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Muddy Waters Group Investigation Executive Summary
Introduction

SARSCoV-2, the virus that causes COWD®, has caused the deaths of over 1,113,000
Americans. COVIDB19 continues to cause serious illness in the U.S. and around the world. Variants of the
virus can cause repeated infection in those previously infected as well as vacdihegedyears after its
emergence in Wuhan, exactly how SARS8V-2 first emerged as a respiratory pathogen capable of
sustained humato-human transmission remains the sabjof active debateExperts have put forward
two dominant theories on the origins of the vitdde first theory is that SARS0V-2 is the result of a
natural zoonotic spillovetThe second theory is that the virus infected humans as the result of a research
related incident.

The information contained in this Source Reference Document refl8atsonths of extensive
research and accompanying analyses of these two plausible hypotheses. This document was the product of
a multidisciplinary effort by medical, scientific, legal, political and general policy analysts to cafsag o
source (unclaged) information relevant to the respective theories. Both hypotheses are plausible. The
natural zoonotic spillover hypothesis is weakened by the absence of key epidemiological and genetic data
from the Huanan Seafood Market. However, data requiregmsua natural zoonotic source is dependent
on information provided by China, and that is incomplete or contradicidrg. preponderance of
circumstantial evidence supports an unintentional reseatated incident.

1. Epidemiology Favors Late OctoberEarly November Emergence

Chinads official p-1® sutbreakdragan ne eatlidr than Décanger 8, Q049. D
Several data sources, however, challenge this assertion. Epidemiological and genetic models indicate that
the likely earliest incidencef SARSCoV-2 human infections occurred midctober to early, mid
November 2019Multiple official, technical and media outlet reports similarly suggest a late October to
mid-November emergence of the virus.

Epidemiological data supplied by China toetWHO during the Chin&VHO 2021 joint
investigationshowed an increase in adult Influerz&e-Illiness (IL1) accompanied by negative laboratory
influenza tests during week 46 (November 11 to 17) 2019 from a single adult sentinel Wuhan hospital.
This atypical finding, described as an epidemiological outlier, was noted by the WHO Scientific Advisory
Group for the Origins of Novel Pathogens (SAGO)
from Wuhan. o

In October 2020, epidemimjists published an analysis using China National Health Commission
data showin@ significant increase in ILI incidence in November 2019. The increase in reported ILI cases

occurred at least one month earlier than the clinical reports of pneumoniamobuwwkn cause by Ch

conventional hospital and outpatient surveillance systdihe number of November ILI cases was
statistically significantly higher than reported in the previous 5 years {2018). These same researchers
recorded the peak of repait€OVID-19 illnesses during Week 6 of 2020he interval from the ILI outlier
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noted at week 46 to the peak COVID incidence is approximately 13 weeKke researchers suggested
that the November ILI spike were unrecognized initial CONMMDcases®

Using similar data, U.S. researchers analyg@4O global influenza surveillance data early in the
COVID-19 pandemic. Their study identified similar epidemiological outliers in influ@ezmtive ILI
incidence that serveak an early indicator of COVH29 cmmunity transmissio®. Influenzanegative ILI
surveillance data from 16 of 28 countries over a-@ar period (2012019) identified increases in
influenzanegative ILI that occurred on average 13.3 weeks before the occurrence of peak-CDVID
incidene. China was not one of the 28 countries analyzed in their study.

The 13week interval reflects the average time from the introduction of SEB&2 to the
maximum incidence of recognized cases. COMID 6 s cl i ni c al characteristic:
acuity illness for the infected majority and severe disease occurring in a minority widxigtiag
conditions may contribute to this apparent latency. In lieu of widespread diagnostic testing, the recognition
of its spread would be dependent on thewalcof severe cases over time. The prevalence of the disease
circulating in a community would not be recognized until the number of severe cases exceeded existing
baselines or hospital capacities.

The ILI increase associated with influenzagative labatory tests in Wuhan during Week 46 of
2019 is approximately 13 weeks before the peak incidence of CQVYIDases in late Januaggrly
February 2020 (Weeks 5 and 6 of 2020). Thus, this may represent the initial emergence @@ARS
in Wuhan. Validatiorof this association requires additional data from China and further analysis.

Eyewitness accounts, media reports, epidemiological modeling and additional academic studies
further support October 28 to November 10 as the window of emergence. Diplcaiatsest at the U.S.
Consulate General in Wuhan have attested to observations of what they believed at the time to be the early
onset of a dédbad flubdé season. TOctebel2@lp,the dedidatedteam | ar C
at the U.S. Consulateg@eral in Wuhan knew that the city had been struck by what was thought to be an
unusually vicious fl u seas o™ ThesE bbservdtions eeaesreortadiad s e n e
the U.S. Embassy in Beijing during this period.

AlJanuary 2021U.S.pear t ment of State factsheet stated t}
reason to believe that several researchers inside the WIV became sick in autumn 2019, before the first
identified case of the outbreak, with symptoms consistent with both CQ9IBhd common seasonal
i |1 n &4 3upes2026 published Harvard University study found an unusual increase in Wuhan hospital
traffic during the same peridd.Satellite imagery showed a significant increase in vehicles parked at major
Wuhan hospital$ anindicator previously established as a proxy for hospital occupancyiratethis
period compared to October and November of 2018earch queries made on the Chinese search engine
Baiduf or terms | i ke ficougho also increa%ed substanti

In August 2021, a veteraiWashington Pogtolicy columnist reported that at least one of the WIV
researchers became ill in early November, 2019 and exhibited symptoms highly specific to-CDVID
including the loss of smell and grougthss opacities in his lungsThe Office of the Director dflational
Intelligencebds (ODNI ) Ulpod aQreidg iAnsss ecsasunteina n eoch tChCavtl Dr
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that several WIV researchers reported symptoms consistent with GO¥IB the Fall of 2019 is not
di agnostic of t he p anfirchedhospital admission gldneveould nit Bevde@agnosticf ¢
of COVID-19 i nf%ction. o

Several media reports provided further suggestive evidence. An Australian journalist interviewed
a frontline Wuhan doctor who conveyed that he and his colleagues sawiagynumber of patients
exhibiting fever and respiratory difficulties in early November, 28Tkhe physicians realized that a
coronavirus, likely SARS, was the causative agent by early Deceffbarther, awuhan University
biostatistics professor gaea interview in which he discussed his work to compile a nationwide database
of COVID-19 case$! According to the epidemiologist, several suspected cases predated the earliest official
cases in December, 2019. i T h e r ith onget oneNoverber 1pand i e n't
November 21, 2019, and five 2Twodahexmediasstletspudlishddor e D
information from leaked hospital data from pneumonia patients in Wuhan with suspected-C@Vifese
reports identifiedwo separate suspected caasters in early October and November 28£9.

Unpublished Peoplebdbs Republic of China-l9 PRC)
case in mieNovember.A veteranSouth China Morning Poseporter reviewed an official China CDC
document that showed a-yBarold from Hubei province contracted the virus on November 17, 2019. It
is the supposed earliest publicly confirmed case of COMAEB® On November 25, 2019, a 3&arold
Welsh teachein Wuhan fell ill with flu-like symptoms. The teacher developed pneumonia on December
6, 2019 and was hospitaliz&On January 16, 2020, the hospital informed the teacher by letter that he had
been infected by the novel coronavifas he timing of thenitial COVID-19 cases is not by itself revealing
of the origins of the virus.

2. Precedent of Zoonotic Spillovers & Likelihood of an Animal Origin

In a vacuum, the natural zoonotic spillover hypothesis is a plausible explanation for how the
COVID-19 pandemic started. Applied to the facts here, however, there are a number of gaps and anomalies
in the SARSCoV-2 outbreak. The early COVHR9 pandemics different compared to the emergence of
infectious diseases via past natural zoonotic spillovers, most notably th QBOFARSCoV outbreak.

Recent natural zoonotic spillovers of respiratory viruses with pandemic potential have left behind
evidenceof where and how they occurrédlhough the number of such occurrences is relatively few, early
or failed animato-human transmi €sidons,pibobfovidesad typically
evidence. This evidence is in the form of antibodidsumans and animals that were exposed and infected
but did not effectively transmit the virus to oth&rEailed transmissions also typically leave behind genetic
evidence®® Samples retrieved from infected humans during the 2008 SARS outbreakontained
genetic mutations that reflected its circulation and adaptation in palm civets, the intermediate species, for
example!

It would be expected that environmental samples collected from wet markets that were positive for
SARSCoV-2 would likely srow evidence of animal genetic adaptation. A study authored by the former
Director of Chinabs CDC George Fu Gao, analyzed 1
and animals (457) within the Huanan Seafood Market in early 2020. His studyiegdER8fSARSCoV-2
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positive environmental samples. Three live viruses were successfully isolated from these environmental
samples. None of the samples taken from the 18 animal species found in the market were positive-for SARS
CoV-2. The three live virusesom environmental isolates were sequenced. These viruses shared 99.980%
to 99.993% similarity with human isolates recovered from Wuhan (HCoV/WuhanAMB®1) and
showed no evidence of animal adaptatfon.

Two sets of evidence that have been used ppat a spillover origin are discussed later in this
report; the location in the market where positive environment detections of-SARS were obtained,;
and the existence of two lineages of SAB&V-2 among the earliest known cases.

Like the 2003 SARS8utbreak, H7N9 influenzdirst reported in China in March 2013, started with
multiple independent viral introductions into humans across multiple disparate locations. The total number
of human H7N9 infections numbered less than 3de natural zoonatispillovers of 2003 SARS and
2013 H7N9 influenza occurred in multiple locations over several months, while the S&R3 outbreak
originated in one location, Wuhan, over a few weeks.

A number of epidemiologists, virologists and, at first, the Chinesergament have asserted that
the COVID-19 pandemic originated from a natural zoonotic spillover occurring at the Huanan Seafood
Market in mid to late December 2019. They declared that this was the origin of the pariti€mica
Government officials haveubsequently asserted that SARSV-2 was imported on the surface of frozen
seafood, by infected people or animals or originated from a U.S. military laboratory. Support for these
alternative theories is limited to governmewontrolled publications in Cha and are not credibfeThe
limited epidemiological data provided by PRC officials continues to hamstring efforts to better understand
the early trajectory of the virus. PRC officials continue to suppress and manipulate dO\dHa.

As recently aslanuary 2023Reutersr e por t ed t hat-19d&4is noadgivelg a@d OV |l D
accurate picture of the situation there and underrepresents the number of hospitalizations and deaths from
t he di sease, a senior offici @AsastahedWbdbn!l dheéelewWHODS®
Scientific Advisory Group for the Origins of Novel
nor the natural/intermediate hosts have been iden

The absence of key epidemiological ayahetic data of the initial outbreak raises questions about
the likelihood of the Huanan Seafood Market serving as the location of £ARS emergence. Data
supports the presence of potential susceptible animals such as palm civets and raccoon ddgarsrihe
Seafood Market. There have been no documented positive-8ARS animal samples from any Wuhan
wet market. Nor have vendors of these animals tested positive. Further, the suspected natural hosts, bats or
pangolins, were not sold at the Huanan rearkhe initial response efforts by local authorities to
immediately close the market, remove all live animals and sanitize the facility could have impacted the
likelihood of recovering viable environmental samgfeBhe genetic sequencing of environméstanples
recovered from the Huanan market, however, shows them identical to recovered human clinicaP$amples.

To date, China has not acknowledged the infection or positive serological sample(s) of any
susceptible animal prior to the recognized oedlir Genetic analysis of published SAB8V-2 sequences
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from the early outbreak does not show evidence of genetic adaptation reflecting passage through a
susceptible animal species such as a palm civet, raccoon dog dfhiitk. this end, no intermealie host
has been identifietf.

Despite these facts, three data points do present themselves to support the zoonotic origin theory.
First, approximately 33 percent of the earliest known human C&\Ibases (with symptom onset dates
in mid- to late-December 2019) were associated with the Huanan Seafood Market in ¥¥Geaond,
several animal species susceptible to SARY-2 were sold live and in poor animal welfare conditions at
the markef? Finally, the identification of genetic sequenadgaccoon dogs in samples taken from the
market in early 2020 confirm that this susceptible intermediate host was at the market at the time of the
outbreak. As notediit her e i s no da tCa\R2avdtls the presdnde nof) anySoh tRé&se
a n i m#AThese data themselves, however, do not explain the origin of the GOd/andemic.

3. Plausibility of a Researchrelated Incident & Laboratory -acquired infections

There are a substantial number and diverse ways resedatéd incidents can occtirincidents
that result in infections are classified as laboratmguired infections. According to published research,
the cause obver 80% of laboratory-acquired infections (LAI) are never conclusively determined’
Only 18% of the infections were due tdentified accidents caused by carelessness or humarnf&rror.
Factors that contribute to the risk of such incidents are sefeddalYounger workers, those with less
technical training and men experieno®re accidents than older workers, those with mweéning or
women?® The recognition and isolation of a new infectious agent can result in a LAl caused by the new
isolate but not be recognized, for exantfle.

The risk of exposures to infectious agents is a function of safety training, safpractikes, safety
equipment and laboratory design. Infectious agent research includes exposures to higher concentrations of
infectious agents than found in clinical diagnostic laboratSti#®e common routes of exposure are
ingestion, percutaneous inoatibn (needlesticks, cuts, animal scratches and bites) and inhalZtioh.
these, inhalation represents the most insidious avenue of infection because aerosols and droplets are often
invisible and difficult to detect

Chinads entry niinct oagheingth Irye speaatrhcohgedi d not f or mer
several decades after many developed countries began their ¥ftthitsa lagged behind in biosafety
concepts, relevant standards, practices for-bigttainment laboratories and research angldgment of
biosafety equipmertt.As a consequence, China could only domestically produce a portion of biosafety
equipment needed and were dependent on foreign sources.

After the 2003 SARS outbreak, China prioritized constructing a national netwbitsaffety
containment laboratories. It created an expert laboratory biosafety team. Laboratory biosafety laws,
regulations, standards, and guidelines were drafted and pubiBleed.pi t € t hese achi eveme
progress in biosafety advanced slower tiisaspirations for and efforts in research of highly pathogenic
microorganisms. Its capacity for innovation remained widke creation of independent intellectual
property rights supporting research and development of domestic biosafety technijegsipment fell
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short of western countri€&China still faced many laboratory biosafety challenges that was subject to
both international and national concern.

Whil e any |l aboratory is susceptible tedinth Al 6s,
guestion whether the potenti al benefits to be gai
genetic manipulation and creation of chimeric viruses was worth the considerable risks to publi® health.

In 2017, other scientists warned of the potential -hsal applications of such research, and worried about

ipat hogens escapingo in light of Chinads history
SARS?®*® These warnings coincided withtoep e ni ng of the WI V6s Biosafety
January 201%° A January 2018 U.S. Departmteof State cable e por t ed t hat ithe new
shortage of appropriately trained technicians and investigators needed to safely operhighthis
contai nment®®Thab acraatl cer yf.wr t her cautioned that t he
potentially posed a risk of a SARSlated pandemi&The WI V6s research focused
coronaviruses, but other Wuhan institutes (Wuhanktamizhong Agricultural Universities) and agencies

(Hubei and Wuhan Centers for Disease Control) conducted research onatéteal coronaviruses.

In March 2019, then CCDC Direct@eorge Gao warned about potential natural, accidental, and
deliberate bitngical threats. He specifically identified laboratory risks:

A potential major risk stems from stocks of concentrated infectious

pathogens stored in laboratories and the absence of adequate biosecurity

measures. Nenompliance of approvetiocontainment and biosafety

protocols could result in accidental or deliberate release of pathogens into

t he environment é[ Gl enetic modi fication of
expand host range as well as increase transmission and virulence, may

result in new riks f or epi de miodgné3ARSlikeh et i c bat
coronaviruses acquired an increased capability to infect human cells. Thus,

modifying the genomes of animals (including humans), plants, and

microbes (including pathogens) must be highly regulted.

In May 2019, Yuan Zhiming, the General Secretary of themmunist Party of China (CCP)
Committee of the Wuhan Branch of the Chinese Academy of Sciences (CAS), thus responsible for oversight
of CAS activities in Wuhan, and Director of the WIV National Biosafetigoratory (BSL4 ) ; ec hoed Gac
concerns. Zhiming specifically expressed issues Wwi
funding for laboratory construction, operation, and maintenance. He highlighted neglected maintenance,
insufficient ogerational funds, and a lack of specialized managers and engineers to operdtéaBSt
Zhi ming also urged authorities to fApromptly revi
standards of bio®%afety and biosecurity.o

On April 3, 2019, te WIV held its annual conference on laboratory security and $&fétie

WI Vs director delivered opening remarks stating

and guarantee for succeedi ng ®8he camtinled with thettteme od t h e r

hol ding researchers accountable for safety incide
11
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must be carried out in strict adherence to professional standards and procedures with no tolerance for any
kindd wi shful thinking and that steps must ®be taken

That same month, the WIV submitteddf3L7 total patents submitted in 2019 for biosafety related
improvements. The applications covered a range of retradians for physical containment (hermetically
sealed doors), wastewater treatment, decontamination (autoclaves and chemical showers), and maintaining
negative air pressure in the highntainment laboratories (exhaust air management). The numberraépate
by itself, is not unusual. Higbontainment laboratories constantly seek to improve, through innovation, the
biosafety posture of their facility. The nature of the issues and problems the WIV was remediating is
revealing to their state of biosafetythat time.

One patent addressed the problem of maintaining airtight seals <igtgadoors and cites the
potential problem of existing door seals that developed slow leaks over time. Another patent addressed
developing amanually operated auxiliaryxbaust fan to maintain negative pressure and improve
disinfection of bi osec §Anothgr ddsaiied impraviog theedesign ahdE P A f
operation of biosafety autoclave sterilizefhis patent described problems of being unable to aehiev
required sterilization temperatures, potential leaks around the autoclave doors and excessive condensation
of autoclaved infectious materidfs.

Despite these apparent bi osafety challenges,
potential humampandemiecausing SARSelated coronaviruses and medical countermeasures to mitigate
them. In pursuit of this task, researchers collected hundreds of-8&&d bat coronaviruses from across
China and Southeast Asi@he risk of researchelated incidentdegins with field expeditions where
researchers first collect bat samplése WIV and other Wuhan institute (CCDC) researchers operated in
a challenging setting with limited light and sometimes only with partial personal protective equipment and
exposedskin. It also placed researchers at considerable risk for potential bites, scratches arstinkedle
injuries while collecting field samples from bats.

As a result of field expeditions by 2019, the WIV had collected, at a minimum, approximately
20,000 tat and other animal virus samples from across CHilah e WI Vdés formerly puktk
reportedly contained more than 2,000 entries consisting of sample and pathogen data, including full and
partial viral genomic sequences, collected from bats raite. The database also reportedly held an
estimated 100 unpublished sequences of thedmetanavirus subgenus to which SARSV-2 belongs?

The existence of these undisclosed sequences raises the possibility that strains may exist that are closer
progeritors to SARSCoV-2.

After collection, samples were transported back to Wuhan. These isolates routinely underwent
initial evaluation in BSE2 settings where they were first evaluated, usually by graduate students, for the
presence of SAR®lated bet@oronaviruses. If viruses were present, researchers then attempted to isolate
and sequence the virddFull length viruses were then grown in a variety of cell cultures including human
cells to assess the ability to infect different cell types. Viruses that could infect human cells would then be
tested for pathogenicity in humanized mice or susceptil@enmd@diate hosts such as palm civets in BSL
laboratorieg? Finally, researchers evaluated the effectiveness of existing medical countermeasures against
these newly discovered viruses.
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If researchers failed to recover a fldhgth viral sequence, theyould attempt to isolate the spike
protein or the part of the spike that attached to the cell (the receptor binding domain) of the discovered viral
fragment. To evaluate the pandemic potential ofviable coronavirus fragments, researchers spliced the
sajuence of the spike protein or its receptor binding domain onto already characterized viableBfdRIS
viruses creating chimeric viruses that could grow in cell cultuarting no later than 2017, WIV
researchers created chimeric viruses that hdadngially greater human affinity (transmissibility) and
virulence’® The resulting chimeric SAR&lated viruses would then be evaluated for its infectivity in
human cells and pathogenicity in humanized mice.

In 2018, their research interests expandet thie intent to artificially insert genetic sequences for
human furin cleavage sites to evaluate their pandemic causing potential inr8laR8 coronaviruses.
Furin cleavage sites (FCS) are found in other human pathogens such as avian influenza, Ebgland
viruses and are known to increase their infectitity. 2018, no SARSelated virus had been found with
a complete FCSAnother Wuhan research institute demonstrated the precedent of inserting an FCS into an
animal (pig) alpha coronavirus in 20X6r example’®

In March 2018, EcoHealth Alliance with the WIV as a collaborating institute submitted a grant
proposal titled HAProject DEBUSE: CDebbmsavngusdeo Th
Advanced Research Projects Agency (DARPARedde expanding the process of evaluating newly
discovered spike proteins on chimeric SARSted viruses, researchers proposed artificially inserting
Ahunrsapneci fi co FCS to evalwuate their effects on v
humanizd mice?° These experiments could create chimeric SARSted viruses with FCS that had not
yet been found or perhaps did not exist in nature. DARPA did not approve or fund this proposal.

One of the notable genetic findings of SARBV-2 is the presercof an FCS. Itis the first SARS
related beta coronavirus found with ctdts presence in SARS0V-2 has been the subject of active
scientific and public debate since the beginning of the pandemic. It is assessed to be an essential
characteristic restihg in the high human infectivity and pathogenesis of SARY-2 82 fiThe presence of
a furin cleavage [site]é is theref or efnmnigulatiory unust
that has recently gained considerable attention as a possiteof SARSCoV-2 8dhe intent to insert
an FCS highlights the additional risks experimenting with chimeric viruses with enhanced infectivity.

Widely accepted biosafety guidelines hold that initial evaluation of SAR®ed bat coronaviruses
shouldbe conducted in at least B&.laboratories because of the risk of creating infectious aefdsols.
National Institute of Health guidelines specify, however, that research that create chimericesR&b
coronaviruses that results in a virus that can infect human lung cell culture or humanized mice should be
conducted in BSt3 level conditions or ab@?® Experiments conducted at enhance BStonditions at a
U.S. university in 2015, spliced a spike protein from a fragment of a SAR®&d virus onto a viable
(backbone) beta coronavirus that was then grown in culRedorming this experiment at an enbad
BSL-3 level was justified because thesulting SARSelated chimeric virus could infect human airway
cell s and ha daugelpathogerediseivoa hd| esoafie curfrent therape
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By contrast, the WI VGO0 dyalmwed ssackearthers, maiudingaeiaduatee s a p
students, to conduct initial evaluation of SARSated bat coronaviruses in B&Llaboratories$! For
example, a WIV graduate student conducted similar coronavirus research as the U.S. university, creating
chimeric SARSrelated viruses able to infect human cél¥he WIV graduate student described the
process of Arescuingd coronaviruses that were dif
dissertatiof®The st udent i mpdlifecaton andceltitieation eRpprimpritsef live [SARS
rel ated] virus (including recombi na&rétl aborasesy i
compliance with [ WI Yiha writem mtarfiesvtpryvidedaSgianceand published o
July 31,2020 hi Zhengli confirmed that at | east some of
in BSL-2 conditions’ Only after the outbreak of COVH29 did laboratory safety guidelines in China
require coronavirus research todmnducted at minimum of BS8 conditions’?

At least until the COVIB19 pandemic, it is apparent that researchers at the WIV were working
with SARSrelated coronaviruses in inappropriate biosafety levels. One goal of this research was to identify
and ealuate SARSelated viruses that were more capable of infecting humanloeh® two years leading
up to the pandemic, publications by and intervi
sophisticated coronavirus experiments using humanizee, imats, and palm civets to achieve this §tal.

4, Summation of Events Leading to the Pandemic

The full scope and scale of animal experiments conducted at the WIV in 2018 and 2019 are unclear.
As of 2018, the WIV was infecting transgenic mtbat expressed human ACE2 receptors, the receptors
known to be utilized by SARS coronaviruses to gain entry into human cells and palm civets with chimeric
SARSrelated coronaviruse$.The limited published information on the results of these experiments
indicate that SAR®elated bat coronaviruses could infect and cause low pathogenicity in humanized mice
and no pathogenicity in civetsThe full results of these experiments have never been published even
though Shi Zhengli said they would $eConsequetly, the WIV as a sulgrantee of NIH grants, was
terminated for failing to produce its laboratory notes and other records relating to these exp&iments.

Nonetheless, it is clear that the convergence of sophisticated coronavirus research, government
dermands for scientific breakthroughs and biosafety problems at the WIV appears to have peaked4n the late
summer or earhall of 2019%° From June to August, 2019, WIV leadership published multiple reports
expressing concerns about biosafety shortcomingstallieited availability of equipment and trained
personnel® Multiple PRC government medical and public health entities in Wuhan began procuring
pathogen detection (polymerase chain reagB@R) instruments and conducting infectious disease
outbreak exeises and drill$%

In mid-September of 2019, the WIV took their sample and sequence database offline and enhanced
physical security of its campus. Wuhan officials conducted an emergency response drill on September 18,
2019 at its international airpoftdt included identifying and responding to an arriving passenger infected
with a novel coronaviru8?Al so i n September 2019, Chinabds Nati or
legislation to strengthen the management of laboratories involved in pathaggamnche and improve

adherence to national standards and requirements for biosafety. It specified that:
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[Llow-level pathogenic microorganism laboratories shall not engage in

pathogenic microorganism experiments that should be conducted in high

level pathoge i c mi croor gani s flevell pathogeniat or i es é Hi gh
microorganism laboratories engaging in experimental activities of highly

pathogenic or suspected highly pathogenic microorganisms shall be

approved by the health or agriculture and rural authorities @bave the

provincial level. For pathogenic microorganisms that have not been

di scovered [ not found i n natur e or have
experimental activities shall not be carried out without appré¥al.

During the week of November 11 to 17, 20fwo publications of interest were noted. A November
12, 2019 report first published in August 2019 was reposted by the WIVABSL abor at oryés Co
Party Branch. It explicitly referenced the challenges that the researchers had to overcome shiegtabli

their |l aboratory: the fAbhbbregqunpihentdt Asdtheghdebkog]
and construction teams, and no -exgneent l@oatcgy'loper at i
this same post, they described overoaithese challenges but unlike the August version it dettiked

ri sk of potenti al |l aboratory |l eaks and infection

pat hogen mi &Ther pasitsmd s®@ descr i bed dtoh a theargdSe.r vy t
members would resporief

A few days later, a second article was published on November 15, 2019 in a Wuhan daily
newspaper. Entitled AExplore the | nstuseadtolbeoneof Mod
of the battlefields agai nst ail&Ahe Bisiorioraennptie dnstitute ina d d e d
SARS related vaccine research. It also stated that the animaBB&horatory had undergone renovations
in 2015 and was fAcurr endalpydo d°4Thidinatcurate polsibly deeeptivep r o c e
story, contradicts 2018 published research in the jolriralogica Sinicadescribing a SARSelated
vaccine challenge study in Rhesus monReys perform

On November 19, 201¢he WIV hosted a special senior leadership biosafety and security training
session. The session was led by the senior CAS biosafety/biosecurity official who traveled from Beijing to
relay Aimportant or gish)aomdeniowrrPRG dership fo the WIV vegatding n s 0 (
the Acomplex and gr ave s iFwmthe report, ECP teadarship jvdseinmdes e c u r
aware of fAsafety and s éUAutheisameg sessmm, theéDepus Dicets of the t h e
WI Vé6s OBhAfeeyoaind Security fApointed to the severe
safety dangers, and stressed that the rectification of hidden safety risks must be thorough, and management
standar ds mu s TheNovember 19,12G19 sedeadership session was followed by a two
and a half day remedial biosafety training course for WIV researchers and individuals from other Wuhan

research institutes, including the Wuhan University.

November 19, 2019 is the same day that the WIV issubdrasuspense, sole source procurement
noticef or an air incinerator to address some probl em
downtown campus. The need to install air incineration to the autoclave exhaust after serial HERA filtrat
suggests some concern about the risk of an infectious aerosol escape. This procurement may be related to
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an April 2019 WIV patent describing changes in the design and operation of biosafety autoclaves at the
WIV.12The changes appear to be at varianite standard biosafety autoclave procedures.

Two other WIV patents submitted on November 15, and December 11, 2019 address the potential
for researctrelated accidental puncture wounds and a failure of HEPA filtration for specialized -animal
related bioontainment transportation equipment due to possible corrt$iéhThese patents raise the
possibility of other potential biosafety issues occurring contemporaneously with the initial outbreak of
SARSCoV-2.

An additional WIV patent submitted a year later on November 13, 2020, outlined the need to
reformulate a liquidiisinfectant used in high containment laboratories. As describedtdomguse of the
disinfectantcauseic or r osi on of met al components such as stz¢
of é facilities and equi p museedorib losses,cut alsotlead testleer v i C €
escape of highly pathogenic microorganisms into the external environment of the laboratory, resulting in
l oss of 1ife and pr ope r'tWhetleentdis paréculdar WiV spatentoreflecss | pro
remedidactions to address corrosion problems identified in the December 2019 patent is not known.

November 2019 also appears to be the timeframe that PLA researchers began development of at
least two SARSCoV-2vaccinesPe opl eds Li ber at isoozhouAusery Direckbiofthe Pr o f €
5th Institute at the Academy of Military Medical Sciences (AMMS), worked with the WIV, and possibly
at the WIV, episodically, for several years prior to the pandéththou or AMMS researchers may have
been working at the W no later than the Fall of 2019 conducting research for a paper that he coauthored
with two WIV researchers, Shi Zhengli and Chen Jing, on a known adverse effect ofSlARS vaccines
and antibody treatment$’ There is reason to believe Zhou was egghin SARSrelated coronavirus
animal vaccine research with WIV researchers beginning no later than the Summer or early Fall of 2019.
Zhou submitted one of the first COVADO vaccine patents on February 24, 2620.

The patent includes mouskerived sewlogical data from vaccineelated experiments which
experts, consulted with during this investigation,
began work on vaccine development before the known outbreak of the CO®Handemic in late
Deember 2019. The research required both access to the sequence of and the IMeoSARErus.

Several experts assessed that Zhou likely would have had to start this vaccine development research no
later than November 2019 to achieve the February patbntission date. Zhou later published transgenic

mouse infection and vaccine challenge studies in mice, including humanized mice ahdnram
primates'’®20121The | ocati on(s) where Zhoudés animal wvaccin
disclosed???3 There is reason to believe that these vaccine experiments were performed at the original

WI Vs downt own Wuhan campus stute of AnsmaliMbdelylocatéd t he W
approximately a mile from the WIV.

PLA AMMS Major General Wei Chen led a second, separate, effort to develop another candidate
COVID-19 vaccine. Chen collaborated with the China stataed biopharmaceutical company&harm.
Chenb6s vaccine experi ment s -mmantprintatesnoecariedattde Harbic e, f |
veterinary research facility BS4& laboratory in northern Chinfd* Human clinical trials began in mid
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March 2020. Chen submitted a patent for vezcine March 18, 2023°Based on this timeline, experts

believe Chen would have had to begin her vaccine
vaccine candidate was also dependent on the availability of SR 6 s geneti c &equence
not be published until January 11, 2020. However,

efforts were associated geographically or temporally with the initial C@\8Dutbreak in Wuhan.

During the same time period as experts suggesi Bhgan vaccine development against a SARS
related coronavirus in late fall 2019, likely at the WIV, Wuhan experienced an increased incidence of
influenzalike-illness (IL1).1? The U.S. State Department and other media reporting indicated cases of
COVID-19 may have occurred as of mitb late October or early to midovember 201927128 As noted
earlier, an ILI spike coincided with negative influenza reporting for week 46 of 2019 (November 11 to 17).
This epidemiological outlier comports with published analgsiggesting itmay be an early indicator of
COVID-19 community transmissior® This increased ILI incidence occurs approximately 13 weeks before
the recorded surge of COVIDO cases in Wuhan in early February 2020. Validation of this finding,
however, is precluded by the lack of access to the underlying source data providedixHieWv China.

Despite evidence supporting the plausibility of both hypotheses, critical gaps in data and
information remain particularly substantiating a zoonotic outbreak. Further investigation and examination
are required to address outstanding quastjmertaining to both possibilities. The confluence of potential
ILI incidence in Wuhan in early to miNovember coincides with anecdotal reports of early cases of
COVID-19. It also comports with several accepted epidemiological and molecular modeldimgtima
COVID-19 initial emergence in Wuhan. It also coincides with remedial and respelaged actions taken
by WIV and PRC governmental officials.

The preponderance of information supports the plausibility of an unintentional reselateld
incident hat likely resulted from failures of biosafety containment during SARS-2 vaccinerelated
research. The identified underlying biosafety issues increased the likelihood that such containment failures
were not immediately recognized. The possibility alemoegnized biocontainment breaches combined with
SARSCoV-26s <clinical characteristics of asymptomat.i
infections, likely confounded early recognition and containment of the initial outbreak. Such initial
unrecanized infections could serve as the nidus of the outbreak of CQYID Wuhan and is a plausible
proximate cause of the pandemic.
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a. Table 1. Pros& Cons of Zoonaoti

¢ Origin Hypothesis

PROS

CONS

Historical Precedent; SARS BIERS

No animal intermediate host identified:

Bat coronavirus like RaT<&3 & Banal series with
>96% similarity to SARSCoV-2 found in nature

No animal or human serological (antibody) evidence
infection in either human or animals associated with
the live animal supply chain of the Huanan animal
market prior to the recognized outbreak

Presence of susceptible (palm civets, raccoon dogs
mink) live animal markets in Wuhan

Timing: December market associated cases unlikely
first cases of COVIBL9

Wet Market animals maintained in poor conditions

Geography: Location of outbreak (Wuhan) consider
negligible risk for natural bat coronavirus emergenc

Positive environmental samples from the market frg

the western section that traded wildlife/animal progy
implicating the presence of racoon dogs in proximity
environmental samples positive for SARSV-2

Lack of genetic adaptation to animal species (highe
initial affinity for human tropism & transmission
SARSCoV-2 > SARS)

Mutations post human spillowéncreased viral fithess
in humans

Lack of multiple emergence/introduction events four
in previous zoonotic related outbreaks.

Lack of documented infection in wet market animalg
animal vendors or handlers

Presence of Furin Cleavage Site

High degree of human homology of environmental
samples from the Huanan Seafood Market center
around bathrooms

Chinabs competence inve
outbreaks. (e.g., 2016 & 2019 Swine Acute Diarrheg
Syndrome)

b. Table 2. Pro & Cons of Researc

hrelated Origin Hypothesis

PROS

CONS

Biosafety issues at the WIV & other laboratories

Lack of published/known precursor or backbone virl
like SARSCoV-2 at the WIV

Required remedial biosafety training & possible
corrective actions (air incinerator etc.)

Zoonotic Historical Precedent; SARS & MERS

Documented WIV Coronavirus recombinant researd

Bat coronavirus like RaT&3 & Banal series found in|
nature

Conducted in BSI2 settings

Presence of susceptible (palm civets, raccoon dogs
mink) live animal markets in Wuhan

Geography: Location of outbreak in Wuhan (Wucha
District)

Wet Market susceptible animals maintained in poor
conditions

Presence of Furi@leavage Site

High degree of genetic homology of initial strains

Animal cases secondary to human exposure (mink,
cats, hamsters etc.)

Flawed highcontainment (BSt3 & 4)laboratory
design with possible documented biocontainment
failures/vulnerabilies

Reports of WIV researchers becoming ill with
symptoms and clinical findings (loss of small and

groundglass opacities on chestrays)

18
Marshall.Senate.Gov



THE ORIGINS OF COY®D

Introduction

Part | of this reference document covers a number of matters relevant to the origins e€8%RS
2 and consists of six Chapters. Chapter 1 provides background information related teCE¥%RS
including an explanation of the unusual genomic featuresciiatribute to SARSCoV-2 6 s pandemi c
potential. Chapter 2 examines the available evidence in an effort to create as compretfidinselme
into the initial outbreak of SARE0oV-2 in Wuhan as is possible. Chapter 3 details anomalies and
shortcomingsinGhnadés response t o t-Qo¥-2somstd promide cantext forwleya k o f
critical information that would shed light on the origins of SAR&V-2 is not available.

Chapters 4, 5, and 6 address the available evidence in support of the hypothesis thR@bSARS
infectedhumans as the result of a zoonotic spillover from an as yet unidentified animal.

Chapter 4 serves as an introduction to the zoonotic hypothesdetail$ past zoonotic spillover
events, suchasthe 20020 04 S ARS epi demi c. It provides an over
and infectious disease surveillance program. Lastly Chapter 4 provides summaries of more recent zoonotic
spillovers with aremphasis on the response to such events by the GovernniemPod o p| e6s Republ
China (PRC).

Chapter 5 reviews the available evidence on the investigations and data released by the PRC to date
on the origins of SARE0V-2. The first section detailthe early investigations by PRC public health
officials and scientists into thele ofthe Huanan Seafood Market. This section includes evidence of live
animal sales at the market and a review of the evidence that the Huanan Market, or its supplehain,
the location of the zoonotic spillover of SAR®V-2. The second section details the available information
on retrospective investigations by PRC public health officials, including their failure to find any evidence
that SARSCoV-2 circulae in humars prior to December 2019. The third section reviews the results of
animal surveys conducted by PRC scientists to identify the intermediate host of GARS as well as
studies on SAR&0V-2 infections and transmission in various animal species, inclugipgrimental
infections and natural infections caused by huiteaanimal transmission of the virus. Finally, this section
also evaluates the leading candidate intermediate host species based on susceptibilityGo%2RRHd
evidence that the speciessva the Huanan Market and Wuhan area live market supply chain.

Lastly, Chapter 6 examines the available evidence in support of a zoonotic origin for(@ARS
2. Itis organized into three sections. The first section outlines the hypothetical spillthweaypaf SARS
CoV-2 from its most likely viral reservoir in horseshoe bats in Southern China and Southeast Asia to
Wuhan. The second section identifies critical evidentiary gaps that prevent this investigation from
concluding that the SARE0V-2 pandemics the result of the natural spillover of SAR®V-2. The third
and final section details outstanding questions that, if answered, would increase confidence in the possibility
of a zoonotic origin for the pandemic.

Part 1l of this reference document will examine the available evidence that-SAR2 emerged
as the result o& researctrelated incident at the Wuhan Institute of Virology or one of the several other
research institutes conducting coronavirus reseaiztdd in Wuhan. Part Il consists of four chapters.
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Chapter 7 serves as an introduction to Part Il. It provides an overview of how restaret
incidents, where a researcher is exposed or infected with an agent, occurdortajhment laboratories
Chapter 7 also explains the history of higintainment laboratories, including notable past laboratory
accidents, as well as the differences between the four biosafety levels and the key principles of biosafety
design.

Chapter 8 summarizes the deyelme n t of € bnitainraedtdabohatorip and biosafety
framewor k. This chapter includes a review of Chin
high-containment laboratories and primary source accounts of shortcomings and chalieng€shii na 6 s
management of highontainment laboratories.

Chapter 9 provides an overview of the Wuhan Institute of Virology, including its history and
laboratories. Chapter 9 also identifies other Wuhan area research institutes that conduct coronavirus
resar c h, the most rel evant of which may be Wuhan
information this investigation was able to uncover regarding biosafety problems at the WIV in the months
and years leading up to the pandemic.

Chapter 10 detasl avail able information regarding the V
chapter examines the full spectrum of WIV coronavi
in Southern China and Southeast Asia through to viral growth experimealgng humanized mice and
other animal models. Chapter 10 also looks at collaborations between the WIV and western research
collaborators and the sophisticated research the WIV was undertaking #2@04.8vith coronaviruses.

Finally, Chapter 11 combeés the information and evidence presented in Chapters 7 through 10 to
identify the most likely ways that a researeffiated incident could have started the COMI®pandemic.
Chapter 11 is divided into four sectiofi$e first section of this chapter exen@s the possibility that the
WIV may have had SARE0V-2 or a close progenitor virus in its possession prior to October to November,
2019. Section two identifies potential risks by analyzing specific published WIV research, internal reports,
procurementsjntellectual property and available epidemiological data and modelinternal WIV
administrative and Chinese Communist Party (CCP) branch reports uncovered during this investigation and
WIV patents and procurements suggest officials were aware of ietwdniosafety and biosecurity
deficiencies that needed to be remediated.

Section three presents scenarios based on available evidence to illustrate how-relsgadch
incidents might have resulted in human infection(s) with the virus. The fourthrsildittifies outstanding
questions relating to the plausibility of a reseamglated incident. It identifies critical gaps in information
and understanding of the origins of SARSBV-2 and the pandemic. Addressing these gaps could provide
greater clarit and certainty intohe origins of the virus and the circumstances around the outbreak.
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Methodology

The investigation followed two established analytical formEie first, Analysis of Competing
Hypothesesis a techniqueisedwhen there is farge amount of data to absorb and evaltitie is
perceived most effective with a small team that can critically evaluate the evidence. The approach
identifies alternative explanations (hypotheses). All reasonable alternative hypotheses are ideatified,
the evidence is arrayed against each hypothesis. The process follows these steps: 1) Brainstorming
among the team to identify diypotheses?) Each hypothesis and shigpotheses are considered as is all
the supporting and contrary evidence. Thaleation of all evidence helps disconfirm rather than confirm
hypotheses.

Second, hie investigation used an A and B team analyi$iss approachecognizes that there
may be competing and possibly equally strong rsiets held on an issue thregedgo be clarified The
two teams led by the attorneys performed a competitive analyses using legal evidentiary rules supporting
each of the two origihypotheses. The TeamA/TeamB approach is characterized by an analysis and
debate phase. The analysis phdeeclops the best case for each hypothesis. All pertinent information is
reviewed that supports the respective hypotheses. Missing information thidthwmttress either
hypothess is identified. The debate phase allows each team to present and argue their case in support of
their hypothesis, challenge the other te&moés argu

Thecoreinvestigativeteamwascomprised of two attorneys, three research assistants, a China
foreign area specialist and two (a medical and veterinarian) epidemiologists. The core group was
supported by an outside scientific advisory group consisting of three former Uddahatgh
containment laboratory directomedical infectious disease physician, medical epidemioldgist,
veterinarianstwo hiosafety experts, ansvo molecular biologists. Additionallytechnical experts were
consulted on topics ranging from sgdecbiosafety equipment and processes, vaccine development and
production and animal experimentation.

The lines of inquiry followed several topidstincluded: epidemiology, molecular (genetic)
signatures, medical countermeasure development, biosafeparpdness and response, and political
legislative action. Data collected was limited to ogenrce, unclassified information. Information was
subject to review to evaluate its authenticity, factual content and validity.

Sixty subject matter expenwtedauthorities olacknowledgedpokespers@roncerning the
issue of COVID19 origins were interviewed. Some were interviewed multiple times to elicit their
insights and sources of information. Additionally, over 600 peer redewd public articles were
assembled into a bibliography that served as a resource base. Language translations were performed
iteratively using automated language translations using GOOGLE TRANSLATE and DiEé&dthms
Machine translations were then subjecteview by expert translators to verify the content and determine
the context of the original text. ®reference document was subject to critical technicabaaditical
review by 24 outside subject matter experts in the fields of epidemiology,ineeditology, biosafety,
intelligence analyses, and China studies.
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Figure 1. Graphic depiction of two origin hypothesegh attendant sulwypothesesZoonotic & Researchelated

Study Limitations

From the outset of this investigation, it was evident that access to early epidemiological,
molecular (genetics) and supportimgman and animallinical informationabout the pandemisould be
difficult. China delayedelease qfwithheld and censoradlevantscientific information and datalhe
earliest evidence of this limitatiomasdelays and subsequent challenges obtaiearty SARS CoV-2
genetic sequence data and access to initial viral strains. Epidemiologicahddtsting for SARE0V-

2 of uman and animal blood samples obtained prior to the start of the par@geminot been published
or shared by China. These samp@esessential in evaluating the possible zoonotic origins of SARS
CoV-2. Beginning in March 2020, Chiregan censoringcientific publications related to the origins of
the SARSCoV-2 virus, timing and possibkourceof the initial outbreak. China alstid not respond to
requests for information animnited the investigative efforts by the World Health Organization (WHO).

Congressionalammittee jurisdictional limitationpreventedequesting information from
Executive Branch departments and agencies that were not subject to the Senate Health, Education, Labor
and PensiofHELP) Committeds oversight. In particulaprogiams and related grantsanaged by the
Departments of Defense and StaiheSt at e Depart ment6s U.S. Agency fo
PREDICT program wasof specific interest and relevanctSAID awardedyrants to China and the
Wuhan Institute of Virtogy for bat related coronavirus research pertinent to the scope of this
investigation

Finally, despits¢ he HEL P Cjorisdintional oeeesighd of the Department of Health and
Human Services and specifically the National Instiaitallergies andnfectious DiseaseNIAID) ,
request forinformationaboutrelevant grants to EcoHealth Alliance and its subgratitee/Nuhan
institute of Virology were often delag,sometimes incomplete or unfulfilled. Valuable insight
concerning NIAID and EcoHealtelevant activities and communicationsre obtained through public
Freedom of Information Act (FOIA) requests by third parties who then made them publicly available.
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Part I.
Chapter 1. What is SARSCoV-2 and Where is it From?

Introduction
1. Coronaviruses

Viruses are infectious microbes, roteliving cells. Viruses lack the basic capabilities of living
cells to generate energy or repliciteThey are inertTo replicate and grow they must infect a susceptible
living cell and commandeerahcells replication machinefy As a result of this process, viruses aften
harmful to the cells they infeét! They frequently damage or kill the cethile infecting and replicating.
Viruses are made up of genetic materiaither RNA or DNA deperidg on the type of virué surrounded
by a protective protein coat known as a cap8i8ome viruses havelipid envelope that coat the capsid.
Once a virus attaches to a host <cell, the virus
codethatallows it to take over the host cell functions to manufacture viral proteins to make more Vfruses.

There are 26 different families of viruses that infect humBash family have different shap&s.
The arrangement of protetapsidor its lipid envelop&etermines the shape of the vitékCoronaviruses
are characterized by an outer layer of proteins shaped like spikies envelopethat allows the virus to
attach to specific receptors on the exterior of host £€lEhis shape ige it the appearance of a crown
hence its name.

Coronaviruses are a large and diverse family of viruses. They can infect a wide range of birds and
mammals:*® Coronavirus are composed of 30,000 nucleotide pairs and are some of theRbiRyesLses
in existencé?! They fall into four subcategoriésalpha, beta, gamma, and déftdThe preponderance of
important potential pandemic causing coronavirusesbata coronaviruse'$® Beta coronaviruses are
divided into five subgenera: sarbecovirus, hibéemsy nobecovirus, merbecovirus and embecovitts.
The 2003 Severe Adult Respiratory Syndrome (SARS) yviBdsRSrelated viruses that includ®@ARS
CoV-2 are sarbecovirusé®.SARS-CoV-2 has not been previously found in humans or anitiaigiddle
East Respiratory Syndrome (MERS) is a merbecovirfiSoronaviruses that cause the common cold are
principally alphacoronavirusesbut also include two betoronaviruses (OC43 and HK.).148
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Figure 2. Phylogenetic treef coronavirusspikeprotein
sequencesA) Noting genera of coronavirus. B) Subtree

Coronaviruses,similar to influenza,
have demonstrated a keen ability to adapt to
new hostsand environments and change or
mutate in the face of different selective
pressures in nature!’® The emergence of a
novel influenzaor coronavirus virus present the
possibility of human adapted strains that could
cause serious outbreak®

RNA viruses, such as influenza and
coronaviruses, evolve rapidly and more
frequently than DNA viruse&! Adaptability
and high mutations rates can make RNA viruses
particularly difficult to prevent or treat with
vaccines or drug therapie$? Evolution
happens through two processes, mutation and
recombinationt®® Mutations, where a one or
more amino acids are switch for another amino
acid, can occur during replicationt>
Coronaviruses, like other RNA viruses, have
higher mutation rates than DNAviruses
because they have a weaker proeding
mechanism meaning that errors during viral
replication are less likely to be correct®d.
These higher mutation rates during viral
replication produces large numbers of offspring
varians that are different from the parent
strain®® The majority of mutations are
not beneficial and result in narable or unfit
virus strains that cannot infear replicate.
However, sometimes mutation may result in
adaptive advantages over the parent vifds.
This can cause a change in infectivity and

of Betacoronavirusnoting subgenera virulence, the ability to infect new species (increased viral
Source: Wu, Y., &hao, S. (2020). Furin cleavage sites natui tropism) andallow the virusto evadetherapeutis and

occur in coronavirusestem cell researctb0, 102115. Advanct
online publicationhttps://doi.org/10.1016/j.scr.2020.10211!

vaccineg?>8

Modern genetic sequencing technology allows scientists to mahitdr mutationsPathogens
circulating in the environment, whether through human ormoman hosts, accumulate genetic mutations
over time at a predictable rate (knownvasl evolution).'®® This process happens with greater frequency

1 Selective pressurén evolutionary theory, the effect on survival adgecief the sum o#ll factors, physical and
behavioral, inherent and environmental; especially as an inherited trait may marginally effect survival under the
influence of these factorSourcehttps://www.genscript.com/biologglossary/2661/selectiveressure
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among RNA viruses. This predictable rateesblutiono v e r time allows virologi

emergence and divergence from ancestor strains with a high degree of aécthizcis he secalled
molecular clock, which has been used by virologists since the 1860s.

For example, it was possible to date evolutionary mutation changes in the first waves of the 2009
H1N1 pandemic influenza virus to within a matter of we€kBecause infienza viruses evolve relatively
rapidly, they provide a rich chronology of genetic charfigesesearcherd-or example,his molecular
clock is important for evaluating the length of time since two circulating viruses evolved from a common
ancestot®? Reevant to this investigation, it is also a useful tool for estimating how long a virus has been
in wide circulation in a population or affected populations.

Another important way viruses mutate is through recombinatforhis is when different viral
strains infect a single host and the host serves as a mixing vessel where genetic material can be
exchanged®1® |t is an important mechanism of change for coronavirtf$&ats serve as an important
mixing vessel since thesansimultaneously harbor several different coronavirus species and &tfdihs.
frequency of recombination varies among the coronaviruses, including Sarbecovirusesbh@ARS
cororavirus or SARSrelated coronaviruses) like SARSoV-2 168

Figure3. Schematic of viral recombination when two different variants infect the same cell at the same time.
Sourcehttps://www.weforum.org/agenda/2022/04/omicsanvirologistvariantscovid19

In the case oBARSrelatedviruses, recombinatioavents are generally associated with mixing of
strains within its subgenus. Viruses in differéeta coronavirusesubgenera do not generally exchange
RNA with one anothe¥® In other words, coronaviruses that are too dissimilar cannot successfully share
genetic material. Recombination has important public health implicdtid@hanges that occilrecause
of recombination can impact diagnostic tests. Recombination carealdbin rapid escape from naturally
acquired immunity. As already documented, SARS/-2 variant strains resulting from recombination
showedability to evade both natural and vaccine induced immdufity.

2. SARS-CoV-2

a. Overview
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SARSCoV-2 has a singlstranded RNA genome with approximately 30,000 nucleotitias
could code encode up to 10,000 amino ati#iEach group of three nucleotides encodes a particular amino
acid. In addition, SAREoV-26s nucl eotides form 29 disfrutterecd nt pr c
SARSCoV-2 or are responsible for carrying out specific viral functions. Four of these proteins, called

structural proteins, make up the structure of SARY-2.
Table2. Coronavirus Structural Proteins & related function

Structural Protein Function
Spike Protein (S Protein) Mediates CoV entry into host cells
by first binding to a host receptor
(ACE2) and then fusing viral and
host membranes
Envelope Protein (Protein) Plays a major role in pathogenes
virus assembly, and release
Membrane Protein (M Protein) | Helps to facilitate the moleculg
assembly of virus particles and m,
be involved in pathogenesis
Nucleocapsid Protein (N Protein) Participates in RNA ackaging,
facilitates virion assembly, an
enhances transcription efficiency

The remaining 25 proteins, called msimuctural proteins, control how the virus replicates and
avoids host cell immune response, among other functidméon-structural proteins are further delineated
by number of open reading frames (ORFs). The-stauctural proteins in ORFs affect the severity
(virulence) and nature of infection (pathogenicity) of SAB®V-2.1"4For example, ORF 3b, ORF 6, and
N proteirs have been identified to block interferon, a key component of the human innate immune
responsé’®
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Figure3. Schematic representation of SARSV-2 genetic maekup and structure
Sourcehttps://sars2cov.wordpress.com/virology/
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b. SARSCoV-26s Spi ke Protein

Like other coronaviruses, the surface of SAR
CoV-2 has Aspi kepr ptrewitres nas
to how SARSCoV-2 enters cells. SAREoV-2 6 s ¢
protein, like those of SARS, binds with the cellul:
receptor angiotensin converting enzyme 2 (ACE2As
its name suggests, ACE2 is an enzyme that is attache
the cell membrane t he c¢ e F8nshunsmnst
ACE2 is found in many different types of cells, includir
lung, heart, blood vessels, kidneys, liver, and 1
stomacht.’® Rl 1%
SNl
ACE206s nor mal f unct i « Figure4 Computergenerated image of the spike g r ge

P protein of a SARSCoV-2 cell (COVID-19) bonding tc
proteins into smaller segmisnthat can be absorbed b the ACE2 protein receptor of a human cell. Throu

cel®*These proteins then iy connection, the viral celmntransfer their DNA NS t T U
it to perform certain actions that regulate key bo and reproduce.

functions, such as blood pressure and wout https://www.uwec.edu/news/news/chemifdnulty-
healing!®2183 ACE2 receptors provide an entry point fc publishresearchaboutcovid19-4298/

proteins, it can also provide an entry point for viruses,

who are also seeking to Ainsttucto the cell to pr.
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Figure5. Schematic of the SARSCoV-2 Jike protein. a. Theschematic structure of the S protdiriThe S
protein binds to the receptor ACEZThe binding and viruscell fusion process mediated by the S protéifhe
life cycle of SARSCoV-2 in host cells.Huang, Y., Yang, C., Xu, Xf. et al. Structural and fumcal properties of
SARSCoV-2 spike protein: potential antivirus drug development for CO¥#D Acta Pharmacol Sin 41, 1141
1149 (2020)Source:https://doi.org/10.1038/s4146020-0485

Structurally, SARSCoV-26s spi ke protein i s 1,273 nucl eot
approximately 4.7% of SARB0V-2 genomé® The spike protein is divided into two sulitisnsubunit 1
(S1) and subunit 2 (S2), each has a different function in facilitating cellular*&ybunit 1 contains a
structure called the receptor binding domain (RBe RBD attaches to the ACE2 receptors of susceptible
host cells to infect thdh o s t . Once attached, the S1 acts 1|ike
membrane. The S2 subunit is responsible for fusing SEB%-2 membrane to the membrane of a soon
to-be-infected host ce®” Fusing the membranes together results in theselef SARSCoV-2 genetic

materi al into the host cel |, this materi al then b
begins replicating the virdg®
Subunit 1 Subunit 2

Figure6. Schematic of SAR€0V-2 virus Spike (s) Protein relationship with S1 & S2 siitsu
Source hitps://www.biocat.com/cororaroteins

The SARSCoV-2 spike protein, particularly the S1 subunit that is directly next to the RBD, is
prone to mutation, particularly as the virus adapts to new H8stest adaptation can increase its efficiency
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binding to human cell receptors and can increase the range of other mammals it calt ibpetimental
in vitro andin vivo serial passage of SARS coronaviruses can lead to not only adaptation to new species
but enhancer lesservirulence!9192193

Compared to SARS and MERS, SAR®V-2 was well adapted for human infection and highly
transmissible early in outbred®% Over the first year of the pandenriglatively modesgenetic change
was observed across hundreds of thousands samples from €Vpatients® Early SARSCoV-2
samples were nearly genetically the same, meaning that the virus had not been circulating for a long enough
period of time to accumulate signifidagenetic diversity (viruses accumulate mutations at a predictable
rate)!®’ These characteristics of SAR®V-2 caused one researchercomment

[Wlhat's been so surprising is just how transmissible SARS-2 has been from the
outset. Usually, virusesthat jump to a new host species take some time to acquire
adaptations to be as capable as SARY-2 at spreading, and most never make it past that
stage, resulting in deaehd spillovers or localised outbreaks.

Analyses ofthe evolution of SARSCoV-2 and its close relatives suggest its affinity for human
ACE2 receptors and efficient humémhuman transmission may already have been present in bat viral
ancestorst®2 Early efforts to identify mutations associated with circulation in an intermediate host
species failed to identify animal species that were good candidates to have helpe€®ARSdapt
humang®+2°2 The emergence of more transmissible variants sucleks &d Omicron shows that SARS
CoV-2 continues to adapt to humafsln maintaining fitness for human infection, SAR®V-2 is doing
so in the face of selective pressure of vaccinatiomaaralinfection-acquired immunity°4

i. SARSCoV-2 6 s FEleavagaSie

SARSCoV-2 is the firstSARSrelatedsarbecwirus found with a furin cleavage s#®.Furin
cleavage sites (FCS) are found in other human pathogens such as avian influenza, HIV and Ebola viruses
and are known to increase thaifectivity and pathogenest®® SARSCoV-26s novel furin cl
consists of a five amino acid (15 nucleotide) sequence at the junction of the S1 and S2 ¥bbits.
seqguence consists of five amino iancei d(sfiR0o()1,) (P3r)o |l Arng
Al anine (AA0), and (5) Arginine, c &% HAuectoballyyteel y t hi
FCS is a breakpoint in the spike proteandallows the enzymeurin, which is found in many different
human cells inclding lung cells, to split or cleave the spike protein right at the point where the S1 and S2
subunits split® Its location is critical, it ensures the spike protein is cleaved in the correct place for the S2
unit to facilitate cell entry and for the Slitewrease pathogenesi§lf the furin cleavage site was located
somewhere else in the spike protein, it would not be as efféttive.
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Figure7. Schematic of SARE0V-2 virus Spike (s) Protein relationship with S1 & S2 subuifaurin Cleavage
Site. Source:Adapted fromhttps://www.biocat.com/cororproteins

The FCS in SARSCoV-2, and its relevance to determining the originshefvirus, has been the

subject of scientific and public debate. As a general matter, furin cleavage sites are found in multiple
families of coronaviruses including rodebeta coronavirusef the embecoviruslineage, avian
coronaviruses of thgamma virudineage and certain feline and canaghacoronaviruse$'? SARSCoV-
2 is the firstSARSrelatedcoronavirus found with a furin cleavage sitéThe most closely related
coronavirugsto SARSCoV-2 isRaTG13and BANAL-52thatlikely evolved from their common ancestor
several decades agmddo not havea FCS 214?1> The MERScoronavirus virughat hasa furin cleavage
siteis only 50% similawhole genomejo SARSCov-2.21¢

Evidence to date indicate SAR®V-2 could originally result from eecombination of sequences
pre-existing inRhinolophudats living in the extensive limestone cave systems of Southeast Asia and South
China.?’” It has been suggested that the SARS/-2 furin cleavage site could originate from
recombination eventsvith asyet-undiscoveredSARSCoV-2-related coronaviruses aurculating in
bat5218219

This investigation is aware of a yet unpublished Defense Adv&wsearch Projects Agency
(DARPA) sponsored study evaluating the rate of recombination events among coronaviruses. The study
evaluated the likelihood of recombination events in relation with the gemeticgeographic distance
betweendifferent betacororaviruses. The study found, that although recombination is a common event
among members of the coronavirus family, the frequency of the event decays with increasingagdnetic
geographiaistance. Nearly 90% of all recombination events occur betweensstihaihare less than 20%
divergent at the nucleotide level in the core genome.

In other words, within SARSelated coronaviruses, recombination involving any part of the
genome, including the spike protein, is taitlly a random event. Based on historical data, recombination
only happens between closely related species. While undersampling of-i8RRS coronaviruses
cautions against drawing definitive conclusions, none of the coronaviruses with @léanmage site
discovered to date havenaremotelikelihood of successfully recombining with SARRV-2 or a closely
related virusin close physical proximityAs a result of this analysis, the possibility that SARS/-2
acquired its furin cleavage site by recombinafimm other known species of coronavirus are low.
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If recombination is unlikely to be therigin of the furin cleavage site, SARSoV-2 may have
acquired it naturally through a series of very specific mutations at the S1/S2 junction, not seen in other
SARS-related viruses identified to datéeveral SARSelated viruses similar to SARSoV-2 have partial
cleavage sites at the S1/S2 junction consisting of three amino acids. Batsraithkeservoirhost for
variety of coronaviruses includinARSCoV-2 . Coronaviruses typically in
tracts, which do not express fuff?.This has led scientists to believe that it is unlikely that SARS-2
furin cleavage site is the result of evolutionary pressures in bats. However; SRS 6fiin cleavage
site greatly enhances transmission and pathogenesis in humans. It is also critical foC®ARS
transmissionni ferrets one of the candidaiatermediatehost species for SARGoV-2, and likely plays
an important role in SARE€0V-2 6 s lityaobinfect a broad range of mammal speéé4s a result, it has
been speculated that SAR®V-26s furin cleavage site ewatdtioned as a
either in people or another intermediate host spééies.

Mutations occur randomly of which there are almost 60r@@feic basesmn SARSCoV-2, across
thevi r us 6 s Thgre ar® approximately 30,000 nucleotides in the genome, which could encode
10,0000 amino acids. Mutations can also be insertions or dalefiorucleic acids that mayot involve
just one amino acidlhe probability of mutations resulting in the five amino acid sequence that comprises
the furin cleavage site is low, but not impossifilee available evidence suggests that the furin cleavage
dite represents aemote probability evolutionary event. Recombination represents the more likely
evolutionaryprocess butequires that an ancestor of SARSV-2 has a naturally occurring five amino
acid insertion at the S1/S2 junction, something to datseen in any other SAR8latedvirus.

Experiments conducted in 2012 demonstrated the possibility foath cleavage siteould
be acquired byn vitro serial passage. Researchsgdally grewa related bovine beta coronavirus
(embecovirus)n threedifferentcell types that resulted infarin cleavage sité* In this study, he
five aminoacidsequence resulted after four to five serial viral passages.

Alternatively, it has been speculated that SARB/-26s furin cl eathatthe sit e
virus has been subjected to genetic manipulattdRSCoV-2 6 s furin cl eavage site
French researchers whose findings were published on February 822D@ paper noted the insertion of
a furin cleavage site in gammacoronavirugoultry infectious bronchitis virus increased pathogenicity
with pronounced nerve cell tropism and neural symptoms. Further, the researchers concluded the furin
cleavage site cad provide a gairof-function for efficient spreading in the human population compared to
other beta coronaviruseske SARSCoV-1.22° The plausibility of inserting the five amino acfdrin
cleavagesequence o a SARS virus was first demonstrated in 28@d repeated in 2068227

Notably, theWlIVd SARSrelated coronavirus research team, led by ZHdr&hi, coauthored a
Nature paper published on February 3, 2020 analyzing SARS-2 6 s g e nmateng mehtiort of
the furin cleavage site and excluded its amino acid sequence from figures depicting the premint
article submitted by other researchers from China in Eteary 2020 identified the SARSoV-2 furin
cleavage site about the same tim&biZhengld s publ i cati on. I't was submitt
Academies of Sciencand laterpublished in theChineseJournal of Bioinformatic$?® The presence of
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SARSCoV-26s furin cleavage site, C o aicorbnauitus vesearth htbh e v r
had led to speculation that it was deliberately inserted:

éfurin cleavage sites at the interface of the |
widely in beta coronavirusea the embeco lineage (whielmeof rodent origin) as well as

in avianorigin gamma coronavirusesnd certain feline and canine alphacoronaviruses

(with an unknown origin). Furin cleavage sites are also found in certaoribat MERS

like merbecovirises, but ndtwith the exception of SARE0V-20 in the sarbecovirus

lineage.The presence of a furin déavage motif at the SARSCoV-2 ST S2 interface is

therefore highly unusual, leading to the smoking gun hypothesisf manipulation that

has recently gained considerable attention as a possible origin of-GARS2%°

ii. QTQTN Sequence

Impaired or dysfunional immune responses are a common feature of severe GOV/ID
infections?°SARSCoV-2 has a second amino acid sequence i mn
cleavage site that may be responsi bl e thechanges me of
in the i mmune systemods r-€aovR&FiTisssequeme oonsists 6f iveamia  wi t h
aci ds: (1) Glutamine (abbreviated fnQO0), (2) Thr e
Asparagine (ANO), ecoalsl eacbtbirveevliya ttehdi si QsTeQyTuNeon.

