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Emerging infectious diseases: a One Health issue

ﬂ H @ 60% of ID in humans are spread from animals.
&
fop v ) @ VBD account for = 1/5 of all ID.
100+ b 100- d
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Jones (2008), Nature.



Vector-borne diseases: the new threat ?

@ VBD cause more than 700,000 deaths annually.

Small Bite

BIG THREAT

PREPARE FOR WHAT IS COMING NEXT:

0 1 2 3 4 5 6

Number of major vector-borne diseases

Golding (2015), BMC Medicine.



Vector-borne diseases: the new threat ?

| Lerarisien |
Alaune fle-de-France & Oise ¥ Encontinu  Faitsdivers Politique Economie Société Sports Culture Etudiant ( Vidéos  Guide Shopping Codes .
)
Plusieurs foyers autochtones de dengue (P
. . g
Dengue : cing minutes pour comprendre le nombre de cas | N s* de dengue recensés
. o - - - L
particulierement élevé cette année
Santé publique France recense a ce jour en France métropolitaine 41 cas autochtones de
dengue, c’est-a-dire des personnes n’ayant pas voyagé récemment dans une zone de
circulation du virus.
s 3 .
Midi Libre
Accueil >  santé
ALPES-MARITIMES

Alerte a la dengue : le nombre de cas explose en :
Foyer entre le 1¥ aoGt

et le 6 septembre.

y . . .
France, ce que I'on sait sur la situation
@ Nombre Alerte en cours.
decas de HAUTE-GARONNE
dengue Foyer entre le 14 aolt

et le 20 aot.

VAR
. Foyer entre fin juin
HAUTES-PYRENEES et finjuillet.
Foyer entre le 11 juillet Alerte close.
et le 28 aodt.
\o PYRENEES-
ORIENTALES
le- Foyer entre le 11juillet
et le 28 aolt.
Alerte close.

*Personnes n‘ayant pas voyagé en zone de circulation du virus
dans les 15 jours précédant I'apparition des symptomes.
SOURCE : SANTE PUBLIQUE FRANCE. LP/INFOGRAPHIE. 16/9/2022.

T T—

France métropolitaine
Départements ot le moustique-tigre
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Arthropod-borne viruses

Leading arbovirus diseases today

Arthropod-borne viruses

( Arboviruses )

/ ?:’\ —e—
. Dengue e Chikungunya
. © Yellow Fever e <" y Zika

2% World Health
24 World Hea
i %2 Organization

World Organisation
for Animal Health
Founded as OIE

Asfarviridae:. African swine fever

Togaviridae. Equine encephalitis (EEE, WEE, VEE)
Flaviviridae. West Nile

Nairoviridae: Nairobi sheep disease
Phenuiviridae: Rift Valley fever
Peribunyaviridae. Schmallenberg
Rhabdoviridae: \esicular stomatitis

v
v
v
v
v
v
v
v

Sedoreoviridae: Bluetongue, African horse sickness

dsDNA

(+) ssRNA

(-) ssRNA

dsRNA



99 — @ JQ070376 Eubenangee virus

@ KF234259 Wallal virus

@ KJ495755 Warrego virus

@ X12819 bluetongue virus

@ AM744977 epizootic hemorrhagic disease virus
100 @ KF624614 Changuinola virus

@ JQ610675 Orungo virus

@ FJ183384 equine encephalosis virus
@ JQ610665 Lebombo virus

@ U94887 African horse sickness virus
@ AB018086 Palyam virus

@ KP268794 Chenuda virus

89

100

@ KP268804 Wad Medani virus
@ KP268784 Chobar Gorge virus
@ KC853042 Corriparta virus
@ HQ842619 Umatilla virus
@ DQ248057 Peruvian horse sickness virus
100 .— @ AY701509 Yunnan orbivirus
@ AF133431 St Croix River virus
—— @ U73201 rice dwarf virus

100 — @ AB254451 rice gall dwarf virus
O AY542965 Eriocheir sinensis reovirus

100 @ AF168005 Banna virus
\—99‘_:. AF133429 Kadipiro virus
@ AY317099 Liao ning virus

84— O IN596592 rotavirus G
100 © EUA490415 rotavirus B
© DQ113897 rotavirus H
100 L— © KX756624 rotavirus J

100 O GU733443 rotavirus D

O AJ304859 rotavirus C
O JN596591 rotavirus F
© DQ838640 rotavirus A
© DQ126102 Micromonas pusilla reovirus

100

@ JX204738 mammalian orthoreovirus 2
@ KX263307 mammalian orthoreovirus 1
@ HM159613 mammalian orthoreovirus 3
@ AF368033 mammalian orthoreovirus 4
@ AB914761 Pycnonotidae orthoreovirus
@ KU198604 Mahlapitsi virus

@ KT696549 chelonian orthoreovirus

eovirales order

O KP838402 Eriocheir sinensis reovirus / Chinese mitten crab reovirus

@ GQ258979 Broome reovirus
O AF418295 chum salmon reovirus / aquareovirus A
© AF403399 golden shiner reovirus / aquareovirus C

100 © AF260512 grass carp reovirus / aquareovirus C

@ EF634323 Heliothis armigera cypovirus 5 / cypovirus 5

@ AF291683 Trichoplusia ni cypovirus 15 / cypovirus 15

@ AY147187 Dy I P 1/ cypovirus 1
@ AF389452 Lymantria dispar cypovirus 14 / cypovirus 14
@ KC588366 Inachis io cypovirus 2 / cypovirus 2

© UB6714 rice ragged stunt virus

O DQO87277 Aedes pseudoscutellaris reovirus

O DQ192235 Operophtera brumata reovirus
100 O AJ294757 rice black streaked dwarf virus
100 [l O KU984966 maize rough dwarf virus
10011 © FN563989 southern rice black-streaked dwarf virus
O AF499925 mal de Rio Cuarto virus
O AY029520 Fiji disease virus
O D49693 Nilaparvata lugens reovirus

4100(—0 AY277888 Cryphonectria parasitica mycoreovirus 1
@ AB102674 3

necatrix

100 — @ AF282467 Eyach virus

100

@ AF133428 Colorado tick fever virus
100 @ KX989543 Tai Forest reovirus
100|— @ MH327935 Kundal virus
70 @ LC275156 Tarumizu tick virus

genus

Orbivirus

Phytoreovirus
Cardoreovirus
Seadornavirus

Rotavirus

Mimoreovirus

Orthoreovirus

Aquareovirus

Cypovirus

Oryzavirus
Dinovernavirus
Idnoreovirus

Fijivirus
Mycoreovirus

Coltivirus

family

©)

Sedoreoviridae

Spinareoviridae

2 families ; 15 genus

Unenveloped (double-layer)

Segment 1
o= VP1 ol

Segment 2
VP2

Segment 3
© vP3

Segment 4
o—{ VP4

Outer Capsid

Inner Capsid
(Core)

