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ABSTRACT

Communities living in the tropics use insecticide products to prevent or control mosquito nuisance in general. In
Cameroon, these products are used at home without evidence of their efficacy against targeted mosquito populations.
In this paper, we present a sample of anti-mosquito tools used by households in the city of Kribi, and their efficacy
versus local Anopheles and Culex mosquitoes. The study protocol included: i) a survey in 500 randomly selected
households using a questionnaire; ii) mosquito larvae and pupae collections in breeding sites and rearing; iii) WHO cone
and susceptibility bioassays were conducted, respectively, using reared An. gambiae s.l. and Culex mosquitoes; and iv)
molecular identification of members of the An. gambiae complex via PCR. The household survey revealed that long-
lasting insecticidal nets (LLINs) (89%), insecticide aerosols (51.5%), or insecticide coils (35.3%) were the most used, as
anti-mosquito tools. The aerosols provided optimal efficacy against An. gambiae s.l. and Culex mosquitoes with 98.6%
and 100% mortality, respectively. Coils showed minimal efficacy (78.7%) to no efficacy (27.1%), respectively, against
Anopheles and Culex mosquitoes, and LLINs showed no efficacy (25.6%) against Anopheles mosquitoes (P<<0,005). An.
gambiae and Culex mosquitoes equally showed resistance to deltamethrin (81.7% and 78.5%, respectively) and
permethrin (34.3% and 27.1 respectively). Bioassays conducted with the insecticide bendiocarb demonstrated that An.
gambiae s.l. was fully susceptible, achieving a mortality rate of 100%. These findings highlight the challenges of
individual anti-mosquito control measures in Kribi thus, there is a need for an integrated mosquito control approach
involving effective household anti-mosquito tools to complement the use of LLINs, in the context of increasing
insecticide resistance in natural mosquito populations.
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RESUME

Les communautés vivant sous les tropiques utilisent des produits insecticides pour prévenir ou controler la nuisance des
moustiques en général. Au Cameroun, ces produits sont utilisés a domicile sans que leur efficacité contre les populations
de moustiques ciblées ne soit démontrée. Dans cet article, nous présentons un échantillon d'outils anti-moustiques utilisés
par les ménages dans la ville de Kribi, et leur efficacité contre les moustiques locaux Anopheles et Culex. Le protocole
de l'étude comprenait : i) une enquéte dans 500 ménages sélectionnés au hasard a l'aide d'un questionnaire ; ii) des
collectes de larves et de nymphes de moustiques dans des sites de reproduction et d'élevage ; iii) des essais biologiques
de cone et de sensibilité de 'OMS ont été menés, respectivement, en utilisant des moustiques An. gambiae s.l. et Culex
élevés ; et iv) lidentification moléculaire des membres du complexe An. gambiae via la PCR. L'enquéte aupres des
ménages a révélé que les moustiquaires imprégnées d'insecticide de longue durée (MIILD) (89%), les aérosols d'insecticide
(51,5%) ou les serpentins d'insecticide (35,3%) étaient les outils anti-moustiques les plus utilisés. Les aérosols ont fourni
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une efficacité optimale contre An. gambiae s.l. et les moustiques Culex avec 98.6% et 100% de mortalité respectivement.
Les serpentins ont montré une efficacité minimale (78,7 %) a nulle (27,1 %), respectivement, contre les moustiques
Anopheles et Culex, et les MILD n‘'ont montré aucune efficacité (25,6 %) contre les moustiques Anopheles (P<<0,005). Les
moustiques An. gambiae et Culex ont également montré une résistance a la deltaméthrine (81,7 % et 78,5 %,
respectivement) et a la perméthrine (34,3 % et 27,1 respectivement). Les bioessais réalisés avec l'insecticide bendiocarbe
ont montré qu'An. gambiae s.l. était totalement sensible, atteignant un taux de mortalité de 100 %. Ces résultats
soulignent les défis des mesures individuelles de lutte contre les moustiques a Kribi. Ainsi, il y a un besoin pour une
approche intégrée de lutte contre les moustiques impliquant des outils efficaces de lutte contre les moustiques dans les
ménages pour compléter l'utilisation des MILD, dans le contexte d'une résistance croissante aux insecticides dans les
populations naturelles de moustiques.

Mots clés : Efficacité, outils anti-moustiques, résistance aux insecticides, moustiques, Kribi.

