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B. ACCOMPLISHMENTS

B.1 WHAT ARE THE MAJOR GOALS OF THE PROJECT?

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

To understand the risk of zoonotic CoV emergence, we propose to examine 1) the transmission dynamics of bat-CoVs across the
human-wildlife interface, and 2) how this process is affected by CoV evolutionary potential, and how it might force CoV evolution. We will
assess the nature and frequency of contact among animals and people in two critical human-animal interfaces: live animal markets in
China and people who are highly exposed to bats in 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

phylogenetic relatedness of bats and evolutionary conservation of CoV receptors; 2) CoV host-range is limited by geographic and
ecological opportunity for contact between species so that the wildlife trade disrupts the ‘natural’ co-phylogeny, facilitates spillover and
promotes viral evolution. We will develop CoV phylogenies from sequence data collected previously by our group, and in the proposed
study, as well as from 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-CaoV 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 CoV's during our field
studies to obtain bat-CoV strains of the greatest interest for understanding the mechanisms of cross-species transmission.

B.1.a Have the major goals changed since the initial competing award or previous report?

No

B.2 WHAT WAS ACCOMPLISHED UNDER THESE GOALS?

File uploaded: Accomplishments.pdf

B.3 COMPETITIVE REVISIONS/ADMINISTRATIVE SUPPLEMENTS
For this reporting period, is there one or more Revision/Supplement associated with this award for which reporting is required?

No

B.4 WHAT OPPORTUNITIES FOR TRAINING AND PROFESSIONAL DEVELOPMENT HAS THE PROJECT PROVIDED?

File uploaded: Professional Development.pdf
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B.5 HOW HAVE THE RESULTS BEEN DISSEMINATED TO COMMUNITIES OF INTEREST?

1) Conference and University lectures
* Pl Daszak, and Co-investigators Olival and Shi gave >10 invited University lectures that included specific discussion of the current
project and results.

2) Agency and other USG briefings

* NRC, 2015: Invited speaker, IOM Forum on public health preparedness, Interagency meeting on Medical Countermeasures. Pl Daszak
specifically reported on the findings from Year 1 of this project and the risk of SARS-like viruses causing future pandemics

* World Health Summit, Berlin 2014: Pl Daszak was an invited panelist at a session on pandemic risk, and specifically reported the
results and aims of this project

* International bat virus conference, Colorado, 2014: Pl Daszak and Co-investigator Olival presented results from this study

« National Academies, Division of Earth & Life Studies, Spring Advisory Committee Meeting, DC. Pl Daszak presented results from this
study as part of an invited talk.

« Consortium of Universities for Global Health Conf., Washington DC, 2014. Pl Daszak presented data from this study in a session on
disease ecology

3) Public outreach
* Pl Daszak reported on this project at an EcoHealth Alliance meeting hosted by the Cosmos Club, 2014

B.6 WHAT DO YOU PLAN TO DO DURING THE NEXT REPORTING PERIOD TO ACCOMPLISH THE GOALS?

Specific Aim 1: Assessment of CoV spillover potential at high risk human-wildlife interfaces. Early in Year 2 of the study, it is anticipated
that all of the qualitative research (i.e, 5-7 focus groups and ~100 ethnographic interviews) will be completed, transcribed and translated.
It is anticipated that a total of approximately 100 ethnographic interviews and five to seven focus groups will be conducted in targeted
areas with known bat populations in Yunnan, Guangxi, Guangdong and Fujian over the next few months. At least one of the focus groups
and an estimated 35-40% of the interviews and surveys will be conducted with women. Subjects are enrolled in this study without regard
to ethnicity.

Preliminary analyses will be conducted and will focus on the factors least understood, but crucial to the development of a behavioral risk
survey that captures relevant behaviors and practices. Factors include specific human-animal interactions, experiences of unusual illness
in both humans and animals, and an assessment of the context within which these activities occur. Because of the unique dataset and
the expected richness of the data, additional research questions will be developed and explored using grounded theory, as well as more
recently developed methods such as narrative analysis and case oriented understanding.

Results from preliminary analyses will contribute to the development of the behavioral risk survey. A behavioral survey sampling frame
and recruitment materials are currently being developed. After pilot testing the behavioral survey, we will begin concurrent biologic
specimen collection from bats, other wildlife and humans to compare circulating CoV strains in the bat population with serclogical
exposure in human populations. The behavioral risk survey will facilitate the identification of explicit behavioral risks and practices that
are found among study participants seropositive for SARS-like corona virus. These findings will be used to develop better risk mitigation
policies and targeted intervention strategies.

