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INTRODUCTION 

The rapid urbanization in African countries has 

important implications on hygiene and the health of 

populations [1]. It’s represents a challenge for water and 

sanitation management particularly in sub-Saharan Africa. 

These issues have substantial public health implications, 

reshaping the epidemiology of both chronic and infectious 

diseases, with consequences worldwide [2]. 

 

Cotonou, the economic capital of Benin located in 

southern of Benin is   in   this   scheme   with   remarkable 

expansion of it population with lack of storm-water 

drainage systems, building in hazardous areas, and 

unregulated housing and infrastructure development. 

Yadouleton et al [3] reported that it is common to find in 

this city wastewater collections stagnant, generated and 
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ABSTRACT 

             Culex quinquefasciatus, an arboviral and filarial vector, is present in high numbers throughout southern Benin, and 

insecticide-resistant populations have been reported worldwide.  In order to determine the insecticide resistance status of 

Cx. Quinquefasciatus in southern Benin, a study was conducted from May to October 2014 where larvae collection was 

done during the rainy season across two districts located in urban (Agla) and peri-urban (Dandji) areas.  Bioassay were 

performed on adults collected from the field to assess the susceptibility of Cx. quinquefasciatus  to insecticide-impregnated 

papers (permethrin 0.75%, delthamethrin 0.05%, lambdacyhalothrin 0.5%, DDT 4%, fenithrotion 1% and bendiocarb 

0.1%) following WHOPES guidelines. The presence of knock down resistance (kdr) and acethylcholinesterase (ace-1R)   

mutations were determined by PCR. This study showed a strong resistance to pyrethroids, DDT and carbamate in Cx. 

quinquefasciatus populations from the two study areas. However, the same populations were fully susceptible (mortality 

100%) to the organophosphate fenitrothion tested. The kdr mutation was present in all Cx. quinquefasciatus populations 

collected in the two districts with frequency ranging from 0.65 to 0.72 respectively at Dandji and Agla. The ace-1R 

mutation was also present with frequency ranging from 0.25 to 0.3 respectively at Dandji and Agla. Conclusion: This study 

showed a widespread resistance to pyrethroids and carbamate with a presence of kdr and ace-1R mutations in all 

populations of Cx. quinquefasciatus from the two study areas. However, the susceptibility of these populations to 

organophosphate is encouraging the use of an insecticide of this family as an alternative insecticide to pyrethroids and 

carbamate against this mosquito in southern Benin.  
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maintained by human practices, poorly priests gutters, open 

sumps or simply closed by a sheet. These collections of 

standing wastewater are particularly representing good 

breeding sites for the development of immature stages of 

Culex quinquefasciatus Say, 1823. 

In West Africa, Cx. quinquefasciatus exploits the 

conditions created by tropical urbanization. This species 

thrives in polluted waters common in urban slum areas due 

to inadequate sanitation and waste disposal facilities. It’s the 

main vector of the parasitic worm Wuchereria bancrofti, the 

agent of lymphatic filariasis (LF) [4]. They transmit many 

serious pathogens (filaria, West Nile virus & others) to 

human and animals [5-7]. 

Control of this vector has relied extensively on the 

application of insecticides [8] and hence the emergence of 

insecticide resistance represents a major concern for plans 

to control or eradicate LF [9]. However, the development of 

pyrethroid resistance in populations of Cx. quinquefasciatus 

has become a serious concern to the success of LF control. 

In the last decade, resistance to organochlorine, 

organophosphate and carbamate insecticides is well 

documented and widespread in populations of Cx. 

quinquefasciatus [10-12]. 

Moreover, Insecticide-treated bed nets (ITNs), 

which are targeted to prevent mosquitoes from feeding on 

people indoors, which prevents malaria transmission, are 

increasingly deployed in Africa as a means of malaria 

control and can have the added benefit of protecting people 

from filarial and arboviral diseases transmitted by culicine 

mosquitoes [13-14]. However, a study conducted by Czeher 

et al. [15] showed an increase level on knowck down 

resistance (kdr) in mosquitoes after a free distribution of 

ITNs to people against malaria. Moreover, Yadouleton et al. 

[3] reported in northern Benin that Cx quinquefasciatus 

larvae are sympatric with Anopheles larvae. This situation 

certainly will strengthen the resistance status of Cx. 

quinquefasciatus against the various classes of insecticides 

use in public health, because An. gambiae has developed 

resistance to theses insecticides [16-17]. 

The present study aims to assess the resistance status of Cx. 

quinquefasciatus to carbamates, pyrethroids and 

organochlorine and discuss the implications for vector 

control in southern Benin. 

 

MATERIALS AND METHODS  

Methods 

Study areas 

The study was carried out in southern Benin at 

Cotonou (6.2° N–6.3° N and 2.2° E–2.3° E) the economic 

capital particularly at Dandji (peripheral areas) and Agla 

(urban area). (Fig. 1). The choice of the two districts is 

based on the weak level of urbanization and the presence of 

a lot of mosquitoes breeding sites. These two areas of Benin 

are characterized by a tropical coastal Guinean climate with 

two rainy seasons (April–July and September–November). 

