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Characteristics of a "Wicked Problem”

Difficult to clearly define

Many interdependencies and often multicausal

Attempts to address the problem often lead to unforeseen
consequences

Frequently not stable

Usually no clear solution

Socially complex

Rarely is the responsibility of only one stakeholder
Solutions involve changing behaviors

Can be characterized by chronic policy failure

From PDA letter May 4, 2016




Wicked Infectious Disease Problems

* Food security/safety

 Antimicrobial resistance
(AMR)

* Emerging Infectious
diseases

While unique | argue that these are interrelated



Foodborne lllnesses

The Centers for Disease Control and Prevention (CDC) estimates
that each year in the USA foodborne illnesses cause:

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

« 128,000 to be hospitalized

« 3000 persons to die

https://www.medscape.com/features/slideshow/foodborne-iliness-outbreaks#page=10
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Animal Husbandry and Aquaculture Wastewater Treatment Facilities

Freshwater Agricultural Soils Orchards

From http://essays.biochemistry.org/content/61/1/11
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Global Examples of Emerging and
Re-Emerging Infectious Diseases
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Global Examples of Emerging and
Re-Emerging Infectious Diseases
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* No one discipline Is trained to
engage such wicked infectious
disease problems

* NoO one agency or organization
can control such wicked
Infectious disease




Frustration Poor cooperation
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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




97 organizations that have endorsed the One Health Initiative as of March 2018

SIAARTI Study Group in Animal Anesthesia Naples, Italy
Agronomes et Vétérinaires Sans Frontieres
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

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 Il 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 Frontiéres, Canada

Veterinarni Medicina, the international journal for biomedical and veterinary sciences

Veterinary Bioscience Institute

Vida Volunteer

WIiLDCOAST/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

Known academic One Health training, research, and outreach
programs in North America

26%
Increase

Aug 2016 Sept 2018

Universities that offer formal One Health, academic credit-earning programs
Universities with non-academic credit-earning One Health programs or research

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.
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One Health Research Publications
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One Health Research Publications

.PLOS | BloLocy

META-RESEARCH ARTICLE

“One Health” or Three? Publication Silos
Among the One Health Disciplines

Kezia R. Manlove'*, Josephine G. Walker’, Meggan E. Craft®, Kathryn P. Huyvaert®,
Maxwell B. Joseph®, Ryan S. Miller®, Pauline Nol’, Kelly A. Patyk®, Daniel O’Brien®, Daniel
P. Walsh®, Paul C. Cross™®

1 Department of Biology, Pennsylvania State University, University Park, Pennsylvania, United States of
America, 2 School of Biological Scien University of Bristol, Bristol, United Kingdom, 3 Department of
Veterinary Population Medicine, University of Minnesota, St. Paul, Minnesota, United States of America,

4 Department of Fish, Wildlife, and Conservation Biology, Colorado State University, Fort Collins, Colorado,
United States of America, 5 University of Colorado Boulder, Department of Ecology and Evolutionary
Biology, Boulder, Colorado, United States of America, 6 United States Department of Agriculture, Animal and
Plant Health Inspection Service, Veterinary Services, Science Technology and Analysis Services, Fort
Collins, Colorado, United States of America, 7 United States Department of Agriculture Animal and Plant
Health Inspection Service, Veterinary Services, National Wildlife Research Center, Fort Collins, Colorado,
United States of America, 8 Wildlife Disease Laboratory, Michigan Department of Natural Resources,
Lansing, Michigan, United States of America, 9 U.S. Geological Survey, National Wildlife Health Center,
Madison, Wisconsin, United States of America, 10 U.S. Geological Survey, Northermn Rocky Mountain

sience Center, Bozeman, Montana, United States of
G OPEN ACCESS Science Center, Bozeman, Montana, United States of America

1990 1995 2000 2005 2010 2015
Year

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 , Which is faster than
growth rates for life sciences as a whole and for most biology subdisciplines.”



