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1. Introduction

   There were an estimated 216 million episodes of malaria 
in 2010, with 149 million to 274 million cases. Approximately 
81%, or 174 million cases, were in the African Region, with 
the Southeast Asian Region accounting for another 13%[1]. 
There were also an estimated 655 000 malaria deaths in 2010, 
of which 91% were in the African Region. Approximately 86% 
of malaria deaths globally were of children under 5 years of 

age[1]. So, malaria remains one of the most critical public 
health challenges for Africa despite intense national and 
international efforts[2]. 
   The intensive use of insecticide in the malaria control 
activities means that widespread mosquito insecticide 
resistance could have a devastating effect on the planned 
upscaling of the vector control activities[3]. 
   In many African countries, malaria mosquitoes were 
already resistant to pyrethroids. For instance, pyrethroid 
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resistance in Anopheles gambiae s.s. (An. gambiae) has 
already been described in Benin[4-6]. 
   Malaria vector resistance to insecticides in Benin is 
conferred by two main mechanisms: (1) alterations at site of 
action in the sodium channel, viz. the kdr mutations and (2) 
an increase of detoxification and/or metabolism through high 
levels of multi-function oxidases, non-specific esterases 
and glutathione S-transferases[4-7].  
   The Beninese National Malaria Control Programme has  
been implemented. Large-scale and free long-lasting 
insecticidal nets (LLINs) (OlysetNet) were distributed since 
July 2011 throughout the country to increase coverage 
of LLINs. Information on susceptibility to pyrethroid 
insecticides used in public health in Benin and the 
underlying mechanisms being investigated are crucial. This 
will properly inform control programs of the most suitable 
insecticides to use and facilitate the design of appropriate 
resistance management strategies.
   The aim of this study is to determine the susceptibility 
status, pyrethroid resistance levels in An. gambiae 
Malanville, Parakou, Bohicon and Suru-lere populations to 
permethrin and deltamethrin using CDC (Center for Disease 
Control and Prevention) bottle bioassays, to evaluate the 
presence and extent of the distribution of the kdr mutation 
within and among these An. gambiae s.l. populations and to 
compare the current frequency of kdr “Leu-phe” mutation 
to the previous frequency in malaria vectors in the south-
north transect Benin after LLINs implementation.

2. Materials and methods

2.1. Study area 

   The study was carried out in some localities, following 
a south-north transect. Four contrasting localities of 
Benin were selected for mosquito collection on the basis 
of variation in agricultural production, use of insecticides 
and/or ecological settings (Figure 1). The localities are as 
follows. Bohicon is located in the middle part of the country 
where the farmers used significant amounts of pyrethroids 
and organophosphates for cotton protection or to control 
agricultural pests. Parakou, an urban vegetable growing area 
located in the north of Benin. Malanville is a rice growing 
area located near the Niger River. Suru-lere is an urban 
locality in Cotonou district located in southern Benin.
   The choice of the study sites took into account the 
economic activities of populations, their usual protection 
practices against mosquito bites, and peasant practices 
to control farming pests. The southern zone (Cotonou) is 
characterized by a tropical coastal Guinean climate with two 
rainy seasons (April–July and September–November). The 
mean annual rainfall is over 1 500 mm. The middle part of 
the country (Bohicon) is characterized by a Sudano-Guinean 

climate with an average rainfall of 1 000 mm per year. The 
northern zone (Parakou and Malanville) is characterized 
by a Sudanian climate with only one rainy season per year 
(May to October) and one dry season (November-April). The 
temperature ranges from 22 to 33 °C with the mean annual 
rainfall of 1 300 mm.
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Figure 1. Map of the study area.

2.2. Sample collection 

   From March 2012 to November 2012, larvae and pupae 
of An. gambiae mosquito were collected several times per 
year, i.e. at the beginning and the end of rainy season from a 
wide range of breeding sites (puddles, shallow wells, gutters 
and rice fields) in Malanville, Parakou, Bohicon districts 
and in Suru-lere locality of Cotonou district. All larvae 
were brought back to laboratory of Centre de Recherche 
Entomologique de Cotonou for rearing. Emerging adult 
female mosquitoes were used for insecticide susceptibility 
tests. A susceptible strain of An. gambiae Kisumu was used 
as reference strain for bioassays.

2.3. Insecticide susceptibility tests

   Females An. gambiae aged 2 to 5 d old were exposed to 
CDC diagnostic dosage of various insecticides according to 
the CDC protocol[8]. The following insecticides were tested: 
permethrin (21.5 μg per bottle) and deltamethrin (12.5 μg 
per bottle). Mosquitoes were exposed for 2 h to insecticide-
treated bottles and monitored at different time intervals (15, 
30, 35, 40, 45, 60, 75, 90, 105 and 120 min). This allowed us to 
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determine the total percent mortality (Y axis) against time (X 
axis) for all replicates using a linear scale. All susceptibility 
tests were conducted in the Centre de Recherche 
Entomologique de Cotonou laboratory at (25依2) °C and 70 to 
80% relative humidity. 
   Dead and surviving mosquitoes were separately stored in 
individual tubes with silicagel and preserved at -20 °C in 
the laboratory for further molecular characterization. The 
choice of permethrin was justified by the insecticide used on 
OlysetNets that were distributed free by the national malaria 
control program in July 2011 across all the country whereas 
we used deltamethrin, an insecticide of same class as 
permethrin to assess its cross-resistance with this product.

