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C. Equipment Description
List items and dollar amount for each item exceeding $5,000
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Total funds requested for all equipment listed in the attached file
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Additional Equipment: File Name: Mime Type:

D. Travel Funds Requested ($)

1. Domestic Travel Costs ( Incl. Canada, Mexico, and U.S. Possessions) 2,700.00
2. Foreign Travel Costs

Total Travel Cost 2,700.00

E. Participant/Trainee Support Costs Funds Requested (3$)
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3. Travel

4. Subsistence
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Number of Participants/Trainees Total Participant/Trainee Support Costs
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C. Equipment Description
List items and dollar amount for each item exceeding $5,000

Equipment ltem * Funds Requested ($)

Total funds requested for all equipment listed in the attached file

Total Equipment

Additional Equipment: File Name: Mime Type:

D. Travel Funds Requested ($)

1. Domestic Travel Costs ( Incl. Canada, Mexico, and U.S. Possessions) 2,700.00
2. Foreign Travel Costs

Total Travel Cost 2,700.00

E. Participant/Trainee Support Costs Funds Requested (3$)

1. Tuition/Fees/Health Insurance
2. Stipends

3. Travel

4. Subsistence

5. Other:

Number of Participants/Trainees Total Participant/Trainee Support Costs
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RESEARCH & RELATED BUDGET - Cumulative Budget

Section A, Senior/Key Person

Section B, Other Personnel

Total Number Other Personnel

Total Salary, Wages and Fringe Benefits (A+B)
Section C, Equipment

Section D, Travel

1. Domestic

2. Foreign

Section E, Participant/Trainee Support Costs
1. Tuition/Fees/Health Insurance

2. Stipends

3. Travel

4. Subsistence

5. Other

6. Number of Participants/Trainees

Section F, Other Direct Costs

1. Materials and Supplies

. Publication Costs

. Consultant Services

. ADP/Computer Services

. Subawards/Consortium/Contractual Costs
. Equipment or Facility Rental/User Fees

. Alterations and Renovations

. Other 1

. Other 2

10. Other 3

Section G, Direct Costs (A thru F)
Section H, Indirect Costs
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Section |, Total Direct and Indirect Costs (G + H)

Section J, Fee

Tracking Number: GRANT11418584 Subaward 2

Totals ($)

96,875.00

96,875.00

13,500.00
13,500.00

163,350.00

163,350.00

273,725.00
21,898.00
295,623.00
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In year 5, we are requesting $14,850 to support 12-weeks or 3-months of fieldwork
costs. This we estimate as follows: $7,200 for driver ($600 per month) and car rental
($600 per month); $2,700 for gas ($450 per month); $10,800 to support a field team of
three ($600 per month); and $9,000 for meals and lodging at a rate of $50 per day
($1,500 per month).

H. Indirect Costs

We are requesting an extremely indirect cost of 8% on all direct costs.
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PHS 398 Cover Page Supplement

4. Human Embryonic Stem Cells

* Does the proposed project involve human embryonic stem cells? & No D Yes

If the proposed project involves human embryonic stem cells, list below the registration number of the
specific cell line(s) from the following list: http://stemcells.nih.gov/research/registry/. Or, if a specific
stem cell line cannot be referenced at this time, please check the box indicating that one from the
registry will be used:

Cell Line(s): [ ] Specific stem cell line cannot be referenced at this time. One from the registry will be used.
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SPECIFIC AIMS:

Zoonotic coronaviruses are a significant threat to global health, as demonstrated with the emergence of severe
acute respiratory syndrome coronavirus (SARS-CoV) in 2002, and the recent emergence Middle East
Respiratory Syndrome (MERS-CoV). The wildlife reservoirs of SARS-CoV were identified by our group as bat
species, and since then hundreds of novel bat-CoVs have been discovered (including >260 by our group).
These, and other wildlife species, are hunted, traded, butchered and consumed across Asia, creating a
largescale human-wildlife interface, and high risk of future emergence of novel CoVs.

