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virulentes, premiers vaccins à base de 

d’aphtes ou de tissus de cobayes 

neutralisés (Carré , Rinjard et Vallée : leurs 

travaux ouvriront la voie au vaccin de 

Schmidt et Waldmann ), hémo-prévention 

(Rinjard), culture in vivo sur divers tissus 

de fœtus de bovin (Thomas, Dhennin) ou 

sur lapin nouveau-né (Verge, Dhennin, 

Asso), vaccination par voie intradermique ( 

L.et L. Dhennin, Paraf, Larenaudie), 

absence d’immunité croisée entre virus 

OAC et SAT 1 (Santucci et coll.), 

diagnostic et épidémiosurveillance 

(Goureau, Kaiser, Moutou) 

 

 Fièvre charbonneuse : diagnostic, 

surveillance, contrôle (Vaissaire). 
 
Fièvre catarrhale ovine et Fièvre du Nil 
occidental : surveillance de ces deux 

maladies, diagnostic et surveillance de la 

maladie, enquêtes sérologiques évaluation 

des vaccins (Zientara) 
 

Germes pyogènes : production de sérums 

neutralisant spécifiques (Leclainche et 

Vallée) 

 

Immunologie : tolérance immunitaire 

(Verge, Paraf, Goret), diagnostic 

sérologique de la distomatose (Luffau et 

coll.) 

 
Maladie du jeune âge du chien : 
découverte du virus causal par Carré 

(figure 2), dont le nom restera attaché à 

cette maladie. Démonstration du rôle 

majeur des « infections secondaires » dans 

les maladies à virus.  

 

Maladies des ovins : étude de l’agent 

causal de la maladie caséeuse (Bacille de 

Preisz-Nocard) et premiers essais de 

vaccination contre cette maladie (Carré, 

Nocard). Isolement du virus de 

l’avortement de la brebis (Dhennin, 

Gourdon, Quinchon…) 

 

Maladie des chevaux : anémie infectieuse 

du cheval  étiologie, matières virulentes, 

porteurs sains, règles de la prophylaxie 

sanitaire     (Vallée  et  Carré),       premier 

 

 
 

Figure 2 : Henri Carré dans son 

laboratoire 

diagnostic de l’avortement à virus de la 

jument (Lucas et col.), surveillance des 

maladies bactériennes, parasitaires  et 

virales (Plateau, Zientara), dont la 

babesiose équine, la grippe équine,  la 

maladie de Borna etc..  

 Maladies des porcins : premiers 

diagnostics en France de peste porcine 

classique (Lucas et coll.) puis de peste 

porcine africaine (Carnero, Crucières, 

Haag, Lacaze, Larenaudie,),  

 
Maladies aviaires : découverte de la 

trichomonose intestinale du faisan, de la 

maladie de Newcastle de la perdrix, de la 

teigne du dindon à Trichophyton (Lucas et 

coll.), démonstration de réactions 

antigéniques croisées entre Salmonella 
pullorum et d’autres entérobactéries 

(Gaumont) : diagnostic, surveillance et  

contrôle de la  Chlamydophilose aviaire 

(Vaissaire) 
 
Maladies des animaux sauvages : 
diagnostic, surveillance et  contrôle, 

Henri 
Carré
(1870-
1938)

Edmond Nocard 
(1850-1903)

Henri Vallée 
(1874-1947)

Emmanuel 
Leclainche

(1861-1953)
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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…
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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

AHSV

HEV…
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Organisation of EU-RL for equine diseases

Diseases Head of team

WN, EEE,

EEV,EEW
N. Dheilly

Glanders K. Laroucau

Vesicular

Stomatitis
L. Bakkali Kassimi

EIA and EVA JC Valle-Casuso

CEM S. Petry

Dourine/Surra L. Hebert

Director of EU RL => Stéphan ZIENTARA

Deputy EU-RL Director => Gaelle Gonzalez
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Organisation of EU-RL for equine diseases

Maisons Alfort 

Laboratory site 

near Paris

Dozulé Site in 

Normandy 

The activities of the EU-RL are 

located in two sites 

The EU-RL is in charge of 10 diseases: Glanders, CEM, 

EVA, EIA, WN, exotic encephalitis (EEE, WEE, VEE), 

Dourine and Surra 



12

IE

SE

FI

EE

LV

DK LT

PL

DE

NL

BE

ES

IT

SI

AT

SK

HU RO

BG

EL

MT

FR

LU
CZ

PL

PT

P

UE-EC

I

CH

CY

The EU RL is supported by a 

network of collaborating 

laboratories in each member 

states

Organisation of EU-RL for equine diseases
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• 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;

