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Background: Decline in malaria prevalence is usually attr ibuted to the efficient vector  control strate-

gies implemented in such endemic areas. The spread of insecticide resistance in Anopheles mosquitoes is a major 

drawback to the gains in malaria vector control. Here we assessed the susceptibility status of Anopheles gambiae s.l. 

to some selected WHO-approved insecticides and frequency of knockdown resistance gene in two Local Government 

Areas of Lagos State, Nigeria. 

Methods: Three to five days old adult fem ale m osquitoes w ere exposed to deltam ethrin, perm ethrin 

and bendocarb.  Knockdown time was recorded every ten minutes and % mortality taken at 24hr post exposure. 

KDT50 and KDT95 were determined using probit regression analysis. The resistant mosquitoes were used for species 

identification by Polymerase Chain Reaction (PCR) assays and characterized for the knockdown resistance (kdr) mu-

tation by allele-specific PCR (AS-PCR).  

Results: The results of tw enty-four hour post exposure mortality rate showed that mosquitoes sampled at differ-

ent locations were resistant to permethrin (39% mortality for Lagos Mainland L.G.A.; 45% for Kosofe L.G.A.), del-

tamethrin (51% for Lagos Mainland L.G.A; 68% for Kosofe L.G.A), but susceptible to bendiocarb (100% for Lagos 

Mainland L.G.A.; 99% for Kosofe L.G.A.). The KDT50 varied from 34 minutes in bendiocarb for both LGAs to 190 

minutes in deltamethrin for Kosofe and 119 minutes in permethrin for Lagos Mainland. In all insecticides tested for 

both LGAs, KDT95 was greater than 60 minutes. Only the 1014F kdr mutation was detected. The overall kdr frequen-

cy was low (1.79%). There was no significant association between the presence of the 1014F kdr allele and ability of 

Anopheles mosquitoes to survive exposure to the tested insecticides (P > 0.05).  

Conclusion: This level of resistance to W HO approved insecticides is a threat to control program s 

and can have significant operational impact, if action is not taken. 
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1.0 INTRODUCTION 

Targeting the mosquito vector has been the most effective 

way to prevent malaria transmission worldwide and it 

accounts for more than half of malaria control 

expenditures [1,2]. Indoor residual spraying with 

insecticides, the use of insecticide-impregnated bednets 

and curtains are among the vector control being used to 

eliminate mosquitoes [3]. Among these insecticides, the 

most prominent classes approved by WHO are the 

organochlorines, organophosphates, carbamates, and 

pyrethroids. They generally act by poisoning the nervous 

system of insects [4]. Organophosphates and carbamates 

inhibit acetylcholinesterase; an enzyme that breaks down 

acetylcholine. Organophosphates and carbamates block 

the enzyme and disrupt the proper functioning of the 

nerve cells [5]. Pyrethroids affect the movement of 

sodium ions (Na+) into and out of nerve cells that 

become hypersensitive to neurotransmitters. 

Organochlorines alter and disrupt the movement of ions 

such as calcium, chloride, sodium, and potassium into 

and out of nerve cells, but, depending on their specific 

structure, they may also affect the nervous system in 

other ways [5]. 

Recent years have shown a decline in malaria prevalence 

which has been attributed to efficient vector control 

strategies implemented in endemic areas [6] and 

increased use of insecticide treated bed nets and indoor 

residual spraying [1]. However, these gains are 

threatened by the rapid development and spread of 

insecticide resistance among major malaria vectors in 

Africa [7]. The recurrent use of insecticides for vector 

control is believed to be the main cause of resistance in 

mosquito populations [8]. In malaria vectors, resistance 

can be the consequence of mutations in the target 

proteins (target-site insensitivity), a lower penetration or 

sequestration of the insecticide, or an increased 

biodegradation of the insecticide due to enhanced 

detoxification activities (metabolic resistance). 

