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Abstract

Introduction: The prevalence of malaria in Ethiopia has decreased somewhat in recent decades, but it is
currently increasing as a result of the introduction of insecticide-resistant Anopheles mosquitoes.
Therefore, this study was aimed to assess entomological factors related to malarial disease transmission
in the study population.

Methods: Socio-demographic characteristics from 48 households were collected by using structured
questionnaires. Anopheline immature stages of mosquito were collected by dipping methods and reared
to adult in a laboratory to determine the species composition and drug susceptibility test. Using WHO
papers and bioassay tubes, 150 adult female Anopheles mosquitoes, two to three days old, not fed blood,
were exposed for one hour to varying dosages of 0.05% Deltamethrin, 0.45% Alpha-cymethrin, and 0.1%
Propoxur. Logistic regression was used to identify local risk factors using SPSS version 25 for further
analysis. Statistical significance was declared at p-value<0.05.

Results: The presence of Anopheles larvae was confirmed in all water-holding habitats. Insecticide
susceptibility test was performed, 100 adult Anopheles mosquitoes were exposed to each insecticide as
World Health Organization recommended (propoxur 0.1%, deltamethrin 0.05%, and alpha-cypermethrin
0.45%). The knockdown times (KDT), percentage knockdown, and percentage mortalities of the exposed
mosquitoes were noted. Anopheles gambiae (S.L)., the species of mosquito that was identified, was
resistant to propoxur (0.1%) and delthametrin (0.05%), but it was completely susceptible to alpha-
cypermethrin (0.45%) across all study sites. Anopheles gambiae (S.L) prefer to breed in habitat which
exposed to sun light, had stone substrate and had no canopy cover.

Conclusion: There is a need to employed integrated vector management approaches to malaria vector
control.

Keywords: Alpha-cypermethrin, Anopheles gambiae, Delthametrin, insecticide susceptibility, Propoxur

Introduction

Malaria is the most prevalent serious mosquito-borne disease worldwide . The female
Anopheles mosquito, which varies depending on the region, is the vector of this infectious
disease, which is caused by the parasite Plasmodium and spreads from infected to healthy
individuals . The main Anopheles species that spread malaria are An. Gambiae, An.
stephensi, An. dirus, An. coluzzii, An. albimanus, An. funestus, and An. Arabiensis &1,

The WHO's African Region accounts for the majority of the increase in malaria cases, which
is expected to reach 247 million worldwide in 2021 from 245 million in 2020 in 84 malaria-
endemic countries (including the French Guiana territory) ™. Over 50% of the global
population is susceptible to the illness, which is made worse by failing healthcare systems,
rising drug and pesticide resistance, natural disasters, and climate change 1.

These days, the subtropics bear the brunt of the malaria epidemic. Plasmodium falciparum is
the most dangerous parasite species that infects humans in the African Sahara; it is estimated
to cause roughly 250 million cases and approximately 1 million deaths annually . Different
Anopheles mosquito species carry malaria throughout sub-Saharan Africa, and the risk of
infection and illness varies greatly between locations [¢ 71,
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Malaria has been a persistent public health issue in Ethiopia
for a number of years. Anopheles arabiensis is the primary
vector of malaria, with Plasmodium falciparum and
Plasmodium vivax being the two most common parasites [,
Temperature, precipitation, and altitude all affect the
seasonality of transmission [ 19 An estimated 68% of the
population is at risk of contracting malaria, with over half
(60%) of the country's population living in malaria-prone
areas ", The primary methods for preventing and controlling
malaria in Ethiopia are the use of long-lasting insecticidal nets
(LLINs) and indoor residual spraying (IRS) 4. Malaria
continues to be the leading cause of morbidity and mortality
in Ethiopia despite the achievements % and efforts made
thus far. According to estimates, the nation would be
responsible for 1.7% of cases and 1.5% of deaths from
malaria in 2021, making it a major public health concern 4],
Pyrethroids are the primary class of insecticide approved for
use in net impregnation, out of five main classes: carbamates,
neonicotinoid, organochlorines, organophosphates, and
pyrethroids . October 2017 saw the prequalification of the
first neonicotinoid product for indoor residual spraying 1.
The majority of pesticides were applied by residual spraying,
which was followed by larviciding and space spraying. All of
the insecticide classes Organochlorine, Organophosphate,
Carbamate, Pyrethroid, and Neonicotinoid are used for
residual spraying; Organophosphate, Carbamate, and
Pyrethroid are used for space spraying; and Organophosphate
is used for larviciding. Pyrethroids are the most effective
insecticide for treating nets [*5],