Duties of EU-RL for equine diseases : technical and 

scientific support to NRLs

For all diseases, the EU-RL should : 
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Duties of the EURL : providing information to NRLs

EU RL website :https://eurl-equinediseases.anses.fr

Web manager : Gaelle gonzalez : gaelle.gonzalez@anses.fr

https://eurl-equinediseases.anses.fr/






https://www.ipcc.ch/report/ar6/wg1/downloads/outreach/IPCC_AR6_WGI_Press_Conference_Slides.pdf





2007



Morens et al., Cell Press 2020
21

Infection by flaviviruses: emerging and re-emerging infections



Morens et al., Cell Press 2020
22

17 % : infectious diseases are vector borne

West Nile, Zika, Dengue, Yellow fever,

Tick borne encephalitis, Japanese encephalitis, … 

Infection by flaviviruses: emerging and re-emerging infections



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).  

About 50 arboviruses pathogens for the 

animals are from 7 different viral families 

identified in the world
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ARbovirology European Society (ARES)
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From: Murphy and Nathanson. Semin. Virol. 5, 87, 1994
CDC





Mutations

List of some emerging and re-emerging viruses

1973 Rotavirus

1977 Ebola   fièvre hémorragique

1977 Hantaan fièvre hémorragique, S rén

1980 HTLV-1 Lymphome

1983 HIV SIDA

1988 Hpatitis E hépatite

1989 Hepatitis C hépatite

1990 Guanarito fièvre hémorragique

1993 Sin Nombre S respiratoire

1994 Sabia fièvre hémorragique

1994 Hendra S respiratoire

1995 Herpesvirus-8 sarcome de Kaposi

1995 Hépatite G hépatite

1997 Avian influenza (H5N1) S respiratoire

1998 TTV hépatite

1999 Nipah Encéphalite

1999 West Nile Encéphalite

2001 Metapneumovirus

2003 Monkeypox S cutané

2003 SARS-CoV S respiratoire 

2005 Chikungunya

2012    MERS-CoV

2014 Zika

2019 SARS-Cov-2

2022 Monkeypox

Majority of RNA viruses

Genetic plasticity

possibilities of reassortment and 

recombination



International trade of horses

carte







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

…



A B

C

D

E

V

V

Hemagglutinin (H)

Neuraminidase (N)

Nucleoprotéin

Shift/Drift

Ressortment (8 seg RNA)

H18

N11



A/equine/ 1/H7N7 (Prague/1956) (A/equi 1)

Last isolation: 1979

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



1989

H5N1, donkeys, Egypt 2009

H3N8, China, 2004-2006

H3N8

Dog, 2003-2004, UK-US

Australia, 2007



With acknowledgement to Dr C Crawford, University of Florida
In Greyhound race dogs in January 2004.



Transmission route?

x400

x200x100



Transmission?

x200x100







February 2019



Equiflunet

https://app.jshiny.com/jdata/equiflunet/equiflunet/

https://app.jshiny.com/jdata/equiflunet/equiflunet/


Examples of emerging diseases in horses

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, Iowa State University, 2011



Transmission

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

• 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, Iowa 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, Iowa State University, 2011



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  

vectors

D. Furry, 2003.



West Nile in the USA
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 
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)

1999-2019
24 714 neuroinvasive forms

2,314 deaths

1999-2018

50 830 cases





WNV recent spread in Europe is associated with specific-

strain dynamics

2

2

2
2

1

1

Lineage 1

Lineage 2
1998

1996

2004

Pathogenic strains historically belonged to WNV lineage 1 

– Introduction of lineage 2 in 2004 (Bakonyi et al, EID, 2006) 



2003

2006

Propagation lente et limitée

Introductions:
Long distances
Difficult to predict



EDEN

MARSHES





1962-65

2000

2004

…

2015

2018
2019

2020

2022

2003
2006

West Nile in France



05/12/2022



05 December 2022

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

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


Examples of emerging diseases in horses

Equine influenza

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



Vectors: Culicoides
(imicola, bolitinos,…)

Orbivirus

36 serotypes BTV
9 serotypes AHSV
7/8 serotypes EHDV

reassortment



Viral Hemorrhagic Fevers

BTV AHSV



Virion proteins

Roy/Casal (1994)

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

Manole/Butcher (2012, JV)

Outer capsid formed by VP2 and VP5.

VP2 is the major exposed protein => 9 serotypes.

VP2/VP5

VP5 trimers form globular domains.

60 triskelions, formed from 180 copies of VP2.