EcOHEALTH

BY..94 One Health Journals

International Journal of One Health

Open access and peer reviewed journal on Human, Animal and Environmental health
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One Health Conferences

ONE HEALTH
CON FERENCE

PROGRAMME / AGENDA VENUE SPONSORS / SUPPORTER
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Human versus animal health -
different aspects on three challenging pathogens
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SAVE THE DATE for the Conference on

Creating impact for One Health and Ecohealth:
advancements in implementation, evaluation and
governance

EMERGING DISEASES

BREAKTHROUGH TECHNOLOGY

COMMUNICATING ACROSS FIEBLDS
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Child, N arn, and Maternal Health Project

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

Search results from Sept 8, /2018
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National Action Plan For Combating
Antibiotic- Resistant Bacteria

Goals

Slow emergence / prevent spread
Foster antibiotic stewardship

MATIONAL ACTION
o

g
PLAN FOR COMBATING

VWTITRIOTIC-RESISTANT

Strengthen “One Health” surveillance HACTERIA
Develop rapid diagnostics

Accelerate basic and applied R&D
New antibiotics

Other therapeutics

Improve international collaboration

From James Hughes and US CDC
http://essays.biochemistry.org/content/61/1/11



G20 nations pledge to strengthen health systems,
combat antimicrobial resistance

A+ A A

HAMBURG: The G20 nations, including India, today
pledged to strengthen health systems and also
combat the menace of antimicrobial resistance,
which the grouping termed as a "growing threat" to
public health and economic growth.

The declaration adopted by the nations said they

would aim to tackle the spread of AMR through the
World leaders at the G-20 summit. implementation of their respective national action
on Saturday. plans based :::r1 "one health"|approach.

"We call on the UN to keep global health high on the political agenda and we strive for
cooperative action to strengthen health systems worldwide, including through
developing the health workforce,” the declaration said.




Public Disclosure Authorized

Public Disclosure Authorized

ONL #
HEALTH

OPERATIONAL FRAMEWORK FOR STRENGTHENING
HUMAN, ANIMAL, AND ENVIRONMENTAL PUBLIC HEALTH
SYSTEMS AT THEIR INTERFACE
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CHAPTER

Value of Investing in One Health

Given the high cost of emerging diseases as well as the persistent burden of endemic diseases (see Figure 2.1
and Table 2.1}, One Health should be considered to assist client countries in strengthening their ability to
address known and potential disease threats at the human-animal-environment interface. For a One Health
approach to be warranted, it must provide added value. Fundamentally, strong sectoral health systems (e.g.,
human health, animal health, environmental health) must be in place—or existing systems strengthened —

to support effective coordination and collaboration. Relevant metrics for value generation depend on the

s synergies among these sectoral

systems, providing expanded capacity and effectiveness in prevention of damages and/or control of disease,
efficiency, and ultimately financial savings.

goal of an investment or client country, but in general, One Health off

Figure 2.1: Examples of economic impacts of diseass outbreaks (see also Table 2.1); icons represent
examples of highly-afiecied sectors.
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Search Science News..

o MISSION CRITICAL
ScienceNews — Z22icll

‘Oufoéak’ puts the life cycle of
an epidemic on display

LAUREL HAMERS

AgaThic

ADS used tobead ce.
We row have the 1005 60 end this pasden

SOCIAL EPIDEMIC In 2 new Smithsonian exhibit, activist signs and buttons from the AIDS epidemic highlight some of the social
consequences of infectious disease cutbreaks.

In 1918, 2 pandemic of Spanish flu killed asmuch as 5

percent of the world's population. A hundred years SOk N A,

|ater, scientists know much more about how to prevent =

and treat such diseases. But in some ways, the threat of I\ I ‘ ( )“ (“ I ) I (‘
a global outbreak is greater than ever. All it takes is one I
plane ride for a few localized cases of a disease to M A GAZ I N Frov ANNUAL REVIEWS
become an epidemic

A new exhibit at the Smithsonian National Museum of
Natural History in Washington, D.C., traces the way
infectious dis=ases still shape our world. The exhibit,

called "C



March 22, 2018
U.S. Senate One Health Bill 5. 2615 introduced to
Congress: ‘Advancing Emergency Preparedness

Through One Health Act of 2018"

A bipartisan Bill was introduced to the U.S. Senate
floor by Senators Tina Smith (D-MN) and Todd
Young (R-IN). If enacted, it would require the U.S. Department of Health and Human
Services (HHS) and the US Department of Agriculture to coordinate with other relevant
agencies to develop a U.5. Federal One Health Framework that would:
(https://goo.gl/6ydyng)
advance workforce development for prevention and response to disease outbreaks
in animals and humans,
improve coordination between federal agencies who study human and animal
health and the environment and
advance scientific understanding of the connections between human, animal, and
environmental health.
Description of Bill. (https://goo.gl/UbDT2) Supporters may wish to voice their opinions.




