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Project Summary: Understanding the Risk of Bat Coronavirus Emergence
Novel zoonotic, bat-origin CoVs are a significant threat to global health and food security, as the cause of
SARS in China in 2002, the ongoing outbreak of MERS, and of a newly emerged Swine Acute Diarrhea
Syndrome in China. In a previous R01 we found that bats in southern China harbor an extraordinary diversity
of SARSr-CoVs, some of which can use human ACE2 to enter cells, infect humanized mouse models causing
SARS-like illness, and evade available therapies or vaccines. We found that people living close to bat habitats
are the primary risk groups for spillover, that at one site diverse SARSr-CoVs exist that contain every genetic
element of the SARS-CoV genome, and identified serological evidence of human exposure among people
living nearby. These findings have led to 18 published peer-reviewed papers, including two papers in
Nature, and a review in Cell. Yet salient questions remain on the origin, diversity, capacity to cause illness,
and risk of spillover of these viruses. In this RO1 renewal we will address these issues through 3 specific aims:
Aim 1. Characterize the diversity and distribution of high spillover-risk SARSr-CoVs in bats in southern
China. We will use phylogeographic and viral discovery curve analyses to target additional bat sample
collection and molecular CoV screening to fill in gaps in our previous sampling and fully characterize natural
SARSr-CoV diversity in southern China. We will sequence receptor binding domains (spike proteins) to identify
viruses with the highest potential for spillover which we will include in our experimental investigations (Aim 3).
Aim 2. Community, and clinic-based syndromic, surveillance to capture SARSr-CoV spillover, routes of
exposure and potential public health consequences. We will conduct biological-behavioral surveillance in
high-risk populations, with known bat contact, in community and clinical settings to 1) identify risk factors for
serological and PCR evidence of bat SARSr-CoVs; & 2) assess possible health effects of SARSr-CoVs
infection in people. We will analyze bat-CoV serology against human-wildlife contact and exposure data to
quantify risk factors and health impacts of SARSr-CoV spillover.
Aim 3. In vitro and in vivo characterization of SARSr-CoV spillover risk, coupled with spatial and
phylogenetic analyses to identify the regions and viruses of public health concern. We will use S protein
sequence data, infectious clone technology, in vitro and in vivo infection experiments and analysis of receptor
binding to test the hypothesis that % divergence thresholds in S protein sequences predict spillover potential.
We will combine these data with bat host distribution, viral diversity and phylogeny, human survey of risk
behaviors and iliness, and serology to identify SARSr-CoV spillover risk hotspots across southern China.
Together these data and analyses will be critical for the future development of public health interventions and
enhanced surveillance to prevent the re-emergence of SARS or the emergence of a novel SARSr-CoV.
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Renewal: Understanding the Risk of Bat Coronavirus Emergence

Project Narrative

Most emerging human viruses come from wildlife, and these represent a significant threat to
public health and biosecurity in the US and globally, as was demonstrated by the SARS
coronavirus pandemic of 2002-03. This project seeks to understand what factors allow
coronaviruses, including close relatives to SARS, to evolve and jump into the human population
by studying viral diversity in their animal reservoirs (bats), surveying people that live in high-risk
communities in China for evidence of bat-coronavirus infection, and conducting laboratory
experiments to analyze and predict which newly-discovered viruses pose the greatest threat to
human health.
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Facilities, Equipment, and Other Resources

EcoHealth Alliance, New York, USA (Drs. Daszak, Olival, Francisco, Ross)
EcoHealth Alliance is a New York-based 501(c) 3 non-profit institution that conducts scientific research on
emerging zoonoses and global health capacity building. EcoHealth Alliance New York headquarters has

® @ square feet of office space including a meeting room and basic laboratory — freezer storage and light
microscopy. The scientific staff (34 core scientists, 100+ field staff) is supported by a core admin staff of 18
who are available for work on this project and funded through private donor and federal support. EcoHealth
Alliance does not support diagnostic facilities at its core headquarters and works in partnership with a network
of leading diagnostic labs both in the USA and around the world.

