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Emerging infectious diseases: a One Health issue

Jones (2008), Nature.

60% of ID in humans are spread from animals. 

VBD account for ≥ 1/5 of all ID. 



Golding (2015), BMC Medicine.

VBD cause more than 700,000 deaths annually. 

Vector-borne diseases: the new threat ?



Vector-borne diseases: the new threat ?

2022

67 depts

Aedes albopictus in France



Arthropod-borne viruses

Leading arbovirus diseases today

ü Asfarviridae: African swine fever

ü Sedoreoviridae: Bluetongue, African horse sickness

ü Togaviridae: Equine encephalitis (EEE, WEE, VEE)
ü Flaviviridae: West Nile
ü Nairoviridae: Nairobi sheep disease
ü Phenuiviridae: Rift Valley fever
ü Peribunyaviridae: Schmallenberg
ü Rhabdoviridae: Vesicular stomatitis

dsDNA

dsRNA

(+) ssRNA

(-) ssRNA

ü Sedoreoviridae: Bluetongue, African horse sickness



Reovirales order

o dsRNA segmented genome

o Unenveloped (double-layer)

o 2 families ; 15 genus

ICTV Report 2022



Orbivirus: a vector-borne genus

Sedoreoviridae family

Matthijnssens (2022), JGV

Orbivirus genus: 22 virus species

Yang (2021), Virus genes

3 economically important diseases for livestock: 

o BTV: Bluetongue virus
o EHDV: Epizootic hemorragic disease virus
o AHSV: African horse sickness virus



Bluetongue virus



Bluetongue disease

Mild to severe 
disease

1st description: late 19th century, 
South Africa.

Poorly symptomatic

Most ruminants can be infected.



Bluetongue disease

Fever, oedemas, nasal discharge, lameness, haemorrages, ulcers, death…

haemorrhage near the base 
of the pulmonary artery



Transmission cycle

Purse (2005), NRMicro.



Transmission cycle

Purse (2005), NRMicro.

Culicoides midges: 1-3 mm



Viral particle

Tirosh-Levy (2022, Animals)

24 serotypes before 2008,
>35 serotypes today…



Genome organization

Roy (1994), Jin (2017)

19.5 kb

10 dsRNA segments (S1-10)

3,965 bp (S1) to 765 bp (S10)

1
2
3

4
5
6

7
8
9

10

5’ and 3’ UTR ; panhandle

Conserved hexanucleotide consensus sequence
at 5’ and 3’ end (packaging, translation)

ORF5’

GUU(A/U)A(A/U)

3’

AC(A/U)UAC

UTR
12-25 bp

UTR
29-100 bp

The genomic RNA contains 5’ cap structure

VP1
VP2
VP3

VP4
NS1
VP5

VP7
NS2
VP6

NS3 / NS3A

/ NS4

/ NS5



Replication cycle

Roy (2013), Fields

P. Roy (LSHTM, London)



BT global distribution: early to late 20th century

40°N

35°S

Wilson (PTRSLBBS, 2009)



1998-2006: BT circulation in Southern Europe

BTV-4

BTV-1 BTV-2

BTV-9

BTV-8

BTV-16
BTV-4

BTV-1

BTV-15

BTV4
Corsica

2003

BTV16
Corsica

20042000-01

BTV2
Corsica
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2006-2009: BTV8 epizootic in Europe

2000-01

BTV2
Corsica

BTV4
Corsica

2003

BTV16
Corsica

2004

BTV8/1
Europe

2006-09

BTV1

BTV8

Clinical signs 
in cows

ü 2009: > 30,000 cases

Vaccination
campaign

ü 2010: last French case !