Superbugs: MEPs advocate further
measures to curb use of antibiotics

The growing threat posed by antibiotic-resistant bacteria can only be tackled
through a2 "One Health” approach, MEPs said on Wednesday.

September 13, 2018



How do we apply the One Health
approach to research in our Duke
network?



Zoonotic Viruses

Close contact
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Asymptomatic Adaptations Transmission

Human infections originate from animals (60-80%)

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






Duke One Health Research & Training, 2017-2018

National Center for
Zoonotic Disease,

Beijing Institute of

Microbiology and
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“\ PAKISTAN
; Duke Kunshan
-
-4

University, CHINA

Duke University,

UNITED STATES

Hanoi, VIETNAM

Sibu,
MALAYSIA

Duke-NUS-Medical
' School, SINGAPORE
v g

One Health Research & Training

- Duke managed
- Collaborators

Durban, SOUTH
AFRICA




I -~
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Saturday, July 19, 2008 by: David Gutierrez, staff wri er

2 Swine Flu Cases Among 3 Fever Deaths in Tiruchy

v Express Mews Service | Published: 21st Movember 2015 06:12 AM
Last Updated: 21st November 2015 06:12 AM




The continual threat of influenza virus infections at the human—animal interface

Baileyetal. | 195

" Table 1. Characteristics of influenza viruses

Virus type Year of virus Number of Available Seasonal vaccine
discovery gene segments antiviral therapy routinely available
Influenza A 1931 8 Oseltamivir, peramivir, zanamivir, Yes
amantadine, rimatadine
Influenza B 1940 8 Oseltamivir, zanamivir Yes
Influenza C 1974 7 No effective antiviral treatment available No
Influenza D 2011 7 No antiviral treatment available
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Serologic evidence of exposure to influenza D virus among persons
with occupational contact with cattle

Sarah K. White®, Wenjun Ma¢, Clinton J. McDaniel*?, Gregory C. Gray 9,
John A. Lednicky -P-*

 Department of Environmental and Global Health, University of Florida, Gainesville, FL, USA

b Emerging Pathogens Institute, University of Florida, Gainesville, FL, USA

¢ Department of Diagnostic Medicine and Pathobiology, Kansas State University, Manhattan, KS, USA
4 Duke University Medical Center, Duke University, Durham, NC, USA

ARTICLE INFO ABSTRACT

Article history: Background: Influenza D virus (IDV), a novel influenza virus with proposed classification: family Orthomyx-
Received 8 January 2016 oviridae, genus Influenzavirus D, species Influenza D virus, has been associated with influenza-like illness
Received in revised form 23 May 2016 in cattle and swine. More recently, anti-IDV antibodies have also been detected in small ruminants. A

Accepted 29 May 2016 seroprevalence of approximately 1.3% has been estimated for the general human population.

Objectives: To gain insights on the zoonotic potential of IDV to human adults with occupational exposure
Keywords: to cattle in north central Florida.

Influenza . .
influenza D virus Study: A cross-sectional serological study was performed on human serum samples from 35 cattle-
Z00n0ses exposed and 11 non-cattle-exposed adults to screen for IDV antibodies using hemagglutination inhibition

(HI) and microneutralization (MN) assays.

ESUIs. A Seroprevalence o Was detected via Nl assay, ald 97% DY MM 4554y aimong maiviauals )
working with cattle in Florida. Among non-cattle-exposed individuals, seropositivity determined via MN
assay (only) was lower (18%).

Conclusions: DV poses a zoonotic risk to cattle-exposed workers, based on detection of high seropreva-
lence (94-97%). Whereas it is still unknown whether IDV causes disease in humans, our studies indicate

that the virus may be an emerging pathogen among cattle-workers.
© 2016 Elsevier B.V. All rights reserved.

