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Abstract

The study was conducted in December 2019 and February 2020 in two 
areas of Ayos city, Akoun (urban site) and Ebabodo (peri-urban site), in order 
to study the spatial distribution of members of the Anopheles gambiae complex, 
to determine their resistance status and to investigate the occurrence and 
distribution of the Kdr mutation. Mosquitoes were collected at the larval stage 
using the dipping method and then reared to the adult stage. The susceptibility 
of adult populations of An. gambiae s.l. to DDT and pyrethroids was assessed 
according to the WHO recommended protocol. Mosquitoes from the tests were 
identified by SINE PCR. Only test survivors were used for Kdr mutation testing by 
PCR. In the study sites, the gambiae complex was composed of An. coluzzii and 
An. gambiae living in sympatry in their oviposition sites with a predominance of 
An. coluzzii in Akoun (90.83%) and Ebabodo (76.69%). Tests with deltamethrin, 
permethrin and DDT revealed mortality rates of less than 70% whatever the 
locality of origin of the anopheles. Diagnostic PCR for the Kdr mutation showed 
that 100% of the survivors had the mutation in both sites, with frequencies of the 
resistant allele of 1.0 in both species. 

The high resistance of An. coluzzii and An. gambiae to insecticides requires 
the development of new insecticidal molecules.
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conducted by the government, with the peak of distribution in 2011, 
2016 and more recently in 2019 [5,6]. However, several studies have 
revealed the resistance of malaria vectors to insecticides used in 
public health in Cameroon, particularly in the North [7], Littoral [8] 
and Centre [9] regions, thereby calling into consideration the bio-
efficacy of the mosquito nets currently used. One of the solutions to 
this resistance phenomenon is to control the resistance mechanisms 
developed by mosquitoes and their spatial distribution in a specific 
locality in order to ensure a more efficient vector control strategy. In 
Central Africa, the resistance mechanisms developed by members of 
the gambiae complex are reflected either by an increase in the activity 
of detoxification enzymes (metabolic resistance) or by the presence 
of L1014F and L1014S mutations involved in knockdown resistance 
[10]. Furthermore, some studies have shown that An. coluzzii is 
better adapted to the ecological conditions of urban environments, 
in opposition to An. gambiae which prefers peripheral sites [11,12]. 
Such information, which is important in the guidance of vector 
control strategies, is unfortunately only available in some large cities 
in Central Africa [13,14]. The resistance pattern of malaria vectors is 
unknown till date in the vast majority of secondary cities in this part 
of our continent. However, for the past few decades, these cities have 
become the main agricultural production basins, following the decline 
in agricultural activities observed in recent years in the large cities, 
which would be inherent to the anarchic occupation of cultivable 
land in relation to an ever-increasing demography. In the secondary 
cities, farmers lacking training are known for their uncontrolled use 
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Background
Of all mosquito-borne diseases, malaria remains one of the most 

dangerous [1]. According to WHO statistics, malaria is responsible 
for 405,000 deaths per year worldwide, 95% of which occur in sub-
Saharan Africa, where the disease is a major public health problem 
[2]. Children under 5 years of age, pregnant women and non-immune 
travelers are the groups most at risk [3]. 

In the absence of an operational vaccine, vector control remains 
the primary means of preventing and reducing malaria transmission 
[3,4]. This control is largely based on the use of insecticides for net 
impregnation or indoor residual spraying. Cameroon has included 
the insecticide-treated net in its national strategic plan for malaria 
control. Tens of millions of free mosquito nets have been distributed 
to the population throughout the country during free campaigns 
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of pesticides, coupled with poor control of the frequency of their 
application in the plantations. This in addition to the widespread use 
of LLINs, contributes to the selection of pyrethroid-resistant strains. 

Ayos is a secondary town in the southern Cameroon forest block, 
located 160km east of Yaoundé (the political capital). As the main 
production area for cash crops such as cocoa and coffee, farmers use 
pesticides in an uncontrolled manner in order to boost production. 
The town also benefited from mass distribution of LLINs in 2011, 
2016 and 2019. Unfortunately, since then, no data on insecticide 
resistance in malaria vectors and the resistance mechanisms involved 
are available. However, according to studies conducted by Akono et 
al. [15], malaria is endemic and its transmission is essentially ensured 
by An. gambiae s.l., whose larvae preferentially live on the banks of 
the Nyong River, which crosses the city from East to West. 

