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Abstract

The current study was aimed to study the dynamics of deltamethrin resistance in Anopheles gambiae sensu lato from the south-
north transect Benin, West Africa. Larvae and pupae of Anopheles gambiae s.|. populations were collected from the breeding
sitesin Atlantic, collines and Borgou departments in 2015 and 2020. WHO susceptibility tests were conducted on unfed female
mosquitoes aged 2-5 days old. WHO bioassays were performed with impregnated papers of deltamethrin (0.05%). An. gambiae
mosquitoes were identified to species using PCR techniques in 2015. Molecular assays were also carried out to identify kdr
mutations in individual mosguitoes. An. gambiae s.l. populations from Allada, Dassa-Zoume and Parakou were resistant to
deltamethrin in 2015 and still remained resistant to this product in 2020. PCR revealed 100% of mosquitoes tested were
Anopheles gambiae s.s. The L1014F kdr mutation was found in An. gambiae s.s. Allada, Dassa-Zoumeé and Parakou at various
allelic frequencies. Female An. gambiae s.I. populations from the south-north transect Benin were resistant to deltamethrin with
high allelic frequencies of L1014F kdr mutation. With the rapid spread of pyrethroid resistance in the malaria vectors from the
main ecological settings and the various resistance mechanisms involved, the geographic distribution of vector susceptibility to
pyrethroids is critically needed as it will provide baseline information for vector control. In order to guide future malaria vector
control interventions in Benin, the presence though at high frequency of the West African kdr mutation in Anopheles gambiae
populations from the main ecological settings needs to be carefully monitored in the country.
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I ntroduction

In 2012, World Health Organization (WHO) estimated
that 207 million case of malaria occurred worldwide
with 627000 deaths. Most cases (80%) and deaths
(90%) occurred in Africa, and most deaths (77%) were
in children under Syears of age (WHO, 2013a).

In Benin, Mdaria is a mgjor hedth problem. It is the
main cause of morbidity and mortality particularly
among children under five and pregnant women. It is
transmitted by Anopheles mosquitoes, and because
there is currently no vaccine available, vector control
is one of the most important means of malaria
prevention. This vector control is generally done with
insecticides.

In this country as across Africa, malaria control relies
heavily on vector control through the use of
insecticide-treated nets (ITN) and indoor residud
spraying (IRS). In West Africa, the main mechanism
involved in pyrethroid-resstance in Anopheles
gambiae is caused by target site insensitivity through a
knockdown resistance (kdr)-like mutation caused by a
single point mutation (Leu-Phe) in the para-sodium
channel gene (Chandre et al., 1999). Malaria vector
resistance to insecticides in Benin is conferred by two
main mechanisms: (1) aterations at site of action in
the sodium channel, viz the kdr mutations and (2) an
increase of detoxification and/or metabolism through
high levels of multi-function oxidases (MFQOs), non-
specific esterases (NSEs) (Corbel et al., 2007,
Djogbénou et al., 2009; Djégbé et al., 2011; Aizoun et
al., 2013a; Aizoun et al., 2013b).

Beninese Nationa Malaria Control Programme has
implemented large-scale and free distribution of long-
lasting insecticidal nets (LLINS) recently through the
entire country to increase coverage of LLINs. It is
crucia that information on current status of An.
gambiae sl. resstance to pyrethroid being
investigated. This will properly inform control
programs of the most suitable insecticides to use and
facilitate the design of appropriate resistance
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management strategies. In this study, we report the
assessment of the susceptibility status, insecticide
resistance levels in Anopheles gambiae sl. to
deltamethrin to evaluate the presence and extent of the
digribution of the kdr mutation within and among
these An. gambiae s.I. populations in the south-north
transect Benin, where pyrethroid resistance was aso
recently reported in An. gambiae (Djégbé et al., 2011;
Aizoun et al., 2013a; Aizoun et al., 2013b).

M aterials and M ethods

Study area

The study was carried out in some localities following
a south-north transect Benin. Three contrasting
localities of Benin were selected for mosguito
collection on the basis of variation in agricultural
production, use of insecticides and/or ecological
settings. The localities were: Dassa-Zoume a rice
growing area located in the middle part of the country.
Alladais acereal growing area (maize, ground-nut and
so on) located in the south part of the country.
Parakou, an urban vegetable growing area located in
the north of Benin. The choice of the study sites 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 a direct impact on the development of
insecticide resistance in the local mosguito vectors.

