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Abstract

A vast majority of neglected tropical diseases such as lymphatic filariasis, Wuchereria bancrofti, avian malaria
and a number of other viral diseases are vectored by Culex quinquefasciatus. This study was carried out to
ascertain the insecticidal susceptibility status and sex ratio of Culex quinquefasciatus in Umuahia, Abia Sate,
Nigeria, from November 2022 to February 2023. Larvae and pupae of Culex quinquefasciatus were sampled
from different areas in Umuahia, and were conveyed in properly marked containers to the insectaria in the
Entomology Unit of Michael Okpara University of Agriculture, Umudike. The mosquitoes were sustained and
grown at a temperature of 26+3°C and relative humidity of 74+4% to adult stage for World Health Organization
(WHO) kit bioassays. Four kinds, of WHO bioassay test papers treated with recommended diagnostic
concentrations of 4% DDT (organochlorines), 0.75% permethrin (pyrethroids), 0.1% bendiocarb (carbamates)
and 5% malathion (organophosphates) bought from the vector control unit of Universiti Sain Malaysia, were
used for the bioassay. Records of knockdowns were taken at intervals of 0, 5, 10, 20, 30, 40, 50 and 60
minutes, and then maintained for 24 hours post exposure in 10% sugar solution. The percentage mortality of
each insecticide after 24 hours was thereafter calculated and all the adult mosquitoes collected were sorted
into male and female to determine the sex ratio. The result showed that Culex quinquefasciatus mosquitoes
in the study area were resistant to DDT (organochlorines), permethrin (pyrethroids) and bendiocarb
(carbamates) but susceptible to malathion (organophosphates). The sex ratio (1.5: 1) was male-biased which
favoured mosquito vector control programme. This study showed that malathion was the insecticide of choice
against Culex quinquefasciatus in the area. In view of the above, the use of botanicals is recommended for
future vector control programmes because they are environmentally friendly and less likely to develop
resistance.
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INTRODUCTION

Mosquitoes contribute immensely to the
transmission of many vector-borne diseases, as
well as constitute enormous biting nuisance
(Guntay et al., 2018). At least 100 species from
over 3,500 described mosquito species serve as
vectors to diseases which includes but are not
limited to malaria, yellow fever, dengue fever,
chikungunya fever, filariasis, and many other viral
encephalitis (Ukpai and Ekedo, 2019; Annadurai
et al.,, 2015). These disease vectors belong to
three major mosquito genera: Aedes, Culex and
Anopheles (Ukpai and Ekedo, 2019).

Poor urbanization within Africa has continuously
created very suitable environments that have
facilitated the wide spread of Culex
quinquefasciatus within the region (Yadouleton et
al., 2015). Unfortunately, Culex qunquefasciatus
has been incriminated as one of the major vectors
of Wuchereria bancrofti, a filarial nematode
responsible for lymphatic filariasis especially in
the Western axis of Northern Nigeria (Hussaini et
al., 2020), as well as other parts of Nigeria. The
two major tools approved by the WHO for
mosquito control are indoor residual spraying and
long-lasting insecticide treated nets (WHO,
2017). However, the success of these methods is
grossly been mitigated by the increasing cases of
resistance to insecticides reported in mosquitoes
from various locations around the world (Ekedo,
et al., 2023; Chukwuekezie et al., 2020; Ekedo
and Ukpai 2019; Ukpai and Ekedo, 2019).

Increasing incidence of resistance will definitely
translate to increase in mosquito-borne diseases,
and therefore calls for regular evaluation of the
resistance status of local mosquito populations,
prior to deployment of any of the vector control
intervention. This is particularly important
because of the spatiotemporal variation of
insecticide  resistance  across continents,
countries, towns, communities and possibly
within micro communities within a locality. This
study will reassess the status of the work by
Ukpai and Ekedo (2019) in Ikwuano, a
neighbouring LGA to Umuahia North, and further
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provide information on the mosquito’s sex ratio
unreported by their study.

Very important to the deployment of genetically
modified mosquitoes in a bid to bring down vector
population or to replace some trait, is knowledge
of the sex ratio of the local mosquito population
of interest alongside other baseline information
(Alphey, 2014). A population with male bias
would definitely present a positive outcome
(Galizi et al., 2014), since females are majorly
incriminated as disease vectors. Scanty
information exists within South Eastern Nigeria
on the sex ratio and insecticide
susceptibility/resistance  profile  of  Culex
quinquefasciatus, necessitating the need to
contribute to this knowledge gap.

MATERIALS AND METHODS
Study area

The study was carried out in Umuahia, the capital
territory of Abia State, South-eastern, Nigeria
(Fig. 1). Umuahia is made up of Umuahia North
and Umuahia South Local Government Areas. It
lies within the tropical rain forest zone and has a
minimum and maximum temperature of 23°C and
32 °C respectively, as well as an annual rainfall
of 2238 (Ekedo and Ukpai, 2019).

