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Contact PD/PI: DASZAK, PETER

OMB Number: 4040-0010
Expiration Date: 10/31/2019

Project/Performance Site Location(s)

Project/Performance Site Primary Location

O | am submitting an application as an individual, and not on behalf of
a company, state, local or tribal government, academia, or other type of
organization.

Organization Name: ECOHEALTH ALLIANCE, INC.
Duns Number: 0770900660000

Street1™: ECOHEALTH ALLIANCE, INC.
Street2: 460 W 34TH ST

City*: NEW YORK

County:

State*: NY: New York

Province:

Country*: USA: UNITED STATES

Zip / Postal Code*: 100012320

Project/Performance Site Congressional District™:

NY-010

Project/Performance Site Location 1

O | am submitting an application as an individual, and not on behalf of
a company, state, local or tribal government, academia, or other type of
organization.

Organization Name: University of North Carolina at Chapel Hill
DUNS Number: 6081952770000

Street1*: McGavran-Greenberg Hall

Street2: Campus Box 7435

Giy" Chapel

County:

State*: NC: North Carolina

Province:

Country*: USA: UNITED STATES

Zip / Postal Code*: 275997435

Project/Performance Site Congressional District™:

NC-004

Tracking Number: GRANT12743073
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Contact PD/PI: DASZAK, PETER

Project/Performance Site Location 2 O | am submitting an application as an individual, and not on behalf of
a company, state, local or tribal government, academia, or other type of
organization.

Organization Name: Wuhan Institute of Virology

DUNS Number: 5290274740000

Street1*; Xiao Hong SHan, No. 44

Street2: Wuchang District

City™: Wuhan

County:

State™:

Province:

Country™: CHN: CHINA

Zip / Postal Code*: 430071

Project/Performance Site Congressional District*: 00-000
Project/Performance Site Location 3 O | am submitting an application as an individual, and not on behalf of

a company, state, local or tribal government, academia, or other type of
organization.

Organization Name: Institute of Pathogen Biology

DUNS Number: 5281563570000

Street1*; Dong Dan San Tiao, No. 9

Street2: Dongcheng District

City*: Beijing

County:

State™:

Province:

Country™: CHN: CHINA

Zip / Postal Code*: 100730

Project/Performance Site Congressional District*: 00-000
Additional Location(s) File Name:
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Contact PD/PI: DASZAK, PETER

RESEARCH & RELATED Other Project Information

OMB Number: 4040-0001

Expiration Date: 10/31/2019

1. Are Human Subjects Involved?*
1.a. If YES to Human Subjects

® Yes D No

collaborators?*
6.a. If yes, identify countries: China

6.b. Optional Explanation:

Is the Project Exempt from Federal regulations? O Yes @® No
If YES, check appropriate exemption number: -1 -2 _3 4 _5 _6 -7 _—_8
If NO, is the IRB review Pending? ® Yes O No
IRB Approval Date: 03-15-2019
Human Subject Assurance Number None
2. Are Vertebrate Animals Used?* @ Yes O No
2.a. If YES to Vertebrate Animals
Is the IACUC review Pending? ® Yes O No
IACUC Approval Date: 03-15-2019
Animal Welfare Assurance Number None
3. Is proprietary/privileged information included in the application?* O Yes ® No
4.a. Does this project have an actual or potential impact - positive or negative - on the environment?* O Yes ® No
4.b. If yes, please explain:
4.c. If this project has an actual or potential impact on the environment, has an exemption been authorized oran O Yes 2 No
environmental assessment (EA) or environmental impact statement (EIS) been performed?
4.d. If yes, please explain:
5. Is the research performance site designated, or eligible to be designated, as a historic place?* O Yes ® No
5.a. If yes, please explain:
6. Does this project involve activities outside the United States or partnership with international ® Yes O No

Filename

7. Project Summary/Abstract*

NIAID_COV_2019_PROJECT_SUMMARY _final.pdf

8. Project Narrative*

NIAID_COV_2019_NARRATIVE_Final.pdf

9. Bibliography & References Cited NIAID_COV_2019_REFERENCES.pdf

10.Facilities & Other Resources

11.Equipment

NIAID_COV_2019_FACILITIES_v01_PD.pdf
NIAID_COV_2019_EQUIPMENT_vO01.pdf

Tracking Number: GRANT12743073
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Contact PD/PI: DASZAK, PETER

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 iliness, 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.

Page 7
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Contact PD/PI: DASZAK, PETER

Program Director/Principal Investigator: Daszak, Peter

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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Contact PD/PI: DASZAK, PETER

Program Director/Principal Investigator (Last, First, Middle) . Daszak, P.
B. Positions and Honors

Positions and Employment
1993 -98 Senior Faculty Research Scientist, Kingston University UK

1998 Guest Researcher, Centers for Disease Control and Prevention (CDC)
1999 -01 Faculty Research Scientist, University of Georgia
2001 - Sr. Adjunct Faculty, Columbia University

2001 - 09 Executive Director, Consortium for Conservation Medicine, EcoHealth Alliance, New York
2009 - President & Chief Scientist, EcoHealth Alliance New York

Other Experience and Professional Membership

2003 - 7 NIH: ad hoc member, ZRG1 IDM-G 90 (2003-5) ZRG1 IRAP-Q (2005-7)

2004 - Editorial Board, Conserv. Biol.