Rotavirus genome

-

Segment 5
° NSpl

Segment 6
= VP6

Segment 7
< NSp3

Segment 8
NSP2

Segment 9
€
VP72)
Segment 10
o= NSPA =

Segment 11

g NSps
NSp6

ICTV Report 2022



Orbivirus: a vector-borne genus

Orbivirus genus: 22 virus species

SVIV ™~

YONOV, KHV

Lobuck virus /
- MBV(OV612)% uMav  [fRR

L MBV(12-2) e

Sedoreoviridae family ~

Phytoreovirus

)

Orbivirus

,

\scRV TILV

WALV Culicoides borne

Cardoreovirus

wMmy D
8o ® 4 ORUV N m
Rotavirus ® ® > -y

Mimoreovirus
Matthijnssens (2022), JGV (@) 05

Yang (2021), Virus genes

for Animal Health
Founded as OIE

"N o BTV: Bluetongue virus
\K} o EHDV: Epizootic hemorragic disease virus

o AHSV: African horse sickness virus

@) wesoansaion| @ 3 @conomically important diseases for livestock:



Bluetongue virus



Bluetongue disease

ATLANTIC

@ Most ruminants can be infected.

@ 15t description: late 19t century,
South Africa.

Mild to severe
disease

- Poorly symptomatic I

kﬂ )




Bluetongue disease

@ Fever, oedemas, nasal discharge, lameness, haemorrages, ulcers, death...

haemorrhage near the base
of the pulmonary artery



Transmission cycle

a Extrinsic incubation
Adult female period inside vector
% == lasts 4-20 days
Uninfected adult
vector bites viraemic

ruminant host

Infective host
BTV transmission cycle

Host develops a viraemia %@ Adult female /

and is infective to vectors

after 2-4 days Infected adult vectc
bites and infects a

susceptible rumina

host

Latency period

Susceptible host

Purse (2005), NRMicro.



Transmission cycle

o
>

&
\ g

1com
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Culicoides midges: 1-3 mm

Adult female @Q

—

Uninfected adult
vector bites viraemic
ruminant host

Infective host
BTV transmission cycle

%;@ Adult female

Host develops a viraemia
and is infective to vectors
after 2-4 days

Latency period

Susceptible host

Extrinsic incubation
period inside vector
lasts 4-20 days

v

Infected adult vectc
bites and infects a
susceptible rumina
host

Purse (2005), NRMicro.



Viral particle

s 24 serotypes before 2008,
s >3b5 serotypes today...

» VP2 ] Outer
) VP5 _capsid

Inner- VP7
core [

1 }Transcription
complex

Tirosh-Levy (2022, Animals)



Genome organization

VP1 @ 19.5kb

VP2

vP3 @ 3,965 bp (S1) to 765 bp (510)

\I\/IFS)‘; UTR UTR
12-2 29-1
= 5 T 7
7\ 7\
ll \‘ ,I \‘
GUU(A/U)A(A/U) AC(AJU)UAC

VP7

NS2
VP6 / NS4 @ 5 and 3’ UTR ; panhandle

@ Conserved hexanucleotide consensus sequence
NS3 / NS3A / NS5 at 5" and 3" end (packaging, translation)

The genomic RNA contains 5’ cap structure

Roy (1994), Jin (2017)



Replication cycle

Virion
Entry

Clathrin

coated pits Uncoating

iy
A \q\ Transcr\iption

Virion
Buddin 2

Vesicle

Virus
Assembly

i

yot . Virus Inclusion

Virion Body

Egress Trafficking
Core

Roy (2013), Fields



40°N

35°S

Wilson (PTRSLBBS, 2009)



1998-2006: BT circulation in Southern Europe

£

2000 01 2003 2004

BTV2 BTV4 TV16
Corsica Corsica Corsica




2006-2009: BTVS8 epizootic in Europe

Clinical signs -i
in‘eows

o\

2000-01 2003 2004 2006-09
| | |

I
BTV2 BTvV4 TV16 TV8/
Corsica Corsica Corsica Europe




2013-today: towards endemic BT circulation

Novel Bluetongue e
Virus in Goats, ®7Veowie.q

type 1 detection. The

-
Corsica, France, +sso1119}
gies, Lissieu, France)
201 4 serotyping. A total o
goats had RT-qPCR
Stéphan Zientara, Corinne Sailleau, typed samples were p
Cyril Viarouge, Dirck Hoper, Martin Beer, At the end of 201
Maria Jenckel, Bernd Hoffmann, Aurore Romey,  of domestic sheep, ca

Labib Bakkali-Kassimi, Aurore Fablet, nary authorities in Fr
Damien Vitour, and Emmanuel Bréard ruminants with clinic

2000-01 2003 2004 2006-09 2013 2014

BTV1
Corsica




2012-today: towards endemic BT circulation

Un foyer de fiévre catarrhale ovine,
la « maladie de la langue bleue »,
découvert dans I'Allier

DDCSPPO3

2000-01 2003 2004 2006-09 2013 2014 2015

BTV1 : BTVS
Corsica France




2012-today: towards endemic BT circulation

2000-01 2003 2014 2015




2012-today: towards endemic BT circulation

2000-01 2003 2014 2015 2016




2012-today: towards endemic BT circulation

2016 — BTV-4 Corsica

Bluetongue Nucleotides 99,75 % with BTV-4 HUN2014 and BTV-4 Sardinia
(Amino Acid 99,78 %) and 94 % with BTV-4 Corsica 2004

Restricted zones* as of 22 December 2016

-4

76.0r BTV-<4 Sardinia 16
100.0/L BTV4 FR Corse 1€

o 195—|~9 L B7v-4 HUN2014
’ BTV+4 Aries-tc-ZAF-11-Rus

Segment 2 1000~ BTV-4SUD198301
- NA BTV-4 MOR2009-10

Zone (serotypes) 7471 BTv.4 SPA2003-03

F@) 100.0 9381 | g7v4 S2 ITA DQ191281

100.0 BTV4 FR Corse 04
G (1,2,4,16) BTV4 CYP2004-03
. . BTV-4 ARG 2002
I H (Not specified) 100.0—— BTV4 EGY1977-01
- 1(1,4) 9.2 L BTV4 Vaccine
) T T T T 1
J(
M 8 6 4 2 0

B 7 (1.2.48,16) Nucleotide Substitutions (x100)
- X (4,16) Bootstrap Trials = 1000, seed = 111

Z(1,16) + g (LUXEMBOUR FREP B,Lg
B 2 12.16) SLOVAKIA )

A3 (4) > AUSTRIA HUNGARY.
B A4 (1,48.16) : FRANCE SWITZERL-AND ROMANIA

SLOVENIA

B A6 (1.4,16) \

c%g/ A

BULGARIA

N

& y
" - ITALY T TURKEY

UGAL SPAIN

* as defined in Article 2 (d) of
Commission  Regulation  No
1266/2007: geographic areas
where surveillance and/or
protection zones have been
demarcated by the Member
States in accordance with Article
8 of Council Directive
2000/75/EC.