Culex larva and pupae were sampled from
different points (puddles, gutters, tyre tracks and
ground water pools) within the study location as
described by Ukpai and Ekedo (2019) from
November 2022 to February 2023. A small plastic
container was used to collect water with larvae
from these points and poured into a large plastic
bowl, whereas a plastic pipette was used to pick
larvae from points where the plastic container
could not access. Sorting was done to the larvae
into different physiological age by the aid of a
strainer, while predators and unwanted
organisms were picked out using a pipette. The
Culex quinquefasciatus larvae/pupae collected
were transported in well labeled plastic
containers to the Entomology Unit of Michael
Okpara University of Agriculture, Umudike, and
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were reared at 26x3 °C and 74+4% relative
humidity to adult stage for World Health
Organization (WHO) bioassays. Larvae were fed
on ground biscuits and adults were provided with

10% sugar solution. The resulting adults were
identified according to the morphological keys of
Gillies and Coetzee (1987).
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Fig. 1: Map of Abia State, showing Umuabhia the study location
Mosquito larval collection and rearing (carbamates); and 5% malathion

Insecticide susceptibility test

The WHO standard procedures and test kits for
adult mosquitoes were employed for the
insecticide susceptibility tests (WHO, 2022). Four
types, of WHO bioassay test papers treated with
appropriate diagnostic concentrations of 4% DDT
(organochlorines), 0.75% permethrin
(pyrethroids), 0.1% bendiocarb (carbamates),
and 5% malathion (organophosphates) procured
from Universiti Sain Malaysia, were employed for
the bioassay. Sugar-fed female Culex
quinquefaciatus mosquitoes of about 3-5 days old
were used for the test. About 80 females were
exposed to each insecticide in four replicates.
Accordingly, 4% DDT (organochlorines); 0.75%
permethrin  (pyrethroids); 0.1% bendiocarb
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(organophosphates) treated strips of paper were
put each into 4 exposure tubes and rolled to line
with the wall of the tube and held into position by
a metal clip for each of the insecticides, whereas
a plain paper was used to line the control tube.
As standard demands, an initial pre-test was
carried out by using an aspirator to introduce 20
females Culex quinquefaciatus mosquitoes each
into four holding tubes. These tubes were
subsequently allowed to stand for 1 hour. The
mosquitoes were after then moved into the
exposure tubes through a hole on the lid that
separates the holding tube and the exposure
tube. The exposure tubes were then positioned to
stand upright with the screen-end up and allowed
to stand for 1 hour. Knockdown and mortality
records were taken at intervals of 0, 15, 20, 30,
40, 50 and 60 minutes. This was followed up with



the transfer of the mosquitoes back to the holding
tubes. The mosquitoes were kept for 24 hours in
the recovery tubes and were fed with 7% sucrose
solution during this period. Final records of
mortality were taken after 24 hours and the
susceptibility/resistance status of the population
was determined according to WHO
recommended standard (WHO, 2022). Dead and
survived mosquitoes from this bioassay were
carefully kept each in a clearly labeled 1.5 ml
Eppendorf tubes containing silica gel, for
preservation. All susceptibility tests were carried
out at 26+£3°C temperature and 74+4% relative
humidity.

Percentage
Number dead

mortality after 24 hours =

100

— X
Total Number 1

Sex ratio determination

The adult mosquitoes were sorted out into
different species and sexes and counted as
described by Khan et al. (2018) while the sex ratio
was calculated by dividing the number of male
mosquitoes by the number of females (Paaijmans
et al., 2009). Significant difference between the

sexes was determined using Chi-square.

. Number of Males
Sex ratio = ——
Number of Females

Data interpretation and statistical analysis

The percentage mortality of each insecticide 24
hours after exposure was calculated as the
proportion of mosquitoes that died after 24 hours
and the total number of mosquitoes exposed
using 95% confidence intervals. Since mortality
rate in the control tubes were less than 5%, there
was no need for correction using Abbott formula
(Abott, 1987). The WHO benchmark which states
that mortality rates of less than 80% shows full
resistance while those greater than 98%
indicated full susceptibility, whereas mortality
rates between 80-98% suggested the possibility
of resistance that needs to be clarified served as
a guide for result interpretation (WHO, 2022).
Analysis of Variance (ANOVA) was also used to
compare the mortalities across the insecticides
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and Tukey pairwise was used to separate the
means.

RESULTS

Percentage mortality after 24 hours exposure
of Culex quinquefasciatus to four
insecticides

The percentage mortality of Culex
quinquefasciatus after 24 hours exposure to
permethrin (pyrethroid),bendiocarb (carbamate),
DDT (organochlorine) and malathion
(organophosphate) is presented in Table 1. After
24 hours exposure, malathion recorded the
highest percentage mortality (98.75%), followed
by bendiocarb (60.00%), permethrin (25.00%)
and DDT (7.50%). There were significant
differences (p < 0.05) in the percentage
mortalities of the mosquitoes exposed to the
different insecticides. The percentage mortalities
for bendiocarb, permethrin and DDT were less
than 80%: indicating resistance to these
insecticides. However, percentage mortality in
malathion was higher than 98% indicating
susceptibility.

