of social gatherings were associated 

with increased mortality. Modern 

analyses are consistent with the benefi

cial effects of stricter measures.2 

Inactivated bacterial vaccines, 

intended to prevent death from 

influenza-associated secondary bacte

rial pneumonia, which caused the vast 

majority of pandemic deaths, were 

often used in 1918, and seem to have 

been moderately effective in 

preventing death.5·6 

Similarities between the public health 

responses in 1918-1919 and 2019- 2021 

are many. National and international 

public health approaches to both pan

demics varied widely, with predictable 

and unpredictable successes and fail

ures. COVID-19 public health responses 

rely on the basic strategies of 1918: pub

lic "lock down," social distancing, hygiene, 

and self-isolation. During the COVID-1 9 

pandemic, we have also had polymerase 

chain reaction and serologic testing to 

identify the virus and its immune finger

prints, as well as contact tracing, well 

understood in 1918 but not widely used, 

probably in part because pandemic 

explosivity led quickly to an overwhelm

ing number of unmanaged cases. In 

2019-2021, we have had bacterial vac
cines for two of the bacteria (Streptococ

cus pneumoniae and Hoemophilus 
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influenzae type b) associated with fatal 

secondary pneumonias in 1918.7 Deploy
ment of severe acute respiratory syn

drome coronavirus 2 (SARS-CoV-2) vac

cines (ongoing as of May 1, 2021) is 

expected to offer the most realistic hope 

of ending or at least slowing down the 
pandemic in the immediate ruture, 

although many months of scale-up and 

vaccine distribution and uptake, prioritiz

ing who gets vaccinated, overcoming vac

cine hesitancy, and conceivably dealing 
with vaccine complications, remain as 

challenges, especially in countries such 

as India. 

An ominous turn of events now 

unfolding (as of May 2021) is the emer

gence of multiple SARS-CoV-2 genetic 

variants apparently associated with 
increased transmissibility and possible 

immune escape, potentially affecting 

vaccine efficacy and diagnostic test sen

sitivity.8 Though some of these variants 

have been suspected of causing more 

severe disease, this has not been scien
tifi cally established at the time of this 

writing. In 1918- 1919, high influenza 

mortality was associated with viral 

genetic stability, but over the decade of 

the 1920s, as population immunity 

rose, mortality and case-fatality 
declined. Because viruses have not 

been recovered from the period of 

1920-1932, it is unclear whether and 

when viral attenuation occurred and 

what were its genetic determinants. In 

contrast to early suspicions about 
SARS-CoV-2, there are no data to sup

port that the 1918 influenza virus 

became more transmissible or more 

deadly after its emergence. 

DIAGNOSIS 
AND TREATMENT 

As the viral cause of the 191 8 pandemic 

was unknown, diagnosis was clinical and 

treatment largely supportive. This was the 

first major disease emergence in which 

the new technique of diagnostic radiology 

was used, particularly in the US military.9 

Although most physicians did not have 
access to diagnostic x-rays, they were 

often remarkably skilled at using ausculta

tion, percussion, elicitation of tactile fremi

tus, and observation of respiration, 

among mher diagnostic skills. Oxygen 

was often available and used. Appear

ance of so-called "heliotrope cyanosis" of 

the prominent facial parts.4•
10 although 

not unique to the 1918 pandemic, was 

recognized as a terminal event associated 

with profound hypoxia attributable to 

loss of gas exchange together with 

metabolic acidosis. 

Those who survived bacterial pneu

monias often developed life-threatening 
empyemas, requiring difficult clinical and 

surgical management.11 In an era when 

therapeutic successes for various 

other diseases had been achieved with 

immune plasmas obtained from hyper
immunized horses, goats, or other ani

mals, some influenza patients were 

treated, with apparent success, by using 

human convalescent plasmas,12 as is 

now the case with COVID-19. 13 Then, as 

now, the pandemics brought out wish

fu lly repurposed drugs that had little 
chance of success (e.g., quinine in 1918, 

hydroxychloroquine in 2020). Then, as 

now, irrational and often harmful reme

dies enticed the hopeful (enemas and 

laxatives in 1918; bleach, disinfectants, 

and colloidal silver in 2020), in addition 

to known therapeutics such as immune 
plasmas and monoclonal antibodies, 

dexamethasone, and the antiviral 

remdesivir (used in the United States 

under Food and Drug Administration 

emergency use authorization), but the 

efficacy and appropriate therapeutic 
indications of the latter remain uncer

tain. Early data, for example, suggest 
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that in certain patients remdesivir may 

be of some benefit in shortening illness, 

although reduction in overall mortality 

has yet to be fully established.14 

Lacking antivirals and antibiotics in 

1918, supportive care was the mainstay 

of treatment, with an emphasis on 

attentive nursing care, and was consid

ered the most effective way to save 
lives. Nurses from the Red Cross and 

other agencies, as well as volunteer 

nurses, mostly women with little or no 

previous nursing training, went into 
homes, especially in poorer neighbor

hoods, to tend to the sick; they were 

widely regarded as pandemic heroes, 

as are Frontline health care workers in 

2019-2021 . It is of note that deploy

ment of physicians in the war opened 

leadership positions for women physi
cians and scientists on the home front 

at a time when the women's suffrage 

movement was at ,ts peak. 

The COVID-19 pandemic arrives at a 

time when remarkable medical advan

ces create a diagnostic and therapeutic 
world unimagined in 1918: rapid viral 

diagnostics, x-rays and magnetic reso

nance imaging, blood gasses and 

chemistries, antibiotics, antivirals, inten

sive care units with ventilators and 

monitors, and extracorporeal mem
brane oxygenation. However, even with 

the very best care, many patients who 

survive the period of SARS-CoV-2 repli

cation and cellular damage still do not 

survive, or survive with serious long

term complications. Lack of complete 

understanding of the natural history 

and pathogenesis of COVID-19 stands 

in counterpoint to the high level of 

understanding of the mechanisms of 

secondary bacterial pneumonia in 

1918, even though, ironically, treatment 

options were far fewer in that era. 
COVID-19 causes pneumonia; however, 

unlike influenza, it also damages a wide 

z 
p 

History Essay Peer Reviewed Morens er ai 1269 



RESEARCH & ANALYSIS ---------

,__ 
ci z 

a 

I FIGURE 2- The1918Pandemic lnspiredManyArtists 

Sovrce. Part b used with permission of the artist, Pete Ryan (https://www.peterthomasryan.com). 
Nore. Part a: Dying in his Vienna, Austria, apartment of influenza pneumonia ( 1918), painter Egon Schiele produced his last anistic work, a drawing of his 
wife, Edith Harms, 6 months pregnant and suffering from 1he same disease. She died hours aftenhe drawing. Part b: A 2020 illuS1ration captures the anxi 
eties of COVID-19 spread: design by Pete Ryan for Vox, printed with permission. 

range of organ systems, causing vascu

lar 15 and neurologic symptoms,16 and 

may be associated with aberrant 

immune responses 17 that may differ 

from those of influenza, often compli

cated by rnicrothrombi in lungs and 

other organs associated with thrombo

embolic phenomena 18 Our understand

ing of the natural history and pathogen

esis of COVID-19 is just beginning. 

RESEARCH 

The 1918 pandemic occurred at the 

dawn of the era of virology. Viruses as 

we know them today had been charac

terized only as "filter-passing agents," 

submicroscopic entities of some sort 

that were able to cause diseases after 

passage througt, porcelain fil ters that 

trapped bacteria .19 Although a descen

dant of the 1918 human influenza Virus 

was not officially isolated until 15 years 

after the pandemic, it seems likely that 

in 1918 two research groups, one in 

Tunisia and the other in Japan, actually 

did isolate the virus, but had no way to 

maintain the agent via continuous pas
sage in humans or animals, or via freez

ing.20·21 Human challenge studies were 

conducted with human secretions; 

however, results were problematic. The 

1918 pandemic came and went so 
quickly that comprehensive research 

programs could not be set up in time, 

and isolates of virus-containing 

infectious material could not be easily 

propagated or maintained. 

In contrast complete genome 

sequences of SARS-CoV-2 were made 

public in early January 2020, and, as of 

May 2021, many tens of thousands of 

genome sequences have already been 

published in online databases. In vitro 

culture and initiation of in vivo experi

mental animal modeling have occurred 
rapidly, followed by exrensive basic and 

clinical testing of diagnostic assays, ther

apeutics, and vaccines leading to s1ud1es 

on natural history and pathogenesis. 

The rapidity with which important 

scientific knowledge about COVID-19 

has accrued in just a few months would 

have astonished scientists in 1918. 
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RESPONSES TO 
PSYCHOLOGICAL AND 
PSYCHOSOCIAL EFFECTS 

Then, as now, contemporar; photo

graphs show images of horror: stacked 
bodies, rows of grave markers, and 

open pits into which bodies are chrown 

(see Figure 1 in Part 11). People were 

dying alone, in their own homes, with 

no one to comfort them in their final 

hours. Mercifully, the horrors of the 
1918 pandemic were brief, as the pan

demic passed through most towns and 

cities like lightening and was suddenly 

gone. In 2019-2021, many months of 

ever-climbing COVID-19 deaths, lock

down, dread, and uncertainty, have 

added to the tragedy and led to out
breaks of depression, suicide, anger, 

hopelessness, and even anomie. 
It has often been said that the 1918 

pandemic was quickly forgotten, reflect

ing a global exercise in intentional 

amnesia; however, a closer look at the 

legacy of 1918 suggests otherwise. For 

example, the pandemic inspired many 

artists. In a Vienna, Austria, apartment, 

a brilliant painter who always aimed to 

shock and infuriate, Egon Schiele 

(1890-1918), lay dying of influenza 

pneumonia in late October 1918. 
Schiele's last work was a drawing of his 

wife, Edith Harms (1893-1 918), six 

months pregnant and dying beside 

him, also of influenza pneumonia 

(Figure 2). She died hours after the 

drawing; Schiele survived another two 

days. Before dying, he arranged with 
friend Marta Fein-Spraider (1894-c. 

1941 ) to take a photograph at the 
moment of his death.22 There are also 

the self-portraits of painter Edvard 

Munch suffering from influenza in his 

own bedroom; Thomas Wolfe's wrench
ing account of the death of his beloved 

brother Benjamin, written down in 

exacting autobiographical detail (Look 

Homeward, Angel and O Lost: A Story of 

the Buried Life); Katherine Anne Porter's 
haunting tale of her own survival (Pale 

Horse, Pale Rider), unfolding dream-like 

to its tragic ending; the surge in the 

Dada art movement in response to the 

horrors of the war and the pandemic; 

the hedonistic escapism of the Roaring 

Twenties; and the exhaustingly com

prehensive files of millions of photos, 

letters, diaries, and recollections that 

still survive today, and that still speak to 
us. The 1918 pandemic was never 

really forgotten. We just forgot that we 

had never forgotten it. 

It will probably be a long time until we 

can fairly look back to compare and 

contrast al l of the effects of these cen

tenary pandemics. Both came at times 
of upheaval, periods in which dramatic 

changes seemed inevitable, but in what 

direction could not be predicted. In 

1918, the world had been stunned by 

the carnage of the Great War (around 

40 million deaths), including the sense

less deaths of a whole generation of 

young men, leaving widows, orphans, 

and broken, grieving families. Shock, 

disbelief, anhedonia, and dark cynicism 

prevailed. Then, just at the war's end, 

che pandemic came, lightening-like, kill
ing tens of millions more. 

The year 1918 marked the last year 

of the deadliest war, and the first year 

of the deadliest pandemic in human 

history, up to that time. Looking back 

across the last century, we can see that 

the "War to End All Wars' did not, in 
fact, end wars, and that the deadliest 

pandemic did not end deadly pandem

ics. A century later, tragic wars and 

tragic pandemics are stil l occurring, 

and we are still struggling to deal with 

them. We retain a hope that we can 
one day end wars, pandemic diseases, 

and many other human ills, but, in May 
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2021, as the COVID-19 pandemic still 

spreads, it is hard for many to be 

optimistic. 

Like global wars, pandemics are 

clearly existential threats. Even in the 

midst of fear and loss, such deadly 

challenges can bring out the best in us. 

If 2021 seems the worst of times, we 

can still look back, as did centenarian 

Marilee Shapiro Asher,1 down a path 

that is dark and long, but stil l seeded 

with hope. Asher, the artist who sur
vived both the 1918 and the 2020 pan

demics, died at home on September 

11, 2020. Through two pandemics, four 

major wars, a Great Depression, and a 

Great Recession, Asher saw more than 

a century of progress and struggle and 

was able to find a life-long j oy and 

fulfillment. Near the end, she con

fronted humankind's latest existential 

challenge, COVID-1 9, and survived it. If 

we can remember the best in Asher 

and in humankind, so will most of the 

rest of us. AJP~ 
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A Centenary Tale of Two Pandemics: 
The 1918 Influenza Pandemic and 
COVID-19, Part I 
David M. Morens, MO, Jeffery K Taubenberger, MO, PhD, and Anthony S. Fauci, MD 

~e, See also Leavitt, p. 996. 

Separated by a century, the influenza pandemic of 1918 and the COVID-1 9 pandemic of 2019- 2021 are 

among the most disastrous infectious disease emergences of modern times. Although caused by un

related viruses, the two pandemics are nevertheless similar in their clinical, pathological, and epidemi

ological features, and in the civic, public health, and medical responses to combat them. Comparing and 

contrasting the two pandemics, we consider what lessons we have learned over the span of a century and 

how we are applying those lessons to the challenges of COVID-19. (Am J Public Health . 2021;111 :1 086-

1094. https://doi.org/10.2105/AJPH 2021.306310) 

I t was the best of t imes when re

nowned artist Marilee Shapiro Asher 

finally left the hospital, in Apri l 2020, 

after fwe days of struggling with COVID-

19 (caused by severe acute respiratory 

syndrome coronavirus 2 [SARS-CoV-2]).1 

We know that Asher was glad to be home, 

looking forward to returning to her studio 

and her exhibitions, because she had 

already written about what it was like 

surviving an eerily similar respiratory ill

ness as a 6-year-old girl: her most vivid 

memory was not the days in bed, but fi

nally being allowed to get up one morning 

and join her family at the breakfast table, 

a joyous event signaling recovery. 

That joyous breakfast was in 1918, 

when Marilee survived the so-called 

"Spanish" influenza, estimated to have 

killed at least 50 million people world

wide, one of the deadliest single events 

in all of human history.2 Recovering from 

COVI D-19 last year, Asher, then in her 

108th year, was among a dwindling co

hort of 1918 pandemic survivors who 

not only still remembered it but who also 

were now facing another lethal pandemic: 

COVI D-19. Childhood memories like 

Asher's were supplemented by an enor

mous body of medical, scientific, public 

heath, and societal information concerning 

that earlier pandemic. It is worth reflecting 

on this body of collective memory as we 

travel through the dark uncertainty of 

another pandemic that threatens and 

impacts millions of lives. From the vantage 

point of an addit ional century of medical 

and social progress, it is hoped that we are 

mastering history's lessons. 

THE19181NFLUENZA 
PANDEMIC 

Before 1918, influenza was a poorly 

understood disease of unknown cause. 

The 1918 pandemic appeared suddenly 

in a few populous cities including in 

China in June3 and in Northern Europe in 

July-August 1918.4 It rebounded over 

most of the world (in both the Northern 

and Southern Hemispheres) in Sep

tember-November 1918, featuring from 

one to several additional recurrences 

beginning in late 1918-early 1919.2•
5
•
6 In 

the United States, an estimated 675 000 

people died in the fi rst year, equivalent 

to about 2.16 million deaths in today's 

much larger population, an approximate 

1 % case-fatality ratio.2 The explosivity of 

the pandemic was staggering. Bodies 

were sometimes "stacked like cord 

wood" in hospitals, or by roads outside 

of cemeteries; coffins had to be mass 

produced on a large scale (Figure 1 ). 

Over a few years, the 1918 pandemic 

settled into a pattern of less fatal annual 

seasonality. Human influenza A viruses 

were first isolated in 1933.7 At that time, 

isolation materials from the 1918 pan

demic were thought not to exist; how

ever, decades later (1996- 2005) the viral 

genome was fully sequenced from RNA 

fragments in pathological materials of 

1918- 1919 pandemic victims; soon 

thereafter, it was reconstructed as a fully 

infect ious virus and studied experi

mentally.7 Viral descendants of the 

1918 ·founder" virus are still circulat

ing today as seasonal influenza A vi

ruses; subsequent pandemics in 195 7, 

1968, and 2009 all resulted from genetic 
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a 

b 

I FIGURE 1- Both the (a) 1918 and the (b) 2020 Pandemics Featured Hastily Assembled Cemeteries, Mass Graves, and 
Collections of Unburied Bodies 

Note. Photo by Willy Kurniawan, courtesy of Reuters. Printed with perm ission. 

updating of the 1918 virus via a muta

tional mechanism called gene segment 

reassortment.8 Over the period of a 

century, viral descendants of this single 

emergent virus have caused tens of 

mill ions of additional deaths, adding to 

the tragic losses of 1918. Fortunately. to 

date, there is evidence that public health 

restrictions to control COVID-19 (e.g., 

social d istancing, mask wearing, busi

ness closures) are controlling influenza 

as well. As we are in the early second 

year of the COVID-19 pandemic, we 

cannot predict with certainty whettler 

the virus will persist as the 1918 influ

enza virus did, or d ie ouc in the face of 

growing population immunity associ

ated with natural infection and new 

COVI0-19 vaccines. 

CLINICAL AND 
PATHOLOGICAL 
COMPARISONS 

clinical features (Figure 2). Both are re

spiratory viruses transmitted and ac

quired via respiratory inoculation, and 

both emerged in global populations 

with little or no preexisting immunity. 

Typical signs and symptoms of both 

full-blown diseases include fever, 

chills, fatigue, muscle aches, nasal con

gestion or rhinorrhea, headache, and 

cough, with variable sore throat, 

dyspnea, and nausea, vomit ing, or di-

Although caused by unrelated viruses, arrhea. Both diseases feature many 

the two diseases are similar in their mild, atypical, and asymptomatic 
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Comparing pandemics: 1918 influenza and 2019 COVID-19 
Variable 

Infectious Agent 
Mechanism of emergence 

Source of emergence 

Cell receptor 

Viral preadaptation 

Clinical & Pathological Disease 
Clinical 

Complications 

Pulmonary pathology 

Epidemiology 
Preexisting immunity 

Mortality 

Morbidity 

Origin & spread 

Public Health Responses 

Treatment 

Psychosocial Reactions 

1918 Influenza 

Novel respiratory virus 

Host switching 

Wild waterfowl (A11se1iformes) 

Sialic acids on respiratory epithelia 

Virus preadapted or quickly adapted to human 
s read 

Upper respiratory disease, pneumonia 

No viremia, no systemic disease 

Secondary bacterial pneumonia, empyema 

Vlral pneumonia, DAD, edema 

Microthrombi, variable hemorrhage in some 

Aberrant immune response 

Massive neutrophilic infi ltrates in some 

Possible immunity in older persons 

Case- fatality ratio about I% in United States 

Higher mortality in infants, elderly, chronically ill 

Pregnant women/fetuses 

Mortality peak in adults aged 20-40 years 

Morbidity peak in school-aged children 

Spread by travel, from big cities, spread outward 

R0 estimated to be about 1-2 

Spread by droplet aerosol, hands and fomites 

Asymptomatic carriers 

Super spreaders probable 

Induces full or partial protective immunity 

Persisted by means of viral evolution 

Closures, isolation, social distancing, masks 

Bacterial vaccines 

Supportive care, plasma therapy, no ICUs 

No antibiotics or antivirals 

Quack and untried remedies 

Widespread disease fear 

Common defiance of public health 
recommendations 

Altruism and helping others was common 

I FIGURE 2- Comparing Pandemics: 1918 Influenza and 2019 COVID-19 

2019 COVID-19 

Novel respiratory virus 

Host switching 

Wild Rhino/ophus bat 
ACE.2 receptor on multiple cells, multiple 
organs 

Virus preadapted or quickly adapted to human 
s read 

Upper respiratory disease, pneumonia 

Viremia with systemic disease, vascular 
damage 

Secondary bacterial pneumonia less frequent; 
Multisystem disease 
Viral pneumonia, DAD, edema 

Microthrombi, vari able hemorrhage in some 

Aberrant immune response 

Neutrophilic infiltrate less frequent 

Prior immunity status not yet certain 
Case- fatality ratio estimated around 1 % in United 
States 

Children and young adults: lower incidence & 
severity 

No extreme mortality in pregnant 
women/ fetuses? 

No mortality peak in adults aged 20-40 years 

low morbidity in children & young adults 

Spread by travel, from big cities, spread outward 

R0 about 1-2, but varies greatly 

Spread by droplet, aerosol, hands, and fomites 

Asymptomatic carriers 

Super spreaders 

Induction of full or partial protective immunity not 
established 

Persistence potential not yet established 

Closures, isolation, social distancing, masks 

Bacterial vaccines, SARS-CoV-2 viral vaccines 

Supportive care, plasma therapy, ICUs 

Antibiotic, antivirals, glucocorticoids 

Quack and untried remedies 

Widespread disease fear 

Common defiance of public health 
recommendations 

Altruism and helping others was common 

Note. DAD = diffuse alveolar damage: ICU = intensive care unit. SARS-CoV-2 : severe acute respiratory syndrome-2. 

infections, but also complicating, 

sometimes fatal, pneumonias in about 

2% of those clinically ill. In the case of 

COVI D-19, unusual as well as late com

plications are being noted with in
creasing frequency, including tissue 

and organ damage, neurological 

complications, and inflammatory syn

dromes. It is not clear to what extent, if 

any, such complications occurred wi th 

1918 influenza, although, curiously, 

neurological complications were said to 
be prominent in the 1889 influenza 

pandemic. 

Typical influenza pneumonia in 1918 

occurred in a bronchopneumonic pat

tern associated with secondary bacterial 

pneumonias caused by pathogens car

ried silently in the upper respiratory 
tract, including Streptococcus pneumo
niae, Streptococcus pyogenes, and 

1088 Public Health Then and Now Peer Reviewed Morens e1 al. NIH -001346 



Staphylococcus oureus.9•10 Initial autopsy 

data from COVID-19 patients suggest a 

similar histologic picture of viral pneu

monic damage with, however, fewer 

secondary bacterial pneumonias, 11 

perhaps in part reflecting widespread 

use of b road-spectrum antibiotics not 

available in 1918. 

In both diseases, severe pneumonias 

have been associated histologically with 

diffuse alveolar damage, hyaline mem

brane formation, pulmonary edema, 

and, often, neutrophilic infi lt rates11
·12 

(Figure 3). Autopsy studies of COVI D-19 

patients reveal widespread medium

and small-vessel thromboses' 3
; 

a 

b 

pulmonary small-vessel thrombosis was 

prominent in 1918 influenza as welI14•15; 

however, it has been less frequently 

observed in more recent influenza au

topsies (e.g., during the 2009 H1N1 

pandemic16
•
17

) . In contrast to 1918, in 

which tissue damage was mostly pul

monary, in COVID-19, t issue damage has 

been observed in t issues and organs 

systemically.18 

Important pathological differences 

between the two infections (Figure 2) 

include the following: influenza infects 

primarily by bind ing to sialic acid re

ceptors found on respiratory epithelial 

cells, whereas SARS-CoV-2 infects 

I FIGURE 3- Representative Pulmonary Histopathology of (a) Fatal 1918 
Influenza and (b) Fatal SARS-Cov-2 Infection Showing Acute Diffuse 
Alveolar Damage With Pulmonary Edema and Hyaline Membranes 

Source. Sauter et al. 11 and Sheng et al." 
Note. SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2. The histologic patterns of 
acu[e diffuse alveolar damage are vinually indiscirtgulShable. 
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various cells of the respiratory tract, 

gastrointestinal enterocytes, and arterial 

and venous endothelial cells, as well as 

arterial smooth-muscle cells, presum

ably by binding to ACE2 receptors.19 As 

influenza caused by human-adapted 

influenza viruses is not associated with 

viremia, live influenza virus has little di

rect interaction with the systemic im

mune system, explaining in part why 

natural and vaccine-induced protective 

immunity against influenza is often im

perfect. Preliminary data from COVID-

19, however, suggest systemic infection 

of multiple organs,2°-22 which can po

tentially elicit protective immunity more 

durable than that of influenza, although 

duration of COVID-1 9 protect ion re

mains to be determined, and reinfec

tions have been documented.23 

EPIDEMIOLOGICAL 
COMPARISONS 

It is extremely difficult to know the exact 

origin of any pandemic disease, because 

emerging infectious agents arise via host 

switching from an animal to a human, 

after which successful adaptation 

associated with human-to-human 

transmission occurs.24
-
26 This process 

necessari ly takes time: by the time the 

new disease is eventually recognized, its 

occult beginnings are unlikely to be 

discovered. In this regard, it is note

worthy that over many centuries, from 

the 1500s until the modern era, almost 

all influenza pandemics were first rec

ognized in Asia or Southeast Asia, and 

then spread westward to Europe and, at 

some point after the 16th century, from 

Europe or Asia to the Western Hemi

sphere. 27 As some of the earliest evi

dence of the existence of the 1918 

pandemic came from China,28 this 

same historical pattern remains 

plausible, although the geographic 
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origin of the 1918 pandemic remains 

unknown, with hypotheses ranging from 

China to Europe to the United States.2 8 30 

When the 1918 pandemic was first 

recognized cl inically and epidemiologi

cally in July 1918, and again in Septem

ber-November 1918, it was robustly 

emerging almost simultaneously in large 

populous cities all over the globe, in both 

the Northern and Southern Hemi

spheres. This pattern indicates that 

rather than spreading from city to city 

along travel routes at the time of such 

explosive emergence, many regions of 

the world must have been seeded by the 

virus previously.2 Presumably, d1e rela• 

tively slow global spread of infections by 

ship, rail, and other means of human 

travel went undetected until international 

metropolitan mortality data began to 

show excess respiratory mortality in

creases. From these large cities, the 

disease spread outward to smaller towns 

and to rural areas, and also caused ad

ditional rounds of global spread by ships. 