Specific Aim 2: Receptor evolution, host range and predictive modeling of bat-CoV emergence risk.

Future steps to optimize the model of role of species diversity in CoV emergence risk will include:

1. Parameterizing with actual data on species diversity and abundance of animals from Southern China markets.

2. Parameterizing with species-specific data on CoV prevalence and strain variation in different bat species from field surveillance, e.g. if
Rhinolopus spp. represent the highest risk for SARS-related CoV emergence, these species will be given a higher weight.

3. Incorporation of CoV lineage specific probabilities for inter-host spillover based on receptor binding data.

We will also conduct further modeling activities, including:

1. Comparative cophylogenetic analyses of bat host and CoV RdRp and Spike gene phylogenies, to assess patterns of evolutionary
congruence and frequency of cross-species transmission.

a. Using previously published data from literature and Genbank

b. Using sequence data from our S. China surveillance

2. Calculate CoV divergence times using Spike RBD sequences for S. China.

3. Construct initial generalized linear mixed model to predict CoV diversity using S. China data and bat host-specific trait data. Update
model regularly with new data from CoV screening in different bat species.

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

The following experiments will be undertaken in Year 2:

1. Animal infection experiment with SARS-like CoV

Option 1. Virus infection through ACE2 humanized mouse. Human ACE2 promotor (9-10 kb) and ACE2 will be inserted into a expressing
vector and sent to a commercial company to generate transgenic mice. The stably expressed human ACEZ2 mice will be used for virus
infection.

Option 2. Virus infection through SARS-CoV susceptible animals such as ferrets.

All above animal infection experiment will be performed under the containment of BSL3.

2. Continued surveillances of SARS-like CoVs in Yunnan and Guangdong provinces and isolation of novel virus strains.

3. Surveillance of infection in human populations by SARS-like CoVs. This work will be performed at two locations, one each in Yunnan
and Guangdong provinces. PCR and ELISA will be used, respectively, for detection of viral replicase gene and antibody against the viral
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nucleocapsid protein.
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B.2 (Accomplishments.pdf)
B.2 WHAT WAS ACCOMPLISHED UNDER THESE GOALS?

Daszak, Peter, PI

Year 1 Report for Understanding the Risk of Bat Coronavirus Emergence
Award Number: 1R01AI110964-01
B2: What was accomplished under these goals?

Specific Aim 1: Assessment of CoV spillover potential at high risk human-wildlife
interfaces.
In the first year of this R01, we have:

1) Designed a behavioral risk study using an iterative approach that begins with rapid and
focused qualitative research at or near biological surveillance sites in China where bats
have previously been captured, sampled and found to contain novel CoVs. The study
design includes: 1) structured observation and mapping of public spaces, 2) focus
groups and 3) ethnographic interviews. The primary enroliment criteria are related to
occupational exposure to bats and residence near bats. This research is conducted with
two groups of individuals: those involved in the bat value chain (from hunter through
market to consumer) and those highly exposed to bats (e.g., cave dwellers). The
qualitative data will be used to inform a behavioral risk survey, as well as to
contextualize findings from behavioral surveillance analyses.

2) Conducted observational research and mapping in: Yunnan: In and around Xiang Yun
village (two clinics and one wildlife restaurant); in and around the remote Lu Feng village
(1 wildlife farm, 1 wildlife butcher and 1 wildlife restaurant) and at the An Ning
communicable disease hospital complex; Guangxi: In and around LiPu, (two markets, 3
wildlife farms, 1 wildlife restaurant); and Guangdong: Guangzhou wildlife market,
Foshon wildlife market (this market is where the first cases of SARS were traced back to
in 2003).

3) Secured local IRB approval in November 2014 from Wuhan University School of Public
Health, Hubei Province, to conduct qualitative research, to administer behavioral surveys
and to collect biological data including blood (no more than 550ml), sputum, and stool
samples from humans. We secured US IRB approval through Hummingbird IRB (2014-
23 approval letter sent to NIH) in November 2014 for qualitative, quantitative and
biological specimen data collection.

4) Drafted protocols, guides, and training modules for Observational Research, Focus
Groups, and Ethnographic Interviews and pilot tested these. The Observational Guide
and Ethnographic Interview materials were pilot tested in live animal markets in Queens,
New York City. Consistent with the original proposal, we have trained interviewers and
identified key informants. Key informants include community health workers from three
different administrative level CDCs, Barefoot Doctors, public health clinicians, local
wildlife farmers and wildlife restaurant owners, as well as market vendors and workers.
Ethnographic and Focus Group Interviews to be conducted pending NIH approval of IRB
approval letter.

