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Abstract

Aim
The rise in rice production in the district of Malanville, Northen Benin, is a present concern, as it has resulted in the widespread usage
of pesticides for crop protection. This could impact human health but also life cycle of Anopheles gambiae, the main vector of malaria.

Methods

Therefore, insecticide susceptibility bioassays were carried out on populations of An. gambiae sl aged to 3-5 days old (two from
areas where insecticide is highly used and other two areas of low insecticide use) and subjected to insecticide-impregnated papers
(Permethrin 0.75%; deltamethrin 0.05%; DDT 4% and bendiocarb 0.1%) following WHO protocol. Polymerase Chain Reactions
(PCRs) were used for the detection of Acethlylcholinestrase (Ace-1) and the knock down resistance (kdr) L.1014F mutations in An.
gambiae populations. Finally, indirect bioassays were conducted for the investigating on the factors affecting the life cycle of Axn.
gambiae due to the use of pesticides.

Results

An. gambiae from the four sites were resistant to DDT (6 to 8% and 10 to 14% respectively from areas of high and low dose),
pyrethroids (22 to 26% and 30 to 36% for permethrin, from areas of high and low dose respectively and 66 to 70% and 72 to 80%
for deltamethrin, from high and low dose) but susceptible to carbamate. The kdr L1014F mutation was detected in An. gambiae
populations (0.88 to 0.90 and 0.84 to 0.88 from high and low dose, respectively). The ace-1 was detected at low frequencies (<0.002).
Bioassays on the impacts of the use of pesticides in the life cycle of An. gambiae showed that soil substrates with pesticides residues
have a negative impact on the life cycle eggs of An. gambiae.

Conclusion

These findings confirmed the negative impacts of pesticides use in rice farming and its impacts on the life cycle of An. ganbiae.
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However, in terms of health, the expansion of lowlands for

rice farming results in a huge number of trenches that retain
rainwater. During the rainy season, these trenches are ideal
mosquito breeding sites, particularly for Angpheles ganbiae,
Africa’s primary malaria vector™. In addition to these areas,
farmers construct water dams for agriculture irrigation.
These uncovered water wells and pits are often favourable
for eggs laying and the growth of _An. gambiae larvae, the
primary malaria vector™®. Furthermore, rice cultivation is
subject to attacks by a number of pests and pathogens, and
farmers use a variety of insecticides, including pyretrinoids,
to control them’. The weekly application of insecticides

Introduction

In recent years, there has been an increase in rice cultivation
in Africa'. The reasons for this occurrence include low soil
fertility due to many years of cultivated lands located far
away from cities, rural exodus, unemployment, and changes
in dietary habits. In Benin, the government’s approach to
fight food insecurity has relied on intensive lowland rice
farming™. Since then, marshes have been built throughout
the country for rice production. Indeed, this activity has
become a new vocation for many people in the society:
men, women, youth, unemployed graduates, and even civil
workers benefit immensely from it>. According to Kondja

et al’, rice contributes more calories and protein than any
other cereal in sub-Saharan Africa and as much as all root
and tuber crops combined.

causes insecticide particles to come into contact with soil
and breeding sites, and with mosquito larvae. The pressure
exerted by these insecticides could lead to the development
of resistance in mosquitoes, particularly .An. gambiae, to these
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insecticides®’. Moteover, a KAP (Knowledge, Attitude and
Practices) study on the use of insecticides in rice growing
areas conducted by Yadouleton et al.'® have shown the
presence of pyrethroids, carbamates and organophosphates
classes of insecticides in rice cultivation areas for pest
control.

Many scientists reported that the use of the same classes
of pesticides in agriculture for pest control and in public
health particularly on the impregnation and reimpregnation
of long-lasting insecticidal nets (LLINSs), in the various
formulations for mosquito control could contribute to the
increase in the allelic frequencies of acethylcholinesterase
(G119S Ace-1) and the knock down resistance (kdr L.1014F)
in An. gambiae'".

Therefore, the improper manner of these all classes of
insecticides cited above in rice cultivation areas will contribute
to the emergence of multiple insecticide resistance in An.
gambiae population and latter would also have an impact on
An. gambiae’s development cycle. The current study aimed
to understand the impacts of pesticides use in rice farming
and its impacts on the life cycle, as well as the emergence
of multiple insecticide resistance in Angpheles gambiae at
Malanville, a district located in North-east of Benin.

