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Simple Summary: This study described the resistance profile of Aedes aegypti from Lagos State,
Nigeria to different classes of insecticides, the presence of knockdown mutations (F1534C, S989P
and V1016G) in resistant population of mosquitoes were determined. Results from the study
showed that F1534C was presence in resistance population of Aedes aegypti for the first in the Nigeria and S989P for the first time Africa.
Abstract: The outbreak of yellow fever transmitted by Aedes aegypti has been of major concern in
Nigeria, this mosquito also transmits several other arboviruses globally. The control of many of the
Aedes aegypti borne diseases relies heavily on the use of insecticides. Therefore, constant monitoring
of insecticide resistance status and associated mechanisms in crucial within the local population.
Here, we determined the resistance profile of adult Aedes aegypti from Ikorodu Local Government
Area of Lagos State, Nigeria to different classes of insecticides using WHO procedures. The presence
of kdr mutations F1534C, S989P and V1016G were also determined among resistant populations
using molecular methods. High level of resistance to DDT and pyrethroid was recorded in Aedes
aegypti in this study, though possible resistance to deltamethrin was reported in one of the locations.
Resistance to bendiocarb was recorded in Majidun community while Aedes aegypti in both locations
were susceptible to malathion. The presence of F1534C mutation associated with resistance in Aedes
aegypti was detected for the first time in Nigeria, and the presence of S989P mutation was detected
singly and in co-occurrence with F1534C for the first time in Africa. The role of these mutations in
resistance phenotype expressed in Aedes aegypti in this study area need to established.
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1. Introduction
Aedes aegypti sometimes referred to as yellow fever mosquito is major vector of many
parasitic and viral infections of public health importance including lymphatic filariasis,
yellow fever, dengue fever, zika virus etc. Diseases transmitted by this mosquito are of
growing health concerns in different parts of the world [1,2]. Ae. aegypti are widely distributed around the world, well adapted to urban environments, breeding mainly in
containers around peri-domestic areas [3,4]. The control of vector-borne diseases on the
used or combination of vaccines, chemotherapy or vector control. In the absence of effective vaccines or drugs, control mainly rely on vector management. The use of insecticides-based control tools in vital in regulating the population of both immature and
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adult stage of mosquitoes, including Aedes aegypti. However, resistance to insecticides is
being reported in different mosquito species including Aedes aegypti in various parts of
the world. In Nigeria, resistance to DDT, pyrethroids and carbamates have been reported in Aedes aegypti from different parts of the country [5–8]. Insecticide resistances in
mosquitoes in mainly as a result of the activities of detoxifying enzymes and mutation of
the target sites. Detoxification enzymes that have been linked to insecticide resistance
include, cytochrome P450 monooxygenases (P450s), carboxylesterases (COEs), and glutathione S-transferases (GSTs). The impact of these detoxifying enzymes in the resistance
phenotype expressed by Aedes mosquitoes has been highlighted in some studies in different parts of the world [7–11]. Knockdown resistance (kdr) has been described and associated in DDT and pyrethroid resistance in Aedes [12]. In total, 10 kdr mutations have
been reported in Aedes aegypti, varying in frequency, geographical spread and impacts
on resistance [13,14]. F1534C is the most widely spread kdr mutation in Aedes aegypti and
has been reported to confer resistance to deltamethrin and permethrin. The presence of
F1534C, V1016I and V410L kdr have been reported across different parts of Africa [11,14–
16]. V1016G mainly detected in Asia has been reported to cause resistance alone, however more potent when combined with another mutation, S989P. It can lead to extreme
resistance when in a triple mutant 989P/1016G/1534C haplotype [13]. Interestingly,
S989P/V1016G and F1534C usually occur on alternate chromosomes, but the triple mutant haplotype has been detected in different parts of Asia [13,17]. In Nigeria, a few studies have investigated the resistance profile of Aedes aegypti and the impacts of detoxifying enzymes on the resistant populations but none has provided information on the kdr
associated mutations. This study therefore seeks to assess the presence of F1534C, S989P
and V1016L among the Nigeria population of Aedes aegypti.
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2. Materials and Methods
STUDY LOCATION AND SAMPLE COLLECTION
This study was conducted in Majidun and Oke-Ota communities of Ikorodu Local
Government Area of Lagos State, Nigeria. The study area is situated between 3°27’E 3°28’E longitude and 6°37’E latitude and covers about 1.71km2 area of land. Aedes immature stages were collected by using a dippers, sieves and ladles from breeding sites including abandoned tyres, plastic containers, water pots, shallow wells etc. in peri-domestic areas within the surveyed communities. Collections were stored in well labelled plastic
containers were transported to the insectary Department of Zoology, University of Lagos,
where they were reared under suitable environmental conditions and allowed to emerge
to adults.
WHO INSECTICIDE SUSCEPTIBILITY BIOASSAY
The insecticides susceptibility bioassays were performed on 2-5 days old female mosquitoes using WHO test filter paper impregnated with selected insecticides including
Which DDT (4%), permethrin (0.75%), deltamethrin (0.05%), lambdacyhalothrin (0.05%),
bendiocarb (0.1%) and malathion (5%) using WHO standard procedures [18]. Knockdown
was recorded at specific time interval and the 24hours percentage was also recorded. Mosquitoes’ morphological features were assessed using identification keys [19,20].
Screening of kdr mutations in Aedes aegypti
The detection S989P, V1016G and F1534C mutations in wild Aedes aegypti was done
using AS-PCR as described by [21]. The primers for the three targeted mutations are listed
in Table 1. The total PCR reaction volume was 12.5 μl, consisting of 2.5 μl of X5 Mastermix,
0.375 μl each of primers (0.3 pmol/μl), 7.5 μl of double-distilled water. PCR conditions
were one cycle of 94 °C for 3 min, then 35 cycles of 94 °C for 30s, (54.2 °C for V1016G and
F1534C, and 51.4 °C for S989P) for 30 s and 72 °C for 1 min, followed by one cycle of 72 °C
for 7 min. PCR products were checked by electrophoresis on 1.5 % agarose gel in TBE
buffer. Bands were visualized by ethidium bromide staining. The size of the PCR products
for the detection of kdr alleles were 348 bp (V1016G), 240 bp (S989P) and 284 bp (F1534C).
Table 1: List of specific primers used to amplify sodium channel gene mutations detected in Aedes aegypti.