Because of modern international air 

travel, COVI D-19 spread slightly more 

rapidly than 1918 pandemic influenza; 

however, the patterns of spread were 

probably very similar: (1) local emer

gences and initial spread that went un

detected because of low case-fatality. 

fo llowed by (2) local, nat ional, and 

eventually international movement of 

infectious persons, leading co seeding of 

cases in crowded metropolitan areas, 

fo llowed by (3) clusters of respiratory 

disease mortality that were eventually 

detected in sensit ive metropoli tan 

morta li ty data, followed quickly by (4) 

massive global emergence.3 1 

SARS-CoV-2 was fi rst detected 1n 

Wuhan, Hubei Province, China, and 

spread simultaneously outward within 

China and via international air routes. It 

is highly likely that SARS-CoV-2 emerged 

from within a tight phylogenetic cluster 

1090 Public Health Then and Now Peer Reviewed Morens e1 al. 

of Sorbecoviruses infecting Rhinolophus 

{horseshoe) bats found mostly in 

Southwest China and contiguous areas 

of Cambodia, the Lao PDR, Myanmar, 

and Vietnam.26
•
32

·
33 How the virus got to 

the place of its initial detection, at least 

850 miles away in Wuhan. remains un

known; possible explanations include 

the mobility and long-distance ranges of 

various bat species, undetected cross

infection from Rhinolophus to other bat 

species, or infection and movement of 

secondarily infected animal hosts or of 

humans. 

EMERGENCE VIA ANIMAL· 
TO-HUMAN VIRAL HOST 
SWITCHING 

The 1918 pandemic "founder" virus was 

genetically and functionally very similar, 

in sequences of all eight genes, to avian 

viruses that then existed, and that sti ll 

exist, in the global reservo ir of wild wa

terfowl (Anseriformes).34 It is unknown 

whether an avian virus host-switched 

directly into humans or first switched 

into a d ifferent host, perhaps another 

mammal, and from there to humans.35 

However, phylogenetic analysis of the 

human virus suggests that emergence 

must have occurred in or shortly before 

1918.2 

SARS-CoV-2 is very close genetically to 

numerous enzoot ic Sarbecoviruses of 

Rhinolophus bats found in Southwest 

China and contiguous areas, suggesting 

one of three possibili ties32,3&-3a: (1) an as

yet-und iscovered enzootic Sarbecovirus 

identical to SARS·CoV-2 emerged into 

humans directly; (2) a d ifferent but 

closely related Sarbecovirus emerged 

directly into humans and spread silently 

fo r some period of t ime, accumulating 

new mutations as it adapted to human 

transmission; or (3) humans were in

fected via an intermediate animal host 

NIH -001348 

that had originally been infected 

by a Rhinolophus-transmitted 

Sarbecovirus.3 6
•
37

·
39 Thus, 1918 influenza 

and SARS-CoV-2 share the same origin 

mysteries of d irect versus indirect 

emergence from a natural animal host, 

and of extent of postemergence genetic 

adaptation to humans. 

Both 1918 influenza and COVID-19 

are among the deadliest examples of 

viral emergences from the animal- hu

man interface.33 How this happens and 

what we can do to prevent it from 

happening are among the most impor

tant areas of research in the study of 

emerging infections.33·~0 Tl1e host· 

switching abili ty of both viruses may be 

an established evolutionary mechanism 

both 1918 influenza and SARS-CoV-2 are 

prom iscuous in their ability to infect 

mammals, facil itating broad epidemicity 

and epizooticity. In 1918, the human 

virus was quickly transmitted to pigs,4 1 

whi le housecats were sometimes in

fected by their owners (as seen in pre

vious influenza pandemics). A century 

later, humans and pigs are sti ll fre

quently exchanging their influenza 

viruses,42 u nexpected deaths of 

chimpanzees and gorillas in 1918 were 

thought to be attributable to influenza. 

Horses, dogs, seals. and other animals 

have also been involved in influenza vi

rus exchanges.43 SARS-CoV-2 has in

fected not only Rhinofophus bats, their 

reservoir host, but also cats, dogs, 

m inks, and other animals44
; closely re

lated SARS-like viruses have infected 

pangolins (Manis jovanico, a species of 

anteater).32 Such efficient intra- and in

terspecies exchanges may have enhanced 

evolution and survival of both viruses. 

VIRAL TRANSMISSION 

Both viruses are t ransmitted by the 

respiratory route via large droplets, 



fine-particle (< 5 ~lm) aerosols, or by 

hands or fomites contaminated with 

respiratory secretions. Both viruses 

spread by silent transmission- that is, 

rransmission by p resymptomatic (incu

bating) people, by asymptomatic in

fected people, by people with m ild or 

atypical symptoms who are not recog

nized as being potential ly infectious, 

and, less commonly, by people who have 

recovered from illness but may still be 

excreting virus.39A5 Unlike influenza, 

SARS-CoV-2 infects enteric cells, but 

gastrointestinal transmission has not yet 

been shown to be important. 

Preliminary evidence suggests 

roughly equivalent effects of environ

mental variables on spread of both 

viruses (e.g., effects of airflow, temper

ature, and humid ity). This has important 

implications for COVID-19 public health 

control measures such as social dis

tancing and cont ro ll ing airflow in hos

pitals, nursing homes, workplaces, and 

recreational venues, such as restaurants 

and bars. 

Regarding seasonality, 1918 pan

demic influenza was first detected in the 

early summer of the Northern Hemi

sphere and did not spread globally until 

September-October 1918. When it did 

so, it aggressively spread not only in the 

Northern Hemisphere but also in the 

Southern Hemisphere's spring season 

(e.g., in South Africa46 and in New 

Zealand"'). Five hundred years of 

observation48 suggest that influenza 

pandemics can appear at any t ime of 

year, but when they arrive in summer 

they are likely to be somewhat blunted 

until they rebound more forcefully in the 

fa ll; when pandemics arrive at other 

rimes of year, summers seem to tem

porarily slow viral spread.48 This pattern 

was seen in both the 1957 and 2009 

influenza pandemics; in the United 

States, both pandemics arrived in the 

spring, slowed down in the summer, and 

then picked up in the fa ll. The presumed 

reasons for chis pattern include physical 

effects of temperature and humidity on 

viral spread and more summer hours 

spent outdoors where airf low is optimal 

and crowding usually less extreme. To 

date, seasonal effects on COVID-19 

spread have not been fully documented 

because few regions have been in the 

throes of COVID-19 for much more than 

a full calendar year. Moreover, the ef

fects of season and of often-intermittent 

and incomplete public health control 

efforts are hard to disentangle. 

PATTERNS OF MORBIDITY 
AND MORTALITY 

In all circumstances studied over the 

past 130years, except in 1918- 1920, 

patterns of age-specific morbidity, 

mortality, and case-fatality for pandemic 

influenza have been similar. Because 

influenza pandemics emerge when all or 

most of the global population lacks im

munity to the new pandemic virus, 

moderately high attack rates within the 

first year, usually between 30% and 60% 

of the population, are common. Age

specific morbidity patterns have been 

highly similar for known influenza pan

demics, featuring peak morbidity rates 

in school-aged children and young 

adults, slightly lower rates in both very 

young children and in adults aged 30 to 

55 years, and much lower rates at older 

ages (Figure 4). This pattern presumably 

reflects exposure risks related to school, 

work, and other congregating activities, 

as well as the possibility o f prior expo

sure to related influenza viruses within 

the older age group. 

Overall influenza mortality varies sig

nifican tly, w ith some pandemic viruses 

being highly pathogenic (approximate 

1 % case-fatality in the United States in 

NIH -001349 
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the 1918 pandemic vs less than 0.05% 

case-fatali ty in the 2009 pandemic). The 

elder ly; people with serious respiratory, 

card iac, metabolic, and other diseases; 

and pregnant women are always at el

evated mortality risk from influenza. 

With the exception of 1918-1 920. 

pandemic and seasonal influenza ex

hibit a characteristic mortality pattern. 

Age-specific influenza mortality is clas

sically U-shaped, with elevated mortality 

in infants and young toddlers and the 

elderly, but with very low mortality at all 

ages in between. A different pattern was 

seen in 1918- 1920: a W-shaped pattern 

(Figure 4) featured a tl1ird mortality peak in 

those aged 20 to 40 years. This pattern, 

never seen before or since, disappeared 

entirely in the early 1920s.50
·
51 It remains 

unexplained, and, while likely not a signa

ture of the 1918 virus, it may be related to 

preexisting age cohort- specific, cross

protective immunity. 

In the early stages o f the COVID-19 

pandemic, morbidity and mortality pat

terns are still not fully established, in part 

because of the relatively high percent

age of asymptomatic infections coupled 

w ith underdiagnosis of cases. Overall 

case-and infection-fatality ratios, which 

are population structure-dependent, 

have been estimated from as high as 3% 

to well below 1%.52 Speculative theories 

to explain low morbidity and mortality in 

the young include (1 ) protection affor

ded by prior and recent exposure to 

circulating endemic coronaviruses, two 

of which-HCoV-HKU 1 and HCoV

OC43-are ~-coronaviruses, albeit not 

closely related to SARS-CoV-2; (2) in

creased exposures to other infectious 

agents that stimulate generic innate 

immune responses; or (3) immune en

hancement mechanisms.39 

In contrast to influenza, which causes 

high mortality and high fetal loss, sig

nificant COVI D-19 mortality in pregnant 
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I FIGURE 4- Age-Specific Morbidity and Mortality of Influenza in 1918- 1919 and, for Comparison, in 1928- 1929, as 
Determined by US "P and I" Data by (a) Incidence per 100 Persons Ill With Pneumonia and Influenza per Age Group; 
(bl Mortality per 1000 Persons per Age Group; and (cl Case- Fatality 

Source. Morens and Taubenberger."' 
Nore. P and I= pneumonia and innuenza. Parts band c com pare the W-shaped curves of age-specific mortatity and case-fatality seen in 1918- 1919 w ith 
more typical U-shaped cuNes from 1928 to 1929. Between 1889 and the present time, U•shaped curves have been seen in a I pandemics and seasonal 
epidemics except for 1918 and the several years thereafter. Morbidity and mortality data reflecting diagnoses of pneumonia and influenza (so-called "P and I") 
are still widely used today for epidem1olog1Cal purposes (e.g., for estImaDng total influenza deaths during periods of inftuenza prevalence) because 
incomplete m orbidity reporting and imperfect death certificate accuracy greatly underestimate infections and deaths from infli,enza and its secondary bacterial 
complications. National or large-populat1on data permitting similar calculat ions for COVI D· 19 are not yet available, a though pre iminary data suggest that 
age-specific mortai ty is very low in infants and children, rising regularly with age thereafter. 

women and their fetuses is only now 

beginning to become better appreci
ated, although the extent of maternal 

and feta l risks remains to be fully 

established.5~-56 In 1918, as in 2020,57 

mortality was higher in the poor, 

in African Americans and Native Ameri

cans, in health care workers, and in 
workers in crowded occupations.50•58- 60 

These patterns, observed for most 

infectious diseases, reflect societal in

equalities and inadequate occupational 

safety measures. 
As descendants of the 1918 influenza 

virus persist to this day,s a question 
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Isolation and Characterization of 
Vi ruses Related to the SARS 
Coronavirus from Animals in 

Southern China 
Y. Guan.1*t B. J. Zheng,1 * Y. Q. He,2 X. L. Liu,2 Z .. X . Zhuang,Z 
C. L. Cheung, 1 S. W . Luo, 1 P. H. Li, 1 L. J. Zhang, 1 Y. J. Guan.1 

K. M. Butt,1 K. L Wong,1 K. W . Chan,3 W. Lim,4 K. F. Shortridge,1 

K. Y. Yuen, 1 J. S. M. Pe iris, 1 L. L. M. Poon 1 

A novel coronavirus (SCoV) is the etiological agent of severe acute respiratory 
syndrome (SARS). SCoV-like viruses were isolated from Himalayan palm civets 
found in a live-animal market in Guangdong, China. Evidence of virus infection 
was also detected in other animals (including a raccoon dog, Nyctereutes 
procyonoides) and in humans working at the same market. All the animal 
isolates retain a 29-nucleotide sequence that is not found in most human 
isolates. The detection of SCoV-like viruses in small, live wild mammals in a 
retail market indicates a route of interspecies transmission, although the nat
ural reservoir is not known. 

Severe acute respiratory ~yndrome (SARS) 
recently emerged as a human disease asso
c iated with pneumonia (/). This disease 
was first recognized in Guangdong Prov
ince, China, in November 2002. Subse
quent to its introduction to Hong Kong in 
mid-February 2003, the virus spread to 
more than 30 couimies and caused disease 
in more than 7900 patients across Jive con
tinents (2). A novel coronavirus (SCoV) 
was iden tified as the etiologica l agent of 
SARS (3, 4). and the virus causes a similar 
disease in cynomolgous macaques (5). Hu
man SCoV appears to be an animal virus 
that crossed to humans relatively recently. 
Thus, identifying animals carrying the virus 
i:; of major :;cieniific intere:;l anJ public 
health importance. This prompted us to 
examine a range of domestic and wild 
mammals in Guangdong Province. 

Because the early cases of SARS in 
Guangdong reportedly occurred in restaurant 
workers handling wild mammals as exotic 
food (6), our anention focused on wild ani
mab recently captured and marketed for cu
linary purposes. We investigated a live
an imal reta il marke t in Shenzhen. Animals 

'Department of Microbiology, The University of Hong 
Kong. University Pathology Building, Q~en Mary 
Hospital, Hong Kong Special Administrative Region 
{SAR.). of the People's Republi c of China (China). 
'Center for Disease Control and Prevention, Shen-
zhen, Guangdong Province, China 'Department of 
Pathology, The University of Hong Kong. University 
Pathology Building, Queen Mary Hospital. Hong Kong 
S.A.R., China. •Government Virus Un it, Department of 
Health, Hong Kong 5.A.R .. China. 
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mail: yguan@hkucc.hku.hk 

were held , one per cage, in small wire cage:;. 
The animals sampled included seven wild, 
and one domestic, animal species (Table l). 
They originated from different regions of 
southern China and bad been kept in separate 
storehouses before arrival to the market. The 
animals remained in the markets for a vari
able period of time, and each stall holder had 
only a few an imals of a given species. Ani
mals from d ifferent stalls within the market 
were sampled. Nasal and fecal samples were 

collected witl1 swabs and stored in medium 
199 with bovine serum albumin and antibiot-
ics. Where possible, blood samples were col
lected for serology. Before sampling, all an
imals were examined by a veterinary surgeon 
and confirmed to be free of overt disease. 
Serum samples were also obtained, after in
formed consent, from traders in a nimals (n = 
35) and vegetables (n = 20) within the mar
ket. Sera (n = 60) submitted for routine 
laboratory tests from patients hospitalized for 
nonrespiratory disease in Guangdong were 
made anonymous and used for comparison. 

Nasal and fecal swabs from 25 animals 
were tested for SCoV vi ral nucleic ac id by 
using reverse transcript ion -polymerase 
chain reaction (RT-PCR) for the N gene of 
the human SCoV. Swabs from four of six 
Himalayan palm civets were positive in the 
RT-PCR assay (Table l). All specimens 
were inoculated into FRhK-4 cells as pre
viou:;ly dt::,i.;ribc:d for viru:, isolation (J). A 
cytopathic effect was observed in cells in
oculated with specimens from four Hima
layan palm civets (Paguma larvata), two of 
which also positive for coronavirus in the 
original specimen by RT-PCR. A virns was 
also detected by virus isolation and direct 
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RT-PCR from the fecal swab of a raccoon 
dog (Nyctereutes procyonoides). No virus 
was <letcctabk in six other :;pc.cics sampled. 
Electron microscopy of one infected cell 
supernatant (SZ I 6) showed vira l partic les 
with a morphology compatible with coro
navirns (fig. Sl). Sera from five animals 
had neutra lizing antibody to the animal 
coronavirus; these were from three palm 
civets, a raccoon dog, and a Chinese ferret 
badger, respectively (Table I) . 

To further validate the results from the 
neutral ization test , a Western hlot assay was 
used to detect SCoV-specitic antibodies from 
these animal serum samples (Fig. 1). Indica
tions of positive antibodies were observed 
from samples SZ2, SZ3, SZI I, and SZ17 
(which were also positive in the neutraliza
t ion a:;:;ay) and from the positive control lrn• 
man sen11n. No positive signal was observed 
from those serum samples that were negative 

in the neutralization test. There was insuffi
cient sernm left over from the raccoon dog 
(SZl3) to be analyzed by this assay. 

Table 1. Animal species tested for coronavirus 
detection. Abbreviations of animal species: B. bea
ver (Castor fiber); CFB, Chinese ferret-badger 
(Me/ogale moschata); CH, Chinese hare (Lepus si
nensis); CM, Chinese muntjac (Muntiacus reeves,); 
DC, domestic cat (Fe/is catus); HB, hog-badger 
(Arctonyx col/aris); HPC, Himalayan palm civet (P. 
/arvata ); RD, raccoon dog {N. procyonoides) (9). N. 
nasal sample; F, fecal sample; t iter to SZ16, neu
tralizing antibody t iter to SZ 16; + denotes posi
t ive by RT-PCR or virus isolation; * denotes t he 
PCR product or virus isolates sequenced in the 
study. ND, not done. 

Sample Animal 
number 

SZ1 HPC 
SZ2 HPC 
SZ3 HPC 
S24 HB 
szs B 
SZ6 DC 
SZ7 DC 
SZB CH 
SZ9 CH 
SZ10 CM 
SZl l CFB 
S212 CFB 
SZ13 RD 
SZ14 CM 
SZ15 B 
S216 HPC 
SZ17 HPC 
SZ18 B 
SZ19 CH 
S220 CH 
SZ21 DC 
SZ22 DC 
SZ23 HB 
S224 HB 
SZ25 HPC 

Virus detection 

RT-PCR 

N 

+* 
+ 
+ 

+ 

F 

+ 
+ 
+ 

+ 

t 

Isolation 

N 

+* 

... 
+ 

+ 

F 

+* 

+ 

Titer 
to 

SZ16 

ND 
40 
40 

< 20 
< 20 

ND 
< 20 

ND 
< 20 
< 20 
160 

< 20 
2:640 

< 20 
< 20 
< 20 

2:640 
< 20 
< 20 
< 20 
< 20 
<20 

ND 
ND 
ND 
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Sera from humans working in the mar
ket were tested for antibody to SZ 16 virus 
by neutralization an<l indirect immunonuo
rescence assays. Although 8 out of 20 
(40%) of the w ild-animal traders and 3 of 
15 (20%) of those who slaughter these 
animals had evidence of antibody, only I 
(5%) of 20 vegetable traders was seropos
itive. None of these workers reported 
SARS-likc symptoms in the past 6 months. 
In comparison, none of 60 control sera 
from patients admitted to a Guangdong 

,- \() 0\ a 
"' ~ 5j 

..... 
N N § 

~ ~ Cl) Cl) ::i: kDa 
- 250 

Presence of 
neutralizing : + + + + - + 

a.moody 

Fig. 1. Detection of antibodies against recom
binant nucleocapsid protein of SCoV in animal 
sera by Western blot assay. Recombinant nu
leocapsid protein (NP, 49.6 kD) was used as an 
antigen to detect anti-SCoV antibodies in 
an imal sera. Protein A-HRP was used as a sec
ondary antibody, and reactive bands were visu
alized by the enhanced chemiluminesence 
Western blotting system. A serum sample from 
a convalescent SARS patient was used as a 
positive control. Blots reacted with animal 
(SZ2, SZ3, SZ11, SZ17, SZ7, SZ16, o r SZ19) or 
human sera are indicated. Results from the 
neutralization test for SCoV-specific antibodies 
in these serum samples are also shown. 

A ORF1a 

1 kb 5 kb 

B 27700 kb 

10 kb 

OAF1b 
15kb 

27900 kb 

lwspital for nonrespiratory diseases was se
ropositive (Table 2). 

T wo of the viru~ isolate~ (SZJ and 
SZ 16) isolated from the nasal swabs of 
palm civets were comple tely sequenced, 
and the amino acid sequence was deduced. 
Two other viruses were partially se
quenced, from the S gene to the 3 ' end of 
the virus (GenBank accession numbers 
A Y304486 to AY304489J. Viral RNA se
quences from these original s wab samples 
from animal were confim,ed in an indepen
dent laboratory (7). T he full- length genome 
sequences had 99.8% homology to the hu
man SCoV, which indicates that the human 

Fig. 2. Phylogenetic analysis 
of the nucleotide acid se
quence of the spike gene of 
SCoV-like viruses. Nucleotide 
sequences of representative 
SCoV S genes (5 gene coding 
region 21477 to 25244, 376B 
bp) were analyzed. The phy
logenetic tree was construct
ed by the neighbor-joining 
method with bootstrap anal
ysis (1000 replicates) using 
MEGA 2 (70). Number at the 
nodes indicates bootstrap 
values in percentage. The 
scale bar shows genetic dis- ~ 
tance estimated using Kimu- o.ooo5 

R EPORTS 

and animal SCo V-like viruses were closely 
related. Phylogenetic analysis of the S gene 
of both human and animal SCoY-like vi
ruses indicated that the animal viruses are 
separate from the human virus cluste r (Fig. 
2 and fig. S2). However, the viruses SZI , 
SZ3, and SZ16 from palm civets were phy
logenetically distinct. The viruses S23 and 
S216 had 18 nucleotide differences be
tween them over the 29, 709 - base pair (bp) 
genome, whereas the human SCoY i:,olated 
from five geographically separate sites 
(GZSO, CUHK-Wl, Tor-2, HKU-39848, 
and Urbani) differed by only 14 nucleotides 
(nt). Nevertheless, animal virus SZ 13 (rac-

99 

GZ01 

GZ60 

74 

63 

HKU 65806 

Urbani 

TOR2 

HKU 39M9 
HKU66078 

CUHK•W1 
HKU 36871 

GZ60 

,-----SZ1 
100'--- --I 

90 SZ13 
59 SZ16 

Human 

Animal 

ra's two-parameter substitution model (11). In addition to viruses sequenced in the present study, 
the other sequences used in the analysis could be found in GenBank with accession number: from 
AY304490 to AY304495, AY278741, AY278554, AY278491, AY27411 9, and AY278489. 

Table 2. Prevalence of antibody to animal SCoV SZ 16 in humans. Controls are serum specimens from 
patients hospita li zed for nonrespiratory diseases In Guangdong made anonymous. 

