
Sébastien Bo
  

 

 

 

Séb
 

2 Centre de co

3 Ins
4 Centre de R

 
* Correspondin
 
 
ABSTRACT 
The West Nile
potential mosq
vectors of WNV
serological sur
Mitsinjo distric
hundred eleve
Traps baited w
univittatus and
mosquitoes we
provided a bac
quantitative an
 
Keyword Index
 
Background
The West N
caused by a
several anim
equine speci
discovered i
virus belon
Flaviviridae 
encephalitis 
encephalitis, 
Valley encep
Usutu, and 
mosquitoes 
sometimes fa
highlight tha
same family
mosquito spe
in term of 
pathogen for
are asympt
distribution. 
Mediterranea
largely studi
epidemics oc
cases. Durin
in Algeria in
and Tunisia i
1998, Russia
in 2003 and G
Mosquitoes, 
principal vec
transmitted p

Article orig

oyer  et al., Ar
  

Mosq
Ve

bastien Boyer1,*, M

1 Labor
oopération Interna

stitut National de
Recherche et de V

ng author: sebo

e Virus (WNV) 
quito-vector spe
V were carried 
rvey. Five diffe

ct, while human
en adult mosqui
with chicken (ne
d Mansonia unif
ere collected n
ckground to co

nd qualitative me

x: West Nile Viru

d 
Nile fever is a 
a virus of the

mals including
es. The West 
in 1937, Dec
ngs to the 

[2], and is 
antigenic c
Kokobera, 

phalitis, St. L
West Nile 

and many o
atal, illnesses 
at these other 
y can also be
ecies, which r
evolution/ada

r humans, eve
totic. The 

It can be f
an Sea, in A
ied in North A
ccurred in hu

ng these last 2
n 1994, Roma
in 1997, Repu
a and USA in 
Greece in 201

largely bir
ctors of WNV
primarily by 

ginal 

rchives de l’In

quitoes sam
ectors in M

Metho
Michael Luciano 

ratoire d’Entomo
ationale en Reche

e la Recherche Ag
Veille sur les mala

yer@pasteur.m

is a mosquito-
cies mainly orn
out in two distri
rent methods w

n landing catch,
toes were colle
et-trap and BG
formis were the

near a lake or 
nduct a survey 
ethod for a long

us; Madagasca

zoonotic arb
e genus Flav

g chickens, du
Nile Virus (W

cember in Ug
genus Flav

a member o
complex (A
Koutango, K

Louis enceph
viruses) tr

of them can
in humans. It 
arboviruses b

e easily carrie
represents a g
aptation. The 
en if most of 
WNV has 

found in Afri
Asia, and mo
America. Sin

uman species 
20 years, epid
ania in 1996, 
ublic Democra
1999, Israel i

13 [3]. 
d-feeding sp

V. In North Am
Culex mosqu

nstitut Pasteur 

mpling str
Madagasca
ods of Cat
Tantely1, Sanjiar

logie Médicale, I
erche Agronomiq

L
gronomique (INR
adies émergentes 

Clotil

mg 

-borne virus dis
ithophilic were d
cts located in th

were evaluated 
, CDC light trap

ected with betwe
) captured betw

e most abundan
a forest.  Thes
in terms of the

gitudinal study.

r; Vector; Culex

bovirus infecti
vivirus affecti
ucks, geese a
WNV) was fi
ganda [1]. Th
vivirus, fam
of the Japane

Alfuy, Japane
Kunjin, Murr
alitis, Stratfo
ansmissible 

n cause febri
is interesting

belonging to t
ed by the sam
ood questioni

WNV can 
infected peop
a worldwi

ica, around t
ore recently b
ce 1994, seve
with some fa

demics occurr
Czech Repub
atic of Congo
in 2000, Cana

pecies, are t
merica, WNV
uitoes, but oth

de Madagasc

1 

ategy for 
ar: Abund
tching in H
izaha Randriama

Institut Pasteur de
que pour le Dével
La Réunion, Franc
RA), UMR 1309  

dans l’Océan Ind
lde, La Réunion, 

scovered in 193
described in Ma
he Malagasy we

during the sam
p, and BioGent
een 53% and 6
ween 25% and 
nt species and 
se 2 ecozones 
e trapping meth