2005 NIAID: Steering Committee, workshop on virus-host shifts & emergence of new pathogens

2010 - Editor-in-Chief, EcoHealth; Member of IOM Forum on Microbial Threats; External Advisory Board,
DHS and Kansas State Univ. Ctr. of Excellence for Emerg. & Zoonotic Animal Diseases (CEEZAD)

2011 Steering Committeee, NIAID Workshop on Arboviruses

2014 - Member NRC Advisory Committee to advise the US Global Change Research Program (USGCRP)

2015 - Member of Supervisory Board, One Health Platform; Editorial Board One Health

2016 - Member, WHO Expert group on Public Health Emergency Disease Prioritization

2016 - Member, Core Steering Committee & Co-Chair, Science & Technol WG, Global Virome Project
2017 External Review Committee, CSIRO Health & Biosecurity Business Unit

2017 - Chair, Forum on Microbial Threats, National Academies of Science, Engineering & Medicine
Honors

1999 Meritorious service award, CDC

2000 CSIRO silver medal for collaborative research

2002 Honored by the naming of a new species of centipede, Cryptops daszaki (J Nat Hist 36: 76-106)
2003 6" Annual Lecturer, Medicine & Humanities, Texas A&M

2007 Finalist, Director’'s Pioneer Award

2008 Presidential Lecturer, University of Montana

2012 Elected member of the Cosmos Club, Washington DC

2013 Honored by the naming of a new parasite species, Isospora daszaki (Parasit. Res. 111:1463-1466)
2013 Hsu-Li Distinguished Lectureship in International Epidemiology, Univ. lowa

2015 Robert Leader Endowed Lecture in Food Safety, Michigan State Univ.
2018 - Member, National Institute of Medicine (NAM), USA.

C. Contribution to Science

1. Research on the bat origins of emerging viruses. A range high impact emerging viruses appear to have
bat reservoirs (e.g. SARS-CoV, EBOV, NiV, HeV, MERS-CoV, SADS-CoV). As Pl on four prior R0O1s, my
work has helped demonstrate the bat-origin for some of these (SARS-CoV, SADS-CoV), analyze the drivers
of emergence and risk factors for spillover. Collaborating with virologists in China, we have isolated and
characterized SARS-like CoVs from bats that use the same human host cell receptor (ACE-2) as SARS-
CoV. This work provides critical reagents and resources that have helped advance understanding of virus-
host binding and may contribute to vaccine development. My other work identified factors underlying the
emergence of NiV from Pteropus bats in Malaysia and Bangladesh; that MERS-CoV likely originated in
bats; that SADS-CoV originates in bats; and that bats harbor a significantly higher proportion of zoonoses
than all other mammalian groups after correcting for reporting biases.

PHS 398/2590 (Rev. 06/09) Page 2 Biographical Sketch
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Contact PD/PI: DASZAK, PETER

Program Director/Principal Investigator (Last, First, Middle) . Daszak, P.

a. Pulliam JRC, Epstein JH, Dushoff J, Rahman SA, Bunning M, HERG, Jamaluddin AA, Hyatt AD,
Field HE, Dobson AP & Daszak P* and the Henipavirus Ecology Research Group (HERG). (2012).
Agricultural intensification, priming for persistence, and the emergence of Nipah virus: a lethal bat-
borne zoonosis. J Roy Soc Interface 9:89-101

b. Ge X-Y, Li J-L, Yang X-L, Chmura AA, Zhu G, Epstein JH, Mazet JK, Hu B, Zhang W, Peng C,
Zhang Y-J, Luo C-M, Tan B, Wang N, Zhu Y, Crameri G, Zhang S-Y, Wang L-F, Daszak P*, Shi Z-
L* (2013). Isolation and characterization of a bat SARS-like Coronavirus that uses the ACE2
receptor. Nature 503: 535-538.

c. Memish ZA, Mishra N, Olival KJ, Fagbo SF, Kapoor V, Epstein JH, Al Hakeem R, Durosinloun A, Al
Asmari M, Islam A, Kapoor A, Briese T, Daszak P, Al Rabeeah A, Lipkin WI. (2013). Middle East
respiratory syndrome coronavirus in bats, Saudi Arabia. EID 19(11): 1819-1823.

d. Zhou P, FanH, Lan T, Yang X-L, Shi W-F, Zhang W, Zhu Y, Zhang Y-W, Xie Q-M, Mani S, Zheng
X-S, Li B, Li J-M, Guo H, Pei G-Q, An X-P, Chen J-W, Zhou L, Mai K-J, Wu Z-X, Li D, Anderson
DE, Zhang L-B, Li S-Y, Mi Z-Q, He T-T, Cong F, Fuo P-J, Huang R, Luo Y, Liu X-L, Chen J, Huang
Y, Sun Q, Zhang X-L-L, Wang Y-Y, Xing S-Z, Chen Y-S, Sun 'Y, Li J, Daszak P*, Wang L-F*, Shi Z-
L*, Tong Y-G*, Ma J-Y* (2018). Fatal Swine Acute Diarrhea Syndrome caused by an HKU2-related
Coronavirus of Bat Origin. Nature 556: 255-258.

