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Risk mapping and surveillance : Methods and
their applications

* Surveillance Objectives

- Keys in a vector-based surveillance system



A vector-based approach
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Surveillance Objectives

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

* RVF 1in 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




* 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



@® RVF in Comoros, Mayotte
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What happened in Mayotte (1/4)

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 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



What happened in Mayotte (2/4)

ne seroconversion nas oeen ooserve amongt e

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 1gG and 2 with IgM (14%)

x Recent circulation of the virus



What happened in Mayotte (3/4)

2. Retrospective study on bovine sera from
2007 and 2008

2007-2008
e Random sampling
« SAmpling performed between June 2007 and May 2008

Results
e 304 animals were tested in 104 different farms

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



Distribution, by village of the IgG seropositive farms

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

Figure 2: Rift Valley fever in Mayotte. a. human cases and animal and herd seroprevalences.

b. status of herds sampled for the longitudinal serological study
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What happened in Mayotte (4/4)

3. Definition of sentinel herds (goats) to

follow up the virus circulation

samples nave peen analyseo

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



@ RVF Information in Senegal
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Real-time Access to the data
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Outbreaks Maps
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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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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
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Distribution of the 428 1gG positive equines
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Distribution of the 177 IgM positive equines
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IgM levels: Crucial in terms of early detection



Early detection

* The information regarding
the suspected case 1s 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

Veterinary Services

Adminsitraive Veterinarian

Regional Veterinary Laboratory
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Utilisateur :

Mot de passe :

valider

EFming % & Internet
e



Edition  Affichage Faworis  Outils 7
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Systéeme d'Information Maladies des Equidés

page d'accueil

ACCUEIL | FCHES |  HISTORIQUE TEST NOUVELLE FICHE DECONNECTER

Ce site permet de consulter les fiches de recueil clinigue ayant été envoyées au serveur par un dispositif portable. Son contenu est
accessible 4 travers le menu ci-dessus, dont voici les items

Accueil : affiche cette page daccueil.
Fiches : affiche |a liste de fiches de recueil clinigque.
Historique : affiche des statistigues concernant |a réception des fiches de recueil clinique sur le serveur.
Test : affiche la liste de fiches de recueil clinique de test.
Nouvelle fiche : permet |a saisie et 'enregistrement d'une nouvelle fiche de recuell clinique.
Déconnecter : ferme la session utilisateur et réaffiche la page de login (il est important de cliquer sur ce lien avant de quitter le

site pour que d'éventuelles mises 3 jour solent sauvegardées).

&Tous drotts réservés - Calysténe Informatique Santé - 2004

ﬂ Internet
. |
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code
véto

APC
APD
APD
AP0
MCH
MCH
AP0
FGE
MR
APD
JCL
MCH
ErA
MCH
MCH
MR
MR
JCL
MCH

oo oo plplop oL o p e 0 e 0 e e pe

1

ACCUEIL

date &

01/11/2004
a1/11,/2004
241052004
16/10/2004
14/10/2004
1271072004
1271042004
11/10/2004
11/10/2004
05/10,/2004
05/M10,2004
04/10/2004
04102004
0z/10/2004
02102004
02102004
30092004
29/09,2004
23/08,2004

Systéeme d'Information Maladies des Equidés

FICHES

fiches

HISTORIQUE TEST HOUVELLE FICHE DECONNECTER

propriétaire

Richard
Alarcon

Gudin

Roulph
BOMILLO
FPLION

Arnaud

Raguin

ROCHE

Dravid
AUBAMEL
LAPEMDRIE
DUBOSCO
MALISE

BRLIN
MOLUTIER
BARTHELEMY
SCHROEBELER
BOMMET

equide

“agabond
Cesar

Lou du vidourle
Merueys
BAROHN
CEER

bibi

Foma
MASSAL
Courlis de brune
FARTISAM
PEMMY
AMAIS
LISTELLE
AQUSTIM
BAMDIT
FARD

IARA

IS0

localisation résultat mort

Les smm

13200 arles

13590 meyreuil

30670 aigues-vives
30220 AIGUES-MORTES
30220 AIGUES-MORTES
Smm 13460

Rapheles les arles
30600 wALNWERT

Smm 13460

30800 ZAIMT GILLES

30 600 WALWERT

171072004

30 600 WALWERT

30 600 WALWERT

30 600 WALWERT

30800 SAIMT GILLES

Arles 13200

30800 SAIMT GILLES

134RN | F& SAINTFS MARIFS NF

30092004

ﬂ Internet
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Systéeme d'Information Maladies des Equidés

