EU RL on equine diseases- 4
Emerging and re-emerging viral diseases of equinesE

Stéphan Zientara
ANSES-Animal Health Laboratory
European Union reference laboratory on equine diseases
UMR ANSES/INRAE/ENVA

Maisons-Alfort, France

European
Commission

)
\ V4

anses |

2 EnvARE
BEA Eczna(ionale vétérinaire



Animal health laboratory created in

Henri
Edmond Nocard h . Henri Vallée Emmanuel
1850-1903 Emile Roux Carré TR Leclainche
(1850-1903) (1853-1933) (1870- (1874-1947)

1938) (1861-1953)



European Union Reference Laboratory for
Equine Diseases

P

. . " e SauiL Villemi
o Neuilly- Y 7 o Geryais Romainville ; 1
Eaui 1 = z
Putax _Piiteaux /SUr:Seine % \% %}n 5 * . 2 Stande e
& %G 1 Parc des W),
e A B t,
v
53 %, s /5 Rosny-
e S {sous-Bois

EE]
'Neuil\y-

Montreuil L
. Plaisance

Fontenay-

sous-Bois .

. Rue d'futeyil
Saint- L

A Emmile Zola
JGarches  (gud .

Vincennes
.

Le Perreux-

R sur-Marne
Bou’lls ne- w\mﬂ"’ . :
Billancourt==—-. *Nogent- |
i ED> str-Marne I

Ville- -
d'Avray Sévres

Le z
x
Chesnay : S i
aville Meudon |z
t Bd de 3 Reife Viflay~  b# oni] %’,
c o Dot .
Flue e % = Ivry-sur-
Versailles 4 = Seine
f *Virofl a Chatillon 3
n Viroflay lamart 4 %
5 . Chet
iy -
Loy Fontenay- Cachany . M Sjlm y
aux-Roses a Villejuif au; =
. 055és
Vélizy- 'Vit_ry-sur-
Villacoublay Seine

Le Plessis-
Robinson

¥
Sceaux

L'Haj-les- i

R Chevilly-

Larue
’

Les Loges-
Jen-Josas

!
Sucy-
Bonneuil-  en-Brie
-
sur-Marne

: Boissy-
Saint-Léger|i®

, Thiais

.
B Antony %
Verrieres- Limeil-
le-Buisson _ Brevannezsk
m

_ 4



.. Anima aboratory, Alfort location

>
i 2 ‘i E= ( E& ﬁ-’w_fﬁr w i dxé’.s's.wﬁa'l."ﬁ .Jnﬂﬂ b e g, el L]
[:.I:.:— A Lo i B it

“‘““““l =R » o D, "'- - 4

[liSL3 lf lt Epldemlology J
1ma dCHIY MR '-1':,;"'““1"2"Bac3[ef‘1a1 FOOHOSES 1.,






L 4
European Union Reference Laboratory for
Equine Diseases




anses

4
ar

Loeffler & lcube

MAMOUNI Aurélia
VIDEAU Dominiqu

Equipe BIOR
Responsables :

ZIENTARA Stephan (An:

VITOUR Damien (Ans

Chercheurs et enseignants
chercheurs

BREARD Emmanuel (Anses)
CAIGNARD Grégory (INRAE)
BELBIS Guillaume (EnvA)
SAILLEAU Corinne (Anses)

ITA

FABLET Aurore (Anses)
POSTIC Lydie (CDD Anses)
TURPAUD Mathilde (CDD Anses)

Post Doctorant
GONDARD Mathilde (ANSES)

Thése d'université

DUPRE Juliette (INRAE)

INRAZ

LS

EU-RL on equine diseases
EIAV, EAV, EHV, WN, VSV, glanders,
dourine, CEM, EEV, EEW, EEV

FAO/WOAH (OIE) RL
FMDV

WOAH (OIE) RL
EHDV

NRL
FMDV
BTV
AHSV
HEV...

oussam

OLO
G V1ROLOG,
-2 - (Jd'
A

sdiatern 3

=
\;‘ ‘
@
\ .
T
mmé

s

12 " ™ > _g

e . ¥ 0

' =

(=}

=g

o

[

(=]

N

o

&2

Equipe THAI 3
Responsables :

RICHARDSON Jennifer (INRAE)
KLONJKOWSKI Bernard (EnvA)

Chercheurs et enseignants
chercheurs

CORDONNIER Nathalie (EnvA)
LACOUR Sandrine (Anses)
Post Doctorant

SOURISSEAU Marion (INRAE)
ITA

UNTERFINGER Yves (EnvA)
WATIER Fleur (EnvA)

Thése d'université
BROUTIN Manon (Seppic)

1/1

Pascalé PICCHIRALLO

e ENvA




4
European Union Reference Laboratory for
Equine Diseases




Y
anses

Loeffler & lcube

MAMOUNI Aurélia
VIDEAU Dominiqu

Equipe BIOR

Responsables :
ZIENTARA Stephan (An:
VITOUR Damien (Ans

Chercheurs et enseignants
chercheurs

BREARD Emmanuel (Anses)
CAIGNARD Grégory (INRAE)
BELBIS Guillaume (EnvA)
SAILLEAU Corinne (Anses)

ITA

FABLET Aurore (Anses)
POSTIC Lydie (CDD Anses)
TURPAUD Mathilde (CDD Anses

Post Doctorant
GONDARD Mathilde (ANSES)

Thése d'université
DUPRE Juliette (INRAE)

INRAZ

EU-RL on equine diseases
EIAV, EAV, EHV, WN, VSV, glanders,
dourine, CEM, EEV, EEW, EEV

FAO/WOAH (OIE)/ EU RL
FMDV

WOAH (OIE) RL
EHDV

NRL
FMDV
BTV

S AHSV

HEV...

Vs
sam

T

14/p2/2022  Applicable immédiatem:

Equipe THAI
Responsables :

RICHARDSON Jennifer (INRAE)
KLONJKOWSKI Bernard (EnvA)

Chercheurs et enseignants
chercheurs

CORDONNIER Nathalie (EnvA)
LACOUR Sandrine (Anses)
Post Doctorant
SOURISSEAU Marion (INRAE)

ITA

UNTERFINGER Yves (EnvA)
WATIER Fleur (EnvA)

Thése d'université
BROUTIN Manon (Seppic)

1/1

Pascalé PICCHIRALLO

e ENvA




Organisation of EU-RL for equine diseases

Director of EU RL => Stéphan ZIENTARA
Deputy EU-RL Director => Gaelle Gonzalez b ﬁ =

Diseases Head of team

Maisons-Alfort

b Nolwenn Dheilly
- José-Carlos
Valle Casuso

EIA and EVA JC Valle-Casuso

,;t‘SaliJrlne;Petry

. LaurentHebert

.Karine Laroucau |

CEM S. Petry Labib Bakkali

Dourine/Surra L. Hebert
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Organisation of EU-RL for equine diseases

The activities of the EU-RL are ﬁ;/ﬁj
i i Dozulé Site in ) N
located in two sites ),
N orman d y Eq/“
Maisons Alfort
Laboratory site
near Paris

The EU-RL is in charge of 10 diseases: Glanders, CEM,
EVA, EIA, WN, exotic encephalitis (EEE, WEE, VEE),
Dourine and Surra

1



Organisation of EU-RL for equine diseases

A Y1 4
The EU RL is supported by a A g /%
network of collaborating 2 1;
laboratories in each member ,
states ; g

UE-EC




Duties of EU-RL for equine diseases : technical and

scientific support to NRLs

For all diseases, the EU-RL should : ﬁﬁ\;

study and confirm samples with unexpected or doubtful results;

collect and identify representative samples (strains and sera) isolated
in Europe (transmitted from the NRLs to the EU-RL) and in third-party
countries;

supply the NRLs with standardised reagents and field or reference
strains of pathogens;

improve, harmonise and develop new diagnostic tools;