2. Analyzing the process of disease emergence. Emerging infectious diseases are a significant threat to
global health. However, their emergence is sporadic, complex, and seemingly unpredictable. In the early
2000s | started to use analytical approaches to see if there are patterns in disease emergence, and if these
are predictable. By collating a database of all known prior EID events, identifying their point origins, and
correcting for reporting biases, | published the first ever predictive ‘hotspots’ maps of where disease
emergence is most likely. Under various grants that | have led, or been a co-investigator on, | have
published spatial analyses of the drivers of disease spread, and strategies to predict pandemic emergence.

a. Kilpatrick AM, Chmura AA, Gibbons DW, Fleischer RC, Marra PP & Daszak P (2006). Predicting
the global spread of H5N1 avian influenza. PNAS 103: 19368-19373.

b. Morse SS, Mazet JAK, Woolhouse M, Parrish CR, Carroll D, Karesh WB, Zambrana-Torrelio C,
Lipkin WI, Daszak P* (2012). Prediction and prevention of the next pandemic zoonosis. Lancet
380:1956-1965.

c. Daszak P*, Zambrana-Torellio C, Bogich TL, Fernandez M, Epstein JH, Murray KA, Hamilton H
(2013). Interdisciplinary approaches to understanding disease emergence: The past, present and
future drivers of Nipah virus emergence. PNAS 110: 3681-3688

d. Allen T, Murray KA, Zambrana-Torrelio C, Morse SS, Rondinini C, Di Marco M, Breit N, Olival KJ,
Daszak P* (2017). Global hotspots and correlates of emerging zoonotic diseases. Nature Comm 8:
1124
3. Studies of wildlife disease ecology to understand emerging zoonoses. The majority of EIDs are
zoonotic, with the majority of these originating in wildlife. In the 1990s, new collaborations among
ecologists and medical researchers began to show that understanding disease dynamics in wildlife can
allow better forecasting of disease risk in people. | reviewed this field in a paper in Science in 2000 and in a
more recent paper in Nature on the links among biodiversity and health. During the last two decades, |
have led collaborative research programs on how the ecology of specific wildlife-origin zoonoses can help
explain patterns of risk to people. This includes my work in 4 R01s and as EHA institutional lead for
USAID-EPT-PREDICT, and Chief of Party for USAID-IDEEAL. This work has led to strategies to estimate
the diversity of yet-to-be discovered viruses, and a program to identify them (the Global Virome Project).

PHS 398/2590 (Rev. 06/09) Page 3 Biographical Sketch
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Contact PD/PI: DASZAK, PETER

Program Director/Principal Investigator (Last, First, Middle) . Daszak, P.
a. Daszak P*, Cunningham AA, Hyatt AD (2000). Emerging infectious diseases of wildlife - threats to
biodiversity and human health. Science 287: 443-449

b. Keesing F, Belden LK, Daszak P, Dobson A, Harvell CD, Holt RD, Hudson P, Jolles A, Jones KE,
Mitchell CE, Myers SS, Bogich T & Ostfeld RS. (2010). Impacts of biodiversity on the emergence
and transmission of infectious diseases. Nature 468:647-652.

c. Anthony SJ, Epstein JH, Murray KA, Navarrete-Macias |, Zambrana-Torrelio CM, Solovyov A,
Ojeda-Flores R, Arrigo NC, Islam A, Ali Khan S, Hosseini P, Bogich TL, Olival KJ, Sanchez-Leon
MD, Karesh W, Goldstein T, Luby SP, Morse SS, Mazet JAK, Daszak P, Lipkin WI. (2013). A
strategy to estimate unknown viral diversity in mammals. MBio 4(5): e00598-13.

D. Additional Information: Research Support and/or Scholastic Performance

Ongoing Research Support

USAID Emerging Pandemic Threats Mazet (PI) 10/01/14 — 09/30/19
PREDICT-2

The goal of this work is to conduct surveillance for novel pathogens in wildlife, livestock and people;
characterize human risk behavior; analyze EID risk; and design interventions in >20 countries

Role: Pl on Subcontract

1R01 Al110964 Daszak (PI) 06/01/14 — 05/31/19

Understanding the Risk of Bat Coronavirus Emergence

The goal of this work is to conduct ecological and virological studies on bats in China that harbor SARS-like
coronaviruses, and conduct behavioral risk surveys and testing in people, with a goal of identifying risk factors
for further spillover of SARS-like CoVs, and help identify the likely drivers of the SARS-CoV outbreak in 2003.
Role: PI

USAID 1414374 (RDMA, Thailand) Daszak (CoP) 10/01/13 - 03/30/19

Infectious Disease Emergence and Economics of Altered Landscapes (IDEEAL)

The goal of this cooperative agreement is to analyze how land use change affects disease risk in SE Asia, and
how economic costs of disease can be used to develop novel intervention policies.

Role: Chief of Party

Completed Research Support

NSF DEB 1414374 Perrings (PI) 10/15/14 - 04/14/18

US-UK Collab: Risks of Animal and Plant Infectious Diseases through Trade (RAPID Trade)

The goal of this NSF-NIH-USDA EEID award, joint with a UK BBSRC grant is to analyze and model how policy
changes to trade affect emerging disease risk globally

Role: Co-Investigator

HDTRA1 Allen (PI) 04/15/15 - 04/14/17

Global Rapid Identification of undiagnosed EID Events

The goal of this project was to design software that can be used in the DoD biosurveillance ecosystem (BSVE)
to rapidly diagnose novel EID events.

