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Abstract

Background: Malaria remains a major public health threat in Cameroon and disease prevention is facing strong
challenges due to the rapid expansion of insecticide resistance in vector populations. The present review presents
an overview of published data on insecticide resistance in the main malaria vectors in Cameroon to assist in the
elaboration of future and sustainable resistance management strategies.

Methods: A systematic search on mosquito susceptibility to insecticides and insecticide resistance in malaria
vectors in Cameroon was conducted using online bibliographic databases including PubMed, Google and Google
Scholar. From each peer-reviewed paper, information on the year of the study, mosquito species, susceptibility
levels, location, insecticides, data source and resistance mechanisms were extracted and inserted in a Microsoft
Excel datasheet. The data collected were then analysed for assessing insecticide resistance evolution.

Results: Thirty-three scientific publications were selected for the analysis. The rapid evolution of insecticide
resistance across the country was reported from 2000 onward. Insecticide resistance was highly prevalent in both
An. gambiae (s.l) and An. funestus. DDT, permethrin, deltamethrin and bendiocarb appeared as the most affected
compounds by resistance. From 2000 to 2017 a steady increase in the prevalence of kdr allele frequency was noted
in almost all sites in An. gambiae (s.1), with the L1014F kdr allele being the most prevalent. Several detoxification
genes (particularly P450 monooxygenase) were associated with DDT, pyrethroids and bendiocarb resistance. In An.
funestus, resistance to DDT and pyrethroids was mainly attributed to the 119F-GSTe2 metabolic resistance marker
and over-expression of P450 genes whereas the 2965-RDL mutation was detected in dieldrin-resistant An. funestus.

Conclusions: The review provides an update of insecticide resistance status in malaria vector populations in
Cameroon and stresses the need for further actions to reinforce malaria control strategies in the coming years.
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Background

The rapid expansion of insecticide resistance in malaria
vectors resulting from the frequent use of similar in-
secticide families for public health and agriculture could
end up jeopardizing control efforts. The situation re-
quires further attention to improve strategies toward
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malaria elimination in Africa. Many countries have re-
ported resistance to pyrethroids, the main compound
used for bednets impregnation [1]. Apart of pyrethroids,
the remaining insecticide families (organochlorines, car-
bamates, organophosphates) are also affected at different
levels [2]. All major vectors in Africa, i.e. An. gambiae
(s.l.), An. coluzzii, An. arabiensis and An. funestus, have
developed resistance to at least one compound [2-5].
Monitoring the evolution of insecticide resistance in vec-
tor populations is becoming urgent to preserve the effi-
cacy of insecticide tools currently used for vector
control (LLINs, IRS) and to guide future vector control
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interventions [6]. In Cameroon, despite increase efforts
to control malaria the disease remains largely prevalent
across the country [7]. Since 2000, the Ministry of
Health has implemented three important programmes of
mass distribution of impregnated bed nets to the popula-
tion [7-9]. These efforts have increased ownership and use
of impregnated bed nets [9, 10] and brought about a de-
crease in malaria-induced morbidity and mortality [1, 10].
These efforts are hindered by the rapid expansion of in-
secticide resistance across the country with several species
being affected [11-14]. Insecticide resistance has been re-
ported to be highly prevalent in urban and rural agricul-
tural settings [12, 15, 16]. Since the 1990s, monitoring of
mosquito population susceptibility or characterisation of
resistance mechanisms have been the subject of many
studies conducted across the country. However, the data
from these studies have never been comprehensively ana-
lysed together. Here, we comprehensively analyse data
from 33 publications on mosquito susceptibility to insecti-
cides and resistance mechanisms in vector populations
across Cameroon to (i) highlight challenges awaiting
malaria vector control efforts; (ii) develop an under-
standing of the evolution of insecticide resistance in
these vector populations; and (iii) use the meta-
analysis data to guide future vector control strategies
to be implemented across Cameroon.

Methods

Search method

Data on insecticide resistance in malaria vectors in
Cameroon were extracted from published reports. Online
bibliographic databases including PubMed, Google and
Google Scholar were used to search for the information.
Terms used to guide these searches included “insecticide
resistance”, “Anopheles”’, “Cameroon”, “susceptibility”. The
search period included 1987 to 2017 because studies on
malaria vectors resumed at this time. All scientific publi-
cations reporting information on vector bionomic or mal-
aria transmission by mosquitoes were also screened.

