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a  b  s  t  r  a  c  t

Anti-vector  intervention  remains  the most  effective  way  of controlling  malaria.  Although  in  Cameroon
and  elsewhere  focus  is on  the use  of  long-lasting  insecticidal  nets  and  indoor  residual  spraying,  the effi-
cacy  of  both  methods  greatly  depends  on  the continuing  susceptibility  of  the  vectors  to  the  insecticides
used.  The  emergence  and  spread  of  insecticide  resistance  in  the  major  malaria  vectors  constitute  a huge
challenge  to  control  programmes.  Consequently,  routine  monitoring  and  evaluation  of  vector  resistance
status  to  insecticides  are  mandatory  for  early  detection  of resistance  should  it arise,  and  effectively  plan-
ning future  anti-vector  interventions  especially  in  areas  reputed  for routine  application  in agriculture.
The  WHO  bioassay  kit  was  used  to  determine  the  susceptibility  status  of Anopheles  gambiae  s.l.  popula-
tions  to  seven  insecticides  belonging  to  four  classes  (organochlorine,  organophosphate,  carbamate  and
pyrethroids)  in  Niete,  an  area  of  intense  rubber  cultivation  in  southern  forested  Cameroon.  Species  and
molecular  forms  of  An.  gambiae  s.l.  as  well  as  the  presence  of  knock  down  resistance  (kdr)  mutations  were
determined  using  polymerase  chain  reaction  (PCR)  techniques.  All  Anopheles  tested  was identified  as  An.
gambiae  s.s.  and  of the  M molecular  form.  Based  on  WHO  classification,  while  the  mosquitoes  were  fully
(100%)  susceptible  to  malathion  and  bendiocarb,  resistance  was  confirmed  to  DDT  and  the  pyrethroids,
permethrin  and  lambda-cyhalothrin.  The  other  pyrethroids  (deltamethrin  and cyfluthrin)  showed  signs
of developing  resistance.  Resistance  to  DDT  and  pyrethroids  is indicative  of  existing  cross  resistance

mechanisms  between  these  insecticides.  The  increase  in  knockdown  times  was  greater  than  twofold  that
of the  reference  susceptible  strain,  suggesting  the  possible  involvement  of  kdr  mutations,  also  confirmed
in  this  study.  The  findings  highlight  the  need  for  constant  evaluation,  re-evaluation  and  monitoring  of the
insecticides  for  malaria  vector  control  in  Cameroon.  However,  bendiocarb  and  malathion  can  be  used  and
may require  alternation  or  combination  with  insecticides  of  other  classes  to  better  manage  the  occurrence
and spread  of  resistance  in  Niete.

© 2012 Elsevier B.V. All rights reserved.
. Introduction
Malaria is the most widespread and most devastating of all trop-
cal diseases. In Cameroon, it accounts annually to 35–40% of deaths
n health units, 40–45% of out-patient consultations, and 30% of
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hospitalisations. It is also responsible for 26% of job and school
absenteeism and 40% of health spending in homes (Same-Ekobo,
2005). The World Health Organization recommends anti-vector
interventions using insecticides as the most efficient means to
fight against the disease, which is now being widely exploited
in the treatment of bed nets and for indoor residual spraying
(IRS) (Yakob et al., 2011). Unfortunately, the arsenal of safe and
effective insecticides is very small and under serious threat from
resistance, which if not well managed would directly and seri-

ously affect the re-emergence of malaria in areas where earlier
control measures proved effective. Routine monitoring and eval-
uation of the vector resistance status to insecticides is therefore
mandatory for early detection of resistance should it occur, and for
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ffectively planning future anti-vector interventions (Same-Ekobo,
005).

Vector control is highly prioritised in the national strategic plan
or malaria control in Cameroon. It has been marked by recent large
cale free distribution of long lasting insecticidal nets (LLINs) and
aking sure that at least 80% of pregnant women and children

ess than five years old sleep under LLINs. The program equally
nvisages and is currently experimenting on the possibilities of
ntroducing indoor residual spraying as a complementary control
ool in some pilot sites. The efficacy of these control methods would
argely depend on the susceptibility of the vectors to the insecti-
ides being used.

Many studies have demonstrated the efficacy of long lasting
nsecticide treated bed nets and indoor residual spraying on the
eduction of malaria incidence (N’Guessan et al., 2001; Guyatt
t al., 2002; Henry et al., 2005). The on-going spread of resistance
enes such as the well characterised knockdown resistance (kdr)
utations (Martinez-Torres et al., 1998; Ranson et al., 2000) in pop-

lations of the major African malaria vector Anopheles gambiae and
ts sibling species Anopheles arabiensis is capable of jeopardising
he efficacy of vector control programmes (Chandre et al., 1999;
iabaté et al., 2004; Etang et al., 2003, 2006; Tripet et al., 2007). Ear-

ier studies in Cameroon and Benin have shown a reduced efficacy
f insecticide-treated nets and indoor residual spraying in areas of
nsecticide resistance (Etang et al., 2004; N’Guessan et al., 2007).
n South Africa, resistance phenomena led to the failure of major
perations using pyrethroid insecticides (Hargreaves et al., 2000).
nsecticides currently used in public health have for long been used
nd are still widely being applied in larger proportions in agri-
ulture and sometimes in anarchy (WHO, 2003). This is thought
o be at the central stage for the emergence and propagation of
esistance among disease vector populations (Penilla et al., 1998;
iabaté et al., 2002). Thus, this study aimed at determining the

usceptibility status of An. gambiae populations to four classes of
nsecticides (organochlorines, organophosphates, carbamates and
yrethroids) in the agro-industrial area for rubber cultivation in
iete, in the South Region of Cameroon. Data obtained would pro-
ide complementary baseline information for the ongoing national
onitoring and evaluation of malaria vector resistance status to

nsecticides. It will also serve as the basis for the monitoring of
uture vector control interventions in the study district and other
ubber growing areas.