QQ

Z

For information purposes only.
The European Commission does
not assume any liability resulting
from its content.

=




2012-today: towards endemic BT circulation

2000-01 2003 2014 2015 2016 2017




2012-today: towards endemic BT circulation

13 December 2021 - Bluetongue

This map includes information on BTV

FREE STATUS

{(According to DIR (EU) 2021620).

NO STATUS: (v sédtcnsl nmation en craeirg

wwrcypes provided Sy Meriser 5ies)
e
| )
B T .24816)
B x <.16)
Y (8.4)
A3 (4)
B A4 (1.4.8,16)
A5(1,34)
B 25 (1.4.16)
B A7 4.168)
[ as(18)
Areac pending delicting ac Free Statuc

In implementing Reguiation 2021/610:
- Islas Baleares (Span)

infection in accordance with Regulation
(EU) 2016/429 (Animal Health Law).

FAROE ISLANDS
T
\

.}‘f‘ﬁu. "
~
_~ESTONIA

hvd |

“LLATVIA
Russian|Federation!

NORTI%ERN*'IRE ' , ), LITHUANIA

L ‘. BEUARUS
_#IRELAND
B

raY

POLAND

GERMANY

BELGIUM CZECH"REPUBLIC

LUXEMBOURG m

HUNGARY.

MOLDOVA

ROMANIA I

ERANCE SWITZERIAND,

PORTUGAL \'\\,

SLOVENIA

* This designation ks without prejudice 10 positions on
statuz, and I in line with UNSCR 1244 and te ICJ
Opinicn on the Kozovo Deciaration of Independence.

TURKEY;

S
iY|PRUS

For information purposes only.
The European Commission does
not assume any liability resulting
from its content.
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2023: new BT emergences in France and Europe

LADEPECHE

Aveyron : une recrudescence de cas de fievre
catarrhale ovine

iRl

. 7.
B - N ¥
Y SN VRS

Levirus de la FCO provoque I'inflammation des muqueuses, ce qui entraine de I'yperthermie, des difficultés de
locomotion, des ulcérations dans la bouche, de I'hypersalivation, voire une langue bleue.

Epidémie de "langue bleue" ; V" a
: des foyers détectés dans

I'Aveyron et le Tarn font : {
trembler les éleveurs

Rodez Depuis aodt 2023, une recrudescence inquiétante de la

o vine (FCO), communément appelée
it dans le sud du Massif Central, en
particulier en Aveyron. Les rapports font état de treize

A fovers détectés da

Occitanie

@ 04/08/2023: BTV-8 outbreak in Aveyron.




2023: new BT emergences in France and Europe

O 17°/24° Toulouse # Q Rechercher

& 9

LADEPECHE. fr

Aveyron : une recrudescence de cas de fievre

Highly letal in sheep ;
clinical signs in cattle.

catarrhale ovine

) !

A new strain of BTV-8... I!

closest homologyin GenBank
genome vnra-l % homology BTV strain n® accession
segment proteins
S1 VP1 97,60% BTV-8 GER 2006 MN837926
2 / 52 VP2 96,73 BTV-8 FR 2006 KI872780
i 53 VP3 97,94 BTV-5 Af. Sud 2011 MG255451
S4 VP4 98,57 BTV-2 Tun 2000 KP821279
S5 NS1 98,09 BTV-3 Isr 2018 MN213159
S6 VP5 98,96 BTV-8 Fr 2016 00860839
AT - S7 VP7 98,53 BTV-24 Af. Sud 2017 MG255595
Epidémie de "langue bleue" 7 S8 NS2 98,58 BTV-5 Af. Sud 2011 MG255457
: des foyers détectés dans s9 VP& 95,81 BTV-5 Af. Sud 2011 MG255454
I'Aveyron et le Tarn font 510 97,8 BTV-13 Af. Sud 2017 MT043227

trembler les éleveurs

@ 04/08/2023: BTV-8 outbreak in Aveyron.
@ 30/10/2023: >600 outbreaks in 17 departments.



2023: new BT emergences in France and Europe

Bluetongue found on Dutch sheep farms
for first time since 2009

P Highly letal in sheep (40%) ;

clinical signs in cattle.

@ 04/09/2023: BTV-3 outbreak in The Netherlands.
@ 17/11/2023: >4,000 outbreaks in NL.




2023: new BT emergences in France and Europe

Oct.
Oct-Nov.

Nov.

@ 04/09/2023: BTV-3 outbreak in The Netherlands.
@ 17/11/2023: >4,000 outbreaks in NL.







Epizootic hemorrhagic disease virus (EHDV)

i

in white-tailed deer (Odocoileus
virgininianus) in New Jersey in 1955.

@ 90% letal in WTD.

mission Cycle of Epizootic Hemorrhagic Disease (EHD)
&
=)
ector: o
midge e
-~ J

@ Fulminant EHD characterised by excessive bleeding (haemorrhagic disease),
dehydration, diarrhoea, and death.

Shope (JEM, 1960)



Epizootic hemorrhagic disease virus (EHDV)

@)) world organisation| @ EMerging disease in cattle ; added to the
Foraetoe WOAH list of notifiable diseases in May 2008.

@ Bluetongue-like disease: fever, loss of
appetite, haemorrhages, weakness, excessive
salivation, respiratory distress, ulceration
(buccal mucosa, tongue...), diarrhoea,
lameness...

Resistant

Viremia with no

K clinical signs /




Epizootic hemorrhagic disease virus

Serological and genetic characterisation
of putative new serotypes of bluetongue

virus isolated from an Alpaca

@ 7 recognized serotypes... o P

Novel Serotype of Epizootic
Hemorrhagic Disease Virus,

China
M Wright Research paper
22054148 Characterization of genome segments 2, 3 and 6 of epizootic hemorrhagic @ Sy Heng Yang,' Zhuoran Li,! Jinping Wang,
disease virus strains isolated in Japan in 1985-2013: Identification of Zhanhong Li, Zhenxing Yang, Defang Liao,
their serotypes and geographical genetic types Jianbo Zhu, Huachun Li
i S b e s Hiroaki Shirafuji *, Tomoko Kato*, Makoto Yamakawa”, Toru Yutaka Minemori , Tohru Yanase* Author affliation: Yunnan Animal Science and Veterinary Istiue,

Tor the degree Hagiser Scientae i
Folchefsoom Campus of e Nori-West Unersiy

Kunming, China

DOI: htps:/dol.org/10,3201/eid2612.181301

In 2018, a strain of epizoatic by
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EHD: Europe and Mediterranean basin
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Emergence of EHDV-8

@ 2021: emergence of a new EHDV-8 strain in Tunisia (200 outbreaks).
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Tunisia, 2021
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Emergence of EHDV-8

@ 2021: emergence of a new EHDV-8 strain in Tunisia (200 outbreaks).
@ Oct-Nov 2022: EHDV-8 reached Sardinia, Sicilia and Andalusia.

