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In this study, samples ofWolbachia-infected Aedes aegyptimosquitoes were collected from Al-Safa district
in Jeddah city, Saudi Arabia. The presence of Wolbachia bacteria in mosquitoes was confirmed by PCR
technique and they were reared and propagated in the laboratory. Comparative studies were conducted
between Wolbachia-infected A. Aegypti and the Wolbachia-uninfected laboratory strain in terms of their
ability to withstand drought, resist two types of insecticides and the activities of pesticide detoxification
enzymes. The Wolbachia-infected A. aegypti strain proved less able to withstand the drought period, as
the egg-hatching rate of the Wolbachia-uninfected strain was greater than that of the Wolbachia-
infected strain after one, two and three months of dry periods. Compared to the Wolbachia-uninfected
strain, the Wolbachia-infected strain demonstrated a relatively greater resistance to tested pesticides,
namely Baton 100EC and Fendure 25EC which may be attributed to the higher levels of the detoxification
enzymes glutathione-S-transferase and catalase and the lower levels of esterase and acetylcholine
esterase.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Dengue fever is a rapidly spreading disease in recent decades,
especially in tropical and subtropical countries of the world. It is a
viral disease transmitted by Aedes aegypti mosquito, and it has
caused health and economic burdens on the countries where it is
spread. The number of people who are susceptible to dengue fever
is estimated at approximately 390 million annually (Guzman and
Istúriz, 2010, Bhatt et al., 2013, Undurraga et al., 2013;WHO, 2019).

Currently, the method used to prevent the spread of the dengue
virus is to control the mosquito vector using chemical pesticides
(WHO, 2019). However, this method has proven to be insufficient
for sustainable control of the disease (Bowman et al., 2016,
WHO, 2019). Therefore there is an urgent need to devise new
methods of mosquito combat and disease control. Several vector
control methods are in the process of research and development
to meet the need for sustainable control (Yakob and Walker,
2016, Von Seidlein et al., 2017).

Currently, a promising technology has emerged that can play a
major role in controlling dengue disease, it depends on the devel-
opment of mosquitoes that have the ability to resist the virus and
prevent its spread.

This control technique is based on the use ofWolbachia bacteria,
which have the ability to inhibit the dengue virus inside the host
(Ferguson et al., 2015). Wolbachia-infected mosquitoes are reared
in the laboratory and then released into the field, where they mate
with wild mosquito populations, Wolbachia transmission occurs
across generations due to cytoplasmic incompatibility (CI), and
the percentage of infected mosquitoes increases to become the
dominant mosquito strain in the target area (Walker et al., 2011).
This experiment has been conducted in many countries and the
result were promising successful (Hoffmann et al., 2011; Frentiu
et al., 2014 Schmidt et al., 2017; O’Neill et al., 2018; Zheng et al.,
2019; Zhang and Lui, 2020). The Wolbachia strategy also inhibits
other viruses within the mosquito including Zika, yellow fever
and chikungunya viruses (Van den Hurk et al., 2012; Dutra et al.,
2016).

Wolbachia is naturally found in approximately 60 % of all insect
species (Werren, 2008; Ferguson, 2015) and it is present naturally
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in some types of mosquitoes, but it is not present in A. aegyptimos-
quitoes. One of the characteristics of Wolbachia is that when
infected females mate with infected or uninfected males, the
resulting eggs hatch, but when infected males mate with unin-
fected females, the resulting eggs do not hatch, and this is known
as the cytoplasmic incompatibility (CI) phenomenon. In general,
Wolbachia-infected mosquitoes produce fewer eggs and have
shorter lifespan than uninfected strains (Zhang and Lui, 2020).

This study was designed to investigate some biological charac-
teristics of Wolbachia-infected A. aegypti mosquitoes and compare
them with those of the Wolbachia-uninfected strain including the
following: the ability of eggs to withstand drought, sensitivity level
to some pesticides used in control programs and the activity of
detoxification enzymes as well as assessment of the interbreeding
success between the two strains.
2. Methodology

2.1. Collecting Wolbachia-infected A. aegypti mosquitoes

A random group of sites in Al-Safa district, Jeddah, Saudi Arabia
were selected to collect field strains of A. aegypti mosquitoes,
where the Jeddah Municipality, in cooperation with King Abdulaziz
City for Science and Technology (KACST), had previously released
large numbers of Wolbachia-infected A. aegypti mosquitoes. BG-
Sentinel mosquito traps were used for this purpose. The traps were
supplied with lactic acid to attract mosquitoes. The coordinates of
these locations (Fig. 1) were determined using the Global Position-
ing System (GPS) (Garmin International, Inc., 1200 E, Olathe, KS,
66062, USA). The contents of each trap were emptied into the adult
mosquito cage and each trap was given a special code number. The
Fig. 1. Locality sites: sampling was carried out by installing the BG-Sentin
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mosquitoes were fed a blood meal using an artificial feeding
device, Hemotek Membrane Feeding System.