x; Aedes; Anoph

ion 
ing 
and 
irst 
his 

mily 
ese 
ese 
ray 
rd, 
by 
ile, 

g to 
the 
me 
ing 
be 

ple 
ide 
the 
but 
ere 
atal 
red 
blic 
 in 

ada 

the 
V is 
her 

ge
m
10
[4
th
qu
ha
tra
tr
Pa
co
m
m
an
w
po
28
[9
Ae
ge
C
M
is
ye
is
su
an
to
M
vi
th
ci

car 2014; 71 (1

studying W
dance, Dist
High Risk 
herijaona1, Lala A

e Madagascar, An
oppement (CIRA
ce 

CMAEE, F-9749
dien (CRVOI), pl
France 

37, and first de
adagascar. Inve
est coast where 
mplings: CDC l
t (BG) sentinel 
66% of them ca

32% of caught
are also potent
are frequently 

hod choice: CDC

heles; Mansonia

enera may als
mosquito speci

0 species are c
4], [5], [6]. Ex
he main vecto
uinquefasciatu
as been p
ansmission. I
itaeniorhynch
articularly, in
omplex are th

main vectors 
odestus and 

nd the Middle
with importan

oicilipes, Cx. 
8 species were
9]: 11 species
edes genus, 4
enus, 1 to Lut

Coquilettidia s
Mansonia genu

olated in 197
ears [10]. It w
land between

urvey in 1990
nti-WN antibo
o 20 years-old

Madagascar. It
irus with a pr
he age [11]. T
irculation of 

1) : 1-8  

West Nile 
tribution a
Areas 

Andrianaivolamb

ntananarivo, Mad
AD), UMR 15 CM

90 Sainte Clotilde
lateforme de rech

escribed in 197
stigations on ca
high prevalenc

ight traps and 
were used in M
ptured by CDC
t mosquitoes. C
tial vectors of W
visited by dom

C light traps an

a; CDC light trap

so be vectors
ies are consid
considered to 
xcept the role
or in North 
us, Cx. tarsali
particularly 
In Asia, Cu

hus, and Cx. 
n India, the s
he principal v
are Cx. pipi
Coquillettidia

e East, the mai
nt involveme

neavei, Cx. d
e described as
s belongs to 
4 to Anophel
tzia and 1 to 
species, 1 to 
us [9]. In Ma
78, and prob
was the most 
n 1975 and 1
0 revealed a 
odies in a non
d people from
t confirmed t
revalence of 
his study also
the virus in

 

 Virus 
and 

bo1, Eric Cardinal

dagascar 
MAEE, F-97490 S

e, La Réunion, Fr
herche CYROI, F

78 in Madagasc
atching methods
ce was detected
net-trap baited 
Masoarivo. One
 light traps in th
Culex tritaeniorh
WNV. During th
mestic and wild
nd BG traps see

p; BG trap; Mos

s [4]: at least
dered vectors 
be principal W

e of Culex pip
America, the
is and Cx. res

highlighted 
lex quinquefa
vishnui pred

species of the
vectors [8]. In
iens, Cx. ant
a richiardii [
in vector is C

ent of Cx. 
decens [7]. In
s potential vec
the Culex ge

les genus, 2 t
the Aedeomyi
Lutzia speci

adagascar, WN
bably occurred

abundant arb
990 [10]. La
29.9% serop

n-randomly sa
m 12 differen
the high circu
antibodies inc

o showed a m
n the Weste

 

le 2,3,4 

Sainte Clotilde,  

rance 

-97490 Sainte 

car. Twenty-six
s of mosquitoes
d in 2009 after a

were tested in
e thousand five
he two districts.
hynchus, Culex

he survey, most
d birds. Results
em an effective

squito sampling.

, 59 different
even if only

WNV vectors
piens which is
e role of Cx.
stuans species

in WNV
fasciatus, Cx.
dominate [7].
e Cx. vishnui
n Europe, the
tennatus, Cx.
8]. In Africa

Cx. univittatus,
pipiens, Cx.

n Madagascar,
ctors of WNV
nus, 6 to the
to Mimomyia
ia genus, 1 to
ies, and 1 to
NV was first
d for several

bovirus of the
st serological
prevalence of
ample from 5
nt regions of
ulation of the
creasing with
ore important

ern Coast of

x 
s 
a 
n 
e 
. 
x 
t 
s 
e 

 

t 
y 
s 
s 
 

s 
V 

 
. 
i 
e 
 

a 
, 
 
, 

V 
e 
a 
o 
o 
t 
l 
e 
l 
f 
5 
f 
e 
h 
t 
f 



Sébastien Bo
  

 