1. BACKGROUND

Vector-borne diseases (VBDs) are infections caused by pathogens that are transmitted by arthropods such as
mosquitoes, triatomine bugs, blackflies, tsetse flies, sand flies, lice, and ticks. They exert a huge burden of
morbidity and mortality worldwide, particularly affecting the poorest of the poor populations living in the tropics
and subtropics (WHO 2017). Perhaps the best-known VBD are mosquito-borne diseases, principally malaria, which
is a major cause of morbidity and mortality, particularly in Sub-Saharan Africa (SSA), with approximately half the
world’s population predicted to be at risk of malaria (WHO, 2023). The principal method by which mosquito-borne
diseases are controlled is through vector control, which has a long and distinguished history. Vector control is the
major pillar of mosquito prevention, and its main target is to limit or prevent human-vector contact. It should be
noted that the fight against nocturnal mosquitoes such as Culex Spp & Mansonia Spp has benefited from the
intensive and extensive control of the malaria vector, Anopheles Spp.

Prevention and control mechanisms with respect to addressing the vector population largely depends on combining
different methods such as chemical control (use of insecticides, repellents, larvicides), biological control (regulate
Anopheles populations naturally via predation, parasitism, and competition), genetic control (which covers all
methods by which a mechanism for pest or vector control is introduced into a wild population through mating), bio-
pesticides (plant-derived substances to protect against insect vectors), environmental management by educating
the populations on the need for environmental and personal hygiene especially in keeping the immediate
surrounding clean with proper drainage system, and above all instigating a change in behaviour of the population
at risk (Jamison et al. 2006). The direct output of a vector control activity must be an important reduction of the
vectorial capacity. An integrated vector control program would incorporate the collection of local information
about vector distribution and behavior to identify one or more control techniques that would be effective,
affordable, and acceptable to local communities. The two broadly applicable measures for vector control are long-
lasting insecticidal nets (LLINs) and indoor residual spraying (IRS).

The community-wide use of LLINs has been reported to reduce the vector population significantly, and when used
by a majority of the target population (80%), it provides protection to everybody in the community, including those
who do not themselves sleep under nets (Lengeler, 1998). As the LLINs shorten the mean mosquito life span, very
few mosquitoes can survive long enough for the sporogonic cycle to be completed, thus reducing the transmission
(Phillips-Howard et al. 2003). As the LLINs also inhibit mosquito feeding, the reproductive potential of highly
anthropophilic vectors is also reduced. LLIN is the most technologically advanced form of treated net available
today, which maintains efficacy without re-treatment for about 3-5 years, and represents an important innovation
that could facilitate sustainable scale-up of mosquito prevention. LLINs act in three different ways; firstly, through
provision of personal protection, by acting as a physical barrier between mosquitoes and the person sleeping under
the net, secondly by reducing indoor biting by a combination of increased mosquito mortality, which is caused by
the insecticide on the net and the reduction of mosquito house entry caused by the nets- excito-repellent properties
(Lines et al. 1987; Lindsay et al. 1991). These properties combined lead to good protection and an even bigger
reduction in transmission, producing a community effect where high population coverage is achieved (Maxwell et
al. 2002; Hawley et al. 2003; Killeen et al. 2007; Le Menach et al. 2007). IRS is the application of a long-lasting,
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residual insecticide to potential mosquito resting surfaces such as internal walls, eaves, and ceilings of all houses
or structures (including domestic animal shelters) where such vectors might come into contact with the insecticide.
It is a powerful intervention to rapidly reduce adult mosquito vector density and longevity and, therefore, reduce
vector-borne disease transmission. Also, the efficacy and persistence of residual insecticides vary with the type of
surfaces sprayed (mud, wood, palm leaves, cement brick, etc), public acceptance and strong financial support. In
these circumstances, the IRS can reduce the vector life span, vector population, and the number of humans bitten.
Unfortunately, the availability of low-risk and cost-effective insecticides is diminishing due to increasing mosquito
resistance and little development of new compounds over the past 20 years. The considerable resources required
for IRS combined with the potential for the development of insecticide resistance and the possible environmental
hazards, necessitate a strict justification for its use as a vector control measure.

Alongside these control tools, there has been an increased use of domestic chemical control products in Cameroon
in different contexts such as human habitations, working sites, resting, and relaxing places, etc. These products
are commonly referred to as household insecticides (Zaim & Jambulingam, 2004). Among these; insecticide aerosol
sprays and coils are the major products the public has been using as supplementing protection measures outside
bet net (Wang, 1993). Unfortunately, the effectiveness of these supplementing tools is difficult to address. Also,
very little data are available on the bio-efficacy of different household products in both laboratory and field
conditions.