The breeding cages contained small plastic cups containing
water. The inner surface was lined with two filter papers (9 cm
in diameter) on which mosquito eggs were placed. Filter paper
simulates the favoured environment of A. aegypti, as this type of
mosquito prefers to lay eggs on moist clay soils. After the eggs
were laid, the filter papers were placed in larval culture dishes con-
taining water, where the eggs hatched to larvae. After the emer-
gence of the insects, they were analysed for the presence of
Wolbachia bacteria using PCR. The Wolbachia-positive samples
were reared to obtain enough numbers of larvae and adults to
carry out the required experiments.
2.2. Detection of Wolbachia bacteria in A. aegypti mosquitoes

Each independent sample was crushed in BAPS buffer solution
(Bovine Albumin Phosphate Saline) to obtain a suspension to be
detected. DNA was extracted according to the method of Sarwar
et al., (2022). A group of primers for Wolbachia bacteria identifica-
tion was added to the rest of the reaction chemicals (Table 1). The
mixture was prepared in special packages, and the heat cycles
were programmed on the Thermocycler, where the polymerase
chain reaction takes place. After the end of the thermal cycle, the
agarose gel was prepared, and the RT-PCR products were subjected
to thermal separation through the agarose gel. Then the samples
were loaded onto the gel with a 100 bp DNA ladder marker, and
electricity was generated using an electrophoresis device for
nucleic acids. The location of the bunds on the gel was determined
using UV light, and the bands were photographed by the gel docu-
mentation system (Carvajal et al., 2019; Teo et al., 2017).
el: Biogents’ mosquito trap in various habitats of the Al-Safa district.



Table 1
The details of gene primers used for the detection and characterization of Wolbachia
from Ae. aegypti collected from Al-Safa district.

Primers pair 50-30 Annealing Target
gene

Estimated
product size

wsp_F
TGG TCC AAT AAG TGA TGA
AGAAAC wsp_R
AAAAATTAAACGCTACTCCA

59C Wsp
gene

610 bp
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2.3. Testing the effect of dry periods on the hatching rate of eggs under
laboratory conditions

In the entomological laboratory, eggs of two strains of A. aegypti
mosquitoes were preserved, the first was Wolbachia-infected and
the other was Wolbachia-uninfected, the eggs were kept on What-
man filter paper No. (1) at a temperature of 27 �C and a relative
humidity of approximately 70 % for a period of 30, 60 and 90 days
to determine the effect of the dry period on the fertility of both
strains and compare them with a reference strain that laid fresh
eggs.
2.4. Detection of insecticide detoxification enzymes in A. aegypti
mosquitoes

The extract was prepared according to the method described by
(Algamdi and jazem, 2022). One hundred milligrams of adult A.
aegypti mosquitoes were crushed in 10 ml of sodium phosphate
buffer at a concentration of 20 mmol and pH 7.5. The crude extract
was separated by centrifugation at 6000 rpm for 30 min at 4 �C.
The separated upper layer was defined as the crude extract and
kept at a temperature of �15 �C until it was used for measuring
enzyme activity according to the method described by (Ellman
et al., 1961).
2.5. The susceptibility level of Wolbachia-infected A. aegypti strain to
some pesticides compared to the Wolbachia-uninfected strain

The World Health Organization (WHO, 2005) method was used
to estimate the sensitivity of A. aegypti larvae to two types of pes-
ticides. The mosquito larvae at their early fourth instar were
exposed to each insecticide at different concentrations. Experi-
ments were carried out in 250 ml glass beakers containing
100 ml water. The depth of water in the cup was approximately
5 cm (WHO, 2005). In all sensitivity tests, five replicates/concen-
tration were used, where each replicate contained 20 larvae, in
addition to five replicates of the control. The larvae were given
their food during the test. The number of dead larvae was recorded
after 24 h of testing, the percentage of larval death was calculated
for each insecticide, and the results were analysed statistically. Sta-
tistical parameters were extracted from the toxicity curves such as
chi-square (X2) values, slope function (S), LC50 values, fiducial lim-
its and slopes, according to Mahyoub, (2021).
2.6. Tested insecticides