 

Madagascar.
may play a 
birds’ presen
In the U
demonstrated
Culicidae wa
Although the
human healt
health profes
this arboviru
hospitalized 
2010 near M
is not to be 
must be kept
high WN pre
2009 in the d
largest lake i
this district 
wild terrestri
municipality 
investigation
protection pl
during all t
chosen becau
some village
sample desig
epizootic c
Entomologic
with the aim
distribution o
the mosquit

 

 
 
 
 

oyer  et al., Ar
  

 Climatic fact
role in this 

nce, vector bio
United State
d that the v
as reduced bel
e importance 
th remain un
ssionals in Ma
us in the occur

in Antanana
Mahajanga con

neglected an
t regularly. A
evalence (28.
district of Mit
in Madagascar
and represent
ial, aquatic an

of Masoar
n with three l
lan and where
the year. The
use outbreaks
es close to ra
gn to estima
cycles and 
cal studies we
m to provide
of mosquito’s
to species c

rchives de l’In

tors, particula
difference (i

ology, and/or 
es, entomol
vectorial cap
low 18°C [12]

of WNV an
nknown to t
adagascar, the
rrence of cases
arivo in 2001
nfirmed that i
nd oversight o

A serological s
7%) in poultr
tsinjo (Figure
r, Lake Kinko
ts a natural c
nd migratory 
rivo was al
lakes under a
e wild migrat
ese two distr
s occurred the
ainforest repr

ate the relatio
putative sy

ere carried out
e a good kno
s vector spec
omposition n

nstitut Pasteur 

arly temperatu
in relation w
virus surviva

ogical stud
pacity of som
]. 

nd its impact 
the majority 
e involvement 
s of encephali
 and deaths 
ts pathogenic
of this infecti
survey showed
ry in Septemb
e 1). The seco
ony, is located
crossroad whe
birds meet. T
lso under o
a Peregrin Fu
tory birds com
ricts were al
ere and becau
resents an ide
onship betwe
ylvatic cycl
t in these plac
owledge on t
cies, to compa
near the wa

Figu

de Madagasc

2 

ure, 
with 
al). 
ies 
me 

on 
of 
of 

itis 
in 

city 
ion 
d a 
ber 
ond 
d in 
ere 

The 
our 
und 
me 
lso 
use 
eal 
een 
es. 
ces 
the 
are 

ater 

bo
in
th
in
m
co
stu
po
bi
 
M
St
La
sa
la
(1
M
M
by
ot
m
do
co
44
an
(F
w
la
Ts
co

ure 1. Study 

Sa

car 2014; 71 (1

odies where 
ncrease our sam
he full WNV 
nvestigation w

methods that p
ondition for t
udying its bio
ossible longit
ird-human ove

MATERIALS 
tudy sites Th
ake which ho
amples were 
ake: Marofand
16°08S, 45°54

Mahakary (16
Marofandrobok

y wild birds 
ther villages 

more favorable
omestic birds
onducted in A
4°22E) and T
nd around th
Figure 1). The

with wild birds
ake Antsama
sakoramby vi
oexistence of d

sites 

ample design

1) : 1-8  

wild migrat
mple design f
cycle. The a

were to ide
provide good
the catching 
ology and to i
tudinal survey
er the seasons

AND METH
he Mitsinjo d
ost many wil
collected in 

droboka (16°0
4W), Morafen
°09S, 45°55W

ka is distant 
and is locate
surrounding 

e areas for th
s. Entomolog
Antsalova are
Tsakoramby v
he Antsamaky
e village Maso
s. Only wild 
aky (Phoeni
llage is an en
domestic and 

 

tory birds c
for further inve
aims of the e
entify the be
d performance

of West Nil
identify the b
y to estimate
s. 

HODS 
district holds 
ld bird speci
four villages

05S, 45°51W
no (16°08S, 4
W) (Figure 
from the plac

ed in the fore
the Kinkony

he coexistence
gical survey
ea in Masoar
villages (19°0
y lake (19°0
oarivo is far 
birds are pre

icopterus sp
nvironment wh

wild birds. 