EcoHealth Alliance is equipped with fiber optic Internet access and video conferencing facilities to facilitate
easy communication between collaborators. EcoHealth Alliance employees have around-the-clock access to
servers, VPNs, encryption software, IT support, and all necessary software including Git and Github (Hosted
software revision/audit service), Sublime and Vim text editors, Vagrant and Oracle Virtualbox virtual machines,
Google Apps (Hosted email and collaboration web based software), Ansible (Server provisioning software
framework), Python, NodeJS, and R programming languages, Meteor (Javascript framework), Bash shell
scripts, Jenkins (Continuous Integration server), Microsoft Office and Adobe CS6 running on both Apple Mac
0OS X, Ubuntu linux, and Windows Operating Systems. EcoHealth Alliance has a dedicated quad-core Linux
server and another dedicated dual quad-core Mac Pro Server - each with 4TB hard drives. Either server
individually or in combination may be used for intensive computational modeling and/or database processing
by all the grantees. Access to the cloud and supercomputing services (Amazon) is provided by core funding to
EcoHealth Alliance.

EcoHealth Alliance is the headquarters of a global network of over 70 partners that provides exceptional
leverage for the core scientists. This network includes staff from: academic institutions at leading national
universities; intergovernmental agencies (WHO, OIE, FAO, DIVERSITAS, IUCN); infectious disease
surveillance laboratories including BSL-3 and -4 laboratories; national government agency offices and labs;
locally-based wildlife conservation organizations in Asia, Africa and Latin America. EcoHealth Alliance is the
headquarters of: The Consortium for Conservation Medicine (CCM); the journal EcoHealth; an NSF Research
Coordination Network (EcoHealthNET); the IUCN Wildlife Health Specialist Group; and the OIE Wildlife Health
Network. EcoHealth Alliance is a voting member of the IUCN and a partner in Columbia University’s Earth
Institute Center for Environmental Sustainability (EICES) and all senior scientific staff members are Adjunct
Faculty at Columbia University's Department of Ecology, Evolution, and Environmental Biology or at the
Mailman School of Public Health.

Institute of Pathogen Biology, Chinese Academy of Medical Sciences and Peking Union Medical
College, Beijing, China (Drs. Ren, Guo)

The Institute of Pathogen Biology (IPB) is a key (flagship) institute within the Chinese Academy of Medical
Sciences & Peking Union Medical College. IPB’s mission is to conduct high guality research in basic and
applied biology of critically important human pathogens. The ultimate goal is to conduct research and develop
technology for better diagnosis, treatment, and prevention of infectious diseases. IPB specializes in multi-
disciplinary approaches to pathogen research and technological development focused on improving China’s
capability to diagnose, treat and prevent infectious diseases.

Human Resources. The department involved in this project consists of 30 staff members: 10 with a clinical
medicine background, 12 biological research scientists, 3 bioinformaticists, 3 animal technicians, and 2
biochemists working on protein expression and purification.

Lab Facilities. The IPB includes the Ministry of Health Key Laboratory of Systems Biology of Pathogens,
Christophe Merieux Laboratory, the AIDS Research Center, laboratories focused on Bacteriology, Virology,
Mycology, Parasitology, and the Epidemiological Information Analysis Department. The institute has
established platforms in metagenomics, transcriptome, morphology, molecular biology, and immunology. All of
these are funded centrally and available to conduct the research proposed in the current R01.
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BSL2 Facility. The institute has three laboratories of et )equlpped as BSL2 space for virology,
immunology and clinical sample preparation. Equipment includes an lllumina Hiseq 2500, Miseq and BGI 500,
gel electrophoresis, power supplies, thermal cyclers, a programmable heat block, heat blocks, water baths,
CO; incubators (2), several -70°C freezers, one -140°C freezer, refrigerators, DNA documentation system,
DNA sequencing and computer assisted sequence analysis programs, several microfuges, Nikon and Zeiss
microscopes with photographic and fluorescent capabilities, several class 2 environmental hoods, refrigerated
water baths, real time thermocyclers, and spectrophotometers. The laboratory has an ELISA plate reader, an
illuminometer, ELISA plate washer, spectrcphotometers, and other equipment that is routinely used in
characterizing antibody-protein interactions. _

BSL 3 Facility. The institute shares an additional . ®®of BSL3 facilities equipped with sterile hoods
(BSCIIA), COz incubators, -70C freezer, an inverted Nikon fluorescent microscope, and equipment for virus
isolation and culture, and molecular genetics research.

University of North Carolina at Chapel Hill, USA (Baric and Sims)

The Department of Epidemiology is an internationally recognized leader in epidemiologic research and training.
The department offers research training in most specialized areas including cancer, cardiovascular diseases,
environmental and occupational health, health services/clinical epidemiology, reproductive health and
infectious diseases. The department's current faculty consists of 51 regular full-time faculty and 151 adjunct
faculty members. The department has 218 graduate students enrolled, including 20 in the MPH program, 5 in
the MSPH program, 20 in the MSCR program and 173 in the Ph.D. program. The Department of Epidemiology
is headquartered in the four-story McGavran-Greenberg Building. The epidemiology administrative and office
space occupies| ®® square feet and provides additional classroom space. Most of the department's
research staff occupies a research annex consisting of approximately = ®® square feet of contiguous rental
space in a commercial office building.