Data extraction and consideration

Published works were included in the study if they re-
ported information on insecticide resistance or mosquito
susceptibility to insecticides. Excluded from the review
were papers reporting susceptibility tests done with la-
boratory colonies, experimental huts trials, bioassays
conducted with anopheline larvae, modelling studies,
studies assessing bednet bio-efficacy with laboratory col-
onies and unpublished data.

From each selected published study, the following data
were extracted and inserted in a Microsoft Excel datasheet:
the year of the study, method for assessing mosquito sus-
ceptibility, mosquito species studied, location, site charac-
teristics, insecticides tested (pyrethroids, organochlorines,
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carbamates, organophosphates), data source, resistance
mechanisms and susceptibility level. The data were then
analysed to retrieve information on mosquito susceptibility
or insecticide resistance. According to the World Health
Organization criteria [17], a resistant mosquito population
displays a mortality rate < 90%, a susceptible population
has a mortality rate > 97%, whereas populations with mor-
tality between 90 and 97% needed confirmation.

Results

Literature search

A first selection round was undertaken with a total of 46
studies preselected of which 13 were excluded because
they did not met inclusion criteria. A total of 33 pub-
lished studies written in French or English were selected
for review. These publications reported studies under-
taken between 1990 and 2017. Table 1 provides a sum-
mary of the information extracted from these papers.
Most of the studies reported on An. gambiae (s.l.) popu-
lation susceptibility to DDT, permethrin and deltameth-
rin, while a few reported tests with carbamates and
organophosphates. Studies on insecticide resistance
assessed kdr allele presence and distribution and meta-
bolic base mechanisms.

Distribution of members of the An. gambiae complex and
An. funestus

Members of the An. gambiae complex largely distributed
in south Cameroon, are An. gambiae and An. coluzzii.
However, in most urban settings An. coluzzii densities are
far more important than those of An. gambiae which is
more prevalent in periurban and rural settings [18, 19].
Anopheles melas is found near the Atlantic coast [20]. In
the northern part of the country, An. arabiensis and
An. gambiae are the main species of the complex
with however An. arabiensis always dominating (Fig. 1)
[18]. Anopheles funestus has a large distribution and
is present across the country [21, 22].

Studies conducted between 1990 and 1998

Before the official introduction of treated bednets for mal-
aria vector control in Cameroon, several trials were imple-
mented between 1990 to 1998 to assess the efficacy of
various insecticide tools such as treated nets, insecticide
spray or coils against mosquito populations [23-26]. A
household survey conducted in the city of Douala during
that period indicated that 48% of households were using
non-impregnated bednets, 39.5% insecticide spray and
36.7% coils [27]. In the absence of field monitoring data
on mosquito susceptibility level to insecticides, the result
of these trials could provide indications on the level of
susceptibility of mosquito populations at that period. A re-
duction of 48-83% of the biting rate of vectors such as
An. gambiae (s.l.), An. funestus, An. nili and An. moucheti