Mutation

Primers

Sequence (5’-3’)

Refereence

S989P

M1-F

AATGATATTAACAAAATTGCGC

[21]

M2-R

GCACGCCTCTAATATTGATGC

M1-S

GCGGCGAGTGGATCGAAT

M1-P

GCGGCGAGTGGATCGAAC

M2-F

GCCACCGTAGTGATAGGAAATC

M2-R

CGGGTTAAGTTTCGTTTAGTAGC

M2-V

GTTTCCCACTCGCACAGGT

M2-G

GTTTCCCACTCGCACAGGG

M3-F

GGAGAACTACACGTGGGAGAAC

M3-R

CGCCACTGAAATTGAGAATAGC

M3-F

GCGTGAAGAACGACCCGA

M3-C

GCGTGAAGAACGACCCGC

V1016G

F1534C

DATA ANALYSIS.
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Percentage knockdown and percentage mortality to the five insecticides for the mosquitoes from each of the study locations were determined. Insecticide susceptibility of the
mosquitoes tested was based on 98 – 100% post exposure mortality [18]. Mortality rates
<80% at 24hrs post exposure indicated resistance, >97% indicated susceptibility and mortality rates between 80 and 97% indicated that resistance is suspected. The knockdown
data was used to compute the KDT50 and KDT90 using log probit analysis. Microsoft Excel version 2016 and IBM SPSS version 23 were for all data analyses.
3. Results
The susceptibility status, knockdown time and percentage mortality of Aedes aegypti
from Majidun and Oke-Ota communities of Ikorodu LGA is shown in tables 1 and 2 respectively. In Majidun, resistance to DDT, deltamethrin, lambdacyalothrin and bendiocarb with percentage mortality ranging from 33.33 to 76.67% while susceptibility was
recorded to malathion with mortality of 98.83% (Table 1). Resistance was reported to
DDT and lambdacyalothrin in Oke-Ota community with mortality of 62 and 81.14% respectively, possible resistance was recorded for deltamethrin and susceptibility to malathion and bendiocarb. Figure 1 and figure 2 show the percentage knockdown of Aedes
aegypti from Majidun and Oke-Ota communities respectively exposed to different insecticides at various time intervals. After 60minutes of exposure only malathion was able to
knockdown all exposed wild Aedes aegypti in Majidun (Figure 1), while malathion and
bendiocarb were able to knockdown 100% wild Aedes aegypti from Oke-Ota community
(Figure 2).
The presence of kdr mutations F1534C (Figure 3) and S989P (Figure 4) was detected
among DDT and pyrethroid resistance wild population of Aedes aegypti from Ikorodu
LGA. The proportion of kdr detected within the resistant population showed F1534C
(76%), S989P (7%) and co-occurrence of F1534C+S989P (17%) (Figure 5). None of the Aedes aegypti mosquitoes screened for the presence of V1016G was found carrying this mutation.
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Figure 1: Percentage knockdown at different time intervals of Aedes aegypti from Majidun exposed to
different insecticides
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Figure 2: Percentage knockdown at different time intervals of Aedes aegypti from Oke-Ota
exposed to different insecticides