Role: Co-Investigator

1R01GM100471 (NIGMS) Perrings (PI) 09/15/11-06/30/15

MASpread: Modeling Anthropogenic Effects in the Spread of Infectious Disease

The goal of this project was to develop novel approaches to modeling and analyzing disease spread and the
social decisions involved in control

Role: Co-Investigator

NSF Daszak (Pl) 07/01/10-06/30/15

PHS 398/2590 (Rev. 06/09) Page 4 Biographical Sketch
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Contact PD/PI: DASZAK, PETER

Program Director/Principal Investigator (Last, First, Middle) . Daszak, P.
EcoHealthNet - a Research Coordination Network
Funding for student exchange and workshops to fuse veterinary science, ecology and human medical sciences
Role: Pl

USAID Emerging Pandemic Threats Mazet (PI) 10/01/09 — 09/30/14
PREDICT-1

The goal of this work was to conduct surveillance for novel pathogens in wildlife, livestock and people in
developing countries

Role: Pl on Subcontract

2 R0O1TW005869 Daszak (PI) 09/01/08 — 08/31/13

The Ecology, Emergence and Pandemic Potential of Nipah virus in Bangladesh

This project involved mathematical modeling and fieldwork on the dynamics of Nipah virus in Bangladesh
Role: PI

NSF DEB-1257513 Daszak (PI) 08/15/12-07/31/13

US-China Ecology and Evolution of Infectious Diseases Collaborative Workshop; Kunming, China

The goal of this work was to organize a workshop among NIH, NSF, leading US and Chinese scientists to
discuss potential for a jointly funded NIH-NSF-China funding mechanism

Role: Pl

1 RO1AI079231 (NIAID) Daszak (PI) 09/18/08 — 08/31/13

Risk of viral emergence from bats.

The goal was to model hotspots for bat viral diversity, identify & characterize new bat viruses & understand
their pathology

Role: PI

NSF BCS 0826779 Daszak (PI) 10/01/08 — 03/31/12

AQOC - HSD - Collaborative Research: Human-related factors affecting emerging infectious diseases
The goal of this work was to analyze how socio-economic and environmental drivers predict risk of EIDs
Role: Pl on lead proposal

RO1TWO005869 - supplemental Daszak (PI) 09/01/08 — 08/31/11
Supplemental funding: Predicting the risk of global H5SN1 spread

This project involved mathematical modeling and fieldwork in Bangladesh and China to understand risk of
H5N1 spread.

Role: PI

NSF EF-062239 Kilpatrick (PI) 09/01/06 - 08/30/11

Predicting spatial variation in West Nile virus transmission

The goal was to study interaction among WNV vector, reservoir host populations across an urban-to-rural
gradient.

Role: Co-PI

R0O1 TW05869 (Fogarty Intl. Ctr.) Daszak (PI) 08/01/02 - 05/31/07
Anthropogenic change & emerging zoonotic paramyxoviruses

The goal was to identify the cause of emergence of Nipah and Hendra viruses in Malaysia and Australia.
Role: PI

NSF HSD 0525216 Daszak (PI) 10/15/05 - 10/14/06
Collaborative Research: Socio-Economic and Environmental Drivers of Emerging Diseases

The goal of this work was to analyze patterns of disease emergence globally leading to development of a
global hotspots map of disease emergence.

Role: PI

PHS 398/2590 (Rev. 06/09) Page 5 Biographical Sketch
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Contact PD/PI: DASZAK, PETER

Program Director/Principal Investigator: Daszak, Peter
2003 Natural Science Award (the Second Prize) of Hubei Province, China.
2004 Outstanding supervisor of graduate student of Hubei Province, China.
2006 Outstanding scientist of the Chinese Academy of Sciences.
2006 Outstanding Research Article on Natural Science (the First Prize), Hubei Province, China
2014 Young and Middle-aged Scholar with Distinguished Contribution in Hubei Province, China
2014 Outstanding Research Article on Natural Science (the Grand Prize), Hubei Province, China
2016 Palm Knight Medal for Education, Government of the Republic of France
2017 Natural Science Award (the First Prize) of Hubei Province, China.

C. Selected peer-reviewed publications most relevant to the current application
* = Co-corresponding or first author

Li W*, Shi Z*, Yu M, Ren W, Smith C, Epstein HJ, Wang H, Crameri G, Hu Z, Zhang H, Zhang J, Mceachern J,
Field H, Daszak P, Eaton TB, Zhang S, Wang LF (2005). Bats are natural reservoirs of SARS-like coronaviruses.
Science, 310: 676-679.

Ren W, Qu X, Li W, Han Z, Yu M, Zhang S, Wang LF, Deng H, Shi Z (2008) Difference in receptor usage
between SARS coronavirus and SARS-like coronavirus of bat origin. Journal of Virology 82(4): 1899-1907.

Yuan J, Hon CC, Li Y, Wang D, Xu G, Zhang H, Zhou P, Poon LM, Lam TT, Leung FC. Shi Z (2010).
Intra-species Diversity of SARS-Like Coronaviruses (CoVs) in Rhinolophus sinicus and Its Implications on the
Origin of SARS-CoVs in human. Journal of General Virology, 91(4):1058-1062.