Antonio-Nkondjio et al. Parasites & Vectors (2017) 10:472

Table 1 Summary of data collected in peer-review papers selected for the study
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Reference  Study year Species Insecticide Location Topics covered
[42] 2006 An. gambiae (s.l) DDT, perm, lamb, delta, feni, prop 1 Susceptibility & kdr
resistance
[62] 2011 An. gambiae (s.l) DDT, perm, delta 2,3 Susceptibility
[26] 1998 Anopheline cyflu 4 Tool evaluation
[58] 2013 An. gambiae (s.l) perm 3 Susceptibility
[13] 2010 An. gambiae (s.l) perm, delta 2,3 Susceptibility & kdr resistance
[52] 2010 An. gambiae (s.l) bend 3 Susceptibility & metabolic
resistance
[34] 2006 An. gambiae (s.I) carbo, delta, perm, DDT 56,7 Susceptibility & kdr resistance
[63] 2011 An. gambiae (s.l) DDT, perm, delta, lamb, bend, mala, cyflu 8 Susceptibility
[44] 1998 An. gambiae si  DDT, perm, delta 3 Susceptibility & kdr resistance
[12] 2005 An. gambiae (s.l) lamb, mala, perm, chlorpy, prop, DDT, delta 9, 10, 11 Susceptibility & kdr resistance
[43] 2000 An. gambiae (s.1) DDT, perm, delta 2,3,12,9,13,11,14,15,16  Susceptibility & kdr resistance
[28] 2003-2004 An. gambiae (s.l) DDT, perm, delta 17,2,18 Susceptibility & kdr resistance
[64] 2006 An. gambiae (s.l) 2,12,11,15 Metabolic resistance
[65] 2006 An. gambiae (s.l) 19,20, 5,2, 21,18, 23 kdr resistance
[66] An. gambiae (s.1) 3 Susceptibility
nn 2013 An. gambiae (s.1) DDT, perm, delta 24, 25,11 Susceptibility
[24] 1990 Anopheline delta & ITNs 26 Susceptibility
[23] 1990 Anopheline DEET 26 Tool evaluation
[25] 1995 Anopheline coils and mats 27 Tool evaluation
[25] 1993-1994  Anopheline coils and mats 27 Tool evaluation
[14] 2012 An. funestus etof, feni, diel, mala, bend, DDT, 1 Susceptibility & resistance
lamb, delta, perm
[51] 2006 An. gambiae (s.I) pyrethroids 1" Metabolic resistance
[29] 2002 An. gambiae (s.) DDT, perm, delta, lamb, bend, mala 29,30, 1, 31,23, 3, 41,42, 32, Susceptibility & kdr resistance
33,34,17,19 35, 36, 5, 37
[67] 2013 An. gambiae (s.) DDT, perm, delta 2 Susceptibility
[68] 2015 An. gambiae (s.1) DDT, perm, delta 2 Susceptibility
[16] 2001 An. gambiae (s.l) DDT, diel, lamb, delta, perm 2,39, 3,40 Susceptibility & kdr resistance
[69] 2006 An. gambiae (s.1) 3,23,2,39,18,21,2,19,5,7, kdr resistance
40, 11, 20, 43, 38, 31
[35] 2008-2009  An. gambiae (s.l) DDT, perm, delta 2,23,18,3,38, 11 Susceptibility & kdr resistance
[70] 2006 An. gambiae (s) DDT, perm, delta 35,23 kdr resistance
[71] 2005 An. gambiae (s.l) 21,40, 23 kdr resistance
[50] 2012 An. gambiae (s.l) DDT 3 Metabolic resistance
[3] 2006 An. funestus dieldrin 28 Susceptibility & resistance
[30] 2011-2015 An. gambiae (s.l) delta 9, 11,44 Susceptibility & kdr resistance

Abbreviations: Perm permethrin, delta deltamethrin, lamb lambda-cyhalothrin, bend bendiocarb, mala malathion, diel dieldrin, prop propoxur, etof etofenprox, carbo
carbosulfan, cyflu cyfluthrin
Locations: Gounougou (1), Douala (2), Yaoundé (3), Mbandjock (4), Tiko (5), Limbe (6), Idenau (7), Niété (8), Garoua (9), Gashiga (10), Pitoa (11), Mbalmayo (12),
Boklé (13), Sekandi (14), Simatou (15), Maouda (16), Foumbot (17), Campo (18), Loum (19), Magba (20), Kribi (21), Akonolinga (22), Bertoua (23), Manoka (24),
Youpwe (25), Mbebe (26), Nsimalen (27), Lagdo (28), Kousseri (29), Maga (30), Ngaoundéré (31), Mengong (32), Djoum (33), Ndop (34), Santchou (35), Bonassama
(36), Nkongsamba (37), Makoutchietoum (38), Ipono (39), Mangoum (40), Soa (41), Dabadi (42), Bonamikengué (43), Mayo Oulo (44)

was reported using these tools. In studies using treated
nets, a reduction of 74—-90% of the entomological inocula-
tion rate was also reported (Table 2).