13



Duties of the EURL : providing information to NRLs &
anses
EU RL website :https://eurl-equinediseases.anses.fr
Web manager : Gaelle gonzalez : gaelle.gonzalez@anses.fr
- EURL 4 [
European Union Reference Laboratory for % r Cecile.Beck@anses.fr X Q
EQUINE DISEASES h a n Ses
“ PRESENTATION CONTACT PT /| WORKSHOPS D';AE(::gglsS INFORMATION
- 09 July 2021
NEXT WORKSHOPS ON GLANDERS
‘ Pliasde Iszv‘fe thihdatecsi: the Glanders Workshop will be
scheaulead 1or uesaay,...
NEWS LIST
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https://eurl-equinediseases.anses.fr/

Emerging Infectious Diseases

Baylor College of Medicine > Departments > Molecular Virology and Microbiology » Emerging Infections and Biodefense

Emerging infectious diseases are infections that have recently appeared within a population or those whose

incidence or geographic range is rapidly increasing or threatens to increase in the near future. Emerging infections

can be caused by:

Previously undetected or unknown infectious agents
Known agents that have spread to new geographic locations or new populations
Previously known agents whose role in specific diseases has previously gone unrecognized.

Re-emergence of agents whose incidence of disease had significantly declined in the past, but whose

incidence of disease has reappeared. This class of diseases is known as re-emerging infectious diseases.



Factors in Emergence o=

Climate and weather

Changing ecosystems

Human demographics and behavior
Economic development and land use
International travel and commerce
Technology and Industry

Lack of public health measures
Poverty and social inequality

War and famine

Lack of political will

Microbial Threats to Health: Emergence, Detection and Response (2003)



SIXTH ASSESSMENT REPORT IpCC @ @

Working Group | — The Physical Science Basis INTERGOVERNMENTAL PANEL ON ClimaTe change wno UNEP

Human influence has warmed the climate at a rate that is
unprecedented in at least the last 2000 years

Changes in global surface temperature relative to 1850-1900
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SIXTH ASSESSMENT REPORT

Working Group | - The Physical Science Basis INTERGOVERNMENTAL PANEL oN ClimaTe change wno UNEP
https://www.ipcc.ch/report/aré/wg1/downloads/outreach/IPCC_ARé_WGI_Press_Conference_Slides.pdf




UN: July 2022 was among
warmest on record

Ausling O'Brien
August 10, 2022 11:25 am

European Union Reference Laboratory for
Equine Diseases
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@ Newly emerging

® Re-emerging/resurging

® “Deliberately emerging”

Cryptosporidiosis

Heartland virus —Q
S

Enterovirus D68
Antimicrobial-resistant threats
(CRE, C. difficile, MRSA,

N. gonorrhoeae)

Human monkeypox
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Morens et al., Cell Press 2020

Equine Diseases
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17 % : infectious diseases are vector borne

West Nile, Zika, Dengue, Yellow fever,
Tick borne encephalitis, Japanese encephalitis, ...

22
Morens et al., Cell Press 2020
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About 50 arboviruses pathogens for the f;ﬁ\‘;
animals are from 7 different viral families -
identified in the world

Arboviruses Pathogenic for Domestic and Wild Animals

tick-borne (louping ill and tick-borne encephalitis, Omsk hemorrhagic fever, Kyasanur Forest disease,

Tyuleniy fever, Nairobi sheep disease, Soldado fever, Bhanja fever, Thogoto fever, African swine fever),

mosquito-borne (Eastern, Western, and Venezuelan equine encephalomyelitides, Highlands J disease,
Getah disease, Semliki Forest disease, yellow fever, Japanese encephalitis, Murray Valley encephalitis,
West Nile encephalitis, Usutu disease, Israel turkey meningoencephalitis, Tembusu disease/duck egg-
drop syndrome, Wesselsbron disease, La Crosse encephalitis, Snowshoe hare encephalitis, Cache
Valley disease, Main Drain disease, Rift Valley fever, Peruvian horse sickness, Yunnan disease),

sandfly-borne (vesicular stomatitis—Indiana, New Jersey, and Alagoas, Cocal disease),

midge-borne (Akabane disease, Aino disease, Schmallenberg disease, Shuni disease, African horse
sickness, Kasba disease, bluetongue, epizootic hemorrhagic disease of deer, Ibaraki disease, equine

encephalosis, bovine ephemeral fever, Kotonkan disease), and cimicid-borne (Buggy Creek disease).






En ce moment Guerre en Ukraine Covid-19 Procés de l'attentat de Nice Crise énergétique

Accueil / Santé / Maladies

Plusieurs cas autochtones de dengue identifiés
dans le sud de la France

Plusieurs départements du sud de la France ont identifié des cas autochtones de dengue depuis
la mi-ao(t. Cette maladie transmise par le moustique tigre provoque notamment de forte fiévre
et des douleurs musculaires.

@ Ouest-France

avec AFP.
Publié le 24/08/2022 a 17h00

»)) EcouTer
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European Union Reference Laboratory for
Equine Diseases

65 contre 13 'année derniére : un nombre inhabituel de cas

de dengue signalés en France métropolitaine

Ces cas de dengue ont été recensés dans les régions Provence-Alpes-Cote d’Azur et
Occitanie. Leur niveau est supérieur a celui observé les années précédentes.

France méf

Le moustique tigre colonise est présent dans plus d

ine. AFP



afArbo-_F;ance

«

Qui sommes-nous ? Que faisons-nous ? Actualites et evenements Contact

Réseau d'études
sur des arbovirus humains
et animaux.

Arbo-France est un reseau francais détude des arboviroses dont l'objectif est d'ameliorer
la preparation et la réeponse aux épidéemies d'arbovirus humains et animaux en métropole
et dans les territoires ultra-marins.

Arbo-France 2 218 mis en place 3lademande du consertiom REACTng/Aviesan pour faire face 2 [augmentation du nombre et de |z severite des
epidemies darbavirus, & laxtension de ces virus a de nouvelles zones o2ographiques 2t au risgue demergence d'autres arbavirus

e

Qviesan

oour las soances de la vie et de 1 sante.



E o DIRECTION DE L'INFORMATION LEGALE ET ADMINISTRATIVE
PREMIER . .. : 2 26, rue Desaix, 75727 PARIS CEDEX 15

Direction de l'information . d 3
MINISTRE Iégale et administrative www.dila.premier-ministre.gouv.fr

Liberté

Fetisd www.journal-officiel.gouv.fr
Lgalivd

Fratermité

Annonce n° 201
13 - Bouches-du-Rhoéne
ASSOCIATIONS
Créations

Déclaration a la préfecture des Bouches-du-Rhéne
SOCIETE EUROPEENNE D'ARBOVIROLOGIE (ARES).

Objet : promouvoir les études sur les arboviroses humaines et animales et le développement de méthodes de lutte
contre ces maladies, dans une vision One Health

Siége social : Unité des Virus Emergents Faculté de Médecine de Marseille, 27, boulevard Jean Moulin, 13005
Marseille.

Date de la déclaration : 12 ao(t 2022.