2013-today: towards endemic BT circulation

2000-01

BTV2
Corsica

BTV4
Corsica

2003

BTV16
Corsica

2004

BTV8/1
Europe

2006-09

BTV1
Corsica

2013

BTV27
Corsica

2014

BTV1BTV27

Direct



2012-today: towards endemic BT circulation

2000-01

BTV2
Corsica

BTV4
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BTV16
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2006-09
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BTV27
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2014

BTV8

BTV8
France

2015

Julien Buttet, DDCSPP03
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2012-today: towards endemic BT circulation
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Nucleotide Substitutions (x100)
Bootstrap Trials = 1000, seed = 111

0

9.2

2468

BTV-4  Sardinia 16
BTV-4 FR Corse 16

76.0

BTV-4 HUN2014
100.0

BTV-4 Aries-tc-ZAF-11-Rus

95.9

BTV-4 SUD1983-01

54.1

BTV-4 MOR2009-10
BTV-4 SPA2003-03

NA

BTV-4 S2 ITA DQ191281
74.7

BTV-4 FR Corse 04

93.8

100.0

BTV-4 CYP2004-03

100.0

BTV-4 ARG 2002

100.0

BTV-4 EGY1977-01
BTV-4 Vaccine

100.0

Segment 2 

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

2012-today: towards endemic BT circulation

2016 – BTV-4 Corsica



2012-today: towards endemic BT circulation
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BT4+8

2012-today: towards endemic BT circulation



2023: new BT emergences in France and Europe

BTV8

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



2023: new BT emergences in France and Europe

BTV8

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

30/10/2023: >600 outbreaks in 17 departments.

Highly letal in sheep ; 
clinical signs in cattle.

A new strain of BTV-8… !!

BTV8 Nov.

BTV8 Oct.



2023: new BT emergences in France and Europe

BTV8

04/09/2023: BTV-3 outbreak in The Netherlands.

Highly letal in sheep (40%) ; 
clinical signs in cattle.

Sep. Oct.

Nov.

BTV3

17/11/2023: >4,000 outbreaks in NL.

Nov.

BTV8

BTV8 Oct.



2023: new BT emergences in France and Europe

BTV8 Nov.

BTV3

04/09/2023: BTV-3 outbreak in The Netherlands.

Sep. Oct.

Nov.

17/11/2023: >4,000 outbreaks in NL.

BTV4 Oct-Nov.

BTV8

BTV8 Oct.



Epizootic hemorrhagic disease virus



Epizootic hemorrhagic disease virus (EHDV)

1st described after a severe outbreak 
in white-tailed deer (Odocoileus
virgininianus) in New Jersey in 1955.

90% letal in WTD.

Shope (JEM, 1960)

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



Epizootic hemorrhagic disease virus (EHDV)

Emerging disease in cattle ; added to the 
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...

Viremia with no 
clinical signs

Resistant



Epizootic hemorrhagic disease virus (EHDV)

7 recognized serotypes...

French Antilles
Guyane 
La Réunion 
Mayotte

…and new putative 
serotypes

S. Africa ChinaJapan

Jimenez-cabello (Microorganisms, 2023)



EHD: Europe and Mediterranean basin

Savini (ResVetSc, 2011)

EHDV-6
(2006, 2012-13, 2020)

EHDV-1, 6 et 7 (2006)

EHDV-1
(2016)

EHDV-6
(2007, 2020)



Emergence of EHDV-8

EHDV-6
(2006, 2012-13, 2020)

EHDV-1, 6 et 7 (2006)

EHDV-1
(2016)

EHDV-6
(2007, 2020)

EHDV8

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



Emergence of EHDV-8

EHDV-6
(2006, 2012-13, 2020)

EHDV-1, 6 et 7 (2006)

EHDV-1
(2016)

EHDV-6
(2007, 2020)

EHDV8

EHDV8

EHDV8

EHDV8

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

A. Lorusso, IZST

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%)

Oct-Nov 2022: EHDV-8 reached Sardinia, Sicilia and Andalusia.



Emergence of EHDV-8

18 July 2023



Emergence of EHDV-8

Sept 2023



Emergence of EHDV-8

18 Sept 2023



Emergence of EHDV-8

18 Sept 2023



Emergence of EHDV-8

28 Sept 2023

• Loss of free status
• EHD categorized "D+E" by EC:

ü Compulsory declaration of outbreaks
ü Restrictions on intra-Community movements

(E.g.: Ban on exports of susceptible species if 
within a 150 km radius of outbreaks)

Lack of efficient control measures (no vaccine).