The southern region is characterized by a tropical
Guinean climate with two rainy seasons (April to July
and September to November) with a mean annual
rainfall over 1,500 mm. The middle part of the country
Is characterized by a Sudano Guinean climate with
two rainy seasons (March to July and August) with an
average rainfall of 1,000 mm per year. The northern
zone is characterized by a Sudanian climate with only
one rainy season per year (May to October) and one
dry season (November to April). The temperature
ranged from 22 to 33°C with the annual mean rainfal
whichis 1,300 mm.
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Figure 1 Map of Republic of Benin showing districts surveyed

M osquito sampling

An. gambiae s.I. populations were collected from April
to July and September to November 2015 and 2020
during the rainy season in Allada locality selected in
south Benin. Larvae and pupae were collected in
Allada district within both padding and village using
the dipping method on several breeding sites (brick
pits, pools, marshes, streams, ditches, pits dug for
plastering traditional huts, puddles of water, water
pockets caused by the gutters).
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An. gambiae s.|. populations were aso collected from
July to November 2015 and 2020 in Dassa-Zoume
digrict selected in the centre part of the country.
Anopheles pre-imaginal stages (L1 to L4 instars) were
collected via ladles within rice farms, Lema, from
Dassa- Zoumé. Due to that the farms are irrigated,
breeding sites are present throughout the year and we
therefore assumed that the larvae collected in the study
period were representative of the population that could
be found during other periods of the year.
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An. gambiae s.|. populations were also collected from
May to October 2015 and 2020 during the rainy
season in Parakou district selected in north Benin.
Anopheles pre-imaginal stages (L1 to L4 instars) were
collected via ladles within vegetable farms from
Parakou. In these three districts, larvae and pupae
were collected using the dipping on breeding sites and
then kept in separated labeled bottles related to each
locality. Otherwise, larvae collected from multiple
breeding sites were pooled together related to each
locality then re-distributed evenly in development
trays containing tap water.

Larvae were provided access to powdered TetraFin®
fish food, and were reared to adults under insectary
conditions of 25+/- 2°C and 70 to 80% relative
humidity at Center of Entomological Researches of
Cotonou (CREC) located in Akpakpa, in Cotonou
district in 2015 and in insectary of Laboratory of
Applied Entomology and Vector Control of the
Department of Sciences and Agricultural Techniques
located in Dogbo district in south-western Benin in
2020. An. gambiae s.|. Kisumu, a reference susceptible
strain was used as a control for the bioassay tests.

Susceptibility tests were done following WHO
protocol on unfed females mosqguitoes aged 2-5 days
old reared from larval and pupal collections. All
susceptibility tests were conducted in 2015 in the
CREC laboratory at 25+/-2°C and 70 to 80% relative
humidity whereas in 2020, susceptibility tests were
conducted in Laboratory of Applied Entomology and
Vector Control (LAEVC).

Testing insecticide susceptibility

The principle of the WHO bioassay is to expose
insects to a given dose of insecticide for a given time
to assess susceptibility or resistance. The standard
WHO discriminating dosages are twice the
experimentally derived 100% lethal concentration
(LC100 value) of areference susceptible strain (WHO,
19984). In this study, the insecticide tested was
deltamethrin (0.05%). The choice of deltamethrin was
justified by its use on Long Lasting Insecticidal Nets
which were used by National Malaria Control
Programme for implementation of large-scale and free
distribution through the entire country to increase
coverage.

An aspirator was used to introduce 20 to 25 unfed
female mosquitoes aged 2-5 days into five WHO
holding tubes (four tests and one control) that
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contained untreated papers. They were then gently
blown into the exposure tubes containing the
insecticide impregnated papers. After one-hour
exposure, mosquitoes were transferred back into
holding tubes and provided with cotton wool
moistened with a 10% honey solution. The number of
mosquitoes “knocked down” at 60 minutes and
mortalities a 24 hours were recorded following the
WHO protocol (WHO, 19984).