2.4. PCR detection of species and the kdr mutation 

   At the end of CDC bioassays, PCR tests for species 
identification was performed to identify the members of An. 
gambiae complex collected from each site[9]. PCR for the 
detection of the kdr “Leu-phe” mutation was carried out 
on dead and alive An. gambiae mosquitoes as described by 
Martinez-Torres et al[10].

2.5. Statistical analysis

   The resistance status of mosquito samples was determined 
according to the CDC criteria[8,11]. The susceptibility 
thresholds at the diagnostic time of 30 min for pyrethroids 
are shown below:
  Mortality rate=100%: the population is fully susceptible.
   Mortality rate<100%: the population is considered resistant 
to the tested insecticides.
   Molecular results (kdr frequencies) were correlated with 
the results of insecticide susceptibility tests performed with 
CDC method from each of the districts surveyed.
   ANOVA test was performed with mortality rate as the 
dependent variable and the localities as a covariate. ANOVA 
test was also performed with kdr frequency as the dependent 
variable and the localities as a covariate.

3. Results

3.1. Susceptibility of An. gambiae s.l. populations to 

permethrin and deltamethrin

   Table 1 shows that Kisumu strain (control) confirmed 
its susceptibility status as a reference strain. All females 
mosquitoes of An. gambiae Kisumu which were exposed 
to CDC bottles treated with permethrin 21.5 μg/bottle and 
deltamethrin 12.5 μg/bottle were dead and none of them 
can fly after 30 min, which represented susceptibility 
threshold time or diagnostic time clearly defined by CDC 

protocol. That confirmed this strain was fully susceptible to 
these products. A non neglected proportion of An. gambiae 
Malanville and Suru-lere populations, 100% and 13.93% 
respectively, after 30 min exposure to CDC bottles treated 
with deltamethrin, continued to fly in these bottles. That 
showed these populations were resistant to this product. 
An. gambiae Parakou and Bohicon populations after 30 min 
exposure to CDC bottles treated with permethrin 7.5% and 
12.5% respectively, continued again to fly in these bottles. 
That also showed these populations were resistant to this 
product (Table 1). 
Table 1 
Mortality of An. gambiae from the districts of Malanville, Parakou, 
Bohicon and Suru-lere locality of Cotonou district after 2 h exposure to 
permethrin (21.5 μg/bottle) and deltamethrin (12.5 μg/bottle).
Bio-climatic 
areas Localities Insecticides Number 

tested
% 

Mortality
Resistance 

status
 Kisumu Permethrin 37 100.00 S

Deltamethrin 25 100.00 S
Sudanian Malanville Deltamethrin 21    0.00 R

Parakou Permethrin 40  92.50 R
Sudano-guinean Bohicon Permethrin 64  87.50 R
Guinean Suru-lere Deltamethrin 79  86.07 R

S: Sensitive, R: Resistant.

   Univariate logistic regression performed with mortality 
rate as the dependent variable and localities as a covariate 
with ANOVA test showed that the phenotypic resistance 
to permethrin and deltamethrin was associated with the 
localities (P<0.05) on the one hand. Univariate logistic 
regression performed with kdr frequency as the dependent 
variable and localities as a covariate with ANOVA test showed 
that high kdr frequency was associated with the localities 
(P<0.05) on the other hand.

3.2. Species of An. gambiae

   Mosquitoes from CDC bioassay were analysed by PCR for 
identification of sibling species among An. gambiae s.l. 
complex. PCR revealed 100% of mosquitoes tested were An. 
gambiae s.s. (Table 2).
Table 2
Species identification and kdr frequency in An. gambiae s.l. from CDC 
bioassays.

Localities Number tested Species Ag Kdr mutation 
RR RS SS F(kdr)

Malanville 48 48 38 10 0 0.90
Parakou 40 40 21 17 2 0.74

Ag: An. gambiae s.s.

3.3. Detection of resistance genes

   The L1014F kdr mutation was found in An. gambiae s.s. 
Malanville and Parakou at various allelic frequencies (Table 
2). The increase of kdr allelic frequency was positively 
correlated with CDC bioassays data.
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4. Discussion 