To understand the risk of zoonotic CoV emergence, we propose to examine 1) the transmission dynamics of
bat-CoVs across the human-wildlife interface, and 2) how this process is affected by CoV evolutionary
potential, and how it might force CoV evolution. We will assess the nature and frequency of contact among
animals and people in two critical human-animal interfaces: live animal markets in China and people who are
highly exposed to bats in rural China. In the markets we hypothesize that viral emergence may be accelerated
by heightened mixing of host species leading to viral evolution, and high potential for contact with humans. In
this study, we propose three specific aims and will screen free ranging and captive bats in China for known and

novel coronaviruses; screen people who have high occupational exposure to bats and other wildlife; and
examine the genetics and receptor binding properties of novel bat-CoVs we have already identified and those
we will discover. We will then use ecological and evolutionary analyses and predictive mathematical models to
examine the risk of future bat-CoV spillover to humans. This work will follow 3 specific aims:

Specific Aim 1: Assessment of CoV spillover potential at high risk human-wildlife interfaces. We will
examine if: 1) wildlife markets in China provide enhanced capacity for bat-CoVs to infect other hosts, either via
evolutionary adaptation or recombination; 2) the import of animals from throughout Southeast Asia introduces
a higher genetic diversity of mammalian CoVs in market systems compared to within intact ecosystems of
China and Southeast Asia; We will interview people about the nature and frequency of contact with bats
and other wildlife; collect blood samples from people highly exposed to wildlife; and collect a full range
of clinical samples from bats and other mammals in the wild and in wetmarkets; and screen these for

CoVs using serological and molecular assays.

Specific Aim 2. Receptor evolution, host range and predictive modeling of bat-CoV emergence risk.
We propose two competing hypotheses: 1) CoV host-range in bats and other mammals is limited by the

by geographic and ecological opportunity for contact between species so that the wildlife trade disrupts the
‘natural’ co-phylogeny, facilitates spillover and promotes viral evolution. We will develop CoV phylogenies from
sequence data collected previously by our group, and in the proposed study, as well as from Genbank. We will
examine co-evolutionary congruence of bat-CoVs and their hosts using both functional (receptor) and neutral
genes. We will predict host-range in unsampled species using a generalizable model of host and viral
ecological and phylogenetic traits to explain patterns of viral sharing between species. We will test for positive
selection in market vs. wild-sampled viruses, and use data to parameterize mathematical models that predict
CoV evolutionary and transmission dynamics. We will then examine scenarios of how CoVs with different
transmissibility would likely emerge in wildlife markets.

Specific Aim 3: Testing predictions of CoV inter-species transmission. We will test our models of host
range (i.e. emergence potential) experimentally using reverse genetics, pseudovirus and receptor binding
assays, and virus infection experiments in cell culture and humanized mice. With bat-CoVs that we've isolated
or sequenced, and using live virus or pseudovirus infection in cells of different origin or expressing different
receptor molecules, we will assess potential for each isolated virus and those with receptor binding site
sequence, to spill over. We will do this by sequencing the spike (or other receptor binding/fusion) protein
genes from all our bat-CoVs, creating mutants to identify how significantly each would need to evolve to use
ACE2, CD26/DPP4 (MERS-CoV receptor) or other potential CoV receptors. We will then use receptor-mutant
pseudovirus binding assays, in vitro studies in bat, primate, human and other species’ cell lines, and with
humanized mice where particularly interesting viruses are identified phylogenetically, or isolated. These tests
will provide public health-relevant data, and also iteratively improve our predictive model to better target bat
species and CoVs during our field studies to obtain bat-CoV strains of the greatest interest for understanding
the mechanisms of cross-species transmission.
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ranged from 7-17 years (mean 4.9) before the 2003 outbreak (7, 70). We will use a novel phylogenetic and
mathematical modeling approach to examine how dynamics of contact and pathogen transmission
among hosts in markets drives viral evolution and emergence. We will determine how many years it takes
for a coronavirus to evolve an R, >1 and therefore have epidemic potential using a modeling framework
that combines evolutionary changes and multi-host dynamics (Specific Aim 3), expanding on published
approaches (71-73). We will then simulate coronavirus emergence under different market conditions to
identify most likely scenarios that can inform strategies to prevent future outbreaks. Finally, we will use
pseudovirus binding assays, in vitro infections and humanized mice expressing ACE?2 to test our analyses on the
novel viruses we have, and will, identify.