Occupation 

Wild-animal trader 
Slaughterer of animals 
Vegetable trader 
Control 

s M N 

20 kb 

28000kb 

~ 

25 kb 

I 
E 

28100kb 

30 kb 

28200 kb 

C 
0RP10 
ORPll 
ORl"l0 ' 

Sample numbers 

20 
15 
20 
60 

Antibody posit ive (%) 

8(40) 
3(20) 
1 (5) 
0(0) 

50 
MKLLIVLTCI SLCSCICTVV QRCASNKPHV L EDPCKVQH - ----------

•••••••••• ---------- -----·--·· •··---- -MC LKILVRYNTR 
MKLL LVLTC.l SLC'5ClCTVV QRCASNK.PHV LEOPCP7GYQ t' l:SNNlRYNTR 

1 00 

ORFlO ---------• -----·---- - - -------- --------- - ----------
ORFl l CNT YST ANLC ALGKVLPFHR WH-nJJVQTCTP NVTINCQDPA GGALIARCWY 
ORPl0 ' CNTYSTJ\WLC 1\LGKVLPFHR WJITMVQTCTP NVTINCQDPA CGIILIARCWY 

ORFl 0 
ORPll 
ORPt0 · 

1 01 

LHECHQTAAE' RDVLWLNKR Tll 
LHEGHQTAAP RDVLVVLNKR TN 

Human( ORF 11 '-.QBE.jj'.----=========.'"LlLJ::flD Fig. 3. A 29-nt deletion in the human SCoV genome. (A} Genetic 
organization of SCoV-like viruses found in humans and animals. 
ORFs la and lb, encoding the nonstructural polyproteins, and 
those encoding the S, E, M, and N structural proteins are 
indicated (green boxes). (B) Expanded view of the SCoV genomic 
sequence (27700 nt to 28200 nt, based on AY278554 number
ing). ORFs for putative proteins and for N in human isolates are 
indicated as brown and green boxes, respectively (8). An extra 
29-nt sequence is present downstream of the nucleotide of 
27868 of the an imal SCoV (based on AY27B554 numbering}. The 

Animal { 

CCTACTGGTTACCAACCTGAATGGAATAT 

presence of this 29-nt sequence in animals isolates results in fusing the ORFs 10 and 11 (top) into a new ORF {bottom; ORF10' , light blue box). (C) 
Protein sequence alignment of ORF10 and 11 from human isolates and ORF 10' from animal isolates. 
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Table 3. Nucleotide sequence variation of the S gene of animal and human SCoV. The nucleotide residues are based on AY278554 numbering. Nonsilent 
m utations are highlighted in red. Dash indicates a nucleotide deletion. 

Nucleotide residue 

V irus 

2 2 2 2 2 2 2 2 
I I L l L L 2 2 
666677 1 
2 9 9 9 0 0 3 5 
? 0 I 2 0 6 0 7 

2 2 
2 2 
I 

9 
2 

2 2 2 2 2 2 2 
2 2 2 2 2 2 2 

2 4 5 5 S 6 
5 0 0 0 5 4 
872756 

2 2 
0 0 
5 7 

2 2 2 2 2 2 2 2 2 2 
2 2 2 3 3 3 3 3 3 3 
9 9 9 0 I 2 2 4 5 6 
I 3 7 0 4 0 9 7 7 I 
3683855087 

2 2 2 2 2 2 
333344 
7 7 8 8 I I 
0305 59 
378667 

2 2 2 2 2 
4 4 4 4 5 
3 5 8 9 0 
6 5 5 6 I 
8 I 7 3 2 

SZ3 C A T T C A T A T T C A G G G C A A G T G T T C C T C G T G C G C G C T G T 
SZl 6 C A T T C A T A T C C A G G G C G A G T G A T C C T C G T G C G C T C T G T 
SZI C A T T C A T A T T C A G G G C G A G T T A T C C T T G T G C G T T T T G T 
S2 13 CATT CAT AT TC AG G G CG AG T GA TC CT CG T G CG CT CT G T 

GZ0 I 
GZ43 
GZ60 

C A T T 
C -
C -

C A C C T C C C A G G T G f C A G T T T 1 C C A C G T A C O C T A T 
G A T C T C C C A G G T G T C T G T T T C C C A C G C A C G C T A C 
G A T C T C C C A G G T G T C T G T T T C C C A C G C A C G C T A C 

GZS0 
CUHK-WI 
HKU-36871 
HKU-39848 
HKU-66078 
HKU-65806 
Urbani 
Tor2 

T A T T C A T C C C C C G A A T G T C T G T T T T C C A C G C A C G T T A T 
C A T T C A T C C C C C G A A T G T C T G T T T T C C A C T C A C G T T A T 
C A T T C A T C C C C C G A A T G T C T G T T T T C C A C T C A C G T T A T 
C A T T C O T C C C T C G A A T G T C T G T T T T C C A C T C A C G T T A T 
C A T T C G T C C C T C G A A T G T C T G T T T T C C A C T C A C G T T A T 
C A T T C G T C C C T C G A A T G T C T G T T T T C C A C T C A C C T T A T 
C A T T C G T C C C T C G A A T G T C T G T T T T C C A C T C A C G T C A T 
C A T T C G T C C C T C G A A T G T C T G T G T T C C A C T C A C G T T A T 

coon dog) and SZ16 (palm civet) were 
genetically almost identical, and transmis
~ion or contam ination from o ne host to the 
othe r with in the m arket cannot be excluded. 

When the fu ll genome of the animal 
(n = 2) and human (11 = 5, see above) virus 
groups were compared, the most striking 
difference was that these human viruses 
have a 29-nt deletion (5' -CCTACTGGT
TACCAACCTGAATGGAAT AT-3 ', resi
due 27869 to 27897) that is 246 nt up~lream 
of the start codon of the N gene ( Fig. 3). Of 
human SCo V sequences currently avai lable 
in GenBank. there was only one (GZ0l ) 
with this additional 29-nt sequence. In ad
dition to that, there were 43 to 57 nucleo
tide differences observed over the rest of 
the genome. Most of these d ifferences were 
fo und in the S gene coding region . The 
existence of the additio na l 29-nt sequence 
in the an ima l viruses resul ts in demolishing 
the open reading frames (ORFs) 10 and 11 
(8) and merging these two ORFs into a new 
ORF encoding a putative protein of 122 
amino acids (Fig. 3). This putative peptide 
has a high homology to the putative pro
teins encoded by O Rf'I 0 and ORF ! I. Be
cause ORF 11 does not have a typical tran
scription regula tory sequence for SCoV 
(8), the putative ORF! 1 reported by others 
may j ust be the direct result of the deletion 
of the 29-nt sequence. BLAST search of 
this peptide yields no significant match to 
any other known peptide. Further investi
gatio n is requi red 10 elu~idate the biologi
cal signi ticance of this finding . 

When the S-gene sequences of the four 
animal viruses were compared with 11 Im
man SCoV viruses, 38 nucleotide polymor
phisms were noted, and 26 of them were 
nonsynonymous changes (Table 3). The S 

genes among the four animal viruses had 
eight nucleotide differences, whereas there 
were 20 nucleolide differences among 11 
human v iruses. Thus, the an imal v iruses, 
although isolated from o ne market, are no 
Jess divergent than the human viruses iso
lated from Hong Kong, Guangdong, Cana
da, and Vietnam. However, whereas 14 
(70%) of the 20 polymorphisms among the 
human viruses were nonsynonymous muta
tions, only two (25%) of the e ight nucleo
tide substitut ions w ithin the animal v iruses 
were. An amino ac id de letion (nucleotide 
positions 2 1690 to 21692) was observed in 
two of the human viruses (GZ43 and 
GZ60). Of the 38 polymorphisms, there 
were 11 consistent nucleotide signatures 
that appeared to distinguish animal and hu
man viruses. The observatio n that the Im
man and an imal viruses are phylogeneti
cal ly distinct (Fig. 2) makes it highly un
likely that the SCo V-l ike viruses isolated in 
these wild animals is due to the transmis
sion of SCoV from human to animals. 

Our findings suggest that the markets 
provide a venue for the animal SCoY-like 
viruses to amplify and to be transmitted 10 

new hosts. inc luding humans, and this is 
c ritically important from the point of view 
of p ubl ic health. However. it is not clear 
whether any one or more of these animals 
are the natural reservoir in the wild. It is 
conceivable that civets, raccoon dog, and 
ferret badgers were all infected from anoth
er, as yet unknown, animal ,;ource, wh ich is 
in fact the true reservoir in nature. Howev
er, because of the culinary practices of 
southern China, these market animals may 
be intermediate hosts that increase the op
portunity for transmission of infection to 
humans. Further extensive surveillance on 

NIH-001356 

anjmals will help to better understand the 
animal reservoir in nature and the interspe
cie,; t ransm iss ion events that led to the 
origin of the SARS outbreak. 
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Bats Are Natural Reservoirs of 
SARS-Like Coronaviruses 
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Severe acute respiratory syndrome (SARS) emerged in 2002 to 2003 in southern 
China. The origin of its etiological agent, the SARS coronavirus (SARS-CoV), 
remains elusive. Here we report that species of bats are a natural host of 
coronaviruses closely related to those responsible for the SARS outbreak. These 
viruses, termed SARS-like coronaviruses {SL-CoVs), display greater genetic 
variation than SARS-CoV isolated from humans or from civets. The human and 
civet isolates of SARS-CoV nestle phylogenetically within the spectrum of SL
CoVs, indicat ing that the virus responsible for the SARS outbreak was a member 
of this coronavirus group. 

Severe acute respiratory syndrome (SARS) 
was caused by a newly emerged coronavirus, 
now known as SARS coronavi.Jus (SARS-Co V) 
(/, 2). In spite of the early success of etio
logical studies and molecular characte1ization 
of this virus (3, 4) , efforts to identify the ori
gin of SARS-CoV have been less successful. 
Without knowledge of the reservoir host dis
tribution and tran mis ion routes of SARS
CoV, it will be difficult to prevent and control 
future outbreaks of SARS. 

Studies conducted previously on animals 
sampled from live animal markets in Guang
dong, China, indicated that masked palm civets 
(Paguma farvata) and two other species had 
been infected by SARS-CoV (5) . This led to 
a large-scale culling of civets to pL"event fur
ther SARS outbreaks. However, subsequent 
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{CAS), Beij ing, China. 2State Key Labo rato ry of 
Virology, Wuhan Institute of Virology, CAS, Wuhan, 
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Austra lian Animal Hea lth Laboratory, Geelong, Aus
tralia. 4 Department of Primary Industries and Fish
eries, Queensland, Austra lia . 5The Consortium for 
Conservation Medicine, New York, USA. 6Guangzhou 
Institute of Biomedicine and Hea lth, Guangzhou, 
Ch ina. 
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linfa.wang@csiro.au (L-F. W.) 

studies have revealed no widespread infectiot1 
in wild or fam1ed civets (6, 7). Experimental 
infection of civets with two different human 
isolates of SARS-CoY resulted in ove11 cl in
ical symptoms, rendering them m1l.ikely to be 
the natural reservoir hosts (8). These data sug
gest that although P. larva/a may have bee11 
the source of the human infection that pre
cipitated the SARS outbreak, infection in this 
and other common species in animal markets 
was more likely a reflection of an "artificial" 
market cycle in na"ive species than an indi
cation of the natural reservoir of the virus. 

Bats are reservoir hosts of several zoonotic 
virnses, including the Hendra and Nipah viruses, 
which have recently emerged in Australia and 
East Asia, respectively (9- / /). Bats may be 
persistently i.Jt:foc.tecl with many viruses but rarely 
display clinical symptoms (/2). These charac
teristics and the increasing presence of bats and 
bat products in food and traditional medicine 
markets in southern China a11d elsewhere in 
Asia ( 13) led us to survey bats in the search 
for the natural reservoir of SARS-CoV. 

ln this study, conducted from March to 
December of 2004, we sampled 408 bats 
representing nine species, ix genera, and 
three families from four locations in China 
(Gtkmgdong, Guangxi, Hubei, and Tia,tjin) af
ter trapping them in their native habitat (Table 
I). Blood, fecal, and throat swabs were col-

65393.01 to G.C. and 3100-059415 to A.E.) and by 
the Maurice E. Muller Foundation of Switzerland. 
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lected; serum samples and cD A from fecal 
or throat samples were independently analyzed, 
double-blind, wi th different methods in our 
laboratories in Wuhan and Gcelong (14). 

Among six genera of bat species surveyed 
(Ro11sett11s, C)111opterus, Myotis, Rhinolophus, 
Nye/a/us, and Miniopterus) three communal, 
cave-dwelling species from the genus Rhinofo
phus (horseshoe bats) in the family Rhino
lophidae demonstrated a high SA RS-CoY 
antibody prevalence: 13 out of 46 bats (28%) 
i..11 R. pearsoni from Guangxi, 2 out of 6 bats 
(33%) in R. pussih1s from Guangxi, and 5 out 
of 7 bats (71 %) in R. macrotis from Hubci. 
The high seropreva lence and wide distribution 
of seropositive bats is expected for a wildlife 
reservoir host for a pathogen ( / 5). 

The serological findings were corroborated 
by poylmerase chain reactio11 (PCR) analyse 
with primer pairs deiived from the nucleocapsid 
(N) and polymerase (P) genes (table SI). Five 
fecal samples tested positive, all of them from 
the genus Rhinolophus: three in R. pearsoni 
from Guangxi and one each in R. macrotis and 
R. fem1111equinum, respectively, from Hubei. 
No virus was isolated from an inoculation of 
Vero E6 cells with fecal swabs of PCR-positive 
samples. 

A complete genome sequence was deter
mined directly from PCR products from one of 
the fecal samples (sample Rp3) that contained 
relatively high levels of genetic material. The 
genome organization of tllis virus (Fig. I), ten
tatively named ARS-like coronavirus isolate 
Rp3 (SL-CoV Rp3), was essentially identical to 
tlmt of SARS-Co V, wi th the exception of three 
regions (Fig. 1, shaded boxes). The overall 
nucleotide sequence identity between SL-CoV 
Rp3 and SARS- oY Tor2 was 92% and in
creased to -94% when the three variable re
gions were excluded. The variable regions are 
located at the 5' encl of the S gene (equivalent to 
the Sl coding region of coronavirus S protei..11) 
and the region immediately upstream of the 
N gene. These regions have been identified 
as ' high mutation " regions among different 
SARS-CoVs (5 16, 17). The region upstream 
of the N gene is known to be prone to de
letions of va1ious sizes (5, 16, /8) . 

Predicted protein products from each gene 
or putative open reading frame (ORF) of SL
CoV Rp3 and SARS-CoV Tor2 were com-
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Table 1. Detection of antibodies to SARS-CoV and PCR amplification of N and P gene fragments with 
SARS-CoV-specific primers. ND, not determined because of poor sample quality or unavailability of 
specimens from individual animals. 

Sampling 
PCR analysis: 

Antibody test: positive/total (%) 
Bat species positive/total (%) 

Time Location 
Fecal Respiratory 
swabs swabs 

Mar 04 Nanning. Guangxi Rousettus leschenaulti 1/84 {12%) 0/110 ND 
Maoming, Guangdong Rousettus /eschenaultl 0/42 0/45 ND 

Cynopterus sphinx 0/17 0/27 ND 
July04 Nanning. Guangxi Rousettus leschenaulti ND 0/55 0/55 

Tianj in Myotis ricketti ND 0/21 0/21 
Nov 04 Yichang, Hubei Rhinolophus pusi/lus ND 0/15 ND 

Rhinolophus ferrumequinum 0/4 1/8 {12.5%)* ND 
Rhinolophus macrotis S/7 {71%) 1/8 (12.5%)t 0/3 

Nyctalus p/ancyi 0/1 0/1 ND 
Miniopterus schreibersi 0/1 0/1 ND 

Myotis altarium 0/1 0/1 ND 
Dec04 Nanning, Guangxi Rousettus leschenaulti 1/58 {1.8) ND ND 

Rhinolophus pearsoni 13/46 {28.3%) 3/30 (10%}t 0/1 1 
Rhinolophus pussi/us 2/6 (33.3%) 0/6 0/2 

*Positive fecal sample designated Rfl tPositive fecal sample designated Rm1 ! Positive fecal samples 
designatod Rp1, Rp2, and Rp3, respectively. 
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Fig. 1. Genome organization of, and comparison between, Sl-CoV and SARS-CoV. (A) Overall 
genome organization of SL-CoV Rp3. {B) Expanded diagram of the 3' region of the genome in 
comparison with SARS-CoV strains Tor2 and SZ3, following the same nomenclature used by Marra 
et al. ( 4). The genes (named by letters P, S, E, M, and N) present in all coronaviruses are shown in 
dark-colored arrows, whereas the SARS-CoV- specific ORFs are numbered and illustrated in l ight
colored arrows. ORF10' follows the nomenclature by Guan et al. (5) to indicate that the single ORF 
present between ORF9 and N in SL-CoV is equivalent to the fusion of ORF10 and ORFl 1 in the 
same region in SARS-CoV Tor2. The shaded boxes mark the only three regions displaying 
significant sequence difference between the two viruses (table S2). 

pai-ed (table S2). The P, S, E, M, and N pro
teins, which are present in all coronavimses, 
were similarly si:,;ed in the two vim ses, wi1h 
sequence identities ranging from 96% to 
100%. The only exception was the SI domain 
of the S protein, where sequence identity fell to 
64%. The SI domain is involved in receptor 
binding, whereas the S2 domain is responsible 
for 1he fusion of virus and host cell membranes 
(19). The sequence divergence in the SI do
main corroborated our serum neutralization 

studies, which indicated that although bat sera 
have a high level of cross-reactive antibod.ies 
(with enzyme-linked immunosorbent assay 
titers ranging from 1:100 to I :6400), they 
failed to neutralize SARS-CoV when tested on 
Vero E6 cells. This finding suggests that Sl is 
the main target for antibody-mediated neutral
ization of this group of vimses, which is con
sistent with previous repor1s indicating that 
major SARS-CoV neutralization epitopes are 
located in the S 1 region (20, 21). 

REPORTS 

ln addition to the five genes present in all 
coronavi.tus genomes, coronaviruscs also have 
several ORFs between the P gene and the 3' 
end of the genome that code for nonstructural 
proteins. The function of these nonstrnctural 
proteins is largely tmknown. The location and 
sequence of ORfs are group- or virus-specific 
and hence can serve as important molecular 
markers for studying virus evolution and clas
sification (/9, 22). SARS-CoV has a unique 
set of ORFs not shared by any of the 1-.'Down 
coronaviruses (3, 4). Most of these ORFs 
were also present iu SL-CoV, confim1ing the 
extremely close genetic relationship between 
SARS-CoV and SL-CoV (Fig. I and table S2). 

Coronaviruses produce subgenomic mRNAs 
through a discontinuous transcription process 
not folly characterized ( 19). Conserved nucle
otide sequences functioning as transcription 
regulatory sequences (TRSs) are required for 
the production of the subgenomic mRNAs. In 
SARS-CoV, such TRSs were identified at 
each of the predicted gene sta tt s ites (3, 4). 
AH of these TRSs were absolutely conserved 
between SARS-CoV Tor2 and SL-CoV Rp3 
(table S3), further demonstrating that these 
two viruses are very closely related. 

SL-CoV is completely different from a 
bat corona virus (bat-Co V) recently identified 
by Poon et al. (7) from species of bats in the 
genus Minioprerus during a wildlife surveil
lance study in Hong Kong (Fig. 2). Because 
the comple1e genome sequence was not 
available for bat-CoV, only the trees covering 
the common sequences (i .e., parts of the Plb 
and S2 proteins) are shown. The phylogenetic 
analysis demonstrated that SL-CoV Rp3 and 
SARS-CoVs are clustered together but that 
bat-CoV is placed among the relatively dis
tant group l viruses. Hereafter, SARS-CoYs 
and SL-CoVs will be collectively called the 
SARS cluster of coronavi ruses. 

1n addition to the complete genome se
quence of SL-CoV Rp3, partial genome se
quences for the other four PCR-positive bat 
samples were also detennined. Phylogenetic 
analysis based on the N protein sequences 
(Fig. 3A) revealed that the genetic variation 
among the SL-Co V sequences was much greater 
than that exhibited by SARS-CoVs (for siJn
plicity, only three human and civet SARS-Co V 
isolates were used; the remainder are almost 
identical to those shown). This was especially 
obvious when SL-CoVs isolated from different 
bat S,IX)Cies were compared. Mort--owr, tl1c re
sults suggested 1hat SARS-CoVs nestle phylo
genetically within the spectmm ofSL-CoVs. 

We also compared the "high mutation" re
gions in samples Rf!, Rm I, and Rp3. For the 
region upstream of the N gene, SL-Co Vs from 
all three bat species contained a single ORF 
(ORFI0'), similar to that found in SARS-CoV 
isolates from civets (5) and patients in the 
early phase of the outbreaks (16, 18) but dif
ferent from that in mos1 human isolates, which 
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R EPOR T S 

Fig. 2. Phylogenetic A 
trees. (A) and (B) are 
trees based on de
duced amino acid se
quences of the same 
regions in Plb and S, 
respectively, as used by 

~-----------1Rp3 SARS SZ3 J 
Tor2 Cluster 

HCoV-OC43 J G 2 ~--MHV roup 

'--------------- IBV ] Group 3 

Poon et al. (7) for bat
CoV. Tor2 and SZ3, 
SARS-CoV strains Tor2 

'------------; ~ ------ Bal.CoV 
PEOV J 

~------HCoV-229E Group 
1 

and S23; Rp3, SL-CoV 
Rp3; HCoV, human co
ronavirus; MHV, mouse 
hepatitis virus; PEDV, 
porcine epidemic diar
rhea virus; I BV, avian in
fectious bronchitis virus. 

o.os 

'o:iis" 

A ~-------Rm1 
SZ3 

~-------< '------------< TOr2 
Rp1 GO01 
Rp2 
Rp3 

~---------------Rf1 

0.005 

B ~----Rf1 
SZ3 

'-----<[GD01 

[
Rm1 '----------------1 Rp3 

'o.os' 

C 

0.05 

f 0001 
Tor2 
SZ3 

------Rl1 

~ Rm1 
Rp3 

Fig. 3. Phylogenetic trees based on deduced ami
no acid sequences of (A) N, (B) ORF 1 o', and ( C) 
S7 proteins. Tor2, SZ3, and GDOl, different SARS
CoV strains; Rf1, Rm1, and Rp1-3, different SL
CoV sequences. The genetic distance scale shown 
for (A) is different from those for (B) and (C). 

have a 29-nucleotide deletion in this region 
(3, 4, 16). ORFl0' in Rf! codes for a protein 
having the same size (122 amino acids) as and 
more than 80% sequence identity to ORF IO' 
proteins of SARS-CoVs, but those in Rm 1 
and Rp3 code for a 121-amino acid protein 
with only 35% sequence identity (Fig. 3B and 
fig. S2). By contrast, analysis of the SI pro
tein regions (Fig. 3C and fig. S3) indicated 
that Rf1 was more closely related to SL-CoVs 
from two other bat species than to SARS
Co Vs, s11ggesting that the SARS cluster of 
coronaviruses could recombi11e to increase 
genetic diversity and fitness , as is well doc
umented for other coronaviruses (19). We 
were unable to sequence these regions for Rp 1 
or Rp2, owing to the poor qual ity of the fecal 

-------HCoV-NL63 

Tor2 

SZ3 J SARS 

Rp3 
Cluster 

HCoV-OC43 J Group 2 
MHV 

IBV J G roup 3 
Bat-CoV 

J G roup 1 
PEDV 

HCoV-229E 

HCo\l-NL63 

materials from these l\1/o animals. The limited 
amount of cDNA available was used up for N 
gene analysis and in initial sequencing lTials 
with SARS-CoV- derived primers, which 
were largely unsuccessful. Judging from the 
close re lationship of the N genes between 
Rp I, Rp2, and Rp3 (fig. SI ), it is unlikely that 
Rpl or Rp2 will have major sequence differ
ences from Rp3 in the SI or ORF! o' regions. 
This is not unexpected, considering that these 
three positive samples were obtained from the 
same bat species in the same location. 

The genetic diversity of bat-derived se
quences supports the notion that bats are a 
natural reservoir host of the SARS cluster of 
coronaviruses. A similar observation has been 
made for henipaviruses, another important group 
of emerging zoonotic virnses of bat origin, 
which show greater genetic d iversity in. bats 
than was observed among viruses isolated 
during the initia l Nipah outbreaks in Malaysia 
(23-26). The overall nucleotide sequence iden
tity of 92% between SL-Co Vs and SARS
Co Vs is very similar to that observed between 
Nipah viruses isolated from Malays ia and 
Bangladesh in 1999 and 2004, respectively 
(25) (fig. S4). SL-CoVs present a new chal
lenge to the diagnosis and treatment of future 
wseasc outbreaks. The current tests and ther
apeutic strategies may not work effectively 
against all virnses in this group, owing to 
their great genetic variabil ity in the SI do
main region of the S gene. 