Resistance to pyrethroids appears to rely mainly on the 

‘knock down resistance’ target-site mutations (kdr) and 

metabolic resistance mechanisms, although other 

mechanisms, such as cuticle alteration have also been 

evoked [9,10]. Kdr mutations and elevated levels of 

detoxification enzymes also confer resistance to 

dichlorodiphenyltrichloroethane (organochlorine) while 

carbamate resistance can be conferred by acetylcholine 

esterase-1 (ace-1) mutation and detoxification [11]. In 

Nigeria, the development of resistance to organochlorine, 

organophosphate, carbamates and afterward pyrethroid 

has been reported in Anopheles gambiae s.s., Anopheles 

arabiensis and Anopheles funestus from different zones 

[12]. In southwest Nigeria, the first case of pyrethroid 

resistance in Anopheles gambiae, the major malaria 

vector, in Nigeria was documented [13] and since then 

the phenomenon has been well established in other 

regions of the country [3,14].  

There have been reports of resistance of mosquitoes to 

WHO approved insecticides in Lagos State. There is need 

for pre-emptive action to reduce resistance. This requires 

insecticide resistance monitoring and update to inform 

evidence based control. This study therefore gives an 

update on resistance status of Anopheles species to major 

insecticides used in malaria control in two local 

government areas in Lagos state. 

2.0 METHODOLOGY 

2.1 Study area  

The study was conducted in two Local Government 

Areas: Kosofe (Semi urban) and Lagos Mainland (Urban) 

in Lagos State, Nigeria. Kosofe and Lagos Mainland are 

located in Lagos State, South-Western Nigeria with 

coordinates (Longitude 30231E and Latitude 60331N) 

and (Longitude 30231E and Latitude 60301N) 

respectively. 

2.2 Sample Collection  

Anopheles mosquito larvae was collected from the 

natural breeding sites in the study areas between July 

and October, 2016. Larvae were transported to the 

insectary and kept at 25-280C and 75-76% relative 

humidity. Mosquito larvae were reared to adults in the 

insectary at the National Institute of Medical Research 

(NIMR), Yaba, Lagos . 

2.3 Insecticide susceptibility tests  

Insecticide susceptibility tests were conducted using 3-5 

days old non blood-fed adult female Anopheles 

mosquitoes according to the  WHO standard method of 

susceptibility test kits and impregnated papers [9]. For 

each insecticide, 3-4 replicates of 20-25 mosquitoes were 

exposed to permethrin (0.75%) deltamethrin (0.05%) 

and bendiocarb (0.1%) insecticide impregnated tests 

papers inside test tubes. Controls included batches of 

mosquitoes from each site exposed to untreated papers. 

The knockdown effect of each insecticide was recorded 

every 10 minutes over one-hour exposure period. After 

the exposure, the mosquitoes were then transferred to 

recovery tubes and provided with 10% glucose solution 

on cotton wool. Final mortality was recorded after 24 

hours post-exposure. All batches of insecticide-

impregnated paper used were pre-tested on a laboratory 

strain of An. gambiae (kisumu strain), which is known to 

be highly susceptible to pyrethroids and deltamethrin. All 
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susceptibility tests were carried out at 27–29°C and 73–

78% relative humidity. Survivors were preserved 

individually on silica gel in eppendorf tube for molecular 

identification and kdr genotyping. 

2.4 DNA extraction 

Genomic DNA from the samples of resistant mosquitoes 

was extracted using the procedure proposed by Collins et 

al [15]. A leg and a wing were removed from the 

mosquito with sterile forceps into respective 1.5 ml tube 

and homogenized with 100 ml of grinding buffer. 

Grinding buffer comprises of 0.1 M NaCl, 0.2 M sucrose, 

0.1 Tris-HCl, 0.05 M EDTA and 0.5 % SDS. 

The homogenate was ground with a pestle and then 

centrifuged for 2 seconds at 14,000 rpm and incubated 

for 1 hour at 650C. After incubation, 13µl of 8M 

potassium acetate solution was added into each tube, 

placed on ice for 30 minutes and centrifuged at 14,000 

rpm for 15 minutes. Thereafter, 200µl ice cold 100% 

ethanol was added into each tube and placed at room 

temperature for 5 minutes. Spinning was done at 14,000 

rpm for 20 minutes. Finally, the supernatant was 

carefully discarded after which two washing were done 

using 200µl ice cold 70 and 100% ethanol respectively. 

DNA was re-suspended in 50µl sterile Tris ethylene di-

amino-tetraacetic acid EDTA (TE) buffer. DNA of 

mosquitoes from established colonies was also extracted 

and used as controls. 