Furin Cleavage Site / Start of 52 Subunit

( \

Q T QTNUPIRRAR|JS YV

S1 Cleavage Site

Figure8. Schematic of SAR&0V-2 virus relationship of S1 QTQTNS sequence with Furin Cleavag&Sitece:
Adapted fronhttps://www.biocat.com/cororgroteins

Studies conducted in 2020 and 2021 involving SARV-2 demonstrate a potential relationship
between the furin cleavage site and the QTQTN sequ&heefurin cleavage site is essential for infection
of human lung cells but does not increase the sewvaripathogenesis, aEOVID-19 infections’*? The
QTQTN amino acid sequence, which immediately precedes the furin cleavage site, appears to play an
important role in the severity of COVH29 infections.

Researchers have created infectious variants of SB®R52 virus without the furin cleavage site
and deletions of this QTQTN motif. Syrian hamsters infected 8##RS-CoV-2 viral variants without the
QTQTN sequence have attenuated disease comparedmsters infected witBARSCoV-2 with the
QTQTN init.2%3In experiments with hamsters infected with the vijide SARSCoV-2 or variant viruses
without the furin cleavage site and part of the QTQTN sequéhedmmune responses are differéit.
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Hamsters infected with the wiltype virus have higher levels of inflammatory cytokines. Similar variants
deleting only the furin cleavage site have similar attenuation in experiments with hamsters and transgenic
mice. The loss of the furin cleavage site also result in lower levels of inflammatory medfators.

With respect to origins, several of the viruses most closely related to-EARS also have the
QTQTN sequence located in the same section of the ppiltein as SAREoV-2. This includes at least
one virus RaTG13) that otherwise has a very different spike protein from SARS-2. It also includes
oneof the pangolin associated coreirases(GD-pangolin) that shares this same sequence and is identical
to SARSCoV-2 in the 5 critical residues making up the receptor binding do(RBD)(Figure 9)*° As
will be discussed in greater detadldw, these closely related viruses are found in a geographical area
spanning southern Yunnan Province, China andhearn half of Laos. This suggests that the QTQTN

sequence may be an ancestral trait of ceB&iRSrelatedviruses.

RBD
SARS-CoV —_——
[se] NTD [] | | [Fr] [ HR1 ] [ Hr2 [m [cr|
=1 1 T 1T T 1 1 T T 1 1
113 297 306 424 494 517 66T BHE 770 TBE B804 966 1,145 1,195 1,2191,255
SARS-CoV-2
e 1 [ n I ] | | [Fr] [ HR1 | [ HR2 [T™[cr]
1 1 T T T 1 T T T T 1
113 305 319 437 508541 685 686 T8 B06 912 984 1,163 12131237 1273
———————————————————————————————————————————————————————————— |
H : : Polybasic cleavage site
| i
E i SARS-CoV-2 6750 1 o 1 ~ s R WR & s os 691 |
| | : BJo1 661 H T v 5 L LSS R 5 T 5 0K ETBi
| | H RaTG13 6750 1 o 1 N 5 [SNSEi g s o s 687 !
\ | GXpangolin 6711 s ms s L[= = aillg 5 v N 0k 5 683 !
' : GDpangolin 671 0 1 01 & 5 [ | 5 0 A 683
I RmYNOZ 635 - - - - % 5B < A AR TN 645 |
i BatWIV1 662+ 1 v s s LfSieieiolr s T 5 oK 5 674
S5ARS-CoV-2  Human L F Q S N
SARS-CoV Human Y(442) L{472) N(479) D(480) T(487)
RaTG13 Rhinoclophus affinis L L Y R N
GX pangolin  Pangolin L L E R T
GD pangolin  Pangolin L F Q S N
RmYNO2 Rhinclophus malayanus 5(429) - 5(453) Ti454) Vi{461)
Bat WIV1 Rhinolophus sinicus 5(443) F(473) N(480) D(481) N(488)

Figure9. Schematic diagram of the spike (S) protein of severe acute respiratory syndrome coronavird€¢§¥ARS
andSARSCoV-2. The residue numbers of each region correspond to their positions in the S proteins @@ARS
and SARSCoV-2. The dark blue blocks represent insertions in the S protein. The insertions at amino a&é4 675
of the SARSCoV-2 S protein are shwn in an enlargement at the bottom right and aligned with those of other
coronaviruses in the same region. The tritical residues in the RBD of SARS0V-2 and other viruses are shown

in theRBD labeledable Source: Hu, B., Guo, H., Zhou, P., & Shi,lZ (2021). Characteristics of SARSV-2 and

COVID-19. Nature reviews. Microbiology9(3), 141154.https://doi.org/10.1038/s4154¥%0-004597

In February 2020, Swiss researchers identified an integrin receptor in-GARR 6 s
approxi mat el yesp8nSiblefani n o

bindingd 0 ma

Integrin Receptor

in (RBD)

ocated

receptor
ac

binding to the ACE2 receptdt’ Integrins are a large family of cellular recept&fDistinct from the

ACE?2 receptors found in SAR®Iated viruses, integrins are found in a diverse set ofatoting,

inflammatory, neoplastic (cancer)dimfectious diseasé®’ In viral infections, integrins are involved in a
variety of host cellular functions related to infectivity and viruleti€e.
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A number of viruses bind to integrin receptors as a means of infecting humaA'dedks.

sequence

of

t hi

S

part.i

cul

ar

integrin

S

onl

y

Glycineand@BSopartic chdil ke c(tDavde)l FAOgMRR@GD sequence is only

found in SARSCoV-2. In the Swiss studyhts sequence wasot found in 30 related coronavirus spike

proteins and 155 SARS sequences exaniffats presenceepresents a single nucleic acid substitution
of the genetic sequence found in SARS resulting in the amino acid Arginine rather than Tlysine.
presence of this integrin represents another novel feature of -EARS representing an alternative,
independent cellular binding and viral entry rotté#

Receptor-binding domain

_—
319 RGD

Figure10. Schematic representation of SAR®V-2 S-protein with a focus on theceptorbinding domain. The sequences of

. cleavage

437~

541

1273

™|

508
—
-

~ACE2 binding
4 ~
VIAWNSNNLDSK
INTRNIDAT
TAKHDTG
INTAQQDOG
INTAKQDTG
NTAKQDVG
TMASVEDN-VT
ATVEHNLTT
YNLEARNVS
FYNLEARNVS
TLEKNNVT
SLEAINVT

12 betacoronavirugswere aligned using MAFFT (Katoh et al., 2019). The recefpitading domain and the ACE2 receptor

binding region are colored in blue and light blue, respectively. The RGD motif of AR ishighlighted in color. Numbers
refer to the SARSCoV-2 spike protein sequencgource: Sigrist, C. J., Bridge, A., & Le Mercier, P. (2020). A potential role for

integrins in host cell entry by SAR®V-2. Antiviral research,177, 104759https://doi.org/10.1016/j.antiviral.2020.104759

The RGD motif is not found istrairs identified asRaTG 13 nor GD Pangolirf*5246 |t is,
however, found in a number of other SAR$ated coronaviruses, including Rco319, BANBR,

t hr e

BANAL -236, RshSTT182, Rs7924, RmYNO8, RsYNO4, and several others. Therefore, this motif is not
an unusual feature unique to SARSBV-2, unlike the furin @avage sitdts clinical implications are

significant.

Researchers from China and Ireland noted that the SB&RE2 integrin resulted in higher human

cell affinity compared with SAR%2*8 Their studies showed that the virus recognized integrin receptors
on human lung cells which accelerated the infection process and played an important role in promoting
rapid transmissiarf*® The RGD integrin also attaches to blood vessels afatelets causing clot

formation?*° Blood clots are a distinguishing pathological feature of severe S2&R82 infection that

include strokes, myocardial infarctions (heart attacks), pulmonary and venous emboli. Autopsies of
COVID-19 patients showed uniqe#tting features in small blood vessels of the heart, lungs, kidney and

liver.?5* These findingsndicate thatSARS CoV-2 infection resulin both activation of platelets and the

uncontrolled growth of new small blood vessels, called angiogenesis.
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SARSCoV-2 has more adverse effects on the cardiovascular system than other coronaviruses and
abnormal clotting distinct from other viral illness&32°32%* The presence of the integrin receptor in
SARSCoV-2 not only increases its virulence, causB@VID-1 9 @niue clinical pathological features,
but results in higher transmissibilityVith respect to origins, the presenceaof integrin receptor is a
single nucleic acid substitution resulting in@vel genetic findingn coronaviruss found in natureith
profound clinical and public health implications

3. Where is SARSCoV-2 From?

It is highly unlikely that SARSCoV-2 is a completely artificial creation. Even if the COVID
pandemic is the result of a researelated incident involving a chimerigirus or gain of function
experiment at the WIV, the vast majority of SAR®V-2 6s genome comes from natu
researchers would have likely started with fragments from naturally occurring viruses and combined those
fragments with a virus wheswhole genome they had successfully gré®Mor eov er |, WI'V sci ¢
research focused on SAR8lated viruses dragments of SARSelated viruses that they collected which
appeared to have the potential to infect humans and needed only small champpexmnately 12% of
a Vi r us 6°Thegetore,onmether the COVHDI pandemic is the result of the natural zoonotic
spillover of SARSCoV-2 or due to a researeblated incident, SARE0V-2 or a closely related progenitor
virus resides somewhere iatare.

The most likely candidate viral reservoirs are one or more species of horsesh&himat®ghus
bats) living in the extensive limestone cave systems of Southeast Asia and South China. Bats are the second
largest order of mammals, with over 102ecie$>’ They serve as the endemic animal reservainaoy

viruses. Li ke birds, another viral reservoir, bat
small body size, high population densities, close social interaction, spatial maiitythe ability to
colonize anthropogenic environmentso which all ow

to other vertebr #Ces oniavdélrwdiesg akcmamgs. & oBatsover 3
harbor the largest darsity of coronaviruses among mammals, includiega coronavirusesof which

SARSCoV-2 belongg®® Batsserve ashe endemic animal reservoirs for the progenitor viruses of SARS

and MERS%%261 The horseshoe bats species most likely to serve as the reservoir of@ARSinclude:

the Intermediate Horseshoe BaRh{nolophus affinls the Malayan Horseshoe BaRHKinolophus

malayanu} the Least Horseshoe B&Hinolophus pusillys and the MarsHal 6 s H ®Rhimlsphusa t (
marshallj).

Moreover, the coronaviruses discovered to date that are most closely related t&C8¥RSare
all bat coronaviruses discovered in southern China and Southeast Asia, including Laos, Thailand and
Cambodia?®? Notably, the progenitor virus for SARS and other viruses closely related to SARS were
discovered in southern China. Bat population density and species variety appear to play an important role
in shaping the evolution of SAR®Ilatedcoronaviruses.

Withinthisrgi on of Sout heast Asi a and-Co/iketirasesn Chi n e
are shared by different bat species, suggesting a possible circulation of viruses between different species
' iving sympatr i c%iIRésgarchers belidveetiths aimkitationeof/neuléiple dat species
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in the same caves increases likelihood of recombination events as multiple closely related, but distinct
viruses can infect a single bat giving viruses the opportunity to exchange genetic niéterial.
iRecombhasatbheoen associated with the expansion of
as well as changes in transmissibility and increases in virulence and pathogenesis, among other
characteristics. 265

o % Re-0319

SL-ZXC21

S \ 4 7 SL-ZC45
’ q- RaTG13
* X & RmYN02
h RacCS203

RShSTTI182

BANAL-236
. BANAL-27
o BANAL-52

Figurell. Figure 9: Distribution of bats species from which SAB®/-2-like viruses have been found.

Distribution of R. pusillugorange)R. affinis (blue), and R. malayanugieer). Sourcelslam, A., Ferdous, J., Sayeed,

M. A, Islam, S., Kaisar Rahman, M., AbirdJ., Saha, O., Hassan, M. M., & Shirin, T. (2021). Spatial epidemiology and genetic
diversity of SARSCoV-2 and related coronaviruses in domestic and wild anirf&d& one16(12), e0260635.
https://doi.org/10.1371/journal.pone.0260635

Geography, flight patterns, and the migration range of infected bat populations also appears to
impact where specificlusters of similaSARS related viruseare found. As aesult,closely related viruses
should cluster together geographically. Moreover, as bats migrate and travel to different cave systems, the
viruses they are infected with are presented with newrtyfities to infect other bats that they come into
close contact with. This in turn presents new opportunities for mutation and recombination events which
can result in a new virus with different traits that is less closely related to its ancestors.

In ealy 2019, researchers from the WIV published a paper analyzing how bat migration patterns
and flight range restrictions impacted the transmissi@A&Srelated virusewithin China2¢ They found
thatSARSrelated virusesnost closely related to SARS wdmind in the Southern Chinese provinces of
Yunnan, Guangxi, and Guizhou, which are adjacent to Laos, Cambodia, and Vietnam. Their findings
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suggests that the geographical range&SARSrelated virusess impactedby the range of infected bat
populations.

This appears to be the case with the closest known relatives to-SAR3, all of which appear
to have descended from a common ancestor shared with-EARS around 20 to 70 years agdThe
closest related bat coronavirus to SAR8V-2, as measuredybhighest average genetic similarity is
BANAL 52 which is approximately 96.8% similar to SAR®V-2 at the whole genome lev&t.It was
discovered in 2021 in Laos by a joint Laotiarench team along with two other closely relaB%RS
relatedcoronaviruse, BANAL 103 and BANAL 236 which are both 90% similar to SAB8V-2 at the
whole genome levéP® The three BANAL series viruses are also closely related to SBR&2 when
measured by the similarity of sections of their spike protéffithe RBDs of BANAL-52 and BANAL-
103 are 97.4% similar to the RBD of SARR®V-2. The RBD of BANAL:-236 is 96.9%ike that of SARS
CoVv-221

®12
JAPAN

Tokyo

A7) r, Te r SARS-CoV-2 1
1 S T3 BANAL-20-52
b Zhejiang BANAL-20-103
gdong BANAL-20-116 | 2
BANAL-20-247
BANAL-20-236
THAILAND RpYNO6 |4
RMYNO2
Bangkok PrC31 4
Khao Ang Rue Nai \F:la\lTZg?; :
Wildlife Sanctuary \ CAMBODIA ol !
CoVZXC21
0 1500 HN2021A/B
e HN2021G
) RshSTT182/200 8
L RacCS203 9
MP789/

Guangdong-1
GX-PAL/P1E/ |44
PSL/PSE/P2V
RaTG15 5
Rc-0319 12

6(;0 I SOIO I 4OIO ' 3(;0 ' 2(;0 ‘ 1(;0 ' (I)years ago
Figure12. Geographic distribution 3ARSrelatedviruses related to SARSoV-2 in China and Southeast Asia.

2The importance of geographic restrictions on the location of closely related $ARSIs corroborated by the
successful search for the likely natural reservoir of SARS. In 2013, WIV researchers found a virus 95.6% similar to
SARS in discovery of SAR&lated virus, WIV1, in a cave in Yunnan Provence. In 2017, WIV researchers discovered,

through additional sampling, that the same cave actual

SARS.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5708621/
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Source:Lytras S., Robertson D.L. University of Glasgow Centre for Virolsgyrce:
https://www.gla.ac.uk/researchzvr/impactopendata/impact/covidresearchresponse/sacsv-2explained/wheredidsaisov
2comefrom/

As a result of this similarity, all three BANAL series viruses also use ACE2 as an entry receptor.
In fact, scientists have shown through experiments that the RBD of BABAhinds with greater affinity
to human ACE2 than SARSoV-2. This suggests that the BANAL series may be able to directly infect
humans. However, experiments conducted to date suggest tha&IB#iNises mostly replicate in human
intestinal cells, rather than respiratory célfsSThe BANAL series is also more divergent from SARBV-
2 in the S2 subunit of the spike protein. Critically, none of the BANAL series viruses have a furin cleavage
siteat the S1/S2 junction of their spike proteins.

Two BANAL viruses less closely related to SARR®V-2, BANAL-116 and BANAL-247, have a
partial furin cleavage site at the S1/S2 junction, which is the same location whereG@MBO6 s f ur i n
cleavage site imtatec?’® The partial furin cleavage site of BANAL16 and BANAL-247 consists of three
amino acids instead of the four amino acid insertion for SEBRS-2. Attempts to experimentally generate
a furin cleavage site in BANAI236 through 6 serial passageshimmanized mice and humamtestinal
cells failed?”* These experiments were conducted in animal biosafety leveBSI(#8) conditions?’

RaTG13 = | BCHEE -0 - - -~ - - - - 5 Ao Q FCS
Wuhan-Hu-1 BCHEHEES -0 - - - - -« « « ---
BANAL-20-52 T CHEEY -Q - - - - - - ~ ---
RShSTT182 - ------ --=
RShSTT200  FCHEEY -0 - - - - - « ~ -
BANAL-20-103 RO - Q -~ ~ -~ -~ -~ - ~ ---0
BANAL-20-236 -l ------ ---9

P RIRIA IR
Wuhan-Hu-1 cC AlC
RmYNO2 CcC i
RacCS203 CE | .
BANAL-20-116CC

BANAL-20-246CC

Figure B. Amino acid alignments of subsets of SARSV genomes (nucleotides). The subsets were created by
excluding select entries to illustrate how sensitive alignments in the spike S1/S2 &giare.
https:/pubmed.ncbi.nim.nih.qov/34788836/#&gid=artifigures&pid=fig-2-uid-1 andAlternative alignments of the

SARSCoV-2 reference sequence (WuHdo-1) with RmYNO2 at the fun site region.
Source https://virological.org/t/thesarbecovirurigin-of-sarscov-2-s-furin-cleavagesite/536

After the BANAL group of viruses, the next most closely related virus to SBR&2, as
measured by highest average dgensimilarity, is the baSARSrelatedstrain RaTG 132761t was first
isolated in bats and designated as BtCoV4991 in July ZOR&ATG 13 is the most closely related virus to
SARSCoV-2 known to be in the WI VAaS$pamerscs\Witk respecttother i or
origins of SARSCoV-2, RaTG13 has been a source of controversy. Regardless of the circumstances
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surrounding its discary, RaTG 13 is approximately 96.1% similar across the entire viral gendinis.

4% difference represents 0 aRa$Gl8and SARSCaVRthateefleotd ut i o n ¢
betwveen266 0 year s of e v #IRaTGIl3ssmast diverget frorh SARSCoV-2Din the S

gene that

encodes the spike proteibeing only 93.1% similar The S protein determines the tropism and
pathogenicity of the virus, enables the virus to bind to cells and is prone to frequent viral recombination
events’’® In contrast to the three BANAL viruses, due to differences in its spike pr&eifG130 s bi ndi ng
affinity with human angiotensin converting enzyme 2 (hACE2) is approximately 1,000 times lower than
SARSCoV-2, leading to the conclusion tRaTG13is unableto infect humang202s?

There area few other closely related coronaviruses that, due to genomic recombination events
common in coronaviruses, may share a more recent common ancestor withCeOXRSthanRaTG 13.
These include the bat coronaviruses RmYNRAYNO6, RacCS203, and PrC3These are, however,
less similar to SARS0V-2 across the entire genorddl these viruses were found in southern China and
sequenced since the start of the COMI® pandemi@®® Of note, RmYNO02 and RacCS203 contains the
same three amino acid insertion at the junction site of the S1 and-88itaias BANAL-116 and BANAL:
24728 RmYNO2 was collected from a part of southern Yunnan Province approximately 261 miles north of
the cavewhere the BANALseries viruses were collected.

While none of the viruses closely related to SARS®/-2 have a furin cleavage site, several have
the same QTQTNS sequence at the same location as the one found IFCBXRS®® These viruses
include:RaTG13, BANAL-52, BANAL-103, BANAL-236, RShSTT182, and RShSTT280This group
of closely related viruses, all found in same geographical area running from Yunnan Province to Cambodia,
share this specific sequence of amino acids in the same location withireanise highly mutation prone
section of their spike proteins, suggests that it is derived from a common ancestor virus. By contrast, hone
of the SARSrelated viruses similar to SARSoV-2 that contain partial furin cleavage sites, BANALG,
BANAL -247, RaCS203, or RmYNO02, contains the QTQTN sequé¥icEo date, only SARE0V-2 has
both the QTQTN sequence and a complete, and functional furin cleavage site.
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Chapter 2. Chronology ofthe Early SARS-CoV-2 Outbreak
Introduction

Exactly when SARSCoV-2 first emergedn humans is unknown. The first publicly reported
COVID-19 cases in China have symptom onset dates inBadgmbe01928 There is a broad scientific
consensus that these known early cases are unlikely to represent the first or index10Q)ék2, for
reasons outlined in the WHOhina Joint Report:

[T]he earliest recognized cases of COVID in Wuhan were thought to havecarred in
earyrDec e mber 20 1 9CéV-2 infestion3InayR I®wever, be asymptomatic or
cause only mild illness in many individuals, it is likely that the others were infected at the
time of recognition of the early cases and that transmission couldokaweoccurring in

the community before this poifit?

If SAR-CoV-2 spilled over in humans through zoonosis, it is unlikely that the primary CQ9I€ase will
ever be identified and it is unlikely that the world will ever know exactly when SB&& 2 first infected
humans.

This section summarizes the available evidence indicating that £ARS most likely emerged
between mieDctober and early to mibllovember, 2019 with sustained hurtarhuman transmission of
the virus occurring within weeks of thedt human caseaEnot immediately after its introduction into the
human populaton Thi s ti meframe is consistent with the Di:
most, but not all, epidemiological modelifi.

In addition to modeling and meeitcountermeasures, there is a substantial body of reporting
suggesting there were COWII® infections inNovember2019. This evidence includes reporting on
Wuhan medi cal practitionersd experiences,kedirstha
PRC government documents, ctiessified U.S. intelligence assessments, and public statements by
prominent western virologists recounting discussions with Chinese counterparts regarding a new disease
outbreak.

Studies published by epidemiologists in Ghimsing data from its National Health Commission
indicate a large increase in influenza like illness (ILI) occurring in the month of November 2019 over
historic norms. The increase in ILI disease occurred before the recognition of pnepatendslater
identified as the earliest cases of COVIB. As suggested by these researchers, these ILI cases may have
been the earliest indicator of community transmission of SER%-2.

Finally, this investi gat 16 vaccinedevdlopmest drogtambked PRCO6 s
by its National Health Commission (NHC). Based on the precedent of Operation Warp Speed and available
information on the dates of vaccine development m
that the PRC started ita0¥1D-19 vaccine development program no later tbacembe2019.

1. Emergence: OctoberNovember 2019
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a. Epidemiological & Phylogenetic Modeling Suggests EariDctober to Mid-
November2019 Emergence

Several epidemiological and phylogenetic models examined the earliest known genetic sequences
of SARSCoV-2 to decipher the time to their most recent common ancestor (tMRCA). Knowing the
tMRCA allows researchers to estimate how long SARY-2 may have circulated before it was first
identified. These analyses, howevsuffer from the same limitations as other lgaepidemiological
analyses as they are dependent solely on available data, wlndomplete. Nevertheless, using this
approach, these studies have found that the most likely period of-E8R& emergence in humans is
from early/midOctober to mieNovember 2019%*

Pekar implies ~3

unsuccessful Kumar et al. — Estimate mid-October to mid-November

] : . Dec. 20
introductions Nov. 4 (Oct. 15-Nov. 5) Rambaut - Estimates Nov. 17 ) )
-OR- up to 200 infections

Nov 17/18 Pekar et al. 2022 Estimates Nov. 18 (Oct. 23-Dec 8) (Northeastern
University)

! ]
Figure14. Compilation of published epidemiological and molecular agiegels estimating the intial emergence of
SARSCoV-2 based on avigible epidemiological & genetic data of COVID casesNote: ~3 unsuccessful
introductions denote 3 human infections that did not subsequently propagate to produce additional cases.

Source: Kumar, S., Tao, Q., Weaver, S., Sanderford, M., Caraf@atliz, M. A., Sharma, S., Pond, S. L. K., & Miura, S. (2021).
An Evolutionary Portria of the Progenitor SARE0V-2 and Its Dominant Offshoots in COVAL® PandemidVolecular
biology and evolution38(8), 3046 3059.https://doi.org/10.1093/molbev/msablldolmes, E. C., Goldstein, S. A., Rasmussen,
A. L., Robertson, D. L., Crit€hristoph, A., Wertheim, J. O., Anthony, S. J., Barclay, W. S., Boni, M. F., Doherty, P. C., Farrar,
J.,Geoghegan, J. L., Jiang, X., Leibowitz, J. L., Neil, S. J. D., Skern, T., Weiss, S. R., Worobey, M., Andersen, K. ®, Garry,
F., é Rambaut, A. ( 2-Oo%-2:A critichllegiewcCellj 1§4(19),s18484856S AR S
https://doi.org/10.1016/j.cell.2021.08.0;1Pekar, J. E., Magee, A., Parker, E., Moshiri, N., Izhikevich, K., Havens, J. L.,
Gangavarapu, K., Malpica Serrano, L. M., Gfifsristoph, A., Mattson, N. L., Zeller, M., Levy, J. |, Wang, J. C., Hughes, S.,
Lee, J., Par k, H. , Par k, M. S., Ching Zi Yan, K., Lin, R.
epidemiology of multiple zoonotic origins of SARSV-2. Science (New Ykr N.Y.) 377(6609), 960966.
https://doi.org/10.1126/science.abp8337

Combining these genetic estimates with retrospective epidemiological modeling reinforces that the
likely first case(s) occurresbmetiman mid-October orearly to midNovember 2019. These models and
analyses attempt to estimate the date of the emergéribe most recent common ancestor of human
SARSCoV-2. Some of these analyses suggest that there could have been instances of faileéd-human
human transmission before the virus finally began to spread wtely.

One epidemiological model describes thely emergence timeline of three distinct spillover
events based on risk and event simulations: 1) a natural zoonotic spillover, 2) an outbreak caused by an
infected laboratory animal, and 3) an outbreak originating from a researcher infected intarpb8rBhis
model generally aligns with other estimates of an Octblmetember zoonotic event. This model, however,
suggests earlier dates of emergence for discrete scenarios involving the escape of a laboratory animal or an
infected researcher that would regalthe observed COVIEL9 outbreak epidemiology. Using this data,
the model shows that an initial emergence earlier than October 2019 is p8ésible.
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| Natural spill over >
[ Laboratory animals >

[Lab human infection

| Anima\-to-humanl

%
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Figure15. Timeline for the index case with respect to different votigin potentials. Note that migte events

could have occurred in the | aborator-tochsmanbepoareemot e
existing clinical evidencef earliest reported casexource: https://www.evalee
innovation.net/CenterORMedicine/Papers/2021_SARS_Origin_Eval ee.pdf

b. Wuhan ILI Surveillance Sees Uptick in Cases in the Last Week of November 2019

Wuhan influenza likellness (ILI) surveillance data presented to the W8BHhKina joint team
showed that the | evel of il Il ness in Wuhan was <co]l
increase is seen in 2019, which rapidly exceeds the
in Week 48November 2430, 2019 and largely contributed by a sharp rise in ILI in childrdihis follows
an initial spike in adult ILI incidence twoeeks earlief>®

Mean of 2016-2018 == == 2019
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Figurel6. We ekl y di stri bution of previous three yearséo

WHO-convened global study of origins of SAR®V-2: China ParSourcehttps://www.who.int/publications/i/item/who
conveneehlobatstudyof-origins-of-sarscow-2-china-part

During thepandemi¢c SARS CoV-2 had arestimated incubatioperiod of betwee®.5 days with
a rangeof 2-14 days meaning that if the Week 48 surge is attributable to S2RE2, the cases
reflected in ILI surveillance were likely infected in Week 47 (Novembe24)ror earlier. This mid
November 2019 timeframe is consistent with daterange for the emergenog SARSCoV-2 provided
by the epidemiological and genomic modeling detailed above.
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C. Spike in Lab Test Negative ILI in Wuhan in mid-November2019

ILI data provided by China to the WHO as part of their joint 2021 investigation showed an increase
of Wuhan adult ILI cases over historical records during week 46 (Novembk&r,12019) (Figure 15).
These cases correspondeditoultaneousnfluenza negate laboratory tests of ILI adult cases that same
week. (Figurel8) 2°¢ This epidemiological finding was identified by the Scientific Advisory Group for the

Origins of Novel Pathogens (SAGO)asii unex pl ai ned increase® n | LI i
180 - 1.4
s Number == == Percentage
160

140
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100

Number of cases
(=
o
ILI (%)

1 357 9111315171921232527293133353739414345474951

Calendar week
Figure17. Weekly number of ILI cases in adults in the sentinel suargk in Wuhan in 2019 (and percentage of
outpatient visits categorized as ILI, [ILI %Bource WHO-convened global study of origins of SAR®V-2: China Part.
www.who.int. Published March 30, 202https://www.who.int/publications/i/item/wfamnveneehlobalstudyof-
origins-of-sarscow2-china-part

A 2022 published study analyzddta from existing WHO global influenza surveillance networks
early in the COVID19 pandemic. Their analysis identified outliers in influenegative influenzdike
illness (ILI) that servedas potential early indicator of COM-19 community transmissioff® Their
analysis of 28 countr i e syearpekidd (261:2019) @éntifiedalld cudier d at a
peaks in 16 countries that occurred on average 13.3 weeks before the occurrence of pead COVID
incidence irnthose countries. The timing of this early ILI peak was associated with influneggdive tests
in Wuhan comports with the approximate time span where this outlier could represent the initial emergence
of SARSCoV-2 in Wuhan (Figure 17 & 18).
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Figure B. Weekly percentage of ILI cases with laboratoonfirmed influenza [FLU %] in the sentinel surveillance
in children and adults in Wuhan in 20038HO-convened global study of origins of SAR®V-2: China Part
Source:https://www.who.int/publications/i/item/wkmmnveneehlobalstudyof-origins-of-sarscow2-china-part

The China Center for Disease and Cont©@CDC) recordeda peaknumber ofreported COVID
19 cases in the first week of Februaf20. This rise of adli ILI in Week 46 shown in Figure 17
occurred approximately Meeks befor¢he peak COVIB19 cases occurden Wuhan in the lasveek of
January 2026°° Whether the November COVHD9 ILI increase is consistent with this published study
deserves fuhter analysis and considerati@@hina has not made the relevant epidemiological data
available to conduct an independent analysis.unknown whether the early November 2@tailtILI
spike was linked to reportedly ill researchers at the ¥4\l his observationhowever coincides with
biosafetyactivities anctoncerns at the WIV in mitllovember 2019.

Chinese government Incorporated as a notifiable
informed WHO of me disease in the Infectious
A outbreak _°f unexplained Disease Law and Health and
paeumomna. Quarantine Law in China. N
WHO announced
PHEIC.
M Date of onset 2:2:::: ]cslzzgz()d An expert group and a Wauhan was
I Date of report i WHO team were invited locked down
P —— to visit Wuhan _for the
3000 A foam of experts was field investigation.
8 sent to Wuhan.
8
S 2000 Ihlepon from a local A novel
& ospital on the cases of coronavirus
2 unexplained pneumonia. was
E identified.
4 1000 Symptom onset of the
first patient I |
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Figure B. Timeline of the COVIDB19 outbreak and official response. Only confirmed cases were analyzed referring
to the report by The Novel Coronavirus Pneumonia Emergency Response Epidemiology Team in China.
Source:Dai, Y., & Wang, J. (2020). Identifying the outbtesignal of COVID19 before the response of the traditional disease
monitoring systemPLoS neglected tropical diseas&4(10), e0008758ttps://doi.org/10.1371/journal.pntd.0008758
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d. Abnormal Increase of ILI PossibleEarly Indicator of COVID Spread

The significantincrease irincidence of ILI was also independently confirmed by epidemiologists
at Natong and Nanjing Universities. Using data from Ghibkational Health Commission, they showed
an abnormal increase in reported ILI disease at least one month earlier thandhkrefoirts of pneumonia
with unknown causefom C h i ncandentionalhospital reportingsystent® Their research showed a
significantly higher ILI case numbers in 2019 than those reported in the previous years ict0A&14
(P<0.05). They observed a fagtowing period of ILI from November to December. Their observations
suggested that COVH29 cases may have occurred before December 2019.

1200000
1000000
800000
600000

400000

Number of ILI cases

200000

10 11 12 1 2 3 4 5 6 T 8 9
Month
Figure20. China National Health Commission (NHREported influenzéike illness (ILI) cases during 2@12019:
Comparison of monthly reported ILI cases in different years.
Source:Dai, Y., & Wang, J. (2020). Identifying the outbreak signal of CO\EDbefore the response of the traditional disease
monitoring systemPLoS neglected tropical diseas&4(10), e0008758ttps://doi.org/10.1371/journal.pntd.0008758

e. U.S. Consul\dcioesOt REpwr 8sagion

Diplomats stationed at the U.S. Consulate General ulhdN have attested to their anecdotal
observation of what they believed at the time to be a bad flu season. The Deputy Consular Chief writing in
April 2020 recalled:

fi B mid-October 2019 the dedicated team at the U.S. Consulate General in Wuhan knew
that the city had been struck by what was thought to be an unusually vicious flu season.
The disease worsenedNovember. When city officials began to close public schools in
mid-Decemberto control the spread, the team passed the word to Embassy Beijing and
continued *®onitoring. o

Schools in China are not typically closed during December. The winter holiday break begins in late
January and goes omtil early FebruaryThese dates vary depding on the date of the Lunar New

Year of that particular year. The holiday period begins 15 days before and lasts 15 days after the
Lunar New Year
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The published NHC ILI surveillance data showing a dramatic increase in ILI in Novelnber
surveillancedatasupportsreports from U.S. State Department Consular staff based in Wuhan that the city
was experiencing an @&husually vicious flu season

f. Wuhan Hosts Military World Games, Athletes Report lliness

More than 9,000 international athletes from over 109 countries traveled to Wuhan for the Military
World Games runnin@ctober 18throughOctober 27, 20193 Many of them, including athletes from
France, Italy, Germany, Luxembourg, and Canada, reportedinte ill while in Wuhan, or shortly after
returning to their countries, with n@pecific symptoms consistent with COWI® 305306307 Eleven Iranian
athletes reportedly died of COVID9, including some who participated in the Military World Games,
althoughinformation on these deaths is limit&d.

The investigation became awaretibé development dderological testingponsoredy DARPA
that could retrospecti vedlyinfeatord®®%s the timing of o

g. Hospital Traffic & Online Searches for COVID19 Symptoms Spike

A team of scientists led by a Harvard Medical School Professor in June 2020 found evidence of an
unusual increase in hospital traffic during October and November32818The team analyzed satellite
imagery of vehicular traffic at hospitals in Wuharhe satellite data showed a significant increase in
vehicles parked at major Wuhan hospifialan indicator previously established as a proxy for hospital
occupancy rateisin October and November 2019 compared to the semaperiod in 2018. The increase
in parked cars was observed at five of the six hospitals that were examined, with as much as a 90 percent
rise in some casés*®!4

A second indicator examined by the team was the frequency of queries made on the Chinese search
engineBaiduse ar ch queries for terms |ike Acougho al so i
2019, although it fluctuated in a manner more consisaéth yearly influenza seasof$.The Harvard
study noted that Baidu searches for diarrhea also increased during the studytipargiubeginning earlier
in August® Diarrhea is not typically seen as a prominent initial symptom in influenza and not used in
screening criteria for influengike-illness®'® Diarrhea was noted as initial presenting symptom of CQVID
19 in 19.4% of individuals experiencingild disease illess®!’ Patients with digestive symptoms also
presented for care later than those with respiratory symgféms.

3The study also examined the increase in searches using the diarrhea which showed a substantial increase beginning

in August, 2019 notseeningppv i ous i nfluenza seasons. Thieeurpgdsing,thssr d t e an
finding lines up with the recent recognition that gastrointestinal symptoms are a unique feature of 30J¥Base

and may be the chief complaint of a significant mortof presenting patient$cCritics have taken issue with the
Chinese | anguage transl ation of fAdiarrhead while furthe
of COVID-193 Thi s is fair criticism and represents a | imitat:
SARSCoV-2 may have been circulating in Wuhan in August, 2019. Circulation of SB&®52 in August would be

a much earlier emergence date than ggested by other available evidence and should be treated with skepticism.
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By contrast, the WH&China Report found no evidence of unusually high rates influkkea
illness (IL1), including when examining datacolledte by Chi nadés influenza and S#
until mid- to late November, 201@ontradictinghe Harvard study result3.he Harvard study findings are
supported by ILI disease reporting by epi dc€miolog

h. China Launches COVID-19 Vaccine Program

An article including d&ebruary 2020 interview witBhi Zhenglidescribed howhe NHC organized
efforts to evaluate the SARSoV-2 virus®?° The article states the NHC establistiedr research groups
to characterize the virdé! This investigation determined that as process of characterizing the virus, these
four teams also likely evaluated and developed potential medical countermeasures.

The article did not explicitly identify the four teams. This investigation identified teams of
researchers who wer e i nl9edcone developmer€ Aworgupswere keddyy CO!
researchers froAMMS. One group was from the China CDC and CAS. The final research team was from
the WIV and CAS. Based on public announcemerasgine patents, published vaccine related reports and
analysis by this investigation at least two of these vaccine development efforts nmedmter than
NovemberDecember2019,prior to the recognized or announced COMID outbreak.

Animal vaccine ballenge studies supportinigvo of the vaccine developmenefforts were
identified at {comainment labGratoryncordptexesh at ¢drbin and Kunming. This
investigation deduced that additional animal vaccine challenge stutiesredat the WV and possibly
the Wuhan Uni ver si ty 6 sTheltimisgtof thesetexperiménts Began moaldter thba d e | s
November 2019. Theype ofvaccines usedfor theseanimal experiments required the sequence of the
SARSCoV-2 virusand the challenge sties required the whole, live virushis means SARE0V-2
would havebeen preserdt the WIV before the known outbreak of the pandemic.

i. Rumors of New Virus Spread in Wuhan, Doctors See Influx of Patients

An awardwinning investigative journalist in Australia interviewed a frontline doctor from Wuhan
who said he and his colleagues began seeing a growing number of patients exhibiting fever and respiratory
difficulties inearly November, 2019 and realized tha coronavirus, likely SARS, was the causative agent
by early December, but were forbidden by the authorities from discussing the pt&blem.

j- WIV Researchers Hospitalized with COVID-19 Symptoms

The U.S. Department of State released a factsheet in y&0&i on its official website that stated
the following:

The U.S. government has reason to believe that several researchers inside the WIV became

sick in autumn 2019, before the first identified case of the outbreak, with symptoms

consistent with both QVID-19 and common seasonal illnesses. This raises questions

about the credibility of W V senior researcher
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&@eroi nfectiond among the WI Wow2osSARSrdlateand studen
viruses??

In August D21, Josh Rogin, a veteran foreign policy columnist foMtaeshington Postevealed
that the intelligence had further showed that at least one of the WIV researchers becaraarijl in
November2 019 and that all three worked at Shi Zhengl |
symptoms highly specific to COVHR29, including the loss of smell and grougidss opacities in their
lungs3?

However, the Office of the Director of Nationalt el | i gencebés ( ODNI) Upda:
COVID-19 Origins cautions that Ainformation indicat:.i
consistentwithCOVIBL 9 i n autumn 2019 is not dBvenifcoafismed, c of t
hospital admission alomwould not be diagnostic of COVHD 9 i n f3@WHild vague, this statement

suggests that ODNI believes the WIV researchers may not have been infected with-C®D&Df they
were infected, that the infections may have occurredesudt of humario-human transmission in Wuhan

as opposed to a reseanatiated infection. As of the date of this report, ODNI has declined to provide
furtherinformation supporting its assessment.

k. Wuhan University Biostatistics Professordentifies Cases with Symptom onset in
mid-November 2019

Yu Chuanhua, professor of biostatistics at Wuhan University, gave an interview in February 2020
in which he discussed his work to compile a nationwide database of COd/tlases, botbtonfirmed and
suspected, which had 47,000 cases by late February?2020.noted several suspected, but unconfirmed
cases that predate the earliest official cas@etembe2 0 1 9. A Ther e were two patie
with onset onNovember 14and November 21 2019, and five or six cases before December 8, 2019.
Among them, a patient who became ill at the end of November was hospitalized on December 2 and was
clinically diagnmrdsed with pneumonia. o

Yu Chuanhua also noted that public health offgi@nducting retrospective searches for earlier
cases had identified a suspected COMBDcase in latSeptembe 0 1 9 . AThe data shows
not undergone nucletesting;the clinical diagnosis (CT scan diagnosis) is a suspected case. Tim¢ patie
has already died. The data did not have a diagnosis, [or] the date and time of death, it could also be incorrect
d a t34 The article was published 4days (February 27)efore PRC officials announcedgag order
restricting data related to the outlkean March 3, 2020Professor Yu reportedly called the reporter two
days after the interview to retract his statements as inacéthate.

l. Unpublished PRC Government Data Lists COVID19 Cases in MidNovember,
including Earliest Known Potential Index Case

The China News Editor of th®outh China Morning Pog6CMP), a veteran reporter with more
than two decades of experience, reviewed official government data that documentgeaadi® from
Hubei province (Wuhan is its capital), who contracted the virublavember 17 2019 apparently the
earliest confirmd case of COVIB193° According to SCMP:
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From that date onwards, one to five new cases were reported each day. By December 15,
[2019] the total number of infections stood ati2the first doubledigit daily rise was
reported on December 17[, 201®]Jand by December 20, [2019] the total number of
confirmed cases had reached®80.

The SCMP provided the following details on the
Novemberi four men and five women none has been confirmed lasing patient zero. They were all

e a

aged between 39 and 79, but it is®*2unknown how man

At the time of publication in March 2020, the SCMP indicated that Chinese authorities had
identified at least 266 people who were infected019 fiall of whom came under medical surveillae®,
The SCMP reporting is consistent with reporting by CNN on leaked PRC government documents it received
showing that PRC officials had detected-1®@se®und
in 2019, instead of the 44 cag@lsinareported to the WHO on January 3, 2620.

m. English Teacher Develops Pneumonia, Later Confirmed to be COVIE1L9

OnNovember 25 2019 a 25/earold Welsh man named Connor Reed, who was teaching English
in Wuhan, fell ill with fluilike symptoms. The symptoms appeared to wane after a few days, only for Reed
to develop pneumonia ddecember 6 201935336 On January 16,2020, the hqggital that treated him for
pneumonia formally informed Reed by letter that he had been infected by the novel coroiaResd
kept a diary while he was sick, which he shared with various British media outlets beginning in March 2020
as the pandemic spad to the United Kingdom. Hetlsefirst Briton known to contract the vird&

n. Serological Studies on PrdPandemic Samples Indicate SARE0V-2 Circulating
Internationally in November and December2019

Researchers in ltaly, France, the Unitgtdtes, and Norway have published studies, examining
retrospectively tested biological samples collected before the start of the €@vandemic in those
countries, suggesting that SARK®V-2 may have been circulating undetected in their c@mstieginning
in December, 201%?° Serological analysis of blood donations in California, Oregon and Washington as
early as 1316 December showed a small percentage of reactive antibodies to GARS3*° However,
similar retrospective studies testing samtesSARS CoV-2 conducted in Germany, Canada, Japan, the
United Kingdom, Spain, Italy, and the United States have found no evidence of the virus cirétiating.

Table3. Studiestested prepandemic samples for SARS0V-2 early occurrenceSource:
https://www.who.int/publications/m/item/scientifidvisorygroup-on-the-origins-of-novetpathogenseport

Country  Date of First Case Study Number of Positive  Number of  Sample Type

Reported Period of the  Samples (date of samples
CoOVID-19 Samples earliest detection) tested
Case
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Italy Jan. 30, 2020 Dec. 2019 15 N/A Sewage
(Dec. 2019)
Nov. 2019 1 1 Skin Biopsy
(Nov. 2019)
Nov. 2019i 11 290 Plasma
Mar. 2020 (Nov. 2019)
Sept. 2019 1 39 Throat Swab
Feb. 2020 (Dec. 2019)
France Jan. 24, 2020 Nov. 2019 13 9,144 Serum Samples
Mar. 2020 (Nov.- Dec. 2019)
Dec. 2019 1 14 Respiratory
Jan. 2020 (Dec. 2019) Samples
United Jan. 20, 2020 Oct. 2019 7 2,321 Nasopharyngea
States Mar. 2020 (Mid-Jan. 2020) swabs
Jan. 202G 9 24,079 Blood
Mar. 2020 (Jan. 2020)
Dec. 2019 106 (reactive) of 7,389 Blood
Jan. 2020 7389 samples
(Mid-Dec. 2019)
84 of 90 had
neutralizing
activity
(Mid-Dec. 2019).
Norway Feb. 26, 2020 Dec. 2019 36 6,520 Serum Samples
Dec. 2020 (1 from Dec. 12
2019

Theseretrospective studies tested a variety of sample types and technology, which impacts each

As t he

WHO S

studiesd reliability and relevance.
Pathogens Preliminary Repor tresultsingicating podititeesamplestinh o d s ¢
2019 requires further validation and verification and thus the significance of these findings remains

u n c | * Alevertbeless, these surveys are evidence that S2d%2 may have been circulating at low

level internationally for weeks before the first cases in a given country were detected. However, it is also
possible that they are false positives and do not Bycindicate pre2020 infections outside of China.

0. Additional Sewage Waterand Clinical Testing Identifies Earlier SARS-CoV-2
Incidence in Italy, Brazil and France.

Analyses of sewage samples from Brazil, Italy, and France indicate -EARS wascirculating
internationally in late November and December 2019, well before the recognized outbreaks in those
countriesi*3344345
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2. Outbreak Underway: December 2019
a. Wuhan Closes Schools Because of Outbreak

An investigative journalist whimterviewed frontline doctors in Wuhan in 2020 indicated that some
doctors reported that classes in some high schools were temporarily cancelled in November 2019 because
students were getting infected with what was being described as a severe irfluéndilomat stationed
at the U.S. Consulate General in Wuhan, writing in April 2020, recalled that local authorities closed down
public schools in December 2019.

The deputy consular chief wrote: i Wh e #Decemberyo of f i ¢
control the spread of the disease, the team passed the word to Embassy Beijing and continued monitoring.
The possibility of a new viral outbreak was al way
in every scenario had alwaysdrethat, as in past outbreaks like HIN1 (known as swine flu), it would
appear in rural areas first and ¥hen spread to ma

b. Chinese Social Media Begins to See an Increase in Requests for Help for Medical
Treatments in Wuhan

In June 2020, a team of Chinese researchers published a study analyzingttgggddocation
of requests for medical help on the Chinese social media platform Sina #fdibe. period of time for
the focus of the study was February 3 to 12, 2020, but it included data from as early as December 20, 2019.
The study found that Wuhan accounted for 99% of requests for medical assistance on Weibo with a
substantial number of regsts for medical assistance fr@ecember 20 2019 to January 23, 2022. The
study concluded that there were 0 rmwintsiiplye roeuwtibdreena k
and that neighborhoods with a larger elderly population seeing marestsdor hel?*® Specifically, the
early outbreaks appear to have occurred in several neighborhoods nearly simultaneously:

The new coronavirus epidemic showed the obvious spatiotemporal characteristic of
scattered infection, community spread, and-$dadile outbreak in the early stage [of the
outbreak], which was specially manifested in the process of mobile diffusion centered on
early cases fJlaogha QiaskouJWueharg,6Hongshan, and Hanyang
districts before January 23.
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Figure21. Spatial distribution of help seekers from December 20th, 2019 to January 22nd, 2020: (a) before January
18th, 2020; (b) from January 19th to 20th, 2020; and (c) from January 21st to 22nd S802@: Peng Z, Wang R,

Liu L, Wu H. Exploring Urban Spatid-eatures of COVIBEL9 Transmission in Wuhan Based on Social Media Data. ISPRS
International Journal of Gelmformation. 20D;9(6):402 https://doi:10.3390/ijgi9060402

The earliest requests for medical help, frbecember 20 2019 to January 17, 2020, clustered
approximately 6.5 miles from the Huanan Seafood Market on the opposite side of the Yangtze River in the
Wuchang District ofVuhan®*° It was not until January 31, 2020, after Wuhan entered lockdown that the
number of requests for help spiked in the neighborhoods surrounding the Huanan MarkeisAsthe

study observed that, Al i ] nt e arded asithe grigig of thér autbrébli,a n a n
had not been the geographic center of epidemic ou
areads medium population dens¥®ty and | ow proporti

c. Prefecture in Western Hubei Province Oders Live Animal Farms Shutdown

The Washington Pgstiting an article by PRC stat®ntrolled media, reported that officials in
Enshi Prefecture, located approximately 150 miles west of Wuhan in the western end of Hubei Province,
iclosed all wild animal and Decemes 23 204K 3 tThisprer ansact
dates the first public announcements of the CO¥®outbreak by a week. Neith€he Washington Post
nor Chinesestatecontrolledmedia stated whether samples were collected from animals present in Enshi
area markets before their closure.

Enshi is arural area.The Washington Posirticle further noted that, based on a review of farm

l'icenses, ismall f adrhumdreds d¢f thousawde of wikd enemmals sugh a$ cvets e
ferret badgers and r ac &dgamn citthgtg BRCIstaté apmtrelledtniedia, thea n d e m
article notes that AENnshi accounted for emic, percer

official announcements show. Authorities estimated that the 290 shuttered Enshi farms had 450,000 to
780, 000 3&NAgam Whetheo any of the animals at these farms were sampled for CGCVID
testing is unknown.

d. Clinicians Report Clusters of Unknown Pneumonias with link to Huanan Seafood
Market to Wuhan Public Health Authorities
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OnDecember 262019 Dr. Jixian Zhang of the Hubei Integrated Chinese and Western Medicine
(HICWM) hospital became the first known clinician to recagnwhat would become COVHD9,
according to an article in the Journal of the American Medical Association (JAMA) written by Chinese
CDC officials in February, 20286’0On t hat day, Dr. Zhang f#finoticedo
including three cases ihd same family.

These three family member s ar-€hina &inteRepore dhist o as
family unit consisted of &2-yearold male, initially thought to have a symptom onset date of December 1,
2019 but later determined by PRC hbaifficials to have a symptom onset date of December 26, 2019 his
wife who was hospitalized with COVHR9 on December 26, 2019 and their son, who tested positive but
was asymptomatic. Neither the son nor the husband had exposure to the Huanan Seafetothiddinke
wife fAreported close contact with the Huanan Mar |
epidemiological link with the Huanan Market, although one experienced western epidemiologist believes
T based on the information available el Dr. Zhang was likely the first clinician to notice and report
the link3%® Dr. Zhang then reported these cases to hospital authorities and then to the local district CDC on
December 27 2019%°

On December 30 2019, the Wuhan Municipal Healommission circulated two confidential
urgent notices to the citybés medical institutions
Aft]here has been a continuous occurrence of pneu
Marketi n o u ¥°Ofticials grdeced hospitals to compile statistics on all such cases admitted in the
previous week and report them to the commission before 4:08'PMe response was due less than an
hour after the order was sefithe notice prohibited o#pients from sharing information with anyone
without state authorization: nall work units and
arbitrarily release critic%l care information to

This first confidential notice was leaked by health care workers on social media within 12 minutes
of its release to hospitalf.he second urgent notice was published
institutions in our city have had a continuoussccue nce of patients wit¥® pneumc
While the urgent notices describe basically the same concern, they differ in that the first notice specifies
continuous occurrence of cases fAat t henotkeieeemcan Seaf
the market.

OnDecember 312019 at 1:38 PM local time, the Wuhan Municipal Health Commission issued a
public notice of the outbreaR? This notice was the first disclosure of the outbreak made by PRC authorities
that was intended for thegeral public. It acknowledged a total of 27 cases of pneumonia, all linked to the
Huanan Seafood Mark&T he report ds connection of the outbrea
media outlets, government officials, and public health authorities teediately speculate that SARS
CoV-2, like SARS, spilled over into humans at the market.

4 Also known as the Xinhua Hospital.
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On that same day, a machine translation of a Chinese media report about the outbreak is posted to
ProMED, a U.Shased opeiaccess platform for early intelligence abadnfectious disease outbreaks.
WHO headquarters in Geneva sees the ProMED post and instructs the WHO China Country Office to
request verification of the outbreak from Chinaés
issues its first public stateent on the outbreak, saying it has identified 27 c&8es.

OnJanuary 1,2020 Wuhan authorities shut down the cityods
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Chapter 3: Early COVID -19 Epidemiology, Anomaliet Short comi ngs in Chinabs
Introduction

Surprisingly, given its investments in disease surveillance and past successes, China faltered in its
early response to the SAR®V-2 outbreak. These early missteps, occurring mostly frormDatEmber
2019 throughllanuary2020 cannot solelge attributed to good faith mistakes made while responding to the
outbreak of a novel respiratory disease. Rat her ,
of the emergence of SARSoV-2 are the result of the PRC censorship and the datdeestruction or
withholding of evidence.

1. Early Identification and Outbreak Epidemiology

As reported by the CCDC, on December 29, 2019, four patients with pneumonia of unidentified
etiology were admitted to a Wuhan hospital. Hospiffitials learned that all four patients worked in the
Huanan Seafood Wholesale Marked local market known to sell various types of live animals, including
wildlife. The hospital reported these patients to the Wuhan (Hubei Provincial) CDC which began a
retrospective search for other potential pneumonia of unidentified etiology cases with links to the market.
Wuhan CDC investigators discovered additional potential patients and reported their findings to the CCDC
on December 30, 2019’ The following day December 31, 2019), the Wuhan Municipal Health
Commission issued a public aféftand revealed that they had identified 27 patiéiita.rapid response
team from the CCDC was sent to Wuhan to support the investigation and control efforts.

The CCDC repoed that samples were obtained from the four patients admitted to a Wuhan hospital
on December 29019,for laboratory analysis and that the sequence of a novel coronavirus (nCoV) was
discovered from patient specimens on January 3, 2020. Internal cordimrtfzt the nCoV sequenced on
January 3 caused COWAI followed on January 7, 2020 This differs from other information that has
been publicly reported. Notabl vy, it has been repo
December 24 and segpced by December 26, 2019, resulting in the identification of a novel 3&&8d
CoV 3% The public and global scientific community, however, would not see a S2RE2 sequence
until January 11, 2020, when a Chinese researcher defied a Chinese central government order prohibiting
the release of information about the virus, specifically fitihg the release of the viral sequence and
released the sequence associated with an early nCoV inféétion.

As described by CCDC on February 14, 2020, thetgegoral center of the initial outbreak was
in Wuhan in Hubei province.
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China CDC Weekly

December 31. 2019 January 10, 2020 January 20, 2020 January 31, 2020 February 11. 2020
A 14 counties in 1 province B 113 counties in 20 provinces C 627 counties in 30 provinces DD 1310 counties in 31 provinces E 1386 counties in 31 provinces
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Figure22. Geactempaal spread of COVIEL9 in China through February 11, 2020. (A) a total of 14 colavyl
administrative areas (hereafter counties) in Hubei Province only (inset) had reported cases as of December 31, 2019;
(B) by January 10, 2020, 113 counties in 20 prokl level administrative divisions (PLADs) had reported cases

with the highest prevalence still in Hubei Province; (C) nine days later, on January 20, 627 counties in 30 PLADs

had reported cases and PLADs neighboring Hubei Province observed increasaigmue; (D) by the end of

January 31, 1,310 counties across all 31 PLADs were affected and prevalence in the central, south;@mtrabuth
regions had risen dramatically; (E) by the end of Februar2d201,386 counties nationwide were affected and
prevalence in the souttentral PLADs had risen to the level of Hub8burce: The Epidemiological Characteristics of

an Outbreak of 2019 Novel Coronavirus Diseases (CAMPS China, 2020. China CDC Weekly. 2020;2(8):412.
https://doi.org:10.46234/ccdcw2020.032

The first epidemic curves of COVIR9 i n China describe a mixed ol
appear to indicate a continuous common sopettern of spread in December [2019] and then from early
January through February 11, 2020, the data appear to have a propagated sourdgigaterd). 35
The CCDC described that the early eventsevaevadr e fAcoO

~

zoonotic ev¥#nts occurred. O

The initial epdemiccurve published by the CCDC, however, displays an early Dece20iér
pattern whose categorization is difficult to distinguish between a point source and continuous common
source initial exposureBoth exposure sources, for example, would display epidemic curves that increase
sharply as seen in the CCDC epidemic cuifed.is also important to remember that these curves likely
miss a significant proportion of tresymptomaticCOVID-19 cases in Wuhan at the time. The CCDC also
notes the high number of cases among healthcare workers from late December 204Retoruac/ 2020,
describing 1,716 confirmed cases among healthcare workers during this¥eFiaid.rate of healthcare
worker infection underscores the transmissibility of early circulating SEBS-2.

SA point source outbreak has an epidemic curve with a t
incubation period, if th agent is known) and with a sharp upslope and a trailing down§lopnuous common

source atbreaks continue over time. The epidemic curve will increase sHaupBvolve into a plateau versus a

point seen in @oint sourceoutbreak Source: RasmussesA and Goodman RA. (2019jhe CDC Field Epidemiology

Manual New York: Oxford University Press.
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| All cases (n=72.314)
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Figure B. Epidemiological curves of COVH29 in China through February 11, 2020. The epidemiological cui
shows the progression of illness in the outbreak over time from Decenti&r®Bto February 11, 2020. A total o
72,314 cases are shown and confirmed c@das) are compared to suspected cases (green), clinically diagnc
cases (yellow), and asymptomatic cases (red). The inset shows a zooried of all days in December, when
total daily count remained below 24 casesurce: The Epidemiological Chataristics of an Outbreak of 2019 Novel
Coronavirus Diseases (COVAIR) & China, 2020. China CDC Weekly. 2020;2(8):1122.
https://doi.org:10.46234/ccdcw2020.032
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Figure24. China CDC early Wuhan outbreak epidemic cuBegirceThe Epidemiological Characteristics of an Outbreak
of 2019 Novel Coronavirus Diseases (COVIB)d China, 2020. China CDC Weekly. 2020;2(8):112.
https://doi.org:10.46234/ccdcw2020.032

Epidemiological modeling and reports of early COVID cases converge on rHattober to
mid-November, 2019 as the most likely &frame for the spillover of SARSoV-237"38Based on the
publicly available evidence, it appears Wuhan is the only location where-EARS spilled over into
humans’® The low genetic diversity of earliest SAR®V-2 samples suggests that COVID panderic
is most likely the result of a single successful introduction of S&Rg-2 380381
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Pekar implies ~3

?HSUCfess_fU" Kumar et al. — Estimate mid-October to mid-November
introductions Nov.4 (Oct.a5-Nov.5)  p ) v Ectimates Nov. 2 Dec. 20
-OR- famoaut. -7 up to 200 infections
Nov17/18 Pekar et al. 2022 Estimates Nov. 18 (Oct. 23-Dec 8) (Northeastern

University)

Figure25. Compilation of published epidemiological and molecular agioglels estimating the intial emergence of
SARSCoV-2 based on avaialb&pidemiological & genetic data of COVAIDO casesNote: ~3 unsuccessful
introductions denote 3 human infections that did not subsequently propagate to produce additional cases.

Although, the possibility of two independent spillovers cannot be rulet“othie CCDC assessed
the early Wuhan outbreak based awmailable epidemiology to be consistent with a continuous common
source’® This means that over a period of time extending beyond the incubation period, multiple people
were infected over time. Thi®ntinuous common source cause of the COYMoutbreak is consistent
with aresultanseedingf the virus in Wuhan andts ultimatespread to multiple locations aroutiab city.
As described by the U.S. CO@ some commossource outbreakgasepatients may have been exposed
over a period of days, weeks, or longer. In a contingoosmon-source outbreak the range of exposures
and range of incubation periods tend to flatten and widen the peaks of the epidemié*curve.

2. Anomalies and Shortconings

a. Overly Narrow Case Definitions During Early Outbreak Leads to Under Counting
of Early COVID -19 cases.

As part of its infectious disease surveillance reforms in the wake of the SARS epidemic, the CCDC
created a new notifiablod dinexpd d(VRUE)F?P Reduiatmise gmo n i
require PRC health care facilities to report to CCDC any patient who is clinically diagnosed with
unexplained pneumonia and whose illness meets five criteria:

1) fever O38];AC [100. 4AF

2) radiologic characteristics consistent with pneumonia;

3) normd or reduced leukocyte count or low lymphocyte count in early clinical stage;

4) no i mprovement or wor seni ng -lmé antibibte pati ent 0
treatment for B5 days; and

5) the pneumonia etiology cannot be attributed to an alternative laboratory or clinical
diagnosis (clinicians are granted flexibility to deterntiogv to interpret this criterion
and specific tests are not specifiédy).

To qualify as a reportable VPUE case, the patient must have all five symptoms. Based on reporting by the
Chinese language media outlet Caixin, the VPUE reporting system and eviéegign effect in Wuhan in
NovemberDecember 20187

6 Alternatively rendered aBP neumoni a of Unexplained Etiologyo (PUE) e
Etiology. For consistency, this report will use teem VPUE used by the Wuhan Health Commission.
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The VPLE definition may haveexcludedup to 23%of COVID-19 cases, particularly mild
ilinesses, that presented with primarily gastrointestinal symptéibséarrhea was a common symptom of
SARS duringhe 2003outbreak. Among thelong KongSARS patients, approximately 20% had diarrhea
on disease presentatigii Of those infected with SARE0V-2, 19.4% experienced diarrhea as the first
symptomof their illness. COVID19 patients with digestive symptoms presented for care significantly later
than those with respiratory symptodi$Concurrent fever was a significant additional finding found in
62.4% of patients with a digestive symptéthAwarenes®f underreporting was noteth a January 29,
2020 published New England Journal of Medicine arstégingt hat At he initial focu:
was on patients with pneumoniat e now understand that some patients can present with gastroiritestina
sympt ®ms. o

Available evidence, collected by a team of researchers examining the origins of(GARS
found that 19 COVIB19 cases were identified by Wuhan clinicians between December 18 and December
30, 2019 using thimited VPUE case definitio®® Approximately half of these cases were associated with
the Huanan Seafood Mar ket , saongegtiorsfthé eanjest&knoingcasesu i n e |
with the Huanan Market?

However, in interviews with Caixin, Wuhan cliniciargplained they did not report suspected
VPUE cases in NIDRIS as required by regulatittatnstead, most VPUE cases were reported orally or
via email and mail. At least one hospital required doctors get approval from hospital leadership before
informing local officials while national agencies such as the CCDC were deliberately not informed of
potential cases until hospital and local officials were sure of the VPUE diagnosis.

This hierarchical approach mirrors the paralysis seen during SARS where logaloaittial
political leadership failed to inform national entities of the severity of the outbreak out of fear of being
punished for bringing news of another infectious disease outteatile at the same time they also
prevented local clinicians andlglic health experts from taking steps to address the outbreak. As happened
in SARS, this paralysis likely led to a significant underreporting of COWDcases in November and
December 2019 that otherwise fit the VPUE diagnosis.

The official public epdemiological investigation into the VPUE beganécember 302019 and,
unlike the VPUE criteria, centered on the Huanan Market. A probable case was defined as an individual
with VPUE who also had a history of exposure to the Huanan Market or anothé pebable cas’
In short, the earliest official COVH19 case definitions required a connection to the market or another
linked case.

The focus on association with the market likely resulted in officials overstating the number of
marketlinked casessapercentage of total cases from December 30 to January 15. This may have been a
learned behavior from SARS as well as more recent experience investigating H5N1 avian influenza
outbreaks in live animal markets. As Japanese researchers noted in early Bebria th éimphadis on
marketbased zoonotic transmission may have been the result of obsender.biathe bias that originates
from having preconceptions or subjective feelings about what is being studied that could influence
epidemiological obserdai on and even re®ording information. o
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OnJanuary 15, 2020 the National Health Commission (NHC) issued its first case definition for
the novel coronavirus. While the connection to the Huanan Market was removed, its criteria was complex,
narrowly definedand excludeall butthe most severe cases with clear epidemiological links to Wuhan.
To meet the initial guidelines for a Aclinical di .