Two insecticides used in the control program in Saudi Arabia
belonging to pyrethroid and organophosphorus groups (Table 2)
were evaluated for their larvicidal efficacy against the Wolbachia-
infected A. aegypti strain and the Wolbachia-uninfected A. aegypti
strain.
3

3. Results

3.1. Detection of Wolbachia bacteria in the field strain

Samples of adult A. aegypti collected from different sites in Al-
Safa district, Jeddah Governorate, were subjected to PCR experi-
ments. The piece of DNA to be studied was multiplied using the
polymerase chain reaction (PCR) technique. The isolated DNA piece
was analysed using the electrophoresis technique with an agarose
gel (1.5 %) to ensure its length and purity. A radiograph of an agar-
ose gel (1.5 %) with bands of DNA stained with ethidium bromide
(EtBr) was shown in Fig. 2. The first lane contained the DNA ladder.
all lanes contained DNA samples isolated from A. aegypti mosqui-
toes; the gel electrophoresis procedure was performed to detect
the presence of Wolbachia bacteria in those samples. The results
showed that samples with code numbers 1, 3, 4 and 7 were posi-
tive for the PCR examination (Wolbachia-infected), as shown on
the radiograph of the agarose gel (1.5 %), where the nucleic acid
replicated by polymerase chain reaction had a cut-off length of
approximately 600 base pairs. On the other hand, the samples with
code numbers 2, 5, and 6 were negative (Wolbachia-uninfected).

The Wolbachia-positive samples were reared in the laboratory
for several generations (reaching up to ten generations at the time
of this study), and to ensure the transmission of bacteria from the
parents to the resulting offspring in a vertical way, random sam-
ples were given code numbers from 1 to 4 and prepared for PCR
examination in the same way as before. The results in (Fig. 3) show
the presence of Wolbachia in all tested samples.

3.2. Assessment of the interbreeding success between Wolbachia-
uninfected A. aegypti strain and Wolbachia-infected A. aegypti strain

In this experiment, 100 males of the laboratory Wolbachia-
uninfected strain were combined with 100 females of a laboratory
Wolbachia-infected strain in one cage and reared in the laboratory
for several generations to evaluate the success of interbreeding
between the two strains and the transmission of Wolbachia to off-
spring. Thirteen random samples were analysed using the poly-
merase chain reaction (PCR) technique. The results showed that
all samples were Wolbachia-positive by PCR examination except
for two samples of code numbers 2 and 11, which were negative
(Fig. 4).

3.3. Hatching rate of Wolbachia-infected A. aegypti eggs that lived
during dry periods under laboratory conditions compared to that of
the uninfected strain

The results showed decreases in the hatching rate of A. aegypti
eggs exposed to a thirty-day dry period of 45.8 and 38.1 %, a
sixty-day dry period of 66.5 and 63.9 % and a ninety-day dry period
of 87.0 and 84.5 % for the Wolbachia-infected and Wolbachia-
uninfected strains, respectively. Meanwhile, the hatching rate
decreased in freshly produced eggs by approximately 12 %
(Table 3). Overall, the hatching rate decreased with increasing
dry period.

3.4. Detection of the activity of insecticide detoxifying enzymes in the
infected and uninfected-Wolbachia strains of A. aegypti

Studies have revealed that some groups of insects have become
resistant to insecticides, and the mechanism of resistance varies
according to different types of insects (Al Nazawi et al., 2017;
Nancy et al., 2021).

Enzymes are used as biomarkers for evaluating the effects of
toxins on exposed organisms (Badiou-Bénéteau et al., 2012;



Table 2
Tested insecticides against Ae. aegypti larvae.

Pesticide name Active ingredient Molecular formula Chemical structure Group

1 Baton 100EC Bifenthrin10% w/v C23H22ClF3O2* Pyrethroid

2 Fendure 25EC Fenitrothion 50 %w/v C9H12NO5PS** Organophosphorus

*National Center for Biotechnology Information (2023). PubChem Compound Summary for CID 5281872, Bifenthrin. Retrieved January 5, 2023 from https://pubchem.ncbi.
nlm.nih.gov/compound/Bifenthrin.
**National Center for Biotechnology Information (2023). PubChem Compound Summary for CID 31200, Fenitrothion. Retrieved January 5, 2023 from https://pubchem.ncbi.
nlm.nih.gov/compound/Fenitrothion.

