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Abstract 

Background Vector control is the most effective malaria control and prevention measure. Among these, IRS and 
LLINs are the most important chemical insecticide interventions used in malaria prevention and control strategies in 
Ethiopia. However, the long-term effectiveness of these strategies is under threat due to the emergency and spread of 
insecticide resistance in the principal malaria vector. Therefore, this study was carried out, under standardized labora-
tory conditions to assess the killing effect of some insecticides against An. gambiae s.l.

Methods Mosquitoes in late instar larvae and pupae stages were collected from different breeding habitats of the 
study sites using a soup ladle (350 ml capacity). The immature was reared to adults at optimum temperature and 
humidity in a field insectary using the WHO protocol. Four insecticides representing three chemical classes were used 
against adult mosquitoes. These were permethrin, deltamethrin, pirimiphos-methyl and bendiocarb. Susceptibil-
ity tests were carried out from September to December 2021 using the WHO standard procedures. Mortality rate, 
variation, interaction effect and knockdown times (KDT50 and KDT95%) were computed using descriptive statistics, 
multivariate analysis of variance and log-probit regression model using SPSS version 20 software.

Results Totally, 1300 Anopheles gambiae s.l. were tested to determine the susceptibility status to the four insecticides. 
Among these, 90.7% of them were susceptible to insecticides, whereas the remaining 9.3% of specimens were resist-
ant to the insecticides. The results of the analysis of variance showed that mortality significantly varied between insec-
ticides (F = 26.06, DF = 3, P < .0001), but not between study locations (F = 1.56, DF = 3, P = 0.212). On the other hand, 
the mean comparison of dead mosquitoes showed some signs of interaction between bendiocarb and locations, but 
not other insecticides and locations.

Conclusions This study revealed that the knockdown times and effectiveness of different insecticides varied in differ-
ent study sites. Therefore, insecticide resistance information is very essential for concerned bodies to make informed 
and evidence-based decisions on vector control.
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Background
Chemical insecticides are crucial for controlling vectors 
in the public health sectors [1]. However, due to exten-
sive and repeated use of insecticides as well as character-
istics of insect vector species, resistance was developed 
in medically important insects, such as major malaria 
vectors [2]. Resistance is defined as the ability to toler-
ate an insecticide dosage that would kill the majority of 
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individuals in a typical natural population of the same 
species [3]. The insecticide susceptibility status of malaria 
vectors varies in season and it affects the effectiveness 
of both indoor residual spraying (IRS) and Long lasting 
insecticide-treated nets (LLINs) vector control methods 
[4].

The emergence of insecticide resistance in malaria vec-
tors has posed a severe threat to malaria control efforts 
[5]. All five of the pesticide classes that the WHO recom-
mends are susceptible to resistance such as organochlo-
rines, organophosphates, pyrethroids, carbamates [6] and 
pyrroles [7, 8] that have been used for IRS and ITNs in 
main African malaria vectors (An. gambiae s.l. and An. 
funestus) [9]. Pyrethroids in the form of ITNs and IRS 
were regarded to play a significant role in malaria con-
trol measures when DDT was removed as the insec-
ticide choice in many areas [5]. However, in Ethiopia, 
IRS is administered using pirimiphos-methyl, propoxur, 
and bendiocarb, while LLINs contain deltamethrin [10]. 
Pyrethroid resistance hinders the effectiveness of control 
measures, such as ITNs and IRS in regions, where it has 
been detected [11].

In Ethiopia, more than forty species of Anopheles mos-
quitoes have been recorded and documented [12–14]. Of 
these, An. arabiensis, a member of An. gambiae complex 
is the principal vector of malaria followed by An. phar-
oensis, An. funestus and An. nili [15, 16]. Vector con-
trol is the most effective malaria control and prevention 
measure. There are several types of strategies being used 
to control malaria in endemic regions, but chemical pes-
ticides continue to be the most important [17]. Among 
these, IRS, insecticide-treated nets (ITNs) and LLINs 
are the most important in malaria prevention and con-
trol strategies in Ethiopia [18]. However, the long-term 
effectiveness of these strategies is under threat due to 
the emergency and spread of insecticide resistance in the 
principal malaria vector, An. arabiensis [19].