Material and Methods
Study areas

The study was carried out in northern Benin in the district
of Malanville from June to October 2022 in the rice-growing
areas of Malanville. Two rice-growing areas with high
insecticide use (Bodjekali A and Bodjekali B) and two other
with low insecticide use (Tomboutou A and Tomboutou B)
located in the district of Malanville were selected for data
collection.

In fact, the selected rice-growing sites of Mounin A and
Mounin B are characterised as sites with high pesticide
use against rice pests, since rice farmers on these sites use
several families of insecticides, especially those intended for
cotton cultivation, including pyrethrinoids and carbamates.
In addition, to fight crop pests, farmers at the Mounin A
and Mounin B rice-growing sites apply four insecticide
treatments (cyfluthrin + cyfluthrin  cypermethrin = +
dimethoate) from the transplanting phase to the harvest
phase at four different time intervals. In contrast, the rice-
growing areas of Toumboutou A and Toumboutou B are
characterised as areas of low pesticide use against rice crop
pests, as farmers use a small quantity of insecticide (only
deltamethrine) limited to just 2 treatments throughout the
rice production cycle.

Malanville is located in the far north of Benin Republic. The
climate is Sudanese-Sahelian type and characterised by a dry
season from November to June. The average rainfall is 750
mm. The main vegetation is savannah with grassland. The
main agricultural activity is rice cultivation.

Mosquito collection

Anopheles mosquito’s larvae were collected from the four
study sites (Bodjekali A, Bodjekali B, Toumboutou A and
Toumboutou B) from July to October 2022. In each of the
four experimental sites, five larval breeding sites were chosen
for sampling twice a week in order to maximise the number
of larvae. All Anopheline larvae collected from the four study
sites were brought to the insectary and reared. Adults aged
between 3-5 days were subjected to susceptibility tests.

Insecticide susceptibility tests

Susceptibility tests were performed using cylinders’ tubes base
on WHO protocol”. In this study the following insecticide-
impregnated papers were tested: DDT (4%), permethrin
(0.75%), deltamethrin (0.05) and bendiocarb (0.1%). Adult
female mosquitoes aged between 3-5 days from each of the
four study sites were exposed to each paper impregnated with
insecticides cited above and repeated four times. Practically,
20 to 25 female adults were randomly chosen from each
batch and exposed to impregnated papers for an hour. All
knocked-down mosquitoes were recorded every 10 min and
after one hour of exposure, the mosquitoes were transferred
into observation tubes®. Mosquitoes that were not exposed
to the insecticides were used as control subjects. 24h post
exposure, mortality rate was estimated and interpreted using
WHO?s protocol as a reference'.

At the end of the bioassay, both dead and alive mosquitoes
were kept in Eppendorf tubes at -20°C for species
identification and determination of resistance mechanisms
(kdr LL1014F and G119S Ace-1) using the PCR technique.
The reference strain Kisumu was used as a control susceptible
strain in all bioassays.

Molecular analysis

Following the protocol described by Yahouedo et al.', Cetyl
Trimethyl Ammonium Bromide (CTAB) 2% was used for
DNA extraction Genomic from individual mosquitoes. The
DNA extracted was used to detect the different species
of the complex An. gambiae sl but also the knock down
resistance (L1014F kdr) and the acetylcholinesterase (ace-1R
G119S) mutations.

