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ABSTRACT

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, the purpose of this study was to assess the anopheles mosquito's insecticide
susceptibility status and habitat characterization in a selected study area at November. Cross
sectional study was used to conduct the study. The presence of Anopheles larvae was confirmed
in all water-holding habitats, and information about the habitat's perimeter, water depth, light
intensity, current flow, temperature, pH, turbidity, and proximity to the closest house was noted.
Additionally, information about vegetation coverage, permanence, surface debris, emergent
plant, habitats and substrate type of larval holding habitats were recorded for the purpose of
characterizing the habitat. Sample of anopheles larvae were taken to Akililu Lemma Institute of
Pathobiology from study area in November 2024. The larvae were then reared there, their
insecticide susceptibility tested, and their species was identified using the Coetzee 2020
identification key. In order to test for insecticide susceptibility, 100 adult Anopheles mosquitoes
were exposed to each insecticide that the World Health Organization (WHO) 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. In all research sites, alpha-cypermethrin insecticide
took less time (18.67-24.23min) to kill 50% of Anopheles gambiae s.l. In every study area, the
KDTsy of Anopheles gambiae exposed to propoxur insecticide was high, ranging from 51.95 to
56.25 minutes. Anopheles mosquito species that dominate study area was Anopheles gambiae s.1;
it was susceptible to Alpha cypermethrin and resistant to delthametrin and propoxur and it prefer
to breed in habitat which exposed to sun light, had stone substrate and had no canopy cover.
Anopheles gambiae (s.l) that inhabit Chuko, Dale and Loka Abaya was susceptible to
Alphacypermethrin and resistant to Deltamethring & Propoxure. This species was highly
productive in habitat like ditches, burrow pits and road puddle which exposed to sun light,

without canopy cover and with stony substrate.
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1. INTRODUCTION

1.1 Background of the study

Malaria is the most prevalent serious mosquito-borne disease worldwide (WHO, 2008). 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 (Pimenta et al., 2015). According to Saraiva et al. (2016), the main
Anopheles species that spread malaria are An. gambiae, An. stephensi, An. dirus, An. coluzzii,

An. albimanus, An. funestus, and An. arabiensis.

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) (WHO, 2022). 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 (Martens and Hall, 2000).

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 (WHO 2008).
Different Anopheles mosquito species carry malaria throughout sub-Saharan Africa, and the risk
of infection and illness varies greatly between locations (De Silva and Marshall, 2012; Doumbe-

Belisse et al., 2021).



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 (Temesgen Ashine et al., 2023). Temperature,
precipitation, and altitude all affect the seasonality of transmission (Bedker ef al., 2003; Abebe
Alemu et al., 2011). 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 (PMI, 2019). According
to Gessessew Bugssa and Kiros Tedla (2020), the primary methods for preventing and
controlling malaria in Ethiopia are the use of long-lasting insecticidal nets (LLINs) and indoor
residual spraying (IRS). Malaria continues to be the leading cause of morbidity and mortality in
Ethiopia despite the achievements (WHO, 2014) and efforts made thus far. According to
estimates, the nation will be responsible for 1.7% of cases and 1.5% of deaths from malaria in

2021, making it a major public health concern (Brhane Berheet al., 2019).

Pyrethroids are the primary class of insecticide approved for use in net impregnation, out of five
main classes: carbamates, neonicotinoid, organochlorines, organophosphates, and pyrethroids
(WHO, 2022). October 2017 saw the prequalification of the first neonicotinoid product for
indoor residual spraying (WHO, 2021). 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 (WHO, 2021).



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 (Solomon Yared et al., 2020; Delelegn Woyessa
and Delenasaw Yewhalaw, 2024; Fassil Adugna et al., 2023; Silesh Barasa et al., 2023; Esayas

Kinfeet al., 2021).

1.2. Statement of the problem

In Ethiopia one of malaria controlling measure is implementation of IRS (Indoor residual
spraying) using different insecticides including organophosphate, organochlorine and carbamate
(Eba Alemayehu et al., 2017). But the emergence of insecticide resistance in malaria vectors has
presented a significant threat to control the disease. Emergence of insecticide resistant variety of
anopheles mosquito was reported from different region of Ethiopia (Meshesha Balkew et al.,

2003; Eba Alemayewu et al., 2017; Esayas Kinfe et al., 2021).

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.



1.3. Significance of the study

Finding of this study is important to identify type of Anopheles mosquito which dominate study
area. It is also essential to evaluate the presence of insecticide resistant anopheles mosquito
species in study area which lay down scientific base for government to develop effective
intervention of controlling malaria vector. Information of this finding gives clues to identify the
types and characteristics of habitat in which mosquitoes prefer to breed. The research findings
also serve as a starting point to enable other researcher to conduct further studies regarding

malaria vector in study area. Additionally result of this study is input for the science realm.