Knockdown values of Culex quinquefasciatus
within 60 minutes of exposure to permethrin,
bendiocarb, DDT and malathion

After 60 minutes exposure of Culex
quinquefasciatus to permethrin, the knockdown
values (KDVs) within the period and percentage
mortality within 24 hours after exposure is
presented in Table 2. The knockdown values of
the mosquitoes at 10, 15, 20, 30, 40, 50 and 60
minutes of treatment ranged between 0.75 + 0.25
and 20.00+0.41.

Sex ratio

A total of 738 adults were collected, out of which
437 (59.2%) were male and 301 (40.8%) were
female (Table 3). The male and female sex ratio
was 1.5:1. Chi-square analysis showed that
males were significantly higher than females
(X2(@f=1,0.01 = 16.77)



Table 1: Percentage mortality after 24 hours exposure of Culex quinquefasciatus to four

insecticides
S/N Insecticide Mortality after 24 Hours Status
1 Permethrin (Pyrethriod) 25.00° Resistant
2 Bendiocarb (Carbamate) 60.00¢ Resistant
3 DDT (Organochloride) 7.502 Resistant
4 Malathion (Organophosphate) 98.75¢ Susceptible

Key: a, b, ¢, d = means with different superscripts across the rows are significantly different at

P<0.05;

Table 2: Knockdown values (KDVs) observed within 60 minutes of exposure to permethrin,

bendiocarb, DDT and malathion

Variables Mortality (%)
Control Permethrin

Number of mosquitoes 20.00 20.00 £ 0.00

exposed

Number KDT 0.00 1.75+0.25

10minutes

Number KDT 15 0.00 2.75+0.25

minutes

Number KDT 20 0.00 1.75+0.25

minutes

Number KDT 30 0.00 1.75+0.25

minutes

Number KDT 40 0.00 3.5+0.29

minutes

Number KDT 50 0.00 3.5+0.29

minutes

Number KDT 60 0.00 7.00 £ 0.00

minutes

Mortality after 24 hours  0.00 5.00 + 0.41

Bendiocarb DDT Malathion
20.00£0.00 20.00+0.00 20.00+0.00
0.75+0.25 1.75+£0.25 3.75+0.25
0.75+0.25 2.75+0.25 5.25+0.25
1.75+£0.25 3.50+0.29 7.00£0.41
1.75+£0.25 2.75+0.25 12.00+£0.00
1.75+£0.25 3.50+ 0.29 14.75+£0.25
2.75+0.25 3.75+0.25 18.00+0.41
3.00 £ 0.00 4.00+0.00 20.00+0.41
12.0+ 041 1.5+ 0.65 19.75+0.25

Table 3: Sex ratio of male and female mosquitoes collected in the study

Sex Number Caught Percentage Male: Female Ratio X2
Male 437 59.2 1.5:1 0.01
Female 301 40.8
Total 738 100

X2f=1,001= 16.77

DISCUSSION

Sufficient knowledge of the insecticide
susceptibility status of mosquitoes is a major
factor with great capacity to make or mar the
success of vector control strategies. For a long
time pyrethroids and organochlorines proved to
help in the control of mosquito menace primarily
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due to their relatively low mammalian toxicity,
ease in environmental detoxification and ability to
kill mosquitoes at low concentrations. (Grieco et
al., 2007). Unfortunately, the constantly growing
cases of resistance to these chemical
compounds in mosquitoes have led to loss of
these gained grounds (Nura et al., 2020).



There is spatiotemporal variation of insecticide
resistance across continents, countries, towns,
communities and possibly  within  micro
communities within a locality. A whole lot of
factors may contribute to these variations and
includes but are not limited to the mosquito
species, life history and stage, physiological
state, gut microbiota and symbiotic associations,
climatic factors, socio cultural factors, agricultural
practices and activities, as well as demographic
and anthropogenic factors (Nkya et al., 2013).
Culex quinquefasciatus from the study were
highly resistant to DDT (7.50% mortality) and
permethrin (25% mortality). This agrees with
Ukpai and Ekedo (2019), which recorded a lesser
DDT resistance (10.48% mortality) in Umudike, a
community in Ilkwuano LGA area of Abia State,
Nigeria. The report of Nura et al. (2020) in a
similar vein showed high resistance to permethrin
(15.39%) and DDT (18.12%) in Katsina State,
Nigeria. Oke et al. (2022) reported also that Culex
qguinquefasciatus displayed high resistance to
permethrin (61%) and DDT (41%) in Markudi,
Nigeria. Omotayo et. al. (2022) reported
marginally high resistance to permethrin from
Dutse LGA (12.2%) and Kafin — Hausa LGA
(77.78%) of Jigawa State, Nigeria; though the
study recorded susceptibility (100% mortality) in
Ringim LGA. The report of Shehu et al. (2023)
pointed out the insecticide resistance potentials
of female Culex quinquefasciatus mosquito
species sampled from 3 LGA’s within Niger State,
Nigeria. Cross-resistance occurs between
permethrin and DDT insecticides primarily due to
the fact they both have the same target site of
insecticidal action which grossly depends on the
sodium gate channels found in the nerve sheet
(Wondji et al., 2009). More so, the chemical
contaminated nature of the mosquito breeding
sites resulting from past use of insecticides for
agricultural purposes may also serve as a
contributing factor to this situation (Nura et al.,
2020). Sunaiyana et al. (2006) also reported DDT
and permethrin cross resistance in Thailand.
There is obviously no doubt that the over
dependence on permethrin for the treatment of
LLITNs in Nigeria may have contributed grossly
to the continually growing resistance to
permethrin and cross resistance to DDT
commonly reported across Nigeria. (Omotayo et
al., 2022). In a similar manner reports have it that
permethrin is also overly used for larviciding,
indoor residual sprayings of adult mosquitoes,
and for agricultural control purposes (Vasquez et
al., 2009). It has become glaring and indisputable
that Permethrin and DDT may no longer be viable
Bio-Research Vol.22 No.2 pp.2396-2405 (2024)
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for the control of mosquito vectors (Nura et al.,
2020).

