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Abstract: Culex pipiens is the common mosquito in Egypt and worldwide species. There is limited evidence on the effects 

of breeding place nature on the susceptibility of Cx. pipiens to different insecticides. This study aims to evaluate the effects of 

some physiochemical parameters of different breeding sites in Egypt on Cx. pipiens susceptibility to some recommended 

insecticides. Mosquito larvae were collected from fresh and sewage water from the selected sites at different areas in Egypt. 

Water was analyzed in the laboratory to determine salinity and pH. Bioassays and biochemical assays were carried out to 

determine susceptibility of both larvae and adult under different physiochemical parameters. Larvae and adult that were 

collected from sewage water with high salinity and acidic medium showed higher resistant to all tested insecticides than those 

of fresh water with low salinity. The present study provided information of the susceptibility of Cx. pipiens mosquito larvae 

and adult to some insecticides commonly used under different environmental changes. 
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1. Introduction 

In Egypt, the mosquito Culex pipiens is the principal 

mosquito vector of filariasis and some arboviruses such as 

West Nile Virus and Rift Valley Fever virus [1, 2]. Cx. 

pipiens, therefore, is the main target in control programs 

against these diseases. 

Culex pipiens larvae invest all kinds of aquatic habitats for 

breeding, in which, their physiochemical parameters are 

important factors for survival and development of 

mosquitoes. The breeding sites of mosquitoes are sometimes 

contaminated with pollutants from various sources such as 

sewage from industrial and agricultural fields [3, 4]. 

Physiochemical parameters such as temperature, salinity, 

and pH have a significant influence on the occurrence and 

larval abundance among mosquito species [5]. Also, these 

characteristics may have some effects on mosquito vectors 

susceptibility to traditional used insecticides. Understanding 

of breeding behavioral pattern among mosquito populations 

is one of the key elements for reaching the goal of mosquito 

control. 

There is limited evidence on the effects of breeding site 

nature on the susceptibility of mosquitoes. In this study, 

the effect of physiochemical parameters at different 

breeding sites on susceptibility of Cx. pipiens to different 

insecticides was studied. The larvae were collected from 

different breeding places in selected localities represent 

different Egyptian governorates (Aswan, Kafr El Sheikh 

and Suez). 
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2. Materials and Methods 

2.1. Study Area 

Culex pipiens larvae were collected from Aswan, (Upper 

Egypt), Kafr El Sheikh, (Nile Delta) and Suez governorates. 

From each governorate larvae were collected from both sewage 

and fresh water. Breeding site water samples were collected to 

measure the following physiochemical parameters; the salinity, 

pH as well as temperature. Measurement of these parameters 

was carried out using water test (Hanna instrument Hl991301). 

2.2. Collection of Culex pipiens Larvae 

As soon as the localities were determined and during 

regular mosquito surveillance sampling, sufficient dips with a 

7 cm diameter metal ring, to which mouslin net was fixed, 

with about 1.3 meters long wooden handle. Collection of Cx. 

pipiens larvae was conducted by dropping the net gently and 

smoothly under the water surface of the selected area. 

Representative sample of the population was transferred to 

20 cm diameter enamel plates, then were exposed to sun – 

light. The larvae were transferred to the laboratory in jars that 

filled with the water from their habitat. The larvae were 

identified morphologically to the species level [6]. 

Sufficient numbers of larvae were used for larval bioassay 

and biochemical assays. Other larvae were reared in 

laboratory until emergence of adult. They were hold in the 

insectary in which temperature was maintained at 25±3 C
o
 

and humidity between 70- 80%. The emerging adults were 

fed on 10% sucrose solution until four days then used for 

adult bioassay in addition to biochemical assays [7]. 

2.3. Toxicological Studies 

2.3.1. Larval Bioassay 

In this study, three organophosphorus insecticides; 

temephos, chloropyrifos and primiphos methyl recommended 

for mosquito larval control by the World Health 

Organization’s Pesticide Evaluation Scheme (WHOPES) for 

evaluation of mosquito larvae resistance were used
 
[8]. 