1.4 Objectives

1.4.1 General objective

General objective of this study was to examine habitat characteristics and insecticide

susceptibility status of Anopheles mosquito in malaria endemic districts of Sidama Region.

1.4.2 Specific Objectives

» To identify types of anopheles mosquito species that inhabit study area.
» To evaluate insecticide resistance status of anopheles mosquito that inhabit study area to
selected insecticides

» To identify the environmental variables and habitat characteristics associated with the

occurrence of Anopheles larvae.



1.5 Scope of the study

The study addressed three Woredas of Sidama Regional state which are well known for their
malariosity; Loka Abaya, Chuko and Dale Woreda. This study excluded another Woredas in

Sidam Regional State.

1.6 Limitation of the study

A number of factors made the investigation extremely difficult, including the constantly
changing weather, which made it difficult to locate enough mosquitoes for a sample. It was quite
difficult to gather and transport sampled mosquitoes from the field to the Addis Ababa-based

insectary lab as there is no insectary lab facilities near study area.

It was also challenging to get insecticide impregnated paper, insecticide susceptibility bioassay

kit as it is available only in research institute via WHO.



2. LITERATURE REVIEW

2.1 The mosquito

There are 43 genera and more than 3,530 species of mosquitoes in the world. The Culicidae
family includes all of these genera (Chandira et al., 2013). Because they can spread diseases that
infect humans through mosquitoes, Anopheles, Aedes, and Culex are among these genera that
are significant to medicine (Gubler, 2010). Anopheles is capable of spreading malaria and
lymphatic filariasis, while Aedes is able to spread the Zika virus, Rift Valley fever, yellow fever,
lymphatic filariasis, and chikungunya. Culex is a vector for Japanese encephalitis, lymphatic

filariasis, and West Nile fever (WHO, 2020).

2.2 Mosquito vector for malaria

The malaria-causing Plasmodium species is carried by female Anopheles mosquitoes. Male
mosquitoes are incapable of spreading malaria or other illnesses because they do not bite
(Nicoletti, 2020). Anopheles mosquitoes have been described in over 400 species; of these, about
70 species—including Anopheles gambiae, Anopheles stephensi, Anopheles arabiensis,
Anopheles funestus, and others have the potential to transmit malaria to humans (Sinka et al.,
2012). Anopheles mosquito species are found throughout the world and vary depending on the
environment, with the exception of Antarctica, where they require a hot season to be active

(Nicoletti, 2020).



2.3 Malaria vector species Available in Ethiopia

To date, Ethiopia has recorded over 40 different species of Anopheles (FMoH, 2016; Irish ef al.,
2020). The four Anopheles species that are medically significant malaria vectors in Ethiopia are
An. arabiensis, An. funestus, An. pharoensis, and An. nili (Kassahun Jaleta et al., 2013;
Delenesaw Yewhalaw et al., 2010). An. arabiensis is a significant malaria vector that is common
in Ethiopia, according to Yohannis Mekonnen et al. (2005). An. funestus and An. pharoensis are
two other common malaria vectors that are predominant in malarial endemic areas (NSPE, 2010;
Anmut Assemie, 2022). The least frequent, more confined, and little-studied species is
Anopheles nili. It can be located in Ethiopia's northwest, western, and southwestern regions
(Kassahun Jaleta et al., 2013). An. stephensi was recently identified in eastern Ethiopia

(Meshesha Balkew et al., 2020).

2.4 Life cycle of mosquito

Mosquitoes undergo a complete metamorphosis, in which eggs hatch into larvae, then larva into

a pupal phase, finally hatching as fully adult flies (Hardy ef al., 2022).




Figure 1: Life cycle of mosquito (Image courtesy of Louise Malmgren/NRI)

2.6 Identification of male and female mosquito

Using a microscope or magnifying glass, there are three methods to differentiate between female
predators and harmless male mosquitoes. Males are larger than females, and females have a
proboscis that resembles a needle that they use for biting. According to the National
Environment Agency (2020), females have far fewer hairy antennae than bushy, hairy ones on

males.

2.7 Mosquito species Identification

There are about 400 species of Anopheles mosquito and 70 of these species are potential vector
to malaria (Sinka et al., 2012). These species are identified by using morphological and
molecular identification keys (Mala ef al., 2011; Mishra et al., 2021).

2.7.1 Morphological identification

In aquatic environments, mosquito species can be distinguished from one another both as adults
and as larvae by their external morphology (Mala et al., 2011; Erlank et al., 2018; Gonzalez et
al., 2021). A morphology identification key was created by Sallum et al. (2020); Becker et al.
(2020), and Cotzee (2020). The gross morphology of the species, the external morphology of the
head, mouthparts, antennae, proboscis, and patches of pale and black scales on the wings and
legs, and the terminal abdominal segments can all be used to classify adult mosquitoes into

different species (Cotzee, 2020).