Je Mayen QIR y
S N =

wng Clinical signs
~~ - Cattle and a deer in Sardinia and Sicily (morbidity rate 5 to 10 %)
-  Cattle in Andalusia (morbidity rate 10 to 15 % ; mortality rate <1%)

AL ' “W*# Epizootic Hemorrhagic
: Disease Virus Serotype 8,

ﬁ«» A AR50 Traly, 2022 | \' :
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Massimo Ancora, Daria Di Sabatino, Daniela Morelli,
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Emergence of EHDV-8

Sedllonde ...
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En France, les premiers cas de maladie
hémorragique épizootique dans des élevages
détectés

18 Se pt 2023 RePuBLIGUE
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Premiers cas de maladie hemorraglque Hautes-Pyrénées : détection d'un cas de maladie TR

[ Ajouter avos selections 2>

Maladie hémorragique épizootique : trois cas dans £ o ¢ H B . e . z
Pyrénées-Atlantiques et dans les Hautes-Pyréndes epizootique en France hémorragique épizootique (MHE) dans un elevage

une premiére en France Trois bovins ont été diagnostiqués avec la maladie hémorragique épizootiq  POVIN

Pourla premiére fois, la maladie hémorragique épizootique (MHE) a été détect (MHE) en France. Il s'agit des premiers cas survenus sur le territoire. lls ont €
sur des bovins, dans les Pyrénées-Atlantiques et les Hautes-Pyrénées. Si les . , A , ) ;
animaux touchés peuvent tomber gravement malades voire mourir, ils ne sont  CONfirmés le 18 septembre 2023 par le laboratoire de santé animale de I’An
eSS s ERtalve Celui-ci est laboratoire de référence sur cette maladie pour la France et pot
O:;::f;‘""u'n'w"“““B‘*“"“Mm“ I'Organisation mondiale de la santé animale (OMSA). Les cas ont été déclare

départements des Pyrénées-Atlantiques et des Hautes-Pyrénées.

La Slovénie :
Petit pays,
grandes aventu

AGRIOULIURE - PECHE

Maladic Hé - 1ue Enizootiaue au Pave b & P & o0 oD MERAVLLES [ 1 Trois cas d'une nouvelle maladie bovine
aladie nemorragique Epizootique au rays basque : [ )
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© e N Pyrénées, une premiere en France
Accueil * Sud Ouest Eco + Agriculture | ™y
. L) . Le virus qui provoque la maladie hémorragique épizootique chez les cervidés, les bovins et les

caprins, est arrivé en France, aprés s'étre propagé en Sardaigne, Sicile et en Espagne. Deux cas ont

été formellement identifiés mardi au Pays basque, un troisiéme a été identifié dans les Hautes-

0'“.& :. o .1 Sociéte, Santé Pyrénées.
Maladie hémorragique épizootique : de premiers cas
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® Trois élevages sont concernés par cette maladie dans les Hautes-Pyrénées et les
Pyrénées-Atlantiques. L'exportation de bovins vivants a été interdite dans la zone.
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Qu'est-ce que la MHE, maladie virale repérée dans
des élevages frangais ?

21 septembre 2023  Communiqué de presse Des cas de Maladie Hémorragique Eplvmut\que (MHE) ont été détectés dans trois élevages du Sud-Ouest. Une maladie
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Le laboratoire national de référence de santé animale de Maisons-Alfort (ANSES)
vient de confirmer la présence du virus de la Maladie Hémorragique Epizootique
(MHE) sur des bovins dans 3 élevages situés dans les Pyrénées-Atlantiques et les

Hautes-Pyrénées. Les mesures de gestion de cette maladie sont mises en place par
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@ Lack of efficient control measures (no vaccine).
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> 2,000 outbreaks

\

Fm,,c}a Calvados |

J 507 M
W e a6 Dr Vivien Philis, Lannemezan
W § et § N .
} PR, 61 = e L1 ( Dr Myléne Lemaire-Meyer (LVDO09)
— . llle-et- s b R s & /
. ¢ ~e | S { Vosges
\ \ Villaine f Y
Y O Y } 3 Sarthe p vvv/, Haut-
LA Morblhan T o §.5 (\\J{/‘A Loiret ) = e
\ S p. 45 ¢ onni
T A Lonr—e 3
Maine-et- 7~ e
Loire y Indre—et- ; C‘:'f y J
49 f Loire
e i L4
4 ) ’4'
Vendée Deux- S
85 Sevres/f Vnenne
79 H 86

13 infected departments

Dr Alberto Jorda Blanco (Aude)
Dr Myléne Lemaire-Meyer (LVD09)

EHDV-8 + BTV-8
BTY-8
BTV-4
n
R
“Haute-
Corse |






African horse sickness virus (AHSV)

@ 1327: 1t description in Yemen.

@ Haemorrhagic disease (“Equine Ebola”) ;
highly letal in horses.

@ 9 serotypes.

'S.h Zien’tara




African horse sickness virus (AHSV)

| S: .Zientara

@ 1327: 1st description in Yemen.

@ Haemorrhagic disease (“Equine Ebola”) ;
highly letal in horses.

@ 9 serotypes.

1987-91:
-Jul. 87, 27 cases of AHS near Madrid ;
-1988-90, severe outbreaks in Spain ;
-1989, Portugal ; p . {
-1989-91: Morocco. e | oo AP RS W

1965-66: 77 equidae died or were clinically affected |

2020:

-Feb. 24, Nakhon Ratchasima province (Thailand), 175/191 deaths ;
-Apr. 24, 6 other outbreaks in different provinces, 211/231 deaths ;
-Aug. 6, AHS suspicion in Malaysia

AHS mainly confined to sub-Saharan Africa with some rare excursions  w



Vertebrate hosts

RESERVOIR ACCIDENTAL/INDICATOR HOSTS
7))
(]
-
-
3 Zebras Donkeys Mules Horses
rarely display clinical signs (10% death) (50% death) (50-95% death)
susceptibility
(7)) w Antibodies detected with inconsistencies in
(o4 other species ; limited epidemiological role.
LLl
|:|_: Dogs Camels
o dead-end hosts m h} m “Hs
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

Macrophages activation

Activated Macrophage

Local replication at the

feeding site, role of saliva Inflammatory cytokines

(IL-1, TNF-c)

Initial multiplication in
regional lymph nodes

Loss of endothelial cell-
barrier function

Blood dissemination:
primary viraemia

Vascular permeability

Infection of target organs:
secondary viraemia (< 9d.)

