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In prelude to a large scale trial aiming to assess the field efficacy of
Fludora Fusion 562.5WP-SB, entomologic baseline data were collected
in 14 villages from Tori-Bossito District in Southern Benin during the

rainy season from April to May 2018. Malaria vectors aggressiveness
and longevity, Plasmodium falciparum infection in malaria vectors,
Malaria,  Anopheles,  Plasmodium malaria entomologic transmission as well as insecticide resistance
Falciparum, Transmission, Resistance, status in malaria vectors were determinate. Overall 2695 mosquitoes
Tori-Bossito were collected during 504 persons*nights. Among mosquitoes
collected, 408 were Anopheles gambiae s.I. and 43 Anopheles funestus
s.l. The proportion of parous malaria vectors was 54.2% and 79.1% for
An. gambiae s.I. and An. funestus s.l. respectively. A sample of 68
malaria vectors was tested for Plasmodium falciparum infection using
quantitative Polymlerase Chain Reaction (QPCR). The infection rate
was about 6% (4/68 vectors infected) corresponding to 1.58 infective
bites per person per month. The mortality rate of An. gambiae s.l.
exposed to deltamethrin 0.05%, pyrimiphos-methyl 0.25% and
clothianidin at 9ug/ml was 38%, 98.86% and 100% respectively,
indicating that An. gambiae s.l. was resistant to deltamethrin and
susceptible to pyrimiphos-methyl and clothianidin.This study showed
that An. gambiae s.l. and An. funestus s.l. are the two major vectors
with a predominance of An. gambiae s.I.
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Introduction:-

Each year, vector-borne diseases are responsible of more than 17% of infectious diseases provoking more than one
million of death. Vector-borne diseases affect tropical and subtropical areas and especially affect the poorest
populations (WHO, 2022). Among vector-borne diseases, malaria remains one of the leading causes of mortality in
the world and in Sub-Saharan Africa (WHO, 2022). It is the cause of 247 million cases in the world and contributes
to 619,000 deaths in 2021, most of which are recorded in Sub-Saharan Africa (WHO, 2022). In tropical regions,
malaria remains the first endemic infectious disease (WHO, 2017). Malaria is due to the presence in the blood of
parasites belonging to Plasmodium genus transmitted by the infecting bites of mosquitoes of Anopheles genus
(WHO, 2022). In Benin, malaria is the first cause of mortality and morbidity. Malaria incidence in Benin is about
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15% (Ministére de la santé, 2018).Previous studies in Benin showed the implication of Anopheles gambiae stricto
sensu, Anopheles Arabiensis (Yadouleton et al., 2010) and Anopheles funestus s. I. (Djénontin et al., 2010)in
malaria transmission.

For vector control, mass distribution Long Lasting Insecticidal Nets (LLINs) and Indoor Residual Spraying (IRS)
are the main tools used (WHO, 2021). Efficacy of these insecticide based tools are potentially compromised by
insecticide resistance emergence in malaria vectors population, especially pyrethroid resistance (Djégbé et al., 2011;
Akogbéto & Yacoubou, 1999). To face pyrethroid resistance, the combination of two active ingredients with a
different modes of action is suggested, in the expectation of killing mosquitoes that are resistant to one component
of the mixture by the second component. For this purpose, Bayer Environmental Science developed a new
insecticide formulation for IRS named Fludora Fusion 56.25WP-SB containing 500 g/kg clothianidin and 62.5 g/kg
deltamethrin. Clothianidin, is an insecticide of the neonicotinoid class which has recently been added to the WHO
list of pre-qualified insecticides for IRS (WHO, 2020). To evaluate efficacy of Fludora Fusion 562.5WP-SB against
mosquitoes populations in comparison with the WHO recommended insecticide actellic CS (pirimiphos-méthyl 30%
CS), 14 villages were selected in Tori-Bossito District in Southern Benin. Before implementation of such evaluation,
it was important to take an overview of entomological data in these villages. It was in this context that the present
study was carried out, aiming to determine the aggressive density of malaria vectors, their longevity and resistance
status, as well as malaria entomological transmission in selected villages.

Methods:-

Study area

The study was carried out in Tori-Bossito District. In this District, the climate is sub-equatorial with two dry seasons
(August-September and December-March), and two rainy seasons (April-July and October-November). The average
annual rainfall is around 1200 mm, of which 700-800 mm come in the first rainy season and 400-500 mm come in
the second rainy season. The average monthly temperatures vary between 27 and 31°C. The Northern part of the
health district is made of a plateau that drops into the Couffo valley and the Allada depression. The Southern is
watered by several ramification arms of Toho Lake (figure 1). The study area is totally cleared of the original
equatorial forest. Currently, the vegetation is characterized by bushes and isolated trees, associated with areas more
or less densely populated of oil palm (Djénontin et al., 2010). Tori-Bossito District is a malaria meso-endemic area
with pyrethroid-resistance vectors (Damien et al., 2010).In this District, 14 villages were selected for the trial (figure
1).
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Figure 1:- Maps of area study.
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Mosquitoes collection