Emergence of EHDV-8

6 Nov 2023

Dr Vivien Philis, Lannemezan 
Dr Mylène Lemaire-Meyer (LVD09)

> 2,000 outbreaks

13 infected departments

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



African horse sickness virus



African horse sickness virus (AHSV)

S.
 Z

ien
ta

ra

1327: 1st description in Yemen.

9 serotypes.

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



African horse sickness virus (AHSV)
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1327: 1st description in Yemen.

9 serotypes.

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



Vertebrate hosts

Donkeys
(10% death)

Mules
(50% death)

Zebras
rarely display clinical signs

Horses
(50-95% death)

RESERVOIR ACCIDENTAL/INDICATOR HOSTS

EQ
U

ID
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
TH

ER
S

Camels

Antibodies detected with inconsistencies in 
other species ; limited epidemiological role.

Not 
zoonotic



AHS pathogenesis

Local replication at the 
feeding site, role of saliva

1

4

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

3

Blood dissemination: 
primary viraemia

2

Initial multiplication in 
regional lymph nodes

Inflammatory cytokines 
(IL-1, TNF-a)

Macrophages activation

Loss of endothelial cell-
barrier function

Excretion in all body 
fluids

Vascular permeability

Oedemas, effusions, 
haemorrhages

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



AHSV-BTV-EHDV: common and distinct features

Host(s)

susceptible

"reservoir"

Disease • Bleeding
• Inflammation

Transmission • Culicoides

Virus • Orbivirus 9 serotypes 36 serotypes 7 serotypes 10 dsRNA
segments

Epidemiology Absent Enzootic Emerging

AHSV BTV EHDV



Disease 
control

Animal 
movements

Slaughter

Husbandry

Vector 
control

Vaccination

Treatments

Prevention and control measures



Biology of Orbiviruses (BIOR): research activities

Diagnostics and tools

Epidemiology

Vaccination

Others

Innate AV response

Interactomics

Understanding disease features
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Understanding disease features

BTV-27 v01-v03 variants

ü Low Ab level
ü Prolonged viremia (isolation until 49 dpi)
ü Direct contact transmission 

Absence of RNA 
detection



Understanding disease features

IFNAR-/-



Understanding disease features

IFNAR-/-



Understanding disease features

IFNAR-/-

Virulence testing in isolator

ü AHSV strains
ü BTV-8 Aveyron-2023



Biology of Orbiviruses (BIOR): research activities

Diagnostics and tools

Epidemiology

Vaccination

Others

Innate AV response

Interactomics

Understanding disease features

• Expertise for the ministry of agriculture
• Kits evaluation
• EILA
• Management of a network of 52 LVDs



Diagnostics and tools

Clinical signs and lesions not always
obvious.

Complicated differential diagnosis in 
the early stages of the infection or mild
symptoms.

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

Clinical diagnosis

Direct:

• Virus isolation and amplification
• Antigenic detection
• Genome detection

Indirect: antibodies detection

• Seroneutralisation
• ELISA
• Miscellaneous (WB, IF, agglutination…)

Virological/lab. tests

detection of the virus and its
constituents



Diagnostics and tools



Diagnostics and tools

Mathilde 
Gondard



Biology of Orbiviruses (BIOR): research activities

Diagnostics and tools

Epidemiology

Vaccination

Others

Innate AV response

Interactomics

Understanding disease features



Epidemiology: worldwide

Ecuador

EHDV-1
BTV-9,13,18

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

Galapagos
No BTV/EHDV

Senegal
BTV-2

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

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



Epidemiology: Europe and Mediterranean basin

Tunisia
EHDV-6 (2006, 2012-13)
EHDV-8 (2021)

France
BTV-8 (≥2015)

Corsica
BTV-4 (2016)

France
BTV-4 (2017)

Egypt
BTV-3 (2016)
EHDV-1 (2016)

Italy
EHDV-8 (2022)



2015: understanding BTV-8 re-emergence

BTV8

Julien Buttet, DDCSPP03

Allier



2015: understanding BTV-8 re-emergence

Global aim: To investigate the 
origin and transmission history of 
BTV-8 in Europe using a genomic 
sequence comparison approach.

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

BTV-8 in Europe 2006-2018

• Full-genome sequencing on 164 blood samples:
• 2006-2009: n=96
• 2015-2018: n=68

M. Palmarini (CVR, Glasgow)



2015: understanding BTV-8 re-emergence

Chronological phylogenetic tree.