The present study, whose aim is to complete the information on 
the resistance profile of Anopheles in the secondary cities of Central 
Africa, reviews the distribution of members of the An. gambiae 
complex, their resistance to insecticides and the distribution of the 
Kdr mutation in two peri-urban (Ebabodo) and urban (Akoun) 
neighbourhoods of the Ayos city.

Methodology
Study site

The study was conducted in Ayos (03°54’N; 12°31’E), a locality 
located 160km east of the city of Yaoundé, the capital of Cameroon 
(Figure 1). The climate in equatorial Guinean has four seasons, 
two rainy (September to November and March to June) and two 
dry (December to February and July to August). The vegetation 
was originally forest but has been damaged by human activity. The 
hydrographic network is abundant, consisting of numerous rivers 
that flow into the River Nyong. The average annual rainfall was 
1971.2mm in 2010. The average annual temperature was 25.53°C 
and the relative humidity was 80%. The population, estimated at 
14,950, lives from agriculture, livestock and fishing. The inhabitants 

regularly use insecticides and pesticides to control the insects that 
carry diseases to animals, humans and plants. The rate of coverage of 
the city with LLINs was around 90%. The use of LLINs, insecticides 
and pesticides can cause resistance in the mosquito vectors. The vast 
majority of residents go to the Ayos Regional Hospital as soon as they 
experience symptoms of fever.

Larvae collection at Akoun and Ebabodo	
Akoun (3°54’ 102N; 12°31’ 054E) (Figure 1) is an urban site located 

in downtown Ayos in the background of the municipal market site. 
The houses are of modern type with walls made of breeze blocks and 
roofs of corrugated sheets. The population is cosmopolitan, consisting 
of students, traders, civil servants etc. This district is characterized by 
its rather high degree of unsanitary conditions, which are marked by 
the presence of rubbish bins littering its streets and alleys. In the rainy 
season, some abandoned containers and used tyres provide potential 
breeding grounds for Aedes. Nevertheless, some potholes and other 
clear, vegetated and sunny water points are also visible and would 
constitute anopheles breeding sites. 

Ebabodo (3°54’295N; 12°31’ 631E) (Figure 1) is a barely 
anthropised site, located a few hundred metres from the Nyong 
River. The houses are of the traditional type, with walls made mostly 
of mud. The majority of the population is indigenous. The landscape 
is natural and dominated by vegetation whose regular plant species 
belong to the Gramineae and Piperaceae families. The population is 
at risk of mosquito bites due to the proximity of their homes to the 
River Nyong. 

Mosquito collection and treatment
The Anopheles populations for testing were collected in the larval 

stage from natural sites (sewers, gutters, barrels, pits, cesspools and 
truck tyre tracks, puddles) using the dipping method [16]. Collection 
took place in December 2019 and February 2020, on five consecutive 
days per month, simultaneously in the Akoun and Ebabodo districts. 
The collected Anopheles larvae were reared in water from the breeding 

Figure 1: Studies sites location.
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sites and fed with Tetrababy fish food [17]. The adults obtained were 
morphologically identified [18,19] and the adult females of An. 
gambiae s.l. were exposed to insecticide tests.

Insecticide sensitivity tests
Insecticide sensitivity testing was carried out using 2-4 day old 

adult females of An. gambiae s.l., obtained from the rearing of field-
collected larvae. The sensitive reference strain (Kisumu strain) bred at 
OCEAC was used to test the suitability of the impregnated papers. The 
procedure was in accordance with that recommended by the WHO 
[20]. The parameters monitored were knockdown time or the time 
required to knock out 50% (tkd50) and 95% (tkd95) of mosquitoes 
after an hour’s contact with an insecticide of lethal concentration 
for a susceptible strain, and mortality after 24 hours of observation. 
The following concentrations were tested: DDT 4%, permethrin 
0.75% and deltamethrin 0.05%. In the exposed tubes, knocked out 
mosquitoes were scored at regular 5 minutes intervals for 60 minutes. 
The anopheles were placed again on observation tubes and fed with 
10% glucose solution and mortality was recorded after 24 hours of 
observation. Tests using untreated paper were used as controls. 
Mortality rates were corrected when controls were between 5 and 20% 
[21]. The resistance and susceptibility status of the tested mosquitoes 
was assessed according to the following criteria: mortality rate (<90%) 
= resistant population; (90% to 98%) = probable resistance; (>98%) = 
susceptible population. Mosquitoes from the susceptibility tests were 
divided into three batches (susceptible/resistant/control) and stored 
individually in 1.5ml Eppendorf tubes containing cotton-lined silica 
gel at -20°C for molecular identification of An. gambiae complex 
members and detection of the Kdr mutation.