Numerous studies have revealed that Anopheles species found
in various parts of Ethiopia exhibit high levels of resistance to
insecticides such as deltamethrin, permethrin, pirimiphos-
methyl, bendiocarb, propoxur, DDT, and others [16-20],

All efforts to control vectors rendered useless if insecticide-
resistant mosquito species emerge. If an organization fighting
malaria sprays insecticides hundreds of times while an
insecticide-resistant mosquito variety emerges in a particular
area, significant change will not occur. As a result, this study
was carried out to assess the presence of insecticide-resistant
Anopheles mosquitoes and the characteristics of their habitat
in the Sidama region's malaria endemic districts, Aleta Chuko,
Dale and Loka Abaya which are well known for their
malariousity.

Materials and Methods

Description of the study area

The study was carried out in Aleta Chuko, Dale and Loka
Abaya districts which are situated in the southwest of the
Sidama region. The Districts are well-known for their flat
terrain and close proximity to Ethiopia's Abaya Lake. The
Districts are situated between 1650 and 2100 meters above
sea level. The distance from Aleta chuko, Dale and Loka
Abaya to Addis Ababa is 281, 261 and 283 Km respectively.
Mean annual rainfall of Aleta chuko, Dale and Loka Abaya is
1961.9, 1264.2 and 999.4 respectively. Mean annual
temperature 19.1 %, 18.3% and 20.5 % is belong to Aleta
chuko, Dale and Loka Abaya respectively. There are 1
primary hospital and 24 health posts at Aleta chuko districts,
10 health centers and 32 health posts at Dale district and 1
primary hospital, 5 health center and 22 health posts at Loka
Abaya district.

39

https://www.dipterajournal.com

Study design
Cross-sectional  study was employed
entomological data collection of the study area.

that includes

Sample size determination and sampling methods

For entomological survey 12 different households but similar
characteristics (based on usage of malaria control
intervention, wealth index constructed by principal
component analysis and other factors) was selected in each
survey month during the study period in each four study sites
in three districts. The survey study was mainly focus on
assessment of the available mosquito control practice,
assessment of farmers’ awareness on vector, socio-economic
contribution of malaria control to the households and major
constraints on vector control.

Entomological data collection

Immature stages of Anophyles mosquito was made to
determine the species composition and drug susceptibility
test. Samples were collected from breeding sites. Larval
collection was performed from suspected breeding sites using
standard dippers (350 ml) monthly during the major malaria
transmission season (September- November, 2022), in dry
season (January, 2023), minor transmission season
(May,2023) and rainy season (July, 2023).

Each temporary and permanent breeding site such as ponds,
drainage canal, rain pools, stream bed, water from broken
pipes, terracing, water harvesting pools, marshes was
searched for the presence of anopheline egg, larvae and
pupae. If the breeding habitat contains immature stages
(Particularly larvae), sampling was done by dipping method.
Larval density in each breeding site was calculated as the
number 3 and 4™ instars larvae collected per dip or 10 dips
(per 100 dips if the density is to low). The number of dips was
dependent upon the size of the habitats. The surface area of
each potential mosquito breeding site was estimated in square
meter (m?). One ‘sample’ which is defined as 30 dips was
taken for sites in the range of 5-10 m? and two samples was
taken from sites in the range of 11-20 m?. However, 6 dips per
m? for small sites and a maximum of 6 samples (180 dips) for
sites greater than 50m? was taken 21, All immature stages
(larvae and pupae) collected during data collection period was
transported safely to Addis Ababa University Aklilu Lemma
Institute of Patho Biology laboratory and bred in an insectary
until adult stage emerges. The adults emerged was used for
Species identification and Insecticide susceptibility test using
standard keys. The collected specimens were carried to Aklilu
Lemma Institute of Patho biology and reared to adult and
identified to species level on morphological basis using
Gillies and Coetzee 22 2% for adults and larvae.

