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OMB Number: 4040-0010

Expiration Date: 08/31/2011
Project/Performance Site Location(s) 0

| am submitting an application as an individual, and not on behalf of a company, state,

Project/Performance Site Primary Location ] local or tribal government, academia, or other type of organization.

Organization Name: |EcoHealth Alliance, Inc.
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‘Country:IUSA: UNITED STATES |
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Street2: l |

* City: |Shanghai | County: l
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Principal Investigator/Program Director (Last, first, middle): Daszak, Peter

Project Summary

This project will examine the risk of future coronavirus (CoV) emergence from wildlife using in-depth field
investigations across the human-wildlife interface in China, molecular characterization of novel CoVs and host
receptor binding domain genes, mathematical models of transmission and evolution, and in vitro and in vivo
laboratory studies of host range. Zoonotic CoVs are a significant threat to global health, as demonstrated with
the emergence of pandemic severe acute respiratory syndrome coronavirus (SARS-CoV) in China in 2002,
and the recent and ongoing emergence of Middle East Respiratory Syndrome (MERS-CoV). Bats appear to be
the natural reservoir of these viruses, and hundreds of novel bat-CoVs have been discovered in the last two
decades. Bats, 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. This project aims to
understand what factors increase the risk of the next CoV emerging in people by studying CoV diversity in a
critical zoonotic reservoir (bats), at sites of high risk for emergence (wildlife markets) in an emerging disease
hotspot (China). The three specific aims of this project are to:

1. Assess CoV spillover potential at high risk human-wildlife interfaces in China. This will include
quantifying the nature and frequency of contact people have with bats and other wildlife; serological and
molecular screening of people working in wet markets and highly exposed to wildlife; screening wild-caught
and market sampled bats from 30+ species for CoVs using molecular assays; and genomic characterization
and isolation of novel CoVs.

2. Develop predictive models of bat CoV emergence risk and host range. A combined modeling approach
will include phylogenetic analyses of host receptors and novel CoV genes (including functional receptor binding
domains); a fused ecological and evolutionary model to predict host-range and viral sharing; and mathematical
matrix models to examine evolutionary and transmission dynamics.

3. Test predictions of CoV inter-species transmission. Predictive models of host range (i.e. emergence
potential) will be tested experimentally using reverse genetics, pseudovirus and receptor binding assays, and
virus infection experiments across a range of cell cultures from different species and humanized mice.

Project Description Page 7
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PROJECT NARRATIVE

Most emerging human viruses come from wildlife, and these represent a significant threat to global public
health and biosecurity - as demonstrated by the SARS coronavirus pandemic of 2002-03 and an ongoing
SARS-like epidemic in the Middle East. This project seeks to understand what factors allow animal
Coronaviruses to evolve and jump into the human population by studying virus diversity in a critical group of
animals (bats), at sites of high risk for emergence (wildlife markets) in an emerging disease hotspot (China).
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Daszak, Peter

Institute in a purpose-built facility which has been designed with the assistance of the US
Centers for Disease Control and the Pasteur Institute.

Facilities Page 11





















Principal Investigator/Program Director (Last, first, middle): Daszak, Peter

Program Director/Principal Investigator (Last, First, Middle):  Daszak, P.
Other Experience and Professional Membership
Keynote speaker Merieux Foundation Conference on Emerging paramyxoviruses, France (2000); UN
Millenium Ecosystem Assessment: Lead Author, human infectious diseases (2006); NIH: ad hoc member,
ZRG1 IDM-G 90 study section: Virology, Biodefense & Emerg. Diseases (2003-5); Editorial Board,
Conservation Biology (Blackwell); Founding Co-Editor EcoHealth (Springer) (2004-10); NAS — Committee
Member, Future Needs in Veterinary Research (2004-5); DIVERSITAS (UNESCO-ICSU): Member of Scientific
Committee (2004-11; Treasurer 2007-11); NIAID: Steering Committee, workshop on virus-host shifts &
emergence of new pathogens (2005); Australian Biosecurity Cooperative Research Center: International
Standing Advisory Committee (2005-10); NIH: ad hoc member, ZRG1 IRAP-Q study section (infectious
diseases, epidemiology) (2005-7); International EcoHealth Association: Founding board of directors, Treasurer
(2006-11); CDC: ad hoc member, ZCD1 SGI, 09PAR07-231, R36 Research Dissertation Awards (2007);
European CDC: Keynote speaker, future infectious disease threats (2008); NAS-IOM Committee Member,
Global capacity for EID surveillance (2008-9); Scientific Advisory Board, NIAID Center of Excellence, avian
influenza (CRISAR), UCLA (2008-9); Reviewer |IOM report on Infectious Disease Movements in a Borderless
World (2009); NIAID: Steering Committee, workshop on viruses from bats (2009); NAS-IOM Participant,
workshop on H1N1, Committee on Emerging Microbial Threats (2009); NIH: ZRG1 IRAP-Q Review panel
ARRA Challenge grants (2009); Organizing Committee, 1% International One Health Symposium, Australia
(2010); Member, Council of Advisors One Health Commission (2010-); Editor-in-Chief, EcoHealth (2010-);
Scientific Advisory Board, Oxford Univ. Clinical Research Unit, Vietnam (2010-); Member of IOM Forum on
Microbial Threats 2010-; Steering Committeee, NIAID Workshop on Arboviruses 2011; Organizer IOM Forum
on Microbial Threats briefing on MERS-CoV 2013.

Honors

Meritorious service award, CDC (1999); CSIRO silver medal for collaborative research (2000); Honored by the
naming of a new species of centipede, Cryptops daszaki (J Nat Hist 2002; 36: 76-106) (2002); I1S| Fast-
breaking paper (2002); CBS 60 Minutes documentary on Nipah virus research; 6™ Annual Lecturer, Medicine &
Humanities, Texas A&M (2003); Editor’s choice, Science (2006); Zayed International Prize for the
Environment (2™) (2006); Finalist, Director’s Pioneer Award (2007); Discovery Channel documentary on Nipah
virus research, Bangladesh (2008); Presidential Lecturer, University of Montana (2008) ; Elected member of
the Cosmos Club 2012; Honored by the naming of a new species of parasite, /sospora daszaki (Parasitol. Res.
2013; 111:1463-1466) (2012); Awarded the Hsu-Li Distinguished Lectureship in Epidemiology (2013).

