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Abstract

The current study was aimed to study the bendiocarb tolerance in Anopheles gambiae s.l. larvae from Dogbo
district in Couffo department in south-western Benin, West Africa. Larvae and pupae were collected from March
to July and August to November 2020 during the rainy season in the locations of Ayomi, Dévé, Honton,
Lokogohoué, Madjré and Totchangni. Larval bioassays were performed on these collected Anopheles gambiae
s.L. larvae using bendiocarb as larvicide. The results showed that Anopheles gambiae s.l. larvae from Dogbo
district were susceptible to bendiocarb. However, these An. gambiae s.I. populations need to be monitored for

insecticide resistance in this area.
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Introduction

World Health Organization (WHO) recommends a
multi-pronged strategy to control and eliminate
malaria, which includes vector control interventions,
preventive therapies, diagnostic testing, treatment
with quality-assured artemisinin based combination
therapies (ACTs), and strong malaria surveillance.
Effective malaria control and elimination requires
strong and well-funded National Malaria Control
Programmes (NMCPs), tailored national and regional
strategies, extensive applied and operational research,
and a close collaboration among partners in the
global

Achieving effective scale-up of malaria interventions

malaria and development community.
also requires significant human resources at national,
district and community levels, and the regular

training of malaria programme staff (WHO, 2013).

Insects, like most eukaryotes, have evolved a complex
capacity to transform compounds they encounter in
their environments. The development of this ability is
important to their survival particularly in chemically
unfriendly environments. All insects possess
detoxification mechanisms, but the type, nature and
different

1 i i i
capac differs in nsect

stages, and the type

species,
of the

environmental exposure (Yu, 2005). Mosquitoes are

developmental

of particular interest because of their role as vector of
many human diseases including malaria, yellow fever,
dengue fever etc. In mosquitoes, like other insect
species, the challenge of responding to varieties of
xenobiotic assault is compounded by the varieties of
breeding ecologies and food sources upon which they
rely for their life cycle. The ubiquity of mosquito
breeding habitats mean that mosquitoes are found in
virtually all environments from arctic to the deserts
(Budiansky, 2002). An. gambiae in particular is a
highly anthropophilic malaria vector distributed

widely in sub-Saharan Africa.

This region constitutes 90% of the global malaria
burden. Exposure of An. gambiae to this array of
environmental xenobiotics could undoubtedly select
them for tolerance and adaptive responses. Some of

these responses could constitute challenges to the
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insecticide based approaches to malaria management

and control initiatives (Strode et al., 2006).

Several previous studies (Mwangagngi et al., 2010;
Imbahale et al., 2011; Mala et al., 2011; Animut et al.,
2012) have established the impact of several breeding
sites ecogeographical, topographical, agricultural, and
other environmental indices on Anopheles larval
diversity, abundance, and dynamics, as well as
breeding sites productivity. Also, induction of
detoxification enzymes by various environmental
xenobiotics in many species of insects has been well

documented (David et al., 2013).

Very few researches were published on bendiocarb
tolerance in Anopheles gambiae s.l. larvae from
Couffo

Therefore, there is a need to carry out new researches

department in south-western Benin.

for this purpose.

The goal of this study was to determine bendiocarb
tolerance in Anopheles gambiae s.l. larvae from

Couffo department in south-western Benin.

Materials and methods

Study area

The study area is located in Republic of Benin (West
Africa) and includes the department of Couffo. Couffo
department is located in the south-western Benin and
the study was carried out more precisely in Dogbo
district. The choice of the study site took into account
the economic activities of populations, their usual
protection practices against mosquito bites, and
peasant practices to control farming pests. These
factors have an impact on resistance development in
the local vector mosquitoes. We took them into
account to determine bendiocarb tolerance in
Anopheles gambiae s.l. larvae from Dogbo district.
Couffo has a climate with four seasons, two rainy
seasons (March to July and August to November) and
two dry seasons (November to March and July to
August). The temperature ranges from 25 to 30°C
with the annual mean rainfall between 900 and 1100

mm.
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Fig. 1. Map of Republic of Benin showing Dogbo District.