Physical characteristics of the larval habitats, including
habitat type, habitat stability, water depth, turbidity, presence
of floating and/or emergent vegetation and distance to the
nearest homestead was recorded. Turbidity of breeding habitat
was determined through visual examination of water and
categorized into 4 classes namely clear, low, medium and
high based on water color on a white background. The
proportion of the larval habitat covered by vegetation was
estimated visually. Habitat stability was expressed in terms of
the length of time the habitat contained water. A habitat was
considered temporary if it held water for 2 weeks or less and
permanent if it held water for more than 2 weeks. Distance
between the breeding habitats and sampled household was
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obtained by ArcGIS software after recording breeding habitats
coordinates and sample households by handheld GPS. Water
pH, conductivity, and temperature was measured using hand-
held multi parameter device. Water harvesting pools and
terracing was observed for the presence of mosquito larvae.
Agricultural land covers such as presence of maize fields and
other crops and nonagricultural land covers was carefully
recorded around mosquito breeding habitats.

Insecticide susceptibility tests

Mosquito larvae and pupae was collected from various
breeding sites of the selected localities was reared into adults.
Two to three days old, non blood fed adult females
morphologically identified as An. Gambiae s. | was exposed
to discriminating dosages of 4% DDT, 0.05% deltamethrin
and 0.75% permethrin using WHO papers and bioassay tubes
for 1 hour. Number of mosquitoes knocked down during
exposure was recorded at intervals of 5 minutes and the
proportions of survivors and dead mosquitoes was recorded
24 hours post exposure. The same number of mosquitoes was
exposed to insecticide free papers as controls 23],

Data Analysis

SPSS statistical for Windows (IBM Corp., Armonk, NY),
version 25, was used to analyze the Habitat characterization
and insecticide susceptibility test data. For every test, values
were deemed significantly different if p<0.05.

Tables were used to describe the number of immature
Anopheles mosquitoes sampled and the larval breeding
habitats. The relationship between pH, temperature, and water
depth and the density of Anopheles larvae was examined
using correlation analysis. The number of Anopheles larvae
(early or late) divided by the total number of dips taken from
each larval habitat was used to calculate the Anopheles larval
density. Log transformed log10 (x+1) larval density was used
to increase distribution normalcy. The environmental factors
linked to the presence of Anopheles larvae were found using
multiple regression analysis. The presence or absence of
algae, the permanence of the habitat (temporary or
permanent), the presence or absence of surface debris, the
intensity of light (sunlit or shaded), and the movement of the
water (still or fowing) were the two variables that were
compared between the samples using the Mann-Whitney U
test. The water turbidity, water perimeter, distance to the
closest house, canopy cover, emergent plant coverage, habitat
type, and substrate type were all compared between samples
in more than two groups using the Kruskal-Wallis H test.
Larval densities from sites with various habitat characteristics
were compared using these non-parametric tests. IBM

Insecticide susceptibility test

Insecticide susceptibility data were entered into Microsoft
Excel spreadsheets after being recorded on the corresponding
laboratory data forms in the insectary and laboratory. These
steps included error checks and corrections. For all test runs
with matching negative and positive controls, the WHO
bioassay knockdown was recorded every 10 minutes for one
hour, and the final mortality was recorded at twenty-four
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hours. When the negative control mortality was between 5%
and 20%, experiments with negative control mortality greater
than 20% were discarded, and if the control mortality was less
than 5%, the formula was ignored. In these situations, Abbot's
formula was used to adjust the percentage mortality. 98%—
100% mortality in the sample population suggested that the
tested insecticide was susceptible to the population. Less than
90% of deaths in the tested species indicated resistance, while
deaths between 90 and 98% suggested potential resistance [4].
The Statistical Package for the Social Sciences (SPSS)
software (Version 25) was used to perform a probit analysis
on the knockdown time 50% (KDTso) of all tested female
mosquitoes for each insecticide.

Quality Control

Other predator insects were removed from collected water
containing sample mosquito larvae, sufficient air was allowed
to enter in to larva containing container during transportation
to prevent death of larvae due to shortage of air and
temperature & humidity was controlled at insectary room to
create suitable environments for larvae taken from field.

Ethical approval

This study was conducted after reviewed and approved by
Institutional Ethical Committee Review Board of College of
Natural Sciences, through the Department of, Biology,
Hawassa University (Ref.no. RERC/12/2023).

