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Abstract

Several countries in tropical Africa, including Céte d'lvoire, are affected by malaria. To prevent this disease, vector control
measures including the use of LLINSs is recommended. In this context, the lvorian government has initiated national mass
distribution campaigns of LLINSs to help control the densities of malaria vectors and decrease the incidence of malaria. This
study was carried out to investigate the resting behaviour and host preference of malaria vectors particularly An. Gambiae in
Man and Abengourou, two areas of Cdte d’Ivoire. In 2015 and 2019, after spraying insecticide in selected houses in the
morning, indoor resting anopheline mosquitoes were sampled in urban and rural areas during the dry and rainy seasons in the
two sites. The origin of blood meals of the mosquitoes from these collections was then investigated using the blood meal
ELISA technique. The culicidian fauna inventory showed a diversity of mosquitoes (Anopheles, Aedes, Culex and Mansonia)
with the predominance of the An. Gambiae species in each locality except the urban area of Man where the Culex genus
predominated. The feeding behaviour of An. Gambiae in Man was more diverse in 2015 than those harvested in 2019, which
are anthropophilic. In Abengourou, the behaviour of An. Gambiae remained unchanged from 2015 to 2019. The results show
that in areas of massive distribution of LLINSs, feeding behaviour of An. Gambiae can undergo changes.
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Introduction resting and feeding behaviour, adult longevity and density,
Malaria remains a significant health challenge in West human biting rate and host location strategy influence the
Africa, characterized by its high morbidity and mortality role of mosquitoes in malaria transmission (Sindato et al,
rates with 95% of cases and 96% of mortality recorded 2011) 44,

worldwide (WHO, 2022) M. Despite considerable efforts to Understanding feeding and resting preferences, as well as
combat the disease, factors such as climate, socio-economic the transmission potential of adult vectors in the region, is
status, healthcare limitations, and resistance to treatment and essential to effectively plan and execute improved vector
vector control continue to hinder eradication efforts control measures. Controlling adult vector populations can
(Sossouhounto et al, 2024) . In Cote d'lvoire, a west only be effective by understanding resting and feeding
African country, malaria remains a major public health preferences. As Cote d’Ivoire is part of this context of
problem. In this country, the parasites responsible for malaria control based on the use of mosquito nets, we
human malaria are mainly transmitted by primary vector sought to identify any behavioural changes that might occur
species such as Anopheles Gambiae, An. Funestus and An. in the main malaria vectors by setting the objective of
Nili (Betsi et al, 2012; Wiebe et al, 2017; Osse et al, 2019) assessing the effect of mass distribution of insecticide-
[3.4.51 Nevertheless, An. Gambiae is the most anthropophilic treated mosquito nets on the feeding and resting preferences
and therefore the cause of the majority of malaria cases in of An. Gambiae in urban and rural areas of Man and

Cote d'lvoire (PSN, 2015) [, This species is well adapted to Abengourou.
various types of breeding sites such as puddles, shallow

wells, footprints, rice paddies that are generally common Material and methods

(Tia et al, 2016) [, Study sites

To reduce malaria vector transmission, the National Malaria The Mosquitoes were collected from two localities in urban
Control Program (NMCP) of Céte d’Ivoire, following the and rural settings: Man (7° 2445" N, 7° 3313" W) in the
example of many African countries, adopted preventive western region and Abengourou (6° 43'46" N, 3° 29'47" W)
control based essentially on the use of LLINs (WHO, 2017; in the eastern region (Fig. 1). These localities were chosen
WHO, 2018) B °. Thus, through mass distribution because they are part of the sentinel sites of the NMCP and
campaigns, more than 29 million LLINs (14 million in 2014 therefore included in the malaria epidemiological
and 15 million in 2017) were distributed throughout the surveillance program. Moreover, according to the NMCP,
national territory with a coverage rate of 93% (MSHP, the coverage rate in these localities is over 80%. In fact,
2019) [0 These actions have begun to have an positive 83,660 households were counted in the western zone of
influence on malaria mortality and morbidity rates. In fact, Man, 78,142 households had at least one LLIN and 234,904
the number of deaths due to malaria fell from 3222 in 2017 LLINs were distributed, suggesting a coverage rate of