Given that these products are already widely used, they would therefore be expected to have community
acceptance if they were introduced as a formal tool against mosquito control in an integrated vector management
(IVM) strategy to address residual malaria transmission and certain VBDs. Thus, such information could help to
better design and monitor vector control programs. The current study, therefore, presents a sample of anti-
mosquito tools used by households in the city of Kribi and their efficacy against local Anopheles and Culex
mosquitoes, as well as their insecticide susceptibility status.

2. METHODS

2.1. Study area

The study was conducted in the city of Kribi (2°56' 6.00" N; 9°54' 36.00"E) (figure 1) from August 2016 to April 2017.
Kribi is a city of about 80,957 inhabitants situated along the coast of the Atlantic Ocean in the Gulf of Guinea at
270 km West of Yaoundé, the capital city of Cameroon. Kribi is divided into three administrative units: Kribi 1,
Kribi 2, and Lokoundje. It is a strategic point for maritime traffic in the Gulf of Guinea with its new seaport, and it
is also the end point of the Chad-Cameroon petroleum pipeline. The city has a maritime equatorial climate with an
average rainfall of about 2900 mm and humidity of about 80%. This high rainfall and humidity are kept constant
throughout the year, making the city an area favourable for the breeding and development of mosquitoes. Four
seasons can be distinguished: a long rainy season from mid-August to mid-November and a small rainy season from
April to June; a long dry season from December to mid-March and a short dry season from June to mid-August. The
mean temperature is about 25°C thus, the town of Kribi is a favourable site for mosquito proliferation, and malaria
transmission is perennial, with a 40.6% morbidity rate. The main activities of the inhabitants are fishing, tourism,
and trade.

2.2. Anti-mosquito tools survey

A survey was conducted in 500 randomly selected households from neighborhoods of the town of Kribi using a
questionnaire to determine the different kinds of anti-mosquito products used for personal protection against
mosquito bites by residents. Twenty questions were provided in this survey, including information on the head of
household or its representative, household composition, and use and perception of household insecticide tools. We
also gained information on the frequency at which residents purchase household insecticide products. All
information collected was through personal contact from heads of households by the entomology team from OCEAC
(Organisation de Coordination pour la lutte contre les Endémies en Afrique Centrale).
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Figure 1: Localization of study site.

2.3. Mosquito larvae collections

Following an assessment of potential breeding sites in surrounding human habitat, mosquito larvae and pupae were
collected via the dipping method (Service, 1993) in various aquatic habitats, i.e., pools, abandoned canoes, channel
drains, puddles, and lowlands. In general, collected larvae from at least 30 breeding sites were pooled according
to species and transported to the laboratory for rearing and to further perform bioassays.

2.4. Insecticide susceptibility tests

Bioassays were performed using WHO test kits and standard procedures (WHO, 2016) to monitor the susceptibility
of 2-5-days-old wild FO An. gambiae s.| and Culex populations to deltamethrin 0.05%, permethrin 0.75%, and 0.1%
bendiocarb insecticides. Bioassays were carried out at 25 +2 "Cand 75 + 10 % RH.
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2.5, Bioefficacy tests

Three categories of insecticide personal protection tools (coils, aerosols & LLINs) were evaluated. A representative
tool from each category was tested via three standards WHO methods:

- WHO cone bioassay on five domestic used net samples (just one year of use) collected from the local population
and replaced by new ones.

- Test cages as cubic plastic polystyrene boxes of dimension 270 mm L x 210 mm W x 175 mm H and volume 6 L
with a well-fitted lid for the bioassays with aerosols and coils.

2.5. Bioassays for LLINs
2.5.1. Insecticide aerosol and coil testing

The two most represented commercial formulations of each tool were tested. These aerosols and coils were
purchased from a local supermarket. The spray dose and flaming coil dose were determined by extrapolating the
recommended dose of spraying in the air in a standard room for 10 seconds and the recommended dose of flaming
in a standard room for eight to nine hours as recommended by producers (WHO, 2016). For the aerosols, the boxes
were sprayed for one second while for coils, the coil was lit and allowed to burn for a few seconds. once the tip
was able to smoulder, the flame was extinguished, and the flaming coil fitted to its metal holder was placed in the
box for 50 seconds, then removed. 2-5 days non-blood fed FO female mosquitoes (field and susceptible strain)
previously held for 1h in holding cups were immediately inserted into the sprayed and smoked boxes, respectively
for 3 minutes. After this time, cups were removed and observed for 1h in order to record knocked-down mosquitoes.
The mosquitoes held in the cups were then provided with a 10% sugar solution, and mortality rates were recorded
24h post-exposure. This bioassay was conducted with four replicates of 25 mosquitoes alongside controls. Tests
were carried out in separate rooms for the aerosols and coils to avoid contamination at temperatures ranging
between 25-29°C and relative humidity of 68-80%.

