
1. Introduction

Malaria is caused by parasites of the genus Plasmodium 
and mosquitoes of the genus Anopheles serve as vectors 
for the parasites. Globally, about 229 million malaria 
cases were reported by the World Health Organization 
in 2019 (WHO, 2020). This represents a million 
reported cases higher than in 2018 (WHO, 2019). 
Africa accounted for about 94% of the reported malaria 
cases in 2019, and 51% of the cases were reported in 
five countries - Nigeria (27%), Democratic Republic 
of the Congo (12%), Uganda (5%), Mozambique (4%) 
and Niger Republic (3%) (WHO, 2020). In addition to 
morbidity and mortality caused by this disease, huge 
economic cost of funding malaria control interventions 
are financial burdens on the Governments of malaria 

endemic countries. In Nigeria where the highest global 
malaria cases have been recorded, malaria accounts for 
about 60% of outpatient visits, 30% of hospitalizations, 
10% of low birth weight and 11% of maternal mortality 
(NMEP, 2016). Preliminary analysis by the National 
Malaria Elimination Programme of Nigeria showed that 
US$ 2.75 billion is needed to achieve high coverage of 
malaria control interventions in targeted areas, and full 
availability of diagnosis and treatment in public health 
facilities (WHO, 2020). 

Vector control using insecticides is a popular 
malaria control intervention. Currently, there are two 
main strategies employed for malaria vector control: 
use of Long-Lasting Insecticidal Nets (LLIN) and 
Indoor Residual Spray (IRS). Recommended classes 
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of insecticides for LLIN and IRS include: pyrethroids, 
organochlorine, carbamates and organophosphates 
(WHO, 2006). Although each class of insecticide may 
be further categorized into different sub-classes which 
in turn consist of a broad range of compounds, specific 
ones endorsed for IRS malaria vector control based on 
human safety and their residual efficacy on a dwelling 
surface include: DDT for organochlorine; bendiocarb 
and propoxur for carbamate; malathion, fenitrothion 
and pirimiphos-methyl for organophosphates; and 
alphacypermethrin, deltamethrin, lambda-cyhalothrin, 
etofenprox, bifenthrin and cyfluthrin for pyrethroids 
(WHO, 2015). Pyrethroid insecticides recommended 
for treating mosquito bed nets include: permethrin, 
alphacypermethrin, deltamethrin, lambda-cyhalothrin, 
etofenprox and cyfluthrin (WHO, 2016). Among the 
insecticides recommended for bed-nets and IRS based 
malaria vector control, the most commonly used and 
tested for resistance are: deltamethrin, permethrin 
and alphacypermethrin (pyrethroid), bendiocarb 
(carbamate), DDT (organochlorine) and pirimiphos 
methyl (organophosphate).  Insecticide-treated mosquito 
nets and indoor residual spraying of these recommended 
insecticides have contributed significantly to reductions 
in malaria morbidity and mortality since 2000 (Wahedi 
et al., 2020). Long-lasting insecticide-treated nets 
(ITNs) are more commonly used for malaria vector 
control because of the ease in delivering the tools 
through mass campaign and other routine distribution 
channels (Obembe et al., 2014). However, resistance to 
recommended insecticides has emerged over the years 
as a major threat to malaria vector control intervention 
programmes in many countries in sub – Saharan Africa. 

The problem of insecticide resistance in malaria 
vectors has expanded rapidly due to the frequent 
use of similar insecticide families for public 
health and agricultural uses (Antonio-Nkondjio 
et al., 2017). Studies on insecticide resistance 
are required to comprehend the epidemiology, 
prevalence and mechanisms of resistance in order 
to predict strategies to overcome this problem 
(Sweileh et al., 2016). For instance, in Nigeria, a 
number of such studies conducted had indicated 
that Anopheles gambiae sensu lato (s.l.) mosquitoes 
exhibited resistance to some of the aforementioned 
recommended insecticides - pyrethroids (Oduola et 
al., 2012; Awolola et al., 2018; Ibrahim et al., 2019), 
organochlorine dichlorodiphenyltrichloroethane 
(DDT) (Oduola et al., 2010; Adeogun et al., 2017; 
Ononomadu et al., 2020) and carbamate (Oduola et 

al., 2012; Ibrahim et al., 2019; Ononomadu et al., 
2020). In order to manage insecticide resistance in 
IRS, rotational spraying of two or more insecticide 
classes on a yearly basis had been recommended.  
Moreover, regular resistance monitoring will be 
crucial to establishment of a global database to 
track the status of insecticide resistance in malaria 
vectors (WHO, 2012). 