The major malaria vector has evolved resistance to all 
five chemical classes of insecticides authorized for IRS 
and LLINs in Ethiopia [20–22]. However, the levels of 
susceptibility/resistance of the Anopheles mosquitoes var-
ied in different seasons, years and agro-ecological zones 
[23]. The West African knockdown resistance mutation 
has been reported in An. arabiensis populations at high 
frequencies [5, 24, 25]. Other successive studies have also 
recognized the occurrence of similar mutations in malaria 
vectors in different parts of the country [20, 25].

Knowing the susceptibility level of vectors is very 
important to select environmentally friendly and effec-
tive insecticides to control malaria vectors. As a result, 
continuous monitoring is critical for preventing the 
development of insecticide resistance [26]. Nevertheless, 
a detailed investigation of Anopheles mosquitoes and 

their insecticide resistance level is very few in Ethiopia in 
general and in Amhara Regional State around Lake Tana 
in particular. Hence, this study was carried out, under 
standardized laboratory conditions to assess the killing 
effect of some insecticides against major malaria vectors 
(An. gambiae s.l.).

Materials and methods
Study area description
This study was conducted in different locations of Lake 
Tana, and its surrounding areas, in northwest Ethiopia. 
Lake Tana is the source of the Blue Nile and is the larg-
est lake in Ethiopia, which contributes up to 60% of the 
Nile’s water, and 50% of the country’s freshwater. The lake 
is located in Amhara Regional State at latitude of 11° 36ʹ 
N, and a longitude of 37° 23ʹ E.

For larvae and pupa sampling, the four study sites, 
which are found in the two districts (Semien Achefer, and 
Bahir Dar Zuria), and one city administration (Bahir Dar) 
were selected based on accessibility, suitability, malaria 
case report, and proximity of areas to the local inhabit-
ants. The data were collected from one island (Debre 
Maryam), one peninsula (Zegie), and two surrounding 
mainland areas (Kunzila, and Robit) (Fig. 1). Larvae sam-
pling was done in wetlands associated with Lake Tana.

Mosquito collection and rearing
Mosquito larvae (late instar) and pupae were collected 
from different breeding habitats of the study sites using 
a soup ladle (350 ml capacity). The immature was reared 
to adults in an insectary prepared in the field using the 
WHO protocol [27]. They were reared at optimum tem-
perature (25 ± 2  °C) and relative humidity (70–80%), 
which was maintained using tarpaulin sheets and water-
filled buckets, respectively, around the rearing rooms. 
The larvae were reared in distilled water and fed pow-
dered yeast (Vital Brewer’s Yeast). Then, 2–5 days, non-
blood-fed adult females (An. gambiae s.l.), identified 
using morphological key [28], were exposed to discrimi-
nating dosages of insecticides.

Insecticides used
Four insecticides representing three chemical classes 
were used at the following discriminating concentra-
tions against adult mosquitoes: pyrethroids, permethrin 
(0.75%) and deltamethrin (0.05%), organophosphate, 
pirimiphos-methyl (0.25%), and carbamate, bendiocarb 
(0.1%) [29]. These insecticides were chosen based on 
their current operational importance in the Ethiopian 
malaria control program [30]. These insecticide-impreg-
nated test papers were obtained from the WHO supply, 
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and distributed through the US President’s Malaria Ini-
tiative (PMI) vector-link Ethiopia project.