2.7.2 Molecular identification

The "gold standard" diagnostic method used today to differentiate between specimens that are
morphologically identical and closely related is PCR. Sequence variations in the rDNA's second
internal transcribed spacer (ITS2) are common to Anopheles mosquitoes and serve as useful
markers for diagnostic assays (Walton et al., 2007; Mishra et al., 2021). PCR procedures, like
the ones created to identify individuals within the An. gambiae complex (Bass et al., 2007; Bass
et al., 2008), are crucial instruments for both fundamental and practical investigations. But it has
a number of disadvantages, including being expensive, labor-intensive, and time-consuming

(Miiller et al., 2013).

In order to address the drawbacks of traditional PCR-based approaches, researchers have
recently focused more on elective strategies, most notably the near-infrared spectroscopy (NIRS)
technique (Mayagaya et al., 2009) and the loop-mediated isothermal amplification (LAMP)
technique (Fallahi et al., 2015). A gene can be amplified and detected in a single step with the
LAMP technique, which uses strand displacement reaction to amplify DNA at a constant
temperature. NIRS, on the other hand, gathers a sample's density distribution of the near-infrared
energy absorbed, which is subsequently examined for traits that identify biological samples

(Miiller et al., 2013).

2.8 Mosquito rearing in Laboratory

In laboratories, mosquito colonies are needed in order to conduct studies on vector biology,

vector-parasite interactions, insecticide susceptibility, vaccine studies etc., For this reason it is



important to maintain the original gene pool, physiological and behavioral characteristics of the

insects under study as much as possible (Lazzari et al., 2004)

2.8.1 Equipment /supplies for mosquito rearing

Equipments used to rear mosquito in laboratory include cage, aspirator, tray, heater and
humidifier (Araya Eukubay, ef al., 2017) Cages have a wooden or metal frame that is covered in
aluminum, cotton, or plastic netting and function to hold adult anopheles mosquito (Araya
Eukubay, et al., 2017). Aspirator is used to collect adult mosquito from resting place easily
(Birungi et al., 2021; John W. Hock Company). Trays are water resistant containers used to hold
immature mosquito stage (Araya Eukubay, et al., 2017). Temperature and humidity in the
rearing room is controlled by heater and humidifier respectively (Padmanabha et al., 2011;

Moura et al., 2021).

2.8.2 Microclimate required for insectary

Temperature has a major impact on several biological aspects of mosquitoes, including growth
rates. Higher temperatures hasten larval development and increase the need for higher
concentrations of larvicides for control, according to research on the effects of temperature on
Aedes aegypti larvae (Padmanabha et al., 2011; Moura et al., 2021). Temperature variations
affect Culex pipiens populations' resistance to chemical insecticides, survival rates, and egg
hatching percentages, according to Lahondére and Lazzari's (2012) research. Furthermore,

research on Culex quinquefasciatus mosquitoes revealed that a number of factors, such as adult
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longevity, emergence rates, larval growth rates, and immature survivorship, are negatively

impacted by rising temperatures (Ukubuiwe et al., 2018).

Since moisture has a significant impact on mosquito lifespan, moisture control is crucial. A
humidifier is used to regulate humidity. Moisture will eventually cause the micro switches to fail
because these must be installed in the room, so it's advised that hygrostats and humidifiers be
changed on a regular basis. Additionally, small commercial mist/aerosol generators can be used
to control humidity. These feature an electric motor spinning a flat disc at a high speed, forcing a
fine mist of water droplets out of a nozzle on top. Frequent measurements of humidity should be
made, either daily with a vortex hygrometer or continuously with a recording thermos
hygrometer. Relative humidity in the 80+10% range is frequently mentioned as the range needed

to maintain an adult (Araya Eukubay et al., 2017).

The length of the day and the intensity of the light affect how various life cycle stages—mating,
feeding, oviposition, and pupation—develop. With a timer and switch integrated into the light
source, controlling the length of the lighting is simple. The best kind of light source is a regular
daylight fluorescent tube. You can have a separate red light for when you need to work in the
dark. It's usually advised to follow a 12-hour light and 12-hour dark photoperiod. In order to
allow them to carry out their daily activities in the morning and feed on adult female mosquitoes
in the afternoon, species that feed on blood at night can be housed in well-lit rooms with lights

turned off at noon and on at midnight (Araya Eukubay et al., 2017).
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2.8.3 Anopheles Mosquito rearing procedure

A pad of cotton wool soaked in 10% sucrose solution was placed on top of the covering screen of
a plastic cup measuring 8.5 cm in diameter and 11 cm in depth, which was lined with filter
paper. The cup was used to house wild-caught, fully engorged adult females that were collected
from traps set up by humans or animals. In order to maintain humid conditions in the cup and
slow down the quick drying of the soaked cotton wool, it was covered with a clear plastic bag.
To maintain humidity and temperature, it was kept in a humid chamber with a picnic foam box
(18 x 26 x 39 cm). After that, it was moved to the insectarium for biological research and
colonization. The insectarium was used for all of the experiments, and it was kept at 2742 °C,
70-80% relative humidity, and lit for about 12 hours a day with a combination of fluorescent

lighting and natural daylight coming through a glass window (Choochote and Saeung, 2013).