Occupational health
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Figure 1. Graphical summary of the reports of human and animal infections with the various influenza viruses (Genera influenza virus A, B, C, & D). It is
interesting to note that humans and pigs are thought to be susceptible to all four influenza genera. Among the animals with documented influenza infections,
many are domestic animals. In particular, poultry and pigs serve as important amplifying reservoirs for influenza A virus infections in man

Evolution, Medicine, and Public Health [2018] pp. 192198
doi:10.1093 femph feoy013
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A Mini Review of the Zoonotic Threat
Potential of Influenza Viruses,

Coronaviruses, Adenoviruses,
and Enteroviruses

Emily 5. Bailay'<*, Jane K. Fisldhouse™, Jassica Y. Choi'* and Gregory C. Gray 4

! Dukie Gintal Hesth Insituts, Duke Linversty, DUmam, NG, Lintad Stefes, Owoion of ifScious DEassss, Duks Linversty
School of Medicing, Durham, NG, United Sistes, * Giobel Heaith Resaarch Cantsy, Duke-Kunshan Linkersty, Kunshan,
Ching, * Emarging infsciiows Disssses Frogram, Duks-NU'S Medical Schaooi, Singspors

During the last two decades, scientiste have grown increasingly aware that viruses
are emerging from the human—animal interface. In particular, respiratory infections are
problematic; in eary 2003, World Health Organization issued a worldwide alert for a
presiously unrecognized illness that was subsequently found to be caused by a novel
coronavinis [severe acute respiratory syndrome (SARS) wirus]. In addition to SARS,
other respiratory pathogens have alzo emerged recently, contnbuting to the high bur-
den of respiratory tract infection-related morbidity and mortality. Among the recently
emerged respiratory pathogens are influenza viruses, coronaviruzes, enteroviruses,
and adenoviruses. As the genesis of these emerging viruses is not well understood
and their detection normally occurs after they have crossed over and adapted to man,
ideally, strategies for such novel vinus detection should include intensne survellance at
the human—animal interface, particularly if one believes the paradigm that many novel
emerging Foonotic viruses first circulate in animal populations and occasionally infect
man before they fully adapt to man; early detection at the human—animal interface will
provide earlier warning. Here, we review recent emerging virus treats for these four
groups of winuses,
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FIGURE 1 | The geographical location of first detections (with known reservoirs) for recently emerged adenoviruses (Ads), enteroviruses (EVs), coronaviruses, and
influenza viruses. Zoonotic (coronaviruses and influenza viruses) and non-zoonotic viruses (Ads and EVs) are shown. For zoonotic viruses, the hosts range from
cattle, bats, chickens, camels, wild birds, cats, ferrets, goats, and humans (from left to right). The different sizes of the circles represent the number of human cases
during the first outbreaks of the emerging respiratory viruses. Human cases of adenoviral infections are shown in blue; human cases of enteroviral infections are
shown in yellow; human cases of coronaviral infections are shown in green; and human cases of influenza viral infections are shown in red.
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Detecting Novel Respiratory Viruses that Emerge from the Human-Animal Interface

Molecular Detection Algorithms
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Zoonotic Swine Influenza Virus Transmission in
Confined Animal Feeding Operations 1R01AI108993-01A1
Gregory C. Gray and Wu-Chun Cao







Results

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
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Evidence for Cross-species Influenza A Virus Transmission
Within Swine Farms, China: A One Health, Prospective
Cohort Study

Mai-Juan Ma,"* Gue-Lin Wang,'* Benjamin D. Anderson,’ Zhen-iang Bi,** Bing Lu,’ Xian-Jun Wang,** Chuang-Xin Wang," Shan-Hui Chen,*
Yan-Hua Qian,’ Shao-Xia Song,** Min L. John A. Lednicky,” Teng Zhao,' Meng-Na Wu," Wu-Chun Cao," and Gregory C. Gray****

"Stata Koy Labaratory of Pathogan and Biosecurity, Beijing Institute of Micrabialogy and Epidemialogy, China: *Global Health institute, Division of Infectious Disazsas, School of Medicing, Duka
Univarsity, Duriiam, Morth Carolina; *Shandong Provincial Centar for Diseasa Control and Prevantion and *Shandang Provincial Key Laboratory of Disaase Control and Prevention, Jinan, %W
Camter for Disazsn Contral and Prevention, Wi, and "Lichang District Center for Disease Control and Pravention, Jinan, China; "Deparimant of Environmental and Global Health, Collega of Public
Health and Health Profassions, Univarsity of Floidz, Gainasvilla: 5Global Health Research Conter, Duke-Kunshan University, Kunshan, China; and *Program in Emenging Infactious Disaasos, Duke
NS Medical School, Singapora

Background. Our understanding of influenza A virus transmission between humans and pigs is limited.