Culex quinquefasciatus was equally resistant to
Bendiocarb (60% mortality). Culex
qguinquefasciatus showed suspected resistance
to bendiocarb (90% mortality) in Markudi, Benue
State, Nigeria (Oke et al., 2022). Ehisianya et al.
(2017) reported the resistance of Culex
quinquefasciatus to Bendiocarb (48% mortality)
within the University community of Michael
Okpara University of Agriculture, Umudike,
located in Abia State, South Eastern, Nigeria. The
study explained that this resistance to
bendiocarb, a highly effective carbamate
insecticide could be related to the high and
indiscriminate use of insecticides and fertilizers
by farmers within the study area surrounded by
agricultural activities owing to the agricultural
research institute in its neighborhood. Two years
after, Ukpai and Ekedo (2019) recorded 39.20%
mortality for bendiocarb within the same Local
Government Area of Abia State. Their study also
attributed this to chemical based agrarian
activities as observed by Ehisianya et al. (2017).
However, Nura et al. (2020) reported
susceptibility (96.4%) of Culex quinquefasciatus
to bendiocarb in Sahel Savannah, Katsina State.
The study attributed the susceptibility to down
regulation of detoxification enzyme which allowed
the insecticide get to the target site of action
(Nura et al.,, 2020). Bendiocarb belongs to a
class of insecticides known as carbamate, and it
came into full use as substitute for pyrethroids
when resistance to pyrethroids became
pronounced across Africa. (Aikpon et al. 2013).
Nchoutpouen et al (2019) opined that bendiocarb
resistance in Culex quinquefasciatus populations
could be aided by the presence of knock down
resistance (kdr) allele. Weetman et al. (2018) in
his own opinion averred that the duo of kdr
mutations and metabolic resistance mechanism
is responsible for resistance in Culex species.
Most of the larvae used in this study were
collected from the Umuahia municipal sewage
gutters, and Zayed et al. (2019) reported that
larval samples picked from highly saline and
acidic water bodies such as sewages will tend to
be more resistant to insecticides than their fresh
water counterparts.

Out of four insecticides used, only malathion was
effective in controlling Culex quinquefasciatus in
the study area; giving susceptibility of 98.75%.
Nura et al. (2020) published susceptibility (96.4%



mortality) to malathion in Sahel Savannah area,
Katsina State and also related it to the same
effect observed in bendiocarb. Kanutcharee et al.
(2008) published high susceptibility of Culex
guinquefasciatus mosquitoes to malathion in
Thailand while Yoriyo et al. (2018) reported a
100% mortality in Northeast Nigeria. Shehu et al.
(2023) reported very high mortality values (100%)
on exposure to malathion for mosquitoes from
Bosso, and Shiroro LGA’s and a slightly lower
value for those sampled from Lapai LGA of Niger
State, Nigeria, showing the high effect of
malathion within the state. Guta et al. (2021)
reported resistance (77%) of malathion to Culex
guinquefasciatus in Jimma area, Ethiopia which
is different from our result. Results of knockdown
assessment from this study showed that the
Culex quinqufasciatus mosquitoes were knocked
down within first 10 minutes of exposure to the
malathion impregnated papers, overly suggestive
of the existence of knock down resistance
mechanisms in the sampled population. This
trend was also reported by Ehisianya et al. (2017)
and Ukpai and Ekedo (2019). A number of

researchers had reported inducement of
Knockdown in mosquitoes by insecticide
impregnated papers (Olayemi et al.,, 2011;

