
Page 1/12

First Comprehensive Report of Conventional
Insecticide Resistance Status of the Mosquito Culex
quinquefasciatus Say (Diptera: Culicidae) in Saudi
Arabia
Abdulwahab M. Hafez  (  hafez@ksu.edu.sa )

King Saud University

Research

Keywords: southern house mosquito, �eld-evolved-resistance, pyrethroids, organophosphates, insect
vector management

Posted Date: September 20th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-907877/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-907877/v1
mailto:hafez@ksu.edu.sa
https://doi.org/10.21203/rs.3.rs-907877/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/12

Abstract

Background
The mosquito Culex quinquefasciatus Say is a vector of various fatal diseases including West Nile fever,
�lariasis, and Japanese encephalitis. The major approach in controlling Cx. quinquefasciatus to prevent
associated disease transmission has focused on insecticides. However, because of overreliance on such
measures, Cx. quinquefasciatus has developed resistance to these insecticides including
organophosphates and pyrethroids.

Methods
We evaluated 10 commonly used conventional insecticides (�ve OPs and �ve pyrethroids) for
toxicity/resistance in Cx. quinquefasciatus in adults and larvae in eight populations collected from the
environs around Riyadh, Saudi Arabia.

Results
The LC50 values for the tested insecticides in adults did not differ signi�cantly from those of a
susceptible strain, except for bifenthrin, deltamethrin, cypermethrin, cy�uthrin, and fenitrothion against
populations from Al-Nakhil, Al-Suwaidi, Al-Ghanemiya, Al-Masfa, and Al-Masanie regions. All Cx.
quinquefasciatus adult populations exhibited susceptibility/low resistance to the tested
organophosphates with resistance ratios of 0.23–0.80 for chlorpyrifos, 0.44–1.97 for malathion, 0.09–
3.62 for fenitrothion, 0.05–2.10 for pirimiphos-methyl, and 0.11–0.93 for diazinon. The Cx.
quinquefasciatus adult populations exhibited susceptibility/moderate resistance to the tested pyrethroids
with resistance ratios of 0.59–2.56 for alpha-cypermethrin, 0.59–2.19 for bifenthrin, 0.60–7.07 for
deltamethrin, 0.60–2.66 for cypermethrin, and 0.58–2.39 for cy�uthrin. In Cx. quinquefasciatus larva
populations, susceptibility/low resistance to the tested organophosphates was observed with resistance
ratios of 0.03–1.75 for chlorpyrifos, 0.19–3.42 for malathion, 0.11–2.78 for fenitrothion, and 0.08–1.15
for pirimiphos-methyl.

Conclusions
The susceptibility/low resistance of Cx. quinquefasciatus adults to OP and pyrethroid insecticides
suggests that they still have good potency against the adults of this species in Riyadh, Saudi Arabia.
These results provide a baseline for decision-making in integrated vector management programs for Cx.
quinquefasciatus.

Background
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Climatic conditions that promote the growth of insect vectors in tropical and subtropical countries,
alongside improper management, result in vector-borne diseases impacting public health [1, 2]. Among
such vectors, mosquitoes transfer diseases to humans and animals, including dengue fever, yellow fever,
malaria, Rift Valley fever (RVF), West Nile fever, lymphatic �lariasis, Japanese encephalitis, and Zika
virus, collectively leading to severe illness and death on a global scale [3, 4]. The mosquito Culex
quinquefasciatus Say (Diptera: Culicidae) is a signi�cant insect vector that transmits fatal diseases
including West Nile fever, �lariasis, and Japanese encephalitis [3, 5, 6] and also causes discomfort by
biting its hosts [7, 8]. Poor hygiene in human settlements, livestock farms, and agricultural lands provides
ideal larval habitats for this mosquito, the larvae thriving in various aquatic habitats including mangrove
swamps, fresh or salt water marshes, stream and river edges, and temporary standing rainwater [9–11].

Various cultural management practices along with the use of chemical and biological agents have been
used to manage insect vectors, including Cx. quinquefasciatus [12]. The major approach in controlling
Cx. quinquefasciatus to prevent associated disease transmission has focused on insecticides [13, 14].
For example, organophosphate (OP) and pyrethroid insecticides are used for mosquito and vector control
globally, via space spraying, mosquito coils, and indoor residual sprays [12]. However, because of
overreliance on such measures, Cx. quinquefasciatus has developed resistance to OPs and pyrethroids,
including chlorpyrifos, malathion, dimethoate, deltamethrin, and permethrin [15]. This resistance
threatens human welfare in terms of vector management, and many fatal diseases such as West Nile
fever, lymphatic �lariasis, and RVF have resurged because of di�culties in vector control [16].
Furthermore, the over application of insecticides has increased the preventive costs of chemical control
and resulted in the destruction of natural control agents [17–19]. These factors now necessitate the
instigation of integrated vector management programs against Cx. quinquefasciatus to ensure continued
e�cacy.

