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Abstract 
Agricultural practices play a major role in the selection of insecticide resistance in field populations of 
Anopheles mosquitoes. Here, we investigated the possible links between agricultural practice and the 
resistance to pyrethroid insecticides in the major malaria vector Anopheles gambiae s.l in the city of 
Yaoundé in Cameroon. Entomological surveys were conducted in the peri-urban and urban areas of 
Yaoundé. KAP surveys on agricultural practice and the use of pesticides in vegetable farms were 
conducted in all farms and the susceptibility status of female Fo An. gambiae s.l progeny to permethrin 
(type I pyrethroid) and deltamethrin (type II pyrethroid) was assessed using the WHO tubes bioassay 
protocol. The resistance mechanisms were assessed using synergist and kdr-genotyping assays. Our 
findings revealed that the application of pesticide active molecules is a common practice in vegetable 
farms across Yaoundé. This phenomenon has increased the development of resistance to pyrethroid 
insecticides in An. gambiae sl. The observed phenotypic resistance was higher in peri-urban sites (7% 
and 17% mortalities for deltamethrin and permethrin, respectively) than in urban sites (63 % and 17% 
mortalities for deltamethrin and permethrin, respectively). Synergist assays with PBO revealed the high 
implication of monooxygenase P450 enzymes in the observed phenotypic resistance pattern. The L1014F 
kdr-resistant allele is almost fixed in the exposed mosquito populations. These data suggest that the 
metabolic resistance with monooxygenase P450-enzymes might play a crucial role in the resistance of 
wild An. gambiae s.l. populations to type I and type II pyrethroid insecticides in vegetable farms across 
Yaoundé. 
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Introduction 
Malaria falls among the deadliest infections in human history with a slight decrease in the 
morbidity and mortality in certain regions during the last decade. In 2018, the World Health 
Organization (WHO) reported 228 million cases and 405,000 deaths from malaria. Up to 90% 
of these cases were reported in sub-Saharan African regions [1]. Vector control strategies 
currently represent one of the main tools used to fight against malaria in most endemic regions 
across the world. The tools used include long-lasting insecticide-impregnated mosquito nets 
(LLINs), Indoor Residual Spraying (IRS), and larviciding which unfortunately rely on a 
limited number of insecticides [2]. The success of these tools has been threatened by the 
increase of insecticide resistance in major malaria vectors across Africa [3].  
In Africa, the resistance of malaria vectors to insecticides such as DDT and pyrethroids has 
frequently been associated with the use of pesticides in agricultural settings [4, 5, 6, 7]. Intensive 
vegetable farming highly relies on the use of synthetic pesticides and agrochemicals to 
improve the yields of cultured crops [8, 9]. The contribution of agricultural activities such as 
vegetable farming in insecticide resistance selection in malaria vectors has highly been 
described. Malaria vectors larvae breed in water pools found around farm settings; and almost 
90% of insecticides used in these farms are pyrethroids which constitute the main insecticide 
class used in public health interventions against malaria vectors [10, 11].  
Urban and peri-urban agricultural activities have become an alternative to solve the problem of 
food insecurity for city dwellers during low rural cropping systems [12]. Vegetable farming has 
become a key component of urban and peri-urban agricultural activities in many African 
countries. It is one of the economic activities that meet the food and nutritional demand of the  
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populations while contributing to the decrease of poverty 
among the communities. It is also a source of employment for 
many young graduates and a source of income for many 
families [13, 14]. However, agricultural crops in vegetable farms 
are subjected to pest attack which damages the crops and 
contributes to yield loss of many tones [15, 16, 17]. Different 
chemical ingredients such as synthetic pesticides are being 
used by marked farmers to fight against pests in vegetable 
farms [18]. However, the misuse of these compounds has 
contributed to insecticide resistance in major agricultural 
pests such as Helicoverpa armigera, the cotton bollworm [19], 
with great impact on human health or non-target organisms 
and the pollution of the environment [20, 21, 22].  
Recent studies have described the fast-increased phenomenon 
of insecticide resistance among malaria vectors in Cameroon 