We will use our multidisciplinary approach to examine fundamental questions on how the wildlife trade,
wetmarkets and other target interfaces promote the emergence of coronaviruses, and assess the risk of future
spillover of CoVs from bats or other mammals and humans. In particular, despite 10 years since the
emergence of SARS and the discovery of 60+ novel bat-CoVs, three significant issues remain unanswered: 1)
What are the natural limits to CoV host range, and can this be predicted by the host-receptor-virus
relationship; 2) Are the conditions in wildlife markets sufficient to allow enough interspecies transmission that
coronaviruses can evolve the ability to infect new hosts, including humans, either by accumulation of point
mutations, or by recombination events; or 3) Is the expansion of the wildlife trade bringing expanded diversity
of CoVs into the enhanced human-animal interface present in wet markets?

C. APPROACH
C1: Specific Aim 1. Assessment of CoV spillover potential at high risk human-wildlife interfaces:

C1a) General strategy and supporting studies: SARS-CoV emerged in live animal markets in Guangdong,
with unrelated spillover events in at least five of seven municipalities, suggesting widespread introduction into
wildlife markets within this city (27). We propose to characterize the species composition of bats and small
mammals in wildlife markets where there is a high degree of contact between animals and people. We will
identify additional high risk interfaces that may occur in southern China such as guano collection, which we have
recently identified as a potential CoV exposure risk in Thailand (72). We will interview people at high-risk
interfaces and who are enrolled in acute respiratory or influenza-like iliness surveillance programs conducted by
our colleagues at CDCs in Shanghai, Guangdong, Yunnan, and Guangxi. These data will be used to
parameterize the contact process (y) in our mathematical model of CoV emergence (see Aim 3).

We will assess 1) whether market conditions provide enhanced capacity (increased evolutionary opportunity)
for bat-CoVs to evolve the ability to infect other hosts, either via repeated inter-species transmission, positive
selection or recombination events; and 2) whether the intake of wildlife from Southeast Asia by China introduces
a greater diversity of hosts and a correspondingly diverse aroup of CoVs (increased ecological opportunity).
We will conduct CoV pathogen discovery in samples from humans and wildlife at these sites and examine their
receptor binding domains to identify their ability to bind to ACE2, DPP4, or CEACAM receptors in humans. We
will compare CoV diversity in China with that in wildlife across Southeast Asia (from our current work on other
funded programs, and published data) that may potentially enter China’s wildlife trade. Data from this aim will be
used to assess the likelihood of inter-species bat-CoV transmission (see also Specific Aim 2).

Working in high-contact human-wildlife interfaces can be challenging. However, we have already collected
significant preliminary data to accomplish Aim 1. We have located and surveyed wildlife markets in Yunnan,
Guangdong, GuangXi and Fujian provinces, and have identified populations that hunt and consume bats in
Yunnan province. We have begun to characterize the species composition of free-ranging bat populations and
have collected samples from over 1000 bat individuals (28 spp.) from 35 localities in over 15 (two-thirds of
all) Chinese Provinces. We will also utilize archived wild bat, rodent, and civet samples collected by our team in
Malaysia, Thailand and Indonesia on another large federally-funded project to provide samples of species
regularly imported into China (section Cib) (21, 74).
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these communities who have exposure to wildlife. We will review and re-screen archived blood samples at
Guangdong CDC for other bat coronaviruses once we determine candidates that could likely infect humans. to
see whether there is exposure to CoVs other than SARS. We will re-screen these samples with specific
serological assays based on bat-CoVs that will help differentiate between SARS-CoV IgG and other bat-CoV IgG
to see whether there is exposure to CoVs other than SARS (3, 87). We will expand our survey to Guangxi,
Fujian, Shanghai and Yunnan provinces to survey regions where SARS-CoV was not reported, but where wildlife
trade, hunting, and bat guano collection is common.

