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Abstract
Lymphatic filariasis (LF) is a disease of significant public health importance, transmitted by both
Anopheles and Culex mosquitoes. The aim of this study is to identify the Culex mosquito spp
morphologically and by using PCR and to assess the insecticides susceptibility status of Culex
mosquitoes. A total of 350 mosquitoes were collected by indoor collection methods using mechanical
aspirator and F1 of these collected Culex mosquitoes were used to performed WHO bioassay. Mosquitoes
were morphologically and molecularly identified at 274bps as Culex quenquifasciatus from Batagarawa
town and Gajerar Giwa village. Culex quenquifasciatus from Batagarawa town are highly resistance to
permethrin and DDT recorded 15.39% and 18.12% but, highly susceptible to deltamethrin, bendiocarb,
propoxur and malathion recorded 56.68%, 96.4%, 80% and 96.4% knockdown after one hour exposure
with mortality rate recorded 21.7%, 32.4%, 96.9%, 96.9%, 80.0% and 100% after 24 hours post exposure
respectively. However, Culex quenquifasciatus from Gajerar Giwa village are highly resistance to
permethrin and DDT recorded 15.39% and 18.12% but, highly susceptible to deltamethrin, bendiocarb,
propoxur and malathion recorded 90%, 56.12%, 77.7% and 89.10% knockdown after one hour exposure,
and low mortality was observed with permethrin and DDT recorded 14.9% and 32.5% and then high
mortality with deltamethrin, bendiocarb, propoxur and malathion recorded 96.5%, 56.12%, 77.7% and
89.10% after 24 hours post exposure respectively. Permethrin and DDT are no longer effective in vector
control programme but, deltamethrin, bendiocarb, propoxur and malathion are still effective in vector
control strategy.
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Introduction
Lymphatic filariasis (LF) is a major public health problem caused by filarial parasites;
Wuchereria bancrofti, Brugia malayi or Brugia timori and is presently endemic in 72
countries [1]. Mosquito species belonging to the Anopheles, Culex, Aedes, Mansonia,
Coquillettidia and Ochlerotatus genera are carriers of the LF parasites. Anopheles mosquitoes
(vectors of malaria) are the main vectors of LF in West Africa [2-3]. These mosquito species are
distributed across tropical and subtropical regions in Africa where they also act as vectors of
the Wuchereria bancrofti parasites that cause Lymphatic Filariasis (LF). Culex spp are also
responsible for LF transmission, especially the abundant populations of Culex
quinquefasciatus that often proliferate in dirty environments of human settlements [4].
Effort has been made to eliminate both malaria and LF, by combining curative drugs with
indoor vector control measures such as long-lasting insecticidal nets (LLINs) and indoor
residual spraying (IRS), which successfully reduced the health burden of these diseases 5-7
elimination of either is probably impossible without additional interventions to prevent
outdoor transmission of the disease [8-10].
Volatile insecticides could complement with LLINs and IRS because they have a different
mode of action which lends itself to outdoor application. Volatile active ingredients with
repellent or toxic modes of action may be delivered in vapour phase so they protect spaces by
diffusion through the air, rather than relying on mosquito contact with structural surfaces in the
way as conventional, solid-phase contact insecticides [11-12].
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It has been reported that insecticide resistance among the
various vectors of LF exists on the African continent. The
pyrethroid resistance mechanism of kdr mutation had been
found distributed in the M and S forms of An. gambiae s.s, [1315]
. DDT and pyrethroid resistance have been widely observed
in Africa, in An. gambiae s.s and An. arabiensis, with
multiple-resistance mechanisms observed in West Africa [16].
These resistance mechanisms may inadvertently influence the
density dependent processes and the vector competence of
various Anopheles species. Studies have suggested that highly
elevated esterases involved in insecticide resistance may
inhibit development of mf in Culex [17], and similar effects
could occur in insecticide resistant Anopheles [18-19]. This
study was aimed to determine the distribution and insecticides
susceptibility status of Culex mosquito from Northwest
Nigeria.