C. Peer-reviewed publications (selected from over 190+); * = Corresponding author
Most relevant to the current application

1. Daszak P, Cunningham AA, Hyatt AD (2000). Emerging infectious diseases of wildlife - threats to
biodiversity and human health. Science 287: 443-449

2. LiW, ShiZ, Yu M, Ren W, Smith C, Epstein JH, Wang H, Crameri G, Hu Z, Zhang H, Zhang J, McEachern
J, Field H, Daszak P, Eaton BT, Zhang S & Wang L-F (2005). Bats are natural reservoirs of SARS-like

4. 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.

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

6. Daszak P (2012). Anatomy of a pandemic Lancet 380: 1883-1884.
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Principal Investigator/Program Director (Last, first, middle): Daszak, Peter

Program Director/Principal Investigator (Last, First, Middle):  Daszak, P.
USAID EPT PREDICT Daszak (PI) 10/01/09 — 09/30/14
Modeling hotspots for disease emergence and conducting surveillance in wildlife in hotspots for new emerging
zoonoses
Role: Pl on Subcontract

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

NIH Ecology of Infectious Diseases (Fogarty International Center)

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

To conduct mathematical modeling and fieldwork to understand the dynamics of Nipah virus in Bangladesh
Role: PI

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

US-China Ecology and Evolution of Infectious Diseases Collaborative Workshop; Kunming, China - October,
2012

Role: PI

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

NIAID Non-Biodefense Emerging Infectious Diseases

Risk of viral emergence from bats.

To model hotspots for bat viral diversity, identify & characterize new bat viruses & understand their pathology
Role: PI

HDTRA1-13-C-0029 Preston(PI) 01/11/13-01/10/14

Office of Naval Research, Defense Threat Reduction Agency

Global Rapid Identification Tool (GRIT) for Undiagnosed Emerging Infectious Diseases (EID) Events
Role: Co-Investigator

Completed Research Support

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

NSF Human and Social Dynamics

AOC - HSD - Collaborative Research: Human-related factors affecting emerging infectious diseases
To analyze how socio-economic and environmental drivers predict risk of EIDs

Role: Pl on lead proposal

R01TW005869 - supplemental Daszak (PI) 09/01/08 — 08/31/11

NIH EID (Fogarty International Center)

Supplemental funding: Predicting the risk of global H5N1 spread

This project will involve 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
NSF/NIH: Ecology & Evolution of Infectious Diseases

Predicting spatial variation in West Nile virus transmission

Study interaction among WNV vector, reservoir host populations across an urban-to-rural gradient.
Role: Co-PI

R01 TW05869 Daszak (PI) 08/01/02 - 05/31/07
NIH/Fogarty International Center

Anthropogenic change & emerging zoonotic paramyxoviruses

To identify the cause of emergence of Nipah and Hendra viruses in Malaysia and Australia.
Role: PI

HSD 0525216 Daszak (PI) 10/15/05 - 10/14/06
National Science Foundation: Human and Social Dynamics

Collaborative Research: Socio-Economic and Environmental Drivers of Emerging Diseases
To analyze patterns of disease emergence globally and produce a broad risk assessment.
Role: PI

PHS 398/2590 (Rev. 06/09) Page Biographical Sketch Format Page
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Principal Investigator/Program Director (Last, first, middle): Daszak, Peter

1. Li,W., ShiZ., Yu M., Ren W., Smith C., Epstein H. J., Zhang S., Wang H., Crameri G., Hu Z., Zhang H.,
Zhang J., Mceachern J., Field H., Daszak P., Eaton T.B. and Wang L. F. (2005). Bats are natural reservoirs
of SARS-like coronaviruses. Science, 310(5748), 676-679.

2. Hon,C.C., Lam, T. Y., Shi, Z., Drummond, A. J., Yip, C. W., Zeng, F., Lam, P. Y. and Leung, F. C.. (2008).
Evidence of the recombinant origin of a bat severe acute respiratory syndrome (SARS)-like coronavirus and
its implications on the direct ancestor of SARS coronavirus. Journal of Virology, 82(4), 1819-1826.

3. Yuan, J., Hon,C. C., Li, Y., Wang, D., Xu, G., Zhang, H., Zhou, P., Poon, L. M., Lam, T. T. Leung, F. C. and
Shi, Z. (2010). Intra-species Diversity of SARS-Like Coronaviruses (CoVs) in Rhinolophus sinicus and lts
Implications on the Origin of SARS-CoVs in human. Journal of General Virology, 91(4),1058-1062.

4. Hou, Y., Peng, C., Yu, M, Li,Y., Han, Z., Wang, L-F., Li, F., Shi, Z. (2010). Bat Angiotensin Converting
Enzyme-2 Displays Different Receptor Activity to Severe Acute Respiratory Syndrome Coronavirus Entry.
Archives of Virology, 155(10), 1563-1569.

5. Wang, J., Wang, L-F. and Shi, Z. (2008). Construction of a non-infectious SARS coronavirus replicon for
application in drug screening and analysis of viral protein function. Biochemical and Biophysical Research
Communications, 374(1),138-142.

Additional recent publications of importance to the field (in chronological order)

1. Ren, W, Li, W, Yu, M., Hao, P., Zhang, Y., Zhou, P., Zhang, S., Zhao, G., Zhong, Y., Wang, S., Wang, L. F.
and Shi, Z. (2006). Full genome sequences of two SARS-like coronaviruses in horseshoe bats and genetic
variation analysis. Journal of General Virology, 87(11), 3355-3359.

2. LiY.,Wang, J., Hickey, A. C., Zhang, Y., Li, Y., Wu, Y., Zhang, H., Yuan, J., Han, Z., McEachern, J., Broder,
C. C., Wang, L. F. and Shi, Z. (2008). Potential nipah virus infection in Chinese bats. Emerging Infectious
Diseases, 14(12),1974-1976.

3. Ren, W, Qu, X,, Li, W, Han, Z., Yu, M., Zhang, S., Wang, L. F., 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.

