
Page 1/10

Multiple insecticide resistance target sites in adult �eld strains of An. gambiae
(s.l.) from southeastern Senegal
El hadji Diouf  (  dioufelhadjied@gmail.com )

UCAD https://orcid.org/0000-0002-4635-1610
El hadji Amadou Niang 

Universite Cheikh Anta Diop Faculte des Sciences et Techniques
Badara Samb 

Universite Cheikh Anta Diop Faculte des Sciences et Techniques
Cheikh Tidiane Diagne 

Institut Pasteur
Mbaye Diouf 

Universite Cheikh Anta Diop Faculte des Sciences et Techniques
Abdoulaye Konaté 

Universite Cheikh Anta Diop Faculte des Sciences et Techniques
Ibrahima Dia 

Institut Pasteur de Dakar
Ousmane Faye 

Universite Cheikh Anta Diop Faculte des Sciences et Techniques
Lassana Konaté 

Universite Cheikh Anta Diop Faculte des Sciences et Techniques

Research

Keywords: An. arabiensis, An. coluzzii, An. gambiae, Vgsc-1014F, Vgsc-1014S, Ace-1, A296S, A296G insecticide resistance, Senegal.

Posted Date: October 28th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-44879/v4

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

Version of Record: A version of this preprint was published at Parasites & Vectors on November 11th, 2020. See the published version at
https://doi.org/10.1186/s13071-020-04437-z.

https://doi.org/10.21203/rs.3.rs-44879/v4
mailto:dioufelhadjied@gmail.com
https://orcid.org/0000-0002-4635-1610
https://doi.org/10.21203/rs.3.rs-44879/v4
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s13071-020-04437-z


Page 2/10

Abstract
Background:  High coverage of long-lasting insecticidal nets (LLINs) and indoor residual spraying (IRS) are the cornerstones of vector control strategy in
Senegal where insecticide resistance by the target vectors species is a great of concern. This study explore insecticide susceptibility pro�le and target-site
mutations mechanisms within the Anopheles gambiae complex in southeastern Senegal.

Methods: Anopheles larvae were collected from Kedougou and Wassadou/Badi, two sites from southeastern Senegal, in October and November 2014, and
reared until adult emergence. Wild Fo Adults mosquitoes were morphologically identi�ed to species. Susceptibility of 3-5-day old An. gambiae (s. l.) samples
to eleven (11) insecticides belonging to the four insecticide classes was assessed using WHO insecticide susceptibility bioassays. Tested samples were
identi�ed using molecular techniques as well as detection of insecticide resistance target-site mutations (kdr, ace-1 and rdl).

Results: A total of 3,742 An. gambiae (s.l.) were exposed to insecticides (2,439 from Kedougou and 1,303 from Wassadou-Badi). Tests with pyrethroid
insecticides and DDT showed high level of resistance in both Kedougou and Wassadou/Badi. Pirimiphos-methyl and Malathion resistance were not detected
while Bendoicarb and Fenitrothion resistance were con�rmed in Kedougou.

Of the 745 specimens of An. gambiae (s.l.) genotyped, An. gambiae (s.s.) (71.6%) was the predominant species, followed by An. arabiensis (21.7%), An.
coluzzii (6.3%) and hybrids (An. gambiae (s.s.) /An. coluzzii; 0.4%). All target site mutations investigated (Vgsc-1014F; Vgsc-1014S, Ace-1 and Rdl) were found
at different frequencies in the species of the Anopheles gambiae (s.l.). Vgsc-1014F mutation is more frequent in An. gambiae and An. coluzzii than An.
arabiensis. Vgsc-1014S was present in An. gambiae (s.l.) populations in Wassadou but not in Kedougou. Ace-1 and rdl mutations were more frequent in An.
gambiae (s.s.) in comparison to An. arabiensis and An. coluzzii.

Conclusions: Resistance to all the four insecticide classes tested was detected in southeastern Senegal as well as all target site mutations investigated were
found. Data will be used by the national Malaria Control Programme.