Methods and Materials
Study Site and Mosquito Collection
Blood fed female Culex mosquitoes resting indoor were
collected using mechanical aspirator from randomly selected
houses, in the early morning hours (5:00 am–6:00 am) in two
separate localities within the Sahel savannah region of
Northwest Nigeria
(Figure 1): i) Batagarawa town, Batagarawa Local
Government in the Sahel Savannah of Katsina State
(12°54′17″N, 7°37′11″E), is a semi- urban area characterized
by large number of Culex mosquitoes breeding sites; ii) Sahel
Savannah of Gajerar Giwa village (120 95′21′N, 70 75′19′E) in
Rimi Local Government of Katsina State, where rice and
vegetables irrigation are practiced using water from Ajiwa
dam, characterized by fewer of Culex mosquitoes breeding
sites.

Fig 1: Adopted from google map

and Gajerar Giwa village which survived exposure to
permethrin, using the LIVAK method [21]. Molecular species
identification was carried out with the reaction volume of
20µl. The cycling conditions used were 95 °C for 5 min
followed by 40 cycles of denaturation at 94 °C for 30 sec,
annealing at 54 °C for 30 sec and extention at 72 °C for 10
min then a final extention at 72 °C for 10 min. Electrophoresis
using 1.5% agarose gel stained in ethidium bromide was run
for 30 min after loading 3 μl PCR product.

Mosquito Collection and Rearing
Collections were conducted at Batagarawa town for 21 days,
from the month of April in 2017 to the month of April in
2018. For Gajerar Giwa villages, indoor collections were done
for 17 days from the month of August in 2017 to the month of
February in 2018.
The blood fed female Culex mosquitoes were maintained on
10% sugar at 25 °C ± 2 and 70–75% relative humidity for 6
days, until fully gravid. They were then transferred into 1.5 ml
tubes individually and forced to lay eggs, as described
previously [20].
All F0 parents were identified as belonging to Culex
mosquitoes using morphological keys. Egg batches were
transferred into paper cups for hatching in insectary at Bayero
University Kano, Nigeria. Hatched eggs were pooled into
larvae bowls and supplemented with TetraminTM baby fish
food. 2- to 4-days old F1 females that emerged were randomly
mixed in cages and used for bioassay experiments.

Insecticide Susceptibility Bioassays
Insecticide susceptibility assays were carried out using 2–4
day-old F1 adult’s mosquitoes following the WHO protocol
[22]
. Approximately 20–25 mosquitoes per tube with 3–4
replicates were exposed to insecticide-impregnated papers for
1 h or control paper and then transferred to a clean holding
tube supplied with 10% sugar and mortality rate was
determined 24 hours post-exposure. The following
insecticides were tested: the pyrethroids; permethrin (0.75%),
and deltamethrin (0.05%); the carbamate; bendiocarb
(0.01%); the organophosphate; malathion (5%) and the
organochlorines; DDT (4%).

PCR-based Species Identification
Following morphological identification, Genomic DNA was
extracted from mosquitoes obtained from Batagarawa town
2
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randomly selected for molecular specie identification. The
results showed 47 (92.5%) in figures 2 and 3 were
predominantly Culex quenquifasciatus from Batagarawa town
and Gajerar Giwa village.

Results
Molecular Identification of Mosquito Species:
Out of the large number of Culex spp that were
morphologically identified, 50 Culex mosquitoes were

Fig 2: Gel electrophoregram for the identification of members Culex spp complex. Lane M = 100bp molecular weight marker, Lane 1-31 at
274bps= Culex quenquifasciatus

96.9%, 96.9%, 80.0% and 100% after 24 hours respectively
(Figure 3). No mortality was recorded in control tubes. F 1
Culex quenquifasciatus from G/Giwa are highly resistance to
permethrin and DDT recorded 15.39% and 18.12% but, high
susceptibility was observed with deltamethrin, bendiocarb,
propoxur and malathion recorded 90%, 56.12%, 77.7% and
89.10% knockdown after one hour exposure respectively
(Figure 4). And low mortality was observed with permethrin
and DDT recorded 14.9% and 32.5% and then high mortality
with deltamethrin, bendiocarb, propoxur and Malathion
recorded 96.5%, 56.12%, 77.7% and 89.10% after 24 hours
post exposure respectively (Figure 4). No mortality was
recorded in control tubes.