ARDbovirology European Society (ARES)



Speed of Global Travel in Relation to
World Population Growth

_ 400
6 ~
350
J 5
o 300 v
©
2 250 4 @
o 8 2
O —
g 3 200 - _2
O Q —_—
-5 < 150 c
8 2 2
> 100 =
> Q
a 50 1 2
O
(@)
0 0 3
1850 1900 1950 2000
Year

From: Murphy and Nathanson. Semin. Virol. 5, 87, 1994
CDC



(QLOHd ddd)




List of some emerging and re-emerging viruses

1973 Rotavirus

1977 Ebola

1977 Hantaan

1980 HTLV-1 — :
1983 HIV Majority of RNA viruses
1988 Hpatitis E Genetic plasticity
1989 Hepatitis C possibilities of reassortment and
1990 Guanarito recombination
1993 Sin Nombre

1994 Sabia

1994 Hendra

1995 Herpesvirus-8

1995 Hépatite G

1997 Avian influenza (H5N1)

1998 TTV

1999 Nipah

1999 West Nile

2001 Metapneumovirus

2003 Monkeypox

2003 SARS-CoV

2005 Chikungunya

2012 MERS-CoV

2014 Zika

2019 SARS-Cov-2

2022 Monkeypox



Main Import Patterns

Worldwide movements of horses from and to Europe in 2010

Conny Herholz & Des Leadon
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TOPICS MAGAZINE NEWSLETTERS

MEWS FEATURES BLOGS VIDEOS & PHOTC

Disease

Equine granulocytic
ehrlichiosis

Equine encephalosis

Contagious equine
metritis

Getah virus infection
Potomac horse fever
(equine

neorickettsiosis)

Enterocolitis

Causative Agent(s)

Anaplasma phagocytophilum

Encephalosis virus

Taylorello equigenitalis and possibly T.
asinigenitalis

Getah virus

Neorickettsia risticii

Clostridium difficile and C. perfringens A, B,

C,andD

Where and When
Reported

United States in 1969

South Africain 1970

Ireland and the United Kingdom in
1977, United States in 1978

Japan in 1978

United States in 1984

United States in 1987; Europe and
the United States (re-emergence) in
1993



Mocardioform
placentitis

Acute equine

respiratory syndrome

Proliferative
enteropathy

Mare reproductive
loss syndrome

Airway disease

Equine amionitis and
foetal loss

Cryptococcal
infections

Equine coronavirus
enteritis

Theiler's disease

TOPICS MAGAZINE NEWSLETTERS NEWS FEATURES BLOGS VIDEOS & PHOTOS

Crossiella equi, Amycolatopsis kentuckyensis,

A. lexingtonensis, and Cellulomonas

cellufans

Hendra virus

Lawsonia intracellularis

Eastern tent caterpillar

Micaoletella semoling

Processionary caterpillar

Cryptococcus gattii

Coronavirus

Theiler's disease associated virus

United States in 1986 and (re-
emergence) in 2003

Australia in 1994

Canada in 2000

United States in 2001

Europe in 2004

Australia in 2004

Canada in 2005

Japan in 2011

United States in 2013



Examples of emerging diseases in horses

Equine influenza

Hendra

West Nile

African Horse Sickness

Hepacivirus

Hepatitis E

Coronavirus

Exotic equine encephalitis viruses (E/V/WEEV and JEV)

Vesicular stomatitis virus



Hemagglutinin (H

Neuraminidase (N

[

Nucleoprotéin

Shift/Drift

Ressortment (8 seg RNA)
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Alequine/ 1/H7/N7 (Prague/1956) (Nequ“i"“"“f‘f
Last isolation: 1979

Alequine/ 2/H3N8 (Miami/1963)(A/equi 2)




HS5N1, donkeys Egyptz
e S > H1-2,47,
\ Ofhers p 4-15 H9-13,15-16
¥
Other Aquatic

Birds?
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w1 uz of H3N8, China, 2004-2006




& UNIVERSITY OF

&FLORIDA

In Greyhound race dogs in Januar_¥ 2004. o _
With acknowledgement to Dr C Crawford, University of Florida




Transmission

European Union Reference Laboratory for
Equine Diseases




Short communic:

[nterspecies
close contac

) to dogs by

Takashi Yaman. 10 Matsumura

Epizootic Research Center,

which is 3 m wide, 6.05 m deep and 4.1 m high. Each pair of animals was
kept together in the same stall all day long for 15 consecutive days.



Veterinary Microbliology 214 (2018) 1-6

Contents lists available at ScienceDirect

Veterinary Microbiology

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

Short communication

Emergence of H3N8 equine influenza virus in donkeys in China in 2017

Huanliang Yang™', Yihong Xiao™'
Yan Chen”, Sidang Liu

“ Stare Key Laboratory of Veterinary Biotechnology-Harbin Veterinary Research Institute, CAAS, Harbin China

H Yang etal

the references to colour in this figure legend, the reader is referred to the web version of this article.)

Sel ..-" iy
Fig 1. Lung lesions in donkeys. Gross changes (A and B) and histopathologial examination (C-F) of lung tissue in an infected donkey. (A) Emphysema in the lungs; (B) Con
edema hyperinflated with dark red coalescing on the cut surface of the lung; (C) Formation of hyaline membranes in alveoli; Hematoxylin and eosin (HE) staining. (D) Hyperpl
I pneumonocytes, macrophages, and lymphocytes; HE staining. (E) Necrasis of neutrophils; HE staining. (F) Necrotizing bronchiolitis and hemarrhage; HE staining. (For inten

Vetertnary Mtcrobtology 214 ™ ™**

Fei Meng®, Fachao Sun”, Meng Chen", Zilong Cheng”,
®, Hualan Chen*
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RAPID COMMUNICATION WILEY [T, T

Reemergence of H3N8 Equine Influenza A virus in Chile,
2018

Juan Menal? | Barbara Brito?® | Ruben Moreira®® | Tamara Tadich?! |

lgor Gonzalez! | Jaime Cruces® | % | Harm van Bakel” |

Rene Ortega

Raveen Rathnasinghe® | José Pizarro-Lucero® | Rafael Medina’®? | Victor Neira?

2L WILE Y- T s

[l ciece 1 Fiorida Sub-ineage
B ci=c 2 Fiorida Sub-lineage ===
. Chilzan EIV sequances

. Other EIV sequences

1970 1875 1280 1885 1800 1925 2000 2005 2010 2015
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Horseracing

February 2019 Horseraces cancelled across Britain
after equine flu outbreak

® Thursday’s four scheduled meetings called off at short notice
® Three horses from an active racing stable test positive

Chris Cook

¥ @claimsfive
Thu 7 Feb 2019 01.03 GMT

f v & 39"2




interest

2 Jan 2019 to 22 Aug 2019

Click on an affected area for total outbreaks and info on reports from that
area
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https://app.jshiny.com/jdata/equiflunet/equiflunet/

Examples of emerging diseases in horses },,ﬁ}

Equine influenza

Hendra (an example outside Europe)

West Nile

Hepacivirus

Hepatitis E

African Horse Sickness

Coronavirus

Exotic equine encephalitis viruses (E/V/WEEV and JEV)

Vesicular stomatitis virus

12



History

« 1994.: First recognized outbreak
— Brisbane, Australia
— Respiratory and neurological

Disease in horses
» 20 horses sick; 13 died
* 2 humans sick; 1 died
« 2 other horses died in a separate incident

« 1995: Second human fatality
— Assisted in equine post mortem in 1994

— Case fatality rate in humans is 60% and in horses
75%

Center for Food Security and Public Health, lowa State University, 2011



Transmission

Mode of transmission from
bats to horses
— Birth products
(fetus, placenta)
— Horse may contract
by ingestion of
contaminated feed

Center for Food Security and Public Health, lowa State University, 2011



Since 1994, four people (/7 infected) and 105
horses across Queensland and NSW have died
from the virus

Center for Food Security and Public Health, lowa State University, 2011
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Equine Diseases

Novel Hendra Virus Variant
Detected by Sentinel Surveillance
of Horses in Australia

Edward J. Annand," Bethany A. Horsburgh,’ Kai Xu, Peter A. Reid, Ben Poole,
Maximillian C. de Kantzow, Nicole Brown, Alison Tweedie, Michelle Michie, John D. Grewar,

Anne E. Jackson, Nagendrakumar B. Singanallur, Karren M. Plain, Karan Kim, Mary Tachedjian,
Brenda van der Heide, Sandra Crameri, David T. Williams, Cristy Secombe, Eric D. Laing, Spencer Sterling,
Lianying Yan, Louise Jackson, Cheryl Jones, Raina K. Plowright, Alison J. Peel, Andrew C. Breed,
Ibrahim Diallo, Navneet K. Dhand, Philip N. Britton, Christopher C. Broder, Ina Smith,? John-Sebastian Eden?