The main annual rainfall is more than 1300 mm. 

Mosquito collections 

Cx. quinquefasciatus larvae were collected during 

the rainy season. The collections were done from polluted 

drain. Larvae and pupae were collected using the dipping on 

breeding sites and then kept in separate labeled bottles for 

each locality. Larval samples collected were reared for adult 

susceptibility tests.  

 

Insecticide susceptibility test 

125 adults females mosquitoes aged 3–5 days from 

each study site were exposed to diagnostic doses of various 

insecticides for susceptibility tests using insecticide-

impregnated papers, as described by the standard WHO 

testing protocol [18]. The following insecticides were 

tested: deltamethrin (0.05%), permethrin (0.75%), DDT 

(4%), bendiocarb (0.1%) and fenitrothion (1%). The 

emphasis was also put on deltamethrin, because of a 

nationwide distribution of PermaNets by the National 

Malaria Control Program. The use of DDT is justified by 

the detection of cross resistance between pyrethroids and 

organochlorine in Cx. quinquefasciatus populations. The 

carbamate and the orgaonophosphate are currently the 

alternative insecticides using for IRS in Benin [19]. 

For each treatment, five test tubes were used: one 

untreated paper as a control and four treated papers to 

expose mosquitoes. Control tubes contained filter papers 

impregnated with silicon oil (insecticide carrier) only, 

whereas treated papers were impregnated with diagnostic 

doses of insecticide plus carrier. An average of twenty-five 

mosquitoes was introduced into each tube. Females of Cx. 

quinquefasciatus used in this study were exposed for one 

hour to insecticide-treated papers. The number of knock 

down mosquitoes was recorded every 10 minutes. Tests 

with untreated papers that served as control were run in 

parallel. At the end of the exposure period, mosquitoes were 

transferred into tubes with untreated white filter papers 

(known as holding tubes) and allowed a 24 h recovery 

period. All mosquitoes were provided with 10% glucose 

water during the 24 h recovery period. Mortality rate was 

recorded after 24h. 

Assayed samples were preserved individually on 

dessiccant (silica gel) and stored at -20°C for further 

analysis. All results were compared with the susceptible 

reference strain SLAB. 

 

PCR detection of the Knock-down mutation 

50 survivors of mosquitoes from susceptible tests 

for each insecticide were used for PCR assays. In each site, 

each mosquito was extracted using a modified salt-

extraction, with total DNA from each mosquito extraction 

resuspended in 50µldH2O(Kentet al. [20]). Head + thorax 

extractions were used to genotype samples for the Knock 

down resistance (kdr) allele, using a Polymerase chain 

reaction diagnostic test for detection of kdr “Leu-phe” 

mutations following the protocol described by Martinez-

Torres et al. [21].PCR conditions are as follows: each 25 µl 
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reaction contained 1X PCR buffer, 100 µM each dNTPs, 75 

pmol CxRev primer, 75 pmol forward primer, 2.0U Taq 

polymerase, and 1.5 µl DNA template. A part of the DNA 

from the survivors mosquitoes were also screened for 

insensitive acetylcholinesterase (Ace-1 R) by the PCR-

RFLP following Weill et al. [22] protocol.  

 

Data interpretation 

The resistant status of mosquito samples was 

determined according to the WHO criteria [18]. Following 

the WHO protocol, mortality of less than 80%, indicate 

resistance, while those greater than 98% indicate 

susceptibility. Mortality between 80%-98%, suggests the 

possibility of resistance that needs to be verified. The 

resistance allele frequency at the kdr and Ace-1 locus was 

calculated using Genepop software (version 3.3) as 

described by Raymond and Rousset [23]. 

 

RESULTS 

Resistance status 

Figures 1 and 2 show the insecticide resistance 

status of Cx. quinquefasciatus s.l populations from the 2 

districts. Following the exposure, females of Cx. 

quinquefasciatus have developed resistance to DDT in the 

two districts with 17% as an average mortality. With the 

three pyrethroids tested, WHO diagnostic tests showed also 

high frequency of resistance in Cx. quinquefasciatus to 

permethrin (ranging from 25% to 35% mortality 

respectively at Dandji and Agla), deltamethrin (38% to 

47%), lambdacyhalothrin (45% to 62%). 

The same trend of resistance was observed with the 

carbamate and organophosphate where Cx. quinquefasciatus 

has developed resistance against these two insecticides. 

 

Detection of resistance genes 

 A total sample of 120 mosquitoes (60 per site) was 

genotyped both for the kdr and ace.1R mutations. Results 

from this PCR showed that the kdr mutation was present in 

all Cx. quinquefasciatus populations collected in the two 

districts. The kdr frequency obtained in Cx. 

quinquefasciatus in the two districts is ranging from 0.65 to 

0.7 respectively at Dandji and Agla (Table 1). The Ace-1 

mutation was present with frequency ranging from 0.25 to 

0.3 respectively at Dandji and Agla.  