Background
Malaria remains a major public health challenge in endemic countries. It mainly affects vulnerable groups, including pregnant women and children less than
�ve years-old. In most endemic countries, the �ght against this endemic disease is based on (i) the early detection of Plasmodium infection by a biological
diagnosis of cases (rapid diagnosis test and blood smear), (ii) treatment with effective drugs (artemisinin-based combination therapy (ACT)), and (iii)
prevention (intermittent preventive treatment in pregnancy, seasonal malaria chemoprevention in children under ten years-old and vector control). Worldwide,
the number of malaria cases has decreased from 251 million in 2010 to 228 million in 2018 At the same time, the disease incidence declined from 71 to 57
cases per 1000 in 2010 and 2018, respectively [1].

Despite these advances, malaria incidence in Africa has increased between 2014 and 2016 [2], because of factors including the development and spread of
insecticide resistance in the main malaria vectors, such as An. funestus and An. gambiae (s.l.). Currently, resistance to at least one of the four major classes of
insecticides has been reported in malaria vectors in all African endemic areas [1]. This could be a major obstacle to the e�cacy of insecticide-based vector
control strategies [3, 4]. Resistance to pyrethroids (the only insecticide class currently approved for long-lasting insecticidal mosquito nets: LLINs) [3, 5, 6] and
to DDT (dichlorodiphenyltrichloroethane) [7] has been reported in many endemic settings [8, 9], particularly in Asia and in tropical African countries.

Several insecticide resistance mechanisms have been described in the major malaria vectors. The “knock down” resistance (kdr) mutation, which confers
resistance to pyrethroids and DDT, is the most common. It occurs at 1014 position of the gene encoding the S6 Trans membrane domain II of para voltage-
gated sodium channel (Vgsc), the interaction site of insecticides and protein targets.

Two types of kdr mutation, widely distributed in species of the An. gambiae complex, are reported in many studies in Africa [10–12]. Both mutations are due to
substitution: the �rst mutation changes a leucine to a phenylalanine at amino acid position 1014 of voltage gated sodium channel gene (Vgsc-1014F),
whereas the second mutation changes a leucine to a serine at amino acid position 1014 of the same gene: (Vgsc-1014S) [13, 14].

Other target-site mutations have been described in An. gambiae (s.l.). These include the gene encoding acetyl cholinesterase (ace-1) and the gamma-amino
butyric acid (GABA) receptor [15]. The ace-1R (acetyl cholinesterase insensible) mutation, caused by a substitution of a glycine to a serine at position 119
(G119S), results in insensitivity of acetyl cholinesterase (AChE1) to organophosphates and carbamates [16]. The GABA receptor mutation results from a
nucleotide substitution at amino acid position 296, leading the change of an alanine to a serine in An. arabiensis or a glycine in An. gambiae (s.s.) and An.
coluzzii. It generally confers resistance to dieldrin (rdl-A296S or rdl-A296G) or can lead to a cross-resistance to cyclodiene organochlorines and phenyl
pyrazole (�pronil) [17].

Previous studies of susceptibility of An. gambiae (s.l.) to insecticides have revealed, often at different levels, a phenotypic resistance to DDT and to
pyrethroids in most parts of Senegal, except in the north and extreme southeast [18–20]. The aims of this study were to update the current status of
insecticide resistance among An. gambiae (s.l.) populations in southeastern Senegal and to identify the mechanisms of insecticide resistance, particularly for
target-site mutations involved in insecticide resistance.