to 1316 in 2020 e.i. a mortality rate down by around 50%. 93.45%. In Abengourou, 89,298 households were counted,
However, this success could be hampered by changes in 73,305 households had at least one LLIN and 207,630
vector activity. Indeed, various factors like host preference, LLINs were distributed, with a coverage rate of 82.09%.
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The two areas are also characterized by two seasons: a long
rainy season and a short dry season. In Man, western forest
zone, the maximum temperature in Man averages 32°C over
the year (from 27°C in August to 35°C in February). It rains
3496mm over the year, with a minimum of 36mm in
January and a maximum of 552mm in September. On
average, the hottest months are January to May and
December. There are two seasons in the year in this locality:
the rainiest months are September and October. (March-
November) and a short dry season (December—February). In
Abengourou, eastern forest zone, the maximum temperature
averages 34°C over the year (from 30°C in August to 37°C
in February). It rains 1909mm over the year, with a
minimum of 19mm in January and a maximum of 290mm in
October. In this locality, the rains generally last for 8
months, from March to October. For a better appreciation of
the realities of the field and a good interpretation of the
results, two catch areas were chosen in each of the sentinel
sites, one in an urban area and the other in a rural area.
Thus, the neighbourhoods of Camp Sea and H.K.B were
chosen in urban area of Man and Abengourou, respectively.

The villages of Kassiapleu and Assekro were chosen in rural
areas of Man and Abengourou respectively (Fig. 1).

www.entomologyjournals.com

Mosquito collection and morphological identification
Repeated cross-sectional surveys were conducted in 2015
and 2019 every three months to carry out this study. A total
of four surveys was carried out in each of the two years
during the dry and wet seasons. Malaria vectors resting
indoors were sampled in 40 bedrooms of each study site in
the morning from 0600 to 0730 hours using pyrethrum spray
catches (PSC) (Githinji EK, 2020) '3, The mosquitoes were
collected petri dishes containing numbers and lined at the
bottom with a layer of cotton soaked in water to prevent
desiccation and brought back to the laboratory. They were
then identified and sorted according to sex, gender and
species based on of morphological criteria using the
taxonomy and identification keys to female Afrotropical
anophelines (Coetzee, 2020) 31, An identification form was
drawn up to record the mosquitoes captured and their
physiological state. Sampled mosquitoes were further
classified according to abdominal status as unfed, fed, half-
gravid and gravid (Fig. 2). Mosquitoes collected were stored
in separate labelled vials. Samples were stored at the
laboratory of the Institut Pierre Richet of Bouaké, Cbte
d’Ivoire until required for further processing.
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Fig 1: Map of Céte d’Ivoire showing the locations of the study sites

Detection of blood meal sources

A direct enzyme-linked immunosorbent assay (ELISA) was
used to identify the source of mosquito blood meals (Beier
et al, 1988) [4. In fact, the blood of engorged vector
females was screened for potential host antigen reacting it
with host specific antibodies. The choice for antibodies
tested was based on the presence of humans and animals in
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the study area. In our study, monoclonal antibodies from
humans, beef, sheep and chicken were tested. These
antibodies were all labelled with peroxide and stored at -20
°C. Dilutions of blood meals were carried out with human
sera at 1/2000, beef at 1/1000, sheep at 1/500 and chicken at
1/2000.



International Journal of Entomology Research

www.entomologyjournals.com

/;I i

——
Pt

)
Unfed .\\

Gravid

4 T
Fed . N
T /v\)

Half gravid
- p = \
N,
Unfed

Fig 2: Physiological status of malaria vectors (Detinova, 1962)

Data analysis

Densities of resting anopheline mosquitoes were calculated
as the number of female mosquitoes per room per day
(FRD). The Kruskal-Wallis test was used to compare the
proportions of feeding, gravid and other physiological state
females collected in 2015 and 2019 at each site. It was also
used to compare the mean resting densities in the
environments and localities in 2015 and 2019. Human blood
index (HBI) was calculated as the proportion of blood-fed
mosquito samples that had fed on humans relative to the
total tested for blood meal origin. The Pearson Chi-Square
Test was used to compare HBI in 2015 and 2017. The
confidence interval was 95%.