Ibrahim et al.,, 2014; Umar et al., 2014). This
inducement of knockdown in these mosquitoes
when exposed to insecticide impregnated papers
is suggestive of the existence of knock down
resistance (kdr) mechanism (Awolola et al., 2007;
Ibrahim et al.,2014; Umar et al., 2014) operating
in populations of Culex quinquefasciatus
mosquitoes within Umuabhia. It is worthy to note
that knock-down rates obtained from
susceptibility tests are very important indicators
that will assist in the early detection of resistance
to an insecticide (WHO, 2022). It is therefore
suggestive that the <100% knock-down rates
observed at the end of 1 hour from this study is
indicative of a currently ongoing malathion
resistance development in populations of Culex
quinquefasciatus within the study area. (Ser and
Cetin, 2019). This could also account for the level
of resistance to other insecticides (DDT,
Bendiocarb and permethrin) evaluated. In
addition, resistance to insecticides have been
proved to be higher in areas where there is more
usage of agricultural and public health
insecticides as opposed to areas where usage is
lower (Kioulos et al., 2014; Gorouhi et al., 2016).
Sex ratio analysis showed that adult mosquitoes
were dominated by males (59.2%) which were
significantly (p < 0.05) than the females. This
contrasted with the female skewed ratio recorded
Bio-Research Vol.22 No.2 pp.2396-2405 (2024)
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by Okwa et al. (2007) in Lagos, Nigeria, Madara
and Abdulraheem (2013) in Abuja, Nigeria and
Mohammed et al. (2021) in Kura LGA of North-
western Nigeria. However, Silva et al. (2023)
recorded a sex ratio that was dominated by male
in Brazil, which was considered a positive
outcome, because male dominated sex ratios are
strongly considered as an attractive method with
great prospects of suppressing or eliminating the
population of pests (Galizi et al., 2014). Since
only female mosquitoes serve as vectors to
majority of the mosquito-borne pathogenic
diseases, altering their reproduction to bias the
sex ratio of offspring towards males is
continuously torch lighted as a potential and
emerging strategy powerful enough to manage
the population of mosquitoes and in return bring
down the burden of mosquito-borne diseases to
a very bearable minimum (Simoni et al., 2020).

CONCLUSION

This study evaluated the insecticide susceptibility
profile and sex ratio of Culex quinquefasciatus
within Umuahia North LGA of Abia State, and
showed that the Culex quinquefasciatus was
highly resistant to DDT (organochloride),
Permethrin  (pyrethroid) and  bendiocarb
(carbamate) but susceptible to malathion
(organophosphate). However, malathion was
developing resistance because the mortality rate
was < 100%. The population of the mosquito was
male-biased which favoured mosquito control
programme. Considering the high resistance to
the pyrethroids, carbamate and organochloride,
organophosphates (like malathion) is the
recommended insecticide of choice for mosquito
control within the study area. The major
shortcoming of this study was inability to
investigate the molecular basis behind the
resistance observed, however we hope to look
into this as a follow up to this study when more
funds are secured.

Conflict of interests

The authors have no conflict of interest to
declare.

Acknowledgements

The authors appreciate the laboratory staff of
Entomology unit of Zoology and Environmental
Biology Department, Michael Okpara University
of Agriculture Umudike, for their support and for



granting us space. We also appreciate the staff of
the Vector control unit of Universiti Sain Malaysia,
for delivering the purchased kits in time. The
authors also appreciate Mr. Utibe Usanga of
Department of Geography, University of Uyo,
Uyo, Nigeria for producing the study map.

REFERENCES

Abbott, W. S. (1987). A method of computing the
effectiveness of an insecticide. Journal
of the American Mosquito Control
Association, 3(2): 302 — 303.

Aikpon, R., Agossa, F., Ossé, R., Oussou, O.,
Aizoun, N., Oké-Agbo, F. and
Akogbéto, M. (2013). Bendiocarb
resistance in Anopheles gambiae sl.
populations from Atacora department in
Benin, West Africa: A threat for malaria
vector control. Parasites & Vectors,
6:192. doi:10.1186/1756-3305-6-192.

Alphey, L.(2014). Genetic control of mosquitoes.
Annual Review of Entomology, 59: 205
— 224. doi: 10.1146/annurev-ento-
011613-162002

Annadurai, K., Danasekaren, R., Mani, G. and

Ramasamy (2015). Mosquito menace:

A major threat in modern era. Medical

Journal Dr. D.Y. Patil University, 89(3):

414-415. doi: 10.4103/0975-

2870.150500

T.S., Oduola, A.O., Obansa , J.B,

Chukwura, N.J. and Unyimadu, J.P.

(2007). Anopheles gambiae s.s.

breeding in polluted water bodies in

urban Lagos, southwestern Nigeria.

Journal of Vector Borne Diseases,

44(4): 241-4.