historique des fiches regues

ACCUEIL | FCHES |  HISTORIQUE NOUVELLE FICHE DECONNECTER

date de réception nombre de fiches
03/11,2004 2
2841042004 1
221072004 1
18/10/2004 2
15/10/2004 1
13/10/2004 1
111072004 1
061072004 1
051072004 B
04/10/2004 1
30,/09.2004 5
29/0952004 10
28/0952004
270952004
260972004
25/09,2004
210972004
20/09/2004
1709/2004
15,/09/2004

Wk = m k| —= M =

Erming  Internet



v BTV, Host susceptibility to the vector

Bovines > Ovines > Caprins
(Viennet et al. 2012)

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



Conclusions — Hosts-

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



A vector-based approach

Vectors

®The case of
Culicoides into

Identification
Presence/Absence
Quantification
Dynamics
Capacity/ Competence

mainland France




|dentification of the vectors v.. :
involved in BTV transmission ey

Ceratopogonidae, haematophagous
More than 1253 species
About 40 involved in Orbivirus
transmission

C. obsoletus

Imicola Complex
Obsoletus Group
Pulicaris Group

C. scoticus

Morphological identification
Type of traps




Entomological surveillance, Culicoides,
France, 2002-2006
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2003-2004: Settlement of C. imicola in southern France

sept 2003
1 femelle pare gravide
sur 38 Culicoides - o

Mai 2003
1 male
sur 2218 Culicoides

juin 2004 ;1 femelle sur 8 Culicoides
sept 2004: 1 femelle sur 2 Culicoides
oct 2004: 3 femelles sur B Culicoides



BTV DATA BASE for BTV surveillance

Data
l

Technician

Traps data

Internet Page

|

DDSV

\ 4 \ 4

Results

Page « site de
piégeage »

A 4

Page
« campagne de
piégeage »

Entomologis

Detailed

Identification

Epidemiologist '

Maps

A 4

Page
« identifi-
cation »

S

Traps data

A\ 4

Page
«consultation
»

DataBase
Table traps Lor_:allsatlon
Environnment
Date, time
Climate
Vel g Presence of
animals
Table Species name
identification Number
species

Table maps distribution maps

Farmers
Veterinarian <«
Vet services

Others

A

A

Page
«Mono-
graphy »

Data on the disease

Page
«bulletins »

Disease surveillance Information Booklet
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-“Tf* SURVEILLANCE =2 Surveillance de la Bluetongue en France

b l"a o ; :"':r.:.: .
o Freigrs saitarEinle Oy medinm T Internet Explorer recommandé

-> SURVEILLANCE ==

1M DAGRICUTTURE

Monographie

ET BERAFRAES HURALEE
Vademecum
_ Les bulletins
Partenaires
Liens
Résultats Reéguligrerment des bulleting pour faire le point sur la maladie et g3 progression sont édités.

entomosunveillance
Afin de les consulter, cliguez sur le mensuel guivous interesse dans le tableau ¢i - dessous.

Connexion Année 2001 Année 2002 Annee 2003 Année 2004
Juin Juin Juin Aol 2003 - Juillet 2004
- e Juillet Juillet
Base de n "
données Aot Aaiit
Septermbre
Qctobre
Hovembre
ktp: [ iblue-kongue, cirad, fr [Bulletins/Index_Bulletin, php  Internet



g

Déterminations :

Campaghe ZBFLE-4 |i

Date de |a déterrnination

Identification of single species per campaign

Espéce achrawi

Estimatian

Type de determination Estimatif|i

Récapitulatif pour une campagne :