Evolution of mosquito susceptibility to insecticides after 1998
From 1998 onward WHO tube tests were frequently used
across the country to monitor mosquito susceptibility to
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Fig. 1 A map of Cameroon showing the distribution of study sites and members of the An. gambiae complex and An. funestus
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Table 2 Reported impact of some field trials conducted in the early 1990s before mass distribution of treated bed nets to the
population in rural forest region of south Cameroon

Study site [source] Tools tested Main species Reduction in Year of the trial
HBR (%) EIR (%) Malaria prevalence (%)
Mbébé [24] [TN (deltamethrin treated An. nili; An. gambiae (s.1); 62 78 75 1990
nets: 25 mg/mz) An funestus
Kumba [72] ITN (deltamethrin treated An. gambiae 30 1992
nets: 25 mg/m?)
Ebogo [36] ITN (lambdacyhalothrin: 15 mg/mz} An. moucheti 74 90 40 1992
Mbébé [23] DEET (50% diethyl-toluamide) An. nili; An. gambiae 48 1992
(s.1); An funestus
Nsimalen [25] Coils (0.15% w/w of esbiothrin) An. moucheti; An. gambiae 78 1993-1994
(s.1); Mansonia sp.
Mats (d-allethrin; S biothrin and An. moucheti; An. gambiae 833
diethyl-toluamide) (s.1); Mansonia sp.
Mbandjock [26] ITN (cyfluthrin-treated nets EW050)  An. gambiae (s.1); An. funestus; 0 74 1997-1998

An. nili; An. moucheti

Abbreviations: HBR human biting rate, EIR entomological inoculation rate, /TN insecticide-treated nets

insecticides. Four compounds were regularly monitored:
DDT, permethrin, deltamethrin and lambdacyhalothrin.
Screening of mosquito population susceptibility was
undertaken in 44 locations across the country. The pro-
portion of sites reporting high susceptibility of An. gam-
biae (s.l.) to insecticides (mortality rate > 90%) decreased
gradually. In the period between 1998 and 2000, over 85%
of sites (6/7) reported a high susceptibility level (mortality
rate > 90%) of An. gambiae (s.l.) to deltamethrin and a few
cases of resistance were reported for DDT (3 out of 10
sites) and permethrin (2 out of 7 sites) at Yaoundé, Douala
and Mbalmayo where An. gambiae and An. coluzzii are
the most prevalent species (Fig. 2). Resistance to Dieldrin

was detected in all sites. From 2001 to 2005, about 53% of
sites (14/26 sites) were scoring high susceptibility (mortal-
ity rate > 90%) to DDT. For permethrin, deltamethrin and
lambdacyhalothrin, the proportion of sites scoring high
mortality to these compounds were 60.5% (1 = 27), 55%
(n =9) and 63% (n = 27), respectively. The period between
2006 and 2010 saw a significant increase in the level of re-
sistance of An. gambiae (s.l.) populations to DDT and py-
rethroids. High susceptibility to DDT was recorded only
in 35% of sites (7 out of 20) whereas, 50% (11/22), 62%
(13/21) and 17% (1/6) of the sites were reporting high
susceptibility to permethrin, deltamethrin and lambdacy-
halothrin, respectively (Fig. 2). An increase in the level
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of resistance of An. gambiae (s.l.) to carbamates (carbosul-
fan and bendiocarb) was also recorded. From 2011 to
2017, almost all sites across the country reported high re-
sistance levels of An. gambiae (s.l.) populations to DDT,
permethrin and deltamethrin. Resistance to the carbamate
bendiocarb was also reported in a few sites. Also, high sus-
ceptibility to organophosphates was continually observed
at all sites (Fig. 2).

The data on mosquito susceptibility were then reorga-
nized according to the main geographical and ecological di-
visions of the country and analysed to assess the pattern of
evolution of An. gambiae (s.l.) population resistance to
DDT, permethrin and deltamethrin. This analysis permitted
the assessment of variation of mosquito population suscep-
tibility levels at different periods. Although resistance to
both DDT and pyrethroids emerged rather quickly in the
western highlands area where intensive agriculture is prac-
tised by the population [16, 28], a gradual increase in the
An. gambiae (s.l.) population tolerance to DDT, permethrin
and deltamethrin was recorded in the remaining geograph-
ical settings suggesting increased insecticide selection oc-
curring across all geographical areas (Figs. 3, 4 and 5).

The screening of An. funestus populations started in
2006 but most studies on this species were conducted
between 2011 and 2015 in Gounougou, where a high
level of insecticide resistance for organochlorine, pyre-
throids and carbamates was recorded [14] (Table 3).

