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Transmission accidentelle a I’lhumain et au cheval
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Surveillance integree du virus
du Nil occidental
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Lineage 1a
- Lineage 1b (Kunjin) .
I Lineage 1c (India)
Lineage 2
e Lineage 3* (Rabensburg)
I Lineage 4* (tick isolates)
- Lineage 5* (India)
Spanish lineage*
- Malaysian lineage*
e Serological data only
¥ Putative lineage

Ciota and Kramer (2013)
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Distribution mondiale des insectes du genre Culex complexe pipiens
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La situation en Europe

Distribution of West Nile fever cases by affected areas, European region and Mediterranean basin .
Transmission season 2017; latest data update 21 Feb 2018 S
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La situation en Europe
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Revenons un instant sur le cycle de transmission !

West Nile Virus Transmission Cycle

In nature, West Nile vinus cycles between mosquitoes (especially Culex species) and birds. Some infected bisds, can devedop high leveds of the virus
In thedr bloodstream and mosquitoes can become infected by biting these Infected tieds, After about 2 woek, Infected mosquitoes can pass the vius
to more birds when they bite.

Mosquitoes with West Nile virus also bite and infect people, horses and other mamenals. Howewer, bumans, horses and othes mamimals ate ‘dead end’
hosts. This means that they do not develop high Jevels of virus in their Bloodstream, and cannot pass the virus on to other biting mosquitoes.

https://microbewiki.kenyon.edu/index.php/West_Nile_Virus_in_Birds



:’Q '19 Journées
| 1 i Nationales
LIl N | d'Infectiologie |

o
<]
=
O
<
&4
=
©
]
m
O
]
2
5]
=
o
©



197 Journées

Nationales
d'Infectiologie

Quelles peuvent étre les implications d’un systeme riche vs pauvre en espéces hotes
dans la transmission infectieuse du VNO ?

Communauté riche en espeéces Communauté pauvre en espéces

Roche and Guégan (2008) . .
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Des niveaux de résistance/susceptibilité différentes entre espéces d’oiseaux,
et donc des roles dans la propagation différents
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cancentration of WNV more than a billlon times 0 1 2 3 4 5 6 7 8
needed to reliably mare WNV in their blood -
Infect a biting mosquito than & human! Days post infection

BHCO=Brown-Headed Cowbird (Molothrus ater)
BRBL=Brewer's Blackbird (Euphagus cyanocephalus)
RWBL=Red-winged Blackbird (Agelaius phoeniceus)

https://microbewiki.kenyon.edu/index.php/West_Nile_Virus_in_Birds
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Communauté plus ou moins riche
en espéces de réservoirs
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Communauté plus ou moins riche
en espéces de vecteurs
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Nécessité de prendre en compte la transmission infectieuse en considérant
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réservoirs/vecteurs

Roche et al. (2009)
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Nécessité de prendre en compte la transmission infectieuse en considérant
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L'exemple de la transmission du virus du Nil occidental
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L'exemple de la transmission du virus du Nil occidental
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L'exemple de la transmission du virus du Nil occidental
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L'exemple de la transmission du virus du Nil occidental
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L'exemple de la transmission du virus du Nil occidental
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L'exemple de la transmission du virus du Nil occidental

Virus du Nil occ. (Camargue)
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Effet de dilution et nombre de cas de malades de la fievre du VNO aux EUA
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Importance du changement d’hotes par les insectes Culex dans la transmission du virus
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Transmission du virus du Nil occidental. Ce qu’il faut retenir !

v~ Lune des transmissions les plus complexes a intégrer

v~ La dynamique de transmission dépend des communautés d’especes réservoirs et
d’especes de moustiques vecteurs

vy~ Ces communautés d’especes peuvent elles-mémes étre sensibles aux modifications
d’habitats ; la présence de cas en ville doit étre liée a certaines espéeces d’oiseaux
(et d’insectes) adaptées aux villes

v~ Les différences de profils « éco-épidémiologiques » entre I'Europe et les régions néarctiques
d’Amérique du nord sont en grande partie dues a la composition des faunes

v Les habitudes alimentaires et le changement d’hotes de certaines especes de Culex (oiseau
vers mammifére dont humain) sont aussi importants pour comprendre le VNO

v~ Aux EUA, la possibilité d’hybridation entre sous-espéces de Culex (expérimental)
et le changement d’hotes accroitrait la transmission du virus

v~ (En Espagne), I'aléa viral est maximal dans les zones a forte abondance du moustique
Cx perexiguus et non occupées par I’humain
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- Mosquito community influences

West Nile virus seroprevalence in
wild birds: implications for the risk
of spillover into human populations

Josut Martimer-de In Puente 5%, Marting Ferraguti®, Santiago Ruiz®*, David Roiz™*,
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epitope biocking ELISA kit and & micro wirus.neutraiizetion test (VNT). The presence of WNY antibodies
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hat the enzootic cradation of WNV in Spain occoes In areas with larger populations of Cx. per exigoss
and how husnan poputation denslies.
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Figure 1. Distribution of the 45 studied localities that consisted of 15 urban (blue), 15 natural (green) and 15
rural (red) areas. Localities with birds with WNV positive sera according to VNT analyses are marked with
squares. This map was created using ArcGIS v10.2.1 (ESRI, Redland).

