Farmers and Feces: A One Health Approach to

Emerging Swine Zoonoses
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Zoonotic Viruses
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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
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A Mini Review of the Zoonotic Threat
Potential of Influenza Viruses,

China

Coronaviruses, Adenoviruses, DeQwiire U 0 R 7
and Enteroviruses :

Emily 5. Bailey'**, Jane K. Fisldhouse™, Jessica Y. Choi'* and Gregory C. Gray ™3
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Curing the last two decades, scientistz have grown increasingly aware that viruses

are emerging from the human—animal interface. In particular, respiratory infections are
OPEN ACCESS  problematic; in eary 2003, World Health Organization izsued a worldwide alert for a
Eted by: previously unrecognized ilness .ﬂ":d was irldzsequ-.a"r.l';; "c.:.Jn-'I to be :au.se-:l by a nove - PO
Aaraarst i coronavinus [severe acute respiratory syndrome (SARS) wirus]. In addibion to SARS,
other respiratory pathogens have also emerged recently, contributing to the high bur-
den of respiratory tract infection-related morbidity and mortality. Among the recently

Hosts rw M v N> w'm ¢
B Adenoviruses: HAGV14a HAVE HAAVZh HAdV7d2

emerged respiratory pathogens are influenza viruses, coronaviruses, enteroviruses, Eitaridrie Sab
and adenoviruses. As the genesis of these emerging viruses is not wel understood W Coronaviruses: SARS-CoV  MERS-CoV
and their detection normally occurs after they have crossed over and adapted to man,

B Influenza Viruses: H3NZ HINI HSNI H7N2 HIN7 HION? H7N9 HIN3 HENI HIONB FluD

ideglly, strategies for such novel virus detection should include intensive survellance at

the human—animal interface, particularly if one believes the paradigm that many nowve FIGURE 1 | The raphical locatio \ctions (with known reservo thy : iruses (EVs
‘camespondence:  emerging zoonotic viruses first circulate in animal populations and occasionally infect nfiuenza viru otic (coronaviruses and influenza viruses) and non-zoo s and EVs) a . For z¢ viruses, the ho
5. 5% han before they fully adapt to man; early detection at the human—animal interface wil GOy e % els, wild birds, cats, ferrets, and huma !  right different sizes of t

provide earlier warning. Here, we review recent emerging virus treats for these four
Speciaty section:  groups of viruses

i

Human cases of adenoviral infections are shown in bl of enteroviral infections are

own in green; and human nfluenza viral inf are in red.
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The New York Times @ @nytimes - 6h v
Because of Hurricane Florence, at least 110 lagoons in North Carolina have either
released pig waste into the environment or are at imminent risk of doing so

2ot W8

Lagoons of Pig Waste Are Overflowing After Florence. Yes, That's ...

At least 110 lagoons in North Carolina have either released pig waste into
the environment or are at imminent risk of doing so, according to state offi...
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NC Pork Production
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sAanada: 452 million pounds
- Fig 1. Pork Consumption in China and the United States,
Korea: 298 million pounds 1960-2012 (Source: USDA)

https://www.ncpork.org/exports/
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Addressing Externalities From Swine Production to
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CAFOs and Zoonotic Pathogens

Definitions

Zoonoses- a disease that can be transmitted from animals to people

Reverse Zoonoses- a disease that can be transmitted from people to
animals

ANTIBIOTIC RESISTANCE

* Occupational exposures to zoonotic

pathogens RESISTANCE Al uiraois ey bostor i e missives
* Influenza A Viruses -
* E. coli :
* S. aureus
* 5. suis SPREAD Resisnt bocteria can sproad ..
 Campylobacter Sy

e Antimicrobial Resistance y
www.cdc.gov



194 | Baileyetal Evolution, Medicine, and Public Health

Influenza B

Influenza A

A1y

Influenza C

Hosts *'y VL*H‘H#RRH

Man Pig Wildbird Chicken Cat Bat Dog Seal Horse Camel Cattle Goat Sheep

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 ampliﬁ«ing reservoirs for influenza A virus infections in man

Evolution, Medicine, and Public Health [2018] pp. 192-158
doi:10.1093 femph feoy013




Emerging Coronaviruses in Swine

Volume 24, Number 7—Jul

Research Letter

Current Opinion in Virology

Spillover of Swine C Volume 34, February 2019, Pages 39-49

Sarah N. Bevinst=, Mark Lutman,

Author affiliations: US Departmen
Collins, Colorado, USA (S.N. Bevin

Cite This Article Emerging and re-emerging coronaviruses in pigs

Qiuhong Wang &, Anastasia N Vlasova, Scott P Kenney, Linda J Saif

Show more

VIROLOGY JOURNAL
https://doi.org/10.1016/j.coviro.2018.12.001 Get rights and content
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. Three coronaviruses are emerging/reemerging in pigs.