Results

Mosquito species composition

PSC culicid fauna represents all mosquitoes at rest inside
dwellings. This method of capture resulted in the collection
of 130 mosquitoes in 2015, i.e. 62 and 68 respectively in
urban and rural areas. In 2019, 654 mosquitoes were
collected, 326 and 328 in urban and rural areas respectively
(Table 1). Overall, 784 mosquitoes were collected using
PSC.

In urban area, 4 mosquitoes were collected in 2015 and 237
in 2019 in the Camp Sea neighbourhood. Seven species
were collected in both years with Cx quinquefasciatus
dominating, followed by An. Gambiae. Furthermore, two of
these species were common in 2015 and 2019, with
proportions of 25 and 8% for An. Gambiae and 25 and 0.4%

for Cx. cinereus respectively. Aedes aegypti (50%) was only
identified in 2015. An. Funestus (0.4%), Cx. decens (0.4%),
Cx. quinquefasciatus (90.4%) and Man. africana (0.4%)
were only collected in 2019 (Table 1). In the HKB
neighbourhood, 58 mosquitoes were collected in 2015 and
89 in 2019. Four species were identified with Cx
quinquefasciatus and An. Gambiae predominating. Among
the species encountered, two were common in 2015 and
2019, with proportions of 53.4 and 49.5% for An. Gambiae
and 46.5 and 48.3% for Cx. quinquefasciatus respectively.
The species Cx. nebulosus (1.1%) and Man. africana (1.1%)
were only identified in 2019.

In rural areas, 52 and 266 mosquitoes were identified in
2015 and 2019 respectively in the Kassiapleu village of
Man. Four species were identified with An. Gambiae
dominating, followed by An. Funestus. These two species
are common to both years of sampling, with proportions of
98.1% and 82.3% for An. Gambiae and 1.9% and 16.2% for
An. Funestus respectively. The species Cx. cinereus (0.4%)
and Cx. quinquefasciatus (1.1%) were only identified in
2019 (Table 1). In Assekro, 16 and 62 mosquitoes were
collected in 2015 and 2019 respectively. Three species were
identified and An Gambiae was the only common species in
2015 and 2019, with proportions of 81.3% and 98.4%
respectively. The species Cx. quinquefasciatus (18.7%) was
only identified in 2015 and Cx. cinereus (1.6%) in 2019
(Table 1). Overall, An. Gambiae was the only species
present in all environments in 2015 and 2019.

Table 1: Culcidian fauna collected in the localities of Man and Abengourou between 2015 and 2019

Culicidian fauna
Area Site Genus Species 2015 2019
n % n %
Anopheles An. Gambiae 1 25 19 8.0
An. funestus 0 0 1 0.4
Aedes Ae. Aegypti 2 50 0 0
Camp Sea Cx. cinereus 1 25 1 0.4
Culex Cx. decens 0 0 1 0.4
Cx. quinquefasciatus 0 0 214 90.4
Mansonia Man. africana 0 0 1 0.4
Urban Total 4 100 237 100
Anopheles An. Gambiae 31 53.4 44 49.5
Cx. nebulosus 0 0 1 1.1
HKB Culex Cx. quinquefasciatus 27 46.6 43 48.3
Mansonia -
Man. africana 0 0 1 1.1
Total 58 100 89 100
Total 62 100 326 100
Anopheles An. Gambiae 51 98.1 219 82.3
. An. funestus 1 19 43 16.2
Rural Kassiapleu - -
Culex Cx. qumq_uefasuatus 0 0 3 1.1
Cx. cinereus 0 0 1 0.4




International Journal of Entomology Research

www.entomologyjournals.com

Total 52 100 266 100
Anopheles An. Gambiae 13 81.3 61 98.4
Cx. quinquefasciatus 3 18.7 0 0
Assekro Culex Cx. cinereus 0 0 1 1.6
Total 16 100 62 100
Total 68 100 328 100

N: number of mosquito collected

Physiological status of An Gambiae

PSC methods resulted in the collection of 96 female An.
Gambiae mosquitoes, including 32 in urban area and 64 in
rural area in 2015, and 324 females, including 44 in urban
area and 280 in rural area in 2019 (Table 2). A total of 420
An. Gambiae were collected using the PSC method.