Single-concentration diagnostic tests were conducted to 

monitor insecticide resistance [9]. The diagnostic concentrations 

for tested insecticides were; 0.02 ppm temephos, and 0.01 ppm 

chloropyrifos, while the diagnostic concentration of primiphos 

methyl was calculated by measuring LC99 of susceptible 

population and then duplicated (0.1 ppm). 

The bioassay was conducted according to WHO standard 

procedure [10] with four replicates for each test. Twenty five 

Larvae per replicates were added in beaker contained 249 ml 

tap water and 1 ml of the insecticide concentration was 

infiltrated under the water surface with a pipette. Other four 

replicates were treated with 1 ml ethanol as control. 

2.3.2. Adult Bioassay 

Three pyrethroid insecticides (Lambda- cyhalothrin, 

Deltamethrin and Permethrin) commonly recommended for 

mosquito adults control were tested against the six studied 

Cx. pipiens populations. The proposed diagnostic 

concentration by WHO
 
[9, 11] for each insecticide was used 

to monitor insecticide resistance (0.05% Lambda- 

cyhalothrin, 0.05% Deltamethrin and 0.75% Permethrin). 

The adult bioassays were performed using WHO test kits and 

method for measuring insecticide susceptibility
 

[11]. Each 

experiment consisted of three replicates with twenty females in 

each. Non-blood fed, 3 to 5 days old females were exposed to 

insecticide-treated filter papers. The mosquitoes were exposed to 

the insecticide for an hour with the assay cylinders in a vertical 

position. After the exposure, mosquitoes were transferred into 

the holding tubes with untreated papers and allowed a 24 hour 

recovery period after which mortality was recorded. A group of 

20 mosquitoes were exposed to papers treated only with the 

used solvents (ethanol) for an hour as control. The bioassay was 

carried out at 25±2°C and the mosquitoes were supplied with a 

10% sugar solution meal during the recovery period. 

2.4. Biochemical Assay 

2.4.1. Preparation of Mosquito Extracts 

For total protein, acetylcholinesterase and glutathione-S- 

transferase assays, 50 mg samples of mosquitoes were 

mechanically homogenized in 1 ml distilled water by a chilled 

glass telfon homogenizer. Homogenates were centrifuged at 

8000 r.p.m. for 15 min at 5°C in a cooling centrifuge and the 

supernatant were kept in a deep freezer till used
 
[12]. 

2.4.2. Determination of Total Protein Activity 

Protein concentrations were determined by incubating 10 

µL of larval homogenate with 290 µL of Bio-Rad protein 

assay solution for 10 min. Absorption was then measured at 

570 nm and bovine serum albumin was used as the standard 

using double beam ultraviolet / visible spectrophotometer 

(spectronic 1201, Milton Roy Co., USA) [13]. 

2.4.3. Determination of Acetylcholinesterase Activity 

Acetylcholinesterase (AChE) activity was measured using 

acetylcholine bromide (AChBr) as substrate; the resulted 

colour was measured colorimetrically at 515 nm [14]. 

2.4.4. Determination of Glutathione-S-transferase Activity 

The activity of GST was evaluated using three-ml reaction 

mixture contained (0.05 ml of 50 mM CDNB [1-chloro-2, 

4dinitrobenzene], 0.15 ml of reduced glutathione (GSH) were 

added to 2.79 ml of 40 mM buffer saline (pH 6.8) and 0.01 

ml enzyme source) was added. The mixture was incubated 

for 2-3 min at 20°C. The increasing in absorbance value 

(OD) was recorded for 5 min, and the GST activity (µM mg 

protein
-1

 min
-1

) was then calculated [15]. 

2.5. Data Analysis 

One-way analysis of variance (ANOVA) was used to 

compare insecticide resistance profiles in different breeding 

sites. All levels of statistical significance were determined at 

P<0.05. Statistical analyses were carried out using SPSS 

version 20 (2012) [16] for Windows (SPSS Inc, USA). 

