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Abstract: The effect of Piperonyl-butaoxide (PBO) and S.S.S-Tributyl-phosphorotrithioate (DEF)
synergist on pyrethroid deltamethrin resistant Anopheles gambiae sensu lato (An. gambiae s.l)
mosquitoes in Auyo and Garunmalam Local Government Areas of Jigawa and Kano State were
evaluated. An. gambiae s.| larvae were collected from breeding sites in rice fields of Auyo and
Garunmalam LGAs and were reared. Two to three days adults were subjected to insecticides
susceptibility test using CDC bioassay and biochemical assay using synergist. Batches of 20 adult
mosquitoes were exposed to four Wheaton bottles coated with deltamethrin (12.5ug/ml), PBO
(400pg/bottle) and DEF (125ug/bottle) insecticides and control bottles coated with acetone according to
CDC protocol. An. gambiae s.I sub species were identified by PCR. The findings of the study
establishes strong resistance to deltamethrin from both localities surveyed with a mortality rate of 45.0%
and 27.0 % respectively but after synergizing with PBO and DEF, the mortality rate were found to be
higher (100%) with PBO in both localities, while in combination of deltamethrin with DEF, a low
gradual increase in mortality rate from 45.0 % to 62.0% in Auyo LGA and 27.0 % to 63.0% in
Garunmalam LGA respectively were observed. Significant correlation in mortality rate (p<0.001) were
also noted in both the localities. PCR showed the presence of An. coluzzii and An. gambiae giles with a
predominance of An. coluzzii (92.3%) than An. gambiae giles (7.69%). Based on these findings, it may
be concluded that metabolic resistance to insecticides is the biggest threat to the continued effectiveness
of malaria vector control. Therefore, use of new generation ITNs impregnated with PBO is a way to
mitigate the spread of malaria in these areas.
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INTRODUCTION

In Nigeria, vector control strategy remains one of cyfluthrin, permethrin, deltamethrin,

the forefront and effective tools for controlling
malaria and other insect-borne diseases. Long-
lasting insecticide nets (LLINs) and indoor
residual spraying (IRS) are the main methods used
for malaria vector control. Pyrethroids are the only
insecticides that are used for both IRS and LLINS,
in the form of alphacypermethrin, bifenthrin,

lambdacyhalothrin and etofenprox (Gimnig et al.,
2003; Yewhalaw et al., 2011). Over the last
several decades, it has been the chemical class of
choice in agriculture and public health
applications because of its relatively low toxicity
to humans, rapid knock-down effect, relative
longevity of 3-6 months when used as IRS, as
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well as low cost. Up to date, pyrethroids remain
the only insecticide family recommended by the
WHO for the impregnation of bed nets (WHO,
2022).

The effect of pyrethroid resistance on malaria
control has been a primary concern for over 20
years (Hemingway and Ranson, 2000). Resistance
of mosquitoes to pyrethroid and other insecticides
used in ITNs poses a significant problem to the
long-term  management and  control  of
malaria (W.H.O, 2013, Brogdon and McAllister,
1998; Mawejje et al., 2013). According to the
2021 World Health Organization Report on
Malaria, resistance to pyrethroids is widespread
globally and nearly three-quarters of nations
reporting resistance to pyrethroids experienced
high intensity resistance in 2020 (WHO, 2022).

Insecticide resistance is a genetic option that
allows some individual insects the ability to
survive previously lethal doses of insecticides.
Over time, this results in survival of increasing
numbers of resistant individual mosquitoes within
the population and may render the effectiveness of
insecticide applications causing failure of vector
operational control. The use of agricultural
pesticides may also contribute to select resistance
to insecticides used for vector control. Many of
the pesticides used in agriculture overlap with
those relied on by public health agencies, further
complicating insecticide resistance management
(Diabaté et al., 2002; Chouaibou et al., 2008;
Yadouleton et al., 2009; Nkya et al., 2013; 2014).

Pyrethroids resistance appears to depend mainly
on the knockdown resistance target-site mutations
(kdr) as well as metabolic resistance mechanisms,
although other mechanisms, such as penetration
resistance have also been implicated (Nkya et al.,
2013). Target site resistance, caused by alteration
of the molecular target of the insecticide (Nkya et
al., 2014), and metabolic resistance, whereby
mosquitoes more quickly detoxify or eliminate
insecticides (Perara et al., 2008), are the best-

studied and most readily quantifiable mechanisms
of insecticide resistance. Resistance may also
develop by alterations in insecticide absorption at
the point of cuticular contact, or by changes in
mosquito behavior.