Core formed by VP7 (outer shell) 
and VP3 (inner shell)

VP3/VP7



Vertebrate hosts

Donkeys
(10% death)

Mules
(50% death)

Zebras
rarely display clinical signs

Horses
(50-95% death)

RESERVOIR ACCIDENTAL/INDICATOR HOSTS

E
Q

U
I
D

S

susceptibility

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

Dogs
dead-end hosts

highly susceptible
oral ingestion +++

O
T

H
E

R
S

Camels

Antibodies detected with inconsistencies in other species ; 

limited epidemiological role.

Not 
zoonotic



AHS pathogenesis

22

Courtesy Alan Guthrie, SA



Distribution of AHS

9



AHS distribution in the mid-20th century

Occasional excursions

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

AHSV 1-9



AHS distribution: mid to end 20th

AHSV 1-9

AHSV-9

-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)

1959-61



AHSV 1-9

AHSV-9

Morocco, 1965

• 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 than four months after introduction.

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

Cadiz Province, 
Oct. 1966

AHS distribution: mid to end 20th

1965-66



AHSV-4

AHSV 1-9

• Jul. 1987
• 27 cases of AHS in horses from provinces of Madrid, Toledo and Avila
• Apparent end of outbreak in Oct. 1987 (overwintering?)

1988-90: severe outbreaks in Spain
1989: Portugal
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)

AHS distribution: mid to end 20th

Importation of 10 zebras 
from Namibia

Mainly of the acute (pulmonary) 
form except in 1988 when the 
subacute (cardiac) form of disease 
predominated (Rodriguez, 2012).

1987-91



Modified live vaccine AHSV-4 OBP, 1987

1988-89



1989





2004
2004

2006

2014

2004

2004

2006

2007

2008

2010

2007

200

7

2007

2007

© Daniel Dal

2004-2006

2008-2009         

2011

2013-2014

et

1000 km

600 mi

AHSV-2

2010

AHSV-9 (2006)

AHSV-4 (2007)

AHSV-2 and 7

AHSV-2  (2008)

AHSV 4, 6, 8 and 9 (2010)

AHSV-9

2009

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

2014

2004 and 2014

AHSV-8

Untyped virus(2004)

AHSV-9 (2006)

2004



AHSV-1

AHSV 1-9

AHS distribution: end 20th - 21st century

Lu (2020), King (2020)

South Africa

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

o Mar. blood samples from 4 horses showing AHS clinical signs sent 
to the Pirbright Institute. AHSV confirmed by rtRT-PCR and virus 
isolation. Sequencing and serotyping => type 1.

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

o Control measures including mass vaccination campaign (LAV).

o Aug. 6: AHSV (+) horses in Malaysia (WOAH)

King/Batten (2020)

Lu (2020)

2020



1st 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


Vaccine: serotypes 1, 3 and 4





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





Emergence of EHDV in Europe



Vaccination

L.A.V.

InactivatedRecombinant

L.A.V. – Live-attenuated vaccines (or modified-live vaccines, MLV)

L.A.V.

Emergency vaccination is an 
important tool for protecting 

equine populations and to 
fight against the spread of 

the disease



Live-attenuated vaccines

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

I II

Polyvalent LAVs

1 23

4 7

6

8Thailand (2020)

Possible reversion to virulence

Few standard formulations

Variable protection

Viraemia

Not DIVA

No license in Europe

Transmission by vectors

Reassortments with field strains

But…



Vaccination

L.A.V.

InactivatedRecombinant

L.A.V. – Live attenuated vaccines

L.A.V.

Inactivated



Inactivated vaccines

Formaldehyde

b-propiolactone

Bromoethylenimine

"Killed" 
virus

Mellor (2004), Dennis (2019)

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

• "Equipest®" (Rhône Mérieux) used 

during the 1987-1991 AHSV-4 

epidemic.

• No inactivated vaccine commercially 

available today.

• Biocontainment risk.

• Several inoculations.

• Expensive.

• Risk of uncomplete 

inactivation.

• Not DIVA.

AHSV9
WT

adjuvant



Vaccination

L.A.V.

InactivatedRecombinant

L.A.V. – Live attenuated vaccines

L.A.V.

InactivatedRecombinant

Virus-like particles

DNA

Subunit

Virus-vectored

Reverse genetics



VLPs vaccines

AHSV
WT

VLPs

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

Virus-like particles

P. Roy

• Self-adjuvanting properties

• Highly immunogenic

• DIVA compliant

• No risk of reversion to virulence nor reassortment

• Baculo growth under sterile conditions

• High cost media



Vaccination

L.A.V.

InactivatedRecombinant

L.A.V. – Live attenuated vaccines

L.A.V.

InactivatedRecombinant

Virus-like particles

DNA

Subunit

Virus-vectored

Reverse genetics



Vaccination

L.A.V.

InactivatedRecombinant

L.A.V. – Live attenuated vaccines

L.A.V.