[23, 24]. Factors such as intensive and misuse of pesticides in 
agriculture, the expansion of urban agriculture, and the 
pollution of the environment in urban settings have been 
pinpointed. Their impact on the increase of resistant mosquito 
populations across the country is highly considerable [25, 26].  
The intervention strategies used to control agricultural pests in 
vegetable farming might threaten the efficacy of the tools 
used to fight against malaria by inducing the mechanism of 
cross-resistance in malaria vectors [4, 9]. A well-coordinated 
integrated approach between public health and agricultural 
activities could be sufficient to minimize the impact of crop 
protection activities on the development of insecticide 
resistance in malaria vectors. Despite the fact that pyrethroid 
resistance is dynamic, the influence of local selective pressure 
induced by agricultural practices is a piece of important 
information in vector management on a small scale. Here, we 
assessed the impact of agricultural management strategies in 
vegetable farming on the insecticide resistance profile of the 
main malaria vector Anopheles gambiae s.l. in the city of 
Yaoundé in the Centre region of Cameroon. 

Materials and Methods 
Study sites 
The study was carried out between September 2018 and July 
2019 in Yaoundé (3°51’N11°30’E), the political capital city 
of Cameroon. Yaoundé is located within the Congo-Guinean 
phytogeographic zone characterized by a typical equatorial 
climate with two rainy and two dry seasons. The city of 
Yaoundé which is mainly surrounded by hills has an annual 
rainfall of 1,700 mm and an altitude of 800 m. Three 
vegetable farms were investigated; Ezazou (3°49'36,52768"N 
11°31'55,76658"E) which is located in the urban area of 
Yaoundé, Nkolondom (3°57'12,33741"N 11°29'39,06882"E), 
and Famassi (3°52'22,16880"N 11°24'38,85358"E) located in 
the peri-urban area of Yaoundé (Figure 1)  
The vegetable farm of Nkolondom is located 7 km from the 
center of Yaoundé. Its hollows are crossed by a main stream, 
the "Ntsas" which is fed by runoffs from the various hills. 
Vegetable farming is the main activity here and it highly 
depends on input. The landscape is made up of a mosaic of 
plots of around 100 m2. Small farms are mostly owned by 
young single people. The predominant workforce is the 
family.  
The vegetable farm of Famassi is located in Nkolbisson, a 
peripheral district in the north-west of Yaoundé. This area has 
been relatively protected from urbanization by the presence of 
a chain of hills. The lowland of Nkolbisson is cultivated by 
professional farmers. Farmers working there are generally non 
native, retired or in family relationships. 
The market gardening site of Ezazou is located in the fourth 
District of Yaoundé. It is a District undergoing urbanization 
although anarchic. It is a lowland that has recently been 
colonized by market gardening, which is the main intensive 
agricultural activity; one can note in this site a strong 
proximity of the fields with the dwellings. 

 

 
 

Fig 1: Study sites 
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Knowledge, Attitude and Practice (KAP) surveys  
KAP surveys were conducted in all investigated sites. A total 
of 60 farmers (20 from each site) were interviewed on the 
agricultural system (type of speculation and mode of 
cultivation), the use of pesticides and agrochemicals (source, 
dose and frequency) in vegetable farms and the watering 
system. An observational datasheet was also used to collect 
filed observation data, and these data were matched with the 
information collected from the farmers.  
 
Mosquito collection and morphological identification 
Aquatic stages (larvae and pupae) of anopheles’ mosquitoes 
were collected in semi-permanent and permanent larval 
habitats in and around the vegetable farms using the WHO 
dipping method [27]. Collected mosquitoes were reared in 
laboratory conditions (25±2°C, 70-80% RH) and emerged 
adult mosquitoes were subjected to WHO test tube assays. 
Another portion of adult anopheles’ mosquitoes were 
subjected to molecular speciation.  
 
Molecular speciation of An. gambiae S.L Complex 
One hundred mosquito samples were randomly selected from 
each study site and subjected to DNA extraction using the 
Livak protocol [28]. The DNA extracts were then amplified for 
the molecular speciation of An. gambiae complex using the 
SINE200 PCR technique described by Santolamazza et al. [29]. 
 