1. Direct exposure to a Wuhan wet market, or travelled to Wuhan within two weeks of
the onset of illness; and

2. All the following four clinical conditions:

1. fever;

2. pneumonia confirmed by chest radiograph;

3. reduced or normal white blood cell count, or reduced lymphocyte count during
the early stage of the illnessnd

4. t he patientds clinical conditions did not
after three days of undergoing standard antibiotic treatments.

Finally, to qualify as a fully fAconfirmedbeemse, 0 ¢
met as well as laboratory testing of respiratory specimens (whole genome sequencing) that showed high
homology with the novel coronaviré®. OnJanuary 18, 2020 the NHC issued the first of six revisions to

the case definition by allowing PCR testimga means of confirming a c&8.

Throughout January PCR tests waneextremely short supply, further limiting the number of
confirmed case¥: It has also been reported that Wuhan hospitals denied admission to patients without a
positive test result, creating an additional barrier to confirming a case. Moreover, the NECRGdnly
authorizedthe use of test kits made by three relativelgnown Shanghai companies which frequently
produced false negatives or inconclusive reStltNevertheless, thECDCand the NHC reportedly tried
to prevent scientists and other companies from testing for the virus using kits that they had independently
produced.

In another departure from past practice during previous epidemics, the NHC ordered Wuhan
hospitals to send virus samples to central labs under its authority, which delayed patient diagnosis,
constrained testing capacity and hampered the indepeddvelopment of PCR te$#s.Only four state
run laboratories were authorized to confirm an infection during this time perio@QB€, the WIV, the
PLA AMMS, and the Chinese Academy of Medical Sciefite.

On January 27, 202Q the National Health Comission issuedts fourth set of surveillance
guidelines for the novel coronavirtfS. This set of guidelines instructed health officials to only report
Aconfirmed caseso in the national tally of infect
who had tested positive for the nowaronavirus butdisplayed only mild clinical symptoms or no

"The Associated Press later discovered had paid se@BiC officials for the distribution rights in what may have
been a case of corruption.
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symptomsatat® Il n addition to a positive test result, a |
epidemiological criteriandat least two ofhree clinical manifestations of the dise&¥e.

Distinguishing between a fipositive diagnosi so
that HAconfirmed cases al9egirugirhtieedaboratbiy with oravgheuticlinicalt h  CO
signs and “sApulgitc leafts expert interviewed by VOA said he was not aware of any
government worl dwide that had adopted the -PRCb6s
symptomatic or asymptomatic from confirmed case cotjhGiven that more than 80% of COVHR9
cases are asymptomatic or mildlyy mpt omat i c, the Commi ssionds confi
substantial majority of all casé¥.

On February 4, 2020 the National Health Commission isstisdfifth edition of surveillance
guidelines for the novel coronavir@S. This set of guidelines instructed health officials to treat the
diagnosis of cases of the novel coronavirus differently for individuals located outside of Hubei province,
and those located in Hubei. \hsuspected cases in Hubei province could be diagnosedntitwoof
the three clinical manifestatioAgyven in the absence of any identified epidemiological frekspuspected
case in all other provinces had to fuléill three clinical criteriaif an epidemiological link was not

established?l n both cases, whether inside or outside of
become a ficonfirmed caseo if at |l east two clinice
tested positig but were asymptomatic, psgmptomatic, or mildly symptomatic remained excluded from

the public count of HAconfirmed cases. 0 PRC autho

cases that are asymptomatic,-pyenptomatic, or mildly symptomatiin China, but have not made that
data publid®®

b. Delayed Release of SARE0V-2 Genomic Sequence

Doctors from at least eight hospitals in Wuhan sent patient samples to multiple Chinese genomics
companies, including the industlgading Beijing Genomickstitute (BGI), for sequencing in December.
The results confirmed it wasSsARSrelatedcoronavirus'* On the morning obecember 262019,Vision
Medicals, a genomics company in Guangdong province, working on behalf of the Central Hospital of
Wuhan, degrmined that a sample taken from a patient in Wuhan had tested positiv8 AitSxelated
novel coronavirus. By noon, an fiemergency meeti ng:{«
through the day to sequence the genome and sketch a phylogezeetif the virué®

By December 272019 Vision Medicals had sequenced almost all of the genome of SARS
2, and shared its findings with hospital officials by phone and the Chinese Academy of Medical Stience.

8 These clinical symptoms we(&) fever and/or respiratory sympton{g) pneumonia indicated by chest

radiograph, an€3) low or normal white blood cell count, or low lymphocyte count during early onset.

9 The four epidemiological links were: (1) travel to, or had lived in Wuhan or theuswling areas or other
communities with reported COVHD9 cases, within 14 days before illness onset, (2) contact with patient(s) infected
with SARSCoV-2 (positive for SARSCoV-2 nucleic acid) within 14 days before onset, (3) contact with patients
with fever or respiratory symptoms from Wuhan or the surrounding areas, or from communities with reported
COVID-19 cases, within 14 days before illness onset, and (4) had a clustering occurrence.
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PRC authorities, bgontrast, did not admit to the world that the outbreak was caused by a novel coronavirus
until 14 days later on January 9, 2020The sample sequenced by Vision Medicals was taken from a 65
yearold deliveryman who worked at the Huanan Seafood Markeadmitted to the Central Hospital of
Wuhan on December 18 with pneumonia.

On December 24 2019,the doctors took fluid samples from his lungs and sent them to Vision
Medicals for testing. In a departure from unusual procedure, the company did not send back the results,
but rather called the hospital Becember 27 2019to inform them that it was@ew coronavirué® Vision
Medicals executives visited Wuhan shortly after that phone call to discuss their findings with local hospital
officials and the Wuhan Center for Disease Control and Preventiiinere was an intensive and
confidential investigabn under way, and officials from the hospital &8@DC had acknowledged many
similar patients) according to Caixif*®

Using a sample sent to BGI by a hospital in WuhanDetember 26 2019, BGI had fully
sequenced the genome Dgcember 29 2019 makig it the first known entity to do s8° BGI sequenced
at least three samples of SAR®V-2 drawn from different patients and reported its findings to the Wuhan
Municipal Health Commissioft!

OnJanuary 3, 2020,the same day the NHC gag order came dfranm Beijing, Professor Zhang
Yongzhen of Fudan University received biological samples packed in dry ice in metal boxes and shipped
by rail from Wuhan Central Hospital. Professor Zhang's team at the Shanghai Public Health Clinical Center
worked around thelock, and by 2:00 AM on the morning d&nuary 5, 2020 they had isolated SARS
CoV-2 and sequenced its full genorité. They immediately shared the sequence with the Shanghai
Municipal Health Commission and the National Health Commission (NHC) and soeghispion to
release it?® No permission was given. Qlanuary 11, 2020,six days after sharing his findings with the
authorities, Zhang told his research partner Edward Holmes in Australia to release the genomic sequence
on two open platforms (Virologitarg and GenBank¥*A day | ater , the authorit]
for "rectification," and it remained closed at the end of FebrRapp.4?°

PRC authorities finally released the sequence to the World Health Organizatianuary 12,
2020%%%15 dgs after the virus was first sequenced. The sequence was released in response to scientist
Zhang Yongzheng having first deposited the genome emB&hk on January 11, 2020, violation of
Beijingo6s ban on unauthorized d¥sclosure of infor

c. Delayed Admission of Humanto-Human Transmission

OnDecember 262019 Dr. Jixian Zhang of the Hubei Integrated Chinese and Western M&ticine
(HICWM) hospital ecame the first known clinician to recognize what would become C&9ID
according to an article in the Journal of the American Medical Association (JAMA) written by Chinese
CDC officials in February, 20268¥On t hat day, Dr . Zhaws gf prieummriai, c e d 0
including three cases in the same family.

10 Also known as the Xinhua Hospital.
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These three family member s ar-€hina éointeRepore dhist o as
family unit consisted of &2-yearold male, initially thought to have a symptom onset date of Deceinbe
2019 but later determined by PRC health officials to have a symptom onset date of December 26, 2019 his
wife who was hospitalized with COVH29 on December 26, 2019 and their son, who tested positive but
was asymptomatic. Neither the son nor the hndbead exposure to the Huanan Seafood Market, but the
wi fe Areported close contact with the Huanan Mar k.

It is unclear whether Dr. Zhang discovered the epidemiological link with the Huanan Market,
although one experienced westepidemiologist believes Dr. Zhang was likely the first clinician to notice
and report the link?°® Dr. Zhang then reported these cases to hospital authorities and then to the local
district CDC onDecember 27 2019%° This family cluster should have beeglaar epidemiological sign
thathumanto-humantransmission of SARE0V-2 was occurring.

Based on thaVa | | St r e eeportidgpiuappears thas Wuhan clinicians treating early
COVID-19 cases were aware lmimanto-humantransmission bypecember 21 2019. For example, Dr.
Zhang Jinnong, the head of the Xiehe Hospitalds e
[Huanan Seafood Market] pat i e ftOshertvohan doagorsivim sgpket we e n
to The Journalreported seeing patients with COMID like symptoms starting in midecember but
claimed that it was not until around December 21 to Deceh@019that they realized there whaman
to-humantransmissiort??

OnJanuary 11, 2020the same day that Zhang Yongzhen released the genomic sequence of SARS
CoV-2 to the worldthe National Health Commission (NHC) released areportfitlddot i f i cati on of
Municipal Health Commi ssi on?*3dhe NH® reporpdortinuedeaddenyi r a |
the occurrence of humgn-h u man transmi ssion: AAIl 739 close con
been under medical observatem d no r el evant cases havédunamen foun
humant r ans mi s si on*0Dathe shnee day, the Wuhanduricipal Health Commission issued
a Q&A factsheet claiming that fmost dhistimethaveasne x pl
history of exposure to the South China seafood market. No clear evidence oftotmuaman transmission

has bee found. 0

OnlJanuary 13,2020,Thai |l andbés Ministry of -yeardddChineseHe al t h
woman arriving at té airport in Bangkok had tested positive for the novel coronavirus. She had not visited
the Huanan Seafood Market in Wuhan where the authorities suggested the outbreak began, but she had
visited a different market where live animals may have been on Bal#. days later, the Thai ministry
announced that a Agearold Chinese woman had been quarantined on arrival in the country and had tested
positive®**OnJanuary 15, 2020 Japands Ministry of Health annol
who had leen to Wuhan tested positive for the virus on hisreturnto J3phm pandés Heal t h Mi n
the patient had not visited any markets in China,
with an unknown patient with lung inflammatio wh i | e “® @nJ&hbaryri@ 2020 South Korea
identified its first confirmed case: a-§&arold Chinese woman who flew from Wuhan to Seoul and was
isolated on entry into the country because of her symptoms, including a higffever.
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On January 14, 2020 the Wuhan Municipal Health Commission released a public statement
claiming: fAiAmong the close contacts [of patients
wer e f“0As distussed above, multiple cases of transmission betweely fagrnbers, including
individuals who were never exposed to the market, had been documented by no later than December 10,
and Dr. Zhang Jixian had even documented asymptomatic transmission in a family cluster by December
27. These findings had been repdrto the Wuhan Municipal Health Commission well in advance of this
misleading public statement. Bgnuary 12, 2020 Beijing, Shanghai, and Shenzhen municipalities, which
span from northern China to eastern China to southern China, hapated to the NHC confirmed cases
of patients who had no history of exposure to the Hainan Seafood Market in Windiner evidence
indicating that the virus was spreading from permwperson.

OnJanuary 20, 2020at 11:17 PM local time, the officiadinhua News Agency ran an interview
with Dr. Zhong Nanshan in which he became the first PRC official to acknowledge that GAA\RS was
infectious and spreading between people, confirming two cases in Guangzhou of individuals who had not
travelled to Wuha, but had been infected by family members who had visited Wuhan. Zhong also
acknowledged for the first time that infections among medical personnel had od¢¢tffred.

Despite the belated admission of persaiperson transmission, Zhodgwnplayed the severity of
the situatilocalizedoa & bt e a§ d%2 hncanWfi hiiaenx. pr essed confi denc
could be controlled, and suggested that the new coronavirus was not as dangerous-@e%ARSen,
in fact, it was muckmor e transmi ssi bl e: il do not believe t1I
economic | osses as* saduslitydcasdsward beipgeanfirmed algpwhers in China
and in neighboring countri es. helm¥duwita patiests, ind the i t al s
authorities would impose an unprecedented lockdown on the city just three days later.

On February 14, 2020the National Health Commission acknowledged that SARS-2 was
spreading to and among medical professionals, aadatttotal of 1,716 healthcare workers had been
infected in Chind?544¢ That disclosure meant that the number of healthcare workers in China infected with
the SARSCoV-2 had already exceeded the global total of healthcare workers infected during #tg entir
of the SARS epidemic from 2062003%*" The actual number of infections would likely be much higher if
the authorities had counted asymptomatic;gymmptomatic, and mildly symptomatic cases. Readers will
recall that the authorities explicitly denieahy infections among medical professionals in the official
announcement of the outbreak issued on December 314*2816frain that continued to appear in official
statements, despite healthcare workers reporting iliness after treating patients aslzergnaber, 201¢
until January 20, 2020 when the authorities acknowledged limited htovtamman transmission and 15
cases of healthcare workers in Wuhan who had contracted GO

d. Destruction of Early COVID-19 Viral Samples andCensorship of Information
Related to COVID-19 Outbreak

The PRCb6s internet and soci al me di d9 autbreak or s hi p
on December 31 2019, the same day that Wuhan public health officials officially acknowledged the
outbreak®®! A retrospective study by researchers from the University of Toronto found that Chinese social
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media platforms WeChat and YY added 45 terms to it national blacklist on December 31, 2019, all of which
were related to the outbreak. The study noted that,

These keywords include factual descriptions of thdiltkel pneumonia disease, references

to the name of the location considered as the source of the novel virus, local government
agencies in Wuhan, and discussions of the similarity between the outbi®akan and
SARS. Many of t hese &BARY variatios) ase waryhbroad sand i

effectively block general references to the vitiis.

The study detailed a selection of words that were blacklisted and censored on a national
level beginning December 31, 2019:

Table4. Chinese Language and English Translation of Censored Terms Relating to @9VID

Language Keyword English Translation Date Added

Simplified Chinese ~ EINARBEAH Unknown Wuhan 2019-12-31
pneumonia

Simplified Chinese ~ HiX/B8tH1% Wuhan seafood 2019-12-31
market

Simplified Chinese ~ W+TH SARS variation 2019-12-31

Traditional Chinese ~ {®#3%¥sarsiZ |5 SARS outbreak in 2019-12-31
Wuhan

Simplified Chinese ~ EXNDAZERS Wuhan Health 2019-12-31
Committee

Simplified Chinese ~ p4fRELRZE P4 virus lab 2019-12-31

The term fAP4 virus | abo BSis4ldbordtoeyl Py is the Chiedseeaqevalene t o
of BSL-4a nd t h &8SL\WIlahbéawry is the only one in Wuhan. Its inclusion on the list of censored

terms on December 32019suggests that Chase citizens may have already been speculating that the
COVID-19 pandemic originated from a laboratory incident. At the time, other than select virologists with

ties to China, people outside of Wuhan and the PRC were unlikely to be aware of the outkmeakthat

Wuhan is home to BSL-4 laboratory studying coronaviruses. The study concludes that Chinese social
media companies fireceived official gui dance on ho
when the spread of the disease was firadea p B 1 i ¢ . o

OnJanuary 1, 2020, PRC authorities issued an order prohibiting medical professionals, academic
researchers, and commercial biotechnology firms from sharing any information related to the outbreak of
SARSCoV-2, the nature of the virus, amther data, such as samples of the virus. Commercial genomic
sequencing companies were targeted first because they had already processed sequencing results for
hospitals in Wuhan in December, 2019. After several batches of genomic sequencing reswdsnhad
returned to hospitals and submitted to the health authorities, an employee of one genomics company
received a phone call from an official at the Hubei Provincial Health Commission, ordering the company
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to stop testing samples from Wuhan related tonne coronavirus, and to destroy all existing samples,
according to Chinese investigative journalf§ts.

On the afternoon afanuary 1, 2020,the Wuhan Municipal Public Security Bureau announced on

its official Weibo account that it had fAalready i.1
the “Palwo ohad fidi sseminated and repost damfueffect ut hf ul
on so¥Theylocal medi a, the Hubei Provincial Peopl
Peoplebs Government al/l a mp | 20200 eTdh et hPee oapnl necdusn cDeani el ny

mouthpiece of the CCP, published anceton the morning oanuary 2, 2020 further highlighting the
news that the rumormongers had been puni$Heldater that same day, the state broadcaster CCTV also
ran the report on its nationwide evening TV news segfigént.

OnJanuary 2, 2020 Wang Yawi, the directorgeneral of the WIV, citing an order from the NHC,
circulated a notice internally within the WIV that strictly prohibited the disclosure of any information
related to the virus or the outbreak. It specified that nothing could be shaheainyitnedia, even state
run of ficial media, or with Apartner “rganization

OnJanuary 3, 2020 the order was applied nationally when the PRC National Health Commission
(NHC) issued a classified directive tire management of biological samples during outbreaks of major
infectious disease. The directive barred researchers, medical professionals, and others from publishing or
sharing any information related to the virus without state authorization and otdlseid possession of
any relevant samples to transfer them to designated institutions or destrdytsemdowever, the order
did not specify any designated testing institutions and the Committee was unable to identify any designated
testing institutios *62

Public security officials summoned eight medical personnel responsible for leaking the relevant
information online odanuary 3, 2020 including Dr. %37 the dayafterthey were lambasted by state and
party media. Security officials questione@gslk whistleblowers at length and forced them to sign a self
confession for fispreading rumorso about the pneum
similar to SARS?4465 The mistreatment of Dr. Li and other whistleblowers was an example of the CCP
using humiliation as a tactic to enforce elite conformity to its political edicts, even when such conformity
violates their professional ethics and/or judgeri&nt.

The mater was covered prominently by media outlets that are directly controlled by the CCP
Central Propaganda Department based in Beijing, not in Wuhan. Moreover, this was the first, but not the
last, known incident of punitive measures being taken againstleWsvers in Wuhan during the
pandemic. Journalists, lawyers, and other concerned Chinese citizens who subsequently tried to document
what was happening in Wuhan for the general public, such as Li Zehua, Chen Qiushi, Fang Bin, and Zhang
Zhan, were all dained, disappeared, and/or sentenced to pri&gfp463470471472

On January 25, 2020 the Politburo Standing Committee meeting ordered the Cyberspace
Admi nistration of China (CAC) to Atake the epiden
task at presenté [and] use the power of the whol e
online propaganda and guidance wor k “P*[CAECIoat egdb atl o]i r
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curating online content was described in Orwellianteanrss A f or mi ng unity of will
strongholdo by fAconstruct*ng a favorable atmosphe

Based on the University of Toronto study, Bgbruary 10, 2020, PRC social media censors
removed many of the words censored on Decemhe2@Bfrom their blacklists. This included terms like
AWuhan pneumoni a epi de mi*tdoweaver,dhe sty fgupd thatréferepcesetal mo n i
the AWuhan Virus L% battuahirfarneatios aboutumanto-eumantansmission
and the scale of the outbreak also remained censored. Further, Chinese social media sites censored most
references, regardless of content, to the gover nm
time period!’’

OnFebruary 24, 2020,the PRC Center for Disease Control and Prevention (CDCP) took steps to
prevent its researchers throughout the country from publishing data related teCRARSwithout pre
screening by central government officials.

As of t he d apublicaidn, PR® duthoritie® stillalo rtotéallow Chinese researchers to
engage in the exchange of clinical samples or isolates of SZ&R&2. This prohibition appears to extend
to related coronaviruses, suchResTG13. The Committee spoke with Americarperts with a history of
collaborative research with the WIV who confirmed that the exchange of samples ceased after the SARS
CoV-2 outbreak. WIV coronavirus expert Shi Zhengli reportedly planned to share a sample with an
American research partner at Balveston National Laboratory, but officials in Beijing blocked her from
doing so*8Shid &ebruary 3, 2020 article describitite similarity betweerRaTG13 and SARSCoV-2
was not approved by the Government of Chinarapdrtedly almost led to her arté&4&

e. Failure to Recognize Role of Asymptomatic an#lildly Symptomatic Transmission

OnJanuary 24, 2020 a team of doctors and researchers from Hong Kong published a piece in the
Lancetthat documented for the first time that SARSV-2 was spreading asymptomatically. The team
was able to draw this conclusion based on their observation and treatenéarndy of six patients, starting
on January 1®020,who had travelled to Wuhan between December 29, 2019 and January 4, 2020. Five
of the six family members tested positive for SARSV-2 infection, including one t@earold child who
was asymptomat, but displayed radiological growgdass lung opacities. None of the family members
had contact with any markets or animals while in Wuhan, though two visited a hospital.

I n contrast to other the ot h&€oV-2adihe@VI®D19% f t he
out break, PRC public health officialsé failure toc
symptomatic cases in spreading the virus is understandable. Asymptomatic spread is an unusual feature of
SARSCoV-2. The initial comprehesive epidemiological analysis of the COVID outbreak published
on February 10, 2020, China reported that only 1.2% of total COVID cases identified were
asymptomatié®482The earliest studies indicating substantial asymptomatic spread of-SARR were
not published until March and April, 202%:.

f. Inaccuracy or Inconsistencyof Date of First Acknowledged Confirmed Case of
COVID-19
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Data initially published by the CCDi@ mid-February 202(nhdicated the first case §OVID-19
was on December 8, 2019. (Fig@4)*®* A study later published in October 2020 using National
Health Commission data in October 2020 indicates that the first confirmed GCO/tase had the
onset of symptoms on December 1, 2019. The implicafionis earlier date of onset would imply
that that patient likely contracted their COVID illness in November. Based on the incubation

period and range, their exposure may have been one to two weeks &ditlea date range of
between November8land 2, 2019.
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Figure . Epidemiological curves of COVH29 in China through February 11, 2020. The epidemiological curve s
the progression of illness in the outbreak over time from DecemBé18,to February 11, 2020. A total of 72,314 ce
areshown and confirmed cases (blue) are compared to suspected cases (green), clinically diagnosed cases (y¢
asymptomatic cases (red). The inset shows a zoamédw of all days in December, when total daily count remain

below 24 casesource: CDC Weekly C. The Epidemiological Characteristics of an Outbreak of 2019 Novel Coronavirus D
(COVID-19)8 China, 2020. China CDC Weekly. 2020;2(8):4112&. https://doi.org:10.46234/ccdcw20.032
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Figure Z. Timeline of the COVIDB19 outbreak and official response. Only confirmed cases were analyzed referring
to the report by The Novel Coronavirus Pneumonia Emergency Response Epidemiology Team in China.
Source:https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0008758
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Chapter 4. Precedent: Zoonotic Spillovers
Introduction:

A zoonotic spillover is the infection of a human by a virus that otherwise infectaminiyals.and
which has not yet established ongoing circulation in human populations. These viruses can circulate in an
original host animal population, or reservoir, and become adapted to a population of a different animal
species, called an intermediate host,chhtomes into more regular contact with humans. The likelihood
for a virus in animals to infect humans is determined by several factors. These include the intensity and
scale of the infection in the infected animal population, the nature and frequenoyari nteraction with
animals of the infected host or intermediate host population (such as through slaughter or insect bites), the
preexisting immunity of potential human hosts, the ability of a pathogen to adapt to humans, and the ability
of the pathogero survive for a period of time outside of a host animal. With many preconditions for a
zoonotic spillover, they are relatively rare events, and even when an individual is infected there is often no
subsequerfiumanto-humantransmissiort®

Zoonoses argevertheless originally responsible for most modern infectious diseases circulating in
humans and comprise a large percentage of all newly identified infectious di$é#bkey. are the most
common cause of newly emerging infectious diseases, with onga#stsuggesting upwards of 70% of
emerging infectious diseases between 1940 and 2004 originated in iffdBfeme research also indicates
that the peak frequency of known zoonotic spillovers in recent history was in the 4880s.

In nearly all modern monotic spillovers, virologists and epidemiologists have successfully
identified the original host species, or reservoir, and intermediate host species. Virologists have also been
able to identify likely animal origins for many pathogens which have ciexili]a humans for centuries,
such as leprosy and tuberculosis. Other examples include identification of the host or reservoir species of
HIV, Ebola, Nipah, and SARS and MERS virusttg latter two ofwhich are related to SARSoV-2.
However, in many of #se cases, identification of the host species took many years. ThHO2FFRS
outbreak was determined in a short period of time to be proximally from masked palm civets. After
additional investigation, horseshoe bats were found to the reservoir speciegtich masked palm civets
became infected.

70
Marshall.Senate.Gov



THE ORIGINS OF COY®D

Comparing COVID-19 Pandemic to Past Select Viral Zoonotic OQutbreaks

Reservoir Probable Intermediate

Location of | Asymptomatic Species and Species and

Emergence | Infection Common | Year Identified Year Identified
COVID-19
(2019, China o Yes 9 Unknown 9 Unknown
Present)
Ebola Guines 0 No N Bats (Probably); ﬁ ?IPC:QE:E;? primate
(2014-16) (Probably) N/A NA '
MERS Saudi Arabia, Yes ‘ Bats (Probably); Dromedary camels;
(2012) Jordan N/A 2013
SARS Masked palm civets

. No Horseshoe bats; and Raccoon dogs

(2002-04) China 0 (Probably) N 016 -~ (Possibly);
: 2003
Nipah : Fruit bats; Pigs;
(1998-99) Malaysia Yes W 1000 ' 1998
HIV-1° g:;muot;ir:tic " Chimpanzees
(19703‘_ of Congo (Probably) ﬁ (Probably); N/A
Present) (Probably) 1999

a. HIV is believed to have crossed from chimpanzees to humans in the 1920s; the first documented death occurred in the late 1960s.

Figure28. Chart fromdeclassified report by Office of the Director of National Intelligence: Updated Assessment on
COVID-19 Origins Sourcehttps://www.dni.gov/index.php/newsroom/repgutlications/reportgublications
2021/item/2263leclasdied-assessmerun-covid-19-origins

China has historically been a hotbed for pandemics. This is not necessarily surprising given its large
population and dense, highly developed cities, which in some instances datertadies. The T4century
bubonic plague pandemic known as the fABl ack Death
much less deadly ¥century bubonic plague panderffi@ The most recent plague outbreak occurred in
Yunnan Province from 1%8to 2005 with a brief reemergence there in 28848t least, 3 of 5 influenza
pandemics during the 2@entury (195%Asian flud, 1968fiHong Kong flw, and 197 fiRussian fl@) are
also thought to have originated from ChiffaThere is an increasing body of evidence indicating that the
1918 Spanish flu may have originated from China. Since its founding at the end of Chinese Civil War, the
PRC has made the control of infectious diseases a domestic policy gffority.

The frequency, mechanisms, and circumstances leading to human infection by previously
exclusively animal viruses provides a point of comparison for the available epidemiological data around
the emergence of COVHD9.
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1. 20022004 SARS Epidemic

Severe Aate Respiratory Syndrome (SARS) wasnajor epidemic of the 2%century. Before
SARS, coronaviruses were known to caB885% of cases of the common cold but were not considered
a potential pandemic threat. During 2003, the disease spread quickly futmersoChina to Hong Kong
and Beijing with transmission being disproportionately driven by super spreading €¥&ntsn Hong
Kong, SARS spread to over 24 countries, predominately in the Asia Pacific, although Canada and other
countries also experiencethny cases®

Before it was brought under control the SARS epidemic infected over 8,000 people, killiff§ 774.
Healthcare workers treating infected individuals were particularly impacted by the disease. The economic
damage wrought by SARS was estimaae#i80 billion dollarg® The SARS epidemic was also a domestic
political crisis for the PRC and an international embarrassment for its leadership. In the aftermath of the
epidemic, the PRC initiated reforms that improved its ability to detect, resparttitopntrol outbreaks of
infectiousdiseaseshat have proven effective in the years since SARS.

a. Outbreak and Response by PRC

The earliest known case of Severe Acute Respiratory Syndrome (SARS) is believed to date from
mid-November, 2002 ifFoshan, a city near Guangzhou the capital of Guangdong Province in Southern
China, when a hospitalized patnt was di agnosed with % case of fdaty

Similar cases of atypical pneumonia were diagnosed in the cities of Heyuan and Zhomgshgimbioring
Guangdong Province between rdvember, 2002 and miganuary, 2003 At the time, pneumonia was
not a mandatory reportable infectious disease in Ctithblevertheless, frontline Chinese clinicians
responded quickly to the outbreak, reporting it to local public health officials kDexwg@mber, 2002°

On January 20, 2003 officials from the Guangzhou Provincial Health Ministry took over the
response to # outbreak and initiated an investigation into its origfig.he report of their origirés
investigationwasmarked top secret and shared only with the Provincial and national Health Ministry in
Beijing.>%2 Other countries and the WHO were not notifi€tiNo public announcements of the outbreak or
public health advisories were issued. Then as now,
related to the outbreak of an infectious disease as a state secret:

[Alny occurrence of infectious disezs should be classified as a state secret before they

are fiannounced by the Ministry of Health or or
such time as the Ministry chose to make information about the disease public, any

physician or journalist who reped on [SARS] would risk being persecuted for leaking

state secret¥?

As a result, fAa virtual news bl acR%uangdenhpout SA4
health authorities did not author a standard case definition or begin surveilling farutheNor did they
issue guidance for preventing the spread, the use of personal protection, or invoke quarantine for case
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contacts until late MarcB003°% Guangdong provincial authorities did not institute travel restrictions or
border controls until nakApril.>” During this period of secrecy and inaction, the virus spread to Hong
Kong and from there to Singapore, Vietnam, and Caffddan February 102003 the World Health
Organization (WHO) was alerted via an email by a former employee of a contdigiease in Guangdong
that had already killed 100 peopf.

On February 11, 2003, the Chinese Ministry of Health issued its first public report that 305 people
had been infected with atypical pneumonia. On February20R3 WHO formally requested more
epidemiological information and China responded two days later that the outbreak was under control and
that the outbreak was ebbing in some citt@4t this time senior Guangdong health officials were claiming
that the outbreak was due tbacterial pathogen, chlamydig.

WHO followed up with Chinese officials on February 20, 2003 offering to send experts to
Guangdong province to investigate the outbreak, but PRC officials declined th&*®farFebruary 26,
the Chinese Academy of Militg and Medical Sciences in Beijing identified a coronavirus from clinical
samples, the samples were not shared with international pa¥thiens. WHO would not get viral samples
of the unknown disease until March 3 when a WHO physician in Hanoi, Vietnaknsamples from a
patient and sent serum and throat swabs to laboratories in Tokyo, Atlanta, ané*Hanoi.

The outbreak spread to Beijing on March 2003 while the Chinese Communist Party was
preparing for the Nati onakmoRteioadertd®choose a negvipresdent t 0 m
and premier. In late March, China authorities publicly updated the case numbers from 305 to 792 cases and
from 5 deaths to 3%° The cumulative, global reported cases on March 30 was 1,622, with 58 @éaths.
Therewere also significant political events taking place in Beijing in March 2003. President Hu Jintao who
had been named the leader of the Chinese Communist Party in the fall of 2002 was announced President of
China in March 2003.

On April 2,2003,WHO receéved permission from PRC authorities to send a team to Guangdong
province®WHOG6s team visited hospitals throughout sout'!
experienced varying degrees of collaboration and transparency. On April 9, a praaaigenh and former
hospital director for the Peopleds Liberation Arm
of 19 SARS patients in Beijing® Dr. Jiang disclosed that there several cases at PLA hospitals that were
not being reported. He circulated a letter to international news organizations that Beijing was not transparent
about the out b¥&he POAdetaineduDe. Jiang follemy his action$?’ In mid-April,

Beijing officials were reporting 34 cases, an implausibly low number that the WHO refused to accept as
correct.

On April 12,2003,PRC Premier Wen Jiabao admitted at a press conference that the SARS outbreak
i s A g rdpledges traasparency going forward from PRC government offtétadn April 23, PRC
leadership began to publicly release more information on the outbreak. PRC officials admitted there were
more than 200 undisclosed SARS patients in PLA hospitals imBeijone>?? In an effort to show that it
was taking the epidemic seriously, PRC leadership dismissetioaal health minister and the mayor of
Beijing while announcing that the Ministry of Health would handle the SARS outbreak in the &dpital.
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On April 22, 2003, PRC government officials allow WHO experts develop containment
measures to prevent the spread of SARS. On April 23, Beijing suspends schools for two weeks. On April
30, 2003,PRC officials begin to institute travel screening. Throughlaite spring of 2003, Beijing was
taking dramatic steps to contain the vit¢fsGovernment officials instituted and enforced isolation, contact
tracing, and quarantinélThese measures resulted in a rapid decline in cases with Guangdong reporting no
new SARS cases after May 12003 Beijingwasdeclared SARS free on June 24. From-laiee 2003
through April 2004, China repad only isolated, sporadic cases of SARS. For example, there was an
outbreakof four casesn lateDecember 2003 through January 2@ four cases in Guangdong Provence
associated with a restaurant selling live palm civets. There are also at least three outbreaks associated with
SARS research during this period.

Before the SARS epidemic was controlled, it had infected dfi@nts in 29 countries, killing 916
patients. SARS was a serious test for PRC leadet&$tiipe failure of provincial and national government
agencies to mount an early, effective, and timely response allowed the outbreak to grow into a pandemic.
It wasnot until April 2, 2003 that the senior national leadership of the PRC issued directives to act against
the outbreak?®

One expert has speculated that #Ait -oceupddi kel y
preparing for thegré&asodoonkaat Peloepy efoai Ced t o>provide
This in turn likely paralyzed provincial and municipal authori’dl he PRCO6s response W

inhibited by fAobstructions of i nf oa omae ri aotni of nl 6o wb eatr
national, provincial, municipal, and military officia#® Even once SARS was being taken seriously by
senior | eadership, information flow and competing

By early April[2003], it was evidenthat SARS was being taken very seriously at the top

l evel . Yet the governmentdés ability to for mul
hampered as lowdevel government officials intercepted and distorted the upward

information flow. For fear that any mishagported in their jurisdiction might be used as

an excuse to pass them over for promotion, government officials at all levels tended to

distort the information they pass up to their political masters in order to place themselves

in a good light.

Despiteincreased openness and a highly visible public health emergency response, throughout the
pandemic PRC authorities censored the press and misled its cifizditge state media reported that the
virus was a rumor and there was no outbr@alOnce forced toadmit that there was an outbreak,
government officials and state media, continued to insist that the outbreak was under®EdRel.
authorities threatened its citizens with criminal prosecution for spreading rumors about SARS on the
internet®*3

From April through July 2003, Chinese authorities arrested people for sending messages about the
disease, removed newspaper editors for their publications, censored television interviews, and blocked the
distribution of publication§34%%® The U.S. Congressioné&xecutive Commission on China published a
report foll owing the epidemic that concluded tha
outbreak interfered with the WHOG6s abitliiotnyd st 0G| doebtae
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Public Health Information Network relies on monitoring media reports about outbt&akat
commi ssion also found that criticism of t he Chi
government with the central government was depictéeinic terms>’

During the SARSpandemic, the desire of PRC leadership to maintain social stability, particularly
during the period of a leadership transition, and culture of bureaucratic secrecy prevented a timely response
to the crisis. Only growingaimestic and internal pressure pushed PRC officials to partial transparency
about the scale of the outbreak and to take measures necessary to bring SARS under control. In order to
bring the pandemic to an end, PRC officials implemented highly disruptivargirees, travel prohibitions,
and other public health measuf&s-oreign government also imposed travel restrictions on Chinese cities.
Chinads international standing was wolatpadlosses.€hey i mp «
failures int he PRCO6s response would spur reforms to Ch
surveillance, but few changes to its political system, including its censorship regime and tendency for
secrecy.

b. Investigating the Origins of SARS

Efforts to understand the origins of SARS began shortly after PRC leadership publicly announced
that SARS was a major public health risk and started to maobilize the Chinese people to combat the pandemic
in February2003. Unlike the 2020 investigation i"ffARSCoV-2 6 s or i gins, the PRCOSs
the origins of SARS in 2002005 was able to quickly identify the zoonotic origins of SARS and the likely
intermediate host species. Retrospective case identification work conducted iBQ208s part othe
epidemiological investigation into the origins of SARS quickly determinedntiaaiy the earliest cases
were associated with animal handlers:

Between November 2002 and February 2003, the first cases or clusters of SARS appeared
in several independegeographic locations in the Pearl River Delta region in southern
Guangdong anauggested multiple introductions of a virus or similar viruses from a
common source. Several of the early cases were reportedly associated with occupations
that involved contaawith wildlife, including handling, killing and selling wild animals as

we l | as preparing and serving wildlife ani mal
early SARS cases (i.e. those with disease onset prior to January 2003) compared to those
identified later in the outbreak found that 39% of eamget cases were food handlers,
whereas only 29410% of cases between February and April 2003 were associated with
this occupation. Also, eargnset cases were more likely to live within walking distance

of animal markets than late onset casés.

This association suggested that SARS had a zoonotic origin, that the virus was an animal virus that
spilled over into humans rather than a-pristing human virus that had evolved increase transmissibility
or patlogenicity. Additional retrospective case identification, coupled with seroprevalence studies showed,
ithat early cases of SARS occur r-sefdaratechndusigpaliesimnt | y |
Guangdong Provinceo ticuoriginFdnvestigators glsosdisdovergd at least doarn o
SARS patients with infections during isolated outbreaks in 2004 did not have contact with an existing SARS
case, but all four had previous exposures to live anitfiglBigure D)
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Figure B. SARS outbreaks iGuangdong Province, People's Republic of China. The geographic distribution of
SARS outbreak in Guangdofigrovince]Nov 16, 2002, to Feb 9, 2003. Number of cases are shown in brackets.
Approximate dates of the onset of the outbreaks for each city wehaikoNov 16, 2002; Heyuan, Dec 17, 2002;
Zhongshan, Dec 26, 2003; Guangzhou, Jan 31, 2003; Jiangmen, Jan 10, 2003; Shenzhen, Jarsabrc2003

Zhong, N. S., Zheng, B. J., Li, Y. M., Poon, Xie, Z. H., Chan, K. H., Li, P. H., Tan, S. Y., Chang, Q. KieLiu, X. Q., Xu,

J., Li, D. X., Yuen, K. Y., Peiris, & Guan, Y. (2003). Epidemiology and cause of severe acute respiratory syndrome (SARS) in
Guangdong, People's Republic of Chinar@bruary2003.Lancet (London, England362(9393), 13581358.
https://doi.org/10.1016/s0146736(03)14632

i. Identifying the Intermediate Host of SARS

A survey of 508 wet market workers @uangdong Province revealed that 13% of wild animal
traders tested positive for SARS antibodies with 72% of palm civet traders testing positive for arttbodies.
By contrast only 5% of vegetable traders had SARS antibéfiieé¢one of the animal traders whested
positive for SARS antibodies reported being sick, suggesting either asymptomatic transmission or exposure
to a less severe virus closely related to SARS.

In May 2003, less than six months after the first known SARS cases, public healtligatoest
sampling animals in live animal markets in the city of Shenzhen, located approximately 75 miles from
Guangzhou, found that three of six sampled palm civets tested positive for SARS as did the only raccoon
dog tested* Two Chinese Ferret Badgersla¢ market also tested positive for SARS antibodies. The virus
collected from the animals was 99.8% similarto S&R8. These data indicated that
wildlife animal species in the Shenzhen market were infected by a coronavirus thagely related to
SARSO and was the Afirst direc% evidence that [ SA
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Critically, for the purposes of determining whether raccoon dogs and civets were the intermediate
host species that introduced the virus into humans, the gollected from palm civets and raccoon dogs
contained a 29 nucleotide sequence only found in the earliest human SARSa@asen together, this
evidence suggests that SARS likely crossed the species barrier from palm civets or raccoon dogs into
humars with the 29 nucleotide sequence dropping out as SARS adapted to humans.

As aresult of the Shenzhen market survey, public health investigators conducted serological studies
of palm civets at animal farms and live animal markets throughout China. Stidges were aided by the
mass culling of palm civets undertaken by government officials in an effort to stop the spread of SARS as
it provided investigators with a large number of animal samples to examine and test. However, investigators
struggled to fid evidence of SARS infected palm civets in animal farms. For example, one serological
study found that none of the 108 samples taken from palm civets at live animal farms tested positive for
SARS>* By contrast, 14 of 18 samples collected from palm civets in animal markets in Guangdong tested
positive®*® In another study, the majority of 91 palm civets and 15 racoon dogs taken from a Xinyuan
animal market tested positive for SARSHowever, in thesame study, none of the 1,107 palm civets

sampled from A25 farms in 122TherpewalentecotIARMEact®wNsSp 0 s i t

among palm civets located in live markets, coupled with the absence of infected palm civets at animal farms
suggeted palm civets were an intermediate host for SARS, not the reservoir host.

In December 2005, the role of palm civets as an intermediate host of SARS was confirmed when
an investigation of a SARS outbreak at a restaurant found that virus samples dakémfdcted humans
were identical to virus sample taken from palm civets at the rest&tikhireover, both the human and
palm civet samples were more closely related to the variant of SARS containd$grtheleotidesequence
than later human adaptedrieats®>* As a result, epidemiologists concluded that:

Taken together, the lack of widespread infection in wild or farmed palm civets and the
display of overt clinical symptoms following experimental infection suggest that palm

civets are unlikely to bente nat ur al reservoir of [ SARS] .
susceptibility to [SARS] and its wide distribution in markets and restaurants made it an

ideal amplifying [intermediate] host that is believed to have played an important role in

both the major 208 2003 and sporadic 2003004 outbreak®?

ii. Identifying the Viral Reservoir of SARS

Prior to the 2002003 SARS pandemic, bats were recognizediasd reservoirsfor several
zoonotic viruses. They were known to be susceptible to infections and to respond asymptomatically to many
viral infections. Bats were not known to be a viral reservoir for coronaviruses. In the wake of the SARS
pandemic, a 2004 study sample@B4bats across nine species from Guangdong, Guangxi, Hubei, and
Tianjin Provinces. A high percentage of the three species of horseshoRiadphusats) sampled
had SARS antibodies. i Ge n o /ARSsetgdea@onayiruse¢Sh-@ovg) s i s
present in bats have an almost identical genorganizatiorto those of [SARS] isolated from humans or
civets, sharing an ov &% Mfurther stuelygfauedrthatappioxneately 84% wf o f
horseshoe bats sampled contained SAR#odies®’ The discovery in 2005 that a substantial percentage

77
Marshall.Senate.Gov

n

n

9



THE ORIGINS OF COY®D

of bats from a variety of horseshoe bat species cont&A®SErelatedv i r uses, was fAconsi s
being the wil dl 8ARErelateloremawresés?® host f or o

By 2005, thadiscovery of a large number of genetically diveggeRSrelatedviruses in multiple
species of horseshoe bat s, |l ed scientists to conc
acting as the intermedi at &°Hawayel, effortsitonlgcateatmeddirectr an s m
descendant of SARS, or progenitor virus, in bats were unsuccessful in the years following the pahdemic.
Specifically, researchers were unable to finBARSrelatedvirus sufficiently similar to SARS that also
usedACE2 receptors as it mechanism for cellular effthAs general scientific interest in coronaviruses
ebbed, Chinese researchers continued to conduct large scale viral prospecting exhibitions to Southern China
and South East Asia.

In 2013, a team of WIVeasearchers conducting a one year (April 2011 to September 2012)
longitudinal survey o8ARSrelatedcoronaviruses in a single habitat in Kunming, Yunnan Province, made
a breakthroughdiscovery. The researchers collected 117 samples from individual hveltscbf27 tested
positive for the presence of a coronavittfsAmong the positive samples, researchers identified a total of
seven different coronavirus strains circulating in this single bat colony. Most importantly, the researchers
discovered two nove&dARS-relatedcoronaviruses, RsSHC014 and Rs3367, had a 95% similarity to SARS
at the whole genome leV&f The two viruses were more closely related to SARS than any other previously
discovered virus.

From the samples, the WIV team was also able foritsigime to isolate a live ARSrelatedvirus
that was 99% similar to Rs3367. Experiments with this live virus sample, named 462d\SWIV1
(WIV1), determined that like SARS, WIV1 used ACE2 as a cellular entry receptor and could directly infect
human cdb.5% Researchers would also create a chimeric virus by grafting the RsSHC014 to a mouse
adapted SARS 1ibac kviousase used ACE2i as a aellularreetry receptor and could
directly infect human cells. In July 2013, the WIV team of reseaschigccessfully isolated a second bat
coronavirus from a sample taken from the Yunnan bat colony named #@0\6IWIV16 (WIV16)35°
WIV16 supplanted WIV1 as the closest known virus to SARS at the time of its discovery. WIV16 could
also use ACE2 as an entgceptor, including for human cells.

In 2017, the same group of researchers would publish the results of a five year (April 11 to October
2015) longitudinal study on the same bat cave as the-2012 study. By October 2015, researchers had
taken 602 batsamples with 84 samples testing posittfein total the study found 15 novel bat
coronaviruses in a single cave. By comparing sections of these viruses to SARS, the researchers concluded,
ial l of the buil diaoowdbé&dura i khe 1TRARRSabedcorgnavimuses found in
the cave. Moreover, the viruses were sufficiently similar and present in sufficient density that recombination
events were a likely occurrence, thus increasing the probability that SARS emerged from this specific cave
in Yunnan Province. It took researchers approximately 14 years from the first outbreak of SARS to locate
its viral reservoir in a Yunnan Province cave home to multiple species of horseshoe bats.

iii. l denti fying SARSO0s Emergence Pat hway
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How SARS traveled approximately 800 miles from its viral reservoir in an isolated cave in rural
Yunnan Province to Guangzhou in neighboring Guangdong Province is still not fully understood. At some
point, an infected bat had encountera palm civet. Howeer, as discussed, palm civets sampled from
animal farms in multiple Chinese provinces tested negative for the virus or antibodies. By contrast, palm
civets collected from multiple wet markets across southern China tested positive. Similarly, the earliest
identified SARS cases, while all having recent exposure to live animals, were otherwise unrelated to one
another, suggesting multiple independent zoonotic introductions of the virus across several live animal
markets. In addition to palm civets and othma#f mammals, wet markets in Southern China also sell live
bats, including various species of horseshoe bat.

Collectively, this evidence suggests that palm civets were inféaied batssomewhere in the
South China wet market supply chain, such a warsdowhile in transit, or at wet markets. Stressed
animals stored in dense and unhygienic conditions shed dangeintsof viruses A The main sour
crossspecies transmission in the animal trading chain (including warehouses, transportation vehicles,
mar kets) may come from cont amP'Mareoged, cafjes at wet markets i n e,
are often stacked on top of each, further facilitating espsgies transmission of virus&s.

iThe conditions the | i \markathcdreaiad petri dish orthe spbepde ct e d
of diseases. 0 As one group of Hong Kong based r esc¢
SARSCoV-like viruses in horseshoe bats, together with the culture of eating exotic mammals in southern
Chi na, is a time bomb. o0 Based on the availabl e ev
was that multiple horseshoe bats infected with SARS progenitor virus were captured by live animal traders
in Yunnan Province and infected palm civets, akdly other mammals, the live animal market supply
chain.

2. PostSARS Reforms in Chinaés Public Health Systen
a. Public Health and Infectious Disease Surveillance Reforms

The SARS pandemi ¢ A c a-poltieaktrists foredhe @hinese leadership sinee s o c |
the 1989 Ti an a’fimesponser Ghioekrdesowt signidicant reforms to its public health
system. The PRC created a network of Centers for Disease Control at the district, provincial, aatl natio
level. The CCDCs are modeled after the U.S. CDC and in the years following the SARS epidemic, the
United States and other countries hel ¥ButdinGfori na bui
public health departments increased as didipisector health care spenditigThe CCDC alone received
$850 million in new funding as part of its restructurff.
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= Guiding role  ——® = Leading role
CDC = Centre for Disease Control and Prevention
Figure30. Organization of Chinese public health organizations involved in infectious disease.cmitras Vlieg,
W. L., Fanoy, E. B., van Asten, L., Liu, X., Yang, J., Pilot, E., Bijkerk, P., van der Hoek, W., Krafft, T., van der Sande, M. A., &
Liu, Q. Y. (2017). Comparing national infectious disease surveillance systems: China and the NetB@nuisblic
health 17(1), 415.https://doi.org/10.1186/s1288%91 7-43193

The SARS epidemic also brought about significant changes to infectious disease surveillance and
reporting. PRMfficials added viral pneumonia and SARS as reportable diseases. The PRC implemented
new infectious disease surveillance systems, including Notifiable Infectious Disease Reporting Information
System (NI DRI S) intemetbasedlisehse festingl systerg’élrs 2008, the CCDC also
created China Infectious Diseases Automaitsit and Response System (CIDARS), an automated
surveillance system for infectious disease outbreaks that scans cases registered i ®IDRIS.

CIDARS divided 33 infectioudiseases into two tiers with the more severe type 1 diseases using a
fixed threshold number of cases to trigger a warAfh§ARS is a type 1 infectious disease and only a
single reported case is required to generate a warning signal in CIFAR® warnng signal is sent to
the District or County Level (Local) CDC where fAl c
perform initial verification of the signals, including logging onto the disease surveillance system to view
the information of th cases, comparing against surveillance data from other sources, and verifying with
the reporting agency or @aseenngowvmat ipchnonwi Iclal il
demographic information, date of onset, date of reporting, occupatiomesidential addres&

If Local CDC personnel verify the warning signal as a suspected infectious disease, they complete
a Signal Verification Card reporting the infectious disease suspected, number of cases, method of
verification, and other relevaintformation. The Signal Verification Card is sent to Provincial and National
CCDCs®"Local CCDC personnel then begin a field investigation into the suspected outbreak. CIDARS
detected 56 warning signals for SARS during 2@013. In keeping with CIDARS 1sgle case threshold,
each SARS warning signal triggered a CCDC response with a median response time of 30 to fifty
minutes®® None of the SARS warning signals were confirmed as SARS infections. During the same time
period, CIDARS received 760 warning si¢gg#or unexplained pneumonia. Similar to SARS, almost every
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warning signal triggered a response (97.6% to 100% annually) and response time was reported at
approximately 340 minutes®!

In preparation for the 2008 Olympic Beijing Games, public heaftbials launched an Olympics
specific infectious disease surveillance and early warning sy&tdine system used 125 sentinel hospitals
who were required to report within 4 hours if they received a certain number of patients with specific
symptoms®Among ot her dat a, the systemdbs surveillance r
information, place of business, residence, phone numbers, relevant symptoms, symptom onset date, and
close contacts for the past three d¥§s.

Record card for SSSBOG in sentinel hospitals during Olympic game

. Name:

. Gender: Male or Female

Age: Years of Age
. Workplace:

Residence Address:

Telephone No.:

Mobile Phone No.:

. Close Contact:

e =~ O 0 & W N =

Fever Cases 3 and Above Yes or No
Diarrheal Cases 3 and Above Yes or No
Jaundice Cases 2 and Above Yes or No
Rash Cases 2 and Above Yes or No
Conjunctival Redness Cases 3 and Above Yes or No
9. Onset Time: vy mm dd

10. Reporter;

11. Report Date: Yy mm dd

12. Report Agency:

Figure31. Recordcard for SSSBOG in the whole city during®Beijing Olympic GamesSourcePang, X., Wang,
X., Wang, Q., Gao, T., & Li, X. (2017). Infectious Disease Surveillance and Early Warning System During Beijing Olympic
GamesEarly Warning forinfectious Disease Outbreak63 180.https://doi.org/10.1016/B978-12-8123430.000084

By 2009, posSARS public health surveillance reforms enabled-tiene casebasedeporting of
infectious disease outbreaks:

With casebased information, health officials can immediately identify the nature and
location of a particular disease outbreak; the characteristics of clusters of cases (e.g., age,
sex, occupation); and (using geographical information system technologyrecise
geographical location of the outbreak, down to specific village and households. The use of
this system hamcreasedhe completeness of reported dfa.

In addition to NIDRIS and CIDARS, China has two disease specific early warning systees @n
hospitatbased sentinel surveillance system for influenza like illness (ILI) that, as of 2013, uses a network
of 500 hospitals across 31 provinces to monitor for reported cases of infifenza.
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The second is a pneumonia of unexplained etiology PlEveillance system, built in direct
response to the 2003 SARS epideprii©fficially, the PUE surveillance systernperateon hair trigger,
notifying public health officials if there is a single reported case:

All Chinese health care facilities are uvi#gd to report patients who have a clinical
diagnosis of pneumonia with an unknown causative pathogen and whose disease meets the
five criteria of pneumonia diagnosis to the PUE system. Such cases are also entered into
NIDRIS. Once a PUE case is registki@ NIDRIS, the data are further analyzed in
CIDARS as a (possible) type 1 diseé&¥e.

A 2013 study by CCDC researchers suggests that the PUE surveillance network has problems with under
reporting of cases by clinicians and a reporting bias in favorovimres where avian influenza is a regular
occurrencé® One explanation for the reported underutilization of PUE surveillance is that lack of SARS
infections prior to the outbreak of COVAID9, which resulted in the PUE surveillance system mostly being
used to supplement ILI surveillance for avian influetf2a.

NIDRIS and CIDARS are also believed to suffer from under reporting of eddésder reporting
may also be exacerbated by the widespread use of village and neighborhood clinics to treat mild iliness.
Despite legal obligations to report notifiable dissasthese small clinics are unlikely to do so
consistently’®? As a general matter, Chinese utilize hospitals at a lower rate their western peers, in part
because of concerns for the cost of medical treatm&mRsrhaps in an effort to compensate for tlok kzf
uni for m, complete reporting, CIDARS Ais built to
contains fAfalse positives and the sheer am®unt of
Ultimately, CIl DAtRBeacharexplained pnéumanta caseobut tb focus on clusters that
could indicate an (unknown) ®*merging infectious d

Despite these reforms, public health experts h;
systems inadequatt unding and difficulty recruiting and r
consistently decreased its investments in public health, including preparedness and response, over the past
deca€Ehe CCDCo6s budget in 201917highof$H2Dmilof®Thei on dov
In 2016 the CCDC had 2,120 full time staff compared to 11,195 at the U.S.>¥€DMunicipal and
Provincial CDCs also suffer from inadequate budgets and low°pay.

b. Animal Surveillance and Veterinary Infectious Disease Combl Reforms

Immediately following the end of the SARS epidemic, China began experiencing outbreaks of
highly pathogenic avian influenza (HPAI) A H5NI (H5N1) in its poultry farms and live poultry markets as
the virus spread from Vietnam and Thailand taeothsian countrie€°fi | n t h e 18068aaves 102 0 0 4
outbreaks in domestic poultry occurred in 23 provinces and caused severe economic damage to the poultry
i ndust r yS%Mass cGling cowple with a large scale chicken vaccination campaign helped bring
down the number of outbreaks. However, an estimated 35,420,000 poultry were culled in theBrocess.
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Along with the role of livea n i msaléssnépurring the SARS epidemieoccurring outbreaks of
H5N1 in poultry as well periodic cases of human
infectious disease surveillance systems and ani ma
sector has experiencedveal large outbreaks of animal diseases. Notable diseases include avian influenza
A H7N9in birds. African swine fever virus (ASFV), porcine reproductive and respiratory syndrome virus
(PRRSYV), porcine epidemic diarrhea virus (PEDV), and-toatmouth disase virus (FMDV) have all
broken out in Chinabés por k i (%Coledivwlythesewirusas hasee ver al
caused billions of dollars in economic | oss to Chi
worl doés pof™® producti on.

Animal infectious disease surveillance in China is the responsibility of the Miaidtry Agr i cul t ur
Veterinary Bureau, and the China Animal Disease Control Center (CAE€8ihce 2007, each county,
district, municipality has had to establish its own CAD€GW\Vhile disease outbreaks in animal populations
continue, there are signs thlatse reforms and the creation of CADCCs have yielded positive results. There
have been sharp reductions in HSN1 and H7N9 influenza rates among poultry attributable to vaccination
campaigns and improved surveillance allowing for timely culling of infeateldeaposed animaf§®

Animal disease Animal disease
reporting system monitoring system
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Figure 3. China’s Animal Disease Reporting and Surveillance System

Source: Animal Health in China 2008 (VB, MoA, 48)

Abbreviations: ADCC= Animal Disease Control Center, ADSRC= Animal Disease Surveillance
and Report Center, MoA=Ministry of Agriculture, VB=Veterinary Bureau.

Figure32. Organizational chart of Public Sector Veterinary Services in China Source: Animal Health in China 2010

Source  We i X, Lin W, Hennessy D A. (2013) . Bi osecurity and Di s¢
Center for Agricultural and Rural Development lowa State University
https://www.card.iastate.edu/products/publications/pdf/13wp542.pdf

As of 2013, the Ministry of Agriculture operated 304 national animal disease surveillance and
reporting station&%° Surveillance activities are alsioe responsibility of County and Provincial CADCCs,
but available evidence suggests that funding for surveillance activities is Ififfidddreover,PRCdoes
not provide sufficient compensation to farmers to incentivize culling of infected animals.dinstea
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approximately 90% of funding is dedicated to vaccination campdfgrske their public health
counterparts, animal health authorities also appear to struggle to hire and retain compoiié&nt staff.

3. Chinads Success | dentifying and CoBARBol |l ing 1In

Despite concerns regarding funding and retent
including the CCDC and CADCC, have demonstrated the capacity to conduct rapid epidemiological
investigations into novel infectious disease outbreaks, includinghiligy to locate the source of zoonotic
spillovers in animal populations.

a. 20132017 High Pathogenicity Avian Influenza (HPAI) H7N9

In March 2013, Hong Kong and PRC public health officials reported the first human cases of
influenza A H7N9. Through Agl and May 2013, the number of human H7N9 cases reported by PRC
officials increased to 13All the infected patients reported handling live poultry. Beginning in April 2013,
local PRC public health authorities began to close wet markets that soldlikey @nd started large scale
culling of susceptible birds. From May 2013 through September 2016 only sporadic cases of H7N9 were
reported in China. Faxamplejn 2014 China reported only 102 cases.

The PRCO6s response t o ifidatiohdfthe WHQadnditrdrispagent shariesg t i me
of data was widely praised:

China reported the H7N9 outbreak to the World Health Organization (WHO) on 31 March,

just six weeks after the first known person fell ill. On the same day, it published the
genomicequences of viruses from the three human
sequences with the WHO, and livieuseswith the WHO and other laboratories. This has

all owed scientists to identify the virusés mut
diagnostic tests. China continues to report new cases daily, and its media discusses H7N9

openly Chinese and other researchers have quickly published detailed analyses of the virus

in journals. Chinese President Xi Jinping added political clout last whek he called for

an effectiveresponse andaid that the government must ensure the release of accurate

information about the outbreaks.

Chinads response to the epidemic has also been
to hospitals and resedrtabs across the country. The response, spearheaded by the Chinese

Center for Disease Control and Prevention in Beijing, has united clinicians, virologists, and
epidemiologists. Livebird markets at which H7N9 has been found have been shut down,

and birdsculled. The agriculture ministry has tested tens of thousands of birds and other

animals for the virus, to try to pin down the sources of human infections and explain their

occurrence in cities hundreds of kilometres aparho mean task given that Chihas

some 6 billion domestic fowl and half a billion pigs, which can also carry the virus. So far,

however, apart from birds at the live markets, the sources of infection remain éfisive.

The total number of H7N9 human cases is not fully known.
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Animal disease surveillance for H7N9 is difficult because H7N9 is asymptomatic in poultry.
Chinads policy of mass poultry vaccination may ma
evidence that a falarger number of people have been infectedntliaported in the official count of
laboratory confirmed cases. Blood samples taken from residents of Guangzhou in Guangdong Province
estimated that, between January and April 2014, up to 64,000 people were infected with H7N9 compared
to the official confimed case count of 2¢

In late 2016, the PRC experienced a surge in new H7N9 cases with 460 human infections reported
to the WHO by March 2017. The virus variant responsible for the-2018 cases had mutat®that
Aincreased morbidity and mortality in poultryo ar
individuals reported exposures to sick or dead pobftr&s during the 2012014 surge of cases, PRC
officials closed markets selling live poultrincreased disease surveillance for susceptible species, and
culled exposed and infected anim#féfter these interventions, reports of human cases began dropping
again, suggesting that H7N9, like H5N1, is not easily transmittechdbetween humans. Haver, the
virus continues to transmit among susceptible bird populations, including in the United States, and presents
an ongoing risk of spilling over into huma#s.

b. 2016 & 2019 Swine Acute Diarrhoea Syndrome (SADS) Outbreak

On October 28, 201%nimal infectious disease surveillance systems identified an outbreak of a
fatal swine disease in a pig farm in Qinguyuan, a city in Guangdong Province, SoutherttOhirdarm
in question was located near the cawieere SARS is believed to have origiesl. The farm had also
experienced earlier outbreaks of porcine epidemic diarrhoea virus (PEDV, a coronavirus), but after January
2017 deceased piglets no longer tested pos’®tive f
Mortality in the yougest piglets, aged 8 days or less, was as high as 90% percent with piglets eight days
or older generally surviving infection.

The novel virus was sequenced on January 11, 2017, establishing that the cause of the outbreak
was the previously unknown SADZ.By May 2, 2017, SADS had killed 24,693 piglets and spread to three
additional farms located within 2060 km of the first farm to experience the outbr&akn an effort to
control the outbreak, public health officials began separating sick pigs frohetdeBy May 2017, the
outbreak appeared to have ended.

From May 2017 until February 2019, animal surveillance did not report any new SADS cases.
However, the virus reemerged in Fujian Province, which borders Guangdong Province to the north, in 2018
with an isolated outbreak on a single farm. A second reemergence occurred in Guangdong Province with a
|l arge scale outbreak killing approximately 2,000
pandemi c *?iNeithe2d thede autbreaks léal widespread transmission or required large scale
infectious disease control measures.

The investigation was led by Zhengli Shi in collaboration with EcoHealth Alliance. The
investigation was funded in part by the National Institute of Allergy and lofecDiseases (NIAID) of
the National Institutes of Health. The CCP allowed Western researchers to access and compare the piglet
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SADS-CoV samples with bat specimens collected by Chinese researchers from 2013 to 2016 in
Guangdong Provinc®? Researchers weralso given access to sera from 35 workers likely exposed to the
piglets®24 The Shi/Daszak investigation into the SADS outbreak is a playbook for how international
collaboration can work to identify novel diseases. However, access to similar data vifcafpetenied
following the outbreak of SARE0V-2.

c. 20182021 Langya Henipavirus Cases

Between April 2018 and August 2021, infectious disease surveillance at three hospitals in
Shangdong and Henan Provinces, in eastern China identifieglvusly unknown henipavirtisn the
throat swab samples of three patients with fevers who reported a recent history of animal élisere.
new virus was named Langya henipavirus (LayV). Henipaviruses can cause fatal disease in humans and
have beenetected in bats, rodents, and shréfslo wever , LayVos symptoms appe:
and there is no evidence btimanto-humantransmission as all 35 known cases were independently
infected®?’

iSubsequent iinvesti gah acatelLayVdnéectioniirftheeskdanddrig angdat i e n
Henan provinces of China, among %inhao effortdlocatethee i nf e
infection source of the human cases, researchers

the nfected patients to acquire samples from domestic animals. Serum samples were obtained from 459
domest i c%°Resdanchers also srapped and administered PCR tests to 3,380 wild small animals
across 25 species.

Animal sampling found that the virusas predominantly detected in shrews with 71 of 262 (27%)
thosesampled testing positive. The high positivity rate suggests that the shrew may be a natural reservoir
for the virus®**The research teamdés findings, including t1
infecting humans, were first published on August 4, 2022 almost four years after the symptom onset of the
first case and over a year after the last known human infection.