Excretion in all body
fluids

Oedemas, effusions,
haemorrhages

**K LKL

@ 4 clinical forms ; pulmonary form = most severe form (>95% letality)



AHSV-BTV-EHDV: common and distinct features

10 dsRNA

Virus e Orbivirus 9 serotypes 7 serotypes segments

susceptible
Host(s)

"reservoir"
Disease * Bleeding

+ Inflammation

Transmission » Culicoides

>
@
m - -—— -———llj —11-——-
=
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Epidemiology Enzootic Emerging




Prevention and control measures

Animal
movements

Disease
control

Vaccination

Vector
control



Biology of Orbiviruses (BIOR): research activities

: Understanding disease features

: Diagnostics and tools

: Epidemiology

2 Vaccination

: Innate AV response

s Interactomics

+ Others
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Understanding disease features
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Understanding disease features
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Establishment of a Bluetongue Virus Infection Model in
Mice that Are Deficient in the Alpha/Beta Interferon
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Understanding disease features
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Biology of Orbiviruses (BIOR): research activities

s Understanding disease features

: Diagnostics and tools

» Epidemiology

= Vaccination

= Innate AV response

s Interactomics

Expertise for the ministry of agriculture
2 Others - Kits evaluation

EILA
Management of a network of 52 LVDs




Diagnostics and tools

Clinical diagnosis Virological/lab. tests

7/ Clinical signs and lesions not always 7/ Direct: detection of the virus and its
obvious. constituents

Virus isolation and amplification
Antigenic detection

« Genome detection J

7/ Indirect: antibodies detection

/" Post-mortem examination, epidemiological
factors (seasonal occurrence).

«  Seroneutralisation
=2 e+ ELISA
« Miscellaneous (WB, IF, agglutination...)

7/ Complicated differential diagnosis in
the early stages of the infection or mild
symptoms.
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Diagnostics and tools

Funding ANR PrepMedVet
Platform IdentyPath

Mathilde . s 2
Whole genome sequencing — Orbivirus (BTV, EHDV)
Adapted from Teramo colleagues

Gondard
v Sequencing workflow development

Sample preparation using SISPA approach (Sequence-Independent, Single-Primer Amplification)
» Combination of random and specific primers targeting orbivirus segment the conserved extremities

Tenfold PCR SISPA Purification controls
(beads)

‘ rRNA RT Second strand
RNA Extraction depletion (retro transcription) synthesis Dilution

= Library preparation & MinlON sequencing (Oxford nanopore) * y

» Kit NBD114.24, FLOMIN114 flowcells :
-

@®® Beads Purification & Qubit

= Sequencing data analysis aeneious == e
prime

» Mapping on reference sequences

v’ Applications

» Characterization of 17 BTV genomes and 2 EHDV genomes from Cuba 2023 (Submitted in viruses)
» Characterization of the BTV and EHDV strains responsible of BT and EHD in France 2023 (BTV-8, BTV-

4, EHDV-8)
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idemiology: worldwi

viruses

Arice
Detection, characterization and sequencing of BTV serotypes
circulating in Cuba in 2022

WiLEY TS

SHORT COMMUNICATION

Novel serotype of bluetongue virus in South America and first
report of epizootic haemorrhagic disease virus in Ecuador

J. Verdezoto' | E. Breard” | C. Viarouge® | H.Quenault® | P. Lucas® | C. Sailleau”
S. Zientara | D. Augot® | S. Zapata'

EHDV-1 .
BTV-9,13,18

Ecuador

BTV-1, 2, 3, 6, 10, 12, 13,
17, 18, 19, 22 and 24

viruses MbPy)
i

Circulation of Bl Virus Serotypes 1,4, 8,10 and 16 and
Epizootic Hemorrhagic Disease Virus in the Sultanate of Oman
in 2020-2021

B 40, e

Mathilde Turpaud ", Pierick Lucas
Stéphan Zientara 1, Wafaa Al Rawahi ** and Corinne 5

‘w‘ — v — \\
. N

Oman

)
EHDV
BTV-1,4,8,10,16 (2020-21)

Mathilde Gondard 'O, Cindy Bemelin-Cottet ', Aurdlie Le Rowx,
en Vitour , Labib Bakkali-Kassimi ',

Senegal
BTV-2

[————

Acta Tropica

Galapagos
No BTV/EHDV

Mayotte

EHDV-6
BTV-4,9,11,15,19

Marie Cicille Ba Gahn'

) Mbengué Ndiaye, M
Brief Communication ,

Bluetongue virus and epizootic hemorrhagic
disease virus survey in cattle of the
Galapagos Islands

[SS———
e
Acta Tropica

Rommel L. Vinueza, Marilyn Cruz, Enmanuel Bréard, Cyril Viarouge, Gina Zanella'

—

Evidence of bluetongue and Epizootic Haemorrhagic disease circulation on )
the island of Mayotte =

Laure Dommergues™, Cyril Viarouge', Raphaélle Métras*', Chouanibou Youssouffi',
Corinne Sailleau’, Stephan Zientara . Catherine Cétre-Sossah




Epidemiology: Europe and Mediterranean basin

AL ARTICLE WILEY D

Serological status for BTV-8 in French cattle prior to the
2015 re-emergence

N. Courtejoie’ ) | B. Durand" | E. Bréard’() | C.Sailleau’ s | D. Vitour' |

S Zientara® | A Gorlier' | F.Baurier® | C. Gourmelen® | F. Benoit* | H. Achour’ |
C.Milard® | 5. Poliak’ | C. Pagneux” | C. Viarouge | G. Zanella’

viruses mbPI

Red deer (Cervus elaphus) Did Not Play the Role of
Maintenance Host for Bluetongue Virus in France:
The Burden of Proof by Long-Term Wildlife
Monitoring and Culicoides Snapshots

‘Sophie Rossi 1, Thomas Balenghien >4, Cyrl Vistouge ', Eva F

Corinne Sailleau ®, Bruno Mathieu, Jean-Claude Delécolle”, Camitle Ninio , Clare
Laétitia Gardeés >, Christophe Tholoniat*, Agnés Ariston ', Dominique Gauthier
Stevan Mondoloni %, Aurélic Barboiron 1, Maryline Pel Philippe Gibert,

Damien Vitour 3nd Emmanuel Bréard 5

BMC Veterinary Research

AAPID communicaTion WiLEY PR

Estimation of French cattle herd immunity ®
against bluetongue serotype 8 at the time

of its re-emergence in 2015 Emergence of bluetongue virus serotype 4 in mainland France

in November 2017

Corinne Saileau'c) | Emmanuel Breard'c) | Cyrl Viarouge' | Axl Gorler® |
Auréle Lerou® | Edouard Hirchaud” | Piemick Lucas” | Yannick Blanchard®
Danen Vitour | Marie Grandeolot-Chabot® | Stephan Zientara'

SHORT commuNIcATION WiLey SRR

Circulation of bluetongue virus 8 in French cattle, before and
after the re-emergence in 2015

