Animal
reservolirs in
disease
control and
eradication

J. Segalés

UNB CReSA 0ie

GLOBAL VIRUS NETWORK

IRTA (I[1}


http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://davidurbano.eu/contact&ei=WGiZVYPENofTUb2sgpgM&bvm=bv.96952980,d.d24&psig=AFQjCNHRb7SEKtKilIH6D06RTWu6WRivbA&ust=1436203470439544
http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://davidurbano.eu/contact&ei=WGiZVYPENofTUb2sgpgM&bvm=bv.96952980,d.d24&psig=AFQjCNHRb7SEKtKilIH6D06RTWu6WRivbA&ust=1436203470439544

IRTA Numerous infectious diseases are
REGEnGA || TECNLociay shared by animals and humans

AGROALIMENTA

CReSA

Il1a I-_Ill_": 1 . I?},}E"f‘?ﬁiﬂﬂj‘ f.&ﬂ}"f_"d J. Comp. Path. 2016, Vol. 155, $41—553 Available online at www.sciencedirect.com
ScienceDirect

=, r .
CrossMark
WWW.CEBeVICT. ) lI

‘Estimated from McNall 1}

animal Companion Animals as a Source of Viruses for
Human Beings and Food Production Animals
dog
. A. Reperant’, I. H. Brown', O. L. Haenen , M. D. de Jong,
cattle . . E. Osterhaus , Al Pa.pa E. lestadr ,J.-F. Valarcher”
sheep, goat and T. Kuiken’
pig 42
horse 39
poultry 26
rats, mice 39
wild species [ 14
total 208

“*Numbers overlap as some infections are shared among many
{Ij Generatitat species

Il Soneraie ‘ Weiss, 2001
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Table 3. Examples of human infectious diseases of animal origin

... and this is not new!

disease microbe animal source date of crossover
malaria parasite chimpanzee ca. 8000 BCE
measles VITus sheep or goat ca. 6000 BCE
smallpox VIrus ruminant? = 2000 BCL
tuberculosis mycobacterium ruminant? = 000 BCE
typhus rickettsia rodent 430 BCE
1492 CE
plague bhacterinm rodent 541 CE
1347 CLE
1665 CLE
Dengue virus monkey ca. 1000 CE
vellow fever vIrus monkey 1641 CE
Spanish flu VIrus bird, pig 1918 CE
AIDS/HIV-I1 Virus chimpanzee ca. 1931 CE
AIDS/HIV-2 VIrus monkey 20th century

N Generalitat

% de Catalunya WE'SS, 2001



IRTA The interface between animal
A e and human diseases
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1821-1902: Rudolf Virchow recognizes the link between human and animal
health

1849-1919: William Osler, father of (comparative) veterinary pathology
1947 the Veterinary Public Health division is established at CDC
1927-2006: Calvin Schwabe coins the term “one medicine” and calls for a
unified approach against zoonoses that uses both human and veterinary
medicine

2004: the Wildlife Conservation Society published the 12 Manhattan principles

“N Generalitat
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12 Manhattan Principles — key words

(http://www.wcs-
ahead.org/manhattan_principles.html)




How the concept “one health”
was born?
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Building Interdisciplinary Bridges - 29 September 2004 New York City

“The One Health concept Is a worIdW|de strategy

and communications in all aspects of health care
for humans, animals and the environment.”

Emphasis on zoonosis and vector-borne diseases

I Generalitat
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IRTA Emerging and re-emerging diseases
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IRTA Control, prevention and
i eradication of zoonotic and
vector-borne diseases

Focus on breaking the chain
of transmission.zs

epidemiologica{ weakest step

The most susceptible one for intervention

Public Health Ontario 2012



|RTA Control at the weakest

CReSA epidemiological step... options...

RESERVOIR

Disinfection

Engineering controls

O\ * Protect portals of entry
Sl  GHANOF (manner in which a pathogen
TRANSMISSION .
, enters a susceptible host)
Sl ‘ - ’5*‘5':"’3"1":5’ == e |ncrease host's defenses
aaaaaaaaaaaaaaa * Others...

Public Health
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O ntano 2012 Equipment disi infection/sterilization



-!- Definition of reservolr
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“A reservolir Is any person, animal,
arthropod, plant, solil, or substance (or
combination of these) in which an
Infectious agent normally lives and
multiplies, on which it depends
primarily for survival, and where It
reproduces itself in such manner that it
can be transmitted to a susceptible
host.”

https://emedia.rmit.edu.au/infection_control/content/1_Reservoir/01_rese_de.htm



|RTA Definition of reservoir - complexity
(Haydon et al., 2002)

* One or more epidemiologically connected
populations or environments in which the
pathogen can be permanently maintained and
from which infection is transmitted to the defined
target population.