The emergence of insecticide resistance
in Anopheles mosquitoes in Nigeria has enormous
implications for vector control interventions in the
country. Absence of available alternative
insecticides for mosquito vector control has also
been an issue (Coleman et al, 2006). In North-
Western Nigeria, data on the effect of the
synergist Piperonylbutaoxide (PBO) and S.S.S-
Tributylphosphorotrithioate (DEF) on pyrethroid
insecticide is still insufficient.

The present study is aimed to investigate the effect
of the synergist Piperonylbutaoxide (PBO) and
S.S.S-  Tributylphosphorotrithioate (DEF) on
deltamethrin resistant anopheles mosquitoes from
North-Western part of Nigeria, this will provide
the National Malaria Control Programmes with a
reliable data for decision- making regarding
resistance management in Northern, Nigeria.

MATERIALS AND METHOD

Study Area

The study areas are located at Auyo and
Garunmalam Local Government Areas of Jigawa
and Kano State respectively where most farmers
cultivate rice predominantly.

Auyo Local Government Area lies between
latitude 12° 2136 'N and longitude 9°598" °E.
Garun Malam lies between 11° 41° 0N, §°
22°0”’E. Both localities have similar ecology with
a climate mainly of Sudanese type. Petrol pumps
and myriad of pesticides such as
organophosphate, carbamates, pyrethroids and
organochlorine (including DDT and dieldrin) are
used by farmers in both Auyo and Garunmalam
LGAs for crop protection (Kimmage and
Adams1990).
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Fig 3.1: Map of Auyo Local Government
Area Showing the Sampling Sites

CDC Stock solution Preparation and Coating

The stock solutions were prepared based on the
CDC protocols, 2010. An appropriate amount of
technical grade deltamethrin (12.5mg), Piperonyl
butoxide (400mg) as well as S.S.S tributyl-
phosphorotrithioate (125mg) synergist was diluted
in acetone to makel litre (1000ml) each of total
solution. Therefore, each ml of the stock solution
contains a desired amount of the insecticide in
pg/ml (Brogdon and Chan, 2010). The stock
solutions were kept in amber coloured bottles and
labelled  appropriately  with  the  name,
concentration, and date of preparation of the
insecticide. They were then kept in the refrigerator
at 4°C. Prior to the bioassay they were taken out of
the refrigerator for 1 hour. The solutions were
swirled gently to mix it before use. Four labelled
250ml Wheaton bottles were coated with 1 ml of
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Fig 1: Map of Garunmalam Local
Government Area Showing the Sampling
Sites.
the stock solutions, and a labelled control bottle
coated with 1 ml of acetone following CDC
protocol (Brogdon and Allister, 1998).

Mosquito Collection and Rearing

Anopheles Mosquito larvae were collected during
the peak rainy season in August from three rice
fields within the localities of Auyo (Hadiyau, Jura
and Sabuwar Auyo) and Garunmalam (Dorawar
Sallau, Zango and Garunmalam) using classical
dipping method as describe by Robert et al.
(2002). Larvae of An. gambiae s.I complex were
transported to an insectary at Aminu Kano
Teaching Hospital, Kano. The larvae were
maintained under standard insectary condition
(25-28°c) temperature and 70-80% Relative
humidity (Das and Dimopoulos, 2007). The larvae
were fed with Tetramin baby fish food once every
two days. The adults that emerged were fed with
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10% sucrose solutions which were mixed at
subsequent experiment.

Bioassay for Insecticide Susceptibility

Unfed twenty 2-3 days female An. gambiae s.I
mosquitoes were aspirated into four 250ml
Wheaton bottles coated with deltamethrin
insecticide stock solution (12.5ug/bottle) and a
control bottle coated with acetone only.
Mosquitoes were exposed to insecticide- treated
bottles for two hours and the number of dead or
alive mosquitoes were monitored at different
intervals of time (15, 30, 35, 40, 45, 60 75, 90,
105, 120 minutes) based on the CDC protocols,
2010.

Biochemical Assay using Synergist

Unfed twenty 2-3 days female An. gambiae s.|
mosquitoes were exposed to four replicates and
one control bottles of PBO (400ug/bottle), and
DEF(125ug/bottle) synergist respectively for one
hour and then tested for insecticide resistance with
deltamethrin (12.5pg/bottle) using the CDC bottle
bioassay. The numbers of dead or alive
mosquitoes were monitored at intervals of
different time (0, 10, 20, 30, 40, 50, 60 min)
(Brogdon and Allister, 1998; CDC, 2010).