C1b) Market characterization, wildlife sampling and human surveys: We have conducted surveillance at
the wildlife markets of Guangdong where early cases of SARS-CoV were identified. From 2011-2013 we
interviewed and sampled animal vendors, hunters and restaurant workers who butcher wildlife (See Section
C1a, Fig. 4). For this proposed study, we will identify 10 markets in Guangxi, Yunnan, and Fujian Provinces (Fig.
5). We will characterize the physical size, number of vendors, diversity and abundance of mammalian species in
each market. A questionnaire will be developed based on the one we used in Guangdong, to collect data on the
nature and frequency of animal exposure of people who work in markets or hunt wildlife. We will conduct
interviews to determine which bat species are sold, typical numbers, and source locations. We will collect
information about recent acute respiratory illness and include those who have had undiagnosed acute
respiratory symptoms within 3 months of the survey. We will then screen volunteers from this cohort for bat-CoV
antibodies using existing and newly developed assays. We will compare exposure rates between people who are
highly exposed to wildlife and a control group from the same regions.

3 F .= . Figure 5: Proposed sampling sites in Southern China (Guangdong, Guangxi, and Fujian
s _4,,—*/7/ Provinces) for the current study. Arrows indicate wildlife trade routes. Letters indicate wild
=l animal markets in Guangdong (A-R), Guangxi (S-W), Hunan (X) and Fujian (Y).
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w7 N ="

In Shanghai, where wildlife markets are less common than southern provinces, we will
interview voluntary participants under surveillance by Shanghai CDC for influenza-like
illness. We will compare CoV exposure rates in people with acute respiratory iliness to
a control group from the same region (see letter of support).

Mainan o

Wildlife sampling: We will locate wild bat populations used to supply local markets in Yunnan, Guangdong,
Guangxi, and Fujian. We will sample a minimum of 30 individuals from 30 different bat species representing but
not limited to the following families: Rhinolophidae, Hipposideridae, Vespertillionidae, Mollossidae, and
Pteropodidae, all of which are known to carry alpha- or betacoronaviruses and are consumed by people (4, 7,
82). Bat SL-CoV PCR prevalence is 10%-38% (4, 24). Given 10% prevalence in bat populations, sampling 30
individuals would ensure a CoV detection probability of 95%. In all wildlife markets, we will opportunistically
sample a variety of insectivorous and frugivorous bats, and other mammals if available, taking fresh feces or
rectal swabs, saliva (oropharyngeal swab), and blood. A small number of bats will be sacrificed as vouchers and
to collect intestinal tissue for CoV receptor analyses if required. We will use cyt-b to identify host species.

Human exposure to CoVs study: Expanding on our work in Guangdong, we will develop a voluntary study of
animal vendors and hunters in Guangxi, Yunnan, and Fujian provinces in cooperation with local Bureaus of
Public Health and CDCs. We will develop a survey to identify people with high exposure to wildlife, particularly
bats, and will recruit volunteers, collect blood, sputum, and stool sample from each enrolled participant. We will
screen sera for antibodies to SARS-CoV, other alpha & beta coronaviruses including MERS-CoV, and novel
bat-CoVs. We will screen stool from CoV seropositive participants for CoV nucleic acid. We will also develop
specific bat-CoV serological assays and share these with our Chinese collaborators. In each province in
southern China we will aim to include 10 markets and survey 20 vendors per market; 20 additional wildlife
hunters per province (220 case subjects); 400 control subjects from the general population near the markets in
each province (total of 620 people per province). For Shanghai, we will enroll 200 acute respiratory illness cases
and 400 non-respiratory controls (600 total), The total number of human subjects will be 2460. The study will be
conducted in Guangxi, Yunnan, Fujian and Shanghai provinces (see Section E, Human Subjects).