Methods
Study area
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The study was conducted in October and November 2014 in two sites of southeastern Senegal: Kedougou (12°33'11.3"N, 12°10'09.5"W) in Kedougou district
and Wassadou-Badi (13°22'22.3"N, 13°22'53.5"W) in Tambacounda district (Fig. 1). The area is bordered by the Republics of Mali and Guinea. The climate is a
Sudano-Guinean type with a rainy season generally extending from May to October [21]. The average precipitation is between 1200–1300 mm per year with
average temperatures between 33–42 °C for maxima and 21–25 °C for minima. Agriculture is the main economic activity with a wide production of sorghum,
maize, fonio, rice and cotton. The area of Kedougou is also a gold-mining zone, and has a signi�cant potential for mineral resources. With a malaria incidence
greater than 25 per 1000 [22], the study area remains the most holo endemic area in Senegal. In 2014, 265,624 clinical cases were recorded, including 12,636
severe cases [23]. Malaria transmission is seasonal and occurs during the rainy season and the beginning of the dry season. Anopheles gambiae (s.s.), An.
coluzzii and An. arabiensis are responsible for most malaria transmission, but in some speci�c settings, An. funestus and An. nili are involved [24, 25].

Collection of immature stages of Anopheles spp. and mosquito rearing

Larval collections were carried out in Kedougou, Wassadou and Badi. Wassadou and Badi belong to the same area and are just 1.5 km apart. The larval sites
for An. gambiae (s.l.) consisted of temporary water collections, footprints and hollows associated with human activities. During the study period, immature
stages were collected from positive larval sites located in or around villages. All larval collections from Kedougou were pooled to form a sample and those of
Wassadou and Badi a sample. After collection, immature stages were transferred to a local insectary for rearing. Anopheles larvae were fed with �shmeal
(Tetramin Baby®; tetraGmbH, Herrenteich 78, Germany). Pupae were collected daily and introduced into rearing cages. At emergence, mosquito adults were fed
using absorbent cotton soaked with 10% sucrose solution.

WHO bioassay tests and morphological identi�cation

WHO susceptibility tests were performed according to the standardized protocol [26] with adults 3 to 5 days post-emergence from �eld collected larvae. Eleven
insecticides belonging to four insecticide classes were tested: 5 pyrethroids (0.05% deltamethrin, 0.75% permethrin, 0.05% lambda-cyhalothrin, 0.1% alpha-
cypermethrin and 0.15% cy�uthrin), 2 organochlorines (4% DDT and 4% dieldrin), 3 organophosphates (1% fenitrothion, 5% malathion and 1% pirimiphos-
methyl) and 1 carbamate (0.1% bendiocarb). For the pyrethroids and DDT, the number of knockdown individuals was recorded at 10, 15, 20, 30, 40, 50 and 60
min during the exposure period. Mortality rates were determined 24 h post-exposure. The mortality rates in the tested groups were corrected when needed,
using Abbot’s formula [27] to validate tests results according to mortality rate in controls.

Finally, tested specimens were identi�ed morphologically under a binocular microscope using a conventional key [28] and then individually stored in
Eppendorf tubes containing silica-gel. Surviving specimens and 110 randomly selected dead specimens (10 for bendiocarb, 20 for organochlorines, 30 for
organophosphates and 50 for pyrethroids) were individually stored for laboratory analysis.

DNA extraction, molecular identi�cation of species and detection of kdr, ace-1 and rdl

Genomic DNA extraction was carried out by the 2% CTAB (cetyl trimethyl ammonium bromide) method [29] adapted to animal tissues. Each sample was
grounded in an Eppendorf tube containing 200 μl of CTAB and incubated at 65 °C for 1 h. Then 200 μl of chloroform was added and mixed by inversion. The
mixture was centrifuged at 12,000× rpm for 5 min, after which the supernatant containing DNA was recovered in a new Eppendorf tube. DNA was then
precipitated with isopropanol and the mixture was then centrifuged at 12,000× rpm for 15 min and washed with 70% ethanol after a centrifugation of 12,000×
rpm for 5 min and then brought to speed-vac for drying. DNA was suspended in molecular biology grade water: DNA/RNA free (Cat # 10977 035; Invitrogen,
Grand Island, NY, USA). One tenth of dilution was carried out before PCR (identi�cation of species of the An. gambiae complex and detection of target site
mutations). Species were identi�ed using IMP-PCR (intentional mismatch primer-PCR) as described by Wilkins et al. [30]. Kdr mutations (Vgsc-1014F and
Vgsc-1014S), G119S (ace-1R) and rdl-296S (An. arabiensis) and rdl-296G (An. gambiae (s.s.) and An. coluzzii) were determined using the protocols described
by Huynh et al. [31] and by Weill et al. [32] and Du et al. [17] respectively.