Insecticide susceptibility assays 
Susceptibility tests to pyrethroid class insecticides 
(permethrin 0.75% and deltamethrin 0.05%) were conducted 
using the WHO test tube assays [30]. Prior to the bioassays, An. 
gambiae-Kisumu, a reference laboratory susceptible strain, 
was used to test the efficacy of insecticide-impregnated 
papers. Non-blood fed adult, 2-5 days old female Fo progeny 
of An. gambiae s.l field populations were exposed to the 
diagnosis dose (1X) of each insecticide according to WHO 
protocol. A total of 120-150 mosquito samples were used to 
assess the susceptibility of these insects to each insecticide. 
The knock-down effect was read 60 minutes post-exposure to 
the insecticide impregnated papers and the morality was 
recorded after 24 hours. Dead and alive mosquitoes were kept 
separately in dry Eppendorf tubes containing silica gel for 
further molecular analysis. 
 
PBO synergist assays 
To investigate the possible implication of cytochrome P450 
enzymes in the observed resistance to pyrethroids, 2-5 days old 
females Fo An. gambiae s.l. progeny were pre-exposed to 4% 
piperonylbutoxide (PBO) for 1 h and then to each insecticide 
(permethrin 0.75% and deltamethrin 0.05%) according to WHO 
standard protocol [30]. Exposed mosquito populations were treated 

as described above for each insecticide tested.  
 
KDR genotyping  
For each insecticide, equal numbers of live and dead mosquitoes 
were subjected to DNA extraction according to the bioassay. The 
genotype at the kdr locus (for both kdr-west and kdr-east 
mutations) was determined using TaqMan real time PCR 
technique according to the protocol described by Bass et al. [49]. 
 
Statistical analysis 
Data from this study were computed in SPSS 20.0 software. 
The resistance status of exposed mosquito populations was 
classified according to WHO criterion [30] as: mortality rate ≥ 
98% for susceptible populations; 98% <mortality> 90% for 
suspected resistant populations and mortality < 90% for 
resistant populations. Chi-square contingency tests were used 
to test the association of kdr with bioassay survivorship for 
each insecticide; and to establish the difference between KAP 
categorical data. A two-sided p value < 0.05 was considered 
statistically significant.  
 
Ethics statement 
This study received an ethical authorization from the IITA 
internal review board (IRB). Farmer participation into the 
study was strictly voluntary and each participant provided a 
verbal consent prior to field activities and administration of 
questionnaires through interviews.  
 
Results  
Characteristics of vegetable farms in Yaounde 
Vegetable farmers in Yaoundé had different educational 
levels including primary school (17/60), secondary school 
(39/60) and university training (4/60). In regard to agricultural 
practices in investigated farms, lettuce was the common 
vegetable found. Parsleys, leeks and celeries were common in 
Nkolondom and Ezazou vegetable farms, whereas cabbage 
and carrot were specific to Famassi vegetable farm. The use 
of synthetic pesticides was very common in investigated sites 
and most farmers from Nkolondom and Famassi (peri-urban 
area) acquired these products from the local markets; while 
those from Ezazou (urban area) got their inputs from suitable 
local stores. Up to 70% and 75% of farmers from Ezazou 
respectively use the recommended dose of pesticide (5 mL/10 
L) and the required frequency (every 14 days) for the 
application of these products in the farm. Only 55% of 
farmers used the recommended dose of pesticides for crops 
protection in Nkolondom, and 35% respect the frequency of 
application of the chemicals in the farm. The respect of these 
pesticide utilization norms significantly decreased in Famassi 
(table1). 

 
Table 1: Agricultural practice and characteristics of vegetable farms investigated in the city of Yaoundé. 

