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High resistance ability on insecticides among major mosquito vectors of diseases in Nigeria is of growing
concern for severe control strategies. The objective of this study was to assess the susceptibility status of
females Anopheles gambiae and Culex quinquefasciatus complexes mosquitoes to permethrin (21.5 lg/
bottle-pyrethroids), propoxur(12.5 lg/bottle-carbamate) and malathion (50 lg/bottle organophosphate),
in Niger State, North-Central, Nigeria. Anopheline and Culecine larvae were collected from the larval
habitats of the studied sites (Bosso, Katcha, Lapai, and Shiroro) larvae and pupae were identified guided
by standard keys and reared to adults in troughs. Insecticide susceptibility bioassays were performed
according to the CDC bottle bioassay standard operating procedures on 3 days old, sugar-fed female
Anopheles and Culex mosquitoes. Post-exposure mortality after 24hr and knockdown values for KDT50
were calculated. Knock-down at 1-hour insecticide exposure ranged (84–96 %) permethrin, (94–100 %)
propoxur and (100 %) malathion for An. gambiae and (86–97 %) permethrin, (92–100 %) propoxur and
(96–100 %) malathion for Cx. quinquefasciatus. Mortality, after 24hr post-exposure was 100 % in
malathion, indicating the high effect of the insecticide. Tested samples were found potentially resistant
to permethrin recorded against mosquitoes collected from all study sites, in two locations of the study
sites to propoxur and one location site to malathion. All the tested mosquitoes were found to be poten-
tially resistant to permethrin, however, mosquitoes tested in Katcha and Shiroro resist potentially to pro-
poxur. Except, Culex quinqufasciatus from Lapai that partially resist malathion, all the tested mosquitoes
were found to be susceptible to malathion, across the study sites.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Undoubtedly, mosquitoes are the most important dipterans
accountable for the spread of mosquito-borne diseases like malar-
ia, dengue and filarial fevers, and several others (Shetty et al.,
2013). Among these diseases, malaria in Africa is caused by
Anopheles gambiae (Giles, 1902) while filariasis is caused by Culex
quinquefasciatus (say, 1823) with Nigeria having highest global
records of morbidity and mortality of 25 % and 24 % malaria, and
14.3 % and low of < 10 % filarial disease (Adamu et al., 2020;
Fortuna et al., 2021). Since there are currently no viable vaccina-
tions or treatments for several mosquito-borne diseases, such as
malaria, vector control management employing insecticides
remains the primary method of disease control (Francis et al.,
2017; Vatandoost et al., 2019).

Chemical-based control using pyrethroids, organophosphates,
and carbamates is still an essential strategy for managing the pop-
ulations of these medically significant vectors (Ukpai & Ekedo,
2019). According to Fagbohun et al., (2020), Ramos, (2020), the
effectiveness of these insecticides has been greatly hampered by
the advent of insecticide resistance due to overreliance on public
health and agriculture, which headed to the rapid expansion of
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resistance in these vector populations. An insecticide product’s
failure to achieve the required level of control when used as direc-
ted for a specific species at a specific time and place can result in
pesticide resistance in mosquitoes, which is a natural and heritable
trait in a species population. The volume and rate of pesticide
applications against an insect population, as well as the inherent
traits of the insect species involved, all influence the degree of
resistance development (Pates & Curtis, 2005; Brooke &
Koekemoe, 2010; Abate et al., 2020).

In general, insecticide resistance in mosquito vectors can be
caused by one or more of the following: behavioural changes, mor-
phological modifications, target site mutation, and detoxifying
enzyme metabolism, and occur in places where diseases are ende-
mic and subsistence remains a burden on communities, managing
this resistance is a critical problem for vector control programs
(Agumba et al., 2019). Despite years of national efforts, to curtail
the mosquito’s resistance situation, still An. gambiae and Cx. quin-
quefasciatus, are described to prolong resistance to insecticides in
Niger State (Olayemi et al., 2011). Antilarval and adult operations
using chemicals are the most common vector control approaches
used by health organizations to prevent disease transmission.

However, these could not solve the problem because of the
anthropogenic activities such as constructions, farming irrigation,
fishing, and several others, coupled with the lack of environmental
sanitation engaged by people causing the increase in the number of
larval breeding habitat types (Olayemi et al., 2014). These chemi-
cals insecticides (Larvicides and adulticides) are inadequate to tar-
get for all the breeding habitats and residential places during
application, and because of this inadequacy, mosquito species such
as Anopheles and Culex can grow and develop from larvae to adults
and increase in number (Fagbohun et al., 2020). Female An. gam-
biae and Cx. quinquefasciatus mosquitoes that are carry the para-
sites, leave to obtain blood meals for eggs development and
hatchability, transmitting diseases, at the same time develop resis-
tance ability to commonly used insecticides. In the past, there are a
lot of reports on the susceptibility status of Anopheline and Culicine
mosquitoes to pyrethroids, carbamate, and organophosphates
insecticides in some parts of Nigeria for examples, the research
works conducted in Minna, Northeastern, Akwa Ibom, Sudan
Savanna, North Eastern, Abia, Sahel Savannah Region of Northwest,
and Lagos (Olayemi et al., 2011; Ibrahim et al., 2014; Umar et al.,
2014; Opara et al., 2017; Yoriyo et al., 2018; Ukpai & Ekedo,
2019; Fagbohun et al., 2020).

