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ABSTRACT 

  

Malaria is a tropical disease associated with over 400,000 annual mortality globally. The 

burden of malaria remains high in Nigeria. Insecticide resistance in malaria vectors is a 

growing concern in many countries which requires immediate attention. The emergence of 

Pyrethroid resistance on Anopheles gambiae has become a serious concern to the future 

success of malaria control. It is, therefore, crucial to monitor the level and type of 

insecticide resistance in An. gambiae, where reduced efficacy of insecticide-treated nets 

(ITNs) and IRS has previously been reported. Anopheles larvae were collected from 

breeding sites and they were fed with Cabin biscuits until they emerge as adults. The adults 

were further fed with 10% sugar solution. Bioassay were performed on female Anopheles 

Mosquitoes and their susceptibility to insecticide-impregnated papers (0.75%Permethrin, 

0.05%Delthamethrin, and 0.05%Alphacypermethrin) following WHO guidelines were 

determine. Morphological identification was conducted by adopting Coeetzes’ method of 

identification. Bioassay mortality decreased for all the insecticides that were tested in Sites 

A, B and C. The mortality rate for Permethrin ranged from 75% to 90%, Deltamethrin and 

Alphacypermethrin showing similarly lower rates, all below the WHO grading scale of 

≥98% for susceptibility to base line insecticides. Synergist bioassay enhanced the efficacy 

of Permethrin and Alphacypermethrin, restoring susceptibility, but Deltamethrin resistance 

persisted with mortality of 97% below WHO grading scale in site A. This study showed 

that, resistance to Permethrin and Aplpha-cypermethrin in An. gambiae   populations were 

evident, which is aligned with metabolic enzymes resistance. Notwithstanding, this study 

suggest the use of Permethrin and Alphacypermethrin in combination with Piperonyl 

butoxide. Molecular approach should be employed to determine exact resistance on 

Anopheles gambiae. 

Corresponding author: Mohammed Ahmed., Email: Muhammada889@gmail.com 
Department of Fisheries, University of Maiduguri  

 

INTRODUCTION 

Malaria is a life-threatening disease and the 

parasites are transmitted via the bites of infected 

female Anopheles mosquitoes [World Health 

Organization (WHO), 2022]. Mosquitoes belong 

to the phylum Arthropoda, class Insecta, and 

order Diptera (Gaugler, 2016). Over 3,530 
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species of mosquitoes exist worldwide which are 

grouped under 43 genera; all these genera are 

included in the family Culicidae (Goutam et al., 

2013). Aedes, Culex and Anopheles mosquitoes 

are medically important because of their 

capacity to transmit human diseases (Gubler, 

2010). Mosquito species frequently bite humans 

and serve as carriers for several infectious 

diseases that affect millions of people annually 

in Sub-Saharan Africa including Nigeria 

(Molavi, 2003). Diseases like malaria, zika 

virus, filariasis, and yellow fever are transmitted 

by mosquitoes (Dawn et al., 2001). 

However, the variety of aquatic habitats 

available often leads to significant mosquito 

populations, causing both nuisance through 

biting and the transmission of disease-causing 

organisms (Adefolabi et al., 2013). All mosquito 

species require aquatic habitats for laying eggs 

and for the development of larvae and pupae as 

well as the type of water in these habitats 

influences where mosquitoes lay their eggs, 

thereby affecting the productivity of these sites 

and ultimately impacting the mosquitoes' ability 

to transmit diseases (Afolabi et al., 2013). Many 

species breed in both natural and artificial 

settings such as concrete gutters, stagnant pools, 

discarded plastics, abandoned tires, and even 

open unused drums (Afolabi et al., 2013). 

The vectors of malaria are primarily female 

Anopheles mosquitoes. These mosquitoes 

usually bite between dusk and dawn, making bed 

nets treated with insecticides a crucial 

intervention in preventing malaria transmission, 

indoor residual spraying of insecticides and 

preventive antimalarial medication for at-risk 

populations are also important strategies in 

malaria control (WHO, 2023). 