Sélectionnez une campagne existante dans la liste

Campagne : 2BPL4-2

Data about species for the whole campaign

Estimation Détermination définitive
Espéce Valeur | Espéce Nombre
Culicoides sp. g | newsteadi 7
| univittatus 1
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s58 ﬁ&bl http: /fblue-tongue. cirad.frresulbats_entomologiques/Zonsultation. php w

. SURVEILLANCE =2

m Accueil

Consultation

Bulletins

Campagnes
()
[dentifiant Date de
Campagne début

Monographie

Vademecum

Partenaires

Résultats
entomosurveillance

Connexion

Base de
données

Surveillance de la Bluetongue en France

Internet Explorer recommandé

o e s o, .'HEHCE
T ® ™, : o 13 AT MARTM _ i i
i 7 @ DECRAU W o ROGUETTE SUR.SIAGHE
/ 7] o LE GRALL __ r LE
: VICLA i e b AUVEAL i
I GARDEOLE " s ) . [ ) u:?‘ B g ® ROCUEBRLINE SURARGENS
=T O ChSAMTMITRE -, ) SADALIEBAMN.
" HISSANLEZ. @ ins LES. REMPARTS _ﬁz " ¥
enserune @ e @
s LE CASTELLET, -
Fo/ et
1 @ jonovenes
.Q-J‘
e N
— — @ SALSES.LE.CHATEAL
i b SEIMT-HAZAIRE
e ARGELES.- SUR-MER
z_"’._ '\—ql
1

T

Y

Afin d'obtenir 1a liste des campagnes effectuées pour un
site, cliguez sur la commune de votre choix

La fiste des campagnes apparait alors dans le tableau ci -
contra.

Afin de connaitre e détail des espéoeas frouvées pour uns
campagne, cliguez sur son identifiant dans le tableau.

Les résultats s'affichent dans une nouvelle fenstre.

ttp: [ iblue-ktongue, cirad, frfresulkats_entomaologiques)Consulkation, php

ﬁ Internet
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I 41 _E.,_! H

E SURVE“.LANCE e Surveillance de la Bluetongue en France
%;" Arsere eEnrEinie O mewen T Internet Explorer recommandé

m Accueil

Consultation L
Bulletins : . Sl & ypuce
Campagnes | b
( ERADE] Di‘ ROI) 4 e s !.g. ROGUET TE SUR, SIAGHE
Identifiant Datede | 1 g Irmodjuemmmms
Campagne début “:.é VIDALBAN.
Monographie I0PS1-1 0020515 ‘oecnoe @ 2
A0PS1-2 2002-06-17 R
Vademecum a0PS1-3 2002-07-18 11 @ jonaienes
30PS1-4 2002-08-28 o
R 30P51-5 2002-10-03 — @ SALSES.LE.CHATEAU
UL 20PS1-6 2002-10-24 - _
T 30PS1-7 2002-11-20 SAINT HAZMRE
a0PS1-8 2003-05-27 _ @it s
— I0PS1-8 W03-07-22 ~__ o~
BT 30PS1-10  2003-07-31 -

entomosurveillance 0FS1-11 2003-08-27

20P51-12 2003-10-07
30P51-13 2003-11-26

RETnEE 30F51-14 2004-01-28  afin d'obtenir la liste des campagnes effecteées pour un
-onnexion 30P31-15 2004-02-12 site, cliguez sur la commune de votre choix

I0FPS1-16 2004-03-10
Base de A0Ps1-17  2004-04-19 | a5 4iste des campagnes apparait alors dans le tableau ci -
donnees J0PS1-18 2004-05-17  contre.