Insecticide resistance monitoring is crucial for designing novel control strategies against insect vectors,
including Cx. quinquefasciatus [7, 20]. Despite the availability of many different conventional insecticides
against such vectors in Saudi Arabia, information on the resistance status of Cx. quinquefasciatus is
limited. We evaluated the toxicity and resistance levels of 10 conventional insecticides (OP and
pyrethroid) against Cx. quinquefasciatus from different areas in Riyadh, Saudi Arabia. Baseline
susceptibility data from this study will direct appropriate and effective insecticide strategies for
controlling Cx. quinquefasciatus.

Methods
Culex quinquefasciatus populations

Approximately 200 Cx. quinquefasciatus larvae at mixed stages were collected from standing water and
plastic containers placed at the following eight locations in Riyadh, Saudi Arabia: Ishbiliya (24.802°N,
46.803°E), Al-Suwaidi (24.590°N, 46.676°E), Al-Ghanemiya (24.482°N, 46.798°E), Al-Masfa (24.471°N,
46.861°E), Al-Masanie (24.558°N, 46.743°E), Al-Nakhil (24.737°N, 46.620°E), Al-Washlah (24.409°N,



Page 4/12

46.660°E), and Irqah (24.677°N, 46.575°E). Larvae were collected, maintained separately, placed in
separate plastic containers (30 × 30 cm), and moved to the laboratory where they were provided with
cattle food ad libitum until pupation. Emerging adults were transferred to cages (40 × 40 cm), and cotton
wicks soaked in 10% sugar solution were used for food. These wicks were moistened every 2 days and
replaced when dirty. Following a blood meal, water containers (10 × 7 cm) were placed in cages to
promote fecundity and generate uniform F1 populations. Eggs were transferred into plastic containers
and emerging larvae were provided with cattle food ad libitum until pupation, and emerging adults were
used for bioassays. Populations were maintained separately at 27°C ± 2°C, 65% ± 5% humidity, and a
12:12 h (light:dark) photoperiod in the laboratory. The susceptible reference strain was originally obtained
from the High Institute of Public Health, Alexandria University, Egypt, in 1990 and had been maintained
since then with no exposure to any kind of chemicals.

Insecticides
Ten formulated commercial-grade, commonly used OP and pyrethroid class insecticides were utilized for
bioassays (Table 1).

Adult bioassays
Insecticide toxicity against 5-day-old Cx. quinquefasciatus adults was determined using a feeding
bioassay according to the methods of Shah et al. [7], with some modi�cations. For each insecticide and
population, �ve concentrations causing mortality, from > 0%–<100%, were prepared in 10% sugar
solutions via the serial dilution method. Stock solutions (100 mL) were made for each insecticide and
from these, and 50 mL solutions were poured into glass beakers along with 50 mL deionized water.
Mixed-sex adults were placed in plastic jars (500 mL) and starved for 2 h. Thereafter, cotton wicks
maintained in a saturated state with insecticide dilutions were provided for feeding. Insecticide dilution
bioassays were performed three times, with 10 adults per replicate, with a total of 150 adults used for
each bioassay. For control treatments, 30 adults comprising three replicates (10 adults per replicate) were
fed 10% sugar solution without insecticide. All bioassays were conducted under the aforementioned
laboratory conditions. Mortality data were recorded after 24 h; adults that did not move were considered
dead.

Larva bioassays
Bioassay of OP insecticides against third instar Cx. quinquefasciatus larvae was performed according to
the protocol formulated by the World Health Organization [21]. Five to six concentrations causing
mortality between > 0% and < 100% were prepared in tap water by serial dilutions from a stock solution
(1,000 mL) for each insecticide. Fresh stock solution was prepared for each replication, and assays were
performed at different times to ensure true replication [22]. The third instar larvae were held in plastic
cups containing 400 mL of the test solution. Insecticide dilution bioassays were performed four times,
with 10 larvae per replicate, and a total of 200–240 larvae were used for each bioassay. In the control, 40
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larvae with four replicates (10 larvae per replicate) were used. All bioassays were conducted under the
aforementioned laboratory conditions. Mortality data were recorded after 24 h.

Data analyses
To determine median lethal concentration (LC50) and 95% �ducial limit (FL), standard error (SE), and chi-

squared (χ2), bioassay data were analyzed using POLO Plus software [23]. In each bioassay, mortality
rates were corrected using mortality rates from control treatments following Abbot’s formula Abbott [24],
if required. The LC50 value for a �eld population was considered signi�cantly different when its 95% FL
did not overlap with those of the susceptible strain [25]. Resistance ratios (RRs) were calculated as (LC50

for the �eld population/LC50 for the susceptible strain). The RRs were classi�ed as RR = < 5
(susceptibility/low resistance), RR = 5–10 (moderate resistance), and RR = > 10 (high resistance) [21, 26].