Biochemical assay results were calculated and plotted using 

Microsoft Excel (Microsoft Corporation, 2010). 
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3. Result 

3.1. Insecticide Susceptibility of Culex. pipiens Populations 

In figure 1; the susceptibility of the Cx. pipiens larvae to 

the three tested insecticides is plotted against the different 

measured characteristics of breeding water (salinity, pH and 

temperature). On other hand, figure 2 showed the effect of 

these parameters on the susceptibility of the emerged adults 

to the test adulticides. 

Data in figures (1 and 2) showed that, sewage water with 

high salinity and acidic medium ranging from (2.5- 3) and (6- 

6.4), respectively decreased susceptibility of Cx. pipiens 

larvae to all tested insecticides, while fresh water with law 

salinity and alkaline medium ranging from (0.3- 0.64) and 

(7.6- 8.6), respectively resulted more sensitive mosquito 

larvae to all tested insecticides. 

Also, results showed that Cx. pipiens mosquito larvae 

collected from Kafr El Sheikh were more resistant to all tested 

insecticides followed by Suez ones, while Aswan mosquito 

larvae were the most susceptible population examined. On 

other hand, temephos was the most effective larvicides, while 

lambda- cyhalothrin was the most effective adulticides. 

The collected larvae from sewage water in Kafr El Sheikh 

showed significant decrease in susceptibility (p˂0.05) to all 

larvicides with mortality rates (40, 60 and 85% to 

chloropyrifos, primiphos methyl and temephos, respectively) if 

compared with those of fresh water larvae (60, 90 and 100% 

mortality for chloropyrifos, primiphos methyl and temephos, 

respectively) (Figure 1). Also there was significantly decrease 

in susceptibility of emerged adult (p˂0.05) from sewage water 

with mortality rates (67, 70 and 75% to permethrin, 

deltamethrin and lambda- cyhalothrin, respectively), while the 

fresh water larvae reduced mortality rates in emerged adults 

(73, 78 and 82% to permethrin, deltamethrin and lambda- 

cyhalothrin, respectively) (Figure 2). 

Larvae that were collected from sewage water in Suez, 

showed significant decrease in susceptibility (p˂0.05) after 

exposure to primiphos methyl and chloropyrifos as larvicides 

(82, 45%, respectively) if compared with percent mortality 

(100, 70%, respectively) in fresh water. The emerged adults 

had the same manner against permethrin as adulticide (72%) 

if compared with the effect of characteristics of the fresh 

water (80%). However, there was no significantly difference 

in susceptibility (p > 0.05) between sewage water and fresh 

water after exposure to temephos as larvicide (90, 80%, 

respectively). As well as deltamethrin (75 and 84%, 

respectively) and lambda- cyhalothrin (81, 87.5, respectively) 

used as adulticides (Figures 1, 2). 

In Aswan, there were no significantly differences in 

insecticide susceptibility of sewage mosquitoes and fresh 

water ones (p > 0.05), except in the treatment with 

chloropyrifos and primiphos methyl as larvicides as well as 

permethrin as adulticides (p˂0.05). 

Culex pipiens population collected from both sewage and 

fresh breeding sites showed high mortality percent (100%) 

after exposure to temephos, while primiphos methyl showed 

mortality percent (87, 100%) in sewage water population and 

fresh water one, respectively. Chloropyrifos recorded decrease 

in susceptibility of sewage water population with mortality 

61%, while, fresh water with mortality 94% (Figure 1). 

As adulticides permethrin showing some degree of 

resistant in sewage water population 76%, while, 87% 

mortality indicated in fresh water one. Deltamethrin recorded 

mortality percent 83% in sewage water and 87% in fresh 

water populations. Lambda- cyhalothrin was most effective 

insecticides with mortality percent 84% in sewage water and 

90% in fresh water populations (Figure 2). 