Results

Insecticide resistance status of A. gambiae in study sites

In this study, 7908 An. Gambiae mosquitoes were tested to
ascertain their level of insecticide resistance using WHO
guidelines. According to !, mortality falling between 98 and
100% indicates susceptibility, 90 to 97% indicates potential
resistance for which more research is necessary, and less than
90% indicates resistance, necessitating the management of
resistance against insecticides used to control malaria vectors.
Insecticide resistance was observed in the Dale, Aleta Chuko,
and Loka Abaya districts primarily due to deltamethrin and
propoxur of the pyrethroid and carbamate insecticide classes,
respectively (Tablel). Aleta Chuko mosquitoes demonstrated
pyrethroid resistance (deltamethrin, 0.05%; carbamate,
propoxure, 0.1%) (89% and 18% mortality, respectively),
whereas Loka Abaya mosquitoes demonstrated notable
carbamate resistance (propoxure, 0.1%) (22% mortality). In
addition, Dale showed resistance to carbamate (propoxur
0.1%) and pyrethroid (deltomethrin 0.05%) with mortality
rates of 88% and 38%, respectively. In the Loka Abaya
district, potential resistance (90-97% mortality and 91%
mortality) to deltamethrin 0.05% was confirmed (Table 1).
Mosquitoes from every district were found to be susceptible
to pyrethroids (alpha-cypermethrin 0.45%) with a mortality
rate of approximately 98% (Table 1). The alpha-cypermethrin
and pyrethroid susceptibilities of Loka Abaya and Aleta
Chuko mosquitoes (0.45% and 98% mortality, respectively)
were similar. Mosquitoes in the Dale district were found to be
susceptible to pyrethroids, with alpha-cypermethrin having a
0.45% mortality rate (Table 1)
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Table 1: A summary of percentage mortality 24 h after a 1-h exposure to different classes of insecticides on field collected F1 progeny of An.
Gambiae (n=100 per insecticide) from Loka Abaya, Aleta chuko and Dale districts, Sep,2022 to Dec,2023.

Insecticides Districts and Resistance status
Class Name Loka Abaya Aleta Chuko Dale
Pyrethroid Alpha-cypermethrin (0.45%) 98(S) 98(S) 99(S)
Deltamethrin (0.05%) 91(PR) 89(R) 88(R)
Carbamate Propoxur (0.1%) 22(R) 18(R) 38(R)

Letters in the parentheses indicate resistance status of tested mosquitoes (S: susceptible, PR: potential resistance and R: resistant)

Knockdown Time KDTso

Propoxur (0.1%) had the highest mosquito KDTso (Fig. 1)
among the districts sampled. Aleta Chuko recorded the
highest value (56.25 minutes), while Dale recorded the lowest
value (51.95 minutes). Compared to other insecticide classes,
pyrethroids (deltamethrin, 0.5%; alpha-cypermethrin, 0.45%;

Fig. 1) showed the lowest KDTso. Deltamethrin (0.5%) had
the highest values (23.57 min, 24.4 min, and 26.23 min) in
Loka Abaya, Aleta Chuko, and Dale districts, whereas alpha-
cypermethrin (0.45%) had the lowest values (20.82 min,
18.67 min, and 24.23 min, respectively) in Aleta Chuko.

Propoxur (0.1%)

1

(%]
@
5 Dale
:-j Alpha-cypermethrin (0.45%)
% B Aleta Chuko
B B Loka Abaya
—
Deltamethrin (0.05%)
0 20 40 60 80

Mean Knochdown time KDTs, (Min)

Fig 1: Mean+95% CL summary results of knockdown time (KDTso) (minutes) of field collected Anopheles gambiae F1 progeny (n=100 per
insecticide) from malaria endemic districts tested against different classes of insecticides

Anopheles larvae species composition

A total of 4489 adult Anopheles mosquitoes from single
species were identified based on their morphology. An.
Gambiae sensu lato (s.l.) was identified from Loka Abaya,
Aleta Chuko, and Dale study sites out of the entire Anopheles
species. Anopheles gambiae (s.l.) comprised 100% across all
study sites.

Anopheles larval productivity in different habitat types

Larval sampling findings and types of productive larval
habitat in the study area are presented in Table 2. In Aleta
Chuko, seven different types of habitat have been identified,
including ditches, swamps, burrow pits, water canals, rain
pools, and road puddles. Except for the water canal, all of
these types of habitats were also found in Loka Abaya and
Dale. Larval habitats were ditches (Loka Abaya, n = 10, Aleta
Chuko, n =17, and Dale, n = 12), road puddles (Loka Abaya,
n =9, Aleta Chuko, n = 13, and Dale, n = 11), and rain pools
(Loka Abaya, n = 23, Aleta Chuko, n = 27, and Dale, n = 23).
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Anopheles mosquitoes were used to sample a total huge
populations of immature Anopheles mosquitoes were gathered
from ditches and burrow pits at Loka Abaya. Larvae were
abundant in rain pools and ditches at Aleta Chuko, with 11.5
and 10.7 larvae per dip and 0.1 and 0.2 pupae per dip. Large
populations of immature Anopheles mosquitoes were
collected from ditches and burrow pits at Dal.