Insecticide impregnated paper
Test paper (12-15 cm2) of insecticides at operational field
concentrations was prepared according to the WHO protocol
[23-24]
.
Insecticide Susceptibility Bioassays
Insecticides bioassay performed using the F1 adult’s female
Culex quenquifasciatus from Batagarawa town, were more
resistance to permethrin and DDT recorded 15.39% and
18.12%, but, highly susceptible to deltamethrin, bendiocarb,
propoxur and malathion recorded 56.68%, 96.4%, 80% and
96.4% knockdown after one hour exposure respectively
(Figure 3) and percentage mortality were 21.7%, 32.4%,

Fig 3: Knockdown profile and Insecticide susceptibility/resistance status of Culex quenquifasciatus from Batagarawa town. Error bars represent
variability in the data.
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Fig 4: Knockdown profile and Insecticide susceptibility/resistance status of Culex quenquifasciatus from G/Giwa village. Error bars represent
variability in the data.

which were observed in F1 adult mosquitoes caught from the
two study locations may be attributed to over production of
acetylcholinesterase enzyme in the nerve synapses and it may
also be due to down regulation of detoxification enzymes.
And also similar scenario was reported in Thailand that Culex
quinquefasciatus mosquitoes were highly susceptible to
malathion and propoxur, suggesting that these compounds
may still be effective in controlling Culex quinquefasciatus
[30]
.

Discussion
The susceptibility test status of mosquitoes is one of the major
factors affecting the success of vector control strategy. For
many years, synthetic pyrethroids and organochlorines have
demonstrated great promise for mosquito vector control
because of their low toxicity to humans and high potency at
low doses quickly immobilizing and killing mosquitoes [25-26];
however, overtime, resistance to these synthetic compounds
has been recorded in several species of arthropods, including
Culex quinquefasciatus, Anopheles Gambiae s.l and
Anopheles Funestus s.l complex.
In this study, it was clearly seen that most F1 collected Culex
quinquefasciatus from Batagarawa town and Gajerar Giwa
village demonstrated comparatively high levels of resistance
to permethrin and DDT. This could be due to cross-resistance
between insecticides. It is found that permethrin and DDT
share the same target site which is dependent sodium voltegate channels of the nerve sheath [27]. Moreover, the breeding
sites of these mosquitoes may be contaminated with
agricultural allied chemicals and insecticides that have been
used for pest control. Similar observation of permethrin and
DDT cross resistance in Culex quinquefasciatus from
Thailand was reported by Sunaiyana et al. [28] The existence
of DDT and permethrin resistances in Batagarawa town and
Gajerar Giwa village surveyed is a confirmation of the
spatiotemporal spread of DDT and permethrin resistances in
Sahel Savannah region of Northwest Nigeria. In the case of
susceptibility to deltamethrin, previous studies have shown
that same mosquito populations can be resistant and also
susceptible to different insecticides from the same family.
This may be attributed to cytochrome P450 (CYP6P4) upregulated in this population and to be preferential to
metabolized permethrin but not deltamethrin. Full
susceptibility observed with deltamethrin indicates that kdr
alone might not be sufficient to confer resistance to
pyrethroid; it is likely that metabolic resistance is also
involved contrary to what was reported by Okorie et al., [29]
from Ibadan, Nigeria that WHO bioassay results indicated
high resistance to pyrethroids in both Type I (permethrin) and
Type II (deltamethrin) pyrethroids.
Full susceptibility to bendiocarb, propoxur and malathion

Conclusion
With this spectrum of resistance to permethrin and DDT in
Culex quinquefasciatus, it’s inevitably moving towards a lack
of effectiveness of permethrin and DDT used in the fight of
LF vector. However, deltamethrin, propoxur, bendiocarb and
malathion may still be effective in controlling Culex
quinquefasciatus vector of LF. Integrated vector control
strategy should be considered and resistance surveillance in
mosquito needs to be conducted regularly.
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