Dr. Baric has three laboratories of  ® square feet each equipped as BL2 space for molecular biology,
virology, immunology and recombinant DNA techniques, as laid out in the current RO1 proposal. Equipment is
available for gel electrophoresis, PCR, and BSL2 sample storage and handling facilities. It includes a DNA
documentation system, DNA sequencing and computer assisted sequence analysis programs, several
microfuges, a microscopy suite, 10+ IBM and Apple Pentium II/ll computers with accompanying software,
three thermocyclers, a fume hood, Nuclisens reader, hybridization oven, real time thermocyclers, three
fluorescent inverted scopes with computer software (Olympus 1X51), and a spectrophotometer. A Roche Light
Cycler 48011 is available for real time measurements. The laboratory has an ELISA plate reader, an
illuminometer, 200 cages for animal maintenance and breeding in Seal-Safe housing, Bio Rad low pressure
chromatography system, ELISA plate washer, spectrophotometers, and other equipment that is routinely used
in characterizing antibody-protein interactions.

The Baric laboratory contains an additional | ®® square feet of newly renovated BSL3 facilities with
enhanced features including shower in/shower out facility; dual anteroom access; Hepa filtered exhaust;
redundant exhaust fans; card key access; an alarm system to Public Health/Campus Police; laboratory
controlled combination lock; and Techniplast Sealsafe™ Hepa filtered animal housing for 300+ rodents. PAPR
and tyvek suits are worn at all times in the BSL3 facility. The BL3 facilities are in an adjacent and attached
building ®® or in ® @ the latter space is
directly adjacent to Dr. Baric’s BSL2 laboratory resources. Each facility is equipped with sterile hoods
(BSCIIA), four CO: incubators, gel electrophoresis equipment, thermal cyclers and power supplies, and related
equipment necessary for virus cultivation and molecular genetic research. The facilities each house a -70°C
freezer, an inverted Nikon fluorescent microscope with a digital camera, an ELISA plate reader and
illuminometer. Both facilities contain rodent-sized Seal-Safe systems (~192 cages) for maintaining animals in a
Hepa-filtered Air infout environment, exhausted into the BSL3 Hepa-filtered exhaust system. An 8 chamber
Buxco plethysmography system that allows for repetitive, noninvasive measures of the number of breaths, tidal
volume, airway responsiveness, enhanced pause, and respiratory gases from live control and infected mice in
a contained system is housed in the main BSL3 laboratory in ® @
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The Department of Epidemiology provides cold-room, autoclave, centralized dishwashing and a darkroom with
an automated developer. The campus has central facilities for DNA oligonucleotide synthesis, histopathology,
DNA sequencing, EM, light and confocal microscopy, automated PCR genotyping and Tagman facilities, and
Fluorescent activated cell sorter facilities (FAC). As a member of the Department of Microbiology and
Immunology and UNC Cancer center, Dr. Baric and his team have access to these facilities at a discounted
cost. The University provides a variety of core services including: sequencing and deep sequencing cores,
genomics cores, oligonucleotide synthesis cores, hybridoma cores, transgenic cores, structural biology cores,
etc. typical of any world class research institution. Campus wide core facilities are available for oligonucleotide
synthesis, Sanger and 454 sequencing, RNAseq, pathology and histology services, and Flow Cytometry.
Approximately, 40,000 cages are available for CC RIX production in the | ®® on UNC
Campus.

Wuhan Institute of Virology, Chinese Academy of Sciences, Hubei, China (Shi, Zhou, and Hu)

The Wuhan Institute of Virology (WIV), Chinese Academy of Sciences (CAS) is the only institute specializing in
virology, viral pathology and virus technology among 19 other biological and biomedical research institutes in
CAS. WIV is China's premier institute for virologic research. It consists of three research departments and one
center: the Departments of Molecular Virology, of Bio-control, of Analytical Biochemistry and Biotechnology,
and the Virus Resource and Bioinformation Center. It contains the Key Laboratory of Molecular Virology of
CAS, the Joint-laboratory of Invertebrate Virology, an HIV Pre-screening Lab and the Hubei Engineering and
Technology Research Center for Viral Diseases. The institute is further divided into 14 research groups, one of
which (the Emerging Virus Laboratory) is headed by Dr. Zhengli Shi. The supporting system of the institute
consists of an analytical equipment center, an experimental animal center, the editorial office of Virologica
Sinica and a computer network center. The virus resource and bio-information center of China contains the
largest virus bank in Asia, curating around 800 viral strains.