Association between larval density and habitat variables
According to the multiple regression model, temperature at
the time of collection (p = 0.000), water depth (p = 0.000),
substrate type (0.001), canopy cover (p = 0.011), and habitat
type (p = 0.041) were the best predictors of Anopheles larval
densities (Table 3). The ANOVA table's F-ratio demonstrated
a statistically significant correlation between the larval
densities and the physicochemical parameters observed during
the larval sampling, with F14, 58 = 46.235, p<0.0001, and R?
=0.918.
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Table 2: Density of Anopheles larvae in different habitat types in Aleta Chuko, Dale and Loka Abaya districts study sites

. . Total no. of |Total Larval| No. of larvae/di Total pupal |No. of pupae/dip (mean
Study site Habitat type () dips count (mean tse) P coupntp P pise) P
Rain pool (27) 136 1545 11.5+¢1.2 13 0.1+0.1
Road puddle (13) 46 374 8.0+1.1 5 0.1+0.2
Ditches (17) 55 582 10.7+£1.3 12 0.240.3
Aleta Chuko Swamp (4) 20 205 10.3+0.7 2 0.1+0.2
district Burrow pits (6) 61 321 5.3+0.4 20 0.3+0.2
Marshes (4) 19 159 8.3+0.6 1 0.1+0.1
Water canal (4) 28 32 1.240.3 0 0+0
Total 365 3218 8.8 53 0.1
Rain pool (23) 138 706 5.2+0.4 5 0.04+0.1
Road puddle (11) 52 360 7.1+15 2 0.0440.1
Ditches (12) 56 505 9.1+1.1 6 0.1+0.2
Dale district Swamp (3) 27 84 3.1+0.2 0 0+0
Burrow pits (7) 65 590 9.2+0.8 9 0.1+0.2
Marshes (3) 15 125 8.3+0.4 0 00
Total 353 2370 6.7 22 0.06
Rain pool (23) 133 685 5.240.9 5 0.1+0.2
Road Puddle (9) 58 365 6.5+1.4 2 0.0440.1
Loka Abaya Ditches (10) 59 510 8.9+1.5 6 0.1+0.2
district Swamp (3) 29 86 2.940.3 0 0+0
Burrow pits (5) 47 510 1141 9 0.240.2
Marshes (4) 20 164 8.2+1.1 0 0+0
Total 346 2320 6.7 22 0.06

Table 3: Multiple regression analysis showing the key predicting factors for Anopheles larvae density

Variable B 95%C.|. for B t Sig
Lower Upper

Temperature 0.861 0.749 0.972 15.319 0.000
PH -2.124 -3.971 -0.277 -2.3 0.025
Turbidity 0.503 -0.239 1.244 1.356 0.180
Intensity of Light 0.76 -1.163 2.683 0.79 0.432
Canopy Cover 1.317 0.307 2.327 2.609 0.011

Surface debris 0.093 -1.381 1.568 0.127 0.9
Algae 0.708 -0.495 1.911 1.177 0.244
Emergent Plants 0.342 -0.334 1.019 1.013 0.315
Water depth -0.033 -0.045 -0.022 -5.67 0.000
Substrate type 1.345 0.549 214 3.381 0.001
Water Perimeter -0.017 -0.964 0.930 -0.036 0.972
Habitat stability 0.426 -0.637 1.489 0.802 0.426
Distance to nearest house -0.017 -0.77 0.736 -0.044 0.965
Habitat type -0.183 -0.358 -0.007 -2.076 0.041
Constant -8.676 -15.735 -1.616 -2.46 0.017

Cl confidence intervals, B the unstandardized coefficient value, Sig significant at p<0.05

Larval densities and water temperatures were positively
correlated (r = 0.936, p = 0.045) (Table 4). A strong negative
correlation was observed between the depth and density of
Anopheles larvae (r = 0.485, p = 0.000). However, pH and
Anopheles larval densities were not correlated (r = 0.116, P =
0.323).