There is no difference between the two frequencies 

of kdr found in Cx. quiquefasciatus populations from the 

two districts (P>0.05). The same trend was observed 

statistically with ace-1R mutation.  

 

Table 1: Frequency of Kdr and Ace-1R mutations in Culex quinquefasciatus from Dandji and Agla in southern Benin 

 

Figure 1. Map of Benin showing the study sites 

 

 Kdr mutation Ace.1 mutation 

Locality SS RS RR F(R) SS RS RR F(R) 

Dandji (60) 10 22 28 0.65 40 10 10 0.25 

Agla  (60) 7 22 31 0.7 38 08 14 0.3 



26 
Agbanrin Ramziath et al. / Vol 6 / Issue 1 / 2016 / 23-29. 

 

 

Figure 2: Mortality rates and resistance status of Culex quinquefasciatus from Agla, Dandji and the susceptible reference 

strain SLAB (C) exposed to insecticides 
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DISCUSSION 

This study showed that Cx. quinquefasciatus 

populations from Dandji and Agla respectively at urban and 

peri-urban areas in southern Benin have developed 

resistance to organochlorine (DDT), pyrethroids 

(permethrin, deltamethrin, lambdacyhalothrin) and 

carbamate (bendio-carb), but susceptible to 

organophosphate (fenitrothion). 

Results from this study showed that the pattern of 

resistance of Cx. quinquefasciatus to insecticides within a 

class of insecticide was similar across the two collections 

areas. However, the mortality rate was higher significant 

with the organochlorine than to other classes of insecticides 

(P<0.05).  

Among the three pyrethroids tested (permethrin, 

deltamethrin and lambdacyhalothrin), mortality rate with 

permethrin and deltamethrin was more important than the 

rate obtained with lambdacyhalothrin. This can be explained 

by the massive free campaign of bed nets (Olyset and 

Permanet) distributed since 2006 until now which were 

impregnated with permethrin or deltamethrin insecticide. 

This was supported by Czeher et al. [15] who reported a 

high level of mortality of An. gambiae with the increasing 

of kdr resistance mutation in from Niger following a 

nationwide long lasting insecticide-treated nets 

implementation. This widespread resistance to DDT and 

pyrethroids observed in our two study sites can be  also 

explained by a longstanding massive use of DDT house-

spraying in several districts of the country during the WHO 

malaria eradication program in the 1950s [24].  

Additionally, our larvae collections were done in 

agriculture areas particularly in vegetable farming (Agla) 

and in cereal agriculture (Dandji) where pyrethroids have 

been extensively used for crop protection [25]. In West 

Africa, the increased rate of pyrethroid resistance and kdr 

mutation frequency were often attributed to the massive 

agricultural use of DDT and pyrethroids [26- 27]. Similar 

finding has been reported by Wilding et al. [28] among Cx. 

quinquefasciatus mosquitoes from Accra. Akogbeto et al. 

[29] in Benin reported that during the treatments, 

insecticides in cereal/ vegetable fields are washed into 

mosquito breeding sites which exerted a huge selection 

pressure on mosquito larval population and contributed to 

the emergence of insecticide resistance in Cx. 

quinquefasciatus. This confirms once again, the role of 

agricultural in the selection of insecticide in mosquitoes.  In 

other hand, massive use of domestic insecticides such as 

mosquito coils or aerosol sprays in many households in 

developing countries particularly in Benin can be an 

additional selective pressure favouring pyrethroid resistance 

in urban and peri-urban areas. This has been reported by 

several authors [27, 30].  

The resistance against carbamate and the presence 

of ace-1R mutation observed  in Cx. quinquefasciatus 

populations in the two study areas can be explained by the 

fact that some of the pesticides belong to carbamate family 

were not recommended  in vegetable farms and  in cereal 

agriculture and were used  in an improper manner to control 

agriculture pests [31].  

Similar results of resistance to carbamate have also 

been observed in Culex mosquitoes in northern Benin and 

from Ghana’s neighbouring countries [3, 32]. 

Our results showed also that Cx. quinquefasciatus 

populations from the two collections areas are fully 

susceptible to fenitrothion (organophosphate). This can be 

explained by the fact that in these areas, organophosphorous 

insecticides were not used. This is particularly relevant to 

strengthen vector control campaigns using Indoor Residual 

Spraying based on organophospahte as alternatives to 

pyrethroids/carbamate, which is currently used by the 

National Malaria Control Program in several areas of Benin. 

 

CONCLUSION 
This study confirmed the widespread of pyrethroid 

and carbamate resistance in Cx. quinquefasciatus 

populations in southern Benin.  However, the susceptibility 

of these populations to organophosphate is encouraging the 

use of an insecticide of this family as an alternative 

insecticide to pyrethroid and carbamate against mosquito in 

southern Benin. 
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