30FS51-149 2004-06-16
30PS1-20 2004-07-28  Afin de connaitre ke détail des espaces trouvées pour une
2004-08-30 campagne, cliquez sur son identifiant dans le tableau.
2004-09-21

Las résultats s'affichent dans une nouvelle fenetre.

ktp: [ iblue-ktongue, cirad, frfresulkats_entomalogiquesConsulkation, php?Idx_Piege=30P51  Internet
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s58 @ http: /fblue-tongue. cirad.frfresultats_entomologiques/DetalCampagne. php?ldx:_Campagne=2APL6-34

fe de debut :

04-04-01

mmune : FORTOVECCHIO

rme : Latitude :
COMFIDEMTIEL
Longitude :

COMFIDEMTIEL COMFIDEMTIEL

Elevage :
Crins

vironnement du site : Frairie bordée d'une riviere. Pigge placé contre |a bergerie

ure début de piégeage : 19:00:00 Température
18.0000
ure de fin de piégeage : 02:45:00 Température
16.0000
gsence d'animaux : oui Ohservations complémentaires :

Détermination estimée

Espéce Nombre Espéce
Ceratopogonidae sp 7 Ceratopogonidae sp

Culicoides sp. 23 imicola
Ohsoletus gr. 113 lupicaris

newsteadi

nhsoletus

pulicaris

Vector Competence santonicus
scoticus

Univittatus

Finances (Surveillance, Research)

Date defin:
2004-04-02

Piege
ZAPLE

Altitude

Météo
Termps calme et dégagé
Météo
Termps calme et dégagé

Détermination définitive

Erming

ﬁ Internet



O@BTV In Europe
@ RVF in Mayotte ©



@ BTV in Europe : more than 26 serotypes

Altitude

0-100

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

| EEEOCDOE

2004

2001
2003 ‘

= AN




by Culicoides

* 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

Identification of new pathogens transmitted

i [ig

(] DR P | B
SRR

vvvvvvvv

wwwww

+ ot s e 20 0

e s e




Phylogenetic relationships to help in

the identification of the

iIntroduction process of the e
disease e
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Figure. Phylogenetic relationship of the S, M, and L RNA segments of Rift Valley fever viruses. Maximum likelihood analysis of the nucleotide (nt)

— ¥ N oy [y R
sequence difierences among a 661-nit region of S RNA segment (Panel A), a 703-nt region of the M RNA segment (Panel B), and a 176-nt region Schoemaker et al. , 2002 —
of the L RNA segment (Panel C) of RVF viruses was performed by using PAUP4.0b10 (Sinauer Associates Inc., Sunderiand, MA).



Where to look for the pathogen ?
Importance for updated diagnostic tools

* 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



Identification
Presence/Absence

. Quantification
Reservoirs s

{ P

® Case of WN in France ™



@® Pathogen detection in the reservoirs

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



Reservoirs survelillance, West-Nile in USA

Surveillance method
'Y

Human cases

Veterinary cases

Mosquitoes

sentinel hosts

Disease Activity

Dead bird




How to survey wild life fauna

Passive Surveillance Active Surveillance
Via the analysis of dead Via surveys targeted on

animals hunted animals

1 I
Network SAGIR, Specific surveillance
WNE contigence plans
= Alert = Diseases with zoonotic
and economic impact




Séroconversions

1 seroconversion
saint Just
(3405)

1 seroconversion

St Laurent d’AigouzeI

(3001)

9 seroconversions
Saintes Maries
(1321)

2 seroconversion
Tour du Valat
(1301)

Aucune
mortalité aviaire
rattachée au

virus WN f/%

Zone 13-30-34

Zone 11-66

http://west-nile.cirad.fr

8307 4 % 8304

8 371

= wd

"Zone 83




Sero-Survelllance on sentinel birds

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

it
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3002 1304

West Nile - Localisation des sites pour la surveillance avifaune - 2002
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Duck drawing

Photo Jennifer Pradel



ier  Edition  Affichage  Faworis  Outils 72

'F‘récédente - J @ @ i;j pRechercher “in:.;-‘Faw:uris eMédia @ E}}’\:v .,,__;,.. D @

556 @ http: / fveest-nile, cirad . frfiConnexion. php W (04

Surveillance de la fievre de West Nile en France

Accueill | : o -
Une infeciion des ofseany, . . -
Présentation de e Bienvenue - Gestion des donnees
la maladie R s fy_.f.ﬂ:’.'l‘l:?. 'S
I [z 1/ e ] a :
Historique le cheval et homme., E
a
Derniéres E
Inftormations _‘:‘L é
Partenaires E
Liens =l u':’
Protocole de