Ge XY, Li JL, Yang X-L, Chmura AA, Zhu G, Epstein JH, Mazet JK, Hu B, Zhang W, Peng C, Zhang YJ, Luo CM,
Tan B, Wang N, Zhu Y, Crameri G, Zhang SY, Wang LF, Daszak P*, Shi Z* (2013). Isolation and
characterization of a bat SARS-like Coronavirus that uses the ACE2 receptor. Nature 503: 535-538.

Menachery VD, Yount BL, Debbink K, Agnihothram S, Gralinski LE, Plante JA, Graham RL, Scobey T, Ge XY,
Donaldson EF, Randell SH, Lanzavecchia A, Marasco WA, Shi Z*, Baric RS* (2015). A SARS-like cluster of
circulating bat coronaviruses shows potential for human emergence. Nature Medicine, 21:1508-1513.

Yang XL, Hu B, Wang B, Wang MN, Zhang Q, Zhang W, Wu LJ, Ge XY, Zhang YZ, Daszak P, Wang LF*, Shi Z*
(2016). Isolation and Characterization of a Novel Bat Coronavirus Closely Related to the Direct Progenitor of
Severe Acute Respiratory Syndrome Coronavirus. Journal of Virology, 90: 3253-3256.

Zeng L, Ge X, Peng C, Yang X, Tan B, Gao Y, Chen J, Chmura AA, Daszak P*, Shi Z* (2016) Bat Severe Acute
Respiratory Syndrome-Like Coronavirus WIV1 Encodes an Extra Accessory Protein, ORFX, Involved in
Modulation of the Host Immune Response. Journal of Virology, 90(14): 6573—6582.

Hu B, Zeng LP, Yang XL, Ge XY, Zhang W, Li B, Xie JZ, Shen XR, Zhang YZ, Wang N, Luo DS, Zheng XS,
Wang MN, Daszak P, Wang LF, Cui J*, Shi Z* (2017). Discovery of A Rich Gene Pool of Bat SARS-related
Coronaviruses Provides New Insights into the Origin of SARS Coronavirus. PLOS Pathogens, 13(11):
e1006698.

Zhou P, Fan H, Lan T, Yang XL, Shi WF, Zhang W, Zhu Y, Zhang YW, Xie QM, Mani S, Zheng XS, Li B, Li JM,
Guo H, Pei GQ, An XP, Chen JW, Zhou L, Mai KJ, Wu ZX, Li D, Anderson D, Zhang LB, Li SY, Mi ZQ, He TT,
Cong F, Guo PJ, Huang R, Luo Y, Liu XL, Chen J, Huang Y, Sun Q, Zhang XLL, Wang YY, Xing SZ, Chen YS,
Sun, Li J, Daszak P, Wang LF, Shi Z, Tong YG, Ma JY (2018) Fatal swine acute diarrhea syndrome caused by
an HKU-2 related coronavirus of bat origin. Nature, 556: 255-258.

Luo CM, Wang N, Yang XL, Liu HZ, Zhang W, Li B, Hu B, Peng C, Geng QB, Zhu G, Li F*, Shi Z* (2018).
Discovery of Novel Bat Coronaviruses in South China That Use the Same Receptor as Middle East Respiratory
Syndrome Coronavirus. Journal of Virology, 92 (13): e00116-18.

Additional recent publications of importance to the field (in chronological order)
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Contact PD/PI: DASZAK, PETER

Program Director/Principal Investigator: Daszak, Peter

Positions and Employment

1999 - 02
2003 - 07
2006 - 13
2010 - 15
2015 -17
2009 -
20009 -
2017 -

Research Associate, Kewalo Marine Laboratory, University of Hawaii

US Environmental Protection Agency STAR Fellow

Instructor, Columbia University Secondary School Summer Program

Senior Research Scientist, EcoHealth Alliance

Associate Vice President for Research, EcoHealth Alliance

Visiting Scientist, American Museum of Natural History

Adjunct Faculty, Earth Institute Center for Environmental Sustainability, Columbia University
Vice President for Research, EcoHealth Alliance

Other Experience and Professional Memberships

1998 - 00
2000 - 02
2003 - 05
2005 - 06
2011 -
2011 -
2011 -
2011 -
2015 -
2015 -
2017 -

Honors

Member, AAAS

Mentor, NSF Undergraduate Mentoring in Environmental Biology (UMEB), University of Hawaii
Member, American Society of Mammalogists

Member, New York Academy of Sciences

Scientific Steering Committee Member, Southeast Asian Bat Conservation Research Unit
Scientific Advisory Board Member, Lubee Bat Conservancy, FL

Scientific Advisor, Bat Conservation International

Review Editor, EcoHealth

US White-Nose Syndrome Stakeholder Committee and Communications Committee Member
Island and Seas, Board Member

DoD DTRA: Steering Committee Member, Bat One Health Research Network

1993-97 Colorado State University Distinguished Scholar Award

2003 NSF Graduate Student Fellowship, Honorable Mention
2005-07 Bat Conservation International Student Award and Scholarship
2004-07 US EPA STAR Fellowship Award