Fig. 2. Agarose gel electrophoresis of wsp gene in Wolbachia in A. aegypti mosquito
M: Marker, samples (1–7).

Fig. 3. Agarose gel electrophoresis of wsp gene inWolbachia in the tenth generation
of A. aegypti mosquito M: Marker N, negative control, samples (1,2,3 and 4).

Fig. 4. Agarose gel electrophoresis of wsp gene in Wolbachia in A. aegypti mosquito
M: Marker N, negative control, samples (1–13).
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Carvalho et al., 2013; Almulaiky 2018). In this study, the activities
of esterase, acetylcholine esterase (AChE), catalase, and
glutathione- S-transferase enzymes in A. aegypti mosquitoes were
estimated to investigate their sensitivity to the pesticides applied
to them.

The activity levels of esterase in the Wolbachia-uninfected A.
aegypti larvae control group (10.06 units/mg protein) were 1.55
and 1.17-fold higher than those of Wolbachia-uninfected A. aegypti
larvae treated with Baton (6.49 units/mg protein), and Fendure
(8.57 units/mg protein), respectively (Table. 4) however, the activ-
ity levels of esterase in the Wolbachia-infected A. aegypti larvae
control group (8.02 units/mg protein) were 1.48 and 1.14-fold
higher than those of Wolbachia-infected A. aegypti larvae treated
with Baton (5.42 units/mg protein), and Fendure (7.01 units/mg
protein), respectively (Table. 4). In the same manner the activity
levels of (AChE) in the Wolbachia-uninfected A. aegypti larvae con-
trol (5.51 units/mg protein) were 1.28 and 1.70-fold higher than
those of the Wolbachia-uninfected A. aegypti larvae treated with
Baton (4.32 units/mg protein) and Fendure (3.24 units/mg protein),
4

respectively. Additionally, the AChE activity level in theWolbachia-
infected A. aegypti larvae control group (3.55 units/mg protein)
were 1.73 and 1.18-fold higher than those of the Wolbachia-
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Table 3
The hatching rate of A. aegypti eggs after a dry period of 30,60 and 90 days under laboratory conditions.

Dry Periods (day) No. of eggs used No. of Larvae Hatched Hatchability (%)a Decrease in Hatchability (%)b

Mean*±SE
infected non infected infected non infected infected non infected infected non infected

30 50 50 21 24 47.7 54.5 45.8 ± 0.5a 38.1 ± 0.3a

60 50 50 13 14 29.5 31.8 66.5 ± 0.2b 63.9 ± 0.1b

90 50 50 5 6 11.4 13.6 87.0 ± 0.3c 84.5 ± 0.6c

Control 50 44 88

*: *Means followed by the same letter in the same row are not significantly different according to LSD at a = 0.05.
a = No: of Larvae Hatched in treatment

No: of Larvae Hatched in control �100.

b = % hatchability in control�%hatchability in treatment
% hatchability in control �100.

Table 4
Insecticide detoxification enzymes activities in A. agypti (infected and uninfected with Wolbachia).

Strain Treatment Enzyme activity (unit/mg protein)

Esterase Glutathione- S- Transferase Catalase Acetylcholine esterase (AChE)

Ae. aegypti (Wolbachia-uninfected) Control 10.06a ± 0.05 17.19c ± 0.128 153.54c ± 0.05 5.51a ± 0.15
Baton 6.49c ± 0.36 58.34a ± 0.21 178.77a ± 0.29 4.32b ± 02
Fendure 8.57b ± 0.29 36.18b ± 0.27 169.36b ± 0.51 3.24c ± 11

Ae. aegypti (Wolbachia-infected) Control 8.02a ± 0.15 36.28c ± 0.25 159.28c ± 0.25 3.55a ± 0.05
Baton 5.42c ± 09 68.22a ± 0.07 191.99a ± 0.20 2.05b ± 0.15
Fendure 7.01b ± 05 53.29b ± 0.66 177.14b ± 0.18 1.63c ± 0.22

L S D 3.5 12.8 9.8 0.96
Pr > F 0.0001 0.0001 0.0001 0.0001
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infected A. aegypti larvae treated with Baton (2.05 units/mg pro-
tein) and Fendure (1.63 units/mg protein), respectively.

