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ABSTRACT
Long term and wide use of indoor residual sprays augments the selection of
insecticide resistance genes. The development of insecticide resistance in an insect
population depends up on the volume and frequency of sprays against them and the
inherent characteristics of the insect species. However, despite its use for decades,
the effect of residual sprays on the status of insecticide resistance of malaria vectors
is unknown in Ethiopia. The objective of this study was to assess the effect of
bendiocarb 80% WP indoor residual spraying on insecticide resistance status of An.
arabiensis in Bahir Dar Zuria District, Northwest Ethiopia. Susceptibility of An.
arabiensis was examined against different insecticides using 2-3-day old female
mosquitoes following WHO insecticide susceptibility test procedures. Test results
were calculated according to WHO bioassay test protocol. Chi-square test was used
to determine the significance level of differences between years and study sites.
Susceptibility of An. arabiensis to fenitrothion, pirimiphosmethyl and propoxur was
100% in both study villages for three successive years. Resistance to bendiocarb was
suspected after two years (2015) in Andassa, but not in Tikurit. Mortality and knock
down due to DDT significantly increased from 2013 to 2015 at Tikurit (knock
down: χ2 = 117.9, P<.0001 and mortality: χ2 = 66.3, P<.0001; due to deltamethrin,
knock down: χ2 = 7.3, P=.004 and mortality: χ2 = 37.8, P<.0001). The same was
true at Andassa (due to DDT, knock down: χ2 = 198.7, P<.0001 and mortality: χ2 =
82.9, P<.0001; due to deltamethrin, knock down: χ2 = 26.1, P<.0001 and mortality:
χ2 = 48.2, P<.0001). Bendiocarb was effective against the An. arabiensis for two
years under bendiocarb IRS operation so that alternative insecticides with different
mode of action should be replaced every two to three years to prolong its efficacy.
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INTRODUCTION
Insecticide resistance is a natural and heritable characteristic in an insect
population that could be manifested by the failure of an insecticide product
to provide the intended level of control when used as recommended for a
particular species at a particular time and place. The magnitude of resistance
development in an insect population depends up on the volume and
frequency of the application of the insecticides used against them and the
inherent characteristics of the insect species involved (Pates and Curtis,
2005; Brooke and Koekemoer, 2010). Studies indicated that a long-term
wide application of indoor residual spraying (IRS) and use of long-lasting
insecticide treated mosquito nets (LLINs) augments the selection of
insecticide resistance gene frequencies (Stump et al., 2004; Reimer et al.,
2005; Padonu et al., 2012).
Ethiopia has a long history of using IRS for its malaria vector control
program and IRS remains to be one of the core interventions to control
malaria vector. In most malarious parts of the country, a one-blanket round
of IRS has been implemented for decades. There are also some areas where
two rounds of IRS have been implemented mainly when epidemics occur.
DDT has been the choice of insecticide for the country’s IRS operations for
decades and was replaced by deltamethrin in 2007. Malathion was also used
to a limited extent over 10 years in some areas where high DDT resistance
was detected (FDREMOH, 2012). Deltamethrin was also replaced by
bendiocarb in 2010 due to the development of deltamethrin and other
pyrethroid insecticide resistance in populations of the main malaria vector
and by considering the impact of LLINs on resistance development.
Insecticide resistance is reversible and manageable. It could be the result of
repeated application of the same insecticide, use of similar insecticides for
agricultural pests or use of insecticides of different groups having similar
mode of action. Therefore, the use of two or more insecticides having
