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Abstract

A study of the insecticide resistance status of Anopheles gambiae complex in Amechi Idodo, a rural community
in Enugu State, was conducted from October, 2018 to November, 2020. The sampling of mosquitoes was done in
all four villages (Eziobodo, Ohuani, Eziama and Obunagu) that make up Amechi Idodo community. Anopheles
larvae were collected from diverse natural breeding sites including puddles, ditches rice fields, among others,
with the aid of ladles, dippers and pipettes. They were reared to adults in the laboratory. Susceptibility of
Anopheles gambiae to insecticides (DDT 4%, Pirimiphos-methyl 0.25%, Deltamethrin 0.05% and Bendiocarb
0.1%) was assessed using the WHO susceptibility test protocol. Susceptibility test showed that Bendiocarb
recorded the highest mortality rate 98.75%, while DDT recorded the least 5.0%. Deltamethrin and pirimiphos-
methyl recorded 8.75% and 10.0%, respectively. Anopheles gambiae was susceptible to only Bendiocarb. On the
contrary, they were highly resistant to DDT, deltamethrin and pirimiphos-methyl. There is need for adequate
insecticide resistance management to restrain the growing threat of insecticide resistance in Amechi Idodo.
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Introduction

Anopheles mosquitoes are efficient vectors of malaria parasites. The vectors also constitute biting nuisance to
humans (Aribodor, 2012) [, The frequency of malaria disease is related to the abundance of the vectors and
malaria vectors are characterized by their biological diversity (WHO, 2015). In recent times, insecticide
resistance is prevalent among malaria vectors in Africa and is expected to menace the success of malaria control
(Salihu and Sanni, 2013) 1, In Democratic Republic of Congo, malaria vectors resistance to pyrethroids
insecticides was recorded (Wat’senga et al, 2018) [8l, In Zambia, Chinula et al, (2018) ™ reported that the
effectiveness of long-lasting insecticidal-treated nets (LLINS) and indoor residual spraying (IRS) for malaria
control is threatened by resistance to commonly used pyrethroid insecticides. Thomsen et al., (2017) 2] reported
that there is a shift in Anopheles farauti biting times to early morning several years after mass pyrethroid-based
LLIN distribution in Papua New Guinea. In Benin Republic and Senegal, changes in biting behaviour were also
recorded for An. funestus following the same pyrethroid-based LLIN universal coverage campaigns (Moiroux et
al., 2012; Sougoufara et al., 2014) 25 161, Mosquitoes resistance to pyrethroids insecticides has become the latest
threat to eradicating malaria in Nigeria, where thousands of people die each year from the killer disease (WHO,
2020). PMI (2021) reported a pervasive pyrethroid resistance across Nigeria, while Chukwuekezie et al. (2020)
B8 reported malaria vectors resistance to deltamethrin and DDT in five South-East states of Nigeria.

One of the measures for control of mosquitoes that transmit malaria parasites is the interruption of disease
transmission by killing or preventing mosquitoes from biting man and animals (Egunyomi et al, 2010).
Therefore, insecticide-based vector control still represents the most crucial and affordable method to ameliorate
the malaria burden, by interrupting the transmission cycle (Zofou et al, 2014), although insecticide-resistance
frequency and intensity have increased dramatically in malaria vector populations (Karunamoorthi, 2013). This
study determined the insecticide resistance status of malaria vectors in Amechi Idodo community to the four
major classes of insecticides approved by the World Health Organization.

Materials and Methods

The study area was Amechi ldodo, a rural community in Nkanu East Local Government Area of Enugu State,
South-eastern Nigeria. Amechi Idodo Community is situated between Longitude 7° 39’E and Latitude 6° 20°N
(wikipedia.org). Amechi Idodo is in the tropical rainforest zone of Nigeria and experiences two distinct seasons
(Wet and dry seasons). The monsoon winds from the Atlantic Ocean creates eight months of heavy tropical rains
between April and November and is followed by four months of dryness (December - March) due to North
eastern dry wind from the Sahara Desert.
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There is also a short period of cold and dryness (Harmattan) at the beginning of the dry season. This is
particularly windy and dusty and starts in late December or in the early part of January. The community is about
155m above sea level. Amechi ldodo community has a population of 12,397 inhabitants (NPC, 2006) and an
estimated population of 16, 406 in 2017.