Insecticide susceptibility tests procedures
Susceptibility tests were carried out in the peak mosquito 
breeding season between September and December 2021 
using WHO adult mosquito bioassay protocols [27]. In 
the WHO tube tests, 20–25 unfed female An. gambiae 
s.l. were exposed to each insecticide-impregnated paper 
for an hour at the ideal temperature and relative humid-
ity, which was maintained by placing a moist towel on 
top of the boxes holding tubes. The numbers of knocked-
down mosquitoes were recorded at 10, 15, 20, 30, 40, 50 
and 60  min. After exposure periods, mosquitoes were 
moved into holding tubes and provided with cotton 
wool soaked with 10% sucrose solution. Death rates were 
recorded after 24  h of exposure times. The two-control 
replicate consisted of about 40–50 mosquitos exposed 
to paper impregnated with olive oil (for bendiocarb and 

pirimiphos-methyl) and silicone oil (for permethrin and 
deltamethrin).

If mortality in the control group was less than 5%, no 
correction of test results is necessary, whereas mortal-
ity greater than or equal to 5% requires correction [27]. 
Abbott’s formula was used to correct mortality rates 
ranging from 5% to 20% [31].

Data analysis
Mortality in the ranges of 98–100%, 90–97% and less 
than 90% indicates susceptibility, suggestive existence of 
resistance and confirmation of resistance genes in the 
test population, respectively. The observed and corrected 
percentage mortality were calculated using WHO test 
guidelines [27]. Resistance and mortality rates were com-
puted using descriptive statistics. The variation and inter-
action effects of An. gambiae s.l. death within study sites 
and insecticides was determined using the multivariate 
analysis of variance (Two Way MANOVA). The time (in 
a minute) required to obtain 50% and 95% knockdown in 

Fig. 1 Map of the study area showing four study sites in and around Lake Tana, northwest Ethiopia
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the tested mosquitoes (KDT50 and KDT95%) were deter-
mined using the log-probit regression model. Statistical 
analyses were performed using SPSS version 20 software 
(SPSS Inc, Chicago, IL, USA) with a level of a significant 
set at a p value less than 0.05.

Results
Totally, 1300 Anopheles gambiae s.l. were tested whether 
they were susceptible to the four insecticides (perme-
thrin, deltamethrin, pirimiphos-methyl and bendio-
carb) or not at different study sites. Among these, 90.7% 
of them were susceptible to insecticides, whereas the 
remaining 9.3% of specimens were resistant to the insec-
ticides (Additional file  1: Table  S1). In the study sites, 
the most susceptible An. gambiae s.l. was found in Zegie 
followed by Debre Maryam, Kunzila and Robit (Fig.  2). 
Among the four insecticides, pirimiphos-methyl (96.5%) 
was the most effective to kill An. gambiae s.l. followed 
by bendiocarb (88.7%), deltamethrin (87.2%) and perme-
thrin (86.1%) (Fig. 3).

According to the results of the multivariate analysis of 
variance, mortality significantly varied between insec-
ticides (F = 26.06, DF = 3, P < 0.0001), but not between 

study locations (F = 1.56, DF = 3, P = 0.212). The interac-
tion effect between the study site and insecticide showed 
the insignificant variation of An. gambiae s.l. mortality 
(F = 1.77, DF = 9, P = 0.10) (Table 1).

The calculated control mortality rate is less than 5% in 
all tests, therefore, no need of calculating the corrected 
mortality rate for the tested mosquitoes. The highest 
mortality rate (98.8%) due to pirimiphos-methyl insecti-
cide was recorded in Zegie, whereas the least mortality 
rate (82.5%) due to deltamethrin insecticide was recorded 
in Robit. Similar trends of mortality rate were observed 
in Debre Maryam (97.5%) and Kunzila (85%) by bendio-
carb insecticide. Deltamethrin and bendiocarb were indi-
cated to kill more than 90% of Anopheles mosquitoes in 
Zegie, whereas pirimiphos-methyl was also indicated to 
kill the same percentage of Anopheles mosquitoes in the 
four study sites, such as Kunzila, Debre Maryam, Robit 
and Zegie. On the other hand, the death of less than 90% 
of An. gambiae s.l. were observed in the four sites (Kun-
zila, Zegie, Debre Maryam and Robit), the three sites 
(Kunzila, Debre Maryam and Robit), and the two sites 
(Kunzila and Robit), respectively, treated with perme-
thrin, deltamethrin and bendiocarb (Table 2).