The genus Rhinolophus contains 69 species 
and has a wide distribution from Australia to 
Europe (27). They roost primarily in caves and 
feed mainly on moths and beetles. However, 
notwithstanding the predominant Rhi110/ophus 
findings in this study, it is highly likely that 
there are more SARS-related coronaviruses to 
be discovered in bats. Indeed, our positive 
serological findings in the cave-dwelling fruit 
bat Rousettus /eschenaul!i indicate that infoc-

tion by a related virus could occur in fruit bats 
as well , albeit at a much lower frequency. A 
plausible mechanism for emergence from a 
natural bat reservoir can be readily envisaged. 
Fruit bats including R. leschen(l/t!ti, and less 
frequently insectivorous bats, are found in mar
kets in southern China. An infectious consign
ment of bats serendipitously juxtaposed with a 
susceptible amplifying species, such as P. 
/(lfw1/a, at some point ii, the wildlife supply 
chain could result in spillover and establish
ment of a market cycle wh.ile susceptible ani
mals are available to maintain infection. Further 
studies in field epidemiology, laboratOI)' infec
tion, and receptor distribution and usage are 
being conducted to assess potential roles played 
by different bat species in SARS cmcrgcucc. 

These findings on coronavin1ses, together 
with data on henipavimses (23-25, 28), sug
gest that genetic diversity exists among 200-

notic viruses in bats, increasing the possibility 
of variants crossing the species barrier and 
causing outbreaks of disease in human popula
tions. It is therefore essential that we en
hance our knowledge and understanding of 
reservoir host distribution, animal-animal and 
human-animal interaction (particularly within 
the wet-market &-y&tem), and the genetic dive1Sity 
of bat-borne vimses to prevent future outbreaks. 
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Neurogenesis in the 
Hypothalamus of Adult Mice: 

Potential Role in Energy Balance 
Maia V. Kokoeva, Huali Yin, Jeffrey S. Flier* 

Ciliary neurotrophic factor {CNTF) induces weight loss in obese rodents and 
humans, and for reasons that are not understood, its effects persist after the 
cessation of treatment. Here we demonstrate that centrally administered CNTF 
induces cell proliferation in feeding centers of the murine hypothalamus. Many 
of the newborn cells express neuronal markers and show functional phenotypes 
relevant for energy-balance control. including a capacity for leptin-induced phos
phorylation of signal transducer and activator of transcription 3 (STAB). Co
administration of the mitotic blocker cytosine-~-o-arabinofuranoside (Ara-C) 
eliminates the proliferation of neural cells and abrogates the long-term, but not 
the short-term, effect of CNTF on body weight. These findings link the sustained 
effect of CNTF on energy balance to hypothalamic neurogenesis and suggest that 
regulated hypothalamic neurogenesis in adult mice may play a previously 
unappreciated role in physiology and disease. 

The obesity ep idemic has prompted major ef
forts to develop safe and effective therapies 
(J , 2). However, approved drugs fo r obesity 
have limited efficacy and act only acu tely, 
with patients rap idly regain.i11g weight after 
terminati ng treatment (3). Only the neuro
cytokine cil iary neurotrnphic factor (CNT ) 
and Axokine, an analog of CNTF developed 
as a drug cand.idate for the treatment of obe
sity, appear to deviate from this paradigm. 
Rodents and patients treated with Axokine 
were reported to maintain lowered body 
weights weeks to months after the cessation 
of treatment (4 , 5). This feature of Axokine/ 
CNTF action is unexplained and suggests that 
CNTF induces long-lasting changes in one or 
more element<; of the energy-balance circuitry. 

Ln rodents, CNTF is most potent when 
administered directly into the cerebrospinal 
fl uid (6) and activates signal ing cascades in 
hypothalamic nuclei involved in feed ing 
control (5 , 7, 8). or instance, C TF acti
vates phosphorylation of signal transducer 
and activator of transcription 3 (STAT3) in a 
population of hypothalam ic neurons tha t 
substantial ly overlaps with those activa ted 
by leptin (5). However, in contrast to CNTF, 
leptin-treated animals do not ma intain their 

Divisio n of Endocrinology, Departme nt of Medic ine, 
Beth Israe l Deaconess Medica l Cente r and Harvard 
Medical School, 99 Brookline Avenue, Boston, MA 
022 15, USA 

*To w hom co rres ponde nce should be a dd ressed. 
E-ma il; jflier@bidmc.harvard.edu 

lowered body weight afte r the cessal'ion of 
treatment. We thu s sought a CNTF-specific 
mechanism to explain this long-term effect. 

CNTF supports the survival of neurons in 
vitro and in vivo (9) and has also been impli
cated in the maintenance of adult neural stem 
cells (10). Furthennore, other trophic factors, 
such as epidem1al growth factor and fi broblast 
growth factor 2, are known to act as mitogens 
on adult neuronal progenitors (11 , 12), and they 
promote the functional regenerntion of hippo
campal pyramidal neurons ( / 3). eurngenesis 
in the adult brain is most clearly defmed in the 
subventricular zone (SVZ) of the lateral ven
tricles and the subgranular zone (SGZ) of the 
hippocampal fonnation (14). However, recent 
reports indicate tha t the neuroprolifera t·ive 
potency in the adult extends to other brain 
stmctures, including the hypothalamus (15- 17). 
On the basis of these fi ndings, we hypothesized 
that the long-temi effect of T F on body
weight regulation might involve neurogenesis 
in the hypothalamus, which is the brain region 
most relevant for energy-balance regulation. 

To assess the mitogenic potency of C T F 
in the adult nervous system in vivo, we 
delivered the cell-proliferation marker bromo
deoxyuridine (BrdU) alone (vehicle treatment) 
or toge ther with CNTF d irec tly into the 
cerebrospinal fluid of mouse brains (/8) . 
CNTF and BrdU were contin uously infused 
for 7 days into the right late ral ventricle using 
osmotic m.inipumps. Mice were swi tched to a 
high-fat diet two months before surgery and 

Figs. S 1 to S4 
Tables S 1 to S3 
References and Notes 
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were kept on this diet throughout the experi
ments. In accordance with previous results (5), 
CNTF-treated mice showed a marked reduc
tion in body weights (Fig. l ), which persisted 
after term ination of CNTF del ivery. Mice were 
ki lled 22 days after surgery, and brain sections 
were immunostained with an antibody against 
BrdU. Because BrdU incorporates into DNA of 
dividing cells, BrdU-positive (BrdU I ) cells are 
thought to represent newborn ce lls. Figure I B 
shows coronal sections of vehicle- and CNTF
infused animals at the level of the arcuate, 
ventromedial, and dorsomedial nucle i, well
known hypothalamic centers for energy-balance 
regulation (/9). In vehicle-infused animals, few 
BrdU+ cells were detected in the parenchyma 
sunow1d.ing the third ventricle (Fig. lB, left). 
Adm.inistration with CNTF led to a dramatic 
increase of BrdU+ cells (Fig. lB, right). ote 
the higher density of BrdU+ cells at the base 
of the third ventricle, which is pa1t of the ar
cuate nucleus/median eminence. 

The pattern of CNTF receptor (CNTFR) 
mRNA expression is consistent w ith this ob
servation. In situ hybridization using a ribo
probe against CNTFR mRNA revealed strong 
staining in the walls of the basal third ventric le 
and surrounding arcuate nucleus parenchyma 
(Fig. IC). Because this section originated from 
an animal treated wi th both CNTF and BrdU, 
we colabeled with antibodies to BrdU. Many 
BrdU+ cells were positive for CNTFR ex
pression, indicating that CNTF, at least in part, 
directly promotes cell division by bi_nding to 
CNTFR on putative neural progenitor cells 
(Fig. 1 D inset). By counting all newly gener
ated cells in the caudal hypothalamus, CNTF 
treatment led to a marked increase of BrdU ' 
cell s over vehicle- infused animals (Fig. IE). 
The total number of BrdU+ cells in CNTF
treated animals remained constant for al least 
2 weeks after the infusion period. Subsequent
ly, the numbers decreased but plateaued at a 
high level. Vehicle-infused animals showed a 
similar fractional decrease over time. Thus it 
appears tha t the majority of hypothalamic 
BrdU+ cells do not die or migrate to distant 
areas as rcpmted for newborn neurons of the 
SVZ, which follow the rostral migratory stream 
toward the olfactory bulb (20). 

To investigate the origin of adult-bom cells 
in the hypothalamus, we examined C TF and 
vehicle-i11fused brains every 12 hours starting 
48 hours after surgery, a time when the in
fused CNTF/ BrdU should j ust reach the ven
tricular system (18) . Hypothalamic BrdU 
incorporation was fast detected 60 to 72 hours 
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Isolation and characterization of a bat SARS-like 
coronavirus that uses the ACE2 receptor 
Xing-YiGe1*, Jia-Lu[i1*, Xing-Lou Yang1*, AlekseiA. Chmura2, Guangjian Zhu2, JonathanH. Epstein 2, JonnaK. Mazet3 , Ben Hu\ 
Wei Zhang\ Cheng Peng1, Yu- Ji Zhang1, Chu- Ming Luo\ Bing Tan1, ing WangJ, Yan Zhu\ Gary Crameri4, Shu- Yi Zhang5, 
Lin-Fa Wang4 •6, Peter Daszak2 & Zheng- Li Shi1 

The 2002-3 pandemic caused by severe acute respiratory syndrome 
coronavirus (SARS-Co V) was one of the most significant public health 
events in recent history1• An ongoing outbreak of Middle East respira
tory syndrome coronavirus2 suggests that this group of viruses remains 
a key threat and that their distribution is wider than previously recog
nized. Although bats have been suggested to be the natural reservoirs 
of both viruses3- 5 , attempts to isolate the progenitor virus of SARS
CoV from bats have been unsuccessful. Diverse SARS-like corona
viruses (SL-CoVs) have now been reported from bats in China, 
Europe and Africa5- 8, but none is considered a direct progenitor 
of SARS-Co V because of their phylogenetic disparity from this virus 
and the inability of their spike proteins to use the SARS-Co V cellular 
receptor molecule, the human angiotensin converting enzyme II 
(A CE2 )9 •10• Here we report whole-genome sequences of two novel bat 
coronaviruses from Chinese horseshoe bats (family: Rhinolophidae) 
in Yunnan, China: RsSHC0 14 and Rs3367. These viruses are far more 
closely related to SARS-Co V than any previously identified bat coro
na viruses, particularly in the receptor binding domain of the spike 
protein. Most importantly, we report the first recorded isolation of 
a live SL-CoV (bat SL-CoV-WIVI) from bat faecal samples in Vero 
E6 cells, which has typical coronavirus morphology, 99.9% sequence 
identity to Rs3367 and uses ACE2 from humans, civets and Chinese 
horseshoe bats for cell entry. Preliminary in vitro testing indicates 
that WIVI also has a broad species tropism. Our results provide the 
strongest evidence to date that Chinese horseshoe bats are natural 
reservoirs of SARS-CoV, and that intermediate hosts may not be 
necessary for direct human infection by some bat SL-Co Vs. They also 
highlight the importance of pathogen-discovery programs targeting 
high-risk wildlife groups in emerging disease hotspots as a strategy 
for pandemic preparedness. 

The 2002-3 pandemic of SARS 1 and the ongoing emergence of the 
Middle East respiratory syndrome coronavirus (MERS-CoV)2 demon
strate that Co Vs are a sign ificant public health threat. SARS-CoV was 
shown to use the human ACE2 molecule as its entry receptor, and this 
is considered a hallmark of its cross-species transmissibility ' 1• The receptor 
binding domain (RBD) located in the amino-terminal region (amino 
acids 318-510) of the SARS-Co V spike (S) protein is directly involved 
in binding to ACE2 (ref. 12). However, despite phylogenetic evidence 
that SARS-CoV evolved from bat SL-Co Vs, all previously identified 
SL-Co Vs have major sequence differences from SARS-Co Vin the RBD 
of their S proteins, including one or two deletions6•9. Replacing the RBD 
of one SL-CoV S protein with SARS-CoV S conferred the ability to use 
human ACE2 and replicate efficiently in mice9•13 • However, to date, no 
SL-Co Vs have been isolated from bats, and no wild-type SL-Co V of bat 
origin has been shown to use ACE2. 

We conducted a 12-month longitudinal survey (April 201 I-September 
2012) of SL-Co Vs in a colony of Rhinolophus sinicus at a single location 

in Kunming, Yunnan Province, China (Extended Data Table l). A total 
of 117 anal swabs or faecal samples were collected from individual bats 
using a previously published method5•14 • A one-step reverse transcrip
tion (RT) -nested PCR was conducted to amplify the RNA-dependent 
RNA polymerase (RdRP) motifs A and C, which are conserved among 
alphacoronaviruses and betacoronaviruses 15. 

Twenty-seven of the I 17 samples (23%) were classed as positive by 
PCR and subsequently confirmed by sequencing. The species origin of 
all positive samples was confirmed to be R. sinicu.s by cytochrome b 
sequence analysis, as described previously'6• A higher prevalence was 
observed in samples collected in October (30% in 2011 and 48.7% in 
2012) than those in April (7.1 % in 201 I) or May(7.4% in 2012) (Extended 
Data Table l ). Analysis of the S protein RBD sequences indicated the 
presence of seven different strains of SL-Co Vs (Fig. la and Extended 
Data Figs land 2). In addition to RBD sequences, which closely matched 
previously described SL-Co Vs (Rs672, Rfl and HKU3)5.s,i7.is, two novel 
strains (designated SL-CoV RsSHC014 and Rs3367) were discovered. 
Their full-length genome sequences were determined, and both were 
found to be 29,787 base pairs in size (excluding the poly(A) tail). The 
overall nucleotide sequence identity of these two genomes with human 
SARS-CoV (Tor2 strain) is 95%, higher than that observed previously 
for bat SL-Co Vs in China (88- 92%) 5·s·17•1s or Europe (76%)6 (Extended 
Data Table 2 and Extended Data Figs 3 and 4). Higher sequence iden
tities were observed at the protein level between these new SL-Co Vs 
and SARS-CoVs (Extended Data Tables 3 and 4). To understand the 
evolutionary origin of these two novel SL-CoV strains, we conducted 
recombination analysis with the Recombination Detection Program 
4.0 package19 using available genome sequences of bat SL-CoV strains 
(Rfl, Rp3, Rs672, Rml, HKU3 and BM48-3I) and human and civet 
representative SARS-CoV strains (BJ0l, SZ3, Tor2 and GZ02). Three 
breakpoints were detected with strong P values ( < l o- 20) and supported 
by similarity plot and bootscan analysis (Extended Data Fig. 5a, b ). Break
points were located at nucleotides 20,827, 26,553 and 28,685 in the 
Rs3367 (and RsSHC014) genome, and generated recombination frag
ments covering nucleotides 20,827-26,533 (5,727 nucleotides) (inclu
ding partial open reading frame (ORF) lb, full-length S, ORF3, E and 
partial M gene) and nucleotides 26,534-28,685 (2,133 nucleotides) 
(including partial ORF M, full-length ORF6, ORF?, ORF8 and partial 
N gene). Phylogenetic analysis using the major and minor parental regions 
suggested that Rs3367, or RsSHC0I 4, is the descendent of a recombination 
oflineages that ultimately lead to SARS-CoVand SL-CoV Rs672 (Fig. lb). 

The most notable sequence differences between these two new SL
Co Vs and previously identified SL-Co Vs is in the RBD regions of their 
S proteins. First, they have higher amino acid sequence identity to SARS
Co V (85% and 96% for RsSHC0I4 and Rs3367, respectively) . Second, 
there are no deletions and they have perfect sequence alignment with 
the SARS-CoV RBD region (Extended Data Figs l and 2). Structural 
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figure 1 I Phylogenetic tree based on amino acid sequences of tbc S RBD 
region and the two parental regions of bat SL-CoV Rs3367 or RsSHC014. 
a, SARS-CoV S protein amino acid residues 310-520 were aligned with 
homologous regions ofbatSL-CoVs using the ClustalW software. A maximum
likelihood phylogenetic tree was constructed using a Poisson model with 
bootstrap values determined by 1,000 replicates in the MEG AS software package. 
The RBD sequences identified in this study are in bold and named by the sample 
numbers. TI1e key amino acid residues itwolved in interacting with the hwnan 
ACE2 molecule are indicated on the right of the tree. SARS-CoV GZ02, B)Ol and 
Tor2 were isolated from patients in the early, middle and late phase, respectively, 
of the SARS outbreak in 2003. SARS-Co V SZ3 was identified from Paguma 
larva ta in 2003 collected in Guangdong, China. SL-Co V Rp3, Rs672 and HKU3-I 
were identified from R. sinicus coUected in China (respectively: Guangx.i, 2004; 
Guizhou, 2006; Hong Kong, 2005). Rfl and Rml were identified from 

R. fcrrumcquinum and R. macrotis, respectively, collected in Hubci, China, in 
2004. Bat SARS-related CoV BM48-31 was identified fromR. blasii collected in 
Bulgaria in 2008. Bat CoV HKU9-1 was identified from Rousettus lesd1enaultii 
coUected in Guangdong, China in 2005/2006 and used as an outgroup. All 
sequences in bold and italics were identified in lhe current study. Filled triangles, 
ci rcles and diamonds indicate samples witb co- infection by two different 
SL-Co Vs. •-' indicates the amino acid deletion. b, Phylogenetic origins of the two 
parental regions ofRs3367 or RsSHC014. Maximum likelihood phylogenetic 
trees were constructed from alignments of two fragments covering nucleotides 
20,827-26,533 (5,727 nucleotides) and 26,534 -28,685 (2,133 nucleotides) of the 
Rs3367 genome, respectively. For display purposes. the trees were midpoint 
rooted. The taxa were anuotated according to strain names: SARS-CoV, SARS 
coronavirus;SARS-like Co V, bat SA RS-like corona virus. The two novel SL-Co Vs, 
R~3367 and RsSHC014,are in bold and italics. 

and mutagenesis studies have previously identified five key residues Todeterminewhether\,\TJVl canuseACE2asacellularentryreceptor, 
(amino acids 442,472,479,487 and 491) in theRBD of the SARS-CoV we conducted virus infectivity studies using HeLa cells expressing or 
S protein that have a pivotal role in .receptor binding20·2 '. Although all not expressing ACE2 from humans, civets or Chinese horseshoe bats. 
five .residues in the RsSHC014 S protein were found to be different WefoundthatWIVlisabletouseACE2ofdifferent orjginsasanentry 
from those of SARS-CoV, two of the five residues in the Rs3367 RBD receptor and replicated efficiently in theACE2-expressing cells (Fig. 3). 
were conserved (Fig. I and Extended Data Fig. 1). This is, to our knowledge, the first identification of a wild-type bat SL-

Despite the rapid accumulation of bat CoV sequences in the last CoV capable of using ACE2 as an enlry receptor. 
decade, there has been no report of successful virns isolation•·22

·". We To assess its cross-species transmission potential, we conducted infec
attempted isolation from SL-CoV PCR-positive samples. Using an tivity assays in cell lines from a range of species. Our results (Fig. 4 and 
optimized protocol and Vero E6 cells, we obtained one isolate which Extended Data Table 5) indicate that bat SL-CoV-WIVl can grow in 
causedcytopathiceffectduri.ngthesecond blind passage. Purified virions human alveolar basal epithelial (A549), pig kidney 15 (PK-15) and 
d isplayed typical corona virus morphology under electron microscopy Rhinolophus sinicus kidney (RSKT) cell lines, but not in human cervix 
(Fig. 2). Sequence analysis using a sequence-independent amplifica- (HeLa), Syrian golden hamster kidney (BHK21),Myotis davidii kidney 
tion method 1

' to avoid PCR-introduced contamination indicated that (BK), Myotis chinensis kidney (MCKT), Rousettus leschenaulti kidney 
the isolate was al.most identical to Rs3367, with 99.9% nucleotide genome (RLK) or Pteropus alecto kidney (PaKi) cell lines. Real-time RT- PCR 
sequence identity and 100% amino acid sequence identity for the SI indicated that W IV I replicated much less efficiently in A549, PK- 15 
regio n. The new isolate was named SL-Co V-W rv I. NIH _ocf{!fefSKT cells than in Vero £6 cells (Fig. 4). 
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Figure 2 I Electron micrograph of pwified virions. Virions from a 10-ml 
culture were collected, fixed and concentrated/purified by sucrose 1,>r.1dient 
centrifugation. The pelleted viral particles were suspended in I 00 µl PBS, 
stained with 2% phosphotungstic acid (pH 7.0) and examined directly using a 
Tccnai transmission electron microscope (FEI) at 200kV. 

To assess the cross-neutralization activity of human SARS-Co V sera 
against WIVI, we conducted serum-neutralization assays using nine 
convalescent sera from SARS patients collected in 2003. The results 
showed that seven of these were able to completely neutralize l 00 tissue 
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cACE2 
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bACE2 

Hela 

DAPI FITC Cy3 
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culture infectious dose 50 (TC!D50) WIVl at dilutions of 1:10 to 1:40, 
further confirming the dose relationship between WIVI and SARS-Co V. 

Our findings have important implications for public health. First, 
they provide thedearestevidenceyetthatSARS-Co V originated in bats. 
Our previous work provided phylogenetic evidence ofthis5, but the lack 
of an isolate or evidence that bat SL-Co Vs can naturally infect human 
cells, until now, had cast doubt on this hypothesis. Second, the lack of 
capacity of SL-Co Vs to use of ACE2 receptors has previously been 
considered as the key barrier for their direct spillover intohumans,suppor
ting the suggestion that civets were intermediate hosts for SARS-CoV 
adaphltion to human transmission during the SAR$ outbreak24

. However, 
the ability of SL-CoV-WIVl to use human ACE2 argues against the 
necessity of this step for SL-CoV-WIV l and suggests that direct bat
to-human infection is a plausible scenario for some bat SL-Co Vs. This 
has implications for public health control measures in the face of poten
tial spillover of a diverse and growing pool ofrecently discoveredSARS
like Co Vs with a wide geographic distribution. 

Our findings suggest that the diversity of bat Co Vs is substantially 
higher than that previously reported. In this study we were able to demon
strate the circulation of at least seven different strains of SL-Co Vs within a 
single colony of R. sinicus during a 12-month period. The high genetic 
diversity of SL-Co Vs within this colony was mirroml by high pheno
typic diversity in the differential use of ACE2 by different strains. It 
would therefore not be surprising iffurther surveillance reveals a broad 
diversity of bat SL-Co Vs that are able to use ACE2, some of which may 
have even closer homology to SARS-CoV than SL-CoV-WIVl. Our 
results- in addition to the recent demonstration of MERS-CoV in a 
Saudi Arabian bat25, and of bat Co Vs closely related to MERS-CoV in 
China, Africa, Europe and North America3

•
2
6,

27 -suggest that bat coro
naviruses remain a substantial global threat to public health. 

Finally, this study demonstrates the p ublic health in1portance of path -
ogen discovery programs targeting wildlife that aim to identify the 'known 
unknowns'- previously uuknown viral strains closely related to knowu 
pathogens. These programs. focused on specific high-risk wildlife groups 
and hotspots of disease emergence, may be a critical part of future global 
strategies to predict, prepare for, and p revent pandemic emergence28
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Figure 3 I Analysis of receptor usage of SL-CoV-WIVI dctcnnincd by SL-CoV Rp3 nuclccx:apsid protein followed by cyani.nc 3 (Cy3)-conjugatcd 
immuno6uorescence assay and real-time PCR. Determina tion of ,~rus mouse anti-rabbit lgG. Nuclei were stained wi th OAP! (4' ,6-diamidino-2-
infectivity in HeLa cells with and without the expression of ACE2. b, bat; phenylindole). The columns (from left to right) show staining of nuclei (blue), 
c, civet; h, human. ACE2 expression was detected witJ1 goat anti-humanACE2 ACE2 expression (green), virus replication (red}, merged triple-stained 
antibody followed by tluorescein isothiocyanate (FITC)-conjugated donkey images and real-time PCR results, respectively. (n = 3); error bars represent 
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Figure 4 I Analysis ofbost range ofSL-CoV-WIVJ dete.rmined by 
immunofluorescence assay and real-time PCR Virus infection in AS49, 
RSKT, Vero E6 and PK-1 5 cells. V irus replication was detected as described for 
Fig. 3. The colwnns (from left to righ t) show staining of nuclei (blue), virus 
replication (red), merged double-stained images and real-time PCR results, 
respectively. n = 3; error bars represent s.d. 