Malaria control in many endemic countries relies 

on vector control with long-lasting insecticidal 

nets and indoor residual spraying (National 

Health Policy, 2020); globally, these two 

interventions have averted about 78% of 

malaria-related deaths and morbidity (Bhatt et 

al., 2015). Nevertheless, as they rely on 

efficacious insecticides, the emergence and 

spread of insecticide resistance may represent a 

major threat (Ranson and Lissenden, 2016; 

Opondo  et al., 2016 and Alout  et al., 2016) 

although LLINs would still offer personal 

protection against mosquito bites (Ochomo  et 

al., 2017). Recently, IRS has been implemented 

in many African countries including, Gambia, 

Ghana, Ethiopia and Nigeria. The choice of the 

insecticide for use in IRS should be based on the 

susceptibility of the local vectors to the WHO 

approved insecticides (WHO, 2018). 

Vector control is one of the most effective 

methods to control vector-borne diseases, with 

insecticide-based interventions predicted to have 

averted the majority of malaria cases since 2000 

(Bhatt et al., 2015). However, because they 

reduce vector survival and reproduction, the 

continued and widespread use of chemical-based 

vector control tools (VCTs) has contributed to 

the evolution of insecticide resistance (IR) and 

evasion, particularly in Anopheles mosquito 

populations(Huijben and Paaijmans, 2018; and 

Killeen  et al.,2017), and threatens progress 

towards malaria elimination targets (WHO, 

2021).  

Preventing malaria transmission by targeting the 

main vectors remains a challenge for National 

Malaria Elimination Programmes (WHO, 2021). 

Only four classes of insecticides, pyrethroids, 

organochlorines 

(Dichlorodiphenyltrichloroethane), carbamates 

and organophosphates are currently approved for 

indoor residual spraying (IRS) and only 

pyrethroids for insecticide treated bed nets 

(ITNs) and long-lasting insecticidal nets (LLINs) 

(Edi  et al.,2012). High coverage with IRS and 

especially ITNs has contributed to the decrease 

in the number of malaria cases throughout Sub-

Saharan Africa over the past decade (WHO, 

2012).  

However, resistance to pyrethroids and DDT is 

now widespread in many African countries 

including Nigeria (Ranson et al., 2011). Though 

currently less common, resistance to carbamates 

and organophosphates, the available alternatives 

for IRS, is also being reported (Aïzoun et al., 

2013), and resistance to all four classes has now 

been found in mosquitoes (Edi et al., 2012).  The 

choice of the insecticide for use in IRS should be 

based on the susceptibility of the local vectors to 

the WHO approved insecticides (WHO, 2018). 

MATERIALS AND METHODS 

Study Area  

This study was conducted in Potiskum, Yobe 

State, Nigeria. Potiskum is situated at 11º43´N 

and 11º04´E, it has an area of 559 Km2 and a 
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population of 565,000 (Nigerian Metro Area Population, 2024). 

  

Figure 1: Map of Potiskum Local Government, Yobe State, Nigeria. 

     
Figure 2: Map of the study area indicating sampling sites 

Field Collection of Larvae from breeding sites 

and Laboratory Rearing to Adults 

Anopheles mosquitoes (Larvae) were collected 

as earlier after identifying breeding sites, using 

ladle.  The larvae were transported to the 

laboratory, sorted and transferred to small 

transparent containers, following which, they 

were fed with grinded cabin biscuits and yeast 

tablets placed in the breeding cages for further 

development to pupae. The pupal stages are non-

feeding, hence were only monitored until 

emergence of adult forms. Newly emerged adult 

forms were maintained in the insectary 

(temperature 26°C to 30°C and humidity of 75% 

± 10% in 12 hours dark and 12 hours light 

cycles) (Leite   et al., 2024).  

Adult mosquitoes in the breeding cages were fed 

with 10% sugar solution soaked in a cotton wool 

and allowed approximately three (3) days in the 

insectary condition before selecting the females 

and subjecting them to bioassay tests. 

Pyrethroid Insecticide Susceptibility Studies 

of Anopheles Mosquitoes 

Test Conditions  
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Susceptibility testing was thus conducted using 

female mosquitoes, only. Initial susceptibility 

test using varying concentrations was performed 

on adult female aged 3 to 5 days that are non-

blood fed.  

Sample Size 

One hundred and fifty (150) adult female 

Anopheles mosquitoes were used to perform 

single set of WHO insecticide susceptibility test. 

Of these, ~100 were exposed to various 

technical grade insecticides provided and tested 

in four (4) replicates each 25 mosquitoes. The 

remaining 50 mosquitoes served as controls (i.e. 

two replicates each 25 mosquitoes). 