different modes of action alternatively within a given period could delay the
development of insecticide resistance at a significant level. The removal of
its selection pressure would help to restore susceptibility of vector
population that was resistant to the insecticide under consideration (IRAC,
2011). Therefore, knowing the time required to delay or restore resistance to
susceptibility is vital to use the available limited insecticides recommended
for vector control. Different levels of insecticide resistance of An.
arabiensis have been reported against a range of insecticides of different
classes, i.e., DDT, malathion, permethrin, deltamethrin, lambdacyhalothrin
and bendiocarb (Meshesha Balkew et al., 2003; Alemayehu Abate and
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Mamuye Hadis, 2011; Dilnesaw Yehwalaw et al., 2011). The vector
developed resistance not only to insecticides that had been used either for
IRS or LLINs, but also to insecticides that had never been used before,
which would be the outcome of cross-resistance. Therefore, if insecticide
resistance is not managed, the success achieved in the country so far by
means of IRS and LLIN to control malaria would be at risk. Thus, this study
was conducted to estimate the effect of bendiocarb 80% WP indoor residual
spraying on insecticide resistance status of An. arabiensis within three
years.
MATERIALS AND METHODS
Study site and study design
A comparative study was carried out at Yegoma Huletu kebele at three
villages namely Andassa (N11°30'14.6", 037°29'27.8"), Tigeza (N11°29'
43.6", 037°27'52.2''), Tikurit (11°30'49.8'', 037°28'02.8'') and in Sebatamit
kebele at one village called Tikurit- Dewel (N11°31'14.2'', E037°23'52.3'').
The study villages were categorized into two study groups, Andassa and
Tigeza in one group, named as Andassa; and Tikurit and Tikurit-Dewel in
the second group, and named as Tikurit. Grouping was made based on their
proximity to each other, while other factors were considered similar.
Susceptibility status of An. arabiensis to different insecticides was assessed
for three consecutive years. Andassa received three round sprays, i.e., one
spray in 2013, 2014 and 2015 each, while Tikurit was sprayed only in 2015.
WHO insecticide susceptibility testing
Groups of 2-3-days old females reared under field insectarium were selected
using WHO tubes and exposed to papers treated with different insecticides
including DDT (4%), deltamethrin (0.05%), malathion (5%), bendiocarb
(0.1%), propoxur (1%), fenitrothion (1%) and pirimiphosmethyl (1%).
Insecticide treated papers were purchased from the WHO reference Centre
at University Sains, Penang, Malaysia. A minimum of 100
mosquitoes/insecticide type were exposed for a standard one-hour
susceptibility test and mortality was recorded after 24 hours holding period.
Detection of knockdown resistance
Two separate PCR reactions were run, one to detect kdr-e and the other kdrw at a time (Figures 1 & 2). Extracted DNA was stored at -80 °C and used
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for kdr PCR amplification. The master mix formulation for detecting the
DNA changes responsible for kdr in An. arabiensis was consisted of
Acustar II (consisted of Taq polymerase 5 units/ µl, dATP, dCTP, dGTP,
dTTP, Mgcl2, 5xbuffer) molecular grade water, primers and DNA
templates. East and west resistance alleles were distinguished using east or
west primers along with the WT (Table 1). The final volume of the master
mix for kdr amplification was 25 µl (Table 2). Thermal cycling for kdr PCR
reaction was programmed at Bio-Rad PCR machine for 30 cycles with an
initial denaturing step at 95 °C for 30 seconds, annealing at 57 °C for 30
seconds (for kdr east) or at 59 °C for 30 seconds (for kdr west), extension at
72 °C for 30 seconds and at 72 °C for 5 minutes.
Table 1. Primers and their sequences used to identify DNA changes in
An. arabiensis
Primer name
IPCF-F
AltRev- R
EAST: WT-R
East: F
IPCF-F
AltRev- R
WEST: WT-R
West –F