Since using live animals raises ethical concerns, adult female mosquitoes can be raised
artificially through blood-feeding systems in order to produce eggs (Hila and Obra, 2023). The
system's foundation can be a glass feeder that is heated to 37°C and contains a mixture of red
blood cells and heat-inactivated serum to achieve a hemoglobin concentration of less than 40%
(Rucci et al., 2023). After about 30 minutes of feeding, females can lay eggs. A wet filter paper
in a beaker should be left inside the cage for the duration of the night in order to collect the eggs
(Costa-da-Silva, 2023). After that, the eggs, along with some food and distilled water, can be
transferred to a plastic tray for the larvae's growth and hatching (Martin-Martin et al., 2023).
This method replicates natural blood-feeding processes and supports mosquito colony

maintenance for research purposes (Leite ef al., 2024).
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Every day on the fifth and eighth days of their upbringing, the developing larvae are fed two
Purina cat food tablets and their density and population are tracked. After five days, on the eighth
day, the population of larvae is diluted by adding two tablets of purina cat food and a pinch of
ground fish food to each tray, which takes about thirty minutes (Das et al., 2007). The larvae are
fed cat food every day from day 9 to day 12. The water is replaced with fresh water on the
twelfth day, when the larvae are nine days old, and food is added (two cag food tablets and a
pinch of grounded cat food). At this point, the pupae begin to develop. Nets are placed over the
trays to keep adults from escaping (approximately 8—10 minutes). Pupae are permitted to become
adults for the following two to three days starting on the thirteenth day. To prevent adults from
escaping, food is given to the larvae and pupae on a daily basis by carefully removing the net. On

the sixteenth day, the adults are gathered into a cage using a vacuum-connected aspirator.

2.9 Insecticide and resistance behavior of Anopheles mosquito

There are five main classes of insecticides approved for use against mosquito vector; Pyrethroid,
Organophosphate, Organochlorine, Carbamate and Neonicotenoid (WHO, 2022). As insecticide
design strategy to kill mosquito, mosquito also develop strategy to resist insecticide against them

(Yang et al., 2020; Kampango et al., 2022; Mack et al., 2021; TF et al., 2023).

2.9.1 Insecticide against Mosquito

Pyrethroids are the primary class of insecticide approved for use in net impregnation, out of five
main classes: carbamates, neonicotinoid, organochlorines, organophosphates, and pyrethroids
(WHO, 2022). October 2017 saw the prequalification of the first neonicotinoid product for

indoor residual spraying (WHO, 2021). The majority of pesticides were applied by residual
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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 (WHO, 2021).

2.9.2 Mosquito Killing mechanism of insecticide

Pyrethroids and dichlorodiphenyltrichloroethane (DDT) kill mosquito vectors by focusing on
their sodium channels. Insecticides cause repetitive nervous system discharge and depolarization
of the nerve membrane after binding to sodium channels, which ultimately leads to the death of
the insect (Eldefrawi and Eldefrawi, 2020). The enzyme acetylcholinesterase (AChE), which is
essential to the nervous system for hydrolyzing the neurotransmitter acetylcholine and playing a
role in stopping nerve impulses, is the target of organophosphate and carbamate insecticides

(Kaushal et al., 2021; Ranjan and Jindal, 2022).

2.9.3 Insecticide resistance mechanism of Mosquito

The primary resistance mechanisms can be broadly categorized into two groups. Resistance to
both metabolic processes and target sites. Changes in the mosquito's enzymatic system cause
metabolic resistance, which speeds up the insecticide's usual detoxification process. The process
of detoxification stops the insecticide from going to where the mosquito is supposed to work.
Three enzymatic systems are thought to be significant insecticide metabolites for malarial

vectors. Glutathione-S-transferase, monooxygenase, and esterase. Mutations that change the
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protein receptors that pesticides are intended to target give rise to target site resistance. In this
instance, the insecticide can no longer bind to the receptor's intended target site. Therefore,

insects are either unaffected by pesticides or less susceptible to them (WHO, 2016).

Both DDT and pyrethroids mainly work by binding to the sodium channel, changing its gating
characteristics, and keeping it open for an abnormally long period of time to produce their toxic,
insecticidal effects (Silver et al., 2014; Ravula and Yenugu, 2021). The nervous system's sodium
channels become insensitive to DDT and pyrethroids due to structural modifications in the form
of point mutations or substitutions brought about by single nucleotide polymorphisms. This
occurs when the insecticides' affinity for binding proteins is reduced or completely eliminated

(Rinkevich et al., 2013).