Chukwuekezie, O., Nwosu, E., Nwangwu, U.,
Dogunro, F., Onwude, C., Agashi, N.,
Ezihe, E., Anioke, C., Anokwu, S., Eloy,
E., Atah, P., Orizu, F., Ewo, S,
Okoronkwo, A., Joseph, A., Haruna, S.
and Gnanguenon, V. (2020).
Resistance status of Anopheles
gambiae (s.l.) to four commonly used
insecticides for malaria vector control in
South-East Nigeria. Parasites &
Vectors, 13(1): 1-10.
doi: 10.1186/s13071-020-04027-z

Ehisianya, C.N., Ekedo, C.M., Okore, 0.0. and
Ibediugha, B.N. (2017). Response of
Culex quinquefasciatus Say (Diptera:

Awolola,

Bio-Research Vol.22 No.2 pp.2396-2405 (2024)

2403

Culicidae) from different larval habitats
to Deltamethrin and Bendiocarb
Insecticides. Animal Research
International, 14(3): 2836 — 2841.

Ekedo, C.M. and Ukpai, O.M. (2019). Anopheles
gambiae s.l. insecticide susceptibility
status in Umudike, Ikwuano LGA, Abia
State, Nigeria. The Zoologist, 17: 26-
31. doi: 10.4314/tzool.v17i1.5

Ekedo, C. M., Ukpai, O. M., Ehisianya, C. N.,
Nwangwu, U. C., Nwosu, E. M,
Adeogun, A. O., Onyeabor, N. J.
(2023). Insecticide resistance spectrum
and prevalence of L1014F kdr type
mutation in Anopheles gambiae s.l. in
Abia State, Nigeria. Ceylon Journal of
Science, 52  (2): 163-174. doi:
10.4038/cjs.v52i2.8158.

Galizi, R., Doyle, L.A., Menichelli, M., Bernardini,
F., Deredec, A., Burt, A., Stoddard,
B.L., Windbichler, N. and Crisanti, A.A.
(2014). A synthetic sex ratio distortion
system for the control of the human

malaria mosquito. Natural
Communication,5:3977.
doi: 10.1038/ncomms4977

Gillies, M.T. and Coetzee, M. (1987). A

supplement to the anopheline of Africa
south of the sahara. Publication of
South African Institute of Medical
Research, 55: 1-143.

Gorouhi, M.A., Vatandoost, H., Oshaghi, M.A.,
Raeisi, A., Enayati, A.A., Mirhendi, H.,
Hanafi Bojd, A.A., Abai, M.R., Salim-
Abadi, Y. and Rafi, F. (2016) Current

susceptibility status of Anopheles
stephensi  (Diptera: Culicidae) to
differentimagicides in a malarious area,
Southeastern Iran. Journal of
Arthropod-Borne Diseases, 10(4), 493—
500.

Guntay, O., Yikilmaz, M. S., Ozaydin, H.,

Izzetoglu, S. and Suner, A. (2018).
Evaluation of pyrethroid susceptibility in
Culex pipiens of Northern Izmir
Province, Turkey. Journal of Arthropod-
Borne Diseases, 12 (4): 370-377.
Guta, W., Simma, E.A. and Yewhalaw, D. (2021),
Species composition, blood meal
sources and insecticide susceptibility
status of Culex mosquitoes from Jimma
area, Ethiopia. International Journal of
Tropical Insect Science, 41: 533-539.
doi: 10.1007/s42690-020-00237-1.
Grieco, J.P., Achee, N.L., Chareonviriyaphap, T.,
Suwonkerd, W., Chauhan, K., Sardelis,


https://doi.org/10.1186%2Fs13071-020-04027-z
https://doi.org/10.4314/tzool.v17i1.5
http://doi.org/10.4038/cjs.v52i2.8158
https://doi.org/10.1038/ncomms4977
https://doi/

M.R. and Robert, D.R. (2007).A new
classification system for the actions of
IRS chemicals traditionally used for
malaria control. PLoS One, 2: e716-
10.1371/journal.pone.0000716.

Hussaini, A., Isaac, C., Rahimat, H., Collins, 1.,
Cedric, O. and Solomon E. (2020). The
Burden of Bancroftian Filariasis in
Nigeria: A Review. Ethiopian Journal of
Health Sciences, 30 (2): 301-310.
doi: 10.4314/ejhs.v30i2.18.

Ibrahim, S.S., Manu, Y.A., Tukur, Z., Irving, H.
and Wondji CS. 2014. High frequency
of kdr L1014F is associated with
pyrethroid resistance in Anopheles
coluzzi in Sudan Savannah of Northern
Nigeria. MCB Infectious Diseases, 14
(1): 441-448. doi: 10.1186/1471-2334-

14-441.
Kanutcharee, T, Sunaiyana.S. and
Theeraphap.C. (2008). Insecticide

resistance of Aedes aegypti and Culex
quinquefasciatus in Thailand. Journal of
Pesticide Science, 33(4): 351-356.
doi:10.1584/jpestics.G08-12.
Khan M.A., Elhossary, S., Khan, I.A., Al Zahrani,
M.H., Al Zahrani, F.S and Al Bashri,
F.M. (2018). The impact of climatic
variables with GIS application on the
abundance of medically important
mosquitoes (Diptera: Culicidae) in
Jeddah, Saudi Arabia. International
Journal of Mosquito Research, 5 (5):
12-18.
Kioulos, 1., Kampouraki, A., Morou, E., Skavdisc,
G. and Vontasb, J. (2014) Insecticide
resistance status in the major West Nile
virus vector Culex pipiens from Greece.
Pest Management Science, 70: 623—
627. doi: 10.1002/ps.3595.

