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Abstract: Background: Insecticide resistance in Anopheles gambiae s.1. is a major challenge for ma-
laria vector control in Nigeria. Both target-site insensitivity and metabolic resistance have been im-
plicated in resistance process, with the latter receiving little attention in Nigeria. Therefore, we in-
vestigated metabolic enzyme activities in Anopheles gambiae s.l populations resistant to Deltame-
thrin and Diethyldichlorotriethylethane (DDT) in South-West Nigeria. Methods: Anopheles larvae
were collected from Ibadan, Oyo and Badagry, Lagos. Adults were exposed to Deltamethrin and
DDT using WHO method. Cohorts of populations were further exposed to Pyperonil Butoxide
(PBO) and Deltamethrin. Insecticide-exposed and unexposed cohorts were examined for metabolic
enzyme activities. Results were compared between exposed and unexposed samples ANOVA
(P<0.05). Results: Mosquitoes were identified as An. gambiae (89%, Ibadan; 0%, Badagry) and An.
coluzzii (11%, Ibadan; 100%, Badagry). The populations showed varied level of resistance to Del-
tamethrin (26%, Ibadan; 71%, Badagry) and DDT (2%, Ibadan; 44%, Badagry). Mortality to Deltame-
thrin increased from 26% to 64% (Ibadan) and 71% to 84% (Badagry) when populations were pre-
exposed to PBO. Biochemical analysis revealed significant high levels (P<0.05) of cytochrome P450
and GST in exposed samples. Conclusions: Cytochrome P450 and GST are involved in Deltamethrin
and DDT resistance in Anopheles gambiae s.1 populations in South-West Nigeria.

Keywords: : Insecticide resistance; Anopheles gambiae; Anopheles coluzzii; Cytochrome P450; Glutha-
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1. Introduction

Malaria remains one of the deadliest parasitic diseases which affect millions of people
globally[1], particularly low immune response individuals such as children under five
years old and pregnant women [2]. In sub-Saharan Africa, Nigeria contribute signifi-
cantly to global cases and deaths due to malaria [2]. Nigeria currently accounts for the
highest number of cases of malaria in the world, with an estimated 51 million cases and
207 000 deaths annually [3]. Prevalence of the causative parasite has been attributed
mainly to the presence and abundance of its main vectors, Anopheles gambiae s.l. and
Anopheles funestus s.1. [4].

Vector control efforts aimed at reducing the burden of the disease have largely depend
on the use of Long-Lasting Insecticide Nets (LLINs) and Indoor Residual Spray (IRS).
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These strategies basically involve the use of insecticides from four classes of insecticides
[5] and they remain one of the frontline and effective tools for controlling malaria [6].
There is widespread use of LLINs and IRS in sub-Saharan Africa and these have led to
reduction in the incidence of the disease over the years [7]. However, mosquito popula-
tions have developed resistance to all insecticides recommended by WHO for malaria
vector control and this has negatively impacted the progress recorded in previous years
[8,9].

In some vector populations, resistance to two or more of the four classes of insecticides
recommended for public health use has been reported[5, 10, 11]. Two main strategies;
Target site mutation and metabolic enzymes activities have been largely implicated in
resistance development. Target-site mutations, widely referred to as ‘kdr’” (knockdown
resistance) mutations, are the most understood resistance mechanism found in insects
resistant to pyrethroids and DDT [12]. These changes in target sites are associated with
reduction in knockdown effect of the insecticide [11]. Recent data have suggested altera-
tion in metabolic enzymatic activities as the most important mechanism in resistance
development [13]. Enzymatic metabolic resistance can be through increased detoxifica-
tion or increased activities of certain enzymes that help in reducing the effects of the ap-
plied insecticides [14-16]. Furthermore, the simultaneous presence of different resistance
mechanisms also confers cross-resistance to many insecticides used in public health [17]
and this can be a major setback to the success of insecticide-based vector control pro-
grams [18].

Efforts at characterizing resistance in Nigeria has largely focused on the frequencies of
target-site mutations with little attention paid to metabolic resistance mechanisms [19,
20]. However, management of insecticide resistance can only be done with sound
knowledge of extent and spread of insecticide resistance in malaria vectors [8] coupled
with in-depth understanding of resistance mechanisms of local vector populations. This
can be achieved through consistent monitoring of type and spread of resistance mecha-
nisms. Therefore, we investigated metabolic resistance mechanisms in populations of
Anopheles gambiae s.1 resistant to Deltamethrin and DDT in South-West, Nigeria.