C1c) Data analysis: Human sera and stool samples will be tested at provincial CDC labs (see letters of
support) and animal samples will be screened at the Wuhan Institute of Virology (Co-l, Shi). Serum or plasma
samples will be tested for CoV antibodies using ELISAs specific for SARS-CoV and bat SL-CoVs that we have
developed (4, 68, 83). Fecal and saliva samples will be tested for CoV viral nucleic acid using a series of
pancoronavirus PCR assays that target a region in the RdRp that is highly conserved among coronaviruses and
for which we have a positive control, developed by our group under another federally-funded contract (13, 23,
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Through this branching process approach we can gain insight into the limitations and possibilities that stochastic
processes may impose on the evolution of strain diversity in both limited diversity settings (e.g., only bats and
humans), and highly diverse environments (e.g., markets with other hosts such as civets and bamboo rats). We
can also adapt this methodology to compare mutation, which we expect to take small incremental movements in
a fitness landscape that may have low fitness valleys between a wild-host adapted strain and a human or other
host adapted strain, and recombination which may be able to take larger leaps across a given fitness landscape.
Using this framework we can vary the R, depending on the fitness of the mutants in various hosts, and the host
diversity and abundance, simulating the complex fitness landscapes of real CoV systems. We can calculate the
number of secondary hosts infected as R, = ygr, where ris the duration of infectiousness, and y is the rate of
contact. Our receptor binding studies and predictive GLM models of host range will be used to inform ¢, the joint
probability that a susceptible host becomes infected when exposed. We will model our system both
mathematically from a simple R, perspective for insight, as well as using a spatial stochastic-birth-death
simulation implementation to understand the implications of multiple scales of variation, including mutation and
recombination and the implications for stochasticity for CoV emergence. To do this we will expand our basic
equation, Ry = y¢z, into a matrix formulation to incorporate the multiple hosts within this system. Each strain and
spatial location (e.g., market), can be represented by a different matrix. Thus we have:

X1k - : D0k . THaiRs = .
3 : * Dy = . . . T = , ) .
(1 ) ’ * Xigik . Dk . < Tigk

which we can use to define a ‘WAIFW' Q, matrix (73, 103) of which the eigenvalue gives us an estimate of R, for
the whole system, for a given strain and location. The ‘WAIFW’ matrix is:
[\l.l_kdl.J.A-ﬂ.u- .

X =

QO =
Xig k@i i.kTi gk

(2)
Critically, this enables us to analyze certain ‘what-if’ scenarios. For example, we can examine the role of
civets in emergence by assuming that the strain which initially infected civets had to evolve in order to then infect
humans. This would give us two strains in a single location, each with its own R,. Alternatively, we can assume
that all three SARS-CoV host species (bats, civets, humans) were in the same market place, and a single CoV
strain. In this case we would have a single matrix, with all three species, and values in every cell of the matrix. By
keeping the separate pieces of the Ry = g¢r equation, in the matrix form, we can examine potential public health
control measures (e.q. guarantine, culling or separating species into different market locations) (704), which
might also vary depending on the nature of receptor binding and strain evolution. To account for assumptions, we
will investigate the implications of mixing in a stochastic environment. We have already built a stochastic-birth
death, discrete event simulation of the spread of EIDs for Avian Influenza in multi-species markets and farms.
We will adapt these simulations for strain and receptor diversity interactions with multiple species of CoV hosts.
This suite of modeling approaches will allow us to integrate our ecological and molecular approaches to
understanding the potential pandemic emergence threat posed by the whole suite of bat-CoVs.

Table 1: Data Needs for Model:

Parameter Description Sources
i T e Duration of infectiousness, Humans, Bats, | Humans (57, 105-108), Bats (7), other
T o other spp. species (108, 109)
Oliimen:=Humsrs Joint probability an infected Human can (67, 105-107)
transmit to susceptible Human
®Bat->Humans Pother->Human | JOINt probability an infected host can *(109)

transmit to susceptible; can use receptor

¢’Bal->0lhen (I)BatoHuman o - 3 g g
binding in host species for parameterization

¢’Other~>0ther

b As above Generally assume 0 or ¢;;-=¢;;

Xij Contact rates Market Surveys, using map overlap for
non-market areas.

u Mutation rate Literature

g Recombination rate Literature

Ntiuman, Nbat, Nother Population density of bats, humans, other Market surveys, census & transect data.

* Use knowledge of receptor bindings to appropriately upscale or downscale relative to human-to-human case of SARS
and laboratory studies on other animals. We will run sensitivity analyses for these parameters.
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We will assume that twice the estimate for SARS R yuman rounded up to the max of the 95% ClI to give 5 or 10
represents a near maximum, and 0 forms a lower boundary. We will assume 1 is constant regardless of species
and again do sensitivity analysis using SARS-CoV values. We test the following hypotheses: 1) That
recombination can either substantially boost (Ha: APr > 0) or mutation have the same effect (Ha: APr > 0) on the
probability of CoV spillover into humans, or that only recombination and mutation together provide a substantial
boost to spillover probability (Ha: APr > 0); 2) That known (e.g. civets) or unknown intermediate animal hosts or
no intermediate hosts are necessary for CoV spillover to humans; 3) That high diversity of intermediate hosts
either increases or decreases the probability of CoV spillover into humans. We will use our modeling framework
to examine the potential CoV spillover in different markets, using the market data from Specific Aim 1,
evolutionary characteristics of the CoVs from Aim 2, and specifically-acquired data to parameterize the model.
Table 1 (above) lists parameters in the model, and gives available sources for data.