4. Zhou, P., Han, Z., Wang, L.F. and Shi, Z. (2009). Immunogenicity difference between the SARS coronavirus
and the bat SARS-like coronavirus spike (S) proteins. Biochemical and Biophysical Research
Communications, 387(2), 326-329.

5. Li,Y., Ge X.,,Hon C. C., Zhang H., Zhou P., Zhang Y., Wang L. F. and Shi Z. (2010). Prevalence and
Genetic Diversity of Adeno-Associated Viruses in Bats, China. Journal of General Virology, 91(10),
2601-2609.

6. Zhang Y., Zhang H., Dong X., Yuan J., Zhang H., Yang X., Zhou Peng., Ge X,, Li Y., Wang L-F, and Shi Z
(2010). Hantavirus Outbreak Associated with Laboratory Rats in Yunnan, China. Infection, Genetics and
Evolution, 10(5): 638—-644.

7. Li, Y., Ge X., Zhang H., Zhou P., Zhu Y., Zhang Y., Yuan J., Wang L-F., Shi Z. (2010). Host Range,
Prevalence and Genetic Diversity of Adenoviruses in Bats. Journal of Virology, 84(8), 3889-3897.

8. Yu, M., Tachedjian, M., Crameri, G., Shi, Z. and Wang, L.F. (2010). Identification of key amino acid residues
required for horseshoe bat angiotensin-I converting enzyme 2 to function as a receptor for severe acute
respiratory syndrome coronavirus. Journal General Virology, 91(7), 1708-1712.

9. Ge, X, Li, Y., Yang, X., Zhang, H., Zhou, P., Zhang, Y. & Shi, Z. (2012). Metagenomic analysis of viruses
from bat fecal samples reveals many novel viruses in insectivorous bats in china. Journal of Virology, 86,
4620-4630.

10. Zhou, P., Li, H., Wang, H., Wang, L. F., Shi, Z. (2012). Bat severe acute respiratory syndrome-like
coronavirus ORF3b homologues display different interferon antagonist activities. Journal General Virology,
93, 275-281.

D. Research Support

Ongoing Research Support

30970137 National Natural Science Foundation of China  Shi (PI) 01/01/2010-12/31/2012
Metagenomic analysis of bat intestinal viruses

Role: PI

2011CB504700 National Basic Research program of China  Shi (PI) 01/01/2011-12/31/2015

Biographical Sketches for each listed Senior/Key Person 2 Page 22
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Mechanism of interspecies transmission of zoonotic viruses

Role: Pl

81290341 National Natural Science Foundation of China Shi (PI) 01/01/2013-12/31/2017
Genetic diversity, identification and pathogenesis of bat viruses

Role: PI

Completed Research Support

2005CB523004 National Basic Research program of China  Shi (PI) 01/01/2006-12/31/2010
Interspecies transmission mechanism of zoonotic viruses

Role: PI

20092X10004-109 Key project of infectious diseases Shi (PI) 01/01/2009-12/31/2010

Rapid and high throughput diagnostic methods for emerging infectious viral pathogens
Role: PI
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Conservation Union (IUCN-SSC)

1999- Secretary General of Bat Specialists Group of China's Mammalogical Society

2000- Member of Chinese National Committee for International Union of Biological Sciences

Honors

1989 Fellowship from the China's Education Ministry for students abroad

1991 Fellowship from the French Government for Chinese students

1995 Research grant under the "100 Talent Programme" sponsored by the Chinese Academy of
Sciences

1998 Allowance of the State Department for research and technology

1999 Research grant under the "Young Scientist" sponsored by the Chinese Academy of Sciences

2000 “Excellent Young Researcher Grant” of the National Natural Science Foundation of China

2001 “Young Scientist” award of the Chinese Academy of Sciences

2006 Nation Award (class Il) for Science and Technology

C. Peer-reviewed publications (selected from over 180 peer-reviewed publications)

Most relevant to the current application

1.

He, J.F., Peng, G.W., Min, J., Yu, D.W., Liang, W.J., Zhang, S.Y., Xu, R.H., Zheng, H.Y., Wu, X.W., Xu, J.,
Fang, L., Zhang, X, Li, H., Yan, X.G,, Lu, J.H., Hu, Z.H., Huang, J.C., Wan, Z.Y., Lin, J.Y., Song, H.D.,
Wang, S.Y., Zhou, X.J., Zhang, G.W., Guo, B.W., Zheng, H.J., Zhang, X.L., Zheng, K., Wang, B.F., Fu, G.,
Hou, J.L., Wang, X.N., Chen, S.J., Hao, P., Tang, H., Ren, S.X,, Zhong, Y., Guo, Z.M., Liu, Q., Miao, Y.G.,
Kong, X.Y., He, W.Z,, Li, Y.X., Chen, Z., Wu, C-l, Zhao, G.P., Chiu, RW.K., Chim, S.S.C., Tong, Y.K,,
Chan, P.K.S., Tan, J.S., Lo, Y.M.D. (2004). Molecular evolution of the SARS-coronavirus during the course
of the SARS epidemic in China. Science, 303, 1666-1669.

Li, W.D., Shi, Z.L., Yu, M., Ren, W.Z., Smith, C., Epstein, J., Wang, H.Z., Crameri, G., Hu, Z.H., Zhang,
H.J., Zhang, J.H., McEachern, J., Field, H., Daszak, P., Eaton, B.T., Zhang, S.Y., Wang, L.F. (2005). Bats
are natural reservoirs of SARS-like coronaviruses. Science, 310, 676-679.

Tang, X.C., Zhang, J.X., Zhang, S.Y., Wang, P., Fan, X.H., Li, L.F., Li, G., Dong, B.Q., Liu, W., Cheung,
C.L., Xu, K.M., Song, W.J., Vijaykrishna, D., Poon, L.L.M., Peiris, J.8.M., Smith, G.J.D., Chen, H., Guan, Y.
(2006). Prevalence and genetic diversity of coronaviruses in bats from China. Journal of Virology, 80,
7481-7490.