The mean comparison of dead mosquitoes showed 
some signs of interaction between bendiocarb and loca-
tions. Pirimiphos-methyl had no interaction effect with 
the location, because it performed more or less equally 
across locations, i.e., 95.5–99% mortality. Bendiocarb, on 

Fig. 2 Percent of dead and resistant mosquitoes across the study 
areas

Fig. 3 Percent of dead and resistant mosquitoes by different 
insecticides

Table 1 Interaction effects of study sites and insecticides tested 
on An. gambiae s.l. across Lake Tana, northwest Ethiopia

Source of 
variation

Dependent 
variable

DF Mean square F p value

Study sites Dead 3 2.18 1.56 0.212

Alive 3 2.89 2.06 0.118

Insecticides Dead 3 36.52 26.06 0.000

Alive 3 13.39 9.56 0.000

Study sites * Insec-
ticides

Dead 9 2.47 1.77 0.100

Alive 9 1.79 1.28 0.272

Table 2 Effect of different insecticides on the mortality of An. 
gambiae s.l. at different locations in Lake Tana area of Ethiopia

Means not connected by the same letter(s) are significantly different from each 
other according to Tukey Honestly Significance difference test at α = 0.05

Insecticides Debre Maryam Kunzila Robit Zegie

Pirimiphos-methyl 96.59ab 97.62ab 95.45ab 98.75a

Bendiocarb 97.50ab 85.0bc 87.5abc 93.75abc

Deltamethrin 88.75abc 86.25abc 82.5c 91.25abc

Permethrin 85.0bc 87.5abc 88.75abc 87.5abc

Control 1.76d 1.22d 2.39d 1.88d
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the other hand, was more effective at Debre Mariam and 
Zegie (> 93% mortality) than at other locations (< 88% 
mortality), indicating some interaction with locations. 
The control had low mortality (< 3%) regardless of loca-
tion. Insecticides in general killed more than 80% of the 
An. gambiae s.l. tested during the study (Table 2).

The 50% and 95% knockdown times (KDT50 and 
KDT95) were determined against four insecticides. In 
all study sites (except Debre Maryam), the fastest knock-
down time (KDT50) was recorded in pirimiphos-methyl 
followed by bendiocarb, deltamethrin and permethrin. 
The fastest knockdown mosquito (KDT50 = 52.7) was 
recorded in Zegie by pirimiphos-methyl, whereas the 
slowest (KDT50 = 85.7) was recorded in Robit by per-
methrin. Similar trends were recorded from knockdown 
times (KDT95) in all study sites and insecticides used 
(Table 3).

Discussion
The current study showed that An. gambiae s.l. suscep-
tibility was varied in study sites and types of insecticides 
used which is similar to other types of studies conducted 
in Ethiopia [19, 32, 33]. These variations are depending 
on the extensive and repeated use of insecticides in the 
form of IRSand LLINs for vector control [34]. The use 
of insecticides for other purposes such as agriculture 
and public health could also play a role in the increase of 
insecticide resistance in various places [35]. For instance, 
An. gambiae s.l. mosquitoes develop resistance to pyre-
throids, because these classes of insecticides are applied 
repeatedly for the control of household pests and vec-
tors which is implicated in the observed selection of the 

high levels of kdr resistance [36]. In addition, it might be 
explained by the differences in their mode of action and 
the inherited traits of the malaria vector involved in the 
treatments [37].

Malaria vectors develop insecticide resistance through 
different mechanisms. Among these, the resistance of 
pyrethroid is linked with the existence of the kdr allele in 
mosquitoes [38]. In southwestern Ethiopia, the high fre-
quency of the kdr allele in malaria vectors was first docu-
mented and recorded [5]. Later, the same findings from 
Ethiopia’s north, center, and southwestern regions were 
recorded [25, 39].