In contrast, as shown in Table 4 for both Wolbachia-uninfected
and Wolbachia-infected strains, higher catalase (CAT) and
glutathione-S-transferase (GST) activities were observed in larvae
treated with Baton and Fendure pesticides compared to their
respective controls
3.5. Susceptibility level of the Wolbachia-infected A. aegypti strain to
some pesticides compared to that of the uninfected strain

The results in Table. 5 show that the mortality percentages of
the fourth instar larvae of A. aegyptimosquitoes treated with Baton
and Fendure were directly proportional to the concentration. With
Baton treatment, the mortality rate ranged from 29 to 98 % for the
Wolbachia-uninfected strains and from 20 to 92 % for the
Wolbachia-infected strain at concentrations of 0.02–0.20 ppm.
Additionally, in the case of the Fendure compound, the mortality
rate ranged from 17 to 98 % for the Wolbachia-uninfected strain
and from 8 to 93 % for the Wolbachia-infected strain at concentra-
tions of 0.02–0.2 ppm (Table 5).
Table 5
Susceptibility levels of A. aegypti mosquito larvae (Infected and uninfected with
Wolbachia) to Baton and Fendure.

Compound
Name

Effective Concentrations
(ppm)

Larval mortality a (%)
Mean ± SE

Effective uninfected
Ae. Aegypti

Infected Ae.
aegypti

Baton 0.02 29e ± 1.75 20e ± 1.50
0.04 56d ± 2.33 44d ± 1.33
0.07 75c ± 3 0.35 58c ± 1.25
0.1 90b ± 3.20 74b ± 1.75
0.2 98a ± 3.75 92a ± 2.50

Fendure 0.02 17e ± 1.50 8e ± 0.50
0.04 52d ± 1.35 33d ± 0.33
0.07 77c ± 1.25 60c ± 1.20
0.1 90b ± 1.75 83b ± 1.50
0.2 98a ± 1.25 93a ± 1.50

a.Five replicates, 20 larvae each; Control mortalities ranged from 0.0 � 2%; Means
followed by the same letter are not significantly different according to LSD at 0.05.
b. v2 Tabulated at 0.05 probability level = 7.81.
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By studying the toxicity lines (LC-P lines) (Fig. 5) and perform-
ing statistical analysis (Table 6), the LC50 and LC90 values for the
pyrethroid pesticide Baton were 0.0353 and 0.1101 ppm for the
Wolbachia-uninfected strain and 0.0516 and 0.1966 ppm for the
Wolbachia-infected strain, respectively.

For the organophosphorus pesticide Fendure 25EC, the LC50 and
LC90 values were 0.0407 and 0.104 ppm for the Wolbachia-
uninfected strain and 0.0577 and 0.1491 ppm for the Wolbachia-
infected strain, respectively (Table 6).

The obtained results and the resistance ratio (RR) confirm that
the pyrethroid pesticide Baton was more effective than Fendure
against the fourth instar larvae by approximately 1.11 and 1.15-
fold for the Wolbachia-infected and Wolbachia-uninfected strains,
respectively (Table 6). On the other hand, the Wolbachia-infected
A. aegypti strain displayed more tolerance of the tested pesticides
Baton and Fendure than the Wolbachia-uninfected strain by
approximately 1.46 and 1.42-fold, respectively (Table 6 & Fig. 5).
4. Discussion

The Wolbachia positive results obtained for the PCR analysis
confirmed the prevalence of Wolbachia bacteria in wild popula-
tions in Al-Safa district, Jeddah, Saudi Arabia and the vertical trans-
mission of Wolbachia through generations. These findings, in
addition to the success of the interbreeding experiment between
the Wolbachia-uninfected A. aegypti strain and Wolbachia-infected
A. aegypti strain, are consistent with many previous studies that
have shown the transmission of Wolbachia bacteria from parents
to offspring and that introduction of bacteria Wolbachia through
the release of an infected strain is an effective method to prevent
dengue infection (Dean et al., 2005; Khoo et al., 2005; Axford
et al., 2016; Huang et al., 2017). The polymerase chain reaction
(PCR) technique can be applied to detect microorganisms and
pathogens in mosquitoes including Wolbachia bacteria (Hoffmann
et al., 2011; Beckmann and Fallon, 2013).

Wolbachia-uninfected A. aegypti eggs proved to withstand
drought more than Wolbachia-infected eggs, but the difference
was not significant; however, significant differences in the rate of
reduction of hatching with increasing dry period was observed
for both strains compared to the control (newly laid eggs). In gen-



Table 6
Statistical parameters of A. aegypti against selected pesticides.