2008
2013
2013-14

2016
2017-18

PhD with Distinction, Columbia University

Plenary talk on bat virus modeling at 11" Annual ASM Biodefense and EID Research Meeting
Institute of Medicine, Forum on Microbial Threats. Invited speaker, briefings on MERS-CoV and
Emerging Viral Diseases

Plenary Speaker, NYC Medtech conference — Global Virome Project

Three papers awarded the InCites Highly Cited Paper™ designation (top 1% in field) for
Immunology and Microbiology

C. Contribution to Science

1. Viral Discovery and Characterization in Bats
A large body of my research has focused on understanding the distribution and diversity of viruses in

wildlife populations to better understand the ecological risk of viral emergence. This includes the first use of
species accumulation curves to estimate viral diversity using data from longitudinal surveillance of fruit bats
in Bangladesh, and a large meta-analysis of viral prevalence in bats to optimize discovery strategies. Two
field studies highlighted below include a broad geographic survey of bat coronaviruses in Thailand, and the
first isolation and full genome characterization of Nipah virus from the large flying fox in Malaysia.

a. Rahman SA, Hassan SS, Qlival KJ, Mohamed M, Chang L-Y, Hassan L, Saad NM, Shohaimi SA,
Mamat ZC, Naim MS, Epstein JH, Suri AS, Field HE, Daszak P and HERG. (2010).
Characterization of Nipah virus from Naturally Infected Pteropus vampyrus Bats, Malaysia.
Emerging Infectious Disease 16(12): 1990-1993.
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a. Brierley L, Vonhof MJ, Qlival KJ, Daszak P, Jones KE. (2016). Quantifying global drivers of zoonotic
bat viruses: a process-based perspective. American Naturalist 187: E53-64

b. Willoughby AR, Phelps K, PREDICT Consortium, Olival KJ*. (2017). “A Comparative Analysis of
Viral Richness and Viral Sharing in Cave-Roosting Bats”. Diversity 9 (35).

c. Allen T, Murray KA, Zambrana-Torrelio C, Morse SS, Rondinini C, Di Marco M, Breit N, Olival KJ,
Daszak P. (2017). Global hotspots and correlates of emerging zoonotic diseases. Nature
Communications. 8(1124): 1-10

d. Verant ML, Bohuski EA, Richgels KLD, Olival KJ, Epstein JH, and Blehert DS. (2018). Determinants
of Psudogymnoascus destructans within bat hibernacula: implications for surveillance and
management of white-nose syndrome. Journal of Applied Ecology 55: 820-829.

D. Additional Information: Research Support and/or Scholastic Performance

Ongoing Research Support

HDTRA11710064 Olival (PI) 10/02/17-10/01/22
Understanding the Risk of Bat-Borne Zoonotic Disease Emergence in Western Asia

The goal of this project is to characterize pathogen diversity, strengthen zoonotic disease surveillance
capacity, and test key hypotheses about the risk of bat-borne zoonotic disease emergence in Western Asia.
Role: PI

RO1 Al110964 Daszak (Pl) 06/01/14-05/31/19
Understanding Risk of Bat Coronaviruses

The goal of this study is to analyze the risk of coronavirus spillover from bats to humans in Southern China
Role: co-PlI

Emerging Pandemic Threat Program, USAID  Mazet (PI) 10/01/14-09/30/19
PREDICT 2

The goal of this project is to create and implement a global virus surveillance system in animals and humans
and analyze spillover risk.

Role: Modeling and Analytics Coordinator; Country lead for Indonesia, South Sudan, and Thailand.

Completed Research Support

Emerging Pandemic Threat Program, USAID  Mazet (PI) 10/01/09-09/30/14
PREDICT

The goal of this project was to conduct zoonotic virus surveillance in wildlife in 20 countries, and modeling
hotspots and drivers for disease emergence.

Role: Key Personnel: Modeling Team; Country lead for Thailand and Indonesia

Service Award, US Fish and Wildlife Epstein (PI) 09/01/12-09/30/14
Characterization of Climatic Parameters within Bat Hibernacula, their Influence on Environmental Loads of
Geomyces destructans, and Implications for the Migration of White-Nose Syndrome in Bats.

The goal of this project was to identify environmental and other factors that influence the progression and
severity of White Nose Syndrome in bats.

Role: co-PlI

RO1 Al079231 Daszak (PI) 09/18/08-08/31/13
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Risk of viral emergence from bats
Modeled hotspots for viral diversity and emergence in bats, discovery of new viruses, and in vitro test of
infectiousness for novel pathogens.
Role: Key Personnel: led project implementation, study design, and phylogenetic modeling

Endangered Species grant, USGS Russell, Vonhof, and Olival (PI) 06/18/12-06/17/13
Genetic Approaches to Defining Taxonomic and conservation Units for the Hawaiian Hoary Bat

The goal of this project was to determine the phylogenetic position and conservation genetic units for
endangered hoary bats.

Role: co-PlI

3R01 TW005869-06S1 Daszak (PI) 09/01/09 — 8/31/11
NIH Fogarty Ecology of Infectious Diseases ARRA award

The goal of this project was to conduct Nipah virus surveillance in wild bat populations and use genetic
methods to understand viral circulation in Bangladesh.