Primer sequence
GATAATGTG GATAGATTCCCC GACCAT G
TGC CGT TGG TGC AGA CAA GGA TG
GGTCCATGTTAATTTGCATTACTTACGAaTA
CTTGGCCACTGTAGTGATAGGAAAaTC
GATAATGTG GATAGATTCCCC GACCAT G
TGCCGTTGGTGCAGACAAGGATG
GGTCCATGTTAATTTGCATTACTTACGAaTA
CTT GGC CAC TGT AGT GAT AGG AAA TgTT

Visualization of amplified DNA on a 2% agarose gel
The PCR products were separated by electrophoresis on 2% agarose TBE
gels. A 1.4 g of agarose gel was dissolved in 70 ml of buffer and stained by
7 µl of gel red. The solution was then microwaved for 2 minutes and cooled
by running cold tap water on the outside of heating flask poured into an
electrophoresis tray where 14 or 20 well comb was inserted. The comb was
removed after the agarose gel was completely cooled. Three micro liters of
the PCR product was loaded into each well and run at 70-75 volts for 2½
hours. A negative control was also loaded in a well per assay. The
amplicons were visualized with an ultraviolet trans-illumination gel
documentation system (Alpha Imager 2200, San Leandro, California, USA).
The predicted DNA bands on the gel were compared to a one kb reference
DNA ladder (Figures 1 & 2).
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Data analyses
Insecticide susceptibility test results were calculated according to WHO
(2013) bioassay test protocol. Chi-square test was used to determine level of
significance of differences in knockdown rates and mortalities within and
between the study sites and years. Line graphs were used to show
susceptibility status of An. arabiensis to different insecticides against time.
Gel photographs show the bands of resistance alleles in DDT and
deltamethrin resistant An. arabiensis after separating them on 2% agarose
gel.
Table 2. PCR components for kdr detection in An. Arabiensis
Components
Accustar II
IPCF-F
EAST AltRev-R
EAST: WT-R
EAST: WT-F
H2O
DNA templates
Total volume/well
Accustar II
IPCF-F
West AltRev-R
West: WT-R
West: WT-F
H2O
DNA templates
Total volume/well

Concentration
2.5 µM
2.5 µM
5 µM
2.5 µM
Biological Grade
Mosquito extract
2.5 µM
2.5 µM
25 µM
8.8 µM
Biological Grade
Mosquito extract

Volume/25 µl rxn
12.5 µl
2 µl
2 µl
2 µl
2 µl
2.5 µl
2 µl
25 µl
12.5 µM
1 µl
1 µl
1 µl
3 µl
4.5 µl
2 µl
25 µl

RESULTS
Effect of IRS on insecticide resistance status of An. arabiensis
Susceptibility of An. arabiensis to fenitrothion, pirimiphosmethyl and
propoxur was 100% in both study villages for three successive years. The
same was true for bendiocarb in Tikurit. However, in Andassa, resistance to
bendiocarb was suspected after three spraying cycles in three years’ time
because susceptibility of the vector to this insecticide was < 98%. However,
there was no significant difference in susceptibility of the vector to
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bendiocarb within the same study site between years (χ2 = 0.25, P=.8825 in
Andassa; χ2 = 0.02, P=.99 in Tikurit) (Table 3).
Susceptibility status of An. arabiensis to malathion also steadily reversed in
both villages with time (Table 4). While susceptibility of An. arabiensis was
below 98% in Andassa, the vector was 100% susceptible to malathion in
Tikurit in 2015. Reversion of resistance to susceptibility was significant
within and between study villages (Tables 3). Mortality due to malathion
significantly increased from 2013 to 2015 (Andassa: χ 2=8.04, P=.02;
Tikurit: χ2 =8.04, P=.0018).
Table 3. Change in susceptibility status of An. arabiensis exposed to different
insecticides in Andassa & Tikurit (2013-2015).
Effect

