An Integrative Eco-Epidemiological Analysis of WesNile Virus Transmission

Technical Appendix 5. Spatial analysis procedurestpredict areas of WNV

transmission

5.1. Definition of potential West Nile Virus (WNV)‘introduction areas’ (1)

The initial ‘introduction areas’ of WNV in the styérea were defined as sites where the virus
could be transmitted for the first time in a giwerar, originating either from migratory birds
(hypothesid;) or from overwintering mosquitoes (hypothdsj)s We mapped the

‘introduction sites’ through the following process:

1) Hypothesidia: WNV is introduced in spring by southern bird naigts. The potential
for WNV introduction was estimated for each landaclass according to the sum of
the abundance indices of southern bird migrantispgresent in spring, recoded in
four classes (0: null; 1: low; 2: moderate; 3: higte standard-deviation classification
method. The standard-deviation method (or ‘meanestal deviation’) is a common
method of classification used in GIS for the cr@af choropleth maps and adapted
for map comparison, based on the mean and staddaration values of the dataset to
be classified: class breaks are defined above aloivithe mean at intervals of
multiples of the standard deviation.

2) Hypothesidip,: WNV is introduced in late summer by eastern bmidrants. The
potential for WNV introduction was estimated fockdand cover class according to
the sum of the abundance indices of eastern bigdami species present in summer,
recoded in four classes (0: null; 1: low; 2: moder&: high) through the standard-
deviation classification method.

3) Hypothesid,: Mosquitoes could permit the overwintering of WikMthe Camargue

area: eitheCx. modestuéghypothesid,,) or Cx. pipiengl,y) or both specied4)



(Balenghien et al., 2008). The ‘introduction areasder this assumption were defined
as the areas where mosquito populations wergstdlent in autumn, before entering
diapause, as defined in Technical Appendix 3.1.
5.2 Definition of potential West Nile Virus (WNV) ‘amplification areas’ (A)
Virus amplification occurs when a bird-to-bird teamission cycle takes place, the virus being
transmitted by mosquitoes. Thus, ‘amplificationaa’eare located where competent host and
vector populations intersect (Figure 1), and thellef amplification was defined according
to the abundance of vector and host populationd@tite composition of the bird
community.
We considered that amplification occurs in sumnmel mapped the ‘amplification areas’
performing the following steps:

1) Index of potential virus amplification by the vastdifferent mosquito species could
be competent for WNV amplification: eith€x. modestughypothesishsy) or Cx.
pipiens(Axxy Or both speciesheyy) (Balenghien, Vazeille et al., 2008). An index of
potential virus amplification by the vector popudat ranging from 0 to 3, was
attributed to each location of the study area atingrto the abundance of either one
(level of risk equal to 0 when the species is absepresent at very low densities and
equal to 1, 2 or 3 when the species is presentngtiigh or very high densities,
respectively) or both mosquito species (Table S7).

2) Index of potential virus amplification by the ho®gds may have a different
reservoir status for WNV amplification. House spars Passer domesticiand
black-billed magpiesRica picg are the only two bird species in which the viwes
isolated in the Camargue region (Jourdain et 8D/2, they thus could be considered
as the only competent hosts in the area (hypotlAgsjs On the other hand, every bird

species could be involved in the WNV transmissigele; either with different



3)

4)