« Populations in a reservoir may be the same or different
species as the target and may include vector species




IRTA Definition of reservoir (Haydon

e s et al., 2002) - glossary

« Target population (TP): population of interest (humans in this case)

 Non-target populations (NTP): potentially susceptible host populations
epidemiologically connected with the TP (“RESERVOIR”)

* Critical community size (CCS): minimum size of a closed population within
which a pathogen can persist indefinitely

« Maintenance populations (MP): populations larger than the CCS
 Non-maintenance populations (NMP): populations smaller than the CCS

 Maintenance community: in complex systems, NMPs able to keep pathogen
transmission (behaves as a MP)

« Source population: population that transmits infection directly to the TP



Monmaintenance Maintenance

population population Target Maintenance B eservair
(size < CC S (size = CCS) or- ion cammunity
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Definition
of reservolir
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Definition of reservoir (Haydon et al., 2002)

I A Example: potential complexity of rabies reservoir in Zimbabwe
e . and eventual intervention
A 5 DDQS\\ C Dogs
Off“ 50 Gormvere Oiél/‘o camre O‘.‘<§)\O carmier
If jackals with (A) or without (B) other wild If jackals do not constitute
carnivore populations constitute a maintenance a maintenance community
community independent of dogs, then vaccination Independent of dogs (C),
of dogs alone will not result in rabies elimination then dog vaccination
In the target should clear rabies from the

reservolr



IRTA Identification of the reservoir is
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SA not an easy task sometimes...

A reservolr needs to maintain

the pathogen and have a feasible
transmission route

High-genetic similarity of the pathogen found in the reservoir system
High degree of functional similarity (infectivity and viability)

Spatial and temporal connectivity

Maintaining pathogen viability

Hallmaier-Wacker et al., 2017
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Examples of NTP as maintenance
populations (Hallmaier-Wacker et al., 2017)

Maintenance in NT

Main transmission High-genetic Functional

Pathogen Target Non-target route similarity similarity
Influenza A virus (HIN1) Human Swine Aerosol X X
MERS-Coronavirus Human Camel Direct contact X X
Brucella melitensis (localized Human Sheep Food-borne X X
brucellosis)
Immunodeficiency virus Human NHP Direct contact (X) NP
Treponema pallidum pertenue (yaws) Human NHP Direct contact/vector X (X)
Mycobacterium bovis (bovine Human Cattle Food-borne/aerosol X X
tuberculosis)
Rabies virus Human Fox Bite X X
Echinococcus multilocularis (alveolar Human Fox Oral/fecal X X
echinococcosis)
Hantavirus Human Rodent Aerosol X X
Ebola virus Human Bats Contact/aerosol X NP
Zika virus Human NHP Vector (X) NP
Borrelia burgdorferi (borreliosis) Human Wildlife Vector X X
Yellow fever virus Human NHP Vector X X




IRTA Identification of the reservoir is
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It may require years of field and €
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limiting an early and timely interve g

EPIDEMIOLOGY

Predicting reservoir hosts and
arthropod vectors from evolutionary
signatures in RNA virus genomes

Simon A. Babayan™”, Richard J. Orton”, Daniel G. Streicker"”* m
/Hl[ Genel _____ AYAAAS
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Reservoir support (BPS)

A 00 02 04 06 08

Bunyamwera virus
Candiru virus

Crimean-Congo hemorrhagic fever virus [l
Heartland virus
Lone Star virus

Oropouche virus |l

Sandfly fever Naples virus
Severe fever with thrombocytopenia syndrome virus
Uukuniemi virus

Human enteric coronavirus strain 4408 [}
MERS Coronavirus

Bund YO e us

Tai Forest ebolay :
Alkhumra hemaorrhagic fever virus
Cacipacore virus
Langat virus
Ntaya virus
Porcine pestivirus isolate Bungowannah [}
Spanish goat encephalitis virus
Spondweni virus
Tembusu virus
Wesselsbron virus
Zika virus
Bas-Congo virus [}
Chandipura virus |l
Ikoma lyssavirus
Jurona virus |l
Malpais Spring virus [}
Mokola virus
Getah virus |l
Mayaro virus
Middelburg virus [l
Ndumu virus
O'nyong~-nyong virus

B Reservoir support (BPS)
00 02 04 06 08
B

Astrovirus Er—-SZAL6 B
Bastrovirus BAS-2
Bastrovirus—like virus 17819-21
Bastrovirus 17489-85 I ~
Aguacate virus =
Brazoran virus I =] ]
Maprik virus Il
Murrumbidgee virus [l
Bat Hp - betacoronavirus =
Karshi virus [
Kedougou virus
Royal Farm virus &=
Arboretum virus [l
Curionopolis virus

Kolente virus

Kotonkan virus [l
Long Island tick rhabdovirus
Mailakal virus [l
Maraba virus Il =
Moussa virus |
Niakha virus |
Oak- Vale virus [
Obodhiang virus [l
Perinet virus ! ||
Puerto Almendras virus Il
Wongabel virus [l
Xiburema virus Il
Yug Bogdanovac virus =
Aura virus | |
Bebaru virus ]
Kyzylagach virus ]