Currently, there is an increase in the number of these prevalent
mosquito diseases in various local government areas of Niger State,
but no such study has been recorded. The current study is the first
to examine the susceptibility of An. gambiae and Cx. quinquefascia-
tus mosquitos to three chemical insecticides: permethrin (pyre-
throids), propoxur (carbamate), and malathion
(organophosphates), although some these chemical insecticide
ingredients like permethrin and deltamethrin of the pyrethroids
were previously tested only on Anopheles mosquitoes and in few
local government areas of Niger State, chemical insecticides ingre-
dients such as propoxur and malathion were less consider, and
because of resistance ability and prolong test trial, the insecticides
were suggested to be considered for this present study. Therefore,
the results will serve as a foundation for tracking the spread of
insecticides resistance.
2. Materials and methods

2.1. Description of the study area

Nigeria is a country in West Africa with a population of about
200 million people lies between the Equator and the Greenwich
2

Meridian, roughly between 4� and 14� north latitude and 2� 20

and 14� 300 east longitude. It covers 923,768.5 km2 and is charac-
terized by undulating topographic relief patterned by valleys
formed by its river systems. The southern coastal plains have a
mean elevation of around 150 m above sea level. The northern
plains rise to around 600–700 m, with the Jos Plateau (over
1,500 m) in the geographic Centre of Nigeria and the Mambilla pla-
teau (over 2,100 m) among the mountains on the Cameroon bor-
der. The temperature varies depending on the ecological zone
(Chukwu et al., 2018).

Tropical at the coast (in Humid Forest and Derived savannas)
with extremely low and high temperatures of 10 �C and 37 �C,
sub-tropical inland (in Derived and Guinea savannas), and semi-
arid in the far north (in Sudan and Sahel savannas) with extremely
low and high temperatures of 6 �C and 44 �C. Normal monthly tem-
peratures in the Jos and Mambilla plateaus’ mid-altitude region
range from 21 to 25�C. In the north, annual rainfall varies from
500 mm to 750 mm, while in the south, rainfall ranges from
1,200 mm to over 4000 mm.

Niger State is one of Nigeria’sMiddle Belt states, located between
Longitude 60 33E and Latitude 90 37Non a land area of 88 km2 (rep-
resenting 9.30 % of the country’s total land area with 85 % arable
land), with a population of 3950.249 people as of the 2006 census,
however, by 2012, a projected population of around 4.8million peo-
ple was recorded, and in 2019, the projected population of Niger
State people by National Beureau of Statistics (NBS) reached 6.2mil-
lion (National Beureau of Statistics, 2020). It is divided into twenty-
five local governments. The state has amean annual rainfall temper-
ature of 61 %, 30.20 mm, and relative humidity of 1334 mm, the
region has a tropical climate. Kaduna State and the Federal Capital
Territory to its north-east and South-East borders, respectively;
Zamfara State borders the north, Kebbi State borders theWest, Kogi
State borders the South, and Kwara State borders the South-West;
and the Republic of Benin, along Agwara LGA, its north-west border.
(Ukubuiwe et al., 2012). The climate is divided into two seasons: a
wet season from May to October and a dry season from November
to April, with annual rainfall varying from 1,100 mm in the north
to 1,600 mm in the south. The vegetation in this area is typically
grass savannah with a few scattered trees Fig 2.1..

2.2. Experimental design

The study involves field and laboratory works, fourth-instar lar-
vae were sampled together with larval water by dipping at the rate
of 20 dips per sampling site using 350 capacity dippers from the
three types of conventional mosquito breeding habitats (Large
water bodies, Swamps, and Gutters) of the study areas. Certain
members of these fourth instars of the two different mosquitoes
i.e., Anopheles gambiae and Culex quinquefasciatus sampled pre-
served into 10 % formalin and categorized macroscopically based
on the observation of the placement of the position of the respira-
tory tube by the larvae in the water. They were most certainly
Culex if the respiratory tube was narrow, long, and angled at a cer-
tain angle to the water surface. Mosquito larvae that drifted hori-
zontally to the water’s surface were most likely Anopheles.