Data entry and statistical analysis

Data were recorded in a Microsoft Excel 2010 spreadsheet. Homogeneity tests of percentages and averages were performed using standard chi-square tests
with a 5% signi�cance level threshold. The level of insecticide susceptibility of mosquitoes was evaluated following the WHO criteria [26] and validated by
considering mortality rates of control mosquitoes. If the control mortality was less than 5%, no correction of test results was necessary whereas mortality of ≥
5% required Abbott’s correction [26]. KDT50 and KDT95 times with 95% con�dence intervals were determined using a log-probit regression model. The mortality
rates, the genotypes and allelic frequencies were estimated for each studied population. All statistical analyses and graphs were made using R software
version 3.0.3 [33].

Results
Susceptibility tests

A total of 3742 specimens of the An. gambiae complex (between 109 to 240 per insecticide per site) were exposed to the WHO recommended diagnostic
doses (2439 from Kedougou and 1303 from Wassadou-Badi). In both sites, a high number of mosquitoes were resistant to all �ve tested pyrethroids (mortality
range 42.8–86.4%) as well as to the organochlorines (mortality range from 67.8–83% for dieldrin and 12.8–55.8% for DDT in Kedougou and Wassadou-Badi,
respectively) (Fig. 2, Table 1). In the group of organophosphates, the populations of An. gambiae (s.l.) tested in both areas were susceptible to 5% malathion
and 1% pirimiphos-methyl. Fenitrothion resistance (89% mortality rate, 95% CI: 85–95%) was detected in Kedougou, where An. gambiae (s.l.) populations were
also resistant to bendiocarb 0.1% (Fig. 2).
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Table 1 Mortality rates following insecticides (pyrethroids, DDT and dieldrin) exposure of Anopheles gambiae (s.l.) populations from Kedougou
and Wassadou-Badi in October and November 2014

Locality Insecticide Mortality rate (%) (n) KDT50 (min)
(95% CI) 

KDT95 (min)
(95% CI)

Kedougou DDT  12.8 (211) 161 (119.3–267.1) 784.95 (420.5–2287.9)
Permethrin 53.2 (220) 164.89 (122.6–263.2) 1234.25 (634–3563.8)
Deltamethrin 67.9 (240) 161 (128–222.8) 784.95 (490.7–1556.5)
Lambda-cyhalothrin 57.1 (231) 53.92 (49.2–60.5) 149.27 (118.7–208.3)
Cyfluthrin 81.4 (200) 22.72 (20.7–24.8) 65.63 (56.4–80.2)
Alpha-cypermethrin 42.8 (217) 28.35 (26.8–30) 84 (74.9–96.6)
dieldrin 67.8 (239) 97.56 (73.3–324.7) 223.3 (123.2–3120.3)

Wassadou-Badi DDT  55.8 (116) 161 (119.3–267.1) 784.95 (420–2287.9)

Permethrin 58 (119) 47.47 (43.4–52.9) 153.23 (121.9–210)
Deltamethrin 68 (122) 58.8 (50.0–68.0) 113.38 (97.73–139.3)
Lambda-cyhalothrin 53.4 (118) 63.56 (56.5–75.5) 174.65 (130.3–280.7)
Cyfluthrin 86.4 (109) 41.7 (49.8–105.6) 87.45 (87.5–139.6)
Alpha-cypermethrin 86 (110) 27.63 (25.6–29.7) 62.94 (55.8–73.6)
dieldrin 83 (124) 0 (–) 0 (–)

Abbreviations: (), number of mosquitoes tested; (95% CI), 95% confidence interval; KDT50 and KDT95, knock down 50% and 95%; min, minutes

Knockdown times/knockdown effect

In Kedougou, KDT50 greater than 60 min were recorded for DDT, permethrin and deltamethrin. In Wassadou-Badi a KDT50 greater than 60 min were noted with

DDT and lambda-cyhalothrin. The KDT50 value for permethrin was 3.5 times higher in Kedougou compared to Wassadou-Badi (χ2 = 10.029, df =1, P = 0.0015).

