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1/4- Introduction: complexité systémique de la dengue
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1/4- Introduction: complexité systémique de la dengue

Echelle micro Echelle méso Echelle macro

- Résistance génétique - Prévalence d’anticorps - Densité de population

- Statut immunitaire - Infection asymptomatique - Mobilité
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sérotypes - Pyramide des ages
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- Container pour ponte - Gestion de 1’eau et des déchets - Température / Précipitation
- Moustiquaire - Modes d’occupation du sol - Planification urbaine
- Humidité - Densité de 1’habitat - Réseaux de transport

Daudé E. et al. (2015)
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2/4 - Du modele agent au modele Aedes 4 H
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2/4 - Du modele agent au modele Aedes 5 H
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Espace X,y

7

Observation Temps t
populationnelle

x3,y3

Surveillance
individuelle.
T

Seuils?
Quand?

ou?
Quelle extension?

Taille de population Espace X,y

Les douziemes Rencontres de Théo Quant , 20-22 Mai 2015, Besancon



2/4 - Du modele agent au modele Aedes

Modele SEASON: Spatial Explicit Aedes aegypti SimulatiON
Modele a base d’Aedes

World

-dailySunriseList
-dailySunsetList
-dailyTempList

-dailyRainList
1 +createAgents()

+loadMeteoData() |@p—————

+StopSimulation() 1

+dailyAedeskKill()

Aedes SpatObj

-stage -targetAttractList
-location3d -landUse
-current-activity -airAvgTempC
-selectedTargetType -waterAvgTempC
-bloodStock 0. 1 |-dailyStockAqualList
-energylLevel -nbNewAdult
-targetNeedList -location3D
-flyRandom() -updateTargetAttract()
-followTarget() -updateStockAedes()
-takeBlood() -TempKillAedes()
-layEgg() -updateMeteo()
-takeNectar() -updateLight()
-rest() -...()
-decideAction()

-0

Maneerat S., Daudé E. (2015)

v' Données journalieres des T° et
Précipitation (agent World)

v' Comportements du moustique et
son cycle de vie (agent Aedes)

v Environnement construit selon les

besoins et contraintes des
moustiques (agent SpatObj)
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2/4 - Du modele agent au modele Aedes 7 H

Parametres liés aux comportements

Comportement de vol

Limite d’age \ Distribution uniforme [0.5, 1] m/s
Distribution uniforme [21, 30] jours //(“ .
Sl - Stock max. d’énergie

/ 3 jours
Durée d’un repas sanguin
Distribution uniforme [5, 60] sec.
Taux de piqure Vitesse de ponte
0.8 Distribution uniforme [1,3] oeufs/mn
VIRGIN OVIPO GONO DEATH

Diagramme de transition entre états d’Aedes
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2/4 - Du modele agent au modele Aedes
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2/4 - Du modele agent au modele Aedes

SpatObj: des agents-ressources dynamiques
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3/4 — SEASON: un laboratoire virtuel

W

Experimentations

[ o Zone d’étude au Sud de Delhi (Inde)

A ]

MHKS (Malviya nagar, Hauz rani, Khirki et Saket)
1,8 km?2
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3/4 — SEASON: un laboratoire virtuel 11 H

Exemple: la classification des classes d’occupation du sol a MHKS

Legend

land use classes

I high density builtup

[1 low density builtup

[ medium density builtup

[ public builtup

Il road in high density area
I road in low density area
I road in medium density area
B road in public area

=] [ green space

[ openspace in high density
[_] openspace in low density
[_] openspace in medium density
[ openspace in public

N

0 f100m

—

Source: environmental characteristics from a survey from the 4th - 6th, Nov 2014 in Malviya Nagar and Saket areas, New Delhi, India
Created by Somsakun Maneerat on the 3rd, Dec 2014
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3/4 — SEASON: un laboratoire virtuel 12 H

Cas d’études : 7 scénarios = 7 différents sites de ponte

Scenario | SpatObj | Characteristic Description of land use in 50m around a
id representation breeding site 10
S1 0 Born in a built up in a high density area near a

= e
7 = . . 0.9
¢ P big green space viand_p
I 0.8 ®vland_m
mvland_|
0.7
" " mvland_h
S2 3352 Born in an open space near by a big green space 06 miree
_SpatQbj and some built ups road_p
02 road_m
0.4 mroad_|
mroad_h
1 1 H H 03 ublic
S3 1203 Born in a built up found in the middle of well Z‘:
5 . . uiltup_m
o =SpatObj1203 organised and less density area near by a small o2 m builtup,_|
open space and green space with presence of 01 mbuiltup_h

collector roads 00
S4 3954 Born in a built up found at the border of well
j3954 organised and less density area and high density
area near by a small green space and open space
with presence of collector roads