2.5 Molecular characterization of Anopheles 

populations  

 In each locality, females of An. gambiae s.l samples from 

the WHO bioassays were analyzed at the molecular level. 

PCR analysis for species identification was performed to 

identify various members of An. gambiae complex 

collected at each site using Polymerase Chain Reaction 

(PCR) techniques previously described [16]. One 

microlitre of the extracted DNA was added into separate 

tubes each of 12.5µl of PCR mix containing 4µl of 5X 

FIREPol Master mix (Solis Biodyne), 5.7µl of double 

distilled water, 0.5µl each of Anopheles gambiae s.s., 

Anopheles arabiensis, Anopheles melas, Universal 

primer and 0.25µl of Anopheles quadriannulatus.  The 

primers used had the following sequences: 5′-CTGGTTT 

GGCGGCACGTT-3′ (An. gambiae s.s.), 5′-AAGTGTCCTT 

CTCCATCCTA-3′ (An. arabiensis), 5′-CAGACCAAGATG 

GTTAGTAT-3′(An. quadriannulatus), 5′-GTGACCAACC 

CACTCCCTTGA-3′ (universal), and 5′-GTGTGCCCC 

TTCCTCGATGT-3′ (Anopheles melas). The PCR was 

carried out using a thermocycler with an initial 

denaturation of 940C for 5 minutes followed by 30 cycles 

of 950C for 30 seconds, 580C for 30 seconds and 720C 

for 30 seconds, followed by one cycle of 720C for 5 

minutes. Amplified fragment were analyzed on 1.5% 

agarose gel and were visualized by ethidium bromide 

staining under ultraviolet light. 

2.6 Kdr west genotyping  

The genomic DNA extracted from the field samples was 

used to determine the presence of kdr mutations in An. 

gambiae s.s. populations, as previously described [17]. 

The following primers were used 5′-ATAGATTCCCC 

GACCA TG-3′ (Agd1), 5 AGACAAGGATGATGATGAAC-3′

(Agd2), 5′-AATTTGCATTACTTACGACA-3′ (Agd3), and 

5′-CTGTAGTGATGATAGGAAATTA-3′ (Agd4) to detect 

the presence of west kdr (L1014F) mutations associated 

with DDT and pyrethroid resistance. The PCR reaction 

condition was one minute at 940C, 2 minutes at 480C and 

2 minutes at 720C for 40 cycles with final extension step 

at 720C for 10 minutes. Amplified fragment were 

analyzed on 2% agarose gel  visualized using ethidium 

bromide staining under ultraviolet light. 

2.7 Data interpretation 

The resistant status of mosquito samples was determined 

according to the WHO criteria. (1) Mortality rates is equal 

or greater than 98%: the population was considered fully 

susceptible. (2) Mortality rates ranged between 80 > × < 

97%: resistance suspected in the population (3) Mortality 

rates < 80%, the population was considered resistant to 

the tested insecticides [18]. 

2.8 Statistical analysis 

SPSS version 16 was used to analysed the data collected. 

Coefficients of correlation and Chi-Square was used for 

the statistical analyses. Statistical significance was taken 

at 95% confidence interval.  

3.0 RESULTS 

3.1 Resistance status 

Table 1 shows the insecticide resistance status of An. 

gambiae populations from Lagos Mainland and Kosofe 

Local Government Areas (LGAs) respectively. In Lagos 

Mainland LGA, a total of 1,200 adult female An. gambiae 

mosquitoes were subjected to insecticide susceptibility 

test out of which 440 (36.67%) mosquitoes were resistant 

and 760 (63.33%) died after 24 hours. The highest 

mortality rate was recorded in bendiocarb (100%), 

deltalmethrin (51%) and permethrin (39%). The result 

showed that Anopheles mosquitoes exhibited possible or 

confirmed resistance to permethrin with the highest 

number of 244 (39% mortality), followed by deltamethrin 

196 (51% mortality) and no resistant with bendiocarb 

(100% mortality). The KDT50 varied from 34 minutes 

(CI 28-39) in bendiocarb to 119 minutes (CI 115-123) in  
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permethrin. In all insecticides tested for both LGAs, 

KDT95 was greater than 60 minutes. 