Detection of kdr and ace-1 mutations

100 mosquitoes from the susceptibility tests were used for
the kdr detection following the protocol described by Bass
et al.” Two primers, Agdl (5-ATA GAT TCC CCG ACC
ATG-3") and Agd2 (5-AGA CAA GGA TGA TGA ACC-3)
were used to amplify the sequence of 293 base pairs (bp) in
all An. gambiae (s.l.) mosquitoes. The resistant sequence of
195 bp and the sensitive sequence of 137 bp were amplified
respectively using specific primers Agd3 (5'-AAT TTG CAT
TAC TTA CGA CA-3) and Agd4 (5-CTG TAG TGA
TAG GAA ATT TA-3"). These three bands of different
sizes are easily resolved on 1.5% agarose gel and thus enable
the easy determination of the genotype of each mosquito.
The G119S-acel mutation was also screened based on the
protocol of Bass et al.'>. The DNA was amplified with the
ptimers Ex3Agdir (5-GAT CGT GGA CAC CGT GTT
CG-3") and Ex3Agrev (5-AGG ATG GCC CG CTG GAA
CAG-3") for an initial denaturation step of 3 min at 94 °C,
followed by 35 cycles (94 °C for 30 s, 62 °C for 30 s and 72 °C
for 20 s). After the final cycle, the products were extended for
5 min at 72 °C. The PCR fragments wete then digested with
Alul restriction enzyme and fractionated on a 2% agarose
gel. Base on the protocol described by Bass et al.”’, the
susceptible homozygous mosquitoes (SS), the homozygous
resistant (RR) and the Heterozygous individuals (RS) were
detected following the base pairs.

Impacts of pesticides on the development of An.
gambiae larvae

The method used was not intended to be a direct
determination of pesticide residues in the breeding sites.
Instead, an indirect assessment was carried out to check for
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Figure 1. Map of Benin showing the study area
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Figure 2: Mortality rates of Anopheles gambiae s.I. to DDT 4% using WHO bioassay
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Figure 3: Mortality rates of Anopheles gambiae s.I. to permethrin 0.75% using

WHO bioassay tests

the presence of negative factors that could inhibit the normal
development of mosquito larvae in the breeding sites. We
studied eggs hatch rate and larval development in A
gambiae from breeding sites made with soil substrates from
insecticide-treated areas and tap water following the protocol
described by Yadouleton et al.'. Results of this breeding
sites were compared to those of a control (a mixture of tap
water + soil from an area where no insecticide was used).

For this purpose, four soil substrates were
used, two from an area with high insecticide
use (Bodjikali A; Bodjikali B) and two
from another rice-growing area with low
insecticide treatment (Toumboutou A,
Toumboutou B). In these breeding sites, we
inoculated An. gambiae eggs to monitor the
impacts of pesticides on the development
of An. gambiae larvae. Results of these
rearing environments were compared to
those of a control environment (a mixture
of tap water + soil from an area without any
agricultural activity where no insecticides
were used). Each breeding site consisted
of 100 grams of soil mixed with 1000 ml
of water. Approximately 200 An. gambiae
eggs of the susceptible Kisumu strain
were counted with a magnifying glass and
transferred to each breeding site. The same
procedure was carried out with mosquitoes
from the resistant strain (VKPER).

Daily monitoring of the variation in egg
hatch rate and the frequency of adult
appearance was recorded. Data from the
supposedly contaminated breeding sites
were compared to those from the control
to verify the possible existence of a factor
inhibiting the development of the larvae.

Data analysis

Based on WHO protocol®, An. gambiae
population is considered as susceptible to
theinsecticideif the mortality rateis between
98-100%, but the resistance is suspected in
the population of the mosquito when the
mortality is between 90-97%. Below 90%
mortality rate, the population is considered
resistant. Genepop007'” software was used
to evaluated the allelic frequencies of kdr
11014F and G119S Ace-1.

Moreover, the Kruskal-Wallis test was
used to compare the frequency between
treatments and  laboratory-susceptible
mosquitoes (Kisumu).

The resistance allele frequency at the kdr and
Ace- 1 locus was calculated using Genepop
software (version 3.3) as described by
Raymond and Rousset.

A Fisher’s exact test was performed to
compare the resistance allele frequency at
the kdr and Ace- 1 among the mosquitoes
from the different strategies.

An analysis of variance (ANOVA) was
performed to compare the percentages of
hatching eggs in the different treatments in
order to know the impact of insecticide on
the normal growth of mosquito larvae in
cotton breeding sites.

Results

Results from this study showed that despite
the use of insecticide, all An. gambiae from
the four sites were resistant to DDT (6 to
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Figure 6: Effect of insecticides on the emergence of Anopheles larvae

8% and 10 to 14% respectively from areas of high and low
dose), pyrethroids (22 to 26% and 30 to 36% for permethrin,
from areas of high and low dose respectively and 66 to 70%
and 72 to 80% for deltamethrin, from areas of high and low
dose, respectively) but highly susceptible to carbamates in

all sites.