This study showed the presence of susceptibility and 
possible resistance in pirimiphos-methyl-treated An. 
gambiae s.l. Similarly, another study showed that An. 
arabiensis was fully susceptible to pirimiphos-methyl in 
some study sites [19]. Another study conducted in Ethio-
pia showed that a population of An. arabiensis was fully 
susceptible to bendiocarb and pirimiphos-methyl [32, 33, 
40]. In contrast, mosquito population resistance to piri-
miphos-methyl was detected in Babile (Oromia Regional 
State, Ethiopia) with a mortality rate of 85% [19].

Permethrin treated An. gambiae s.l. developed resist-
ance (< 90%) in all study sites. This report is similar to 
some studies carried out in Ethiopia that showed high 
resistance of An. arabiensis to pyrethroids (permethrin 
and deltamethrin) [5, 19, 32, 35, 41]. Anopheles arabiensis 
was resistant and susceptible to permethrin in Metehara 
and Melka Worer, respectively [23]. A similar observa-
tion of resistance in populations of An. arabiensis to per-
methrin had been reported from Sudan [42]. In contrast, 
populations of An. gambiae s.l. proved susceptible to 

Table 3 Knockdown times (minutes) (KDT50 and KDT95) of An. gambiae s.l. in different insecticides across the study areas

Study area Insecticide No. mosquitoes tested KDT50 (95%, CI) KDT95 (95%, CI)

Kunzila Permethrin 80 80.3 (74.3–86.8) 133.5 (123.6–145.8)

Deltamethrin 80 75.7 (70.0–82.0) 128.9 (119.4–140.8)

Bendiocarb 80 60.5 (54.9–66.1) 113.7 (105.3–124.1)

Pirimiphos-methyl 84 57.6 (52.2–63.0) 110.6 (102.6–120.9)

Zegie Permethrin 80 75.3(68.6–82.6) 128.6 (117.9–142.4)

Deltamethrin 80 72.4 (65.8–79.5) 125.7 (115.2–139.1)

Bendiocarb 80 56.2 (49.6–62.8) 109.5 (100.2–121.3)

Pirimiphos-methyl 80 52.7 (46.0–59.2) 105.9 (96.9–117.4)

Debre Maryam Permethrin 80 74.6 (68.0–81.8) 128.5 (118.0–142.1)

Deltamethrin 80 70.7 (64.1–77.6) 124.5 (114.3–137.7)

Bendiocarb 80 57.6 (51.1–64.1) 111.5 (102.2–123)

Pirimiphos-methyl 88 59.6 (53.5–65.9) 113 (104.3–125.3)

Robit Permethrin 80 85.7 (79.7–92.4) 140.9 (130.6–153.9)

Deltamethrin 80 81.0 (75.2–87.2) 136.2 (126.3–148.6)

Bendiocarb 80 64.8 (59.570.2) 120.0 (111.4–130.8)

Pirimiphos-methyl 88 64.6 (59.5–69.7) 119.8 (111.3–130.4)
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pyrethroids at localities in the eastern parts of the coun-
try [35, 43].

In this study, resistance and possible resistance were 
developed in deltamethrin and bendiocarb-treated An. 
gambiae s.l. at all study sites. Similarly, resistance and 
suspected resistance to deltamethrin were reported in 
different parts of Ethiopia [33]. Likewise, a low level or 
possible bendiocarb (carbamate) resistance was detected 
in different study sites of Ethiopia, such as Asendabo, 
Bahir Dar, Chewaka, Alamata and Lare with mortality 
rates of 93%, 87%, 90%, 96% and 92%, respectively [19, 
33]. Permethrin and deltamethrin resistance emerged in 
field populations of An. arabiensis from high-risk and 
low-risk areas [24]. The population of An. arabiensis from 
all sites were resistant to deltamethrin with mean percent 
mortality rates of ranged between 9% and 75% [32, 37]. 
On the other hand, An. arabiensis showed fully suscep-
tible to bendiocarb [35, 37, 44]. Surprisingly, malaria 
vectors isolated from a region of Metema in northwest 
Ethiopia showed nearly complete susceptibility to del-
tamethrin, with an average death of 99% [19].