Mosquitoes collection was carried out by human volunteers in 6 sentinel habitations in each selected villages during
the rainy season from April to May 2018. Mosquitoes were captured indoors and outdoors in each sentinel
habitation by two different volunteers. VVolunteers were trained by the research team and have signed an informed
consent form. Mosquitoes were collected between 10 p.m. and 6 a.m. on 3 consecutive nights. A total of 504
persons*nights of mosquitoes collection were carried out. All mosquitoes collected were identified using
morphological identification key (Gillies & De Meillon 1968). Malaria vectors were conditioned for further tests in
laboratory. Immature stages of malaria vectors were also collected in selected villages and reared in laboratory.
Adults obtained were used for bioassays.

Mosquitoes dissection

The ovaries of anophelines were dissected under binocular loupe to assess whether the tracheoles are coiled
(unparous female) or uncoiled (parous female). The tracheoles was observed by microscopy. The proportion of
parous females is a proxy of the probability of daily survival of mosquitoes in the population.

Plasmodium falciparum detection in malaria vectors

The main malaria parasite in the study area is Plasmodium falciparum. Quantitative polymerase chain reaction
(gPCR) was used to detect parasite DNA in the heads and thoraxes of a sub-sample of malaria vector collected from
all villages.

Bioassays

Bioassays were performed on female adults from reared Anopheles gambiae s.l. immature stages. Tube tests was
carried out according to standard WHO protocol in order to determine the resistance status of malaria vectors to
deltamethrin 0.05% and pyrimiphos-methyl 0.25%. The CDC Atlanta bottle test was used to determine vector
susceptibility to clothianidin at 9ug/ml (WHO, 2017).

Data analysis

Proportion of parous malaria vectors was determined by dividing the number of parous mosquitoes by the total of
mosquitoes dissected. The infection index in malaria vectors was calculated by dividing the number of infected
mosquitoes by the total tested by qPCR. The EIR was calculated according to the formula: EIR = HBR x (s), with
HBR (Human biting rate) the number of bites per person per month. It is expressed as the number of infecting bites
per man per month.

Mosquito susceptibility and resistance to insecticides have been defined according to WHO (WHO, 2017) criteria:

1.  When mortality is > 98%, vectors are susceptible,

2. When mortality is between 90-97% there is a suspicion of resistance in the vector population,

3. When mortality is < 90%, resistance is confirmed.

Results:-

Mosquitoes density and malaria vectors longevity

A total of 2695 mosquitoes were collected. The most abundant mosquitoes were Mansonia africana (35%), Culex gr
decens (30%). Malaria vectors collected were Anopheles gambiae s.l. (14%) et Anopheles funestus s.l. (1%). Others
species as Anopheles pharoensis, Culex quinquefasciatus, Culex annulioris, Aedes aegypti, Aedes vittatus and
Aedes palpalis were collected but represent less than 2% of the mosquitoes collected (table I). The proportions of
parous malaria vectors, indicating vectors longevity were on average 54% and 79% respectively for Anopheles
gambiae s.l. and Anopheles funestus s.1. (table I).
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Table I:- Mosquitoes density and malaria vectors longevity.

. . Parous An. % Parous An. An. Parous An. % Parous An.
Villages An. gambiae . .
gambiae gambiae funestus  funestus funestus

Adjahassa 9 5 56 0 0 NA
Afamin 34 5 15 1 0 0
Anavié 24 6 25 6 3 50
Ayikinko 4 & 75 0 0 NA
Dahouessa 33 2 3 0 0 NA
Denonko 24 17 71 0 0 NA
Gnandogbahou 14 13 93 0 0 NA
Hla 10 4 40 12 11 92
Kpozounmey 63 42 67 6 5 83
Sedji 11 0 0 1 0 0
Siagotomin 4 4 100 0 0 NA
Tanto 91 50 55 13 11 85
Tinkpoko 19 12 63 2 2 100
Todo 68 58 85 2 2 100
Total 408 221 54 43 34 79

Plasmodium falciparum infection in malaria vectors and entomological inoculation rate (EIR)
From the sample of 68 vectors tested by qPCR for Plasmodium falciparum detection, 4 individuals were infected,
corresponding to 6%. The entomological inoculation rate (EIR) was 1.58 infecting bites per person per month.

Resistance status in malaria vectors

The knock-down (KD) rates of female adults Anopheles gambiae s.l. exposed to deltamethrin 0.05%, pyrimiphos-
methyl 0.25% and clothianidin 9ug/ml were 48.67%, 88.64% and 96.02% respectively. Mortality rates were 38%,
98.86% and 100% respectively (table IlI), indicating that An. gambiae s.l. was resistant to deltamethrin and
susceptible to pyrimiphos-methyl and clothianidin in the study area.