However, KDT50 value for deltamethrin in Kedougou was 2.7 higher than KDT50 value of Wassadou-Badi (χ2 = 3.0083, df = 1, P = 0.0828) and no signi�cant
difference was observed between these two sites. Conversely, for cy�uthrin and lambda-cyhalothrin, KDT50 were respectively 1.8 and 1.18 times higher in

Wassadou-Badi (χ2 = 19.3177, df = 1, P < 0.0001; χ2 = 15.2239, df = 1, P < 0.0001). Cy�uthrin and alpha-cypermethrin had the lowest KDT50 compared to other
pyrethroids tested (Table 1).

Vgsc-1014F, Vgsc-1014S, ace-1 (G119S), rdl-A296S and rdl-A296G mutation frequencies in An. arabiensis, An. coluzzii and An. gambiae (s.s.)

The frequency of kdr (Vgsc) gene mutations was different among the three different members of the An. gambiae complex. The wild-type allele dominated in
both Kedougou and Wassadou-Badi in An. arabiensis. In An. gambiae (s.s.) and An. coluzzii population, a predominance of FF homozygotes was noted in
both sites for the Vgsc-1014F mutation. The results revealed two homozygous hybrids resistant to the Vgsc-1014F mutation. The Vgsc-1014S mutation was
not found any member of the An. gambaie complex in Kedougou but was predominant in the An. arabienesis in Wassadou-Badi.

The allelic frequencies of the Vgsc-1014F mutation (Kedougou: Fisher’s exact test: OR: 221.48, 95% CI: 29.3–9494.2, P < 0.001; Wassadou-Badi: χ2 = 455.3289,
df = 2, P < 0.001) and Vgsc-1014S (Wassadou-Badi: Fisher’s exact test: OR: 0.00, 95% CI: 0.00–0.96, P < 0.001) were signi�cantly higher in An. gambiae (s.s.)
compared to An. coluzzii and An. arabiensis (Table 2).

Table 2  Genotypes and allelic frequencies of mutations Vgsc-1014F, Vgsc-1014S, Ace-1  (G119S), rdl-A296S, and rdl-A296G in An.
arabiensis, An. coluzzii and An. gambiae (s.s.) in Kedougou and Wassadou-Badi in October and November 2014
es Species Vgsc-1014F P Vgsc-1014S P Ace-1 (G119S) P rdl-A296S or rdl-

A296G
LL LF FF (freq

R)
  LL LS SS (freq

R)
  GG GS SS (freq

R)
  AA AG GG (freq

R)
gou An.

arabiensis
23 1 3 0.129  

 
 

0.001

14 0 0 0.00  
 
 
na

1 0 0 0.00  
 
 
0.33

25 1 0 0.019

An. coluzzii 0 1 18 0.973 0 0 0 0.00 19 1 0 0.025 11 1 0 0.041

An.
gambiae (s.s.)

0 1 298 0.998 2 0 0 0.00 101 28 7 0.154 145 49 2 0.135

dou- An.
arabiensis

114 3 3 0.037  
 
<
0.001

55 11 12 0.22  
 
<
0.001

38 3 0 0.036  
 
0.043

32 0 0 0.00

An. coluzzii 10 5 10 0.500 8 0 0 0.00 21 0 0 0 .00 4 0 0 0.00

An.
gambiae (s.s.)