METHODS SUMMARY 
Throat and faecal swabs or fresh faecal samples were collected in viral transport 
medium as described previously'•. All PCR was conducted with the One-Step RT
PCR kit (Invitrogen). Primers targeting the highly conserved regions of the RdRP 
gene were used for detection of all alphacoronaviruses and betacoronavimses as 
described previously ... Degenerate primers were designed 011 the basis of all avail
able genomic sequences of SAAS-Co Vs and SL-Co Vs and used for amplification of 

the RBD sequences ofS genes or full-length genomic sequences. Degenerate primers 
were used for amplification of the bat ACE2 gene as described previously'"· PCR 
products were gel purified and cloned into pGEM-T Easy Vector (Promega). A l 
lea,;t four independent clones were sequenced to obtain a consensus sequence. PCR
positive faecal ~am pies (in 200 ~~ buffer) were grad ient centrifuged at 3,000-12,000g 

and supernatant diluted at 1: JO in DMEM before being added to Vero E6 cells. After 
incubation at 37 °Cfor I h, inocula were removed and replaced with fresh DMEM 
wi th 2% FCS. Cells were incubated at 37 °Candchecked daily for C)10pathiceffect. 
Cell lines from different origins were grown on coverslips in 24-wcll plates and 
inoculated with the novel SL-Co V at a multipLicity of infection of I 0. Virus repli
cation was detected at 24 h after infection using rabbit antibodies against the SL
Co V Rp3 nucleocapsid protein followed by Cy3-conj ugated goat anti-rabbit IgG. 

Online Content Any additional Methods, Extended Data display items and Source 
Data are available in the online version of the paper; references unique to these 
sections appear only in the onl ine paper. 
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METHODS 
Sampling. Bats were trapped in their natural habitat as described previously" . 
Throat and faecal swab samples were collected i11 viral transport medium (VTM) 
composed of Hank's balanced salt solution, pH 7.4, containing BSA (I%), ampho
tericin (15 ,1gmr' J, penicillin G (100 U m1- 1) and streptomycin (50 rig ml- 1). To 
collect fresh faecal samples. clean plastic sheets measuring 2.0 by 2.0 m were placed 
under known bat roosting sites at about 18:00 h each evening. Relatively fresh faecal 
samples were collected from sheets at approximately 05:30-06:00 the next morning 
and placed in VTM. Samples were transported to the laboratory and stored at 
-80 °C until use. All animals trapped for this study were released back to their 
habitat after sample collection. All sampling processes were performed by veter
inarians with approval from Animal Ethics Committee of the Wuhan Institute of 
Virology (WIVJ-105210201) and EcoHealth Alliance under an inter- instirutional 
agreement with University of California, Davis (UC Davis protocol no. 16048). 
RNA extraction, PCR and sequencing. RNA was extracted from 1.40 p l of swab 
or faecal samples with a Viral RNA Mini Kit (Qiagen) following the manufacturer's 
instructions. RNA was eluted in 60 µI RNAse-free buffer (buffer AVE. Qiagen). 
then aliquoted and stored at - 80 °C. One-step RT-PCR (lnvitrogcn) was used to 
detect coronavirus sequences as described previously" . First round PCR was con
ducted in a 25-µ.l reaction mix containing 12.5 r1l PCR 2X reaction mix buffer, 
10 pmol of eacli primer, 2.5 mM MgSO4. 20 U RNase inhibitor, 1 rt! SuperScript 
HT/ Platinum Taq Enzyme Mix and 5 pl RNA. Amplification of the RdRP-gene frag
ment was performed as follows: 50 °C for 30 min, 94 ' C for 2 min, followed by 40 
cycles consisting of 94 °C for 15 s, 62 °C for 15 s, 68 °C for 40 s, and a final exten
sion of 68 °C for 5 min. Second round PCR was conducted in a 25-ftl reaction mix 
containing 2.5 ,ti PCR reaction buffer, 5 pmol of each primer, 50 mM MgCl2, 

0.5 mM dNTP, 0.1 µ.l Platinwn Taq Enzyme (Invitrogen) and 1 pl first round 
PCR product. The amplification of RdRP-gcne fragment was performed as fol
lows: 94 "C for 5 min followed hy 35 cycles consisting of 94 "C for 30 s, 52 °C for 
30 s, 72 °C fo r 40 s, and a final extension of 72 °C for 5 min. 

To amplify the RBD region, one-step RT- PCR was performed with prinlers 
designed based on available SARS-CoV or bat SL-Co Vs (first round PCR primers; 
F, forward; R, reverse: CoVS93lF-5 ' -VWGADGTTGTKAGRTfYCCT-3' and 
CoVSl909R-5 ' -TAARACAVCCWGCYTGWGT-3'; second PCR primers: Co VS 
95 lF-5' -TGTKAGRTTYCCT AA YA TT AC-3' and Co VS1805R-5' -ACATCYTG 
ATANARAACAGC-3'). First-round PCR was conducted in a 25-pl reaction mix 
a described above except primers specific for the S gene were used. The ampli
fication of the RBD region of the S gene was performed as follows: 50 °C for 30 min, 
94 °C for 2 min, followed by 35 cycles consisting of 94 °C for 15 s, 43 °C for 15 s, 
68 °C fo r 90 s, and a final extension of 68 °C for 5 min. Second-round PCR was 
conducted in a 25- ,Ll reaction mix containing 2.5 µI PCR reaction buffer, 5 pmol of 
each primer, 50 mM JvlgC12• 0.5 mM dNTP .. 0.1 µ.l Platinum Taq Enzyme (lnvitrogen) 
and l rt! first round PCR product. Amplification was performed as follows: 94 °C 
for 5 min followed by 40 cycles consisting of94 "C fo r 30 s, 41 °C for 30 s, 72 °C for 
60 s, and a final extension of 72 °C for 5 min. 

PCR products were gel purified and cloned into pGEM-T Easy Vector (Promega). 
At least four independen t clones were sequenced to obtain a consensus sequence 
for each of the amplified regions. 
Sequencing full -leng1h genomes. Degenerate coronavirus primers were designed 
based on all available SARS-Co V and bat SL-Co V sequences in GenBank and specific 
primers were designed from genome sequences generated from previous rounds of 
sequencing in this study (primer sequences will be provided upon request). All 
PCRs were conducted using the One-Step RT- PCRkit (!nvitrogen). The 5' and 3' 
genomic ends were determined using the 5' or 3' RACE kit (Roche), respectively. 
PCR products were gel purified and sequenced directly or foUowing cloning into 
pGEM -T Easy Vector (Promega). At least four independent clones were sequenced 
to obtain a consensus sequence for each of the amplified regions and each region 
was sequenced at least twice. 
Sequence analysis and databank accession numbers. Routine sequence manage
ment and .tnalysis was carried out using DNAStar or Geneiot1s. Sequence align
ment and editing was conducted using ClustalW, BioEdit or GencDoc. Maximum 
Likelihood phylogenetic trees based on the protein sequences were constructed 
using a Poisson model with bootstrap values determined by 1,000 replicates in the 
MEGA5 software package. 

Sequences obtained in this study have been deposited in GenJ3ank as follows 
(accession numbers given in parenthesis): full -length genome sequence of SL-Co V 
RsSHC014 and Rs3367 (KC881005, KC881006); full -length sequence ofWIVl S 
(KC881007); RBD (KC880984-KC88!003); ACE2 (KC8810040). SARS-CoV 
sequences used in this study: human SARS-CoV strains Tor2 {AY27411 9) , BJ0J 
(AY278488), GZ02 (AY390556) and civet SARS-CoV strain SZ3 (A ¥304486). Bat 
corona virus sequences used in this study: Rs672 (FJ588686), Rp3 (DQ0716 l 5), Rfl 
(DQ412042), Rml (DQ412043), l-iKU3-l (DQ022305), BM48-31 (NC_0l4470) , 
HKU9-1 (NC_00902 l ), HKU4 (NC_009019), HKUS (NC_009020), HKU8 (DQ249228), 
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HKU2 (EF203067), BtCo V5 l 2 (NC_009657), I A (NC_0 I 043 7). Other coronavirus 
sequences used in this study: HCoV-229E(AF304460) , HCoV-O013 (A ¥391777), 
HCoV-NL63 (A ¥567487), HKUI (NC_006577), EMC (JX869059), FIPV (NC_002306), 
PRC\/ (DQ811787), BWCoV (NC_0l0646), MHV (A ¥700211), IBV (AY851295). 
Amplification, cloning and expression of the bat ACE2 gene. Construction of 
expression clones for human and civet ACE2 in pcDNA3. I has been described 
previously'" . Bat ACE2 was amplified from a R. sinicus (sample no. 3357). ln brief, 
total RNA was extracted from bat rectal tissue using the RN easy Mini Kit (Qiagen). 
First-strand complementary DNA was synthesized from total RNA by reverse trans
cription with random hexamers. Full -length bat ACE2 fragments were amplified 
using forward primer bAF2 and reverse primer bAR2 (ref. 29). The ACE2 gene was 
cloned into pCDNA3. l with Kpnl and XJ10I, and verified by sequencing. Purified 
ACE2 plasmids were transfected to HeLa cells. After 24 h, lysates of Hela cells 
expressing human, civet, or bat ACE2 were confmned by western blot or immu
nofluorcscence assay. 
Western blot analysis. Lysates of cells or filtered supernatants containing pseu
doviruses were separated by SOS-PAGE, followed by transfer to a nitrocellulose 
membrane (Millipore). For detection of S protein, the membrane was incubated 
with rabbit anti-Rp3 S fragn1ent (amino acids 561-666) polyantibodies (l:200), 
and the bound antibodies were detected by alkaline pho phatase (AP)-conjugated 
goat anti-rabbit IgG ( I :1,000). For detection of HIV-I p24 in supernatants, mono
clonal antibody against HIV p24 (p24 MAb) was used as the primary antibody at a 
dilution of I: 1,000, followed by incubation with AP-conjugated goat anti-mouse IgG 
at the same dilution. To detect the expression of ACE2 in Hela cells, goat antibody 
against the human ACE2 ectodomain ( 1:500) was used as the first antibody, followed 
by incubation with horseradish peroxidase-conjugated donkey anti-goat IgG ( 1:1,000). 
Virus isolation. Vero E6 cell monolayers were maintained in DMEM supplemen
ted with 10% FCS. PCR-positive samples (in 200 fil buffer) were gradient centri
fuged at 3,000- 12,000g, and supernatant were diluted 1: IO in DMEM before being 
added to Vero E6 cells. After incubation at 37 "Cfor I h, inocula were removed and 
replaced with fresh DMEM with 2% FCS. CeUs were incubated at 37 °C fo r 3 days 
and checked daily for cytopathic effect. Double-dose triple antibiotics penicillin/ 
streptomycin/amphotericin (Gibco) were included in all tissue culture media (peni 
cillin 2001Uml - 1, streptomycin 0.2mgmr', an1photericin 0.Srigml- 1). Three 
blind passages were car1ied out for each sample. After each passage, both the culture 
supernatant and cell pellet were examined for presence of virus by RT- PCR using 
primers targeting the RdRP or S gene. Virions in supernatant ( 10 ml) were collected 
and fixed using 0.1 % formaldehyde for 4 h, then concentrated by ultracentrifuga
tion through a 20%sucrosecushion (5 ml) atS0,000gfor 90 min using a Ty90 rotor 
(Beckman). The pelleted viral particles were suspended in I 00 pl PBS, stained with 
2% phosphotungstic acid (pH 7.0) and examined using a Tecnai transmission 
electron microscope (FEI) at 200 kV. 
Virus infectivity detected by immunofluorescence assay. Cell lines used for thi 
study and their culture conditions are summarized in Extended Data Table 5. Virus 
titre was determined in Vero £6 cells by cytopathic effect (CPE) counts. Cell lines 
from different origins and HeLa cells expre.ssi.ng ACE2 from hwnan, civet or Chinese 
ho rseshoe bat were grown on coverslip in 24-well plates (Coming) incubated with 
bat SL-Co V-WIV 1 at a multiplicity of infection = IO for I h. The inoculwn was 
removed and washed twice with PBS and supplemented with medium. HeLa cells 
without ACE2 expression and Vero E6 cells were used as negative and positive 
controls, respectively. At 24 h after infection, cells were washed with PBS and fixed 
with 4% formaldehyde in PBS (pH 7.4) for 20 min at 4 °C. ACE2 expression was 
detected using goat anti-human ACE2 immunoglobulin (R&D Systems) followed 
by FITC-labelled donkey anti-goat immunoglobulin (PTGLab). Virus replication 
was detected using rabbit antibody against the SL-Co V Rp3 nucleocapsid protein 
followed byCy3-conjugated mouse anti-rabbit IgG. Nuclei were stained with OAP!. 
Staining patterns were examined using a FV 1200 confocal microscope (Olympus). 
Virus infectivity detected by real-time RT- PCR. Vero E6, A549, PKIS, RSKT 
and HeLa cells with or without expre,;sion of ACE2 of different origins were inocu
lated with 0.1 TC!D50 WlV-1 and incubated for 1 hat 37 °C. After removing the 
inoculum, the cells were cultured with medium containing 1% FBS. Supernatants 
were collected at 0, 12, 24 and 48 h. RNA from 140 pl of each supernatant was 
extracted with the Viral RNA Mini Kit (Qiagen) following manufacturer's instruc
tions and eluted in 60 pl buffe r AVE (Qiagcn). RN A was quantified on the AJ31 
StepOne system, with the TaqMan AgPath-TD One-Step RT -PCR Kit (Applied 
Biosystems) in a 25 rt! reaction mix containing 4 rt! R A, l X RT-PCR enzyme 
mix, 1 X RT- PCR buffer, 40pmol forward primer (5'-GTGGTGGTGACGGCA 
AAATG-3'), 40pmol reverse primer (5' -AAGTGAAGCTTCTGGGCCAG-3') 
and 12 pmol probe (5' -FAM-AAAGAGCTCAGCCCCAGATG-BHQl -3'). Ampli
fication parameters were 10 min at50 °C, JO min at95 °Cand 50cyclesofl 5 sat95 °C 
and 20 sat 60 °C. RNA dilutions from purified WIV-1 stock were used as a standard 
Serum neutralization test. SARS patient sera were inactivated at 56 °C for 30 min 
and then used for virus neutralization testing. Sera were di luted starting with 1: I 0 
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and then serially Mofold diluted in 96-weU cell plates to 1:40. Each 100 µl serum 
dilution was mixed with 100 ,u viral supernatant containing l00 TCID50 ofWIV l 
and incubated at 37 °C for l h. The mixture was added in triplicate wells of96-well 
cell plates with plated monolayers of Vero E6 cells and further incubated at 37 °C 
for 2 days. Semm from a healthy blood donor was used as a negative control in 
each experiment. CPE was observed using an inverted microscope 2 days after 
inoculation. T he neutraLizing antibody titre was read as the highest dilution of 
serum which completely suppressed CPE in infected wells. The neutralization test 
was repeated twice. 
Recombination analysis. Full-length genomic sequences of SL-CoV Rs3367 or 
Rs SH CO 14 were aligned with those of selected SARS-Co Vs and bat SL-Co Vs using 
Clustal X. The aligned sequences were preliminarily scanned for recombination 

events using Recombination Detection Program (RDP) 4.0 (ref.19). The potential 
recombination events suggested by RDP owing to their strong Pvalues (< I 0-20) 
were investigated further by similarity plot and bootscan analyses iJ11plemented in 
Simplot 3.5.1. Phylogenetic origin of the major and minor parental regions of 
Rs3367 or RsSHC0 14 were constructed from the concatenated sequences of the 
essential ORFs of the major and minor parental regions of selected SARS-CoV and 
SL-CoVs. Two genome regions between three estimated breakpoints (20,827-
26,553 and 26,554-28,685) were aligned independently using Cl,L~talX and gene
rated Mo alignments of 5,727 base pairs and 2,133 base pairs. The two alignments 
were used to construct malcimum li.kelihood trees to better in fer the fragment 
parents. All nucleotide numberings in th.is study ar e based on R.~3367 genome 
position. 
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Ex:tended Data Figure I I Sequence alignment of CoV S protein RBD. 
SARS-CoV S protein (amino acids 310-520) is aligned with homologous 
regions of bat SL-Co Vs using ClustalW. T he newly discovered ba t SL-Co Vs are 

indicated with a bold vertical line on the left. The ke)' amino acid residues 
involved in the interaction with human AC£2 are numbered on the top of the 
aligned sequences. 
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Human SARS•CoV GZ02 
Human SARS· CoV BJOl 
Human SARS·COV Tor2 

• • 3 

8 
Bat SL-CoV Rfl 
Bat SL· CoV Rml 
Bat SL- CoV Rp3 
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Hilman SARS-CoV BJ01 
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Extended Data Figure 2 I Alignment of CoV S protein Sl sequences. 
AlignruentofSl $c:quences (amino acids 1-660) of the two novel bat SL-CoV S 
proteins with those of previously reported bat SL-CoVs and h uman and 

SZ3 was identified from P. /a111ata in 2003 collected in Guangdong, China. 
SL-CoV Rp3, Rs 672 and HKU3-l were identified from R. sil'l icus collected in 
Gua ngxi, Guizho u and H ong Ko11g, China, respectively. Rfl and Rrn J were 
identified from R. ferrumequinum and R. ma.crotis, respectively, collected in 
Hubei Province, China. Bat SARS-related CoV BM48-31 was identified from 
R. blasii collected in Bulgaria. 

civet SARS-CoVs. The newly discovered bat SL-Co Vs are boxed in red. 
SARS-CoV GZ02, B}0l and Tor2 were isolated from patients in the early, 
middle and late phase, respectively, of the SARS outbreak in 2003. SARS-Co V 
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Extended Data Figure 3 I Complete RdRP sequence phylogeny. 
Phylogenetic tree of bat SL-Co Vs and SARS-CoVs on the basis of complete 
RdRP sequences (2,796 nucleotides). Bat SL-Co Vs RsSHCOH and Rs3367 are 
highlighted by filled circles. Three established coronaivirus genera, 
Alphacoronavirus, Betacoro11avirus and Gamrnacoronavirus are marked as <X, ~ 

and y, respectively. Four Co V groups in the genus Betacoronavirus arc 
indicated as A, B, C and D, respectively. MHV, murine hepatitis virus; 
PHEV, porci ne haemagglutinating encephalomyelitis virus; PRCV, porcine 
respiratory coronavirus; FIPY. feline infectious peritonitis vinis; IBV. 
infectious bronchitis coronavirus; BW, beluga whale coronavirus. 
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Extended Data Figure 4 1 Sequence phylogeny of the complete S protein of Bat SL-Co Vs RsSHC0!4 and Rs3367 are highlighted by filled circles. Bat CoV 
SL-Co Vs and SARS-CoV. Phylogenetic tree of bat SL-Co Vs and SA RS-Co Vs HKU9 was used as an outgroup. 
on the basis of complete S protein sequences {1,256 amino acids). 
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Extended Data Figure 5 I Detection of potential recombination events. 
a, b, Similarity plot (a) a nd bootscan analysis (b) detected three recombination 
breakpoints in the bat SL-CoV Rs3367 or SHC014 genome. The three 
breakpoints were located at the ORFlb (n t20,827), M (nucleotides 26,553) and 

N (nucleotides 28,685) genes, respective~'- Both analyses were performed with 
an F84 d istance model, a window size of 1,500 base pairs and a step size of 
300 base pairs. 
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Extended Data Table 11 Summary of sampling detail and CoV prevalence 

Sampling time 

April , 2011 

October, 2011 

May, 2012 

September. 2012 

Total number of swab or feca l samples 

collected 

14 

10 

54 

39 

Number of CoV PCR positive samples(%) 

1 (7.1) 

3 (30) 

4 (7 .4) 

19 (48.7) 
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Extended Data Table 2 I Genomic seq uence identit ies of bat SL-CoVs with SARS-CoVs 

Pairwise genomic nucleotide acids identity (%) 

Human and civet 
Bat SARS-Llke CoVs 

SARS.CoVs 

Genome 
SHC014 Rs672 Rp3 Rf1 Rm1 HKU3-1 BM48-31 GZ02 BJ01 Tor2 SZ3 

CoVs size (nt) 

3367 29,787 98.8 92.5 93.2 87.3 88.0 87.8 76.9 95.4 95.3 95.4 95.3 

SHC014 29,787 92.6 93.2 87.3 88.1 87.8 77.0 95.2 95.1 95.1 95.1 

Rs672 29,059 92.4 86.2 87.4 87.D 75.2 90.9 90.9 90.8 91.0 

Rp3 29,736 88.3 90.3 89.6 77.0 92.1 92.0 92.1 92.0 

R11 29,709 89.4 88.4 76.6 87.2 87.1 87.2 87.1 

Rm1 29,749 90.1 76.4 87.6 87.5 87.5 87.5 

HKU3•1 29,728 76.8 87.4 87.3 87.4 87.3 

BM48-31 29.276 76.9 77.1 77.0 76.9 

GZ02 29,760 99.6 99.6 99.7 

BJ01 29,725 99.8 99.6 

Tor2 29,751 99.5 

SZ3 29,741 
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Extended Data Table 3 J Genomic annotation and comparison of bat SL·CoV Rs3367 with human/civet SARS-CoVs and other bat SL-CoVs 

ORF Identity nt/aa (%) 

Humin 1nd ~ivet SARS-CoVs Bat SARS-like CoVs 

GZO BJ01 Tor2 SZ3 R•672 Rp3 Rf1 Rm1 HKU3·1 81,148-31 ORS:• No. of Ho.of 2 
Start-End Int.\ NI. Aa. TRS 

P1a 265-13.388 13,134 1..377 ACGAAC AUG 96.7197.9 96.6197,9 96,8197,9 96.8198,1 93.3194.2 955196.9 88.1/94,0 87 9193.3 87.9194.2 76.3180.8 •o 

P1b 13,398-21,485 8 ,088 2,695 ~.3199.2 96.3199.2 96.3199.2 96.3/99.2 97.2/99.2 97.21992 90.6198.4 91.0/98.7 90.7/98.5 83.4/93.7 

s l1 ,49l•~,l6l 3,TT1 1,2~ ACGAACAUG tl,8 3190.1 88,2/90 0 66 1ta9.3 80, 2190,0 70.5178 2 760/79.l 74 0/77 4 TG;J/791 75.6/73,2 702/74~ 

(S1) • 21.493-23.535 2.043 881 78.2181.1 76.2180.9 76.1180.6 78.2181.1 65.1162.2 639163.0 62.9/62.5 84.7/63.3 85.2/63.4 62.2/64.7 

fS2) • 23,53G-2~.2G3 1,720 07' 93.t/9a3 9&.1/99.3 98. 1/99.3 98. 1/91 . 1 67.9i94.6 &&.1/9~.& t!S.1/92.7 87.919$.4 O-G'93., 7G.GIOS.2 

ORF3a 25,271-26,095 825 274 ACGAACAUG 
' 

99.2198.1 98.6197.0 98.7197.0 98.5/9U 90.4/90.8 84.1184.3 88.81116.8 83.6180 83.1182.4 12.1n12 

ORF3b 25.692-26.036 345 114 99.1/99,1 98.2198.2 982198.2 97.9/97.3 99.1198.2 N/0 82.8192.1 N/0 WD N/0 

E 26,120-26,350 231 76 ACGAAC
1
AUG 98.7198,6 98,7198.6 98 7/98.6 98.7/98,6 99,1198.6 978198..8 96 5/96.0 96,1197.3 97 A/98,6 91,3/93.4 

M 26.401-27,066 666 221 ACGAAC.AUG 91,4198.1 97.2/98,1 972/98.1 97.2/97.7 98.7199.5 93.3198.1 96,3198.6 93.2195.4 93.9196.8 78,5183.1 

OR.f6 21,071 -27 .208 192 03 ACOAAC AUG 97.3/9:li,Z 90.8I93.G 97 .319,,.Z 9 7.319-,.Z 87.3190.6 9,,8192.0 9.J.2/9.2.0 i~.3/i.Z 94.T/90.4 03,:W49.Z .• 
ORF7a 27.276-27,644 369 122 ACGAACAUG 94.5/95.9 94.5195.9 94,5195.9 94 5/95.9 97.81100 86.2199.1 92 9195.0 93,4/97.5 93.2197.5 62315&.t 

Oft'7b 27.&41 -27.770 1M 44 90.219-3.1 &G.2193. 1 90.2/93.1 90.21913.1 99.21100 99.21100 91.1191.1 89.2/100 93.319!1.C 02.9JC3h 

ORF8 27.782-28,147 366 121 ACGAACAUG 47.1146.3 N/A N/A 47.1146.3 97.81100 852/902 45.2139.0 85.7190.2 85.7185.3 NIA 

N 18.182-29,4130 1269 422 ACGAAC,AUG 98.3199.5 98.4/99.5 98A/99,; 9UJ99.S 98198.5 966/97.8 93.7195.2 9EL2J97.1 95.9196.2 119187 :2 

s2.m 29,628-29,668 41 97.5 97,5 97.5 97,5 100 100 100 100 100 95,1 

•s1 . tho N-tetminal dom1Jn ot the ootonavirus S pro!eln ruponstbl~ lot receptor bindng. S2. tile S pIoteln C-tennlnaJ doman responsible fo,: metr1brane fusion. 