   The resistance level to deltamethrin observed in An. 
gambiae Malanville was higher than the one observed 
with An. gambiae Suru-lere. It was also higher than the 
resistance level to permethrin observed in An. gambiae 
Parakou and Bohicon. Similar results were already reported 
by Aïzoun et al[7]. In fact, Malanville is a rice growing area 
where no insecticidal products are generally used to control 
agricultural pests comparatively to the vegetable growing 
area of Parakou and cotton growing area of Bohicon where 
various insecticidal products are used for this purpose. 
   The alterations at site of action in the sodium channel, 
viz. the kdr mutations in An. gambiae s.l. mosquitoes 
from Malanville were not the same resistance mechanism 
involved in these mosquitoes populations. A previous study 
carried out by Djègbé et al. showed higher oxidase activity 
in An. gambiae s.l. Malanville populations compared to the 
Kisumu susceptible strain in 2009[5]. In addition, a recent 
study carried out by Aïzoun et al. on An. gambiae Kandi in 
Alibori province including Malanville district showed that 
the synergist assay with piperonyl butoxide, an inhibitor 
of cytochrome P450 monooxygenases, played a role in the 
deltamethrin resistance observed in Kandi[7]. 
   In the cuurent study, kdr frequencies recorded in An. 
gambiae Parakou and Malanville were 74% and 90% 
respectively. The kdr frequencies recorded in An. gambiae 
Parakou and Malanville in 2007 by Corbel et al. were 
20% and 6% respectively[12]. These results showed that 
kdr frequencies in these An. gambiae populations had 
significantly increased after five years. This is consistent 
with previous observation reporting an increase of the kdr 
1014F frequency in An. gambiae following a nationwide 
distribution of LLINs in Niger[13].
   In the rice field area of Malanville, the increase in 
resistance to deltamethrin can be attributed to the 
augmentation of the 1014F kdr prevalence even if 
deltamethrin is a cyanopyrethroid and detoxifying enzymes 
such as cytochrome P450 monooxygenases. The sudden 
increase in kdr frequency and pyrethroid resistance 
is worrying considering the relatively low amount of 
insecticide use in Malanville. It is possible that An. gambiae 
populations carrying the kdr mutation might have migrated 
through active or/and passive ways from bordering countries 
(e.g. Niger, Nigeria) due to intense traffic and exchanges in 
this locality[5].
   Higher mortality rates were observed with permethrin 
compared to DDT in An. gambiae Parakou and Bohicon 
populations and may be explained by the presence of an 
additional resistance mechanism in Benin (e.g. “Leu-Ser” 
mutation) which might confer higher resistance to DDT than 
to permethrin[14].
   Deltamethrin resistance in An. gambiae Suru-lere may 

be explained by increased use of household insecticide 
and availability of xenobiotics for larval breeding sites in 
the urban. It was one of the possible factors selecting for 
pyrethroid resistance in An. gambiae in urban areas.
   In conclusion, pyrethroid resistance is widespread in 
malaria vector in Benin and kdr mutation is the main 
resistance mechanism involved. The L1014F kdr mutation 
frequency in An. gambiae s.l. which is resistant to pyrethroid 
from the south-north transect Benin may increase after a 
nationwide LLINs implementation. More attention may be 
paid for the future success of malaria control programmes 
based on LLINs with pyrethroids in the country.
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Comments 

Background
   The spread of pyrethroid resistance in malaria vectors 
is increasingly becoming a cause of concern especially in 
endemic countries where insecticide treated nets were the 
basic tool for vector control. Several published reports on 
pyrethroid resistance in Anopheles mosquitoes in Benin 
have raised an alarm to the threat it causes to the future 
usefulness of insecticide treated nets for effective malaria 
control. 
  
Research frontiers
   The present study evaluated the status of pyrethroid 
resistance, the distribution of kdr mutation and compared 
the present kdr allelic frequencies to that of previous reports 
before the distribution of LLINs took place. Significant 
increase frequencies of kdr mutation have been evidenced in 
areas of Malanville and Parakou previously with remarkably 
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low frequencies.

Related reports
   Pyrethroid resistance has been documented in An. 
gambiae s.l. in South Benin with Leu-Phe kdr mutation as 
the main resistance mechanism with 80% frequency (Corbel 
et al., 2007). The experimental huts reducing efficacy of 
ITNs and IRS against pyrethroid resistant mosquitoes was 
reported (N’Guessan et al., 2007). Another report in South 
Benin showed evidence of loss of household protection by 
insecticide treated nets in areas of pyrethroid resistance 
(Asidi et al., 2012).

Innovations and breakthroughs
   Pyrethroid resistance is a serious concern for Anopheles 
control in South Benin. In the present paper, the authors 
showed evidence that those populations of An. gambiae 
from Malanville (North Benin) had lost their susceptibility to 
deltamethrin. And the kdr mutation is rapidly spreading with 
increased frequency in the northern and central (Parakou) 
parts of Benin despite a scaling up of LLINs distributions 
nationwide.
  
Applications
   Good knowledge on the status of insecticide resistance 
would help to prevent vector control failure and the 
right choice of insecticides. The findings from this study 
suggested that resistance monitoring would be best advised 
and helpful to the national malaria control program. In the 
meantime, investigations on alternatives to pyrethroids 
would be an indicative route to develop effective tools for 
insecticide resistance management strategies.  

Peer review
   The authors have clearly shown a widespread kdr 
frequency in the transect south-north Benin which have 
increased even after the distribution of LLINs. The effect of 
selection pressure after a large scale distribution of LLINs 
has confirmed previous reports by Czeher et al. (2008) on 
an increase Leu-Phe kdr mutation in Niger following a 
countrywide LLINs implementation. The study is important in 
its field.
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