 

came and to
estigations on
entomological
est sampling
e under field
le vector and
best area for a
e mosquitoes-

the Kinkony
ies. Mosquito
s around this

W), Amboanjo
45°55W) and
1). The site
ce frequented
est. The three
y Lake seem
e of wild and
s were also
rivo (19°23S,
02S, 44°25E)
02S, 44°21E)
from the lake

esent near the
, flamingo).
here there is a

o 
n 
l 
g 
d 
d 
a 
-

y 
o 
s 
o 
d 
e 
d 
e 

m 
d 
o 
, 
) 
) 
e 
e 
. 
a 



Sébastien Bo
  

 

 

In Mitsinjo,
during the ra
the village o
was perform
done in the th
net-traps ba
mosquito sam
were random
ecotypes (op
bushes) (Fig
In Masoarivo
with only a n
site. Three t
light traps, 
collections. 
according to
light traps 
Tsakoramby 
performed: 
Soamalipo L
third one at 
Antsamaky, 
 

CDC light tr
a mini-light 
drawn in th
downward by
trapped fem
mosquito-bor
with 6V batt
traps used in
(around 6.00

oyer  et al., Ar
  

, mosquitoes
ainy season, o
f Amboanjo w

med, 2 nights 
hree other site

aited with ch
mpling in eac

mly placed in 
pen and close 
gure 2). 
o, the study w
night of captu
types of captu

3 BG Sen
The trappin
 one transect
and a BG 

village, a 
the first line

Lake, the seco
the edge of 

transect was 

raps. This trap
source attra

hrough the t
y the fan into

males can b
rne arbovirus
tery. As in al

n Masoarivo si
0 pm) and off 

rchives de l’In

s sampling w
on November 
where only a 

of mosquito
es. Ten CDC l
hicken were 
ch study site.
the village t
areas, around

was conducte
ure performed
ure were use
ntinel and h

ng protocol 
, each line co
sentinel (Fig
lake-to-fores

e of traps w
ond line in the

the forest. A
also a lake-to

p is a system t
acting mosqui
top of the tr
o the collection
e counted a

ses. Light-trap
ll Mitsinjo stu
ites were set o
after sunrise 

nstitut Pasteur 

was perform
2012. Except
night of captu

o catching we
light traps and

used for t
. All light tra
o cover vario
d poultry, in t

ed in July 201
d for each stu
ed in parallel:
human landi
was perform
omposed of tw
gure 2). In t
t transect w

was located 
e village and t
Around the la
o-forest transe

that incorporat
itoes which a
rap and forc
n bag-net. Liv
and tested f
ps were turn 
udy sites, ligh
on before sun
(after 6.15 am

de Madagasc

3 

med 
t in 
ure 
ere 
d 5 
the 
aps 
ous 
the 

13, 
udy 
: 6 
ing 

med 
wo 
the 

was 
on 
the 
ake 
ect. 

Th
lin
fo
ra
as
at
th
tra
C
Fi
m
H
la
co
se
w
ou
re
m
M
us
in

tes 
are 
ced 
ve-
for 
on 
ht-
set 
m). 

In
on
BG
M
(B
co
co
ai
an
a 

car 2014; 71 (1

he first line tr
ne in the inte
orest. In the v
andomly in the
s poultry, open
t the entrance 
he possibility
ansmission, B
atching metho
ive different 

mosquitoes from
Human landin
anding colle
onsecutive ni
elected village

with 4 volunta
utside) from 6
ecommendatio

made by adult
Mosquitoes com

sing a flashlig
n the collecting

n the morning
n a chill table.
G sentinel 

Masoarivo sit
Biogents, Reg
ollapsible, wh
overing its op
ir is sucked in
n electrical fan
catch bag. Yo

1) : 1-8  

rap was place
ermediate zon
village of Ma
e village to co
n courses, clo
of the village

y of domest
BG sentinel we
ods 
methods wer
m the differen
ng collections
ections were
ights during 
e. It was don

ary catchers fo
6.00 pm to 6.0
ons [13] hum
t volunteers f
ming to bite th

ght, collected w
g bags. 