3 0 134 0.978 0 0 10 1 57 11 6 0.155 44 4 1 0.061

Abbreviations: P, probability of significant difference for each mutation among species within each site; L,leucine; F, phenylalanine; S, serine;
G, glycine; A, alanine; Freq R, frequency of resistant allele; na, not applicable, FF, phenyl alanine- phenyl alanine
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The wild-type allele was the most frequent allele for the ace-1R for all species of the An. gambiae complex in both sites. The frequency of the ace-1R (G119S)
mutation was low in both sites and heterozygotes genotypes (GS) were predominant for carriers of an 119S allele.

In Wassadou-Badi, a relatively higher allelic frequency was noted in An. gambiae (s.s.), the only species in which all SS homozygotes were found (Table 2). As
with ace-1R, the predominant allele for rdl gene was the wild type allele. The mean allelic frequencies of A296S or A296G were signi�cantly different among
species of the An. gambiae complex in Kedougou (Fisher’s exact test: OR: 7.95, 95% CI: 1.30–326.6, P = 0.0147), but not in Wassadou-Badi (Fisher’s exact test:
OR: inf, P = 0.12). However, only An. gambiae (s.s.) population has homozygous (GG) for A296G rdl allele (Table 2).

Allelic frequencies at the Vgsc-1014F, Vgsc-1014S, ace-1R (G119S) and rdl-A296S or rdl-A296G locus according to the phenotype after insecticide exposure

Table 3 shows the allelic frequencies of the Vgsc-1014F, Vgsc-1014S, G119S and rdl-A296G or rdl-A296S mutations in the selected specimens that survived or
died after exposure to insecticides.

Table 3 Numbers of specimens and frequencies of G119S and rdl A296G or rdl A296S mutations by surviving or dead phenotypes in An.
arabiensis, An.coluzzii and An. gambiae (s.s.) of Kedougou and Wassadou-Badi in October and November 2014

Locality Phenotype n An. arabiensis
(freq R)

P n An. coluzzii
(freq R)

P n An. gambiae (s.s.)
(freq R)

P

Kedougou
Vgsc-1014F Surviving 11 0.31  

0.031
18 0.97   248 1.0  

Dead 16 0.06 0 0.0 na 15 0.97 0.057
Vgsc-1014S Surviving 2 0.00  

na
1 0.00   42 0.00  

Dead 12 0.00 0 0.00   16 0.00 na
Wassadou-Badi

Vgsc-1014F Surviving 51 0.068  
0.017

11 0.6  
0.44

100 0.98  
Dead 41 0 8 0.37 9 0.88 0.07

Vgsc-1014S Surviving 24 0.48   3 0.00   51 1.0  
Dead 33 0.07 < 0.001 7 0.00 na 6 0.00 na

Kedougou
Ace-1 G119S Surviving 21 0.00  

na
0 0.00   31 0.47  

Dead 33 0.00 2 0.00 na 22 0.11 < 0.001
Rdl-A296S or Rdl-A296G Surviving 2 0.00  

na
2 0.00   34 0.21  

Dead 0 0.00 0 0.00 na 15 0.00 0.004
Wassadou-Badi

Ace-1 G119S Surviving 0 0.00  
na

1 0.00 na 11 0.36 0.034
Dead 11 0.00 1 0.00   6 0.00  

Rdl-296S or Rdl- A296G Surviving 2 0.00  
na

– – – – – –
Dead 6 0.00 – – – – – –

Abbreviations: freq R, allelic frequency of mutation studied; n, number of treated specimens; na, not applicable

In both study areas, An. gambiae (s.s.) was the predominant species among surviving specimens (96.6% in Kedougou; 64.1% in Wassadou-Badi). The
percentage of An. gambiae (s.s.) was higher in surviving compared to the dead specimens (χ2 = 32.4, df = 1, P < 0.0001) while An. arabiensis (82.7%, n = 52)
predominated only in dead specimens in Wassadou-Badi.

In An. gambiae (s.s.), the frequencies of resistant allele in surviving versus dead specimens after exposition to DDT and pyrethroids were comparable for the
1014F allele (Fisher’s exact test: OR: 0.00; 95% CI: 0.0–2.4, P ≥ 0.057) and signi�cantly different between those specimens exposed to bendiocarb and
fenitrothion for the ace-lR (G119S) allele (Fisher’s exact test: OR: 0.15; 95% CI: 0.040–0.45, P ≤ 0.001) in both sites (Table 3).