Table I1:- Knock-down (KD) and mortality rates of Anopheles gambiae s.l. exposed to different insecticides.
Insecticides tested N tested N KD % KD N dead 24 h % 24 h mortality

Control 300 0 0 4 1.33
Deltamethrin 300 146 48.67 114 38
Pyrimiphos-methyl 264 234 88.64 261 98.86
Clothianidin 502 482 96.02 502 100
Discussion:-

Results showed that Anopheles gambiae s.l. and Anopheles funestus s.l. were the main vectors in study area. A
study conducted in the same study area about a decade earlier had reported the same vector species (Djénontin et al.,
2010). This similarity in results is due to the environmental conditions that continue to favour the presence of
malaria vectors. Climatic factors in the area favour the emergence of breeding sites after the first rains, providing
ideal sites for the oviposition of females and the development of Anopheles larvae. The density of Anopheles
gambiae s.l. has increased considerably over the years taking account the results found by Djénontin et al. (2010) in
the same study area. This increase can be explained by the demographic growth of the human population, which,
through their anthropic action facilitate the multiplication of Anopheles positive breeding sites. Moreover,
Anopheles gambiae s.l. seems the main vector of malaria in the study area. A study carried out in Northern Benin
revealed the great implication of this vector species in malaria transmission (Yadouleton et al., 2018). Consequently,
Anopheles gambiae s.1. is the most abundant malaria vector in Benin and effectively ensures the transmission of
malaria (Djegbe et al., 2019; Yadouleton et al., 2018). Furthermore, the rarity of Anopheles funestus s.l. may be due
to the period during which collections were made (beginning of the rainy season). The beginning of the rainy season
is a good period for fieldwork in the study area. This preparation would have destructed the larval breeding sites of
Anopheles funestus s.I. which is an ombrophilous species requiring plant shelter (Pages et al., 2007).0n the other
hand, the low numbers of Anopheles funestus s.l. can be explained by the destruction of positive breeding sites for
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this species, attributed to the urbanization of the study area. This could also be the case for Anopheles nili, which
was present in the study area ten years previously (Djénontin et al., 2010).

Concerning vectors longevity, a considerable variability was observed between villages for two vectors species.
However, Anopheles gambiae s.I. had a lower vector longevity than Anopheles funestus s.l. in the study area. In
many cases, Anopheles funestus s.l. has been implicated in malaria epidemics (Cohuet et al., 2004). The high
longevity of Anopheles funestus s.l. suggest that this vector would have a more dangerous epidemiology than
Anopheles gambiae in the study area if it is abundant. The contribution of Anopheles funestus s.l. to malaria
transmission in the study area has been demonstrated (Djénontin et al., 2017; Djenontin et al., 2010) and also in
Cameroon (Cohuet et al., 2004).

The entomological inoculation rate was 1.58 infecting bites per person per month (i.e. 18.96 bites/pers/year). This
result confirms previous studies carried out in the same health zone (Djénontin et al., 2010; Damien et al.,
2010).However, our results do not corroborate those obtained in a study carried out in another district in the
Northern of the country (18.96 pi/pers/year vs 182 pi/pers/year) (Yadouleton et al., 2018). Consequently, the level of
malaria endemicity varies from the Southern to the Northern of Benin.

The vectors collected in this study area are susceptible to pyrimiphos-methyl and clothianidin area according to
WHO criteria (WHO, 2017) which is not the case in another Southern district where they are resistant to
pyrimiphos-methyl (40% mortality) (Djénontin et al., 2017). Moreover, in the study area, vectors are resistant to
deltamethrin (pyrethroids). The resistance observed is in line with the results of various studies conducted
throughout Benin (Bouraima et al., 2023 ; Djégbe et al., 2019; Gnanguenon et al., 2015; Sovi et al., 2014;Djégbe et
al., 2011; Djenontin et al., 2010) and in Africa (Kodindo et al., 2018 ; Antonio-Nkondjio et al., 2017 ; Konan et al .,
2011). This requires others formulations to control vector resistance to pyrethroids.Indeed,pyrethroids are the main
insecticides used to impregnate nets distributed in mass in all malaria transmission contexts (WHO, 2021). The
universal use of LLINs contributes to the development of vector resistance to this class of insecticides (Tokponnon
et al., 2014). In addition, the use of insecticides of the same class for agricultural purposes in the study area would
also be a source of resistance selection.

Conclusion:-

This study showed that malaria transmission occurs in Tori-Bossito District with Anopheles gambiae and Anopheles
funestus as two major vectors. Vectors are resistant to deltamethrin. This acquisition of field entomological data is
essential to better estimate malaria risk stratification in order to the field evaluation implementation.
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