Species identification and allelic
frequencies of the kdr and ace-
1 mutations. From the four
experimental sites (Bodjikale A,
Bodjikale B, Toumboutou A and
Toumboutou B), 85% of the
mosquitoes tested by Polymerase
Chain Reaction (PCR) belonged
to the species An. arabiensis. (Table
1). The Kdr gene appears to be
the main resistance mechanism
detected in these _An gambiae
populations, with a high frequency
irrespective of the use of the
insecticide (0.88 to 0.90 and 0.84
to 0.88 from areas of high and
low dose, respectively) (Table 1).
The ace-1 mutations were also

detected, but at low rates ranging
from 0.02 to 0.04.

Impacts df agricultural
insecticide application on

An. gambiae eggs hatching

The tap water plus soil of the
control provides relatively
favourable conditions for
hatching and larval development.
Indeed, the average hatching
rate (figure 5) of eggs from the
control sites was 85% (n=200)
for the Kisumu strain and 82%
(n=200) for An. gambiae VKPER.
However, when the control soil
is replaced by soil substrates
taken from the two rice-growing
areas (Bodjikale A and B) where
crops are grown with high use of
insecticide, the average hatching
rate from VKPER strain dropped
to 38% but significantly higher
than those from susceptible strain
Kisumu which dropped to 10%.
The same trend was observed
(VKPER eggs (42%) and Kisumu
eggs (15%) when the breeding
sites were prepared with soil from
Toumboutou (Toumboutou A
and B) (figure 5).

Impacts df agricultural
insecticide treatments on the
development of An. gambiae
larvae

Larval development was measured
by considering the proportion of
eggs that reached the pupal stage
after being placed in water. This
parameter is one of the indicators
to evaluate the possible existence
of a limiting factor which
could maybe slow down larvae
development of the larvae in the

https://dx.doi.org/10.4314/mm)j.v35i3.6



Malawi Medical Journal 34 (3); 170-176 September 2023

Emergence of multiple insecticide resistance 174

Table I: Distribution of species and Kdr and Ace-1 frequencies of An. gambiae s.l fromcontributed to the selection of resistant

the study areas

insects and pests that have developed multiple

SITES Localities PCR_Species

% A n . %An.
arabiensis  gambiae
s.S.

(Ag)

Per_Kdr

(Aa)

frequency

and cross-resistance to pyrethroids (PY) and
DDT, as mentioned by several authors™*. In
our study, ~An. gambiae resistance to pesticides
varies from one insecticide to the next in
rice-growing areas. Our investigation on high
and low pesticide use areas revealed that
most An. gambiae sl populations are resistant

Pcr Ace-1
frequency

Rice growing 86 14 0.88*

areas with high
insecticide use

Bodijikali A

Bodjikali A 84 16 0.90*

Rice-growing 88 12 0.84*

areas with low
insecticide use

Toumboutou
A

Toumboutou 86 14 0.86**
B

0.002 to DDT (organochlorine) and PY but still
susceptible to carbamates. This phenotypic
resistance of _An. gambiae sl. populations
to DDT and PY observed in the four rice-
growing sites is correlated with the frequency
of the Kdr mutation, implying that the Kdr
mutation is the major mechanism of cross-
resistance to these two classes of insecticides
(organochlorines and PYs) in An. gambiae,
as suggested by many other studies™?.
Furthermore, the work of Nanmoutougou
et al. in Burkina-Faso showed that in An.
gambiae, the frequency of resistance genes

0.004

0.002

0.001

Aa : An. arabiensis

Ag : An. gambiae. s.s

cottages. Certainly, this parameter takes into account the stay
of the larvae in the cottages. Contrary to the very limited
time that the egg takes to hatch in the water, the duration of
this stay is sufficient for the larvae to develop.

In the control breeding sites, an average of 78% (Kisumu)
and 74% (VKPER) of the larvae reached the adult stage
(Figure 6). The breeding sites made from soil from the rice-
growing areas of Bodjikale (Bodjikale A and Bodjikale B) led
to lower larval development (an average of 25% in Kisumu
and 42% in VKPER). There was a significant difference
between the emergence rates of susceptible and resistant
strains when the breeding sites was prepared from a soil
sample from a treated environment (P<0.05). The same
trend was observed when the breeding sites were made from
soil from the rice-growing areas of Toumboutou (an average
of 38% in Kisumu and 54% in VKPER).