Set up and Procedures for WHO 

Susceptibility/Resistance Bioassay  

Four (4) replicates of 25 non-blood fed adult 

female Anopheles mosquitoes each were used 

per insecticide. For clarity during assay testing, 

WHO bioassay tubes were color labelled as 

shown and described in Fig. 5 below; 

Green Dot: Serves as the holding tube, in which 

Adult female Anopheles mosquitoes (F0) 

exposed to plain whitepapers were held prior to 

exposure to insecticide impregnated test papers 

Red Dot: Serves as exposure tube. In this tube, 

WHO (Insecticide impregnated) test papers are 

rolled and inserted prior to exposure. Adult 

female Anopheles mosquitoes (F0) were 

transferred from the holding tubes into these 

(Exposure) tubes and knock down monitored for 

60 minutes at intervals of 10, 15, 20, 30, 40, 50 

and 60 minutes respectively.  

Insecticide control: Following exposure, all 

mosquitoes were transferred back to the holding 

tubes and mortality was read 24 hours post 

exposure.  

Yellow Dot: Serves as control tubes, in this tube, 

WHO papers are rolled and inserted prior to 

exposure that served as controls. These are kept 

site by site with the exposure tubes and readings 

are taken concurrently with the mosquitoes 

exposed to insecticide impregnated test papers. 

Coordinates of the breeding sites were taken and 

the Anopheles mosquito larvae were then 

transported in well labelled transparent plastic 

containers ((125cm×55cm)) to the Research 

laboratory of Yobe State University, Damaturu 

Yobe State. 

Mortality calculations and adjustments 

i.  Control Mortality (%) =  

Mortality adjustments when control mortality is high 

ii. If the control mortality is <5%, no correction of mortality is necessary.  

❖ When control mortality is ≥5% and ≤20%, the observed mortality in insecticide-exposed 

mosquitoes must be corrected using Abbott’s formula:  

iii. Corrected Treatment Mortality (%) =  

iv. Treatment Mortality (%) =  

(WHO, 2022) 

Synergist Bioassay 

For the synergist assay, only 

Deltarmethrin(0.05%) in sites A, B and C 

resistant populations were used. The experiment 

involves three bioassay exposures:  

i. Piperonylbutoxide(PBO) only 

ii. Insecticide only and  

iii. Control.  

Synergist bioassay was performed on resistant 

population of female Anopheles mosquitoes to 

technical grade insecticides. One hundred and 

fifty mosquitoes were transferred to six holding 

tubes (25 in each) as earlier described.  

The female Anopheles mosquitoes were 

transferred to exposure tubes containing 4% 

PBO for one hour.  

The mosquitoes were later on transferred to 

holding tubes and allowed to stay for one hour 

before being transferred to exposure tube 

containing impregnated test papers. These were 

monitored to stand for 1 hour and knock down 

were recorded at an interval of 

10,15,20,30,40,50 and 60 minutes respectively, 

before being transferred to holding tubes. 

Mosquitoes in holding tubes were allowed for 

24hours after which mortality was recorded. 

Morphological Identification 
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Exposed Anopheles mosquitoes were identified 

according to Coetzee's method of morphology 

identification was adopted, (Coetzee, 2020). The 

method provides morphological keys to 

differentiate between species of Anopheles 

mosquitoes. 

Data Analysis 

WHO standard criteria for determining 

resistance and susceptibility status of the 

baseline diagnostic dose of both insecticide and 

the synergist tests (Susceptibility (S) = Mortality 

≥ 98%, Possible Resistance (PR) = Mortality of 

90-97% and Resistance (R) = Mortality ≤ 89%) 

was adopted. Data were analyzed using a 

statistical package for social science (SPSS) 

software. One-way analysis of variance 

(ANOVA) was used to analyze the data in this 

study. P values P<0.05 was regarded as 

statistically significant. Multiple comparison test 

(Duncans MRT) was used to determine which of 

the site is significant among. 

 

RESULTS 

Table 1 shows the mortality of female Anopheles 

mosquitoes collected from sites (A, B and C). 