Malsoorvirus R = W 1.0
Candiru virus = =
SYokose virus H = o
okoluk virus e
Pestivirus Burdur Il 08 v
Entebbe bat virus = = S Q.
Cacipacore virus = 0.6 o
Aroa virus = = B =,
Tupaia virus = | g9
Fikirini bat rhabdovirus " Il Sl 045 &
Farmington virus " IR = ]
Bovine ephemeral fever virus NI =
Berrimah virus ==I 0.2 ea
Bas-Congo virus g2
American bat vesiculovirus = = <
Almpiwar virus = . 0.0
Madariagavirus R W ’
I
Sagen M
Qob* o Fep
CL
S8

Virus group
== Astrovirus
«=» Filovirus
a» Togavirus

e Bunyavirus e Coronavirus
== Flavivirus a=» Rhabdovirus

Bayaban et al., 2018



IRTA Identification of the reservoir is
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S not an easy task sometimes...
CReSA
Advantages:
» decrease the time between virus discovery and
EPIDEMIOLOGY targeted research
Predicting reservoir hosts and « surveillance and management, mostly focused on
arthr opo d vectors from evolutionary gir?geizr;:se control (and eventual eradication) at the

signatures in RNA virus genomes

Simon A. Babayan'?, Richard J. Orton®, Daniel G. Streicker™**

Disadvantages:

 limitations in accuracy (prediction of vector type of
91% and host type of 72%)

E]‘} Generalitat

]V, de Catalunya WOOlhOUSG et a.I., 2018



Intervention strategies

IRTA Control at the weakest
(:IteSA epidemiological step... options...
| RESERVOIR
r,é‘m:,..; . « Control or eliminate the agent
e Y /ri at the source of transmission

------

Lagimasiag emmes

Public Health e el
Cntario 2012
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(manner in which a pathogen
enters a susceptible host)

—==="_» |ncrease host's defenses
» Others...

{) - Protect portals of entry

E]‘} Generalitat
Ul de Catalunya

Once the reservoir system
has been identified, control
or elimination at the source
will depend on a number of
factors:

* Policy (region, country) —
culling policies, quarantine,
vaccination

« Diagnostic capabillities

« Treatment/prevention
measures available

 Likelihood of intervention
(wildlife)



Examples of pathogen control at
!Egm-!-mem the source: avian influenza
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c HAVMH DISEASES 51:332-337, 2007

Efficacy of Two H5N9-Inactivated Vaccines Against Challenge
with a Recent HSN1 Highly Pathogenic Avian Influenza
Isolate from a Chicken in Thailand

Michel Bublot,* Francois-Xavier Le Gros. Daniela Nieddu,® Nikki Pricchard,©

o b

Contents lists available at ScienceDirect

Vaccine

Vaccine

journal homepage: www.elsevier.com/locate/vaccine

Vaccine protection of chickens against antigenically diverse H5 highly
pathogenic avian influenza isolates with a live HVT vector vaccine
expressing the influenza hemagglutinin gene derived from a clade 2.2
avian influenza virus

Ul) Seneralital parrell R. Kapczynski®*, Motoyuki Esaki®, Kristi M. Dorsey®, Haijun Jiang?,




Examples of pathogen control at
!Esz-nrémm the source: Nipah virus infection
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1998-99: Infected zones of 2 km radius and buffer zones of 10 km radius were
Imposed around infected premises. All pigs within the buffer zone were culled
over a 2-month period (a total of 901,228 pigs from 896 farms) (source: FAO)

A} Generalitat
¥ de Catalunya



Examples of pathogen control at
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Ly e the source: rabies
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PHILOSOPHICAL The elimination of fox rabies from Europe:

TRANSACTIONS . P

OF determinants of success and lessons

-~ THE ROYAL for the future uah
" o SOCIETY PHd
' Conrad M. Freuling®!, Katie Hampson?, Thomas Selhorst®?, )

Ronald Schrader?, Francois X. Meslin®* Thomas C. Mettenleiter!
and Thomas Miiller®

TCS VITUS VId WITUT
demand for PEP

.........

WY de Ccataiunya



Examples of pathogen control at
!Esz-nrémm the source: MERS-CoV
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| An orthopoxvirus-based vaccine -
reduces virus excretion after MERS-CoV »
infection in dromedary camels

Bart L. Haagmans,'* Judith M. A. van den Brand,' V. Stalin Raj,' Asisa Volz,*

Peter Wohlsein,” Saskia L. Smits,' Debby Schipper,' Theo M. Bestebroer,'

Nisreen Okba,' Robert Fux,® Albert Bensaid,* David Solanes Foz,* Thijs Kuiken,'

4| Wolfgang Baumgiirtner,® Joaquim Segalés,*® Gerd Sutter,®* Albert D. M. E. Osterhaus®"5*

L ”:r', o = A/
= _‘.‘ ‘11‘ \ ————p |
Pig

Rabbit

aaaaaa

Vergara-Alert et al., 2017



Take home messages
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* Most emerging and re-emerging diseases are of zoonotic or vector-
borne origin

* A reservoir is a complex network of populations in which the
pathogen Iis maintained and from which infection Is transmitted to
the target population

« Animal and vector reservoirs might be potentially predicted based
on signatures of RNA viral genomes

* Most of the control measures at reservoir level, when feasible, imply
culling or iImmunization; eventually, action can be taken on wildlife
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Thank you very much for your
attention!!!
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