Amechi ldodo Community is made up of four villages, namely, Eziobodo, Ohuani, Eziama and Obunagu. The
community is still a rural area as the local council that was formed around 1983 has not advanced the area very
much in terms of basic amenities like electricity, hospitals, modern housing and schools. The inhabitants of the
area are mainly farmers, civil servants and traders. The agricultural produce of the area include rice, cassava,
yam, maize, palm produce, plantain and coconuts. Their method of cultivation which is heaps and ridge making
makes room for collection of water in the ridge furrows and spaces between sand heaps thereby creating
breeding sites for mosquitoes especially during the rainy season. Also, some of the villages have streams. Each
of these streams has freshwater swamps that serve as mosquito breeding sites. Prior to this study, there has been
an effort to control malaria vectors in Amechi Idodo community through government intervention programmes
by distribution of LLINSs in the last decade.

Study Design

The study is a field survey of larvae and pupae of Anopheles mosquitoes reared to adults in the laboratory and
eventually exposed to different classes of insecticides. Randomized controlled trial was employed with
communities as units of study. The study was conducted from October, 2018 to November, 2020.

This is a cross-sectional, observational study. Larval sampling was embarked upon across the four villages that
make up the community. This was done in quick succession, such that enough larvae were collected from the
four villages, within the shortest possible time for the tests. All the collections were gathered in rearing bowls,
reared to adults and utilized for the test once they were of the standard age. The WHO test procedure was
utilized for all the tests.

Advocacy visits and Community Sensitization

Advocacy visits to community leaders including the traditional ruler to elicit the cooperation of the community
members was done. This was facilitated with an introductory letter from the Head of the Department of
Parasitology and Entomology, Nnamdi Azikiwe University, Awka. The entire community was also sensitized
through meetings organized with the aid of the community leaders, as the project objectives and the
methodologies were explained to them. Their oral consent was obtained for the study.

Selection of sampling Area
Larval sampling was carried out in Eziobodo, Ohuani, Eziama and Obunagu villages of Amechi Idodo
community. This was for proper representation of all parts of the community.

Collection and Rearing of Larval stages of Mosquitoes

The breeding habitats of the mosquitoes were determined through collection of mosquito larval stages from
standing water pools as described by (Onyido et al., 2016). Anopheles larvae were collected using the standard
dipping and scooping method as described by Onyido et al. (2016). Larvae were aggregated in well-labelled
plastic containers and transported to the Entomology Laboratory of National Arbovirus and Vectors Research
Centre (NAVRC), Enugu, where they were reared to adults for susceptibility test. The larvae were reared at
room temperature and fed with poultry feed. Once they pupated, pupae were transferred into plastic cups using a
disposable pipette. The cups and their contents were introduced into labelled cages for adult emergence. All
adults were fed on 10% sugar solution.

Morphological Identification of Collected Mosquitoes
The mosquitoes subjected to test were eventually identified using the morphological keys of Gillies and de
Meillon (1968), Gillet (1972), Gillies and Coetzee, (1987).

Insecticide Susceptibility Assays

The test for insecticide susceptibility status of mosquitoes was carried out as described by WHO, 2013.
According to the guidelines 98-100% mortality range indicates susceptible mosquito population, 90-97%
mortality range indicates suspected resistance. Mortality of below 90% indicates existence of resistance. Female
Anopheles mosquitoes reared in the laboratory were held for one hour in resting tubes and were supplied with
10% glucose solution before testing. The test was performed using WHO test kit and methods for measuring
mosquito susceptibility (WHO, 2013). Non-blood-fed 2-5-day old females were exposed to one insecticide from
each of the four major classes of insecticides. Insecticides used were 4% DDT (organochlorine), 0.1%
Bendiocarb (carbamate), 0.05% Deltamethrin (pyrethroids) and 0.25% pirimiphos-methyl (organophosphate). A
total of 80 mosquitoes were tested for each insecticide. This was done in four replicates of 20 mosquitoes each.
For each test, two controls of 20 mosquitoes were exposed to the control/untreated papers.

The mosquitoes knocked down after 10, 15, 20, 30, 40, 50, 60 minutes were recorded. After the exposure, all
knockdown and surviving mosquitoes were transferred to the holding tubes. They were fed with 10% glucose

134



International Journal of Entomology Research www.entomologyjournals.com

solution and allowed for a 24-hour recovery period. Mosquitoes were recorded as either dead (susceptible) or
alive (resistant) after the recovery period (24 hours).