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 28, No. 3, March 2022



Examples of emerging diseases in horses

Equine influenza

Hendra

West Nile

African Horse Sickness

Hepacivirus

Hepatitis E

Coronavirus

Exotic equine encephalitis viruses (E/V/WEEV and JEV)

Vesicular stomatitis virus



Transmission cycle




West Nile in the USA

1999-2019

24 714 neuroinvasive form

2,314 deaths
1999-2018

50 830 cases

between 1999 and 2010, ~1.8 millions infections with ~360,000
sick people; 12,852 cases of encephalitis/meningitis and 1,308 deaths
(Science, Kilpatrick AM, 2011)

1999 : 62 cases, 7 deaths
2000 : 21 cases, 2 deaths

2001 : 66 cases, 10 deaths

2002 : 4156 cases, 284 deaths
2003 : 9862 cases, 264 deaths
2004 : 2539 cases, 100 deaths
2005 : 3000 cases, 119 deaths
2006 : 4269 cases, 177 deaths
2007 : 3630 cases, 124 deaths
2008 : 1356 cases, 44 deaths
2009 : 720 cases, 32 deaths
2010 : 1 021 cases, 57 deaths

2011 : 702 cases, 43 deaths

2012: 5,674 cases | 2873 neuroinvasive cases,
286 deaths

2013: 2,469 cases (1,267 neuroinvasive cases),
111 deaths

2014 : 2,122 cases, 1,283 neuroinvasive cases,
85 deaths

2015: 1,312 neuroinvasive cases,
111 deaths

2016: 1,140 neuroinvasive cases,
94 deaths

2017: 1,339 neuroinvasive cases,
121 deaths

2018: 1,176 neuroinvasive cases,
86 deaths

2019: 917 cases, 600 neuroinvasive cases,
49 deaths

2020 : 505 neuroinvasive, 52 deaths

2021 : 1 855 neuroinvasive cases, 191 deaths



7

e

g

"

L
1

Through MMWR week 1 (ending 1/5/2002) - 1 county
Reported and verified through ArboNET as of 1/21/2003



WNV recent spread in Europe is associated with specific-
strain dynamics

Pathogenic strains historically belonged to WNV lineage 1
— Introduction of lineage 2 in 2004 (gakonyi et al, EID, 2006)

Russie

anses %.}







Clinical cases and serological surveillance positives for WND
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Emergence of West Nile virus lineage 2 in Europe:
Characteristics of the first seven cases of West Nile

neuroinvasive disease 1n horses in Austria

Phebe de Heus !, Jolanta Kolodziejek - Jeremy V Camp 2 Katharina Dimmel 2, Zoltan Bago -
Zdenek Hubalek #, René van den Hoven !, Jessika-M V Cavalleri 1, Norbert Nowotny a8




: 1962-65
2006 2000
2004

‘A

2015
2018
2019 .
2020 ‘ | :
2022
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Allemagne 06/07/2022 51 16 11
Autriche 04/08/2022 2 1 6
Croatie 04/07/2022 @ 6 8
Espagne 10/08/2022 0 8 5
France 06/08/2022 0 6 4
Greéce 23/06/2022 0 0 284
Hongrie 08/08/2022 1 3 14
Italie 10/06/2022 192 45 586
Portugal 30/00/2022 0 2 0
Roumanie 15/07/2022 0 0 46
Serbie 24/06/2022 0 0] 2206
Slovaquie 01/07/2022 0 0] 1
Europe 10/06/2022 257 06 1101

37 deaths in Italy, 31in Greece, in Romania and 12 in Serbia (Source : ECDC Weekly updates).

05 December 2022


https://www.ecdc.europa.eu/en/west-nile-fever/surveillance-and-disease-data/disease-data-ecdc

Examples of emerging diseases in horses R
/ﬁ:

/ g
Equine influenza S A —
Hendra
West Nile

African Horse Sickness

Hepacivirus

Hepatitis E

Equine parvovirus

Coronavirus

Exotic equine encephalitis viruses (E/V/WEEV and JEV)

Vesicular stomatitis virus

19



Orbivirus

36 serotypes BTV
9 serotypes AHSV

7/8 serotypes EHDV
reassortment

Vectors: Culicoides
(imicola, bolitinos,...)




Viral Hemorrhagic Fevers




Virion proteins

Seven structural proteins:
- 4 major proteins (VP2, 3, 5, 7) and
- 3 minor proteins (VP1, 4 and 6)

L : VP2/VP5
Q Outer"vgaié%:l ( n.l =d by VP% and VP5.
vPa —
VPS5 — W W
==

@ VP2 is the qrg‘posed_p:rotein => 9 serotypes.

60 triskelions, formed from 180 copies of VP2.

@ Core formed by VP7 (outer shell)

and VP3 (inner shell)
P5 trimers form globular domains.

d 5.9, 15VF
purified from sucrose gradients. 5. IS\/P punl‘ud fmm (s(l grddlcnh 6. (nre\ 7. VP7 crystals.
Chymotrypsin cleavage products of VP2 are indicated (*).

Roy/Casal (1994) Manole/Butcher (2012, JV)



Vertebrate hosts

EQUIDS

OTHERS

RESERVOIR ACCIDENTAL/INDICATOR HOSTS
Zebras Donkeys Mules Horses
rarely display clinical signs (10% death) (50% death) (50-95% death)
susceptibility
m‘ Antibodies detected with inconsistencies in other species ;
limited epidemiological role.

Dogs Camels
dead-end hosts m h m “ns
highly susceptible

oral ingestion +++

Not
zoonotic

Mirchamsy (1973), House (1993), Alexander (1995), Barnard (1998), Wilson (2009), McLachlan (2010), Hubalek (2014), Zientara (2015), Robin (2016), Alemerew (2017)



AHS pathogenesis

Courtesy Alan Guthrie, SA
22



Distribution of AHS




AHS distribution in the mid-20t century

Occasional excursions

\

Howell (1963), Mirchamsy (1973), House (1993), Mellor (1993), Mellor (2004), Wilson (2009), Zientara (2015)




AHS distribution: mid to end 20th

: -300,000 equids died ("depopulation™)
-vaccination and other control measures => last oubreaks end 1961

\

House (1993), Mellor (2004), Wilson (2009), MacLachlan (2010), Hubalek (2014), Carpenter (2017)




AHS distribution: mid to end 20th

1965-66

77 equidae died or were clinically affected and 600 contacts were slaughtered.
More than 600,000 in the buffer area were progressively vaccinated,
The disease was declared eradicated less thanfy’ months after intre

\

House (1993), Mellor (1993), Mellor (2004), Wilson (2009), MacLachlan (2010), Hubalek (2014), Zientara (2015), Carpenter (2017)




AHS distribution: mid to end 20th

1987-91

Jul. 1987
27 cases of AHS in horses from provinces of Madrid, Toledo and Avila

Mainly of the acute (pulmonary)
form except in 1988 when the
subacute (cardiac) form of disease

1988-90: severe outbreak . £ " predominated (Rodriguez, 2012).
1989: Portugal - S
1989-91: Morocco

\

House (1993), Mellor (1990), Mellor (1993), Mellor (2004), Wilson (2009), MacLachlan (2010), Powell (1991), Thompson (2012), Rodriguez (2012), Hubalek (2014), Zientara (2015), Carpenter (2017)
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CAMPAGNE DE VACCINATION

Oct.90- 191
Mai 91 BC.