There have been reports of An. arabiensis insecticide resistance to permethrin and DDT from
different parts of Ethiopia (Meshesha Balkew et al., 2003). Knockdown resistance is a crucial
mechanism linked to both pyrethroid and DDT resistance. Two mutations in the voltage-gated
sodium channel gene's domain II are linked to pyrethroid and DDT resistance in Anopheles
gambiae sensu stricto (Ranson et al., 2000; Tchigossou et al., 2018; Kouadio ef al., 2023). The
first mutation, called West African kdr (L1014F), is a nucleotide alteration where a
phenylalanine (TTT) is substituted for a leucine residue (TTA). In West Africa, this mutation is
common at varied frequencies. Yawson et al. (2004); Fanello et al. (2003). Leucine (TTA)-
serine (TCA) substitution at the same codon characterizes the second mutation, the East African
kdr (L1014S), which was first discovered in western Kenya (Ranson et al., 2000; Stump et al.,

2004). Numerous African countries have reported An. gambiaes.s. populations containing both
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East African and West African kdr mutations. Pinto and colleagues, 2006; Verhaeghen and

colleagues, 2006).

Different species of mosquitoes have been found to carry the ace-1 and ace-2 genes, which
encode AChE1 and AChE2, respectively. However, only AChE1 has been linked to mosquito
resistance to OP and carbamate insecticides (Alout et al., 2008). Two mutations from the AChE1
active site in mosquitoes cause insensitivity or decreased sensitivity to OP and carbamate
insecticides, despite the fact that several mutations linked to the development of insecticide
resistance in other insect species have been reported. Numerous mosquito species, including
Anopheles albimanus, Culex vishnui, Culex pipiens, and Culex quinquefasciatus, have been
reported to substitute G119S (Weill et al., 2003). According to 3-D modeling, steric hindrance
would result from the G-to-S substitution, decreasing the accessibility of inhibitors and substrate
(Alout et al., 2008). According to a functional analysis of ace-1 in the baculovirus—insect cell
system, the F455W substitution in ace-1 is what causes OP resistance in Culex tritaeniorhynchus
(Nabeshima et al., 2004). Strong evidence for the significance of this mutation in resistant
insects in general has been provided by the substitution of F455W in carbamate-resistant Myzus
persicae (Nabeshima et al., 2004), OP-resistant B-biotype whitefly Bemisia tabaci (Alon et al.,

2008), and OP-resistant two spotted spider mite Tetranychus urticae (Aazawa et al., 2003).

Three main metabolic detoxification gene families cytochrome P450s (P450s), esterases, and
glutathione S-transferases (GSTs) are involved in the detoxification of pesticides in mosquitoes.
P450s perform a wide range of physiological and biochemical roles and make up one of the

largest gene families in all living things. P450s are essential for the activation of endogenous
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compounds and/or detoxification of xenobiotics (Feyereisen, 2005). According to Ranson and
Hemingway (2005), GSTs are soluble dimeric proteins that play a significant role in the
metabolism, detoxification, and excretion of numerous endogenous and exogenous substances.
The transcriptional upregulation of insect P450s and GSTs, which raises levels of enzymatic
activity and protein synthesis, is a noteworthy characteristic. Thus, insecticide resistance (Liu et
al., 2015) and tolerance to plant toxins (Li et al., 2007) are developed, and the metabolic
detoxification of pesticides and plant toxins is improved. It has also been suggested that the
development of insecticide resistance is influenced by the amplification or duplication of genes
encoding P450s (Riveron et al., 2013). The majority of organisms contain esterases, a diverse
group of enzymes. Since the amplification and/or sporadic overexpression of esterase genes
increases the production of detoxification proteins, their overproduction has been thoroughly

studied (Liu et al., 2015; Samal et al., 2022).

2.10 Insecticide susceptibility test for Anopheles mosquito

The World Health Organization uses a technique called the "WHO Susceptibility Bioassay" to
track insecticide resistance in mosquito populations. Since its initial development in 1960, this
procedure has undergone multiple modifications (Praulins et al., 2022). In response to
widespread resistance to organochlorine insecticide, the test kit was created in 1958 to check for
the emergence of resistance to both organochlorine and organophosphate insecticide (Pinto et al.,
2019). A procedure for using the WHO Insecticide Susceptibility Bioassay, also known as the
WHO Tube Bioassay, has been released by the World Health Organization (WHO) in order to
track adult resistance to a variety of insecticides that are frequently used to control mosquito

populations (WHO, 2022). This method of resistance monitoring involves gathering adult wild
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female mosquitoes or their larvae, which are then raised to adulthood in a testing facility. The
insecticide's discrimination concentration (DC) is subsequently applied to the treated filter paper,
after which knockdown and mortality can be recorded (Praulins et al., 2022). And a WHO
guideline will be interpreted based on the assay result. According to WHO (2013), mosquitoes
are classified as susceptible (S) if their mortality rate exceeds 98%, suspected resistant (R) if

their mortality rate is between 90% and 97%, and resistant (R) if it is less than 90%.
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3. MATERIALS AND METHODS

3.1. Description of the study area

The study was carried out in Aleta Chuko, which is situated in the southwest of the Sidama
region, as well as the Dale and Loka Abaya districts. 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 rain fall of 19.1 ‘c, 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. About
190,081 population are living in Aleta chuko, 289,593 living in Dale and 116,434 population

living in Loka Abaya.
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Figure 2:Study area map (From ArcGIS)
3.2. Study design

Cross sectional study was employed that includes entomological data collection of the

arca.