Discussion

Malaria is a serious public health problem in many regions of
the world, with Sub-Saharan Africa accounting for more than
90% of recorded cases'®. Long-acting insecticide-treated
nets (LLINs) are currently regarded as one of the most
efficient mosquito vector protection methods, particularly in
high-endemic areas'. However, N’Guessan et al. reported
a reduction in the efficiency of LLINs against insecticide-
resistant wild populations of _An. gambiae in experimental
huts in southern Benin®. This decrease in LLIN efficacy is
assumed to be owing to the establishment of malaria vector
resistance to pyrethroids, the principal insecticides used for
both mosquito net impregnation and indoor spraying"*.

In the late 1980s, malaria vector resistance to insecticides
was documented in Benin, along with resistance to
organochlorines. The withdrawal of organochlorines in
favour of pyrethroids was anticipated to alleviate some of the
vector resistance issues. However, the misuse of pyrethroids
in the agricultural environment, particularly in the rice-
growing zone at high doses to control crop pests, has greatly

(, Kdr) is higher in cotton-growing areas
usually subjected to insecticide treatments
than in rural areas where farmers only grow
food crops for local consumption”. In

Cote d’Ivoire, the Kdr mutation found in An. gambiae was
probably selected by high dose of DDT and pyrethroids
against cotton pests®.

In addition to pyrethroid resistance, we observed low
resistance of An. gambiae to carbamates (Ace-1R) in the four
rice-growing sites, confirming the results of Ossé et al.”’
and Yadouleton et al.”’ in Benin. This identification of the
AcelR gene should be closely monitored, for some years in
Benin, the National Malaria Control Programme has been
using carbamates and organophosphates as indoor sprays as
part of its malaria vector control strategies. This situation
could increase the level of resistance of the Ace-1R gene
in rice production in the coming years. Indeed, Yadouleton
et al. demonstrated that in Benin, most farmers employ
insecticides from the carbamate and PY families that are not
approved for rice cultivation’. Continuous monitoting in
rice-growing areas treated with these insecticides is therefore
critical in order to track the evolution of the Ace-1R gene in
relation to the original condition.

While it is clear that resistance to DDT and PY could have
been selected by insecticide spray in agricultural areas, it is
likely that resistance could have been selected by factors in
the agricultural sector or in public health that could influence
the life cycle of _An. gambiae by inhibiting its development.
Indeed, farmers’ practices in the use of insecticides in
agricultural areas, particularly in rice-growing areas, to control
rice crop pests are a factor in the selection of resistant insects
not only in crop pests but also in malaria vectors’'.

After insecticide treatments, pesticide particles come into
contact with the breeding sites. These particles exert either
a lethal action on the larvae of certain insect populations or
a selective pressure and progressively lead to the selection
of insecticide resistance in certain mosquito populations,
notably in An. gambiae®. Indeed, the presence of insecticide
residues in the surface layer of soils in rice-growing areas is
often sufficient to contaminate puddles and lead to mosquito
selection during their larval life. Our results revealed a

https://dx.doi.org/10.4314/mmj.v35i3.6



Malawi Medical Journal 34 (3); 170-176 September 2023

Emergence of multiple insecticide resistance 175

significant decline in the hatching rate and larval growth of
the reference strain Kisumu when the soil of breeding site is
from insecticide-treated rice-growing areas. In contrast, this
decline is moderate with the resistance strain VKPER. Itis
likely that the multiple insecticide application in rice-growing
areas have selected factors that are responsible for the low
level of egg hatching on the one hand, but also for the low
level of larval development on the other.

Overall, the results of this research have shown that
although rice cultivation offers many economic advantages,
it is also a source of intensive use of insecticides to control
crop pests. This situation leads to resistance from malaria
vectors, particularly An. gambiae, which complicates malaria
control. As malaria is a public health disease that kills more
children aged 0-5 and pregnant women, it is important to
focus on pesticide management in rice-growing areas so that
mosquito nets will play their role as a chemical barrier to
limit malaria transmission

Conclusion

The findings of this study emphasize the effects of pesticide
use in rice farming on the life cycle, as well as the emergence
of multiple insecticide resistance in .4z gambiae in Malanville.
It would be important to consider a concerted rotation of
insecticides in order to limit the spread of resistance genes
and mechanisms to proportions where their use would no
longer exert pressure of resistance on mosquito populations.