2013

Year
2014

2015

Andassa
Tikurit
Andassa
Tikurit

Knock down
Knockdown
Mortality
Mortality

DDT
15
23
33
38

21
33
42
52

20
63
79
78

4.54

1.04

1.89

0.39

Andassa
Tikurit
Andassa
Tikurit

Knock down
Knockdown
Mortality
Mortality

Deltamethrin
55
78
73
81
43
67
46
70

90
100
78
90

1.45

0.48

0.2

0.9

Andassa
Tikurit

Mortality
Mortality

Malathion
78
84
24
71

92
100

15201111

0

Andassa
Tikurit

Mortality
Mortality

Bendiocarb
100
100
99
100

0.7493

0.96

Study site

95
99

χ2

P value

An. arabiensis was resistant to DDT and deltamethrin in both study villages
throughout the study period (Tables 3 & 4). However, the level of
susceptibility of the vector to these insecticides improved progressively and
significantly with time. Mortality and knock down effect due to DDT
significantly increased from 2013 to 2015 (knock down (kd): χ2=117.87,
P<.0001 and mortality: χ2=66.3, P<.0001) in Tikurit. The same was true
for deltamethrin (kd: χ2=7.3, P=.004 and mortality: χ2=37.8, P<.0001).
Similarly, mortality and knock down effect due to DDT significantly
increased from 2013 to 2015 (kd: χ2=198.7, P<.0001 and mortality: χ2 =
82.9, P<.0001) in Andassa. The trend was also similar for deltamethrin (kd:
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χ2=26.1, P<.0001 and mortality: χ2=48.2, P<.0001). The difference in the
reversion of resistance to susceptibility of the vector to DDT and
deltamethrin between the study villages was not significant (P>.05) (Table
3).
Table 4. Susceptibility status of An. arabiensis to DDT, deltamethrin, malathion,
bendiocarb, propoxur & pirimiphosmethyl insecticides at Andassa and Tikurit
across years (2013-2015).
Insecticides
DDT (4%)
Deltamethrin (0.05%)
Malathion (5%)
Bendiocarb (0.1%)
Propoxur (1%)
Pirimiphosmethyl (1%)
Fenitrothion (1%)