The identified strains were sorted into morph groups in the lab-
oratory and further identified to species level based on visible
characteristics such as (e.g., presence or absence of siphon, the
position of hair tufts, length of the siphon, arrangement of comb
scales and several others), with the aid of a dissection microscope
and guided by morphological keys. Then the live fourth instar
members of the identified strains were reared and fed with
0.32 ml yeast solution separately under laboratory conditions of
temperature 24.2OC and relative humidity 64 % until they emerged
to pupae. Males and females pupae of the two different strains
were recognized macroscopically based on the observation of their



Fig. 2.1. Map of Nigeria showing geographical position of Niger State and local government areas (LGAs) studied.
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size (usually, the female pupa is larger than the male pupa). The
males pupae were then discarded using dropper and only the
females pupae were allowed to growth to adult female mosquitoes.
The emerged adult females mosquitoes were kept and fed with
10 % sucrose solution in the rearing trough until require for the
insecticidal test (Wang et al., 2020).

The emerged F0 generations were then subjected to CDC bottle
bioassays susceptibility test (Table 2.1). A total of 1000 live mos-
quito samples that were morphologically identified at larval and
pupal stages were separated into An. gambiae and Cx. quinquefas-
ciatus. The female mosquitoes of these two strains were used for
insecticides susceptibility test as described by (Olayemi et al.,
2011).

2.3. CDC bottle bioassays

Female adult mosquitoes from An. gambiae and Cx. quiquefascia-
tus strains were tested for insecticide susceptibility to permethrin,
Table 2.1
Collection sites with number of mosquitoes and description of the areas.

Sites No of An. gambiae No of Cx quinquefasciatus Semi-rural/
City

Bosso 125 125 City
Katcha 125 125 Semi-rural
Lapai 125 125 Semi-rural
Shiroro 125 125 Semi-rural

3

propoxur, and malathion using CDC bottle bioassays (Aïzoun et al.,
2014). Diagnostic dosages for the colony of mosquito species were
measured; permethrin (21.5 lg/bottle), propoxur (12.5 lg/bottle),
and malathion (50 lg/bottle) (Norris & Norris, 2011), the prepared
stock solutions were stored in the refrigerator at 4oC in light-proof
bottles and removed 1hr before the CDC Bioassay was conducted.
Into each of the four 250 ml Wheaton bottles i.e., replicate bottles
(R1, R2, R3, and R4), diagnosis dose of insecticide to be evaluated
was added using disposable pipettes, while the control bottles
were treated only with acetone and tightly with caps and coated
all over until all visible signs of the liquid were gone and bottles
dried completely. Into each coated bottle (replicates and control),
twenty-five (25), 3-day old females sucrose-fed individuals were
introduced and the test conducted. no susceptible strain was used
as a reference (Brogdon & McAllister, 1998; Zamora et al., 2009;
CDC, 2016).

Knockdown was recorded every 5 min until 1hr; however, mor-
tality was reported at 30 min critical time. The mosquitoes were
taken from the bottles after an hour and separated into ‘‘alive”
and ‘‘knocked-down” groups. Under insectary conditions, mos-
quito groups were kept in separate paper cups with a 10 % sucrose
solution. To evaluate delayed mortality, they were scored as alive
or dead after 24hr. The latest World Health Organization (W.H.O)
standards (W. H O,2016) were used to classify the collections as
resistant or susceptible: 98–100 % mortality shows susceptibility,
80–97 % mortality indicates resistance may be developing, and
mortality<80 % indicates resistance (W. H.O, 2016; Francis et al.,
2017).



Table 3.1b
Knockdown time (KDT50 mg/L) profile of different insecticides tested on Anopheles
gambiae mosquito population in different breeding sites.

Permethrin Propoxur Malathion

Sampling
Site

KDT50 (mg/L)
95 % (CL)

KDT50 (mg/L)
95 % (CL)

KDT50 (mg/L)
95 % (CL)
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2.4. Statistical analysis

Based on the data obtained the percentage mortality was calcu-
lated and subjected to one-way ANOVA. Probit method was
employed for the adult bioassays data analysis (Sakuma, 1998),
using a computerized program SPSS Statistical package (23 ver-
sion). Based on the KDT50 obtained from adult bioassays.
Bosso 26.98 (19.67–
32.59)

30.16 (22.07–
33.88)

26.63 (22.90–
29.51)

Katcha 20.46 (16.50–
24.07)

34.61 (29.27–
38.92)

24.96 (10.45–
29.66)

Lapai 24.72 (17.25–
29.86)

32.40 (27.85–
35.92)

31.35 (25.86–
35.28)

Shiroro 22.90 (18.01–
27.15)

35.51 (31.24–
39.09)

29.06 (22.75–
31.19)

KDT50 is knockdown time of resistance to susceptible mosquito species tested.
3. Result