Ren, W.Z,, Qu, X.X,, Li, W.D., Han, Z.G., Yu, M., Zhou, P., Zhang, S.Y., Wang, L.F., Deng, H.K., Shi, Z.L.
(2008). Difference in receptor usage between SARS coronavirus and SARS-like coronavirus of bat origin.
Journal of Virology, 82, 1899-1907.

Tang, X.C., Li, G, Vasilakis, N., Zhang, Y., Shi, Z.L., Zhong, Y., Wang, L.F., Zhang, S.Y. (2009). Differential
stepwise evolution of SARS Coronavirus functional proteins in different host species. BMC Evolutionary
Biology 9, 52, d0i:10.1186/1471-2148-9-52.

Additional recent publications of importance to the field

1

2

Wang, L.F., Shi, Z.L., Zhang, S.Y., Field, H., Daszak, P., Eaton, B.T. (2006). Review of Bats and SARS.
Emerging and Infectious Disease, 12, 1834 -1840.

Li, G., Jones, G., Rossiter, S., Chen, S.F., Parsons, S., Zhang, S.Y. (2006). Phylogenetics of small
horseshoe bats from East Asia based on mitochondrial DNA sequence variation. Journal of Mammalogy,
87, 1234-1240.

Ren, W.Z., Li, W.D., Yu, M., Hao, P., Zhou, P., Zhang, S.Y., Zhao, G.P., Zhong, Y., Wang, S.Y., Wang,
L.F., Shi, Z.L. (2006). Full-length genome sequences of two SARS-like coronaviruses in 4 horseshoe bats
and genetic variation analysis. Journal of General Virology, 87, 3355-3359.

Cui, J., Han, N.J., Streicker, D., Li, G., Tang, X.C., Shi, Z.L., Hu, Z.H., Zhao, G.P., Guan, Y., Wang, L.F.,
Field, H., Jones, G., Daszak, P., Zhang, S.Y. (2007). Evolutionary relationships between bat coronaviruses
and their hosts. Emerging and Infectious Disease, 13, 1526-1532.

Rossiter, S.J., Benda, P., Dietz, C., Zhang, S.Y., Jones, G. (2007). Rangewide phylogeography in the
greater horseshoe bat inferred from microsatellites: implications for population history, taxonomy and
conservation. Molecular Ecology, 16, 4699-4714.

Cui, J., Counor, D., Shen, D., Sun, G.Y., Deubel, V., Zhang, S.Y. (2008). Detection of Japanese
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Principal Investigator/Program Director (Last, first, middle): Daszak, Peter

BIOGRAPHICAL SKETCH

Provide the following information for the Senior/key personnel and other significant contributors.
Follow this format for each person. DO NOT EXCEED FOUR PAGES.

NAME POSITION TITLE

Ke, ChangWen Director, Institute of Pathogenic Microbiology

eRA COMMONS USER NAME (credential, e.g., agency login) Guangdong Center for Disease Control and
Prevention

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, include postdoctoral training and
residency training if applicable.)

INSTITUTION AND LOCATION ﬁfgigigge) MM/YY FIELD OF STUDY
West China Medical University M.P.H. 1984 Public Health
West China Medical University B.S. 1969 Medigine
Sun Yensen University M.D. 2001 Biochemistry and
Molecular Biology

A. Personal Statement.

| have worked in public health and infectious disease research for more than 10 years. As Director of the
Institute of Pathogenic Microbiology at Guangdong CDC | have been involved in the study and control of
several emerging zoonitic infections, including SARS CoV and most recently, H7N9 avian influenza. Our work
under the Guangdong Department of Health and with several Chinese universities and international
collaborators has established several syndromic disease surveillance programs and collaborative infectious
disease research programs including Chikungunya, enterovirus 71, Avian influenza H7N9 and H5N1, and
SARS CoV. Most recently, through partnership with the USAID PREDICT program, we have augmented our
lab’s ability to identify zoonotic agents in people highly exposed to wildlife such as those working in live animal
markets. This ongoing surveillance program has led to the identification of people who have been exposed to
animal pathogens, including SARS CoV, and supports the initiative to extend this type of surveillance to other
provinces in China. | believe that there is strong evidence that spillover of animal pathogens to people is
occurring in China and MERS CoV in the Middle East shows that we should pay more attention to bat
coronaviruses. Given the technical expertise and capacity for disease detection at the microbiology lab at
Guangdong CDC, | have high confidence that we will be able to contribute to our understanding of coronavirus
circulation in human populations and to determine the risk of new CoVs emerging in China.

B. Positions and Honors

Positions and Employment

1989-2000 Doctor in Charge, Health & Epidemic Prevention Station of Guangdong Province
1994-1996 Participant, Department Il of Virology, National Institute of Infectious Diseases, Japan
2003-2004 Visiting researcher, Virology Department, National Institute of Infectious Diseases,Japan
2004- Director, Institute of Microbiology Center for Disease prevention and Control,

Guangdong province, China
Other Experience and Professional Memberships

2004- Member of National expert committee of Influenza
2006- Member of National Biosafety expert Committee

Biographical Sketches for each listed Senior/Key Person 4 Page 27
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Completed Research Support

China-U.S. 2009-2012
Collaborative Program on Emerging and Re-Emerging Infectious Diseases
Enhanced surveillance on Salmonella in Guangdong province.

30972591
National Natural Science Foundation of China 2010-2011
Epidemiology and molecular mechanism of virulence mutation of dengue viruses in Guangdong

World Bank 2005
Establish Laboratory Network for Emergency Response and Surveillance of Infectious Diseases in Guangdong
Province and Training.

WHO 07.03.01.AW.01.
Epidemiological study on Transmission on Influenza A Virus from Animals to Human

WHO grant: 07.02.01.AW.01.
Surveillance on emerging and reemerging infectious diseases pathogen in Guangdong Province
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2008-

2008-
2009-
2009-
2009-
2011-
2012-

Postdoctoral fellow, Center for Infection and Immunity, Columbia University, NY, Adjunct Associate
Professor, Mt. Sinai School of Medicine

Review Editor - EcoHealth

Associate Vice President, Conservation Medicine Program EcoHealth Alliance, NY

Executive Director, Consortium for Conservation Medicine, EcoHealth Alliance, NY

Asia Regional Coordinator, USAID EPT (PREDICT)

Admissions committee, Tufts University Masters in Conservation Medicine degree program

Board of Directors, International Association of Ecology and Health; Scientific Advisory Board,
Lubee Bat Conservancy

Other Experience and Professional Memberships

1998-
2003-
2004
2004

2006
2007-

2010-

2008-13.

