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Wicked Infectious Disease Problems

• Food security/safety

• Antimicrobial resistance 

(AMR)

• Emerging infectious 

diseases

While unique I argue that these are interrelated



Foodborne Illnesses

The Centers for Disease Control and Prevention (CDC) estimates 

that each year in the USA foodborne illnesses cause:

• 1 in 6 (48 million) Americans to become sick 

• 128,000 to be hospitalized

• 3000 persons to die

https://www.medscape.com/features/slideshow/foodborne-illness-outbreaks#page=10





From http://essays.biochemistry.org/content/61/1/11

Selection of AMR pathogens





Source: Anthony S. Fauci, NIAID (2015)



Source: Anthony S. Fauci, NIAID (2015)



• No one discipline is trained to 

engage such wicked infectious 

disease problems

• No one agency or organization 

can control such wicked 

infectious disease



CDC

USDA

Consumer

FDA

Industry

EPA

Frustration Poor cooperation





A One Health approach gains cooperation from all parties involved and employs 

public health, veterinary health, and environmental health approaches to bring 

balance to solving difficult public health problems 

One Health



SIAARTI Study Group in Animal Anesthesia Naples, Italy
Agronomes et Vétérinaires Sans Frontières
American Academy of Family Physicians
American Academy of Pediatrics
American Association of Public Health Physicians 
American Association of Veterinary Laboratory Diagnosticians
American Association of Wildlife Veterinarians
American College of Preventive Medicine 
American College of Veterinary Microbiologists
American College of Veterinary Pathologists
American College of Veterinary Preventive Medicine
American Medical Association
American Meteorological Society 
American Mosquito Control Association 
American Nurses Association
American Physiological Society
American Phytopathological Society
American Society for Microbiology
American Society of Tropical Medicine and Hygiene
American Veterinary Medical Association
Animal Medical Center, New York, USA
Animal/Human Health for Environment and Development for Great Limpopo Transfrontier Conservation Area
ANIMALS 24-7
Association of Academic Health Centers
Association of American Medical Colleges
Association of American Veterinary Medical Colleges
Association of Schools of Public Health
Auburn University’s College of Veterinary Medicine, Auburn, Alabama, USA
Bella Moss Foundation, United Kingdom
Biomedical Technology, Epidemiology and Food Safety Global Network: Brno, Czech Republic 
CAB International
Center for One Health Research - University of Washington, USA
CGIAR Research Program – Agriculture for Nutrition and Health
Colegio de Médicos Veterinarios de PR
College of Veterinary Medicine and Biomedical Sciences, Texas A&M University, USA
Conservation through Public Health
Corporation Red SPVet, Bogota-Columbia
Council for Agricultural Science and Technology
Council of State and Territorial Epidemiologists
Croatian Society for Infectious Diseases
Department of Molecular and Comparative Pathobiology, Johns Hopkins University School of Medicine
Exuberant Animal 
Faculty of Veterinary Medicine at the Universidad Autonoma de Nuevo Leon, Mexico
Federation of European Microbiological Societies
Federation of Veterinarians of Europe
Global Alliance for Rabies Control 
Horizon International, Yale University
Immune Macro Biotic Technology, UK
Immuno Valley Consortium in The Netherlands