For several years, over reliance on pyrethroids as the 
only class of insecticide approved for treating bed-nets has 
led to increased pyrethroids resistance in many localities 
(Adeogun et al., 2017; Ibrahim et al., 2019). Attempts 
at preserving and improving the use and effectiveness 
of pyrethroids for vector control purposes through 
LLINs have led to the development of new generation 
bed nets treated with a combination of pyrethroid and 
non pyrethroid insecticide. With the emergence of these 
new bed nets, there is the need to provide information 
on the potency of the various classes of recommended 
insecticides against mosquitoes in specific localities in 
order to prescribe effective insecticide options for both 
LLIN and IRS malaria vector control in such locations. 
Previous work on the insecticide susceptibility status 
of Anopheles gambiae s.l. in Lagos metropolis showed 
the occurrence of multiple resistance to organochlorine 
(DDT), pyrethroids (permethrin, deltamethrin and 
alphacypermethrin) and carbamate (bendiocarb and 
propoxur) insecticides (Oduola et al., 2010; Oduola et 
al., 2012) with no data reported on the organophosphate 
susceptibility profile. This study was conducted 
to assess the susceptibility status of Anopheles 
mosquito populations in Lagos to two recommended 
organophosphate insecticides and to provide an update 
on the earlier established Anopheles mosquito resistance 
to pyrethroids and carbamate insecticides.  

2. Materials and methods

2.1. Mosquito collection, rearing and identification 

Pre-adult Anopheles mosquitoes were collected between 
May and July, 2017 from natural mosquito breeding sites 
in Lekki (6°30′N 4°07′E) and Yaba (6.50° N, 3.38° E) in 
Lagos. The collected larvae and pupae were reared to 
adulthood (27oC - 28.8oC, 67.3% - 88.1%) at the insectary 
of Molecular Entomology and Vector Control Unit of the 
Nigerian Institute of Medical Research, Lagos. Details 
of mosquito larval collection and processing have been 
reported in Oduola et al. (2012). The emerging F1 
progeny of 2-3 days old were subjected to insecticide 
susceptibility tests as described by WHO (2013). After 

http://tools.wmflabs.org/geohack/geohack.php?pagename=Lekki_Lagoon&params=6_30_N_4_07_E_region:NG-LA_type:waterbody
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insecticide exposure, all mosquitoes were identified 
morphologically under a stereomiscrope following the 
standard morphological keys for Anopheles mosquito 
identification described by Gillies and Coetzee (1987).

2.2. Insecticide susceptibility test

Insecticide susceptibility tests were conducted with 
WHO test papers containing recommended diagnostic 
concentrations of 0.05% deltamethrin and 0.75% 
permethrin (pyrethroid), 0.1% bendiocarb (carbamate),  
0.1% Pirimiphos methyl (organophosphate) and 5% 
malathion (organophosphate) using standard procedures 
and test kits for adult mosquitoes (WHO, 2013). To 
affirm the potency of the test papers before its use, 
Anopheles mosquitoes of the Kisumu susceptible 
strain (Kss) were exposed to treated papers before the 
experimental exposures of mosquito samples collected 
in the field. 

For each insecticide, four replicates of 25 non-blood 
fed (total of 100) female Anopheles mosquitoes were 
exposed to the insecticide test papers in the test tubes for 
1 hour (WHO, 2013). The insecticide papers were tested 
against Anopheles mosquitoes collected from the two 
different collection sites. Control experiment conducted 
concurrently involved two replicates of 25 mosquitoes 
exposed to control papers in a WHO test tube. This was 
set up for each insecticide tested per location. After the 
1-hour exposure period, the mosquitoes were transferred 
into holding tubes, supplied with 10% sugar solution 
and monitored for mortality 24 hours after exposure 
(WHO, 2013). Dead (susceptible) and alive (resistant) 
mosquitoes were preserved separately in eppendorf 
tubes filled with desiccated silica gel.