Conflict of Interest

The authors declare that there is no conflict of interest
associated with this study.

References

1.Demont M. Reversing urban bias in African rice markets: a review
of 19 National Rice Development Strategies. Glob Food Secur. 2013;
2(3):172-181.

2.Amegnaglo, CJ. Determinants of maize farmers’ performance in
Benin, West Africa. Kasetsart Journal of Social Sciences. 2018; 41(2):
296-302.

3.Adégbola P, Sossou H, Singbo A, Sodjinou E. Analyse des efficacités
technique et allocative dans la production de riz au Centre et au Nord du
Benin. Africa Rice Congress Summary. 2006 ; 43-60.

4. Konja D, Mabe FN, Alhassan H. Technical and resource-use-
efficiency among smallholder rice farmers in Northern Ghana. Cogent
Food & Agriculture. 2019; 5(1):165-173.

5.Boussougou-Sambe ST, Eyisap WE, Tasse GCT, Mandeng SE,
Mbakop LR, Enyong P, et al. Insecticide susceptibility status of
Anopheles gambiae (sl) in South-West Cameroon four years after long-
lasting insecticidal net mass distribution. Parasit Vectors. 2018; 11:1-8.

6.Degefa T, Yewhalaw D, Zhou G, Lee MC, Aticeli H, Githeko AK, et
al. Indoor and outdoor malaria vector surveillance in western Kenya.
Implications for better understanding of residual transmission. Malar
J.2017; 16:443.

7.Bhatt S, Weiss DJ, Cameron E, et al . The effect of malaria control
on Plasmodium falciparum in Africa between 2000 and 2015. Nature.
2015 ;526: 207-11.

8.Ibrahim SS, Manu YA, Tukur Z, et al. High frequency of kdr L1014F
is associated with pyrethroid resistance in Anopheles coluzzii in Sudan
savannah of northern Nigeria. BMC Infect Dis. 2014; 14(1): 441.

9.Mohammed BR, Abdulsalam YM, Deeni YY. Insecticide resistance
to Anopheles spp. mosquitoes (Diptera: Culicidae) in Nigeria. Inter J
Mosquito Res. 2015; 2(3): 56-63.

10.Yadouleton A, Kossougbeto K, Yessoufou A, Tossou R, Ahissou F, et
al. Baseline Entomological Indicators of Malaria Transmission Prior to
the Implementation of Indoor Residual Spraying in Malanville District,
Northern of Benin. International Journal of Progressive Sciences and
Technologies. 2018 ; 9(1) : 20-26.

11.Kawada H, Ohashi K, Dida GO, Sonye G, Njenga SM, Mwandawiro
C, Minakawa N. Insecticidal and repellent activities of pyrethroids to
the three major pyrethroid-resistant malaria vectors in western Kenya.
Parasit Vectors. 2014; 7: 208.

12.Ranson H, N’guessan R, Lines J, Moiroux N, Nkuni Z, Corbel V.
Pyrethroid resistance in African anopheline mosquitoes: what are the
implications for malaria control? Trends Parasitol. 2011 ; 27: 91-98.

13.Who. Test procedures for insecticide resistance monitoring in
malaria vector mosquitoes, 2nd edition Geneva, Switzerland: World
Health Organization; 2016.

14.Yahouedo, Gildas A, et al. Contributions of cuticle permeability and
enzyme detoxification to pyrethroid resistance in the major malaria
vector Anopheles gambiae. Sci. Rep. 2017; 7(1),11091.

15.Bass C, Nikou D, Donnelly MJ, et al. Detection of knockdown
resistance (kdr) mutations in Anopheles gambiae: a comparison of two
new high-throughput assays with existing methods. Malar J. 2007; 6
(1), 111-120.

16.Yadouleton, A, Martin T, Padonou, G et al. Cotton pest management
practices and the selection of pyrethroid resistance in Anopheles
gambiae population in Northern Benin. Parasites Vectors. 2011 ; 4, 60.