competences, according to the host competence (ihgewthesidh,y Table S1), or
all with the same competence (hypothdsis). For each hypothesis, an index of
potential virus amplification by the hosts was a#ted as the weighted sum of the
species’ abundance indices (Technical Appendix 8:2h the following weights: 1
for sparrows and magpies and O for all other spdgig,); the value of the host
competence index defined in the bird databagg, (Table S1); 1 for every species
(Axsy- Then, for each hypothesi&(x Awx Axsy this index of potential host
amplification was recoded, ranging from 0 to 3 asftecting the potential WNV
amplification by the hosts (classification using standard-deviation method).
‘Dilution effect’ index.The composition of the bird community may impédne t
amplification of WNV by creating a ‘dilution efféchamely when an increase in the
abundance of less competent hosts causes a decr¢lasenfection prevalence in the
vector population (Ostfeld and Keesing, 2000; Kegsit al., 2006). We therefore
considered two hypotheses: firstly, the bird comityutomposition does not impact
virus amplification (hypothesi&,;: absence of ‘dilution effect’); second, an inceeas
of the number of less-competent host causes aakrod virus amplification
(hypothesifAxy). In this second case, a ‘dilution effect’ indéxt¢ 3) was attributed
to each location decreasing when the number ofdesgetent species (with host
competence index equal to 1) increases. Under hgp,;, the ‘dilution effect’
index was set to one. For each hypothesig,(A«2) the ‘dilution effect’ index was
recoded, ranging from 0 to 3 (classification udimg standard-deviation method).
The potential for virus amplification was finallgfined for each location in the study
area as the product of the index of potential vammplification by the vectors, the
index of potential virus amplification by the hgsasd the ‘dilution effect’ index,

recoded between 0 and 3 (classification using ténedsird-deviation method).



5.3. Definition of possible West Nile Virus (WNV) $pillover areas’ (S)

Both Culex modestuandCx. pipiensare likely to act as bridge vectors between barmis$
mammals in the study area (32, 44), so we congideree hypotheses of emergence. Either
Cx. modestuss responsible for transmission of WNV to equio@ylation &) or Cx. pipiens
(S) or both speciess). Thus, the ‘spillover areas’ were defined asatesas where each or
both species are present in summer (with clasbufidance higher than 2).

5.4. Calculation of the West Nile Virus (WNV) circdation index

A WNV circulation index was defined as the riskdefor WNV circulation in wild birds,

after virus introduction, amplification/ disperstdy each combination of hypotheses tested.

1) The predicted areas of introduction were interskatgh the areas of amplification: a
level of risk of introduction-amplification for eladocation of the study area was
obtained by the multiplication of the risk of inthaction () and the risk of
amplification @), and recoded to range from 0 to 3 (classificatisimg the standard-
deviation method).

2) A distance map to each ecological unit where gl of risk of introduction-
amplification was not null was generated usingEbelidean distance function (ESRI
Spatial Analyst/Distance tools).

3) J-shaped functions (one for each of the six classdspersal distance of bird species
as defined in the integrative database: <0.5 knkna1<10 km, <50 km, > 50 km)
were applied to these distance maps (ESRI Spatialyat/Map Algebra/Raster
Calculator tool). These functions vary continuoustyn 1 to 0, taking the value 1 if
the distance to the ecological unit consideredilsand O if this distance is greater

than the dispersal distance. This operation resuit¢he generation of the potential



areas of WNV dispersal by birds from each ecoldgio& where introduction and
amplification occurred, according to five dispensaige classes.

4) Finally, the WNV circulation index map was obtainrgdsumming the maps of
potential areas of WNV dispersal from each ecolalginit, weighted by) the level of
risk of introduction-amplification calculated iregt 1;ii) the number of bird species
present in the ecological unit with the correspagdiispersal distance, weighted
according to the amplification hypothesis (weigtt for sparrows and magpies and 0
for all other speciesi,); the value of the host competence index defindtie bird
databaseAx.y); 1 for every specie®\(sy) (ESRI Spatial Analyst/Map Algebra/Raster

Calculator tool).

Table S7: Level of risk of amplification by the vetor population attributed to each
location according to the abundance of both mosquotspecies (absent: never collected,;
very low densities: few individuals collected; lowdensities: 10 to 40 individuals collected;

high densities: 40 to 100 individuals collected; ve high densities: >100 individuals

collected).
Culex modestus Very low Low High Very high
Absent
Culex pipiens densities densities densities densities
Absent 0 0 0 1 2
Very low densities 0 1 1
Low densities 0 1
High densities 1

Very high densities 2
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