In urban setting, in the bedrooms of the Camp Sea
neighbourhood, a total of 01 female An. Gambiae in 2015
and 19 in 2019 were collected at rest. In 2015, there was
only 01 unfed female (100%). In 2019, gravidas An.
Gambiae females were the most abundant (47.4%),
followed by fed females (42.1%) and, the least represented
were females in other physiological status (i.e unfed or half
gravid, 10.5%) (Table 2). No significant difference was
found between the proportions of fed females (KW= 0.500;
df=1; p= 0.4795) in 2015 and 2019. The same was true for
gravid females in 2015 and 2019 (KW= 0.500; df=1; p=
0.4795) and females in other physiological status in 2015
and 2019 (KW= 0.229; df=1; p= 0.6319). In HKB
neighbourhood, a total of 31 An. Gambiae females in 2015
and 44 in 2019 were caught at rest. In 2015, gravid An.
Gambiae females were the most abundant (80.7%). Gravid
females and females in other physiological status
represented 16.1% and 3.2% of the population of females
caught, respectively. In 2019, gravid females were the most
abundant (61.4%), followed by those in other physiological
states (27.2%). Gravid females were the least represented
(11.4%) (Table 2). In this area, there are many females
likely to be laying eggs, suggesting a high risk. However, no
significant difference was found between the proportions of
gravid females in 2015 and 2019 (KW= 0.229; df=1; p=
0.6319). The same result was obtained for gravid females in
2015 and 2019 (KW= 0.254; df=1; p= 0.6141) and those in
other physiological status in 2015 and 2019 (KW= 0.229;
df=1; p= 0.6319). In addition, during 2019, there were more

females resting in the HKB area than in the Camp Sea area
(KW= 3.996; df=1; p= 0.0445).

In the rural settings, overall, many fed females were
encountered. In fact, in Kassiapleu, 51 An. Gambiae females
were collected in 2015 and 219 in 2019. In 2015, the
proportion of gravid mosquitoes was highest, at 68.6%.
Gravid females represented 31.4% of the population of
females collected. In 2019, gravid An. Gambiae females
were the most abundant (43.8%). Fed females and females
in other physiological status represented 21% and 35.2% of
the population of females collected, respectively (Table 2).
The proportions of fed An. Gambiae females in 2015 and
2019 were not significantly different (KW= 0.229; df=1; p=
0.6319). The same was true for gravid females in 2015 and
2019 (KW= 0.229; df=1; p= 0.6319) and females in other
physiological status in 2015 and 2019 (KW= 0.500; df=1;
p= 0.4795).

In the village of Assekro, 13 An. Gambiae females were
collected in 2015 and 61 in 2019. In 2015, only fed and
gravid An. Gambiae females were collected, with a high
proportion of fed females (92.3%). Gravid females
represented 7.7% of the population of females captured.
Among An. Gambiae females, the proportion of gravid
mosquitoes was highest in 2019, at 80.3%. Gravid females
and those in other physiological status represented 11.5%
and 8.2% of the population of females collected respectively
(Table 2). The proportions of fed females with An. Gambiae
in 2015 were not significantly different from those in 2019
(KW= 0.229; df=1; p= 0.6319). It was the same for gravid
females in 2015 and 2019 (KW= 0.229; df=1; p= 0.6319)
and those in other physiological status in 2015 and 2019
(KW= 0.500; df=1; p= 0.4795). In addition, during 2019,
there were more females resting in the village of Kassiapleu
than in Assekro.

Table 2: Physiological status of An. Gambiae in the localities of Man and Abengourou between 2015 and 2019

. . 2015 2019

Area Site An. Gambiae = % = %
Fed 0 0 8 42.1
Camp Sea Gravid 0 0 9 47.4
Other 1 100 2 10.5

Total 1 100 19 100
Urbain Fed 25 80.7 27 61.4
Gravid 5 16.1 5 11.4
HKB Other 1 3.1 12 27.2

Total 31 100 44 100

Total 32 100 63 100

Fed 35 68.6 46 21
Kassiapleu Gravid 16 314 96 43.8
Other 0 0 77 35.2

Total 51 100 219 100
Rural Fed 12 92.3 49 80.3
Assekro Gravid 1 7.7 7 115

Other 0 0 5 8.2

Total 13 100 61 100

Total 64 100 280 100

N: Number of An. Gambiae females collected
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Resting behaviour of An Gambiae females