After post exposure to ×1 discriminating 

concentrations of Pyrethroids (0.75% 

Permethrin, Deltamethrin and 

alphacypermethrin).  Results obtained showed 

that, Site A (Bolewa A, Bolewa B, Hausawa 

Asbiti) had the highest mortality (90%) when 

compared to site B and C (83.7% and 75%) 

which showed low mortality. Similarly, 

alphacypermethrin produced high mortality in 

Site A (Bolewa A, Bolewa B, Hausawa Asbiti) 

than in Site B (College of Administration and 

Management Technology, Federal College of 

Education and Low-cost Area) and C. On the 

other hand, Deltamthrin showed low mortality in 

both Site A (Bolewa A, Bolewa B, Hausawa 

Asbiti) and B while percentage mortality in Site 

C (Stadium, Yindiski and Dogonini Area) 

(Stadium, Yindiski and Dogonini Area) was 

high. 

Table 1: Single bioassay post exposure of female Anopheles mosquitoes to pyrethroids 

Pyrethroids  
Permethrin Deltamethrin alphacypermethrin  

 

Sites 

 

%Mortality± SD 

 

Status 

 

%Mortality ± SD 

 

Statu

s 

 

%Mortality ± SD 

 

Statu

s 

 

Discriminating 

Concentration 

A 90.0(100)±2.00a PR 66.3 (100)±1.53a R 66.3(100)±2.52b R ×1 

B 83.7 

(100)±2.52b 

R 65.0(100)±1.00a R 84.0(100)±1.00a R ×1 

C 75.0 

(100)±1.00c 

R 70.7 (100)±1.53a R 73.0(100)±3.21b R ×1 

Mortality ≥90% and <98%=Possible Resistant (PR); Mortality <90=Resistant (R), SD=Standard 

Deviation Mean± SD in the same column with the same letters were not significantly different (p<0.05) 

using Duncan’s multiple range test and Vice versa. A = Bolewa A, Bolewa B and Hausawa Asbiti, B = 

College of Administration and Management Technology, Federal College of Education and Low-cost 

Area and C = Stadium, Yindiski and Dogonini Area. 

 

 

Table 2 shows mortality of female Anopheles 

mosquitoes collected from the sites (A, B and C) 

for a synergist bioassay after 24 hours post 

exposure to Pyrethroids (Permethrin, 

Deltamethrin and alphacypermethrin). It was 

observed that Permethrin has high mortality in 

Site A (Bolewa A, Bolewa B, Hausawa Asbiti), 

while in Site B (College of Administration and 

Management Technology, Federal College of 

Education and Low-cost Area) and C shows low 

mortality. Deltamethrin shows low mortality in 

all the sites with low mortality in sites (A, B and 

C) when compared to other two sister 

insecticides (Permethrin and 

alphacypermethrin). However, 

alphacypermethrin shows a significant mortality 

in Site B (College of Administration and 

Management Technology, Federal College of 

Education and Low-cost Area) with low 

mortality in Site A (Bolewa A, Bolewa B, 

Hausawa Asbiti) and C (Stadium, Yindiski and 

Dogonini Area). 
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Table 2: Synergist bioassay post exposure of female Anopheles mosquitoes to pyrethroids 

              Pyrethroids 

 
Permethrin Deltamethrin alphacypermethrin  

 

Sites 

 

%Mortalit±SD 

 

Status 

 

%Mortality±S

D 

 

Status 

 

%Mortality± 

SD 

 

Status 

 

Discriminating 

Concentration 

A 99.7(100) 

±0.58a 

S 88.0(100)±2.00
a 

R 98.0(100)±2.52b S ×1 

B 99.3.(100)±1.1

5a 

S 84.0(100) 

±1.00b 

R 99.3(100)±1.00a S ×1 

C  

99.3(100)±0.58

a 

S 89.0(100)±2.00
a 

R 99.0(100)±3.21b S ×1 

Mortality 98%≥ indicates Susceptible; ≥90 and <98%=Possible Resistant; <90=Resistant, SD=Standard 

Deviation. Mean ± SD in the same column with the same letters were not significantly different (p<0.05) using 

Duncan’s multiple range test and Vice versa. A = Bolewa A, Bolewa B and Hausawa Asbiti, B = College of 

Administration and Management Technology, Federal College of Education and Low-cost Area and C = 

Stadium, Yindiski and Dogonini Area. 

 
Figure 1 illustrates the knockdown time (KDT) at 

60 minutes and mortality at 24 hours post-exposure 

of Permethrin in female Anopheles mosquitoes 

from Sites A, B and C. It was observed that the 

female Anopheles mosquitoes show high mortality 

in Site A (Bolewa A, Bolewa B, Hausawa Asbiti) 

to Permethrin after 24hours in Site A (Bolewa A, 

Bolewa B, Hausawa Asbiti). However, there was 

decrease in the mortality to Permethrin in Site B 

(College of Administration and Management 

Technology, Federal College of Education and 

Low-cost Area) and C after 24 hours of holding.  