Oct. 89 Aout 90-
-Déc. 89 Oct. 90
Primo- 194 007
vaccination
1l appel | - |
2émecappet | - | -
oeneaisaion| |~
113 950 307 342

Taux de 98 % 87 %
couverture

Avr. 93- Jan. 94-
Aout 93 |. Juin %4

1 498 447 | 1 557 456
1498 447
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AHSV-2
AHSV-8

AHSV-9

AHSV-9 (2006)
AHSV-4 (2007)

AHSV-2 and 7

AHSV-2 (2008)
AHSV 4, 6,8 and 9 (2010)

AHSV-1,2,3,4,5,6,7,8 and 9 (2004-
2006)

( AHSV-1 in Western Cape in2004)
AHSV-2,3,6, 7 and 9 (2008)
AHSV-1, 2, 4,5 and 6 (2009)
AHSV-1 (2011)

AHSV-6 (2013-14)

Untyped virus(2004)
AHSV-9 (2006)

Untyped virus

2004 and 2014

2004

anses \}



Feb. 24 Nakhon Ratchasima province, 175/191 deaths.

Mar. blood samples from 4 horses showing AHS clinical signs sent
to the Pirbright Institute. AHSV confirmed by rtRT-PCR and virus

—
-

2 <nnsv-6

< asvo
%

100
7%
83

isolation. Sequencing and serotyping => type 1. -8 King/Batten (2020)

‘ 7 [AHSV-5
] Asv-g
92
< V4
100
P % 44\@/—3
o <AIEV—7
2 vz
KP939375 AHSV-1/ZAF/2002/29 02
’; KT030481 AHSV-1/ZAF/2004/Hoedspruit-E040159
98

KT030501 AHSV-1/ZAF/2006/Onderstepoort-E060043
91| @ MT461278 THA2020-01
o2 || KPO09622 AHSV- 1/ZAF/2007/HS21/07
KT030461 AHSV-1/ZAF/2005Pretoria-E050035
95| KT030471 AHSV-1/ZAF/2005/Hartbeespoort-E050075
KP939377 AHSV-1/ZAF/2000/44 00
KPOD9712 AHSV-1/ZAF/1933/1180

Apr. 24: 6 other outbreaks in different provinces, 211/231 deaths.

Control measures including mass vaccination campaign (LAV). . 9
Aug. 6: AHSV (+) horses in Malaysia (WOAH)

SRS

.....
43

D s
s,
"

« Chaiyaphum
« Mar29
< 3/

« Nakhon Ratchasima
| « Feb24
= - T90/191/175

« Ratchaburi === p a Kueo
< Aprl Apr14
- 1853 s - 20211
\,
— A % + Chon Buri
« Prachuap Khiri Kban | \\ . Mar27
. Mar27 \ L 33605
- 1151515 i
. 627111/11
‘ “Thaitand and its affected provinees in
“ 2020 AHS oubreaks, 15 of April 24
Ve
Lu (2020) < 4

o

\

Lu (2020), King (2020)




1t case reported to OIE 27.3.2020

Beginning of outbreak 24.2.2020

Number total cases: 607
Number of deaths: 562
Mortality rate: 93.1%

129 infected herds

15 infected provinces

Emergency vaccination with trivalent vaccine (mid-April and mid-August 2020)

importations of zebras from south africa in July 2019, January
2020 and March 2020 (Source : notification OIE du 14/10/2020).



https://www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review?page_refer=MapFullEventReport&reportid=35977

v Nakhon Ratchasima
v’ Prachub kirichun

v’ Chonburi

v’ Phetchaburi

v’ Ratchaburi

v’ Sakaew

Vaccine: serotypes 1, 3 and 4
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Emerg Infect Dis. 2021 Aug; 27(8): 2208-2211. PMCID: PMC8314833
doi: 10.3201/eid2708.210004 PMID: 34287126

African Horse Sickness Virus Serotype 1 on Horse Farm, Thailand,
2020

Boonyapisitsopa, Hachod Tantilettcharoen, Sawang Kesdangsakonwut, Navapon Techakriengkrai, Sanipa
|

Suradhat, Roongroje Thanawongnuwech, and Alongkorn Amonsin
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More than 9,800 horses were vaccinated betwen 20/04 and
04/09/2020 for a total population of 16,890 horses



Date du

Nom du laboratoire et type Espéce(s) Test test Résultat
Institut de recherche vétérinaire, Ipoh Equidés | RT-PCR (amplification génomique en chaine avec polymérase | 27/08/2020 Positif
(Laboratoire national) - transcriptase inverse)

Rapports futurs

Cet événement se poursuit. Des rapports de suivi hebdomadaires devront étre envoyés.

Carte sur les localisations des foyers




Emergence of EHDV in Europe




Vaccination

Animal
movements

Treatments Jpe= ——

Disease
= @
Vector
control

Emergency vaccination is an
important tool for protecting
equine populations and to
fight against the spread of
the disease

Recombinant Inactivated




Live-attenuated vaccines

But...

—
‘3\ Possible reversion to virulence \
Few standard formulations
Variable protection
/Veed for Viraemia
altemat' No_t DIVA ]
Vacci 07 No I|ce_ns_e in Europe
Ineg Transmission by vectors
Reassortments with field strains J

Powell (1991), MacLachlan (2007), Von Teichman (2010), Verwoerd (2012), Zientara (2015), Robin (2016), Carpenter (2017), Dennis (2019)



Vaccination

. @ i
Disease
control

1 Inactivated



Inactivated vaccines

Mirchamsy (1968), Weyer (2013), Lelli/Pini (2013), Van Rijn (2020)

AHSVO .

wT &"{@
Formaldehyde :> ﬁ@ g?

B-propiolactone
Bromoethylenimine

"Killed"
virus

\\\\ Neutralizing antibodies /¢

bind to virus 7

/'y &
o« - :«g}:;f O
\\\ N

Biocontainment risk.

» "Equipest® (Rhone Mérieux) used
during the 1987-1991 AHSV-4

Several inoculations.

Expensive. epidemic.

Risk of uncomplete
inactivation.

Not DIVA.

No inactivated vaccine commercially
available today.

v

Mellor (2004), Dennis (2019)



Vaccination

. @
Disease

control
Vaccination

Vector

control

LAV. |

Lodiits
L Virus-like particles
G

DNA - Recombinant Inactivated

S)5 \irus-vectored

k9 Reverse genetics



VLPs vaccines

Du Plessis (1998), Scanlen/van Dijk (2002), Kanai (2013), Maree (2016)

Baculovirus expression system

J’ﬂ?ﬁ

* o e
P Roy § - - . J

@ Cloning
1 ba d A
Insect cells (Sf9) v

Virus-like particles

- gﬁ*&‘f

O Self-adjuvanting properties
O Highly immunogenic
@ DIVA compliant

@ No risk of reversion to virulence nor reassortment
& Baculo growth under sterile conditions
& High cost media




Vaccination

LAV. |

&
L Virus-like particles
>

& o\ . Recombinant Inactivated
Ve

k5 Reverse genetics
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L Virus-like particles
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k55 Reverse genetics

Vaccination

Recombinant

L.A.V.

Inactivated



AHSV vaccines based on reverse genetics

DISA (Disabled Infectious
Single Animal) afEg

MLVAs (MODIFIED LIVE
ATTENUATED VACCINES)

%
ECRA (Entry-Competent
Replication-Abortive)

Q\\
L e g P |
0 /0—(g%) !
AHSV AS9 Abortive i )
Replication Viraemia
Inhibited
Immune

v e j : \; Response

Calvo-Pinilla ( 2020 ) Current Opinion in Virology

> Vaccine. 2021 May 27;39(23):3161-3168. doi: 10.1016/j.vaccine.2021.04.034. Epub 2021 May 3.