Data Analysis

Data collected from the study were summarized and later analysed using the Statistical Package for Social
Sciences (SPSS) version 23 for analysis of variance (ANOVA) at 5% significant level. The knockdown times for
50% and 95% of the tested mosquitoes (KDTsy and KDTgs) were analyzed using probit analysis. The mortality
of test samples was calculated by summing the number of dead mosquitoes after 24 hours across all four
replicates and expressing this as a percentage of the total number of exposed mosquitoes.

Total number of dead mosquitoes x 100

Observed mortality = -
served mortalty Total sample size

Experiments that had more than 5% death in control were corrected using the Abbott’s formular (WHO, 1998).

(% observed mortality- % control mortality) =100

Abbott’s formular =
(100 -%s control mortality)

Results

Bendiocarb recorded the highest mortality rate, 98.75%, while DDT recorded the least, 5.0%. Deltamethrin and
Pirimiphos-methyl recorded 8.75% and 10.0%, respectively. Thus, the population of Anopheles mosquitoes
tested were susceptible to only Bendiocarb. They were resistant to DDT, Deltamethrin and Pirimiphos-methyl
(Table 1).

Table 1: Efficacy of insecticides and resistance status of Anopheles gambiae s.I after 24hours recovery period in
Amechi Idodo community, Enugu State, Nigeria

Insecticide Treatment Concentration No. of mosquitoes tested Percentage Resistance
(%) ' 9 Mortality (%)|  Status
Bendiocarb 0.1 80 98.75 Susceptible
DDT 4.0 80 5.0 Resistance
Deltamethrin 0.05 80 8.75 Resistance
Pirimiphos-methyl 0.25% 80 10.0 Resistance
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Fig 1: Insecticide Knockdown effect in relation to time on malaria vectors in Amechi Idodo community, Enugu
State, Nigeria
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Morphological Identification of the Mosquitoes
All mosquitoes subjected to the bioassay were identified to be members of Anopheles gambiae complex.

Discussion

All the Anopheles mosquito larvae were collected in one type of breeding site - ground water pool/puddles.
Different studies have also reported the collection of Anopheles species from ground water pools (Onyido et al.,
2011; Irikannu et al., 2015; Egwu et al, 2018; Chukwuekezie et al., 2020, Egbuche et al., 2020) 1. Anopheles
mosquitoes breed prolifically in the study area, in puddles. This is in line with the findings of Mbanugo and
Okpalaononuju (2003,) I3 which noted that the preponderance of mosquitoes in a study area was due to
prevailing mosquito habitats. This study found different populations of Anopheles gambiae complex susceptible
to bendiocarb only. On the contrary, they were resistant to DDT, Deltamethrin and the pirimiphos-methyl. This
is in line with the results of Chukwuekezie et al., (2020) ¥, who reported similar finding in five Southeast states
of Nigeria and Ikpo et al. (2021) 2, who recorded 100% mortality rate with bendiocarb in Awgu, Enugu State.
However, it contrasts the finding of PMI (2021), which reported susceptibility of malaria vectors to pirimiphos-
methyl across several states in Nigeria. In another part of Africa, Pwalia et al. (2019), reported resistance to
bendiocarb and susceptibility to Pirimiphos-methyl in their study in Accra, Ghana. Mosquitoes from this study
reveals the exclusive presence of Anopheles gambiae complex from larval survey. This is not amazing, as
members of the Anopheles gambiae complex are mostly found in ground water pools in most areas of Africa.
This agrees with the findings of Nkya et al. (2014) '], in Tanzania; Chouaibou et al. (2016) in Cote d’Ivoire;
Osse et al. (2019), in Cotonou; and several studies in Nigeria (Okorie et al., (2015); Nwankwo et al. 2017;
Awolola et al., (2018); Chukwuekezie et al., 2020) B,

Conclusion

This study has revealed that bendiocarb is the only insecticide to which the populations of An. gambiae complex
collected from Amechi ldodo community are susceptible. This poses huge threat to failure of intervention
programmes which heavily relies on pyrethroid-based insecticides. The threat is underscored by the fact that the
only control intervention in the community is use of pyrethroid-only insecticide treated nets (ITNs). Hence, it is
recommended that insecticide resistance management practices/interventions should be put in place immediately.
This will be achieved through evidence-based interventions that will determine the nature of second generation
ITNs or insecticides that may be used for indoor residual spraying (IRS). Once insecticide resistance is properly
managed, this existential threat would have been restrained in Amechi Idodo.
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