Methods. Beginning in 2015, we used a One Health approach and serial sampling to prospectively study 299 swine workers and
100 controls, their 9000 pigs, and & pig farm environments in China for influenza A viruses (IAVs) using molecular, culture, and
immunological techniques. Study participants were closely monitored for influenza-like illness (ILI) events.

Results.  Upon enrollment, swine workers had higher serum neutralizing antibody titers against swine HIN1 and higher nasal
wash total immunoglobulin A (IgA) and specific IgA titers against swine HIN1 and H3N2 viruses. Over a period of 12 months,
IAVs were detected by quantitative reverse-transcription polymerase chain reaction in 46 of 396 (11.6%) environmental swabs, 235
of 3300 (7.1%) pig oral secretion, 23 of 396 (5.8%) water, 20 of 396 (5.1%) aerosol, and 19 of 396 (4.8%) fecal-slurry specimens. Five
of 32 (15.6%) participants with ILI events had nasopharyngeal swab specimens that were positive for IAV, and 17 (53.1%) demon-
strated 4-fold rises in neutralization titers against a swine virus. Reassorted Eurasian avian-lineage HIN1, A(HIN1)pdm09-like, and
swine-lineage H3N2 viruses were identified in pig farms. The A(HIN1)pdm09-like HIN1 viruses identified in swine were nearly
genetically identical to the human H1N1 viruses isolated from the participants with ILL

Conclusions. There was considerable evidence of A(HIN1)pdm09-like, swine-lineage HIN1, and swine-lineage H3N2 viruses

circulating, likely reassorting, and likely crossing species within the pig farms. These data suggest that stronger surveillance for novel

influenza virus emergence within swine farms is imperative.
Keywords. One Health; influenza A virus; swine; China; emerging pathogens.
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RESEARCH ARTICLE
Surveillance for respiratory and diarrheal

pathogens at the human-pig interface in
Sarawak, Malaysia

Laura K. Borkenhagen ==, Kerry A. Mallinson'®, Rick W. Tsao'®, Siaw-Jing Ha®*, Wei-
Honn Lim®, Teck-Hock Toh**5, Banjamin D. Anderson®, Jane K. Fieldhousa'Z, Sarah

E. Philo'*, Kuek-Sen Chong™®, William G. Lindsley”, Alejandro Ramirez®, James F. Lowe”,
Kristen K. Coleman'’, Gregory C. Gray™™'"

Background

The large livestock operations and dense human population of Southeast Asia are consid-
ered a hot-spot for emerging viruses.

Objectives

To determine if the pathogens adenovirus (ADV), coronavirus (CoV), encephalomyocarditis
virus (EMCV), enterovirus (EV), influenza A-D (IAV, IBV, ICV, and IDV), porcine circovirus 2
(PCV2), and porcine rotaviruses A and C (RVA and RVC), are aerosolized at the animal-

interface, and if humans working in these environments are carrying these viruses in their
nasal airways.

Conclusions

This study demonstrates that nucleic acids from a number of targeted viruses were present AN
in pig oral secretions and pig fecal samples, and that several viruses were detected in
bioaerosol samples or in the nasal passages of humans with occupational exposure to pigs.
These results demonstrate the need for future research in strengthening viral surveillance at
the human-animal interface, specifically through expanded bioaerosol sampling efforts and
a seroepidemiological study of individuals with exposure to pigs in this region for PCV2
infection.

Gregory C.Gray

PLOS ONE | https://doi.org/10.1371 journal.pone. 0201295  July 27, 2018
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Bioaerosol Sampling to Detect Avian Influenza Virus in
Hanoi's Largest Live Poultry Market

Vuong N. Bui,' Tham T. Nguyen,2” Hung Nguyen-Viet,** Anh N. Bui,' Katie A. McCallion,® Hu Suk Lee,* Son T. Than,’ Kristen K. Coleman,? and
Gregory C. Gray™®’

"Virology Department, National Institute of Veterinary Research, Hanoi, Vietnam; Program in Emerging Infectious Diseases, Duke-NUS Medical School, Singapore; “Intemational Livestock
Research Institute, Hanai, Vietnam, and ‘Center for Public Health and Ecosystem Research, Hanoi University of Public Health, Vietnam; *College of Veterinary Medicine, North Caralina State
University, Raleigh, North Carolina, and EDivision of Infectious Diseases, Global Health Institute, and Nicholas School of the Environment, Duke University, Durham, North Caroling; and 'Global
Health Research Center, Duke-Kunshan University, China

Background. Newly emergent and virulent strains of H7N9 avian influenza virus are rapidly spreading in China and threaten to
invade Vietnam. We sought to introduce aerosol sampling for avian influenza viruses in Vietnam.