17.Rousset F. Genepop’007 : A complete re-implementation of the
genepop software for Windows and Linux. Mol Ecol Resour. 2008; 8:
103-106.

18.World Health Organization (WHO). Malaria Vector Control and
Personal Protection; 2019.

19.World Health Organization. Malaria vaccine hailed as potential
breakthrough;  2020.  https://www.who.int/news-room/q-a-detail/
malaria-vaccine-implementation-Programme

20.N’Guessan R, Corbel V, Akogbeto M, Rowland M. Reduced efficacy
of insecticide-treated nets and indoor residual spraying for malaria
control in pyrethroid resistance area, Benin. Emerg Infect Dis. 2007,
13: 199-206. 10.3201/¢id1302.06063 1

21.Ahadji-Dabla KM, Chabi J, Apetogbo YG, Koffi E, Hadi MP, Ketoh
GK. Resistance intensity status of Anopheles gambiae s.l species at
Kolokope, eastern plateau Togo: a potential site to assess new vector
control tools. Heliyon. 2022 ; 8:¢09770.

22.Pwalia R, Joannides J, Iddrisu A, Addae C, Acquah-Baidoo D,
Obuobi D, et al. High insecticide resistance intensity of Anopheles
gambiae (s.l.) and low efficacy of pyrethroid LLINs in Accra, Ghana.
Parasit Vectors. 2019; 12:299.

23.Chabi J, Eziefule MC, Pwalia R, Joannides J, Obuobi D, Amlalo
G, et al. Impact of urban agriculture on the species distribution and
insecticide resistance profile of Anopheles gambiae s.s and Anopheles
coluzzii in Accra metropolis, Ghana. Adv Entomology. 2018 ;6:198—
211.

24 Hien SA, Soma DD, Hema O, Bayili B, Namountougou M,
Gnankiné O, et al. Evidence that agricultural use of pesticides selects
pyrethroid resistance within Anopheles gambiae s.I populations from
cotton growing areas in Burkina Faso, West Africa. PLoS ONE. 2017,
12:¢0173098.

25.Amoudji AD, Ahadji-Dabla KM, Hien AS, Apétogbo YG, Yaméogo
B, Soma DD, et al. Insecticide resistance profiles of Anopheles gambiae
s.l in Togo and genetic mechanisms involved, during 3-year survey: is
there any need for resistance management? Malar J. 2019; 18:177.

26.Hien AS, Soma DD, Maiga S, Coulibaly D, Diabaté A, Belemvire
A, et al. Evidence supporting deployment of next generation insecticide
treated nets in Burkina Faso: bioassays with either chlorfenapyr or
piperonyl butoxide increase mortality of pyrethroid-resistant Anopheles

https://dx.doi.org/10.4314/mm)j.v35i3.6



Malawi Medical Journal 34 (3); 170-176 September 2023

Emergence of multiple insecticide resistance 176

gambiae. Malar J. 2021; 20:406.

27 Namountougou M, Simard F, Baldet T, Diabate A, Ouedraogo JB,
Thibaud M, et al. Multiple insecticide resistance in Anopheles gambiae
s.l populations from Burkina Faso, West Africa. PLoS ONE. 2012;
7:e48412.

28.Chouaibou MS, Fodjo BK, Fokou G, Allassane OF, Koudou BG,
David JP, et al. Influence of the agrochemicals used for rice and
vegetable cultivation on insecticide resistance in malaria vectors in
Southern Cote d’Ivoire. Malar J. 2016 ; 15:426.

29. Osse R, Aikpon R, Padonou GG, Oussou O, Yadouleton A, et al.
Evaluation of the efficacy of bendiocarb in indoor residual spraying
against pyrethroid resistant malaria vectors in Benin: results of the third

campaign. Parasit Vectors. 2012 ; 5: 163.

30.Yadouleton A, Martin T, Padonou G, et al. Cotton pest management
practices and the selection of pyrethroid resistance in Anopheles
gambiae population in Northern Benin. Parasites Vectors. 2011 ; 4, 60.

31.Yadouléton A, N’Guessan R, Allagbé H, et al. The impact of the
expansion of urban vegetable farming on malaria transmission in major
cities of Benin. Parasites Vectors. 2010 ; 3, 118.

https://dx.doi.org/10.4314/mmj.v35i3.6