3.1. Susceptibility status of Anopheles gambiae

The result of the efficacies of the three chemical ingredients
namely, permethrin, propoxur, and malathion from selected three
main classes of insecticides respectively, tested against the adult
female An. gambiae sample collected from the four study sites is
shown in (Table 3.1a). Insecticide susceptibility levels in the mos-
quitoes varied from potentially resistant to susceptible among the
different study areas. In each insecticide tested, the adult bioassay
revealed considerable variations in susceptibility status of the
adult female An. gambiae mosquitoes after 1hr minutes exposure
and the 24hr recovery period. For permethrin, the highest mortal-
ity (96 %) of mosquitoes was obtained from Shiroro, while the low-
est was recorded from Bosso (84 %). This highest mortality
recorded of Shiroroʹs mosquitoes had no significant difference
(P > 0.005) from the percentage mortality in the remaining mos-
quitoes collected from other study sites but significantly differed
(P < 0.005) from the mortality rate of Bosso. Important to know,
that permethrin showed potential resistance against the adult
female strain that was obtained from other study sites (range = 8
4–96 %).

In the case of propoxur, the highest mortality rate was obtained
from Lapai and Bosso (100 %), while the lowest was obtained from
Katcha mosquitoes with a mortality value of 94 %. These values
were significantly different (P < 0.005) from one another and the
recorded value of Shiroro (96 %). Unlike permethrin, propoxur
revealed potential resistance to susceptible status against strain
in the study areas. Malathion elicited full susceptibility in mos-
quito populations, with 100 % mortality recorded in all the local
government areas (LGAs).

The knockdown time (KDT50) varied for the different insecti-
cides and sampling sites (Table 3.1b), permethrin recorded low
and high mortality times ranging from 20.46 to 26.98 min in
Katcha and Bosso, respectively. The mean Knockdown per time
indicated that in less than 30 min of the exposure over 50 % mor-
tality of these adult female mosquitoes collected from the study
areas was recorded. For propoxur, the highest KDT50 was obtained
in Shiroro (35.51 min) and the least (30.16 min) in Bosso. The mean
Knockdown time for propoxur in all the study sites was above
30 min of the exposed critical time for the adult. Correspondingly,
the mean KDT50 of malathion was highest (31.35 min) in Lapai
with a ranged value of 25.86–35.28 min and lowest in Katcha with
a value of 24.96 min and a range of 10.45–29.66 min. The mean
Table 3.1a
Percentage mortality and susceptibility profile of Anopheles gambiae mosquito population

Sampling site Permethrin Propoxur

Mortality% Status Mortality%

Bosso 84.00 ± 2.15a PR 100.00 ± 0.00b

Katcha 92.00 ± 1.43b PR 94.00 ± 2.64a

Lapai 94.00 ± 1.79b PR 94.00 ± 2.64a

Shiroro 96.00 ± 1.42b PR 96.00 ± 1.21b

Mortality values with the same superscript along the column were not significantly diffe
100 %) is susceptible, (80–97 %) potential resistance, < 80 % is resistance, Ctrl, means co
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Knockdown time for malathion revealed that below 30 min of
the exposure time, over 50 % mortality of adult females’ mosquito
samples were collected from all the study areas.
3.2. Susceptibility status of Culex quinquefasciatus

A similar trend was observed in the bioassay’s susceptibility
status of these insecticides’ chemical, tested on the adult females
Cx. quinquefasciatus strain of the study sites detailed in
(Table 3.2a). Insecticide susceptibility level in adults’ bioassays
confirmed potential resistance to susceptible status. The result
revealed substantial disparities in the susceptibility status of adult
females of this strain after 1hr of exposure and the 24hr recovery
period in all the study areas. Permethrin recorded the highest mor-
tality (97 %) of mosquitoes from Bosso, the lowest was obtained in
Katcha mosquitoes with a mortality rate of 86 %. This highest mor-
tality had no significant difference (P > 0.005) from the percentage
mortality of Shiroro but was significantly differed (P < 0.05) from
the mortality values of Katcha and Lapai mosquitoes. Yet, the low-
est mortality rate had no significant difference (P > 0.005) from the
mortality rate Lapai. Highly to know, that permethrin showed
potential resistance to this adult female mosquito species in all
the studied sites. In the case of propoxur, the highest mortality rate
was obtained from mosquitoes collected in Bosso (100 %), while
the lowest was obtained from Katcha mosquitoes with a mortality
value (92 %).

This highest mortality value had no significant difference
(P > 0.005) from the recorded value of mosquitoes collected from
Lapai (99 %) but significantly differed (P < 0.05) from the remaining
sites. Shiroro significantly differed (P < 0.05) from the mortality
rates of all the other sites. Disparate to permethrin, propoxur
revealed potential resistance to the susceptible status of the same
mosquitoes in all the sites. The same trend occurred with
malathion that indicated potential resistance to susceptible status
against the same mosquitoes with the highest mortality rates
(100 %) in Katcha, Bosso, and Shiroro mosquitoes, respectively.
While lowest mortality rate was recorded from mosquitoes of
in different breeding sites.