Depending on the type of insecticide and the location 
of capture, An. gambiae s.l. was knocked-down at differ-
ent rates. This variation is due to the susceptibility status 
of Anopheles mosquitoes and the nature of insecticides 
used [44]. Knockdown time is affected by the concentra-
tion of insecticides, the exposure interval, and the resid-
ual time of post-application [45].

The fastest knockdown mosquito was recorded in 
Zegie by pirimiphos-methyl, whereas the slowest was 
recorded in Robit by permethrin. This is similar to studies 
conducted in different parts of Ethiopia and DR Congo 
showing different KDT50 and KDT95 in different study 
sites and insecticides used [32, 44]. The result of this 
study revealed that permethrin had the slowest knock-
down times. This result is similar to some studies car-
ried out in Ethiopia that showed KDT50 of permethrin 
was greater than 60 min for all An. gambiae s.l. samples 
from the three study sites [24, 35]. On the other hand, 
the KDT50 of permethrin was much less than 60 min in 
Ethiopia and Sudan [23, 46], which is much faster than 
the present study.

The KDT50 value for deltamethrin was less than 60 min 
for both low-risk and high-risk groups [24, 44], which 
is a little bit faster than the current study. However, the 
KDT95 of all three samples tested for deltamethrin was 
greater than 60  min [35], which is more or less similar 
to our study. Likewise, 95% of Anopheles were knocked 
after 53 min of deltamethrin treatment [44]. In addition 
to this, all populations from the desert and semi-desert 
sites showed a faster KDT50 and KDT95 to bendiocarb 
than to DDT and malathion [46], which is more or less 
similar to the current study. In bendiocarb, the KDT50 

was below 60  min, whereas KDT95 was above 60  min 
[47]. The current study showed that pirimiphos-methyl 
had lower KDT50 and KDT95 than other insecticides. 
This report is more or less similar to the study conducted 
in Tanzania [48]. However, another study conducted in 
Ghana showed that pirimiphos-methyl had the highest 
knockdown times when compared to other groups of 
insecticides [49].

The emergence of insecticide resistance in popula-
tions of An. gambiae s.l. could threaten the current vec-
tor control operations in Ethiopia [50]. Pyrethroids were 
regarded to play a significant role in malaria control meas-
ures [5]. In areas where pyrethroid resistance has been 
detected, it affects the efficacy of control treatments, such 
as ITNs and IRS [11]. As a result, the observed resistance 
to pyrethroids and suspected resistance to bendiocarb in 
mosquito populations in the study area calls for ongoing 
resistance monitoring to delay or slow down insecticide 
resistance. Combining two insecticides with different 
modes of action has been suggested as a resistance man-
agement method that tries to kill resistant vectors [51]. 
In addition to this, deploying different insecticides in dif-
ferent regions, using insecticides in rotation manner and 
integrated vector management have been suggested as a 
resistance management method.

Conclusions
The current study revealed that the knockdown times 
and effectiveness of different insecticides varied in dif-
ferent study sites. In Zegie, the pirimiphos-methyl was 
the most effective in knockdown and killing An. gambiae 
s.l when compared to the other insecticides and study 
sites. The average mortality rate of this study confirmed 
the presence of resistance in permethrin (87.2%) and 
deltamethrin (87.23%) and suspected resistance in ben-
diocarb (91%) and pirimiphos-methyl (97.1%). Therefore, 
insecticide resistance information is very essential for 
concerned bodies to make informed and evidence-based 
decisions on vector control. This study did not show the 
mechanisms of resistance due to a shortage of materials 
and chemicals as well as proper laboratory access both 
in our country and abroad. Hence, further studies should 
be conducted in these study areas to know the mecha-
nisms of resistance specifically and the resistance levels 
of malaria vectors in different parts of Ethiopia broadly.
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