Densities of resting An Gambiae females were estimated as
the number of female mosquitoes per room per day (FRD)
in each site. Thus, in urban area, a total of 01 female An.
Gambiae in 2015 and 19 in 2019 were collected in the
bedrooms of Camp Sea neighbourhood, suggesting resting
behaviour of 0.1 FRD in 2015 and 0.5 FRD in 2019 (Fig. 3).
The resting behaviour of An. Gambiae collected in 2015
was significantly lower than in 2019 (KW =4.247; df = 1; P
= 0.0393). In the HKB neighbourhood, a total of 31 An.
Gambiae females in 2015 and 44 in 2019 were collected,
suggesting resting densities of 1.6 FRD in 2015 and 1.1
FRD in 2019 (Fig. 3). The resting behaviour of An.
Gambiae in this neighbourhood have not changed between

www.entomologyjournals.com

2015 and 2019 (Kruskal-Wallis = 0.668; df=1; P = 0.4138).
In rural setting, 51 An. Gambiae females were collected in
2015 and 219 in 2019 in the village of Kassiapleu,
suggesting resting behaviour of 2.6 FRD in 2015 and 5.5
FRD in 2019 (Table 4). In this village, the resting behaviour
has not changed between 2015 and 2019 (Kruskal-Wallis =
0.125; df=1; P = 0.7242).

In Assekro, 13 females in 2015 and 51 females in 2019 of
An. Gambiae were collected i.e the average resting
behaviour of An. Gambiae females was 0.7 FRD in 2015
and 1.5 FRD in 2019. As in Kassiapleu, resting behaviour in
this village remained unchanged between 2015 and 2019
(KW= 3.696; df=1; p= 0.0545).
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Fig 3: Resting behaviour of An Gambiae in Man and Abengourou between 2015 and 2019

Blood meal sources

The stomach contents of the mosquitoes from indoor
collections were identified by ELISA. Of the An. Gambiae
mosquitoes collected, 233 were blood-fed and tested for the
human blood index (HBI) during the two sampling years i.e
97 in 2025 and 136 in 2019 (Table 3).

In urban settings, in Camp Sea neighbourhood, no blood
meals were taken in 2015. In 2019, 7 meals were collected
from An. Gambiae females. In this neighbourhood, the
majority of blood meals analysed were taken from humans,
i.e. 85.7%, and 14.3% from animals (Table 3). In HKB
neighbourhood, out of 25 meals of An. Gambiae females
tested in 2015 and 26 in 2019. In this neighbourbood, the
majority of meals tested were taken on animals, i.e. 56% of
meals, and the other 44% of meals were taken on humans in
2015. In 2019, the majority of meals tested were taken by
humans, i.e. 80.8% and 19.2% of the animals (Table 3).
Thus, An. Gambiae females in 2019 had a significantly
higher human blood index than those collected in 2015 (2 =
8.8870; df= 1; P = 0.003). However, An. Gambiae females
that had taken their meals on animals in 2015 had a
significantly higher proportion (y* = 7.3714; df= 1; P =
0.007) than those in 2019. Finaly, it should be noted that the
human blood index has not changed in 2019 in the two
neighbourhoods sampled.

In rural areas, 46 meals of An. Gambiae females in 2015 and
54 meals in 2019 were analysed in Kassiapleu. In 2015,
67.4% or the majority of meals were taken on humans and
32.6% on animals. In 2019, 96.3% of meals were taken on
humans and 3.7% on animals (Table 3). Thus, An. Gambiae
females collected in 2015 had a significantly lower human
blood index (3 = 14.7086; df = 1; P = 0.000) than those in
2019. However, in 2015, the proportion of female An.
Gambiae having taken their meals on animals is
significantly higher (3> = 14.7086; df = 1; P = 0.000) than in
2019. In Assekro, 26 meals of An. Gambiae females in 2015
and 49 meals in 2019 were analysed. The majority of the
meals tested were taken on animals (73.1%) in 2015. The
remaining 26.9% of meals were taken on humans. In 2019,
the majority of females (93.9%) took their meals on
humans. The remaining 6.1% of females was taken on
animals (Table 3). Thus, An. Gambiae females from 2015
had a significantly lower HBI (x> = 36.7360; df = 1; P =
0.000) than those collected in 2019. However, the
proportion of An. Gambiae females having taken their meals
on animals in 2015 is significantly higher (y*> = 36.7360; df
= 1; P = 0.000) than in 2019. Like in an urban setting, the
human blood index has not changed in 2019 in the two
villages sampled.