In Wassadou-Badi, the frequencies of the 1014S allele in An. arabiensis (0.34 vs 0.06, Fisher’s exact test: OR: 0.09; 95% CI: 0.02–0.28, P < 0.001) as well as
that of the rdl-296G allele in An. gambiae (s.s.) (0.21 vs 0.0, Fisher’s exact test: OR: 0.00; 95% CI: 0.00–0.60, P = 0.004) were higher in surviving compared to
the dead specimens after exposure to dieldrin in Kedougou. On the other hand, there was no signi�cant difference between the frequencies of the 1014F allele
in dead and surviving specimens in both An. gambiae (s.s.) (0.98 vs 0.88, Fisher’s exact test, OR: 0.17; 95% CI: 0.02–1.96, P = 0.07) and An. arabiensis (0.068
vs 0.0, Fisher’s exact test: OR: 0.00; 95% CI: 0.0–0.0.83, P = 0.017).

Discussion
This study aimed to update data relating to insecticide susceptibility and to determine the frequencies of mutations of kdr (Vgsc-1014F and Vgsc-1014S), ace-
1R and rdl alleles associated with the resistance of An. gambiae (s.l.) populations to insecticides in southeastern Senegal.

The results of the WHO susceptibility tests showed vector resistance to pyrethroids organochlorines (DDT and dieldrin) and carbamates insecticides that are
recommended by PQT-VC (Prequali�cation Team: Vector Control Products). These insecticides are the only ones currently approved for LLIN treatment [34, 35],
and are offered by nongovernmental organizations such as the United States President’s Malaria Initiative (PMI) and Senegal River Basin Development
Organization (OMVS). The use of LLINs over several years could have led to the increase of resistance genes in vectors of An. gambiae species complex,
through selection pressure [36, 37]. The resistance of An. gambiae (s.l.) to pyrethroids has been shown to be strongly associated with their excessive use in
agriculture especially in cotton growing areas [38].



Page 6/10

Moreover, An. gambiae (s.l.) populations in the area were also resistant to organochlorines (DDT and dieldrin). Since the �rst malaria eradication attempt, DDT
and dieldrin resistance phenotypes have been reported in many African countries by Hamon & Garrett-Jones [39]. Despite several decades of non-use, DDT
may persist in the environment due to lack of microbial degradation system [40].

Previous studies have reported resistance only to DDT and pyrethroids in southeastern and central Senegal where LLIN use is high [19, 20]. However, unlike
previous studies conducted in Senegal, this study shows that vectors are resistant to almost all tested pyrethroids and bendiocarb.

Bioassays likewise showed resistance to bendiocarb in Kedougou. This resistance could result from selection pressure in larval from insecticide residues
(bendiocarb) used on cotton crops by SODEFITEX [41]. This phenotypic resistance to bendiocarb should be closely monitored as there is cross- resistance to
carbamates and organophosphates.

The search for mutations involved in the phenotypic resistance of An. gambiae (s.l.) population to insecticides showed the presence of Vgsc-1014F, Vgsc-
1014S, ace-1 (G119S) and rdl-A296S or rdl-A296G mutations. The Vgsc-1014S mutation was not found in An. gambiae (s.l.) from Kedougou, where the Vgsc-
1014F was at 0.99 in An. gambiae (s.s). Although not yet �xed in Wassadou-Badi, the allelic frequency of Vgsc-1014F mutation was greater than 0.50.