Entry-competent-replication-abortive African horse
sickness virus strains elicit robust immunity in
ponies against all serotypes

. . . . . . 2 x 2
Edward Sullivan 1, Sylvie Lecollinet 2 Adeline Kerviel 1, Erika Hue 3, Stéphane Pronost 2,

— 2 : 2 . 2
Cécile Beck =, Marine Dumarest <, Stephan Zientara =, Polly Roy

- . N . vennis (ZU1Y), Koy (ZuZujmeawo=rimilla (2020)



AHSV vaccines based on reverse genetics

DISA (Disabled Infectious
Single Animal) afaig.

MLVAs (MODIFIED LIVE
ATTENUATED VACCINES)

AHSV5-510

DISAS-510

%
ECRA (Entry-Competent
Replication-Abortive)

PCR (Cp value)

—
@,‘Abomve @

AHSV AS9 Viraemia 40+

Current Opinion in Virology

Calvo-Pinilla (2020)

Replication ibi
p Inhibited
Antigen- *
presenting Cell Immune i
Response
AHSV g

ECRA: Lulla (2016, 2017)

DISA: Van de Water (2015), Feenstra (2015), Van Rijn (2018-1/2)

DA™ ™™ A

== 8 vacc. chall.
=9 vacc. chall.
T =&=10 vacc. chall.
=o—11vacc. chall
Bl T  ==7mockchall. g
© ~8-12 mock chall.

2 3 a4 5 6 7 8 9 10 11 14 16 18 21
days post challenge

Van Rijn (2018)

DIVA companion test (Van Rijn, 2018-2)

]

ECRA monoserotype 3 *’:‘f_
AHSV4 <5235

VT Joter s

VP7  middie shell
VP3  Inner s hell
~~ S9multistop dsRNA

VB
VP4 |replicase
VPE

ECRAA1 ECRAA8

ECRA cocktail AHSV1/4/6/8
Lulla (2017)

—

X2

\_

AHSV4 5‘3;-?;

N

a\::> é‘f’J

*previously called Disabled Infectious Single Cycle (DISC) vaccines

Dennis (2019), Roy (2020)yCalvo-Pinilla (2020)



* Call Horizon Europe -SPIDVAC (coordination FLI-Anses) — AHSV-FMDV

—_

N
SPIDVAC

Safe Priority Infectious Diseases VACcines

Improved control of priority animal diseases:
Novel vaccines and companion diagnostic tests for African horse
sickness, peste des petits ruminants and foot-and-mouth disease




Multimeric protein scaffold particle vaccines (MPSP)

1) AHSV virion 2) 9 serotypes VP2 3) AHSV MPSP

VP2 proteins / domains
expressed in different systems

/VPZ antigen
0‘ "

> .
# 8 PP #
(, ,r /}7 ‘, f °
Monovalent or multivalent

# particles

Figure 1: Flow chart of AHS MPSP vaccine design and construction.

Antigen production in different biological systems

Expression of the immunogenic proteins and domains of interest for attachment to MPSPs will be done in
different systems using plants, insect cells, mammalian cells and bacteria (VWP1).Together with the industrial

partner Bl (P06), this allows the selection of the best expression system for the prototype vaccine to be
used for the pre-industrial scale-up and testing.

* pVote2-Spycatcher VP2 AHSV4-LP already available !



Assess immunogenicity @ AHSV Expert Group @ Assess protective
/ protective efficacy select 4 best efficacy in donkeys /
candidates horses

& ” ® 4
¢ Y@ - |§|'\-[
\ @ " :

Y

Y Tl
Figure 2: Flow chart of AHS MPSP vaccine evaluation.
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Examples of emerging diseases in horses },,ﬁ}

Ly =’
o8
Equine influenza A
Hendra
West Nile

African Horse Sickness

Hepacivirus

Hepatitis E

Coronavirus

Exotic equine encephalitis viruses (E/V/WEEV and JEV)

Vesicular stomatitis virus

32



Nonprimate Hepaciviruses in
Domestic Horses, United Kingdom

Sinéad Lyons, Amit Kapoor, Colin Sharp, Bradley S. Schneider, Nathan D. Wolfe, Geoff Culshaw,
Brendan Corcoran, Bruce C. McGorum, and Peter Simmonds

2012
Journal of sor
L AMERICAN H Advanced Sear
SOCIETY FOR =
— MICROBIOLOGY VI rOlOgy
Home Articles For Authors About the Journal Subscribe

Genetic Diversity and Evolution

Serology-Enabled Discovery of Genetically Diverse Hepaciviruses in a New
Host

Peter D. Burbelo, Edward J. Dubovi, Peter Simmonds, Jan L. Medina, Jose A Henrnigquez, Nischay Mishra, Jason Wagner, Rafal Tokarz, John M. Cullen, Michael J. ladarola, Charles M. Rice,

W. lan Lipkin, Amit Kapoor 20 12




Viruses 2019, 11, 1124 20f12

By vector: ”©
- injection of biological |
& Buropean Union Reference Laboratory for
contaminants % Equine Discases

- mosquitos  ~ W

Horizontal transmission (nose to nose transmission) :

- contact
- airway ?
<>

/

~NJ

By sperm

Vertical transmission :
transmission in utero %

Figure 1. Hypotheses about the different modes of transmission by equine hepacivirus (EqHV)
(according to [11]).

viruses [DPI|

Communication

Further Evidence for in Utero Transmission of Equine
Hepacivirus to Foals

Stephane Pronost ***, Christine Fortier 12, Christel Marcillaud-Pitel 3, Jackie Tapprest %,

Marc Foursin %, Bertrand Saunier ¢, Pierre-Hugues Pitel !, Romain Paillot 2 and
Erika S. Hue 12
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Systematic Review

Equine Hepacivirus: A Systematic Review and a Meta-Analysis of
Serological and Biomolecular Prevalence and a Phylogenetic Update

Giulia Pacchiarotti ¥, Roberto Nardini **(* and Maria Teresa Scicluna

2022
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Examples of emerging diseases in horses

Equine influenza

Hendra

West Nile

African Horse Sickness

Hepacivirus

Hepatitis E

Coronavirus

Exotic equine encephalitis viruses (E/V/WEEV and JEV)

Vesicular stomatitis virus



Nicole Pavio, courtesy

Zoonotic HEV infection is an emerging \
health problem in France and Europe

U Seroprevalence: 22,4% (Mansuy et al, 2016)

O 2,292 cases recorded in 2016 (cNR
VHE)

.......

.20 000 cases =——>

5oo-ﬂ>-"".llll |

Year of reporting
¥k

* Eurosurveillance

U Up to 30% pork liver sausages
are HEV positive

; 2 ; ¥

B3 a

(Pavio et al, 2014)

(Bouguet et al, 2012)




Hepatitis E virus infection in equines in Spain

Ignacio Garcia-Bocanegra®*

| Antonio Rivero®* | Javier Caballero-Gémez® |

Pedro Lopez-Lopez? | David Cano-Terriza'(® | Mario Frias? | Saul Jiménez-Ruiz® |
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Abstract

Hepatitis E (HE) is an important emerging disease in European countries. To analyse
the role of equids as potential reservoirs for HE virus (HEV), we determined the
prevalence of HEV infection in 861 equines from 464 herds in Spain. HEV RNA in
serum was detected in 0.4% (3/692) of horses, 1.2% (1/86) of donkeys and 3.6% (3/

83) of mules. Phylogenetic analysis identified the zoonotic genotype 3 as being clo-

sely related to viral human and swine strains. In this first report on HEV in equids in
Europe, we confirm the susceptibility of horses, donkeys and mules to HEV infec-
tion. The low prevalence detected indicates that equids may be considered spillover

hosts rather than true reservoirs.