11 The Henipavirus family includes Nipah and Hendra viruses both of which are capable of causing disease in humans
with Nipah virus believed to be capablelafmanto-humantransmission. Another Henipavirus, Mojiang \@rwas
discovered by WIV researchers in 2012 in the same abandoned Yunnan Province copper mine as bat coronavirus
RaTG-13, which is 96.1%and 93.1%similar to SARSCoV-2 in the total genome and spike protein respectively
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Chapter 5: Investigations into the Zoonotic Origins of SARSCoV-2
Introduction

This section reviews the available evidence on the investigations and data released by the PRC to
date on the origins of SARSoV-2. There are three sigections. The first details the early investigations
by PRC public health officials and scientistsoitthe role the Huanan Seafood Market. This-seittion
includes evidence of live animal sales at the market, something denied by PRC government officials. It also
includes a review of the evidence that the Huanan Market, or its supply chain, wéreatloe of the
zoonotic spillover of SAR®0V-2. The second sukection details the available information on
retrospective investigations by PRC public health officials and scientists that failed to find any evidence of
SARSCoV-2 circulating in humans priooDecembe019, if suchan evenbccurred.

The third suksection reviews the results of animal surveys conducted by PRC scieritststify
the intermediate host of SARSoV-2. These surveydid not find a single animal in China infected with
SARSCoV-2 either before or after the start of the COVID outbreak. This subection also reviews
studies on SARE0V-2 infections and transmission in various animal species, including experimental
infections and natural infections causedhoynanto-animal traasmission of the virus. Finally, this sub
section evaluates the leading candidate intermediate host species based on susceptibilityGo\&EARS
and evidence that the species was in the Huanan Market and Wuhan area live market supply chain.

1. Early Investigations into the Huanan Seafood Market
a. Association of Early Known COVID-19 Cases with the Huanan Seafood Market

The Huanan Seafood Market, located in the Jianghan District, contains 678 stalls divided across an
Eastern and Western zot#The Jianghan District is among the most densely populated areas of Wuhan.
The market itself is densely packed with stalls and receives around 10,000 visitors $§éTdaynarket
i s approximately 800 meters (. 5chmiilsesa cenmtnr aVu hraond
high speed passenger rail system and, prior to the Ca¥lpandemic, handled 43,000 passengers per
day®3There are also a number of Wuhan metro stops located near the Huanan Market, 2019 ridership on
the Wuhan metro exceed 1.2 billion®3*A recent study examining the origins of SAR8V-2 have
reported identifying over twenty hotels located within 500 meters (1/3 of a mile) of the ffarket.

The association between the Huanan Market and early CQ9IEases began with thiest public
report of the outbreak by the Wuhan Municipal Health Commission on December 31, 2019. By the early
morning hours of January 1, 2020, Wuhan officials closed and began sanitizing the Huanar¥*farket.
managerwhose company was contracted disinfect the market arrived on December 31, 20He
observed the CCDC collecting and removing samples from live and dead atimagported not seeing
any civets, pangolins or bat¥ The managewas initially urawarethat the market was suspected to be the
source of a disease outbreak. When he leash#tht possibility he quadrupled the strength of the bleach
solution he usedlhe solution was so strong it corroded much of his equipment, h&#%aid.
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According to the WHO, live animals collected from the market were takeyto an unidentified
i de st i0®H@hcurem with the closure of the Huanan market and removal of any live animals, the
AChinese Center f or DI{CE€RGdspatciizd antepideniologicaldearm,togethernt i o r
with experts from Hubei Provincial CDC and Wuhan Municipal CDC, to collect environmental sanples
the Huanan Seafood Marketn t he ear |y mor n*fAcgordingto tdedCE8DCaitsteaml , 2 0 2
arrivedfrom Beijing on January 1, 202hdcollected 585 environmental samples from sewers, stalls and
a garbage trucKThirty-three of thentested positive for the virughere was no mention of any animal
samples

The Huanan Market is the only Wuhan amarket that PRC officials have released significant
information about. In presentations forthe WM i na Joi nt Report, PRC reseal
41 cases identified before 2 January *?BSmkdy, wer e
retrospective case identification by Chinese epidemiologists and public health experts shared with the WHO
showed that a preponderance, but not all of early known C&l@IRases had an association with the
Huanan Market.

Out of 174 diagnosed cases of COVIB with onset during December 2019, 93 cases had a history
of exposure to any markets. Thigyght early cases reported having exposure to other Wuhan area markets
and 8 cases reported exposure to the Huanan Mamkletther Wuhan markef$3 Forty-seven caes were
only exposed to the Huanan Market. In total, approximately 28% of the earliest known cases had a direct
exposure to the Huanan Mark&he WHO team was provided the case data from Chinese officials but was
not able to independently verify or comtifurther analysis of those d&f4As a result, it is unclear exactly
how cases were identified, as the report only states that they were either reported or interviewed.

Among early cases associated with thleaselduanan
accounted for 77% of all cases, 0 suggesting a sigl
or prolonged exposure to the mark&tiowever, PRC officials informed the WHOhina team that there
were no COVID19 infections in vendors wolved in selling domesticated animé&t8This is a major
difference between SARGo0V-2 and SARS where live animal traders, particularly those handling palm
civets, were much more likely to be infected than aquatic seafood, vegetable, and other/&Bgors.
contrast, at the Huanan Market the majority of COMMD cases in vendors were among those selling
seafood, livestock meat, poultry meat, and vegetaffles.

b. Environmental Sampling at the Huanan Market

Chinese public health officials reported collectih@96 samples in their investigation of the
Huanan Market. Nine hundreventy-three (923) environmental samples were collected with 1,057
animatrelated samples testét.In total, 73 environmental samples &bpositive while zero animal
related samples tested positive.

Of the 923 environmental samples, 828 were from inside the Huanan KPakél-onesamples
were collected from sewers fin the sur-19paosivedi ng ar
sample®*Beyond the Huanan Market, 14 environment al
relatedd to the Market with five positive sampl es.
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had positive environmental samples. Thirty enwvime nt a |

Wuhano

wi t h

one

sampl es wer e

al

s%Tipe efdtelseé i nmamplat ¢ iive. Wuhano
Market and Huanggang Center Markeidlowever, PRC officials did not identify which of the two nkets

SO

had the positive sample and no further information on the sampling done, if any, at other Wuhan area
markets is available.

With respect to the date of sample collection, PRC state run media reported that 515 of the 825
Huanan Market environmentamsples were collected on January 1 with an additional 70 samples collected
on January 122 Of the 585 environmental samples collected as of Januap2Q,33 tested positive for
SARSCoV-2.%4Between January 12 and March 2, 20@0blic health officiad collected an additional

338 envi
an additional 40

ronment al
positive sampl&s.

sampl es

1,996 Total
Samples

from

ndi fferent

ERE

Emvironmental
Samples.

B28 Samples
“Inside™ Huanan
Market

56 pasitive
samples in
‘Western side of
Market (87%)

Figure33. Breakdown of Testing Samples During Investigation into Huanan Seafood Market

14 Samples frem
“Warchouses
related to”
Hurarnan Market

5 positive samples
from wnknown
warehouses

30 samples from
“pther markets in
Wuhan®

1 positive sample

51 Sewage
Samples from
“surrounding

areas”

3 positive samples

1072

Animal Related
Samples

457 Armimal
Samples from
Sources Inside

616 Animal
Samples from
Hubei Farms

Zero Pasitive
Samples.

Huanan Market

ocati

Positive environmental samples were associated with the western half of the market, specifically
the southwest section. A leaked CCDC Report dated January 22, 2020 showstd4 sasnples collected
on January 1 and 12, 2020 were linked to 21 specific vendors, 19 of which were located in the western side
of the Huanan marké®® How public health officials selected specific stalls for testing has not been

disclosed, but environemtal sampling of the market covered 134 of 678 vendors (19°8#)all, 56 of

73 positive environmental samples from inside the Huanan Market were located in the western zone of the
market, representing 87.5% of positive sampte©f these 56 positivenvironmental samples from inside

2Based on a Google Earth seaithppears the Dongxihu Market is located approximately 6.5 miles west of the

Huanan Seafood Market. Huanggang Center Market is harder to locate and may not be in Wuhan. Huanggang is a city

in Hubei Province and has a Huangzhou Center Market that is apptely 38 miles away from the Huanan Seafood

Market.
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the market, 40 samples (71.4%) were located between rows 1 through 8 in theestatin section of the

market®>®
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Fazhan Road

Figure 34. Map of the Huanan Market, showing locations of stalls where domesividtiée products
were sold in relation to environmental testing results, and confirmed human cases of-C®8thrce
https://www.who.int/publications/i/item/whoonvenedglobalstudy-of-origins-of-sarscov-2-chinapart

Figure 3. Map of Huanan Seafood Market showing locations of stalls where domesticated wildlife products were s
relation to environmental testimgsults andonfirmed human cases of COAD. Redboxesshow association between
southwest section of market aB@VID-19 cases and positive environmental samples. Adapted from-Ghtida Joint Repor
SourceGao GLiu W, Liu ZP, et al. (2022) Surveillance of SARRV-2 in the environment and animal samples of the Huanan Seafi N

Market. PREPRINT (Version Bvailable at Research Squai&s://doi.org/10.21203/rs.3.45370392/v1 * h

public health officials to the WHO, none of the samples tested positive for SARS %1 PRC officials
informed that -nehetefiotbdemphes maére taken from | i~

The sources of the samples include unsold goods kept in refrigerators and freezers in the

stalls of [Huanan Market], and goods kept in warehouses and refrigerators related to the

[Huanan Market]. Samples from stray animals in the market were also calieztesivab

samples from 10 stray cat s, 27 QAlhthe 457e c e s, one
animal samples tested negative for SABRSV-2 nucleic acid, suggesting that the animal

infections with SARSCoV-2 might be rare in the mark®t.

PRC officials denied any illegal live animal sales occurred at the Huanan M&Re¢sentations to the
WH O, PRC officials identified A10 ani mal selling
t ot al &% Reuiewihglsaes ecords providedPRC officials, the WHEChina Report concluded that

90
Marshall.Senate.Gov


https://doi.org/10.21203/rs.3.rs-1370392/v1

THE ORIGINS OF COY®D

those 10 stalls sold Aani mals or product so, but t
and crocodile§® None of which are susceptible to SARSV-2, and thus are unlikely to be internage

hosts®® All other animals were reportedly sold as frozen goods, including bamboo rats, badgers,
hedgehogs, sika deer, and porcupfiés.

PRC officials also reported tothe WHOh i na Joi nt Rexfmsivecolldceoaamdt hat ,
testing é animals in upstream s-C@/i2POR tdstagsutisweteo ok p |
al | negative. o I n all, 616 fAsamples from animal s
wereésampl ed anFde btreusatreyd abnedf® wibadtnsamples fiantHuaman Market
suppliers in Hubei Province were reported as testing negétiiche WHGChina Report notes that the
Huanan Mar ket sol d Anfar med wildlifeo from Heilo
Guangdong, Guangxi, and Yunnan provinces. The PRC has provided no information whether animals from
wildlife farms in these mvinces that supplied Huanan Market were tested for SBR&2 570

Tableb5. Survey of animals from Huanan market suppliers in Hugmirce WHO-convened Global Study of Origins of
SARSCoV-2: China Part Joint WH@hina Study 14 Januath0 February 2021 Joint Repdittps://www.who.int/docs/defatilt
source/coronaviruse/whoonveneehlobalstudyof-origins-of-sarscow2-china-part-joint-report. pdf

Specific types of Bamboo Rat, Porcupine, Duck, Snake, KRabbit/Hare, Chicken,

animals Ostrich/Turkey, Wild Boar
Total sample size 616
Test results Negative

d. Evidence of Live Animal Sales at the Huanan Seafood Market in November
December2019

The WHOChi na Report noted that there were fiunver.

sales at the Huanan Seafood Mafkeb ut ul ti mately concluded that, @An
mammal s being sold ®%@wbuhdt B61Rewer &0 toddanm®x \wit ;ait ti |
the market found ono evl ¢@Despie theifconclisiens,gha joist WB® | i v e
China team observed that during their site visit
disinfection in some areas off”the market, even a

OnJune 7, 2021, a groopresearchers published an articl®Niat ur e 6 s Sc detatingi f i ¢ R\
live animal sales in wet markets across Wuhan, including from seven shops at the Huanan Seafood
Market®> The survey sought to identify the course of Severe Fever with Thronopecya Syndrome
(SFTS) found in animals in Hubei Province following a 2@09.0 outbreaR’® The survey period ran from
May 2017 toNovember 2019with the lead author, Xiao Xiao, conducting regular visits to 17 wet market
shops across multiple markets that sold live wild anirtfals.

This survey directly contradicts the information the PRC provided to the WHO and represents the
most complete picter of nature and scope of live widdn i msalessidWuhan area wet markets in the
months leading up to the outbred&luring the study, Xaio observed:
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All animals were sold alive, caged, stacked and in poor condition. Most stores offered
butchering services, done on site, with considerable implications for food hygiene and
animal welfare. Approximately 30% of individuals from 6 mammal species inspected had
suffered wounds from gunshots or traps, implying illegal wild harvesting. Thirteen of these
17 stores clearly posted the necessary permits from Wuhan Forestry Bureau allowing them

to sell

|l egiti mate

wi |

ani mall

reip Spediee s é  f

or f

names were given in Chinese only, with no clear taxonomic binomial designation. None of
the 17 shops posted an origin certificate or quarantine certificate, so all wildlife trade was

fundamentally illegat®

In total, Xiao recorded that thesl7 shops (out of a total approximately 660 total shops in all
markets) sold 36,295 animals across 38 species from May 2017 to November 2019, with an average of

1,170.81 live wild animals sold per month across all markets. The article found that &tfeasu r

speci e

with known susceptibility tSARSrelatedcoronaviruses were found among the species sold at the markets:

raccoon dogs,

hog badger s,

from farms as opposed to cadwildlife .

mas ked

pal m

C

vet s, a n (

Table®. List of 38 species sold in Wuhan City markets between Mayi20dw 2019, including the mean number
of live individuals sold per month and price (mean+SD; n=survey rounds). Individuals sdureszly from the
wild were inferred from wounds (W) and/or according to vendor responses (R). Species were sold either for food (F)

and/or pets (P)

Species on sale

I Monthly mean (and SD) number of individuals |
sold Price (mean +SD) $ per individual

Mammals

Raccoon dog (Nyctereutes procyonoides)"V* !

38.33+17.24 (n=30)

63.32+15.46 (n=5)

Amur hedgehog (Erinaceus amurensis)**!

332.14+190.62 (n=28)

2.66+0.41 (n=5)

Siberian weasel (Mustela sibirica)"**!

(10.06+12.09, n=31)

11.24+3.07 (n=5)

Hog badger (Arctonyx albogularis)“**!

(6.81+5.37,n=31)

72.79+34.08 (n=5)

Asian badger (Meles leucurus)“*!

12.24+7.39 (n=29)

59.77+15.89 (n=5)

Chinese hare (Lepus sinensis)"V*F!

168.96+ 89.06 (n=29)

16.87+2.88 (n=5)

Pallas’s squirrel (Callosciurus erythraeus)**'

16.52+4.87 (n=23)

Masked palm civet (Paguma larvata)™

10.69+8.42 (n=29)

25.74£7.59 (n=5)
7

Chinese bamboo rat (Rhizomys sinensis)™'

42.76+20.68 (n=29)

Malayan porcupine (Hystrix brachyura)®'

10.00£0.00 (n=29)

Chinese muntjac (Muntiacus reevesi)™

10.00£0.00 (n=29)

Coypu (Myocastor coypus)*

5.00£0.00 (n=29)

28.70+5.08 (n=5)

Marmot (Marmota hinmluyunu)'

15.00 +£4.29 (n=20)

81.37+11.70 (n=5)

Red fox (Vulpes vulpes)™

30.00+0.00 (n=25)

60.96+21.68 (n=5)

Mink (Neovison vison)"

10.37+1.92 (n=27)

34.62+14.78 (n=5)

Red squirrel (Sciurus vulgaris)®*'

16.43+9.51 (n=28)

26.04+8.14 (n=5)

Wild boar (Sus scrofa) Wk

(4.17£5.77,n=29)

319.57+55.95 (n=5)

Complex-toothed Flying Squirrel ( Trogopterus
xanthipes)™!

5.17+27.85 (n=29)

28.11+£9.64 (n=5)

COVID-19 pandemicSci Repl1, 11898. https://www.nature.com/articles/s4159821-914702

13 Internal references omitted.

92

Marshall.Senate.Gov

SourceXiao, X., Newman, C., Buesching, C.ex.al.(2021)Animal sales from Wuhan wet markets immediaf®ior to the


https://www.nature.com/articles/s41598-021-91470-2

THE ORIGINS OF COY®D

On December 3, 20109, an unidentified ficoncerne
being traded in the Huanan Seafood Market, including animals knolesiasceptible to SARE0V-2,
such as minks, weaselaccoon dogs, Malayan porcupines, Chinese muntjacs, marmots and red foxes.
According to a CNN reporter, the individual posted the photographs to the Chinese Social Media platform
Wei bo as he or she was fAconcer nmaswarblkingtradedhatthec on di f
mar ket, and they have been reported on previously

Figure35. Poor welfare of animals on sale in Huanan seafood market: (a) King rat snake (Elaphe carinata), (b)
Chinese bamboo rat (Rhizomys sinensis), (¢) Amur hedgehog (Erinaceus amurensis) (the fnger points to a tick), (d)
Raccoon dog (Nyctereutes procyonoides) Marmot (Marmota himalayana) (beneath the marmots is a cage
containing hedgehogs), and (f) Hog badger (Arctonyx albogularis).

SourceXiao, X., Newman, C., Buesching, C.et.al.(2021) Animal sales from Wuhan wet markets immediately prior to the
COVID-19 pandemicSci Repl1, 11898. https://www.nature.com/articles/s415081-914702

The individual told the CNN reporter the photographs werettakeDecember 2019,and posted
on January 3, 2020 Awithin just a few days of the
cases linked to the Huanan market. Byuarydor52 020 t he photos had %een r el
Copies of the photographs received by NCNvere compressed images with no metadata, further
complicating efforts to verify their authenticity.

Y“YAThe source stated that he had |l ost his phone with tF
WeChat chatting history; the chat happened between this source and his friend on the day that these photographs were
taken, the source saiiihe CNN journalist stated that WeChat would indeed compress the images and strip them of

met adata, consistent with the files provided by the so
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Figure36. Photographs from inside the Huanan marke€:Ahotographs taken by a concerned citizen on 3
DecembeR019, posted on Weibo and reported by CNN (30urceWorobey, M., Levy, J. I., Malpica Serrano, L.,
Crits-Christoph, A., Pekar, J. E., Goldstein AS, Rasmussen, A. L., Kraemer, M. U. G., Newman, C., Koopmans, M. P. G.,
Suchard, M. A., Wertheim, J. O., Lemey, P., Robertson, D. L., Garry, R. F., Holmes, E. C., Rambaut, A., & Andersen, K. G.
(2022). The Huanan Seafood Wholesale Market in Wuhan eassatity epicenter of the COVHD9 pandemicScience (New

York, N.Y.), 3776609), 951959.https://doi.org/10.1126/science.abp8715

If genuine,thesp hot ographs corroborate Xiaods Wuhan ma
animal trading of species known to be susceptible to SBBR%-2 was occurring at the Huanan Market
during earlyDecember2019. Theflooring, drains, and concrete walls shown thre January 2020
photographs are consistent with photographs taken in the western section of the Huanan market in October
2014 by virologist Eddie Holmes during a visit to Wuhan.

Figure37. Photographs from inside the Huanan market. D, E: photographs taken in the western section of the
Huanan market on 29ctober2014. Note that the raccoon dogs appear to be locakcaildht common raccoon

dogs rather than farmed raccoon dogs and thatghesh coats are consistent with those observed in the winter.
Source:SourceWorobey, M., Levy, J. |., Malpica Serrano, L., Gi@ristoph, A., Pekar, J. E., Goldstein, S. A., Rasmussen, A.

L., Kraemer, M. U. G., Newman, C., Koopmans, M. P. G., Su;ir A., Wertheim, J. O., Lemey, P., Robertson, D. L., Garry,

R. F., Holmes, E. C., Rambaut, A., & Andersen, K. G. (2022). The Huanan Seafood Wholesale Market in Wuhan was the early
epicenter of the COVIEL9 pandemicScience (New York, N.Y,)377(6609),951 959. https://doi.org/10.1126/science.abp8715
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These 2014 photographs provide corroboration that the purported Decer20&® photographs
were taken at the Huanan Seafood Market. Taken together with the Wuhan market animal survey they are
evidence that, contrary to the assertions of PRC officialesof live animals were occurring on a regular
basis in Wuhan area wet markets fr@wiober2014 toDecembef019.

ifAccording to sal es r ec anintlsoraninalmprodugs weradoldinDe c e ir
these 10 animal stalls and animals ineldgnakes, avian species (chickens, ducks, gooses, pheasants and
doves), Sika deer, badgers, rabbits, bamboo rats, porcupines, hedgehogs, salamanders, giant salamanders,
bay crocodiles and Siamese crocodiles, etc., among which snakes, salamanctersadites were traded
as | i v e Annthenstutlyslocdmented the animal speciegiartdan marketoted that no pangolins
or bats were traded thef®.

3. The Role of Huanan Seafood Market in the SARE0V-2 Outbreak

The Huanan Seafood Markseeminglyplayeda criticalrole in the early outbreak, but its exact
role is unclear. The association between the earliest known CQ¥IBases and the Huanan Seafood
Market is one of the strongest pieces of evideuggesting natural zoonotic spillover origin to COVID
19. Liveanimal sales at markets are a known zoonotic risk and this association in some ways parallels the
spillover events that led to tt022003SARS epidemié?!

Despite denials by PRC authorities, several animal species known to be susceptible-0BARS
2 appear to have been present in the Huanan Market in the months prior to the-C@®@éndemic.
Whether the COVIBL9 cases and positive environmental samples found at the Huanan Market represent
t he fiepi cen t-@GVY-Dspitofer ftomm animalat&®Bans®?or an early super spreading event
remains an area of active scientific discus$§#n.

a. Early Variants and Evidence the Huanan Market was an Early Super Spreading
Event

The crux of the debate centers on aaThdigartyr adox 0
genomic sequences of SAR®V-2 f all into two differenfThetvwoups, c:
lineages only differ by two mutations. Since SAR8V-2 evolves rapidly, it is common for different viral
sequences to differ by two mutaim Studies of viral transmission suggests that S&R%-2 sometimes
acquires two mutations in a single transmission eff@htneage A is more similar to the bat coronaviruses
from which SARSCoV-2 is believel to ultimately be derived. This fact suggettiat either Lineage A
evolutionarily preceded Lineage B, or that if Lineage B was the predecessor there must have been a
statistically unlikely evolutionary path that led to acquisition of two mutations back towards the bat
coronavirus predecessor.

For ths reason, until recently, most studies interpreted the sequence data as indicating that SARS
CoV-2 arose from a single introduction into humans of a lineage A virus from some unknown source with
all subsequent evolution, including the divergence of lisdadrom lineage A, occurring in humans. For
example, based on analysis ofearly SARS/-2 sequence, one expertOnen vira
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of the biggest takeaway messages is that there was a single introduction into humans and théo-human
humanspread %

The Aparadoxo is that man y19adses tirb assofiated with th&k n o wn
Huanan Seafood Market and the genomic sequences of these cases fall within litfféagadilition, all
but one environmental sample collected at the Huanan market also fall within lin€&gdé&s, lineage B
predominated among the earliest known COMMDcases as well as in environmental samples from Huanan
Market, but lineage A appeaslve the first introduction of the virus into humé&#ts.

The majority view of scientists is that the presence of lineage B viruses at the Huanan Seafood
Market indicates that these COWD® cases and environmental samples from late December 2019 and
early 2020 are evidence of an early super spreading event rather than evidence that the zoonotic spillover
of SARSCoV-2 occurred physically (or Afor the first t
Seafood Market as super spreading event alsothateavailable data on lineage A is likely incomplete
given that some early samples from Wuhan have not been fully sequenced and others have be¥®h deleted.
In addition, as described above, early criteria for identification of COMIZases emphasizedirk to
the market, which could have led to preferential identification of lineage B cases associated with the market

The theory that the COVH19 pandemic began with a single introduction of a lineage A SARS
CoV-2 virus, with lineage B then diverging ssal weeks later in humans, has been proposed by a
substantial number of peesviewed studies, but is not the sole, consensus view. Other studies have
remained troubled by the inconsistency that sequence analyses suggest the most ancestral sequences are
i neage A but the first reported agamng strenginferencesr e | i
regarding the early spread of* the virus based sol

A recent study by Pekar et. al. (Pekar study) has suggested a different TeoBekar study,
which is a companion paper to the Worobey study mentioned earlier in this section, posits th&SARS
2 jumped twice into humans from one or more unidentified animal source at the Huanan SeafootfMarket.
Under this theory, the divergem between lineage A and B occurred in animals prior to two separate
introductions to humans at the Huanan markats theory is inconsistent with two recent studies. One
study, still in preprint, by the Chinese CDC reported that SAB®V-2 was not foundn any animals
sampled at the Huanan Seafood Market, and that t he
than the origirf®?

The Chinese CDC study, led by CCDC Director Dr. George Fu Gao, also reported that the only
lineage A sample frorthe market, was found on a glove not sampled until Janu2@20, so it is unclear
if this glove represents an outside human sample introduced to the F&Tket.second study, which has
passed pearview, suggests that transmission at the Huanan taudke have occurred from humém
human in toilets and Mahjong rooms rather than from animals; supporting the role of the market as an
amplifier event rather than a site of anim@human transmissio?f®

b. Evidence Huanan Seafood Market and Related Suppighai n wer e the AEpI
of the COVID-19 Outbreak
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The theory presented in the Pekar study presupposes that the earliest knownrI9@dHes from
late-December 201%epresensome of the very first human COVAIDO cases. As a result, because the
earlistknownCOVID1 9 cases fall within Iineage B, lineage
than lineage A% Since lineage B cases and environmental samples predominate at the Huanan Seafood
Market, it would therefore then be likely that the maylar its supply chain, was the location for the
zoonotic spillover of SARE0V-2 into human$?’ In reaching this conclusion, the Pekar Study draws
heavily from a companion sstudyobypWblrobbgdetonabr

The Worobey study is an important paper with respect to the origins of £ARS and the role
of the Huanan &food Market. As a p#erint it received substantial media coverage, in large part because
study stated that its fanal yses provi-Cov-2daiteposi t i
live wildlife trade and identify the Huanan market as tmambiguous epicenter of the COVI®
p a n d e®fWhile the peer reviewed version backs away from the dispositive evidence claim, it
represents the most forceful and complete argument in favor of the theory that Huanan Seafood Market was
t he 0 e pithe EOMDEL® autbreak and not just an early super spreading event. As such, it is worth
reviewing at lengtl§®® The study argues:

The earliest known COVIEL9 cases from December 2019, including those without
reported direct links, were geographically eat on this [Huanan] market. We report that

live SARSCoV-2 susceptible mammals were sold at the market in late 2019 and, within
the market, SARSC0oV-2-positive environmental samples were spatially associated with
vendors selling live mammals. While thereinsufficient evidence to define upstream
events, and exact circumstances remain obscure, our analyses indicate that the emergence
of SARSCoV-2 occurred via the live wildlife trade iBhina andshow that the Huanan

market was the epicenter of the COVID pandemic¢®

Citing to the Xi a@% dthedy@d&sudaniomaslersiiersveayrat @dthe
markets in Wuhan reported to consistently sell a variety of live;eafttued or farmed, mammal species

in the years and months leading up to the COYID p a n @*8eweérat species of live animals found

at the Huanan Market in the Xiao study are known to be susceptible to-SARS.7%2

The Worobey study found records of finssued to Huanan Market vendors for illegal wildlife
sales’®On May 7, 2019, Wuhan authorities issued citations to two Huanan Market vendors whose stalls
illegally sold hedgehog¥® The stalls fined for selling hedgehogs were located in the south orest of

the marketonrows6and®l n addi ti on to the fines, Huanan mar k
identified a number of previously unidentified st :
or other unspecified meatpd uct s in the west®rn section of the m

This finding builds on evidence presented in the WEI@na Joint Report and the leaked January
22 CCDC report showing that 90% of the positive environmental samples collected on January,1 and 12
2020 were linked to vendors on the western side of the Huanan market. That 87.5% of all positive
environmental samples were taken from the western half of the market. In total, 71.4% of all positive
environmental samples located between rows 1 through 8 in thewestern section of the markét.
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The Worobey study also identified five additional stalls, not previously identified in the - WHO
China Report that were likely engaged in live animal sales and butchering, bringing the total number of
Huanan Seafood Market stalls that sold animals to 190678 stalls. Of the stalls in treuthwestern
section of the Huanan Market, the study identifies Stall 29 in row six as particularly notable. Stall 29 has
fgamed in its title and dAlists dAlmewneremsmeditwas a s
vendors fined for illegal hedgehog sales in Mary 7, 209®¢hile there was no record of a human COVID
19 case associated with the stall, the stall itself had five positive environmental sahhptagever, it is
important to note that, theehviest sampling was around stalls selling anim&ts.while there are
numerically more positive samples associated with stalls selling animal products, the percent of positive
samples is not any higher for animal product associated safffples.
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Figure 3. Map of the Huanan Market, showing locations of stalls where domesticated wildlife product

sold in relation to environmental testing results, and confirmed human cases of Q@\Afirce:
https://www.who.int/publications/i/item/wfamnveneehlobalstudyof-origins-of-sarscov-2-china-part

Mor eover, ithe objects sampled [at Stall 29] s
metal cage, two carts (of the kind frequently used to transport mobile animal cages) and a hair/feather
r e mo A rsewage grate located at or near Stallak® recorded a positive environmental sample.
[Note: All the four sewerage wells in the market tested posititfe]n an incredible coincidence, Stall 29
was visited and photographed by aaghor of the Worobey study, Dr. Edward Holmes, in 2014. During
his visit Dr. Hol mes, fiobserved |live raccoon dogs
birdso™ n 2014.
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Figure40. Photographs from inside the Huanan market. D, E: photographs taken in the western section of the Huanan
market on 29ctober2014. SourceMWorobey, M., Levy, J. |., Malpica Serrano, L., Gi@sristoph, A., Pekar, J. E., Goldstein,

S. A., Rasmussen, A. LKraemer, M. U. G., Newman, C., Koopmans, M. P. G., Suchard, M. A., Wertheim, J. O., Lemey, P.,
Robertson, D. L., Garry, R. F., Holmes, E. C., Rambaut, A., & Andersen, K. G. (2022). The Huanan Seafood Wholesale Market in
Wuhan was the early epicenter ohet COVID19 pandemicScience (New York, N.Y,8776609), 951959.
https://doi.org/10.1126/science.abp8715

Additional analysis in the study of popular social media check in locations for Wuhan, suggests
that the Huanan Seafood Market is not disproportionately crowded or popular than other markets and areas
of Wuhan’!® The stidy argues that this data shows there are other places in Wuhan that would be as likely
or more than the Huanan Seafood Market to have C@\Buper spreading events. Therefore, the study
posits that the Huanan Seafood Market CO\MDcases in lat®ecemigr 2019 are more likely to represent
zoonotic spillover thamumanto-humantransmission in a super spreading event because despite other
|l ocations being more favorable to super spreading
[COVID-19]cae densitydo to the Huanan Seaf od%outMaaklk et i n

The study also attempted to determine the location of 165 of 174 retrospectively identified-COVID
19 case'$ with symptom onset dates December2019 through spatial analySi$.This spatial analysis
exercise was necessary to determine the approximate location of the earliest cases because PRC officials
have not released location information for these casemddie two low resolution maps provided to the
WHO-China Joint team. The study overlaid the two d@sgolution maps of Wuhan that displayed the
approximate location of the 165 retrospective cases with a map of Wuhan created by OpenStreetMap, an
opensoure Awi ki 0 style mapping website.

By collating these differemhapsthe study provides an approximate location for most of the cases
with a December 2019 onset within a rougB0-foot radius. Latitude and longitude coordinates were
taken from the centaf each radius. The resulting location of these cases cluster near the Huanari*arket.
This spatial analysis has been cri tltlhheanalysisinthey st at

S These retrospectively identified cases were reported in the \@hi@a Joint Rep. According to the Report, PRC

public health authorities retrospectively searching fo
considered cases sufficiently Ilikely to warspossiblei sol at
COVID-19 cases.
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paper does not give a proof of the centrality of the Market in the 155 December cases. On the contrary, our
analysis suggests that the Markeitia f act unl i kely to be™t he spatial

Despite these criticisms, the Worobey study is one of the most dedagdysef the available
information regarding the COVH29 cases and environmental samples from the Huanan SeafoketMar
Neverthel ess, the studyds authors have candidly
evidence:

We have been able to recover location data for most of the Decemdstr COVID19

cases identified by the WHO mission and have beentalle so with sufficient precision

to support our conclusions. However, we do not have access to the precise latitude and
longitude coordinates of all these cases. Should such data exist, they may be accompanied
by additional metadata, some of which we daeconstructed, but some of which,
including the date of onset of each case, would be valuable for ongoing studies. We also
lack direct evidence of an intermediate animal infected with a SB&&2 progenitor

virus either at the Huanan market or at atfiocaconnected to its supply chain, like a farm.
Additionally, no line list of early COVIBL9 cases is available and we do not have complete
details of environmental sampling, though compared to many other outbreaks, we have
more comprehensive informatioon early cases, hospitalizations and environmental
sampling’®

The authors of the Pekar study acknowledge similar limitations due to missing evidence from the earliest
days of the COVIB19 outbreak:

Importantly, we lack direct evidence of a virus clgsedlated to SARSCoV-2 in non

human mammals at the Huanan market or its supply chain. The genome sequence of a virus
directly ancestral to SARS0V-2 would provide more precision regarding the timing of

the introductions of SARE0V-2 into humans and thepidemiological dynamics prior to

its discovery. Although we simulated epidemics across a range of plausible
epidemiological dynamics, our models represent a timeframe prior to the ascertainment of
COVID-19 cases and sequencing of SAB&V-2 genomes and tis prior to when these
models could be empirically validatéd.

At the root of the continued uncertainty over the role of the Huanan Market in the CGOVID
pandemic is the apparent failure of PRC officials to test animals removed from the market after the
association between the market and the earliest known CQVYiEases was discover&dMoreover, both
the Worobey and Pekar stadrely on data presented to the WHO by PRC authorities, neither study had
access to the underlying data. By contrast thecasithf the CCD€E® pre-print, who presumably did have

16 Despite being publicly released around the same time as the Worobey and Pekar studies, the CCDC study has not
cleared peereview. Individuals with knowledge of the peer review status of the CCDC study have told this
investigdion that the CCDC study has been rejected because its authors have not been able to provide the raw data
related to the Huanan Seafood Market on which their findings are based. If accurate, the rejection seems inconsistent
with peer review process affordlehe Worobey and Pekar studies. All three studies rely on the same information,

namely the results of the PRC public health aut-horitie
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access to the underlying raw data, reached the opposite conclusion from Worobey and Pekar, concluding
that the Huanan Market was a super spreading event and not the location eC8XRS6 s s piol | over
humans?*

The failure to test animals with Ilinks to the
experience from investigating the origins of the SARS epidemic where testing of animals in Guangdong
province wet markets identified palm civets as the likatlsrmediate host of the virus. It is also inconsistent
with PRC public health of foiuctibarlieseSkgatdost intoozomoticd ur i n g
spillovers of High Pathology Avian Influenzas H5N1 and H7N9 and multiple outbreaks of Swine Acute
Diarrhea Syndrome Coronavirus (SAI®V) at pig farmg25726727|n all of these prior disease outbreaks
public health officials tested animals, including after culling, found in live markets or farms associated with
the outbreak of an infectious dised%e.

c. Sequencing of Huanan Seafood Market Environmental and Animal Samples

A preprint study conducted by the form88 Direc
environmental samples collected from environment and animals within the Huanan Seaflostdrivzarly
2020. His study identified 73 SARSoV-2 positive environmental samples. Three live viruses were
successfully isolated from these environmental samples. None of the animal swabs taken from the 18 animal
species found in the market were posgitior SARSCoV-2.

The three live viruses from environmental isolates were sequenced. These viruses shared 99.980%
to 99.993% similarity with human isolates recovered from Wuhan (HCoV/WuhanAMB{®©1). As the
author descri bed, ntvhiencfiinmgdienwg 9d efngredv ioded heo pr eval
CoV-2 in the Huanan Seafood Market during the early course of the Wuhan ou#8reak.

4. Retrospective Searches for Evidence of Earliest Human Cases of SARSV-2

Presentations by PRC scientists orirttefforts to retrospectively identify when SARDV-2
began circulating in Wuhan to the WHThina Joint Team found no evidence of COWID cases prior to
December 2019. Influendike illness (ILI) and severe acute respiratory infection (SARI) survedan
results shared by Chinese official sCov-2t@mmsmisserd fAno
in the months precedi ngcadsdneortatitydath, presarited to the VEElcae mb e r . ¢
Joint Team showed fAnsonthsrofaOgtebernooDederaberiint 2919 i .n until A steep
increase beginningd the week of January 15, 2020.

In addition to reviewing ILI and SARI surveillance data, PRC scientists also conducted
retrospective testing of stored respiratory tisanples collected during standard ILI surveillafié@he
presentations given to the WHChina Joint Team reported that all of the 658 samples collected in Wuhan

China Joint Team. The CCDC was one of the leading agermigsicting that investigation and the authors of the
CCDC study very likely participated in the investigation. It is unclear why the same undisclosed data is sufficiently
reliable for the Worobey and Pekar studies to pass peer review while not beingsilffiliable for the CCDC

study to be accepted.
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in Al ate 20190 wEaVve infection’d Alli6wad saimples coBeat&dSn Hulieiovince
from outside Wuhan were also negati¥aHowever, 9 of 120 samples collected for ILI surveillance in
January 2020 tested positive for SARBV-2.73

SARI surveillance samples collected in Wuhan
negatve.” Data presented to the WHO on mortality surveillance in Wuhan during 2019 and 2020,
including pneumonia mortality, found no evidence of widespread SB&®RE2 circulation in 2019.
fiDuri ng t he-Degcembér @019, reviey ofssdbuse as well gsneumoniaspecific mortality
surveillance data provided little evidence of any unexpected fluctuations in mortality thatndighte
the occurrence of transmission of SARS8V-2 i n t he popul ati o before Dece

Relying on presentations by Qleise researchers, the WHIhina Report determined that there
was explosive growthinCOVID 9 cases by the third week of 2020 Ai
transmission was occurring by the firstCoweek of
transmission in October or November 2019 and reported only 174 confirmed infections of C9Y4D
all of December, 201% This finding stands in stark contrasta New England Journal of Medicine article
published on January 29, 2020 that concludegidntio-human transmission had occurred among close
contacts since the middle of December 2(18. is also inconsistent with multiple reports of Chinese
government documents showing human COM®in midNovember, 2019

Retrospective testing of stored biological samples in Wuhan hospitals from Octdimraimber
2019 tested negativ&his reported data would be inconsistent with other information suggesting GOVID
19 may have been circulating in Wuhan in this time peBgdcontrast, 2.2% of blood donations received
by the Wuhan Blood Center between JanuaryAgprd 2020 tested positive for SARSoV-2 antibodies?
The WHOChina Joint Report recommended investigating options for testing blood donations received
between Sptember anddecember2019 for SARSCoV-2 antibodies*® To date, there is no publicly
availabl e i nformati on i ndicating t hat Chinese
recommendation&?!

Chinese officials retrospectively reviewed 76,253 cases pifatsry conditions from October and

November2 019 from 233 healthcare facilities. AFol |l owi
were reported as having symptoms consistent with CO1V®D , fafter revi ew, Subse
furtherexternee mul t i di sci plinary reviewdo by Chinese offi

with COVID-19.74?It does not appear that PRC scientists retrospectively searched fbospitalized

early COVID-19 cases despite knowing that less than 5% of @2M cases required hospitalization.

Thus, Chinadés only known effort to r®casessvgueicti vel
have failed to detect approximately 95% of COVID cases. Data from the 76,253 cases was not made
available to the joit WHO team nor was the clinical criteria used to eliminate cases desétibed.

Based on Chinese presentations, there is no evidence of-SAR& circulation in people prior
to December 2019. These findings are inconsistent with Ca\Butbreak modelm reports from U.S.
Consulate officials in Wuhan, leaked PRC government documents identifying cases in November 2019,
and other media reports of COUI® cases prior to December 2019. The seemingly limited retrospective
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case search also stands in stanktiast to the testing and contact tracing investigations conducted by PRC
government agencies as part of-1%pblieg’*gover nment ds #f

5. Animal Studies Searching for the Origins of SARSCoV-2

As of early 2023 there is no reported evidence of SARBV-2 or a closely related progenitor
virus circulating in animals prior to the first publicly reported human infections in Wuhan in December
2019. Every outbreak of SARSoV-2 in animals is accepted as the result hofmanto-animal
transmission’® This is a departure from the precedent provided by SARS, where epidemiological
investigations found a closely related virus (99.8% similar), lacking genetic mutations found in later human
samples, circulating in palm civedsd raccoon dogs in Guangdong wet markets within months of the first
known human cas€® The failure to find any animal infected with a SAR8V-2 variant or closely
related virus that lacks mutations found in human SARSY-2 viral isolates is a signdant evidentiary
gap in the natural zoonotic hypothesis.

This section summarizes evidence from animal studies related to-6AR2 6 s or i gi ns.
section is divided into two sufections. The first subection details the available evidence on animal
surveys conducted by the PRC authorities during their investigation into the origins ot G&R3. These
surveys reportedly did not find a single animal in China infected with SB&&2 either before or after
the start of the COVIEL9 outbreak. The secomdibsection reviews studies on SARDV-2 infections
and transmission in various animal species, including experimental infections and natural infections caused
by humanto-animal transmissiorof the virus. This sulsection also evaluates the leading cdat#
intermediate host species based on susceptibility to SBRE2 and evidence that the species was in the
Huanan Market and Wuhan area live market supply chain.

a. Animal Studies Conducted by PRC Public Health and Animal Health Officials.

According to presentations given by PRC offic
origins of novel pathogens, PRC public and animal health authorities collected and analyzed over 80,000
animal samples from all 31 Chinese provinces and foundiderece of SARSCoV-2 infections’*’ Many
of the samples tested were collected as part of routine animal surveillance in 2018 affdN20a8.of
this surveillance appears focused on livestock and other animals, such as geese, duck, chicken, sheep, and
pigs which are important to the Chinadbds economy,
experienced large scale outbreaks of infectious diseases in receritY/davgever, none of these species
are very susceptible to SARSV-2 and thus are unlikelp be intermediate hosts of the vir3s.

PRC officials reported that almost 12,000 geese, duck, chicken, sheep, cattle, and pig tissue samples
collected in 2018019 tested negative for SAR®V-2 antibodied>! An additional survey of 26,807 of
these anirals using SARSCoV-2 nucleic acid tests also reportedly found no evidence of infecfibRRC
officials further reported to the WHOhi na Joi nt Team t hat an undiscl
samples collected and stored from 2015 to 2020 were all negatid no anomaly was found in national
surveillance syst e MNbne ofthaindedyingdata forahe stutliesdetailsdabove
has been made publicly available.
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In December, 2019, routine animal infectious disease surveillance iai Rutvence collected
2,328 samples from 69 animal specigsThe survey included species susceptible to SARS-2,
including raccoon dogs, skunks, foxes, deer, and several monkey spediks. information made
available to the WHE&China JoinfTeamdid not specify the number of samples collected from each species
and included an entry on t°tenebfithe samuels tested positive fors p e c i
SARSCoV-2 antibodieg®’

The PRC also presented similar information on the results of 6,811 animal samples collected from
14 species as part of nationwide animal infectious surveillance in Decembe2@/i8le many of the
species sampled are not susceptible to SARSE-2, amples were collected from an unknown number of
ferrets, deer, and monkeys which have all proven to be highly susceptible teGARSE">° As with other
PRC animal survey data, none of the underlying data has been made publicly available.

A pre-print byChinese researchers investigating SARS/-2 infections in cats in Wuhan reported
that 15 of 102 samples collected from cats in January to March 2020, after the start of the T8OVID
outbreak tested positive for the presence of SARS-2 with 11 cats &b testing positive for SARSoV-
2 antibodie$®® None of the 39 prpandemic samples collected in March to May 2019, tested poStive.
However, a separate study by Chinese researchers published in July 2020 collected 1,914 samples from 35
animalspecies n Wuhan fdAand surrounding ar eas 0%Alltestad Novem
negative for SARSCoV-2 antibodies, including several species of wild animals and companion animals
that are susceptible to SARSV-2.73

While preparing its preliminary epor t |, the WHO6s SAGO received
researchers on animal surveys conducted in China since the-@¥iit@ Joint Report was issuédAs
with previous PRC presentations to the WHO, the underlying data was not made available. The SAGO
Prei mi nary Report, published on June 9, 2022, not ed
was unpublishe® Presentations to the SAGO on new animal studies in China included:

1 A survey of known SARSCoV-2 susceptible animals finding that Camicoronavirus in
raccoon dogs in Changli and Leting in Hebei Province had a 94% identity (compared to
the SARS CoV-2 virus) however, there were no positive SARSV-2 samples captured
(unpublished data presented to the SAGO).

1 Initial animaltesting of 32,479 animal samples (species and numbers of species were not
specified) from 18 provinces in China, did not find any nucleic-pogitive tests for
SARSCoV-2.%7

1 Serologic results from 1,211 serum samples from livestock and poultry artisg&8n
samples from dogs, cats, mink, foxes and racoons were presented suggesting no positive

results for SARSCoV-2 antibodies (unpublished data presented to the SABO).

As of early 2023 the underlying data from these presentations remains unpublishe
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As part of the argument that SARV-2 did not originate in China, PRC government officials
and scientists continue to claim that there have been no widespread outbreaks eEGAR the
countryds ani mal popul at ialtestingdnkkedtherecountreeg thd PRE hak ar g e
not reported culling any farmed animaf€ Prior to 2022, PRC officials have only reported isolated
infections among companion animal$Similarly, 2022 has seen reports of mass culling of pet hamsters,
dogs and other companion animals, but no reports on mass animal inféétiarmase report showed that
SARSCoV-2 infection in a pet hamstezsulted in hamsteio-human infection leading to sustairtegman
to-human SARSCoV-2 transmissiori’?

b. SARS-CoV-2 Infections in Animals

With the global spread of SARSoV-2, scientists conducting infectious disease surveillance in
animals outside of China have been able to study the spread ofG&R3 among multiple animal species
either through naturahumanto-animal infectionsor through infection experiments by scientists.
Overlaying the results these studies and experiments with evidence of live animal sales in the Huanan
Market and other Wuhan area markets during the early C&l@Dutbreak can identify which of the
animalssusceptible to SARE0V-2 are thecandidaténtermediate hosts, if the zoonotic origin hypothesis
is to be proven valid.

i. Experimental Infections of SARSCoV-2 and Related Studies

SARSCoV-2 is a generalist virus thaaninfect a wide variety of animaipecies’® Scientists
attempting to identify potential intermediate hosts for SARS/-2 have undertaken infection experiments
ranging from ACE2 affinity experiments to animal infection studies. ACE2 experiments showed,
surprisingly that early pandemicARS-CoV-26s spi ke protein bound most
receptors, while exhibiting high binding affinity for primates and a large number of maranthlew
affinity to bats’”* Studies of experimental COVHD9 infections in animals also indicate that most likely
intermediate hosts for SARSoV-2 are mammaléTable 7).
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Table7. Susceptible animals to SARSV-2 identified through experimental means

Animal Species Susceptibility (a) | Intra-species
r: ission**

African green monkeys (Chicrocebus Yes Mot specified
aethiops)
Baboons (Papio hamadryas) Yes Mot spacified
Bank voles (Myodes glarealus) Yes No
Bushy-tailed woodrats (Neotoma cinerea) Yes Mot specified
Campbell's dwarf hamster (Phodopus Yes Mot specified
campbelli)
Cat (Felis silvestris catus) Yes Yas
Cattle [Bos tourus) Yes No

|Low susceptibility )
Chinese hamster (Cricetuius griseus) Yes Mot specified
Commaon marmaosats (Callithrix jacchus) Yes Mot spacified
Cynomelgus macaques [Macaca Yes Mot specified
fascicularis)
Deer mice [Peromyscus maniculatus) Yes fes
Diog (Canis lupus familiaris) Yes No

|Low susceptibility )
Egyptian fruit bat [Rousettus gegyptigcus) Yes Yes
Ferret [Mustela furc) Yes Yes
Goat (Capra hircus) Yes Mot specified

|Lower susceptibilitg )
Mice - BALE c and CSTBL/G * Yes Yes (mouse

adapted)

Mice - Transgenic hACE2* Yes Mot specified
Mink [Negvison vison) Yes Yes
Pig (Sus scrofo demesticus) Yes No

|Low susceptibility)
Rabbit [Oryctolagus cuniculus) Yes Mot specified
Raccoon dogs (Nyctereutes procyonoide) Yes Yes
Rat - Sprague Dawley Yes Mot specified
Red Fox [Vulpes vuipes) Yes Mot spacified
Rhesus macaques [Macoca mulatta) Yes Mot specified
Roborovski hamster (Phodopus roborovskii] | Yes Mot specified
Sheep [Ovis aries) Yes No

(Lo susceptibility)
Striped skunks |Mephitis mephitis) Yes Mot specified
Syrian hamster (Mesocricetus guratus) Yes yes
Crab-eating macaque (Mococa fosciculoris) Yes Mot specified
Tree shrews | Tupaia belangeri chinensis) Yes Mot specified
White-tailed deer (Odocoileus virginianus) Yes Yes
Winter white dwarf hamster (Phodopus Yes Mot specified
sungorus)
Zebra fish {Danio reric) Yes Not specified
Zebra mussel (Dreissena polymorpha) Yes Not specified

**Not specified means not having proof of transmission.
Sourcehttps://cdn.who.int/media/docs/defagtiurce/scientifieadvisorygroupon-the-origins-of-novetpathogens/sagreport

09062022.pdf

ii. Animals Susceptible to SARSCoV-2 Through Natural Infections

As the ChinaWHO Joint Report noted, a consequence of SARY-2 6 s br oad
mammals is that there amanypotential intermediate host species:

SARSCoV-2 infection and intraspecies spread (including further transmission to humans)
has been documeed in an increasing number of animal species, particularly mustelids and
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felids. SARSCoV-2 adapts relatively rapidly in susceptible animals (such as mink). The
increasing number of animals shown to be susceptible to S2R&2 includes animals
that arefarmed in sufficient density to allow for enzootic circulatién.

Animal infectious disease surveillance has discovered SB&&2 infections in a wide range of animals
including: otters, lynx, mink, domestic cats, domestic dogs, ferrets, hamstergplioras, snow leopards,
hyenas, tigers, gorillas, and dé&These animals have been infected in a variety of settings ranging from
industrial animal farms to zoos and the wfld.
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Figure4l. Figure adapted frorenollar F, Mediannikov O, Maurin MDevaux C, Colson P, Levasseur A, FournieE Bnd
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As expectedgiven the results of experimental infections, susceptible animaddlanammals with most
being catsfélids), mink or small rodentsrfustelid, or norhuman primatess(miang.

6. Analysis of Mink, RaccoonDogs, and Foxes as Candidate Intermediate Hosts for SARS0V-2
Outbreaks

The most important evidence for live animal sales at the Huanan Seafood Market is the Xiao survey
of Wuhan area markets establishing t manythoushnds Hu an a
of live wild animals including hight i sk specieso in the-190uthreak’® pri or
Mammals susceptible to SARSoV-2 that were recorded at Wuhan area wet markets from May 2017 to
November 2019 include: mink, weasels, raccdogs, masked palm civets, Chinese munt and bad@ers.
Of the mammal species in Xiao survey, mink, foxes, and raccoon dogs represent the most likely
intermediate hosts of SARGoV-2.780781
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a. Natural Infections of SARS-CoV-2 in Farmed Mink

The first COVID-19 outbreaks in mink was detected in afigril, 2020 at two mink farms in the
Netherlands, located approximately 8.5 miles af§a&.majority of infected animals only displayed mild
symptoms, but the two farms did report a notable rise in animal deathshieodn6% to 1.2% and 2.4%
respectively®*The outbreak investigation found Ano connec
bet ween t he’®¥iralsaguencésaallanted from mink samples were consistent with human to
mink transmission of the vird& Individuals working at the farms also reported COMIB like symptoms
before the illness was reported in minks and environmental sampling shadARSCoV-2 was present
in dust fr om t®hAs result of thesesfindingsditdniasicgncluded that the outbreaks were
most likely the result of separate introductions from farm workérs.

As these first outbreaks were being investigated, indbsnink farms in Europe and North
America began experiencing explosive COVIP outbreak® In the Netherlands outbreak occurred at
over 60 mink farms with the Dutch government culling infected mink beginning in June/%2920en
culling infected mink failed to contain the outbreak, the Dutch government ordered the culling of all farmed
mink in November, 2020 and instituted a ban on mink farfihgOVID-19 outbreaks among farmed
mink have been reported in over 15 countrigsluding, the United States, Denmark, Poland, France,
Sweden, Spain, and Ital§*

Once SARSCoV-2 enters a mink farmés ani mal popul at
uncommon for all samples collected at a given farm to test positive for $ARS.7°20One study found
that only 12% of farms experiencing a COVID outbreak had less than 50% of their samples test
positive’®® Rapid, widespread transmission of SARBV-2 among farmed mink populations has resulted
in the virus mutating, leading to the ergence of mink specific SARSoV-2 variants® In addition,
studies have shown that mink can bénfected with SARSCoV-2 approximately every six months, which
sustains transmission of the virus within an impacted farm and presents more opporturiliesifas to
mutate’®®

As of September 25, 2022, farmed mink are the only animal with confirmed instances of animal to
human transmission of SARSoV-2. A Dutch study of a COVIEL9 outbreak across 16 mink farms found
that the virus was initially introdied into the farms by humans several weeks before the outbreaks were
detected®® The resulting widespread circulation of SAR®V-2 among mink on the farms caused the
virus to quickly evolve so as to adapt to the mitikSixty eight percent of mink farm s&lents, employees
and close contacts had evidence of SARS/-2 infection%®

Sequencing of available whole virus genomes from infected humans showed that the individuals
had been Ainfected with strains wiceabfanmato-aumanmal s e (
transmission of SAR€oV-2 wi t hi n /9By Koveinber 2020, Denmark had reported 214
human COVID19 infections caused by mink variants of SAR8V-2.8% In April 2021, European
scientists discovered a mink variant of SARBV-2 that had undergone significant mutations in its spike
protein, allowing the variant to evade COVID therapeutics and natural immunity. These findings
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prompted the Danish government to cull its entire population of 17 million farmed mink in an effort to
prevent mink variants from crossing over into hum&hs.

b. Animal and Fur Farming in the PRC

The PRC is home to worldodos | argest fur far min;q
farmed mink at just over 20 million animals, representing 53%laifal productiorf®> Beyond mink, the
PRC is by far the worldbés | argest producer of rac
respectively peryed*The PRC6s fur industry employs around 7

fur industry accounted for $17 billion in global fur retail sales out of $30 billion in annuaf%ales.

The expansion of the PRCO6s f ur habmaultadimagluiohdustr
furs on the global market that has reduced profits, forced farmers to implement cost cutting measures, and
pushed some smaller farms out of busirf@s$° Geographically, mink farming is concentrated in
Shandong Province with fox and raccoon dog production concentrated in Hebei Province. Fur processing
and wholesale market are geographically co¥centra
Hubeiprovince is not considered a major fur farming province.

/\@ . Major fur farming,
IV_QTO processing and wholesale areas in China

"M arming areas
/ Main fur processing and wholesale areas D"M
1 Hellongilang Province: Haertin Gighaer. Jamus. Dagng 77
2. Jilin Province:
3. Lisoning Province:

Figure42. Major fur farming, processing and wholesale ares in China.
Source:ActAsia (2019Chi nabés fur trade and it ttpsploveriattasia.argmipn t he gl obal f
content/uploads/2019/10/Chisfaur-Report7.5.pdf

Unlike fur farming in North America and Europ#énich is concentrated in large farms, fur farming
in the PRC is predominately carried out by small household farms that typically produce between 300 and
1,000 fur bearing animals per yé&tEven with increasing consolidation and professionalization, 6%
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Chinads mink farms #wWhismalChi madwselhioalrdi haumsry ha
farming standards and other practices from Europe
farming countries. Without penalties, animallfaee, environmental standards, and human health remain
comprofiY sed. o

Ani mal wel fare and wor ki ng ¢ o npdarand, thus sonduagive PRCO s
to the spread of infectious disea&€s:armed fur bearing animals are held in smateges than those
found at equivalent European fur farB$Other poor welfare conditions atemmonplace

Stereotypical captive behaviour has been witnessed at every fur farm investigated in China.

This includes selfnutilation, infanticide, andepetitive pacing, witnessed across the board

of all farms investigated in China. Cub mortality is high € nifnals]are commonly found

in isolation, unable to make physical contact
paste. Wire bases to cages léadnjuries from limbs becoming caught, especially with

young a.nCageain €nese fur farms have been found to be barren, exposed to

the elements whether the climate is cold or hot, and severely inadequate in providing shelter

or comfort, servingnly to keep captives alive for long enough to grow a pelt of acceptable

size®3

Inbreeding is a widespread practice as it quickly increases the numdneinfls butmakes populations
susceptible to disease and reduces fur quality, further driving doeas ffor farmers and pushing farmers
to increase productigh?

A 2010 USDA reports found that Aunder the pres
bearing animals are feed a poor di€More recent reporting suggests that fur farmers in Crégalarly
feed the remains of skinned animals to the next generation of adtfiakénned byproduct of minks,
raccoon dogs, and foxes are also sold to meat traders or consumed by the farm owner and farf’workers.

Most farmed mink, raccoon dogs, amdés in China are skinned alive by hand usually after being
bludgeoned in the head in an attempt to render the animal uncorf$idus-skinning is used because it
is cheaper for small household fur farms to hire labor than to invest in equipmentdégum®re humane
killing methods®'® As a result, China has a large number of migratory workers in the fur farming industry.
During skinning season, which runs from October t
to farm, slaughteringandskilmg ani mal s a%® fast as they can. o
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Figure43. Photos of mink farming in ChingourceAct Asi a (2019) Chinads fur trade an
industryhttps://www.actasia.org/wpontent/uploads/2019/10/Chufaur-Report7.5.pdf

The Xiao surveyoundthat the Huanan Market and ottWuhan area markets sold raccoon dogs,
minks, weasels and foxes makes them strong candidate intermediate hosts given the condition prevalent at
Chinese fur farms. Widespread COVID outbreaks at mink farms in North America and Europe, as well
as documentd cases of interspecies transmission between mink and humans, makéhenekding
candidate intermediate host species.

However, PRC government officials have denied that any Chinese animal farms have experienced
COVID-19 outbreaksln presentations given to the WHChina Joint Team, PRC animal health officials
reported, that on December o'&ollectedsamples fmm Okinds efnt i f i
farmed wild animals in Hubei Province with a total of 2,328 samples coll&dtatisamples were negative
for SARSCoV-2 according to the presentation. Similar sampling expeditions targeting wild animals in
Hubei Povince also reported no samples were positive for SERS-2 822 Nationwide animal sampling
surveys conducted in China have not reported a single S2R&S2 infected farmed animal, including
among species known toe susceptible to SARE0V-2.822 However, te underlying data from those
surveys has not been made public

" The presentation to the WHOhina Joint Team does not identify the @®VID-19 purpose of this sample
collection, which predates HHL%hoatbréaRby Hearly a mamth. Byneast, otkent of t |
presentations to the Joint Team, specify that samples collected prior to the identification of the I20\iie that

the samples were collected as part of routine disease surveillance or for some other research purpose.
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Chapter 6: Evidence of a Natural Zoonotic Origin for SARSCoV-2 & Outstanding Questions
Introduction

This chapter examines the available public evidence in support of the zammoiic chypatliesis
for SARSCoV-2. It is organized into two sections. The first section outlinebypetheticaroutes for the
zoonotic spillover of SARE0V-2 from its viral reservoir in horseshoe bats in Southern China and
Southeast Asia to Wuhan. The second section identifies the critical evidentiary gaps that prevent this
investigation from concluding that the COVI® pandemic is the result of the natural zoonotic sgEiiov
of SARSCoV-2. The third section details outstanding questions that, if answered, would increase
confidence in the possibility of a zoonotic origin for the pandemic.

1. Hypothetical Zoonotic Spillover of SARSCoV-2

If the COVID-19 pandemic is the reswalt the zoonotic spillover of SARS0V-2 then somewhere
SARSCoV-2 or a progenitor virus spilled over from its unidentified reservoir bat species either directly
into humans or into an unidentified intermediate host species who then transmitted the kirosnhs.
SARSCoV-2 is descended from bat coronaviru®¥é#ts progenitor virus naturally circulates in horseshoe
bats,in Southern China or Southeast A%a.Bat populations native to Hubei Province are not known to
carry viruses closely related to SAR®V-2 making it unlikely that the spillover from a bat to an
intermediate host occurred théfé.

Based on precedent and genomics sttenaridor a zoonott origin of the COVID19 pandemic
is that SARSCoV-2 crossed over the species barrier from an intermediate host to ifhtamsever, the
available evidence is also consistent, perhaps more so, with a direct bat to human spillover. Both scenarios
remain phusible and, in the absence of additional information, should be considered equally valid
hypothese&?

a. Transmission from Intermediate Host to Human Hypothesis

Under this sudhypothesis, in 1at2019 one or more unidentified animals infected with SARS
CaoV-2 or a progenitor virusncounterettumans. Between mi@ctober and early to mitllovember 2019,
SARSCoV-2 successfully spilled over from the yatidentified intermediate host into humans, with the
virus becoming established in humans within weeks eftftillover. Based on precedent and the animals
most susceptible to SARSoV-2 infections, this intermediate hostaae or morespecies of mammals
common in the live wildlife trade or fur farming in Chid&. However, where the spillover from
intermediatenost to human occurred and what the intermediate host species was are ufiknown.

There are two plausible scenarios involving an intermediate host. The first is that this unidentified
infected animal, acting as an intermediate host, carried SB&RE2 into Wuhan or the surrounding area
and from there it spilled over into huma®isThis is what occurred during SARS where palm civets infected
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with the virus were distributed to multiple wet markets across southern China which then experienced near
simultaneos outbreak&3? The second scenario is that the intermediate host to human spillover occurred
closerto SARSCovV-26s | i kely viral reservoir in southern
human (the index case) then traveled to Wuhan shortly after being infébiechypothesis imitates how
SARSCoV-2 spread bynumanto-humantransmission from China to the rest of the world in early 2620.

Regardless of the specific route of transmission through an intermediate host, the process of
adapting to an intermedialt®st species can spur mutation and recombination events that can increase the
chances of the virus infecting other species related to the intermediafé Pasisage through a mammal
could explain how SARE0V-2 became so efficient at infecting a wide garof mammalian species,
including humang&2® SARS CoV-2 could have acquired its unique furin cleavage site during circulation in
an intermediate ho$§t® Adaptation in an intermediate host may also explain the evolutionary distance
between SARS0V-2 and oher closely related virusé¥.