Malathion Ctrl. Mortality%

Status Mortality% Status

S 100.00 ± 0.00a S 0.00 ± 0.00
PR 100.00 ± 0.00a S 0.00 ± 0.00
S 100.00 ± 0.00a S 0.00 ± 0.00
PR 100.00 ± 0.00a S 0.00 ± 0.00

rent at (P > 0.05). R is resistance, PR is potential resistance, Mortality% (ranges 98–
ntrol.



Table 3.2a
Percentage mortality and susceptibility profile of Culex quinquefasciatus mosquito population in different breeding sites.

Sampling site Permethrin Propoxur Malathion Ctrl. Mortality%

Mortality% Status Mortality% Status Mortality% Status

Bosso 97.00 ± 1.91b PR 100.00 ± 0.00b S 100.00 ± 0.00a S 0.00 ± 0.00
Katcha 8.00 ± 2.58a PR 92.00 ± 3.65a PR 100.00 ± 0.00a S 0.00 ± 0.00
Lapai 89.00 ± 1.15a PR 99.00 ± 1.00b S 96.00 ± 1.63b PR 0.00 ± 0.00
Shiroro 92.50 ± 1,63b PR 97.00 ± 1.91b PR 99.00 ± 1.13a S 0.00 ± 0.00

Mortality values with the same superscript along the column were not significantly different at (P > 0.05). R is resistance, PR is potential resistance, Mortality% (ranges 98–
100 %) is susceptible, (80–97 %) potential resistance, < 80 % is resistance, Ctrl, means control.
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Lapai with a value (96 %). The highest values did not differ signif-
icantly (P > 0.005) from the value obtained in the three areas but
significantly differed (P < 0.05) from Lapai.

The knockdown time (KDT50) varied for different insecticides
and sampling areas KDT50 at 1hr of exposure and 24hr recovery
period for permethrin (Table 3.2b). Except for mosquitoes from
Katcha (30.74) minutes which had the KDT50 above 30 min critical
time, the KDT50 of others were below the critical time with a ran-
ged mean value of 19.53 min in Bosso to 25.28 min Lapai, for per-
methrin. Propoxur recorded the highest KDT50 Shiroro 35.71 min
and the least of 30.16 min in Bosso. The mean Knockdown time
for propoxur quantified that above 30 min of the exposure over
50 % mortality of adult females of the same mosquitoes was
recorded in all the study areas. Similarly, KDT50 of malathion had
variation in mortality time from 22.99 min as low time in Shiroro
to 29.90 min as higher time in Lapai. The mean Knockdown time
for malathion revealed that over 50 % mortality of adult females
of the same strains were recorded in all the study areas below
30 min of the exposure.

Potential cross-resistance to fully susceptible of the three-
chemical tested against the adult female of the two different strain
mosquito populations in all the studied areas was observed
(Table 3.2c). It is important to point out that potential cross-
resistance occurred between permethrin and propoxur to both
adult females An. gambiae and Cx. quinquefasciatus from Katcha
and Shiroro with values of 86, 92, 94, 96, and 97 % mortality,
respectively. These values are within the mortality % range value
of 80–97 % of WHO, standard (WHO, 2016).
3.3. Comparison of the effectiveness of chemical insecticides tested in
four LGAs

The result of the percentage (%) effects of the three chemical
ingredients tested on mosquitoes in each site is detailed in
(Figs. 3.3.1, 3.3.2, 3.3.3 and 3.3.4) respectively. The results showed
significant variations between chemical insecticides, mosquitoes,
Table 3.2b
Knockdown time (KDT50 mg/L) profile of different insecticides tested on Culex
quinquefasciatus mosquito population in different breeding sites.

Permethrin Propoxur Malathion

Sampling
Site

KDT50 (mg/L)
95 % (CL)

KDT50 (mg/L)
95 % (CL)

KDT50 (mg/L)
95 % (CL)

Bosso 19.53 (05.74–
328.11)

30.16 (22.07–
33.88)

26.78 (20.88–
31.06)

Katcha 30.74 (17.76–
38.18)

32.41 (27.17–
36.72)

26.77 (21.23–
30.28)

Lapai 25.28 (10.68–
33.42)

31.38 (26.65–
34.72)

29.99 (23.61–
35.98)

Shiroro 24.26 (19.00–
28.01)

35.71 (31.54–
39.19)

22.99 (20.67–
30.54)

KDT50 is knockdown time of resistance to susceptible mosquito species tested.