In Kosofe LGA, a total of 1200 adult female An. gambiae 

s.l. mosquitoes were subjected to insecticide 

susceptibility test out of which 352 (29.33%) mosquitoes 

were resistant and 848 (70.67%) died after 24 hours. The 

highest mortality rate was recorded in bendiocarb (99%), 

deltalmethrin (68%) and permethrin (45%). The result 

showed that Anopheles mosquitoes exhibited possible or 

confirmed resistance to permethrin with the highest 

number (220; 45% mortality), followed by deltamethrin 

(128; 68% mortality) and only four resistant with 

bendiocarb (99% mortality). The KDT50 varied from 34 

minutes (CI 28-39) in bendiocarb to 190 minutes (CI 186

-194) in deltamethrin. 

Table 2 shows the distribution of An. gambiae s.s. in the 

study areas. Some  of the exposed mosquitoes were used 

for molecular identification of sibling species of An. 

gambiae complex.  In both LGAs only An. gambiae s.s. 

was identified among the An. gambiae group. In Kosofe, 

out of 216 mosquitoes, 116 were identified as An. gambiae 

s.s., while in Lagos Mainland, out of 220 mosquitoes 

analyzed, 108 were confirmed as An. gambiae s.s.  

3.2 Molecular identification of Anopheles 

mosquitoes in the study areas 

DNA was extracted from individual mosquitoes using sub 

sample of 780 resistant mosquitoes and a randomly 

selected 436 samples were assayed for species 

identification. Of these,  224 (51.38%) were confirmed as 

An. gambiae s.s. 

 

 

3.3 Detection of resistance gene 

Kdr genotyping results from this study showed that the 

kdr mutation was present at low frequency in all An. 

gambiae populations collected from the different LGAs. 

A total of 224 samples that survived permethrin and 

deltamethrin susceptibility test and confirm to be An. 

gambiae s.s. were analyzed for the kdr mutation. The 

kdr assays detected the homologous dominant resistance 

gene (RR) while the RS heterozygous resistance gene and 

homologous resistance gene were not found in any 

sample tested. The overall kdr frequency was 1.79% at 

Lagos Mainland without significant variation (P>0.05) 

amongst the two localities. 

4.0 DISCUSSION 

The development of pyrethroid resistance in Anopheles 

populations has the potential to seriously compromise 

malaria control efforts. Different report examining the 

effectiveness of ITNs has given clear evidence of 

pyrethroids failing to control An. gambiae population 

that contains kdr resistance at high levels [19]. This 

highlights the need to monitor the spread of resistance 

conferring alleles and to use this information to devise 

management strategies that will prolong the effectiveness 

of the insecticide.  This present study presents an 

updated data on the susceptibility of Anopheles 

mosquitoes to WHO approved Long Lasting Insecticide 

treated nets (LLINs) and Indoor Residual Spray (IRS)  in 

Lagos Mainland and Kosofe Local Government Areas of 

Lagos State, Nigeria. Anopheles mosquitoes from the 

study areas were resistant to the pyrethroid insecticides  
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Table 2: The distribution of Anopheles gambiae s.s. mosquitoes in the study areas 

Locations An. gambiae s.s. Unidentified spp.  Total Chi-square p-value 

Kosofe 106 100 216  

0.232 

0.703 

Lagos Mainland 108 112 220 

Total 224 212 436   

 

 
Table 1: Twenty-four hour post exposure mortality rate of 2 to 3 days old Anopheles gambiae and frequency of knock-down after 
60 minutes exposure to insecticides for Lagos Mainlandand Kosofe Local Government Area. 