g, contents of
. 
trap. The B
te. The BG
gensburg, Ge
hite fabric co
ening. In the 

nto the trap thr
n, drawing ap
oung chicken 

 

d near the lak
ne and the thi
soarivo, traps
over various e

osed course or
e. As this stud
tic birds an
ere baited with

re evaluated f
nt habitats (Ta
s. In Masoa
e performed
the dry sea

ne in four dif
or each house
00 am. Accord

man landing 
from the loca
he collectors w
with glass tub

f each bag-ne

BG traps w
G-Sentinel m

ermany) is 
ontainer with 
middle of the

rough a black 
pproaching mo

were used as

 

ke, the second
ird one in the
s were placed
ecotypes such
r natural areas
dy focused on
d wild bird
h chicks.  

for collecting
able 2). 
arivo, human
d for two
ason in each
fferent houses
e (2 inside, 2
ding to WHO
catches were

al population.
were detected

bes and placed

t were sorted

were used in
mosquito trap

essentially a
white gauze

e gauze cover,
catch pipe by

osquitoes into
s baits in BG-

d 
e 
d 
h 
s 
n 
d 

g 

n 
o 
h 
s 
2 
O 
e 
. 

d 
d 

d 

n 
p 
a 
e 
, 
y 
o 
-



Sébastien Boyer  et al., Archives de l’Institut Pasteur de Madagascar 2014; 71 (1) : 1-8     
    

 

4 
 

sentinel traps, powered by 12V battery (PS-1270 F1, 
Power Sonic, UK). Traps were placed at 5.00 pm 
(before the sunset) and removed at 6.15 am (after the 
sunrise).  
Net-trap baited. Net-traps were used in Mitsinjo study 
sites. This trap consisted of a wood frame covered with 
an untreated mosquito net, which was raised slightly 
above the ground to allow mosquitoes to enter the trap 
at its base. One another untreated mosquito-net was 
then placed under the first one with 5 chickens used as 
baits. During the night, mosquitoes are attracted by 
chickens, flying upwards and placed on top of the 
external net-trap. Mosquitoes were collected with 
aspirators in the morning before the sunrise. 

Back-Pack collection. Aspirations were done outdoors 
during the days in Mitsinjo. Poultry and bushes were 
systematically aspirated with the back-pack aspirator 
using progressive down- and upward movements with 
a speed approximating 1 meter per second.  
 
Identification  
Mosquito identification was performed by mean of a 
binocular microscope and according to Grjebine (1966) 
[14] and Fontenille (1989, Unpublished paper) 
morphological keys. Identifications were carried out in 
the field right after the collection. All the data were 
consigned with respect to hour, locality, genus, species, 
sexes, feeding status and method of collection. 

 
Data analysis 
Chi square tests, Student t tests were realized with R 
statistical software. 
RESULTS 
One thousand five hundred and eleven mosquito adults 

have been collected during this study in two different 
sites with different catching methods (Table 1). Among 
the 5 genus and 30 species, a total of 1,085 individuals 
representing 73.3% of the 1,511 mosquitoes belonged 
to 11 potential WNV vector species. 

Mitsinjo District 
 Four hundred eighty eight adult mosquitoes 
(485 females and 3 males) from 5 genus and 20 species 
were collected during 7 nights in the Mitsinjo districts. 
Ten different species were collected in 

Marofandroboka (the furthest place from the lake) 
while 11 species were collected in Amboanjo and in 
Morafeno, and 14 species in Mahakary. Only 4 species 
were present in the 4 villages: An. gambiae s.l., Cx. 
tritaeniorhynchus, Cx. univittatus, and Ma. uniformis; 
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the 3 last ones being potential vectors of WNV while 
An. gambiae s.l. is the main malaria vector in 
Madagascar. Culex annulioris, Cx. pipiens, Anopheles 
funestus and An. squamosus were only found in 
Mahakary, and Aedes albocephalus and Ae. 
durbanensis only in Marofandroboka. In 
Marofandroboka, 89% of the collected mosquitoes 
were potential vectors: Ae. albocephalus represented 
62% of the individuals, Cx. triteaniorhynchus 17%, 
Ma. uniformis and Ae. aegypti (5% each) and Cx. 
univittatus with one specimen. In Amboanjo, 6/11 
species are potentially involved in the WNV 
transmission: Cx. univittatus (55%), Cx. 
tritaeniorhynchus (9%), Cx. antennatus (1%), An. 
coustani (1%), Ae. albocephalus (1%) and Ma. 
uniformis (1%). In Morafeno, 5 species (Cx. 
tritaeniorhynchus with 25%, Cx. univittatus with 15%, 
Cx. antennatus with 10%, Ma. uniformis with 5% and 
Ae. albocephalus with 3%) were potential vectors. In 
Mahakary, 38% of the total individuals of the 14 
collected species were considered as potential vectors 
(Cx. univittatus 18%, Cx. tritaeniorhynchus 9%, Cx. 
pipiens 5%, Cx. antennatus 3%, Ma. uniformis 2% and 
An. coustani 1%).  
 During the Mitsinjo experiment, the 
individuals caught with the light traps represented 62% 
of mosquitoes (N= 322 individuals) following by the 
net trap baited (32,8%). Four mosquitoes individuals 
were caught with the Back-Pack method (0,8%).  No 
mosquito larvae were found in potential breeding sites 
of the four sites in Mitsinjo.  
Masoarivo site 
On thousand twenty three mosquitoes were caught 
during the three nights in Masoarivo: 542 mosquitoes 
(53%) with the light traps and 256 (25%) with BG 
sentinel traps. Thirteen mosquito species including 8 