The knockdown at 60 minutes tends to be very 

high by female Anopheles mosquitoes in Site B 

(College of Administration and Management 

Technology, Federal College of Education and 

Low-cost Area) and C. Nevertheless, there was a 

significant decrease in the knockdown effect for 

Site A (Bolewa A, Bolewa B, Hausawa Asbiti) 

after one hour of exposure to Permethrin. 
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Figure 4.1: Single Bioassay knockdown and % mortality at one and 24hours post exposure to Permethrin. A = 

Bolewa A, Bolewa B and Hausawa Asbiti, B = College of Administration and Management Technology, 

Federal College of Education and Low-cost Area and C = Stadium, Yindiski and Dogonini Area. 
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Figure 2 illustrates the knockdown time (KDT) 

at 60 minutes and mortality at 24 hours post-

exposure of Deltarmethrin in female Anopheles 

mosquitoes from Sites A, B and C. It was 

observed that there was a high knockdown at 

60minutes by Anopheles mosquitoes in Site A 

(Bolewa A, Bolewa B, Hausawa Asbiti) and B 

after exposure (hpe). In Site C (Stadium, 

Yindiski and Dogonini Area) (Stadium, Yindiski 

and Dogonini Area) at 60 minutes of exposure 

(hpe), the numbers of knockdown mosquitoes 

were found to be very low as compared to Site A 

(Bolewa A, Bolewa B, Hausawa Asbiti) and B. 

The mortality of female Anopheles mosquitoes 

was observed to be high in Site C (Stadium, 

Yindiski and Dogonini Area) (Stadium, Yindiski 

and Dogonini Area) after 24hours of holding 

(hpe). In similar vein, there was a low mortality 

in Site A (Bolewa A, Bolewa B, Hausawa 

Asbiti) and B after 24 hours of post exposure. 
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Figure 4.2: Single Bioassay knockdown and % mortality at one and 24hours post exposure to 

Deltamethrin. A = Bolewa A, Bolewa B and Hausawa Asbiti, B = College of Administration and 

Management Technology, Federal College of Education and Low-cost Area and C = Stadium, Yindiski 

and Dogonini Area. 

  

Figure 3 illustrates the knockdown time (KDT) 

at 60 minutes and mortality at 24 hours post-

exposure of alphacypermethrin in female 

Anopheles mosquitoes from Sites A, B and C. It 

was observed to that the knockdown effect of 

Anopheles mosquitoes to alphacypermethrin was 

observed be high in Site C (Stadium, Yindiski 

and Dogonini Area) (Stadium, Yindiski and 

Dogonini Area) at 60 minutes. In Site A (Bolewa 

A, Bolewa B, Hausawa Asbiti) and B, the knock 

down effect after one hour of exposure (hpe) to 

alphacypermethrin, was a significant decrease. 

Although, the decrease in mortality was low in 

Site B (College of Administration and 

Management Technology, Federal College of 

Education and Low-cost Area) than in Site A 

(Bolewa A, Bolewa B, Hausawa Asbiti). The 

Mortality was high in Site C (Stadium, Yindiski 

and Dogonini Area) (Stadium, Yindiski and 

Dogonini Area) while a significant decrease in 

Site B (College of Administration and 

Management Technology, Federal College of 

Education and Low-cost Area) after 24 hours of 

post exposure was observed. The mortality in 
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Site A (Bolewa A, Bolewa B, Hausawa Asbiti) 

was observed to be the lowest as compared to all 

the sites after 24 hours of post exposure. 
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Figure 4.3: Single Bioassay knockdown and % mortality at one and 24hours post exposure to   

Alphacypermethrin. A = Bolewa A, Bolewa B and Hausawa Asbiti, B = College of Administration and 

Management Technology, Federal College of Education and Low-cost Area and C = Stadium, Yindiski 

and Dogonini Area. 