3.3. Study population

Anopheles mosquito that inhabit study sites.
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3.4. Sample size determination and sampling methods

150 female anopheles mosquitoes were used to test susceptibility to each selected insecticides

and the larvae were collected from the field with standard dipping method.

3.5 Habitat characterization

The habitats of Anopheles larvae were identified. Environmental factors including the size of the
habitat, the depth of the water, the presence of water flow, direct sunlight, water temperature at
the time of sampling, water turbidity, pH, and the distance to the nearest house were recorded for
every habitat that supported Anopheles larvae, with the exception of those that were empty.
Additional environmental factors encompassed the extent of vegetation, the stability of the
habitat, the existence of algae, the amount of surface debris, the amount of emergent plants, the
type of habitat, and the type of substrate. Using a meter stick, the water depth of a habitat was
measured from various locations based on its size, and the average depth was determined. If the
distance was less than 100 meters, it was estimated; if it was greater, it was measured with a tape
measure. After that, distance was divided into three classes: <100 m, 101-200 m, and 201-300
m, are the three distance ranges. Visual observation was used to determine the amount of surface
debris, the presence of algae, and the coverage of emergent plants. The three categories of
vegetation cover were determined by visual observation: open (no vegetation), tree (large trees
within a range of 10-15 m where shade and foliage could reach), and shrub (woody plants

smaller than a tree within a range of 10-15 m).

Using a tape measure, the habitat perimeter was measured and divided into three categories: less

than 10 meters, between 10 and 100 meters, and greater than 100 meters. A measure of habitat
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stability was the amount of time the habitat held water following a rainfall. According to
Mwangangi et al. (2010), a habitat was classified as temporary if it retained water for two weeks
or less and permanent if it did so for more than two weeks following a rainstorm. Water samples
were put in glass test tubes and placed against a white background to measure turbidity. The
samples were then categorized into three levels: low, medium, and highly turbid (Dejene
Getachew et al., 2020). If the habitat could receive direct sunlight at all times of the day, it was
visually classified as sunlit; if not, it was described as shaded. The type of substrate was
classified as gravel when the stones were smaller than sand, stone if the pool was lined with large
stones (rocks larger than 10 cm in diameter), and mud otherwise. At the time of collection, a
water thermometer was used to record the temperature of the water, and pH was determined

using pH indicator paper (Oljira Kenea et al., 2011).

3.6 Mosquito Collection and rearing.

After the extended rainy season (November) in each study site, anopheline mosquito larvae were
collected by dipping from a variety of breeding sites, including ditches, water canals, road
puddles, rain pools, and burrow pits. Every larvae was maintained in a 5-liter plastic jar. 1.5
liters of habitat water were added to a plastic jar with lots of holes on top so that there would be
enough aeration and plant debris to feed the larvae. The specimens were brought to the Aklilu

Lema Institute of Pathobiology at Addis Ababa University to be raised in a laboratory.

Choochote and Saeung (2013) employed detailed techniques in the rearing of larvae. Every field
testing room in every study site had a temperature and relative humidity within 25 + 2 °C and 80

+ 10%, respectively. Each site's larvae and pupae were transferred to plastic trays labeled with
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the site's measurements (25 cm x 35 cm x 6 cm) and filled with one liter of naturally flowing
water close to the village. There were about eighty larvae in each rearing tray. Every day, the
mosquito larvae were fed fish food containing Tetramin (TM). In order to avoid scum
accumulation, the trays were replenished with water when the level dropped below the necessary
level due to evaporation. The pupae were placed in adult emergence cages, measuring 30 cm by
30 cm by 30 cm. Adult female mosquitoes that were 2-3 days old were utilized for insecticide
susceptibility testing and species identification. Adult mosquitoes were morphologically sexed

upon eclosion using differences in antennas (Buxton et al., 2020).

3.7 Insecticide susceptibility tests

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. The selection of insecticides was based on their
operational significance in the national malaria control program at the time of the study.
Propoxur is currently used in Ethiopia for IRS, and deltamethrin is included in LLINs. In
cooperation with the WHO, insecticide-impregnated paper was acquired from the Aklilu Lema
Institute of Pathobiology. Six holding tubes were filled with batches of twenty-five female
mosquitoes each, and they were kept upright for an hour. After securing the holding and
exposure tubes together, mosquitoes were moved from one to the other. One was used as a
control in two green doted tubes, and the other was blown through the opened slit to four red
doted exposure tubes lined with impregnated insecticide. Before the exposure period, damaged
mosquitoes from the transfer were replaced. After an hour of being housed in the test tubes, the

number of mosquitoes that had been knocked down was counted and recorded every ten minutes
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for a total of sixty minutes. Following an exposure period of one hour, the mosquitoes were
carefully placed into holding tubes. Adults were given food in the form of a 10% sugar solution
on top of the net screen. For a full day, mosquito-containing tubes were maintained in a lab at
25+2 °C and 70-80% relative humidity. Deaths were noted following a 24-hour observation

period. Absolute ethanol was used to preserve every test specimen.