2.3. Data analysis

The time taken for 50% (Kdt50) and 95% (Kdt95) of the 
tested mosquitoes to be knocked down were estimated 
by the log time probit model analysis. The WHO (2013) 
criteria of less than 90% mortality as resistant, 90% - 
97% mortality as possible resistance and mortality ≥ 
98% as susceptible was used to evaluate the resistance/
susceptibility status of the mosquitoes. 

3. Results

3.1. Knock down effect of the insecticides

The time taken for 50 and 95% of the mosquitoes 
to be knocked down (Kdt50 and Kdt95) due to 
insecticide exposures are detailed in Table 1. The 
results from the log time probit model analysis show 

that the organophosphate insecticides (Malathion and 
Pirimiphos-methyl) required the shortest time to induce 
50% (Kdt 50 of 14.75-20.90 minutes) and 95% (Kdt95 
of 21.63-29.62) knock down of the mosquitoes from 
the two sites. Bendiocarb and permethrin insecticides 
required the longest time to induce 50% (Kdt50 of 
55.91-168.21) and 95% (Kdt95 of 101.89-256.13 
minutes) knock down of the mosquitoes from the two 
study sites (Table 1). The mean percentage knock down 
of mosquitoes after the 1 hour insecticide exposure is 
presented in Figure 1. Lowest percentage knock down 
were recorded upon exposure of the mosquitoes from 
the two sites to bendiocarb (22±2.31% - 24±3.27%) and 
permethrin (26±9.52% -37±5.03%) insecticides. Only 
the two organophosphate insecticides (Malathion and 
Pirimiphos-methyl) induced 100±0.0% knock down of 
all mosquitoes exposed after 1 hour (Figure 1). Results 
of morphological identification of all the Anopheles 
mosquito samples exposed to insecticide papers showed 
that the samples were all An. gambiae s.l.

3.2. Mortality rates of exposed mosquitoes

The result of the susceptibility assays indicated that 
the percentage mortalities of Anopheles mosquito 
exposed to organophosphate insecticides (Malathion 
and Pirimiphos methyl) were higher than those of 
Pyrethroid (deltamethrin and permethrin) and carbamate 
(Bendiocarb) insecticides (Table 2). After 24 hours post 
exposure period, Anopheles populations from both 
study sites were fully susceptible (100% mortality) 
to Malathion and Pirimiphos methyl. The lowest 
percentage mortalities (Lekki 36%; Yaba 38%) were 
obtained from exposures of mosquito populations to 
bendiocarb (carbamate) insecticide (Table 1). Similarly, 
Anopheles mosquito populations from both collection 
sites showed high level of resistance to the pyrethroid 
(deltamethrin and permethrin) (≤ 60% mortality) 
insecticides. None of the mosquito populations exposed 
to the organophosphate (Malathion or Pirimiphos 
methyl) insecticides was alive (100% mortality) after 
the 24 hours post exposure period (Table 2).  Percentage 
mortality of mosquitoes from both Lekki and Yaba sites 
were similar upon exposures to the different insecticides. 
Highest percentage mortality difference (9%) was 
recorded upon exposures of mosquitoes from both sites 
to permethrin (Lekki 54%; Yaba 45%) insecticide (Table 
2). Mosquitoes from both sites showed 100% mortality 
to the two organophosphate insecticides and only 2-3% 
percentage mortality difference upon exposures to 
deltamethrin (Lekki 57%; Yaba 60%) and bendiocarb 
(Lekki 36%; Yaba 38%) insecticides.
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4. Discussion

This study assessed susceptibility status of Anopheles 
mosquito populations to organophosphate insecticides 
in selected areas within Lagos metropolis. Such 
monitoring of insecticide resistance in the major local 
malaria vector species should be conducted regularly 
and in representative sites, using the insecticides already 
in use and those planned for use in malaria vector 
control. This will enable assessment of current situation 

for adaptation of appropriate vector-control strategies 
(WHO, 2018). Percentage mortality of mosquitoes from 
both Lekki and Yaba sites considered in the present study 
were similar upon exposures to the different insecticides. 
The similarities in mortality rates of mosquitoes from 
both sites indicates the same status of susceptibility 
to organophosphates and resistance to carbamate and 
pyrethroids insecticides. This suggests the prevalence 
of similar conditions of insecticide resistance selection 
pressures on the mosquitoes from both sites. 

