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Surveillance Objectives

• Vigilance
• Detection of an outbreak caused by a new vector borne disease in a 

country
• RVF in southern France

• Detection of a novel serotype of a known disease
• The case of BTV-8 in northern Europe (Netherlands)

• Risk prediction of a new outbreak of a known or unknown disease

• Surveillance
• Efficiency of implemented control methods

• BTV8 and BTV1 in France
• Epidemiological changes

• West Nile in the Camargue zone
• RVF in East Africa



A vector-based surveillance system
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Hosts

• Quantification

• Detection of the aetiologic agent
• Clinical/syndromic surveillance 
• Sero- Surveillance (longitudinal, case-study surveys)
• Virus Surveillance

• Resistance/ Susceptibility

 RVF in Comoros, Mayotte, 2009
 RVF in Senegal, 1998
WN in southern France, 2000
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What happened in Mayotte (1/4)

3 different studies following the human case (Comoros)

1. Studies focused in M’Tsangamougi area –March 2008
and animals from illegal movements

2. Retrospective study on bovine sera from 2007 and 2008

3. Development of a serosurveillance network based on
sentinel herds (goats) to follow up the virus circulation

First reported case: Child, 12 years old, September 2007, Comoros
Retrospective survey on 250 dengue-like syndromes in humans has 

confirmed the existence of 10 RVF cases (Sissoko et al., 2009)



1. Studies focused in M’Tsangamougi area –March 2008 
and illegally imported goats (2/2)- April 2008
• 13 animals IgG+ and 3 IgM+ among 79 zebus tested
• Follow-up of bovines found seronegative in March 2008 
One seroconversion has been observed among the 18 seronegative

bovines

• Follow-up of one caprine farm (9 seropositives among 12 tested
goats) and 4 other bovine farms (16 found + among 53 bovines)

• Among 29 illegally imported animals, 4 were IgG+ and 2 IgM +

In conclusion,

- among the 79 tested zebus, 13 were seropositive in April 2008
- among the 29 illegally imported goats, 4 positive IgG and 2 with IgM (14%)

Recent circulation of the virus

What happened in Mayotte (2/4)



2. Retrospective study on bovine sera from
2007 and 2008
Material

• Sera from zebu stored in the veterinary laboratory from
2007-2008 

• Random sampling
• SAmpling performed between June 2007 and May 2008

Results
• 304 animals were tested in 104 different farms

• Distribution in 14 villages
 Virus Circulation all over the island
 Importation from neighbouring and suspected islands

What happened in Mayotte (3/4)



Results

• 32 positives 
meaning 11 % 

of SP (IC : 7-14)

• Distribution:
In 7 of the 

14 tested
villages

In 24 farms

 Circulation of 
the virus in the 
whole island

/ 8
(5/31)

/ 9 (6/21)

/ 19
(5/61)

4 / 16
(4/46) / 10

(7/32)

/ 9
(3/26)

2 / 2
(2/5)

(nombre d’animaux positifs/ total)
Distribution, by village of the IgG seropositive farms



DISTRIBUTION  of the FVR SEROPOSITIVE RUMINANTS FARMS in MAYOTTE
(Follow up of the 104 bovines sampled in May 2008 with 13 cheptels ovines/caprines)



3. Definition of sentinel herds (goats) to 
follow up the virus circulation
• 13 caprine farms under investigation

• Between 4 and 35 animals (mean : 21)
• 272 samples have been analysed
Only, 5 farms were found seronegative and therefore

followed up as sentinel herds
Herds Seroprevalence: 62 % (IC : 35% - 88 %)
Intra-herd Seroprevalence between 6 and 42 %

 5 goats herds (between 4 and 35 goats) kept
as sentinels

 Sampled every 6 to 8 weeks

What happened in Mayotte (4/4)



 RVF  Information  in Senegal
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Toulouse

Pasteur Institute, Dakar

ISRA, Dakar

IRD, Dakar

INRA

ENVL

CIRAD
Validation

Field

Dakar
Lotus Notes

Real-time Access to the data
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The case of West Nile : Detection of the pathogen

West Nile evolutive cycle
(Zeller et al.,  2001)
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kilometres