The Wuhan Institute of Virology is a World Health Organization collaborating center. It also has partnerships,
research collaborations and contracts with universities and research institutes in more than 30 counties and
regions including a long-time (>15 years) partnership with EcoHealth Alliance. There are 14 professors, 36
associated professors, and 47 assistant professors conducting research on virology and five of these have
been awarded honors in the “Hundred Talents Project”. In 2013, the first BSL-4 lab in China was opened at this
Institute in a bespoke facility which was designed with the assistance of the US CDC and L'Institut Pasteur of
France.

The WIV Emerging Virus Laboratory, headed by Dr. Shi, was set up to carry out exactly the sort of
experimental activities on emerging viruses listed in the current R01 proposal. This lab possesses all
necessary facilities for molecular biology and virolegy including a bank of -80°C freezers, PCR machines, gel
electrophoresis and imaging systems, biosafety cabinets, super-clean benches, and cell culture rooms. A Core
Facility Center was established at WIV to provide technological services to faculty, students, and visiting
researchers. Core Facility Center equipment includes: a transmission electron microscope, ultracentrifugation
machines, small animal in vivo imaging systems, confocal laser scanning microscopes, flow cytometry, a real-
time gPCR system, and a high-throughput sequencing and analyzing system. In addition, WIV owns a
complete biosafety research platform, which consists of the first national BSL-4 laboratory in China, and a
cluster of BSL-3 and BSL-2 labs.
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Equipment

EcoHealth Alliance (Daszak, Francisco, Olival, Ross)

EcoHealth Alliance is equipped with fiber optic Internet access and video conferencing facilities fo facilitate
easy communication between collaborators. EcoHealth Alliance employees have around the clock access to
servers, VPNs, encryption software, IT support, and all necessary software including Git and Github (Hosted
software revision/audit service), Sublime and Vim text editors, Vagrant and Oracle Virtualbox virtual machines,
Google Apps (Hosted email and collaboration web based software), Ansible (Server provisioning software
framework), Python, NodeJS, and R programming languages, Meteor (Javascript framework), Bash shell
scripts, Jenkins (Continuous Integration server), Microsoft Office and Adobe CS6 running on both Apple Mac
0OS X, Ubuntu linux, and Windows Operating Systems. Additionally, EcoHealth Alliance has a dedicated quad-
core Linux server and another dedicated dual quad-core Mac Pro Server - each with 4TB hard drives. Either
server individually or in combination may be used for intensive computational modeling and/or database
processing by all the grantees. Access to the cloud and supercomputing services (Amazon) is provided by core
funding to EcoHealth Alliance.

Institute of Pathogen Biology (Ren, Guo)

The Institute of Pathogen Biology laboratories have equipment required for general microbiological, molecular,
and biochemical work including microcentrifuges, agarose and polyacrylamide electrophoresis equipment,
spectrophotometer, rocking and shaking platforms, bead-beater cell disruptor, and incubators (shaking and
static). Major equipment relevant to this proposal which are available include:

BSL2 Facility. The institute has three laboratories of |\ Yequipped as BSL2 space for the virology,
immunology and clinical samples pretreatment. Equipment includes lllumina Hiseq 2500, Miseq and BGI 500,
gel electrophoresis equipment, power supplies, thermal cyclers, a programmable heat block, heat blocks,
water baths, COz incubators (2), several -70°C freezers, one -140°C freezer, refrigerators, DNA documentation
system, DNA sequencing and computer assisted sequence analysis programs, several microfuges, Nikon and
Zeiss microscopes with photographic and fluorescent capabilities, several class 2 environmental hoods,
refrigerated water baths, real time thermocyclers, and spectrophotometer. The laboratory has an ELISA plate
reader, an illuminometer, ELISA plate washer, spectrophotometers, and other equipment that is routinely used
in characterizing antibody-protein interactions.

BSL 3 Facility. The institute shares an additional @ @)of BSL3 facilities equipped with sterile hoods
(BSCIIA), CO2 incubators, -70°C freezer, an inverted Nikon fluorescent microscope with an assortment of
filters, magnifications and digital camera, and related equipment necessary for virus cultivation and molecular
genetic research.