 

Figure 4 illustrates the knockdown time (KDT) 

at 60 minutes and mortality at 24 hours post-

exposure to a combination with Piperonyl 

Butoxide (PBO) and Permethrin in female 

Anopheles mosquitoes from Sites A, B and C. It 

was observed that there was high mortality in 

sites (A and B) after 24 hours, and Site C 

(Stadium, Yindiski and Dogonini Area) 

(Stadium, Yindiski and Dogonini Area) showed 

low mortality. The knockdowns of female 

Anopheles mosquitoes at 60 minutes were 

observed to be high in Site B (College of 

Administration and Management Technology, 

Federal College of Education and Low-cost 

Area). In Site A (Bolewa A, Bolewa B, Hausawa 

Asbiti) and C, there was low knockdown of 

mosquitoes to the aforementioned insecticide 

when compared to side B. 
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Figure 4.4: Synergist bioassay knockdown and % mortality at one and 24hours post exposure to PBO+ 

Permethrin. A = Bolewa A, Bolewa B and Hausawa Asbiti, B = College of Administration and 

Management Technology, Federal College of Education and Low-cost Area and C = Stadium, Yindiski 

and Dogonini Area. 
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Figure 5 illustrates the knockdown time (KDT) 

at 60 minutes and mortality at 24 hours post-

exposure to Deltamethrin in combination with 

Piperonyl Butoxide (PBO) and Deltamethrin in 

female Anopheles mosquitoes from Sites A, B 

and C. Knockdown of female Anopheles 

mosquitoes were high in Site B (College of 

Administration and Management Technology, 

Federal College of Education and Low-cost 

Area) and C while KD in Site A (Bolewa A, 

Bolewa B, Hausawa Asbiti). However, % 

mortality was found to be high in Site A 

(Bolewa A, Bolewa B, Hausawa Asbiti) and C 

after the synergist bioassay and low mortality 

was observed in Site B (College of 

Administration and Management Technology, 

Federal College of Education and Low-cost 

Area) after the synergist bioassay. 
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Figure 4.5: Synergist bioassay knockdown and % mortality at 1 and 24hours post exposure to PBO + 

Deltamethrin. A = Bolewa A, Bolewa B and Hausawa Asbiti, B = College of Administration and 

Management Technology, Federal College of Education and Low-cost Area and C = Stadium, Yindiski 

and Dogonini Area.  

Figure 5 illustrates the knockdown time (KDT) 

at 60 minutes and mortality at 24 hours post-

exposure to Deltamethrin in combination with 

Piperonyl Butoxide (PBO) and 

alphacypermethrin in female Anopheles 

mosquitoes from Sites A, B and C. It was 

observed that the knockdown of Anopheles 

mosquitoes was observed to be high in Site A 

(Bolewa A, Bolewa B, Hausawa Asbiti) after 

60minutes of exposure (hpe) to PBO+ 

alphacypermethrin. Although, in Site B (College 

of Administration and Management Technology, 

Federal College of Education and Low-cost 

Area) the knockdown by the insecticide to 

Anopheles mosquitoes have decreased in Site B 

(College of Administration and Management 

Technology, Federal College of Education and 

Low-cost Area) after 60 minutes. The lowest 

number of knockdowns by female Anopheles 

mosquitoes was found to be the lowest in Site A 

(Bolewa A, Bolewa B, Hausawa Asbiti). The 

observed mortality was high in Site B (College 

of Administration and Management Technology, 

Federal College of Education and Low-cost 

Area) and C after synergist bioassay at 24hours 

(hpe). Conversely, there is decrease in the 

mortality in Site A (Bolewa A, Bolewa B, 

Hausawa Asbiti) after the synergist bioassay. 
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Figure 4.6: Synergist bioassay knockdown and % mortality at one and 24hours post exposure to PBO + 

Alphacypermethrin. A = Bolewa A, Bolewa B and Hausawa Asbiti, B = College of Administration and 

Management Technology, Federal College of Education and Low-cost Area and C = Stadium, Yindiski 

and Dogonini Area. 

 

DISCUSSION 

This study was conducted to assess the status of 

field population of Anopheles mosquitoes in 

Potiskum town of Yobe State, Nigeria.  

Elsewhere in West Africa, evidence of 

insecticide resistance in malaria vectors has been 

reported by several authors (Hien et al., 2017; 

Chabi et al., 2018). This study has revealed that 

Anopheles gambiae are resistant to base line 

pyrethroids insecticides (Permethrin, 

Deltamehtrin and alphacypermethrin) across all 

the sites. 