Compound
Name

Statical Parameters

LC50 (ppm) LC90 (ppm) Slope (Chi)2

Non-Infected Infected Non-Infected Infected Non-Infected Infected Non-Infected Infected

Baton 0.0353 0.0516 0.1101 0.196 2.5908 2.2124 1.2462 1.343
Fendure 0.0407 0.0577 0.104 0.1491 3.1461 3.112 0.5654 3.0724

Fig. 5. LC50 values of tested pesticides against Wolbachia-infected and uninfected
larvae of A. aegypti.
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eral, the ability of A. aegypti eggs to withstand drought is one of the
reasons for the growth and spread of dengue fever. A rapid out-
break of adult mosquitoes is always observed after 7–10 days of
rain, which confirms that drought has no significant adverse effects
on A. aegypti eggs and that the eggs retain their vitality in dry soils
and re-hatch when exposed to water (Fischer et al., 2011;
Stephanie et al., 2012; Alkuriji et al., 2020; Zhang and Lui, 2020).

Insects, including mosquitoes, have enzymes that degrade tox-
ins called detoxification enzymes, many of which are enzymes in
the cytochrome P450 system. These enzymes are responsible for
degrading strange and toxic substances in insects as a defence sys-
tem and a type of metabolic resistance.

Esterase is an important biomarker of organophosphorus and
carbamate insecticides (Fourcy et al., 2002) and is used to assess
the exposure of an organism to esterase inhibitor substances. Stud-
ies have shown that organophosphorus insecticide OPs have an
inhibitory effect on the enzyme esterase (Fairbrother et al., 1989,
Holmes and Boag, 1990). Similarly, AChE catalyses the hydrolysis
of choline esters. Therefore, the inhibition of AChE by pesticides
in aquatic animals is also considered biomointor for pollution
(Rank et al., 2007; Ahmad et al., 2016).

Conversely, a high level of CAT activity was detected in aquatic
animals exposed to pollution conditions. Therefore, CAT of fish is
considered an important biomointor for the detection of pollution
in water (Atli et al., 2006; Yu et al., 2011). In the same way, GST is
involved in the detoxification of contaminated compounds. The
level of GST activity increased in African catfish Clarias gariepinus
in water polluted with heavy metals from the Ogun River (Nigeria)
(Farombi et al., 2007).

The results in Table 4 show significant inhibition of esterase and
AChE activities in the Wolbachia-infected A. aegypti strain by
6

approximately 1.25 and 1.55-fold compared to the Wolbachia-
uninfected Ae aegypti strain, respectively. In contrast, CAT and
GST activities were significantly higher in the Wolbachia-infected
A. aegypti strain by 1.04 and 2.11-fold compared to the Wolbachia-
uninfected strain, respectively.

This can be explained by the possibility of an adaptive response
of mosquitoes to the presence of Wolbachia bacteria which can
generate enzymatic and physiological resistance to the bacteria.

The pesticide bioassay proved that the pyrethroid pesticide
Baton was more effective against the fourth instar larvae of A.
aegypti than the organophosphorus pesticide Fendure. This may
be attributed to the different active groups as well as the mode
of action of these two pesticides (Mahyoub et al.,2015 and 2016).
On the other hand, the Wolbachia-infected A. aegypti strain dis-
played more tolerance to the tested pesticides Baton and Fendure
than the Wolbachia-uninfected A. aegypti strain. This may be due
to the higher activities of detoxification enzymes in the infected
strain than in the uninfected strain. Therefore, it is reasonable to
expect that the increase in enzyme activity induced by toxic sub-
stances could reduce the toxicity of the insecticide due to the
increase in the detoxification process (Booth and O’Halloran,
2001, Badiou-Bénéteau et al., 2012).

5. Conclusion

The results obtained above indicated that there is a spread of
Wolbachia bacteria in the Al-Safe district, Jeddah, Saudi Arabia
where A. aegypti carrying Wolbachia were released by the Munici-
pality of Jeddah Governorate in cooperation with King Abdulaziz
City for Science and Technology.

Further studies are required to explore the prevalence of Wol-
bachia in the mosquito populations of other districts. The results
showed that Wolbachia-infected mosquitoes were more tolerance
to the tested pesticides compared to the uninfected strain, which
requires conducting advanced studies to investigate whether it is
due to the inducing factor (bacteria introduced to mosquitoes arti-
ficially) or because of genetics as a kind of pre-adaptation to
acquire the characteristic of resistance against pesticides. Experi-
ments are also required to investigate the ability of Wolbachia in
controlling viruses that transmit viral hemorrhagic fevers endemic
in the Kingdom, such as Rift Valley fever and chikungunya.
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