Insecticide resistance mechanisms characterisation
From 1998 to 2017, a gradual increase in the kdr allele fre-
quencies was recorded in almost all settings. Both kdr al-
leles L1014S from East and L1014F from West Africa
were recorded: the West African kdr allele (L1014F) was
the most prevalent (Table 4). Although An. arabiensis was
found to rarely possess the kdr allele [29] between 2000
and 2010, more recent investigations indicate a high
prevalence of the kdr allele L1014F in this species [30, 31].
Resistance to DDT and pyrethroids in An. gambiae (s.1.)
was mainly associated with the presence of kdr resistant
alleles and the overexpression of detoxification genes such
as cypbm?2, cyp6z3 and cyp6p3 (Table 5). Resistance to the
carbamate bendiocarb was attributed to overexpression of
several P450 genes. The ACE-1-R mutation conferring
resistance to carbamates and organophosphates was not
detected in An. gambiae populations. In An. funestus, re-
sistance mechanisms detected so far in Cameroon include
the 119F-GSTe2 mutation conferring resistance to DDT
and the 296S-RDL mutation conferring resistance to diel-
drin. The implication of P450 monooxygenase enzymes in
the resistance to DDT and pyrethroids is suspected.

Discussion
The objective of this review was to provide an update on
mosquito susceptibility to insecticides and the evolution
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of insecticide resistance in the main malaria vectors in
Cameroon, i.e. An. gambiae (s.l.) and An. funestus, from
the 1990s to 2017. Resistance to organochlorine, pyre-
throids and carbamates and high susceptibility to organ-
ophosphates in the majority of sites was detected and
supports the need for frequent monitoring of field popu-
lation susceptibility. DDT, permethrin, deltamethrin and
bendiocarb appeared as the most affected compounds.
DDT resistance in Cameroon dates back to the first in-
door spraying campaigns conducted across the country
in the 1950s [32, 33]. It is likely that cross-resistance to
DDT and pyrethroids could have driven rapid emergence
and expansion of resistance to pyrethroids. Bendiocarb
resistance is more recent and could have resulted from
the frequent and uncontrolled use of pesticides in agri-
culture [34]. In Cameroon, despite high diversity of the
vectorial system, insecticide resistance affects mainly the
major vector species An. gambiae (s.l.) and An. funestus
[12, 14, 35]. The fact that these species are by far more
affected than any other could have resulted from their
high endophagic, endophilic and anthropophilic behav-
iour, which could expose them more to selective pres-
sure induced by insecticides used for vector control in
households. Different resistance evolution patterns were
recorded across the country and could point to the
probable influence of several factors including historical
and contemporary factors shaping resistance in mos-
quito populations.

Historical factors

In favour of the global plan for malaria eradication
conducted in Africa in the 1950s, pilot programmes for
controlling malaria transmission using indoor spraying in-
terventions were implemented in Cameroon [32, 33, 36].
Selected sites for pilot interventions included the area of
Yaoundé situated in south Cameroon forest region
encompassing Yaoundé and its surroundings, and the area
of Maroua and its surroundings in northern Cameroon
situated in dry savanna area between the 10 and 12 de-
grees north latitude [36, 37]. In the forest region, the
programme was launched in 1953. Between 1953 and
1956 preliminary trials were conducted using DDT, diel-
drin and hexachlorocyclohexane (HCH) [36]. In 1956, the
main spraying operations were started in the area of
Yaoundé, which was divided into two: the eastern section
was treated with diedrin and the western section treated
with DDT. HCH, which displayed low residual effect dur-
ing preliminary tests, was not used [36]. Although a high
reduction in mosquito density and plasmodic index (para-
site carriage rate) was recorded, the emergence and rapid
expansion of dieldrin resistance, which conveyed cross-
resistance to hexachlorocyclohexane (HCH) [37], ham-
pered the programme which was eventually stopped in
1960 [36]. In the northern part of the country, spraying
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Table 3 Evolution of susceptibility to insecticides and resistance mechanisms in Anopheles funestus populations in Cameroon

between 1997 and 2017

Deltamethrin - -

Lambda-cyhalothrin =~ - -

- 0/2 (64-68%)
- 0/1 (48%)