3.8 Species Identification

A 10x magnification trinocular dissecting microscope (Amscope SZMT2/MU100010APTINA
COLOR CMOS) was used for morphological identification. Using standard identification keys,
the mosquitoes were classified into species based on physical characteristics of their abdomen,

legs, wings, and palps (Nour et al., 2019; Akeju, 2022).

3.9 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.

3.9.1 Habitat characterization

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 logl0 (x+1) larval density was used
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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

3.9.2 Insecticide susceptibility test

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 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 (WHO,

2022). The Statistical Package for the Social Sciences (SPSS) software (Version 25) was used to
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perform a probit analysis on the knockdown time 50% (KDTs) of all tested female mosquitoes

for each insecticide.

3.10 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.

3.11 Ethical approval

This study was conducted after reviewed and approved by Ethical review board of Hawassa

University biology department.

26



4. RESULTS

4.1 Insecticide resistance status of A. gambiae in study sites to selected insecticides

In this study, 7908 An. gambiae mosquitoes were tested to ascertain their level of insecticide
resistance using WHO guidelines. According to WHO (2013), 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 woredas

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)

4.2 Knockdown Time KDTj;,

Propoxur (0.1%) had the highest mosquito KDTs, (Fig. 4.1) 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. 4.1) showed the lowest KDTs. 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.
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Figure 3:Meant95% CL summary results of knockdown time (KDTsy) (minutes) of field collected
Anopheles gambiae F1 progeny (n=100 per insecticide) from malaria endemic districts tested against
different classes of insecticides

4.3 Anopheles larvae species composition

A total of 4489 adult Anopheles mosquitoes from 1 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.1.) comprised 100%

across all study sites.

4.4 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

29



(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). 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

Table 2: Density of Anopheles larvae in different habitat types in Aleta Chuko, Dale and Loka Abaya

Woredas study sites

Study site Habitat type (n) Total Total No.of Total No. of
no. of Larval larvae/dip pupal pupae/dip
dips count (meanzse) count (meanzse)

Aleta Chuko 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 0.2+0.3
Swamp(4) 20 205 10.3+£0.7 2 0.1+0.2
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 1.2+0.3 0 0+0
Total 365 3218 8.8 53 0.1
Dale Rain pool(23) 138 706 5.2+0.4 5 0.04+0.1
Woreda Road puddle(11) 52 360 7.1£1.5 2 0.04+0.1
Ditches(12) 56 505 9.1+1.1 6 0.1+0.2
Swamp(3) 27 84 3.1+0.2 0 0+0
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Burrow pits(7) 65 590 9.2+0.8 9 0.1+0.2
Marshes(3) 15 125 8.3+0.4 0 0+0
Total 353 2370 6.7 22 0.06
Loka Abaya Rain pool(23) 133 685 5.2+0.9 5 0.1+0.2
Road Puddle(9) 58 365 6.5+1.4 2 0.04+0.1
Ditches(10) 59 510 8.9£1.5 6 0.1+0.2
Swamp(3) 29 86 2.9+0.3 0 0+0
Burrow pits(5) 47 510 11£1 9 0.2+0.2
Marshes(4) 20 164 8.2+1.1 0 0+0
Total 346 2320 6.7 22 0.06

4.5 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.

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

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

Temperature 0.749 0.972 15.319 0.000

PH -3.971 -0.277 -2.3 0.025
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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 2.14 3.381 0.001
Water Perimeter -0.017  -0.964 0.930 -0.036 0.972
Habitat stability 0426  -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

CI 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 characteristics =~ Mean+SD Correlation coefficient (R?) p-value
Water Temperature 27.096 +2.832 0.936** 0.045
Water depth 44.27+42.08 -0.495%* 0.000
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Water pH 7.173+£0.302 -0.116 0.323

SD standard deviation *Correlation is significant at the 0.05 level

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 (y2=11.216, df=2,

p=0.004).

Table 5: Environmental variables and distribution of Anopheles larvae at Aleta Chuko district (2024)

Environmental factors An. gambiae (s. 1.)

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.1.)