Table 3: Blood meal origins of An Gambiae from Man and Abengourou localities between 2015 and 2019

Blood meal origins
Area Site Year N Human Beef Sheep Chicken Other
N % N % N % n % N %
Camp Sea 2015 0 0 0 0 0 0 0 0 0 0 0
Urbain 2019 7 6 85.7 0 0 0 0 0 0 1 14.3
HKB 2015 25 11 44 0 0 0 0 0 0 14 56
2019 26 21 80.8 0 0 0 0 0 0 5 19.2
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Kassiapleu 2015 46 31 44 0 0 0 0 0 0 15 32.6

Rural 2019 54 52 96.3 0 0 0 0 0 0 2 3.7
Assekro 2015 26 7 26.9 0 0 0 0 0 0 19 73.1

2019 49 46 93.9 0 0 0 0 0 0 3 6.1

N: Number of An Gambiae tested

Discussion

Behavioural diversification in vector populations in areas
with widespread use of LLINS is a threat to the efficacy of
vector control strategies (Bayoh et al, 2010; Coleman et al,
2017; Reddy et al, 2011; Derua et al, 2012, Degefa et al.,
2017) [15.16,17.18,19] Thjs study investigated the behaviour of
malaria vectors, specifically their resting and feeding
choices. Following mass distributions of LLINs in 2015 and
2017, PSC were carried out in Man and Abengourou. The
PSC method is a precise method that makes it possible to
collect many endophilic mosquitoes. The results of this
collection showed that the resting culicid fauna in urban and
rural Abengourou and rural Man in 2015 and 2019 is
dominated by the Anopheles genus followed by the Culex
genus. These results are in agreement with those of studies
conducted by Salem et al. (1994) % in Pikine, Senegal, and
Adja et al. (2015) 2% in Adzopé, which showed the
abundance of An. Gambiae in urban environments. Matubi
et al (2015) 2 also showed the abundance of An. Gambiae
in urban-rural environments. As for the results obtained in
2019, in the urban environment of Man, the culicid fauna
was dominated by the Culex genus. This abundance is
thought to be linked to domestic pollution, making the
surface water unsuitable for the development of other
genera and favourable to the development of Culex genus.
These results are consistent with those of Klinkenberg et al
(2008) 231 in Accra. The latter reported a higher proportion
of Culex than Anopheles, which could be due to the high
level of organic pollution.

The physiological status and resting densities of Anopheles
Gambiae did not differ from 2015 to 2019, which would
imply that the proportions of mosquitoes resting inside
houses did not change significantly.

The blood meal analyses revealed that a large proportion of
the malaria vectors preferred feeding on humans than on
animals in almost all the sites. This preference for human
hosts is of great concern for malaria elimination efforts due
the efficacy of these mosquitoes in transmitting malaria.
These results are similar to those obtained by Forson et al,
2022 4 and Kroko-Djahouri et al, 2024 1 in Ghana and
Cote d'lvoire respectively. Furthermore, the majority of An.
Gambiae females collected from dwellings were found to be
zoophilia in 2015 and anthropophilic in 2019. The
anthropophilicity and zoophagy of An. Gambiae were
highlighted by Dossou Yovo (1998) ! in Bouaké. Adja et
al (2015) 21 also showed this variation in feeding behaviour
in Adzopé. Several hypotheses can be put forward to
explain this situation, including the use of LLINS in these
localities, which is low. The highest level of anthropophilia
in 2019 is therefore likely to be the result of high levels of
human-vector contact due to the low use of LLINs. The
number of zoophagous mosquitoes obtained in 2019 was
significantly lower than in 2015; this could be explained by
the fact that LLINs have a repellent effect on mosquitoes,
which will lead to changes in the feeding behaviour of some
of Anopheles. Populations of zoophagous and endophilous
An. Gambiae, which used to be abundant in dwellings, have
changed their feeding behaviour by becoming significantly
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less present inside dwellings, leading to the disappearance
of zoophagous An. Gambiae inside dwellings. Only strict
anthropophilic An. Gambiae populations are found inside
houses, leading to a numerical increase in these. These
results are similar to those of Carnevale and Robert (2009)
271 where the use of insecticide treated nets increased
exophilic behaviour and mosquito emergence rates. Darriet
et al (2000) ! in M'bé and Yaokoffikro also showed that
the natural exophilicity of An. Gambiae was doubled by the
use of LLINS.