Epizootic
2006-2010 

Period with no apparent infection

Epizootic
2015-2018 

2006 ancestor



2015: understanding BTV-8 re-emergence

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

Genetic and temporal evolution between the two epizootics.



Circulation silencieuse ?
2015: understanding BTV-8 re-emergence

Silent circulation?



Circulation silencieuse ?
2015: understanding BTV-8 re-emergence

Silent circulation? Lab escape?



Circulation silencieuse ?
2015: understanding BTV-8 re-emergence

Silent circulation? Lab escape?

Cycle in unknown
host(s)…?



Circulation silencieuse ?
2015: understanding BTV-8 re-emergence

Silent circulation? Lab escape?

Cycle in unknown
host(s)…?

So what ?



seed harvest2015: understanding BTV-8 re-emergence

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



seed harvest2015: understanding BTV-8 re-emergence

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

2021



Biology of Orbiviruses (BIOR) activities

Diagnostic tools

Epidemiology

Vaccination

Others

Innate AV response

Interactomics

Understanding disease features



Vaccination

L.A.V.

InactivatedRecombinant

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

L.A.V.



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

• Biocontainment risk.
• Adjuvant required.
• Several inoculations.
• Expensive.
• Risk of uncomplete

inactivation.
• Not DIVA.

Need for alternatives vaccines



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)

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

*

*previously called Disabled Infectious Single Cycle (DISC) vaccines 



Vaccination

ECRA: Lulla (2016, 2017)

OR
AHSV4

WT

x2

ECRA monoserotype
AHSV4

ECRA cocktail AHSV1/4/6/8

ECRA

But,
complicated

and 
expensive

…



SPIDVAC project: new AHSV vaccine

Safe Priority Infectious Diseases VACcines Budget: 5.6 millions €

End 2025



« protein superglue »

Zhang/Zhou (2016-Nat Struct Mol Biol)

Multimeric protein
scaffold particle
vaccines (MPSP)

SPIDVAC project: new AHSV vaccine

Safe Priority Infectious Diseases VACcines Budget: 5.6 millions €

End 2025



Andrea Aebischer

- Domain 1 : VP2 aa 250-530-SpyTag
- Domain 2 : VP2 aa 219-530-SpyTag

SpyCatcher-mi3 

conjugation

SPIDVAC project: new AHSV vaccine



20µg* conjugated
or unconjugated

D1 or D2

*adjuvanted with Montanide ISA71 (Seppic)

AHSV4 
(5.105 TCID50)

IFNAR-/- (bck.C57)

Prime
D0

Boost
D21

Andrea Aebischer

- Domain 1 : VP2 aa 250-530-SpyTag
- Domain 2 : VP2 aa 219-530-SpyTag

SpyCatcher-mi3 

D1

D2

D1

D2

IM

Blood collection
D54 (D+5)

Serum
sampling+challenge

D49

conjugation

SPIDVAC project: new AHSV vaccine



  RT-qPCR SNT  
Antigen Animal ID Cq value Titer 

 
Domain 1  

2337 26,38 <1/10 
2003 no Cq 1/640 
2137 36,66 1/320 
2317 32,62 <1/10 
1938 37,17 1/10 
2333 34,21 1/10 

 
 

  

 
Domain 2  

2186 31,61 <1/10 
2341 37,32 1/40 
2185 35,8 <1/10 
2406 no Cq 1/320 
2079 no Cq 1/320 
2095 no Cq 1/20 

     

 
Domain 1 + 

mi3 

2133 no Cq 1/1280 
2063 no Cq 1/640 
1934 38,19 1/240 
2190 no Cq 1/640 
2182 no Cq >1/1280 
2393 no Cq 1/960 

     

 
Domain 2 + 

mi3 

2254 37,61 1/60 
2323 no Cq 1/480 
4162 no Cq 1/640 
3823 no Cq 1/1280 
2181 no Cq 1/480 
1935 37,05 1/120 

     

 
Control 

2189 24,64 <1/10 
1943 26,14 <1/10 
2014 26,55 <1/10 

 