 
 
Insecticides 

 
Number 
exposed (N) 

Number and 
(%) Knock-down 

Number and 
(%) mortality 

Lagos Mainland Kosofe Lagos Mainland Kosofe 

Permethrin (0.75 %) 400 104 (26) 60 (15) 156 (39) 180 (45) 

Deltamethrin (0.05 %) 400 90 (20) 52 (13) 204 (51) 272 (68) 

Bendiobarb (0.1 %) 400 340 (85) 316 (79) 400 (100) 396 (99) 
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which include permethrin, deltamethrin. Resistance is 

extremely prevalent with more than two thirds of 

mosquitoes surviving the diagnostic dose of permethrin 

and deltamethrin. Several studies have shown that 

multiple, complex resistance mechanisms in particular, 

increased metabolic detoxification of insecticides and 

decreased sensitivity of the target proteins or genes, are 

likely factors driving the development of insecticide 

resistance in mosquitoes [20]. Over-expression and 

amplification of mutations in protein-coding-gene 

regions have frequently been implicated as the cause of 

resistance. Some of the poor environmental management 

practices which include reduction and or management of 

breeding sites by filing container receptacles, improper 

disposal of water storage jars, village pot, tyres, canoes, 

and abandoned cans have been associated with 

widespread of mosquitoes, hence, leading to resistance 

[21]  

The results of knockdown assessment showed that the 

tested insecticidal papers induced knockdown of adult 

Anopheles mosquitoes suggesting that knockdown 

resistance could be circulating in the local Anopheles 

mosquito populations. This confirms earlier studies 

which separately indicated the knockdown effects of 

impregnated papers against Anopheles mosquitoes in 

Nigeria [12,14,22,23]. The Anopheles mosquito species 

were resistant to deltamethrin and permethrin. Previous 

reports have documented evidence on resistant of 

Anopheles mosquitoes to deltamethrin [24,25,26] and 

permethrin [26,27,28,29] as observed in this study. The 

highest frequency of resistance in this study was found 

with permethrin.  

The knockdown resistance gene was detected in all the 

mosquito populations as homozygote (RR). From this 

result, the observed frequency in mosquito samples 

deviate from the expected genotype frequencies predicted 

by the Hardy-Weinberg equilibrium. This is not in 

agreement with the study carried out by Weill et al [30]. 

This implies that Anopheles mosquitoes show preference 

for homozygous resistant populations. However, the 

relative low proportion of homozygous resistant 

individuals in the populations can be linked to high 

fitness cost of the L1014F mutation. 

No significant correlation was observed between the 

resistance phenotype and the frequency of the kdr 

genotype in mosquitoes surviving exposure to permethrin 

and deltamethrin in this study. This is in accordance with 

previous study [28], but contrary to other reports [12; 

23]. This suggests that there are other mechanisms 

responsible for insecticide resistance in the populations.  

The low kdr frequency suggest that the selection pressure 

resulting from current and historic uses of WHO 

recommended insecticides has not led to a high kdr allele 

frequency in An. gambiae.  Other mechanisms such as 

metabolic resistance mechanism could be present apart 

from the L1014F that was detected. However, the low 

frequency of kdr mutation may lead to fixation of the 

allele in the presence of selection pressure which could 

rapidly impede current efforts to reduce malaria 

transmission across the state.  

The need for periodic monitoring on the relative role of 

kdr-based resistance and metabolic-detoxification 

mechanisms is important in a vector population where 

the WHO approved classes of insecticide is being used. 

This will help in the selection of appropriate insecticide 

that will prevent or delay the occurrence of insecticide 

resistance. There is need for modified or new tools in 

monitoring resistance gene in malaria vectors in the 

infected population. Sustainable insecticide resistance 

management strategy is imperative to avoid control 

failures when the resistant insecticides are used for Long 

Lasting Insecticide treated nets (LLINs) and Indoor 

Residual Spray (IRS) programmes in Lagos State. 

Acknowledgement 

The authors thank the laboratory staff of Molecular 

entomology and vector control research laboratory of the 

Nigerian Institute of Medical Research, Yaba, Lagos 

State. 

Authors’ Contributions 

TEI and  OAO conceived and designed the study; TAO 

wrote the first draft of the manuscript, supervised laboratory 

analysis;  TOO Collectyed samples and performed laboratory 

analysis; STA  revised the manuscript 

Conflict of interest  

The authors declare that there is no conflict of interest 

References 

1. World Health Organization. Global Plan for Insecticide 
Resistance Management in Malaria Vectors (GPIRM). In: 
WHO/HTM/GMP/20125. Edited by Organization World 
Health. Geneva, Switzerland. 2012; p. 130. 

2. Murray CJL, Rosenfeld LC, Lim SS, Andrews KG, Foreman, 
KJ, Haring D. Global malaria mortality between 1980 and 
2010: asystematic analysis. Lancet. 2012; 379:413–431. 