Conclusion

The culicid fauna collected at rest in dwellings is made up
of two genera mainly in urban areas: Anopheles and Culex
with Cx quinquefasciatus dominating in Man and An.
Gambiae and Cx quinquefasciatus predominating in
Abengourou. In rural settings, the fauna is dominated by a
single genus: Anopheles, with two vector species: An.
Gambiae et An. funestus. The proportion of An. Gambiae
females resting inside houses did not change significantly
from 2015 to 2019. Analysis of the blood contained in the
abdomen of An. Gambiae females showed that there were
both zoophagous and anthropophilous females in dwellings
in 2015. However, in 2019, An. Gambiae females are very
anthropophilic. This high anthropophilicity is thought to be
due to the fact that LLINs have a selective and repellent
effect that leads to the gradual disappearance of endophilic
zoophagous An. Gambiae from homes.

References

1. WHO Global Malaria Programme (GMP). World
malaria report 2022, 2022. [Accessed September 06,
2023].

2. Sossouhounto SL, Salibi G, Et Tzenios N. Malaria in
West Africa: Persistent Challenges and Innovative
Eradication Strategies. Special Journal of the Medical
Academy and other Life Sciences, 2024, 2(3).

3. Betsi AN, Tchicaya ES, Et Koudou BG. Forte
prolifération de larves d’An. Gambiae et An. funestus
en milieux rizicoles irrigués et non irrigués dans la
région forestiére ouest de la Céte-d’Ivoire. Bulletin de
la Société de pathologie exotique,2012:105(3):220-229.

4. Wiebe A, Longbottom J, Gleave K, et al. Geographical
distributions of African malaria vector sibling species
and evidence for insecticide resistance. Malaria
Journal,2017:16:1-10.

5. Osse RA, Tokponnon F, Padonou GG, et al.
Involvement of Anopheles nili in Plasmodium
falciparum transmission in North Benin. Malaria
Journal,2019:18:1-10.

6. PSN. Plan Stratégique National de lutte contre le
paludisme 2012-2015. Céte d’Ivoire, 2015, 142.

7. Tia E, Kouadio L, Assi SB, et al. Etude de Il'impact
d'une distribution active des Moustiquaires imprégnées
d'insecticides a longue durée d'action (MILDA) sur le
taux d'utilisation et la transmission du paludisme en
milieu rural au sud de la Céte d'lvoire. International



International Journal of Entomology Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Journal of Innovation and Applied
Studies,2016:17(4):1251.
WHO. World Malaria Report, 2017. [Online]

https://iris.who.int/bitstream/handle/10665/259492/978
9241565523-eng.pdf?sequence=1  196p. [Accessed
February 09, 2024].

WHO. World Malaria Report 2018. World Health
Organization, 2018, 210. [Online]
https://reliefweb.int/report/world/world-malaria-report-
2018?gad_source=1&gclid=CjwKCAiAt5euBhB9Eiw

AdkXWOyO7dIPCmwKNOOAXEizOIJjWPIMNjfLSZ
01g3X Hiyaz3sjFMJ1x7BBoCUicQAvVD BWE.
[Accessed February 09, 2024].

MSHP. Malaria: more than 15 million Impregnated
Mosquito Nets distributed over the period, 2017—2018.
[Online] https://www.gouv.ci/_actualite-
article.php?recordiD=10031&d=5 [Accessed
29/01/2022].

Sindato C, Kabula B, Mbilu TJ, et al. Resting
behaviour of Anopheles Gambiae sl and its implication
on malaria transmission in Uyui District, western
Tanzania. Tanzania Journal of Health Research, 2011,
13(4).