Table 1: Knockdown times of mosquitoes exposed to different insecticides 
Locality Insecticide N KDT50

(95% CI)
mins

KDT95 
(95% CI)
mins

Yaba

Lekki

Permethrin 100 62.30 (53.6-88.9) 129.14 (92.7-401.8)

Deltamethrin 100 39.13 (32.69-46.01) 87.10 (66.12-153.68)

Bendiocarb 100 168.21(136.1-292.4) 256.13(181.5-432.4)

Pirimiphos-methyl 100 20.90 (19.49-23.59) 29.62 (25.57-40.17)
Malathion 100 17.01 (11.11-26.8) 25.90 (19.61-209.75)

Permethrin 100 55.91 (53.1-61.9) 101.89 (87.31-139.69)

Deltamethrin 100 19.88 (18.09-21.36) 31.22 (26.60-43.61)

Bendiocarb 100 97.11(61.2-423.23) 121.25(86.91-256.45)

Pirimiphos-methyl 100 19.28 (18.12-21.00) 27.67 (24.47-34.39)

Malathion 100 14.75 (12.97-15.86) 21.63 (20.05-24.81)

Figure 1: Mean percentage knock down of An. gambiae s.l. mosquitoes from the two study sites after 1 hour insecticide exposure.
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The log time probit model analysis conducted 
showed high knock down times (KDT50 39.13-62.30 
minutes) of mosquitoes from both sites due to pyrethroid 
deltamethrin and permethrin exposures. Evidence of 
such high KDT50 values exhibited by field populations 
of Anopheles mosquitoes have been attributed to 
knock down resistance (kdr) genes in the mosquitoes 
(Chandre et al., 1999). Further investigations regarding 
the presence of kdr genes in the mosquito populations 
from both Lekki and Yaba sites are therefore desirable to 
unravel the mechanisms responsible for the phenotypic 
insecticide resistance observed in this study.  The high 
KDT50 values (39.13-62.30) recorded in our study is 
comparable with those found in urban An. gambiae s.l. 
populations exposed to the same insecticides in Ibadan; 
KDT50 34.0-49.5 (Ibrahim et al., 2013), Nigeria. 

The lower knockdown and mortality rates obtained in 
this study indicated higher resistance of An. gambiae s.l. 
to carbamate (bendiocarb) and pyrethroid (deltamethrin 
and permethrin) insecticides than the results earlier 
reported in Lagos (Awolola et al., 2002; Oduola et al., 
2010; Oduola et al., 2012). In contrast, this study also 
showed that the Anopheles gambiae s.l. populations in 
the selected areas of Lagos were fully susceptible to 
organophosphates (Malathion and Pirimiphos methyl). 
Cross-resistance between classes of insecticides had 

been associated with the sharing of target sites (Labbe 
et al., 2011). Both carbamate and organophosphate 
insecticides act on the synapse by inhibiting the action 
of acetylcholinesterase enzyme (Labbe et al., 2011). 
Specifically, in the An. gambiae mosquitoes, the 
acetylcholine-1R (ace-1R) gene had been found to cause 
cross-resistance between organophosphate and carbamate 
insecticides (Alout et al., 2008). Therefore, the results 
of carbamate resistance and 100% organophosphate 
insecticide susceptibility observed in this study could 
raise questions since the general mode of action of 
carbamate and organophosphate insecticide classes are 
similar.  One valid expectation from the An. gambiae 
s.l populations tested in this study would have been an 
evidence of cross-resistance between carbamate and 
organophosphate insecticides. Nevertheless, a possible 
reason for the differential An. gambiae s.l susceptibility 
to carbamate and organophosphate observed in this 
study could be due to the type of enzymes elevated in 
the mosquitoes. According to WHO (2012), though ace-
1R  gene has the same high likelihood in modulating for 
resistance to both carbamates and organophosphates, 
presence of elevated monooxygenases are more 
important in conferring resistance to carbamates than 
esterases while the presence of elevated esterases 
are more important in conferring resistance to 

Table 2: Mortality rates and insecticide susceptibility status of Anopheles mosquito populations in urban Lagos.
Class of Insecticide Insecticide Community Number of 

mosquitoes 
exposed

Mortality 
rates
(%)