Methods. During October 2017, National Institute for Occupational Safety and Health 2-stage aerosol samplers were assembled
on a tripod and run for 4 hours. Concomitantly, up to 20 oropharyngeal (OP) swab samples were collected from chickens and ducks
distanced at 0.2-1.5 m from each sampler.

Results. The 3 weeks of sampling yielded 30 aerosol samples that were 90% positive for influenza A, by quantitative reverse-tran-
scription polymerase chain reaction, and 116 OP swab sample pools (5 samples per pool) that were 47% positive. Egg cultures
yielded 1 influenza A virus (not H5 or H7) from aerosol and 25 influenza A viruses from OP swab sample pools (5 were H5 positive).
The association between positive sample types (over time and position) was strong, with 91.7% of positive OP pooled swab samples
confirmed by positive aerosol samples and 81% of influenza A positive aerosol samples confirmed by positive OP swab samples.

Conclusions. We posit that aerosol sampling might be used for early warning screening of poultry markets for novel influenza
virus detection, such as H7N9. Markets with positive aerosol samples might be followed up with more focused individual bird or
cage swabbing, and back-tracing could be performed later to locate specific farms harboring novel virus. Culling birds in such farms
could reduce highly pathogenic avian influenza virus spread among poultry and humans.

Keywords. avian influenza; influenza A virus; Vietnam; poultry; epidemiology.

: 2018 Aug 31. doi:
i8¢ 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 FIuCp Imaging System
will conduct a 12-month field validation study of the InDevR FluChip-
8G assay using both human and animal origin samples.

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 FluChipss
subtype ‘non-seasonal’ influenza viruses and '

could be added to the currently ongoing FluChip Custom Software
pneumonia studies in humans.

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
FluChip Reagent Kit influenza (swine, avian) exists.
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Bioaerosol Sampling

Partners Airborne Detection and Quantification of Swine

North Carolina State University Influenza A Virus in Air Samples Collected Inside, Outside
University of Florida and Downwind from Swine Barns

N IOS H Cesar A. Corzo', Marie Culhane'?, Scott Dee®, Robert B. Morrison’, Montserrat Torremorell™*
Scientists still at a loss to explain spread of avian  Research shows airborne transmission of avian flu a
flu pos hi 'ty

"‘ Lorna Benson Business By Tom Cherveny on Jun 21, 2015 at 830 pm

To sampling pump

ilter  Air flow into
sampler
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NIOSH 2-stage sampler

Midwest Micro Tek air sampling kits SKC personal sampler and filter



Aerosol sampling a powerful screening tool

Influenza A Virus

Porcine Reproductive and

Porcine Epidemic
Respiratory Syndrome Virus

Diarrhea Virus

®
E

e = 4 km radius
— = 2 km radius

FIGURE 1 | Graphical depiction of influenza A virus (JAV), porcine reproductive and respiratory syndrome virus (PRRSV), and porcine epidemic diarrhea virus (PEDV)
RNA detection downwind from farms with infected source populations: (A) PRRSV RNA detected up to 9.1 km away from infected source population; (B) PRRSV
RNA detected 4.7 km away from infected source population; (C) PRRSV infects naive pigs 120 m away from infected source population; (D) 1AV BNA detected up to
2.1 km away from infected source population; and (E} PEDV RNA detected up to 16.1 km away from infected source population.