Member: American Veterinary Medicinal Association, American Association of Zoo Vets, Wildlife
Disease Association, New York Academy of Sciences,

Member, IUCN Veterinary Specialist Group

Invited speaker, WHO, Emerging Zoonotic Diseases Working Group meeting

Member and Health Advisor, IUCN Bat Specialist Group; Advisory committee, Suffolk Country
Board of Public Health; International Assoc. Ecology and Health

Member, Delta Omega Public Health Honors Society

Leader, Vertebrate Health Task Force, Smithsonian Institution Geological Earth Observatory
Program (SIGEO)

Scientific Committee Member, DIVERISTAS ecoHEALTH cross-cutting network (ICSU-UNESCO)
(selected) Invited presentations: University of Malaysia, Sarawak — Emerging zoonoses; IOM-NAS
Committee on Achieving sustainable global capacity for surveillance and response to emerging
infectious diseases; Nipah virus colloquium, University Malaya, Kuala Lumpur, Malaysia, Nipah
virus symposium, American Society for Tropical Medicine & Hygiene; International Bat Research
Symposium, Prague; American Society of Microbiology, Washington, DC; Australian Animal Health
Laboratory (AAHL), Geelong; International Meeting on Emerging Diseases (IMED), Vienna; IOM
meeting on MERS CoV and H7N9, Washington DC.

First recipient, Certificate of International Veterinary Medicine, Tufts University Sch. Vet. Med.

Hills award for excellence in veterinary clinical nutrition

Sylvia Mainzer award for outstanding achievement in the field of public health

NIH Loan Repayment Award (competitive award for Nipah virus research)

Inducted into Delta Omega Honor Society for Public Health (Alpha Rho Chapter — 1% alumni
inductee; 1% Inaugural Keynote Speaker)

Outstanding Alumnus award, Tufts Cummings School of Veterinary Medicine

Young Alumni Achievement Award, Tufts University (selected from all alumni who graduated in past
10 yrs)

D. Selected peer-reviewed publications (from 45). * indicates corresponding author
Most relevant to the application (in chronological order)

1. Li,W., Shi, Z., Yu, M., Ren, W., Smith, C., Epstein, J.H., Wang, H., Crameri, G., Hu, Z., Zhang, H., Zhang,
J., McEachern, J., Field, H., Daszak, P., Eaton, B.T., Zhang, S. & Wang, L-F. (2005). Bats are natural
reservoirs of SARS-like coronaviruses. Science 310; 676-679.

2. Epstein, J.H.*, Quan, P.L., Briese, T., Street, C., Jabado, O., Conlan, S., Khan, S.A., Verdugo, D., Hossain,
M.J., Hutchison, S.K., Egholm, M., Luby, S.P., Daszak, P., & Lipkin, W.I. (2010). Identification of GBV-D, a
Novel GB-like Flavivirus from Old World Frugivorous Bats (Pteropus giganteus) in Bangladesh. PLoS
Pathogens 6(7): e1000972. doi:10.1371/journal.ppat.1000972.

3. Anthony, S.J, Ojeda-Flores, R., Rico-Chavez, O., Navarrete-Macias, |., Zambrana-Torrelio, C.M., Rostal,
M.K., Epstein, J.H., Tipps, T., Liang, E., Sanchez-Leon, M., Sotomayor-Bonilla, J., Aguirre, A.A., Avila, R.,
Medellin, R.A., Goldstein, T., Suzan, G., Daszak, P., Lipkin, W.l. (2013). Coronaviruses in bats from
Mexico. J. Gen Virol. Published ahead of print January 30, 2013, doi:10.1099/vir.0.049759-0
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D. Research Support
Ongoing Research Support
Ongoing Research Support

USAID Daszak (PI) 10/01/09 — 09/30/14
Emerging Pandemic Threats: PREDICT

Modeling hotspots for disease emergence and conducting surveillance in wildlife for new emerging zoonoses.
Role: Asia Regional Coordinator: coordinating field and lab activities in Bangladesh, India, Thailand, Malaysia,
Indonesia and China; Surveillance Team and Molecular Diagnostic team member.

2 R0O1TW005869 Daszak (PI) 09/01/08 — 08/31/14
NIH Ecology of Infectious Diseases (Fogarty International Center)

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

To conduct mathematical modeling and fieldwork to understand the dynamics of Nipah virus in Bangladesh
Role: Co-PlI

1 RO1AI079231 Daszak (PI) 09/18/08 — 08/31/13
NIAID Non-Biodefense Emerging Infectious Diseases

Risk of viral emergence from bats. This project is to model hotspots for viral diversity and emergence in bats,
to identify new viruses from bats, and to examine the pathogenicity and infectiousness for these novel
pathogens. Role: Co-PI

0955897 NSF Research Coordination Network Daszak (PI) 07/01/10-06/30/15
EcoHealthNet: Environmental Science and Health Research Network

The major goal of this research is to run a series of workshops and student research exchange programs
focused on collaborations among the human medical, veterinary, ecological and economic sciences.

Role: Co-PIl, Program Director

USFWS, F12AP01117 Epstein (Pl).
Development of a Great Ape Health Unit in Sabah, Malaysia 09/13/12 - 09/13/14
USFWS, 4500036150 Epstein (PI) 09/15/12 - 09/14/14

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

Completed Research Support

1K08AI067549 Epstein (PI) 07/1/07 — 07/30/11
Understanding the Ecology of Nipah Virus in Bangladesh (NIAID)

Modeling the dynamics of Nipah virus in Pteropus giganteus and risk of spillover to humans.