KEYWORDS
emerging disease, genotype 3, Hepatitis E, horses, Spain, zoonoses
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Examples of emerging diseases in horses

Equine influenza

Hendra

West Nile

African Horse Sickness

Hepacivirus

Hepatitis E

Coronavirus

Exotic equine encephalitis viruses (E/V/WEEV and JEV)

Vesicular stomatitis virus



Equine coronavirus //»& =
&
*Equine coronavirus (ECoV) can cause diarrhea in foals but is also found
in healthy foals

\k" \‘f

*In combination with other pathogens such as rotavirus and Clostridium
perfringens, ECoV can contribute to the development of diarrhea

*Incubation period is 1-4 days

*Excretion up to 12 days after recovery

*Since 2010, several ECoV outbreaks in adult horses were described in
Japan, USA and Europe

*Main clinical signs: fever, lethargy and anorexia (infectious pyrexia) with
sometimes colic and/or diarrhea or soft faeces

*oro-faecal transmission

*no carrier status



2014

Vet Microbiol. 2014 Jun 25;171(1-2):206-9. doi: 10.1016/).vetmic.2014.03.031. Epub 2014 Mar 30.

First detection of equine coronavirus (ECoV) in Europe.

Miszczak F1= Tesson VZ: Kin NZ, Dina JQ: Balasuriya UB3, Pronost 84: Vabret AZ.
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Abstract

Equine coronavirus (ECoV) is involved mainly in enteric infections. Following the recent description of ECoV in 2000, this study reports for the
first time the presence of ECoV in France and, on a wider scale, in Europe. ECoV was molecularly detected from diarrheic and respiratory
specimens. Sequencing and phylogenetic analyses demonstrated that European strains are most closely related to the reference North
American strain (ECoV-NC99) than the Asian strain (ECoV-Tokachi09).
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The First Detection of Equine Coronavirus in Adult Horses and Foals in Ireland.

Nemoto M2, Schofield W3, Cullinane A%,

This is the first report of ECoV detected in both foals and adult horses in
Ireland.
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Outbreak of equine coronavirus infection among riding horses in ipaics
Tokyo, Japan
Yoshinori Kambayashi ®, Hiroshi Bannai“, Koji Tsujimura®, Akiko Hirama ® Minoru Ohta?,

Manabu Nemoto **

® Equine Research Institute, Japan Racing Ascociation, 1400-4 Shiba, Shimotsuke, Tochizi, 329-0412, Japan

® Racehorse Clinie, Tokyo Racecourse, Japan Racing Asseciation, 1-1 Hivoshi-cho, Fuchu, Tokyo, 153-0024, Japan

ARTICLEINFO ABSTRACT

Eeywords: In 2020, an outbreak of equine coronavirus (ECoV) infection occurred among 41 horses at a riding stable in
Subelinical infection Tokyo, Japan. This stable had 16 Thoroughbreds and 25 horses of other breeds, including Andalusians, ponies

Equine coronavirus and miniature horses. Fifteen horses (37 9) showed mild clinical signs such as fever, lethargy, anorexia and

iaﬁin L diarthoea, and they recovered within 3 days of onset. A virus neutralization test showed that all 41 horses were
Uibrcak
Thoroughbred infected with ECoV, signifyving that 26 horses (63 %) were subclinical. The results suggest that subclinical horses

played an important role as spreaders. A genome sequence analysis revealed that the lengths from genes p4.7 to
pl2.7 or N52 in ECoV differed from those of ECoVs detected previously, suggesting that this outbreak was caused
by a virus different from those that caused previous outbreaks among draughthorses in Japan. Among 30 horses
that tested positive by real-time RT-PCR, ECoV shedding periods of non-Thoroughbreds were significantly longer
than those of Thoroughbreds. The difference in shedding periods may indicate that some breeds excrete ECoV
longer than other breeds and can contribute to the spread of ECoV.



Examples of emerging diseases in horses

Equine influenza

Hendra

Hepacivirus

Hepatitis E

Equine parvovirus

West Nile

African Horse Sickness

Coronavirus

Exotic equine encephalitis viruses (E/V/WEEV and JEV)

Vesicular stomatitis virus



University of Texas Medical Branch,
Galveston

Genus Alphavirus

Scott C. Weaver

Antigenic complex Species Antigenic sublype Antigenic variety Clinical syndrome Distribution
Barmah Foraest Barmah Forast (BFV) febrile iliness, rash, arthritis Australia
. Eastern equine EEEV febrile iliness, encephalitis (nane Maorth, Central, South America
" encephalitis (EEE) recognized in Latin America)
Middelburg Middalburg (MIDV) none recognized Africa
Ndumu Neumu virus (NDUV) none recognized Africa
Semiliki Forest Semliki Forest (SFV) febrile iliness Africa
chikungunya (CHIKV) febrile iliness, rash, arthritis Africa
o'nyong-nyong (ONNY) fabrile iliness, rash, arthritis Africa
Getah (GETV) none recognized Asia
Bebaru (BEBV) none recognized Malaysia
Ross River (RRV) Sagiyama febrile iliness, rash, arthritis Australia, Dceania
Mayaro (MAYV) febrile illness, rash, arthritis 5., C. America, Trinidad
Una (UNAV) none recognized South America
o Venezuelan equine VEEV AB febrile iliness, encephalitis Marth, Central, South America
" encephalitis (VEE) C febrile iliness, encephalitis South America
n] febrile illness, encephalitis South Amaerica, Panama
E febrile iliness, encephalitis Central America, Mexico
Everglades (EVEV) febrle iliness, encephalitis Florida (USA)
Mucambao (MUCV) A febrile iliness, myalgia South America, Trinidad
C (strain 71D1252)  none recognized Pearu
(o] febrile iliness
Tonate (TONV) febrile iliness, encephalitis Brazil, Colorado (USA)
Pixuna (PIXV) none recognized Brazil
Cabassou (CABV) none recognized French Guiana
AgB0-663 (AGBOV) none recognized Argentina
p Western aquine Sindbis {SINV) febrile iliness, rash, arthritis Africa, Europa, Asia, Australia
Encephalitis (WEE) Babanki febrile iliness, rash, arthritis Africa
Ockelbo febrle iliness, rash, arthritis Europe
Kyzylagach none recognized Azerbaijan, China
Whataroa (WHAV) none recognized MNew Zealand
Aura (AURAV) none recognized South America
WEEV saveral febrile iliness, encephalitis western North, South America
Highlands J (HJV) none recognized Eastern North America
Fort Morgan (FMV) Buggy Creek nona racognized Wastern Morth America
Trocara Trocara (TROV) none recognized South America
Salmon pancreas 2 pancreatic disease (salmon) Atlantic Ocean and fributanies
disease (SPD) sleeping disease (trout) worldwide
Southem alaphant Southern elephant seal None recognized Australia

seal virus (SES)

virus (SESV)

Human and equine encephali
Human arthriiis/ra
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Eastern Equine Encephalitis Virus
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EEEV transmission cycle
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EEEV: North vs South American subtypes

Severe disease in
£o
o humans and horses

L)
o
L
VE76
VES8O0
| TR59
GuU68 BR56
j" A |°%° BRreo
PAG2 BR65
PA84 g r BR67
PA86 . BR83
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SAEEEV: o i -" P
i . Bes BR75
PE75
Severe disease in horses fes oL sk
. . . PE18.0140-99 |
Rare disease recognized in  reisoirss BR76
PE3.0815-96
humans PE0.0155-96
AR36
* AR38
ARS59
® NAEEEV Lineage |
B SAEEEV Lineage Il
A SAEEEV Lineage Il
Arrigo et al. 2010 # SAEEEV Lineage IV e
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EEE Epidemiology “

Eastern equine encephalitis virus neuroinvasive disease cases
reported by year, 2011-2020