1 Point = 1 cas clinique

1 Point = 1séronégatif

1 Point = 1séropositif

West-Nile serologic surveillance, 2000 
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West-Nile clinical surveillance, 2000

Nb of confirmed equine cases 
1/9/2000-5/11/2000 : 76 cases

• Fever : 47 (62%)
• Ataxia : 55 (72%)
• Paresis/paralysis: 36 (47%)
• Others :25 (33%)

Tremors:7; Hyperesthésiae 6; Chewing: 3
Behavioural pb: 2;  Hepatitis: 1



Distribution of the 428 IgG positive equines



IgM levels: Crucial in terms of early detection

Distribution of the 177 IgM positive equines



Early detection

• The information regarding
the suspected case is sent via 
a GSM- Real-time process

• Access to the information via 
a Website and Emails

• One third of the suspected
case were detected through
this network

WEBserver

Adminsitraive Veterinarian

Regional Veterinary Laboratory

Veterinary Services



WEBserver











Host susceptibility

 BTV, Host susceptibility to the vector
Bovines > Ovines > Caprins 

(Viennet et al. 2012)

West-Nile, Host susceptibility To the 
disease : Old persons and children > 
others
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Conclusions – Hosts-

• A oriented surveillance, when the hosts are easy
to identify

• Early warning system even if it is late compared
to the vector part

H
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Identification of the vectors
involved in BTV transmission

Ceratopogonidae, haematophagous
More than 1253 species

About 40 involved in Orbivirus
transmission

imicola Complex
Obsoletus Group
Pulicaris Group

Morphological identification
Type of traps

C. obsoletus

C. scoticus



Entomological surveillance, Culicoides,
France, 2002-2006



2003-2004: Settlement of C. imicola in southern France



BTV DATA BASE for BTV surveillance

Page « site de 
piégeage »

Page 
« campagne de 

piégeage »

Page 
« identifi-
cation »

Table traps Localisation
Environnment

Table traps

Date, time
Climate

Presence of 
animals

Table 
identification

Species name
Number

Page 
«consultation

»
Table maps species

distribution maps

Traps data

Results

Detailed
Identification

Maps

Technician
DDSV

Entomologist

Epidemiologist

Traps data

Others

Page 
«Mono-
graphy »

Page 
«bulletins »

Data on the disease

Disease surveillance  Information Booklet

Farmers
Veterinarians
Vet services

Data Internet Page DataBase





Onglet « Piégeage » - Identification des espèces :

Identification of single species per campaign

Data about species for the whole campaign







Vector competence
Finances (Surveillance, Research)



Pathogens
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 BTV in Europe : more than 26 serotypes

2004 4

2003 4
2000 2

2004
2001 2

2002 2

2004

2004

2001 6

4 16

2 4 9 16

2 4 16 2001 1

2001 1

2002 9

2004 9

2003 16

4 9

2004 16

1999 9

2000 169

Date de dernière occurrence Sérotype

Altitude

0 - 100
100 - 250
250 - 500
500 - 1000
1000 - 2000
2000 – 3000
3000 - 4000

2004 4

2004 4 1999 4

2006 8

2006 8

2007 8

2006 8

2008 8

2005 1

2007 1

2008 6



Identification of new pathogens transmitted
by Culicoides

• New BTV serotype = new disease ?
• Target animals: ovines, but BTV8 in 

bovines
• BTV6 in Netherlands announced

october 24,  2008
• 3 days later: vaccine serotype

• TOV in Switzerland
• Toggenburg orbivirus announced

Promed November 2 2008
• No clinics

• Schmallenberg virus in Germany with
congenital malformation, December 2011 



 RVF in Mayotte

Chevalier et al., 2004

Schoemaker et al., 2002

Phylogenetic relationships to help in 
the identification of the 
introduction process of the 
disease



Where to look for the pathogen ? 