D1

D2

• All vaccinated animals protected from 
clinical disease 

• The majority of the vaccinated animals had 
developed neutralizing antibodies

• However, mice receiving the antigens 
conjugated to mi3 showed a markedly 
improved immune response

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

SPIDVAC project: new AHSV vaccine
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Biology of Orbiviruses (BIOR) activities

Diagnostic tools

Epidemiology

Vaccination

Others

Innate AV response

Interactomics

Understanding disease features

Innate antiviral response

ü Sentinel
ü Early detection
ü Disease control
ü Prepare the adaptive response
ü Type-I interferons (and other 

pro-inflammatory cytokines)



Type-I interferon (IFN-a/b) signaling pathway

IFNAR

PKR

Mx

ISG56

ISG20 OAS

IFN-b

INDUCTION
RESPONSE

ISGs



Type-I interferon (IFN-a/b) signaling pathway

IFNAR

IFN-b

TRIF

IRF3

RIG-I MDA5

P

ISGs

IKKa/b

PKR

Mx

ISG56

ISG20 OAS

TBK1 IKKe

NF-kB

TLR3
MAVS

NF-kBIkBa

IKKa/b

P

NF-kBIkBa

dsRNA

vRNA JAK1 TYK2

STAT1 STAT2

IRF9

P



IFN-a/b synthesis upon BTV infection

Huismans (OJVR, 1969)

Foster (Am J Vet Res, 1991)

IFN-b

MAVSTRIF

IRF3

RIG-I MDA5

P

IKKa/bTBK1 IKKe

NF-kB

TLR3

NF-kBIkBa

IKKa/b

P

NF-kBIkBa

dsRNA

vRNA

BTV10

Primary murine cells

IFN
H. Huismans (VRI, Ondersteeport)



IFN-a/b synthesis upon BTV infection

Chauveau (J Virol, 2012)

BTV-8

A549

RT-qPCR,
WB, IF

6-72h

E. Chauveau



IFN-a/b synthesis upon BTV infection

Chauveau (J Virol, 2012)

BTV-8

IFN RT-qPCR
IFN ELISA

24h

A549

24h

siRNA

IFN-b

MAVSTRIF

IRF3

RIG-I MDA5

P

IKKa/bTBK1 IKKe

NF-kB

TLR3

NF-kBIkBa

IKKa/b

P

NF-kBIkBa

dsRNA

vRNA



IFN-a/b synthesis upon BTV infection

Chauveau (J Virol, 2012)

BTV-8

IFN RT-qPCR
IFN ELISA

24h

A549

24h

siRNA



IFN-a/b synthesis upon BTV infection

Chauveau (J Virol, 2012)

BTV-8

Viral titer
BTV RNA

24h

A549

24h

MDA5
RIG-I



ANTIVIRAL 
RESPONSE

ESCAPE 
STRATEGIES

Most of viruses can inhibit the IFN pathway



Antagonist function of BTV on IFN-a/b signaling

IFN-b

IRF3

RIG-I MDA5

P

IKKa/bTBK1 IKKe

NF-kB

vRNA

MAVS

IFNb-Luc

293T

RIG-I
+

8h 16h

Luciferase
activity

BTV-8

E. Chauveau, V. Doceul

Chauveau (J Virol, 2013)



Antagonist function of BTV on IFN-a/b signaling

IFN-b

IRF3

RIG-I MDA5

P

IKKa/bTBK1 IKKe

NF-kB

vRNA

MAVS

Chauveau (J Virol, 2013)

IFNb-Luc

293T

RIG-I
+

16h

Luciferase
activity

vProt
+



Antagonist function of BTV on IFN-a/b signaling

IFN-b

IRF3

RIG-I MDA5

P

IKKa/bTBK1 IKKe

NF-kB

vRNA

MAVS

Chauveau (J Virol, 2013)

IFNb-Luc

293T

RIG-I
+

16h

Luciferase
activity

vProt
+

NS3
?

IFNb-Luc

293T

agonist
+

O.N.