3. Awolola TS, Brooke BD, Koekemoer LL, Coetzee M.  Ab-
sence of the kdr mutation in the molecular ‘M’ form sug-
gests different pyrethroid resistance mechanisms in malar-
ia vector mosquito Anopheles gambiaes.s. Trop. Med. Int. 
Health. 2003;  8(5): 420-422. 

4. Toxipedia. Biological Properties of Insecticides, (11 May 
2011), Available from http://toxipedia.org/display/
toxipedia/Biological+Properties+of+Insecticides 

5. Prato M. Role of human matrix metalloproteinases in ma-

Idowu et al. Pan African Journal of Life Sciences (2019):2: 99-104 



 

104 

 

laria pathogenesis. In: Malaria: Etiology, Pathogenesis and 
Treatments. Nova Science Publishers, Inc. Hauppauge, ISBN 
978-1-62100-363-2, NY, USA. 2012; 151-174  

6. World Health Organization. WHO malaria report: 2011. In: 
WHO Global Malaria Programme. Geneva. 2011; p. 259. 

7. Ranson H, N'Guessan R, Lines J, Moiroux N, Nkuni Z, Cor-
bel V. Pyrethroid resistance in African Anopheline mosqui-
toes: what are the implications for malaria control? Trends 
in Parasitology. 2011;  27 (2): 91-98. 

8. Marcombe S, Mathieu RB, Pocquet N, Riaz MA, Poupardin 
R, Selior S, Darriet F, Reynaud S, Yebakima A, Corbel V, 
David JP, Chandre F. Insecticide resistancein the dengue 
vector Aedes aegypti from Martinique: distribution, mecha-
nisms and relations with environmental factors. PLoS One. 
2011; 7:e30989. 

9. Wood OR, Hanrahan S, Coetzee M, Koekemoer LL, Brooke, 
BD. Cuticle thickening associated withpyrethroid resistance 
in the major malaria vector Anopheles funestus. Parasites 
and Vectors. 2010;  3: 67. 

10. Nkya, T.E., Akhouayri, I, Kisinza,W.,David, J.P. (2013). Im-
pact of environment on mosquito response to pyre-
throid insecticides: facts, evidences andprospects. Insect 
Biochem Mol Biol. 43:407–416. 

11. Brooke BD, Kloke G, Hunt RH, Koekemoer LL, Temu EA, 
Taylor ME, Small G, Hemingway J, Coetzee M. Bioassay and 
biochemical analyses of insecticide resistance in Southern 
African Anopheles funestus (Diptera: Culicidae). Bulletin of 
Entomological Research. 2001;  91: 265–272 

12. Awolola TA, Oduola IO, Oyewole JB, Obansa C, Amajoh L, 
Koekemoer LL, Coetzee M.  Dynamics of knockdown pyre-
throid insecticide resistance alleles in a field population of 
Anopheles gambiae s.s. in southwestern Nigeria. Journal of 
Vector Borne Diseases. 2007; 44: (3): 181-188. 

13. Awolola TS, Brooke BD, Hunt RH, Coetzee M. Resistance of 
the malaria vector Anopheles gambiae s.s to pyrethroid in-
secticide in south western-Nigeria. Ann. Trop. Med. Parasi-
tol. 2002;  96: 849-852. 

14. Oduola AO, Obansa JB, Ashiegbu CO, Otubanjo OA, Awolo-
la, T.S. High level of DDT resistance in the malaria mosqui-
to: Anopheles gambiae s.l. from rural, semi urban and urban 
communities in Nigeria. Journal of Rural and Tropical Pub-
lic Health. 2010; 9: 114-120.  

15. Collins FH, Mendez MA, Rasmussen MO, Mehaffey PC, 
Besansky NJ, Finnerty V. A ribosomal RNA gene probe dif-
ferentiates member species of the Anopheles gambiae com-
plex. American Journal of Tropical Medicine and Hygiene. 
1987;  37:37-41 

16. Scott JA, Costantini C, Pennetier C, Diabate A, Gibson G, 
Dabire RK. Identification of single specimens of Anopheles 
gambiae complex by polymerase chain reaction. American 
Journal of Tropical Medicine and Hygiene. 1993; 49 :520-
529. 