97 organizations that have endorsed the One Health Initiative as of March 2018
Indian Veterinary Public Health Association
Infection Prevention and Control, Canada
Institute of Tropical Medicine, Department of Animal Health, Antwerp, Belgium
Interacademy Medical Panel
International Association of Risk Management in Medicine 
International Federation of Ageing
International Journal of One Health, India
International Livestock Research Institute
Italian Society of Preventive Medicine
Kansas City Area Life Sciences Institute – Kansas City, MO, USA
National Academies of Practice
National Association of State Public Health Veterinarians
National Centre for Animal Health, Bhutan
National Environmental Health Association
National Forum of Comparative Medicine, Romanian Academy of Medical Sciences
National Park Service, USA
New Zealand Centre for Conservation Medicine, Auckland
Nigerian Biomedical and Life Scientists
Nigerian Veterinary Medical Association
One Health Commission, USA
One Health in Epidemiology, Massey University, New Zealand
One Health New Medical Concept Association in Romania 
Ovarian Cancer Symptom Awareness, USA
Pak One Health Alliance
Pet Partners formerly Delta Society
Praecipio International 
SAPUVET III Project
Silent Heroes Foundation
Society for Tropical Veterinary Medicine
South Africa Society of Travel Medicine
SpayFIRST, Inc.
State Environmental Health Directors
The National LINK Coalition
United States Animal Health Association
University of Girona, Catalonia, Spain, Institute of Aquatic Ecology, Oceans & Human Health
Urban Health and Climate Resilience Centre, Surat, India
Vermont Veterinary Medical Association 
Vermont Veterinary Medical Association One Health Committee
Veterinarians without Borders/ Vétérinaires sans Frontières, Canada
Veterinarni Medicina, the international journal for biomedical and veterinary sciences 
Veterinary Bioscience Institute 
Vida Volunteer
WiLDCOAST/COSTASALVAjE
Wildlife Disease Association
World Association of Veterinary Laboratory Diagnosticians
World Medical Association
World Organization of Family Doctors
Zoonotic and Emerging Diseases, Edinburgh, UK



Interest in One Health is Spreading

Stroud C, Kaplan B, Logan JE, Gray GC. One Health training, research, and outreach 

in North America. Infection Ecology & Epidemiology. 2016 Jan 1;6(1):33680.

Universities that offer formal One Health, academic credit-earning programs

Universities with non-academic credit-earning One Health programs or research

Known academic One Health training, research, and outreach 

programs in North America

26% 

increase

Aug 2016 Sept 2018
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One Health Research Publications

PUBMED search 4/24/2017 for ”One Health”, “One Health initiative” OR “One Health approach” in abstract or title by year
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One Health Research Publications

From PLOS Biology | DOI:10.1371/journal.pbio.1002448 April 21, 2016. Number of papers captured by our 

search through time. Blue = veterinary community; gold = ecology community; red = group 3. Numbers are the 

annual percent growth rate within each community.  

….“The number of publications fulfilling our search criteria increased by 14.6% per year, which is faster than 

growth rates for life sciences as a whole and for most biology subdisciplines.”



One Health Journals



One Health Conferences

8



Search results from Sept 8, /2018

One Health has now been mentioned as a approach in more than 100 active or archived 

requests for proposals (RFPs) since 2007 on www.grants.gov. On 9/8/18, we extracted summary 

data from 96 of these RFP records (HHS, USAID, USDA, DoD, EPA) and found grant funding to 

total $4,885,519,322

http://www.grants.gov/


National Action Plan  For Combating 

Antibiotic- Resistant Bacteria

From James Hughes and US CDC

http://essays.biochemistry.org/content/61/1/11











September 13, 2018



How do we apply the One Health 

approach to research in our Duke 

network?



From http://www.iisertvm.ac.in/faculties/stalin/research_areas.phpx



Where are large groups of 

people and animal mixing?



Duke One Health Research & Training, 2017-2018

Duke University, 
UNITED STATES

Duke-NUS-Medical 
School, SINGAPORE

EGYPT

One Health Research & Training Sites

Duke managed

Collaborators

IRAQ

PAKISTAN

PHILIPPINES

Duke Kunshan 
University, CHINA 

Sibu,
MALAYSIA

Hanoi, VIETNAM

National Center for 
Zoonotic Disease, 

MONGOLIA

Beijing Institute of 
Microbiology and 

Epidemiology, CHINA 

Durban, SOUTH 
AFRICA



Our One Health Laboratory’s Focus - Novel Respiratory 
Virus Detection & Epidemiological Study