Wuhan Institute of Virology (Shi, Zhou, Hu)

Institute of Virology’'s Emerging Virus Laboratory has equipment required for general microbiological,
molecular, and biochemical work including microcentrifuges, agarose and polyacrylamide electrophoresis
equipment, spectrophotometer, rocking and shaking platforms, bead-beater cell disruptor, and incubators
(shaking and static). Major equipment relevant to this proposal which are available include: -80°C freezers,
PCR machines, gel electrophoresis and imaging system, biosafety cabinets, super-clean benches, and cell
culture rooms.

A Core Facility Center was established at Wuhan Institute of Virology to provide technological services to
faculty, students, and visiting researchers. The equipment installed in the Core Facility Center include:
transmission electron microscope, ultracentrifugation machines, small animal in vivo imaging systems,
confocal laser scanning microscopes, flow cytometry, a real-time qPCR system, and a high-throughput
sequencing and analyzing system.

In addition, the Wuhan Institute of Virology owns a complete biosafety research platform, which consists of the
first national BSL-4 laboratory in China, and a cluster of BSL-3 and BSL-2 labs. These labs contain gel
electrophoresis equipment, power supplies, thermal cyclers, programmable heat blocks, heat blocks, water

1
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baths, CO; incubators, -70°C freezers, -140°C freezers, refrigerators, DNA documentation system, DNA
sequencing and computer assisted sequence analysis programs, microfuges, Nikon and Zeiss microscopes
with photographic and fluorescent capabilities, several class 2 environmental hoods, refrigerated water baths,
real time thermocyclers, and spectrophotometers. The laboratory also has an ELISA plate reader, an
illuminometer, ELISA plate washer, spectrophotometers, and other equipment that is routinely used in
characterizing antibody-protein interactions.

University of North Carolina at Chapel Hill Baric Laboratory (Baric, Sims)

The three laboratories of the Baric Lab in the Department of Epidemiology have equipment required for general
microbiological, molecular, and biochemical work including microcentrifuges, agarose and polyacrylamide
electrophoresis equipment, spectrophotometer, rocking and shaking platforms, bead-beater cell disruptor, and
incubators (shaking and static). Major equipment relevant to this proposal which are available include: gel
electrophoresis equipment, power supplies, thermal cyclers, a programmable heat block, heat blocks, water
baths, CO: incubators (2), several -70°C freezers, one -140°C freezer, refrigerators, DNA documentation
system, DNA sequencing and computer assisted sequence analysis programs, several microfuges, two Nikon
microscopes with photographic and fluorescent capabilities, several class 2 environmental hoods, refrigerated
water baths, 10+ IBM and Apple Pentium Il/lll computers with accompanying software, three thermocyclers, a
fume hood, Nuclisens reader, hybridization oven, real time thermocyclers, three fluorescent inverted scopes
with computer software (Olympus IX51), and a spectrophotometer. A Roche Light Cycler 480I| is available for
real time measurements. The laboratory has an ELISA plate reader, an illuminometer, 200 cages for animal
maintenance and breeding in Seal-Safe housing, Bio Rad low pressure chromatography system, ELISA plate
washer, spectrophotometers, and other equipment that is routinely used in characterizing antibody-protein
interactions.

BSL3 Facility features include: shower in/shower out facility; dual anteroom access; Hepa filtered exhaust;
redundant exhaust fans; card key access; an alarm system to Public Health/Campus Police; laboratory
controlled combination lock; and Techniplast Sealsafe™ Hepa filtered animal housing for 300+ rodents. PAPR
and tyvek suits are worn at all times in the BSL3 facility. The BL3 facilities are in an adjacent and attached
building - - ®® orin : ® @, the latter space is
directly adjacent to Dr. Baric's BSL2 laboratory resources. Each facility is equipped with sterile hoods
(BSCIIA), four CO: incubators, gel electrophoresis equipment, thermal cyclers and power supplies, and related
equipment necessary for virus cultivation and molecular genetic research. The facilities each house a -70°C
freezer, an inverted Nikon fluorescent microscope with an assortment of filters, magnifications and digital
camera, an ELISA plate reader and illuminometer. Both facilities contain rodent-sized Seal-Safe systems
(=192 cages) for maintaining animals in a Hepa-filtered Air infout environment, exhausted into the BSL3 Hepa-
filtered exhaust system. An 8 chamber Buxco plethysmography system that allows for repetitive, noninvasive
measures of the number of breaths, tidal volume, airway responsiveness, enhanced pause, and respiratory

gases from live control and infected mice in a contained system is housed in the main BSL3 laboratory in
' ® @
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