Results
Cx. quinquefasciatus resistance to organophosphates

OP insecticide toxicities against Cx. quinquefasciatus adult �eld populations were not signi�cantly
different from that of the susceptible strain (overlapped 95% FL). However, some of the adult �eld
populations showed signi�cantly higher susceptibility when compared with the susceptible strain
(nonoverlapped 95% FL), viz.: Al-Ghanemiya to chlorpyrifos (RR = 0.23), malathion (RR = 0.44), and
pirimiphos-methyl (RR = 0.38); Al-Suwaidi and Al-Masfa to fenitrothion (RR = 0.09 and 0.43, respectively);
Al-Washlah to diazinon (RR = 0.11); and Irqah to fenitrothion and pirimiphos-methyl (RR = 0.14 and 0.05,
respectively). The adults of the Al-Masanie �eld population provided the only case of signi�cant
resistance (low level) against fenitrothion (RR = 3.62) (nonoverlapped 95% FL). Generally, all of the Cx.
quinquefasciatus adult populations exhibited susceptibility/low resistance to chlorpyrifos (RR = 0.23–
0.80), malathion (RR = 0.44–1.97), fenitrothion (RR = 0.09–3.62), pirimiphos-methyl (RR = 0.05–2.10), and
diazinon (RR = 0.11–0.93) when compared with the susceptible strain (Table 2).

OP insecticide toxicities against Cx. quinquefasciatus larva �eld populations were not signi�cantly
different from that of the susceptible strain (overlapped 95% FL). However, some of the larva �eld
populations showed signi�cantly higher susceptibility when compared with the susceptible strain
(nonoverlapped 95% FL), viz.: Ishbiliya, Al-Suwaidi, Al-Masfa, Al-Masanie, and Irqah to chlorpyrifos (RR = 
0.08, 0.03, 0.17, 0.25, and 0.17, respectively); Ishbiliya and Al-Masfa to malathion (RR = 0.19 and 0.56,
respectively); Ishbiliya, Al-Suwaidi, and Al-Ghanemiya to fenitrothion (RR = 0.33, 0.44, and 0.11,
respectively); and Ishbiliya, Al-Ghanemiya, Al-Masanie, Al-Washlah, and Irqah to pirimiphos-methyl (RR = 
0.19, 0.35, 0.19, 0.50, and 0.08, respectively). Other larva �eld populations showed signi�cant low levels
of resistance when compared with the susceptible strain (nonoverlapped 95% FL), viz.: Al-Suwaidi, Al-
Ghanemiya, Al-Nakhil, and Irqah to malathion (RR = 2.25, 3.42, 3.07, and 2.20, respectively) and Al-Masfa
to fenitrothion (RR = 2.78). The LC50 values for chlorpyrifos, malathion, fenitrothion, and pirimiphos-
methyl ranged 0.0003–0.021 µg/mL, 0.011–0.202 µg/mL, 0.001–0.025 µg/mL, and 0.002–0.030 µg/mL,
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respectively, against the eight larva populations tested. RR values ranged from 0.03 to 1.75 for
chlorpyrifos, 0.19 to 3.42 for malathion, 0.11 to 2.78 for fenitrothion, and 0.08 to 1.15 for pirimiphos-
methyl (Table 3).

Cx. quinquefasciatus resistance to pyrethroids

Pyrethroid insecticide toxicities against Cx. quinquefasciatus adult �eld populations were not
signi�cantly different from that of the susceptible strain (overlapped 95% FL), except for Al-Nakhil to
bifenthrin; Al-Suwaidi, Al-Ghanemiya, and Al-Masfa to deltamethrin; Al-Masfa and Al-Masanie to
cypermethrin; and Al-Masanie to cy�uthrin (nonoverlapped 95% FL). The Cx. quinquefasciatus adult �eld
populations from Ishbiliya (RR = 0.70), Al-Suwaidi (RR = 1.89), Al-Ghanemiya (RR = 1.26), Al-Masfa (RR = 
2.56), Al-Masanie (RR = 0.59), Al-Nakhil (RR = 1.86), Al-Washlah (RR = 1.26), and Irqah (RR = 1.99) did not
signi�cantly differ in susceptibility to alpha-cypermethrin from the susceptible strain. For bifenthrin, the
RRs of all tested Cx. quinquefasciatus adult �eld populations ranged from 0.59 to 2.19, and the only case
of signi�cant resistance (low level) was found in the Al-Nakhil adult �eld population (RR = 2.19). The
adult �eld populations from Al-Ghanemiya (RR = 7.07) showed moderate resistance, and those from Al-
Suwaidi (RR = 2.72) and Al-Masfa (RR = 4.94) showed low resistance to deltamethrin, whereas the
remaining populations did not signi�cantly differ from the susceptible strain. For cypermethrin, the adult
�eld populations from Al-Masfa (RR = 2.50) and Al-Masanie (RR = 2.66) showed low resistance, whereas
the remaining populations did not signi�cantly differ from the susceptible strain. For cy�uthrin, the RRs
of all tested Cx. quinquefasciatus adult �eld populations ranged from 0.58 to 2.39, and the only case of
signi�cant resistance (low level) was found in the Al-Masanie adult �eld population (RR = 2.22) (Table 4).