Panspecies (human and 

animal) diagnostics for: 

Influenza A,B,C,D

Adenovirus

Coronaviruses

Enteroviruses 













Detecting Novel Respiratory Viruses that Emerge from the Human-Animal Interface

Molecular Detection Algorithms

December 17, 2015



Enrollment 
questionnaire & sera 
from 300 exposed 
and 100 nonexposed
workers (6 farms)

Annual serum 
sampling

Annual risk factor 
questionnaire

Weekly monitoring for 
ILI & influenza A

ILI questionnaire

ILI sera and swabs

Monthly rope swab 
sampling of 50 pigs

Sample various ages 
(sows, boars, and 
production pigs)

50 pens x 6 farms per 
month = 300 rope 
swabs per month

CAFO questionnaire

Multiple CAFOs in 
separate provinces

Monthly 
environmental 
studies of CAFO 
environment for 
influenza A

144 total aerosol, 
fecal, environmental 
swab, and water 
samples/per month

Zoonotic Swine Influenza Virus Transmission in 

Confined Animal Feeding Operations 1R01AI108993-01A1

Gregory C. Gray and Wu-Chun Cao





When visiting the farms our research teams noted a frequent lack of 
biosecurity and sparse use of personal protective equipment, 
especially in the older and smaller farms. In at least three farms, 
ducks, geese, chickens, or dogs were housed very near or found 
comingling with pigs. Often there were no barriers to separate pigs 
from birds or rodents

Results





https://www.youtube.com/watch?v=LGcNlEjYVFI

https://www.youtube.com/watch?v=LGcNlEjYVFI




Clin Infect Dis. 2018 Aug 31. doi: 

10.1093/cid/ciy583

https://www.ncbi.nlm.nih.gov/pubmed?myncbishare=dukemlib&holding=dukemlib_fft_ndi&otool=dukemlib&term=Bioaerosol+Sampling+to+Detect+Avian+Influenza+Virus+in+Hanoi's+Largest+Live+Poultry+Market


Field Validation of InDevR FluChip-8G 
Multiplexed, Multipurpose Influenza 
Diagnostic System

Funding: 
National Institutes of Health

Biomedical Advance Research and Development Authority

Rationale: 

Under the leadership of Dr. Gregory Gray, the Duke One Health team 

has been studying zoonotic influenza virus across Southeast Asia and 

the US. These cross-sectional and prospective studies have targeted 

various agricultural occupational groups with a focus on the 

transmission of zoonotic and emerging viruses. In this proposal, we 

will conduct a 12-month field validation study of the InDevR FluChip-

8G assay using both human and animal origin samples. 

Objective 2 - Goal #2 – Non-seasonal Influenza Surveillance: Work with Dr. 

Greg Gray/Duke University/Duke Kunshan University (Kunshan, Jiangsu, 

China) to field validate the FluChip-8G assay both human and animal-origin 

samples in an area where significant potential for infection with non-seasonal 

influenza (swine, avian) exists.FluChip Reagent Kit

FluChip Custom Software

Objective 1 - Early Warning System for 

Pandemic Preparedness: Work with Dr. 

Greg Gray/Duke University to field validate the 

FluChip-8G assay at Duke University, 

Durham, NC. FluChip-8G offers the ability to 

subtype ‘non-seasonal’ influenza viruses and 

could be added to the currently ongoing 

pneumonia studies in humans.

FluChip Imaging System



Sampling Air for Viruses



Bioaerosol Sampling

Partners

North Carolina State University

University of Florida

NIOSH

SKC BioSampler

Midwest Micro Tek air sampling kits SKC personal sampler and filter 

NIOSH 2-stage sampler



Anderson BD, Lednicky JA, Torremorell M, and Gray GC. The Use of Bioaerosol 

Sampling for Airborne Virus Surveillance in Swine Production Facilities: a Mini 

Review. Front. Vet. Sci. 27 July 2017. doi: 10.3389/fvets.2017.00121.