The results of this study reveal resistance to 

Permethrin across Sites A, B, and C in 

Anopheles mosquitoes’ populations. The 

percentage mortalities observed 90% in Site A, 

83% in Site B, and 75% in Site C. This reflect a 

concerning resistance pattern, with two of the 

sites (B and C) falling below the WHO defined 

resistance threshold of 90% mortality and 

therefore resistance across all the sites.In Site A, 

where the mortality was 90%, the population 

reveal "possible resistance" as seen in Table 1 

and Figure 1 according to WHO criteria. This 

indicates that while a proportion of the mosquito 

population is still susceptible to Permethrin, 

there is a growing presence of individuals with 

resistance.  Site B, with a mortality of 83%, 

shows a more resistance when compared to site 

A as seen in Table 1 and Figure 1 The low 

mortality suggests that a significant proportion 

of the mosquito population has developed 

mechanisms to survive exposure to Permethrin. 

This level of resistance is likely the result of 

prolonged and possibly indiscriminate use of 

pyrethroid-based interventions, both in public 

health and agriculture. The widespread use of 

Permethrin-treated bed nets (ITNs) and indoor 

residual spraying (IRS) may contribute to the 

selection pressure, particularly if these control 

measures are not used correctly. Site C presents 

the most alarming case, with a mortality of only 

75%. This reflects a high level of resistance, 

indicating that the majority of the mosquito 

population can survive exposure to Permethrin 

as also seen in Table 1 and Figure 4 Such 

compromises the effectiveness of pyrethroid-

based vector control measures, potentially 

leading to increased mosquito longevity and a 

greater risk of malaria transmission. After one-

hour post-exposure to Permethrin, the number of 

mosquitoes knocked down at sites A, B, and C 

were 75, 77, and 76, respectively as seen in 

Figure 1. These values suggest a similar level of 

susceptibility to Permethrin across all three sites. 

The slight variations in knockdown numbers 

could be attributed to differences in 

environmental factors, mosquito population 

densities, or levels of previous exposure to 

Permethrin or other pyrethroids at each site. 

These findings are similar to that of Sani  et al., 

2023; Ndiaye  et al., 2021; Balde et al.,2020 and 

Diop et al., 2018 and as well against the findings 
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of Hassane et al., 2022; Tegbaru et al., 2019 and 

Diouf  et al., 2020. 

The mean observed mortality of Anopheles 

populations exposed to Deltamethrin (×1 

discriminating concentrations) baseline 

insecticide after 24 hours were 66%, 65%, and 

70.5% for sites A, B, and C, respectively. These 

results indicate that the insecticide was less 

effective in inducing mortality among the 

Anopheles mosquito populations across all sites, 

as the values are well below the WHO 

benchmark of ≥98% mortality, which confirms 

full susceptibility. The mortality suggests that 

Anopheles gambiae populations in these sites are 

not adequately controlled by this insecticide. Site 

A and Site B, with mortality of 66% and 65%, 

respectively as seen in Table 1 and Figure 2, 

show similar levels of reduced effectiveness. 

Site C, with a slightly higher mortality of 70.5%, 

indicates better results but still does not meet the 

standard for susceptibility. This finding supports 

the findings of Riagaud et al., 2017; Aikpon et 

al., 2013 and Hassane et al., 2022. And as well 

against the findings of Senghor  et al.,2017; 

Tegbaru et al., 2019 and Diouf et al., 2020. 

The knockdowns for Anopheles gambiae 

exposed to Deltamethrin after 1 hour were 44%, 

68%, and 73% sites (A, B and C). These varying 

rates suggest differences in mosquito 

susceptibility to Deltamethrin across the sites. 

The lower knockdown rate of 44% indicates a 

relatively weaker response to the insecticide, 

possibly reflecting some degree of resistance as 

seen in Figure 2. The rates of 66% and 73% 

show increasing effectiveness to Deltamethrin. 

The results of these findings are similar to that of 

Boye et al., 2021; Rigaud et al., 2017; Aïkpon et 

al., 2013 and Hassane et al., 2022 and go against 

the findings of Senghor et al., 2017; Tegbaru et 

al., 2019 and Diouf et al., 2020. 