 

Parameters Nkolondom Famassi Ezazou 
Nature of the farm Peri-urban Peri-urban urban 
Agricultural system Vegetable farm Vegetable farm Vegetable farm 

Main vegetable speculations Parsley, leek, celery cabbages, carrots, lettuce Parsley, leek, celery, lettuce 
Irrigation system Swamps, wells Swamps, Borehole Swamps, Borehole 

Source of pesticides used Local market Local market Plant protection product store 
Pesticides used Pesticide, herbicides, fungicides Pesticide, herbicides fungicides Pesticide, herbicides fungicides 

Agrochemicals used    

Active ingredients used Pyrethroids, glyphosates, Copper 
sulfate 

Pyrethroids, glyphosates, Copper 
sulfate 

Pyrethroids, glyphosates, Copper 
sulfate 

Recommended frequency of Pyrethroids’ 
application (Every 14 days) 7/20 (35%) 6/20 (30%) 17/20 (85%) 

Recommended dose of Pyrethroids’ 
application (5 mL/10 L) 11/20 (55%) 7/20 (35%) 16/20 (75%) 
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Molecular identification of An. gambiae s.l complex.  
All anopheles mosquito specimens collected from the study 
sites belonged to An. gambiae s.l. complex. An. gambiae s.s. 
constituted the main species found in Nkolondom (100%) and 
Famassi (96%), while An. Coluzzii (95%) was the main 
species found in Ezazou vegetable farm (Table2). 
 
Table 2: An. gambiae s.l. species composition from vegetable farms 

in the city of Yaounde. 
 

Study sites Total number 
analyzed (n) 

An. coluzzii 
(%) 

An. gambiae 
s.s. (%) 

Ezazou 100 95 5 
Famasi 100 4 96 

Nkolondom 100 0 100 
 
Susceptibility of An. gambiae s.l. to deltamethrin and 
permethrin  
A total of 1,375 An. gambiae s.l field populations were 
exposed to pyrethroid insecticides. These mosquito 
populations exhibited different resistant profiles from one 
vegetable farm to another after exposure to permethrin (Χ2 

=11.292; D.F. = 2; P=0.0035) and deltamethrin (Χ2 =59.408; 
D.F. =2; P<0.0001). The mortalities recorded were 7%, 13% 
and 17.85% respectively for Nkolondom, Famassi and Ezazou 
after exposure to permethrin, a type I pyrethroid insecticide 
(figure 2), suggesting a resistance to permethrin in all 
vegetable farms investigated in Yaoundé. (Χ2=11.292; D.F. = 
2; P=0.0035). An equal resistance profile was recorded for 
deltamethrin, a type II pyrethroid, with mortality rates of 
17.8%, 21.4% and 64 %, respectively for Nkolondom, 
Famassi and Ezazou (figure 3). The assays revealed different 
resistant profiles between urban and peri-uban vegetable 
farms for deltamethrin (χ2= 59.408; P-value < 0.0001) and 
not permethrin (χ2 = 1.436; P-value = 0.224); Suggesting 
different factors implicated in resistance selection to 
deltamethrin according to the type of vegetable farm.  
 

 
 

Fig 2: Susceptibility of field populations of An. gambiae s.l. to 
permethrin according to vegetable farms in the city of Yaoundé. 

 
 

Fig 3: Susceptibility of field populations of An. gambiae s.l. to 
deltamethrin according to vegetable farms in the city of Yaoundé. 

 
Susceptibility of An. gambiae s.l to PBO  
After exposure to PBO, a partial recovery of the susceptibility 
to permethrin was recorded in all vegetable farms with 
mortality rates of 76.39% in Nkolondom, 51.58% in Famassi 
and 69.83% in Ezazou (figure 4). In addition, a partial 
recovery of the susceptibility to deltamethrin was recorded in 
all vegetables with mortality rates of 71.67% in Nkolondom, 
60.05% in Famassi and 85.14% in Ezazou (figure 5). These 
data suggest that monooxygenase P450 enzymes is not the 
only resistance mechanism involved in the resistance to 
pyrethroid insecticides in investigated vegetable farms; and 
that additional mechanisms such as target site mutations (kdr 
mutations) might be involved.  
 

 
 

Fig 4: Susceptibility of field populations of An. gambiae s.l. to 
permethrin and PBO+ permethrin in investigated vegetable farms in 

the city of Yaoundé. 
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Fig 5: Susceptibility of field populations of An. gambiae s.l. to deltamethrin and PBO+ deltamethrin in investigated vegetable farms in the city 
of Yaoundé. 