2.5.2. Mosquito identification

Before bioassay tests, adult mosquitoes were morphologically segregated into Anophelines and Culicines. The
Anophelines were identified as An. gambiae s.l. (Gillies & De Meillon, 1968; Gillies & Coetzee, 1987) and a sub-
sample of control, dead and alive mosquitoes from bioassay tests were then subjected to DNA extractions and
further identified molecularly to species by PCR-RFLP (Collins et al. 1987).

2.6. Data analysis

Data processing and analysis were performed in Excel software. Efficacy of the anti-mosquito tools was estimated
by means of mosquito knock-down rates 60 min post-exposure (KD 60min) and mortality rates 24h post-exposure to
determine if they met the WHO efficacy requirements (WHO, 2016). The susceptibility status of the mosquito
populations was also interpreted according to WHO (2016) procedures. The variations of KD 60min and mortality
rates in the mosquito populations were analysed using the Pearson’s Chi-square test of independence, with R
software Version 2.15.2 (R Development Core Team, 2005).

3. RESULTS
3.1. Variety of anti-mosquito tools used for personal protection

The household survey (Figure 2) revealed that respondents protected themselves from mosquito bites mainly by
using LLINs (89%), insecticide aerosols (51.5%), or insecticide coils (35.3%). Some respondents used the anti-
mosquito tools singly or in combinations. A variety of other methods, including vaporizers, burning of incense, body
repellants, etc., represented about 2% of the total anti-mosquito tools surveyed.
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Figure 2: Anti-mosquito interventions used for personal protection in Kribi

3.2. Chemical composition of anti-mosquito products used for personal protection

Table 1: Active ingredients and formulations of anti-mosquito tools surveyed in Kribi.

Treatment code Active ingredients Formulation Recommended usage dose
A1* Permethrine 0,26% +
Tetramethrine 0,20% + Aerosol 1 second discharge rate/m?3
Peperonyl-butoxyde 0,2%
A2* Tetramethrine 0,25% + Aerosol 1 second discharge rate/m?3
Cypermethrine 0,14%
A3 Cyfluthrine 0,025% + Aerosol 1 second discharge rate/m3
Transfluthrine 0,04%
A4 Transfluthrin 0,20% + Aerosol 1 second discharge rate/m?
D-phenothrine 0,046%
D-phenothrine 0,1% + Aerosol 1 second discharge rate/m?3
A5 Imiprothrine 0,04%
Permethrine 0,26% + Coil 12g for 8 hours of combustion
C1* Tetramethrine 0,20%
czx D-Allethrine 0,30% Coil 12g for 9 hours of combustion
C3 D-trans-Alléthrine 0,26% Coil 12g for 8 hours of combustion
Cc4 D-Allethrine 0,30% Coil 12g for 9 hours of combustion
C5 Tetramethrin 0.25% Coil 12g for 8 hours of combustion
N1* Deltamethrin LLIN 55mg/m?
N2* Permethrin LLIN 700mg/m?
N3* Alpha-cypermethrin LLIN 200mg/m?

Codes marked with asterisk (*) are the products tested in the current study.
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Table 1 summarizes the varieties of mosquito tools, their active ingredient as well as their formulations. A total of
five varieties of aerosols, five varieties of coils, and three brands of LLINs were recorded in the current study. All
of the aerosol formulations contained two synthetic pyrethroids, except for one (A1*), where a synergist (PBO) was
recorded in addition. The coils contained just one synthetic pyrethroid as well as the LLINs. In total, 7 types of
synthetic pyrethroids were recorded for aerosols, 3 types for coils, and 3 types recorded for LLINs.

Mosquito coils, priced at just 50 FCFA each, are the most affordable insecticidal products and are primarily sold in
small shops and neighborhood stores. They are typically purchased daily. In contrast, aerosols, which cost between
800 and 1500 FCFA per unit, are generally purchased weekly and are more commonly available in supermarkets and
small to large shops. Meanwhile, all the LLINs surveyed in the current study originated from the free mass
distribution campaign conducted in 2015/2016 by the Cameroonian government.