The ORF$ in the- genoim wl!l'e p<e-dictitd and potential prottin se-qutnees we,e 1rans~ted. The- pauwlse comparisons were eonducle<:I for al ORF, at nucleotide acids (nt) an:I am'no ao-.ds (aa) levels. The s:2rn were compartd at nt 
tevet. TRS. TranscrlpOon tegulallng-sequence.s. N/0, no1 oone: NIA, nol a'f'adable. 
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Extended Data Table 4 I Genomic annotation and comparison of bat SL-CoV RsSHC014with hum an/civet SARS-CoVs and o ther bat SL-Co Vs 

ORF Identity nt/aa (%) 

Human and civet SARS•CoVs Bat SARS.fike CoVs 

GZO BJ01 Tor2 SZ3 R•672 R,p3 Rf1 Rm1 HKU3-1 BM<l-1-31 o ~r:. No. of No .of 2 
Start-End Int.I Nt. Ao. TRS 

P1a 265-13,398 13,134 4,377 ACGAAC AUG ~ .7!97,9 966197.9 96,81117.9 96.&'98.1 9131114.2 95.5196,9 88.1194 0 87.91113.3 67.9194.2 76.3180.8 
"' 

P1 b 13,398-21,485 8,0M 2,695 96.l'99.2 983199.2 96.31119.2 98.3<'99.2 97.2199.2 97.2199.2 90.6''98.4 91.0/98.7 I0.7198.5 83.4/93.7 

• 21 ,492•2'.202 J ,771 1 .2$0 ACGMCAUG aa.J.w .1 882/S0,0 $81189,8 88 l!'80.0 1C..Ol182 700/19 1 74 0'77.-4 76,J(79.1 1, 0/78,2 10.2fl4.~ 

($1)' 21 ,493-23,535 2,043 681 78.2181.1 78.2180.9 78.1/ll0.8 78.2181 .1 65.1/62.2 83.9/63.0 62.9,'62.5 64.7/63.3 65.21'63.4 62.2164.7 

($2)' 23,SM-2tl,2G3 ,.12a 575 $8. tt9'9.3 98.1199.3 &8. 1#19.3 98. tt99.t 07.9194.8 80.119~.8 8!Ur92.7 87 .919:"J.4 &0193.5 7&.G/88.2 

ORF3a 25.271-28,095 825 274 ACGAAC AUG 
' 

99.2!98.1 98.8/97.0 98.71117.0 98.S.'96.7 90.A/90.8 84.1/84.3 88.8/Ba.8 83.6184.3 83.1/82.4 72, 1fl1.2 

ORF3b 25.892-26.036 345 114 99,1!99.I 98.2/98,2 98,2/ll8,2 97.9''97.3 99.1198,2 N/0 82.8192.1 1,411) N/0 NfO 

E 28,120-28,350 231 78 ACGAAC
1
AUG 98.7!98,8 98.7198,6 98.71118.8 98 7198.8 99.111)8,6 97 8J98.8 ~ .5198.0 96.111)7,3 97.4198.8 91,J,ill3.4 

M 28.401 •27 ,086 868 221 ACGAAC~AUG 97.4'98. I 97.2198.1 97.2/118.1 97.2197.7 98.7199,5 93.31118.1 98.3'98.6 93.2195,4 93,9/ll6,8 78,5188.1 

O ftfl5 21.011 .. v .ioa 182 03 ACOAAC AUG 97,3'95.2 968193.0 97,Jr.1,.2 97.319,.2 97.3190,6 e,,6192.0 94,2192.0 9,.3192 94.7190,4 n .,...,s.z , .. 
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Extended Data Table 5 I Cell lines used for virus isolation and susceptibility tests 

Cell lines Species (organ) origin Medium lnfectivity 

293T Human (kidney) -

Hela Human (cervix) -

VeroE6 Monkey (kidney) + 
DMEM+10%FBS 

PK15 Pig (kidney) + 

BHK21 Hamster (kidney) -

A549 Human (alveolar basal epithelia l) + 

BK Myotis davidii (kidney) RPMl1 640+10%FBS -

RSKT Rhlnolophus slnlcus (kidney) + 

MCKT Myotls chlnensls (kidney) -
DMEM/F12+1 0%FBS 

PaKI Preropus alecto (kidney) -

RLK Rousetrus /eschenaulti (kidney) -

• lnfectivity was determined by the presence of vi ral antigen detected by immunofluorescence assay. 

©2013 Macmillan Publishers Limited. All rights reserved 
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Abstract 

A large number of SAAS-related coronaviruses (SARSr-CoV) have been detected in horse

shoe bats since 2005 in different areas of China. However, these bat SARSr-CoVs show 

sequence differences from SARS coronavirus (SARS-CoV) in different genes (S, ORF8, 

ORF3, etc) and are considered unlikely to represent the direct progenitor of SARS-CoV. 

Herein, we report the findings of our 5-year surveillance of SARSr-CoVs in a cave inhabited 

by multiple species of horseshoe bats in Yunnan Province, China. The full-length genomes 

of 11 newly discovered SARSr-CoV strains, together with our previous findings, reveals that 

the SARSr-CoVs circulating in this single location are highly diverse in the S gene, ORF3 

and ORF8. Importantly, strains with high genetic similarity to SARS-CoV in the hypervari

able N-terminal domain (NTD) and receptor-binding domain (RBD) of the S1 gene, the 

ORF3 and ORF8 region, respectively, were all discovered in this cave. In addition, we report 

the first discovery of bat SARSr-CoVs highly similar to human SARS-CoV in ORF3b and in 

the split ORF8a and 8b. Moreover, SARSr-CoV strains from this cave were more closely 

related to SARS-CoV in the non-structural protein genes ORF1a and 1 b compared with 

those detected elsewhere. Recombination analysis shows evidence of frequent recombina

t ion events within the S gene and around the ORF8 between these SARSr-CoVs. We 

hypothesize that the direct progenitor of SARS-CoV may have originated after sequential 

recombination events between the precursors of these SARSr-CoVs. Cell entry studies 

demonstrated that three newly identified SAR Sr-Co Vs with different S protein sequences 

are all able to use human ACE2 as the receptor, further exhibiting the close relationship 

between strains in this cave and SARS-CoV. This work provides new insights into the origin 

and evolution of SARS-CoV and highlights the necessity of preparedness for future emer

gence of SARS-like diseases. 
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A gene pool of bat SA RS-related coronaviruses 

Author summary 

Increasing evidence has been gathered to support the bat origin of SARS coronavims 
(SARS-Co V) in the past decade. However, none of the currently known bat SARSr-Co Vs 
is thought to be the direct ancestor ofSARS-CoV. Herein, we report the identification of a 
diverse group ofbat SARSr-CoVs in a single cave in Yunnan, China. Importantly, all of 
the building blocks ofSARS-CoV genome, including the highly variable S gene, ORFS 
and ORF3, could be found in the genomes of different SARSr-CoV strains from this single 

location. Based on the analysis of full-length genome sequences of the newly identified bat 
SARSr-CoVs, we speculate that the direct ancestor ofSARS-CoV may have arisen from 
sequential recombination events between the precursors of these bat SARSr-Co Vs prior to 
spillover to an intermediate host. In addition, we found bat SARSr-CoV strains with dif
ferent S proteins that can all use the receptor ofSARS-CoV in hwnans (ACE2) for cell 
entry, suggesting diverse SARSr-CoVs capable of direct transmission to humans are circu
lating in bats in this cave. Our current study therefore offers a clearer picture on the evolu
tionary origin of SARS-Co V and highlights the risk of future emergence of SARS-like 
diseases. 

Introduction 
Severe Acute Respiratory Syndrome (SARS) is a severe emerging viral disease with high fatality 
characterized by fever, headache and severe respiratory symptoms including cough, dyspnea 
and pneumonia [l ]. Due to its high transmissibility among hwnans, after its first emergence in 
southern China in late 2002, it rapidly led to a global pandemic in 2003 and was marked as one 
of the most significant public health threats in the 21 st century [2,3). The causative agent, 
SARS coronavirus (SARS -Co V), has been previously assigned to group 2b Co Vandis now a 
member of the lineage B of genus Betacoronavirus in the family Coronaviridae [4]. It shares 
similar genome organization with other coronaviruses, but exhibits a unique genomic struc
ture which includes a number of specific accessory genes, including ORF3a, 3b, ORF6, ORF7a, 
7b, ORFSa, Sb and 9b [5,6]. 

Masked palm civets (Paguma larvata) were initially hypothesized to be the animal origin of 
SARS-Co V [7,8]. However, since a large number of genetically diverse SARS-related coronavi
ruses (SARSr-CoV) have been detected in multiple species of horseshoe bats (genus Rhinolo
phus) from different areas of China and Europe in the aftermath ofSARS, it is prevailingly 
considered that SARS-Co V originated in horseshoe bats with civets acting as the intermediate 
amplifying and transmitting host [9- 16). Recently we have reported four novel SARSr-CoVs 
from Chinese horseshoe bats that shared much higher genomic sequence similarity to the epi
demic strains, particularly in their S gene, of which two strains (termed WIVl and WIVl 6) 
have been successfully cultured in vitro [17,18]. These newly identified SARSr-CoVs have been 
demonstrated to use the same cellular receptor (angiotensin converting enzyme-2 [ACE-2]) as 
SARS-CoV does and replicate efficiently in primary human airway cells [17- 19). 

Despite the cumulative evidence for the emergence ofSARS -CoV from bats, all bat SARSr
CoVs described so far are clearly distinct from SARS-CoV in the S gene and/or one or more 
accessory genes such as ORF3 and ORFS, suggesting they are likely not the direct ancestor of 
SARS-Co V. Thus a critical gap remains in our understanding of how and where SARS-Co V 
originated from bat reservoirs. Previously, we reported a number of bat SARSr-CoVs with 
diverse S protein sequences from a single cave in Yunnan Province, including the four strains 

PLOS Pathogens I https://doi.org/10.1371/journal.ppat.1006698 November 30, 2017 2127 



NIH -001381

·.~·PLOS I PATHOGENS .. A gene pool of bat SA RS-related coronaviruses 

mentioned above most closely related to SARS-CoV [17, 18]. Here we report the latest results 

of our 5-year longitudinal surveillance of bat SARSr-CoVs in this single location and system
atic evolutionary analysis using full -length genome sequences of 15 SARSr-CoV strains (11 
novel ones and 4 from previous studies). Efficiency of human ACE2 usage and the functions of 

accessory genes ORF8 and Sa were also evaluated for some of the newly identified strains. 

Results 

Continued circulation of diverse SARSr-CoVs in bats from a single 
location 

We have carried out a five -year longitudinal surveillance (April 2011 to October 2015) on 
SARSr-CoVs in bats from a single habitat in proximity to Kunming city, Yunnan province, 

China, which was mainly inhabited by horseshoe bats. A total of 602 alimentary specimens 
(anal swabs or feces) were collected and tested for the presence of Co Vs by a Pan-CoV 

RT-PCR targeting the 440-nt RdRp fragment that is conserved among all known o:- and P
CoVs [20]. [n total, 84 samples tested positive for Co Vs. Sequencing of the PCR amplicons 
revealed the presence ofSARSr-CoVs in the majority (64/84) of the CoV-positive samples 
(Table 1). Host species identification by amplification of either Cy tb or NDJ gene suggested 

that most (57/64) of the SARSr-CoV positive samples were from Rhinolophus sinicus, while the 
remaining 7 samples were from Rhinolophus Jerrumequinum, Rhinolophus affinis and from 
Aselliscus stoliczkanus which belongs to the family Hipposiderida e. 

Based on the preliminary analysis of the partial RdRp sequences, all of the 64 bat SARSr-

Co V sequences showed high similarity among themselves and with other reported bat SARSr
CoVs and SARS-CoVs from humans and civets. To understand the genetic diversity of these 
bat SARSr-CoVs, the most va1iable region of the SARSr-CoV S gene, corresponding to the 
receptor-binding domain (RBD) ofSARS-CoV, were amplified and sequenced. Due to low viral 

load in some samples, RBD sequences were successfully amplified only from 49 samples. These 
RBD sequences displayed high genetic diversity and could be divided into two large clades, both 
of which included multiple genotypes. Clade I strains shared an identical size and higher amino 
acid (aa) sequence identity with SARS-CoV RBD, while clade 2 had a shorter size than SARS

Co VS due to two deletions (5 and 12- 13 aa, respectively) (Sl Fig). Co-infections by two strains 
of different clades were detected in two samples, Rs3262 and Rs4087 (Sl Fig). 

Table 1. Summary of SARSr-CoV detection in bats from a single habitat in Kunming, Yunnan. 

Sampling time Sample type Sample Numbers SARSr-CoV + bat species (No.) 

Total CoV + SARSr-CoV+ 

April, 2011 anal swab 14 1 1 R. sinicus ( 1) 

October, 2011 anal swab 8 3 3 R. sinicus (3) 

May, 2012 anal swab & feces 54 9 4 R. sinicus (4) 

September, 2012 feces 39 20 19 R. sinicus(16) 

R. ferrumequinum (3) 

April , 2013 feces 52 21 16 R. sinicus (16) 

July, 2013 anal swab & feces 115 9 8 R. sinicus (8) 

May, 201 4 feces 131 8 4 A. stoliczkamus (3) -- --
R. affinis (1) -- -- ---

October, 201 4 anal swab 19 4 4 R. sinicus (4) -- -- _ ,_ --
May, 2015 feces 145 3 0 

October, 2015 anal swab 25 6 5 R. sinicus (5) 

Total 602 84 64 R(61)A(3) 

httpsJ/doi.org/10.1371 /journal.ppat.1006698.1001 
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Fig 1. Similarity plot based on the full-length genome sequence of civet SARS CoV SZ3. Full-length genome sequences of all SARSr
CoV detected in bats from the cave investigated in this study were used as reference sequences. The analysis was performed with the 
Kimura model, a Window size of 1500 base pairs and a step size of 150 base pairs. 

https://doi.org/10.1371~ournal.ppat.1006698.g001 

Genomic characterization of the novel SAR Sr-Co Vs 

Based on the diversity of RBD sequences, 11 novel SARSr-CoV strains named by abbreviation 
of bat species and sample ID (Rs4081, Rs4084, Rs4231 , Rs4237, Rs4247, Rs4255, Rs4874, 
Rs7327, Rs9401, Rf4092 and As6526) were selected for full-length genomic sequencing based 
on sample abundance, genotype ofRBD as well as sampling time. For each RBD genotype and 

each time of sampling, at least one representative strain was selected. The genome size of these 
novel SARSr-CoVs ranged from 29694 to 30291 nucleotides (nt). This gave a total of 15 full
length genomes of bat SARSr-Co Vs from this single location ( 13 from R.sinicus, and one each 
from R. ferrumequinum and A. stoliczkanus), including our previously reported strains, 
Rs3367, RsSHC014, WIVI and WIV I6 [17,18]. The genomes of alJ 15 SARSr-CoVs circulating 
in this single cave shared 92.0% to 99.9% nt sequence identity. The overall nt sequence identity 
between these SARSr-CoVs and human and civet SARS-CoVs is 93.2% to 96%, significantly 
higher than that observed for bat SARSr-CoVs reported from other locations in China (88-
93%) (9,10,12,14,21,22). The genome sequence similarity among the 15 SARSr-CoVs and 
SARS-Co V SZ3 strain was examined by Simplot analysis (Fig 1). The 15 SARSr-Co Vs are 
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highly conserved and share a uniformly high sequence similarity to SARS-Co Vin the non
structural gene ORF la (96.6% to 97.1 % nt sequence identity, 98.0% to 98.3% aa sequence iden
tity) and ORFl b (96.1 % to 96.6% nt sequence identity, 99.0% to 99.4% aa sequence identity). 
In contrast, a considerable genetic diversity is shown in the S gene (corresponding to SZ3 
genome position 21477 to 25244) and ORF8 (corresponding to SZ3 genome position 27764 to 
28132) (Fig 1). 

The 11 novel SARSr-CoVs identified from this single location generally shared similar 
genome organization with SARS-Co V and other bat SARSr-Co Vs. In our previous study, we 
identified an additional ORF termed ORFx present between ORF6 and ORF7 in strain WIV l 
and WIV16 [18,23]. In this study, ORFx was also found in the genomes ofRs7327 and Rs4874. 
Compared with that ofWIVl and WIV16, the length ofORFx in Rs7327 and Rs4874 was 
extended to 510 nt due to a delet ion of2 nt in a poly-T sequence that resulted in a shift of read
ing frame (Fig 2 and 2 Fig). 

Co-circulation of different bat SARSr-CoVs with S, ORF8 and ORF3 
sequences similar to those in SARS-CoV at a single location 
The primary difference between SARS-Co V and most bat SARSr-Co Vs is located in S gene. 
The S protein is functionally divided into two subunits, denoted Sl and S2, which is responsi
ble for receptor binding and cellular membrane fusion , respectively. Sl consists of two 
domains, the N-tenninal domain ( TD) and C-tenninal domain (CTD) which is also known 
as the RBD in SARS-CoV [24]. SARS-CoVand bat SARSr-CoVs share high sequence identity 
in the S2 region in contrast to the S1 region. Among the 15 SARSr-CoVs identified from bats 
in the surveyed cave, six strains with deletions in their RBD regions (Rs4081, Rs4237, Rs4247, 
Rs4255, Rf4092 and As6526) showed 78.2% to 80.2% aa sequence identity to SARS-CoV in the 
S protein, while the other nine st rains without deletions were much more closely related to 
SARS-CoV, with 90.0% (Rs4084) to 97.2% (Rs4874) aa sequence identity. These nine SARSr
CoVs can be further divided into four genotypes acco rding to their Sl sequences (Fig 2): 
RsSHC014/Rs4084 showed more genetic differences from SARS-CoV in both NTD and RBD 
regions; The RBD sequences ofSARSr-CoV Rs7327, Rs9401 and previously reported WIVl/ 
Rs3367 closely resembled that of SARS-Co V. However, they were distinct from SARS-Co V but 
sin1ilar to RsSHC014 in NTD. In contrast, we found a novel SARSr-CoV, termed Rs4231 , 
which shared highly similar NTD, but not RBD sequence with SARS-CoV (Figs 2 and 3). Its S 
protein showed 94.6% to 95% aa sequence identity to those of human and civet SARS-CoVs 
(Sl Table). Strains with both TD and RBD highly homologous to those ofSARS-CoV were 
also present in this cave. In addition to WIV 16 which we described previously [18], Rs4874 
was also found to have the S protein closest to SARS-CoV S (> 97% aa sequence identity) of all 
the bat SARSr-CoVs reported to date (Figs 2 and 3). Jn addition to the SARSr-CoVs subjected 
to full-length genome sequencing, we also obtained the RBD and TD sequences from other 
samples collected in thi cave. The sequences with high identity to SA RS-Co V RBD were 
amplified from 10 more R. sinicus samples. SARSr-CoVs with this genotype ofRBD were 
detected in different seasons throughout the five years. Strains containing the NTD similar to 
SARS-CoV were only found in 2013 (S2 Table). 

ORF8 is another highly variable gene among different SARS-CoV and SARSr-CoV strains 
[25,26]. We aligned the ORF8 nt sequences of the representative SARSr-CoVs discovered in 
this surveillance with those of other SARSr-CoVs and SARS-CoVs (Fig 4). Though WIV16, 
WIVl , Rs4231 and RsSHC014 were genetically closer to SARS-CoV in S gene, they contained 
a single 366-nt ORFS without the 29-nt deletion present in most human SARS-CoVs and 
showed only 47.l % to 51.0% nt sequence identity to human and civet SARS-CoVs. However, 
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residues involved in the interaction with human ACE2 are numbered on top of the aligned sequences. SAAS-CoV GZ02, BJ01 and Tor2 were 
isolated from patients in the early, middle and late phase, respectively, of the SAAS outbreak in 2003. SAAS-CoV S23 was identified from civets 
in 2003. SARSr-CoV Rs 672 and YN2013 were identified from R. sinicus collected in Guizhou and Yunnan Province, respectively. SAASr-CoV 
Rf1 and JL2012 were identified from R. ferrumequinum collected in Hubei and Jilin Province, respectively. W IV1, WIV16, RsSHC014, Rs4081 , 
Rs4084, Rs4231, Rs4237, Rs4247, Rs7327 and Rs487 4 were identified from R.sinicus, and Rf4092 from R. ferrumequinum in the cave 
surveyed in this study. 

https://doi.org/10.1371~ournal.ppat.1006698.9003 

the ORF8 of strain Rf4092 from R.ferrumequinum exhibited high similarity to that of civet 

SA RS-Co V. It possessed a single long ORF8 of the same length (369 nt) as that of civet SARS-

Co V strain SZ3, with only 10 nt mutations and 3 aa mutations detected (Fig 4). Similar ORF8 

sequences were also amplified from other 7 samples collected in the cave during 2011 to 2013, 
from both R. ferrumequinum and R. sinicus (S2 Table). The ORF8 of Rs4084 was highly similar 
to Rf4092's but was split into two overlapping ORFs, ORF8a and ORF8b, due to a short 5-nt 
deletion (Figs 2 and 4). The position of start codons and stop codons of the two ORFs were 
consistent with those in most human SARS-Co V strains. Excluding the 8-aa insertion, Rs4084 
and SARS-Co V strain BJO 1 displayed identical aa sequence of ORF8a, and only three different 
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aa residues were observed between their ORF8b (Fig 4). To our knowledge, Rs4084 was the 
first bat SARSr-Co V reported that resembled the late human SARS-Co Vs in both ORF8 gene 
organization and sequence. 

Another key difference between SARS-Co V and bat SARSr-Co V genomes is the ORF3 
coding region [I0,17,21 ]. We analyzed the ORF3a sequences amplified from 42 samples and 
found that most of the SARSr-CoVs closely related to SARS-CoV in the S gene shared 
higher ORF3a sequence similarity (96.4% to 98.9% aa identity) with SARS-Co V (S3 Fig and 
S2 Table). The ORF3b of SARS CoV, sharing a large part of its coding sequence with the 
ORF3a, encodes a 154-aa protein [27], but it is truncated to different extents at the C-termi
nal in previously described bat SARSr-CoVs including W1Vl and WIV16 (S4 Fig). In the 
current study, we identified a non-truncated ORF3b for the first time (Rs7327), which 
maintained the nuclear localization signal at its C-terminal. Moreover, it shared 98.1 % aa 
sequence identity with SARS-Co V strain Tor2 with only three aa substitutions (S4 Fig). 
Thus, Rs7327 is the bat SARSr-CoV most similar to SARS-CoV in the ORF3 region known 
to date. 

Recombination analysis 

The full-length genome sequences of all 15 SARSr-CoVs from the surveyed cave were screened 
for evidence of potential recombination events. Both similarity plot and bootscan analyses 
revealed frequent recombination events among these SARSr-CoV strains. It was suggested that 
WIV16, the closest progenitor of human SARS-CoV known to date [18], was likely to be a 
recombinant strain from three SARSr-CoVs harbored by bats in the same cave, namely WIVl, 
Rs4231 and Rs4081, with strong P value ( < 10- 30) . Breakpoints were identified at genome posi
tions nt 18391, 22615 and 28160 (Fig SA). In the genom ic region between nt 22615 and 28160, 
which contained the region encoding the RBD and the $2 subunit of the S protein, WIV16 was 
highly similar to WIVI, sharing 99% sequence identity. In contrast, in the region between nt 
18391 and 22615, which covered a part of ORFl band the region encoding the NTD of the S 
gene, WIV16 showed substantially closer relationship to Rs423 l. Meanwhile, the ORF lab 
sequences upstream from nt 18391 ofWIV16 displayed the highest genetic similarity (99.8% 
nt sequence identity) to that of Rs4081. 