InactivatedRecombinant

Virus-like particles

DNA

Subunit

Virus-vectored

Reverse genetics



AHSV vaccines based on reverse genetics

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

*

*previously called Disabled Infectious Single Cycle (DISC) vaccines 

Calvo-Pinilla (2020)

OR

AHSV4
WT

x2

ECRA monoserotype 
AHSV4

ECRA cocktail AHSV1/4/6/8

Lulla (2017)

ECRA



AHSV vaccines based on reverse genetics

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

ECRA: Lulla (2016, 2017)
DISA: Van de Water (2015), Feenstra (2015), Van Rijn (2018-1/2)

*

*previously called Disabled Infectious Single Cycle (DISC) vaccines 

DIVA companion test (Van Rijn, 2018-2)
Calvo-Pinilla (2020)

Van Rijn (2018)

DISA

OR

AHSV4
WT

x2

ECRA monoserotype 
AHSV4

ECRA cocktail AHSV1/4/6/8

Lulla (2017)

ECRA



BIOR – lab meeting - DV

• Call  Horizon Europe -SPIDVAC (coordination FLI-Anses) – AHSV-FMDV

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

Safe Priority Infectious Diseases VACcines



BIOR – lab meeting - DV

• pVote2-Spycatcher VP2 AHSV4-LP already available !

Multimeric protein scaffold particle vaccines (MPSP)

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 (WP1). Together with the industrial 

partner BI (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.



BIOR – lab meeting - DV



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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2012

2012



*

*

?

?

?



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

…



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

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

 2,292 cases recorded in 2016 (CNR 

VHE)

Pig herds are the major sources of HEV 

infections in France 

 65% herds are HEV positive

 4% pork liver HEV+ slaughter

Swine HEV (n=43)

Human HEV(n=106)

Reference HEV (n=22)

3f

3e

4

ud

3c

73

9
9

 Up to 30% pork liver sausages 

are HEV positive

(Rose et al, 2011)

(Bouquet  et al, 2012)

(Pavio  et al, 2014)

500

5000
20 000 cases

Nicole Pavio, courtesy
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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

…



Equine coronavirus

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

*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



This is the first report of ECoV detected in both foals and adult horses in 

Ireland.





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

…



Scott C. Weaver
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Eastern Equine Encephalitis Virus 

EEEV
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EEEV transmission cycle
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EEEV: North vs South American subtypes

Severe disease in 

humans and horses

SA EEEV: 

Severe disease in horses

Rare disease recognized in 

humans

Arrigo et al. 2010
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EEE: nationally notifiable 

disease in the USA

EEE Epidemiology

Primarily affects the

Northeastern & Southern 

states

2019 saw the largest epidemic 

in many decades 

Numbers of cases in equids is

much higher
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Western Equine Encephalitis Virus 

WEEV
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WEE Virus Transmission Cycle
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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 

WEEV epidemiology

WEE outbreaks 

also reported in 

Canada, Mexico, 

Guyana, Brazil, 

Argentina, Uruguay 

(2009) 



Venezuelan equine encephalitis virus
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The Venezuelan Outbreak in 1992-1993



JEV Transmission Cycle



JEV outbreaks in Australia in 2022

Piggeries outbreaks reported from February 

2022

 March 30:  Alpaga outbreak reported

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

 May: Suspicion of equine infection (30)



Distribution of exotic equine encephalitis outbreaks

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

…



< 1 a

2-10 a

> 10 a

never reported

VSV Geographical Distribution 

VSV NJ and VSV IN-1 

< 1 yr.

Not reported or unknown

Interval between outbreaks

2-10 yrs.
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U.S. – cycle of repeated incursions;

Not maintained endemically* 

*1 mysterious exception – Ossabaw Island



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



Vesicular Stomatitis Lesions
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Photos courtesy of Drs. Richanne
Lomkin, Greg Chavez, Tim Fox 
(APHIS-VS)



Outbreaks of VS in Recent History
Year # States Affected States # Infected Premises

2004 3 CO, NM, TX 294

2005 9 AZ, CO, ID, MT, 

NE, NM, TX, UT, 

WY

445

2006 1 WY 13

2009 2 NM, TX 5

2010 1 AZ 2

2012 2 CO, NM 36

2014 4 AZ, CO, NE, TX 435

2015 8 AZ, CO, NE, NM, 

SD, TX, UT, WY

823

2019 7 CO, NE, NM, OK, 

TX, UT, WY

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…



• Conclusion:

• Early warning system

• Veterinary/human public health

It is difficult to make predictions, especially about 

the future

Niels Bohr, Marc Twain, Pierre Dac







veterinari sentinella

cavallo sospetto

campionamento



Thank  you  for  your  attention