3.3. Insecticide susceptibility status

A total of 534 wild An. gambiae s.l females aged 2-4 days were tested to assess their susceptibility profile to
insecticide (255, 110, and 169 exposed to deltamethrin 0.05%, permethrin 0.75%, and bendiocarb 0.1%, respectively)
and 204 female Culex exposed to deltamethrin 0.05%; N=105 and permethrin 0.75%; N=99. The Kisumu susceptible
strain was used as a control. The data presented in this study indicate that pyrethroid resistance is well-established
in both An. gambiae s.l. and Culex populations in Kribi, while An. gambiae s.l. remains susceptible to bendiocarb
(Figure 3).
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Figure 3: Mortality rates of mosquito populations exposed to insecticides in Kribi.

3.4. Bio-efficacy of the anti-mosquito tools used in the town of Kribi

A total of 1022 wild female An. gambiae s.| mosquitoes were used for the bio-efficacy bioassays; including 222
exposed to aerosols, 268 to coils, 514 to bed nets; 800 kisumu susceptible strain used as control (150, 150, 500
respectively for aerosols, coils and bed nets) and 117 Culex (62 to aerosols and 55 to coils). Figure 4 displays the
average knockdown and mortality rates associated with the anti-mosquito tools. Only aerosols met the conditions
for optimal efficacy both in An. gambiae and Culex populations, while coils presented minimal efficacy and the bed
nets no efficacy. There was a significant difference (P =0,00023) between knockdown and mortality rates of bed
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nets versus aerosols and coils, the difference was again far greater (P =0,0001) between the field strain exposed to
bed nets and the susceptible Kisumu strain.
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Figure 3: Knockdown and mortality rates after exposure of An. gambiae s.| and Culex populations to the
different anti-mosquito tools used in Kribi. The codes A1 & A2 are the aerosols tested; A1+A2 is the control using the
laboratory colony. The same applies to C1 & C2, which represent the coils tested, and N1, N2, and N3, which are the nets

tested.

3.5. Anopheline composition

A sub-sample of 200 An. gambiae s.l specimens selected randomly after the bio-assays were molecularly identified
to species. Two members of the An. gambiae complex were identified as An. coluzii (71%) and An. gambiae (29%).

4. DISCUSSION

Vector control has been the principal method of preventing VBDs for over 100 years and remains highly effective
when comprehensively applied and sustained. It remains, for several diseases, the only control tool currently
available. Surveillance systems and monitoring and evaluation need significant strengthening to allow programs to
target interventions, track progress against programmatic indicators, and make adjustments as needed. The results
in the current study reveal that LLINs, insecticide aerosols, and insecticide coils are the major personal mosquito
control tools used by the inhabitants in Kribi. This is in agreement with some previous studies carried out in other
parts of Cameroon (Desfontaines et al. 1990; Manga et al. 1995; Ndo et al. 2011).

Our evaluation of the effectiveness of these control tools found that they were effective against laboratory
mosquitoes (Kisumu strain) but did not perform very well against field mosquitoes. Insecticide aerosols induced
total knockdown of the mosquitoes (both laboratory and field strains) and greater than 98% mortality rates,
suggesting good efficacy of the aerosol products. Our results are similar to those recorded in Thailand (Lee & Khadri
1997; Khadri et al. 2009). However, product A1* induced total mortality of mosquitoes at 24 hours post-exposure
compared to product A2*. Indeed, product A1* contains Peperonyl butoxide (PBO), which is a synergist and its action
is to improve the effectiveness of the insecticide (Nwane et al. 2009).

On the other hand, the mortality rates obtained after exposure of the field mosquito populations to the insecticide
coils differ from those recorded with insecticide aerosols. Our evaluation recorded 100% mortality of laboratory
mosquitoes and approximately 79% mortality in field mosquitoes. This would be explained by the composition of
the active ingredient in the insecticide coils. The insecticide coils are composed of just one compound, D-Allethrin,
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a type | pyrethroid, which is mainly a repellent. However, field studies on the efficacy of mosquito coils containing
D-allethrin have reported good protection (> 90%) from biting mosquitoes (Yap et al. 1990; Yap et al. 1996).