2. Materials and Methods
Study Site

The study was conducted in New Garage situated in an urban community in Ibadan,
Oyo state, (Latitude 7.331425, Longitude 3.858757) and Marina road situated in a semi-
urban community in Badagry, Lagos State (Latitude 6.414167, Longitude 2.878056),
South-West, Nigeria (Figure 1). The climate in South-West Nigeria is equatorial, notably
with dry and wet seasons with relatively high humidity and average daily temperature
ranging between 25°C (77.0°F) and 35°C (95.0°F) throughout the year.
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Figure 1: Study area where mosquito samples were collected
Mosquito collection and rearing

Anopheles larvae and pupae were collected from ditches and puddles using standard
procedures [21]. They were then taken to the insectarium and transferred into larval
bowls, suitably labelled and reared to adult at the insectary of Molecular Entomology
and Vector Control Unit, Public Health and Epidemiology Division, Nigerian Institute of
Medical Research, Yaba, Lagos, Nigeria (NIMR). Emerged adults were transferred to
cages and provided with 10% sugar solution.

Insecticide susceptibility test

Susceptibility tests were carried out using WHO standard protocol [22] by exposing 25
female adult mosquitoes of 3-5 days old in 4 replicates to 0.05% Deltamethrin and 4%
DDT impregnated papers. Controls using 25 mosquitoes in two replicates were also
used. Mosquitoes knocked down were recorded at 10, 15, 20, 30, 40, 50 and 60minutes
and mortality was determined after 24hours.

Determination of insecticide resistance mechanism using synergist

Cohorts of sampled populations were further exposed to synergist PBO and then Del-
tamethrin to detect resistant mechanisms according to WHO criteria [22]. A total of 100
identified adult mosquitoes were first exposed to synergist PBO for one hour after which
the samples were further exposed to Deltamethrin for another one hour. Mosquitoes
knocked down were recorded at 10, 15, 20, 30, 40, 50 and 60minutes and mortality was
determined after 24hours.
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Morphological and PCR Identification of samples

Mosquitoes collected were identified morphologically using identification keys pro-
vided by [23]. Molecular identification was done using PCR in line with the methods of
[24, 25].

Metabolic enzymes activity analysis

The microtitre plate method was used to determine enzyme levels in mosquito popula-
tions (WHO, 1998). Twenty-five (25) mosquitoes that survived exposure to Deltamethrin
and DDT insecticides were assayed for elevated esterase, cytochrome P450, glutathione-
S-transferase (GST) and protein. Equal number of samples were analyzed from unex-
posed mosquitoes and the results compared between exposed and unexposed cohorts.
All samples used for enzyme analysis were homogenized individually in 1.5ml eppen-
dorff tubes containing 200ul of distilled water on ice. 25ul of homogenate per individual
sample was kept in freezer at -200C. Esterase, cytochrome P450 and GST activities were
determined and interpreted using standard procedures [26].

Statistical analysis of data

Mortality was determined after 24 hours and correction of percentage mortality with Ab-
bott’s formula was not necessary as mortality in all controls were below 5%. Resistance
status was determined according to WHO criteria (WHO, 2013); mortality between 98-
100% indicates susceptibility, mortality between 90-97% suggests resistance, while mor-
tality values below 90% indicates resistance. KDT50 and KDT95 values were determined
using Probit regression analysis. Results (Mean + Standard Error of Mean) for metabolic
enzyme activities for exposed survivors and unexposed samples were compared using
one-way analysis of variance with p-values set at 0.05. All statistical analysis were per-
formed using SPSS version 23.0 (SPSS IBM Inc.).

3. Results
3.1. Mosquito population used in the study

A total of 600 female Anopheles mosquitoes were used for the study. All mosquitoes
were morphologically identified as members of Anopheles gambiae s.1. and further
molecular analysis identified Anopheles gambiae (89% in Ibadan; 0% in Badagry) and
An. coluzzii (11% in Ibadan; 100% in Badagry).