Role: Fogarty US Global Health Fellow
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4. Lindesmith LC, Donaldson EF, Lobue AD, Cannon JL, Zheng DP, Vinje J, Baric RS (2008). Mechanisms
of Gll.4 norovirus persistence in human populations. PLOS Medicine, 5(2):e31. PMC2235898.

C.1. Coronavirus Pathogenesis and Virus Immunity. Our group has studied the role of virus-immune
interactions in coronavirus and other emerging virus pathogenesis mechanisms.

1. Rasmussen AL, Okumura A, Ferris MT, Green R, Feldmann F, Kelly SM, Scott DP, Safronetz D, Haddock
E, LaCasse R, Thomas MJ, Sova P, Carter VS, Weiss JM, Miller DR, Shaw GD, Korth MJ, Heise MT,
Baric RS, de Villena FP, Feldmann H, Katze MG (2014). Host genetic diversity enables Ebola
hemorrhagic fever pathogenesis and resistance. Science, 2014 346(6212):987-91. PMC4241145.

2. Gralinski LE, Sheahan TP, Morrison TE, Menachery VD, Jensen K, Leist SR, Whitmore A, Heise MT,
Baric RS (2018). Complement Activation Contributes to Severe Acute Respiratory Syndrome Coronavirus
Pathogenesis. mBio, 9(5). e01753-18. PMC6178621.

3. Menachery VD, Eisfeld AJ, Schafer A, Josset L, Sims AC, Proll S, Fan S, Li C, Neumann G, Tilton SC,
Chang J, Gralinski LE, Long C, Green R, Williams CM, Weiss J, Matzke MM, Webb-Robertson BJ,
Schepmoes AA, Shukla AK, Metz TO, Smith RD, Waters KM, Katze MG, Kawaoka Y, Baric RS (2014).
Pathogenic influenza viruses and coronaviruses utilize similar and contrasting approaches to control
interferon-stimulated gene responses. mBio, 5(3): e01174-14. PMC4030454.

4. Graham RL, Becker MM, Eckerle LD, Bolles M, Denison MR, Baric RS (2012). A live, impaired-fidelity
coronavirus vaccine protects in an aged, immunocompromised mouse model of lethal disease. Nature
Medicine, 18(12):1820-6. PMCID: PMC3518599.

C.2. Coronavirus Innate Immunity/Animal Models. The Baric laboratory group has studied CoV host range
expansion using experimental evolution and SARS-CoV, MERS-CoV, civet SL-CoV, bat SL-CoV, and bat CoV
HKU5 as models. This includes synthetic reconstruction of civet and bat CoV from in silico sequence, the first
reported recovery of recombinant bat viruses, and characterization of host range phenotypes in vitro and in
vivo. Applications of experimental evolution have focused on molecular mechanisms associated with virus-
receptor interactions in viral persistence, virus innate immune interactions, and increased virulence in mice.

1. Agnihothram S, Yount BL, Donaldson EF, Huynh J, Menachery VD, Gralinski LE, Graham RL, Becker
MM, Tomar S, Scobey TD, Osswald HL, Whitmore A, Gopal R, Ghosh AK, Mesecar A, Zambon M, Heise
M, Denison MR, Baric RS (2014). A mouse model for Betacoronavirus subgroup 2c using a bat
coronavirus strain HKU5 variant. mBio, 5(2): e00047-14. PMC3977350.

2. Sheahan T, Rockx B, Donaldson E, Corti D, Baric R (2008). Pathways of cross-species transmission of
synthetically reconstructed zoonotic severe acute respiratory syndrome coronavirus. Journal of
Virology, 82(17):8721-32. PMC2519660

3. Becker MM, Graham RL, Donaldson EF, Rockx B, Sims AC, Sheahan T, Pickles RJ, Corti D, Johnston
RE, Baric R*, Denison MR* (2008). Synthetic recombinant bat SARS-like coronavirus is infectious in
cultured cells and in mice. Proceedings of the National Academy of the Sciences, 105(50):19944-9.
PMC2588415. (* = co-first authors)

4. Menachery VD, Schéfer A, Burnum-Johnson KE, Mitchell HD, Eisfeld AJ, Walters KB, Nicora CD,
Purvine SO, Casey CP, Monroe ME, Weitz KK, Stratton KG, Webb-Robertson BM, Gralinski LE, Metz
TO, Smith RD, Waters KM, Sims AC, Kawaoka Y, Baric RS (2018). MERS-CoV and H5N1 influenza
virus antagonize antigen presentation by altering the epigenetic landscape. Proceedings of the
National Academy of the Sciences, 115(5): E1012-E1021. PMID: 29339515.

C.3. Virus Genetic Platforms. The Baric laboratory has pioneered reverse genetic analyses of CoVs and
DENVs. Several CoV infectious cDNA clones are available in the lab, including SARS-CoV, MERS-CoV,
conventional human and model CoVs, and several bat CoVs with pandemic potential. The availability of these
genetic platforms allows for detailed studies into the role of viral genes in pathogenesis, innate immune
antiviral immunity, vaccine performance and design, virus-receptor interactions, entry and virus evolution.