Chain of Transmission
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Current Surveillance

* Disadvantages:
 Disrupts production
* Undue stress on animals
 Compromises biosecurity
* Fear of economic backlash
* Expensive

* Humans often serve as sentinels for novel
diseases

Surveillance methods that are less invasive and more
readily accepted by production managers are needed




One Health

“The integrative effort of multiple disciplines working locally,
nationally, and globally to attain optimal health for people,
animals, and the environment” -AVMA




Slurry Sampling | = &\

Full
Strength
Wastewater

1.0 Concentration 0.1 . 0.001 0.0001
Dilution 1/10 1/1000 1/10000
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& N’ A Feasibility Study of Conducting -
& One Surveillance for Swine Pathogens in Swine
L2 e CELGI S|urry in North Carolina Swine Farms

Collaborating Institutions:
* Duke University
* NC Agromedicine Institute

Overall Goal: To determine if slurry

sampling was a viable alternative non-invasive
method for virus surveillance on swine farms.

Objectives:
» Establish non-invasive slurry RS ——
sampling as a means of routine Y
surveillance for the detection of S B e S /

pathogens of zoonotic and
economic concern

 Train farm owners/managers to
collect slurry samples and to
Implement surveillance of their
swine herds
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Proportion of Viruses Detected in
105 Swine Slurry Samples

m Influenza virus Adenovirus Enterovirus Percent POSItWItY for EV Over Time by Farm
Coronavirus mEMCV PRRSV
mPCV2 mPCV3 m Senaca Valley Virus

Percent Positivity for EV

Farm 1 Farm 2




Table 1. Unadjusted odds ratios for risk factors associated with virus positivity in 105 swine slurry samples. Samples were collected from swine waste pits
at two pig farms in North Carolina between April and November 2018.

Adenovirus Enterovirus Coronavirus Senecavirus Any Positives*

Predictor . . OR (95% CI . OR (95% CI . OR (95% CI . OR (95% CI
Month

July . ) .01, 1. 5(41.7) 4.64 (0.71, 30.42) 1

August . ) 12, 1. 10 (50.0) 6.50 (1.16, 36.57) 6 (30.0) 1

September . . .20, 3. 13(92.9) 84.50(6.80, 1050.80) 5(35.7) 2.22 (0.42, 11.83) 9 (64.3) 3.34 (0.80, 13.94) 17 (85.0)

October 8 (57.1) . .35, 6. 13(92.9) 84.50(6.80,1050.80) | 13(92.9) 52.00(0.474, 570.53) 0 (0.0) 14 (100.0)

November 3 (50.0) . A7, 7. 5(83.3) 32.50 (2.38, 443.14) 6 (100.0) 0 (0.0) 6 (100.0)

April 4 (100.0) — 4 (100.0) 0 (0.0) 0 (0.0) 4 (100.0)

May 12 (60.0) 1.71 (0.44, 6.63) 9 (45.0) 5.32 (0.94, 29.99) 3(15.0) 0.71 (0.12, 4.11) 7 (35.0) : 15 (75.0) 1.50 (0.34, 5.56)

June 7 (46.7) Ref. 2 (13.3) Ref. 3(20.0) Ref. 0 (0.0) 10 (66.7) Ref.
Weather

Sun 29 (44.6) 1. 0.88 (0.17, 4.66) 53 (81.5) 1.32 (0.32, 5.56)

Sun & Wind 0.96 (0.16, 5.90) . 1.94 (0.32, 11.76) . 16.50 (1.83, 148.61) 4 (50.0) 5.50 (0.71, 42.60) 7 (87.5) 2.10(0.18, 24.60)

Cloudy/Overcast . 3.20 (0.62, 16.49) . 1.17 (0.24, 5.62) . 3.93 (0.59, 26.11) 2 (16.7) 1.10(0.13, 9.34) 12 (100.0)

Rain & Wind 0.64 (0.09, 4.66) . 1.94 (0.32, 11.71) y 2.20 (0.24, 20.40) 3(42.9) 4,12 (0.49, 34.49) 6 (85.7) 1.80(0.15, 21.40)

Rain . : } Ref. . Ref. 2(15.4) i Ref.
Temperature (°F)

3(0.22, 8.22) 0(0.0) 8 (66.7) 1.00 (0.20, 5.00)
1

3
T

(0.35, 8.37) 4(20.0) 046(0.11,1.94) | 8(66.7) 2.83 (0.55, 14.47)

(0.38,4.36) | 38(58.5) 1.64 (0.50, 5.43) 24 (369)  3.22(0.66, 15.77) 9(13.8)

Bivariate Risk Analysis

Key Findings:

* Detections of both enterovirus and coronavirus associated with pig weight (more positives
in young pigs)

* Enterovirus was significantly associated with more pigs in the barn (OR 4.29; 95% CI 1.77,
10.43)

* Detection of coronavirus and senecavirus often coincided with detection of enterovirus (OR
3.76; 95% Cl 1.55, 9.15 and OR 3.56; 95% CI 1.10, 11.52)
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What did we learn?



Emerging Viruses at the Human/Animal Interface

Among Domestic Animals Harboring Influenza A Viruses with Threaten Man,
Which has the Greatest Risk of Sharing Virus with Humans?

c" “% Duke
£ One Health
s

nfluenza A vwruses in
SWINe were
associated with the
1918, 1857, 1968 and
2009 pandemics

Through limited study
we know there are
multiple unique
influenza A viral
strains crcuating In
pegs which cousd
generate new
pandemc vwuses



Duke One Health Research & Training Network, 2018-2019

One Health Research & Training Sites




Why does it matter?



SARS OUTBREAK, 2003:
Rapid spread worldwide by movement of people

“Disease is only a plane flight away”
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Questions?

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