Epidemiological modeling and reports of early COVID cases converge on rrdctober to mid
November2019 as thdimeframefor the spillover of SARSCoV-2. Based on the publicly available
evidence Wuhanis the only location where SARGoV-2 spilled over into humans. This creates two
possibilities. That the spillover that precipitated the COXtEDpandemic occurred exclusiyén Wuhan
or the surrounding area. Alternatively, that the spillover occurred somewhere other than Wuhan, but Wuhan
is the only known location where succesdiumanto-humantransmission occurred. The low genetic
diversity of earliest SAR®0V-2 samplescoupled with lineage A being more closely related to bat
coronaviruses, suggests that COVIP pandemic is most likely the result of a single successful
introduction of SARSCoV-2 8%

Although, the possibility of two independent introductions cannotuted out. The available
epidemiology from the early outbreak in Wuhan suggests the introduction of-8AR& into humans
was likely from a continuous common soufé€This means that ovex perioda single infection source
(whether one or more membersam intermediate host species or a human) infected multiple people in
Wuhan. These early Wuhan cases then seeded the virus throughout Wuhan. This continuous common
source could be a specific population of animals found in the supply chain of Wuhan &kets.nfdne
continuous common source could also be an infected individual who then traveled to Wuhan.

i. SARS-CoV-2 Arrives in Wuhan in an Intermediate Host

Hubei Province is not a major fur producing province, but it is a major transit hub and is located
immediately adjacent to several major fur producing provifféétubei is also home to animal farms that
produce raccoon dogs, ferrets, badgers, civets and other mammals susceptible-t0aSAREough the
scope and scale of animal farming in Hubei isleacd*! There have been media reports of mass culling of
farmed animals in westeddubei Provence, but no official PRC government reports of such aétfortse
unclassified intelligence assessment on the origins of SB®&2 al so menti onbei t hat
Province has extensive farming and breeding of animals that are susceptible taC8¥%RSincluding
minks and rr*ccoon dogs. o
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The precedent of SARS, SADS, and avian influenza suggests the spillover is likely to have occurred
in the live animal sudp chain for Wuhan area animal markets, in one or more markets, warehouses or
farms®4Many but not all of the earliest cases were associated with Huanan Seafood Market, which also
contained a number of positive environmental sanfifest least one othemarket and an unknown
number of warehouses that supplied the market also had positive environmental &&fpé&rs. were
reportedly nor eloastiegdd es dimmliersalr ecover e dDespiem t he
evidence of live animal sales of species susceptible to CaYIPRC authorities have denied live animal
sales involving small mammals occur@dhe Huanan Seafood Markét.

In actuality, it appears that there were live animal sales at Huanan Seafood Market, albeit in
relatively small number®? Therefore, animals present at the market when it was closed were either not
tested or their testesults have not been made puBitiNone of the animals tested from the Huanan
Seafood Marketds supply chain, or in ChiGo&dds anin
according to presentations by PRC government officials and scientists mae WoHO®! While
precedent makes the involvement of an intermediate host animal the most likely scenario, there is little
direct evidence suggesting the involvement of an intermediate species iNGAREd s e mer gence
including no evidence of animals in Hubei prme being infected with SARSo0V-2 prior to the first
human case$?

Unlike SARS or avian influenza outbreaks, after the continuous common source stopped
transmitting SARSCoV-2, there have been no other independent introductions efiymnan animal
variants of SARSCoV-28% Precedent suggests that spillovers of SARS/-2 from an intermediate host
species into humans should have continued where the index case was ffdd¢tede human infections
and continued spread of the disease in the intermeubatepopulation should have resulted in additional
variants and caused outbreaks in other locatfSh&ven if these other variants were ultimately
outcompeted by lineage A and B, there should be at least some evidence that they existed. This was the
patern seen in SARS, SADS, and H7N9. This is not the pattern seen with-GAR3.

Based on the available evidence Wuhan is the only location where-SARZ spilled over into
people and the virus had only one or two successful introduétioifter thesetwo introductions the
unidentified source stopped transmitting SAR8V-2 and left no evidence of it having been infedtéd.
If the COVID-19 pandemic is the result of the zoonotic spillover of SARY-2 in Wuhan from an
intermediate host species, thehmgld be evidence in the market supply chain or farms of SB&%2
circulating in animals before it spilled over into humans. Instead, there is no evidence of an animal infected
with SARS CoV-2 prior to the first human cas&$.

ii. SARS-CoV-2 Arrives in Wuhan via an Infected Human

An alternative hypothesis involving an intermediate host is that a person was infected with SARS
CovV-2 (the fAindex caseodo) from an unidentified inte
traveling to Wuhan and propagagithe virus there. This hypothesis imitates how SARY-2 spread by
humanto-humantransmission from China to the rest of the world in early Z2628uch an event would
also explain the failure to find any evidence of SAR®/-2 infections in animals test from Wuhan and
Hubei Provincé®® Under this scenario, the continuous common source leading the GDd/tDtbreak in
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Wuhan is an infected individual who transmitted the virus only as long as they are contagious, but may
have spread the virus to multipecations around Wuhan during their period of infectivity.

This scenario is consistent with the early epidemiology showing rapid spread of the virus in
multiple areas of Wuhaff! Moreover, the Huanan Seafood Market is located in central Wuhan,
approxima¢ | 'y half a mile from Wuhanoés main trai® stati
If the hypothetical index case arrived in Wuhan via train or took the subway from the airport, it is possible
that some of the first people he or she infegtedld have worked, lived, or passed through the area around
the train station and Huanan Seafood Market. If this scenario were true, the large number of early COVID
19 cases with links to the Huanan Seafood Market would represent a human super speehdaused
by an infected person, consistent with the genetic evidence showing that theCRARS samples
collected from the Huanan Market were lineage B Viféis.

This theory would also explain the low genetic diversity of the earliest kBAMRE CoV-2 human
infections in Wuhan because the index case is the only source of the virus in 8dias.scenario
explains the failure to find an intermediate animal host species in Wuhan or the surrounding Hubei
Province What it cannot fully account for the is failure to find any evidence of an intermediate host or any
animal infected with SARE0V-2 prior to humans as the index case would have hahtounteran
infected animal somewher&iven SARSCoV-2 6 s abi l ity to infect and tran
animals, itis unlikely that the virus could ever be eradicated, without a major mtiervigke mass culling,
once it began spreading in one or more susceptible intermediate host popéfations.

It may be more difficult to locate the intermediate host if it is located in southern China, near SARS
CoV-2 6 s l'i kel y vi r anas nea ®Wehanvwhére the otithremknoccurfed. Hdwever, this
hypothetical does not provide a satisfactory answer for the failure to find any evidence of any animal in
China or Southeast Asia infected prior to the first human CEMI2ases. Similarly, SARSoV-2 would
be expected to continue to circulate in the infected intermediate host population creating the potential of
additional independent introductions into humans and other arfith@tss is what occurred during SARS,
where infected palm civets tranited the virus to humans and to raccoon d8gSARS was only brought
under control due to a combination of public health measures slowing its spread in humans and mass culling
of infected and susceptible animéf%.1f the COVID-19 pandemic is the resudf a zoonotic spill over
from an intermediate host of SARSOV-2, it appears that SARGoV-2 stopped circulating in that
unidentified host after successfully spilling over into people without leaving any evidence in animals of
past circulation.

b. Direct Bat to Human Transmission Hypothesis

Alternatively, SARSCoV-2 may have spilled directly from bats into humans. The prevailing
scientific view is that SARS$elated coronavirusaseedthe adaptation phase offered by an intermediate
hostin orderto spurmaitt i ons or all ow for recombination event
able to infect and replicate in humans. Adaptation during circulation in an intermediate host is believed to
have played a critical role in the emergence of SARS and MER&klhas other bat viruses such as hendra
andNipah virus®®® While direct bat to human spillover of coronaviruses has never been confirmed to cause
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a human outbreak, it is theoretically possible and there is circumstantial evidence suggesting it may occur
under certain circumstanc#s.

Serological surveys of residents of rural areas of Yunnan province, conducted by the WIV and
EcoHealth Alliance, in October 2015 found that 6 of 218 (2.75%) individuals screened tested positive for
coronavirus antibodi€¥€? The individuals tested lived within 6 km of two caves that the WIV had identified
as being Ainhabited by |l arge numbers of batso i ni
reser voi iretatecbocbronavikuRés? Notably, the control bloodssmp | es came fr om Wuh
a control, we also collected 240 serum samples from random blood donors in 2015 in Wuhan, Hubei
Provinceis more than 1,000 km away from Jinning and where inhabitants have a much lower likelihood of
contact with bats due tasit ur banf*setting. o

The positive antibody samples did not neutralize the two SARBed viruses they were exposed
to, WIV1 and WIV16%74 This suggested either weak immune response or that the -82dr&d virus that
infected these six people was suffidig different from WIV1 and WIV16 that those viruses evaded
antibody response. None of the six people with positive samples reported any symptoms consistent with
SARS in the previous 12 months. In conclusion the researchers observed:

The 2.7% seropositivity for thaigh-risk group of residents livingiear bat colonies

suggests that spillover is a relatively rare event, however this depends on how long

antibodies persist in people, since other individuals may have been exposed antiesntib

wanedé. However, considering that these indiyv
exposure to bat secretion in their villages, this study further supports the notion that some

bat SARSrelated virusescan directly infect humans without intermediate hosts, as

suggested by receptor entry and animal infection stéithies.

SARSCoV-206s high binding affinity for human ACE2
SARSCoV-2 to directly infect humans withoueading a period of adaption in an intermediate #6st.
SARSrelated virus BANAL236 has a spike protein that is 96.9% similar to that of S&R%-2 and has
been found to infect human cells under experimental condfi6BANAL -236 has also been shown to
infect and replicate in humanized mice and macaques during experiments and infection offers some
protection against SARSoV-288In both humanized mice and macaques, BANZG6 is an enteric
virus, however, infecting and replicating in the stomach and atgéitus through fece¥?

By contrast SARSCoV-2 is a respiratory virus that infects and replicates efficiently in the lungs
and upper respiratory tra® BANAL -236 does not have a furin cleavage site like SARSY-2, which
may explain its failure toféectively replicate in lungs and the respiratory system. Efforts by scientists to
see if BANAL-236 would naturally introduce a furin cleavage site have been unsuccessful. After several
serial passages through humanized pB#&&NAL -236 did not produce a fin cleavage sité!

These results suggest that early strains of S&R%-2 may have circulated undetected as an
enteric virus in humans until it acquired the furin cleavage site, likely through mutation, allowing it more
efficiently transmit as a respitory virus®®? However, the fact that six serial passages in humanized mice
failed to cause BANALE236 to generate a furin cleavage site is some evidence that S8R would be
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unlikely to have acquired its furin cleavage site while circulating in huraadsthat circulation in an
intermediate host occurrégf.

Of note, the research team that discovered the BANAL series viruses also conducted serological
studies of humans living in close contact with bats infected with S¥eiREed coronavirusesdfoundno
evidence of direct bat to human spillover. nWe di
bat, in contrast with previous observations that used less specific [antibody tests], which supports the
hypothesis that BANAL viruses are highlyafismissible neither from bats to humans nor between
h u ma %¢sThese findings indicate that the results of the WIVanddieca | t hés 2015 serol o
from Yunnan province may be a false positive and is further evidence that direct bat to hunmaer spillo
an extremely rare event if it happens at all.

Nevertheless, if direct bat to human spillover is possible, once the infected person reached Wuhan,
the subsequent outbreak wouldlide the scenario outlined above where the index case is infected by an
intermediate host and then travels to Wuhan. Direct spillover from a bat better explains the epidemiological
evidence, most importantly the failure to find an intermediate host any#héralso explains the failure
to find any animal infections prgating human COVIEL9 cases as, under this hypothetical humans are the
intermediate host passing the virus to other animals. Finally, direct bat to human spillover explains the lack
of genomicsignatures in the early COVHDO human cases indicating the involvement of other animal
species in the emergence of SARBV-2, including why SARSCoV-2 had the highest affinity for binding
to human ACE2 recepto?&

Challenging this possibility are tliacts that bats were not sold in Huanan Mark8tgnificantly,
bats are not customarily eaten by residents of Wuhan. Finally, the risk of bat exposure leading-to SARS
related iliness was considered remote by WIV researcsensuch so, that Wuhan rdsints were used as
negative controls for serological analysis in human SARS antibody prevalence studies.

It is unlikely that the bat to human spillover would have occurred in Wuhan or Hubei Province as
the bat populations there do not appear to harboseslike SARSCoV-281t is more likely that an
individual in Southern China or Southeast Asia was infected and then traveled to Wuhan. As observed
previously, Wuhan is a major travel hub. One of the six individuals who tested positive foriSiaRS
virus antibodies in the W V6s 2015 serological su
being taken, she had traveled to Shenzhen, located approximatelkhg®®m her villagé®®

It is not impossible to imagine a scenario wheréeSARS CoV-2 index case was infected directly
by a bat in rural Yunnan province then travels to Wuhan during their period of infectivity and seeded the
virus throughout the city. This is exactly how individuals infected in Wuhan later spread the virus to the
rest of China and then globally. If the individual remained asymptomatic or mildly symptomatic, which is
the case for around 80% of COMI® cases, the person may not have realized that they were sick with
anything more than the common céf.

2. Outstanding Questions in the Zoonotic Origins Hypothesis

a. WhereisSARSCoV-26s Vi r al Reservoir?
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SARSCoV-26s ancest or ftesidingin hbraeshoehat cotonies datedirsSouthern
China and Southeast Asia. The coronaviruses discovered to daseethmbst closely related to SARS
CoV-2 are all bat coronaviruses discovered in species of horseshoe bats in southern China and Southeast
Asia, including Yunnan Province, Laos, Thailand and Camif8tiMoreover, bat surveys from Hubei
Province indicate thahe horseshoe bat population in Hubei are not infected with coronaviruses closely
related to SARSCoV-2 8

The failure to locate the viral reservoir for SARSV-2 is not unexpected. It took almost 12 years
for scientists to find the caveontaining the progenitor viruses for SARSOther zoonotic viruses with
origins in remote, sparsely populated and developed parts of the world have taken decades to trace back to
their location of their viral reservoif€ The exact location of the vired¢servoirs for most zoonotic viruses,
including viruses like Ebola and HIV, remain unkno®hThe sheer size of the geographic area where
SARSrelatedviruses have been found coupled and the remote location of the most likely colonies means
that finding the exact cave or caves where SARY-2 originated may take years to uncover, if ever.

b. What was the role of the Huanan Seafood Market?

The Huanan Séaod Market COVID19 cases and environmental samples were most likely the
result of an earhhumanto-humansuper spreading evemficcording to the CCDC on January 19, 2020,
only 43 (22%) of the 198 confirmed cases in its outbreak investigation had lmesedxo the Huanan
seafood wholesale mark&.Most of the earliest known COVIEL9 cases have no link to the Huanan
Market. The earliest symptom onset date for Huanan market associated QQ¢#3es is December 10,
2019, which is several weeks after gexiod when the pandemiiegan The case definitions used by PRC
public health officials during the early outbreak in January Fetaruary2020, would have missed over
90% of COVID-19 cases. kccurately describegtrospective case searches by PRC puidalth officials
also failed toconsiderasymptomatic and mildly symptomatic cases, thus again missing around 90% of
COVID-19 cases.

The apparent failure to either test animals found at the market or, if tested, to share test results is a
major failureof transparenc§?® COVID-19 cases among market vendors and commercial buyers were
concentrated among seafood and vegetable vendors, not animal V&hdlghsle live animal sales
occurred at the Huanan Market, it appears to be a relatively small portoh@& mar ket 6 s busi n¢
most only 15 of 678 market stalls selling live animals and anietated product®® The number of
animals sold also appears to be BBy contrast the market was a hive of human activity with an
estimated 10,000 people siping their daily®® Its crowded, densely packed and low ceiled stalls present
the ideal congregate setting for a COVID super spreading evefit.

The positive environmental samples, including those taken on January 1 26@0@uster in the
southwest corner of the market, where animal vendors are believed to be located. This association is
inconclusive, but the strongest available eviddimies areas where SARS0V-2 virus was found with the
presence of animals. Unfortunatehg widespread serological surveys of Huanan Market workers have
been published so it is unknown if animal vendors have SBBR&%2 antibodies or other indications of
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occupational exposure risk. In addition, very little to no information is available otevif@gARSCoV-2
was found in other Wuhan m®rkets or the marketso

A recently published preprirgtudyidentified DNA from multiple susceptible intermediate host
animalsatthe Huanan marketGenetic sequence data franvironmental sampdecollected by the CCDC
between JanuarydndFebruary 2020 and publishedthe GISAID SARS CoV-2 sequence repositoryio
March 9,2023 were analyze®3°%4Researcherglentified nearcomplete mitochondriaDNA sequences
for 5 SARS coronavirususceptiblentermediatespecies including raccoon dogs, Malayan porcupines,
Amur hedgehogs, masked palm civets and bamboo Imatsne particular SARE0V-2 positive
environmenthsample, the abundance raiccoon dog DNA exceeddlatof human DNA® This finding
does not confirm whether the raccoon dog or any other animals themselves were infected with the virus.
But establishing that the animals were at the market suggesthgh@ndemic could have had an animal
origin.%°®

Based onthis information andwhen the environmental samples were collected, the positive
samples are unlikely to be evidence of the spillover occurring at the Huanan Market. The Huanan Market
was closed on December 2019,and sanitized?” Only 515 samples were collected on January 1, 2620.

It is unclear whether the market had already been sanitized when the Jarai@,dampling took place.

For samples collected from January 12 to March28@0,to be evidence of a spillover, thewses would

have had to survive on surfaces for 2 to 4 months and multiple rounds of disinfection. Based on experiments
testing how long SARE0V-2 survives on surfaces, this is unliké% Moreover, all but one positive
environmental sample were lineage&@iants, a more human adapted strain of SARS-2 than lineage

A.910

Evidence that the early outbreak was centered on the Huanan Market is mixed. The earliest requests
for medical assistance on Weibo were concentrated approximately 6.5 miles frommathenHarket on
the opposite side of the Yangtze River in the Wuchang Diétticater requests for help track closely with
population density and ad¥.By contrast, the spatial analysis in the Worobey study shows the Huanan
Market was at the center dfet early outbreak, but several scientists have questioned the aothtreds
and conclusion&® In any event, the retrospective case identification investigation conducted by the PRC
likely missed somewhere between 80% to 95% of all COYxases. Belieng the earlyDecembef019
cases associated with the Huanan Seafood Market are among the first-COv4Bes ignores the multiple
reports of cases in November, 2019 as well as confirmed cases #Deadynber with no link to the market.
Taken togetherthis suggests that the early to rid@écember2019 COVID19 cases associated with the
Huanan Market are not the earliest COVID cases.

The PRCO6s presentations to the WHO reported
warehouses that supplied tHeanan Market and one positive environmental sample from one other Wuhan
area market!* Though the specific market where the positive sample was collected from was not disclosed,
the two markets identified are 6.5 and 38 miles away from the Huanan MarKeeis suggests that early
cases may have been more widespread and distributed across multiple markets. Without information on
results of COVID19 testing on animals taken from the Huanan Market and a more complete picture of
early COVID-19 cases it is uidely that scientists can definitively resolve whether the market was the

119
Marshall.Senate.Gov



THE ORIGINS OF COY®D

fepi 6oemt ear Avi ct i mid ouwbreakt Howevet ¥ available evidence indicates it was
more likely an early super spreader location.

c. Is evidence that China began a C®ID -19 vaccine development program no later
than mid-November2019 consistent with a zoonotic origin?

This investigation found evidence that China be§ARS COV-2 virusvaccine development no
later than November 2019. To begin building a vaccine construct, developers had to have the full genomic
sequence of SARE0V-2. The full genomic sequence of SAR®V-2 was not publicly released until
January 11, 2020. Normally, araple from an infected patient is used to generate the sequence.
Alternatively, a sample from an infected animal could be used. Therefore, to begin vaccine development,
the PRC had to have found a human or animal infected with S2dR&2 prior to midNovember, 2019
in order to have time to decide to initiate a vaccine development program.

Given that the COVIBL9 pandemic appears to have begun sometime betwee@gatobder and
earlytomidNovember , 2019, it i1 s -19 vasciwma develepménhprogranCas n a 0 s
launched in response to the natural zoonotic spillover of SBR% 2. However, a number of assumptions
have to be made for the vaccine development program to be consistent with zoonotic spillover.

First, this hypothetical assumes that the vaccine development program was started in November
2019 and not earlier. This assuiop requires the vaccines to be developed along a timeline similar to, if
not faster than, Operation Warp Speed rather than a traditional development process. It also assumes that
vaccines under development did not encounter any delays or failureopgiteting prelinical trials or
clinical trials in early 2020. Given that none of the four vaccines identified went into mass production that
may not be appropriate assumption.

Second, t his hypothetical a s s ume slanceé lBystem t he F
successfully detected early SAR®V-2 circulation and that local officials in Wuhan quickly alerted
nati onal | e ader sSARSprefornk fagpeaPt® Rabes dramaiicalty improved infectious
disease surveillance. PRC public health adties have the skill, experience, and resources to conduct
timely and accurate outbreak investigations. The
so that a single suspected case &ARSrelatedillness results in an alert to local andioaal CCDC.
Thus, in theory Chinadés infectious disease surveil
SARSCoV-2.

As detailed in Chapt er -C8V;2hadla aumbPeRd éady misstepspandn s e t
shortcomings. In many instaes the shortcomings appear to be the result of the PRC government officials
censoring and withholding critical information. It is unclear how much information about the early outbreak
was censored or withheld between different levels of government. Howieee is some evidence
suggesting that | ocal Wuhan officials tried to d
leadership. A small number of Wuhan and Hubei officials were dismissed for failing to follow PRC central
leadership directives ragding the pandemic.

Oof ficially, the PRCO6s <centr al-CoV-2autbreak srbungp bec a
December 29, 2019 and dispatched a team of public health experts to Wuhan on December 30. For the
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PRCG6s d9vatcibe development program te in response to a natural zoonotic spillover, PRC
central leadership had to know about the COMBDoutbreak no later than eatjovember 2019The

timing of their potential awareness is contrary wi
probably did not have foreknowledge that SABSV-2 existed before WIV researchers isolated it after
public recognition of tPMe virus in the gener al po

During SARS, local government officials in southern China initially concealed the scape of
disease outbreak from central leadership. The PRC central government, once it became engaged on the
response to SARS, in turn publicly downplayed the
health actions to contain the virus. Parti@nsparency with the international community only came
approximately six months after the first known SARS case when continued transmission, including
internationally, forced the government to implement lockdowns of major cities and other measures that
mack hiding the scale of the outbreak impossible.

A similar series of events may have happened with SBB®%-2 6 s e me r g e i€CaVe2. I f S/
spilled over into humans in midctober to earhlNovembe? 0 19 t he PRC6s central gov
first become awar of COVID-19 cases by mitlovember, 2019 when the number of cases, although small,
became too great for the I ocal authorities in Wubh:
may have | imited | ocal ofSARSrélatetsgmiptonasbThd realizgtiontthat ¢ o n ¢ e
they were facing a virus many times more transmissible than SARS may have spurred them to immediately
| aunch a vaccine devel opment progr am. The damage

stability, andinternational standing, coupled with an inclination for secrecy and control, would make it
unlikely that the PRC government would publicly announce the C@\@Dutbreak until forced to by the
continued spread of the virus, which occurred in-l2¢eembef019.

d Are the internal WIVY reports referencing p
pat hogenic microorgani smso and other biosa
zoonotic origin?

r
f

The internal reports, patents, academic articles, and procurements frémn@ate that the WIV
had problems with biosecurity and biosafety. Particularly concerning is the NovemBei22eport from
theBSL-41 aboratoryé6s c¢communi s highlp@athdgsnic imicreorganisds t hha d st
previously escaped. Howevenany of the internal reports only generally reference biosafety or biosecurity
problems without specifying a particular concern. For instance, an internal report of 220119, &eeting
states that WV management wieawaendss df dnexpesteditigkg tos on a |

prevent and control the risks of%Therdhigenosentiomafd of i
SARSr el ated coronaviruses in this report. I n fact,
documents identified during this investigation ex|]

Importantly, several oftie patents and procurements are not necessarily specific to a potential
biocontainment failure involving a respiratory virus, like SAB8V-2. For example, the July 32019,
procurement notice seeking repair gepresentregaie takéhVos w
in response to the possible escape of SARS-2.918 Other procurements have few details and could

121
Marshall.Senate.Gov



THE ORIGINS OF COY®D

represent the routine replacement of equipment, such as the March 1, 2019 procurement seeking positive
pressure air suifé?

While the WIV was interested in SAR®Ilated coronaviruses that share many of the same traits as
SARSCoV-2, there is no direct evidence the WIV had SAB®/-2 or a close progenitor virus in its
possession before the pandefitT h e WI V 6ab of itsevinab datibase from the internet and
continung refusal to allow independent review of its library of virus samples is certainly suspicious, but is
not dispositive evidence that they had SAB&/-2 or a c¢cl ose progenitor. The
related coronavuses that use human ACE2 receptors for cellular entry was far from unique among
coronavirus researchers as the discovery of the BANAL series of $@lR®d viruses by newlV
researchers shows.

Accidents at higicontainment laboratories happen. Q043 survey of scientists revealed 46% of
the approximately 2,400 respondents reported sustaining an injury during laboratoff*Whek. most
common injuries were a fil ac?Chaniicalcdnhdlatiom twasbandtherd6 and
common injury??® Despite the frequency of laboratory accidents, precedent suggests that it is exceedingly
rare for aresearckrelatedincident to lead to a global pandemic. Other than the 1977 H1N1 influenza
pandemic, which is believed to be the result of either a ladrgraccident or a vaccine challenge trial, no
researckrelated incident involving a potential pandemic pathogen has led to a parféeRésearch
related incidents, including several involving SARS, have resulted in transignanto-human
transmission bthe released pathogen, but not the kind of sustdimmdanto-humantransmission that
startedthe COVIEL9 pandemic. I n short, to date fAno epidem
Vi r%so.

Part Il.

Overview

Part Il of this reference documentill examine the available evidence that SARBV-2 emerged
as the result ofesearckrelatedincident at the Wuhan Institute of Virology or one of the several other
research institutes conducting coronavirus research located in Wuhan. Part Il consists of four chapters.

Chapter 7: Precedent Researchrelated Incidents& Laboratory -acquired infections
Introduction:

There are a large number and diverse ways reseelatied incidents can occi#.The central
concern of such incidents is the risk of infection of researchers or others. Incidents that result in infections
are classified as laborateacquiredinfections (LAI). Laboratoryacquirednfections are a reality of
infectious disease research. They are difficult to investigate and data on their occurrence is limited.
Studiesof researehe | at ed incidents show that it is virtuall
true numberot x posur es and réAcaordingitopublishediesearcht theaause.oftover
80% oflaboratoryacquired infections never determine®® Whenit can be determinednly 18% of the
infections were due to known accidents caused by carelessriassian errof?®
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There are activities that are riskier than othidigher concentrations of infectious agents are found
in research rather than in clinical laboratories in hospital@xample’*® Research on highly infectious
agents, such as the resedt@WIV and other Wuhaibased research institutes were conducting, increases
the chance that an exposure results in an infettian clinical labs performing diagnostic teskbe risk
of exposue to infectious agents, the possibility of laboratacguiredinfections, or other accidents that
threaten researchers or the broader community is a function of safety training, safe work practices, properly
functioning safety equipment and laboratoryigesThe common routes of exposure are ingestion, sharps
injuries (eedlesticks, cuts, animal bit¢snd inhalatiorf*! Because infectious aerosols are difficult to see
or detect, infections caused by inhalation represent the most insidious risk.

The Biosafety in Microbiological and Biomedical Laboratories manual published by the U.S.
Centers for Disease Control and Prevention (U.S. CDC) and National Institutes of Healtro(Hihés
these problem$?

Less obvious exposures such as the inhalation of infectious aerosols or direct contact of
broken skin or mucous membranes with droplets containing an infectious microorganism
or surfaces contaminated by droplets ragglainthe incident responsible for amber of
L[aboratory}A[cquired}[nfection]s. Manipulations of liquid suspensions of
microorganisms may produce aerosols and droplets. $wmauditle aerosols have
respirable size particles that may contain one or several microorganisms. These small
particles stay airborne and easily dispetts@ughout the laboratory. When inhaled, the
human lung will retain these particles. Larger particle droplets rapidly fall out of the air,
contaminating gloves, the immediate work area, and the mucous membranestefaieg

wor ker s. A procedureds potenti al to rel ease mi
droplets is the most important operational risk factor that supports the need for containment
equipment and facility safeguarts.

There are several factafsat complicate obtaining this data. While there are mandatory reporting
requirements for laboratory accidents with specific agents in Bendt all researchers report all accidents
with the full range of agents in either theSUor globally. Many LAlare dismissed as coincidental, mild,
or constitutional abnormalities making accurate assessments difffclite absence of active worker
health surveillance may also lead to undmrognition. Fear of reprisal, embarrassment and the stigma also
impact selfreporting®®

Due to the lack of information on the actual numbers of infections and the populatisky dtisi
difficult to determine the true number of LAIl. Experienaggess, however, that the recognition and
isolation of a new infectious agent is often followed by a report of a laboratory acquired infection caused
by the new isolaté€® Younger workers, those with less technical training and men experneace
accidents than older workers, those with more training or wd#&xposure to an infectious aerosol is
such a well understood mechanism th& considered a reasonable assuampas the cause of laboratery
acquired infections of unknown origis suchaer osol s are considered fAub]
settings™*® Increases in the number of reported infections is thought to be associated with improved worker
health surveillane, lack of appropriate biosafety equipment, or researchers in early stages of identifying
new or unknown pathogemgho may not be using appropriate biosafety protectién.
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1. Overview of High-Containment Laboratories and Biological Safety Standards
a. History of High-Containment Laboratories

The origins of modern highontainment laboratories and biosafety standards date to World War |l

and the U.S. Armyds Biological Warfare Laboratori
biosafety conitions varied widely among laboratories and were based largely on the professional judgment
and experience of an i n slaboratowyacquires inflecticaddientified ovep . One

4,000LAl including 168 fatalities, between 1930 and 1¥?@Vhat became the Biosafety Level (BSL)
rating system in the United Stat®as the result ad series on informal conferences to share best practices
between experts in the military and later civilian fedlergencies who were then working in biological,
chemical, and nuclear laboratoriestlire 1950s and 1960s. From the 1970s through 1980s, the NIH and
CDC began a concerted effort to set guidelines and disseminate best practices -fmmtagiment
laboratries at public health agencies, universities, and other research institutes.

I n 1976, t he NI H i ssued t he ifFeder al Gui del i
established four levels of physical containment for recombinant DNA experiments basedaatihe
risk of the experiment and the biological agent involved. In 1984, the CDC released the first edition of its
Biosafety in Microbiological and Biomedical Laboratories (BMBL) whi ch provi des i nfor
practices for the safe conduct of mkoin biomedical and clinical laboratories from a biosafety
p er s p &tSimilar ieitiatives to standardize biosafety practicekigh-containmentaboratories also
occurred during this time frame in the United Kingdom, Canada, Australia, Japanaaond.Arhe WHO
published the first edition of ilsaboratory Biosafety Manuah 1983.

The 1980s to 1990s saw a global expansion in the number ofcbigainment laboratories,
particularlyBSL-3f aci | i t i es . F orBSkXlabongioryaevas bultinithe aadlys19804. This t
expansion accelerated in the 2000s as the result olesveel focus on combating outbreaks of infectious
diseasesuch as SARS, Ebola, avian influenza, and West Nile Virus. In thahére was also a renewed
emphasis on countering the risk of biological terrorism following the attacks on September 11, 2001.

b. Primary and Secondary Biosafety Barriers

Biosafety measures used in laboratories are designed to protect employees from exposure to
infectious agents and to protect the public. Biosafety measures are divided into two categories: primary
barriers and secondary barrieRsimary barriers are defideas physical containment measure(s) placed
directly at the level of the hazaftf They range from personal protective equipment (PPE) such as
disposable gloves, ovwgiarments and respiratory protection to biological safety cabinets (BSC) and other
speciaized containment equipmetftSecondary barriers afeatures of laboratory design and construction
such as specialized ventilation, handwashing sinks, waste treatment and management, and personnel access
and control.

i. Personal Protective Equipment
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Personal protective equipment (PPE) protects the researcher from injury from a variety of sources
(e.g., physical, electrical, heat, noise, chemical) or potential exposure to biological and aerosol hazards.
PPE includes gloves, coats, gowns, sealed pre¢estiits, shoe covers, respirators, face shields, safety
glasses or goggles. PPE is used in combination with other biosafety controls such as BSCs that protect the
researcher from hazardous biological agents and toxins, animals, or materials being hasdletdions
where a BSC cannot be used, PPE may become the primary barrier between personnel and the hazardous
biological agents and toxins. Examples include fieldwork, resdimied settings, certain animal studies,
animal necropsy, and activitieslating to operations, maintenance, service, or support of the laboratory
facility.

Appropriate PPE is determined on the risks identified for each respective laboratory.
ii. Biological Safety Cabinets

Accor di ng tBmsafeth ieMicbBdbgical and Biomedical Laboratorielsiological
safety cabinets fAare the primary means of cont ai
mi ¢ r o or ¢4 Bidlogicals safety cabinets, primarily built from stainless steel, are ventilated
erclosures that allow scientists in higbntainment laboratories to work safely with pathogens. Biological
saf ety areadesigned togrovide personnel protection (for you and those around you), product
protection (for your samples or specimens),andv i r o n me n t %’ Protgction it &complished. o
primarily through controlling air flow through the cabietthat air potentially contaminated during work
on a pathogen is circulated away from laboratory personnel and contained within the watiiriets
purified using a high efficiency particulate air (HEPA) filter.

Biological safety cabinets are organized into three classes based on the level of containment
required, which is itself based on the pathogen being researched and the natpegimieaits. BSC Class
I and Il cabinets have open fronts. Class | BSCs only use HEPA filters on air exhausted from the cabinet,
whereas Class Il BSCs run both recycled and exhaust air through a HEPA filter. Class | BSCs are
appropriate for BSLI and BSL Iaboratories. Class Il BSCs are appropriate for 2Sthrough BSE4
laboratories when paired with the correct level of PPE and located within the containment zone of a
laboratory.
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HEPA-filtered air

MF

Figure 4. Graphic depiction Biosafety Cabinet and negative airflow witheificiency particulate (HEPA) filte
Source: Biosafety Cabinetsttps://ehs.umass.edu/sites/default/flBéssafety%20Cabinets.pdf

Class | and Il BSCs are only partial barrier systems and have work benches that are open to the
laboratory. These BSCs rely on maintaining directional airflow for containment. Laboratory medrson
using Class | and Il BSCs must be properly trained to avoid inadvertently disrupting the direction of air
flow which could cause a breach in containment. For example, activities that generate aerosols, such as
centrifugation, should be conducted towsaittie back of the BSC away from the partially open front.
Experimental work in a BSC should also be designe

-t -H- e
—=!:!:;—-
g J

BB\
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Figure 8. Graphic depiction of typical experimental biosafety cabinet with representative equipment including
culture bottles, test tubes, bench top pipette, test tube mixer and hazardous waste disfgsatbagiological
Safety Cabinet Consideratiorigtps://labsafety.gwu.edu/biologiesafetycabinetsafetyconsiderations
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iii. Secondary Barriers

Secondary barrierare features incorporated into the design and construction of the laboratory.
Secondary barriers involve specialized ventilation, waste treatment management and personnel access
control. The laboratory design is dependent on the type of agent and hatiaidatad . Therefore, a safety
program is the result of a risk assessment based on an understanding of the pathogenicity of the agent, the
susceptibility of the host, and, most importantly, the method of transmission of the infectiolfé®Qece.
the risk is determined, the design, construction and biosafety equipment and practices address the
cultivation, storage, and disposal of biohazardous materials; the facility operation; employee education; and
medical surveillance of laboratory workéf’ Risks are minimized through a variety programs associated
with the handling and disposal of infectious agents.

3. Overview of Biosafety Levels for HighContainment Laboratories

The four biosafety levels (BSL) are B4l BSL-2, BSL-3, and BSE4, with BSL-4 being the
highest (maximum) level of containméftThe four levels consist of combinations of safety equipment
(PPE) and facility design features (primary and secondary barriers), facility practices and procedures. The
appropriate combinations to sdf conduct research are determined by a comprehensive fapiditific
biosafety risk assessment that evaluates the properties of the biological agents and toxins to be studied,
potential host characteristics, potential routes of infection, and thetabpwork practices and procedures
conducted or anticipated to be used in the futtirélhile the WHO offers biosafety level guidance, no
globally mandated standard exists. Biosafety levels generally differ depending on the risk of infection posed
by a paghogen and thavailability of preventive measures and effective treatnféhts.

a. Biosafety Level 1 (BSL:1)

Biosafety Level 1 (BStl) standard practices, safety equipment, and facility specifications are
generally appropriate for undergraduate and secondary educational training and teaching laboratories and
for other laboratories that work with biological agents not known to contjstaiuse disease in healthy
adult humans.

b. BSL-2

Biosafety Level 2 (BSt2) standard practices, safety equipment, and facility specifications are
applicable to laboratories in which work is performed using a bspadtrum of biological agents and
toxins t hat areslhmadenased associated with causing
Workers in BSE2 | aboratories should have fdAspecific trai
supervised by scientists competent in handling infeciogse nt s and as s $'&Vithagpbodd pr oc
practices and procedures, these agents and toxins can generally be handled safely without employing a
biosafety cabinet (BSC) provided the potential for producing splashes and aerosol¥is low.

Biological agents and toxins routinely handled at BSkhould not be transmissible by the aerosol
route. Procedures performed in B3Lsettings that could result in aerosol or high splash potential are
conducted within primary containment equipment, such as a BS@fety centrifuge cups. The use of
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primary containment equipment such as BSC and PPE is also recommended whsk highctious

agents are suspected to be present in any human, animal, edqriaetl specimer’§3 BSL-2 laboratories

are generally nokquired to maintain a negative pressure gradient relative to areas outside of the laboratory.
However, the laboratory should be designed so that potentially contaminated aitdlostgecirculate to

areas outside of the laboratory and BSCs shouldameglaway from doors to limit the risk of a disruption

in airflow.
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Figure 4. Biosafety Level 2 (BS12) Infographic. Source: Centers for Disease Control and Preverdiddiosafety Leve|

(cdc.gov)

C. BSL-3 and ABSL-3:

Biosafety Level 3 (BSt3) standard practices, safety equipment, and fadfigcifications are
applicable to | aboratories in which work is perf.
potentially | ethal di s®3dmsondohthedkaydifferencésdroBBlR2tamdl at i on
BSL-3 work is the risk of gposure via respiratory transmission and the risk that the pathogen may cause
serious and potentially lethal infection.

The use of animals in such settings introduces further risks that must be anticipated and mitigated.
Animalsinfected with a zoonotiagentmay generate aerosols, may bite and scratoh application of the
Animal Biosafety Levels (ABSL) is determined by protedoiven risk assessments to determine the
required biosafety level and practices.

SARStrelated viruses, tuberculosis, and teai@ with known aerosol hazards such as Coxiella
burnetii are examples of the biological agents #taduld be handled in BSR because they can be
transmitted by aerosols and cause serious illffdssprimary routes of exposure to personnel working with
these types of biological agents and toxins relate to accidental exposure via inhalation of potentially
infectious aerosolas well as through percutaneous or mucosal routes

At BSL-3, more emphasis is placed on primary and secondimgsafety barriers to protect
personnel, the surrounding community, and the environment from exposure to potentially infectious
aerosols. All procedures involving the manipulation of infectious materials are conducted within a BSC.
Secondary barriers for BSR laboatories include enhanced ventilat®ystemspegative pressure airflow
and exhaust HEPA filtration. Laboratory access is controlled limit access to only laboratory approved
personnel, and may contain additional design features such as anterooms, axibskewers.
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Figure50. Biosafety Level 3 (BSi3) Infographic. Source: Centers for Disease Control and Preverdiddiosafety
Levels (cdc.gov)

d. BSL-4

Biological agents that pose a high individual risk of-tifieeatening disease by infectious aerosols
and for which no treatment is available are limited to the highest containment facilities that meet Biosafety
Level 4 (BSL:-4) standards. Ebola virus, Maurg virus and Cong@rimean hemorrhagic fever virus are
examples of the infectious agents that meet these criteria.

The | aboratory workerods complete isolation fro
primarily by working in a Class Il BS@r in a Class Il BSC with a fulbody, airsupplied positivgpressure
personnel sulit.

Unlike BSL-3 or lower laboratories, BS# laboratories require more complex safeguards that
require significant expertise to design and operate -B&lboratories arbermetically sealed and subject
to constant directional negative air flow that filters exhaust gases through at least two serial HEPA filters
before release into the atmosphere.

Aerosol studies wusing simulants meedadpedotned t he
experimental studies with SARSoV-2 . As de }BSL-B lammtory i$i maadatory for testing
pathogenic bioaerosols and for vaccine development, such as for C®bat display high infectivity.

However, such biosafety laborataieould become a source of LAls if they are inappropriately designed
and o p®¥Reseaehbrs demonstrated that walls and equipmeBlin3 laboratories conducting
aerosol generating experiments could be a source of contamination and require careful disinfection.
Bioaerosols suspended in such laboratories may last several minutes requiring delays in performing
experimental steps to permit rewal of such infectious aerosols by exhaust ventilation.
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Figure51. Biosafety Level 4 (BSi4) Infographic. Source: Centers for Disease Control and Preverdiddiosafety Level

(cdc.gov)

Scientists and government officials in China are well aware of the many dangers associated with
highly infectious pathogens like betlated coronaviruses. As recognized by researchersfrone Peop | e 6 s
Liberation Army Academy of Military Medical Sciences in February 2020, infection through aerosols is
the most common avenue of infection for researchers. Further, they also recognized -reksacth
activities like sample collection asrisky part of the experimental process. The authors wrote:

The experimental activities in the biosafety laboratory mainly involve sample collection,
transportation, receiving, processing, experimental operation and preservation, waste
disposal, etcFor each activity, there is a risk that if control methods are improper,
pathogens can infect the experimental staff or spread outside the laboratory to infect people
in society. The reasons for biosafety laboratory infections mainly include cuts, psncture
direct exposure of skin, mucosa, and eyes directly exposed to infectious microorganisms,
animal bites, inhalation of infectious aerosols, etc. Among them, aerosol infection is the
most common, because aerosols are ubiquitous during experiments aiiidicarde to

det €€t é

Studies have shown that there are risks of aerosol exposure in variety of experimental operations,
including high concentration of suction and mixing, ultrasonic lysis, accidental dropping ef high
concentration culture bottles, rupe¢ of centrifuge tubes, accidental spillage of fredrzed powder,
accidental squirting [spraying] when injecting an animal, and animal dissection, etc. Of these, the accidental
squirting [spraying] of the challenged animal produces the highest acooselntratior?>’

4, Challenges Associated with Proliferation of HighContainment Laboratories in
Middle Income and Developing Countries
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Biosafety experts have identified a number of challenges associated with operating high
containmentaboratories in developing and middiecome countries. Many of the countries building new
BSL-3 and, to a lesser exterBSL-4 laboratories do not have decades of institutional experience in
managing such facilities. Biosecurity efforts have identifieduanber of concerns regarding the safe
operation of these laboratories, such as a lack funds to sustain operations and maintain biosafety equipment
or ensuring that laboratory employees and scientists have adequate training in proper techniques.

The Natimal Academies of Sciences has held at least two large international workshops on the
i ssue, one in 2011 and one more recently in 2018.
issues related to the design, construction, maintenance, and opena8SL<8 indBSL-4 laboratories.
One of the workshopsodé presenters fr om-cdtainntemteast A
laboratories in the region compared to those in countries with more experience operating such facilities:

[Dleveloped countries had a head start on biosafety and biosecurity and have led with

regulations, standards, and guidelines that call for complex, technology intensive facilities.

Hallmarks of highcontainment facility designs in developed countries theldouble door

entries, directional airflow, negative pressure gradients, single pass air, many air changes

per hour, autoclaves, 24/ 7 operation, and mul't

[M]any developing countries [need] . . . a greater focus on the funddmentaiosafety

because many of their facilities for handling infectious agents were built more than 10 or

20 years ago and incorporate | imit-2ahdbi osafety
BSL-3 labs in seven countries in the Aftacific region, foexample, indicated that many

labs are below an acceptable level of functionality for their BSL level. The survey noted

that often HEPA filters lack the dampers necessary for maintenance, biological safety

cabinets are uncertified and usually powered afii unreliable electrical power is not

backed up with generators. Overall, about 30% of the Class Il [biological safety cabinets]

tested were poorly designed or dysfunctional and failed, and mamBB&dtilities were

either designed incorrectly operatel incorrectly®°®

The workshop also noted that consistent, adequate funding for laboratory operations was a problem for
facilities located in middle income and developing countries and shoutdrsderedvhen planning
laboratory operations:

[T]he best slutions typically understand and account for cost pressures, the lack of local
technical equipment and replacement parts, unreliable utilities, and local inexperience in
constructing and operating complex BSL f a c i | i-3 contammentBate is very
expensive to build, operate, and maintain, and working at the3B8\el is less efficient

(e.g., protective clothing, entry/exit procedures, and medical surveillance) than working at
lower containment levels . . . overdesign and unnecessary use e3 BBk should be
avoided®®
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With respect to Southeast Asia, one presenting expert, Dr. Stuart Blacksell of the Mahidol Oxford Tropical
Medicine Research Un{tMORU), summarized efforts to ensure safe operations of-B$¥boratories
through engagement, tréig, and support arrangements:

Dr . Bl acksell started by noting that the worl
Asia and that newly emerging diseases (e.g., severe acute respiratory syndrome [SARS]

andf), agents of increased virulence (e.g.aavinfluenza and tuberculosis), and endemic

di seases caused by risk group 3 agents drive t
While Southeast Asia has at least 45 BSlabs, Dr. Blacksell explained that running a

facility responsibly requires a hagnvestment of time, people, facilities, and money, and

guestions exist about standards, management, training, and security for most labs in the
regioné.

Historically, the area has lacked a safety culture, so MORU requires a robust induction

procedure athdocuments all training and the resulting competencies of its employees. For

its training, MORU utilizes consultants, the United States Department of State Biosecurity
Engagement Program (BEP), Sandia National Laboratories, the World Health
Organization YWHO), and the Australian Government Overseas Aid Program (AusAID).

Training includesdual s e awareness, and |l abs hold regular

Other challenges include mismanagement, finding local services and resources, and limited
budgets, particutal y f or mai ntenance and trainingé.

Given the complexity of running BS8 labs in the area, Dr. Blacksell encouraged people
considering new labs to accurately assess their initial expenses, anticipated operational and
maintenance costs, and #resociated biosafety and biosecurity risks to determine if a BSL

3 is truly needed or if a BSR with BSL-3 practices might be sufficient to meet their
needs®°

The 2018 workshop echoed many of the same concerns lodged during theok®drknce.
Specifically, the need for funding entities (NGOs, governments of developed countries, and international
agencies) and host countries to carefully plan both the construction and operation-adrtigghment
laboratories so that work can betsuised and conducted safely. Of potential relevance to this investigation,
the consensus views of workshop participants noted that:

9 Biological containment laboratories pose some safety and security risks. Context
matters when assessing risk. Participantsg ge st ed several contextual
purpose (routine clinical diagnostics, disease surveillance, maintenance of reference
samples, research, outbreak response); the degree of hazard of the pathogens being
handled; whether those pathogens amearic (containment requirements may differ
if the pathogen is already present in the local environment); lab personnel adherence
to safety and security protocols; the regularity and effectiveness of inspections; and the
adequacy and reliability of fundinglectricity, water, waste treatment, transportation,
supply chains, and internet and telecommunications. For a partnership to be successful,
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the stakeholders must work together beforgtiogectstarsto align the purpose of the
planned laboratory witthe needs and capabilities of the host or recipient.

1 A capable workforce and a strong training program are essential to the proper
functioning of a biological laboratory. Many participants suggested that funders should
address knowledge gaps in regionshwhadequate educational systems and should
arrange for provision of training by local sources (preferable, if possible), third parties
(professional societies, biosafety organizations, and private companies), or their own
personnel (if a technical orgamaition). They also stressed the importance of leadership
skills, career planning, and promotion opportunities to retain workers. Funders could
also engage with local or foreign universities to provide the appropriate education and
training.

9 Biosecurity ha not received proper attention in le@source countries. It is,
nevertheless, just as crucial an element in the operation and maintenance of biological
labs as is biosafety. Funders should ensure that recipients recognize the importance of
biosecurity ad biosafety and have plans to adopt and implement all required
measure$®!

2. Precedentof Outbreaks Likely Caused by Lab Accidents

The prevalence of laboratory accidents daigbratoryacquired infectionss an area of active
debate. Competing academici@ds have come to vastly different assessments and tend to reflect their
authorsé views on the relative risk benefit of <co
pathogens. One group of prominent researchers, when arguing for a moratarigain of function
experiments involving potenti al pandemic pathogen
form of influenza virus carries a risk of between 0.01% and 0.1% per laboya@ryof creating a
p a n d e®®AThey. cautioned thathese calculations may understate the risk because, amongst other
variabl es, At he rate of ac gaidotfanction GOBE) expesirheatsidrea t e d f
performed in many countries; if this work expands to some of the many countrie$esst stringent
standards than those inth¢S], r i sks col d be higher. o

In response, an article by Dr. Ron Fouchier, a propone®0df experiments involving potential
pandemic pathogens, concluded that the risk of a laboratory accalesihg a pandemic is much lower,
it he tabormtoryaoduiredinfections] associated with work on viral pathogens [is] estimated as less
than 1 per 2,044 laboratogy e &% In spport of this conclusion, the article draws heavily from the safety
precautions taken by Fouchier and his team when conducting an experiment that successfully transmitted
the 1918 pandemic influenza virus via respiratory droplets or aerosols bdanetst

In ordinary BSL-3 laboratories, including diagnostic laboratories, work is performed in
openfront class 2 biosafety cabinets with directional airflow, aimed at protecting the
environment from release of pathogens and protecting laboratory nedréien exposure.
Contrary to ordinaryBSL-3 conditions for work with viruses, alh vivoandin

vitro experimental work on influenza virus transmission in the Erasmus MC facility is
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carried out in class 3 isolators or class 3 biosafety cabinets, wieidiraght boxes with
negati ve prPa)stsansue inyardifl@Onicase of leakage. Handling is done
through airtight gloves fitted to the front of these cabinets. Air released from the class 3
units is filtered by high efficiency particulate dHEPA) filters and then leaves directly

via the facility ventilation system, again via HEPA filters. Only authorized and experienced
personnel that have received extensive training can access the facility. For animal handling,
personnel always work in paito reduce the chance of human error. Although the

|l aboratory is considered Acleand because al/l
cabinets and isolators, special personal protective equipment, including laboratory suits,
gloves, and FFP3 (classfiltering face piece) facemasks, are used, and all personnel are
vaccinated with the homologous A/H5N1 vaccine. All equipment in the facilities is
monitored electronically, and alarm systems are employed to ensure that workers do not
enter the facilitis if equipment is malfunctioning. All personnel have been instructed and
trained how to act in case of incidents, which are handled upon consultation between a
senior staff member, a clinical microbiologist, the institutional biosafety officers, and the
facility management. Antiviral drugs (oseltamivir or zanamivir) are used immeditaly
incident should occur. Every incident in the laboratory is followed up by actions to prevent
such incidents from happening again. The facilities, personnel, and presedre
inspected by the U.S. CDC every 3 years, in agreement with the U.S. select agent
regulations for overseas laboratories and by the Dutch government (Inspectie
Leefomgeving en Transport [ILT] inspection)

The biosafety conditions inthe Erasmus MG c i | ity t hus extend well b
BSL-3 conditions for working with viruses, and a number of these biosafety measures

should be considered when the probability of LAIs is inferred from the U.S. CDC report.

Unfortunately, an exact number for theegfiveness of individual biosafety measures is

not available. However, it is reasonable to assume that the effectiveness of the physical

separation of personnel from the viruses they work with through the use of class 3 isolator

units and class 3 biosafetyabinets, the use of personnel protective equipment, the

extensive training program, the use of experienced personnel only, and the application of

a twoperson rule to reduce human error during animal experiments would yield a decrease

in the probabilityof LAIs.%%®

Undertaking such extensive biosafety precautions does likely increase the margin of safety for an
experiment such as the one Fouchier perfortffddowever, as Fouchier noted, the biosafety conditions
were fwel | bBSkconditiodstt®6 r ma |l 6

Canadian biosafety researchers reviewed data on laboratory incidents involving biological agents
that were reported to Public Health Canada from January 1 to December 31%80E6review found an
overall incidence ratei @ént3sad %r evpodoht eldd Hiye xPdS ulriec
100 people were exposed, with no reports of secondary exposure. Four incidents led to suspected or
confirmed cases déboratoryacquired infections®® Over 91% of accidents occurredBSL-2 facilities.
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Such comprehensive reporting is rare. Available documentation of historical lab accidents is
incomplete, but what is available suggests that a number of infectious disease outbreaks caused by
laboratory accidents have occurred in the last fifgrgeAvailable evidence, including documentation from
the Federal Select Agent Program (FSAP), also suggests that a large nurdratbriesacquired
infections (LAI), including subclinical imebdecti on
in the US. and elsewhere.

Biosafety experts have identifisdverafactors that determine the risk that pathogen exposure may
lead to infection:

The amount of infectious dose requiredtf@ansmission

Whether the pathogen has low or hgmmunicability

Whether the pathogen is aerosolized or transmissible via airborne spread;
History of past laboratory infections involving the pathogen; and
Whetherhumansor experimental animals are susceptible topdidogen.

= =4 -4 4 A

Likewise, specific laboratory procedures and experiments present an increased risk of exposure:

Producing and using large volumes and high titerspathogen
Following procedures that might generagosols
Infectinganimals

Using sharpgneedles, ety

Necropsy of infected animals; and

Experiments that increase virulence of a pathogen.

=A =4 =4 4 -4 -9

The 2018 National Academies conference presenters noted thatdmitginment laboratories are
fonl y as g dramdworker,iand iumbnefaatsate generally the cause of laboratacguired
infections rather than ma’°fThe mwaiable avidencé ondabaatorye e r i n
accidents sugagtersaisneacdc awo rtkheer sfidl eaarset ealbctorata stugeanta d uat e
working inBSL-2 andBSL-3 facilities.

Laboratory accidents that resulted in exposur
mi sseso, provide an additional body of evidence
containment laborat@s. In many instances, it appears that only random chance or good luck prevented an
accidental exposure from resulting in an infection. Thus, even infections that did not lead to subsequent
spreadcan inform an assessment of the likelihood and scendriamdat origin through human error for
COVID-19 and future pandemics. Thus, the historical record serves as context in the discussion of the
origins of SARSCoV-2 resulting fronresearctacquired infection.

a. Nea-Misses, Laboratory Accidents Mt Resulting in Infections

i. Graduate Student Accidents
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Behavioral factors figure prominently in the incidence of documented laboratory accidents. An
estimated 6%0 80% of documented laboratory accidents are due to humar’éropublished laboratory
safety studies, research students were involved more frequently than any other single group. It was noted
that students performing research in infectious laboratories are, as a group, less familiar with laboratory
techniques and pcedures than experienced scientists and technicians. Students were more often
performing new or untried techniques, and often worked longer hours than other laboratory p&fsonnel.

In September 2016, a Washington University graduate student workingrbglthin aBSL-3
laboratory on a weekend inoculated mice with Chikungunya virus. Despite wearing two sets of gloves and
appropriate PPE, she accidentally pricked herself with a needle she was using to inject infected mice. The
student appropriately disiafted the wound but did not inform anyone. Four days later she became ill and
presented herself at the Universityb6bs emergency r
after she became ill did she inform her supenAsbor.

Her iliness did notesult in the infection of anyone eldecause oher accident, the laboratory
instituted remedial training about the risk of accidenésdlesticks. In the following 14 months, however,
Washington University reported two additional incidents involviegdlesticks with the Chikungunya
virus. As characterized by Dr. Richard Ebright, Rut ger s Uni ver sity mol ecul aj
it in their minds that lab accidents are very, very rare, and if they happen, they happen only in the least
well-runover seas | abs. THhat simply isndét true. o

In 2020, a graduate student at ubniversity spilled a test tube containing H3N2 flu virus, a
mild seasonal flu virus. However, due to the COVID pandemic, neither the graduate student nor
other laboratory psonnel who assisted with the cleap were wearing respirators or masks.t$ufad
been unable to purchase PPE due to pandemic demand, despite express policies requiring laboratory
personnel to wear them during experimefRrtunately, none of the expaswere infected.

ii. Escape of Infected Lab Animals

Laboratory animals used in experiments present a distinct categlatyoohtoryaccidents Live
animals are frequently used, sometimes in large numbersaaedcape enclosures within labs, as well as
escape entire facilities. Because some of these animals are often infected with a pathogen under research,
the escape of a lab animal can mé@nescape of a pathogen.

In December 2006 at Texas A&M University, in College Station, TX, a laboratory mouse infected
with Coxiella burnetii(Q Fever) went missing. The mouse was never f8tirimilarly, between April
2013 and September 2014, eighte) some of which may have been infected with SARY-1 or HIN1
influenza virus, escaped from a laboratory at the University of North Carolina at Cha§é@Millhumans
were effected and no viral transmission has been documented from either case.

iii. Mechanical Failures
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An essential element dfigh-containmentaboratory biosafety is the effectiveness of secondary
barriers. Maintaining negative pressure, HEPA filtration and effective disposal of infectious waste protects
not only researchers but otherenking in the facility and theublic. The effectiveness of these barriers is
dependent on maintaining the proper functioning of the associated mechanical equipment. Failure of anyone
of these components could result in unintended risks and exposures.

In 2010, an autoclave used to decontaminate laboratory wasteBBL-# laboratory at the
University of California, Irvinemalfunctioned. An autoclave creates high temperature and pressure to
inactivate infectious materials. While decontaminating whistea SARS virus experiments, the autoclave
leaked steam and water, potafiyi exposing eight people. Fortunately, the autoclave reached a high enough
temperature to kill the SARS virus before malfunctioifidhs descr i bed, the #A[r]e
contained in ouBSL-3 laboratory. Exposed lab workers were wearing prggesonal protective gear. No
transmission of t®he virus was detected. o

Laboratory accidents and associated infections are often the result of an unfortunate chain of events.
As described by biosafety consultant Dr. Rocco Casagrande, they oftennasuiit € a scadi ng er
fiSome physical mi stake happens that then takes
carelessness or mental mistake or happenstance. Someone spilled something when the backup fan
happens to be knocked out by a powetage, or someone spilled something on the day that their lab
coat was at® the cleaner. o

b. Laboratory Accidents Resulting in Infections

i. SARS-CoV-2 Laboratory Accidents

This investigation has identified three laboratory accidents involving SB&®%E2 since the
pandemic began. There habeenother laboratory accidents that have gone unnoticed (because normal
community spread of SARS0oV-2 has been high) dheyhave not been reported. The investigation was
only able to find substantial information about one of the three incidents. Nonefalfaleng laboratory
incidents involving SARSCoV-2 appears to havedto secondary cases of COVALD.

There is at ledone documented laboratory escape of SARY-2 in China. In February 2020,
early in the pandemic, the director at the National Institute for Viral Disease Control and Prevention
(NIVDC) was infected with SAR&0V-2 in the laboratoryThe accident only cae to light wha aformer
NIVDC researcher, Shalou Liu, a virologistnow affiliated with the Ohio State University and the editor
of the Chinese journ&lmerging Microbes & Infectiordescribed itin a February 1,2020email exchange
among colleagues tdined through an Ohio Public Records Act request, Liu shared that his féivii2C
director fAhas now -Eaver®Hehaferectrfieddhatwhie fotmer HikedRoB was in

[ e

I
a (

fact Ainfected in the | abo,rthapossibilitytofefSARSH[dic]irentiom ct ual |

by lab people. It is much more contagious than SARBHChinese state media has denied that an infection
occurrec’® The Beijing NIVDC is the same laboratory where a researcher became infected with SARS in
thelaboratory in 2004 one of four such known cases in China and six in the world.
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In December 2021, a researcher in Taipei at Academia Sinica Genomics Research Center, a
|l aboratory of Taiwands nat i-©QoN-2 dtluring resedrehragy infecteh s e X p
mice in a BSE3 facility. The researcher became ill and tested positive for a Delta variant of SRS
2, with PCR Ct values of 15 and 23, indicating a recent infeétfoks a laboratory acquired infection
confirmed by Taiwanese authoritidise case and the identified breaches in safety inform an understanding
about the general propensity of SARBV-2 to escape laboratory settings.

The genomic sequence recovered from the researcher did not match any that of any domestic cases
in Taiwan cdlected during the relevant period. This, and the lack of any overseas travel or contact by the
researcher with confirmed cases, led the CECC to conclude she did not become infected by local community
spread. This case was the filsimesticcase of COVID19in Taipei in 35 day$®*

The same researcher was bitten by a laboratory mouse on OctoP@215ut later tested negative
for SARSCoV-2. The researcher was again bitten by a mouse on Novemb2028 but did notget
tesed An investigation into the incident suggested the researcher was infected by other irdpfipgr
of herPPE and decontandtion upon leaving the laboratory rather than from the mouse bite. The results
of the investigation were publish&§e®

ii. Brucella Accident in Lanzhou, China

In late 2019, an accidental releaseBoficella from a lab in Lanzhou, China, infected between
6,000 and 10,000 peopR’ Brucellosis cases weirdividualswho were present at the Lanzhou Veterinary
Institute, which is downwind from the Zhongmu Lanzhou biological pharmaceutical factory. The factory
had been growingorucella as part of work to create animal brucellosis vaccines for livestock. Routine
cleaning at the facility was inadequétasing expired disinfectantswhich allowed live brucella bacteria
to become aerosolized in waste gas emitteaedine f aci | i t yos e XW%Thiswasthee nt i | a:
second brucella breach of facility containment in China in 3 years. A review of Chinese medical databases
conducted in early 2020 reveals additional laboratory acquired cases of brucello€)§,i2@W7, 2011,
2012, 2013, 2016, and 209%.

iii. Foot and Mouth Disease Virus

In the United Kingdon{UK), an outbreak of foot and mouth disease in 2007 was the result of the
escape of live foot and mouth disease virus (FMDV) from the Pirbright Institutinitad Kingdom
government laboratory researching animal pathogens in Surrey. A manufactioeated at the site was
producing substantial quantities of FMDV for use in the production of FMDV vaccine and was using the
Pirbright | ns temtFailureséndecdntaminatioa gf efflusnis fram the facility, combined
with apparent leakage from a drainggpe damaged by tree roots, allowed live FMDV to escape the
facility. Use of construction equipment in the surrounding aesaserbatedhe spread of contaminated
soil, leading eventually to the infection of nearby caffle.

The outbreak of FMDV was contained through quarantine of an affected area and the culling of all
susceptible species within a set vicinity of the Insittrhe 2007 outbreak involved eight farms and the
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culling of over 2,000 head of livestock, costing the government of the UK GB£47 million and industry
GBE£100 million, or about US$300 milliot{?

iv. SARS

The Severe Acute Respiratory Syndro@@ronavirus (SARSCoV-1 or SARS) first emerged in
China in 2002, eventually leading to at least 8,000 infections and 774 deattesthe end of the SARS
pandemic in 2003, SARS has not naturally recurred. It has, howexartad the human populatioa n
less than 6 timebecause ofaboratory accidents. These accidents took place once at the Environmental
Health Institute of Singapot®, once at the National Defense University in Taipei, Taiwan, and four times
at the National Institute of Virology (NIMp Beijing %**

The first laboratory escape of SAR®V-1 was in Singapore, in August 2003. It involved a 27
yearold doctoral student working with both SARRV-1 and West Nile virus (WNV). Due to renovations
of the normal BSE2 lab at this facility, BSE2 and BSL3 activities were being conducted in the same
BSL-3 lab, leading to the laboratory accident. SAB®/-1 virus was present in the lab two days prior to
the infection of the graduate student, who contracted SARS because the Vero E6 cells haguas usi
passage WNV were previously contaminated with live SARSY-12% The student was hospitalized on
September 3, 2003 and recovered after a period of moderately severe disease, and did not infect anyone
else.

In Taiwan, on December 6, 2003, a researatorking on SARSCoV-1 was cleaning up leaked
waste fluid from an experiment, but was infected by SARY-1, which had escaped the primary
biocontainment area and was present on a bottle of cleaning spray and a light switch. The patient then
attended &ARS summit in Singapore on Decembe2dQ3fell ill on December 1(2003,was hospitalized
on December 16, and ultimately recovered without causing secondary inféions.