Evidence ofrecombination event was also detected in the genome of the novel SARSr-CoV 
Rs4084, which had a unique genome organization with split ORF8a and 86. The previously 
reported strain RsSHC014 and the newly identified strain Rf4092 were suggested to be the 
major and minor parent of Rs4084, respectively (P value < 10- 80). The breakpoint was located 
at nt 26796 (S5 Fig). In the region downstream of the breakpoint including ORF8, Rs4084 
showed closet genetic relationship with Rf4092, sharing 98.9% nt sequence identity, while it 
shared the highest nt sequence identity (99.4%) with RsSHC014 in the majority of its genome 
upstream from the breakpoint. 

When civet SARS-Co V SZ3 was used as the query sequence in similarity plot and bootscan 
analysis, evidence for recombination events was also detected (Fig SB). In the region between 
the two breakpoints at the genome positions nt 21161 and nt 27766, including the S gene, 
closer genetic relationship between SZ3 and WIV16 was observed. However, from position nt 
27766 towards the 3' end of its genome, a notably close genetic relationship was observed 
between SZ3 and Rf4092 instead. Throughout the non-structural gene, moreover, SZ3 shared 
a similarly high sequence identity with WIV16 and Rf4092. It indicates that civet SARS-CoV 
was likely to be the descendent from a recombinant of the precursors ofWIV16 and Rf4092, 
or that the SARSr-CoVs found in this cave, like WIV16 or Rf4092, may have been the descen
dants of the SARS-CoV lineage. 
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Fig 5. Detection of potential recombination events by similarity plot and boot scan analysis. (A) Full
length genome sequence of SARSr-CoV WIV1 6 was used as query sequence and WIV1, Rs4231 and 
Rs4081 as reference sequences. (B) Full-length genome sequence of SARS-CoV S23 was used as query 
sequence and SARSr-CoV WIV16, Rf4092 and Rs4081 as reference sequences. All analyses were 
performed with a Kimura model, a window size of 1500 base pairs , and a step size of 150 base pairs. The 
gene map of query genome sequences are used to position breakpoints. 

https://doi.org/1 0.1371ljournal.ppat.1006698.g00S 

Phylogenetic analysis 
Phylogenetic trees were constructed using the nt sequences of nonstructural protein gene 
ORFla and ORFl b. Unlike the high genetic diversity in the S gene, nearly all SARSr-CoVs 
from the bat cave we surveyed were closely clustered, and showed closer phylogenetic relation
ship to SARS-CoV than the majority of currently known bat SARSr-CoVs discovered from 
other locations, except YNLF_31C and 34C which were recently reported in greater horseshoe 
bats from another location in Yunnan [22] (Fig 6). The phylogeny ofSARSr-CoVs in ORF l a 
and ORF lb appeared to be associated with their geographical distribution rather than with 
host species. Regardless of different host bat species, SARS -CoV and SARSr-CoVs detected in 
bats from southwestern China (Yunnan, Guizhou and Guangxi province) formed one clade, in 
which SARSr-Co V strains showing closer relationship to SARS-Co V were all from Yunnan. 
SARSr-Co Vs detected in southeastern, central and northern provinces, such as Hong Kong, 
Hubei and Shaanxi, formed the other clade which was phylogenetically distant to human and 
civet SARS-CoVs (Fig 6 and S6 Fig). 

Rescue of bat SARSr-CoVs and virus infectivity experiments 
In the current study, we successfully cultured an additional novel SARSr-Co V Rs4874 from a 
single fecal sample using an optimized protocol and Vero E6 cells (17]. Its S protein shared 
99.9% aa sequence identity with that of previously isolated WIV16 and it was identical to 
WIV16 in RBD. Using the reverse genetics techn ique we previously developed for WIVl [23), 
we constructed a group of infectious bacterial artificial chromosome (BAC) clones with the 
backbone of WIVl and variants of S genes from 8 different bat SARSr-Co Vs. Only the infec
tious clones for Rs4231 and Rs7327 led to cytopathic effects in Vero E6 cells after transfection 
(S7 Fig). The other six strains with deletions in the RBD region, Rf4075, Rs408 l , Rs4085, 
Rs4235, As6526 and Rp3 (Sl Fig) failed to be rescued, as no cytopathic effects was observed 
and viral replication cannot be detected by immunofluorescence assay in Vero E6 cells (S7 
Fig). In contrast, when Vero E6 cells were respectively infected with the two successfully res
cued chimeric SARSr-CoVs, WIV1 -Rs423 1S and WN1 -Rs7327S, and the newly isolated 
Rs4874, efficient virus replication was detected in all infections (Fig 7). To assess whetl1er tl1e 
three novel SARSr-CoVs can use human ACE2 as a cellular entry receptor, we conducted virus 
infectivity studies using HeLa cells with or without the expression of human ACE2. All viruses 
replicated efficiently in the human ACE2-expressing cells. The results were further confirmed 
by quantification of viral RNA using real-time RT-PCR (Fig 8). 

Activation of activating transcription factor 6 (ATF6) by the ORF8 
proteins of different bat SARSr-CoVs 
The induction of the ATF6-dependent transcription by the ORF8s of SARS-Co V and bat 
SARSr-CoVs were investigated using a luciferase reporter, 5xATF6-GL3. In HeLa cells tran
siently transfected with the expression plasmids of the ORF8s of bat SARSr-CoV Rfl , Rf4092 
and WIVl , the relative luciferase activities of the SxATF6-GL3 reporter was enhanced by 5.56 
to 9.26 folds compared with cells transfected with the pCAGGS empty vector, while it was 
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Fig 6. Phylogenetic trees based on nucleotide sequences of ORF1 a (A) and ORF1 b (B). The trees were 
constructed by the maximum likelihood method using the LG model with bootstrap values determined by 1000 
replicates. Only bootstraps> 50% are shown. The scale bars represent 0.03 (A) and 0.02 (B) substitutions per 

PLOS Pathogens I https://doi.org/10.1371/journal.ppat.1006698 November 30, 2017 
NIH -001390 

12/27 



NIH -001391

·.~·PLOS I PATHOGENS .. A gene pool of bat SA RS-related coronaviruses 

nucleotide position. Rs, Rhinolophus sinicus; Rf, Rhinolophus ferremequinum; Rm, Rhinolophus macro/is; 
Ra, Rhinolophus affinis; Rp, Rhinolophus pusillus; As, Ase/liscus stoliczkanus; Cp, Chaerephon plicata. 
SARSr-CoVs detected in bats from the single cave surveyed in this study are in bold. Sequences detected in 
southwestern China are indicated in red. 

htlps:/ /doi. org/1 0 .1371 /jo u rnal.p pat.1 006698 g006 

increased by 4.42 fold by the SARS-CoV GZ02 ORFS. As a control, the treatment with tunica

myxin (TM) stimulated the transcription by about 11 folds (Fig 9A). The results suggests that 

various ORF8 proteins of bat SARSr-CoVs can activate ATF6, and those of some strains have a 

stronger effect than the SARS-CoV ORF8. 

Induction of apoptosis by the ORF8a of the newly identified bat SARSr
CoV 

We conducted transient transfection to examine whether the ORF8a ofSARSr-CoV Rs4084 

triggered apoptosis. As shown in Fig 9B, 11.76% and 9.40% of the 293T cells transfected with 

the SARSr-CoV Rs4084-ORF8a and SARS-CoV Tor2-ORF8a expression plasmid underwent 

apoptosis, respectively. In contrast, transfection with the empty vector resulted in apoptosis in 

only 2.79% of the cells. The results indicate that Rs4084 ORF8a has an apoptosis induction 

activity similar to that of SARS-Co V [28]. 

Discussion 
Genetically diverse SARSr-CoVs have been detected in various horseshoe bat species across a 

wide geographic range in China in the past decade [9- 12,14,29]. However, most bat SARSr

Co Vs show considerable genetic distance to SARS-Co V, particularly in the highly variable S 1, 

ORF8 and ORF3 regions [10,25]. Recently, several novel SARSr-CoVs have been described to 

be more closely related to SARS-CoV, either in the S gene or in ORF8. The S proteins of 

RsSHC014, Rs3367, WlVl and WIV16, which were reported in our previous studies, shared 

90% to 97% aa sequence identities to those of human/civet SARS-CoVs [17,18]. Another strain 

from Rhinolophus affinis in Yunnan termed LYRall showed 90% aa sequence identity to 

SARS-CoV in the S gene [13]. In addition, two studies have described 4 novel SARSr-CoVs 

(YNLF _31C/34C and GX2013/YN2013) which possessed a full-lengtl1 ORF8 with substantially 

higher similarity to that ofSARS-CoV [22,30]. These findings provide strong genetic evidence 

for the bat origin of SARS-Co V with regard to the S gene or ORF8. However, all of these 

SARSr-Co Vs were distinct from SARS-Co Vin at least one other gene, suggesting that none of 

them was the immediate progenitor ofSARS-CoV. Moreover, these SARSr-CoVs were discov

ered in bat populations from physically distinct locations. The site of origin of the true progen
itor of SARS-Co V and the evolutionary origin of SARS-Co V have until now remained elusive. 

In the current study, we have identified a bat habitat potentially important for SARSr-Co V 

evolution where a series of recombination events have likely occurred among different SARSr

Co V strains, which provides new insights into the origin ofSARS-CoV. 

SARS first emerged in Guangdong province in late 2002 [7). However, SARSr-CoVs discov

ered in bats from neighboring areas of Guangdong to date have shown phylogenetic disparity 

from SARS-CoV especially in the S gene [9,10,14], suggesting SARS-CoV may have originated 

from another region. Our analysis of the phylogeny of SARS-Co Vs and all known bat SARSr

CoVs using the nt sequence of their non-structural ORF la and ORF lb genes, which constitute 

the majority of the genome, shows that SARSr-Co V evolution is strongly correlated with their 

geographical origin, but not host species. It is noteworthy that SARSr-CoVs detected in Yun

nan are more closely related to SARS-Co V than strains from other regions in China. This find

ing implies that Yunnan, or southwestern China, is more likely to be the geographical source 

PLOS Pathogens I https://doi.org/10.1371 /journal.ppat.1006698 November 30, 2017 13/27 



·.~·PLOS I PATHOGENS . . 

A 

B 7 

6 -
.E s 
:::, 
LL 
0. 4 

0 

""" C) 
0 3 
...J -'-Q) 2 -i= 

0 
0 

Virus 

WIV1 

WIV1-
Rs4231S 

Rs4874 

WIV1-
Rs7237S 

Mock 

10 

A gene pool of bat SA RS-related coronaviruses 

DAPI Cy3 Merged 

Vero E6 

-- -
--w1v1 M01 = 1.0 

- .. WIV1 MOI = 0.01 

-<>-WIV1-4231S MOI = 1.0 

- <>- WIV1-4231S MOI: 0.01 

--4874 Mot= 1.0 

- ► 4874 Mot : 0.01 

--w1v1-7327S MOI ; 1.0 

- - WIV1 -7327S MOI = 0.0 1 

27 48 

Hours post-infection 
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(A) The successful infection was confirmed by immunofluorescent antibody staining using rabbit antibody 
against lhe SARSr-CoV Rp3 nucleocapsid protein. The columns (from left to right) show staining of nuclei 
(blue), virus replication (red), and both nuclei and virus replication (merged double-stain images). (B) The 
growth curves in Vero E6 cells with a MOI of 1.0 and 0.01 . 
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without TM (2µg/ml) for an additional 16h. The cell lysates were harvested for dual luciferase assay and data 
are shown as the average values from triplicate wells. (8) The ORF8a proteins of SARS-CoV and bat SARSr
CoV triggered apoptosis. 293T cells were transfected with the expression plasmids of the ORF8a of 
SARS-CoV Tor2 and bat SARSr-CoV Rs4084 and a pcAGGS vector control for 24h. Apoptosis was analyzed 
by flow cytometry after annexin V staining and the percentage of apoptotic cells were calculated. Data are 
shown as the average values from triplicate cells. Error bars indicate SDs. ~ P<0.05. 

https://doi.org/10.1371/journal.ppat.1006698 g009 

of SARS-Co V than other regions in China, but data from more extensive surveillance are yet 
needed to support this inference. 

In our longitudinal surveillance of SARSr-CoVs in a single cave in Yunnan where we dis
covered Rs3367, RsSHC014, WIVI and WIV16, the CoV prevalence in fecal samples varied 

among different sampling time. Generally, a higher prevalence was observed in autumn (Sep
tember and October) than in spring and early summer (April and May). This may be due to 
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the establishment of a susceptible subpopulation of newborn bats which had not developed 

their own immunity after the parturition period (31 ]. Another factor may be the changes in 

the composition of bat species in the cave at different sampling dates. For example, in Septem
ber 2012 when the Co V prevalence reached 51.3%, the majority of samples were from R. sini
cus, but in May 2015 when only 3 out of the 145 samples tested positive, Aselliscus stoliczkanus 
was the predominant bat species in the cave. We failed to amplify the RBD sequences from 15 
of the 64 SARSr-CoV positive samples. Most of these samples had comparatively low viral con
centration ( < 107 copies/g) (S8 Fig), as revealed by ouI previous quantitative studies (32). The 

unsuccessful amplification ofRBD in some samples with high viral concentration was proba

bly because of the more divergent sequences in this region of these SARSr-Co V genomes. 
In this cave, we have now obtained full-length genome sequences of additional 11 novel 

SARSr-CoVs from bats. Our findings suggest the co-circulation of different bat SARSr-CoVs 
highly similar to SARS-CoV in the most variable SI (NTD and RBD), ORF8 and ORF3 
regions, respectively, in this single location. In the ORFla, ORFlb, E, Mand N genes, the 

SARSr-CoVs circulating in this cave also shaied > 98% aa sequence identities with human/ 
civet SARS-Co Vs. Thus, all of the building blocks of the SARS-Co V genome were present in 
SARSr-Co Vs from this single location in Yunnan during our sampling period. Furthermore, 
strains closely related to different representative bat SARSr-CoVs from other provinces (e.g. 
Rs672, HKU3 and Rfl) in the RBD region were also detected there. Therefore, this cave could 
be regarded as a rich gene pool of bat SARSr-CoVs, wherein concurrent circulation of a high 
diversity ofSARSr-CoV strains has led to an unusually diverse assemblage ofSARSI-CoVs. 

During our 5-year surveillance in this single cave, we first reported Rs3367 and WIVl in 2013, 

with RBD sequence closely resembling that of SARS-Co V [ 17]. More recently, we discovered 
WIV16 which had an RBD almost identical to WIVl 's but shared much higher similarity with 
SARS-CoV tl1an WIVl in the NTD region of SI, making it the closest SARSr-CoV to the epi
demic strains identified to date [18]. In this study, we found a novel strain Rs4231 from the same 

location sharing almost identical TD sequence with WIV16 but distinct from it in the RBD, 
with evidence of a recombination event. Our recombination analysis indicated that a recombina
tion event may have taken place at the junction between the coding region ofNTD and RBD in 

the Rs4231 and WIVl genomes and resulted in WIV16. Recombination at this genomic position 
also happened among other SARSr-CoVs relatively distant to SARS-CoV found in this location 
(e.g. Rs4081 and Rs4247, S5 Fig). The frequent recombination at this hotspot in the S gene 

increased the genetic diversity ofSARSr-CoVs harbored in these bat populations and migl1t have 
been responsible for the generation of tl1e S gene of tl1e direct progenitor strain of SARS-Co V. 

The genomes of SARS-Co Vs from patients dUiing the early epidemic phase and civet SARS-
CoVs all contained a single full-length ORF8 (3,7]. We have found that a number ofbat SARSr
CoVs from this cave possessed a complete ORF8 highly similar to that of early human/civet 

SARS-CoV (> 97% nt sequence identity), represented by strain Rf4092 (S3C Fig). This provided 
further evidence for the source of human SARS-CoV ORF8 in bats [22,30]. In contrast, the 
ORF8 was split into overlapping ORF8a and ORF8b in most human SARS-CoV strains from 
later-phase patients due to the acquisition of a 29-nt deletion [8,26]. In this study, we have dis 
covered for the fust tin1e a bat SARSr-Co V with ORF8a and ORF8b highly similar to the later
phase human SARS-CoVs, though the split ofORF8 in tl1e bat SARSr-CoV and that in human 
SARS-CoV were two independent events. OuI recombination analysis suggests that this strain, 
Rs4084, likely acquired its ORFS from Rf4092 thrnugh recombination, followed by the develop

ment of the 5-nt deletion which led to the splitting. It suggests that ORFS region in bat SARSr
Co V genomes is prone to deletions as in human SARS-CoV [3,25]. Finally, the recombination 

analysis suggests tl1at an ancestral strain of SARS-Co V SZ3 would have been generated if the 
recombination around ORFS had occurred between the lineages that led to WIV16 and Rf4092. 
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Taken together, the evidence of recombination events among SARSr-CoVs harbored by bats in 

this single location suggests that the direct progenitor of SARS-Co V may have originated as a 
result of a series of recombination within the S gene and around ORF8. This could have been 
followed by the spillover from bats to civets and people either in the region, or during move
ment of infected animals through the wildlife trade. However, given the paucity of data on ani

mal trade prior to the SARS outbreak, the likely high geographical sampling bias in bat 
surveillance for SARSr-CoVs in southern China, and the possibility that other caves harbor sim
ilar bat species assemblages and a rich diversity of SARSr-Co Vs, a definite conclusion about the 

geographical origin ofSARS-CoV cannot be drawn at this point. 

R. sinicus are regarded as the primary natural host ofSARS-CoV, as all SARSr-CoVs highly 
homologous to SARS-Co Vin the S gene were predominantly found in this species. However, 
it is noted that two SARSr-CoVs previously reported from R.ferrumequinum showed the clos
est phylogenetic position to SARS-CoV in the ORFla/lb trees. These strains were discovered 
in another location in Yunnan 80 km from the cave surveyed in the current study [22]. This 

information also supports the speculation that SARS-Co V may have originated from this 
region. Nonetheless, since the correlation between the host species and the phylogeny of 
SARSr-CoV ORFlab seems lin1ited, more SARSr-CoV sequences need to be obtained from 
different Rhinolophus bat species in both locations in Yunnan, and from other locations in 

southern China. In particular, it will be important to assess whether R. jerrumequinum played 
a more important role in the evolution ofSARS-CoV ORF lab. 

The cave we studied is located approximately 60 km from the city of Kunming. Beside a 
number of rhinolophid and hipposiderid species from which SARSr-Co Vs have been detected, 
other bats like myotis were also present there. The temperature in the cave is arow1d 22-25 ' C 

and the humidity around 85%-90%. The physical nature of the cave is not unique, but it does 
appear to host a particularly dense population of bats in the reproductive season. Similar caves 
co-inhabited by bat populations of different species are not rare in other areas in Ywrnan. We 

propose that efforts to study the ecology, host species diversity, and viral strain populations of 
these caves may provide critical information on what drives SARSr-Co V evolution. 

Our previous studies demonstrated the capacity of both WIVl and WIV16 to use ACE2 
orthologs for cell entry and to efficiently replicate in human cells [ 17, I 8]. In this study, we con
firmed the use of human ACE2 as receptor of two novel SARSr-Co Vs by using chimeric 
viruses with the WIVl backbone replaced with the S gene of the newly identified SARSr-
Co Vs. Rs7327' s S protein varied from that of WIV l and WIV 16 at tluee aa residues in the 
receptor-binding motif, including one contact residue (aa 484) with hwnan ACE2. This differ

ence did not seem to affect its entry and replication efficiency in human ACE2-expressing 
cells. A previous study using the SARS -CoV infectious clone showed that the RsSHC014 S pro
tein could efficiently utilize human ACE2 (33], despite being distinct from SARS-CoV and 

WIVl in the RBD (Sl Fig). We examined the infectivity ofRs4231 , which shared similar RBD 
sequence with RsSHC014 but had a distinct NTD sequence, and found the chimeric virus 
WIVI -Rs4231S also readily replicated in HeLa cells expressing human ACE2 molecule. The 
novel live SARSr-Co V we isolated in the current study (Rs4874) has an S gene almost identical 
to that of WIV16. As expected, it is also capable of utilizing human ACE2. These results indicate 
that diverse variants of SARSr-Co V S protein without deletions in their RBD are able to use 
human ACE2. In contrast, our previous study revealed that the S protein of a R. sinicus SARSr
Co V with deletions (Rp3) failed to use human, civet and bat ACE2 for cell entry [34]. In this 
study, in addition to Rs423 l and Rs7327, we also constructed infectious clones witl1 the S gene 
ofRs4081, Rf4075, Rs4085, Rs4235 and As6526, which all contained tl1e deletions in their RBD. 

These 7 strains, plus Rs4874 and the previously studied W[Vl and RsSHC01 4, could represent 
all types ofS variants ofSARSr-CoVs in this location (S3A Fig). However, none of the strains 
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with deletions in the RBD could be rescued from Vero E6 cells. Therefore, the two distinct 

dades ofSARSr-CoV S gene may represent the usage of different receptors in their bat hosts. 
The full-length ORF8 protein ofSARS-CoV is a luminal endoplasmic reticulum (ER) mem

brane-associated protein that induces the activation of A TF6, an ER stress-regulated transcrip
tion factor that activates the transcription of ER chaperones involved in protein folding (35]. 
We amplified the ORF8 genes ofRfl, Rf4092 and WIVl, which represent three different geno
types of bat SARSr-Co V ORF8 (S3C Fig), and constructed the expression plasmids. All of the 

three ORFS proteins transiently expressed in HeLa cells can stimulate the ATF6-dependent 
transcription. Among them, the WIVl ORF8, which is highly divergent from the SARS-Co V 
ORFS, exhibited the strongest activation. The results indicate that the variants of bat SARSr

Co V ORFS proteins may play a role in modulating ER stress by activating the ATF6 pathway. 
In addition, the ORF8a protein ofSARS-CoV from the later phase has been demonstrated to 
induce apoptosis (28]. In this study, we have found that the ORF8a protein of the newly identi
fied SARSr-CoV Rs4084, which contained an 8-aa insertion compared with the ARS-CoV 

ORF8a, significantly triggered apoptosis in 293T cells as well. 
Compared with the 154-aa ORF3b ofSARS-CoV, the ORF3b proteins of all previously 

identified bat SARSr-Co Vs were smaller in size due to the early translation termination. How
ever, for the fust time, we discovered an ORF3b without the C-terminal truncation in a bat 
SARSr-CoV, Rs7327, which differed from the ORF 3b ofSARS-CoV GZ02 strain at only one 

aa residue. The SARS-Co V ORF3b antagonizes interferon function by modulating the activity 
ofIFN regulatory factor 3 (IRF3) (27]. As previous studies suggested, the nuclear localization 

signal-containing C-terminal may not be required for the IFN antagonist activity of ORF3b 
(36]. Our previous studies also demonstrated that the ORF3b protein of a bat SARSr-CoV, 

termed Rml, which was C-terminally truncated to 56 aa and shared 62% aa sequence identity 
with SARS-CoV, still displayed the IFN antagonist activity [37]. It is very interesting to investi
gate in further studies wheth er Rs7327's ORF3b and other versions of truncated ORF3b such 

as WIVl and WIV16 also show IFN antagonism profiles. 
As a whole, our findings from a 5-year longitudinal study conclusively demonstrate that all 

building blocks of the pandemic SARS-Co V genome are present in bat SARSr-Co Vs from a sin

gle location in Yunnan. The data show that frequent recombination events have happened 
among those SARSr-CoVs in the same cave. While we cannot rule out the possibility that similar 
gene pools of SARSr-Co Vs exist elsewhere, we have provided sufficient evidence to conclude 

that SARS-Co V most likely originated from horseshoe bats via recombination events among 
existing SARSr-CoVs. In addition, we have also revealed that various SARSr-CoVs capable of 

using human ACE2 are still circulating among bats in this region. Thus, the risk of spillover into 
people and emergence of a disease similar to SARS is possible. This is particularly important 
given that the nearest village to the bat cave we surveyed is only 1.1 km away, which indicates a 

potential risk of exposure to bats for the local residents. Thus, we propose that monitoring of 
SARSr-CoV evolution at this and other sites should continue, as well as examination of human 
behavioral risk for infection and serological surveys of people, to determine if spillover is already 
occurring at these sites and to design intervention strategies to avoid future disease emergence. 