2013
33
43
78
100
100
100
100

Andassa
2014
42
67
84
100
100
100
100

2015
79
78
92
95
100
100
100

2013
38
46
24
99
100
100
100

Tikurit
2014 2015
52
78
70
90
71
100
100
100
100
100
100
100
100
100

Detection of DDT and deltamethrin kdr mutation in An. arabiensis
Figures 1 and 2 show the presence or absence of kdr alleles in An.
arabiensis and the changes in kdr mutations with time. The East African kdr
(kdr-e) was detected in subsample of An. arabiensis screened for the
presence of kdr mutations, while the West African kdr (kdr-w) was absent.
Gel photographs showed bands of 314 bp signifying that PCR reactions
were successful. Bands of 156 indicated that the vector had homozygous
resistant allele. Other bands showed heterozygous resistance alleles of the
vector. The change from homozygous to heterozygous kdr was higher for
DDT than deltamethrin within three years.
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Figure 1. Gel photographs showing bands of DDT resistant kdr alleles in
An. arabiensis after separation on 2% agarose gel: lane 1 & 20 1kb ladder,
19 negative control (2013) 2-18 homozygous resistant (2015) 2, 6, 7, 16-18
homozygous resistant & 3-5, 8-11, 13-15 heterozygous resistant, 12 not
amplified, no kdr-w detected both in 2013 & 2015.
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Figure 2. Gel photographs showing bands of deltamethrin resistant kdr alleles in
An. arabiensis after separation on 2% agarose gel: lane 1 & 12 1kb ladder, 11
negative control (2013) 2-10 homozygous resistant (2015) 2-6 & 8 homozygous
resistant, 7 & 9 heterozygous resistant, 10 not amplified, no kdr –w detected
both in 2013 & 2015.
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DISCUSSION
Genes conferring resistance to insecticides are natural and heritable in an
insect population. Insecticide resistance in a given vector population is the
selection of these heritable characteristics. The selection process would be
slow if the resistance genes are rare or present at low rate in vector
population and the effect of selection pressure for resistance lasts shorter
(IRAC, 2011). The operational life of an insecticide could vary with the
amount and the frequency of its application (Koella et al., 2012). The
significant increase in insecticide resistance in malaria vector populations
globally especially in Africa is due to the large scale and extensive
application of insecticides in the form of IRS and LLINs for vector control
(WHO, 2012).
Resistance to DDT (dichlorodiphenyltrichloroethane) was first reported in
Aedes mosquito a year after the introduction of this insecticide for mosquito
control in 1946 (Brown, 1986). DDT resistance was also detected in malaria
vectors developed by the end of 1960s following its widespread application
during the era of malaria eradication started in 1955 (Hemingway and
Ranson, 2000; Kelly-Hope et al., 2008). DDT had been used for more than
four decades in Ethiopia and populations of the main malaria vector in the
country are resistant to DDT throughout the country. In the present study,
resistance to bendiocarb was suspected after three spraying cycles in three
years’ time implemented through one round spray/year. Compared with
DDT, the effective residual life of bendiocarb is shorter. This could be
attributed to the differences in their mode of action and the inherit
characteristics of the vector species involved. The differences observed in
the residual life of bendiocarb between Tikurit and Andassa could be
justified by the difference in the frequency of bendiocarb IRS spraying
cycles, i.e., Tikurit received one spraying cycle while Andassa received
three, indicating the need to alternate bendiocarb by other insecticide having
different mode of action every 2-3 years.
Insecticide resistance is reversible when its selection pressure is removed
(IRAC, 2011). Published data on the time required to revert resistance to
susceptibility are limited and difficult to discuss the present data in relation
to other studies. The present study demonstrated that resistance reverted to
susceptibility every year progressively. Susceptibility of An. arabiensis to
malathion was reverted from 24% to 100% in Tikurit in three years while
the same vector was found to be resistant in Andassa. The possible reason
for the differences observed in the rate of reversion in malathion resistance
in the two villages might be due to the selection pressure exerted by
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bendiocarb IRS in Andassa since both insecticides have similar mode of
action. The trend in the reversion of DDT and deltamethrin resistance to
susceptibility was similar in both study villages justifying that the impact of
bendiocarb IRS application or other selection pressure for these insecticides
is low or absent.
Two mutations, which are known as kdr-e and kdr-w, occurring at the same
locus in the voltage-gated sodium channel gene are known to confer
knockdown resistance (kdr) to pyrethroids and DDT. Kdr-e involves a
leucine-serine substitution while kdr-w involves a leucine-phenylalanine
substitution. Several studies conducted before indicate that kdr-w
predominated West Africa (Fanello et al., 2000; Diabate et al., 2002;
Awolola et al., 2005; Dabire et al., 2009) and kdr-e East Africa (Ranson et
al., 2000; Verhaeghen et al., 2006). However, kdr-e alleles have been
spread out in populations of An. arabiensis in West African countries
including Burkina Faso and Benin (Djegbe et al., 2011; Badolo et al., 2012)
recently. Similarly, kdr-w has been distributed in vector populations in
Uganda (Verhaeghen et al., 2006) and Ethiopia (Dilnesaw Yehwalaw et al.,
2010; Meshesha Balkew et al, 2010). In this study, only kdr-e was detected
and may be attributable to DDT and deltamethrin resistance in An.
arabiensis. The results of the present study agree with previous studies
reported from different African countries (Djegbe et al., 2011; Badolo et al.,
2012) where both kdr-w and kdr-e were found within the same country.
However, in Ethiopia, Dilnesaw Yehwalaw et al. (2010) and Meshesha
Balkew et al. (2010) reported kdr-w, which is inconsistent with the present
results. The differences observed between the previous and present studies
in Ethiopia might be due to the recent inflow of kdr-e genes in An.
arabiensis populations. Therefore, the differences observed between the
previous and the present study in Ethiopia needs to be verified.
CONCLUSION
The present study confirmed that bendiocarb would be effective against An.
arabiensis for three years under bendiocarb IRS operation. Therefore,
alternative insecticides with different mode of action should be used to
replace every two to three years to delay the development of resistance to
bendiocarb. The present study was conducted in two study sites. Therefore,
a longitudinal study should be carried out in more representative study sites
in the country to determine the time to either rotate insecticides in IRS
operations to delay IR development or restore susceptibility of the vector to
the insecticides that the vector already developed resistance.
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