Insecticide family Insecticide No. of sites with high susceptibility to insecticide (mortality > 90%)/ total number of sites (range)
1997-2000 2000-2005 2006-2010 2011-2017
Organochlorines DDT - - - 0/2 (32-52%)
Dieldrine - - 1/1 (20%) 0/1 (26%)
Organophosphate  Malathion - - - 2/2 (100%)
Fenitrothion - - - 0/1 (78%)
Carbamates Bendiocarb - - - 0/2 (86-88%)
Pyrethroids Permethrin - - - 0/2 (50-78%)
(
(
(

Etofenprox - -

- 0/1 (68%)

with DDT started in 1959. However, this program did not
significantly reduce anopheline densities or malaria trans-
mission intensity and plasmodic index [33] while the
emergence and spread of DDT resistance was reported
[33]. This led to the stoppage of the programme in 1961
[33, 36]. Factors that could have limited the performance
of these programmes include financial constraints, change
in the biting and resting behaviours of the main vector
species, poor implementation, emergence and expansion
of dieldrin and DDT resistance in mosquito populations,
the limited residual effect of DDT and dieldrin sprayings
requiring frequent retreatments [33, 36—38]. The short re-
sidual effect of DDT on house construction materials in-
ducing little direct killing of mosquitoes was also reported
as a major limitation of DDT spraying programmes in
West Africa [39, 40]. Insecticide-based vector control

interventions were only reintroduced in the late 1980s fol-
lowing the implementation of pyrethroid-treated net trials
across the country [36, 41]. Several pieces of evidence sup-
port the fact that the current distribution of DDT and pyr-
ethroid resistance in most parts of Cameroon could have
resulted from the intensive use of organochlorines during
the indoor spraying programmes of the 1950s. In areas
such as Lagdo and Gounougou where indoor spraying
campaigns were not undertaken in the 1950s, mosquitoes
still display high susceptibility to DDT despite increase re-
sistance to pyrethroids [29, 42]. In contrast, in those areas
sprayed, a rapid decrease in mosquito susceptibility to
DDT was recorded a few years after the reintroduction of
pyrethroid-treated nets [29, 43]. Conversely, it is consid-
ered that the absence of any large-scale vector control
intervention across the country and limited usage of

Table 4 Evolution of the kdr allele frequency in Anopheles gambiae (s.l) populations in different ecological settings across Cameroon

between 1997 and 2017

Sites Kdr allele frequency (%)
Kdr alleles 1997-2000 2001-2005 2006-2010 2011-2017
Urban sites (Forest areas)® L1014F 0 0-75.0 6.8-98.0 33.0-98.0
014S 0 83 0-21.0 -
Rural sites (Forest areas)® L1014F - 40-534 5.0-62.7 69.7
L1014S 0 0 0-40.0 -
Urban sites (Sahelian, dry and humid savanna areas)” L1014F 0 - 18.7 15.0-97.0
L1014S 0 - 3.1 -
Rural sites (Sahelian, dry and humid savanna areas)? L1014F 0 25 0-62.0 0-100
014S 0 - 0-18.0 20
Rural sites (grassfields Highland area)® L1014F 0 37.0-849 38.0-84.0 -
L1014S 0 4.8-14.5 0-24.0 -

2Urban sites (forest and humid savanna area) include Douala, Yaoundé, Bertoua, Kribi, Limbe, Mbalmayo and Nkongsamba
PRural sites (forest and humid savanna area) include Mbebe, Nsimalen, Mbandjock, Akonolinga, Campo, Djoum, Soa, Tiko, Loum Mengong, Idenau, Ipono, Dabadi

and Manoka

“Urban sites (Dry savanna area) include Garoua, Ngaoundéré, Kousseri and Kaélé

“Rural sites (Savanna area) include Pitoa, Gounougou, Gashiga, Maga, Boklé, Lagdo and Tibati
Rural sites (grassfields highland area): Foumbot, Ndop, Mangoum, Santchou and Makoutchietoum
Abbreviations: L1014F kdr allele from West Africa, L1014S kdr allele from East Africa, — data not available
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Table 5 Target site resistance and detoxification mechanisms detected for An. gambiae and An. funestus populations