A.A. and Abdulraheem,N.O.
(2013).Relative Abundance of Adult
Mosquitoes in University of Abuja Main
Campus, Abuja FCT, Nigeria. Nigerian
Journal of Parasitology, 34(2): 79 — 84.
Mohammed, B.R.,Yayo, A.M., Ajanusi, O.J. and

Lawal, I.A. (2021).Relative abundance
and molecular identification of Culex
pipiens complex (Diptera: Culicidae), in
Kura Local Government Area, North-
western Nigeria. Parasite Epidemiology
and Control, 14: e00213.
doi: 10.1016/.parepi.2021.e00213.
Nchoutpouen, E., Talipouo, A., Djiappi-Tchamen,
B., Djamouko-Djonkam, L., Kopya, E.,
Ngadjeu, C.S., Doumbe-Belisse, P.,
Bio-Research Vol.22 No.2 pp.2396-2405 (2024)

Madara,

2404

Awono-Ambene, P., Kekeunou, S.,
Wondji, C.S. and Antonio-Nkondji, C.
(2019). Culex species diversity,
susceptibility to insecticides and role as
potential vector of Lymphatic filariasis in
the city of Yaoundé, Cameroon. PL0S
Neglected Tropical Diseases, 13(4):
e0007229.
doi: 10.1371/journal.pntd.0007229.
Nkya, T.E., Akhouayi, I., Kisinza, W. and David,
J.P. (2013) Impact of environment on
mosquito response to pyrethroid insec-
ticides: facts, evidences and prospects.
Insect Biochemistry and Molecular
Biology, 43: 407-
416. doi: 10.1016/j.ibmb.2012.10.006.
Idoko, A. S., Hadiza, A. and Abdullahi,
I. (2020). Insecticide susceptibility
bioassay in Culex quinquefasciatus
vector of lymphatic filariasis from Sahel
Savannah region of Northwest
Nigeria. International Journal of
Mosquito Research, 7: 1-5.
Oke, P.O., Terhemba, K.U., Manyi, M.M. and
Ogbaje, C.I. (2022). Comparative study
on the susceptibility status of three
common mosquitoe species in Makurdi
to eight different insecticides using
WHO test tube bioassays. Animal
Research International, 19 (2): 4507 —
4514,
0.0., Rasheed, A., Adeyemi, A,
Omoyeni, M., Oni, L., Fayemi, A. and
Ogunwomoju, A. (2007). Anopheles
species abundances, composition and
vectoral competence in six areas of
Lagos: Nigeria. Journal of Cell and
Animal Biology, 1(2): 019-023.
Olayemi, I.K., Ande, A.T., Chitta, S., Ibemesi, G.,
Ayanwale, V.A., Odeyemi, O.M. (2011).
Insecticide susceptibility profile of the

Nura, L.,

Okwa,

principal malaria vector, Anopheles
gambiae s. (Diptera: Culicidae).
Journal of Vector-Borne Diseases, 48:
109-112.

Omotayo, I.A.l., Dogara, M.M., Sufi, D., Shuaibu,
T., Balogun, J., Dawaki, S., Muktar, B.,
Adeniyi, K., Garba,N., Namadi, I,
Adam, H.A., Adamu, S., Abdullahi, H.,
Sulaiman, A. and Oduola, A.O. (2022).
High pyrethroid-resistance intensity in
Culex quinquefasciatus (Say) (Diptera:
Culicidae) populations from Jigawa,
North-West, Nigeria. PLoS Neglected
Tropical Diseases, 16(6): e0010525.
doi: 10.1371/journal.pntd.0010525.


https://doi.org/10.4314%2Fejhs.v30i2.18
http://dx.doi.org/10.1584/jpestics.G08-12
https://doi.org/10.1002/ps.3595
https://doi.org/10.1016/j.parepi.2021.e00213
https://doi.org/10.1371/journal.pntd.0007229
https://doi.org/10.1016/j.ibmb.2012.10.006
https://doi/