Mosquito species richness

Cx. perexiguus 1.93
Cx. theileni —281
Oc caspius —254
Explained variance 5%

Table 2. Results of the LMMs explaining varfance in WNV seroprevalence estimated by ELISA (N=45
localities). Only estimate (est), z and p values of the independent varlables included 1n the final LMMs are
shown; significant assoctations are marked in bold. Habitat category and the number of Cx. pipfens captured did
not significantly tmprove the fit of the models.

Mosquito species richness 07 172 !
Cx. modestus 068 1.64 0.10
Cx. perexiguus 1.39 282 0.01
Cx. theileri 092 187 0.06
Oc. caspius —054 202 0.04
An. atroparvus —1.01 199 0.05
Explained variance %

Table 3. Results of the LMMs explaining vartance in WNV seroprevalence estimated by micro virus-
neutralization test (VNT) (N = 45 localities). Only estimate (esf}, z and p values of the Independent variables
included in the final LMMs are shown; significant assoctations are marked in bold. Habitat category and the
number of Cx. piptens captured did not significantly improve the fit of the models.
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Figure 2. Partial dependence plot for mosquito log-transformed captures and: (a) the percentage of land area
covered by wetlunds (log ratio transformed ); (b) the percentage of land area covered by urban aress

{log ratio transformed): {¢) human population density (log-transformed ). Partial dependence plot for species
richness (number of different species) and: (d) the percentage of land area covered by urban arcas (log ritio
transformed); (¢} human population denuity (log-transformed); (f) the distance to the nearest marshland {m)
Partial dependence plot for Cx thetlert captures und: (g) the percentage of land area covered by urban areas
(log ratso transformed); (h) the percentage of land area covered by wetlands (log ratio transformed ); (i) the
summer NDVT index. Partial dependence s the dependence of the probability of presence of one prodictor
variable aftec averaging out the effects of the other predictor variables in the model

I ]

Abundance T 298(0.42° | 427(042° | 496 (0A1F

Richness 5.46 (0.42) 7.07 (0.42)° 7.73(0.42)°

Diversity index 0.34 (0,04 0.48 (0.04) 0.42 (0.04)* 4.84
An. atroparvus 0.23 (0.350 0.97 (0.35)° 0.91 (0.34)° 8.02
Cx. modestus 0.16 (0.258 0.39 (025 0.79 (0.24)° 10.30
Cx. perexiguus 0.20 (0.35) 0.78 (0.35)% 1.05 (0.34) 7.97
Cx. pipiens 265 (0.25)8 254 (0.25) 3.33(0.25)8 7.90
Cx. theileri 0.99 (0.64)* 320(0.64)° 3.06 (0.62)° 2498
Oc. caspius 0.51 (0.38) 1.85(0.38)° 2.29(0.38)° 16.63

Table 1. Least square means (SE) of mosquito abundance, species richness, diversity and the abundance of
the six commonest species of mosquitoes with respect to habitat categories. x* and p values of each GLMM
are shown. Values differing significantly according to Tukey test are marked with different letter.

Abundance 1 45.35 (++) Wetlands, (—) Urban land, (—) Human density

Richness 250 32.06 (—) Urban land, (—) Human density, (—) Marshland

An. atroparvus 1 41.25 (+) Summer NDVI, (+) Wetlands, (— ) Urban land

Cx. modestus 100 19.07 (+) Wetlands, (—) Marshland, (+) Summer NDVI, (—) Winter NDVI
Cx. perexiguus 1 26.59 (+) Summer NDVT, (+) Autumn NDVI, (—) Urban land

Cx. theileri 2 45.55 (=) Urban land, (+) Wetlands, (+) Summer NDVI

500 45.76 (—) Marshland, (—) Urban land

Oc. caspius

Table 2. Results of the random forest analyses on the total mosquito abundance, species richness and

the abundance of the five commonest mosquito species in relation to land-use, hydrological and NDVI
variables. No significant models were found for mosquito diversity and Cx. pipiens abundance. The most
important variables from the models are listed in order of importance and the directions of the relationships are
shown in brackets. Land use variables: Urban land = % of land covered by urban areas (log ratio transformed).
Wetlands= % of land covered by wetlands (log ratio transformed). Human density= people per 250 m’ of land
area (log-transformed). Hydrological variables: Marshland = distance in meters to any type of salt marsh. NDVI

Ferraguti et al. (2016)



Figure 3. Costs of West Nile virus (WNV) infection and resistance and stram-specific
effects on survival in Culex pipiens. Exposure to mosquito-adapted WNV (MP20)
decreases survival with or without establishment of infection (costs of infection and
resistance) while exposure to wildtype (WT) WNV does not alter survival. Decreased

survival n infected mosquitoes decreases vectorial capacity despite imcreased vector

competence of WNV MP20. Adapted from [89].
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