Table 3: Susceptibility status and knockdown time of Aedes aegypti exposed to selected insecticides in OkeOta community, Ikorodu, Lagos State, Nigeria.
Insecticides
DDT

Deltamethrin

Number
KDT50 (CI)
Exposed (N)
100
172.34
(100.27±
603.61)
97
109.76
(82.82
±
230.66)

KDT95(CI)
4128.32
(970.86
6906.16)
313.96
(171.29
638.06)

Mortality
(%)
62

Resistance
Status
Resistance

95.09

Suspected
Resistance

±

±
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Lambdacyhalothrin 95

Bendiocarb

99

Malathion

100

169.48
(109.57
±
418.90)
45.64 (43.91
± 47.44)
30.96(27.56
± 38.34)
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1291.26
84.14
(492.88
±
1776.02)
66.49 (62.19 100
± 72.87)
43.37 (38.71 100
± 45.62)

Resistance

Susceptible
Susceptible

Table 2: Susceptibility status and knockdown time of Aedes aegypti exposed to selected insecticides in
Majidun community, Ikorodu, Lagos State, Nigeria.
Insecticides

Number
KDT50 (CI) KDT95(CI)
Exposed (N)
DDT
80
61.96 (42.95 598.15
± 164.69)
(202.16
±
2306.52)
Deltamethrin
87
39.95 (28.98 115.26
± 67.77)
(67.88
±
842.51)
Lambdacyhalothrin 91
42.95 (39.26 75.245
± 47.06)
(64.63
±
98.05)
Bendiocarb
82
15.90 (11.33 39.82 (29.45
± 20.03)
± 80.07)
Malathion
84
13.32 (11.53 18.07 (15.97
± 14.89)
± 23.86)

Mortality
(%)
33.33

Resistance
Status
Resistance

63.33

Resistance

43.33

Resistance

76.67

Resistance

98.83

Susceptible

Figure 3: Gel electrophoresis of PCR products screen for sodium channel gene mutations F1534C in Aedes
aegypti from Lagos State, Nigeria (L: 100bps DNA ladder).
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Figure 4: Gel electrophoresis of PCR products screen for sodium channel gene mutations S989P in Aedes
aegypti from Lagos State, Nigeria (L: 100bps DNA ladder).
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Figure 5: Proportion of sodium channel gene mutation in Aedes aegypti from Lagos State, Nigeria.
4. Discussion
This study provides information on the current insecticide resistance status and presence of kdr mutations F1534C and S989P in Aedes aegypti from two communities in Ikorodu
LGA of Lagos State, Nigeria.
Results from this study showed resistance to DDT and pyrethroid in the two study
communities, similar to previous reports from Lagos State and other parts of southern
Nigeria where resistance to DDT has been recorded in Aedes aegypti [6–8]. Resistance to
bendiocarb was reported in Majidun community similar to previous report from Kwara
State, north-central Nigeria [6] though a similar study in Lagos had reported susceptibility
of Aedes aegypti in Lagos State to carbamates [7]. Resistance to the different classes of insecticides recorded in this study maybe as a result of selection pressure from the
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application of pesticides for agricultural purposes and the national scaling up of insecticide-based malaria vector control efforts. Results from this study agrees with previous
report in Lagos State where Aedes aegypti were susceptible to malathion [22].
This study also described for the first time the presence of kdr mutation F1534C in
Nigeria and S989P in Africa. F1534C have been described to be widely distributed around
the world and associated with Aedes resistance to pyrethroid. This mutation has been detected in a couple of African countries [11,14,23]. S989P till now have been described in
Asia, it is believed to cause a more potent insecticides resistance when in combination
with V1016G or F1534C or both [13]. The co-occurrence of S989P and F1534C was recorded
among resistant wild population of Aedes aegypti in the study.
.
5. Conclusions
There is a need for careful monitoring of the occurrence of these and other kdr mutations in Aedes aegypti from Nigeria and Africa at large. There is also need for further studies to validate the association between these mutations and insecticides resistance in Aedes
aegypti in these areas and its impact on vector control.
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