Role: Pl (collecting Nipah virus epidemiological data from Bats in Bangladesh)
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USAID EPT PREDICT Daszak (PI) 10/01/09 — 09/30/14
Modeling hotspots for disease emergence and conducting surveillance in wildlife for new emerging zoonoses.
Role: Key Personnel: Modeling disease risk and managing projects in Asian countries

US Geological Survey (USGS) Olival (Co-PI) 06/18/12-06/17/13
“Genetic Approaches to Defining Taxonomic and conservation Units for the Hawaiian Hoary Bat”
Using molecular tools to conserve the endangered Hawaiian Hoary bat.

Role: Co-PI

USFWS 4500036150 Epstein (PI) 09/01/12-12/31/14
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.

Role: Co-PI

Completed Research Support

NIH 3R01TW005869-06S1 Daszak (PI) 09/01/09 — 8/31/11

NIH Ecology of Infectious Diseases ARRA supplement to “The Ecology, Emergence and Pandemic Potential of
Nipah virus in Bangladesh”. Examined the ecology of Nipah virus in Bangladesh; population genetic structure
of P. giganteus; and the pathogen discovery from a diverse range of bats. Over the course of this award |
published >10 papers including 4 in the prestigious journal Emerging Infectious Diseases; presented at >20
national and int'l conferences; and media coverage in the New York Times Science section.

Role: Fogarty US Global Health Fellow; lead for ARRA reserach
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2008 Invited Speaker, Dept. of Biology, Stanford University, CA
2009 — present  Member of modeling team, USAID-EPT PREDICT
2010 — present  Review Editor, EcoHealth

Selected Honors:

2003 NSF RTG/GRT Fellowship on Spatial ecology

2004 Invited to speak at EEID in 2004 and 2011

2004 Member NCEAS group on Recovery plans and de-listing

2005 Member NCEAS group on designing ecological protected areas research
2005 Member NCEAS group on complex population dynamics

2007 PNAS 2007 paper cited by Faculty of 1000 Biology as “Must Read”

2007 PNAS paper listed as Science Editor’s choice, 6" April 2007

C. Peer-reviewed publications

Most relevant to the current application

1. Hosseini, P.R. (2003). How localized consumption stabilizes predator-prey systems with finite frequency of
mixing. American Naturalist 161:567-585. doi:10.1086/368293

2. Hosseini, P.R., Dobson, A. & Dhondt, A.A. (2004). Seasonality and wildlife disease: How seasonal birth,
aggregation and variation in immunity affect the dynamics of Mycoplasma gallisepticum in House Finches.
Proceedings of the Royal Society of London: Biological Sciences. 271:2569-2577.
doi:10.1098/rspb.2004.2938

3. Hosseini, P.R. (2006) Pattern Formation and Individual-Based Models: The Importance of Understanding
Individual-Based Movement. Ecological Modeling 194: 357-371. doi:10.1016/j.ecolmodel.2005.10.041

4. Seabloom, E.W., Hosseini, P.R., Power, A.G., Borer, E.T. (2009). Causes and implications of co-infection
by RNA viruses in natural grasslands. American Naturalist. 173:E79-E98. doi: 10.1086/596529

5. Hosseini, P.R., Sokolow, S.H., Vandegrift, K.J., Kilpatrick, A.M. & Daszak, P. (2010). Predictive power of
air travel and socio-economic data for early pandemic spread PLoS One. 5(9):e12763.
doi:10.1371/journal.pone.0012763.

Additional recent publications of importance to the field

1. Campbell, S.P., Clark, A., Crampton, L., Guerry, A.D., Hatch, L.T., Hosseini, P.R., Lawler, J.J., O'Connor
R.J. (2002). An assessment of monitoring efforts in endangered species recovery plans. Ecological
Applications. 12:674-681. doi:10.1890/1051-0761(2002)012[0674:AAOMEI]2.0.CO;2

2. Kaollias, G.V., Sydenstricker, K.V., Kollias, HW., Ley, D.H., Hosseini, P.R., Connolly, V. & Dhondt, A.A.
(2004). Experimental infection of individually caged House Finches with Mycoplasma gallisepticum. J.
Wildlife Diseases. 40: 79-86.

3. Dhondt, A.A., Altizer, S., Cooch, E.G., Davis, A.K., Dobson, A., Driscoll, M.J.L., Hartup, B.K., Hawley, D.
M., Hochachka, W.M., Hosseini, P.R., Jennelle, C.S., Kollias, G.V., Ley, D.H., Swarthout, E.C.H.,
Sydenstricker, K.V. (2005). Dynamics of a novel pathogen in an avian host: Mycoplasmal conjunctivitis in
house finches. Acta Tropica 94(1):77-93. doi:10.1016/j.actatropica.2005.01.009

4. Altizer, S., Dobson, A., Hosseini, P., Hudson, P. Pascual, M., & Rohani, P. (2006). Seasonality and the
dynamics of infectious diseases. Ecology Letters 9:467-484. doi:doi:10.1111/j.1461-0248.2005.00879.x

5. Hosseini, P.R., Dhondt, A.A., & Dobson, A.P. (2006). Spatial Spread of an Emerging Infectious Disease:
Conjunctivitis in House Finches — Seasonal Rates and Geographic Barriers, Ecology. 87: 3037-3046.
esajournals.org.

6. Borer, E., Hosseini, P.R., Seabloom, E., & Dobson, A.P. (2007). Pathogen-induced reversal of native
dominance in a grassland community PNAS. 104:5473-5478 doi:10.1073/pnas.0608573104

7. Ballantyne, F.,Menge, D., Ostling, A., & Hosseini, P.R. (2008). Nutrient recycling affects autotroph and
ecosystem stoichiometry, American Naturalist. 171:511-523. doi:10.1086/528967

8. Barseghian, D., Altintas, |., Jones, M. B., Crawl, D., Potter, N., Gallagher, J., Cornillon, P., Schildhauer, M.,
Borer, E.T., Seabloom, E.W. & Hosseini, P.R. (2009). Workflows and extensions to the Kepler scientific
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workflow system to support environmental sensor data access and analysis. Ecological Informatics.
5(1):42-50 doi:10.1016/j.ecoinf.2009.08.008

9. Brandt, A.J., Seabloom, E.W., & Hosseini, P.R. (2009). Phylogeny and provenance affect plant-soil
feedbacks in invaded California grasslands. Ecology 90:1063-1072.