Githinji EK, Irungu LW, Ndegwa PN, et al. Impact of
insecticide resistance on P. falciparum vectors’ biting,
feeding, and resting behaviour in selected clusters in
Teso North and South Subcounties in Busia County,
western Kenya. Journal of Parasitology
Research,2020:2020(1):9423682.

Coetzee M. Key to the females of Afrotropical
Anopheles mosquitoes (Diptera: Culicidae). Malaria
Journal,2020:19:1-20.

Beier JC, Perkins PV, Wirtz RA, et al. Bloodmeal
identification by direct enzyme-linked immunosorbent
assay (ELISA), tested on Anopheles (Diptera:
Culicidae) in  Kenya. Journal of Medical
Entomology,1988:25(1):9-16.

Bayoh MN, Mathias DK, Odiere MR, et al. Anopheles
Gambiae: historical population decline associated with
regional distribution of insecticide-treated bed nets in
western  Nyanza  Province, Kenya. Malaria
Journal,2010:9:1-12.

Coleman S, Dadzie SK, Seyoum A, et al. A reduction
in malaria transmission intensity in Northern Ghana
after 7 years of indoor residual spraying. Malaria
Journal,2017:16:1-10.

Reddy MR, Overgaard HJ, Abaga S, et al. Outdoor host
seeking behaviour of Anopheles Gambiae mosquitoes
following initiation of malaria vector control on Bioko
Island, Equatorial Guinea. Malaria Journal,2011:10:1-
10.

Derua YA, Alifrangis M, Hosea KM, et al. Change in
composition of the Anopheles Gambiae complex and its
possible implications for the transmission of malaria
and lymphatic filariasis in north-eastern Tanzania.
Malaria Journal,2012:11:1-9.

Degefa T, Yewhalaw D, Zhou G, et al. Indoor and
outdoor malaria vector surveillance in western Kenya:
implications for better understanding of residual
transmission. Malaria Journal,2017:16:1-13.

Salem G, Legros F, Lefebvre-Zante E, et al. Espace
urbain et risque anophélien a Pikine (Sénégal). Cahiers
d'études et de recherches
francophones/Santé,1994:4(5):347-57.

37

21.

22.

23.

24,

25.

26.

27.

28.

www.entomologyjournals.com

Adja AM, Assare KR, Assi SB, et al. Etude du
comportement au repos et des preferences trophiques de
Anopheles Gambiae dans la ville d'Adzope, Cote
d'lvoire. European Scientific Journal, 2015, 11(3).

Matubi EM, Bukaka E, Luemba TB, et al.
Determination of biological and entomological
parameters of Anopheles Gambiae sl in malaria

transmission in Bandundu city, Democratic Republic of
Congo. The Pan African Medical Journal,2015:22:108-
108.

Klinkenberg E, McCall PJ, Wilson MD, et al. Impact of
urban agriculture on malaria vectors in Accra, Ghana.
Malaria Journal,2008:7:1-9.

Forson AO, Hinne IA, Dhikrullahi SB, et al. The
resting behavior of malaria vectors in different
ecological zones of Ghana and its implications for
vector control. Parasites & Vectors,2022:15(1):246.
Kroko-Djahouri NWM, Guindo-Coulibaly N, Assouho
KF, et al. Resting and feeding behaviour of malaria
vectors in two areas of high long-lasting insecticidal
nets coverage in Cote d’Ivoire. International Journal of
Tropical Insect Science, 2024, 1-12.

Dossou-Yovo J, Doannio JMC, Diarrassouba S, et al.
Impact d’aménagements de riziéres sur la transmission
du paludisme dans la ville de Bouaké, Cote d’Ivoire.
Bull Soc Pathol Exot,1998:91(4):327-333.

Carnevale P, Robert V. Les méthodes de lutte
antivectorielle.  In:  Les Anophéles: Biologie,
transmission du Plasmodium et lutte antivectorielle.
IRD Editions, Marseille (France), 2009, 250-298.
Darriet F, N'guessan R, Koffi AA, et al. Impact of
pyrethrin resistance on the efficacy of impregnated
mosquito nets in the prevention of malaria: results of
tests in experimental cases with deltamethrin SC.
Bulletin de la Societe de pathologie exotique
(1990),2000:93(2):131-134.