5

and study sites. In Bosso site (Fig. 3.3.1), propoxur and malathion
had significant highest effects on both female mosquitoes with a
point value (100 %). Permethrin exacted much effect on Cx. quin-
quefasciatus (97 %) while compared to An. gambiae with a point
value (84 %). In Katcha site (Fig. 3.3.2), a significant highest effect
was observed in malathion (100 %) on both female mosquitoes.
Permethrin and propoxur exacted greater effects on female An.
gambiaewith point values (92 and 94 % respectively) however, pro-
poxur was insignificantly different (p > 0.005) from the point value
of Cx. quinquefasciatus but significantly differed (p < 0.005) from
permethrin with a point value (82 %) of the same species.

In Lapai site (Fig. 3.3.3), propoxur and malathion exacted full
effect (100 %) on An. gambiae, however, this point value differed
insignificantly (p > 0.005) from obtainable values (99 and 96 %)
on Cx. quinquefasciatus. Permethrin exacted a greater effect on
An. gambiae (94 %), this point value significantly differed
(p � 0.005) from Cx. quiquefasciatus with a recorded value (89 %).
While, in Shiroro study site (Fig. 3.3.4), malathion had a greater
effect on An. gambiae mosquitoes (100 %), however, this recorded
point insignificantly differed (p > 0.005) from Cx. quinquefasciatus
mosquitoes with a point value of 99 %.

The highest effect of propoxur was recorded for Cx. quinquefas-
ciatus (97 %), this highest value had no significant different
(p > 0.005) from the recorded value on An. gambiae (96 %). Per-
methrin exacted its highest effect on An. gambiae with a value of
96 %, this recorded value significantly differed (p < 0.005) from
Cx. quinquefasciatus mosquitoes (92.5 %).
4. Discussion

The sensitivity of An. gambiae and Cx. quinquefasciatus strains to
three insecticides, permethrin, propoxur, and malathion, were
examined in four LGAs of Niger State. From, the result of the inves-
tigation, An. gambiae and Cx. quinquefasciatus revealed possible
resistance to permethrin in all the studied LGAs. It was also found
that propoxur was effective in Bosso and Lapai areas towards the
given mosquito species. Malathion was found to be very effective
toward An. gambiae in all the study areas and agrees with the stud-
ies of Yusuf & Oshaghi, (2021) that found that malathion was the
only insecticide found to be very active against the mosquito vec-
tor tested across the three Northern States of Nigeria. Amongst the
strains of different areas, the greatest potential resistance was
observed in the Bosso strain of Cx. quinquefasciatus followed by Shi-
roro of An. gambiae towards permethrin, Cx. quinquefasciatus, and
An. gambaie strains from Shiroro had the highest potential resis-
tance to propoxur, the highest potential resistance status to
malathion was detected from the strain of Cx. quinquefasciatus
from Lapai.

This current investigation found that the susceptibility status of
these two mosquito strains harmonized the global pattern of sus-
ceptibility/resistance distribution. For example, the studies From
parts of Nigeria, the report of susceptibility status of these mosqui-
toes to permethrin propoxur and malathion has been well docu-



Table 3.2c
Percentage mortality of potential cross-resistance in susceptibility profile of the two different mosquito strains population in different breeding sites.

Sites Anopheles gambiae Culex quinquefasciatus

Permethrin Propoxur Permethrin Propoxur Malathion

Mort % Status Mort% Status Mort% Status Mort% Status Mort% Status

Katcha 92 PR 94 PR 86 PR 92 PR – –
Shiroro 96 PR 96 PR 92 PR 97 PR – –
Lapai – – – – 89 – 96 PR

Mortality values with the same superscript along the column were not significantly different at (P > 0.05). R is resistance, PR is potential resistance, Mortality% (ranges 98–
100 %) is susceptible, (80–97 %) potential resistance, < 80 % is resistanceSSS.

Fig. 3.3.1. Comparison of the effectiveness of the three chemical insecticides tested
in Bosso logal government area of Niger State.

Fig. 3.3.2. Comparison of the effectiveness of the three chemical insecticides tested
in Katcha local government area of Niger State.

Fig. 3.3.3. Comparison of the effectiveness of the three chemical insecticides tested
in Lapai local government area of Niger State.

Fig. 3.3.4. Comparison of the effectiveness of the three chemical insecticides tested
in Shiroro local government area of Niger State.
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mented in north-central, north-west, and southwest Awolola et al.,
(2005), Olayemi et al., (2011), Shettyet al., (2013), Umar et al.,
(2014), Reid & McKenzie, (2016), Opara et al., (2017), Yoriyo
et al., (2018), Ukpai & Ekedo (2019), Fagbohun et al.,(2020), they
reported An. gambiae and Cx quinquefasciatus species resistance
to pyrethroids such as, cyfluthrin, deltamethrin, permethrin,
lambda-cyhalothrin, and bifenthrin used for IRS and agricultural
pests, on the other hand, insecticides like bendiocarb and propoxur
were lethal to mosquitoes with a mortality rate of a minimum of
98 %, thus, justifying the application of carbamate insecticides
(such as propoxur) which has a faster rate of knockdown effects,
however, some species of Anopheline and Culicine tolerate higher
dosages of these insecticides (Selvaraj et al., 2020).