At Chinads National I nstitute of \Mdlabwdtooygy ( NI \
acquired infectionsf SARSCoV-1 in February and April 2004, each involving a different researcher. A
subsequent investigation looking for specific antibodies among other NIV lab staff found 2 additional
SARSCoV-1 cases, bringing the totaf separately infected NIV staff to 4. There was a month between
the date of infection of the index case and the (public) identification of the index case. Of the first 2
identified cases, one |l ed to the ullswetelinfeaed bytthee wor |
workers but did not di&”

Laboratory accidents are not always reported in a timely manner. Even when infections are clearly
laboratory acquired, and when the laboratory where an infection was acquired is identifiegdadhe
accident that caused the infection cannot always be identified. In the known laboratory acquired cases of
SARSCoV-1 in 2003 and 2004, infected individuals traveled, waited days to report symptoms even after
becoming sick shortly after conducting S8Rxperiments, and in some cases infected others.

When the Taiwanese researcher was infected in December 2003, he did not seek medical attention
for fear of bringing i s*$lawasonly wherbhisdathér thizateaed tb kil h e ¢ «
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himself if the researcher did not seek medical attention that he called an ambulance and reported his case,
which had become a clear and severe case of SARS.

The accidental laboratory release of a highly contagious respiratory pathogen likeCBARIS
releagd six times by laboratories, further demonstrates the possibility of laboratory escape of pathogens.
SARSCoV-1, notably, is not as contagious as SABS/-2.

v. 1977 HIN1 Influenza Pandemic

Influenza A viruses are the only influenza viruses known to cause pandemics in humans, although
influenza B viruses also infect humans and seals. Influenza viruses are classified based on two proteins on
the surface of the virus capsid (the outer layerpafteins of the virus): hemagglutinin (H) and
neuraminidase (N). There are 18 different hemagglutinin subtypes and 11 different neuraminidase subtypes:
H1 through H18 and N1 through N11, respectively.

The emergence of any new virus or new strains of rasvis often accompanied by the
disappearance of preexisting seasonal virus strains. To illustrate, a variant of influenza known as H1N1,
which first emerged with the 1918 influenza pandemic, was the dominant circulating strain of influenza in
the world fo 39 years from 1918 to 1957, at which point it was replaced by an H2N2 virus. This H2N2
virus was the dominant strain of influenza circulating globally for 11 years, when it was replaced in 1968
by an H3N2 virus. From 1957 to 1977, no H1NL1 influenza wivas isolated from new cases. In 1977, an
H1N1 virus resembling the 1950 H1N1 strain reemerged and, instead of replacing the H3N2 virus, co
circulated with H3N2 influenza until 2009. In 2009, a novel H1N1 virus first detected in Mexico spread
globally (the2009 H1N1 swine flu pandemic) and became the dominant H1N1 strain in circdation.

The H1N1 strain causing the 1977 pandemic was nearly identical to a strain that had circulated in
19481950, based on comparison of hemagglutinin (H). These strain8.dfé @lentical containing only
four differences among the 566 amino acids that make up the protein. This indicated the derivation of the
1977 H1IN1 strain from the 1950s H1N1 virus, because an H1N1 virus would not have retained 98.4%
similarity in over 20 gars of evolutiod®

A |l aboratory origin of this 1977 H1IN1 virus is
the 1977 H1N1 virus, the temperature sensitivity of the virus, and the apparent level of preexisting immunity
among people exposed teetsame strain in the 1950s.

Such a virus could have escaped from a laboratory during vaccine research, which includes a
process of deliberate attenuation of influenza viruses. The process involves serial passage of a virus through
chicken eggs. A siddfect of this process on the virus often leads to viruses that exhibit a markedly reduced
ability to replicate at higher temperatures relative to an ambient laboratory temperature (e.g., the human
body), when compared to related viruses. This makes temprsensitivity in influenza viruses an
identifiable marker of likely manipulation in laboratory settirt¢f8.The 1977 HIN1 influenza virus
exhibited this temperature sensitivity when it first appeared. Relatedly, there was global interest in vaccine
reseach for HIN1 influenza in 1977 after a swine flu outbreak at Fort Dix, NJ, in 1976. Because H1N1
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had been largely outcompeted by H2N2 influenza strains starting in 1957, researchers may have relied on
stored HIN1 strains i ndiyusirgtHlNA btraifisiron tikd958sa mp |l es, po

Yet another indicator that the 1977 H1N1 virus was the reappearance of an older, unevolved H1IN1
virus from about 1950 can be found in the age of the hahitegictims. The pandemic was restricted
largely to peop of 21 years of age or less. Most people older than 21 had been exposelP®/aH N1
influenza, indicating they carried substantial immunity tortemergingstrain.

Beyond the instances discussed above, the available record contains numerogssinsta
pathogen mishandling and mislabeling, which exposed individurlsin some caseisfected them with
dangerous pathogens in the laboratory.

vi. 1978 UK Smallpox Laboratory Leak

The last known natural case of smallpox occurred in Somalia in 1977. In August 1978, a medical
photographer working at the Birmingham University Medical School became infected with smallpox and
died. The source of the infection appeared to be the sird#iporatory at the medical school that was one
floor belowthe photographic studies where the patient worked. An exhaustive investigation considered
several possible alternative scenarios that ranged from an accidental breech in safety procedures to a
deliberate release of the virus.

A similar smallpox outbrak occurred at Birmingham University 12 years earlier. The index case
then was a medical photographer who worked in the same studio and darkroom as the 1978 patient. While
the physical layout of the laboratory changed and the safety procedures irothgolgbwere enhanced in
the intervening 12 yearthe modeof the earlielinfection wasnever determined.

The patient associated with the 1978 infection was a frequent user of a telephone room directly
above the smallpox laboratory. Aerosol tracedigtsi conducted as part of the investigation showed air
leakage from the laboratory particularly when personnel transited between the laboratory and an adjacent
room. The opening and closing of the laboratory door resultdtkiascapef the aerosol traa material
to demonstrate that an adjacent seminar room on the same floor and the telephone room one floor above
became contaminated. The patient who died typically frequented the telephone room several times a day
andbecameexposed and infected that yva This finding was made almost two years after the incident
occurred.

Vil. Discovery of Marburg Virus

In August 1967, laboratory workers in three European cities, Marburg and Germany, and Belgrade,
Yugoslavia (Serbia) were infected with a then unknowmgge¢n. Thirtyone people developed severe

di sease with seven dying. fAThe source of infectior
aethiops) that had been imported from Uganda and were shipped to all three locations. The primary
infectionsi r oni cally occurred when the monkeys were ne

research for the purpose of obtaining kidney cells to culture vaccine $tfains.
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The monkeys served as inter medi at evoihshalie¢veds peci e
to be African fruit batd°® The novel virus was called Marburg virus, after the German town where the first
cases were identified, despite it originating in central Africa. Marburg virudilisvaus, the family to
which Ebola belong$®* Since the 1967 LAI, all other known human infections with Marburg have
occurred in Africa as the result of natural zoonotic spillover. The discovery of Marburg virus is an example
of the outbreak of a novel disease due to a resealated incident.
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Chapter8 Bi osaf ety i fConammentddbsratdrdésg h
Introduction

I n January 2019, Zhou et al . characterized Al
securityé and is an i nt% gheaitks thah China perteivad adanterednoal s e
emerging infectious diseases, biological weapons and bioterrorism, misuse of biotechnology, alien invasive
[agricultural] species, biological accidents, and supsistant bacteria. Several specific concernseewe
mentioned. The potential for-eamergence of SARS or a highly pathogenic avian influenza, the importation
of Ebola or MERS virus or some other virus such as Nipah or Hendra for example. The misapplication of

synthetic biology and reverse genetics atiteonewbiotechnologiexc oul d r esul t in Agai
mutationso that may have direct or indirect ef f ec
endanger researchers or the public at large in the event of accidental leakage. Thegcalseddthe
possibility of fAunexpected di s aascidentleak, espegialyfromoul d
ahighl evel biosaf®ty | aboratory. o

1. Biosecurity in China before 2019 Reforms

I n article entitled dMHimads ybiods afnedt ys ulgeggeisst i aotn
2019 and published in August 2019, the authors described the existing national biosafety laws enacted after
the 2003 SARS outbreak. By their descriptsafatyn t he s ¢
situation and requi r e ghma mgpleneentad a serief biosecurityeandt i on . 0
biosafety legislative and regulatory reforms beginning in 2019 to 2020. These actions suggest PRC central
leadership were aware of deficienciesin@hins bi osaf ety and biosecurity.

The authors <cited the -@hkassesshent stamdark Theré waa nonat i ¢
professional agency to guide the establishment and operation ofiakbassessment system. They also
noted an incomplete earlyarning and forecasting system that had no standard foepest warning to
address emergent biosafety issues. They recommended accelerating legislative efforts, creatisi a bio
agencysystem and establishing a biosafety monitoring and early warning sy8tem.

As described by PLA researchers, Chinads resc¢
equi pment did not start i n fabehimahs teveped tountriestfé | at e
By their judgement, since 2005 following the SARS

Program fachi eve d'Evemvith gtogrbss i deseloping eegudations, standards and
biosafety equipment; substantial daabes remained into 2018 and 2019.

Emblematic of these challenges are the conclusioa®laivember 2018 briefing by the Guangzhou
Municipal Health Inspection Bureau. The report cited a wide range of problems found during provincial
biosafety inspectiomof BSL-1, 2 and 3 laboratories, of which China has several thousand. Among the
Afcommon problemso identified were:

9 [Biosafety] Level 1 and 2 laboratories that have not been registered in
accordance withegulations;
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9 [Laboratories were] [n]ot proficienvith activating and implementing
emergency response plans when sudden accidents occur;

1 Incomplete registration information such as the soofcgorage of and
experimental projects involving various bacterial [viral] samples;

T Lack of 6dual personnel , dual | ockd systen
bacterial [viral] samples, drop area does not meet theft prevention
requirements;

91 Biosafety cabinetsautoclave machines, and other equipment have not
been inspected according to regulations;

1 Use of disinfectant products violates regulations: ultraviolet ray
disinfectant lamp, disinfectant agents, concentration test card for
di sinfectant agents, etce,;

9 Failure to disinfect the area prior to taking care of the disposal of highly
dangerous waste such as cultures, samples and preservation fluid for
bacterial and viral strains;

1 Substandard management of the placement of samples after experiments
are complee, especially positive samples;

9 The transfer of medical waste not done promptly, especially harmful waste
materials;

f Laboratory wastewater is directly released
sewage management systems;

9 Substandard monitoring of laboratory r amnd material surface
disinfectants; and

9 Laboratory personnel do not carry out personal protection measures
according to regulation§!!

In the Spring of 2019, Chinabdbs top -Gamérdlafc heal
the CCDC, publishe an online editoriabn March 25, 2019 in the Journal Biosafety and HealtH*?
George Fu Gao warned about potential natural, accidental and deliberate biological threats. He specifically
identified laboratory risks:

Man-made biological threats exist many countries.A potential major

risk stems from stocks of concentrated infectious pathogens stored in
laboratories and the absence of adequate biosecurity measures. Non
compliance of approved biocontainment and biosafety protocols could
result in accidental or deliberate release of pathogens into the
envi r on Adwamdes in biomedical technologies, such as genome
editing and synthetic biotechnology, have the potential to provide new
avenues for bi ol ogical intervention in hun
proliferation of such technologies [genome editing and synthetic
biotechnology] means they will also be available to the ambitious, careless,
inept, and outright malcontents, who may misuse them in ways that
endanger our safety.

144
Marshall.Senate.Gov



THE ORIGINS OF COY®D

For example, while CRISRRelated techniques provide revolutionary
solutions for targeted cellular genome editing, it can also lead to unexpected
off-target mutations within genomes or the possibility of gene drive
initiation in humans, animals, insectsydaplants. Similarly, genetic
modification of pathogens, which may expand host range as well as
increase transmission and virulence, may result in new risks for
epi demi cs é s-prigih BARS-likeccorbnaviruses acquired an
increased capability to inect human cells. Thus, modifying the
genomes of animals (including humans), plants, and microbes
(including pathogens) must be highly regulated®*?

On May 15, 2019, Yuan Zhiming, the General Secretary of the CCP Committee within the Wuhan
Branch ofChinese Academy of Sciences (CAS) and director of the WIV National Biosafety Laboratory
(BSL-4), submitted an editorial for publication in tdeurnal of Biosafety and Biosecuritipr which he
serves as one of two editarschief. The paper was entitidiCurrent Status and Future Challenges of
High-Level Biosafety Laboratories in Chin#*

Zhi ming wrote about concerns with Chinads bioc
uncertain funding for laboratory construction, operation and maintendhese concerns ranged from
neglected maintenance and insufficient operational funds to a lack of specialized managers and engineers
to operate th8SL-3 labs!°*>He pointed out that regulatory enforcement pertaining to pathogen waste, and
|l aboratory ansmal | maeads méfHesgecifedlywarneg that sucherkven
i mpl e me putsabiosatety atfriskdo He al s o ur gpeothptlyareviséd the existinge s t o
regulations, guidelines, nor ms, 9He dubrsittedardwsedd s o f
version of the paper on September 10, 2019. It was published online on October 24, 2019.

Yuan Zhi mi ngds cdooy others.nGaizhenadNugethe eCE€MCob@security expert,
submitted anLaboratory bidsa&etyenrChinatphse gresént and fotureon August 20,
that was published on October 31, 26%8Her perspectives were datids of May 2019 &he wrde of
ma n greafi[biosecurity] achievement She noted specifically, howe
pathogenic microorganisms should be performed in-ldghl biosafety laboratories namely BSLor
BSL-4. o She identi fi edtingCGhineelabardtorysdietylsyisteemges confr on

[Tlhe number of higHevel BSL-4) laboratories in China is not
sufficieng . The management of laboratory biosafety in China needs

i mprovementé the | egal and regulatory stand
2 laboratoriesinChh naé [ Ther e ar edfrainadband enough wel |l
experienced | aboratorfyfChbnaéafetinnepatiahi s

capacity is relatively weak... research and development of laboratory
biosafety techniques and equipment fell behind some westeimtries.

The design and reliability of our laboratory biosafety system also lacks
acute evaluation criteria and schemes.
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Guizhen Wu provided additional perspectives noting that:

Administrative staff at all levels of management and laboratory technical
personnel must raise their awareness and enhance the sense of
responsibility. In view of national strategies, we must reexamine and
adjust all aspects of biosafety, including management structures, human
resources and technical systems.

She also notechta t a d dibsafety laws bre wWrgently need@t® These statements and concerns
suggest that Chinabs progress in biosafety advanc
of highly pathogenic microorganisms.

2. The Launch of Legislative and Regulatory Reforms in 2018 and 2019

The 13 Nati onal Peoplebs Congress (NPC) Standing
September 72018, listed biosecurity legislation as a subject requiring continuing research and discussion
(Category 111).2920This category is third behind topics for which draft laws are mature ready for deliberation
(Categoryl) or those that should be rushed (Category°#.

While the bill was initially a Category Il priority, the NPC convened on M&®&i27, 2019,to
discuss its legislative agenda for the coming year and designated a biosecurity bill a top priority. The change
priority appears to be in response to a speech given by Xi Jinping, the General Secretary of the Chinese
Communist Party (CCP)mJanuary 21, 2019.

In this speech, Xi specifically called for vig
6gray r hi H8%is commentds expressed concern about unexpected risks related to politics,
ideology, the economy, sciem@nd technology, society, the external environment, and party building. Xi
believed these seven areas could potentially gi Vve
January speech was not the firsthitniome i'%itdoesefndrsr. ed
however, appear to be the first time that he had used these two terms to describe potential security problems
pertaining to science and technology.

The Peopleds Daily, the CCPOs of figcienaelandmout hp
technology as follows:

Xi Jinping emphasized that security in the field of science and technology
is an important component of national security. It is necessary to
strengthen system building and capacity building, improve the national
innovation system, solve prominent problems such as the duplication of

BAccordingtoastudjnanual for CCP cadres, a fAdblack swano incide
unpredictable, but as soon as it occurs, the impact tr
refers to an incident in which the piteln is great, and there were early signs, but it was not given sufficient attention,
and led to severe Yonsequences as a result.o
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resource allocation, the fragmentation of scientific research capabilities,
and the unclear orientation [in terms of] the purpose and lines of
innovation, and raise the overall effectivenefthe innovation system. It

is necessary to speed up [the process] of addressing these shortcomings
and establishing the advantages of independent innovation systems and
mechanisms. It is necessary to strengthen strategic research and
assessment andrfgardlooking deployment in major innovation areas,
paying special attention to the strategic positioning of state
laboratories, reorganizing the state system of key laboratories
building major innovation bases and innovation platforms, and improving
collaborative innovation mechanisms between industry, academia, and
research institutions. It is necessary to strengthen the overall planning and
organization of major scientific and technological duties related to
national security and economic and sodalelopment andstrengthen
efforts to build national strategic scientific and technological capabilities.

It is necessary to speed up the establishment of an early warning and
monitoring system for scientific and technological safety and
accelerate relevant legislative workn areas such as artificial intelligence,
gene editing, medical diagnosjsautonomous driving, drones, and service
robots924

Several months after Xid6s speech in JuWvVsRdyl19, Xi
session that stressed the i mportance of B%®ing vig

On July 10,2019, Li Zhanshu, the third highest ranking member of the CCP Politburo Standing
Committee and the Chairman of the National Peopl e
symposium to discuss drafting a biosecurity law. This initiative came on thedfigelssing the vaccine
safety law a month earli¢(26102/102810291030 Gjgnificantly, he framed the initiative as a response to Xi
Jinpingds instruction. The symposium seems unrela
at the time and occurredwan days before the WHO declared a Public Health Emergency of International
Concern (PHEIC) for the Ebolavirus outbreak in the Democratic Republic of C&Hdoauring the
gathering, Li stated:

[We must] deeply carry out the instructions and requirements of
General Secretary Xi Jinping, insist on the necessity and urgency of
the biosecurity law based on an full awareness of the holistic view of
national security, use legislation to establish a basic syatelimprinciples
for the realm of biosecuritygive prominence to risk prevention,[and]
use the law as a weapon to defend the biosecuritf the state and
guarantee healthy lives for the peopfé.

Li 6s comments al so s ugg e shioteathnolagy. Speaifcadly, e statdkdo ut t he
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[We must] use legislation to guide and standardize the research and
application of human biotechnology to walk the correct path, spur the

healthy and speedy development of biotechnology, [and] prevent and
reducethe dangers and losses that could o&¢tr.

Drafted in July, the draft law was passed out of committee on September 19%2@h@nshu,
chairing the National Peopleds Congress Standing ¢
and prohibitinghe use of biological agents and biotechnology to harm state security was described by the
NPC |l eadership as the Mhpitavasiultipately passed imtd lawtalydaterl e gi s | ¢
October 17, 2020.

During the first reading of the bilh October 2019, Gao Hucheng, the chairman of the NPC
Environmental Protection and Resources Conservation Committee, delivered the official explanatory report
articulating the purpose of the legislation and summarizing its key points. Gao cited thebed&gital
agents from laboratories as a threat to state security that warranted the passage 6f*he law.

Gao Huchengdéds comments were striking in their
that were not public knowledge:

At the same time that biotechnology has brought progress and benefits to
humanity, it has also brought new biosecurity problems and threats.
Currently the biosecurity situation in our country is grim. Bio-warfare

and traditional biological threats from ajor emerging and sudden
outbreaks of infectious diseases represented by SARS, Ebola, and African
Swine Fever, as well as animal and plant epidemics, are occurring as
frequently as ever before. Ndaraditional biological threats, [such as]
bioterrorist attacks, the erroneous use and deliberate misuse of
biotechnology, and laboratories that leak biological agents, are clear

and obvious!¥’

Gao Huchengdés characterization of the state of Ch

Currently our c odidevelopménsof biokeshrobbgyc h a
and construction of [research] infrastructure are relatively backward.

Large disparities exist in technology, products, and standards here

are few original biosafety technologies [that were invented in China] and
few outsainding [research] achievemett&.

In response to this poor state of affairs, Gao Hu

[ '] ncorporate the building up of the statebd
law, fix industrial policies and science and technglgmplicies that

encourage independent innovation in the form of the law, firmly grasp the

critical and core biotechnologies, [angfotect and promote the
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devel opment of our nationés biotechnology a
prevent dangers and threats%°

The timing of his remarks precludes the likelihood that the impetus for this legislation was the
brucella vaccine incident in Lanzhou. An accidental aerosol leakage of brucella occurred at a veterinary
vaccine plant. The incident was detected in Noven#889 and infected between 6,000 to 10,000
individuals.

3. The Biosecurity Law of the Peoplebds Republi

The | awds preamble emphasizes the principles
government. It specified the law was drafted:

for the purpose of maintaining national security, preventing and
responding to biosecurity risks,af eguar ding peoplebs |lives a
and protecting biological resources and the ecological environfignt.

Of the six major provisions in the law, four are noteworthy: 1) Biosecurity Risk Prevention and Control, 2)
Prevention and Control of Major Emémg Infectious Diseases, 3) Biotechnology Research, Development
and Safety, and 4) Biosafety of Pathogen Microbiology Laboratory. The other two provisions are devoted
to Human Genetic Resources and Biological Resource Security and Prevention of Bioteamdis
Bioweapon Threats.

The Biosecurity Prevention and Control provision establishes a national biosecurity monitoring and
early warning system. This activity is coupled with biosafety risk assessments, biosafety investigations and
a related informatio sharing system. Information concerning biosafety including the overall biosafety
situation and warnings of major incidents are intended to inform a national level coordination mechanism.
This system would also monitor and, as necessary, investigatenigmt outbreaks.

The Biosafety of Pathogen Microbiology Laboratory provision outlines actions to strengthen the
management of laboratories involved in pathogen research and improve adherence to national standards
and requirements for biosafety. lesgjfies that:

[Llow-level pathogenic microorganism laboratories shall not engage in

pathogenic microorganism experiments that should be conducted in high

l evel pathogenic mi c r olevel gpatlogesien | abor at or i e
microorganism laboratories engagimgexperimental activities of highly

pathogenic or suspected highly pathogenic microorganisms shall be

approved by the health or agriculture and rural authorities at or above the

provincial level. For pathogenic microorganisms that have not been

discovere [found in nature] o r have been eliminatedérel
experimental activities shall not be carried out without apprétial.
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It also outlines measures to strengthen management of experimental animals. It explicitly mentions
taking steps to prevent the egeaof laboratory animals and expressly forbids putings ed | abor at
animals into the markét.Fi nal | vy, it outlines | mpensure thenmfetysf of s
the laboratory and its pathogenic microorganiemsdpecifically requires that higlevel pathogenic
microbiology laboratories to

[A]ccept the supervision and guidance of public security organs and other
departments on laboratory safety and security and strictly prevent the
leakage, loss, theft and robpef highly pathogenic microorganisri¥?

The state of Chinabés biosafety and biosecurity
in the national government, public health and at scientific research institutions such as the WIV.
Published statements and written essays highlighted thamepdate biosafety and biosecurity policies
and laws that were drafted following the 2603 SARS outbreak. Specific concern was directed at
recombinant research that involved potential pandemic pathogens specifically bat coronaviruses.
Concerns also &htified the lack of consistent enforcement of existing biosafety and biosecurity
regulations; inadequate numberigh-containmen{BSL-3 and BSE4) laboratories; and insufficient
funding for biosafety training, staffing, biocontainment operations arndtemance.

Chinads nati onal togheseeoncernsg diaftingraemnprehendineasafety
and biosecurityaw in the Summer of 2019%ronically, this draft legislatiopasseaut of the National
Peoplebs Congress Sbtantdtongh€omandeme20aTheb upbi eak |
political action taken in response to what appears to be broad chattel@yjgsi na és bi osafety a
biosecurity particularly at high biocontainment laboratories appeared appropriatdditunatelymay
not have beetimely.
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Chapter 9: The Wuhan Institute of Virology & Other Wuhan Institutes with High -Containment
Laboratories

Introduction:

The AChinese Academy of Sci encd%wasfduntedin1961st i t u
and is among the oldest national research institutions having been established shortly after the creation of
the Peopl eds WReEThauWlV adoptedifs cudntifornain June 1978 when it was placed
under the control of the @ese Academy of Science (CAS)> The WIV answers directly to the Wuhan
branch office of CAS and the CAS headquarters in Beijlhgoesnot reportto the Wuhan municipal
authorities. CAS, in turn, answer stofithercabioet. Sigcet o t h
the 2002 SARS outbreak, the WIV has fAextended it:
related fields to medicineelateddisciplinesin order to meet the national strategic demand of public health,
national security,ah sustainable ag¥ culture development. 0o

1. Background and Early History of the Wuhan Institute of Virology

The U.S. State Department estimates that the WIV employees approximately 1,580 staff.
applications to U.S. grant making agenci es, t he 'V
professors, and 47 assistant pt*BAsofs2018,rtre WeVoisnduct i |
organized into three research departments andcenter: the Department of Molecular Virology, the
Department of Biecontrol, the Department of Analytical Biochemistry, and Biotechnology, and the Virus
Resource and Bioinformation Center of China, which contained approximately 800 viral strains as of 2018
making it the largest virus bank in ASf4®

The WIV also has a number of other projects and offices, including the Key Laboratory of
Molecular Virology of the Chinese Academy of Sciences, the -l@ihbratory of Invertebrate Virology,
HIV Prescreening Lab and Hubei Engineering and Technology Research, Center for Viral Di$8ases.
The institute has 14 research groups, including the Emerging Viruses Group, run 3 Zhengli
Additional offices within the WIV are the Analytical Equipmé@¢nter, an Experimental Animal Center,
and the Editorial Office afiVirologica Sinica.1%%!

WI V6s new Zh eislgcdtedeon thaoathwestousskirts of Wuharapproximately b
miles from the original WIV campu#ts construction took 11 years starting in 2004 wadcompleted on
January 31, 2015. The total cost was $44 million USD. The-8&b was accredited by the China National
Accreditation Service in February 20772 A two-year accreditation process istmnusual for such high
containment facilities. Its construction reflects the v e r n prieritizatibnsof SARSrelatedand other
emerging highly infectious disease research

Publicly available budget i nf or maoperaobng butigeto m t he
in 2020 of $48 million USD. Not abl vy, approxi mat el
incomeo which is defined as fAprofessional busi nes
institutions. bomThé! Whuéatbudgetand related facili-t
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It is unclear if this total includes the budget for operating the-B&boratory or just the BSE, BSL-3,
and ABSL:-3 laboratory suites. However, it appears that the budgétéoBSl1-4 laboratory, and perhaps
the entire new Zhengdian campus, is $9.88 milli®D, as stated it is unclear if this figure includes
ongoing construction costs and laboratory maintenance.

While accredited 2017, the BSL-4 laboratoryonly beganoperations in January 20%k8ter
recei ving per nNatomiHealth abdyFanthhRlanren§ €ommissiddHFPC) to initiate
research on threspecific highly contagiousviruses: Ebola, Nipah, and a variant of Crime&ong
hemorrhagic (Xinjiang) fesr1%® As noted bythe U.S. State Department, the WIV BSLwas initially
denied permission to work dmman adapte@ARS virus by the NHFPC though the rationale for that
denialis not clear!®®*Dr. Shi Zhengliwas a western trained BSLresearcher studying SARS and MERS.
As noted inthe 2018U.S. State Dgartmen cale, fi |t is interesting that WIV scientists are allowed to
study SARSrelatedcoronaviruses isolated from bats while they areclpded from stuging human
disease causing SARS coavirws in their new BSE4 1aho!%® This investigation could not determine
whenor if theNHPC granted WIV permission to study humaausing SARS coronaviruses.

In January 2018, it waalsonoted that théacility had a serious shortage of appropriately trained
technicians and resear checantnaeiedme rot®isedhiselsiyt corpye.rca
of Texas Medical Branch in Galveston Texas funded by Nlkiined WIV researcherand techni@ns
in high-containmenbiosafetyproceduresiAccordingto the U.S. State Department t hi s col | abor at
help alleviate tHWfs talent gap over time.?od

All CAS research institutes have been subjected to political pressure to pradanéfic
breakthroughs and advance indigenous innovaliba WIV may have been subjected to gregiezssure
because it wa s4lalbhatony dDesrly si2014, Xi JiBpihd highlighted the importance of
t he WI V0Os new theeobstructionoof thenPgBSli-4j laborataty is of vital importance to
Chinese public health'®® Until 2018,the WIV was home to the onBSL-4 laboratory in China®°CCP
leaders and statein media repeatedly touted the Wuhan National Biosafety Laborasosy reational
milestone for China that would lead to major advances in science and public health. In addition to hosting
the WV also hosts the&ci€acted boe Bifovafl gt t hMege
ime-gai enceod r e at@awvide, twhich eerd estabdished to promote collaboration across
various specialties tpromoteinnovation®
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Figure52: Wuhan institutes conducting coronavirus related rese@fahan Institute of Virology campuses

circled. Source:BSL Laboratories in Wuhan and their roles in coronaviruses resé //gillesdemaneuf.medium.com/overviduiologicak
laboratoriesin-wuhanwiththeirrolesin-coronavirusresearchbca6clcd1f74

2. Chinese Academy of Science (CAS), WI Vds Parent
The CAS is the PRCOs premier organization for
development. While it may bear a superficial resemldancacademic institutions in the West, CAS is
distinctin importantway8®* As one expert cautions: fA[t]he portra

is a difficult task because traditions and the conditions for scientific research in China difféindisain

the Western worl d ¥nCA%ik massivé, boastirg 61y000r persopnel spreaddacross

104 research institutes, 12 branch academies, and two univef§iigé1 ooking at its relative size, the

CAS dwarfs similar academic institut i ospadesdencet he We
facilities belong to CAS%°|t operates on a budget of approximately RMB 42 billion (US$6.7 billion) with

most ofits funds coming from the PRC governm&fif.This investigation examined CAS because the

Wuhan Institute of Virology is a CAS research instittifé.

Moreover, CAS is not only stafended, but alsostaterun. It is the primary research and
development arnof the PRC government in natural and applied scietfégalthough many research
institutions outside of China likewise rely heavily on state support, they generally enjoy considerable
autonomy to pursue research as they see fit. By contrast, CAS anstaterrm research institutions exist,
first and foremost, to serve the pastate and its toplown approach to research and innovatfsh.The
CCP does not regard them as independent erifitfes.
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The CAS founding <chart ernded the eadérdhip ®f thie tCentraimi s s i «
Committee of the Chinese Communist Party and the
of science and technology and contributes®™o the
CAS is one of & government and party entities whose personnel matters are overseen by the Talent Work
Coordination Small Group of the CCPYWCentral Commi:

Finally, CAS is not a purely civilian institution. It is civilian insofar ais isubordinate to the State
Council, the highest executive organ of state power and roughly the equivalent of the cabinet, rather than
to the Central Military Commissiof?”3 The civilian structure of CAS does not, however, preclude the PLA
fromhavingar@d at CAS, nor does it exempt CAS from the
research agenda. To the contrary, much of the work done at CAS contributes to products for mititéry use.
CAS researchers work for and with the PLA in various ways.

TheCAS has had fAdnan extensive history of involve
advanced civilian and military technologies since
industryl°”®Dualuseresearch collaboration between CASd the PLA is ongoindormalized anchas
expanded since 2015 as a result dfithty-Civil -Fusion (MCF) %1976 Classified studies are conducted at
the CAS on a routine basi§’1°’8The CAS research agenda is largely dictated to it by the-ptaty, and
the pursuit of explicitly dualise goals and applications is comm@§f.CAS researchers regularly
collaborate with PLA counterpart¥’host them as visiting researchers at CAS fizedl{°®! participate in
joint trainings!®®?and engage in professional exchan§®&sThe WIV is no exception this practice.

3. WIV Collaborations with PLA -AMMS

The Peoplebs Liberation Army (PLA), the ar med
thedevelopment of the life sciences since the founding of the PRC in 1949. Biological research conducted
by the PLA takes place primarily under the auspices of the Academy of Military Medical Sciences (AMMS),
which was founded in 1951%* The AMMS has histodally spearheaded the construction of
bi ocontainment | abs in China, -3lazomtorpig 198 AMMS t he PR
has 11 subordinate research institutes, the most important of which for the purposes of this investigation is
the Insitute of Microbiology and Epidemiology in Beijing, which studies the pathogenesis of
microorganisms, conducts epidemiological studies, and carries out basic and applied research in virology,
parasitology, and bacteriology.

19 Duatuse refers to technology and research that can be used for both peaceful and military purposes.

20 As recently a®021, the United States expressed BWC compliance concerns with respect to toxin research and
development being conducted at military medical institutions in China because of thuseaalplications and their

potential as a biological threat. In DecemB@21, the US Department of Commerce added the AMMS to its export

blacklist over concerns about its misuse of emerging biotechnologies, including gene editing, human performance
enhancement, brain machine interfaces, and biological matdfitgder Nakash ma and Aaron Schaff e

Admini stration Places Top Chinese Military I-Qentirtaltée or
Technology, 06 The Washington Post (Online), 16 December
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The AMMS also engages the development of pharmaceuticals and medical countermeasures,
including vaccines, antibodies, antimicrobial and antiviral drugs, and diagnostic {€%tifbe existence
and | evel of coll aboration between thasoWdewf and t
controversy. WIV coronavirus expert Shi Zhengli has denied that the WIV conducts classified research or
collaborates with PLA scientistBy contrast, the U.S. State Department and a former Director of National
Intelligence assert the opposite

This investigation has concluded that the PLA has a permanent presence at the WIV, that WIV
researchers collaborate on a range of research with PLA scientists, and that the WIV conducts classified
research. A review of academic publications demonstratd h a t the WIV collaborat
Academy of Military Medical Science (AMMS) on a r ¢
Mechanism for AntbodfDe pendent Enhancement of Coronavirus E
November 2019featured WIV coronavirus expert Shi Zhengli and one of her team members partnering
with PLA AMMS scientists Zhou Yusen, Sun Shihui, He Lei, and Chen Yuel®ngarlier in 2019,
another WIV research group partnered with a PLA AMMS research group totswidgle of calcium
channel blockers in reducing fever in patients suffering from thrombocytopenia syndront&¥%iAumtal
of 10 PLA researchers participated, eight of whom worked for AMKFS.

A 2015 book writterPLA researcherand publishedby the PLAentitledThe Unnatural Origin of
SARS and New Species of Artificial Humanized Viruses as Genetic Weapgestsdespite other
published peereviewed literature, the 2068004 SARS outbreak was likelye result ofdeliberate
laboratory developmemtther than naturaoonoticevent'®°The book was submitted thejournal The
Lancetfor formal peer review in 2012 but was not accepted for review or publication. Sixteen of the 18
contributing authors of the book were frathe AMMS. There were no authors or contributdiewever,
from the WIV.

In 2017, Shi Zhengli and 10 other WIV researchers worked with 13 PLA AMMS researchers to
conduct a study funded in part by the U.S. National Institutes of Health (NIH) andAgescy for
International Development (USAID) that found a bat coronavirus to be the cause of a fatal diarrhea
syndrome among swirt€?!In 2015, WIV researcher Wang Hanzhong won an award from the PLA General
Logistics Department ifhthe PLAAMMSIA the BLA Na 802 ldospiteéhdni o n 0
a study of emerging pathogens that infect the respiratory channel and intestindtiHoise examples
of WIV-AMMS collaboration were drawn from the public domain and are illustrative and not exhaustive.
The WIV has engaged in classified and militaffiliated research, including laboratory animal
experiments, with the PLA since at least 26P87.

Personnel employed by the PLA AMMS appear to maintain a working presence at the W1V, and
in some cases, sern institutional roles. An example of the latter is Colonel Cao Wuchun, the Executive
Director of PLA AMMS Institute of Microbiology and Epidemiology, who sits on the scientific advisory
committee for the WIV Center for Emerging Infectious Disease®yesihi Zhenglt®®* Two other PLA
scientists also serve on that advisory commit®e.

AMMS ProfessoZ hou Yusen, Shi Zhengli és coll aborator
WIV, and likely at the WIV, at least episodically, for several yé®fA WIV report from 2016 identified
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Zhou and one of his doctoral advisees as key partners in a study that sought to develop a vaccine for MERS
CoV.1°7 Zhou may have been working at the WIV in the Fall of 2019 when the research was being
conducted for the paper thae coauthored with Shi Zhengli and Chen Jing on antHoeghendent
enhancement of coronavirus entt§$. There isto believe Zhou was engaged in coronavirus animal vaccine
research with the WIV in the Summer and Fall of 20t Intelligence Community it be able to better
explore this possibility.

Anot her example of the PLA AMMS operating at
epidemic response. On January 3020,the PLA acknowledged that it had dispatched a team of AMMS
experts, led by edemiologist and virologist Major General Chen Wei, to guide the emergency response in

Wuhan®**Chen reportedlanaariyvetdoi heai the epidemic re
to have taken control of directing the operations of the WI\&émne period of timé&901101
4. Other High-Containment Laboratories in Wuhan

Wuhan, the capital of Hubei province and the largest city in central China, is a major center for

basic research in the life sciences and biopharmaceutical productidprilla019, the General Office of

the Wuhan Municipal Peopl e-page déwelopmenhplae ained 4t suddinge d a

a comprehensive health industry by 2035 with the B3ab at the Wuhan Institute of Virology as a key

driver forthedeg | opment of the cit%?6s broader health indu:
As of August 2022, Georgetown Universityés Ce

(CSET) reports that China has 69 research institutionsB8th 3 laboratories, making the country home
to the secondargest number oBSL-3 laboratories in the world after the United Stdf€%As of 2019,
Wuhan was home to nine institutions WBBL-3 or ABSL-3 laboratories:

1 Wuhan Institute of Virology

Wuhan University Institute of Animal Models
Huazhong AgriculturalUniversity

Hubei Animal Disease Prevention and Control Center
Hubei Center for Disease Prevention and Control

= =4 -4 =4
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Figure53. Graphic location oHigh-containment.aboratories in Wuhan. Source: BSL Laboratorles in Wul
and their roles in coronavirus researBlological Laboratories in Wuhan and their roles in coronaviruses
research | by Gilles Demaneuf | Apr, 2022 | Medium | Medium

Of the severalWuhaninstitutes withhigh-containrment abor at ori es, t he Wuhan
Institute d Animal Models played a historic and contemporary role in researching coronaviruses and
evaluatingSARSvaccines. Notedecentlyfor its basic and translational researaltardiometabolic
diseaseWuhan University was a significant epicentereairly SARSrelated researchfter the 2002003
outbreak'!%* Researchers from the University published studies on the first inactivateBARS
vaccine tested in nehuman primatesnicollaboration with the W% 119 |n 2018, researchers
published atsidy evaluating the risk of antibodigpendenénhancemerftom an inactivated SARS
vaccinet?’

A 2016 European Heart Journal article that featured the Institute and its Director Professor Li
Hongliang. The I nstéequitppevdhd tde sgern bedmage mMavemnd di
micromanipulation, and animal managemdas considerable experience in genome editing
techniqueslt boasted over 1000 genetically engineered animals that included mice, rats, rabbits-and non
human primatesThe I nstitutebds research team consists of
scientific staff, postloctoratesgraduate students, and technicians. They were described as having
extensive research experience in the fields of microbiology, medic&@gyrammunology,
pathology, cell biology, molecular biology, pharmacology, clinical laboratory medicine, radiology,
veterinary, and laboratory animal medicifg®
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5. Biosafety Conditions and Practices at the WIV
a. Background

There is no reason to belietlee WIV is an exception from the shortcomings and problems in
Chinads bi os aih@hapter Inifactl pdblialy evaitalld irdodnation suggests that the WIV
suffered from many of the same biosafety shortcomings as other laboratories inAShéaaly as 2015,
some western scientists called into question whet
research involving the artificial manipulation and creation of chimeric coronaviruses was worth the
considerable risks to public healttherent to this line of researtfi® In 2017, other scientists warned of
the potentialdual se applications of such research, and wo
Chinads history of | ab dabosatoryacquiretindeatiinsinvolving SARS™ul ar | vy
In a November 2019 internal description of their work situation, WIV-B3&searchers had to overcome
ithe three nodso in t h e eirlaboratorafil n oc oengsuti rpuntetnito na nadn dt
standards, nalesi gn and <construction teams, and To0o expe
containment laboratord!* They further described successfully overcoming these challenges though it
stands as evidence of initial shortcomings.

i. BSL-2, BSL-3, and ABSL-3 Laboratories

The WIVds original -8and ABSkh3dabdnatories weacrngrtified bygHe L
Chinese National Academy of Sciences in 2008 with pathogen work beginning H2Q00%&fter
receiving approval from the National Health Commissiror to theBSL-3 goinginto operation, the
WIV only hadBSL-2 and ABSL-2 facilities. This investigation was unable to determine the number of
BSL-3 and ABSL-3 laboratory suites at the Xiahongshan campus.

ii. BSL-4 Laboratory

The  WBSL# daboratory complex, formally known as the Wuhan National Biosafety
Laboratory, was Chinads first biocontainméft 1| ab
and is part of a system of national laboratories, many of which are CAS facilities, under development for
the express purpose of combining work in both civilian and defestated fields as well as encouraging

multidisciplinary research®It was promotd by the Vicer e si dent of CAS, Zhang T
Chinads capabilities in strengthening the nationa
to public he®l th emergency. o

China collaborated with the Jean Merieux B&laboratory inLyon, France which assisted with
construction of the 3000 7MBSL-4 Zhengdian laboratord#!® Construction of the Zhengdian campus
physical facilities were completed in 20%%% In addition to the BSi4 laboratory, BSE2 and BSE3
laboratories are locateddie. The BSt4 laboratories were as certified as meeting the standards and criteria
of BSL-4 by the China National Accreditation Service for Conformity Assessment in January2017
with the National Health Commission approving them in November, 2018.c&@hgus also has
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experimental animal BSB facilities!'8 As of the start of the COVIE19 pandemic in lat€019, several
buildings on the campus appear to be still under construction.

BSL-4 laboratory construction began in 2005 and took 10 years and th&aglhstructure was
completed in January 2015. During this prolonged construction period, the joint venture between the French
and Chinese to build the laboratory began to break down. The initial development plan called for a French
engineering companymv er see and certify the | aboratorybds col
the projectin 200#°l nst ead, it appears that French companie
design while Chinese companies, with no experience in buildingddgtainment laboratories, managed
the construction.
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Figure54. Graphic layout ofNuhan Institute of VirologyBiosafety Level FourBSL-4) Laboratory Source: Wuhan
BSL-4: Engineering Revieluttps://gillesdemaneuf.medium.com/wutieh4-engineeringreviewaec66a18f858

During construction, WIV made a number of changes to the French design. The WIV also added

an additional | aboratory to the Ahot zoned which
number of doorsinme of the two disinfection rooms at the ¢
the most radi cal was changing the structure of t

experiments with pathogens take place) outer wall from steel facédnegbanels approximately 5" thick,
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joined with silicon sealant and cam action locks to two 3mm thick sets of stestdetpanels laser welded
together with a small air gap between the two sets of paretswélded stainlessteel panel system was
devdoped by the WIV to meet the highvel containment needs posed by experiments on living animals
that could result in the spread of infectious aerosols:

[T]he biosafety facility will be filled with highdose and highly pathogenic

biological agentsf r om i nf ected animalsé. To prevent
pathogenic microorganisms to the outside, dynamic containment measures

(a differential pressure gradient in laboratory rooms) are typically

implemented to ensure a strict and controlled differential [nedative

pressure gradient in functional aré#s.

According to the WIV design team, th&ainlesssteel welded construction offered several
advantages: a short construction period, low cost, easy maintenanésuatadbility for celtlevel and
smalt and mediumsized animal infections studies!?® The authors maintained that the lab, likely at
Chi n a @peratomahBSt4 t est facility in Tianjin, remained
gaseous fumigation and sterilization experiments witm&ddehyde, vaporized hydrogen peroxide and
c hl or i n é2The studyi hbweeveo, did not comment on evaluating the potential corrosive effects of
liquid topical disinfectants.

iii. OvercomingtheA St r angl ehol d Probl emo

With relatively few exceptions, @tese enterprises remain dependent on foreign sofocesre
technologies!®Thi s dependency is referr eemainsarecarsngthéme fAst r a
of concern at the CAS and other staia research institutions charged with meeting the science and
technology goals set by Beijing, including the WI
cutting off the supplyof or ei gn cri ti cal an d'There are technolbgieothab gi e s 0
China fAmust i mport because it is unable t.0™produc:«
A primary goal of Chi-B025sdor dfficiad so mioc figlaamg eftori n2AUZ1 |
implement projects to tackle key problems with key and core technologies, and solve a series of
6stranglehol do prob?*ems as soon as possible.o

Beyond simply reducing China's reliance on foreign technologies, thdea@&rship speak of
an Aurgency for China to transform its economic d:
energy,andresouréent ensi ve into one that is incredingly o
CAS is critical to that economic transformatiéys China reaps fewer and fewer dividends from the
resource and labentensive model that drove its growth from the 1980s until the early 2000s, greater
demands were placed on the S&T research systenGASdn particulaf!?® CAS itself also falthe
weight of justifying whether it deserdé¢he resources it consughe Reports indicate that skepticism
exisedwithin China about the wisdom of maintaining such a massive research organization, much larger
than any other comparable organization elsewhere in the world, and oiseetii@iely dependemn the
government fundingt®
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The amount of investment in genal research and development (R&LCHinahas made
compared to the U.S. hasincreaBed om 5% in 1991 to 44% in 2010. Chi
expenditure is at 20% per yeahis increasas the result of thgrowthi n  Cdgross @dnestic product
(GDP)ard theincreaseercentagef the GDP spent on R&D'*°The modernizatiojreformand large
invest ment refl ects t bhuddingChiprCiftesa moderm 8&TpevEt p vi si on

b. Evidence of WIV Biosafety Shortcomings Prior to 2019

Earlyreports from the WIV suggest breaches in lab safety standards dating back years. In January

2011, an inspection of WV | aboratories working w
and support departments did not meet the standards in @mgamand had hidden safety dangers with the
storage of bacterial and viral satWples and aspect

On January 19, 2018, U.S. diplomats conveyed concerns about the training of personnel and

biosafety conditions after visiting the newly construd@&1-41 abor at ory compl ex | ocaf
Zhengdian Research Industrial Park campus in the JiangxiacDist Wuhad'®3in a State Department
cables’** According to an April 2020 Washington Post ar

interactions with scientists at the WIV laboratory, they noted the new lab has a serious shortage of
appropriatef trained technicians and investigators needed to safely operate thigohiginment

| aboratory. o The cable further cautioned that the
risk of a SARSrelatedpandemic®®

Concerns aboutiosafety at the WIV continued to be mentioned periodically throughout internal
reports obtained by this investigation. For example, a report about biosafety inspections at the WIV
conducted in 2018 Araised secur emsyhatwarefaupckeduramgnt r e g
comprehensive s &% anrd tiyusiends preecdt é mtnsg @ses of specif
during research and development and prd&duction dr.

On September 10 and 14, 20118 WIV held meetings where a number of its strategic goals and
challenges were discuss€d@ The reports suggest that WIV leadership was awarbiasafety and
biosecurityproblemsi problems that would be discussed with greater frequencyuegehcy in 2019.

During the meetings, Chen Xinwen, director of the WIV from 2008 to late 2018, brought attention to
unspecified Ashortcomings and ¥adequacies in the

Chen Xinwen al so, i hi ghl i gtnd caetdal [te¢cheological]dieldsat i v e
and the oO0strangleholdd problem that af f-teont s t he
devel opheFrutr.tcher , Chen Xinwen stressed that t he
establishment of the Center fBiosafety MegeSci enceé compl ete the work of
manage secr et ¥ ap Gandfie Secretasyt Gertenaltofethe CCP Committee at the WIV,
added the following comments:

The current situation for science and technology mnation is pressing,
the challenges are pressing, [ and] t he mis
sol ve our shortcomi n poblera ramd makeh e 6strangl eh
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contributions to the great rejuvenation of the Chinese race, the nation, and
the peopld!#?

On Decenber 242018t he WI VO0s parent organization, the Wu
of Sciences (CAS) held an enéithe-year political work meeting in which the work of 2018 was recapped
and general goals for 2019 were discussed. Echoing the Septktnaed 14 reports from the WIV, a
senior CCP |l eader at the Wuhan Branch of CAS told
technology tasks to meet the current urgent needs of the nation and the strategic neeldsiddens
development,lad] f ocus on the éstranglehol #problembé of

6. Chronology of WIV Biosafety Concerns in 2019

Internal WIV reports, patents, and acadewmiitings suggest that the WIV continued to battle the
istrangl ehold problemdo as it attempted to achieve
countryods | eadership. Based on the informdotion re
innovate around the stranglehold problem and the lack of access to western technology met with mixed
results.Limitations in developinglomestichiosafety technologies are reflected ishert suspense, single
sourceprocurement request for Frenofadepositive airpressure suitin March 2019and a series of
patents filed by WIV researchers. The WIV also began a series of repairs and renovétdabdoatory
facilities at its Zhengdian campus in the Summer and2Bal

As in 2018, biosafety anBiosecurity deficiencies remained a concern with WIV leadership
extolling employees to be aware of i hcordathmemt d ange
laboratories, including during state secretraining session. Lastly, this investigatifwund the earliest
potential preparatory action by a PRC government agency when, in May multiple PRC government
agencies based in Hubei, including the provisional CDC and a PLA managed hospital began to increase
purchases of PCR equipment used to diagmivakinfections, including coronaviruses and influeh#4.

a. March to April -ZRedogtionsyAnnuél SafeB Frhining, and
Biosafety Patents Filed

i. Series of WIV Repairs and Renovations Begin

The WIV submitted several procurement requestsriajor renovation and maintenance projects
involving their relatively nevBSL-3 andBSL-4 laboratory facilities at the Zhengdian campusing2019.
The first two of which were filed in March, according to research by the minority staff of the U.S. House
of Representations Foreign Affairs Committee, citing the original Chinese language documents from PRC
government procurement websité’

On March 1, 2019,the WIV issued a procurement notice on a PRC government website seeking
contractors to bid on a maintenance project at a-B&iboratory and laboratory animal center at the new
Zhengdian Park campus, with a reported budget of US $401284e nature of this project is not known.
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On March 21, 2019,the WIV issued a short notice, single source procurement notice seeking to
purchase 20 sets of French positive pressure protestiteeandallotted a budget of US$177,161 (150,000
Euros)!*’ The purchasing agent wai®ng Kong Yi'an Huawei Co., Ltdhese suits are an integral part of
the personal protection equipment usedB®lL-4 laboratorieshowever, theequestedocation was the
WIV Xiaohongshan location rather than the Zhengdian wherB$the4 laboratory is locateduggesting
enhanced BSI3 level researchOf note, the French Duélse Commission reportedly declined a similar
WIV request to purchase additional containment suits h@0 because the volume wa:
needs of the Wuhan [l ab], o and fueled Fred®h conc.

ii. WIV Holds Annual Biosecurity Meeting

On April 3, 2019,the Wuhan Institute of Virology (WIV) held isnnual work conference on lab
security and safety#* Comments from the WIV leadership focused on ensuring sound biosafety practices
in advance of key political anniversaries in 20IBe Deputy Secretary of the Party Committeegretary
of Commission for Discipline Inspection He Changcai

emphasized the sict implementation of the requirements of the

safety management responsibility systemo O be responsible to the
and government, a single post has dual responsibilities [to the party and

government], joint control and shared management [betweeattyegmd

government], [ and] holding those accountabl
and i nsi st on the Oimperative to manage ¢
professional work, and the imperative to manage safety while

managing production® i t i s i mp e peats of the wotkh a t bot h as

advance side by sidé?
He Changcai further called for WIV managers to:

strictly abide by the system of various national laws as well as the rules
and regulations of the CAS and the WIV on safety management,
strengthen dayo-day safef management, and at unscheduled times,
launch selfinspections of safety [conditions] and rectification of
hidden d®ngersé

Wang Yanyi, the director of t he WI V, al so del i
safety work of the institutesithe precondition and guarantee for succeeding at all of the other work at the
i nst % Ket centirued with the theme of holding researchers accountable for safety incidents,
demanding that, #fAall operations inside the | abor a
standards and procedures with no tolerance for any kindsbful thinking and that steps must be taken,
to strengthen safety™®™Wanggemesedf oy sdmoenssi ag:
trivial matteré.[w]hen you discover pro®lems, pro

ii. WIV Submits 13 Biosafety Patents in One Month
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In 2019, the WIV submitted 17 patents related to biosafety. Thirteen of these 17 patents would be
submitted betweeapril 22 and 25,2019 They covered a range of improvements for physical containment
(hermetically saled doors), wastewater treatment, decontamination (autoclaves and chemical showers),
and maintaining negative air pressure intigg-containmentaboratories (exhaust air managemenitese
patents are noteworthy because they reflect ongoing effomsititain and improve thé/l V bigsafety
posture particularlyof the newcampus that had been in operation for a little over two years.

One patent filed on April 22, 2019 addressed the problem of maintaining airtight sealstightgas
doors anccitesthe potential problem of an existing door assembly that developed slow leaks over time.
The patent did not specify whether the problem of potential leaks resulted in any escape of pathogenic
microorganisms. A second related patent submitted the same day Apr i | is entitled
compensating type airtight dooro and describes:

[tihe sealing strip on the back of the door closed by the airtight door is

inflated and expanded to be in a closed state for a long time, the air path

can slowly release air in actual use, the pressure in the sealing strip of the

door is insufficient, thexpansion sealing performance is reduced and the
adjacent rooms are in Acommunicat [ion].

The requirement for airtight construction is only applicable to-B3$aboratories, as well as the equivalent

level animaBSL-4 laboratories. It is not a strictqairement for BSE3 laboratories. ContainmentBSL-

3l aboratories fis predicated on maintaining a nega
areas and the inner laboratories, with those areas of highest hazard having the most aegative

BN

pres&are. o

On April 24, 2019, Wl V r e s e 8iolagicat safety laborbtony t t e d
exhaust systems&® As described, the patent is for a manually operated auxiliary exhaust fan to maintain
negative pressure and improve disiction of biosecurity laboratories HEPA filters. The manually operated
exhaust f an s p e cphénbngeaon of positve ehvirenmentlgpredsuree[thaf is very easy
to occur in the process of fan failure and backup switchitf According to he patent, the manually
operated exhaust fan also improved sterilization
penetration of HEPA filter unit&>8

A third exampledemonstrates the WIV trying to address issues associated with biosafety autoclave
steril i zer s. Biosafétyeautgclave ana sterilizationimetdod i w a submétédsom April
22, 2019. It indicated WIV researchers encountered problemsawititlaves being used in théigh-
containmentlaboratories. They cited problemssich asot being able to achieve required sterilization
temperatures; potential leaks around the autoclave doors and excessive condensation and moisture of
autoclaved infeédus materials. The patent highlighted several deaighprocess relatéchprovements.
These included additional internal temperature sensors, improved autoclave doandeaalsintaining the
exhaust gas port open to vent excess steam and humiditg theisterilization process?®

iv. WIV holds Annual State Secrets Training,
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Xiao Gengfu, the CCP Party Secretary at the WIV, required all of its professional research
personnel, postdoc researchers, and graduate students to attend a training s&é4ajofa0yr2019 The
session was devotedthe protection of state secrets. All attendees were required to sign pledges to protect

classified information pertaining to research atthe WA® Tang Kai hong, a |l ocal of
National Administration for the Protection of State Secrets, discussed the national security risks involved
with the institutebs research and warned uwuff i nfil

published by the WI V0 s!The WIValso mublishadrits ava regromthe t he C.
training dated May 13, 20142 The importance of protecting state secrets also featured as a key subject of
the basic training that the new clasgjcdduate students at the WIV received on September 3,.1%019.

v. Director of WIV BSL-4 Lab Drafts Paper on Biosafety Challenges

OnMay 15, 2019%ive days after the state secrets training, Yuan Zhiming, the WIV director of the
Wuhan National Biosafety Laboratof3$L-4) and Wuhan CAS branch director thus making him a senior
political WIV leader submitted an article for publication in the Englishguagelournal of Biosafety and
Biosecuritywhere he serves as one of two ediiorshief!'® The paper was titled AC
Future Challenges of Hghe vel Bi osaf ety L% Bublished iothe Segemben20®hi n a .
editionof the durnal of Biosafety and Biosecuri@ghimingdescribed the biosafety challenges confronting
China and the WIVF%”He detailed deficiencies in training, funding, and proper maintenance and upkeep
of high-containment laboratory equipment and facilities, patérly BSL-3 laboratories:

[W]e have encountered some challenges; there are insufficient laboratories
in industry and in clinical units, an unbalanced distribution of regions and
associations, a lack of proper national coordination and resource sharing
management, as well as an uncertainty about the financial support for
laboratory construction, operation, and maintenance. These bottlenecks
hamper the capacity of wedlstablished laboratories to quickly respond to
public health emergenciesé.

€ . [ E] emknd rlof regulations] still needs to be strengthened.

Furthermore, due to different investment sources, affiliations, and

management systems, the implementation of these laboratories faces

difficulties converging objectives and cooperation workflows. This

scenario puts laboratory biosafety at risk since the implementation
efficiency and timely operations are relati

€ . MJaintenance cost is generally neglectedseveral higHevel BSLs
have insufficient operational funds for routine yeajirocesses. Due to
the limited resourcessome BSL-3 laboratories run on extremely
minimal operational costs or in some cases none atall

2 While the WIV report was dated May 13, the webpage URL and the time stamp from Google search results both
indicated that the report was not posted until November 11, 2019, which as the report documents later, was concurrent
with when the WIV was dealingith the fallout from a major security incident.
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€ Cu r r enmmost llaporatories lack specialized biosafety managers
and engineers In such facilities, some of the skilled stafiecomposed

of parttime researchers. This makes it difficult to identify and mitigate
potential safety hazards in facility and equipment operation early enough.
Nonetheless, biosafety awareness, profeskiokaowledge, and
operational skill training still need to be improved among laboratory
personnetlt®

b. Biosafety Concerns June to August 2019
During the summer of 2019, the tone and content of internal WIV reports shifts. Previously internal

reports pressed WIV researchers to increase the pace of scientific advancement and domestic innovation
while reminding them of the importance of biosafetyl diosecurity. From June toAugust2019 these

internal reports show a similar | evel of focus on
breakthroughs as past reports. However, the internal reports prepared during this time persschexgin

more concrete Afoundati onal problemsd and Ashortc
the WIV.

As one report during this time period noted, ‘
awareness of unexpected risks, to prevand control the risks of [the spread of infectious disease] at all
times. o Multiple reports stress the need to mitige
at the WIV coming under criticism for unidentified shortcomings relatedasalbéty.During this period,

WIV researchers also contindi¢o draft academic articles related to biosafety and biosecamitlythe
importance of trainingLastly, the WIV issues procurement notices including for the air disinfection system
atits newBSL-4 laboratory suggesting that the WIV was still working to get the facility operating smoothly.

i Communi st Party Leaders Urge fALeapfrog I
iStrangl ehol dod Challenges

OnJune 1Q 2019, Xiang Shuilun,a CCP official from Hubei pnnce, was sent to the WIV to
examine its efforts to expan d*Thisesnaypbe routipedbsititfsr e s e n c
consistent with proposed legislation placing the party at the forefrohtgbfcontainmentiaboratory
operations and securitie also praised the WIV for its efforts:

[t] o address the O6stranglehol dé problem o
equiz019, pment that could occur, [your team] organized a specialized

working group to carry out technologideiffforts] to tackle the problem,

and to procure and develop domestically produced substitiites.

OnJune2Q2019%t he WIV held the first of three study s
me mb e rs\y ttueoto dur original aspiration and kedprfly in mind our mission 8! Xiao Gengfu,
the Secretary of the W V6s CCP Committee, urged W
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Focus on the ©6stranglehol dé problem within
forward plans to resolve the problem, and by tackling this thorolylem,

overcoming the challenges, and earnestly pushing forward the

construction and development of the Center for Biosafety Magjance,

[we can] help the development of science and technology for the

nation1!"?

OnJune 24 2019,the WIV held the semnd study sessioht’®A senior CCP official warned about
the precariousness of the WI V6s devel opment:

Currently, the work of planning and establishing the Center for Biosafety
MegaScience [at the WIV] is at a critical stage, this not only requires the
vast majority of management personnel to continuously raise their outlook,
guality, and capabilities to complete the work of shouldering responsibility,
leading the troops well, and implementation, but also requires full
coordination between each departmdand] from this [we can] do a
better job of escorting the convoy of science and technology innovation
work. 1174

OnJune 27,2019t he Communi st Party Branch of thBSLWIVds n
|l aboratory is |l ocatadty wBsamameda ian ARedt F1 arg Pt s a
theist r angl ehd"d probl em. o

i.h WIV Leaders Discuss and Correct AfShort c
Probl emso

On July 8, 2019, Xiao Gengfu, the CCP Secretary at the WIV, led a meeting with WIV
managemento discussproblems with the facilities and operations at the mBSL-4 laboratory. The
meeting participants were reported as shgourrentg fihad
shortcomings and foundational problems that exist in the construction, operational, and maintenance
processes of the PBFL-4] | a b d'f® XinooQengfu summarized the discussion:

Members of the group of party leaders went through a oheegtigation

and study, and a widanging [process] of soliciting opinions, in order to

fully understand and recognize the shortcomings and foundational

[ problems] | imiting the instituteds devel oj
were targeted and could bperationalized to resolve [those problettis.

Xiao Gengfu concluded by noting that:

[BlJ]uilding the 1 nstit u-Sdaedce noCanlgt er for Bi os
requires research staff to personally strengthen their awareness of

unexpected risks, to prevent and control the risks of [the spread of

infectious disease] at all times, but also resmithe management
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personnel for research support departments to raise the quality and
increase the effectiveness of their work anr
development of science and technology innovatiéh.

iii. WIV Holds Additional Biosafety and Biosecurity Meetings

Echoing reports in June, a report of a WIV internal meetingubn17,2019,referenced the need
to improve biosafety training and management at the WIV:

The party members in attendance expressed their views and
recommendations targgl atimproving biosafety theory and biosafety
technological training, and the system for screening and managing
hidden safety danges, as well as the sharing of highecision
instruments, the overall [process] of moving to the Zhengdian laboratory,
andother issues'’®

Two additional reports published aluly 19, 2019 reiterated concerns about the quality Vol V 6 s
professional management. Quly 25, 2019the Wuhan Institute of Virology held a meeting attended by

senior WIV leadership®where Xiao Gengfu, the Secretary General of the CCP Committee at the WIV

and de facto head of the institute, used the Julg@®me et i ng t o rei terate Secret

[T]hat safeguarding state security is matter of paramount impartaim

order to uphold state security in the key areas of politics, economics, and
society, we must maintain a high level of vigilance from the beginning to
the end1.1811182

Xiao Gengfu further stressed that the WIV should work on risk reduction:

[W]e must enhance our ability to neutralize risks, going past appearances
to look at the root, doing all we can do to neutralize risks at the source,
[and] prevent the transmissiofgyering, evolution, and escalation of
various®risksé

Xiao Gengfuds comments suggested morale issues ami
in which he held roundtable discussions, personal interviews with individual researchers,eqretirec
formal reports from lab managers, Xiao:

[P]ointed out that the development of the B&[-4] laboratory needs to

place importance on a harmonious culture. We must strengthen organized
coordination inside the | afermthemt oryé [ and] ¢
the sense of belonging among our iinstitute:
the P4 laboratory exert a greater effect in establishing the Center for

Biosafety MegaScience'18
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Wang Yanyi, the director of the eM#fiing tkelWdVbandh ot e d
repeated Xiao Gengfubs theme from earlier in July
enough:

[We must] prioritize solving the urgent problems we are currently
facing, and regarding the next phase of work, conduct deployments and
make arrangements to ensure that responsibilities aremplgmented,

and work measures are completed to promote the stable and sustainable
development of the institufé®®

Tong Xiao, partysecretary and deputy director of tB&L-41 a b, delivered a presen
Operations and Coordinated Devel opment of the P4

Al Flocused on the 6stranglehol dé problem, m
st at eé c deeplanatysiseofthe anajor problems currently existing

in the P4 BSL-4] laboratory and major lines of thinking about how to

solve them from the perspective of the hardware and technological aspects

of the laboratory facilities, the management of biogafet t he i nstituteds
coordinated development, incd¥ntives and awa

OnJuly 31, 2019,the WIV issued its third procurement notice of the year related to renovation or
maintenance of systems in its laboratory facilities. In this ¢ae@NIV solicited contractors to renovate
the hazardous waste treatment system aB8le4 lab on the Zhengdian Park campus, which had been in
operation for less than two years. The budget was reportedly US$1.5 atfllion.