Morphological Identification

All dead and alive female An. gambiae s.|
mosquitoes were morphologically identified to
specie level at Centre for Infectious Disease
Research laboratory, Bayero University, Kano at
Aminu Kano Teaching Hospital. This was done
using morphological characters of Gillies and
Coetzee (1987) under x 20 Zeiss light microscope.

Preservation of Adult Mosquito

Dead and Live mosquitoes were preserved
individually in 1.5 ml eppendorf tubes with silica
gel to avoid Dna-cross contamination for further
RESULT AND DISCUSSION

Table 1 shows mortality rate of An. gambiae s.|
mosquitoes to the pyrethroid deltamethrin
insecticides using CDC bioassay, and the result
shows that in both Auyo and Garunmalam LGAs,
Anopheles gambiae s.I. mosquitoes were both
found to be resistant to deltamethrin insecticides
with a mortality rate of 45.0% and 27.0%
respectively.

molecular identification (WHO, 1998).The tubes
were labelled based on the tested insecticide and
its concentration and whether the individual
mosquito was dead or alive after post-exposure
(WHO, 1998).

Mosquito Species Identification

Species and Molecular forms identification of
members of An. gambiae s.I complex that are dead
and alive after exposure to deltamethrin
insecticide were confirmed using Polymerase
Chain Reaction. Livak method was used to extract
genomic DNA from mosquitoes (Livak, 1984).
The species identity and the molecular forms were
obtained according to the SINE 200 PCR method
(Santomalazza et al., 2004).

Interpretation of Bioassay Result

The status of the resistance mosquito samples
from set 2 was determined based on CDC
(Brogdon and Allister, 1998; Brogdon and Chan,
2010).

i.  The susceptibility thresholds at 30 minutes
diagnostic time for pyrethroids and
carbamates are: 100% mortality indicates
full susceptibility of the population.

ii. Less than 100% mortality indicates that
the population is considered resistant.

Statistical Analysis

Binomial exact test of proportion was used to
compare the percentage Mortality rate at 30
minutes. Pearson’s correlation (r) was used to
investigate the relationship between mortality rate
of An. gambiae s.I mosquitoes of Auyo and
Garunmalam Local Governments Areas before
and after synergising with PBO. These were
estimated using the SPSS statistical software
(Version 20).
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Table 1: Mortality Rate of An. gambiae s.I Mosquitoes to Deltamethrin Insecticides using CDC
Method

Localities Insecticides Number %Mortality RS Resistance Status
Tested  at 30 min

Auyo Deltamethrin 100 45.0 R Resistance

Garunmalam  Deltamethrin 100 27.0 R Resistance

RS- Resistance Status; S- Susceptible; R- mortality rate were higher than the one recorded

Resistance with deltamethrin alone with mortality rate
_ increasing from 45.0% to 100% and 27.0% to
Table 2 shows result of mortality rate of An. 100% respectively.

gambiae s.I mosquitoes before and after synergizing
deltamethrin insecticide with PBO. The result shows
that after synergizing PBO with deltamethrin, the

Table 2: Mortality Rate of An. gambiae s.I Mosquitoes before and after synergizing Deltamethrin
insecticide with PBO

Localities Mortality RS %Mortality Resistance Status
at 30 min at 30 min RS
(Delta) (Delta+PBO)
Auyo 45.0 R 100 S Resistance
Garunmalam  27.0 R 100 S Resistance

RS- Resistance Status; S- Susceptible; R- Resistance

Table 3 shows result of mortality rate of An. gambiae s.I mosquitoes before and after synergizing deltamethrin
insecticide with DEF. The result shows that the combination of DEF synergist with deltamethrin
insecticide reveals a low gradual increase in mortality rate from 45.0 % to 62.0% in Auyo LGA and
27.0 % to 63.0% in Garunmalam LGA respectively.