1. Yount B, Curtis, K, Fritz L, Hensley L, Jahrling P, Prentice E, Denison M, Geisbert T, Baric RS (2003).
Reverse Genetics with a full length infectious cDNA for the SARS Coronavirus. Proceedings of the
National Academy of the Sciences, 100(22): 12995-13000. PMCID: PMC240733.
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2. Rockx B, Sheahan T, Donaldson E, Harkema J, Sims A, Heise M, Pickles R, Cameron M, Kelvin D, Baric
R (2007). Synthetic reconstruction of zoonotic and early human severe acute respiratory syndrome
coronavirus isolates that produce fatal disease in aged mice. Journal of Virology 81(14):7410-23.
PMC1933338.

3. Widman DG, Young E, Yount BL, Plante KS, Gallichotte EN, Carbaugh DL, Peck KM, Plante J,
Swanstrom J, Heise MT, Lazear HM, Baric RS (2017). A Reverse Genetics Platform that Spans the Zika
Virus Family Tree. mBio, 8(2): e02014-16. PMC5340872

4. Donaldson EF, Yount B, Sims AC, Burkett S, Pickles RJ, Baric RS (2008). Systematic assembly of a full-
length infectious clone of human coronavirus NL63. Journal of Virology, 82(23):11948-57. PMC2583659.

C4. Virus Vaccine Design and Antiviral Inmunotherapy. Viruses are major causes of morbidity and
mortality globally. The Baric laboratory has used structure-guided immunogen design and epitope exchange to
build multivalent immunogens to increase vaccine breadth and diagnostic potential.

1. Deming DJ, Sheahan T, Heise M, Yount B, Davis N, Sims A, Suthar M, Whitmore JH, Pickles R, West A,
Donaldson E, Curtis K, Johnston, RE, Baric RS (2006). Vaccine efficacy in senescent mice challenged
with recombinant SARS-CoV bearing epidemic and zoonotic spike variants. PLOS Medicine, 3(12): €525
PMCID: PMC1716185.

2. Tang XC, Agnihothram SS, Jiao Y, Stanhope J, Graham RL, Peterson EC, Avnir Y, Tallarico AS, Sheehan
J, Zhu Q, Baric RS, Marasco WA (2014). Identification of human neutralizing antibodies against MERS-
CoV and their role in virus adaptive evolution. Proceedings of the National Academy of the
Sciences,111(19):E2018-26. PMC4024880

3. Lindesmith LC, Ferris MT, Mullan CW, Ferreira J, Debbink K, Swanstrom J, Richardson C, Goodwin RR,
Baehner F, Mendelman PM, Bargatze RF, Baric RS (2015). Broad blockade antibody responses in human
volunteers after immunization with a multivalent norovirus VLP candidate vaccine: immunological
analyses from a phase | clinical trial. PLOS Medicine, 12(3):e1001807 PMC4371888.

4. Bolles M, Deming D, Long K, Agnihothram S, Whitmore A, Ferris M, Funkhouser W, Gralinski L, Totura A,
Heise M, Baric RS (2011). A double-inactivated severe acute respiratory syndrome coronavirus vaccine
provides incomplete protection in mice and induces increased eosinophilic proinflammatory pulmonary
response upon challenge. Journal of Virology, 85(23):12201-15. PMC3209347

D.Research Support.

U19 Al 100625 Baric/Heise (MPI) 09/01/17-08/31/22
Systems Immunogenetics of Biodefense Pathogens in the Collaborative Cross

The Collaborative Cross is a mouse resource for study of complex genetic interactions in diverse populations,
to identify novel polymorphic genes regulating immune responses to SARS, influenza and WNV, analyze
genetic underpinning of immune phenotypes in mice and humans, and generate panels of genetically defined
mice to probe polymorphic gene control of immune responses against a pathogens or other immune stimuli.

RO1 Al108197 Denison/Baric (MPI) 05/01/18-04/30/23
Determinants of Coronavirus Fidelity in Replication and Pathogenesis

Experiments in this aim will test the hypothesis that nsp14 functions in maintaining high replication fidelity and
viral RNA synthesis are coupled and that targeted engineered mutations across nsp14 alter: a) RNA fidelity
outcomes; b) sensitivity to nucleoside mutagens and polymerase inhibitors; c) sensitivity to innate immunity.

HHSN272201000019I-HHSN27200003 Baric (PI) 09/30/17-03/31/24
MERS-CoV Mouse Model for Vaccine & Therapeutic Testing (Task Order A57)

Use generation of transgenic mice and modifications to the MERS-CoV genome to identify a mouse model for
MERS-CoV that recapitulates human disease phenotypes for evaluating vaccine platforms and therapeutics.

U19 Al 109680 Whitley (PI) 03/01/14-02/28/19

Antiviral Drug Discovery and Development Center

The specific aims of the proposal will identify small molecule inhibitors of CoV fidelity and RNA capping, define
their mechanism of action, and determine their efficacy against SARS-CoV and across CoV families using in
vivo mouse models of acute and persistent CoV disease. Role: Co-Investigator
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Role: Supported Graduate Student

EF-0622770 Rizzo (PI) 8/23/06-8/31/11

NSF Ecology of Infectious Disease Program

Collaborative Research: Sudden Oak Death: Feedback Between a Generalist Pathogen, Hosts, and
Heterogeneous Environments at Multiple Spatial and Temporal Scales

Role: Supported Graduate Student
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