10. Moore, S.M., Borer, E.T., Hosseini, P.R. (2010). Predators indirectly control vector-borne disease: linking
predator-prey and host-pathogen models, Journal of the Royal Society Interface. 7:161-176
doi:10.1098/rsif.2009.0131

D. Research Support

Ongoing Research Support

NSF EF-1015791 Mitchell (PI) 07/01/10 — 6/30/15
National Science Foundation/National Institutes of Health: Ecology of Infectious Diseases program. The
community ecology of viral pathogens — Causes and consequences of coinfection in hosts and vectors. To
conduct mathematical modeling and fieldwork to understand implications in a wild grass, aphid-vectored
disease system.

Role: Co-PlI

NSF Daszak (PI) 06/21/10 - 06/20/15
Collaborative research: the community ecology of viral pathogens - causes and consequences of coinfection in
hosts and vectors.

Role: Co-PlI

GHN-A-00-09-00010-00 Morse (PI) 10/1/09-09/30/14
USAID Emerging Pandemic Threats

PREDICT - Wildlife SMART Surveillance

Modeling hotspots for disease emergence and conducting surveillance in wildlife in hotspots for new emerging
Z0oonoses

Role: Hotspots Modeler

National Institutes Of Health Daszak (PI) 09/17/12 - 08/31/13
Fogarty International Center

Comparative Spillover Dynamics of Avian Influenza in Endemic Countries

Role: Co-PlI

Completed Research Support

NIH 3R01TW005869-07S1 Daszak (PI) 07/01/10 — 06/30/11
Research: The Ecology, Emergence and Pandemic Potential of Nipah virus in Bangladesh, Supplement:
Understanding and predicting the spread of H5N1 in Bangladesh, China and Globally, Modeling Research
Award. To conduct model development and research to understand the role of wild and domestic poultry and
livestock in creating the conditions that allow sustained spillover of human-pathogenic influenza viruses into
people.

Role: Key Personnel

NIH 3R01TW005869-07S2 Daszak (PI) 07/01/10 — 06/30/11
Research: The Ecology, Emergence and Pandemic Potential of Nipah virus in Bangladesh, Supplement:
Understanding and predicting the spread of H5N1 in Bangladesh, China and Globally, Field Research Award.
To conduct fieldwork to understand the role of wild and domestic poultry and livestock in creating the
conditions that allow sustained spillover of human-pathogenic influenza viruses into people.

Role: Key Personnel

NIH 3R01TW005869-06S4 Daszak (PI) 07/01/09 - 06/30/10
Research: The Ecology, Emergence and Pandemic Potential of Nipah virus in Bangladesh, Supplement:
Understanding and predicting the spread of H5N1 in Bangladesh, China and Globally, Modeling Research
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Award. To conduct model development and research to understand the role of wild and domestic poultry and
livestock in creating the conditions that allow sustained spillover of human-pathogenic influenza viruses into
people.

Role: Key Personnel

NIH 3R01TW005869-06S3 Daszak (PI) 07/01/09 — 06/30/10
Research: The Ecology, Emergence and Pandemic Potential of Nipah virus in Bangladesh, Supplement:
Understanding and predicting the spread of H5N1 in Bangladesh, China and Globally, Field Research Award.
To conduct field work to understand the role of wild and domestic poultry and livestock in creating the
conditions that allow sustained spillover of human-pathogenic influenza viruses into people.

Role: Key Personnel

NSF EID 05-25666 Borer (PI) 09/01/05 - 8/31/10
Research: Predicting the effects of environmental change and host diversity on the dynamics of insect-
vectored generalist pathogens.

Role: Key Personnel

The goal of this project was to assess a community-based strategy for reducing alcohol abuse among older
individuals.

Role: PI

Biographical Sketches for each listed Senior/Key Person 7 Page 41



Principal Investigator/Program Director (Last, first, middle): Daszak, Peter

BIOGRAPHICAL SKETCH

Provide the following information for the Senior/key personnel and other significant contributors.
Follow this format for each person. DO NOT EXCEED FOUR PAGES.

NAME POSITION TITLE
Ge, Xing Yi Assistant Researcher

eRA COMMONS USER NAME (credential, e.g., agency login)

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, include postdoctoral training and
residency training if applicable.)

INSTITUTION AND LOCATION ﬁngGBEE MMAYY FIELD OF STUDY
pplicable)
Huazhong Agricultural University, Wuhan, China 07/05 Biotechnology
Huazhong Agricultural University, Wuhan, China 07/08 Eﬂf(;’ii?r::e Veterinary
Wuhan Institute of Virology, Chinese Academy of Ph.D 12/11 Biochemistry and
Sciences, Wuhan, China ' Molecular Biology

A. Personal Statement

Throughout my career, | have received extensive molecular training, including deep sequencing, and
collaborated in multiple publications in the field of viral genetic diversity in bats in China. | have investigated the
genetic diversity of bat adeno-associated viruses and their virus-host interactions, and isolated 22 novel
ssDNA viruses from bat fecal samples using inverse PCR, which were then identified to belong in the
Circoviridae family. Additionally, using metagenomic analyses, | participated in the characterization of a
totivirus from bat feces in China, which showed its capacity of infecting various insect cell lines, thus having a
wide geographical distribution. Our most recent work on SARS-like coronaviruses in bats has shown that there
are SARS-like CoVs in bats that use the ACEZ2 receptor, and therefore could be directly transmissible to
humans. The discovery of MERS CoV shows that there are other coronaviruses, most likely from bats, that
use different receptors to infect people. For this reason, we should understand the diversity of bat
coronaviruses in China and determine whether they can infect people. In the current proposal, which aims to
study coronaviruses in China, | will be responsible for the diagnosis, genomics and isolation of coronaviruses
and for analyzing their receptor binding domains, in order to understand their viral spillover risk and geographic
distribution. We have shown that our lab at Wuhan has the ability to identify and test these viruses for receptor
usage, and | am confident that this study will allow us to find many other coronaviruses in nature with zoonotic
potential.