Aerosol sampling a powerful screening tool





Other Respiratory Virus Aerosol 

Detection Research

Singapore’s KK Women and 

Children’s Hospital

Schools in Kunshan, China
Singapore MRT

Duke University Emergency Department



Our One Health Training



One Health Training Program

4 graduate courses (May 17 through June 10, 2018)
➢ An Introduction to One Health Problem Solving (2 credits)

➢ Public Health Laboratory Techniques (1 credit)

➢ An Introduction to Entomology Zoonotic Diseases & Food Safety (3 credits)

➢ Introduction to Environmental Health (3 credits)

The 2018 Duke One Health Training Program class included 31 scholars from eight countries: China, Egypt, 

Lebanon, Morocco, Pakistan, Sri Lanka,The Philippines, and the USA.



One Health Training

• Epidemiology

• ID surveillance

• Analytical epidemiology

• Outbreak response

• Zoonotic diseases

• Entomology

• Food safety

• Viral culture

• Molecular diagnostics

• Ecology

• Serologic assays

• Modern dairy production

• Mosquito & tick collection

• Mosquito & tick control

• Modern meat production

• Aquaculture

• Environmental engineering
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Duke One Health Training Program Alumni 
Distribution Map, 2008-2018

2008-2018 Total 
Alumni: 338

China

15

Egypt

55

Kenya

19

Lebanon

12

Mongolia

21

Morocco

12
Pakistan

46

United States

32
Iraq

8

Panama

1

Peru

10

Nigeria

10

Yemen

7

Jordan

1

Bangladesh

4

Cambodia

9

Canada

1

Philippines

8
Benin

1

Rwanda

1

Nepal

4

Indonesia

10

Brazil

2

Cameroon

4

Tanzania

1

Saudi Arabia

1

Georgia

8

Romania

8

Poland

3

Afghanistan

1

Uganda

2

Thailand

15

Malaysia

2

Vietnam

3

Note that early training was performed at University of Iowa (2008-9) or University of Florida (10-14) 
under similar summer short course programs as led by Professor Gray

South 

Korea
1



Recent novel pathogen detection workshops

Tbilisi Georgia

Sibu, Malaysia

Hanoi, Vietnam Erbil, Iraq

Hanoi, Vietnam

Singapore



One Health Fellowships for Zoonotic Disease 
Research in Mongolia, NIH D43TW009373

• 2 Months of One Health Training at 

Duke University

• 22 Months of mentored research at 

the National Center for Zoonotic 

Diseases in Mongolia

Our long term goal is to develop a 

Global Health Training Program 

that elicits innovative, 

multidisciplinary team problem-

solving solutions to develop 

products, alter disease 

processes, and guide policies in 

controlling zoonotic diseases in 

Mongolia.

Partners:
Institute of Veterinary Medicine
National Center for Zoonotic 
Diseases

Team 2 (2015-17):

Zoonotic Influenza 

Surveillance

Team 1 (2014-16):

Tick-borne Diseases

Team 3 (2016-18):

Zoonotic Parasite 

Ecology/Epidemiology

Team 4 (2017-18):

Zoonotic Surveillance 

of Mosquito-borne 

Arboviruses







USA and Mongolia - NIH D43TW009373 (2014-2018) 

Team 3: 

Emerging Zoonotic Enteric Parasite Disease Ecology 

and Epidemiology in Mongolia 

Primary goal is to investigate the 

epidemiology of zoonotic parasitic 

pathogens (Cryptosporidia spp., Entamoeba 

histolytica , Giardia spp., in human, animals, 

and rodents so as to suggest changes in 

medical policy in Mongolia



One Health is an exciting research and training area.

One Health training is a good investment in your 

professional future as considerable employment, 

research, and training await those who are trained in 

One Health

Summary

Email: Gregory.gray@duke.edu

http://sites.globalhealth.duke.edu/dukeonehealth/