The presence of land use categoriesin 7 scenarios

Percentage of land use area

SpatObj0  SpatObj1203 SpatObj1345 SpatObj2079 SpatObj2428 SpatObj3352 SpatObj3gsa

S5 2428 Born in a built up in very high density area with
presence of lanes
, Variables de sortie:
S6 2079 ;.".?_ Born in a built up in a middle high density, quite D|Stance maX|maIe de VOI
L. ; ; .

. Jraele th f collect

_:;t;j:i:i; j2079 er%aglszg area with presence of collector roads danS une populatlon de

= ke my, ]

moustiques
S7 1345 Born in a big built up (a mall) with a presence of
bj1345 few collector roads
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3/4 — SEASON: un laboratoire virtuel

SEASON: un laboratoire virtuel pour étudier les dynamiques de
populations vectorielles en milieux urbains
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350 simulations de 7 scénarios de 100 moustiques (50sim x 7)
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4/4 — Résultats et utilisation du modele SEASON

Les agents Aedes sont sédentaires (X = 21.35, 0 = 15m),
ce qui est en accord avec les précédentes études

Dispersal (m) Reference Observation

16.8 —24.7 Muir & Kay ,1998 Increase in dispersal for breeding site

30 (mean) Otero & al., 2007; Getis & al.|Coefficient uses in an equation

2003

Less than 20 McDonald, 1977 Release experiment in Kenya

78% less than 22.86 [Morlan & Hayes, 1958 Release experiment in Georgia

57 (mean) Trpis & Hausermann, 1986 60% found in house within 50m

30-50 Rodhain & Rosen, 1997 Suggest visit of not more than 2 to 3 houses
in their lifespan

30.5 Ordonez-Gonzalez & al.,2001 |Release-recapture  experiment,  majority
captured in their release house or the adjacent
one
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4/4 — Résultats et utilisation du modele SEASON

| ’effet « Course d’'Obstacle »

160 Relation between the average of maximum flight distance and the presence of
land use classes
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Created by Scrnsabun Masesst on the I, Dec 2014

Les douziemes Rencontres de Théo Quant , 20-22 Mai 2015, Besancon



4/4 — Résultats et utilisation du modele SEASON

| 'effet « Dracula »

Influence of blood source availibility to maximum flight
distance
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Correlation entre la distance de vol et la disponibilité du sang (R? = 0,59)

Maximum flight distance {m)
Averagage maximum of human
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4/4 — Résultats et utilisation du modele SEASON

Estimation de la tendance de dispersion des moustiques
selon les niveaux de barriere a MHKS

0 100 m

Legend

Max capacity to disperse (rate)

Il Very short (0.0000 - 0.8911)
B Short (0.8911 - 0.9258)
% Medium (0.9258 - 0.9514)
Far (0.9514 - 0.9731)
Very far (0.9731 - 1.0000)
[ Study area limit

Source:

- Estimation of dispersal data based on function obtained from 47 simulations of a population of 100 Aedes in 7 breeding sites ( y = -0.0033x + 85.264 while x= the different between
barrier border and access border in a grid of 50x50m)

- environmental characteristics from a survey on the 4th - 6th, Nov 2014 in Malviya Nagar and Saket areas, New Delhi, India

Created by Somsakun Maneerat (DENFREE & AEDESS Projects) on the 10th, Feb 2015
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2 - Du modele agent au modele Aedes 19 H

Evolution du stock d’Aedes (des ceufs a la femelle adulte)

Rainfall / manual fill

.................

N ]

New eggs Submerged Larvae (in/out) Pupae (in/out)
(in/out) eggs (in/out)

—» Enzyme kinetic function (T°) (Sharp & DeMichele, 1977)

- Les P° ou le remplissage manuel des gites lance le processus de
développement aquatique,

- Chaque stock représente une liste journaliere de différent stade,

- Le nombre de jour nécessaire au développement a ’intérieur d’un stade
et au passage a un autre stade est controllé par une équation de type
enzyme-kinetic, qui dépend de la T° de l’eau,

- Les stockes aquatiques (oeuf, larve, nymphe) sont distribués dans
’espace, classe SpatObj (indoor ou outdoor).
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