L'accés & la base de données (saisie des infarmations, correction et administration) est réseme aux
parttenaires du systéme de sumveillance.

e Four accéder 4 la base, entrez vos login et mot de passe
i H

Login |ru1|:|t|:|e [asse |

Connexion

survelllance 2004

Surveillance des

L

R ST —
de la surveillance

La fievre de
West Nile

{fievre du Ril pccidental)

Editlan 2004

ktp: [ fwest-nile, cirad, fr) Connexion, php %  Internet




ier

552

Edition  Affichage Faworis  Outils 7

@ http: / fveest-nile, cirad . fr/InterrogationZhoixRequete, php?IdxSike=1321

v OK

Surveillance de la fievre de West Nile en France

Interrogations - Choix de la requéte

Fone 34 -30-13 Code du site selectionné :

=

e

3o 3N 4
3 4053 901
3 03

3o

Zone 11 -66

-

1321 - Croazier

Nombre de prélévements : 63
Mombre de positifs ; 19
Détails :

« Liste des prélévements
effectués
» Liste des oiseaux positifs

Vous pownvez choisir un autre site en
Zone 83 cliquant sur la carte ci - contre.

Attention

Positivite ne sighifie pas séroconversion.
Line ssrocomversion est averse
uniguerment sl un oiseay positif o cbe
troung néoatif précédarnrnant.

8307 4 B304

#8317

ﬁ Internet
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s58 @hI:I:p:,l',l'west-nile.u:irau:l.Fr,l'Interru:-gatiu:-nRequete.ﬁ.IIPrel.php?Ideite=1321 w O
2004-08-10 1321RY negatif
2004-09-09 1321B positif
2004-09-09 1321BH negatif
2004-058-04 13214 positif confirmeé
2004-09-09 132144 positif
2004-05-09 1321R positif
2004-05-09 1321RB piositif
2004-05-09 1321Rd negatif
2004-05-09 1321ER negatif
2004-09-09 13211RBY negatif
2004-09-09 1321vH positif
2004-058-04 1321 positif confirmeé
2004-09-09 13210 @
2004-10-07 1321B positif
2004-10-07 1321BH néagatif
2004-10-07 13214 positif

Erming

| ﬁ Internet
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556 @ http: / fveest-nile, cirad fr/InterrogationRequeteallPos, php?IdxSite=1321 W (a4

Surveillance de la fievre de West Nile en France

Accueil Reésultat de la requéte
5 - | "Tous les oiseaux positifs du site 1321 - Croazier"
recsenianon do

la maladia Code de I'oiseau

Historique

: 13318
Derniéres
Inftormations
Partenaires 13214
Liens
12210
Protocole de
survelllance 2004
Surveillance des w
cas humains
Base de données M
Risultats
de la surveillance 131 ER
1331ve
13214
1321
Afin de connaitre e commermoaratif d'un oiseau trouvé positif, veuillez cliguez sur son code dans e tablead ci - dessus.
Commémoratif de I'ciseau :
Date du prélévement Code du prélévement Conclusion
Erming  Internet
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556 @ http: / fweest-nile, cirad . fr/InterrogationFequetealiPos, php?CodediseauPos=1321Y JaIdxSite=1321 W (a4
Partenaires 1321J
Liens
132140

Protocole de
survelllance 2004

Surveillance des M

cas humains

Base de données 1321REHB

Risultats

de la surveillance 13MER
1321v8
1321

Afin de connaitre e commermoratif d'un oiseau trouvé positif, veuillez cliguez sur son code dans le tablead ci - dessus.