The observed mortality of Anopheles mosquitoes 

to alphacypermethrin after 24 hours were 66%, 

84%, and 73% for sites A, B, and C, 

respectively, all indicating resistance below the 

WHO susceptibility threshold of ≥98% and 

therefore resistant. Site A, with a mortality of 

66%, reflects high resistance, demonstrating the 

least susceptibility to the insecticide as seen in 

Table 4.1 and Figure 3. Site C, with a mortality 

of 73%, exhibits moderate resistance, suggesting 

slightly better control than site A and Site B, 

with the highest mortality of 84%, indicates low 

resistance, as mosquitoes in this area show a 

stronger response to alphacypermethrin as also 

seen in Table 4.1 and figure 4.3. Similarly, the 

knockdowns after 1 hour were 65%, 80%, and 

82% for sites A, B, and C, respectively. Site A 

(65%) shows low knockdown efficiency, 

aligning with its higher resistance as seen in 

Figure 4.3. Site B (80%) shows moderate 

knockdown, and Site C (82%) exhibits relatively 

higher knockdown as seen in Figure 4.3. The 

result of these findings is similar to that of 

Augustin et al., 2019; Amadou et al., 2020 and 

Belaynesh et al., 2018 and subsequently 

deviating from the work of Hassane et al., 2022; 

Moussa et al., 2021; and Lamine et al., 2020. 

The susceptibility of Anopheles population to 

Permethrin, Deltamethrin, and 

alphacypermethrin was assessed following pre-

exposure to 4% piperonyl butoxide (PBO) for 1 

hour, followed by exposure to the insecticides 

for another hour. The mortality observed after 24 

hours provide insights into the effectiveness of 

PBO in enhancing the efficacy of these 

insecticides. The results are discussed as 

follows:  

Mortality for Permethrin were 99.7%, 99.3%, 

and 99.3% in sites A, B, and C, respectively as 

against Chouaibou et al., Cameroon; Edi  et al., 

2014 and Yawson et al., 2020.. All values fall 

within the "susceptible" category (greater than 

98%), indicating that Permethrin remains highly 

effective against Anopheles gambiae in all three 

sites. The pre-exposure to PBO likely played a 

role in mitigating any potential metabolic 

resistance by inhibiting cytochrome P450 

enzymes, which are commonly associated with 

pyrethroid resistance this was similar to the 

findings of Olusegun  et al., 2020; Okia et al., 

2018 and Norris  et al., 2015. 

The mortality for Deltamethrin were 88%, 84%, 

and 89% in sites A, B, and C, respectively. 

These values fall into the "resistance" category 

(less than 90%), even after pre-exposure to PBO. 

The persistence of resistance indicates that 

metabolic mechanisms may not be the sole 

factor driving Deltamethrin resistance. Other 

resistance mechanisms, such as target site 

mutations (e.g., kdr mutations), could be 

contributing to the reduced efficacy. This finding 

was similar to that of Reddy, 2019 and 
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Boussougou et al., 2021 and at the same time 

deviated with the findings of Boudhraa et al., 

2019 and Wondji, et al., 2018). 

Alphacypermethrin, mortality were 97%, 99.3%, 

and 99.0% in sites A, B, and C, respectively as 

against the findings of Hemingway et al., 2016 

and Corbel et al., 2007. Sites B and C fall into 

the "susceptible" category (greater than 98%), 

suggesting that alphacypermethrin remains 

effective in these locations after PBO pre-

exposure. However, the 97% mortality observed 

in site A falls within the "possible resistance" 

category (90–97%), indicating a potential early-

stage resistance. Pre-exposure to PBO appears to 

have partially restored susceptibility in site A, 

implying that metabolic resistance mechanisms 

are involved. This is similar with work of 

Djouaka et al., 2016; Ngufor et al., 2020 and 

Mavridis et al., 2019. 

The species of Anopheles gambiae S.l. () were 

identified morphologically. They were not 

different with those identified in Lareunion, 

Djibouti, Mauritius, Eswatini,South Africa, 

Somalia, Cameroon, Democratic Republic of 

Congo, Zimbabwe, Botswana, Togo, Ethiopia, 

Ghana, South Sudan as reported by Coeetze, 

2020. 

Conclusions 

Concussively, with all tested insecticides 

showing mortality below the WHO susceptibility 

threshold≥98%. Synergist improved the 

effectiveness of Permethrin and 

alphacypermethrin, while resistance to 

Deltamethrin persisted, indicating the 

involvement of both metabolic and non-

metabolic mechanisms, such as kdr mutations. 

Regular resistance monitoring and public 

awareness campaigns are important in 

maintaining the effectiveness of malaria control 

interventions (the use of LLINs and ITNs) and 

reducing the public health impact of insecticide 

resistance. 
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