N. Courtejoie’® | B.Durand" | L Boumez' | A. Gorlier' | E. Bréard®
oot e i e e e | FrA@NCE
BTV-8 (22015)

Epizootic Hemorrhagic
Disease us Serotype 8,
Italy, 2022

Alessio Lorusso, Stefano Cappai, Federica Loi
Luigia Pinna, Angelo Ruiu, Giantonella Puggion,
Annalisa Guercio, Giuseppa Purpari, Domenico
Vicari, Soufien Sghaier, Stephan Zientara, Massimo
Spedicato, Salah Hammami, Thameur Ben Hassine,
Ottavio Portanti, Emmanuel Breard, Corinne Sailleu,
Massimo Ancora, Daria Di Sabatino, Daniela Morell
Paolo Calistri, Giovanni Savini

SHORT COMMUNICATION WILEY DS
Complete genome sequence of bluetongue virus serotype 4

that emerged on the French island of Corsica in December
2016

C Salleau’ > | E. Breard® | C. Viarouge® | A Gorler' | H. Quenault® |
€. Hirchaud? | F. Touzaln® | Y. Blanchard” | D, Vitou | . Zientara®

L_SHORT COMMUNICATION

Epizootic haemorrhagic disease virus
circulation in Tunisia

eraek DRI Moharmed Zouar

AessioLoruso' nd Sl Hammamy

Infection, Genetics and Evolution

viruses o)
Research paper
Epizootic Haemorthagic Disease Virus Serotype 8 in Presence of bluctongue and epizootic hemorrhagic discase viruses in Egypt %)
ia, 2021 in 2016 and 2017

Sahar Amed", Mohamed Abd El-Fatah Mahmoud", Cyril Viarouge’, Corinne Sailleau,
Stephan Z inuel Breard




2015: understanding BTV-8 re-emergence

BTVS
Allier

Julien Buttet, DDCSPPO3




2015: understanding BTV-8 re-emergence

M. Palmarini (CVR, Glasgow)
PLOS BIOLOGY

@ Global aim: To investigate the

origin and transmission hIStory of i?:l)ﬂzz);mevolution” of an RNA virus suggests/
TV : : : accidental release as a potential cause of

B _8 In Europe L.ISIng d genomlc arbovirus re-emergence

Seq uence Com pa rlson approach. David J. Pascall®'®, Kyriaki Nomikou >, Emmanuel Bréard®, Stephan Zientara*, Ana

da Silva Filipe»?, Bernd Hoffmann»° Maude Jacquot®7, Joshua B. Singer(?, Kris De
Clercq»®, Anette Betner®'?, Corinne Sailleau®, Cyril Viarouge®, Carrie Batten”,
Giantonella Puggioni'2, Ciriaco Ligios'2, Giovanni Savini'?, Piet A. van Rijn'*1%, Peter
P. C. Mertens(»>"", Roman Biek'#*, Massimo Palmarini?¥*

BTV-8 in Europe 2006-2018

2006 (n=1331) 2007 (n=9413) 2008 (n=9577) 2009 (n=1512) 2010 (n=14)
"/ s Y. A"/ S % s N W wWE - " s -

4N

2011-2014 (n=0) 2015 (n=150)
e N v uE, N

Full-genome sequencing on 164 blood samples: SNl &
2006-2009: n=96 <O P S
2015-2018: n=68

@ Specific objective: explore the origin and transmission of BTV-8 in France in 2015.



2015: understanding BTV-8 re-emergence

@ Chronological phylogenetic tree.

2006 ancestor

Epizootic
2006-2010

4!.

Period with no apparent infection

Posterior
Probability

1.00
0.75
0.50

0.25
0.00

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019



2015: understanding BTV-8 re-emergence

@ Genetic and temporal evolution between the two epizootics.

__0.004 A
4

Most recent common /
0.003 - ancestor of the

2015 outbreak /

Distance to root (subs/site

0.002 -
4
———————— o
0.001 1
0.000 =4 T T T T
© 9 ™ © >
Q N N N N
> PP P
Year

Based on its distance from the root, the 2015 re-emerging virus
is a direct descendant of the 2006-2010 circulating strain.



2015: understanding BTV-8 re-emergence

Silent circulation?

/
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2015: understanding BTV-8 re-emergence

Silent circulation?
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2015: understanding BTV-8 re-emergence

Silent circulation?

0.004 -~

Most recent commoH\ /

0.003 4 ancestor of the
2015 outbreak
0.002 4 \\

Distance to root (subs/site)

0.001 1

0.000 =+ T
© Q% X © )
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2015: understanding BTV-8 re-emergence

Silent circulation?

0.004 -~

Most recent commoH\ /

0.003 4 ancestor of the
2015 outbreak
0.002 4 \\

Distance to root (subs/site)

0.001 -
0.000 = T T T T
,1996 ,19'0' ,19\& ,19'\% ,19'\% SO What ?




2015: understanding BTV-8 re-emergence

Récolte de semence

La récolte est faite en présence d'une vache en chaleur, avec un vagin artificiel. C'est la méthode qui se
rapproche le plus des conditions naturelles et qui est la plus fiable.

Toutes races de taureaux

Controle fertilité

Analyse du sperme au microscope :

Motilité
% de vivant

Analyse au spectro-photomeétre :

Concentration (nb spz/mm3)

> Controle qualité de semence en frais

Production de semence monte privée

Hypothesis: accidental infection by insemination with frozen semen containing BTV-8.



2015: understanding BTV-8 re-emergence

Récolte de semence

La récolte est faite en présence d'une vache en chaleur, avec un vagin artificiel. C'est la méthode qui se
rapproche le plus des conditions naturelles et qui est la plus fiable.

Toutes races de taureaux

-

Controle fertilité

Analyse du sperme au microscope :

Motilité
% de vivant

Analyse au spectro-photomeétre :

Concentration (nb spz/mm3)

> Controle qualité de semence en frais

Production de semence monte privée

Hypothesis: accidental infection by insemination with frozen semen containing BTV-8.

oA viruses 2021  (wori
Py

Article

Transmission of Bluetongue Virus Serotype 8 by Artificial
Insemination with Frozen-Thawed Semen from Naturally
Infected Bulls

Kris De Clercq *+, Leen Vandaele 2%, Tine Vanbinst 1, Mickaél Riou 3, Isra Deblauwe ¢, Wendy Wesselingh 2,
Anne Pinard 3, Mieke Van Eetvelde 2, Olivier Boulesteix 3, Bart Leemans 2, Robert Gélineau 3, Griet Vercauteren 5,
Sara Van der Heyden 3, Jean-Francois Beckers ¢, Claude Saegerman 7, Donal Sammin 8, Aart de Kruif 2

and Ilse De Leeuw !
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Recombinant Inactivated




Live-attenuated vaccines

But...

Possible reversion to virulenceﬂ‘\
Few standard formulations
Variable protection
Viraemia
Not DIVA
No license in Europe

\\~.-\ Transmission by vectors
Reassortments with field strainf/}

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




Inactivated vaccines

Biocontainment risk.