 

Primiphos methyl 

 

Chloropyrifos 

 

Temephos 

 

Figure 1. Physiochemical parameters of breeding water and their effect on 

susceptibility of Culex pipiens larvae to different insecticides. 
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Deltamethrin 

 

Lambda- cyhalothrin 

 

Figure 2. Physiochemical parameters of breeding water and their effect on 

susceptibility of emerged Culex pipiens adults to different insecticides. 

3.2. Biochemical Assay 

In order to explain the response of Cx. pipiens that brought 

from different breeding at different localities the biochemical 

assay was carried out. 

After measurement of the total protein in all tested 

mosquitoes, the values were used to calibrate the activity of 

acetylcholinesterase and glutathione- S- transferase enzymes. 

From figures 3, 4, 5 and 6, AChE and GST activities 

exhibited higher levels in sewage mosquitoes than fresh 

water ones. 

In Kafr El- Sheikh originated populations AChE level 

recorded elevation in both larvae and adult from sewage 

population (3.3 and 7.9 µg AChBr/min/mg protein, 

respectively). On other hand, the activity of AChE decreased 

in both larvae and adult collected from fresh water (2.04 and 

6.2 for AChE µg AChBr/min/mg protein, respectively). In the 

same manner GST showed elevation in both larvae and adult 

(2111 and 2813 n mole sub conjugated/min/mg protein, 

respectively), and decreased in both larvae and adult 

collected from fresh water bodies (2079 and 1409 n mole sub 

conjugated/min/mg protein, respectively). 

In Suez populations, AChE level recorded elevation in 

both larvae and adult collected from sewage population (2.6 

and 6 µg AChBr/min/mg protein for AChE, respectively). On 

other hand, the activity of AChE decreased in both larvae and 

adult collected from fresh water (1.3 and 4.2 µg 

AChBr/min/mg protein, respectively). In the same manner 

GST showed elevation in both larvae and adult (3922 and 

2303 n mole sub conjugated/min/mg protein, respectively) 

and (2010 and 1013 n mole sub conjugated/min/mg protein 

for GST, respectively). 

In Aswan, populations AChE level recorded elevation in 

both larvae and adult collected from sewage population (2.2 

and 5.43 µg AChBr/min/mg protein, respectively). On other 

hand, the activity of AChE decreased in both larvae and adult 

collected from fresh water bodies (1.5 and 3.8 µg 

AChBr/min/mg protein, respectively). In the same manner 

GST showed elevation both larvae and adult (1107 and 1627 n 

mole sub conjugated/min/mg protein, respectively) and (895 

and 998 n mole sub conjugated/min/mg protein, respectively). 

 

Figure 3. Effect of breeding site nature on Acetylcholinesterase level in 

Culex pipiens larvae. 

 

Figure 4. Effect of breeding site nature on Acetylcholinesterase level in 

Culex pipiens emerging adult. 
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Figure 5. Effect of breeding site nature on Glutathione-S-transferase level in 

Culex pipiens larvae. 

 

Figure 6. Effect of breeding site nature on Glutathione-S-transferase level in 

Culex pipiens emerging adult. 

4. Discussion 

The mosquito control continues to be an important 

strategy in controlling and preventing the mosquito-borne 

diseases. The primary approach used for mosquito control is 

mainly relied on pesticides. However, very few pesticide 

types are currently registered for mosquito control. 

Furthermore, many mosquito species have developed 

resistance to various classes of pesticides [8, 17]. 

Insecticide resistance has been known to be prevalent in 

several insect species including mosquitoes. It has become 

a major problem in vector control programme due to 

pesticide resistance through detoxification enzymes. 

Current environmental trends including climate change, 

increased exchanges and urbanization, affect the 

distribution of disease vectors and subsequently the 

transmission and incidence of human pathogens [18]. 

The rapid change in environment and rise developing 

industrial waste increase the pollution on mosquito breeding 

places and affect the chemical use in control mosquitoes. 