B. Positions and Honors

Positions and Employment

2005-2008 Master’s Training, College of Veterinary Medicine, Huazhong Agricultural University, China

2008-2011 Doctoral Training, Wuhan Institute of Virology, Chinese Academy of Sciences, China

2010 Doctoral Training, Unit of Molecular Genetics of RNA Viruses, Department of Virology,
Institute Pasteur, Paris, France

2012- Assistant Researcher, Wuhan Institute of Virology, Wuhan, China

Honors

2005 Excellent Thesis of Bachelor Degree of Hubei province

2005 Innovation Award of Huazhong Agricultural University

2007 First Prize of Excellent Graduate student

2012 CAS Presidential Scholarship (Excellence Prize)

C. Selected Peer-reviewed Publications
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Most relevant to the current application

1

Li, Y., Ge X.Y., Hon C.C., Zhang, H., Zhou P., Zhang Y., Wang L.F., Shi Z. (2010). Prevalence and genetic
diversity of adeno-associated viruses in bats, China. Journal of General Virology, 91(10), 2601-9.

Ge* X.Y., Rameix-Welti*, M.A., Gault* E., Chase, G., dos Santos Afonso, E., Picard D., Schwemmle, M.,
Naffakh, N. (2011). Influenza Virus Infection Induces the Nuclear Relocalization of the Hsp90 Co-
Chaperone p23 and Inhibits the Glucocorticoid Receptor Response. PLoS One, 6(8), e23368. (*equal
contribution)

Moisy, D., Jacob, Y., Laoide, B.M., Ge, X.Y., Baudin, F., Naffakh, N., Jestin, J.L. (2012). The HMGB1
protein binds to influenza virus nucleoprotein and promotes viral replication. Journal of Virology, 86(17),
9122-33.

4, Ge, X.Y., Li, Y., Yang X., Zhang H., Zhou P., Zhang Y., & Shi Z. (2012). Metagenomic Analysis of Viruses

from the Bat Fecal Samples Reveals Many Novel Viruses in Insectivorous Bats in China. Journal of
Virology, 86(8), 4620-30.

Wu L., Zhou, P., Ge X.Y., Wang, L.F., Baker M., Shi Z. (2013). Deep RNA sequencing reveals a complex
transcriptional landscape of a bat adenovirus. Journal of Virology, 87(1), 503-11.

Additional recent publications of importance to the field (in chronological order)

1.

Li, Y., Ge, X.Y., Zhang, H., Zhou, P., Zhu, Y., Zhang, Y., Yuan, J., Wang, L.F., Shi, Z. (2010). Host range,
prevalence, and genetic diversity of adenoviruses in bats. Journal of Virology, 84(8), 3889-97.

Zhang, Y., Zhang, H., Dong, X., Yuan, J., Zhang, H., Yang, X., Zhou, P., Ge, X.Y., Li, Y., Wang, L.F., Shi,
Z. (2010). Hantavirus outbreak associated with laboratory rats in Yunnan, China. Infection, Genetics and
Evolution, 10(5), 638-44.

Ge, X.Y., Li, J., Peng, C., Wu, L., Yang, X., Wu, Y., Zhang, Y., Shi, Z. (2011). Genetic diversity of novel
circular ssDNA viruses in bats in China. Journal of General Virology, 92, 2646-2653.

Yang, X., Zhang, Y., Ge, X.Y., Yuan, J., Shi, Z. (2012). A novel totivirus-like virus isolated from bat guano.
Archives of Virology, 157(6), 1093-9.

D. Research Support

Ongoing Research Support

Completed Research Support
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BIOGRAPHICAL SKETCH

Provide the following information for the Senior/key personnel and other significant contributors.
Follow this format for each person. DO NOT EXCEED FOUR PAGES.

NAME POSITION TITLE
Zhu, Gunagjian Assistant Researcher

eRA COMMONS USER NAME (credential, e.g., agency login)
XXXX

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, include postdoctoral training and
residency training if applicable.)

DEGREE

INSTITUTION AND LOCATION  spplicabie) MMIYY FIELD OF STUDY
East China Normal University, Shanghai, China B.S. 07/03 Biology Science
Hainan Normal University, Haikou, China M.S. 07/03 Ecology
East China Normal University, Shanghai, China Ph.D 6/12 Blocharistry and

] Molecular Biology

A. Personal Statement

Throughout my graduate studies and work with East China Normal University, | have carried out molecular
biology and field ecology research focused on bat genetics and viral diversity. | have co-authored multiple
publications in the field of viral genetics and bat ecology under the mentorship of Dr. Shuyi Zhang. | have also
worked actively with EcoHealth Alliance on the USAID- EPT PREDICT program as a field team leader for
China. For this program | have been responsible for the identification of high-risk interfaces between wildlife
and people, where close contact might allow for zoonotic pathogen spillover (e.g. live animal markets). | have
also led wildlife surveys which involved bat and rodent capture and sampling for viral discovery. Through this
work we have conducted site-selection and wild and domestic animal sampling in Guangxi, Yunnan,
Guangdong and Shanghai, and have compiled archived and current samples from birds in Shanghai
Chongming Reserve for H7N9 avian influenza analyses. Under the USAID PREDICT program | collected
several hundred bat samples which have been tested for coronaviruses (and several other viral families) at the
Wuhan Institute of Virology. Under this current proposal, | would be responsible for developing and leading a
wildlife team to sample bats, rodents, and other small mammals in the live animal markets of southern China.
Through my graduate and professional work | have developed expertise in collecting high-quality, non-
destructive samples from wildlife as well as expertise in molecular diagnostics. This combination of
experiences allows me to understand the whole process of bringing samples from field to lab with an
understanding of how to maximize opportunity for viral detection. | think that the aims of this proposal are
important for providing the most current information about viral dynamics in live animal markets in China,
particularly in rural areas where wildlife trade still occurs and where there is little data on spillover. | am very
enthusiastic about participating in this study and confident that it has the right experts and study plan to
succeed.

B. Positions and Honors

Positions and Employment
2007- Assistant Researcher, Guangdong Entomological Institute, China

Other Experiences and Professional Memberships
Honors

2009 Biology Prize of the 2009 Ig Nobel Prize
C. Selected Peer-reviewed Publications

Most relevant to the current application
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