Mosquito sampling

An. gambiae s.l. larvae were collected from March to
July and August to November 2020 during the rainy
season in Dogbo district in south-western Benin. The
number and kind of breeding sites were recorded in
localities of Ayomi, Dévé, Honton, Lokogohoué,
Madjre and Totchangni. Larvae and pupae were
collected within both padding and town using the
dipping method on several breeding sites. Once,
larvae and pupae collected, they were then kept in
separated labeled bottles related to the localities
surveyed. Larvae collected were then re-distributed
evenly in development trays containing tap water.
Larvae were provided access to powdered TetraFin®

fish food under insectary conditions of 25+/-2°C and

70 to 80% relative humidity at Department of
Sciences and Agricultural Techniques located in
Dogbo district in south-western Benin. An. gambiae
Kisumu larvae, a reference susceptible strain was
used as a control for the larval bioassays. All larval
bioassays were conducted in the Laboratory of
Applied Entomology and Vector Control of the
Department of Sciences and Agricultural Techniques

at 25+/-2°C and 70 to 80% relative humidity.

Preparation of stock solutions or suspensions and
test concentrations

Stock solutions and serial dilutions were prepared
following the protocol described in WHO guidelines

(WHO, 2005). The volume of stock solution was 20
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ml of 1%, obtained by weighing 200 mg of bendiocarb
and adding 20 ml solvent to it. It was kept in a screw-
cap vial, with aluminium foil over the mouth of the
vial. Then, it was shacked vigorously to dissolve or

disperse the bendiocarb in the solvent. The stock
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solution was then serially diluted (ten-fold) in ethanol
(2 ml solution to 18 ml solvent). Test concentrations
were then obtained by adding 0.1-1.0 ml (100-1000
ul) of the appropriate dilution to 100 ml or 200 ml

distilled water.
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Fig. 2. Map of Dogbo District showing the study area.

Bioassays

Initially, the mosquito larvae were exposed to a wide
range of test concentrations of bendiocarb and a
control to find out the activity range of the larvicide
under test. After determining the mortality of larvae
in this wide range of concentrations, a narrower range
(of 4-5 concentrations, yielding between 10% and
95% mortality in 24h or 48h) was used to determine
LC50 and LC9o values (WHO, 2005). Batches of 25
third or fourth instar larvae were transferred by
means of strainers, screen loops or droppers to small
disposable test cups or vessels, each containing 100-
200 ml of water. Small, unhealthy or damaged larvae
were removed and replaced. The depth of the water in
the cups or vessels was remained between 5 cm and
10 cm; deeper levels may cause undue mortality. The

appropriate volume of dilution was added to 100 ml

or 200 ml water in the cups to obtain the desired
target dosage, starting with the lowest concentration.
Four replicates were set up for each concentration
and an equal number of controls were set up
simultaneously with tap water, to which 1 ml alcohol
was added. Each test was run three times on different
days. For long exposures, larval food was added to
each test cup, particularly if high mortality was noted
in control. The test containers were held at 25-28°C
and preferably a photoperiod of 12h light followed by
12h dark (12 L: 12 D).After 24 h exposure, larval
mortality was recorded. Moribund larvae were
counted and added to dead larvae for calculating
percentage mortality. Dead larvae were those that
could not be induced to move when they were probed
with a needle in the siphon or the cervical region.

Moribund larvae were those incapable of rising to the
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surface or not showing the characteristic diving
reaction when the water was disturbed. The results
were recorded on the result form, where the LC50 and
LCgo values, and slope and heterogeneity analysis

were also noted.

The form was accommodated three separate tests of
six concentrations of bendiocarb, each of four

replicates (WHO, 2005).

Statistical analysis
Data from all replicates were pooled for analysis.
LCs50 and LC9o values were calculated from a log
dosage-probit mortality

regression line using

computer software programs. Bioassays were
repeated at least three times, using new solutions or
suspensions and different batches of larvae each time.

Standard deviation or confidence intervals of the

2021

means of LC50 values vere calculated and recorded
on a form. A test series was valid if the relative
standard deviation (or coefficient of variation) was
less than 25% or if confidence limits of LC50 overlap
(significant level at P < 0.05). Abbott’s formula was
not used in this study for the correction of mortality
rates in test cups because the mortality rates in all
controls was always less than 5% (Abbott, 1987).
LC50 and LCgo values were estimated using SPSS
version 16.0 (SPSS Inc., Chicago, IL). The significance

level was set at 5%.