There are several studies on the susceptibility status of different
mosquitoes in other parts of the world. Wanjala et al., (2015),
reported An. gambiae with high resistance to pyrethroids in west-
ern Kenya. Akiner (2014), reported an increased resistance of
malathion and propoxur from Turkey. Propoxur resistance has also
been documented in An. gambiae from Cote d’Ivoire and Senegal,
both in West Africa. Djouaka et al., (2016), reported the susceptible
status of An. gambiae to the group of organophosphates such as
malathion, also a similar report from Chadi was recorded on
malathion and pirimiphos-methyl (Kerah-Hinzoumbé et al.,
2008). In the Benin Republic and Cameroon, susceptibility of An.
gambiae to malathion had been recorded by (Corbel et al., 2007;
Boussougou-Sambe et al., 2018). There are documented evidences
of mosquitoes’ resistance to deltamethrin (as pyrethroids) on adult
and larval insecticide susceptibility status of Cx. quinquefasciatus by
(Nazni et al., 2005, Low et al., 2013), who reported permethrin
resistance in the populations of Cx. quinquefasciatus mosquitoes.
Low et al., (2013), revealed resistance of Cx. quinquefasciatus mos-
quitoes against propoxur insecticide in Malaysia. The report by
Bisset et al., (2006), shows that Cx. quinquefasciatus has proved
resistant to malathion and carbamate insecticides in the Eastern,
Central, and Western parts of Cuba. Also Tahir et al., 2013 reported
the susceptibility of Cx. quinquefasciatus on malathion in Pkistan.
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Similarly, in Brazil. Bracco et al., (1999) has shown that the
mosquito is resistant to malathion, fenitrothion, and carbamate.
In Iran, the research conducted by Rahimi et al., (2019), revealed
the resistance status of all the insecticides plus propoxur tested
both on Cx. quinquefasciatus in all field and lab strains (an espe-
cially susceptible strain that is kept for several years in insectary
without any exposure to pesticides). The selection pressure for
resistance, which is controlled by the length and frequency of pes-
ticide application, the number of breeding sites treated, and the
dosage used, determines the rate at which an insecticide loses its
effectiveness. According to them (Ramos, 2020), insecticide resis-
tance is described as ‘‘the ability of a species of insects to survive
large doses of toxicants that are deadly to the majority of individ-
uals in a typical population of that species.” arises as a result of the
excessive application of an insecticide and has become one of the
main obstacles for the control of pests, this problem threatens
the progress in the elimination and control of mosquito disease
vectors. According to Olayemi et al., (2011), Wanjala et al.,
(2015). Anopheline and Culicine vectors of malaria and filarial dis-
ease are undoubtedly constantly under selection pressure due to
the extensive and negligent use of insecticides for agricultural
and public health purposes in our ecosystem, a development that
is not encouraging for the long-term effectiveness of chemical
mosquito control methods.

Despite none of the population was fully resistant against the
tested chemical insecticide ingredients, the chemicals may encour-
age knock down effects due the presence of KDR resistance mech-
anism operating in the An. gambiae and Cx. quinquefasciatus
populations of the study areas. Ibrahim et al., (2014), in their sep-
arate studies, noticed similar KDR situations in their studies areas.
The mean total number of 3-day old adult females of these two dif-
ferent knocked down below and above critical time (30 mins) dur-
ing the one-hour exposure to permethrin and the total death rates
recorded after 24hr recovery exposure indicated that most KDT50
values recorded in this current study for these two mosquito spe-
cies are within the range values (13.20 – 27.29 mins) and (21.65–
31.48 mins) of KDT50 of pyrethroids such as cyfluthrin, lambda-
cyhalothrin, and bifenthrin recorded separately by (Kumar et al.,
2011; Umar et al., 2014) respectively, an indication of incipient
potential-resistance to these insecticides.

This also conforms with the research works of Ndams et al.,
(2006), Djouaka et al., (2016), Fagbohun et al., (2020), that revealed
the resistance status of An. gambiae although with relatively higher
KDT50 range values (30.08–59.36) mins. This study is also in agree-
ment with the work of (Kerah-Hinzoumbé et al., 2008), that
reported the existence of resistance to permethrin with mortality
rates 70.2 to 96.6 %, and deltamethrin (70.2 to 96.6 %) in several
An. gambiae s.l. populations and the work of Skovmand &Sanogo,
(2018), that reported permethrin resistance to be 20 times higher
in larvae and 11 to 37 times higher in adult mosquitoes (measured
by mortality or knock-down time).