Previous experience of modeling disease emergence: Our group has used mathematical models to test
hypotheses on zoonotic disease emergence for over 15 years. We use computational models that are tailored for
the specific pathogen type or combination of hosts involved, and parameterize these with extremely detailed
datasets specific for the emergence event. We then run simulations to test hypotheses on the spillover of viruses
and the emergence of zoonoses. For Nipah virus (NiV), another bat-borne zoonosis, we obtained data from pig
production facilities in Malaysia (770, 111), from experimental infection of bats and in vitro under BSL-4
conditions for viral transmission parameters (712, 113). We used this approach to demonstrate the cause of NiV
emergence (177). We have successfully used similar approaches to demonstrate viable causal mechanisms for
the emergence of Hendra virus (7174), Avian influenza (175-117) and West Nile virus (718-120).

C2e) Potential pitfalls and solutions: The diversity of coronaviruses that we identify may be inadequate for
robust co-phylogenetic analysis. We have already shown proof of concept in preliminary data through USAID
and NIAID funded projects that we have detected new coronaviruses in most bat species examined; there has
been a large amount of research from several groups showing a broad diversity of coronaviruses; previous
studies from us and other groups have provided evidence of a diversity of coronaviruses associated with bats
and there is high likelihood that we will identify more. In China specifically, 23% of bat samples we have screened
were positive for CoVs, thus we do not anticipate a lack of diverse CoVs (28). For modeling studies, not all
necessary parameters may be easily obtained. We will use information from the SARS-CoV outbreak, where we
have detailed data from the WHO investigations on serology and viral isolation from market wildlife; and from our
recent and current work in Guangdong province; and an ongoing study on avian influenza in Shanghai and
Guangdong markets (Co-l Zhang). Lastly, for parameters that we cannot actually estimate, we may be able to
posit reasonable limits. For example we can constrain the probability of spillover: it must be greater than 0, since
SARS did in fact spillover (7106), but it is very unlikely that this probability is higher than the within species
transmission probability. If the rate of transmission within a host species is unestimatable, we can use data from
other diseases in similar species, such as bat rabies. Thus we can readily perform a sensitivity analysis for
unknown parameters within a range that is biologically plausible, using sensible constraints.

C3: Specific Aim 3. Testing predictions on CoV inter-species transmission:

How can we test predictive strategies to understand which viruses have the capacity to jump hosts’? To answer
this, we will analyze the interspecies infection or transmission of CoVs we have identified, particularly the
SARS-like CoVs and CoV HUK4/5 that is closely related to MERS-CoV (hCoV-EMC) from Saudi Arabia. Our
main approach will be: 1) in vitro infection experiments using pseudoviruses carrying the spike proteins (wild type
or mutants) or live viruses in cell lines of different origins; 2) binding affinity assays between the spike proteins
(wild type or mutants) and different cellular receptor molecules; and 3) humanized mouse experiments if viruses
are identified of significant human infection potential (see Ralph Baric, Letter of Support).

C3a) General strategy and supporting studies: We will sequence the spike (or other receptor binding/fusion)
protein genes from all bat-CoVs we identify, creating mutants of these to identify how significantly each would
need to evolve to use ACE2 or CD26/DPP4 (receptor for MERS). We will then use receptor-mutant pseudovirus
binding assays, in vitro studies with a wide range of cell lines from bats, other mammals including primates and
human cell lines, and with humanized mice where particularly interesting viruses are identified phylogenetically,
or isolated (see Ralph Baric, Letter of Support). These tests will provide direct public health-relevant data, and
also iteratively improve our predictive model to better target bat species and CoVs during our field studies to
obtain bat-CoV strains of the greatest interest for understanding the mechanisms of cross-species transmission.
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PROTECTION OF HUMAN SUBJECTS:

HUMAN SUBJECTS RESEARCH

1. Risk to subjects

This project is a study of human exposure to animal coronaviruses in southern China. Subjects will be enrolled
on a voluntary basis and a single interview and sample collection will be conducted. Informed consent will be
obtained. People found to be infected with an animal coronavirus will be followed up after 6 months with a
secondary interview and collection of biological specimens to determine whether infection is persistent and
exposure is ongoing. Primary subjects will be male or female adults who are highly exposed to wildlife through
hunting, butchering, or general handling in the context of live animal markets or restaurants that prepare and
serve wild animals. The study population will be selected in Shanghai, Yunnan, Fujian, and Guangxi
provinces, China, and will be open to people of all ethnicities that fit the subject criteria. We will target human
subjects, comprising 220 subjects (market workers and hunters) and 400 controls from the general population
in Yunnan, Fujian, and Guangxi provinces plus 600 subjects in Shanghai (total enrolled: 2460). The market
types are defined in Specific Aim 1, Human exposure to CoVs. There are no data to suggest an ethnic bias
for coronavirus exposure or infection, therefore subjects will be enrolled based on exposure criteria, though
subjects will not be excluded based on ethnicity or gender. We will endeavor to have an equal number of men
and women, if the composition of animal vendors in markets allows.

Sources of Materials: Samples to be collected and screened for coronaviruses include blood, saliva and
stool samples. 10 mL of blood will be collected from each subject. Subjects will also be asked to provide
saliva and stool in sterile containers. An initial sample collection and interview will be performed by trained
medical personnel from the local CDC under the provincial Public Health Bureau. Sample collection will be
done once in years 2-4 of the study. Samples will be screened for coronaviruses using PCR and an ELISA at
the appropriate CDC microbiology lab or at the Wuhan Institute of Virology. Samples that test positive for
coronavirus or antibodies to coronavirus will be followed up after 6 months with a secondary interview
designed to determine the current level of exposure to wild animals, and whether exposure at the current level
was consistent between the first and subsequent interview. Repeated clinical samples will also be collected
and tested for coronaviruses. In all instances, volunteers will be given a medical exam and informed of their
test results.

Potential risks: The potential risks to study participants resulting from study participation are minimal. The
volume of blood being collected is within normal safety limits. The interview questions will be designed to
assess exposure risk, and may ask personal questions, but surveys will be done in private and anonymized to
protect privacy. There may be some stress to subjects who are informed that they have been exposed to an
animal virus, but counseling will be available and options for medical care will be included in the discussion.

2. Adequacy of protection against risks

Recruitment and informed consent: Prospective study participants will be identified by the research team at
each site in partnership with CDC personnel. The team will be thoroughly trained on communicating the
research objectives and will be able to address any questions that potential subjects may have. Both written
and oral descriptions of the study will be provided in Chinese (in Mandarin or via an interpreter in local dialect if
necessary) as part of the informed consent process. Contact details of the collaborators at local CDCs and
the study Pl will be provided to all subjects, and CDC personnel on the research team will be available on site
to answer questions from the study subjects. Test results will be communicated to each subject and
counseling offered to minimize stress.

3. Potential benefits to Subjects and Others

There are potential benefits to the study subjects including receiving a physical exam/health check from a
medical officer and the potential benefit of identifying an occupational health hazard. At the conclusion of the
study, we will deliver an educational workshop for high risk individuals (open to study subjects and non-study
subjects) describing the health benefits of using PPE and hand-washing during animal handling activities
throughout the day.

4. The importance of knowledge to be gained. There are valuable potential benefits to the general public
from the knowledge to be gained by this study, as it may identify sources of zoonotic coronaviruses in the
market system or which are commonly hunted. Avoidance of these animals or extra care when handling them
may substantially reduce the risk of CoV (and other zoonotic pathogen) transmission.
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Principal Investigator/Program Director (Last, first, middle): Daszak, Peter

INCLUSION OF WOMEN AND MINORITIES:

Inclusion of Women: This proposal will enroll men and women as study subjects. Depending on local
gender composition of animal vendors, we will make every effort to have men and women equally represented
in this study.

Inclusion of Minorities: Subjects will be enrolled in this study without regard to ethnicity. Occupational

exposure to wildlife in a market, hunting, or butchering context will be the primary criteria for identifying
subjects.
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