Commémoratif de I'oiseau : 1321V

Date du prélévement Code du prélévement Conclusion
2004-06-04 n03346-12 négatif
2004-07-20 00334707 nénatif
2004-09-09 n0337an positif confirme
2004-10-07 o033sanMz positif
2020-00-04 00338611 doutews; & recontriler

ﬁ Internet
. |



What to conclude on the Reservoir
component ?

eed of adapted diagnostic tools serology

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



Environnement:
Iintegrated

approach Climate
' Ecosystem

Landscape @® Case of BTV In France

Evolution




The case of BTV and Culicoides

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



BTV distribution, 1991

—
—
~~

B Clinical signs
Il Serological proved
[ Suspected presence

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



Vector survival

Mellor, 2002

1 Sampled absences before 1998

C. pulcaris group
TTTT Northern limit

L1 11 Southern limit

Purse, 2005
[ BTV or AHSV affected before 1098 2] BTV affected 1998-2004

C. obsoletus group
T'TTT Northern limit

C. imicola group

TTTT Curent northern limit

LI 11 Southern limit TTTT Northern limit
before 1993



Risk mapping

Identification
Presence/Absence Identification

Quantification Presence/Absence
Dynamics (H-V-R-E)
Evolution

~_ ~_
Climate ' Quantification
Ecosystem Infection
Landscqpe Syndrome
Evolution Identification Serology
Presence/Absence Susceptibility
Quantification
Dynamics

Competence



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

A K, Map for Canine Leishmaniasis

hests: fraction of bites
taken on dogs = hi(h+x

Divide ¥ by hex

P A
e ;.:7' 4
Temperature in July .'H'-' {hrx)

” e o . Adjust for alternative

Brthg rate a= f(T)

Sand fiy mortality

@ Probability that
rate u,, =f(T) dogs becomes

Infectious

Transmission
probability sand fly
to dog
Rate at which sand flies
bmm- infectious | -r m V @ Transmizsion
Pt

probability dog to

pvac h e™™ah sand fly
Rate of losin
ﬂ""x}l‘d hex  p, Q:::-—“-a @ Im:ﬂuu;ﬂsl to

death or recovery in

dogs
Ry map

Hartemink et al., 2012

Figure 1. Schematic overview of the approach.
dat 10,1371 jowrnalLpons 020817 5001



Transmission pathway and risk factors involved
in dengue fever outbreaks

Racloz et al., 2012



Multiscale analysis for a vector-borne epidemic model

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

disappearing from

v S| model for the vectors with the hosts
disappearing from the model

F1cuRE 1. Compartmsntel deseription of the arbovirus model by [1), (.

Parameter | Meaming
Ny and N7 | Numbar of hosts and vectors
vy and 7 | barth mite for hosts and veetors
gy and 47 | probability of & host being mbected by a vector and vice-varse.
i [BSOvering Take
m* Number of altemnative blood sources

TaBLE 1. Description of parsmetsrs meaning in the comparimental model de-
piceted in Figure [[]




Free Zone

Zone at risk




Identification of
the favorable
ecosystem

Zone at risk




N

Free Zone

Zone at risk




Infected Zone Prevalence

Introduction 4

Detection level

Free Zone

Cross-sectional
study n°1

Zone at risk




Prevalence

Infected Zone

Introduction

Detection level

Cross-sectional
study n°1 Cross-sectional
study n°2

time

Zone at risk




Prevalence

Infected Zone

Introduction

Detection level

CFOSS'SeCt:O”al Cross-sectional
study n°1 study n°2

time

Zone at risk




Zone infectée

Introduction

Zone indemne

Zone a risque

Prevalence

Detection level

Cross-sectional
study n°1

Start of the
epidemics
detected by
the passive
surveillance

Cross-sectional
study n°2



Infected Zone

Introduction

Zone at risk

Epidemics
with severe

Prevalence human

Epizootics
start
detected by
the passive
surveillance

case

Detection limit

time

Cross-sectional
study n°1

Cross-sectional
study n°2



Hunbers Reported

2500

20000

1500

100

200

Disease Comparisons = GIDEOHN

B . . . Yy
- Time for surveillance and time for research , |

- Why tick diseases do increase in the

; United States?

» o
: N, 1,

& lhited States.
@ United States.
@ United States.
@ United States.

Ehrlichioziz - human monocutic, cases
Ehrlichioziz - human granulocutic, cazes
Focky Mountain spotted fever, cases

Lume dizeasze, caszes (Rates per 100, 0000

Copuright

2o - GIODEOW Informatics — www.GIODEOMoOnline.com

Year

Eates per 108,888
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