Materials and methods 

Ethics statement 

All sampling procedures were performed by veterinarians with approval from Animal Ethics 
Committee of the Wuhan Institute of Virology (WIVH05210201). The study was conducted in 
accordance with the Guide for the Care and Use of Wild Mammals in Research of the People's 

Republic of China. 
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Sampling 
Bat samplings were conducted ten times from April 2011 to October 2015 at different seasons 
in their natural habitat at a single location (cave) in Kunming, Yunnan Province, China. All 
members of field teams wore appropriate personal protective equipment, including N95 
masks, tear-resistant gloves, disposable outerwear, and safety glasses. Bats were trapped and 
fecal swab samples were collected as described previously [9]. Clean plastic sheets measuring 
2.0 by 2.0 m were placed under known bat roosting sites at about 18:00 h each evening for col
lection of fecal samples. Fresh fecal pellets were collected from sheets early in the next morn
ing. Each sample (approximately I gram of fecal pellet) was collected in 1ml of viral transport 
mediwn composed of Hank's balanced salt solution at pH7.4 containing BSA (1 %), amphoter
icin (15 µg/ml), penicillin G (100 units/ml), and streptomycin (50 µg/ml), and were stored at 
-so·c unt il processing. Bats trapped for this study were released back into their habitat. 

RNA extraction , PCR screening and sequencing 
Fecal swab or pellet samples were vortexed for I min, and 140 µl of supernatant was collected 
from each sample after centrifuge at 3000 rpm under 4 ' C for lmin. Viral RNA was extracted 
with Viral RNA Mini Kit (Qiagen) following the manufacturer's instructions. RNA was eluted 
in 60 ~ti of buffer A VE (R ase-free water with 0.04% sodium azide, Qiagen), aliquoted, and 
stored at -so·c. One-step hemi-nested RT-PCR (Invitrogen) was employed to detect the pres
ence of coronavirus sequences as described previously using a set of primers that target a 
440-nt fragment in the RNA-dependent R A polymerase gene (RdRp) of all known alpha
and betacoronaviruses [20]. For the first round PCR, the 25 µl reaction mix contained 12.5 µl 
PCR 2 x reaction mix buffer, 10 pmol of each primer, 2.5 mM MgSO4, 20 U RNase inhibitor, 
I µl SuperScript III/Platinum Taq Enzyme Mix and 5 µl RNA template. The amplification was 
performed as follows: 50 • C for 30 min, 94 • C for 2 min, followed by 40 cycles consisting of 
94 ' C for 15 sec, 52 • C for 30 sec, 68 • C for 40 sec, and a final extension of 68 • C for 5 min. For 
the second round PCR, the 25 µl reaction mix contained 2.5 µl PCR reaction buffer, 5 pmol of 
each primer, 50 mM MgC12 , 0.SmM d TP, 0.1 µl Platinum Tag Enzyme (Invitrogen) and 1 µl 
product of the first round PCR. The amplification was performed as follows: 94 ' C for 3 min 
followed by 35 cycles consisting of 94 ' C for 30 sec, 52°C for 30 sec, 72 ·c for 40 sec, and a final 
extension of72 "C for 7 min. The RBD region was amplified using the one-step nested 
RT-PCR method previously described (17). 

PCR products were gel purified and sequenced with an ABI Prism 3730 DNA analyzer 
(Applied Biosystems, USA). PCR products with low concentration or generating heterogeneity 
in the sequencing chromatograms were cloned into pGEM-T Easy Vector (Promega) for 
sequencing. The positive samples in this study were termed using the abbreviated name of bat 
species plus the sample ID number (e.g. Rs4081). To confirm the bat species of individual sam
ple, PCR amplification of cytochrome b ( Cytob) or NADH dehydrogenase subunit 1 (NDJ) 

gene was performed using DNA extracted from the feces or swabs [38,39]. 

Sequencing of full-length genomes 
Full genomic sequences of 11 SARSr-Co Vs were determined by One-step PCR (Invitrogen) 
amplification of overlapping genomic fragments with degenerate primers designed by multiple 
alignment of available SARS-CoV and bat SARSr- CoV sequences deposited in GenBank, and 
additional specific primers designed from the results of previous rounds of sequencing in this 
study. Primer sequences are available upon request. Sequences of the 5' and 3' genomic ends 
were obtained by 5' and 3' RACE (Roche), respectively. PCR products with expected size were 
gel-purified and subjected directly to sequencing. Each fragment was sequenced at least twice. 
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The sequencing chromatogram of each product was thoroughly examined and sequence het
erogeneity was not observed. For some fragments with low concentration of amplicons, the 
PCR products were cloned into pGEM-T Easy Vector (Promega) for sequencing. At least five 
independent clones were sequenced to obtain a consensus sequence. Co-presence of sequences 
of distinct SARSr-Co Vs was not found in any of the amplicons. The sequences of overlapping 
genomic fragments were assembled to obtain the full-length genome sequences, with each 
overlapping sequence longer than 100 bp. 

Evolution analysis 
Full-length genome sequences of the 15 SARSr-CoVs detected from bats in the cave surveyed 
in this study were aligned with those of selected SARS-CoVs using MUSCLE [40). The aligned 
sequences were scanned for recombination events by Recombination Detection Program 
(RDP) [41]. The potential recombination events suggested by strong Pvalues ( < 10-20 ) were 
further confirmed using similarity plot and bootscan analyses implemented in Simplot 3.5.1 
[42]. Phylogenetic trees based on nucleotide sequences were constructed using the Maximum 
Likelihood algorithm under the LG model with bootstrap values determined by 1000 replicates 
in the PhyML (version 3.0) software package [43]. 

Virus isolation 
The Vero E6 cell line was kindly provided by Australian Animal Health Laboratory, CSIRO 
(Geelong, Australia). Vero E6 monolayer was maintained in DMEM medium supplemented 
with 10% fetal calf serum (FCS). Fecal samples (in 200 µl buffer) were gradient centrifuged at 
3,000- 12,000 g, and the supernatant was diluted 1:10 in DMEM before being added to Vero 
E6 cells. After incubation at 37'C for 1 h, the inoculum was removed and replaced with fresh 
DMEM medium with 2% FCS. The cells were incubated at 37'C and checked daily for cyto
pathic effect. All tissue culture media were supplemented with triple antibiotics penicillin/ 
streptomycin/amphotericin (Gibco) (penicillin 200 IU/ml, streptomycin 0.2 mg/ml, ampho
tericin 0.5 µg/ml) . Three blind passages were carried out for each sample. After each passage, 
both the culture supernatant and cell pellet were examined for presence of SARSr-Co V by 
RT-PCR using specific primers targetLng the RdRp or S gene. The viruses which caused obvi 
ous cytopathic effect and could be detected in three blind passages by RT-PCR were fmiher 
confirmed by electron microscopy. 

Construction of recombinant vi ruses 
Recombinant viruses with the S gene of the novel bat SARSr-Co Vs and the backbone of the 
infectious clone of SARSr-Co V WIV l were constructed using the reverse genetic system 
described previously [23] (S9 Fig). The fragments E and F were re-amplified with primer pairs 
(FE, 5' -AGGGCCCACCTGGCACTGGT AAGAGTCA TTTTGC-3', R-EsBsal, 5' -ACTGGT 
CTCTTCGTTT AGTT A TT AACT AAAA TA TCACT AG A CACC-3 ') and (F-FsBsal, 5' -TG A 
GGTCTCCGAACTTATGGATTTGTTTATGAG-3', RF, 5'-AGGTAGGCCTCTAGGGCA 
GCTAAC-3'), respectively. The products were named as fragment Es and Fs, which leave the 
spike gene coding region as an independent fragment. BsaI sites (5'-GGTCTCNINNNN-3') 
were introduced into the 3' terminal of the Es fragment and the 5' terminal of the Fs fragment, 
respectively. The spike sequence of Rs423 l was amplified with the primer pair (F-Rs423 l 
BsmBI, 5' -AGTCGTCTCAACGAACATGTTT ATTTTCTT A TTCTTTCTCACTCTCAC-3' 
and R-Rs4231 -BsmBI, 5' -TCACGTCTCAGTTCGTTT ATGTGT AATGT AATTTGACAC 
CCTTG-3') . The S gene sequence ofRs7327 was amplified with primer pair (F-Rs7327-BsaI, 
5' -AGTGGTCTCAACGAACA TGAAA TTGTTAGTTTTAGTTTTTGCTAC-3' and R-
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Rs7327-Bsal, 5' - TCAGGTCTCAGTTCGTTT ATGTGT AATGTAA TTTAACACCCTTG-3'). 
The fragment Es and Fs were both digested with Bgll (NEB) and BsaI (NEB). The Rs4231 S 
gene was digested with BsmBI. The Rs7327 S gene was digested with BsaI. The other fragments 
and bacterial artificial chromosome (BAC) were prepared as described previously. Then the 
two prepared spike DNA fragments were separately inserted into BAC with Es, Fs and other 
fragments. The correct infectious BAC clones were screened. The chimeric viruses were res
cued as described previously (23]. 

Determination of virus infectivity by immunofluorescence assay 
The Hela cell line was kindly provided by Australian Animal Health Laboratory, CSIRO (Gee
long, Australia) . Hela cells expressing human ACE2 were constructed as described previously 
(17]. Hela cells expressing human ACE2 and Vero E6 cells were cultured on coverslips in 
24-well plates (Corning) incubated with the newly isolated or recombinant bat SARSr-CoVs at 
a multiplicity of infection (MOI) = 1.0 for lh. The inocul um was removed and the cells were 
washed twice with PBS and supplemented with medium. Vero E6 cells without virus inocula
tion and HeLa cells without ACE2 were used as negative control. Twenty-four hours after 
infection, cells were rinsed with PBS and fixed with 4% formaldehyde in PBS (pH7.4) at 4 ·c 
for 20 min. ACE2 expression was detected by using goat anti-human ACE2 irnrnunoglobulin 
followed by FITC-labelled donkey anti-goat immunoglobulin (PTGLab). Virus replication was 
detected by using rabbit antibody against the nucleocapsid protein of bat SARSr-CoV Rp3 fol 
lowed by Cy3-conjugated mouse anti-rabbit IgG. Nuclei were stained with DAPI. Staining pat
terns were observed under an FV1200 confocal microscope (Olympus). 

Determination of virus replication in Vero E6 cells by plaque assay 
Vero E6 cells were infected with WIVl , Rs4874, WIV1 -Rs4231S, and WIV1 -Rs7327S at an 
MOI of 1.0 and 0.01. After incubation for an hour, the cells were washed with DHanks for 
three times and supplied with DMEM containing 2% FCS. Samples were collected at 0, 10, 27, 
and 48 h post infection. The viral titers were determined by plaque assay. 

Determination of virus replication in Hel a cells expressing human ACE2 
by quantitative RT-PCR 
HeLa cells expressing human ACE2 were inoculated with WIVl, Rs4874, WIV1-Rs4231S, and 
WIV1-Rs7327S at an MOI of 1.0, and were incubated for lh at 37'C. After the inoculwn was 
removed, the cells were supplemented with medium containing l % PBS. Supernatants were 
collected at 0, 12, 24 and 48h. Virus titers were determined using quantitative RT-PCR target
ing the partial N gene with a standard curve which expresses the correlation between Ct value 
and virus titer (shown as TCID50/ml). The standard curve was made using R A d ilutions 
from the purified Rs4874 virus stock (with a titer of2.15 x 106 TCID50/ml). For qPCR, RNA 
was extracted from 140 µl of each supernatant with Viral RNA Mini Kit (Qiagen) following 
manufacturer's instructions and eluted in 60 µI AVE buffer. The PCR was performed with the 
TaqMan AgPath-ID One-Step RT- PCR Kit (Applied Biosystems) in a 25 µl reaction mix con 
taining 4 µl RNA, 1 x RT- PCR enzyme mix, l x RT- PCR buffer, 40 pmol forward prin1er (5'
GTGGTGGTGACGGCA AAATG-3'), 40 pmol reverse p1imer (5' -AAGTGAAGCTTCTGG 
GCCAG-3') and 12 pmol probe (5' -FAM-AAAGAGCTCAGCCCCAGATG-BHQl-3'). The 
amplification was performed as follows: 50 ' C for 10 min, 95 ' C for 10 min followed by 50 
cycles consisting of 95 • C for 15 sec and 60 • C for 20 sec. 
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Plasmids 

The ORFS genes of bat SARSr-CoV WIVl and Rf4092 and the ORFSa gene of bat SARSr-CoV 

Rs4084 were amplified by PCR from the viral RNA extracted from the isolated virus or fecal sam

ples. The ORFS gene ofSARS-CoV GZ02 and bat SARSr-CoV Rfl, and the ORFSa gene of 

SARS-CoV Tor2 were synthesized by Tsingke Biological Technology Co., Ltd (Wuhan, China). 

All genes were cloned into the pCAGGS vector constructed with a C-terminal HA tag. Expression 

of the proteins was confirmed by Western blotting using a mAb against the HA tag. Five tandem 

copies of the ATF6 consensus binding sites were synthesized and inserted into the pGL3-Basic 
vector to construct the luciferase repmter plasmid 5xATF6-GL3, in which the luciferase gene is 

w1der the control of the c-fos minimal promoter and the ATF6 consensus binding sites. 

Luciferase reporter assay 

HeLa cells in 24-well plates were transfected using Lipofectamine 3000 reagent (Life Technolo

gies) following the manufacturer's instruction. Cells per well were co-transfected with 600ng 

of the 5xATF6-GL3 reporter plasmid, with 300ng of each expression plasmid of SARS-Co V 

and SARSr-CoV ORFS or empty vector and 20ng of pRL-TK (Promega) which served as an 

internal control. The cells were incubated for 24h, and were treated with or without 2µg/ml 

tunicamycin for 16h. Cells were harvested and lysed. Luciferase activity was determined using 
a dual-luciferase assay system (Promega). The experiment was performed in triplicate wells. 

Quantification of apoptotic cells 

293T cells in 12-well plates were transfected using Lipofectamine 3000 reagent (Life Technolo

gies) following the manufacturer's instruction. Cells per well were transfected with 3µg of the 

expression plasmid of SARS-Co V Tor2 or SARSr-Co V Rs4084 ORFSa, or the empty vector. 

24h post transfection, apoptotic cells were quantified by using the Annexin V-fluorescein iso
thiocyanate (FITC)/PI Apoptosis Detection Kit (Yeasen Biotech, Shanghai) in accordance 

with the manufacturer's instruction. Apoptosis was analyzed by flow cytometry. The experi

ment was performed in triplicate wells. 

Accession numbers 

The complete genome sequences of bat SARS-related coronavirus strains As6526, Rs4081 , 

Rs4084, Rf4092, Rs4231 , Rs4237, Rs4247, Rs4255, Rs4874, Rs7327 and Rs9401 have been 

deposited in the GenBank database with the accession numbers from KY417142 to KY417152, 

respectively. 

Supporting information 
SI Fig. Alignment of amino acid sequences of the receptor-binding motif (corresponding 
to aa 424-495 of SARS-Co V S protein). Two dades of the SARSr-Co Vs identified from bats 

in the studied cave are indicated with vertical Lines on the left. 

(PPTX) 

S2 Fig. Alignment of nucleotide sequences of a genomic region covering ORF6 to ORF7a. 
ORFX is located between ORF6 and ORF7a in the genomes of WlVl , WIV16, Rs7327 and 

Rs4874. The start codon and stop codon of ORFX are marked with red boxes. The deletion 

responsible for the long ORFX in Rs7327 and Rs4874 is marked with the blue box. 
(PPTX) 
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S3 Fig. Phylogenetic analyses based on nucleotide sequences of the S gene (A), ORF3a (B) 
and ORFS (C) . The trees were constructed by the maximum likelihood method using the LG 

model with bootstrap values determined by 1000 replicates. Only bootstraps > 50% are 
shown. Rs, Rhinolophus sinicus; Rf, Rhinolophus ferremequinum; Rm, Rhinolophus macrotis; 
Ra, Rhinolophus affinis; Rp, Rhinolophus pusillus; As, Aselliscus stoliczkanus; Cp, Chaerephon 
plicata. SARSr-CoVs detected in bats from the single cave surveyed in this study are in bold. 
(PPTX) 

S4 Fig. Alignment of amino acid sequences of ORF3b protein. 
(PPTX) 

S5 Fig. Detection of potential recombination events by similarity plot and boot scan analy
sis. (A) Full-length genome sequence ofSARSr-CoV Rs4084 was used as query sequence and 

RsSHC0I4, Rf4092 and Rs4081 as reference sequences. (B) Full-length genome sequence of 

SARSr-CoV Rs4237 was used as query sequence and SARSr-CoV Rs4247, Rs4081 and Rs3367 

as reference sequences. All analyses were performed with a Kimura model, a window size of 

1500 base pairs, and a step size of 150 base pairs. 

(PPTX) 

S6 Fig. Chinese provinces where bat SARSr-CoVs have been detected. 
(PPTX) 

S7 Fig. The successful or failed rescue of the chimeric SARSr-Co Vs. (A) Cytopathic effects 

in Vero E6 cells transfected with the infectious BAC clones constructed with the backbone of 

WIVl and various S genes of different bat SARSr-Co V strains. Microphotographs were taken 

24 hours post transfection. (B) The cultme media supernatant collected from the cells trans

fected with the infectious BAC clones was used to infect Vero E6 cells. Immunofluorescent 

assay (IFA) was performed to detect infection and viral replication. Cells were fixed 24 hours 

post infection, and stained using rabbit antibody against the SARSr-CoV Rp3 nucleocapsid 

protein and a Cy3 -conjugated anti-rabbit IgG. 

(PPTX) 

S8 Fig. Quantification of SARSr-CoV in individual bat fecal samples. The number of 

genome copies of SARSr-CoV per gram of bat feces was determined by quantitative real-time 

PCR targeting the RdRp gene. Samples from which the SARSr-Co V RBD sequences were suc

cessfully amplified are indicated in red. 

(PPTX) 

S9 Fig. Spike substitution strategy. The original fragments E and F were shortened to leave 

spike gene as an independent fragment. The new fragments were designated as Es and Fs. BsaI 

or BsmBI sites were introduced into the junctions of Es/Spike and Spike/Fs. Then any spike 

could be substituted into the genome ofSARSr-CoV WIVl through this strategy. 
(TIF) 

Sl Table. Comparison of the novel bat SARSr-CoVs identified in this study with human/ 
civet SARS-CoVs and previously described bat SARSr-CoVs. 
(DOCX) 

S2 Table. Distribution of SARSr-Co Vs highly similar to SARS-Co V in the variable S, 
ORF3 and ORFS genes in the single cave. 
(DOCX) 
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S1 Dataset. Full-length genome sequences of bat SARSr-CoVs newly identified in this 
study. 
(FAS) 
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Attachments: 2-Draft_Digital_Media_Kit_ GOF _ WIV _5.14.2021- Revised fsc_JT _rm - w ith Fauci 
tracked edits and comments_revised 5.17.docx, 2-Draft_Digital_Media_Kit_GOF _WIV_5.17.2021 
Clean.docx, 3-Draft_TPs_GOF _WIV_0S.14.2021_OGC 2 NIAID RM.docx, 3-
Draft_TPs_GOF _WIV_0S.17.2021 Clean.docx 

Thank you for the feedback. Attached are tracked and clean versions of the backgrounder and TPs/QAs 
that address comments and changes. Please let us know if you have additional questions or concerns. 

(b) (5) 

CbH5>will let you know 
- w- ha_t_l ... h-ea_r_b_a'""ck'""'.----------------------

Best, 
Renate 

From: Coll ins, Francis (NIH/OD) [El -------(b)(6) 

Sent: Monday, May 17, 202111:53 AM 
To: Fauci, Anthony (NIH/NIAID) [El (b)(6) Myles, Renate (NIH/OD) [E) 

(b)(6); Tabak, Lawrence (NIH/OD) [E (b)(6) Lauer, Michael 
(NIH/OD) [E) (b)( ; Jorgenson, Lyric (NIH/OD) [E) (b)(6) 
Tucker, Jessica (NIH/OD) [E) (b)( >; Hallett, Adrienne (NIH/OD) [E) 

(b)(6); Burklow, John (NIH/OD) [E) (b)(6) Lankford, David ---.~~~=====::..__ __ .:__~~ 
(NIH/OD) [E) (b)(6}; Jacobs, Anna (NIH/OD) [El (b)(6>:; 

Billet, Courtn-ey""""'."'.'(N"'.""1'.""'.'H/":'.'N"'.""IA"'.""l~D"'."") ~[E~) ====::::::.:..--..-(b..,H=6)>; Embry, Alan (NIH/NIAID) [El 
(b)(6) 

Cc: Fine, Amanda (NIH/OD) [El (b)(6); Wojtowicz, Emma (NIH/OD) [E] --------(b )( 6) 

Subject: RE: FOR YOUR REVIEW: Updated Backgrounder, TPs/QAs 

Tony's comments are well taken . 

From: Fauci, Anthony (NIH/NIAID) [E) (b)(6) 
Sent: Monday, May 17, 202111:14 AM ------~~ To: Myles, Renate (NIH/OD) [E) (b)(6); Collins, Francis (NIH/OD) [E) 

(b)(6J>; Tabak, Lawrence (NIH/OD) [E) CbH Lauer, Michael 
(NIH/OD) [E) (b)(6)Jorgenson, Lyric (NIH/OD) [E) (b)(6) 

NIH -001406 



Tucker, Jessica (NIH/OD) [E] (b)(6); Hallett, Adrienne (NIH/OD) [E] 
(b)( ; Burklow, John (NIH/OD) [E] (b)(6) Lankford, David --.-~".'.':=====::::,_ __ _;__~_:,. 

(NIH/OD) [El (b)(6)>; Jacobs, Anna (NIH/OD) [El (b)(6); 
--:-:-:-::--:-:-:-:-:-:--:--:-:--:-::".:.=====-..;._--,;-~ 

Bi llet, Courtney (NIH/NIAID) [El (b)(6); Embry, Alan (NIH/NIAID) [El 
(b)(6) 

Cc: Fine, Amanda {NIH/OD) [El (b)(6); Wojtowicz, Emma (NIH/OD) [E] ---------(b )( 6) 

Subject: RE: FOR YOUR REVIEW: Updated Backgrounder, TPs/QAs 

Thanks, 
Tony 

Anthony S. Fauci, MD 
Director 
National Institute of Allergy and Infectious Diseases 
Building 31 , Room 7A-03 
31 Center Drive, MSC 2520 
National Institutes of Health 
Bethesda, MD 20892-2520 
Phone: (b)(6) 
FAX: (301 496-4409 
E-mail : (b)(6) 

(b)(5) 

The information in this e-mail and any of its attachments is confidential and may contain sensitive 
information. It should not be used by anyone who is not the original intended recipient. If you 
have received this e-mail in error please inform the sender and delete it from your mailbox or any 
other storage devices. The National Institute of Allergy and Infectious Diseases (NIAID) shall not 
accept liability for any statements made that are the sender's own and not expressly made on 
behalf of the NIAID by one of its representatives. 

From: Myles, Renate (NIH/OD) [E] --------Sent: Monday, May 17, 202110:44 AM 
To: Collins, Francis (NIH/OD) [E]--------=(b-:--)(=6) Tabak, Lawrence (NIH/OD) [El 

(b)(6)>; Fauci, Anthony (NIH/NIAID) [El (b)( Lauer, Michael 
":"'.":"~-::-::-:-::::-:=====---~~ 
{NIH/OD) [El (b)(6) Jorgenson, Lyric (NIH/OD) [El (b)(6); 

Tucker, Jessica (NIH/OD) [El (b)( ; Hallett, Adrienne (NIH/OD) [El 
(b)(6) Burklow, John (NIH/OD) [El (b)( >; Lankford, David 

":"'.":"::--:-:--::-::-:-:-::-:-::======---_;__-~ 
{NIH/OD) [E] (b)(6)· Jacobs, Anna (NIH/OD) [E] (b)(6); 

Bi llet, Courtn_e_y ~(N".":'IH:-:-/-:':'N':"."IA-:-:1':'D':""'.) [;-:E~] ====:::.:..._,(ba--;:)~(6) Embry, Alan (NIH/NIAID) [E] 
(b)(6) 

Cc: Fine, Amanda (NIH/OD) [E) _______ Cb_>_C6)_,; Wojtowicz, Emma (NIH/OD) [E] 
(b)(6) 

Subject: FOR YOUR REVIEW: Updated Backgrounder, TPs/QAs 

Hi all : 

NIH-001407 



As previously noted, (b) (5) 

.._ ____________ _.. Attached is the latest version w ith a few tracked changes. I 

also updated the TPs/QAs based on the latest version of the statement. Please let me know if you have 
concerns with either of these documents. 

Best, 
Renate 

NIH -001408 
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