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.
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Bioaerosol Sampling in Clinical Settings: A Promising,

Bioaerosol Sampling in Modern Agriculture: A Novel Noninvasive Approach for Detecting Respiratory Viruses
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Benjamin D. Anderson'*’ Mengmeng Ma.’ Yao Xia,” Tao Wang."* Bo Shu,** Joln A L-Imcky Mai-Juan Ma.* Jiahai Lu**" and Gregory C G-y’

Background. Seeking a noninvasive method to conduct surveillance for respiratory pathogens, we sought to examine the useful-
ness of 2 types of offi-the-shelf aerosol samplers to detect respiratory viruses in Singapore.

mhdogy and Epdemoiagy, ad Ameseny cpc i, S Yoo s - S 4 uwrgriog gdorg Provinee, Chirs Methods. In this pilot study, we ran the aerosol samplers several times each week with patients present in the patient waiting areas

at 3 primary health clinics during the months of April and May 2016. We used a SKC BioSampler with a BioLite Air Sampling Pump

Background. Modern agricultural practices create environmental conditions conducive to the emergence of nowel patho- (run for 60 min at 8 L/min) and SKC AirChek TOUCH personal air samplers with polytetrafluoroethylene Teflon filter cassettes (run

gens. Current surveilance efforts to assess the burden of emerging pathogens in animal production facilities in China are sparse. for 180 min at 5 L/min). The aerosol specimens and controls were studied with molecular assays for influenza A virus, influenza B

In Guangdong Province pig farms, we compared bioacrosol surveillance for influenza A virus to surveidlance in oral pig secretions virus, adenoviruses, and coronaviruses.

and envimonmental swab specimens Resulis. Overall, 16 (33.3%) of the 48 specimens indicated evidence of at least 1 respiratory pathogen, with 1 (2%) positive for
influenza A virus, 3 (6%) positive for influenza B virus, and 12 (25%) positive for adenovirus.

American Journal of Infection Control 42 (2014) 1266-9 Conclusions. Although we were not able to correlate molecular detection with individual patient illness, patients with common

acute respiratory illnesses were present during the samplings. Combined with molecular assays, it would suggest that aerosol sam-
pling has potential as a noninvasive method for novel respiratory virus detection in clinical settings.
Keywords.  adenoviruses; bioaerosol; epidemiology; influenza viruses; respiratory viruses.
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The Use of Bioaerosol Sampling for
Airborne Virus Surveillance in Swine
LETTER TO THE EDITOR Production Facilities: A Mini Review

Benjamin D. Anderson’**, John A. Lednicky?, Montserrat TorremoralP

Aerosolized avian influenza A (H5N6) virus 15 Centrifugal Filter Units (EMD Millipore, Billerica, MA) at and Gragory C. Gray?

isolated from a live poultry market, China 2500 g for 15 min. Total nucleic acid was extracted using
the QlAxtractor (Qiagen, Inc., Venlo, The Netherlands) 1 Divizion of Infectious Diseasas, Schood of Medicing, Goba Heath insitute, Duks Lnkarsly, Durham, NC, Linfad Stabes,
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Other Respiratory Virus Aerosol
Detection Research

Duke University Emergency Department Singapore’s KK Women and
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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.
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. Epidemiology

. ID survelillance

. 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



Duke One Health Training Program Alumni
Distribution Map, 2008-2018
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2008-2018 Total
Alumni: 338

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



Recent novel pathogen detection workshops




Partners:

Institute of Veterinary Medicine
National Center for Zoonotic
Diseases

« 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.
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Team 1 (2014-16):
Tick-borne Diseases

Team 3 (2016-18):
Zoonotic Parasite
Ecology/Epidemiology

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

Team 2 (2015-17):
Zoonotic Influenza
Surveillance

Team 4 (2017-18):
Zoonotic Surveillance
of Mosquito-borne
Arboviruses



- NIH D43TWO009373 (2014-2018) Team 1:
Emerging Tick-Borne Pathogen threats in Mongolia: An Investigation
Implementing a One Health Framework

Primary goal is to investigate the
epidemiology of tickborne pathogens in
differing Mongolian landscape types (forest,
grassland, and a peri-urban area) & among
people, livestock, wild rodents, and ticks.




- NIH D43TW009373 (2014-2018)
Team 2: Detecting Influenza Virus in Rural Mongolia

We seek to demonstrate that it is possible to
provide rapid diagnoses of human or animal
influenza in rural settings such that human,
public health and veterinary health officials may
more rapidly respond with antivirals (for
humans), seasonal influenza vaccine (for
humans), or equine influenza vaccine (for
camels or horses).




- NIH D43TWO009373 (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




Summary Hostth

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 Iin
One Health