Formaldehyde
B-propiolactone Adjuvant required.
Bromoethylenimine Several inoculations.
Expensive.
Risk of uncomplete
"Killed" inactivation.
virus Not DIVA.
viruses MoPy
Article Need f
Serological Responses in Cattle following Booster Vaccination a[ter or
against Serotypes 4 and 8 Bluetongue Virus with Two Bivalent Nat; Vi
Commercial Inactivated Vaccines VaCCine S

Corinne Sailleau '*, Lydie Postic (), Xavier Chatenet 2, Olivier Salat 3, Mathilde Turpaud !, Benoit Durand *©,
Damien Vitour !, Stéphan Zientara ! and Emmanuel Bréard !



Vaccination

Animal
movements
Treatments —
Disease
control
Vaccination
Vector
control

o
%@wg Virus-like particles

s DNA Recombinant Inactivated

b Voo

Reverse genetics




AHSV vaccines based on reverse genetics

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

DISA (Disabled Infectious
Single Animal) afag

MLVAs (MODIFIED LIVE R
ATTENUATED VACCINES) /%

\ AHS1 0

O

S
ECRA (Entry-Competent
Replication-Abortive)

h= @\
=g &— (@ | —
AHSV AS9 Abortlve\ \ / '@ Viraemia

Replication Inhibited

Antigen-

presenting Cell Immune

—
s NS Response

Current Opinion in Virology

*previously called Disabled Infectious Single Cycle (DISC) vaccines _ o
Dennis (2019), Roy (2020), Calvo-Pinilla (2020)



Vaccination

Vaccine 39 (2021) 3161-3168

Contents lists available at ScienceDirect z .
accine
Vaccine N
journal homepage: www.elsevier.com/locate/vaccine - ;
Entry-competent-replication-abortive African horse sickness virus )
strains elicit robust immunity in ponies against all serotypes | e

Edward Sullivan?, Sylvie Lecollinet ", Adeline Kerviel?, Erika Hue 9, Stéphane Pronost ¢, Cécile Beck ",
Marine Dumarest”, Stephan Zientara ", Polly Roy **

@ Department of Infection Biology, Faculty of Infectious and Tropical Disease, London School of Hygiene and Tropical Medicine, United Kingdom
> Université Paris-Est ANSES Alfort, UMR 1161 Virologie ANSES, INRA, ENVA, Maisons-Alfort, France

©LABEO Frank Duncombe, 14280 Saint-Contest, France

94 BIOTARGEN, Normandie Univ, UNICAEN, 14000 Caen, France

VP2+VP5
VPT
<
kA

ECRA monoserotype 3
AHSV4 26

L Lot

ECRA o OR

VP2+VP5 VP2+VP5 VP2+VP5
VP VP3+VP7

- VP2
/ hel
~\rg Jouershei

But,

VP3 inner shell

ECRA.M\ B ;%?j”:::::;m ECRAAB Comp-l_ ]_ Ca‘ted
ECRA cocktail AHSV1/4/6/8 and .
expensive

\ ECRA: Lulla (2016, 2017)
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Safe Priority Infectious Diseases VACcines Budget: 5.6 millions €
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SPIDVAC project: new AHSV vaccine

—= =) End 2025
SPIDVAC

Safe Priority Infectious Diseases VACcines Budget: 5.6 millions €

—

1) AHSV virion 2) 9 serotypes VP2

VP2 proteins / domains
ASRNA expressed in different systems

Outer

VP2 trimer :|
Capsid
<——— VPS5 trimer . -
. J .
C <7
VP3 Inner Core </ .
VP7 Outer Core y pa
(/ - ) -
VP1 e S S
. — ot

Transcription

ran: > y
VP4 . .
Complex P o
vP6 Lt e a
'\ .t L} —

VP2-AHSV4-SPAIN-1987

«Tip»
211 528

253 487

Zhang/Zhou (2016-Nat Struct Mol Biol)

Multimeric protein

AHSV MPSP scaffold particle
vaccines (MPSP)

VP2 antigen

O o

Monovalent or multivalent

particles
« protein superglue »
SpyCatcher SpyTag
protein partner \ peptide label
a0
N v
%‘Li/\/\/NHQ Hoj‘(\(fj
spontaneous+ O
reaction
H
E/\/\/N\[(\ (g +Hy0
SpyTag  §
irreversibly
locked



SPIDVAC project: new AHSV vaccine

FRIEDRICH-LOEFFLER-INSTITUT

FLI

Bundesforschungsinstitut fiir Tiergesundheit

Andrea Aebischer

conjugation

=
"
5) AHSV MPSP s,,yca,ch,,ﬂ@ / covtan
protein partner \ peptide label
{_\ et U y
b o NN A HO

N
- Domain 1:VP2 aa 250-530-SpyTag ~ SpyCatcher-mi3 O : Prenton ¥ °
- Domain 2 : VP2 aa 219-530-SpyTa o ANy e
py g Monovalent or multivalent O E irrSe?/éIsaigly \I.hf

ticl
particles locked



SPIDVAC project: new AHSV vaccine

FRIEDRICH-LOEFFLER-INSTITUT

Eﬂde!;rsc!ungsmstitut fiir Tiergesundheit An d rea Ae b i S C h e r
co n] ugatl on 3 AHSV M PSP fpyca;cr:erﬂ@ /psm':ﬁ:gbel
r\ VP2 antigen NH HO
/\/\/ 2 Y\;
- Domain 1:VP2 aa 250-530-SpyTag  SpyCatcher-mi3 reacion ¥
- Domain 2 : VP2 aa 219-530-SpyTag am“jﬁx““ﬂ
Monovalent or multivalent irreversibly o

ticl
PaLyces locked

DI DI
20pg* conjugated D2 D2 (5 ?(5-5' ?2:’1350)

o weonfgaid y; ;% " /

IFNAR-/- (bck.C57)

Prime Boost Serum Bl i
line+chall ood collection
DO D21 samp |n%4c9 a enge D54 (D+5

*adjuvanted with Montanide ISA71 (Seppic)



SPIDVAC project: new AHSV vaccine

Dl

D2

RT-qPCR SNT

Antigen Animal ID Cq value Titer

2337 26,38 <1/10

2003 no Cq 1/640

2137 36,66 1/320

Domain 1 2317 32,62 <1/10

1938 37,17 1/10

2333 34,21 1/10

2186 31,61 <1/10

2341 37,32 1/40

2185 35,8 <1/10

Domain 2 2406 no Cq 1/320

2079 no Cq 1/320

2095 no Cq 1/20
2133 no Cq 1/1280

2063 no Cq 1/640

3 1934 38,19 1/240

Domn?;: 1+ 2190 no Cq 1/640
2182 no Cq >1/1280

2393 no Cq 1/960

2254 37,61 1/60

2323 no Cq 1/480

) 4162 no Cq 1/640
D°mr:i'; 2+ 3823 no Cq 1/1280

2181 no Cq 1/480

1935 37,05 1/120

2189 24,64 <1/10

Control 1943 26,14 <1/10

2014 26,55 <1/10

All vaccinated animals protected from
clinical disease

Unconjugated antigens were not able to
prevent replication of the challenge virus
as it was shown by RT-gPCR analysis