17. Martinez-Torres D, Chandre F, Williamson MS, Darriet F, 
Bergé JB, Devonshire AL, Guillet P, Pasteur N, Pauron D.  
Molecular characterization of pyrethroidknockdown re-
sistance (kdr) in the major malaria vector Anopheles gambi-
ae s.s. Insect Mololecular Biology. 1998;  7: 179-184.  

18. Centre for Disease Control and Prevention (CDC). Guideline 
for evaluating insecticide resistance in vectors using     the 
CDC bottle assay. 1st edition, Georgia USA. 2010; p18. 

19.  N’Guessan R, Corbel V, Akogbeto M, Rowland M. Reduced 

efficacy of insecticide treated nets and indoor residual spraying 

for malaria control in pyrethroid resistance area, Benin. Emerg-

ing Infectious Diseases. 2007;  13: 199-206. 

20. Liu N. Insecticide resistance in mosquitoes: impact, mecha-

nisms, and research directions. Annual Review of Entomology. 

2015;  60:537-59. 

21. Service MW. A Guide to Medical Entomology. Macmillain 

International College Edition. Oxford Press Ltd. 1980; .p. 23-45. 

22. Olayemi IK, Ande AT, Chitta S, Ibemesi G, Ayanwale VA, 

Odeyemi MO. Insecticide susceptibility profile of the principal 

malaria vector, Anopheles gambiaes.l. (Diptera: Culicidae). Jour-

nal of Vector Borne Diseases. 2011;  48: 109-112. 

23. Ibrahim S S, Manu Y A, Tukur Z, Irving H, Wondji CS. High 

frequency of kdrL1014F is associated with pyrethroid resistance 

in Anopheles coluzzii I Sudan savannah of Northern Nigeria. 

MBC Infectious Diseases. 2014;  14(1):441. 

24. Betson M, Jawara M, Awolola TS. Status of insecticide sus-

ceptibility in Anopheles gambiaes.l. from malaria surveillance 

sites in The Gambia. Malaria Journal. 2009;  8:187.  

25. Oduola AO, Idowu ET, Oyebola MK, Adeogun A, Olojede JB, 

Otubanjo OA, Awolola TS. Evidence of carbamate resistance in 

urban populations of Anopheles gambiaes.s .mosquitoes resistant 

to DDT and deltamethrin insecticides in Lagos, South Western 

Nigeria. Parasites and Vectors. 2012;  5: 116. 

26. Awolola ST, Adeogun AO, Olojede JB, Oduola AO, Oyewole I 

O, Amajoh CN. Impact of PermaNet 3.0 on entomological indices 

in an area of pyrethroid resistant Anopheles gambiae in south-

western Nigeria. Parasites and Vectors. 2014; 7:23-26. 

27. Abdalla H, Matambo TS, Koekemoer LL, Mnzava AP, Hunt 

RH, Coetzee M. Insecticide susceptibility and vector status of 

natural populations of Anopheles arabiensis from Su-

dan.Transactions Royal Society of Tropical Medicine and Hy-

giene. 2007;  102 (3): 263-71 

28. Ramphul U, Boase T, Bass C, Okedi LM, Donnelly MJ, Muller 

P. Insecticide resistance and its association with target-site muta-

tions in natural population of Anopheles gambiae  from eastern 

Uganda. Trans R Soc Trop Med Hyg. 2009; 103(11):1121-1126. 

29. Kemabonta KA, Anikwe JC, Adaezeobiora IB. Bioefficacy of 

Skaeter Abate and Spintor on Anopheles gambiae and Ae-

desaegypti mosquitoes from insecticides resistance areas of La-

gos and Oyo State, Nigeria. Journal of Agriculture and 

Healthcare. 2013;  3(3).online 

30. Weill M, Chandre F, Brengues C, Manguin S, Akogbeto M, 

Pasteur N, Guillet P, Raymond M. The kdr mutation occurs in the 

Mopti form of Anopheles gambiaes.s. through introgression. In-

sect Molecular Biology. 2000; 9:451-455. 

  

Idowu et al. Pan African Journal of Life Sciences (2019):2: 99-104 