• In the Hosts
• The most common and easiest

• In the Vectors
• Hard
• Frustrating , low significance

• Reservoir
• Important to better understand the disease epidemiology

Important to work in close collaboration with the 
National and International Reference Laboratories
with updated diagnostic techniques with a short 
delay in terms of response

Importance for updated diagnostic tools



Reservoirs
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 Pathogen detection in the reservoirs

West Nile evolutive cycle
(Zeller et al.,  2001)



Reservoirs surveillance, West-Nile in USA



How to survey wild life fauna

Passive Surveillance
Via the analysis of dead

animals

Active Surveillance
Via surveys targeted on 

hunted animals

Network SAGIR, 
WNF

 Alert

Specific surveillance 
contigence plans

 Diseases with zoonotic
and economic impact



West-Nile fever in avifauna, 2004

Zone 11-66

Zone _83

Zone 13-30-34

http://west-nile.cirad.fr

Aucune 
mortalité aviaire 

rattachée au 
virus WN

9 seroconversions
Saintes Maries 

(1321)

1 seroconversion
saint Just 

(3405)

1 seroconversion
St Laurent d’Aigouze

(3001)

2 seroconversion
Tour du Valat

(1301)

Séroconversions



Sero-Surveillance on sentinel birds

4 controls,  6 weeks apart on 150 ducks and 150 
domestic chickens

(anatidae et gallinacae)



Photo Jennifer PradelDuck drawing













What to conclude on the Reservoir
component ?

• (Bird) Sentinel Surveillance is not any more 
appropriate, to hard to manage, and does not 
avoid or predict outbreaks

• Need of adapted diagnostic tools (bird serology)

• Early warning remains a key point with a rapid
lab diagnosis as well as a realtime data 
management system



Environnement: 
integrated
approach
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The case of BTV and Culicoides

• Maximum Activity around+ 24 ° C
• Fly stop around: + 15-18 °C
• Can resist to short periods at -1,5°C
• Max temperature mean > + 12,5°C (10 following

days > 13°C)

• Population dynamics: Presence of Culicoides
linked to humidity and inversely correlated with
heavy rainfalls and wind

• - in dry zones: after rainfalls
• - in temperate zones: at the end of the hot season
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Clinical signs
Serological proved
Suspected presence

Atlas des maladies infectieuses des ruminants, 1991
P.C. Lefèvre, IEMVT/CTA

BTV distribution, 1991



Vector survival

> 12°5 all over the year

> 12°5 for 7 months

Mellor, 2002 Purse, 2005
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Hartemink et al., 2012

Establishment risk for emerging vector-borne infection: 
a case study of canine leishmaniasis in southern France



Transmission pathway and risk factors involved 
in dengue fever outbreaks

Racloz et al., 2012



Multiscale analysis for a vector-borne epidemic model

Souza et al., 2011

SIR model for the host with a modified incidence
rate (vectors disappearing from the model)

 SI model for the vectors with the hosts
disappearing from the model

Typical timescale for the host and vector are distinct
leading to asymptotic dynamics :



Infected Zone

Free Zone 

Customs

Zone at risk



Infected Zone

Free Zone

Customs

Zone at risk

Analysis of the risk
of introduction

Identification of 
the favorable 

ecosystem



Infected Zone

Free Zone

Customs

Zone at risk

Introduction



Infected Zone

Free Zone

Zone at risk

Introduction

time

Prevalence

Detection level

Cross-sectional 
study n°1

Contingence Plan



Infected Zone

Free Zone

Zone at risk

Introduction

time

Prevalence

Detection level

Cross-sectional 
study n°1 Cross-sectional 

study n°2



Infected Zone

Free Zone

Zone at risk

Introduction

time

Prevalence

Detection level

Contingence Plan Emergency 
Vaccination

Cross-sectional 
study n°1

Cross-sectional 
study n°2



Zone infectée

Zone indemne

Zone à risque

Introduction

time

Prevalence

Detection level

Start of the 
epidemics 

detected by 
the passive 

surveillance

Cross-sectional 
study n°1

Cross-sectional 
study n°2



Infected Zone

Free Zone

Zone at risk

Introduction

time

Prevalence

Detection limit

Epizootics 
start 

detected by 
the passive 

surveillance

Epidemics 
with severe 

human 
case

Cross-sectional 
study n°1

Cross-sectional 
study n°2



Why tick diseases do increase in the 
United States?

Time for surveillance and time for research
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 Following the BTV- 2 outbreak in Corsica in 2000,  surveillance has 
been implemented in to Mainland southern France  in 2001

 BTV surveillance in Mainland France

58% des troupeaux
prév. cl.: 5%
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