Results and discussion

The analysis of tables 1 and 2 showed that An.
gambiae s.l. larvae from Dogbo district in couffo
department were susceptible to bendiocarb like
Kisumu reference strain (Resistance ratios were 1 for

RR50 and RR95).

Table 1. Determination of Lethal Concentration LC50 and Resistance ratio RR50.

Strains LCs0 (mg/1) RR50
Kisumu 0.0111 _
Dogbo 0.0111 1

The analysis of table 3 showed that there were more
breeding sites made of marshes in Totchangni
location than breeding sites made of streams in
Lokogohoué. Very few breeding sites made of ditches
were found in Ayomi location. Resistance
management strategies are mainly based on the
rational use of the compounds already available,
especially in public health because the number of
insecticides is very limited. Carbamates (CX) and
Organophosphates (OP) are the main alternatives for
indoor residual spraying or larval treatments against
mosquitoes in case of pyrethroid resistance. So,
insecticide resistance is an impediment in the control

of pests and vectors of human diseases and has

emerged because of heavy insecticide treatments.
Different resistance mechanisms (mostly target
mutation or increased detoxication) have been
selected in insects depending on the insecticide used
(Aizoun et al., 2013a; 2013b; 2013c; 2014a; 2014b;
2014¢; 2014d; 2014e, 2014f; 2014g; 2014h; 2014i;
2014j).

An. gambiae s.l. larvae from Dogbo district in couffo
department were susceptible to bendiocarb as
Kisumu reference strain. So, the larval treatments are
important as when all larvae and pupae of a
Anopheles gambiae population were controlled there

was no adult in malaria transmission.

Table 2. Determination of Lethal Concentration LC95 and Resistance ratio RR95.

Strains LC95(mg/1) RRo95
Kisumu 0.0443 _
Dogbo 0.0443 1

With the rapid extension of pyrethroid resistance in
the main malaria vectors from Africa and the various

resistance mechanisms involved (metabolic resistance

and kdr), it is important to envisage resistance
management strategies now. Thus, the knowledge of

the ace-1R effects on phenotypes of An. gambiae will
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help us to strengthen the basic and operational mosaics or mixtures is a possible way to overcome
researches on the development of strategies that will insecticide resistance within malaria vectors not only
use organophosphates or carbamates as alternatives for indoor residual sprayings (Hemingway et al.,
against pyrethroids-resistant malaria vectors in the 1997; Penilla et al., 2006) but also for impregnated
field. The combination of insecticides using rotations, nets (Hougard et al., 2002).

Table 3. Recording of number and kind of breeding sites in locations surveyed.

Locations Number of breeding sites Kind of breeding sites
Ayomi 4 ditches
Dévé 8 brick pits
Honton 9 pools
Lokogohoué 13 streams
Madjre 7 puddles of water
Totchangni 16 marshes
This is all the more interesting that in some case with larvicides which are effective against larvae, it
insecticides can have synergistic interactions would also be important to practice physical control
particularly against resistant mosquitoes (Corbel et by destroying breeding sites.

al., 2004). However, combinations can sometimes
have antagonistic effect as it was demonstrated using The use of insecticides for crop protection may likely

carbamate and pyrethroid for C. pipiens with ace-1R explain the level of Carbamates (CX) and

mutation (Corbel et al., 2004). Different breeding Organophosphates (OP) resistance observed in some
sites were found in Dogbo district such as: ditches, of our rural areas. So, it is clear that closer
brick pits, pools, streams, puddles of water, marshes collaboration between resistance experts in
etc. For that, in additional of the larval treatments agriculture and public health is needed.

- .

-

e

Fig. 3. Collection of An. gambiae s.l. larvae in a breeding site in Totchangni location.
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Public health agencies can definitely benefit from the
extensive experience gained by the agricultural sector
in promoting integrated pest-management principles
as well as disseminating simple and pragmatic

guidelines for insecticide resistance management.

Conclusion

Given the importance of the vector control against
malaria disease, there is an urgent need of field and
laboratory surveys of insecticide resistance.
Anopheles gambiae s.l. larvae from Dogbo district
were susceptible to bendiocarb. However, these An.
gambiae s.l. populations need to be monitored for

insecticide resistance in this area.
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