38

15

13

Number of Reported Cases
w o B @

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Eastern equine encephalitis virus neuroinvasive disease cases

reported by state of residence, 2011-2020

Source: ArboNET, Arboviral Diseases Branch, Centers for Disease Control and Prevention

EEE: nationally notifiable
disease in the USA

Primarily affects the
Northeastern & Southern
states

Numbers of cases in equids is
much higher

2019 saw the largest epidemic
iIn many decades
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Western Equine Encephalitis Virus
WEEV
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WEE Virus Transmission Cycle
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WEEYV epidemiology

Western Equine Encephalitis Virus Neuroinvasive Disease Cases CDC
Reported by State, 1964-2009 2

5
]

z 3 2 %

%

\

L

WEE outbreaks
also reported in
Canada, Mexico,
Guyana, Braazil,
Argentina, Uruguay
(2009)

R |
|

]

1941: Largest outbreak on record: 3,400 human cases and
hundreds-of-thousands of equine deaths in midwestern North
America

From 1964-1987: 635 human cases

Since 1998: one human case

120



Venezuelan equine encephalitis virus

Distribution of
VEE Complex
Alphaviruses

@ Epidemic VEEV IAB/IC
W VEEV-ID

0O VEEV-IE

B Mosso das Pedras (IF)
B Everglades (1)

A Mucambo (1114)

/\ Tonate (11IB)

A Mucambo (11IC)

A Mucambo (11ID)

@ Pixuna (IV)

Q© Cabassou (V)

@ Rio Negro (V)

S. C. Weaver, W. K. Reisen, Antiviral Res, (Oct 23, 200)9).
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The Venezuelan Outbreak in 1992-1993

1992-1993 Outbreak

Venezuela

At least 26 equine
cases, 5 virus
isolation-positive
human cases

Provided by Scott Weaver 122



JEV Transmission Cycle

Humans
(dead-end host)

Waterbirds

(ampllfylng/reservow host)

{dead-end host) Culex SE Culex

mosquntoes 4 mosquitoes
Pl S $

(amplifylng host) Waterbirds

(amplifying/reservoir host)
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JEV outbreaks in Australia in 2022

NORTHERN
TERRITORY

WESTERN
AUSTRALIA

NEW SOUTH
WALES

(4

VICTORIA

* Piggeries outbreaks reported from February
2022

» March 30: Alpaga outbreak reported

» May: Suspicion of equine infection (30)

No cases have been definitively confirmed
despite neurological signs and tests results



Distribution of exotic equine encephalitis outbreaks

EEEV
EEEV+WEEV

4
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Recent outbreaks in horses reported to the OIE WAHIS interface, Promed Alerts or in the scientific literature are

depicted by dots (2014-2019)

Lecollinet et al., 2019



Examples of emerging diseases in horses

Equine influenza

Hendra

West Nile

African Horse Sickness

Hepacivirus

Hepatitis E

Coronavirus

Exotic equine encephalitis viruses (E/V/WEEV and JEV)

Vesicular stomatitis virus
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o
United States Department of Agriculture

VSV Geographical Distribution
VSV NJ and VSV IN-1

U.S. — cycle of repeated incursions;
Not maintained endemically*

*1 mysterious exception — Ossabaw Island

Interval between outbreaks

= Not reported or unknown
— 2-10 yrs.

o <1yr.

127 =
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United States Department of Agriculture

Transmission of VSV in the U.S.

« Main routes of transmission

» Known vectors — biting flies
» Black flies (Simulium spp.)
» Sand flies
» Biting midges (Culicoides spp)

» Direct contact with the ruptured vesicles (lesions) of
affected animals

» Contact with areas/objects recently contaminated with
virus from lesions

» Shared water troughs
» Feed buckets
» Other contaminated surfaces
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Vesicular Stomatitis Lesions

Photos courtesy of Drs. Richanne
Lomkin, Greg Chavez, Tim Fox
(APHIS-VS)
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United States Department of Agriculture

Outbreaks of VS in Recent History

2004

2005

2006

2009

2010

2012

2014

2015

2019

CO, NM, TX
AZ, CO, ID, MT,

NE, NM, TX, UT,
WY

WY
NM, TX
AZ
CO, NM

AZ, CO, NE, TX

AZ, CO, NE, NM,

SD, TX, UT, WY

CO, NE, NM, OK,

TX, UT, WY

445

13

36

435

823

1107+
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Examples of emerging diseases in horses

Equine influenza

Hendra

West Nile

African Horse Sickness

Hepacivirus

Hepatitis E

Coronavirus

Exotic equine encephalitis viruses (E/V/WEEV and JEV)

Vesicular stomatitis virus

And others. ..



e Conclusion:

« Early warning system

* Veterinary/human public health

It is difficult to make predictions, especially about
the future

Niels Bohr, Marc Twalin, Pierre Dac
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m(SS) - France 06/11/2022 - Un cas de fiévre de west nile - Hertfordshire - Royaume-Uni 04/11/2022 - Un cas d'infection respiratoire a HVE4 - Herti

@
ORESPE pooEs &, =,

@ CONSULTATION DE'CLARATION
LUASSOCIATION ALERTES MALADIES PREVENTION FORMATIONS VETERINAIRES ™~ VIGIRESPE VETERINAIRE

Accueil > Lassociation

LASSOCIATION

Association au service de I'ensemble de filiére équine, le RESPE participe a sa structuration sanitaire et associe, 3 parts égales, vétérinaires et
socioprofessionnels. Grace a un réseau de Vétérinaires Sentinelles répartis sur toute la France, le RESPE surveille les maladies rencontrées chez les équidés. Il
communigue, auprés des acteurs de la filiére éguine, des informations sanitaires fiables utilisées dans la lutte contre les épidémies. Au coeur des enjeux
sanitaires de la filiére équine, le RESPE participe également a la prévention des maladies et propose des formations et son expertise en matiére de santé des
chevaux.

QU'EST-CE QUE LE RESPE?

Le RESPE est le premier réseau d'épidémiosurveillance des maladies équines européen basé sur un réseau de Vétérinaires Sentinelles (VS). Ces VS, praticiens sur le terrain et
hénévoles, assure au quotidien la surveillance des maladies chez les équidés en France.

Créé en 1999 par lacommission « Maladies Infectieuses et parasitaires » de I'Association Vétérinaire Equine Francaise (AVEF), le RESPE était & l'origine réservé aux vétérinaires
et surveiller principalement les maladies respiratoires.

anses ;_)
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EVALUATION DES RISQUES SANITAIRES EN FRANCE

Pour les équidés, tous syndromes confondus

Cliquez sur un département pour
consulter sa fiche de situation

® Aucun cas ni suspicion recensé
Risque faible

@ Risque modéré

® Risque élevé

SYNDROMES

RESPIRATOIRE AVORTEMENT

@%f

NERVEUX FIEVRE ISOLEE

DIARRHEE DU i

POULAIN REPRODUCTION
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La Boutiqgue  Mon Panier
O CONSULTATION DECLARATION CHIFFRES

UASSOCIATION ALERTES MALADIES PREVENTION FORMATIONS VETERINAIRES RECIHESEE VETERINAIRE CLES

CHIFFRES CLES

Rester informé(e) de la situation épidémiologique en temps réel, en accédant aux principaux indicateurs de la surveillance

Les données épidémiologiques recueillies par le RESPE lui permettent d'étre aujourd'hui reconnu nationalement et internationalement pour la qualité de la
surveillance sanitaire des équidés réalisée en France.

Sur cette page, vous pouvez visualiser la situation épidémiologigue des syndromes et maladies suivies par le RESPE depuis sa création.

Pour découvrir I'ensemble des indicateurs : En savoir plus

12 732

déclarations cavallo sospetto

12 253

veterinari sentinella campionamento




Thank you for your attention