3.2. Susceptibility studies

Mosquito population from Ibadan was highly resistant to Deltamethrin with 24 hours
mortality of 26%. Also, the mortality observed in DDT (2%) was extremely low (Table 1).
Result of synergist assay showed increase in mortality values from 26% to 64% for Del-
tamethrin (Figure 2), however, the numbers of mosquitoes knockdown after 60 mins of
exposure to Deltamethrin (80%) and PBO+Deltamethrin (87%) were in close range.
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Table 1. Twenty-four hours post exposure mortality of Anopheles gambiae s.1. mosquitoes from
Ibadan, Oyo exposed to diagnostic doses of Deltamethrin and DDT

Insecticide No Ex- KDTs(min) KDTos (min) 95% Knockdown  Mortality Susceptibility
posed 95% cl cl at 60mins (%) status
DDT 100 916.82 5582.96 2 2 Resistant
(4%) - -
Deltamethrin 100 23.67 142.46 80 26 Resistant
(0.05%) (21.07-26.35) (108.09-210.68)
PBO+ Deltamethrin 100 27.76 77.09 87 64 Resistant
(24.27-31.57) (61.65-109.67)
100
90
80
s 10
S
‘E 60
£ 5
§ 40
2 30
20
10
0
10 15 20 30 40 50 60

Time (min)
==@==Deltamethrin - === Deltamethrin + PBO

Figure 2. Percentage knockdown of Anopheles gambiae s.1 from Ibadan, Oyo exposed to
Deltamethrin only and Deltamethrin + PBO for 60 mins

Table 2 shows 24-hours post exposure mortality values of Anopheles gambiae s.1 from
Badagry, Lagos to Deltamethrin and DDT. Unlike the result obtained for population
from Ibadan, mortality to DDT was 44% while mortality to Deltamethrin was 71%. When
cohorts of same population were further exposed to PBO and deltamethrin, mortality to
deltamethrin increased from 71% to 84% (Figure 3).
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Table 2. Twenty-four hours post exposure mortality of Anopheles gambiae s.1. mosquitoes from
Badagry, Lagos exposed to diagnostic doses of Deltamethrin and DDT

Insecticide No Ex- KDTs50 (min) KDTos (min) Knockdown  Mortality = Susceptibility
posed 95% cl 95% cl at 60mins (%) status
DDT 100 74.15 257.66 36 44 Resistant
(4%) (64.08-92.08)  (179.44-457.27)

Deltamethrin (0.05%)

PBO+Deltamethrin

100 44.87 117.55 64 71 Resistant
(41.84-4856)  (99.32-147.54)
100 37.30 104.83 78 84 Resistant

(34.80-40.16) (89.73-128.27)
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Figure 3. Percentage knockdown of Anopheles gambiae s.I from Badagry, Lagos
exposed to Deltamethrin only and Deltamethrin + PBO for 60 mins

Metabolic enzymes activities

Result of metabolic enzymes assay is presented in Table 3. Esterase activities was
slightly elevated (p>0.05), while that of cytochrome P450 and GST were significantly
elevated (p<0.05) in DDT exposed samples from Ibadan (1.81, 15.59 and 51.72
mMole/min/mg protein respectively) as compared with unexposed samples (1.30, 5.51
and 12.60 mMole/min/mg protein). The same was observed in values for samples from
Badagry (0.24, 13.63 and 48.09 mMole/min/mg protein respectively) when compared
with unexposed samples (1.21, 4.73, 15.56 mMole/min/mg protein respectively).

A similar trend was observed in samples exposed to deltamethrin; enzyme activities
were generally elevated (p<0.05) in the exposed mosquitoes compared with the
unexposed except for esterase.
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Table 3. Mean values of enzyme activity in Anopheles gambiae s.1 mosquitoes exposed to both Del-

tamethrin and DDT in South-West Nigeria.

Location Insecticide Enzyme
Esterase Cytochrome GST
P450

Ibadan, DDT 1.81+£0.41> 1559+3.87¢  51.72+7.45¢
Oyo Deltamethrin 3.00+2.190 12.00+1.94>  30.05+4.71
Unexposed Samples  1.30 £0.40@  5.51 +1.122 12.60 + 2.05°
Badagry, DDT 0.24+0.022 13.63+1.89>  48.09+3.01¢
Lagos Deltamethrin 1.27£0.10°0  15.61+£2.41c  49.15+5.89¢
Unexposed Samples  1.21+£0.61>  4.73+1.312 15.56 + 3.35

Note: Values are presented as mean * standard error of mean. Values with the same superscript in
a column connotes significant difference (p<0.05) and vice-versa.