Concerning the LLINs, less than 50% knockdown and mortality rates of field mosquitoes were recorded for the 5
LLINs tested, regardless of the brand, suggesting no efficacy of these nets. The laboratory Kisumu strain gave
satisfactory results with 100% mortality and knock down rates recorded when exposed to the LLIN samples; this
would mean that the LLINs are effective, but lose their efficacy on wild population strains. This might be because
compliance with the manufacturer’s recommendations on how the nets should be handled, washed, and dried is
not respected by the local inhabitants, even though the role in the loss of biological efficacy is not well elucidated.
The maintenance of the bio-efficacy of the LLINs might also be influenced by the type of house-building materials,
as poor house material facilitates dirtiness of the nets (Ogoma et al. 2012). However, we cannot attribute the poor
bio-efficacy performance of the LLINs solely to the above-mentioned factors because pyrethroid resistance seen in
some mosquito populations might reduce the efficacy of these nets as well as the mosquito coils. Some studies have
demonstrated a loss of the efficacy of LLINs in areas of strong pyrethroid resistance through experimental hut trials
(Dabiré et al. 2006; N'Guessan et al. 2007; Irish et al. 2008; Asidi et al. 2012), although other studies have reported
that LLINs remain efficient in pyrethroid resistance areas (Etang et al. 2007; Nwane et al. 2009). The efficacy of
LLINs against field mosquitoes varies according to the resistance level of the local mosquito populations, as reported
in An. arabiensis from South-Western Ethiopia (Yewhalaw et al. 2012), and An. gambiae from Uganda (Okia et al.
2013). Many of the studies on the bio-efficacy of LLINs have found at least one type of brand effective against the
field strain (Chareonviriyaphap et al. 2002; Norris 2011; Soleimani-Ahmadi et al. 2012; Bobanga et al. 2013). Thus,
the situation observed in the current study, where none of the LLINs met WHO targets against the field mosquitoes,
represents a real problem for vector control. However, reports of LLINs failure are increasing. For example, in
Kenya, pyrethroid-resistant mosquitoes were found resting inside holed LLINs and, when tested via cone bioassays,
these LLINs were also found to be ineffective at killing the local vectors (Ochomo et al. 2013). This study
demonstrates the occurrence of resistance to pyrethroid insecticides (deltamethrin & permethrin) in populations
of An. gambiae s.| and Culex in Kribi. The existence of resistance to this class of insecticides in populations of An.
gambiae and Culex in urban Kribi is worrisome and an indication of the threatened sustainability of vector control
programmes utilizing any of these insecticides. Since pyrethroid insecticides have been commonly used in the study
sites and LLINs were distributed two times across the city at universal coverage in 2011 and 2015, field populations
of An. gambiae s.l. and Culex might be exposed to different patterns of selection pressure from one locality to
another and from one year to another. Also, several other factors might influence the status of insecticide
resistance, including the number of genes interacting to produce the phenotype of resistance, the dominance
relationship of the alleles, as well as the size and proportion of the population affected by insecticide treatments,
as suggested by Chareonviriyaphap et al. (2002). The 100% mortality rates recorded after exposure to Bendiocarb
(4%) reflect the susceptibility of An. gambiae s.l. and Culex populations to the carbamate class of insecticide in
Kribi. This result suggests that this insecticide class can be used as alternatives to pyrethroids in Kribi but the major
challenge arising from these results is that the choice of carbamate may not be a suitable alternative in the event
of switching to another class of insecticide because resistance to this class of insecticide which is commonly used
in IRS, has been reported in certain countries across Africa (Padonou et al. 2011).

Molecular analyses of the Anopheles gambiae complex revealed the dominance of the An. coluzzii species (71.43%)
over An. gambiae (28.57%). These results are compatible with many previous studies conducted in Cameroon,
indicating the high prevalence of An. coluzzii in the coastal zone. Also, we highlight the absence of the species An.
melas in the current study area, unlike Bigoga et al. (2007), who found 14.4% of An. melas in the coastal zone of
South-West Cameroon and Mbida et al. (2016), who found 4% of this species on the Manoka island in the littoral
region of Cameroon.

5. CONCLUSIONS

In summary, this study observed a high possession rate of LLINs among households, but usage rates were far below
average and provided no efficacy against field mosquitoes, leading to increased use of alternative domestic
insecticide tools. This situation might have implications for the nation's vector control program because people
might lose interest in the use of LLINs when they fail to protect users from bites of resistant mosquitoes. In order
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to have a good alternative vector control strategy to tackle mosquito nuisance in general, we suggest that vector
control components should be broadened to include the evaluation, monitoring, and regulation of all anti-mosquito
tools and thus introduce them as a formal tool of vector control alongside LLINs in an integrated vector management
strategy.
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