Species Insecticide family  Insecticides Resistance mechanisms
Target site Metabolic detoxification Reference
An. gambiae,  Organochlorines ~ DDT L1014F & L1014S  cyp6m2, cypbp3, cypbp4, cyp6z3, cyp9ki, [15, 16, 28, 50]
An. coluzzii gstd1-6, gstdi-4
Dieldrin ROL® 3,73, 74]
Carbamates Bendiocarb cyp623, cypbz1, cyp12f2, cypbm3, cyp6p4 [52]
Pyrethroids Permethrin & deltamethrin L1014F & L1014S  cypbm2, cyp6p3, cypbp4, cyp623, cyp9kl, [15, 16, 28, 30, 50]
gstdi-6, gstd1-4
An. arabiensis  Organochlorines DDT L1014F [29]
Pyrethroids Permethrin & deltamethrin L1014F cyp4g16, sod3b, gst1-2, sod3a, sod?, tpx4, [12, 30, 51]
cyp4h24, cyp6p3, cyp325c2, cypbagl
An. funestus Organochlorines  DDT 119F-GSTe2 Overexpression of P450 Monooxygenase  [3, 14]
(suspected)
Dieldrin 296S-RDL [3, 14]
Carbamates Bendiocarb
Pyrethroids Permethrin & deltamethrin Overexpression of P450 Monooxygenase  [14]

(suspected)

pesticides in small-scale farming between the 1960s and
the 1980s could have favour restoration of full susceptibil-
ity of mosquito populations to organochlorines. Indeed, a
high susceptibility levels to DDT was detected in sites
such as Yaoundé during the first field monitoring pro-
grammes conducted in 1997 [44]. Resistance to DDT
emerged quickly despite the low usage rate of pyrethroid-
treated bednets by the population a few years later
[34, 43]. It is likely that after the stoppage of indoor
spraying campaigns, frequent use of individual protective
measures in households such as spray or coils could have
maintained resistant allele presence at a very low fre-
quency in natural populations [27]. From 1990 to 2017,
Cameroon also experienced important changes in relation
to its demography, urbanization, use of insecticide tools in
public health and agricultural practices that could have
equally affected the emergence and maintenance of in-
secticide resistance in vector populations.

Practice of agriculture

Because the same insecticide classes are used in both
public health and agriculture, the largely uncontrolled
use of pesticides in agriculture could have affected the
efficacy of control tools used in public health. The follow-
ing has been addressed by several studies conducted
across the continent [45-47]. In Cameroon, the size of
land used for the practice of small-scale farming in and
around major urban centres and in rural settings registered
a significant increase during the last few decades following
the economic crisis that affected the country [48]. A variety
of compounds containing either carbofuran, methyl-
parathion, dimethoate, diazinon, endosulfan, cypermethrin,
deltamethrin, lambdacyhalothrin, fipronil, chlorpyrifos-
ethyl, lambdacyhalothrin were reported used for cabbage,

celery, pepper, tomato green bean, watermelon farming
[16, 29]. Studies conducted in Douala and Yaoundé,
reported a high prevalence of insecticide resistance in
mosquitoes originating from agricultural-cultivated sites
compared to other sites [15]. High resistance levels to
DDT, pyrethroids and carbamates across the country were
also reported from cotton, rice or tomatoes growing areas
[12, 28, 34, 49]. A contrasting pattern of resistance evolu-
tion was registered across the country with the rapid
emergence of insecticide resistance in the western high-
lands of Cameroon where intensive agriculture is practised
[16, 29] and slow evolution of insecticide resistance in
other sites where agriculture is not practised. The follow-
ing could likely point to a high selective pressure of pesti-
cides used in agriculture and the limited influence of gene
flow in shaping insecticide resistance dissemination across
the country. The limited influence of gene flow could
probably results from the existence of barriers to gene
flow such as the equatorial forest and high mountainous
areas yet this still deserves further investigations. In
addition to the kdr alleles which were largely prevalent in
mosquitoes originating from agricultural-cultivated sites,
overexpression of several detoxification genes was also re-
ported in mosquito populations [35, 50-52]. Detoxifica-
tion genes such as cyp6m2, cyp6p3, cyp6z3, gstdl-6,
emerged as the main compounds driving resistance to
DDT and pyrethroids in agricultural-cultivated sites in the
city of Yaoundé [50]. Several P450 monooxygenase genes
were also reported overexpressed in bendiocarb-resistant
mosquitoes deriving from cultivated sites [52]. The profile
of genes overexpressed in agricultural sites was also found
to vary according to the frequency of pesticide usage.
In the city of Lagdo where cotton farms were sprayed
with pesticides containing carbamates or cocktails of
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pyrethroids and organophosphates, studies conducted
using the detox chip, reported a different pattern of de-
toxification genes overexpressed before and during the
spraying programme. Before sprayings the following genes
were recorded overexpressed, cyp4h24, cyp6p3, cyp325c2
and cyp6agl whereas the following, cyp4gl6, sod3b, gstsi-2,
sod3a, sod2 and tpx4 were recorded overexpressed during
the spraying programme [51].