PCR detection of speciesand the kdr mutation

At the end of WHO bioassays in 2015, a polymerase
chain reaction test for species identification (Scott et
al., 1993) was performed to identify the members of
An. gambiae complex collected from each site. PCR
for the detection of the kdr Leu-phe mutation was
carried out on dive An. gambiae mosquitoes as
described by Martinez-Torres et al. (1998).

Statistical analysis and data inter pretation

The resistance status of mosquito samples was
determined according to the WHO criteria (WHO,
2013Db) asfollows:

-Mortality rates between 98%-100% indicate full
susceptibility

-Mortality rates between 90%-97% require further
investigation

-Mortality rates < 90%, the population is considered
resistant to the tested insecticides.

Abbott s formula was not used in this study for the
correction of mortality rates in test tubes because the
mortality rates in control tube were less than 5%
(Abbott, 1987).

The correlation between the results of insecticide
susceptibility and molecular results (kdr frequencies)
was also assessed for each of the districts surveyed.

ANOVA test was performed with mortality rate as the
dependent variable and the locdities as a covariate.
ANOVA test was aso performed with kdr frequency
as the dependent variable and the localities as a
covariate.
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Results and Discussion

Evolution of Anopheles gambiae s.l. populations
resistance to deltamethrin in Allada, Dassa-Zoume
and Parakou districtsfrom 2015 to 2020

Kisumu strain (control) confirmed its susceptibility
status as a reference strain. The 24 hours mortality
recording shows that female Anopheles gambiae
Kisumu which were exposed to WHO papers
impregnated with deltamethrin 0.05% were fully
susceptible to this product. They were dead and none
of them could fly after 24 h mortality recording
required by WHO (Table 1).

Regarding field collected female Anopheles gambiae
sl. populations from Allada, DassaZoume and

Parakou, they were resistant to deltamethrin with the
mortality rates of 53%, 61% and 86% respectively in
2015. These Anopheles gambiae s.I. populations still
remained resistant to the same product in 2020 with
the mortality rates of 47%, 58% and 82% respectively
(Table 1).

Univariate logistic regression, performed with
mortality rate as the dependent variable and localities
as a covariate with ANOVA test showed that the
phenotypic resistance to deltamethrin was associated
with the localities (p <0.05). In addition, univariate
logistic regression, performed with kdr frequency as
the dependent variable and localities as a covariate
with ANOVA test, showed that high kdr frequency
was associated with the localities (p <0.05).

Table-1: Mortality of An. gambiae s.l. populations from Allada, Dassa-Zoume and Parakou districts after one
hour exposureto WHO impregnated paperswith deltamethrin (0.05%) in 2015 and 2020

Locations Years Insecticide
Kisumu (Control) 2015 Deltamethrin
2020 Deltamethrin

Allada 2015 Deltamethrin
2020 Deltamethrin

Dassa-Zoume 2015 Deltarmethrin
2020 Deltamethrin

Parakou 2015 Deltamethrin
2020 Deltamethrin

M osquito speciesidentification

PCR reveded that 100% of mosquitoes tested were
Anopheles gambiae s.s. (Table 2).

Number tested  %Mortality  Resistance status
100 100 S
100 100 S
100 53 R
100 47 R
100 61 R
100 58 R
100 86 R
100 82 R

Table-2: Kdr frequency in surviving An. gambiae populations from Allada, Dassa-Zoumeé and Par akou districts
24 h post-exposureto WHO impregnated paper swith deltamethrin in 2015

Locations Number tested
Allada 25
Dassa-Zoume 22
Parakou 21

Ag: An. gambiae s.s.

Species Ag

Kdr mutation
RR RS SS F(Kdr)
15 6 4 0.72
18 4 0 0.91
15 5 1 0.83
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Detection of the Kdr mutation

The results of molecular tests performed on Anopheles
gambiae populations from Allada, Dassa-Zoumé and
Parakou districts revealed very high frequencies of
Kdr mutation. These various allelic frequencies of
L1014F kdr mutation were 72%, 91% and 83%

respectively (Table 2).

The monitoring of insecticide resistance in malaria
vectors is of prime importance especially where
control programmes are planned or already running in
order to assess potential selection effects of
insecticidal compounds on vector populations, and to
take appropriate measures such as switching to other
classes of compounds.