Status

Pyrethroid Deltamethrin Lekki 100 57 Resistant
Yaba 100 60 Resistant

Permethrin Lekki 100 54 Resistant
Yaba 100 45 Resistant

Carbamate Bendiocarb Lekki 100 36 Resistant
Yaba 100 38 Resistant

Organophosphate Pirimiphos-methyl Lekki 100 100 Susceptible
Yaba 100 100 Susceptible

Malathion Lekki 100 100 Susceptible
Yaba 100 100 Susceptible

Susceptibility is based on ≥ 98% mosquito mortality rates (WHO, 2013).
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organophosphates than monooxygenases. Therefore, the 
possibility of the presence of elevated monooxygenases 
rather than elevated esterases could be a possible 
reason responsible for the carbamate resistance and 
organophosphate susceptibility observed in the An. 
gambiae s.l mosquito populations tested in this study. 
Further biochemical studies on the enzymes elevated 
in the resistant Anopheles mosquito populations from 
these study sites are required to confirm this possibility. 
Similar results of high level pyrethroid resistance, 
carbamate resistance and 100% susceptibility of 
Anopheles gambiae to organophosphate observed in 
this study have been reported in Mozambique (Cuamba 
et al., 2010), Benin republic (Aïkpon et al., 2013) and 
Burkina Faso (Namountougou et al., 2019). 

The observation that all the samples in these 
collection sites were An. gambiae s.l further validates 
the earlier reported predominance of this species 
within the Lagos metropolis (Oduola et al., 2012). 
The already established pyrethroid resistance status 
of these predominant An. gambiae s.l. increased from 
≤ 79% mortality rates (Awolola et al., 2002) to ≤ 73% 
(Oduola et al., 2010) and was extended further in this 
study to ≤ 60%. Similar sharp reductions in mortality 
rates of the samples exposed to bendiocarb carbamate 
insecticides were also observed (36-38%) compared to 
the previously reported ≤ 70% (Oduola et al., 2012). 
Increased resistance status of Anopheles mosquitoes to 
carbamate insecticide over time have also been reported 
elsewhere (Cuamba et al., 2010; Aïkpon et al., 2013).

Despite the high percentage mortality observed in 
the organophosphate exposure in this study, the “bad 
egg” smell, terseness and higher mammalian toxicity of 
the insecticide compared to pyrethroids still remains a 
challenge. However, widespread pyrethroid resistance 
(Toe et al., 2014; Awolola et al., 2018; Namountougou 
et al., 2019) and more recently, the increasing insecticide 
resistance to the carbamate alternatives (Oduola et al., 
2012; Aïkpon et al., 2013; Namountougou et al., 2019; 
Ononamadu et al., 2020) across sub-Saharan Africa 
and in this study cannot be ignored. Furthermore, 
organophosphates like chlorpyrifos methyl have limited 
environmental persistence (N’Guessan et al., 2010) 
and the efficacy of such ordinarily more expensive 
insecticide has been improved through the development 
of microencapsulated forms (Tomlin, 2000). There 
is therefore the need to further encourage the use of 
organophosphate insecticide formulations for the 
control of pyrethroid and carbamate resistant Anopheles 
mosquito population in Lagos as further studies proceed 
on the reasons for organophosphate susceptibility despite 
carbamate resistance observed in the mosquitoes. 

5. Conclusion

This study re-affirms evidence of increased An. gambiae 
s.l. mosquito populations’ resistance to pyrethroid and 
carbamate insecticide in urban Lagos. The results also 
showed that organophosphate insecticide formulations 
are more effective for the control of mosquito 
populations in Lagos than pyrethroid and carbamate 
based insecticides. The reasons for the combined 
evidence of An. gambiae s.l. susceptibility and resistance 
to the two insecticide classes (organophosphate and 
carbamate) with the same mode of action as observed 
in this study calls for further detailed biochemical 
studies to unravel the role of other factors such as the 
types of enzymes elevated in the resistant Anopheles 
mosquito populations from these study sites and their 
roles in conferring phenotypic resistance to the specific 
insecticide classes tested. Consistency in the monitoring 
of insecticide resistance in this An. gambiae s.l. species 
in Lagos should be encouraged in representative sites, 
using the insecticides already in use and those planned 
for use in malaria vector control in order to assess 
current situations for adaptation of appropriate vector-
control strategies.
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