Nevertheless, the result contradicts the work of Ndams et al.,
(2006), Selvi et al., (2007), Olayemi et al., (2011), Yoriyo et al.,
(2018), in separate research works on the KDR status of pyre-
throids such as permethrin and cyfluthrin to An. gambiae
(60 min) and Cx. quinquefasciatus (12.7–30 min) mosquitoes in dif-
ferent regions of Nigeria and Malaysia found mosquitoes suscepti-
ble at a certain range of KDT50.

The finding also revealed mosquito species with higher KDT50
support resistance while those with lower KDT5O support suscep-
tible status to propoxur tested. The lower KDT50 values recorded
in this study are similar to the values reported by Akiner, (2014),
Boussougou-Sambe et al., (2018), Yoriyo et al., (2018), that indi-
cated An gambiae and Cx. quinquefasciatus were susceptible to
propoxur bendiocarb with high mortality>90 % at low minutes
of 20.9 mins KDT50 and after 24hr post-exposure. The higher
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KDT50 values recorded in this study are similar to the values
reported by (Ukpai & Ekedo, 2019), that Cx. quinquefasciatus was
resistant to all the insecticides, with 24hr post-exposure percent-
age mortalities of 39.20, at 50 mins KDT50 for bendiocarb
(carbamate).

The 24hr of (100 %) mortality recorded for the adult females An.
Gambiae and Cx. quinquefasciatus in this study, is similar to the
research findings of Corbel et al., (2007), Tahir et al., (2013),
Opara et al., (2017), Boussougou-Sambe et al., (2018), Fagbohun
et al., (2020), in West Africa, Nigeria, South-east Asian, and Malay-
sia, their reports revealed the susceptible status of these mosqui-
toes to malathion with KDT50 lower mortality time range values
21.50–23.30 mins while comparing to this current study. Never-
theless, this result is contrary to the report by (Norris & Norris,
2011), which showed resistance to malathion in Macha, Zambia
after 24hr exposure period. A high level of malathion resistance
has also been reported in Cx. quinquefasciatus larva in West India,
(Delannay et al., 2018).

In the present study, potential cross-resistance occurred
between permethrin and propoxur to both adult females An. gam-
biae and Cx. quinquefasciatus from Katcha and Shiroro with values
of 86, 92, 94, 96, and 97 % mortality, respectively. Likewise, poten-
tial cross-resistance occurred between permethrin and malathion
against the adult females Cx. quinquefasciatus from Lapai with 89
and 96 % mortality. These values are within the mortality percent-
age range value of 80–97 % of W.H.O standard. Also, the two differ-
ent strains from Lapai and Bosso were susceptible to propoxur and
malathion by presenting percentage mortality (100 %) during the
study period.

This is the first report of cross-resistance of pyrethroids, carba-
mates, and organophosphates in adult females of these different
strains in the State, which is evidence of regular usage of the three
insecticides for malaria and filarial disease vectors control and crop
protection in the study areas. This situation is in accord with the
research results of Kerah-Hinzoumbé et al., (2008), Akiner,
(2014), Samb et al., (2020) that indicated cross-resistance between
pyrethroids, such as permethrin, deltamethrin, and carbamates
such as bendiocarb and malathion. Also, in line with the findings
of (Low et al., 2013), that demonstrated Cx. quinquefasciatus
cross-resistance in Malaysia. Equally, cross-resistance between
organophosphates and carbamates in Cx. quinquefasciatus has been
documented frequently (Samb et al., 2020), indicating cross-
resistance of pyrethroids, such as permethrin, deltamethrin, and
carbamates such as bendiocarb and malathion. Cuamba et al.,
(2010), also revealed cross-resistance between pyrethroid and car-
bamate but in An. funestus.

For this connection, it may be possible of a strong physiological
and ecological relationship of mosquito species between Katcha,
Lapai, and Shiroro that warrants their unique physiological, struc-
tural, and behavioural adaptations. Another possible reason is that
factors like agricultural uses of these insecticides can lead to selec-
tion pressure for the resistance, since members of communities of
the study areas are local farmer involve on the use of chemical
insecticides.
5. Conclusion

The percentage mortality and KDT50 range values obtained
from the tested insecticides, An. gambiae and Cx. quinquefasciatus
in the research areas are susceptible to potential resistance as well
as multiple and cross-resistance. The ability to achieve such status
is a result of residents in these areas’ excessive reliance on insecti-
cides to control agricultural pests and mosquitoes. These findings
re-emphasize the on-going development of this species resistance
to the tested insecticides used in impregnating Long Lasting
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Insecticidal nets (LLINs) in the study areas. Thus, other alternatives
as control strategies should be recommended.
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