The frequency of the Vgsc-1014F mutation was higher both in the surviving and dead phenotypes in the An. gambiae (s.s.) populations from Kedougou. The
frequency of the Vgsc-1014S mutation in An. arabiensis populations from Wassadou-Badi was higher in the surviving than the dead specimens whereas no
correlations were detected between the Vgsc-1014F mutation and the resistance phenotype in An. gambiae (s.s.) and An. coluzzii. It is therefore likely that
mechanisms other than Vgsc-1014F mutation are involved in the insecticide resistance of these species. This hypothesis should be investigated in the future.
These results are in line with those of Thiaw et al. [20] and Ahoua et al. [42], who found no correlation between the kdr mutation and the phenotypic alive or
dead phenotypic, respectively, in An. arabiensis and An. coluzzii. Only the Vgsc-1014F mutation was noted in An. coluzzii. This �nding could be explained by
introgression from An. gambiae (s.s.) to An. coluzzii [43, 44]. Furthermore, our results show an absence of the Vgsc-1014S mutation in An. coluzzii. This
�nding is similar to results obtained in Benin [45], but not those obtained in Cameroon [46] and in the Republic of Equatorial Guinea [47]. The occurrence of the
Vgsc-1014F mutation was detected in two hybrids (An. gambiae (s.s.)/An. coluzzii) and were homozygote-resistant genotype (FF). To our knowledge, this is
the �rst report of this mutation in hybrids of An. gambiae (s.s.) and An. coluzzii in Senegal. Other mutations could be involved in resistance of An. gambiae
(s.l.) to insecticides, including the Vgsc-1575Y mutation [48] that was not investigated in this study.

With a signi�cantly higher frequency in surviving specimens after exposure, the study shows that the ace-1R mutation was implicated in phenotypic resistance
of An. gambiae (s.s.) to bendiocarb. The involvement of the ace-1R mutation in the phenotypic resistance to bendiocarb has been reported in An. gambiae
(s.s.) populations from Côte Ivoire [42] and Ghana [49]. However, it was not present in surviving An. arabienesis.

The presence of heterozygotes in surviving specimens may explain the resistance of An. gambiae (s.l.) population to carbamates (bendiocarb) from
Kedougou and Wassadou-Badi and organophosphates (fenitrothion) from Kedougou area.

Often associated with rdl mutation (rdl-A246S or rdl-A296G), the phenotypic resistance to dieldrin was found in An. gambiae (s.l.) populations in both
localities. A similar result was obtained in Benin [50]. The allelic frequencies obtained in our study are quite similar to those described by Corbel et al. [50]. The
phenotypic resistance to dieldrin could be explained by the long use of dieldrin in the past or other insecticides belonging to different families (such as �pronil
or lindane) with the same mode of action as dieldrin on one hand and by the presence of rdl- A296G mutation, which is associated with a 2La chromosomal
polymorphic on the other hand [50, 51]. This is a very stable polymorphic inversion that limits crossover and would help preserve this mutation in a given
population. The occurrence of multiple-resistance locus in An. gambiae (s.s), the main malaria vector in the study area, is indicative of the genes involved in
resistance to the insecticides used in this area.

Conclusion
The study demonstrates phenotypic resistance in An. gambiae (s.l.) population to DDT, pyrethroids, benbiocarb and fenitrothion in southeastern Senegal. The
relatively higher frequency in specimens surviving insecticide exposure demonstrates the role of target site modi�cations, including Vgsc-1014F and Vgsc-
1014S, ace-1R and rdl-A296S or rdl-A296G. Though they are one of the main factors, investigation of other mechanisms involved remains necessary for better
management of the resistance to An. gambiae (s.l.) populations. Resistance to insecticides may jeopardize the effectiveness of the main strategies (indoor
residual spraying (IRS) of persistent insecticides and the use LLIN mosquito nets) to reduce malaria transmission in the area.
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carbamate and organophosphate insecticides conferring insensitive acetyl cholinesterase; Vgsc: voltage-gated sodium channel; WHO: World Health
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Figures

Figure 1

Map showing mosquito sampling areas in southeast Senegal.
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Figure 2

Mortality rate of Anopheles gambiae s.l. 24h populations after exposure to WHO recommended insecticide doses in October and November 2014.
Abbreviations: Red line, 90% threshold; Black bars, 95% Con�dence Interval; Numbers, sample size for each insecticide tested