According to experts intervi ewwadtewatssyspmawas of t h
unique. Rather than accumulate liquid and physical hazardous materials in a centralized tank that would
be batch heated, chemically sterilized and then dispoethe WIV had a continuous system. The
unidirectional flow system is where hazardous waste is heated to greater th@arati@1reated through an
effluent pipeline. As noted in several 2019 patent submissions, either the batch or continuous &pproach
wastewater decontamination can be problematic. As described, if either approach is insufficient to render
the liquid sterile, there is a biosafety risk witleeffluent!®® The WIV encountered problems maintaining
temperatures to ensure sterilization and the accumulation of mineral and other particulates (scaling) inside
the effluent pipes and the heating element in the sySf@nthe scaling problem resulted in blockage of
the effluent pipeling!®°

iv. WIV Repairs Air Disinfection System

On August 14 2019,the WIV issued its fourth procurement notice of the year for a project
involving its environmental air disinfection system and scalable automated sample storage management
system. The procurement order was issued by the original Xiaohongshan WIV campus. The budget for the
project was approximately US $1.3 milliéli* A gaseous (vaporized hydrogen peroxide) disinfection

169
Marshall.Senate.Gov



THE ORIGINS OF COY®D

system was procured for the origirdihohongshaW1V campus. A gaseous hydrogen peroxide
disinfection system is an effective, less corrosive means to sterilize a laboratory conducting infectious agent
researchH!®?

The reference to a scalable automated sample storage management system ééement of
sample integritySample integrity contributes to improved experiment reproducibility. This system is used
when large numbers bfospecimemre handled. Automated handling and stoexrgéhe method of choice
to maintain and improve sanapintegrity?193

V. WI'V Discuss fARectification and Refor mo «

OnAugust 23 2019,Xiao Gengfu, the Secretary General of the CCP Committee at the WIV, called
a meeting of party officials, party members, and-feicel management at tWg¢lV in which he delivered
a report titled, Aldentifying the Disparities, Str
Technologi c&8 Xilaomby ateéeponr.t0o focused on, among ot her
the developmen of the research institute &%Yd hot topics

An investigation conducted by Xiao Gengfu prod
ifia total of 20 problems and f iinadequad®pTheWI¥ epoit n whi ¢
did not describe what those 20 problems consisted of, but his consuggesthe problems were serious:

Regarding those problems that could be immediately corrected as soon as

they were identified, we earnestly launcheddglized rectification,

clarified the division of duties, applied pressure to implement
responsibilities [ at al |l l evel s], and hel c
related departments accountable for completing their assigned

responsibilities before the dilane. For problems that need sustained

rectification, [we must] place importance on toplevel design,

specifying [responsibilities] at every | e\
organization, making careful arrangements [and] concerted efforts,

[and] in the spirit of hammering the nail, [we must] accelerate [efforts]

to push forward with various specialized rectification projects,

ensuring that the reform is complete and thorough?®’

Xiao Gengfu concluded by:

[ E] mphasi zing that thi dideolagg,aldeen a bapti s
also a 6comprehensive testing experiencebd
through the implementation of sustained rectification of critical problems

that are restricting the institutebs develc
Wuhan Instituteof Virology has the confidence [and] the capability to

succeed at establishing a hilglvel biosafety laboratory and to safeguard

and manage [our] work®®
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vi. Papers on Risks of Synthetic Biology and Chinese Regulatory Gaps

As noted previously, ougust 6, 2019 Yuan Zhiming, the director of the Wuhan National
Biosafety Laboratory BESL-4), submitted an article for the September 2019 edition ofJthenal of
Biosafety and Biosecurityyhich he started earlier the same yé&.Thi s was Yuands thir
article on biosafety in 2019. It focused specifically on the risks presented by the rapidly growing field of
synthetic biology, particularly gene editing. The article highlighted the critical role of screened and trained
personnel:

Biosecurity in synthetic biology is largely dependent on the trusted
workforce in the laboratory, and therefore a great deal of attention must be
paid to a culture of safety, as well as careful personnel recruitment,
background screenings, aadherence to strict policies and procedures
regarding laboratory acce%8?

c. Inflection Point: September 2019

During September 2019, this investigation identifsederalwhat appear to be actions by PRC
government entities, including the WIV and local Wuhan government authorities that are consistent with
awareness of a possible release of a novel coronavirus. At the local government level these actions appear
to be mostypr eparatory and precautionary. For exampl e,
emergency response drill premised on an arriving passenger being infected with a novel coronavirus. The
Wuhan municipal government issued a public health directiveetinap h a si zed t h-thespanpor t an
investigationso of infectious disease outbreaks.
indicating that, in February 2020, PRC officials conducting retrospective case searches for early previously
undetected COVIEL9 cases examined case records dating baSkptembeR019.

While government agencies appeared to be taking preparatory actions, the WIV appeared to be
taking actions in response to some past event. On September 11, 2019, an investigatie political
reliability of the Chinese Academy of Sciences, of which the WIV is an important component, was launched
by the CCP6s |l eading political investigations uni
the internet. At the tim it was the largest viral database in Asia and had a password protected section
housing unpublished viruses, including at least 100 novel Si&R$d coronaviruses. WIV procurements
issued during September include a tender for a {acgée renovation afhe HVAC system at its new
Zhengdian campus. The WIV also issued a procurement notice for increased campus security.

i. Wuhan Government Issues Healthcare Directive

OnSeptember 52019t he General Office of the Wuhen Muni
a public health preparedness memo titled fANotice
Reforming and Improving the Comprehensive Supervision System of the Medical and Health Industries in
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Wu h al#'The directive was released to relevgovernment departments &eptember 17 2019but
not publicly disclosed until seven months later on April 21, 26%0.

While the directive was wide anging in its content, its domin
supervision and regulation of public heakhe r vi ces o by t he ?§The directivee nt an
specifically identified regulating laboratory safety and monitoring for the outbreak of infectious disease in
a list of priority area?** It called for measures to ensure infectious diseases were being reported to the
authoritie$®®andrequ r ed prepar ati ons f or -theispadievestigatiorts bfthe a k s ,
development of capabilities and quality of public health services in public health departments in public
hospi®al s. o

i.h CCP Launches PoliticalParehtOgaieatiani on of t he

On September 11 2019,the CCP Central Committee dispatched the No. 15 Inspection Patrol
Group to the Beijing headquarters of the Chinese Academy of Sciences (CAS), the parent organization of
the WIV, to conduct amvestigation into its leadershig?’” The investigation of CAS was scheduled to

|l ast for approximately two months. The areas of f
party organizational discipline, [financial] ethics discipline ciifne with regard to the masses, work

discipline, and di sci pPThe leyalty af CASnte GGP lepdershipovasad I i f
persistenttheme aidhe i nvestigation was intende&®”titionoti sear ch

knownwhat specific activities may have prompted this investigation.

An indication of the seriousness of the investigation is the fact that the No. 15 Inspection Patrol
Group findings were pr esent-edkingbodytthe €olittuEidng mo st ¢
Committeet?!® A general summary of the findings posted on the website of the CCP Central Discipline
I nspection Commi ssion articulated 15 dAprincipal p
sample of which included:

1. a Aper piosbeniwega Xi Jinpingds important ins
fleapfrog devel opment i n science and technol o«
i mpl ementation of Xi6s instructions,

2. Aunsatisfactory J[efforts] to i mpl ement t he
comprehensive leadershipd@m d s , 0

3. Aiweak | inks in the work to manage and super

4. ithe continued existence of formalistic an
t hings, and violations of t-Poimt s pirit of t h
Decision on Improving Party and Governmmen Conduct , 6 and

5, Al nsufficient i nsi stence on political st a

deci s%'ons. 0

The summary of the investigation admonished the (
personnel decisiong?®with regards to scholars. o
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While it is unclear if the two events were related, the WIV held a meeting attended by more than
50 of its personnel and management on Septem®#0913, eight days before the political inspection of
CAS began. The WIV meeting was convened to discuss thalmeging of i nternal audi
personnel about violations of CCP discipline. The internal report of the meeting indicated that those in
attendance studied nine cases of CAS personnel who had violated various aspects of the CCP disciplinary
policies 1?3

ii. WIV Takes Down Online Database of Viruses

On September 12 2019, apparently between the hours of 2:00 and 3:00 AM local fithehe
WIV took down its online depository of data on viral sequences called the WiRbifiee Viral Pathogen
Databasé?'°This database was previously accessible to researchers around the globe with the exception
of a password protection section, which heldpublished sequence data accessible only to WIV
personnet?1%12l” Records indicate an initial period of inactivity with the database between Augagt 16
2019, with a period of normal accessibility and activity restored from August 23 to SeptemBéid2,
when the database was taken offline for a prolonged period of'3#teublic access has never been
restored.

It does appear that the database was briefly accessible, but only intermittently, from December
2019 to February 2026%° February 2020 is witeclaims began to circulate on the Chinese internet alleging
that the WIV was the origin of SARSoV-2 outbreak??° The database has been completely inaccessible
since those claims began circulating. The database reportedly contained more than 2,000 entries consisting
of sample and pathogen data, including full and partial genomic sequences, collected from bats.and m
The WIV had reportedly collected more than 15,000 samples from bats, from which they had identified
over 1,400 bat viruse¥?+1222 The disabled database reportedly held an estimated 100 unpublished
sequences of bat betaronaviruse$ the genre of amnaviruses to which SARSoV-2 belongs??3

iv. WIV Strengthens Physical Security and Issues HVAC Renovation Tender

On September 12 2019, the same day that the WIV took the WildiBorne Viral Pathogen
Database offline in the early morning hours, the WIV issued a notice on a PRC government procurement
website seeking to procure unspeci ftheeZidengdidnyark c a | f
campus where thBSL-4 lab is located. The budget was US$1,281,022.

Four days later, orBeptember 16 2019, the WIV issued a notice on a PRC government
procurement website seeking consul toant i pmojfeocrt . @ |
approximately Us. $500M renovation project at the WIV Zhengdian campus was estimated to take 210
days?Ai r handling and conditioning plays a fAcritica
facility.’®® As described in USetc hni cal manuals #A[a]ir supply and
mai ntain proper a¥%% Manthimng sir balandes at a Begadive pressuredn animal
rooms, for example, less than in other parts of the laboratory and less tharsinrounding corridors is
essential. Standard practice has the highest hazardous area in a laboratory maintain at least & Binimum
inchwater pressure from that the rest of the buildfdg.
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Figure55. Graphic depiction of Biosafety Cabinet LeveSdurce: Lackemeyer, M. G., Koiercado, F.d, Wada, J.,
Bollinger, L., Kindrachuk, J., Wahlensen, V., Kuhn, J. H., & Jahrling, P. B. (2014). ABB&erobiology biosafety and
technology at the NIH/NIAID irggrated research facility at Fort Detriskruses,6(1), 137 150.
https://doi.org/10.3390/v6010137

Air disinfection is an essential feature of dmgh-containmentaboratory The use of biosafety
cabinets and a HigEkfficiency Particulate Air (HEPA) filtration system limits pathogen exposure of
researchers, the laboratory and the surrounding envirdnmem features provide a high degree of
protection First, negative pressure is maintained inside the biosafety cabinets and laboratory. The pressure
gradient being more negative in the cabinet than the laboratory. Second, both incoming and exhaust air
into and from the biosafety cabinet and laboratory are subject to HEPA filtration. Exhaust air is HEPA
filtered at least twice.

The currenstate ofhigh-containmenpractice has air HEPA filtered once going into the cabinet.
It is HEPA filtered twice lirough serial filters before being discharged into the facilities air exhaust system.
The facility ventilation system filters the exhaust gas through additional HEPA filters before it is discharged
into the environment. HEPA filters are typically testdtr gas decontamination to certify they are-non
infectious. They are also tested for leaks and certified at least antfefally.

v. WIV Advises Wuhan Airport Drill oon RespoO

On September 18 2019,the Wuhan MunicipaCustoms Administration and other officials held

t wo Aemergency response dril/l activitieso at the
Wuhanés hosting of the Military World Games in Oc
leve radiation in a piece of luggage, and the second focused on responding to the outbreak of a novel

coronavirus at the airpott?® Stater un medi a reported.. tihdewhlalid | prsoa

handling the discovery of one case of a novel coronavirfection at the airport customs lane, we drilled
an epidemiological investigation, medical examination -tiea¢ set up of a quarantine area, isolation and
testing, the transfer of cases [td* hospitals], hy
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The relevance of this drill to the origins of the COVII® pandemic is hard to assess, but the timing
of the drill, less than three months before the start of the outbreak of coronavirus pandemic, necessitates its
inclusion in this report. The decision to bése drill, in part, on the discovery of a novel coronavirus could
simply reflect the research bias of the WIV persol
is consistent with a report t hat t hwith ttd Wuhas i gne d
Municipal Customs Administration in June 2019.

A previous drill was held at the Wuhan Tianhe International Airport in November 2014, and Ebola
was the scenario in questiéii! That drill was likely prompted by the Ebola outbreak in WegiicAf
reported by the WHO in March 201#%? While other airports in China have held safety drills in advance
of their citiesd hosting of major international e
a fAnovel cor on a%d Notadydhe sasety drills perfermed rini Beijing before the 2008
Olympics, and in Shanghai before the 2010 World Expo, did not focus on a potential coronavirus outbreak,
even though the SARS crisis of 262804 was still a recent memo#?
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d. Emergence:October- November 2019

Introduction : Description of temporal events around the early emergence of CQ¥ikas
provided in Chapter 2.

Summary of Evidence of Emergence in Octodd¢ovember 2019*

1 Epidemiological & MoleculadatingModeling Suggests Ead@ctober to MidNovember2019
Emergence.

1 Abnormal Increase of ILI Influenza Negative Cases: Potential Early Indicator of COVID Spr¢ad.
f U.S. Consul ate Reports ABado Flu Season.
1 Wuhan Hosts Military World Games, AthletRgport lliness.

1 Hospital Traffic & Online Searches for COVADO Symptoms Spike.

1 Spike in Lab Test Negative Influentake lliness (ILI) in Wuhan in mieNovember2019.

1 China Launches COVIE19 Vaccine Program.

1 Rumors of New Virus Spread in Wuhan, Dost&ee Influx of Patients.

1  Wuhan University Biostatistics Professor Identifies Cases with Symptom onsetMawisinber
20109.

1 Unpublished PRC Government Data Lists COMID Cases in MidNovember, including Earliest
Known Potential Index Case.

1 EnglishTeacher Falls Ill in lat&November and Develops Pneumonia, Later Confirmed as
COVID-19.

* For full description of events see Chapter 2

i. November 12 2019WIV BSL-4 Communist Part Branch Report

On November 12019,CCPme mb e r s o fBSlt-dHaborathyrepbsted amarticlethat was
a description of thaigh pathogen researpirformed by their brancii*® The original article was published
on August 30, 2019n the CAS Science websit€here were substantivdifferences betweenthe two
versions suggeisiy thatthere were either edits in the first version or additions tdetieeNovember post.
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The Auguststory cites their collective efforttmeet the strategic goals of Jinping for science
with reseach at the WIVBSL-4. It describé the technical challenges they encountered in constructing the
laboratory.The post explicitly referenced tliet h r e ¢he mwdrchexsonfrontedin establishing their
laboratoryii no equi pment and technology standards, no de
operating or meontairtmanit aboratgry®® The stbry gtdted theyoverame these
challengesThey also described the risks of such work likeningnapg test tubes of pathogenic viruses
with opening®Pandorads box.

The November 2019 version posted on the WIV internal website differs in several wéike. U
the AugustCAS version the November versioaxplicitly mentionsthe risk of potential laboratory leaks

and infections and possible past biosafé®m incid
addition to the reference of Pandorads box, the N
thesevi uses Acome without a shadow and |l eave without

have various protective measures, it is nevertheless necessary for lab personnel to take the greatest care to
avoid danger c a us e dTheblater poopsetr ad li o atl e ®armriolresd 0t hat
happene dd&ParthnemBs Wwouichhmediatelyrespond?3®

The Novembepostalsoa f f i r ms t he | abor at-din¢hinawith thermosts as t
advanced protective equipment and highest level of biosafety. Idafswibes the nature of tlBSL-4
design and unique construction. It specifically notes that French desigt onf or ms t o Chi
architectural requirements. It describes efforts to ensure the laboratory was airtight including laser welding
the steel wallsather tharusing traditional sealants and conducting multiple airtightness ltestso notes
the fnousdidenignod of n e gThe additonal pdeseriptiseulanguage asedtirr tiel s .
November post implies the possibility of some kind of incident for which the-BS8ICP researchers
sought tadistance themselves from possible implication.

ii. November 15, 2019 Chutian Metropolis Daily Article on the Institute of Model
Animals of Wuhan University

On November 152019a local Wuhan newspaper, Chutidetropolis Daily published an article
featuring the researatonducted athe Institute of Animal Models at Wuhan University. The Chutian
Daily is an official local publication jointly supervised by the Propaganda Department of the Hubei
Provincial Committee of the Chise Communist Party and the Information Office of the Hubei
Provincial People's Governmeit’ The article described the current capabilities of the Institute
providing experimental animals for a range of medical research principally cardiometabolic disteases
also cited historical testing of prototype SARS vaccines in rhesus monkeys BStsNaboratory.

According to the article, thaBSL-3 laboratory was renovated 2015 The story implied the
laboratorywas inactivea nd fic ur r e nt nayproeessafira p mrg 64t Ehéestody is
contradicted by the fact thateh | n s t i puhlished &AR3¢s@arch was submitted in August 2017
and published in March 201Bunded by a grant awarded in 2016, the Institerfopmed SARS a&ccine
challenge studsin rhesus monkeys vaccinated with an inactivated SARS vatxealuate the risks of
antibody dependent enhancemef.
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The story also noted thBlature an Ainternational aut horitative
arti cl e dthe Ingitateoodl Model Animals of Wuhan Universitiaturedid publish an
Advertisement Feature on NovembeR2019paid for by the Partnership & Custom Media Unit of Nature
Research for the Institute of Model Aniraaf Wuhan University?** The advertisement highlighted the
I nstituteds basic and tr ans/| awithoa mentioningédmeviausarh on ¢
recentSARSrelated vacciner any infectious disease reldtesearch In order to have published this
advertigment on November 7, 2019, the advertisement order would have had to been subti#ted no
thanOctober 30th.

Further, a government announcement in May 2020 indicated thtrdwtor of the Instituteli
Hongliang wasdismissedrom his position on May 6, 202As described, éalsoresigned his post as
Dean of the Wuhan Universitather than being dismissed. The grounds fordsgnatiorwere not
specified!?

iii. November 19, 2019Senior CAS Safety and Security Official Vsits WIV

OnNovember 19 2019,Dr. Ji Changzheng, the Director of t&8AS Office of Technology Safety
and Security, was dispatched from Beijing to the WIV to personally oversee and administeday one
senior level safety training semin&f> At this session, he addressed various senior personnel from the
CAS Wuhan Branch as wel/l as WV research depart me
all WIV departments$?4® This was the first identified or recorded visit by this officiallte WIV.

TOASAREALGES

WUMAN INSTITUTE OF VIROLOGY CAS

Figure56. Ji Changzheng addressing senior leaders & managers of the Wuhan Academy of Science &
Institute of Virology on November 19, 2019
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According to tisreportp o st ed on WI V 6,sli openetd the traiaihg byvoorveying e
Ai mportant oral and written instructionso dorect]l)
Ji 6s r e importantweiteninstouctionsd i s a direct reference to an
directives callegishi. Pishiare issued when a senior CCP leader receives a printed report on a specific
issue, important delopment, or worrisome tren@lhe senior official then handwrites instructions on the
report to be conveyed to thewer-level officials who are respondibfor the subject of the repdftt:1248
From the context, the report dafetpgdnd sesuritywiorop iang trhesc e
WIV.

Ji Changzheng relayed instructions and demands from the CCP Central
Committee and State Council regarding safety and seowntk and
focused onimparting the important oral remarks and written
instructions regarding safety and security work from General
Secretary Xi Jinping and Premier Li Kegiang. At the same time, [Ji]
linked [the instructions] to many largeale cases of domestic and foreign
safety incidents in recent years, and from the perspective of shouldering
responsibility, standardizingoperations, emergency planning, and
inspecting hidden dangers ehg-one, [he] laid out a deep analysis, with
many layers and taken from many angles, which vividly revealed the
complex and grave situation currently facing safety work. Finally, Ji
Changzheg focused on the actual situation at CAS with a summary and
analysis of laboratory safety, technology security, student safety, campus
security, and Internet security among other common problems that exist in
its security and safety management wifk.

J 0s remar ks wheeWfybbsoleduby Director of the C
Hu Qi an, who fisummari zed several general probl ems
during safety and security investigatipaad [he] pointed tdhie severe consequences that could result
from hidden safetgangers andtressed that the rectification of hidden safety risks must be thorough, and
management standar®% must be maintained. o

iv.  November 19, 2019: Short Suspense Procurement for Alincinerator

The WIV issued a sole source, short suspense procurement request for an air incinerator at the
original W1V Xiaohongshamcampus?>* The procuremerstated that the incinerator was needed to sterilize
exhaust gas from an autoclave. The procurémescribed the current autoclave system as having a double
HEPA filter assembly. The incinerator would be added to the exhaust pipe outside the autoclave to
incinerate all the media dischargéefThi s procur ement suggestampushat t h¢
in central Wuhan was not completely sterilizing infectious contents and/or the autoclave HEPA filters were
not sufficiently sanitizing infectious exhaust gases.

V. November 2022, 2019: Remedial WIV Biosafety & Biosecurity Training
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Immediately bllowing the November 12019sessionJi Changzheng led a separéi® and a
halfdayin Tr ai ni ng on Biosecurity Laboratory Management
The training involved more than 150 WIV participants as wepexsonnel from BSL-B labs at other
research institutes in Wuh&t® Zhao Chihong, the Director of Laboratory Management at the China CDC,
joined Jito lead the training>* i The content of the [training] cour seé
reguations, and standards, the management system fochigiainment biosecurity laboratories, methods
for assessing biosafety risks in laboratories, the storage of bacterial and viral strains, and the management
of waste from animal experiments and labaratoe s , 06 accor di n'$> to the WIV wel

2019-11-20

08:30-08:40 Opening Ceremony

08:40-10:00 Chinese Academy of Sciences Science and Technology Security Early Warning & Monitoring System Construction
10:10-10:30 Group photo/break

10:30-12:00 Standardized management of pathogenic microorganism laboratory

14:00-15:30 Biosafety Overview

15:30-15:40 Recess

15:40-17:10 Establishment of Biosafety Laboratory Management System

2019-11-21

08:30-10:00 Collection, transportation, preservation and exchange of bacteria and viruses
10:00-10:10 Recess

10:10-11:40 Biosafety critical equipment and laboratory waste disposal

14:00-15:30 Animal Laboratory Biosafety Management

15:30-15:40 Recess

15:40-17:10 Laboratory safety operation technology and norms

2019-11-22

08:00-09:30 Protection level and facilities of biosafety laboratory
09:30-09:40 Recess

09:40-11:10 Risk assessment and safety of unknown pathogen detection
11:10-12:10 Written Examination

13:00- Students return

Figure57. Translation oBiosafety Experimental Management and Experimental Technology Training Course Flier
Conducted at the Wuhan Institute of Virology Novembe202019.

vi. Deceember5, 2019: WIV visit by Hubei Vice Governor

Accordingtot he Hubei Daily, Vice Governor Xid&o Juhu:
|l aboratory. ifiJuhua conducted a site investigatior
direction of development, etc. and immediately called a meetirlgljohanagement] to carry out support
measures on site.o

Summary of Evidence SARS0V-2 wasSpreadingin December2019*

1 Serological Studies on RRandemic Samples Indicate SAR®V-2 Circulating Internationally

in November andecembef019.

Wuhan Closes Schools Because of Outbreak in Noveideeembe019

Chinesesocial mediaBegins to See an Increase in Requests fdp g Medical Treatments|in

Wuhan starting December 20, 2019.

1 Prefecture in Western Hubei Province Orders Live Animal Farms Shutdown on Decerpber 23,
2019.

= =4
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91 Clinicians Report Clusters of Unknown Pneumonias with link to Huanan Seafood Market to Wuhan
PublicHealth Authorities Starting December 26, 2019
1 OnJdanuary1,2020 Wuhan authorities shut down the city
* For full description of events see Chapter 2
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Chapter 10. Coronavirus & Infectious Disease Research at the WIV

Introduction & Overview of WIV Coronavirus Research Process

The WIV is a preeminent virus research institute in Chinaisredhub forcoronavirus research
centered in Wuhan. Unsurprisingly, given the 22084 SARS epidemic, viruséspecifically baSARS
relatedcoronaviruse$ were a major focus of the WIV research. As part of their mission, WIV researchers
looked for coronaviruses that could infect humans and animal hosysitite evolution of these viruses.
Using advanced techniquethey simulagéd recombinationeventsand genetically modified virusas
predict future evolutionAs a result, theNIV researchers created novel chimeric viruses capable of
infecting human cells. In short, SARSV-2 would be the kind of virus the WIV would want to find or
artificially synthesize. Théast stepof virus identification and manipulation included researchiémtify
medical countermeasures against viruses that gosedtialhumanharm.

The SARS epidemic resulted in a dramatic shift and emphasis in virology research priorities. Prior
to SARS, coronaviruses were only known to cause mild-lifaddillness n humans. They were of
comparatively low concern to infectious disease expeiith, limited scientific interest, andonstrained
research funding compared to influenza. When SARS first infected humans, scientists were shocked that
bat coronaviruses coujdmp species into humans, achiduemanto-humantransmission, and kill ~10%
of those infected. This was particularly true in China where SARS emerged and had the greate<ffmpact.
Identification of the causativagent of SARSthe intermediate host (palaivets) and then the natural
reservoir(bats) was a reactivesearctprocess that took years.

The scientific approach determiningthe causativeinfectious diseaseagentby an unknown
microorganismsuch as SARSisk nown as Ko s filese pgstalasrequirea meeting four
criteria 1) the organism must always be present in every case of the disease; 2) the organism must be
isolated from a host containing the diseasd grown in pure culture; 3) samples of the organism taken
from pure culture must cause the same disease when inoculated into a healthy, susceptible animal in the
laboratory;and4) the organism must be isolated from the inoculated animal and must beiidere d t o b e

the same original organism yr%¥t isolated from the
Isolation of Koch's postulates ta Sy nidopnods o Contrel and jin
Occurrence of EID et oeen: ety pathomen wmmm E;\.ru'rtnm

. Assessment of o
Preventionand . - 5 Isolation and
No occumrence of ; control strategy Uﬂﬂ?f W::sz: . G;ﬂ:ﬁ:&“ classification of
EIE el o imﬁl EID - authreak ar E koW
implemented piThe . MilCIrDorganiam

Figure58. Top depicts Traditional Microbial EtiologgomparedtK oc hds Postul ates. B
Microbial Etiology.SourcexXu J. (2019). Reverse microbial etiology: A research field for predicting and preventing em
infectious diseasg&ID) caused by an unknown microorganislournal oBiosafety andiosecurity,1(1), 19 21.
https://doi.org/10.1016/j.jobb.2018.12.005
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Foll owi ng K o estalisescapusatioronly after @& utbreak has occurréal light of
potential future pandemic risks, tOtakeammoteproativea ent i f
course identifying potential pandemic pathogens before they could cause an odtl®eakse microbial
e t i oissuchydéfinedapproah for emerging disease preventitié® The deverséapproacttonducts
proactive investigationsliscoveringand assessingotentialhumanpathogensThe processntends to
recover such pathogerffilom nature, isolate, classify and characterize them. Jdthogens would be
evaluatedfor their pathogenicity including infection experiments ac#ll lines, tissues anthboratory
animals, and genetic analysis to identify virulent gene sequéfit&uch washeapproactsubscribed by
the WIV and other Wuhan research institutes and public health agencies.

Bats were already associated with highly pathogenic human diseases and were known to harbor a
significantly higher proportion of zoonotic viruses thaneotthammals$?®° Some of the more weknown
bat viruses, including Rabies (lyssavirus), Nipah and Hendra viruses (henipaviruses), and Marburg, Ebola,
and Mengla viruses (filoviruses), posed a significant risk to human H&al§2For the WIV, after the
initial SARS outbreak, bats becammajorfocus of their research efforts.

1. Field Expeditionsand Sample Collection

The principalobj ecti ve of the W V6s coronavirus rese
pandemic causing SAR®Ilated viruses andevelopmedical countermeasures against them. In pursuit of
this task, researchers collected hund@&dSARSrelated coronaviruses froatross China and Southeast
Asia during annual sampling expeditiods a consequence of these expeditions, by 2019 the WIV had
collected, at a minimum, approximately 20,000 bat and other animal samples from acros$*CHiis.
estimate is likely only a paal sum of the total number of samples collected, the actual total number of
samples is likely higher.

The WIV had reportedly collected more than 15,000 samples from bats alone, from which they had
identified over 1,400 bat virusé®*T h e WI V 06 spulflicodatatase teportedly contained more than
2,000 entries consisting of sample and pathogen data, including full and partial genomic sequences,
collected from bats and mice. The database also reportedly held an estimated 100 unpublished sequences
of the betacoronavirus subgenus to which SAR8V-2 belongs2%®

The risk of researelelatedincidents leadindo human infection®egins with field expeditions
where WIV researchers and collaborators first collect bat sanfflesesearchers operate in a challenging
setting with limited light and sometimes only with partial personal protective equigxeosingskin to
injury or hazardous exposureSapturing bats and collecting blood, urine and fecal samples risks exposure
to potentially infectious materials. It also places researchers at high risk for potential bites, scratches and
needlestick injuries while handling bats and lexting samples. Typically, in laboratory settings animals
are sedated before they are handled and samples col€téul the wild, sedating bats caught in traps
itself risks being bit or scratched.

2. Screening Viral Samples and Genetic Manipulation

183
Marshall.Senate.Gov



THE ORIGINS OF COY®D

After collection, samples were transported back to Wuhan, technicians and researchers would then
follow a process of detectingsolating, and sequencing SAR®lated bat viruses from these samples.
Sampleainderwent initial evaluation iBSL-2 settings wher they were first evaluated for the presence of
a characteristic betaoronavirugene, the RdRpf the RARp genwas present, researchers then attempted
to isolate and sequence the vifd®. The full-lengthviruses would then have been grown in a variety of
cell cultures, including humatypes to assess the ability to infect cells. Viruses that could infect human
cells would then have beassessefbr pathogenicity in humanized mice or susceptible interatedhosts
such as palm civet€®® Finally, researchers evaluated existing medical countermeasures against these
newly discovered SAR&lated viruses.

If researchers failed to recovefudl -lengthsequence of a coronavirus of interest, they sometimes
sgiced viral geneticfragments onto the backbone of a SAR®ted virus thatould alreadygrow in cell
culture.Beginning notater than 2017, WIV researchers performed -gdifunction related experiments to
evaluate the pandemic potential of otherwise-wiable viral fragments. To do this, researchers spliced
different novel coronaviruséspike protein ot h e s pi k éiadingdomamn kBND) onto already
characterized viable coronavirusé®¥ The resulting chimeric viruses, which contained genetiterial
from both the novel anthe well characterized coronavireis would then be evaluated for its infectivity
and pathogenicity in human cetlad humanized mice

The initial isolation, characterization, and cell propagatiorBARSrelated bat coronaviruses
should be performed under BS.conditions'?’°Creating chimeric SAR$elated coronaviruses with the
intent that the resulting virus can infect human lung cell culture or humanized mice should be conducted in
BSL-3 level condions or above. SARB el at ed coronavir uses?!aatienali Ri sk
Institute of Health guidelines, from April 2019, recommended that:

Experiments involving the introduction of recombinant or synthetic nucleic acid molecules
into Risk Grogp 3 agents will usually be conducted at BSlcontainment. Experiments
with such agents will usually be conducted with whole animals at B[S]L3 or B{S]L3
[enhanced] containmett’?

For example, virus cultivation done as part of experiments in 2015 at the University of Texas
Medical Branch taking the spike protein from SARSated coronavirustrain SHC014 and inserting it
onto the backbone GARS strainWIV1. This experiment was p@rmedat an enhanceBSL-3 level
fibJecause of the ability of chimeric SHC014 viruses to replicate in human airway cultures, cause
pathogenesimvivoand escape curfent therapeutics. o

WIV scientistsalsoconductedimilar coronavirus research creating chimeric SARRted viruses
able to infect human cell©ne doctoral candidate, Zhang Lei Ping, described in detail the process of
Airescuingd coronaviruses that wer e di f fd 2017l t t o
dissertation'?”* The publication described techniques to manipulate distinct coronaviruses, combining
genetic components to create a new, or recombinant, virus. This was intended to simulate natural
recombination evesthat occur in nature.
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LeiPng noted that his techniques combined the
reverse genetics methods, established a new efficient aneeftmgive method, and successfully
constructed a reverse genetics system forSdd®Srelatedc o r o n a Vi°In costes with the U.S.
studiesL e i Ping indicated that A[t]he proli-felatedat i on &
virus (including recombinamB8L2¢i rabesat aweyei pec dmp
WIVIbi osafety®™@Pegulations. o

In November 2017, Lei Ping published another paper, based on his dissertation, describing the
rescue of coronaviruses with spike proteins able to efficiently bind to human cells in a manner distinct from
previously identified 8RS or MERS viruse&’’ This is a trait shared with SARSoV-2.12"8These and
like publications from the WIV demonstrate the growing proficiency of its researchers in established and
novel genetic techniques that can rescuenéna b | e v i r u s achalsolnated th&® comlgnaten r e s e
of these techniques did not leave any signs of genetic maniput&fion.

In a written interview provided t8cienceand published July 31, 2028hi Zhengli confirmed that

at | east some of t he IMuedtodbe doneiBSLR2aonditions.®©nlyrafeesteear ¢ h ¢
outbreak of COVIB19 did lab safety guidelines in China require coronavirus research to be conducted at
minimum of BSL-3 conditions'?®°Dr . Shi 6s statements aWiNNgegeachdrst h Lei

workedwith live recombinant SARS®elatedvirusesin BSL-2 laboratorie$?8!

Until the COVID-19 pandemic, researchers at the WIV were working in inappropriately low
biosafety levels with SAREelated coronaviruses. One goal of this research was to deliberately make those
viruses more capable of infecting human cédlishe two yess leading up to the pandemic, publications
from the WIV6s researchers attest t ousinghumarezadsi ngl y
mice, bats, pangolins, and palm civifg§1283

3. WIV Coronavirus Research 20172020

Insights concerning theature of WIV related coronavirus research amaved from several
sources. These include annteghorts submitted by EcoHealth Alliance to the NEdoHealthAlliance
and WIV grants andyrantapplications Further nsights were gainefiom published scientific literature
by the WIVand interviews of keWIV personalities such &hi Zhengli

a. NIH-NIAID Grant: Understanding Risk of Bat Coronavirus Emergence

i. Year 4 Progress Report

On April 13, 2018EcoHealthAlliance submitted its annual progress report for year 4 of its NIAID
funded grant project titled AUnderstanding the Ri
detailed accomplishments and activities funded by the grant from June 2017 to\8ay 26 report noted
that serological surveys of residents in Yunnan province found th#.8%) individuals tested positive
for SARSr el at ed «c or o n a wiserolagicahtesting fesults previde theffifst@\Jidence ever
of a batSARSCoV [related viruses$pilling over into people in the wild. All thEARSCoV-2 positive
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individuals were from Yunnan Province. sahospoe f i ndi
for SARSCoV-2f ut ure spillover risk. o

Another major accomplishment detailed in the Year 4 progress report was the results of humanized
mice experiments conducted by the Wddgmetime between June 2017 and May 2048/ scientists
inserted thespike proteins of three SAR@lated viruses,I3C014, WIV16, and Rs4231 into a SAR3V
backbone. A fourth SAR&elated virus, WIV1, was also used. Transgenic (humanized) mice that expressed
hACE2 were infected witbhimericviruses in a twaveeklongexpaiment. Within 4 days of being infected,
ithe viral l oad in | ungstrainsSKQ®Xs4 ,0f WImMM Icée, cahmd | R4z
morethan1®genome copies/ g and wer e theWldlrstraini cantly hi ghe

SARSrelated vial stiain SHC014, in addition to being highly infectious in humanized mice, also
showed evidence of significant pathogenesis. AMic:¢
body weight loss by theixthd ay p o s t ?®tAntheeendt of then2.week observation, 75% of the
SHCO014 mice died compared to%@nd 50% for the other infected cohorts. This result is indicative of
severe disease in mice infected with SHC014. The data presented in the progress report showed viral load
and weightchange data through 14 days piodéction. In sum, humanized mice infected with SHC014
experienced severe weight loss within 4 days of being infected and significantly higher mortality than the
other chimeric viruse%¥®®

EcoHealthand the WIV were particularly interested in the results of the SHC014 humanized mice
infection results because the spike protein of SHC014 is around 10% divergent from the spike protein of
SARSCoV .28 Another coronavirus, HKU3 has a spike protein thaipisroximately 25% divergent from
SARSCoV and does not use hACE2. The high viral growth and loss of weight in humanized mice infected
with SHC014 suggested that SARSated coronaviruses with a spike thab&weenl0-25% divergent
from SARSCoV may retan the ability to bind to hACE2 while being sufficiently different from SARS
CoV-1to render SARSCoV-1 medical countermeasures ineffective. Finding and experimentiSé\B$
related viruses with a spike protein that was25@ divergent from SARE o V 6 ike pstpin would be
a major focus bEcoHealthAllianceand t he WI Vés NI AI D funded researcl

The Year 4 Progress Report also included a Bat Coronavirus\itast Phylecgeography.
EcoHealth used available coronavirus sequences (RdRp) collected be@@8and 2015 (a total of 326
BetaCoVos) . The sequences reflected not only thoc:e
collected under their prior NIAID grant and from funding from Chingseernmentgencies. The study
also included 208Chinese Bet&LoVs sequences available in GenBaiike data was visualized to
reconstruct the ancestral locatiofithese virusesThe analysis permitted identification of geographic areas
in China and northern Laos that were likely sources of origin aretgiiy of these viruses.
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Figure59. Ancestral location reconstruction for BefaVs. The bigger the circle is, the more ancestral the
corresponding node isSource: Understanding the Risk of Bat Coronavirus Emergence: NIAID Grant 5R01A10%964
Year Four Report Submitted 09/16/2020

ii. 2019Grant Renewal Application

On November 5, 2018&coHealth Alliance submitted a renewal application to NIAID for its
AfUnder standing the Risk of Bat Coronavirus Emerger
through June 2025. As with the original term of the project, the WIV was-gesydient of funding with
money allocated by EcoHealth Alliance. Building off of the humanized mice experiment conducted in
20172018, one of the overarching goal s of-relatdde pr o]
coronaviruses] with 1:@25% divergnce in the [Spike] protein sequences from SARY arelikely able
to infect human cells, and evade [monoclonal antibody] therapeutics and vaccies ( e mphasi s i

original). A second goal was to fAmapertedolegiceogr ap
risk factorsto denti fy the key 6éhotspotcémphagiiski doaor if giit
these goals, the project was divided into three g

EcoHeal th and its c ol lamdiedbagsanwpling at ptésavimresvelpredicc i c o
that undiscovered high risk [SARSlated coronaviruses] strains exist. Bat sampling will be targeted
geographically and by host species to trels#ed predi
coronariruses. After sampling and screening for SARted coronaviruses, researchers planned to
fanalyze RAdRp and S [spike] protein seqguenceso of
capacity for spillover to people. o

The fieldwork and Iaoratory work necessary to complete Aim 1 would be led by scientists from
the WIV and the East China Normal Universif§’ Bat sampling expeditions would be conducted in
Yunnan, Guangxi, Guangdong, and Guizhou Provinces in southern Hifiaere is no indication that
they planned to conduct sampling expeditions in HI
500 bats from t hes e 5Yyearduratiopofthe granmt?¥® @bleocted sameles would be
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taken to the WIV for screening, isolation, sequencing, and analysis. EcoHealth anticipated collecting
betweenl00 to 200 novel SAR&lated virusesuringthis project!%°

Once the viruses were taken t o t-relagtedWsstraing he sp
would be sequenceéd’ Spike proteins that show the potential to infect humans and other animals, thus at
high-risk of crossspecies spileer wer e fdof part i c d*¥a@iven thenexpeated st 0t
volume of samples and large number of SARS | at ed viruses, WIV srciiekd i st
viruses, which had the following spike protein traits:

i) Diverges from SARSC o V épike by between 105%;
1)) Have RBDs that could use human/bat receptors;
iii) Have recombinant chimeric spike [proteins] indicative of gene flow between

clade I and Il strains; and
iv) Have bat ACE2 receptors that might select for spike [protein] RBDs that can
use luman receptors for entty?®

In simple terms, EcoHealth and the WIV were looking for SABI&ted viruses who had spike proteins
that could infect humans using ACE2 receptors, but whose spike proteins w2b&oldifferent from
SARSCoV. They were also iatested in viruses that had spike proteins that straddled the divide between
clade | SARSrelated viruses that use ACE2 receptors and clade Il S®&R&d viruses that do not use
ACE2. For exampleSCH014 andRkaTG 13 are clade | andlade Il betacoronavirugs respectively?®*

Aim 2 of the grant renewal was to better understdmdmechanismof SARSrelated virus
spillover including routes of exposure to people.
sampling to identify key risk faors for SARSICoV spillover and evidence of illness. To maximize our
opportunity of capturing human exposure to bat CoVs, we will cormhromunitybasedsurveillance in
regions with high SARS€CoV preval ence and diver siihthe South&rh e s e s
Chinese provinces of Yunnan, Guangdong, and Guarfdpase areas were identified by Emalth
Alliance and the WIV as most likely locations for bat SAREted virus spillovero humans

Aim 3 was to take the over 125 SARSated viruses the WIV and EcoHealth expected to find
during the sampling expeditions and conduct experimerttsosubsetof i r uses det er mi ned t
spillover risk and evasion of immune therapeuticandwaeci ef f i cacy. 0 Speci fically

We will use [spike] protén sequences to et a range foviral strains that cover the 10

25% [spike] proten divergence we préct as high pulic hedth potentid and construct

chimeic [SARSrelated virusesusngthe WIWV1 backbone and these S gen
rescue of fli-lengh donesand assess inféoh d non-permissve cells expressing man,

bat and civet ACE2 recep® Veao cdls, primary humaniaway epthdial cell€ We will

conduct experimenkanfections in hACE2 transgenicioe toassess pathogenicity dn

clinicd signs Finally, using a panleof mAbs [monoclonal antibodiesihat neutrbize

SARSCoV infecionin vitro andin vivo,and vaccine agast SARSCoV [spike]protan,

we will exanine the capadty of strans withdivergent [spike] proi@ sequences to evade

therapeuics, reveding strans with highpublic health poteml... Usingthese redis, and

188
Marshall.Senate.Gov



THE ORIGINS OF COY®D

data from Aims 1 and 2, we will use s$igh modeling techiguesto identfy geograpic

hotspotsn souhern Clina where bat spaes that harbdnigh risk[SARSrelated viruses
inhahit, where commuitiesthat have high exposeito bats exist, where séogical or PR

evidence © sgllover has beendentfied, and where underling demographic ro
environmenthatrends suggest higlisk offuture emergencdinternal citations omitted

The experiments proposed in the grant renewal appear to be procedurally identical to the humanized mice
experiments done in 2042018 at the WIV.

The experiments in the renewal applicat&inof which were to be done at the VWWére going to
lastl4dag wi th the mice fimonitored daily for weight |
humanized mice would be euthanizedat4-, and 6dayspostinfection for analysisThe experiments
were to be done inRSL-3 laboratory. The only majatifference between the experiments in the renewal
application and the experimentsdonein2@1@ 18 i s t hat the renewal 6s humal
with new chimeric bat SARelated viruses with different spike proteins collected during the grajsct,
instead of existing SAR&lated viruses.The creation othimeric SARSrelated viruses was also to be
done at the WIV.

ii.h. Del ayed Year 5 Progress Report and Ter mi

The year five progress report was due to NIAID and NIi$éptembeP019. According to NIH,
it did not receive theYear5 progress report until August 2021, almost two ydatsr. The exact
circumstances surrounding the submission of the year five psogrpsrt are a matter of dispute between
NIH and EcoHealth. EcoHealth claims that it attempted to submit¢lae5 progress report in July 2019,
but was wunable to because NIH had approved the gr
reject heYear5 progress report. Etealth provided this investigation with screenshots and emails to NIH
grant management that appear to corroborate its attempts to stteat@progress report and subsequent
rejection.

Substantively thé/ear5 progress ngort, which at 30 pages is around 10 pages shorter than past
progress reports, details Acontinued?ousingdtrainst i on e
WI V1, WI V16, SHCO014, and Rs4231. Unl i ke sreport,t he #dp
the year 5 progress report provides resulof the experiments:

All of the 4[SARS related virusescaused lethal infection in hACE2 transgenic mice, but
the mortality ratevariesamong 4 groups of infected mice. 14 days post infectiont 6fou

7 mice infected with WIV1 remained alive (71.4%), while only 2 of 8 mice infected with
rWIV1-SHC014 S survived (25%). The survival rate of mice infected with rWiV1
WIV16S and rWIV14231S were 50%. Viral replication was confirmed by quantitative
PCR inspleen, lung, intestine and brain of infected mice. In brain, rwiIV1, rWiV1l
WIV16S and rWIV14231S cannot be detected 2 days or 4 days post infection. However,
WIV1-SHCO014 was detected at all time points and showed an increasing viral titer after
infection. The viral load reached more thar? §enome copies/g at the dead péffit.
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As in the experiment report in the Ye&iprogress report, SHC014 showed the most viral growth and had
the highest mortality with 75% of infected mice dying within 14 dayisfettion.

In an October 202021, letter to multiple Congressional committees, NIH Deputy Director Dr.
Larry Taybak explained that théear5pr ogr ess report was submitted on
NI H6s compliance efforts. o Reference to complianc
from EcoHealth that NIH sought beginning in April and July of 2020. Those effortsrajope@ve begun
on April 19, 2020, when Dr. Michael Lauer, NIH Deputy Director for Extramural Research, emailed
EcoHealth Alliance notifying them that due to fia
release from WIV of the coronavirussponsible for COVIELI90 t he WI V was being su
participation in federal programs.

On April 24, 2020, NIH moved to terminate EcoH
NIH reinstated the grant, but immediately suspended it. Thesuspi on | etter states t hs
conducting research at its facilities in China that pose seriousalféty concerns, and, as a result, create
health and welfare threats to the public Then Chi na

|l etter continued A[w]e have concerns that WIV has
that EcoHealth has not satisfied its obligations to monitor the activities of its subrecipient to ensure
compliance. 0 Lift i edcated lore EcaHeadthpaddressing specificadIH qorrcerns,
including:

9 Disclose and explain outf-ordinary restrictions on laboratory facilities, as suggested, for
example, by diminished cetlhone traffic in October 2019, and evidence that there may
have ben roadblocks around the facility from October18} 2019.

1 Explain why WIV failed to note that tiRaTG 13 virus, the batderived coronavirus in its
collection with the greatest similarity to SAR®V-2, was actually isolated from an
abandoned mine wheitthree men died in 2012 with an illness remarkably similar to
COVID-19 andexplain why this was not followedp.

1 EcdHealth Alliance must arrange for WIV to submit to an outside inspection team charged
to review the lab facilities and lab records, wite@fic attention to addressing the question
of whether WIV staff had SARE0V-2 in their possession prior to December 2019.

Notably the April and July 2020 correspondence from NIH didhmedtion that EchoHealth Alliance had

not submitted the required Y& report even though thailure to do so would constitute grounds for
suspension.NIH did ultimately request the themissing year 5 progress repo.c o He adfficidl 6 s
response to NIH6s July 8 Il etter has not been made
suspending the grant in statements to the press.

This investigation was unabl e tlg8 2020ilettarand ne wha
August 3, 2021 when EcoHealth successfully, but belatedly submitted its year 5 progress report. It appears
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that, upon receipt of the year 5 progress report, NIH realized that the humanized mice infection experiments
conducted at the WIWeregain offunction experimer as it was traditionally defined prior to the COVID

19 pandemic? In its October 20, 2021 letter to CongrebB8H claimed that the increased illness in
humani zed mice fiwas an unexpect ed therassealcherseetoutt he r ¢
to do. o6 This statement Dblgectiresofttbgand. reconci |l e with

One of the overarching goals of the grant was to understand what characteristics increased the
spillover risk of SARSelated coronaviruses. Wheaevirus collected and isolated by the WIV showed
potential to infect humans, WIV researchers conducted infection experiments in human lung tissue cells
and humanized mice to better understand the risk it posed. This included taking the spike protein of a
potential human infecting coronavirus and inserting it into the backbone of a virus that was already known
to infect humancells Contrary to NIHbG6s ¢l ai ms, there was n
(chimeric) virus would be less virulent oatrsmissible than the naturally occurring backbone virus. In fact,
the scientists involved hoped to find SARRSated coronaviruses that were more transmissible and more
virulent than SARS, likstrainSHCO014, and that evaded existing countermeasures.

EcoHealth Alliance objected to the statements in the Octobe2®1,,NIH letter to Congress.
EcoHealth, in a letter to NIH dated October 26, 2021, coirigribat there was only one humardarice
infection experiment and that EcoHealth had met its rampitbligations by disclosing the humanized
mice experiment in its year 4 progress report. EcoHealth also noted that the information on the experiments
provided to it by the WIMvasinsufficient to determine if there wagral growth. The single experiment,
evidently not repeated, was reported over the two annual progress reports because the WIV continued to
analyze data from it.

Whet her this is an accur ate mnaknownnThe wayg theo f t he
ex per i men tedodedgivestthee impression there weat leasttwo experiments. Despite the

20n October 19, 2021, one day before it sent the letter
experiment s, NIl H6s made substanti al ¢ dtienmegearsh invalving he ent
potential pandemic pathogens was defined by removing the following definition:

i The t eof-fumctigna(GOF) research describes a type of research that madifielwgical agent sthat it

confers new or enhanced activity toh a t agent éThe subset of GOF research
the transmissibilityand/orvirulenceof potential pandemic pathogens, which are likely to make them more dangerous

to humans, has been the subject of substantial scrutiny and delibeBich GOF approaches can sometimes be

justified in laboratories with appropriate biosafety and biosecurity controls to help us understand the fundamental
nature of humaipathogen interactions, assess the pandemic potential of emerging infectiousaagenfeym public

health and preparedness efforts, including surveillance and the development of vaccines and medical countermeasures.
This research poses biosafety and biosecurity risks, a

It was replaced by aaement emphasizing the small number of experiments that constitute gain of function research

of ¢ o oo émmited. occdisions, when justified by compelling public health need and conducted in very high
biosecurity laboratories, NIH has supported centagearch that may be reasonably anticipated to create, transfer or

use potenti al pandemic pathogens resulting from the enl
humansé. Whil e such resear ch i ssight, thédnresk of mot doigg thisitypekoy and |
research and not being prepared for the next pandemic is also high. While ePPP [enhanced potential pandemic
pathogen] research is a type of so caflgain-of-functiond (GOF) research, the vast majority of GOFemsh does

not involve ePPP and falls outside the scope of oversight required for research involving ePPPs.
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apparently inconclusive results of tlogetime experiment, the humanized mice experirsdrtatured
prominently inE ¢ o H e agtamt rei@ewad application to NIH and in thefarch 2018yrant application to
DARPA. EcoHealthpursued millions of dollars in additional funding by arguing that the humanized mice
experiment proved that a SARS8lated virus with a spike protein between2BY divergent from SARS
posed gotential pandemic riskn order tomitigate thapotentialrisk, EcoHealth and its partneasivocated
theyneeded to findr construcsuch a virusanalyzeit and develogountermeasuresgainst it.

Notwithstanding the uncertainties surrounding the humanized mice experiment, the October 26,
2021,EcoHealth letter states that all experimental work was done at the WIV with WIV scientists providing
summaries of their research to EcoHealthc o H e adlet app&ars to be limited to inserting those
summaries into the annual progress reports sent toadtHforwarding NIAID funding to the WIV and
others Tothatend,inlatt 021 NI H requested EcoHealth produce
original labod at ory notebook entries and of the original
humanized mice infection experiment. EcoHealth forwarded the request to the WIV because EcoHealth did
not have copies of the material. Bygust2022, the WIV had yeto produce the requested data, leading
NIH to terminate the WIV as a subgrantee.

b. Other WIV International Coronavirus Collaborations

The GlobaNirome Project (GVP) is an international, ngovernmental project organized in 2016
and launched in January 2018 dedicated to finding new viruses and assessing their potential to cause
pandemics. The GVP was launched by lEealth Alliance, The One Health Insiie at the University of
California Davis, the Chinese Centers for Disease Control and Preventionggadoidéh, a San Francisco
baseddata company focused on predicting disease outbté&kisenjoyed financial support from USAID
and NIH,aswellasscimt i fi ¢ funding agencies fbomvetbher mcoua
et i oviral grgsfecting work, the GVP sought to sequence animal and environmental samples to identify
novel virusesunderstand theimechanisms of human infection and assieirikelihood of spilling over
intohumansAn Apr i | 2018, U.S. State Department Cable d
to the Global Virome Project. o

Chinese researchers were eager collaborators in the GVP. George Fu Gao, thediteeChina
CDC from August 2017 to July 2022, expressed to Brshassy officials in Beijing that the GVP was a
national priority for Chind?®” The Beijing Genomics Institute, one of the largest sequencing companies in
the world, expressed strong supgdor theGVP and even committed to provide 30% of the sequencing for
the Project. The same April 2018 State Departmen
interesto in hosting the GVP6s viral fAddaktegphtd e, o
whet her China could remain a tr@®hsparent o6gatekee

The GVP was controversial at the time of its launch and remains so today with many scientists

guestioning the likelihood of success. According to scientist Kristt Ander son, fA[ w] hat vy

predict is likely something that happens maybe once out of tens of billions of encounters, with one virus

out of millions of potential vi r us €% Scientigisuandwi | | I

biosafetyexperts also questioned the wisdom of actively seeking out potential pandemic pathogens. In

a2018 paper iNNaturet i t Padd &mi cs: Spend on Suimolegsts Edwarth c e n ot
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Holmes, Andrew Rambaut, and Kristian Andersen criticizedthe @GMP t he ground t hat b
surveys of animal viruses will ... be of little practical value when it comes to understanding and mitigating

the emergence of diseaseé We urge those working o
much simpér and more cosiffective way to mitigate outbreaks proactive, reatime surveillance of

human pop®fl ati onso.

Other experts noted the inherent riskio-prospecting, characterization, and public cataloguing
of novel viruses. Andy Webédigrmer Assistant Secretary of Defense for Nuclear, Chemical, and Biological
Defense in the Obama Administration, said:

Do you really want to be going into these bat caves to collect and then catalogue which

ones are most dangerous to humans? After [PREH&ving done this work for 15 years,

I think thereds Ilittle to show for it. As the
that it actwually caused this pandemic, and to
what caused this pandemic to reduhe risk of the next pandemic. It was of zero help in

preventing this pandemic or even predicting this pandéitiic.

Whil e PREDICT Aidentified at | east 931 novel
livestock, anchumang**®?the total number of samples collected by WIV researchers is unknown. WIV
researchers received more than $1 million from PREDICT as subgrantees of EcoHealth Alliance. The total
amount of money received by the WIV from PREDICT and other programs has motliselwsed by
USAID.12%0One such project between Etealth Alliance and the WIV le8hi Zhengldo s t eam t o t he
that bats could directly infect humans wittsARSrelatedcoronavirus2°*No such evidence of such an
infection has been shown in practice.

USAID has declined requests for information from Congress and has chosen to litigate FOIA
requests rather than provide responsive documents. However, it appears that at least some virus samples
collected, screened, and sequenced by the WIV as partvafrikswith PREDICT may be closely related
to SARSCoV-2. EcoHealth Alliance, U.C. Davis, and Metabiota have not publicly released some viral
sequences collected with PREDICT funding. On April 28, 2020, EcoHealth Alliance President Dr. Peter
Daszak emailed U C.. Davis and Metabiota colleagues that #ff
these sequences as part of our PREDICT releaseé. [}
unwel come attention to U. E®Vi@aeyuenses at BsUE Bdredabeled a nd |
AiChina Genba¥W% Sequences. 0

The GVP has the goal of collecting samples from every mammalian and waterbird species in the
world and collecting 500,000 animal viruses with zoonotic potetitiagh February 2018 paper published
in Scienceby the founders and chief leaders of PREDICT estimates that of the millions of undiscovered
animal viruses, there are 650,000 to 840,000 with the likely capacity for zoonotic spillover to Atffhans.
By 2019, GVP researchers were able to iderdifigd map areas of China with the greatest likelihood of
discovering new viruses. These areas were concentrated in Yunnan and other Southern Chinese Provinces
butnotHubel
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Figure60. USAID graphic depiction of Global Viral Project as it relates to viral sampling in China

It appears that GVP viral sanmd, screening, and sequencing activities in China were undertaken
almost exclusively by Chinese researchers with western virtddggsing only limited access to samples
or raw data. For example, based on emails exchanged between U.S. based administers of PREDICT, as of
April 2020, virus samples collected with PREDICT funding in Thailand and China appear to have not been
uploadedt® REDI CTo6s v#i%®al database.

Parallel to its involvement in the GVP, China created the China National Virome Project (CNVP)
to operate within the PRC. It appears to have received funding and started work-20201®f note, a
team of researchers prarily based out of Beijing on a CNVP funded virus sampling expedition from May
to October 2019 in Yunnan Province China discovere®shRSrelatedcoronaviruses RmYNO2, which
is 93.3%in its total genomeédentical to SARSCoV-2, and RpYNO6, which is 94.5%dentical’*®The
scope and scale of the CNVP is unclear.

c. WIV Funding from PRC Government Agencies

As astaterun institution, the WIV presumably receives the bulk of its funding from its parent
organi zation, the Chinese Academy of Sciences (CH#
grants from PRC government agencies. By reviewing disclosures on U.S.gememgrant applications
and other information from other sources, this investigation found that from 2006 to 2019 the WIV received
grants through multiple research programs funded by the National Science Foundation of China, the
Chinese Academy of Sciencand the Ministry of Science and Technology. There are likely other grants
received by WIV researchers from PRC government agencies that this investigation did not locate.
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This investigation was unable to find detailed information about the kind of ceseanducted
directly pursuant to PRC government grants except where researchers disclose in western academic
publications that their work was supported by a PRC government agency grant. This kind of disclosure
appears to be rare. Since the start of thadpmic information regarding these grant projebtshbeen
removed from the internet. Nevertheless, the titles of the grant programs and description of their objectives
provide some idea of the kind of research being funded. In many respects, gravésiiegéne WIV from
PRC government agencies appear to substantially overlap with U.S. government grants:

Table: 7. National Science Foundation of China Grants to WIV

Grant Title Duration Objectives
Interspecies Transmission Mechanism of Jan. 2006 Dec. { Specific objectives unknown.
Zoonotic Viruses 2010 1 Academic articles supported with grant

funds includedexaminatiorof difference
in receptor usage between SARS and

otherSARSrelatedviruses.
Rapid and High Throughput Diagnostic Jan. 2009 Dec. 9 Specific objectives unknown.
Methods for Emerging Infectious Viral 2010 1 No published academic papers identifie:
Pathogens
Metagenomic Analysis of Bat Intestinal ~ January 2010  § Specific objectives unknown.
Viruses December 2012 § Academic articles supported with grant

funds reported results of bat sample
collection, the establishment of a bat
kidney cell line, and virus isolation and
analysis.

Mechanism of Interspecies Transmission January 2011

of Zoonotic Viruses December 2015
Discovery, Isolation, and Identification, = January 20183 9§ Discover, isolate, and name new micro
Distribution Characteristics, Genetic December 2017  organisms
Evolution and Pathogenicity to Humans { Evaluate the pential pathogenicity or
of Human Pathogens in Bats public health significance of newly

discovered micrarganisms.

1 Research technologies, methods,
measures, and strategies, for detection,
diagnosis, treatment, prevention, and
control.

The Molecular Mechanisms ofVirus - January 2017
Host Interaction December 201¢
Novel Pathogen Detection Technology for January 2017 | q International Cooperation Project to
SARS or MERS ike Emerging Infectious December 2019  develop a next generation sequencing
Diseases platform tosurvey all knowrSARS
relatedv i r uses in Chin

1 Develop serological tests that detect all
major groups of coronaviruses.

9 Establish genetically engineered cell lint
dedicated for virus isolation.
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Study on the Interferon Response of  January 2018 Study interferon induced responses by |
SARS-related Coronavirus Infected Bat December 2021 cells infected wittSARSrelatedviruses.
Cells 1 Mimic early SARSrelatedvirus

infections in bat and human lung cells a
late infections in bat and mouse immung
system cells.

Study on the Evolutionary Mechanism of January 2018 = § TargetSARSrelatedviral strains which

Bat SARSrelated coronavirus Adapted = December 2021  use ACE2 receptors.

to Host Receptor Molecules and the Risk 1 Investigate binding ability between the
of Cross Species Infection spike protein RBD and ACE2 of differen
origins.

9 Test infectivity ofSARSrelatedv i r u ¢
different spike proteins through liimg
affinity tests and reversgenetic
infectious clones.

Pathogenicity of Two New BailSARS January 2019 T Grant project reserved for younger
related Coronaviruses to Transgenic December 2021 researchers
Mice Expressing Human ACE2
Bat Virology January 2019  § Grant project reserved for younger
December 2021 researchers

Chinese Academy of Sciences Grants to WIV
Grant Title Duration Objectives
Genetic Evolution and Transmission January 2018 A Strategic Priorit:
Mechanism of Important Bat-Borne June2023
Viruses
Pathogen Host Adaption and Immune TA fAiSpeci al P r oprogects,
Intervention Project 1 to be conducted at WIV.

9 Track emerging infectious diseases in
reservoir host to understasgatiotemporal
and geographic distribution and evolutior

1 In patients and animals with unexplained
disease, identify unknown pathogen and
potential pandemic risk.

9 Studyv i r uabiléydodnvade different
host cells.

9 Study pathogen host interactions inugies
that show high levels of pathogenicity
and/or transmissibility.

d. Proposed WIV Coronavirus ResearchiEcoHealth Alliance Project DEFUSE

On March 27, 2018, EcoHeal th Alliance submitt
Defusing the Threat of Bdt or ne Co r o rhe Ddfense/sdeascédResaarchProjects Agency
(DARPA). The two major goal s of Rnodejspilover risBkEOFNOVBIE wer e
SARSr el ated coronaviruses in Asiado and to design s
fight infections of SARSelated coronaviruses as a means of reducing overall spillover risk. The immune
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boost strategy indld e d At a rrigkeSARSfrglated}lC g ¥ s . 0 EcoHealth was to
organization for the project with researchers from the WIV, BEN&#&onal University of Singapore

Medi c al School , University of NtommaltWhidIif€ ldealilh Centera |, u. S
and the Palo Alto Research Center participating in the prdjéct.

As part of Project DEFUSE, WIV researchers would intensively sample bats at sites deemed as
high zoonotic spillover ri sk, i rnS&RSuethiecivgusdatourc o mpl e
intervention test site in Yunnan, China that harbors bats withrisgfiSARS-related] viruses'8'?In total,
the project planned to sample around 10,000 bats wiéchexpected to yield approximately 400 to 900
SARSrelated viral stranbased on EcoHealthdés historic sampling

Similar to previous sampling prditions, bat samples containing coronaviruses from these field
expeditions would be analyzed for their spike protairtee WIV. Viral spike proteins recovered would be
sequenced and reverse engineered onto backbone viruses. The backbonweiruteee SARSelated
clade Iviruses, WIV1, WIV16, and SHCO4ll recovered from the Yunnan cave discovered in 2017 by
WIV researcherstatc ont ai n t he b uirQodd*AAll thied vousds are alosely BlatBdS
to SARSCoV and use ACE2 entmgceptors. In early 2018, WIV researchers inserted the spike proteins of
the 3virusesontoaSARSoV backbone and found tSARSrelatdtiinedss and S
in humanized mice (mice expressing human ACE2) with clinical signs that amsitigatedby SARS
CoV monocl onal antibody therapy or vaccination. o
to infect humans and cause illness that could not be treated with existing SARS therapeutics and vaccines.