Paaijmans, K.P., Huijben, S., Githeko, A.K. and

Takken, W. (2009). Competitive
interactions between larvae of the
malaria mosquitoes Anopheles

arabiensis and Anopheles gambiae
under semi-field conditions in western
Kenya. Acta Tropica, 109:124-130.
doi: 10.1016/j.actatropica.2008.07.010
Ser, O., Cetin, H. (2016). The use of pesticides in
vector control. Turkiye Klinikleri Journal
of Veterinary Science, Pharmacological
Toxicological-Special  Topics,2(2):26-
34.
I.K., Ahmad, H.B., Olayemi., I.K,,
Solomon, D., Ahmad, A.H. and Salim,
H. (2023). Insecticide susceptibility
status in two medically important
mosquito vectors, Anopheles gambiae,
and Culex quinquefasciatus to three
insecticides commonly used in Niger
State, Nigeria. Saudi Journal of
Biological Sciences, 30: 103524. doi:
10.1016/j.sjbs.2022.103524
Silva, S.O.F., de Mello, C. F, Julido, G.R., Dias,
R. and Alencar, J. (2023). Sexual
proportion and egg hatching of vector
mosquitos in an atlantic forest fragment
in Rio de Janeiro, Brazil. Life, 13: 13.
doi: 10.3390/1ife13010013.

Shehu,

Simoni, A.,, Hammond, A.M., Beaghton, A.K.,
Galizi, R., Taxiarchi, C., Kyrou, K.,
Meacci, D., Gribble, M., Morselli, G.,

Burt, A., Nolan, T. and Crisanti, A.
(2020). A male-biased sex-distorter
gene drive for the human malaria
vector Anopheles gambiae. Nature
Biotechnology, 38: 1054-1060). doi:
10.1038/s41587-020-0508-1.
Sunaiyana, S., Pungasem, P. and Kasin, S.
(2006). Detection of insecticides
resistance status in Culex
quinquefasciatus and Aedes aegypti to
four major groups of insecticides.
Tropical Biomedicine, 23 (1): 97-101.
Ukpai, O.M. and Ekedo, C.M. (2019). Insecticide
susceptibility status of Culex
quinquefasciatus [diptera: culicidae] in
Umudike, Ikwuano LGA Abia State,
Nigeria. International Journal of
Mosquito Research, 6(1): 114-118
Umar, A., Kabir, B.G.J., Amajoh, C.N., Inyama,
P.U., Ordu, D.A., Barde, A.A., Misau,
A.A., Sambo, M.L., Babuga, U., Kobi,
M.vand  Jabbdo, M.A. (2014).
Susceptibility test of female Anopheles
mosquitoes to ten insecticides for
Bio-Research Vol.22 No.2 pp.2396-2405 (2024)

2405

indoor residual spraying (IRS) baseline
data collection in Northeastern Nigeria.
Journal of Entomology and
Nematology, 6(7): 98-103. doi:
10.5897/JEN2014.0100

Vasquez, M.l., Violaris, M., Hadjivassilis, A. and
Wirth, M.C. (2009). Susceptibility of
Culex pipiens (Diptera: Culicidae). field
populations in Cyprus to conventional
organic insecticides, Bacillus
thuringiensis subsp. israelensis, and
methoprene. Journal of Medical
Entomology, 46(4): 881-887.
doi: 10.1603/033.046.0421

Weetman, D., Djogbenou, L.S. and Lucas, E.
(2018). Copy number variation (CNV)
and insecticide resistance in
mosquitoes: Evolving knowledge or an
evolving problem? Current Opinion in
Insect Science, 27:82-88.

WHO. World malaria report 2017. Geneva: World
Health Organization; 2017. p. 31-40.

Wondji, S.C. (2009). Two duplicated P450 genes

are associated with  pyrethroid
resistance in Anopheles funestus. A
major malaria  vector. Genome

Research, 19 (3): 452-459.

World Health Organization (2022). Manual for
monitoring insecticide resistance in
mosquito  vectors and  selecting
appropriate interventions. World Health
Organization.
https://apps.who.int/iris/handle/10665/3
56964. Accessed 30th June, 2022.

Yadouleton, A., Badirou, K., Agbanrin, R., Jo" st,
H., Attolou, R. and Srinivasan, R.
(2015). Insecticide resistance status in
Culex quinquefasciatus in Benin.
Parasites & Vectors, 8(1): 17.

Yoriyo, K. P., Samdi, L. M., Wanah, B. B.,
Edward, E. A. and Kela, S. L. (2018).
Susceptibility of Culex
quinquefasciatus Say, 1823 (Diptera;
Culicidae) to cyfluthrin, propoxur and
malathion in the Sudan Savanna, North
Eastern Nigeria Nigeria. Journal of
Entomology, 34: 19-24.

Zayed, A.B., Moselhy, W.A., Mostafa, A.A,
Mahmoud, H.l. and Hassan.S.H.
(2019). Physical and chemical factors
of breeding sites affecting susceptibility
and biochemical activity of mosquito,
Culex pipiens (Diptera: Culicidae) to
some insecticides. International Journal
of Ecotoxicology and Ecobiology, 4(2):
51-57. doi:10.11648/.ijee.20190402.12



https://doi.org/10.1016/j.actatropica.2008.07.010
https://doi/
https://doi/
https://doi.org/10.5897/JEN2014.0100
https://doi.org/10.1603/033.046.0421
https://apps.who.int/iris/handle/10665/356964
https://apps.who.int/iris/handle/10665/356964