Molecular identification of An. gambiae complex species
Genomic DNA from mosquitoes was extracted following a 

procedure using 2% CTAB as grinding buffer [22]. The species of 
the An. gambiae s.l. complex were identified by SINE 200 PCR [23]. 
The search for the Kdr mutation in insecticide-resistant Anopheles 
samples was done according to the procedure of [24].

Results
Identification and spatial distribution of An. gambiae 
species in the study sites

A total of 431 mosquitoes had their genomic DNA extracted 
for molecular identification of An. gambiae complex species. The 
populations of An. gambiae s.l. at both study sites were composed 
of An. coluzzii and An. gambiae. In Akoun, from the 218 mosquitoes 
identified, An. gambiae represented 9.17% and An. coluzzii 90.83%. 
In Ebabodo, from the 213 mosquitoes analysed, 76.69% belonged to 
the species An. coluzzii and 20.31% to An. gambiae (Figure 2). An. 
coluzzii was significantly more represented than An. gambiae in both 
sites (p≤.10-4).

Insecticide susceptibility testing
A total of 720 female An. gambiae s.l. mosquitoes aged 2 to 4 days 

were subjected to three insecticides (DDT 4%, Permethrin 0.75% and 
Deltamethrin 0.05%). 240 mosquitoes from Ebabodo; 240 mosquitoes 
from Akoun and 240 mosquitoes of the control strain of An. gambiae. 

Knock-down times (tkd50 and tkd95)
For An. gambiae s.l. from both Akoun and Ebabodo, both tkd50 

and tkd95 were above 1 hour with permethrin, deltamethrin and 
DDT. For An. gambiae (Kisumu strain), the tkd50 was 19.1min with 
DDT, 9.5min with permethrin and 8.8min with deltamethrin. In 
addition, the tkd95 was 31min with DDT, 17.3min with Permethrin 
and 14min with Deltamethrin (Table 1).

Mortality rates of adult females of Anopheles gambiae s.l.
In Akoun, the mortality rates recorded 24 hours after exposure 

to discriminating doses of the three insecticides were 22.5%, 12.5% 
and 2.7% respectively for permethrin, deltamethrin and DDT (Table 
2). In Ebabodo, the mortality rates resulting from exposure to 
discriminating doses of the three insecticides were 10%, 22.5% and 
7.5% for permethrin, deltamethrin and DDT respectively (Table 2).

Figure 2: Distribution of An. gambiae complex species according to collection 
sites.

Strains Insecticide N tkd50 (min)[CI95] tkd95 (min)[CI95] 

Akoun

DDT 4% 80 >60 >60

Perm. 0.75% 80 >60 >60

Delta. 0.05% 80 >60 >60

Ebabodo

DDT 4% 80 >60 >60

Perm. 0.75% 80 >60 >60

Delta. 0.05% 80 >60 >60

Kisumu

DDT 4% 80 19.1 (17.8-21.1) 31.2 (28.2-33.4)

Perm. 0.75% 80 9.5 (8.4-10.8) 17.3 (15.7-19.4)

Delta. 0.05% 80 8.8 (7.3-11.1) 14.0 (12.6-17.8)

Table 1: An. gambiae s.l. knockdown times to insecticides.

N: Number Tested; 95: CI: 95% Confidence Interval; min: Minute; Delta: 
Deltamethrin; Perm: Permethrin; tkd50: Time to Stun 50% of Mosquitoes; tkd95: 
Time to Stun 95% of Mosquitoes.

Strain Insecticide N % mortality Controls Statuts

Akoun

Perm. 0.75% 80 22.50% 0 Resist.

Delta. 0.05% 80 12.50% 0 Resist.

DDT. 4% 80 2.70% 0 Resist.

Ebabodo

Perm. 0.75% 80 10% 0 Resist.

Delta. 0.05% 80 22.50% 0 Resist.