Luciferase
activity

NS3
+



Antagonist function of BTV on IFN-a/b signaling

IFN-b

IRF3

RIG-I MDA5

P

IKKa/bTBK1 IKKe

NF-kB

vRNA

MAVS
• Golgi
• Ubiquitin-binding domain
• Required for optimal TBK1 activation

Optineurin (OPTN):

O
PT

N
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M. Pourcelot, D. Arnoult
(Inserm U1197, Villejuif)

Pourcelot (BMC Biol, 2016)



IFN-b

IRF3

RIG-I MDA5

P

IKKa/bTBK1 IKKe

NF-kB

vRNA

MAVS

FLAG-MAVS

GST: (-)

IB FLAG

PD GST 
IB FLAG

VP
3

VP
7

NS
2

VP3

Antagonist function of BTV on IFN-a/b signaling

Pourcelot (Viruses, 2021)

M. Pourcelot



Biology of Orbiviruses (BIOR) activities

Diagnostic tools

Epidemiology

Vaccination

Others

Innate AV response

Interactomics

Understanding disease features



Context - Objectives

ü Pathogenesis
ü Host response
ü Transmission

Despite recent breakthroughs in our understanding 
of BTV replication and virulence, many issues 

remain unresolved, regarding:

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.
M. Pourcelot
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BTV8 NS3 interactome by co-AP / mass. spec.

PIGT

WTAP

RRP1B

THOC2

TARBP1

TNPO1

DSG1

EIF2B1

MDN1

CHD4

ATXN10

IPO7

NOP2

ACOT9

NS3

UNC45A

LUC7L3

TKT

PDS5A

CCDC47

PELO

SFXN4
HEATR3

XPOT

EXOSC10
ABCB10

BRIX1

SCAF4

DIMT1

SAMM50

HADHA

TERF2

CALR

TELO2

FANCI

PAICS

DCAF7

EXOC1

CSE1L

BRAF

PDLIM5

EIF2B3

GCDHIPO4

IPO9

ECD

PSMD8
RPAP3

NARS

RANBP6

FAF2
MYCBP2

DDX54

CRNKL1

ABCE1

ZC3H15

IPO5

UBR4

PABPN1



BTV NS3 activates the MAPK/ERK pathway
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DB

ELK1

Luciferase

G. Caignard, C. Kundlacz



BTV NS3 activates the MAPK/ERK pathway

BTV-8
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BTV NS3 activates the MAPK/ERK pathway

NS3



High throughput study of PPI using 
yeast two-hybrid (Y2H) approach

AD: Gal4 activation domain
DBD: Gal4 DNA binding domainFrom Brückner (2009)



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

BTV8 BTV27
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G. Caignard

C. Kundlacz

A. Fablet



BTV8/27: interactions map

Identified interactors ≥ 2 times

Viral protein
Bovine interactor
Culicoides interactor



NS4 BTV-8 interacts with WTAP

Aurore 
Fablet



NS4 BTV-8 interacts with WTAP

GST pulldown



WTAP is a proviral factor



Towards comparative interactomics

AHSV interactome mapMarine 
Lemesle



Towards comparative interactomics
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Towards comparative interactomics

• pathogen / non pathogen 

• virulent / attenuated

• host A / host BNew factors of pathogenicity/virulence

New factors of interspecies transmission

+

Viral 
protein

Cellular 
protein

Mutation



Towards comparative interactomics

• pathogen / non pathogen 

• virulent / attenuated

• host A / host BDirect inhibitors of virus-host interactions

+

molecule

Indirect inhibitors of virus-host interactions
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G. Caignard

J. Dupre

African swine fever virus (ASFV)



PPI for preferentially targeted proteins of the IFN 
pathway in multiple species: “Interferactomics”.

RIG-I

MDA5

MAVS
STING

TRIF
TRAF3

TBK1
IKKe
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p65
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JAK1

STAT1
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Cloning
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CoV
IAV HEV

PCA 
screening

Flavis
+

« Conciliate interactomics and interferon response to 
investigate pathogenesis and host restriction mechanisms. »

Interspecies “interferactomics”



Interplay between FMDV/IFN/persistence

• highly contagious disease
• Can persist for >4 weeks (not in pigs)

Foot-and-mouth
disease
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Interplay between FMDV/IFN/persistence



Interplay between FMDV/IFN/persistence

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

• Role in persistence ?



Thank you for your attention