Discussion
Globally, insecticides are a part of major management solutions against various insect vectors; thus,
determining susceptibility to commonly used insecticides is crucial for the selection of appropriate and
effective treatment [27, 28]. OPs, including chlorpyrifos, malathion, fenitrothion, pirimiphos-methyl, and
diazinon, are acetylcholinesterase inhibitors, whereas pyrethroids, including alpha-cypermethrin,
cypermethrin, deltamethrin, bifenthrin, and cy�uthrin, are sodium channel modulators [29]. These
conventional insecticides are the most commonly used adulticides for controlling mosquitoes and other
medically important insect pests globally, including in Saudi Arabia [27, 30–32]. Therefore, conventional
insecticide resistance has arisen and been reported in Cx. pipiens and Aedes in Saudi Arabia [30, 33, 34].

In the present study, susceptibility/low resistance to chlorpyrifos, malathion, fenitrothion, pirimiphos-
methyl, and diazinon was observed in Cx. quinquefasciatus populations from the study regions. Field-
evolved resistance to OPs has been well documented in Cx. quinquefasciatus [1, 7, 20, 35], Cx. pipiens
[30, 36], Aedes albopictus [37, 38], and Ae. aegypti [39].

In this study, susceptibility/low to moderate resistance to alpha-cypermethrin, cypermethrin, deltamethrin,
bifenthrin, and cy�uthrin was observed in Cx. quinquefasciatus populations from the study regions.
Resistance to pyrethroid insecticides has been observed for many insect vectors, including Cx.
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quinquefasciatus [7, 32, 40], Ae. aegypti and Ae. albopictus [28, 37, 41–44], Cx pipiens [36], Anopheles
gambiae Giles [45, 46], and An. stephensi Liston [47]. The OP and pyrethroid resistance in these insect
vectors may be due to increased metabolic enzyme activities [37, 48, 49] and target site insensitivity due
to Kdr mutations, L1014F, F1534C, and I1532T on VGSC, V1016I, F1534C on 11S6 domain, and G119S on
the acetylcholinesterase 1 gene [32, 43, 50–52].

In the Riyadh region, one that experiences a severe desert climate, OPs and pyrethroids are applied once a
month during the periods March–May and September–November to control different household insect
vectors, e.g., mosquitoes, in human dwellings. This low level of exposure may explain the detected
susceptibility/low resistance to OPs and pyrethroids in the Cx. quinquefasciatus �eld populations.
However, it appears that resistance to deltamethrin (pyrethroid) is increasing in the Al-Ghanemiya and Al-
Masfa populations, where moderate RRs of 7.07 and 4.94, respectively, were observed. Thus,
deltamethrin should be used carefully and correctly at these locations to prolong e�cacy.

Interestingly, besides this �nding of susceptibility/low resistance in Cx. quinquefasciatus populations to
conventional insecticides, Hafez and Abbas (Unpublished data) found signi�cant and higher levels of
resistance in the same �eld populations toward new classes of insecticides, including insect growth
regulators. Since the �eld populations in this study were collected from locations adjacent to farms or
parks, their �ndings could be due to pesticide laws and regulations that have restricted or prevented the
use of many conventional insecticides over the last two decades but permitted their replacement by new
insecticides in the plant protection programs [12]. This may have led to accidental exposure to the new
insecticides, giving rise to a selection pressure in these Cx. quinquefasciatus populations over the last
two decades, and this could be the reason for these unexpected �ndings.

In conclusion, the susceptibility/low resistance of Cx. quinquefasciatus adults to OP and pyrethroid
insecticides suggests that they still have good potency against the adults of this species in Riyadh, Saudi
Arabia. A strategic program must be instituted to control Cx. quinquefasciatus to sustain the e�cacy of
other OP and pyrethroid insecticides before resistance develops. Periodic monitoring must be continued
to detect any increase in resistance to these conventional insecticides. Additionally, cultural practices,
such as the removal of larval habitats and the use of biological control agents [12], must be used to
manage larvae of Cx. quinquefasciatus to minimize overreliance on chemical insecticides. Our �ndings
serve as a reference point for future monitoring efforts of Cx. quinquefasciatus insecticide susceptibility.
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