The present study provided information of the 

susceptibility of Cx. pipiens mosquito larvae and adult to 

some insecticides commonly used under different 

environmental changes. The study investigated the effect of 

physiochemical characteristics changing due to variation of 

the breeding places; sewage and fresh water on the 

insecticide susceptibility of three mosquito populations 

from different three Egyptian governorates; Kafr El Sheikh, 

Suez and Aswan. Physiochemical parameters (salinity, pH 

and temperature) appeared to significantly influence the 

larval insecticide susceptibility as well as subsequent 

emerging adult. The study revealed an evidence of the 

effect of the nature of breeding sites on susceptibility of 

mosquito. 

The present study indicated that, susceptibility of swage 

Cx. pipiens larvae and adult populations was significantly 

lower (high salinity and low pH value) than fresh water 

populations in all three tested governorates. 

Physiochemical feature in mosquito breeding sites has 

some influence on mosquito vector oviposition, survival and 

spatial distribution [19]. The size of the adults of Aedes 

mosquito emerged from sewage drains was bigger than those 

emerged from rest of the larval habitats [20]. These 

variations may be due to that the resource content of the 

sewage drains was higher than other habitats, which 

contributed to the development of large mosquitoes with 

higher nutrient reserves [21, 22]. 

In general, the present study revealed that, temephos was 

the most effective larvicide against all populations collected 

from different environmental conditions, with high percent 

mortality 100% followed by primiphos methyl, then 

chloropyrifos. Moreover, lambda- cyhalothrin was the most 

effective adulticide against all adult populations developed 

from larvae collected from different environment followed by 

deltamethrin and the lowest effective one was permethrin. On 

other hand, Cx. pipiens that were collected from Kafr El 

Sheikh showed the higher resistance to the most of tested 

insecticides, this may be due to extensive use of chemical 

insecticides. 

To explain change in the response of mosquitoes to the 

used insecticides with difference in breeding habitats, a 

biochemical assay was conducted for two enzymes which are 

known to be implicated in insect resistance. The enzymes are 

acetylcholinesterase (AChE) and glutathione- S- transferase 

(GST). AChE is a common resistance mechanism observed 

in several species of arthropods [23]. Numerous studies have 

demonstrated that the increased metabolic detoxifications 

were involved in organophosphate resistance in many insect 

pests [24]. 

The results of biochemical analysis revealed elevation in 

the activity of both enzymes. The observed high levels of 

AChE and GST is supported the increase insecticide 

resistance in field populations of sewage water. 

The present results agree with [25] who estimated that, 

number of organisms are known that tolerate acidic or 

alkaline conditions, but mosquitoes appear to be the most 

proficient pH regulators yet described. Aedes aegypti was 

unusual in their ability to survive and developed in waters 

ranging from pH·4 to 11. Also mosquitoes bred under 

different conditions showed considerable changes in 

mortality rates and body weight, with nutrition being the 

major factor, they also demonstrated that temperature, 

crowding and availability of nutrition during the larval stages 

directly or indirectly modulate 24 hours mortality in the adult 
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when exposed to permethrin [26]. 

Salinity had a small but significant negative impact on the 

toxicity of Bacillus thuringiensis toxin to Aedes aegypti 

larvae. This had implications for the use of B. thuringiensis 

toxin as a larvicide in brackish waters [27, 28]. 

As mentioned, it has been shown before that any change 

during the larval stage life span influence the insecticide 

susceptibility of the adult mosquito
 
[29]. 

5. Conclusion 

It could be concluded that, the variation of the properties 

of breeding site characteristics had great effect on the 

susceptibility of Cx. pipiens to different insecticides. The 

findings from this study strengthen the importance of 

environmental contributions and changes to the expression of 

resistance to insecticides in Cx pipiens mosquitoes. So we 

need to give environmental factors more attention especially 

in insecticide resistance assay manuals. 
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