DDT. 4% 80 7.50% 0 Resist.

Kisumu

Perm. 0.75% 80 98% 0 Sensib.

Delta. 0.05% 80 100% 0 Sensib.

DDT. 4% 80 100% 0 Sensib.

Table 2: Mortality of An. gambiae s.l. females after 24 hours observation in Akoun 
and Ebabodo.

N: Number Tested; Delta: Deltamethrin; Perm: Permethrin; % Dead: Percentage 
of Mortality; Resist: Resistant.
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The comparative study of mortality rates between the native 
populations of An. gambiae s. l. in Akoun and those in Ebabodo 
revealed that there was no significant difference between the mean 
mortality of An. gambiae s. l. from the two study sites irrespective of 
the insecticides tested (P >0.05) (Table 3).

Distribution of the Kdr mutation
The frequency of the Kdr mutation was very high in both study 

sites. All An. gambiae s.l. specimens tested carried the (R) allele for an 
allelic frequency of 1 at locus 1014 while the (S) allele was absent at 
the same locus (Table 4).

Discussion
The present study revealed two species of the Anopheles gambiae 

s.l. complex in Akoun and Ebabodo. These are An. gambiae and 
An. coluzzii. Our results corroborate those recorded in the city of 
Douala in Cameroon [9,25,26]. These two species are known to be 
the most important malaria vectors in tropical Africa [27,28]. The 
results further show a predominance of An. coluzzii in our study sites. 
This predominance of An. coluzzii in the locality of Ebabodo (peri-
urban area) and Akoun (urban area) could be explained by the high 
ecological plasticity of this species compared to An. gambiae which 
prefers sunny natural sites with low conductivity and salinity values 
[29,30]. Similar results were found in Manoka by Talipouo et al. [31].

The present study revealed a wide distribution of resistance of An. 
gambiae s.l. to DDT 4%, permethrin 0.75% and deltamethrin 0.05% in 
the study sites. This resistance is reflected by an increase in knockdown 
time of natural populations compared to the sensitive reference 
strain, suggesting a mutation-induced structural modification of 
the sodium-dependent canal and thus a decrease in the affinity of all 
three insecticides used towards the target. Indeed, the massive use of 
insecticides in agriculture in secondary cities and in public health is 
the cause of selective pressures leading to the selection of insecticide 
resistance in malaria vectors [29,30,32,33]. In addition, other factors 
such as the regular use of insecticide bombs by the population and 
urban pollution are also present [9]. The tkds values achieved in this 
study are significantly higher than those previously obtained in the 
city of Douala by Antonio-Nkondjio et al. (2011) [9] and Akono et 
al. [26] respectively. This result suggests the evolving resistance of 
mosquitoes to insecticides in secondary cities.

In Central Africa, previous work has revealed a predominance of 
the Kdr West 1014F mutation [34,35]. In our study sites, the level of 
resistance to DDT and pyrethroids has increased significantly in the 
entire An. gambiae s.l. population and is correlated with the presence 
of the 1014F mutation. Although Akoun is more urbanised than 
Ebabodo, the Kdr allele frequency was present in both sites. These 
allelic frequencies observed in our study are higher than those reported 
by Antonio et al. [30] in the city of Douala and suggest a trend towards 
fixation of the Kdr allele in Cameroonian Anopheles populations. 
This result reflects the global increase in pyrethroid resistance in 
malaria vectors in Africa [36]. However, no significant differences 
were observed according to ecological context. In both sites, the Kdr 
allele frequency was high and almost fixed in An. gambiae and An. 
coluzzii. This result could be explained by a continuous process of 
Kdr allele dissemination in the An. gambiae population in Cameroon 
[32]. It is suspected that the use of insecticides in agriculture or 
domestic hygiene as well as the use of impregnated mosquito nets 
in the southern region of Cameroon has led to the selection of the 
Kdr allele within the vectors. Indeed, the massive use of DDT during 
the 1960s-1970s for malaria control is suspected to be responsible for 
the resistance in Anopheles species [37]. The high proportions of RR 
genotypes in the survivors of the three insecticides seem to suggest 
that these provide a selective advantage in the two Anopheles species 
under selection pressure. In addition, other resistance mechanisms 
such as increased activity of detoxification systems and Ace1 may add 
to the Kdr effect and increase resistance to DDT and pyrethroids. 
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