Table 3: Mortality Rate of An. gambiae s.I Mosquitoes before and after synergizing Deltamethrin
insecticide with DEF

Localities %Mortality RS %Mortality Resistance Status
at 30 min at 30 min RS
(Delta) (Delta+DEF)
Auyo 45.0 R 62.0 R Resistance
Garunmalam  27.0 R 63.0 R Resistance

RS- Resistance Status; S- Susceptible; R- Resistance

Table 4.4: Shows that there was significant correlation (P < 0.001) between mortality rate of An.
gambiae s mosquitoes collected from Auyo and Garunmalam
LGAs after exposure to deltamethrin insecticides. Significant correlation (P <0.001) was also noted
between the two localities using PBO and DEF synergy.
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Table 4: Relationship between Mortality Rate of An. gambiae s.I Mosquitoes of Auyo and
Garunmalam LGAs using Deltamethrin Insecticides based on CDC and Synergist Assays.

Locality

r (Correlation coefficient)

r (Correlation coefficient)

Auyo and GarunMallam

Deltamethrin 0.964
Deltametrin + PBO 0.987"
Auyo and GarunMallam

Deltametrin + DEF 0.996 "

Auyo and GarunMallam

0.964

0.987"

0.996"

*, **_ Significant *P < 0.05, ** P < 0.001
Table 5 shows result of species and molecular forms identification. Approximately 92.3% of the
mosquitoes in this study were found to be An. coluzzii and 7.69% were found to be An. gambaie giles
respectively. An. coluzzii were found to be more in abundance in Auyo LGA (53.84%) than in
Garunmalam LGA (38.46%). On the other hand, An. gambaie giles were identified in Auyo LGA and

none was detected in Garunmalam LGA.

Table 5: Species and Molecular Forms Identification of An. gambiae s.I mosquitoes

Localities Species No. Identified % No. Identified (%0)
Auyo An. coluzzii 53.84 53.84

An. gambiae giles  7.69 7.69
Garunmalam  An. coluzzii 38.46 38.46

An. gambiae giles  0.00 0.00

TOTAL=99.99 TOTAL=99.99

DISCUSSION OF RESULTS

Deltamethrin resistance observed among An.
gambiae s.I in this study (Table 1) confirmed
previously reported pyrethroid resistance from
Central and South-Western Nigeria (Adeogun et
al., 2018; Awolola et al., 2007). The result also
corroborate with report from Lome and kovie
areas of Southern Togo (Koffi et al., 1997).
Pyrethroid resistance may be due to frequent and
indiscriminate use of pyrethroids for domestic,
agricultural and for malaria vector control.
Similarly exposure to Xenobiotic pollutants
encountered by aquatic stages of natural
populations of malarial vector species in
agricultural and domestic environment often
selected for resistance to various insecticides
(Yayo et al., 2020). The increased susceptibility of
the mosquitoes to the pyrethroid suggested the

possible implication of metabolic enzymes in
resistance development.

PBO has been established as inhibitor of
cytochrome P450s, an enzyme known to involve
in pyrethroid metabolism. This result (Table 2) is
in accordance with the report of Corbel et al.
(2007) who reported the increased susceptibility of
mosquitoes to pyrethroid following PBO exposure
in Southern Benin.  Other synergist S.S.S-
Tributlyphosphorotrithioate is an inhibitor of
another insecticide metabolising enzyme esterases.
Exposures of Anopheles populations from Auyo
and Garunmalam to this chemical were found to
reduce resistance to deltamethrin insecticide
(Table 3). This could be as a result of inhibitory
effect of DEF on pyrethroids metabolising
enzymes esterases. This is in accordance with the
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work of Aizoun et al. (2013). However, metabolic
based resistance is not always automatic as other
studies reported insignificance association of
pyrethroids resistance with cytochrome P450s and

esterases. Some studies revealed presence of
multiple  resistance  mechanism in  some
mosquito’s population from southern Benin

(Corbel et al., 2007).

Results of species and molecular identification
revealed that An. gambiae s.| were identified in the
study area as the major malaria vector. The
predominance of An. coluzzii from collections in
the field surveyed (Table 5) is in correspondence
with the observation prior made by Ibrahim et al.
(2014) in Auyo and Bunkure LGAS, who reported
that An. coluzzii (Mopti chromosomal form) is
more in abundance in an ecological area with a
more permanent breeding site from the irrigation
system. The result of this study is in contrast to
what was found by Awolola et al. (2005) who find
out that Anopheles coluzzii are found across the
mangrove forest and transitional ecotypes with a
pure collection of An. gambiae giles in the guinea
and Sudan savannah part of Nigeria.

CONCLUSION

Based on these findings, it may be concluded that
An. gambaie colluzzii is the dominant vector
specie in the study area and are highly resistant to
pyrethroids. Synergy assay revealed the probable
roles of metabolic based resistance in the
population.
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