The majority of the vaccinated animals had
developed neutralizing antibodies

However, mice receiving the antigens
conjugated to mi3 showed a markedly
improved immune response
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Biology of Orbiviruses (BIOR) activities

" N ©
= Understanding disease features

= Diagnostic tools

= Epidemiology

= Vaccination

Innate antiviral response

Production NK-cell- T-cell-
of IFN-ci, mediated mediated
killing of

IFN-B, TNF-,  killing of
and IL-12 infected cells infected cells

Virus titer

12 3 4 5 6 7 8 9 10

2005)




Type-I interferon (IFN-o/B) signaling pathway

RESPONSE
INDUCTION

-
.' M2

-

OC
o o

.I




Type-I interferon (IFN-o/B) signaling pathway

ISG20 | | OAS




IFN-o/B synthesis upon BTV infection

(@]
0 IFN H. Huismans (VRI, Ondersteeport
oo, _ , port)

BTvi0 & o

Primary murine cells
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Fic. 1.—Kinetics of interferon production in ME cells indu-
ced by bluetongue virus Type 10A

Huismans (OJVR, 1969)
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Foster (Am J Vet Res, 1991)



IFN-o/p synthesis upon BTV infection

) E. Chauveau

F

>
=
4
8

= 16 A - 350 &
= B
BTV-8 %Z 141  DOIFNB mRNA - 300 =
2 1, ~BTVRNA @
A549 E 20 £
o -200 2
£ )
l 6-72h < .-
Z Z
& 100
RT-qPCR, S 8
WB, IF = 50 &
0
Hours p.i 72
B
A BTV-8 MOCK BTV-8 SeV
Hourspi. 0 24 36 48 72 ()
P-IRF3 » -

Chauveau (J Virol, 2012)



IFN-o/B synthesis upon BTV infection

SiRNA

T

l () 24h

BTV-8 @

l () 24h

IFN RT-gPCR
IFN ELISA

Chauveau (J Virol, 2012)



IFN-o/p synthesis upon BTV infection

SiRNA

T

BTV-8 @ l 24h

—

l () 24h

IFN RT-gPCR
IFN ELISA

1 400
B p=0.002 OMOCK
1 200 EBTV-8
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Chauveau (J Virol, 2012)



IFN-o/p synthesis upon BTV infection

RIG-I
€~ MDA5
'

BTV-8 @ l 24h

—
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Chauveau (J Virol, 2012)



ANTIVIRAL ESCAPE
RESPONSE STRATEGIES



Antagonist function of BTV on IFN-o/p signaling
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Chauveau (J Virol, 2013)




Antagonist function of BTV on IFN-o/p signaling

IFNB-Luc RIG-I vProt
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Chauveau (J Virol, 2013)




Antagonist function of BTV on IFN-o/p signaling
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Chauveau (J Virol, 2013)




Antagonist function of BTV on IFN-o/p signaling

M. Pourcelot, D. Arnoult
(Inserm U1197, Villejuif)
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Antagonist function of BTV on IFN-o/p signaling

M. Pourcelot
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Biology of Orbiviruses (BIOR) activities

: Understanding disease features

: Diagnostic tools

: Epidemiology

2 Vaccination

: Innate AV response

. Interactomics
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Context - Objectives

Despite recent breakthroughs in our understanding
of BTV replication and virulence, many issues
remain unresolved, regarding:

v Pathogenesis
v" Host response
v Transmission

Study dialogue between BTV and its mammalian
and arthropod hosts at the molecular level

Identify protein-protein interactions (PPI)
between BTV and cellular proteins



BTV8 NS3 interactome by co-AP / mass. spec.
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BTV8 NS3 interactome by co-AP / mass. spec.
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BTV NS3 activates the MAPK/ERK pathway

G. Caignard, C. Kundlacz
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BTV NS3 activates the MAPK/ERK pathway
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BTV NS3 activates the MAPK/ERK pathway

Growth factor (e.g., EGF)

Receptor tyrosine
kinase (e.g. EGFR)
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High throughput study of PPI using

yeast two-hybrid (Y2H) approach

reporter gene

no transcription

RNA Polymerase |l

T reporter gene

transcription

§ AD: Gal4 activation domain
From Briickner (2009) DBD: Gal4 DNA binding domain



Identification of BTV8/27 — hosts PPI by Y2H
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BTV8/27: quantitative analysis

\ 1104 / Picked colonies \ 917 /

\ 832 / Interactions \ 696 /
\ 167 / Total interactors \ 109 /
\ 65 / Interactors = 2 times \ 50 /

E@ G. Caignard |
¥ Q 68% M sa%

NS 65% NS 83%




BTV8/27: interactions map

@ Viral protein

O Bovine interactor

O Culicoides interactor
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Identified interactors > 2 times




NS4 BTV-8 interacts with WTAP

viruses Moy

Aurore Article
Fablet Comparative virus-host protein interactions of the Bluetongue

virus NS4 virulence factor

Aurore Fablet't, Cindy Kundlacz?2#, Juliette Dupré?, Edouard Hirchaud3, Lydie Postic?, Corinne Sailleau!, Emman-
uel Bréard!, Stéphan Zientara!, Damien Vitour’** and Grégory Caignard'**
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NS4 BTV-8 interacts with WTAP
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WTAP is a proviral factor
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Towards comparative interactomics
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Towards comparative interactomics
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Towards comparative interactomics

e pathogen / non pathogen
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Towards comparative interactomics

e pathogen / non pathogen
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Biology of Orbiviruses (BIOR) activities

: Understanding disease features
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: Epidemiology

2 Vaccination

: Innate AV response

s Interactomics

. Others



African swine fever virus (ASFV)
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Interspecies “interferactomics”

PPI for preferentially targeted proteins of the IFN
pathway in multiple species: "Interferactomics”.
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« Conciliate interactomics and interferon response to
investigate pathogenesis and host restriction mechanisms. »
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Interplay between FMDV/IFN/persistence

viruses mbPy

Article

Host-Specific Interplay between Foot-and-Mouth Disease Virus Foot-and-mouth
3D Polymerase and the Type-I Interferon Pathway disease
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* highly contagious disease
e Can persist for >4 weeks (not in pigs)



Interplay between FMDV/IFN/persistence
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Interplay between FMDV/IFN/persistence
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Figure 2. Screening for protein—protein interactions between eleven FMDYV proteins and the
sixteen selected IFN pathway proteins from the cattle library. HEK293T cells were co-transfected
with a vector encoding a luminescent protein used for normalisation, as well as one of the four
vectors corresponding to each protein, enabling the expression of proteins carrying one of the
two nanoluciferase subunits at their N-ter or C-ter extremity. For each pair of interactors, eight
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Interplay between FMDV/IFN/persistence

« The 3Dro! protein of FMDV only interacts with porcine
MAVS, and not with its bovine, ovine or caprine orthologs.

* Role in persistence ?