species of potential WNV vectors were collected with 
light traps, and 7 species (3 potential WNV vectors) 
with BG traps. In parallel, we captured 225 mosquitoes 
on human bait. In Masoarivo, 3 mosquito adults were 
captured during 1h30 (3 species), 105 during 1h near 
the Antsamaka Lake (5 species) and 117 during 1h30 
in Tsakoramby (5 species) (Table 2). 
Qualitatively and quantitatively, the results were 
different in the two districts. Quantitatively with these 
traps, six mosquitoes were captured in Masoarivo, 91 
in Antsamaka around the lake, and 702 in Tsakoramby. 
Qualitatively, three species were captured in 
Masoarivo, 10 in Antsamaka around the lake, and 8 in 
Tsakoramby. 
Transect and vector species distribution 
 The mosquitoes’ abundance and composition 
species varied according to the three transects. 
Mosquitoes’ biodiversity and density were high in 
areas which seem to be the most frequented by 
vertebrate host such as humans and domestic birds in 
the Tsakoramby village (transect 2) and wild birds 
(transect 1) near the Antsamaky Lake. The two types of 
trappings (BG and light traps) were complementary 
with the capture of different species in different 
proportions. BG traps proved to be Mansonia uniformis 
very specific (a well-known WNV vector) and BG 
results were comparable to human bait results. In 
addition, species composition varied spatially, with 
more individuals caught from the lake and from the 
forest, and less in the intermediate ecosystem. In 
Tsakoramby and around the Antsamaky Lake, 2 
transects were done with the traps but no statistical 
difference existed between the number of mosquitoes, 
neither between the considered species. And, finally, 
the proportion of potential vectors was statistically the 
same despite the different zones and traps types. 

 
DISCUSSION 
The results were unexpected. Indeed, 71.08% of the 
trapped mosquitoes were potential WNV vectors. Even 
if we designed this study to choose the best methods to 
follow up mosquitoes in our transversal studies, we 
cannot imagine such a high percentage of vectors. 

 
Vector species 
 The main WNV vectors involved were 
ornithophilic mosquitoes (Mathiot et al. 1983), but we 
choose these sites in order to obtain ornithophilic 
mosquitoes. Indeed, the birds, especially the wild 

migratory birds, play a central role in the epidemiology 
of this zoonosis as the primary host and reservoir [10]. 
Classically, the main vectors involved in the cycle are 
ornithophilic mosquitoes of the genus Culex. 
Surprisingly, our study reports that other three genus 
such as Aedes (Ae. aegypti, Ae. albocephalus) 
Anopheles (An. coustani, An. pauliani) and Mansonia 