 
Kdr genotyping in An. gambiae s.l.  
The analysis of dead and live mosquito specimens revealed 
that the resistant kdr 1014F allele is close to fixation in all 
sites in mosquitos tested to permethrin (0.90, 1 and 1 
respectively in Ezazou Famassi and Nkomondom) and 
deltamethin (0.94, 0.96 and 1, respectively in Ezazou Famassi 

and Nkomondom) A strong association was observed between 
the presence of the kdr 1014F-resistant allele and the 
survivorship of the mosquito populations either to permethrin 
and deltamethrin (OR=7.66; P<0.0001 and OR= 10.4; 
P<0.0001 respectively). 

 
Table 4: Frequencies of kdr-west L1014F alleles in field An. gambiae s.l populations exposed to pyrethroid insecticides (permethrin and 

deltamethrin). 
 

investigated 
farm Insecticide Phenotype 

L1014F 
Alleles N 2N frequency Genotypic Allelic 

frequency OR P-
Value RR RS SS f(RR) f(RS) f(SS) f(R) f(S) 

Ezazou Permethrin Alive 21 4 0 25 50 0.8 0,2 0 0,9 0,1   
Dead 2 23 0 25 50 0.08 0,92 0 0,54 0,56 7,66 <0.0001 

 Delthamethrin Alive 22 3 0 25 50 0.088 0.12 0 0.94 0.06   
Dead 2 23 0 25 50 0.79 0.21 0 0.6 0.4 10.44 <0.0001 

Famassi 
Permethrin Alive 25 0 0 25 50 1 0 0 1 0   

Dead 1 24 0 25 50 0.07 0,93 0 0,53 0,47 NA NA 

Delthamethrin Alive 24 1 0 25 50 0.92 0.08 0 0.96 0.04   
Dead 0 25 0 25 50 0 1 0 0.5 0.5 9.20 <0.0001 

Nkolondom Permethrin Alive 25 0 0 25 50 1 0 0 1 0   
Dead 0 25 0 25 50 0 1 0 0,5 0,5 / / 

 Delthamethrin Alive 25 0 0 25 50 1 0 0 1 0   
Dead 1 24 0 25 50 0.04 0.69 0 0.52 0.48 / / 

N: number of mosquito analyzed; OR: odd ration; f: allelic frequency, RR: resistant mosquito; RS: suspected resistant mosquito; SS: susceptible 
mosquito. 

 
Discussion 
The frequency of vegetable farms in most urban and peri-
urban areas in Africa is increasing due to unemployment and 
rural exodus [31]. Urban and peri-urban agriculture stands as 
an alternative to solve the problem of unemployment and food 
insecurity in many capital cities in Africa [12]. The application 
of chemical compounds in vegetable farms is often very 
random, contributing to several agricultural and public health 
challenges such as pest resistance and the development of 
resistance in non-targeted organisms, such as mosquito 
species of public health interest. Although the pesticides used 
in vegetable farms are usually obtained from illegal markets 
with unknown origins, their misuse could be attributed to the 
low educational level of the farmers who mostly have a 
primary educational level, as well as the lack of technicity in 