Female Anopheles gambiae s.. populations from
Allada, Dassa-Zoumé and Parakou, were resistant to
deltamethrin in 2015. These Anopheles gambiae s..
populations still remained resistant to the same
product in 2020. So, Anopheles gambiae s.l. natural
populations have developed resistance to deltamethrin
in the different bio-climatic areas surveyed in the
south-north transect Benin. The management of
insecticide resistance is a mgjor issue, which must
interest the different Nationa Malaria Control
Programmes. This management requires two kinds of
information: sound knowledge of the mechanisms of
resistance and a thorough resistance monitoring
programme (Aizoun et al., 2013a).

The resistance levels to deltamethrin observed with
Anopheles gambiae s.I. populations from Allada and
Dassa-Zoume were higher than the one observed with
Anopheles gambiae s.l. populations from Parakou. In
fact, Allada, a cereal growing area and Dassa-Zoume,
a rice growing area are two localities where no
insecticida products are generally used to control
agricultural pests comparatively to the vegetable
growing area of Parakou where various insecticidal
products are used for this purpose. According to
Corbel et al. (2007), in the vegetable growing area of
Parakou, the low level of pyrethroid-resistance
observed in An. gambiae s.l. was explained by the
presence of (i) a reatvely high proportion of
susceptible An. arabiensis mosquitoes, (ii) arather low
kdr alelic frequency in An. gambiae s.s. and (iii) the
absence of metabolic-based resistance. But, in the
current study, all Anopheles gambiae specimens from
Parakou tested were Anopheles gambiae s.s. No An.
arabiensis mosguitoes were found. This result showed
that An. arabiensis populations from vegetable
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growing area of Parakou tend to decline. The main
reason of this decrease in An. arabiensis populations
from Parakou was that the proportion of An.
arabiensis mosquitoes from Parakou found by Corbel
et al. (2007) was almost susceptible.

The presence and frequency of the kdr mutations
constitute a valuable and useful resistance marker for
two main reasons. First, it provides an early warning
of resistance development as the mutation arises well
before any effect on phenotype can be detected in a
population (Kelly-Hope et al., 2008). Indeed, the
expression of the 24h-survival diagnostic phenotype
(WHO, 1998Db) appear to be recessive (Chandre et al.,
2000; Corbel et al., 2004).

The kdr frequency recorded in Anopheles gambiae
populations from Parakou was 0.83 in the current
study. The kdr frequency recorded in the same
Anopheles gambiae populations in 2007 by Corbel et
al., (2007) was 0.20. In similar way, the kdr
frequencies in Anopheles gambiae populations from
Dassa-Zoume and Allada in 2008 were 0.46 and 0.33
respectively (Djogbenou et al., unpublished data). In
the current study, the kdr frequencies recorded in these
same Anopheles gambiae populations were 0.91 and
0.72 respectively. These results showed that kdr
frequency in these Anopheles gambiae populations has
significantly increased after five years. This is
consistent with previous observations reporting an
increase of the kdr L1014F frequency in An. gambiae
following a nationwide distribution of long-lasting
insecticide-treated netsin Niger (Czeher et al., 2008).

The kdr frequency in Anopheles gambiae populations
from Dassa-Zoumeé recorded in this study was higher
than the one observed in Anopheles gambiae
populations from Parakou. By contrast to the finding
of Diabaté et al. (2002) in Burkina Faso, the
agricultural use of insecticide was not always a source
of selection pressure for resistance in An. gambiae s.l.
as kdr frequency in Anopheles gambiae Dassa-Zoume
was higher than the one observed in Anopheles
gambiae Parakou. In fact, Dassa-Zoume is a rice
growing area where no insecticidal products are
generally used to control agricultural  pests
comparatively to the vegetable growing area of
Parakou where various insecticidal products are used
for this purpose.
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Conclusion

Femae An. gambiae s.l. populations from the south-
north transect Benin were resistant to deltamethrin
with high allelic frequencies of L1014F kdr mutation.
With the rapid spread of pyrethroid resistance in the
malaria vectors from the main ecological settings and

the various resistance mechanisms involved,

the

geographic distribution of vector susceptibility to
pyrethroids is critically needed as it will provide
baseline information for vector control. In order to
guide future malaria vector control interventions in
Benin, the presence though at high frequency of the
West African kdr mutation in Anopheles gambiae
populations from the main ecological settings needs to
be carefully monitored in the country.
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