Mean rank X df p
Turbidity
High 44.46 1.795 2 0.408
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Medium 38.46

Low 34.37

Canopy cover

Open 33.29 11.216 0.004
Shrub 53.25

Tree 55.7

Emergent plant

Absent 37.56 2.112 0.550
Grass 35.03

Weeds 51.38

Grass+weeds 44.5

Substrate type

Mud 31.6 19.534 0.000
Stone 60.39

Gravel 53.7

Water perimeter(m)

<10m 38.72 1.321 0.517
10 to 100m 35.8

>100m 48.63

Distance to nearest house(m)

<100m 38.57

101 to 200m 37.62

201-300m 30.25 1.041 0.594
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S. DISCUSSIONS

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 (Dejene Getachewet al., 2020). 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 (Arega Tsegayeet al., 2023; Dawit Hawaria et al.,
2020) 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 (Nicholas et al., 2021; Mihretu Tarekegnet al.,
2022). 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 (Arega Tsegayeet al., 2023; Babale et al., 2023).
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 were found to be significantly associated with
sunlit habitats, no canopy cover, and stone substrates. This is in line with studies conducted
elsewhere (Oljira Keneaet al., 2011; Gimnig et al., 2001). 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 Bayoh and Lindsay (2003). The distance to the nearest house was
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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.1. 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 (Delelegn Woyessa and Delenasaw Yewhalaw, 2024; Fasil Adugna et al., 2023; Silesh
Barasa et al., 2023) and Uganda (Oruni et al., 2024). This resistance of Anopheline mosquitoes
to deltamethrin may be due to its impregnation on LLIN. This is in agreement with earlier
findings (Fasil Adugna et al., 2023; Alemayehu Dagne et al., 2020). These findings are
consistent with those reported by Chukwuekezie et al. (2020) that An. gambiae (sensu stricto) is
highly resistant to deltamethrin insecticidal agents. Oduola et al. (2012) suggested that resistance
to deltamethrin was observed in An. gambiae populations in five different localities from Lagos,

South-Western Nigeria.

Similar to Kouassiet al., (2020), An. gambiae were resistant to deltamethrin and alpha-
cypermethrin insecticides in most of the sites. In contrast, Fasil Adugna et al. (2023) reported
that approximately 87.2% of An. gambiae in Lake Tana, northwest Ethiopia, died by using
deltamethrin insecticide with the lowest percentage of resistance. Rakotoson et al. (2017) also
suggested that no confirmed resistance was recorded when An. gambiae (s.1.) populations tested

for deltamethrin but suspected resistance was observed. An. gambiae from Loka Abaya showed
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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.1. 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.1 develops resistance to propoxure in all study sites. This is in line with
findings in Nigeria (Shehu et al., 2023) and West Africa (Awoke Minwuyelet et al., 2023). In
contrast, mosquito population susceptible to propoxur was reported from different parts of
Ethiopia from 2012 to 2024 (Meshesha Balkew et al., 2012; Esayas Kinfeet al., 2021; Tebiban
Chanyalew et al., 2021; Misrak Abraham et al., 2017 Silesh Barasa et al., 2023; Delelegn
Woyessa and Delenasaw Yewhalaw, 2024). 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 Oduola ef al. (2012), 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.l. 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.1.

proved resistance to apha-cypermethrin at Gambela and Gondar respectively (Tebiban
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Chanyalew et al., 2022; Silesh Barasa et al., 2023). Similar findings have also been reported

from Cote d'Ivoire (Ekra et al., 2023) that An. gambiae is resistant to alpha-cypermethrin.

The existence of resistance to two classes of insecticides in populations of 4n. 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 Coetzee (2020),
An. gambiae (in broad sense) was identified as the identification key. Further molecular
investigations were not conducted. This is consistent with other studies (Assalif Demissew et al.,
2020; Alemnesh Hailemariamet al., 2022; Dejene Getachewer al., 2019; Werissaw
Haileselassieet al., 2021) which reported that An. gambiae s. 1. 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 KDTsy in the findings, knockdown was more rapid for
pyrethroids i.e. deltamethrin and alpha-cypermethrin. Okafor et al., 2023; Muhammet and Elcin,
2015) 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 kill mosquitoes in the study area.

In contrast, Propoxur has a knockdown of 100% after 1 h of exposure (Alemayehu Dagne et al.,
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2020; Silesh Barasa et al., 2023) and is a candidate insecticide for vector control activities in

Ethiopia.
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1. Conclusions

Anopheles gambiae s.] is most predominating species found in malarious district 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./ in study area occur in

habitat with stone substrate, exposed to sunlight and had no canopy cover.

6.2. Recommendations

Based on the findings of this study, using deltamethrin to treat bed net and propoxur for indoor
spraying techniques should not provide important protection in the future, instead, it is better to
use alpha-cypermethrin to treat bed net and other unusual insecticides for indoor spraying
technique around the study area. Using Pyrethroid and Carbamate class may not be an effective
insecticide to An. gambiae populations in the Sidama region,Ethiopia. Hence, there is a need to
incorporate resistance and integrated vector management approaches to malaria vector control
As this study focused primarily on malaria vector susceptibility, further studies, especially

molecular studies, are needed to identify anopheles species in a strict sense.
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