The viral growth experiments inwohg WIV1 and SHC014 werg@roof of concept for the
experiments proposed in Project DEFUSE. Viruses rescued by WIV researchers in DEFUSE would be
cultured, characterized, and evaluated in cell cultures, including human lung cells, to demonstrate affinity
for human ACE2 receptorse., their capacity to infect humans. Those viruses with human affinity would
then be tested in humanized mice to evaluate their potential to infect humans and their potential
pathogenicity. These experiments were to be doB&in3 laboratories at the WIV.

DEFUSE researchers were interested in finding SA&t&ed viruses with specific features they
correctly believed increased a virusoés pandemic p

We will analyze allSARSielatedfCoVs 6 [ spi ke protein] sequen
appropriately conserved proteolytic cleavage sites in [the] S2 [subunit]
and for the presence of potential furin cleavage sites. JaAR&d}CoV

[Spike proteins] with mismatches in proteolytic cleavagesscan be
activated by exogenous trypsin or cathepsin L. Where clear mismatches
occur, we will introduce appropriate human specific cleavage sites and
evaluate growth potential in Vero cells and HAEuman lung cells]
culture® .  Wi# also review deepexjuence data for loabundanhigh

risk SARSfelated}CoV that encode functional proteolytic cleavage sites,
and if so, introduce these changes into the appropriate high abundant low
risk parental straift'*
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In basic terms, DEFUSE researchers were loofonGARS related viruses with a site in the S2 subunit of
its spike protein that, whesplit by the furinenzyme, enabled efficient cleavage of the spike protein into to
discrete S1 and S2 subunits. The scientists were hoping to find a-@ARS& virus th naturally
occurring proteolytic cleavage sites.

If such viruses could not be found in nature, DEFUSE researchers proposed artificially inserting
Ahunmrsapneci fi co f ur i n c-telatedvcargnaviruses to ealuateritd aeffectS anRvial
growth in human cells and pathogenicity in humanized f#ceThis gain of function experimegbuld
create SARSelated viruses with furin cleavage site that had not yet been found or perhaps did not exist
in nature. A furin cleavage site in 8ARSrelated coronavirus would increase pathogenesis and
transmissibility. Furin cleavage sites have an established role in viral pathogenesis in H5 and H7 highly
pathogenic avian influenza subtypes. They also play a role in the pathogenesis of Ebaley &adbHIV
virusest*¥l n 2006, U.S. researchers inserted a furin cl
in Aefficient c¢cleavaged of the spike protein to ¢
ability of the spike comple t o me di a t*¢WhieaHe DEFUJSEspioposal eavisioned this work
being done in the 13., scientists at the WINnd other Wuhan based research instithtesdemonstrated
the ability and possessed the equipment necessary to insert a furin elesitao a related alpha
coronavirus strain as early as 261%

DEFUSE researchers were alaterested iranother section of the spike protein of SAR&ted
viruses, the receptor binding domain (RBD) found in the S1 subunit. EcoHealth and WIV researchers
identified that #dAsmal.]l d el et iRBDatter rislodf humaminfamn.da c i d s ]
fiwe will analyze the functional consequences of these RBD deletions on @RRS}CoV [human]
ACE2 receptor usage, growth in HAE cultures andivop at hogenesi s. 0 They furthe

amino acid deletions in the RBD to eval loatise fAwhet
strains to use human ACE2 and to grow in human ce
changes in the RBD of SARSe |l ated viruses and then introduce t|

viruses to see if they increased the r w@hlify g0 infect human lung cell$HAE) and increased
pathogenesis imivo animal studies (presumably humzetl mice).

After virus sampling was completed, the project planned to build a predictive model of coronavirus
diversity wusing, not only samples collected duri n;
bat samples from 6 Asian countries under USAIDf unded PREDI CT projecto whi c
over 1,800 viral strains (both coronaviruses and others). Once the predictive model was validated, Project
DEFUSE proposed creating an application that would warn soldiers if they were in dikedyeta have
bats carrying high risk coronaviruses with the potential to infect humans. Phase Il of the project involved
creating medical countermeasures that would boost bats immune system response and, it was hoped, result
i n the bat s 0ighiting ®ARSrelatesiwra infectionsfwhich would in turn reduce spillover
risk.

According to the DEFUSE proposal, researchers anticipated recovering between three to five viable
SARSrelatedviruses per yeaiDARPA did not approve or fund this propos#hether any of this research
was approved or funded by other potentigb.ldr China sponsors or performed by the WIV is unknown.
Experts interviewed as part of this investigation believe that WIV researchers had the technical competence
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to complete theproposed research, otherwise they would not have participated in the grant application.
Some experts believe that it is likely that WIV researchers would have completed part, if not most, of the
underlying research prior to submitting the DARPA proposal.

e. Other WIV Research: SARSrelated Viral Research in Transgenic Miceand Palm
Civets

Another clue about research at the WIV arises from a July 202dicenterview withShi Zhengli
She stated that the WIV performed vivo SARSrelated experiments in transgenic (human ACE
expressing) mice and palm civets in 2018 and 2019.

We performed in vivo experimemstransgenic mice (human ACEs expressing) mice and

civets in 2018 and 2019 in the | eweusedutebds [ WI
were bat SARJelated}CoV close to SARSCoV. Operation of this work was undertaken

strictly following the regulations on biosafety management of pathogenic microbes in

laboratories in China. The results suggested that the bat SB&®&Ecan diectly infect

civets and can also infect mice with human ACE2 receptors. Yet, it showed low
pathogenicity in mice and no pathogenicity in civets. These data are being sorted and will

be published sooi*t®

She did not specify whicBARSrelatedstrains were studied. Naydata or published studiésvebeen
released at the time of this report.

The significance ofhesefindings Shi shared is relevant to the origins of SAB8V-2. The fact
that the WIVwas studyingsARSrelatedstrains that had low and no pathogenicithimanizednice and
palm civets respectively reflects similarities to SARSV-2. Low humanized mouse pathology was noted
in two studies published early in the pandet#i€!*?! In both studies humanized mice, agedl {6mos.)
and juvenile (4.5 week) were intreasally infected. In both studies, aged mice 16$0% of their body
weight 5 days podnhfection but suffered no mortality. In contrast, 2007 human (h)ACE transgecec m
studies in SARS experiments had 100% mortafits.

Ot her than Shids Science interview, there is n
SARSHike virus research with transgenic mice or palm civets in the months leading up to the pandemic
Shi and her team first used transgenic mice at the WIV to study SARS and the known outbredk:

No studies infecting palm civets at the WIV haxer released.
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Chapter 11 Evidence of ResearcHRelated Event Hypothesist Outstanding Questions
Introduction:

The range of research activities evaluated as part of the investigation into the possilality of
researckrelatedorigin to the COVID19 pandemic span field collectioflmat coronavirus samples, initial
laboratory viral isolation and characterization, céll \itro) and animal i6 vivg) testing and medical
countermeasure development, including vaccine research. Each phase of this research presents distinct risks
for incidents, accidents, hazardous aerosol exposures and possible labacgtdgrgdinfections.
Particularly,if some of these activities were doneB8L-2 or in a poorly functioningBSL-3 facility.
Inadequate training and budgets would further increasesthefra researchelated incident.

The first section of this chapter examines the possibility that the WIV may have had GARS
2 or a close progenitor virus in its possession ga@ctober taNovember2019. This section includes an
analysis of the tr alelatedtvius ngseaoch that suggesw stdriing noSateRt8an
early 2018, the WIV was interested in discovering or engineer8RE relatedvirus with characteristics
like SARSCoV-2. This section will also examine why the WIV may not have published or otherwise
publicly revealed that it had SARSoV-2 or a close progenitor in its possession prior to the start of the
COVID-19 pandemic.

Section two identifies potential riskgsed by coronavirus reseatmpanalyzing specific published
WIV research, internal reports, procurements, intellectual property and available epidemiological data and
modeling.Internal WIV administrative and Chinese Communist Party (CCP) branch repodsenad
during this investigation and WIV patents and procurements suggest officials were aware of a variety
biosafety and biosecurity deficiencies that needed to be iediesh internal WIV report from mid
November 2019, specifically references past agderelated incidents that may have resulted in
unrecognized infectious aerosol releases. These reports and incidents occurred at a time when WIV
researchers were likely conducting SAR8V-2 vaccine development, including animal infection and
challenge sidigs!3241325

Section three of this chapter presents scenarios basthe amailable evidence to illustrate how
researckrelated incidents might have resulted in human infectiomifh)the virus. This section I&ke the
zoonotic analysis portion of this rep@md detaik scenarios that illustrate ways in which SAR8V-2
could have first infected humaas aconsequences a researchielated eventHowever, in contrast to the
previous zoonotic hypotheticals, whiele based largely on precedent and prototypical events but lack
specific supporting facts from the COI® pandemic, this chapter integrates data related to research
related activities at the WIV that can be further applied to plausible, rather thary ingpethetical,
scenarios.

The fourth section identifies outstanding questions relating to the plausibility of a ressated
incident. It identifies critical gaps in information and understanding of the origins of &R and the
pandemic. Addressing these gaps could provide greater clarity and certainty into possible origins of the
virus and the circumstances around the outbreak.
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1. Evidence SARSCoV-2, or a Direct Ancestor, Was in Wuhan Before the December 31,
2019

Proponent®f a zoonotic origin for SARE0oV-2 have emphasized that fthe
that the WIVi or any other laboratorly was working on SARE0oV-2, or any virus close enough to be
the progenitor, prior to the COVHR 9  p a n 'd*®Absent scraitiny, His statement is true: To date, the
WIV has denied that it had SARSoV-2 or a close progenitoits possession prior to the COWID®
pandemic. However, this position makes a number of unwarranted assumptions while ignoring relevant
circumstantial evidencimdicating that the WIV was looking for and could have had SARS-2 or a
close progenitor in its possession prior to the COX{fDpandemic.

a. Research Conducted at the WIV Leading Up to the Pandemic

In the years leading up to the pandemic, W&/ collected more than 20,000 baglated
samples3?’ During this period, WIV researchers actively sampled bats in Southern China and mainland
Southeast Asia where the SARSated viruses most similar to SARDV-2 have been collected and
identified 1?8 Viruses collected from these regions are 91.5 to @6sénilar overall to SARSCoV-2.132°
These includdRaTG 13, which was collected by WIV researchers in Yunnan Province and the BANAL
series of viruses collected by Pasteur Institute researchers id*f&&%.
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Figure61. Graphic on the left depicts the geographic distribution of SAdRSed viruses to SARSoV-2 in China
& Southeast Asia. The graphic on the right depicts phylogenetic analysis performed on EcoHealth Alliance in 2018.
The red boxed area identifies theogeaphic area wheiRaTG13 (Yunnan Province) and the BANAL series
(Northern Laos) SAR$elated coronaviruses were discovered.

Following sample collection, WIV researchers and other Wuhan institutions isolated, sequenced
and then characterized newly diseoed coronavirus€€®2 Sometimes, viral fragments would be recovered
from field samples thatlid not replicate in laboratory settings. Consequently, WIV researchers used
published techni gi&escuing nofiable siralfragmentg involkexpsariments
combining genetic materi al from multiple viruses,
determining how a virus may evolve in nature to infect humans and become a potential pandemic
pathogert33*
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Some of these chimeric virusasquired the ability to infect human cells and evade existing medical
countermeasure's® Publications show WIV researchers conducted infectious chimeric wirwiro
experiments ilBSL-2 settingst**® NIH guidelines specify that such research should be conducB&SlLin
3 laboratories®’Some U.S. laboratories performing similar experiments @RS relatedviruses used
enhanced levels of respiratory protection above that required byi.RIHboweredir purifying respirators
rather than N95 respirators)3®

Such chimeric viruses could have the potential for higher human infectivity compared to the natural
viruses used to create thé# The level of infectivity would not be immediately known to theaarcher
and only learned through subsequent experiment&titfihis is exemplified by experiments conducted by
WIV researchers in support of EcoHealth Alliance in the years leading up to the pandemic. In 2016,
EcoHealth Alliance submitted summaries tdHNhat showed three bat SAR8lated virugscreated by
WI'V researchers unexpectedly fat times reproduced
virus on which*Theysweamar baseal 0o st at edmeWHatt ] he al
more pathogeni c, wi th one c au $Whpther or @ot timd speeifict o | 0 ¢
research identified in these EcoHealth Alliance updates is unduly risky has been the subject of debate among
scientists34

While the complete scope of coronavirus research conducted at the WIV is unknown, documents
like theannual NIH progress reponsovided by EcoHealth Alliancerovideinsightsto better understand

the status of coronavirus research at the WIV prior toptleen d e mi ¢ . Those document s
genetic manipul ation experiments were an integral
further example, EcoHealth Alliance, in its DEFUSE grant proposal, sought to conduct genetic altering

expgiments on SARS el ated viruses with the intent of findi

ri sko for zoonotic spi¥™Nowvaebl ynhtohanpmapss alndd é s
to search for SAR®elated viruses that bind to iman ACE2 receptors, but whose spike protein differs

from SARS by 125% and have naturally occurring or partial furin cleavage sites. SARE2 spike

protein is approximately 24% different from that of SARS and it is the only S#eR$=d virus discovered

to date to have a furin cleavage $t8WIV and EcoHealth Alliance scientists were looking for a SARS

related virus with the following traits:

Table8. Traits of Prospective Pandemic Potential PathogenARSCoV-2

Desired Traits SARS-CoV-2
Divergesfrom SARSC o Vo6 s spi ke-26% bet ween \%
Have recombinant chimeric spike proteins showing genetic exchange be \%
human ACE2 and nehuman ACE2 (clade | and Il) SAR@lated strains
Have bat ACE2 receptors that might select for spike [prptRieceptor Vv
Binding-Domains(RBD) that can use human ACEZ2 receptors for entry
Have a complete proteolytic (furin) cleavage site vV

If scientists were unable to find a SARSated virus with these traits in nature, EcoHealth Alliance
proposed to manipulate threceptor binding domaionf SARSrelated viruses to increase their binding

202
Marshall.Senate.Gov



THE ORIGINS OF COY®D

affinity to human lung tissUB**E c o He a | t s DBRFUSE paoposat describes insertion of human
furin cleavage sites at the same location where one appears in GARS3134’

The EcoHealth Alliance DEFUSE proposal did not receive U.S. Government funding. However,
reporting suggests that the WIV may basompleted some or all of the proposed genetic manipulation
experiments nonethele¥$® Regardless, this proposal shows that WIV researchers had the interest and the
technical ability to conduct such experime¥it§To date, SARSCoV-2 is the only known camavirus to
have all the traitsought by the DEFUSE proposal

b. Delays Between Discovery and Publication in Coronavirus Research

The assumption that the WIV would immediately publish virus sequences from collected samples
is not correct. This is not how the orderly process of viral discovery and academic publication generally
works, including at the WIV. Researchers sometimes wats/to publish experimental data until it is
scientifically relevant. For example, the WIV collected what is now knowRad$13in June, 20133%°
WIV researchers then published a partial sequencRadfG13 in 20162%! The spike protein and
remaining segments &aTG13were sequenced in 2018 but not publish&tiThe full RaTG13sequence

was only published in a February 2020 after WIV researchers realized how similar it was teCOXRS
2.13531354

The discovery of SAR®elated virus SHC014 is another example. SHC014 was collected by WIV
scientists during a sampling expedition to Yunnan Province in-20121%°The article announcing its
discovery was published in October, 2013 but made no further disclosure of thentir@®18 when it
was included in an EcoHealth Alliance NIH annual grant réigt¥£>’ Even then, annual grant reports are
not ordinarily available for public review. During that period, WIV researchers grafted the SHC014 spike
protein onto a SARS backbomnrus and infected humanized mice to test its pandemic potéftfial.
Although the preliminary results showed unexpected significant viral growth and more severe disease in
the humanized mice, the researchers only disclosed the data t8°NTHe implicatiors of these findings
were significant to the broader scientific commurgigyhis experiment showed that recombination could
result in increased potential coronavirus transmissibility and viruléfftEhe documents related to these
experiments became knowio the public as a result of Congressional oversight and investigative
journalism.

A more recent example of delays in publishing on SARStedstrains may be due to new
implementation of newvgcientific techniquesor protocols WIV researcherpublisheda new protocol for
isolating additional SAR®elated viruses from previously collected sampldsing exogenous trypsin,
they successfully isolatetivo new clade 1 (possessing ACE2 receptors) amahew clade 2(lacking
ACE2 receptors)from 100 Rhinoliophus sinicugecal samples collected between 229 Supplying
higher trypsin leved permittedboth ACE2dependent aneéindependent sarbecovirusts be grown in
cultures that previouslyould not 13611362

Even with the exigent circumstances of the COMMpandemic and resulting increase in funding
and support, the process of collecting, screening, isolating, characterizing, and experimenting on
coronaviruses can imposelengthy delay between discovery and publication. The BANAL series of
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viruses, which contain the clat&nown relatives of SARE0V-2 were collected in 20285 The article
announcing their discovery was submitted on Septemt2623,,and formally publishé on February 16,
20221354 Similarly, the SARSelated virus RmYNO2, which is 93.3% similar to SARSV-2, was
collected between May and July 2019. The article announcing its discovery was first published a year later,
on May 11, 2020-¢° Many scientific jounals, particularly the most prestigious ones, encourage
withholding public disclosure of underlying data or scientific discoveries until publication giving the
journal exclusivity.

These examples highlight the fact that there are several reasons wekgaacher might not
immediately, as in the case BATG 13, or ever publish data related to a newly identified SA&Sted
bat virus. Even if a scientific discovery is worthy of publication, the time needed to perform the science,
analyze the data and fira manuscript can be lengthy and delay publicafiéin.

PRC censorship raises another reason to scrutinize the timeliness and transparency@b8ARS
2-related research in China. PRC censorship orders issued in March 2020 cemueiizedfall COVID-
19 publications under a special task fof®T he pl an i s described in a noti
ma d e p anb applied,todall universities, companies and medical and research institutions if*€hina.
Recently release emails suggest thatkistence of thaTG 13 strainwas not approved for relea’sé®

c. Unpublished SARSRelatedViruses in the WIV Database and Censorship

On September 12, 2019, the WIV removed \t¥iddlife -Borne Viral Pathogen Database from its
website, including grassword protected section for data not yet published. The database reportedly
contained more than 15,000 samples from bats and over 1,400 bat Af826. of the viruses were
SARSrelated viruses®? 1372 The disabled database reportedly held an estimated 100 unpublished
sequences of SAR®Ilated viruses, the stgenera to which SARE0V-2 belongg?™

Despite the WIVdenyinghaving SARSCoV-2 or a progenitor virus in their possession prior to
the COVID-19 outbreak, the Institute hawever disclosed thenpublished viral sequences or to allow an
independent review of the unpublished sequehé¢€@/estern researchers who have collaborated with the
WIV on coronavirus research do not seem to know the full exterof t he WI V6s hol din

Al l'i ance President and Chi ef Scienti st Peter Dasz
seen pages of it from the internet ,h ®°Daszakteasoned chat s
thh s is because A[w]e didnot Heed to! We had all tt

While on the one handecaHealth Alliance was satisfied with the amount of information WIV
researchers were sharing as it related to projects funded with NHgranbfunds, Daszak wé on to
intimate that EcoHealth Alliance was not completely aware of the research WIV scientists were conducting
before the pandemiparticularlyresearcu s i ng ot her funds. This is highld.
into the history oRaTG13,t o whi ¢ h Ra&lGIli3wasna froenéd samfle collected under the
[EcoHealth Alliance] NIH grant. Sove di dnét have any oversig¥ht on t
Consequently, after years of ongoing collaboration, the insights e¥\fignscientists are seemingly of
limited value regarding the question of what exactly WIV researchers were studying and what strains they
could have manipulated leading up to the pandemic.
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Nonetheless, WIV publications, U.S. grant documents and presentations paviesense of the
types of viruses that were known to be in the WIV
sites across China with Yunnan, Guangxi and Guangdong provinces where bats carry coronaviruses that
have an affinity for human ACE2 reuters’®*®*Gr ant documents submitted to N
sampling efforts in conjunction with EcoHealth Alliance resulted in 671 individual bat samples from 20
species in 2017 alofd®EcoHeal t hds Year 4 grant sunmuencey i ncl
obtained from northern Laos. Th&rainsor sequences recovered from thegionwere not identified in
this summary.

Beyond what is known from limited disclosures related to projects from U.S. government funding
sources, the WIV was also inveld in sample expeditions undertaken as part of the China National Global
Virome Initiative *° Funding from this program supported the 2@D20 sampling expedition that
discovered RmYNO2 in southern Yunnan Province whicheigrwhere the BANAL coronavirustrains
were recovered. These locations were between 3 and 23 miles from the border with Laos and significantly
overlaps thed Oi 18-mile estimated range for bat migratid#f*'32Further insights might be deduced if the
PRC allows independent third parttegeview information related this program and other experiments that
were domestically funded.

2. Likelihood or Evidence of a Researctrelated Incident at WIV
a. Background

Leading up to the pandemic, the WIV had significant biosafety and biosecurity shortcomings that
were detailed irJ.S. State Department cablegiministrative reports, academic publications, biosafety
patents, and procurement&il384138a1Be Wi t h t he st art of oBSke4laborataoyns at |
in late 2017 to 2018, government officials pressured WIV researchers to perform cutting edge infectious
di sease research to achieve fl eapfr ogdgnadgealsddr o p ment
biotechnology-3’ During this period, biosafety concermesntinuel to be raised even asmthogen research
at the WIV increased in sophistication and sé#fe.

Efforts by the WIV to improve biosafety were hampered by a lack of access tocadviareign

bi osafety technologies and material s. This Il ack o
researchers and safety expé#téAs the Secretary General of the CCP Committee at the WIV emphasized

during a June 2019 meeting with WIVfof ci al s, addressing the fistrangl
ipushing forward the construction andé d¥wel opmen
WIVés | imited access to key fadbhoadavaejopmehtiara praductiany t e c |
of domestic biosafety methods and equipmérit.e | i mi t s of the WIV6és organi
have been exceeded by a virus that had paantialfor human respiratory infectivity.

b. Biosafety Operational Problems

The WIVés budget and number of trained and exrg
pace with the scope, scale, and sophistication of its virology resédriebr exampd, in November 2019
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WIV BSL-4r esearchers complained that tiihneoy ehgaudi ptme no v 6
technology standards, no design and construction
high-containmentaboratory:3*2While they also reported success in addressing these challenges, biosafety
patentdiled by WIV researchermdicated an ad hetrial and error approach.

The WBSL&sdaboratoriesmay have hadgreater resource,equipment and personnel
deficiencies affecting biosafetifanthe BSL-4 laboratory*3*3On March 1, 2019, a procurement notice was
published solicitinggcompetitivebids for themaintenance project of the BLSlaboratory and experimental
ani mal center at the WSIV0Os new campus ®Zhengdi an

In May 2019, the Director of the WNBSL-4 laboratory warned that imigh-containment
laboratorie in China:

Maintenance cost[s] [are] generally neglected; severalleigil BSLs have insufficient
operational funds for routine yet vital processes. Due to the limited resources, some BSL
3 laboratories run on extremely minimal operational costs®ranme cases none at al

Currently, most laboratories lack specialized biosafety managers and engineers. In such
facilities, some of the skilled staffre composedf parttime researchers. This makes it
difficult to identify and mitigate potential sajethazards in facility and equipment
operation early enough. Nonetheless, biosafety awareness, professional knowledge, and
operational skill training still need to be improved among laboratory perstfhel.

This investigation found evidence thithtoughout 2019, the WIV attempted to address biosafety
deficiencies through domestically designed equipment and corrective procurements. A series of
procurements and patents in the Fall of 2019 highfigherabiosafetyrelated issues proximate to the time
of COVID-196s emer gence i nnotddre maltiple pa@its apdaprotuiemeants @elated to
the maintenance of negative pressure inside laboratories anddnghinment biosafety equipment such
asautoclaves; ensuring air sanitization; and reducing corrosive impact of disinfectants.

BSL-3 laboratories depend on negative pressure to maintain protective biocontainment. On April
24, 2019, WIV researchers submitted a patent for an auxiliary exfzaust fnaintain negative pressure
gradients inBSL-3 and BSL-4 high-containmentiaboratories. Maintaining negative pressure gradients
ensures biocontainment is particularly importarB8L-3 laboratories as they are not hermetically sealed
like BSL-4. This auxiliary fan was intended to prevent the risks of loss of negative pressure in the event of
fan control failures, mechanical failures during fumigation and human dtrneas also intended to assist
in fumigationwith disinfectantsduring postexperiment sanitization These exhaust fans also addressed
problems disinfecting ventilation shafts and improving penetration of disinfectants into HEPAifers.

OnAugust 142019, the WIV issued a procurement notice for a project involviegisonmental
air disinfection system and scalable automated sample storage management system. The procurement order
was issued by the original Xiaohongshan WIV camgpescifying thatit was for BSL-3 and ABSL=3
laboratories theré'he budget for the proje was approximately 13. $1.3 million*%" This upgraded
disinfection system usedhporized hydrogen peroxide to decontaminate laboratory surfaces. A gaseous
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hydrogen peroxide disinfection system is an effective, less corrosive means to sterilize arlatimato
formaldehyde and other such agents used by WIV reseatétfers.

A November 15,2019 WIV patent describes an invention that is a tourniquet used in WIV
bi ocontainment | abor asxpsed sccgdentaly eeapeciakly svieen wocsinsh ass a r
needl e pricks &% Theinverdiahés a whike devicethat gaes over the injured finger.
This novel device would appear to mitigate the dékxcessive bleedinfjom an animal bite, accidental
needlestick or other puncture wound. Puncture wounds are the most commoce solidentified
laboratory accidents and one of the most common routes of confiaiectoryacquired infection&*®
A tourniquet of this design would not, however, eliminate all risk of subsequent infection if the researcher
was exposed to a highly infilous agent**

On November 19, 2019, the WIV issued a sole source, short suspense procurement request for an
air incinerator at the original WIXiaohongsharcampus:*®?Air incineration is a historic but effective
means to steril iézaerosdlahambpkoxfroraéu appaeatlis emplayed for respiratory
chal | en g e '%Prior#orhe adaentof. HEPA filters, air incinerators, though expensive tilinst
and operate, were the mainstay of hegimtainment air sterilizatiotf?414051406

The procuremengtated that the incinerator was needed to sterilize exhaust gas bimsaéety
autoclave at the WIV Xiaohongshan campus. The procurement described #m autoclave system as
having aserial,doubleHEPA filter assembly. The air incinerator would be added tatieclaveexhaust
pipe to incinerate all thexhaust gadischarged from the autocla¥®’ This procurement suggests that the
WI V6 s aut ecentrabWubkaranmpus ivds :iot completely sterilizing infectious contents and/or the
autoclave HEPA filters were not sufficiently sanitizipgtentiallyinfectious exhaust gases.

A related patent submitted earlier on April 2219, indicated WIV researchers encountered
problems with biosafety autoclaves being ugedsterilize waste generated by infectious pathogen
experiments*®®They cited problemél) not being able to achieve required sterilization temperat(2gs;
potential leaks around the autoclave dparsd (3) excessive condensation and moisture of autoclaved
infectious material$!*® The patentproposedcthanging theprocedurdeavingthe autoclag exhaust valve
open during the sterilization proceskhis practice appear® be at variance with typical autoclave
proceduregandwarranedfurther examination.
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Figure &. Graphic depiction of Biosafety Autoclave contained in the April 22, 2019 WIV patent describing changes

to the design and procedures. The insertion of the proposed November 19, 2019 procurement of an air incinerator is
superimposed on the graphic as @&sadescribed in the procurement noti&eurce: Wuhan Institute of Virology. 2019.

Patent:No. 201910325059.0 Biosafety autoclave and sterilization method.
https://patents.google.com/patent/CN210078382U/en?assignee=Wuhan+Institute+of+Virology+of+CAS&sort=new&page=12

AThe Wuhan Institute of Virol ogy ofingle-$oerce@rbcurenest methbdta de my of S
publicize the procurement of air incineration devices and te
Dec. 2019https://archive.is/iqr#selection229.0229.197

An autoclave useadirectsteancontact tosterilizematerials There are four parametersaaftoclave
sterilization: steam, pressure, temperature,andfimey s at ur ated st eamnmsusadlr yness
preferentially in sterilization 41° Pressure(15 pounds per square inclensures achievinghe high
temperatures necessary to quickly kill microorganisms. Specific temperatures must be obtained to ensure
microbicidal activity. Thee aretwo common stearsterilizing temperaturesdl21°C (250°F) and 132°C
(270°F) 11 These temperaturesust be maintained for a minimal time to kill microorganisiiitse time
required is dependent on the type of autoclave and temperature used. Time is also determined by the type
of product to be sterilized and the nature of the infectioaterial to be disinfecteld!?

Thereare twobasic types of steam autoclavesgravity displacement autoclave aadigh-speed
prevacuum sterilizer. In the former, steaminigectedat the top or the sides of the sterilizing chamber
Because steam is lighter than, airforcesthe air out the bottom of the chambtitrough a vent drain
Gravity displacement autoclaves are primarily used to process laboratory media, water, phaahaceuti
products, regulated medical waste, and nonporous articles whose stetpgesdirect steam contaét!?

The highspeed presacuum sterilizers are similar to the gravity displacenaembclave except they are
fitted with a vacuum pump to ensure air removal fromath@clavebefore the steam igjected'*'4

According to established practices for either type, air within the autoclave chamber is typically
removedduring orprior to the injection of pressurized steam during the first sihthe sterilization cycle
descri bed as tirhiseemdvedandfifezed thrpuytaasHEPA filketo prevent the escape of
potential infectious aerosol®nce a vacuum is creatalle second stage of the sterilization cycle begins
with the injection of pressurizesteam to meet the requisite temperatpressure and duratidrased on
pre-existing biosafetyecommendations and best practices

208
Marshall.Senate.Gov


https://patents.google.com/patent/CN210078382U/en?assignee=Wuhan+Institute+of+Virology+of+CAS&sort=new&page=12
https://archive.is/Jifqr#selection-229.0-229.197

THE ORIGINS OF COY®D

The April 2019 WIV patentescribedeaving thefiexhaust valve opeand then injeging] steam
into the chambeé to achieve heating and sterilization, which has the advantage of precise control of
temperature and ensures very (go oTheplocegsdesgeddldf ect by
negativelyimpact achieving théemperature angressuregparametersequired for effective sterilization.
Further, acording to biosafety expertsxlgusting pressimed steam through serial hydrophilic HEPA
filters coulddegrade them and reduce their @leeffectiveness over timé&xperts indicated that the risk
could bemitigatedwith routine HEPA filter inspectia) maintenance anfilter replacement as required.
Inspection of HEPA filtersis recommendednnuallyand replaced as needét® Whether tle November
19, 2019air incineratomprocurement was necessary to addthegarticularrisk of HEPA filter failureis
not known.

A December 11, 2019 WIV patemtndi cat es t hat WI Vs transfer
unrecognized HEPA filter failur&!® A biocontainment transfer cabinet is used to mofectedlaboratory
animals from aBSL-3/BSL-4 laboratory to a holdindABSL-3/4 facility or transfer them from amal
holding rooms to a specific procedure ro8#ti.According to researchers from the Wuhan University
Institute of Animal Models ABSE3 laboratory, mfectedanimals create a variety of potenti@zardous
infectious aerosols from urine, feces, fur and bgpiration!*® Transporting an infected experimental
animal requires ensuring sufficient air exchange to meet the physiological needs of the animal while
preventing the inadvertent release, including escape, of the animal or th&8Jdmse units are designed
to pump in HEPA filtered air for the animals and expel twice HEPA filtered air out of the cabimmtring
the exhaust air is effectiveEPA filtered is a critical biocontainment feature.

The problem the patent addressedwvash en an acci dent occurs in th
effective monitoring device is not available for judging whether the equipment is nj@peahting]or
n o t*?°The patent described developing a sensor toctigthen HEPA filters had failed or were not
operating correctly*?* This particular patent application described specific problems with a HEPA filter
connection t hastt ageedThe patbnsiescribedthelreguirement that the HEPA filte
holder should be fApreferably made of 7075%2aircraf
Stainless steel corrosion is a weticumented challenge in both the food and pharmaceutical industries and
biosafety laboratorie¥?*China made extensivese of stainless steel in the design and construction of its
high-containmentaboratories and equipment for ekdivel and smalland mediurssized animal infections
studiest*?®

This investigation also identified the type of liquid disinfectant the Véportedly used in its high
containment laboratories. As described in a published study, the WIV used a more concentrated disinfectant
than recommended by its manufactuf@#l4?’ As described bythe U.S. licensed manufactureof the
product, fthe higher é concentr afAdNavemberi302mmor e c o
WIV patent details an improved formulation for a liquid disinfectant used in theirdogtainment
laboratories.

The i mpr ov e d]educefs]the toardsioncefiect o [metal, especisiynlesssteel
mat erThephtenb c hoi ng t he manuf act ur[lpingdesmusedafthd ng concl
previous disinfectant] will lead to corrosion of metal components such as stainlesthetebly reducing
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the protection of ¢é facilities and equipmentéshor
also lead to the escape of highly pathogenic microorganisms into the external environment of the
laboratory, resulting in loss of éfand property and serious social problétfs.

c. SARSCoV-2 NovelCharacteristics & BioSafety Precautions

SARSCoV-2is unlike anypreviouslyidentified SARSrelatedcoronavirusThe virusd
characteristicsinnate humamffinity, transmissibility asymptomatic spreadnd lower virulence are
uniquel4d143ila®lassT [ e WhitialBSL-2ihandling andexperimentatiorof unknown natural and
recombinant SARS$elated viruseslid not conformwith established internationblosafetynorms While
t h e VghsVexperience with less infective SARSated viruses established mstitutionalprecedet)
this approacldid not consider the potentiahexpectedliscovery or uanticipatedoutcome of revese
genetic experiments resultingemhanced infectivity or virulence

Researchingovel coronaviruses emanating fraithernature or laboratory experimentation
required at least BSB level conditionsConcerns about the creationfimew kinds of hybrid plasmids or
viruses, with biological activity anfii nuanyp rperdoivcet a b |
hazardoustb abor at ory wor ker sfirstaased int1973Thehfiesst NfHwgldelineso wer e
were issued in 1975 amtibsequentlyevised several timeé3* The publishedprecedence fansing
enhanced BSI3 procedures when conductiB@\RSrelated recombinanesearch was established in
2015¥%Th e  WIexistingBSL-3 biosafety gidelines proceduresand safeguardsvolving chimeric
SARSrelated virusesnay have beeimadequatdor thiskind of researclor handlinga virus such as
SARSCoV-2. It may have, however, beéme result ofimitations invoked by the PRC Government.

As noted in a 2018 U.S. State Department cable, t WI V 6 s -4 waswot iBitilly
accredited to work with the human SARS vittiThe WIV BSL-4 laboratory obtained permission from
the National Health and Family Planning Commission (NHFPC) to perform research on Ebola, Nipah and
Xinjiang hemorrhagic fever viruses. Despite this permission, the PRC Government did not permit the
WIV to import Ebola viruses. Further, despiiei Zhengld s 8 8dining and research on
coronaviruses such as SARS and ME-Bhe NHFPC denied her request to study these viruses in the
WI V 6 s -4 Bi®ilatory. Howhisd escr i bed fAopaque goneoeealnmemdoéceeye £
impacted WIV biosafety guidelines and practices related to coronavirus research could not be
ascertained®’

Theinitial isolation creatian, orcharacterization of a nov8lARSrelatedcoronavirus may have
gone unrecoghizedccor ding to WIVds r es e aaffmityangvirdencec ol , a v
would be firstdemonstrated in cell culture experimetttat were conducted in BS2 conditions The
pathogenicity and transmissibility of the virus, however, would only bredeleas the result of later
humanizednice or other animaBSL-3 experiments.Standard BSt3 precautions, howevemay not
have been adequate. Thgk of SARSCoV-2 6hgyh humaninfectivity thatrequired enhanced BS&
practiceanayhave gonenitially unrecognizedTheneed for positive air pressure respirators or pressure
safety suitsused in BSE4 settingswould likely be required.
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Discovering a novel virus with high human infectivity like SARS8V-2 could plausibly result in
a laboratoryacquied infection.Compounding this possibility is the likelihood individuals infected may
have beemsymptomatic or had milslymptons yet could infect others. The initial infection of researchers
or otherscould have gonenrecognized or mistaken for commosaiiders such as seasonal colds or
allergies.The absence of specific diagnostics would further obfuscate the underlying cdesgyor
prompt containment or isolation of cases. Whether this chain of events indeed happeired further
data,investigation and analyses.

d. Months Leading Up to the Pandemic: WIV and Government Actions

Thefull scope and scale of animal experiments being conducted at the WIV in 2018 and 2019 are
unclear. As of 2018 the WIV was experimentally infectmngnanized mice that expressed human ACE2
receptors with chimeric SAR&Ilated coronavirusé$>® The limited information available on the results
of these experiments indicated that SARRted bat coronaviruses could infect and cause severe illness in
humanized mice***The full results of these experiments have never been published and the WIV was
terminated as a stdrantee by NIH for failing to produce its laboratory notes and other records relating to
these experiment4?°

However, the convergence of posticated coronavirus research, government demands for
scientific breakthroughs, and biosafety problems at the WIV appears to have peaked ipstinarade or
earlyfall of 20194 From June to August, 2019, WIV leadership published multiple reportessipg
concerns about biosafety shortcomings due to limited availability of equipment and trained péféonnel.
Multiple PRC government entities in Wuhan and at the national level began procuring pathogen detection
(polymerase chain reactid?CR) instrumets. China conductednational, regional and loc@hfectious
disease outbreak exercises and drills.

On Septembet8,2019, Wuhan officials conducted an emergency response drill at its international
airport The drill included identifying and responding to an arriving passenger infected with a novel
coronavirust**® Also in Septembe2 01 9, Chinads National Peoplebds C
strengthen the management of laboratories involved in pathogen researaghpamee adherence to
national standards and requirements for biosafety. It specifies that:

[Llow-level pathogenic microorganism laboratories shall not engage in pathogenic
microorganism experiments that should be conducted in-leigh pathogenic

microor gani s m | a b-evelpattogenienicéobtgagidm laboratories engaging

in experimental activities of highly pathogenic or suspected highly pathogenic
microorganisms shall be approved by the health or agriculture and rural authorities at or

above he provincial level. For pathogenic microorganisms that have not been discovered

or have been eliminatedérelevant experimental
approvaf444

A November 12, 2019 report by the WBSL-41 abor at or y 6 s Bncmexpresslyst Par
referenced past responses to biosafet yThhiswasdent s
followed byalocal news media repodn November 15,2018 bout t he Wuhan Univer si
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Animal Models not being involved i8ARSrelated vaccine studies since 2015. This false possibly
deceptive report ignored or covered up fmman primate SARS vaccine challenge studies the Institute
performed in 2017

Then, on November 19, 2019, the WIV hosted a special tragésgion led by the senior CAS
bi osafety/ biosecurity official who relayed @i mpor
to the WV regarding the fAcompl ex YArdmtgercentex, si t ua
the reporttoCCPelader shi p appears to have deal t¥waitheh fAsaf
same training session, the Deputy Director of the
severe consequences that could result from hidden safety dangers, and stressed that the rectification of
hidden safety risks must be thoroughand management st ana*dhe Nogemibeu st be
19" senior leadership session was followed by a two and half day remedial biosafety training session for
WIV researchers and individuals from other Wuhan research institutes such as Wulesityniv

A government notice on May 6, 2020, Li Hongliang, the Director of the University Institute of
Model Animalsi act i vel y o fathe tham deing removed foim gfficd’ He was also removed
as the director of the Wuhan University Animagr@er and director of its ABSR laboratory. A later
September 2020 news report indicated he was bein
research that won a national science awar dn As de
some form to their researcho since fit represente
supp®rt. o

3. Plausible Scenarios for Researctrelated Infection(s) Based on Collected Evidence

This investigatiorevaluateda studyperformed by a academic disease modeler and reseathheis
currently undergoing peer review to compare potential alternative emergence mechanisms. The model
uses the base case of a natural zoonotic spillover where bats were trafficked/sold/exposed in an animal
fiwetd market, resulting in spillover infections to other animals and humans. This analysis also considers
researckrelated pathways. In particular, an incident of escaped lab animals that could mimic an almost
identical energences a wet market spillover rdsng in infected animals and humans.

Based orthis analysisthe epidemiology of the outbreak could have resulted from several possible
virus introduction scenarios. These scenarios include a solitary resekatelll acquired infection, escape
of an nfected animal as well as a natural zoonotic spillover event. The ability to discern the origin of
researckrelated incident is challenged by thistoric probability that the exact nature of the event that
resultedin a laboratoryacquired infectionwas rever determined in 80% of the cas®s.

Thisr e s e a madhl also éwaluates the possibility of accidental human infection in a laboratory.
Multiple lineages of SARE0V-2 viruses early on support a laboratory event where the existence of two
lineages could point to simultaneous huaaman and humaanimathuman infection. The latter path is
convoluted as it requires multiple events to be aligned to trigger a pandemiccdimsiocould result in
an index caseccurringas early aguly or August 2019.
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In constructingthese scenarios, thigvestigation considered the entire spectrum of possible
incidents that could result in a researelated incident and subsequent laboratgguired infection. The
nature of thedocumenteatoronavirus research conducted by the WIV and other Wuhan beseaich
institutions incurred risks that spanned the scope of field and laboratory activities.

a. Risk of Researchrelated incidents in Field Collection Expeditions

The risk of researclelated incidents begins with field expeditions where WIV researcrats
coll aborators first collect bat samples. As an ex|
has said, fieldwork to collect potenti al pandemic
One particularly poignant example tfe risk of such field research is presented by Tian Junhua, a
researcher from the Wuhan CCDC, who was featured in a television documentary released on December
10, 2019. In the film, Tian and his colleagues were shown collecting bat samples from ddubgiin
Province. The researchers opedaite a challenging setting with limited light and sometimes only with
partial personal protective equipmegRPE)with exposed skin. In 2017, Tian told the stata Wuhan
Evening News that he once forgot his PPEwrals fAispl atteredo with bat uri ne
isolate for two weeks.

Tianbs experience highlights that capturing ba
and fecal samples risks researcher exposure to potentially infeatiaterials and aerosols. Handling bats
also risks bites or scratches which could create wounds and provide a direct route of transmission for
pathogensThese bites and scratches are often small and can go unnoticed. The handling of bats in field
settings compares starkly to laboratory settings, where animals are used#yed t@void stress on the
animal and reduce risk of researcher exposure before they are handled and samples collected. In the wild,
sedating bats caught in traps itself risks bdiin@r scratched

While the ChinaWHO report says Dr. Shi told the visiting team that all field work is done with
full protective equipment (to include N95 masks, Tyvblodysuits, goggles and gloves), a June 2018
lecture given by Shi contradicts this statement. During the lecture, Dr. Shi described collecting bat samples

wearing fAthin surgical masks and rubber gleoves ac
unmasked with bare hands. d According to Shi, Al ]
okay, 0 bec-hoseemdssehats cannot infect humans dir

where her team identified serological evidermfe direct batto-human spillover events in human
populations near bat coloni&§?A Wuhan CCDC scientist who, like the WIV team, regularly conducts

bat sampling expeditions, is quoted as saying, A
are most at ri sk of i nfection. o The CCDC scienti s
C 0ome i n contact wi t h bat excrement and clnt ami na

According to Shi, her researchers do not adhetieet®e kinds of standards in practice.

The realities of possible researcher infection during sample collection are borne out in the PPE
recommendations found in Applied Biosafety, where
at the fieldsite, in sizes and fittings appropriate for each individual researcher. Finally, all personnel should
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be trained in the risks and planned activities fc
given field expeditions posisksto researcherg>

Taking Shids seemingly nonchal ant attitude t ow
consideringShi 6 s own r es ear cttthuman mhfectiolmd do,nngfactd aceure Taken asaat
whole, these facts indicate a WIV researcher coalelbeen infected with SARSoV-2 during field
expedition activities. Under this scenario, an infected researcher could serve as a continuous common
source of infection leading the COWAD® outbreak in Wuhan. This scenario is consistent with the early
epidemiology showing rapid spread of the virus in multiple areas of Wuhan.

Tianbés and Shids actions flagrantly disregard
February2019 journal article***No reports of incidents or infections related to these sample collection
activities were identified during thiavestigation.

b. Infection of a Researcher During Initial Laboratory Evaluation and Characterization of
Coronaviruses inBSL-2 Settings

After sample collection in the field, virus samples were transported back to Wuhan where often
graduate students atethnicians would follow a poedureof detecting, isolating and sequencing SARS
related bat viruses. Attempting to identify an unknown pathogen in a saaptesult insolating a viable
virus. For the purposes of the WIV SARSated virus researchxtracting a viable virus and growing it
into a pure culture is the idealized estdte'*%

In the years leading up to the pandemic, WIV researchers screened thousands of unknown samples
using ths approach*” Each presented an opportunity for a reseaezdted incident angdossiblanfection.
Experiments to detect, isolate, and sequence unknown pathogens involved diluting samples, suctioning,
mixing, pipetting, andcentrifugation'*>® Accidents resulting idaboratoryacquired infectionsre more
frequent wih pipettes or syringes and needles than centriftf§&Sentrifuges, however, deserve additional
mention.

Centrifuges can produce large amounts of hazardous infectious aefd&oRentrifugation is
notable for the possibility of two serious hazards:chamical failure and dispersion of aerosols. A
catastrophienechanical failure can produce not only aerosols but hazardous fraghatmouldresult in
traumatic injuiesto personnel?®! A centrifuge can also proda large amounts of unrecognizeazardous
infectious aerosols if not properly opemt#socausingarisk for multiple exposure¥s?

This risk was succinctly described by researchersfromChim@ r i sk of fcuts, acu
exposureofskinnmuosa, and eyes directly exposed to infectdi
aerosols, etc.0dr ¢ halswaysaeprosoéentexposure risk #fi

a ct i VP sherts thednitial isolation and cultivatiaf unknown viral pathogens that might have the
ability to infect humans is risky, but even riskieinifproper personal and laboratory biosafetsctice are
used.

In addition to the risk associated with the efforisimlateyet undiscoverediruses fromhousands
of samples collected from the wild/IV researcherpublishedstudiesof experiments creatingnd using
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live, recombinant SARSelatedviruses in BSL-2 sdtings prior to the pandemit#6>1466,1467.1468 The
possibility existsthat WIV researchersliscovered createdr researched aovelvirus like SARSCoV-2
in BSL-2 conditions It is further possible that a researcher may have been infected dtivasg
experiments.

Dependingonth® i r us 6 theexpodure ould kegd toa mild or subclinical illnessThe
asymptomatior atypical clinical presentation may not be nalioe meetthe crieria for selfreporting.
Further, individual researchers and technicihs became ilmay not presdrthemselvegor evaluation
in light of possible punishment, loss of wages or professional sfitffh@his investigation noted thanly
after the outbreak of SARGoV-2 startedwere virus cultivation as well as animal experimargimgthe
virus were mandatet be done onlyn BSL-3 laboratories*”°

c. Researchrelated Incident Due to Escape of an Experimental Animal

Another route by wWwich laboratory research could have caused the first human infection involves
the escape or sale of experimental animals. Infectious laboratory animals which are or were used in
experiments can escape and infect humdhsnimal escapes can pose a riskdesand outside laboratory
settings and can result from improperly secured cage lids or doors, or other containment!f&ilures.
Infected animals that escape the laboratory can infect those in the comtfiidnity.

More generally, species known to have bedd fmr human consumption in live animal markets
in Hubei were also known to have been experimental animals at the SI\Zhengli said in a 2020
interview with Sciencethat the WIV was performing SAR&Ilated experiments in transgenic mice and
palm civetst*”* Palm civets were the intermediate host of the 2003 SARS epideémaverage of 29 palm
civets total were sold each month at the 17 wet markets in W{ds. Shi detailed in her interview, the
results of their st u-tklatedsviruSes cag dgrectytinéed civeth and alsb mfect SARS
mice with human ACE2 receptors. Yet it showed low pathogenicity in mice and no pathogerisigts.
Thee data ar e b e i*fThespstudiels andatachdve sobyet beerdpublished.

Although no evidence was found that WIV researchers sold experimental animals rather than
destroying them, there is precedent for such behavior in China. On Jan@a®03a professor at China
Agricultural University in Beijing was sentenced for corruption and for selling animals and animal products
after laboratory experiments. Experimental pigs, cattle, and milk were sold over the course of four years,
from 2008 ta2012147" The October 2026raft Biosafety and Biosecurity Legislation specifically called for
strengthening oversight fi of experi ment al ani mal s
iintroduc[ing] animals usedei* experimentation in:

Thus, the possible escape of an infected experimental animal from the Wi\plausible
explanation for causing the first human infections. In addition to the vaccine animal experiments likely
conducted by Zhou, WIV researchers are on the recdrah@sg conducted SAR&Iated infectious studies
on the types of animals that are susceptible to infection with SB&R&2. Either of these efforts could
have resulted in the escape of an animal infected with SB&RE2.
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Whether by accidental or intential release, human contact with an infected WIV experimental
animal is a possible explanation for the introduction of SARY-2 into Wuhan. WIV researchers are on
the record as having conducted SAR®ted infectious studies on the types of animalsateasusceptible
to infection with SARSCoV-2 in the months leading up to the pandemic. Under this scenario, an infected
animals) could serve as a continuous common source of infection leading to the €XO\WDtbreak in
Wuhan. This scenario is consistenith the early epidemiology showing rapid spread of the virus in
multiple areas of Wuhanit would also be consistent with zoonotic source but reseatated.

d. Researchrelated Incident and Researcher Exposure During Animal Experiments

Ani mal experiments represent aintopptensadpandéndacl el e m
pathogens like SARS°As illustrated by the vaccine animal studies performed by Zhou, CanSinoBIO
AMMS and others, animal model experiments (including thosd witmanized micend norhuman
primates)have played an important role in the characterization of the pathophysiology of diSdeses
have also served to determimechanisms of injuryidentify drug target, and evaluanovel therapeutic
agents for toicity/safety, pharmacokinetics, pharmacodynamics, and effitd¢umanized micgin
particularare acritical tool in evaluating the pathogenic effects of SAR&ted and other potential human
viral pathogens. Humanized miaad norhuman primateare dso essential in the evaluation of potential
medical countermeasures such as therapeutic drugs, antibodies and vaccines. The WIV conducted bat
SARSrelated virus experiments with animals including humanized aenicecivetsn 2018 and 20198
1482 1n near proximity to the original campus of the WMWuhan University Institute of Animal Models
performed norhuman primate SAR&elated vaccine challenge studmest recentlyn 2017483

In China,animal experiments involving highly infectious agests required to be conducted in an
BSL-3/ABSL-3 facilities*®* However, email correspondence in February 2020 betweeiNtieDirector
Francis Collins, themMIAID Director Anthony Fauci, and Director of the Wellcome Trust, a large UK
based medicalesearch charity, Dr. Jeremey Farrar, sbdwaoncern that the WIV may have conducted
SARSrelated virus research using humanized raiggressing ACE 2 receptarsBSL-2 facilities:

Coallins: Yes, | 6d be very interestestagdiim t he prorg
animals (which ones?).

Fauci: ?? Serial passage in ACEH2nsgenic mice

Farrar: Exactly!

Collins: Surely that woul-2lab®dt be done in a BSL
Farrar: Wild Wese .

As described byVIV researchers in interviews and publicatiptisey admittedto conducting
SARS-relatedcoronavirus research iBSL-2 facilities. Isolation and characterization of nO@ARS
relatedcoronaviruses occurredBEL-2, i n accor danc-€OWD-19pandemie biodélfelyd s p r ¢
policies. Public disclosure that the WIV was dothgtin BSL-2 settingscausedsomeexperts to change
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their opinion as to the likely origin of the pandemic towards a laboratory accidgogietira that Dr. Farrar
thought it wasextremely reckless fothe WIV to conduct animal infection experiments BSL-2
laboratories with humanizedice

It is worth noting thaABSL-3 facilities require more complex biosafety management practices
than BSI-3 facilities.*®> Both WIV campuses have dedicated animal holding facilities aB&LA3
laboratories to support such experiments. Animal welfare is a central consideration so that the models used
provide researchers with Wttappeasibhe BSL/ABSE fadiliema&nt al a
the new Zhengdian WIV campus were not fudlyerational in the Fall of 2018iocontainment for mice
and norhuman primates used in higlontainment infectious disease research requires customized animal
cages based on experimental demands and the risk of the agent being*$flltisdahot clear whether the
Xiaohongshan campus had the means to manage infectedunan primates. It is evidefom past
published researghowever, that the nearby Wuhan Universitstituteof Model Animals did*&®

Infected animals are a signifint source of infectious aerosé®As Wuhan University animal
researchers wrote 2019:

In the handling of animals, changing cages, dumping bedding, etc., it is easy to produce
infectious aerosols from infected animal skins, furs, and bedtivege infectious aerosols
are a potential hazard to workers and the environf&nt.

Housing conditions for live experimental animals also affects the welfare of researchers. This is
especiallytrue inanimals infected with a pathogenic agent. Improved ingusonditions might reduce
animal stress and pain can reduce aggression, reducing aerosol contamination and possible human infection
from animal scratches and bité€: ABSL facilities permit researchers to monitor and collect samples from
their experimeral animals in the time after their BSL laboratory exposure. Following exposure to a
pathogenic agent and before the animal is euthanized, researchers collect a variety of data: blood markers
and viral levels and other physiological measures (e.g. weeghpdrature, respiration rate etc.).

Additionally, housing and transportation modules require precise air pressure maintenance, to
ensure negative pressurize gradients and effective HEPA filtration. These are essential components of
hazardous infectious emsol mitigation. Though commercially available, these specialized units are often
custom made. They require a dedicated HEPA filtered exhaust fan to ptesesdcap®f infectious
aerosols. Monitoring the functionality of this HEPA filter and fan unéssential feature of these unftg.

Hazardous animal transportation presents two scenarios that pose a risk of infection to researchers:
(1) Some of the samples collected from the infected animals may be assessed withi, AB8lothers
need to be transferred out of ABSLfor detection.Failure to safely transfer samples out of ABSposes
a potential hazard to both personnel and the environment. (2) Infected animals sometimes need to be
transferred from the animal room to the specific procedure room or necropsy room withir3ABSL
relatedin vivo examination or necropsy. During the animal transport, the personnel and environment may
be exposed to pathogeti
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Faulty equipment or human error while transporting animal samples or animals among laboratory
settings can lead to human infection and environmental contamination. While some samples and animals
can be assessed within ABSLsettings, other are transferredt of ABSL-3 for in vivo examination,
necropsy, or other procedures in other setttfj®uring this process, infected animals generate infectious
aerosols and hazardous wastési*% Special purpose wheeled containment transportation cabinets are
typically used to move these animals. The cabinets are commercially available but can be-hoade.in
These cabinets have special fittings, are designed to ensure negative air pressure gradients, and have two
serial HEPA filters to contain potential aerosol drals.Monitoring the functionality of the component
HEPA filter and fan unit is essentfdP’ Each encounter with an infected animal reflects a spectrum of
hazards in handling the animal, collecting data and specimens and being exposed to its hazaed6iis wast

Animal challenge studies, where they are exposed to an infectious agent in3d4BI8horatory
to determine route of transmission, pathogenicity, or evaluating countermeasures such as vaccines, are
particularly hazardous. Theay experimental amnals are exposed is one specific risk. During this time,
researchers and technicians collect physiological and serological data in support of their research objectives.
Each encounter with an infected animal reflects a spectrum of hazards in handlingrtak eollecting
data and specimens and being exposed to its hazardousitfaste.

Conducting suclinfectiousanimal experiments atehWIV in the Fall of 2019 would have been
challenging. The new Zhengdian campus BSIABSL-3 was not yet operational. The existing
XiaohongshamSL-3/ABSL-3 facility was available but its status being built in 2007 would likely require
improvements that may be represented by procurements identified forrtipatcal he facility could only
support testing mice and small animals while not being able to suppehunamn primate studies.

The br ead tvaccine Animaltexperilments with SAR®V-2 that likely occurred at the
WIV no later than November 2019 provided ample opportunities for a resedatdd infection, including:
animal holding, operation of restraint device, anesthesia, animal challenge;o detection, blood
collection, sampling, surgery, euthanasia, necropsy, biopsy, transport of infectious materials, transfer of
infected animals, daily cleaning and disinfection for animal and procedure rooms, terminal disinfection for
the facility, dsposal of animal carcasses and waste, and response to emergency accidents. As noted by
Chinese animal researcher experts, these types of experiments that include injecting, dissecting, and
squirting [nasal inoculation of] animals, poses the highest figsksearcher infection from aerosolized
pathogend®%®

4. Outstanding Investigative Questiors

a. Isthe Presence of a Furin Cleavage Site in SARSoV-2 Evidence of Artificial Insertion
or Natural Recombination?

The origin of the furin cleavage site in SAIRR®V-2 remains an enigma to thieestionof
possible origins. No known sarbecovirus other than S&RS-2 has the four (polybasic) amino acid
furin cleavage site. Its presence has been described by some as potential smoking gun evidence of genetic
manipulation. Several related SAR&lated viruses, RmYNO02, RacCS203 and BAN21L-116 and 246
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have three of the four amino acids making up the polybasic furin cleavage site found FrCHOXRSA
Mutation creating the furin cleavage site in a precursor virus coutliebeey event leading to the
emergence of SARE0V-2 virus and the pandemic.

Efforts by researchers to promote the acquisition of a complete furin cleavagelwiticuy
serial passage in humanized mice have failed to showrbyepsity'>** Published research has
demonstrated the ability to artificially insert a complete furin cleavage site in SARS and inserting a single
amino acid into related alpbaronaviruse$’? Mutation studies in gammacoronavirus strains
demonstrated the furin cleage site was important in infectivify® Previous research demonstrated the
ability to insert a complete furin cleavage sitt the SARS virug®**The 2018 EcoHealth DEFUSE
proposal details the intent to insert human furin cleavage sites into prosppectoemic pathogens to
assess their effect on transmissibilit{? Researchers demonstrated that the furin cleavage site in-SARS
CoV-2 was essential to infect ferre®ARS CoV-2 studieshat assessedriants where the furin
cleavage sita&vas removed, higightedits significant contributiorto infecting human lung cells and its
potentialcontribution tovirulence®%8%%7 The origin of the furin cleavage site remains a significant
unanswered question.

This investigation is aware of a yet unpublished Defétk@ancedResearch Projects Agency
(DARPA) sponsored study evaluating the rate of recombination events among aoisesavi he study
evaluated the likelihood of recombination events in relatidhe geneti@and geographidistance
between two different sarbe@mronavirusesWhile recombination is a common event among members
of the coronavirus family, the frequenafthe event decreases with increasing genetic distance. Nearly
90% of all recombination events occur between strains that are less than 20% divergent at the nucleotide
level in the core genome. Tipeblishedresultsof the recombination angeographic argsis are still
pending at the time of this draft.

b. Does the Early Outbreak Epidemiology Support the Occurrence of Two Discrete
Emergences?

As described by CCDC, the géemporal center of the initial outbreak was in Wuhan in Hubei
province As reported by the CCDC, the overall epidemiological curve shows a mixed outbreak pattern.
A[ T] he data appear to indicate a continuous commo.]
from early January through February 11, 2020, the data appeahtave a propag@ ed sou
The CCDC described that the early events were fAco
zoonotic events occurred. o

Although, the possibility of two independent spillovers cannot be rule§8@ithe CCDC assessed
the early Wuhan outbreak available epidemiology to be consistent with a continuous commo#fSource.
This means that over a period of time extending beyond the incubation period, multiple people were infected
over time. This continuous nomon source cause of the COVIM outbreak in Wuhan is consistent with
a resulted in seeding the virus in Wuhan and ultimately spread the virus to multiple locations around Wuhan
during their period of infectivity. As described by the U.S. GBGome commrnsource outbreaks, case
patients may have been exposed over a period of days, weeks, or longer. In a cootinuossource
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outbreakthe range of exposures and range of incubation periods tend to flatten and widen the peaks of the
epidemic curvé®!!
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Figure62. China CDC early Wuhan outbreak epidemic curve. Source: The Epidemiological Characteristics of an
Outbreak of 2019 Novel Coronavirus Diseases (COYH)d China, 2020. Source: China CDC Weekly.

2020;2(8):113122 Https:/MHoi.org/10.46234/ccdcw2020.032

Epidemiologicalandgeneticmolecular analyss of the early published circulating Wuhan SARS
CoV-2 strains supported the possibility of two spillover evemts or more weeks apatt!? This
assessment was malased omminor genetic differences in early circulating strains suggesting that two
lineagesof the same virus may have emergsthultaneously and progressed on different paths or
sequentially separated by some period of tidwme lineage showing more mutations than the other implying
it had been circulated longer than the ottrelhad peenially passed through more individuals

Epidemiological modeling and reports of early COVID cases converge on rrdttober to mid
November, 2019 as the most likely timeframe for the spillover of SEB%-2.1°*Based on the publicly
available evidence, it apprs Wuhan is the only location where SABSV-2 spilled over into humars!*
The low genetic diversity of earliest SAR®V-2 samples suggests that COVID pandemic is most
likely the result of one goossiblytwo successful introductions of SARSV-215151516 Additionally, these
estimats indicate thathe initial introductionrmay have occurred oor aboutNovember 18 and a second
within weeks of the first>’

A recently published study analyzethta from existingWHO global influenzasurveillance
networks early in the COVIE19 pandemic. Their analysis could identify outliers in influenegative
influenzalike illness (ILI) that servedas potential early indicator of COVID9 community
transmissiort>*® Their analysis of 28 countrig_| surveillance data over faur-yearperiod (20152019)
identified outlier peaks of ILih 2020that occurredn on average 13.3 weeks before the occurrence of peak
COVID-19 incidence in those countries.

A noticeable increase diVuhan adult ILI cases dring week 46 (November 117, 2019)
corresponded toagativeinfluenza testinghat same week. This occurrence is similar to the epidemiological
outlier identified in the published study. It occurs approximately 13 weeks before the recorded surge of
COVID-19 cases in Wuhan in late January, early February 2020.
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Figure63. Weekly number of ILI cases in adults in the sertigveillance in Wuhan in 2019 (and percentage of
outpatient visits categorized as ILI, [Ik4]). Source WHO-convened global study of origins of SAR®V-2: China Part
https://www.who.int/publications/i/item/wiamnveneeylobalstudyof-origins-of-sarscow2-china-part

Figure64. Weekly percentage of ILI cases with laboratoonfirmed influenza [FLU %] in the sentinel
surveillance in children and adults in Wuhan in 2@8durce: WHO-convened global study of origins of SAR®V-2:
China Partttps://www.who.int/publications/i/item/wkmmnveneehlobalstudyof-origins-of-sarscow2-china-part

Review of ILI data provided bghina to the WHO as part of their joint investigation indicates most
of the ILI cases reported in Wuhan beginning in week 48 were in childrearéFi&p). The number of
casesof children increased rapidly from week 47. The number of ILI cases reportaduilts was
considerably lower than that reported in children. An increase in the number of cases in adults was seen
during Week 46. This rise was noted in by the WHO SAGO report in June R82&itten, the SAGO
was fAawaiting f ur tamedrincreasetinalil ih adults flom tWulen thendéthx vpeek of
2019. 0

While the CCDC published epidemiology describes the outbreak likely beginning on December 8,
2019, there is ample evidence to indicate SARY-2 emerged earlier. COVH29 cases reportedy
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