Impact of urban pollution

High levels of resistance in mosquito populations were re-
corded in urban settings and could point to the influence of
pollution affecting mosquito population susceptibility to in-
secticides. Exposition to xenobiotics is known to increase
the metabolic capacities of detoxification enzymes in mos-
quitoes and to confer resistance to insecticides [46, 53]. As
a result of poor management of the environment, pollut-
ants generated by industrial or domestic activities can accu-
mulate in the environment affecting mosquito distribution
and susceptibility levels to insecticides. Studies assessing
the distribution of An. gambiae and An. coluzzii in the city
of Yaoundé indicated that An. coluzzii is mainly distributed
in the urban environment because it is more tolerant to or-
ganic pollutants such as ammonia whereas An. gambiae
(s.l.) less tolerant to organic pollutants, is mainly prevalent
in rural and periurban areas [19, 54, 55]. Pollutants com-
monly found in urban breeding sites include hydrocarbons,
heavy metals (e.g. Pb, cadmium), organic pollutants (e.g. ni-
trate, phosphate, NH4+) and polycyclic aromatic hydrocar-
bons [46, 56]. Further analysis from the cities of Douala
and Yaoundé showed that mosquitoes deriving from pol-
luted habitats were more tolerant to insecticides than those
collected in unpolluted sites [57]. Laboratory analysis con-
ducted with field population of An. coluzzii suggested that
exposure of mosquitoes during the larval stage to pollutants
such as soap, or hydrogen peroxide reduced the susceptibil-
ity level of mosquitoes at the adult stage [58]. Similar obser-
vations were also reported for Ae. albopictus exposed
during the larval stage to benzothiazole resulting in in-
creased tolerance at the adult stage to several insecticides
with several detoxification genes overexpressed [46, 59, 60].
In Yaoundé, the analysis of the profile of genes overex-
pressed in mosquito populations originating from polluted
sites showed the overexpression of several detoxification
genes such as P450 monooxygenases, glutathione-S trans-
ferase and esterases [35, 50]. Although these studies
strongly suggest the major influence of pollution driving
mosquito tolerance to insecticides, the extent of this
selection across the country is not well understood and this
deserves further investigation.

Use of insecticide tools in public health
Since the 1990s, three mass distribution campaigns of
treated bed nets have been conducted across Cameroon.
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The first launched in 2003 concerned mainly children
under five years of age and pregnant women and saw
the distribution of about two million treated bed nets to
the population [7]. The second programme took place in
2011 and concerned the whole country, with over eight
million LLINs distributed to the population [7]. The
third campaign was conducted in 2014 and consisted of
the distribution of more than 12 million LLINs country-
wide [61]. It is now estimated that over 60% of the popu-
lation own nets and 75% use nets regularly [9]. The
frequent use of impregnated bed nets alongside spray
and coils for fighting against mosquito burden and mal-
aria transmission could induce high selective pressure in
mosquito populations. New practices including the use
of fumigation by private companies in major urban set-
tings (Yaoundé and Douala) to fight Culex or Aedes
mosquito burdens could have affected the level of sus-
ceptibility of mosquitoes to insecticides in recent years.
These practices deserve further investigations.

Conclusion

This review provides an update of insecticide resistance
in malaria vector populations in Cameroon and provides
a base for discussing further strategies to improve con-
trol of field mosquito populations. High insecticide re-
sistance affecting almost all insecticide families used in
public health was detected in An. gambiae (s.l.) and An.
funestus. This stresses the need for further actions to im-
prove control of malaria in the coming years. WHO rec-
ommends the use of integrated vector control strategies
to improve malaria control and elimination. These strat-
egies would not be efficient unless a clearer picture of
the performance of current vector control interventions
is available. Reviews like this one could constitute neces-
sary steps to improve strategies to control malaria in the
coming years better.
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