(Ma. africana, Ma. uniformis) which possessed an 
anthropophlic behavior were already found naturally 
infected with WNV [15], [16], [17], [18], [19], [20]. 
These species include Ae. aegypti, Ae. albopictus, Ae. 
albocephalus, Cx. pipiens, Cx. antennatus, Cx. 
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tritaeniorhynchus, Cx. univittatus, Cx. poicilipes and 
Mansonia uniformis.  
It is interesting to note that among the five species 
caught in Masoarivo, 4 species are described as WNV 
vectors. In terms of individuals, this results in 6 out of 
the 9 individuals which can be vectors. Also this is the 
first study reporting the presence of Ae. albodorsalis, 
Ae. moucheti, Aedeomyia madagascarica, Anopheles 
grassei, Culex annulioris, Ficalbia circumtestacea in 
the western domain. Four of these species used to live 
only in forested area of the eastern domain [16], [9]. 
Aedes moucheti is only present with certainty in Nosy 
Be [21] and Culex annulioris occurs only in the 
forested area of the central and eastern domain [22], 
[20]. The majority of these species are not involved in 
disease transmission. Culex annulioris is the only 
species involved in Sindbis virus [23] and Middelburg 
virus transmission 
 (http://www.pasteur.fr/recherche/banques/CRORA /). 
Trapping 
In order to evaluate the distribution and the relative 
density of a mosquito vector, the choice of the trapping 
method is important [24]. For WNV vectors, the most 
efficient and reproductive traps were represented by the 
light traps and the BG sentinel traps. Indeed those two 
traps can catch mosquitoes in high number and they 
seem complementary because the vectors collected 
with these 2 traps did not belong to the same species.  
Until now BG traps failed in catching mosquito species 
in Madagascar. Generally, this method has been used 
with artificial BG-Lure ® in Central Highlands without 
providing interest results [9]. This highlights the 
importance of the lure depending on the study and the 
aim of the study. 
 The backpack trap, the larvae collection and 
the human bait did not appear reproducible enough to 
be used during a repeated transversal study. 
Concerning the two first traps (backpack and larval 
collection), the number of mosquitoes we were able to 
catch was not sufficient enough. Indeed, with only 6 
mosquitoes (representing 0.8 %) for backpack and 0 
mosquitoes for larvae, it could not be representative of 
the ecological reality in the wetlands ecotypes. But the 
use of backpack can be adapted during epidemics in 
order to catch engorged mosquitoes from outdoor 
resting places, and particularly [25] pit traps, dug in 
and around both villages [20]. Despite the important 
number caught with the human baits, this trap could 
not be selected. First, in the wetland ecotype in the 
West of Madagascar, the sanitary problem is important 
(FVR, WNV, Malaria…). Plus, the high density of 
WNV vectors and other disease vectors is a warning 
against this method. More, we were able to catch less 
species in term of biodiversity, with often one very 
prominent species. Depending on the technician skills, 
or the involvement of the inhabitants, this method is 
not reproducible enough. At least, this is not necessary 

to estimate the human risk when the majority of the 
transmission we are looking for, is a bird-to-bird 
transmission. 
Spatiality and Contacts 
The importance of the spatial variation in term of 
biodiversity of mosquito species is important to be 
understood in order to study an ecotype. For example, 
in Masoarivo, we tested ecological gradients in two 
different environments: around a lake either in a 
natural protected park, or in a village. An important 
spatial variation was observed in less than 100 meters. 
This result demonstrated the importance to choose the 
right places where to put the traps in order to take in 
consideration the overall diversity and to increase the 
probability of trapping mosquitoes to obtain a more 
representative snapshot. More than the study of WNV 
vectors, the importance of the spatial distribution is not 
enough discussed generally and not taken into 
consideration when scientists come to their 
conclusions. 
 Our study focused on the role of mosquitoes 
vector in WNV transmission in the cohabitation area 
where stay wild and domestic birds (Tsakoramby, 
Mahakary, Morafeno and Amboanjo villages), and 
non-cohabitation area (Marofandroboka, Masoarivo 
and Antsamaky Lake). The next step is a longitudinal 
study including virological detection and isolation of 
WNV in the potential vectors but also in the other 
species in order to determine whether they are able to 
transmit the WNV and play a role in the onset of the 
epidemics or WNV maintenance. Ae. albopictus, Ae. 
aegypti , Cx. tritaeniorhynchus, Cx. univittatus  have 
been described to be able to transmit vertically WNV 
[26], [27].  
 
CONCLUSION 
From this preliminary field study, the net trap is an 
efficient and simple way of collecting WN vector 
species. BG sentinel is only used as alternative 
methods if it is associated with small vertebrate host 
(Lemur or poultry). CDC light trap can be applied 
more intensively for exploring vector composition in 
this longitudinal study. Detection and isolation of WN 
virus in pool of mosquitoes, the components of vectors 
capacity led to consider these species as good vectors 
of WNV in Madagascar and further studies on vector 
competence are required.  
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