Table 4: Correlation of some larval habitat characteristics with the
average Anopheles larval density sampled

Physicochemical Correlation p-
characteristics Mean+SD coefficient (R?) | value
Water Temperature er;ggg 0.936** 0.045
Water depth 44.27+42.08 -0.495** 0.000
Water pH 7.173+0.302 -0.116 0.323

SD standard deviation *Correlation is significant at the 0.05 level
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For An. Gambiae there were sufficient numbers of late instar
larvae available for the examination of environmental factors.
An. Gambiae larval density did not significantly differ
between permanent and temporary habitats (U=486.5,
p=0.060), habitats with or without algae (U=582, p=0.854),
with or without surface debris (p>0.05), between habitats of
small and large water perimeter (p>0.05), between habitats
closer and farther from human habitation (p>0.05), or
between clean, moderately turbid, or turbid water (p>0.05),
according to the results of the Mann-Whitney U tests and the
Kruskal-Wallis H test (Table 5). It was, however, significantly
higher in habitats with sun lit (U=136.5, p=0.024), in habitats
with stone substrate ((¥2=19.534, df=2, p=0.000), and in
habitats with no canopy cover close to the larval habitat
(x2=11.216, df=2, p=0.004).
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Table 5: Environmental variables and distribution of Anopheles larvae at Aleta Chuko district (2024)

. An. Gambiae (s. 1.)
Environmental factors Mean rank | U | P
Presence of algae
Present 37.69 582 0.854
Absent 38.7
Intensity of light
Sunlit 54.44 136.5 0.024
Shaded 36.04
Surface debris
Present 43.03 407.5 0.279
Absent 36.53
Habitat Stability
Permanent 34.35 486.5 0.060
Temporary 44.13
An.gambiae (s.l.)
Mean rank X2 df p
Turbidity
High 44.46 1.795 2 0.408
Medium 38.46
Low 34.37
Canopy cover
Open 33.29 11.216 2 0.004
Shrub 53.25
Tree 55.7
Emergent plant
Absent 37.56 2.112 3 0.550
Grass 35.03
Weeds 51.38
Grass+weeds 44.5
Substrate type
Mud 31.6 19.534 2 0.000
Stone 60.39
Gravel 53.7
Water perimeter (m)
<10m 38.72 1.321 2 0.517
10t0 100 m 35.8
>100m 48.63
Distance to nearest house (m)
<100 m 38.57
101 to 200 m 37.62
201-300 m 30.25 1.041 2 0.594

Discussion

In this study, the most commonly observed larval habitats
were rain pools, ditches, and road puddles. These small water
bodies hold water and can serve as larval sites only during the
rainy season 271, A similar cross-sectional study conducted in
the same country indicates that rain pools, ditches, and tire
tracks/road puddles were the major contributors during the
long rainy season 2829 ditches, burrow pits, and rain pools
contribute a large number of Anopheles larvae in the study
area This is in line with other studies that showed that ditches
burrow pits and rain pools supported the greatest number of
mosquito larvae (3031,

In the present study, larval breeding habitats such as road
puddles and swamps have lower larval densities compared to
other sites. This is in contrast with other findings that show
road puddles and swamps had higher larval density [29,32].
This could be due to less number of larvae in the habitat at the
time of sampling which could be attributed to habitat
disturbance by human and animal activity.

Temperature, pH, water depth, canopy cover, and habitat
types were the most important variables for Anopheles larval
density at the time of sampling. Densities of An. Gambiae

43

were found to be significantly associated with sunlit habitats,
no canopy cover, and stone substrates. This is in line with
studies conducted elsewhere [3334, Generally, Anopheles
larval density was not significantly associated with water pH,
water temperature, water turbidity, algal content, and distance
to the nearest house. The mean water temperature was 27.1 +
2.8 which may have at a range of suitable water temperature
for the Anopheles larvae to survive and develop into an adult
as was stated by [, The distance to the nearest house was
measured only from habitats containing Anopheles larvae;
therefore, most habitats were close (300 m) to the nearest
house, and a statistically significant association was not found
between distance to the nearest house and larval density.