4. Discussion

The development of resistance in Anopheles populations in Nigeria is already alarming
and it poses a serious threat to malaria vector control programs. Despite the huge num-
ber of LLINs distributed, data on annual malaria incidence still remain unchanged [2, 7].
Studies have shown that local populations of Anopheles are now resistant to all four
classes of WHO-approved insecticides used for mosquito control in the country {9-11,
27-28]. This highlights the need for proper resistance monitoring and characterization to
inform policy decisions. However, reports on resistance mechanisms such as kdr fre-
quencies are common from different parts of the country but reports on more problem-
atic metabolic resistance are still few and scanty in the country.

Mosquito populations in the present study were highly resistant to Deltamethrin and
DDT which indicate cross-resistance within the populations [13]. This resistance data is
consistent with previous reports from South-West Nigeria [9, 10, 28]. In many popula-
tions, cross-resistance has been largely attributed to the presence of kdr resistance gene
[29-31]. Albeit, the frequency of kdr in the studied populations was not investigated,
previous data suggest that kdr is one of the resistance mechanisms in populations of
Anopheles gambiae s.l. from South-West Nigeria [27]. Also, the high KDT50 values for
both Deltamethrin and DDT in the study suggests high resistance intensity [32], which
has been attributed to presence and high frequencies of kdr gene [29].

Results from synergist assay where mortality was increased after pre-exposure to PBO
suggest metabolic enzymes are also involved in resistance development to Deltamethrin
in the populations. This result is also consistent with a recent report in South-West Nige-
ria that showed the involvement of cytochrome P450 in resistance process against pyre-
throid based insecticides in malaria vectors [11]. Also, evidence for this has been partly
provided in a population of Anopheles in Nigeria where Permanet 3.0 (PBO + Deltame-
thrin) performed better than Permanet 2.0 in a phase III trial [33].

Levels of cytochrome P450 was significantly higher in the Deltamethrin exposed sam-
ples from the two populations thereby suggesting its involvement in resistance develop-
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ment. Cytochrome P450 elevation had earlier been reported in different pyrethroid re-
sistant populations in South-West Nigeria [11]. A study by [34] also reported cyto-
chrome P450 elevation in Anopheles mosquitoes resistant to pyrehtroids and DDT from
some localities in Kenya. The impact of significant high level of cytochrome P450 in
Anopheles population from South West Nigeria will be a strong disadvantage to the use
of pyrethroid only net and this provide evidence for introduction of LLIN impregnated
PBO and Pyrethroid as the introduction of PBO will increase the potency of pyrethroids
as seen in the present study. Also, GST elevation was observed in DDT-resistant samples
from both Ibadan and Badagry populations. This is similar to the work of [35] who re-
ported elevated level of GST in DDT-resistant Anopheles population. In Nigeria, AlHas-
san et al. [36] also reported significant GST elevation in DDT-resistant Anopheles popu-
lation from North-West, Nigeria and this is consistent with data from other parts of Af-
rica [13, 37-39].

It is essential to monitor the development of insecticide resistance and properly charac-
terize resistance mechanisms in populations of Anophelines in Nigeria. This is highly
necessary due to geometric spread of insecticide resistance in all common vectors of ma-
laria within the country. Such data will inform policy decisions especially on usage of
LLINs in several parts of the country. This is because LLIN is a major vector control in-
tervention currently in use [40] and data providing enough details to make choice of
LLINs will be helpful to achieving the overall goals of malaria control program. More
essentially for policy direction are data from studies implicating metabolic enzymes in
populations of Anopheles gambiae s.1. resistant to pyrethroid and organochlorides in
South-West, Nigeria, as this will serve as guide in making sound judgement about allo-
cation of LLINs impregnated with PBO.

5. Conclusions

Cytochrome P450 and Glutathione-S-Transferases are responsible in part for re-
sistance of Anopheles gambiae and Anopheles coluzzii to Deltamethrin and DDT insecti-
cides in South-West, Nigeria.
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