the application of agricultural activities, mainly in peri-urban 
areas. Quantitative data from this study revealed that most of 
the farmers do not know the activity of the products they 
apply on the crops. Moreover, these products are relatively 
used according to previous application by relatives or other 
farmers. The main farmer’s interest is to intensify the 
productivity of the crops and raise money for routine 
subsidence. It is therefore recommended to intensify the 
capacity building of the vegetable farmers mainly on the use 
of pesticides (frequency and dose) and personal protection 
during application of these products in the farms. 
The use of agricultural pesticides may have a deep impact on 
the development of resistance in wield populations of 
anopheles mosquito. This study revealed that An. gambiae s.l 
mosquito from larval habitats found in vegetables farms in 
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urban and peri-urban areas in Yaoundé are totally resistant to 
type I and type II pyrethroid insecticides. This data is 
consistent with previous observations described in the city of 
Yaoundé by Antonio-Nkondjio et al. [32, 33] and in other 
African capitals with An. Arabiensis [34, 35, 36]. The reduced 
susceptibility of malaria vectors to pyrethroids is a major 
concern for the National Malaria Control Program and a 
major threat for the effectiveness of the vector control tools 
such as LLINs and IRS. In fact, pyrethroid insecticides such 
as lambda-cyhalothrin which is mainly used in vegetable 
farms constitute the same class of molecules with 
deltamethrin and permethrin which are used in public health 
intervention tools (LLINs and IRS). This common utilization 
of pyrethroid insecticides in both agricultural and public 
health interventions has generated the phenomenon of cross-
resistance in An. gambiae s.l as found in this study. In 
addition, the use of different types of xenobiotics (herbicides, 
fungicides, fertilizer or other insecticides) could also impact 
the metabolic system of mosquito larvae, leading to a broad 
spectrum of tolerance to several insecticides; and the selection 
of resistance during future generations of insect populations 
[37, 38, 39]. The present study demonstrated a cause-and-effect 
relationship between the agricultural system and the 
development of resistance in malaria vectors in a small scale, 
and may favor the evolution of resistance [4, 25, 32, 41]. 
The kdr-west L1014F-resistant mutation which confers 
resistance to pyrethroids and organochloride insecticide 
classes (DDT) was detected in all vegetable farms 
investigated in this study. Although the resistant 1014F allele 
of this mutation is already fixed in two vegetable farms, it is 
almost fixed in the third site. Suggesting that mosquito 
species carrying this mutation could not by-stand the effect of 
pyrethroid insecticides and that the presence of this mutation 
could not always be associated with the survivorship of the 
insects. Additional resistant mechanisms are therefore 
involved in the survivorship of An. gambiae s.l populations 
collected from vegetables farms in Yaoundé. Among these 
mechanisms, we have the metabolic mechanisms of 
monooxygenase P450 enzymes as revealed by PBO synergist 
assays in this study. This finding is in concordance with other 
studies in western Africa [42, 43]. In contrast, previous studies 
have shown weak or absence of a significant association 
between the kdr mutation and survivorship phenotype in An. 
arabiensis in Sudan [35, 44, 45]. The kdr-east 1014S mutation 
was not investigated in this study because of its very low 
proportion in resistant mosquito populations from Central 
African regions [46]. The strong resistance to pyrethroids 
observed and the high frequency of resistance genes are major 
threats on the efficacy of mosquito nets. The identification of 
individual mosquitoes harboring two types of resistance genes 
(e.g., kdr + metabolic resistance) appears to be an additional 
hinder to current vector control tools, and if this feature is 
widely spread, the effectiveness of malarial intervention tools 
will be intensively decreased and new tools should be 
envisaged.  
The effective resistance management strategies which depend 
on the population of insects should also consider the principal 
features of insecticide resistance selection pressures among 
the insect populations. Thus, the spread of insecticide 
resistance could be a result of the weakness of current vector 
control tools and the misuse of pesticides in agriculture [9, 47]. 
Other factors such as xenobiotics or heavy metals have also 
been incriminated [10]. Vegetable farming represents the main 
source of food and income in most sub-Saharan African 

countries [48]. Farmers commonly apply chemicals which 
serve as pest control strategies to increase their yield [48]. 
Fighting against immature stages of mosquitoes is very 
crucial in vector control strategies to interrupt the 
development of adults. However, the implementation of 
larviciding is somehow very complex and it requires 
important resources to be effective. An integrated approach 
could be required to target the agricultural pests and mosquito 
insects found in the same farm, and to stop the spread of 
resistance in major insects of agricultural and public health 
interests.  
 
Conclusion 
An. gambiae s.l. mosquito populations have developed high 
resistance to type I and type II pyrethroid insecticides in 
vegetable farms across Yaounde. The kdr L1014F mutation is 
almost fixed in these mosquito populations and P450 enzymes 
play a crucial role in the observed resistance pattern. These 
findings are consistent with the use of agricultural insecticide 
in investigated vegetable farms and which contribute to 
insecticide resistance selection in malaria vectors. A 
coordination between the integrated vector control program 
and the Global Plan for Insecticide Resistance Management 
(GPIRM) should be achieved for a successful implementation 
of rational resistance management strategies against malaria 
vectors at small scale.  
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