The results presented in the present study showed that An.
Gambiae s.I. from all study districts had a high resistance
status for Deltamethrin (0.05%) with a possible resistance rate
(91%) in Loka Abaya and the least resistance rate (88%) in
Dale. This resistance development for Deltamethrin (0.5%) in
Loka Abaya, Aleta Chuko and Dale district as had been
showed in Ethiopia [**%° and Uganda ¢, This resistance of
Anopheline mosquitoes to deltamethrin may be due to its
impregnation on LLIN. This is in agreement with earlier
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findings (8371, These findings are consistent with those
reported by [ that An. Gambiae (sensu stricto) is highly
resistant to deltamethrin insecticidal agents. The resistance to
deltamethrin was observed in An. Gambiae populations in five
different localities from Lagos, South-Western Nigeria [,

A similar study done by 91 An. Gambiae were resistant to
deltamethrin and alpha-cypermethrin insecticides in most of
the sites. In contrast, other study reported that approximately
87.2% of An. Gambiae in Lake Tana, northwest Ethiopia, died
by using deltamethrin insecticide with the lowest percentage
of resistance [*81. And also similar study also suggested that no
confirmed resistance was recorded when An. Gambiae (s.1.)
populations tested for deltamethrin but suspected resistance
was observed M. An. Gambiae from Loka Abaya showed
possible resistance to Deltamethrin insecticide; this may be
the result of climate change, particularly the effects of
temperature and the previous use of pyrethroids in this
community.

Anopheles gambiae s.l. with Propoxur insecticide had its
highest resistance rate (38%) in Dale and its lowest resistance
rate (22%) in Loka Abaya. Propoxur insecticide had the
highest mortality rate (78%) in Loka Abaya and the lowest
(62%) in Dale. This study showed that Anopheles gambiae s.I
develops resistance to propoxure in all study sites. This is in
line with findings in Nigeria 12 and West Africa “3. In
contrast, mosquito population susceptible to propoxur was
reported from different parts of Ethiopia from 2012 to 2024
[19.20441  This contradictory result may be the first evidence
that An. Gambiae has resistance to propoxur in Ethiopia.
These findings are somewhat agreed with that of B, who
reported that mortality rates between 25-77% from propoxur
exposure in some localities.

The lowest mortality rate of An. Gambiae was recorded in all
three districts (Loka Abaya, Aleta Chuko, and Dale) through
Alpa-cypermethrin and Deltamethrin insecticides. Alpha-
cypermethrin (0.45%) treated An. Gambiae s.1. are susceptible
(> 98% mortality) in all study sites. Susceptibility to alpha-
cypermethrin may be attributed to the fact that alpha-
cypermethrin is new for the mosquito population in the study
area. In contrast, populations of An. Gambiae s.I. proved
resistance to apha-cypermethrin at Gambela and Gondar
respectively % #31. Similar findings have also been reported
from Cote d'lvoire 18] that An. Gambiae is resistant to alpha-
cypermethrin.

The existence of resistance to two classes of insecticides in
populations of An. Gambiae in three districts of the Sidama
region is worrisome and an indication of the threatened
sustainability of malaria vector control programs utilizing any
of these insecticides. The major challenge arising from these
results is that the choice of Pyrethroid and Carbamate may not
be a suitable alternative in the event of switching to another
class of insecticide. According to 1. An. Gambiae (in broad
sense) was identified as the identification key. Further
molecular investigations were not conducted. This is
consistent with other studies which reported that An. Gambiae
s. I. is the most widely distributed species in Ethiopia.
Assessment and selection of pesticides based on their time of
action for vector control is an essential component that has a
bearing on the management of insecticide resistance. The
KDTs determines the time that enables 50% of the mosquito
population to be knocked down by an insecticide. As reflected
by the trend in KDTs in the findings, knockdown was more
rapid for pyrethroids i.e. deltamethrin and alpha-cypermethrin
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14849 reported similar observations. Propoxur showed a
delayed effect of knockdown to 50% of the mosquito
population within 1 hour and it is less effective to Kkill
mosquitoes in the study area. In contrast, Propoxur has a
knockdown of 100% after 1 h of exposure [l and is a
candidate insecticide for vector control activities in Ethiopia.

Conclusions

Anopheles gambiae s.l1 is most predominating species found in
malarious districts of Sidama region .It is susceptible to
Alpha-cypermethrin (0.45%) insecticide and resistant to
deltamethrin (0.05%) and propoxure (0.1%). Ditches, burrow
pits, and rain pools were habitat types in which Anopheles
larvae found in large number. Larvae of Anopheles gambiae
s.l in study area occur in habitat with stone substrate, exposed
to sunlight and had no canopy cover. Hence, there is a need to
incorporate and use integrated vector management approaches
to malaria vector control.
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