Specific Aim 2: Receptor evolution, host range and predictive modeling of bat-CoV
emergence risk.

1) Collation and preliminary analysis of published bat Coronavirus data to optimized
specimen collection and taxonomic targets for surveillance.
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Specific Aim 3: Testing predictions of CoV inter-species transmission.

7)

Bat Coronavirus Surveillance in 2014

Daszak, Peter, PI

We collected 1555 anal swab samples, 1357 fecal samples, 461 blood samples, 469

serum samples and 24 tissue samples from > 14 bat genera in 5 provinces and in Laos

(Table 1).
Table 1 Bat Samples collected for CoV surveillance in 2014

Anal Oral Fecal Blood | Serum | tissue

Jan. 2014 Mengla, Yunnan 164 - - - - -
Mar. 2014 Beihai, Guangxi 30 - - - - =
Apirl 2014 Shenzhen 77 -~ -- 2 = x
ol R I I N I
May 2014 Chuxiong, Yunnan 52 52 103 -- 8 16
Jinning, Yunnan -- - 131 - == 5
Mojiang, Yunnan 25 25 103 - -- 3
M%i‘ep‘ Xianning, Hubei = = 583 % = -
Jun. 2014 Guangdong 77 - - - - s
Jul. 2014 Hainan 460 - - - - -
Aug. 2014 Yichang, Hubei -- - 114 - - -
Guilin,Guangxi 121 122 -- 122 122 --

Sep. 2014
Guangdong 335 337 - 335 335 --
Julz.b-18:p. Mojiang, Yunan - - 96 - - -
Oct. 2014 Jinning, Yunan 13 13 6 3 3 4

RPPR
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Daszak, Peter, PI

Mojiang, Yunan 34 34 100 1 1 1
Laos 121
Total 1555 583 1357 461 469 24

RPPR

CoV was detected in 14% (336/2329) samples (Table 2). Diverse alphacoronaviruses

were identified, including isolates closely related to Bat CoV 1A, 1B, HKU2, HKUS,

HKU7, HKU8 and HKU10. Groups of novel alphacoronaviruses were discovered in a

variety of bat species (Fig 3). Novel SARS-like coronaviruses were detected in

Rhinolophus bats collected in different regions of Guangdong province. Diverse

novel betacoronaviruses related to HKUS were detected in Pipistrellus bats and /a io in

Guangdong and in Aselliscus stoliczkanus in Mengla, Yunnan. Novel coronaviruses

related to HKU9 were found in Cynopterus sphinx and Rousettus leschenaulti in Mengla

(Fig 3A). In addition, sequences significantly divergent to other CoV were obtained from

three samples of /a io and Hipposideros bats.
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B.4 (Professional Development.pdf)
B.4 WHAT OPPORTUNITIES FOR TRAINING AND PROFESSIONAL DEVELOPMENT HAS THE PROJECT PROVIDED?

Daszak, Peter, PI

Accomplishments for Understanding the Risk of Bat Coronavirus Emergence
Grant Number 5R01A1110964
B4: Opportunities for Training and Professional Development

In year 1 of this work, we trained undergraduate interns from Columbia University in
modeling approaches to understand bat risk of harboring zoonotic CoVs. In the
behavioral risk work, we used standardized training materials for all three qualitative
behavioral risk data collection methodologies have been created. Materials were used to
train six people in New York City and 12 people in Yunnan, China, of which 11 were
from three different administrative levels of local government Centers for Disease
Control (CDC). The trainees include the Chinese EcoHealth Alliance Field Coordinator
and Yunnan Provincial CDC personnel: six researchers from Xiangyun County CDC (4
women, 2 men), two from Yunnan Institute for Endemic Diseases (Yunnan Provincial
CDC; 2 men), and three from Lu Feng County CDC (3 men).
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Aca - Person Months (Academic) OT - Other
Sum - Person Months (Summer) NA - Not Applicable
D.2 PERSONNEL UPDATES

D.2.a Level of Effort

Will there be, in the next budget period, either (1) a reduction of 25% or more in the level of effort from what was approved by the agency
for the PD/PI(s) or other senior/key personnel designated in the Notice of Award, or (2) a reduction in the level of effort below the
minimum amount of effort required by the Notice of Award?

No

D.2.b New Senior/Key Personnel
Are there, or will there be, new senior/key personnel?

No

D.2.c Changes in Other Support
Has there been a change in the active other support of senior/key personnel since the last reporting period?

No

D.2.d New Other Significant Contributors
Are there, or will there be, new other significant contributors?

No

D.2.e Multi-Pl (MPI) Leadership Plan
Will there be a change in the MPI Leadership Plan for the next budget period?
No
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E. IMPACT

E.1 WHAT IS THE IMPACT ON THE DEVELOPMENT OF HUMAN RESOURCES?
Not Applicable

E.2 WHAT IS THE IMPACT ON PHYSICAL, INSTITUTIONAL, OR INFORMATION RESOURCES THAT FORM INFRASTRUCTURE?
NOTHING TO REPORT

E.3 WHAT IS THE IMPACT ON TECHNOLOGY TRANSFER?
Not Applicable

E.4 WHAT DOLLAR AMOUNT OF THE AWARD'S BUDGET IS BEING SPENT IN FOREIGN COUNTRY(IES)?

50802 CHINA
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F. CHANGES

F.1 CHANGES IN APPROACH AND REASONS FOR CHANGE
Not Applicable

F.2 ACTUAL OR ANTICIPATED CHALLENGES OR DELAYS AND ACTIONS OR PLANS TO RESOLVE THEM
NOTHING TO REPORT

F.3 SIGNIFICANT CHANGES TO HUMAN SUBJECTS, VERTEBRATE ANIMALS, BIOHAZARDS, AND/OR SELECT AGENTS
F.3.a Human Subjects

No Change

F.3.b Vertebrate Animals

No Change

F.3.c Biohazards

No Change

F.3.d Select Agents
No Change
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G. SPECIAL REPORTING REQUIREMENTS

G.1 SPECIAL NOTICE OF AWARD TERMS AND FUNDING OPPORTUNITIES ANNOUNCEMENT REPORTING REQUIREMENTS
NOTHING TO REPORT

G.2 RESPONSIBLE CONDUCT OF RESEARCH

Not Applicable

G.3 MENTOR'S REPORT OR SPONSOR COMMENTS
Not Applicable

G.4 HUMAN SUBJECTS

G.4.a Does the project involve human subjects?
Yes

Is the research exempt from Federal regulations?
No

Does this project involve a clinical trial?

No

G.4.b Inclusion Enroliment Data

Report Attached: Understanding the Risk of Bat Coronavirus Emergence-PROTOCOL-001

G.4.c ClinicalTrials.gov
Does this project include one or more applicable clinical trials that must be registered in ClinicalTrials.gov under FDAAA?

No

G.5 HUMAN SUBJECTS EDUCATION REQUIREMENT
Are there personnel on this project who are newly involved in the design or conduct of human subjects research?
Yes

As reported by Dr. Peter Daszak (PI) to NIH in May 2014, all of the following senior/key/other personnel were enrolled in and passed the
Human Subjects Research Course provided by the Collaborative Institutional Training Initiative (CITI Program) at the University of Miami
(http:/fcitiprogram.org ). The CITI Program is a leading provider of research education content with web based training materials serving
millions of learners at academic institutions, government agencies, and commercial organizations in the U.S. and around the world.

Peter Daszak, Pl

Zhengli Shi, Co-Investigator
Shuyi Zhang, Co-Investigator
Changwen Ke, Co-Investigator
Jonathan Epstein, Co-Investigator
Kevin Olival, Co-Investigator
Parviez Hosseini, Co-Investigator
Xingyi Ge, Co-Investigator
Guangjian Zhu, Co-Investigator
Yunzhi Zhang, Co-Investigator
Aleksei Chmura, Program Coordinator

G.6 HUMAN EMBRYONIC STEM CELLS (HESCS)
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G.12 F&A COSTS
Is there a change in performance sites that will affect F&A costs?
No
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Inclusion Enroliment Report

Inclusion Data Record (IDR) #: 166195

Study Title: Understanding the Risk of Bat Coronavirus Emergence-PROTOCOL-001
Foreign/Domestic: Foreign

Planned Enroliment Report
Planned Enrollment Total: 2,460

NOTE: Planned enrollment data exists in the previous format; the PD/PI did not enter the planned enrollment information in the modified format and was
not required to do so. Only the total can be provided.

Cumulative Enroliment Report

NOTE: No cumulative inclusion enroliment data exists in the previous inclusion format or modified format. Although prompted to do so, the PD/PI did not
enter information in the modified format. No data can be provided.
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