. Materials and methods

.1. Study site

This study was carried out in Niete (N02◦43.508; E10◦04.118;
lt: 9 m),  situated 25 km south east of Kribi (N02◦57.027;
009◦54.779; alt: 8 m),  in the Ocean Division of the South Region
f Cameroon. The area of Niete is occupied principally by rubber
rees (Hevea brasiliensis spp.) of the National rubber production
ompany (HEVECAM). The climate is of equatorial type with four
easons; two rainy seasons (late March–June and September–early
ovember) alternating with two dry seasons (late November–early
arch and July–August). It has an annual rainfall of 1500–2000 mm

nd an annual average temperature of 25 ◦C (Amou’ou et al., 1985).
iete has a total population of 14,334 inhabitants distributed in six-

een camps/villages with farming as their main economic pursuit.
he prevalence of malaria varies between 35.6% and 60.8% during
he dry and wet seasons respectively (Bigoga, unpublished data).
.2. Mosquito sampling and insecticide susceptibility bioassays

Anopheles larvae and pupae were sampled from breeding
ources in Niete by dipping. The larvae were graded according to
a 124 (2012) 210– 214 211

their developmental stage and fed with finely ground dog biscuit
until emergence of the adults. Emerging adults were transferred
into adult cages and maintained on 10% sucrose solution until used
for the insecticide bioassay (Gillies and Coetzee, 1987), Two  to four
days old female adults morphologically identified as An. gambiae s.l.
were exposed to discriminating doses of 4% DDT, 5% malathion, 0.1%
bendiocarb, 0.05% deltamethrin, 0.75% permethrin, 0.05% lambda-
cyhalothrin and 0.15% cyfluthrin according to the standard WHO
test procedures (WHO, 1998). Impregnated papers were obtained
from the vector control research unit of University Sains Malaysia,
Penang, Malaysia. Batches of 25 female An. gambiae s.l. mosquitoes
in four replicates per insecticide were transferred into the holding
tube and observed for 1 h, to guard against including traumatised
specimens in the test. They were then brought in contact with
the insecticide for 1-h, during which the number of mosquitoes
knocked down was recorded every 5 min. All exposed mosquitoes
were kept under observation for 24-h and the final mortality rate
determined thereafter. Survivors were maintained on 10% sucrose
solution. Control mosquitoes were simultaneously assayed using
insecticide free papers. Results of mortality rates were interpreted
according to WHO  criteria (WHO, 1998). The knockdown times for
50% (KdT50) and 95% (KdT95) of the test populations were calcu-
lated using the software WinDL Version 2.0 (Giner et al., 1999).
An. gambiae s.s., M molecular form, bred from preserved eggs of
F1 mosquitoes from Limbe (Cameroon) previously tested against
the kisumu susceptible reference strain and found to be fully sus-
ceptible to the different insecticides at the national reference unit
for vector control, the Biotechnology Center of the University of
Yaounde I served as control (Bigoga et al., 2007a,b). All dead and sur-
viving mosquitoes from the assay were stored desiccated on silica
gel at room temperature for subsequent molecular identification
and Kdr allele detection (Fig. 1).

2.3. PCR identification of species/form of An. gambiae complex
and detection of Kdr alleles

Genomic DNA extraction from randomly selected samples of
dead and surviving mosquitoes from the insecticide treatment
was  carried out as described by Collins et al. (1987).  The DNA
was  re-suspended in 25 �l sterile TE-buffer (10 mM Tris–HCl pH
8.1, 1 mM  EDTA) and used to identify the members of the An.
gambiae complex by the standard ribosomal DNA polymerase
chain reaction according to Scott et al. (1993),  including species-
specific primers for An. gambiae (5′-CTG GTT TGG TCG GCA CGT
TT-3′), An. arabiensis (5′-AAG TGT CC T TCT CCA TCC TA-3′), An.
melas (5′ TGA CCA ACC CAC TCC CTT GA-3′), An. quadriannula-
tus (5′-CAG ACC AAG ATG GTT AGT AT-3′) and unique primers
for all species (5′-GTG TGC CCC TTC CTC GAT GT-3′). The pres-
ence of molecular M and S forms of An. gambiae s.s. was  verified
by restriction fragment length polymorphism (RFLP) PCR analy-
sis of the X-linked ribosomal DNA as described by Favia et al.
(2000).

A proportion of the dead (n = 40) or surviving (n = 93) mosquitoes
specimens from pyrethroid insecticide treatment as well as DDT
were assayed for the presence of knockdown resistance (kdr) by
PCR to detect the West African (L1014F) and the East African
(L1014S) kdr alleles based on the AS-PCR protocols developed by
Martinez-Torres et al. (1998) and Ranson et al. (2000).  The primers
used were Agd1 (5′-ATA GAT TCC CCG ACC ATG-3′), Agd2 (5′-AGA
CAA GGA TGA TGA ACC-3′), Agd3 (5′-AAT TTG CAT TAC TTA CGA CA-

3′) and Agd4 (5′-CTG TAG TGA TAG GAA ATT TA-3′) for the L1014F
allele (AS-PCR Agd3), while Agd1, Agd2, Agd4 and Agd5 (5′-TTT
GCA TTA CTT ACG ACT G-3′) were used to detect the L1014S allele
(AS-PCR Agd5).
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ig. 1. Percentage knockdown versus time for Anopheles gambiae s.l. mosquitoes
ioassays at the diagnostic doses during 1 h of exposure.

. Results

.1. Insecticide susceptibility

.1.1. Knockdown effects
Table 1 shows the relationship between knockdown times for

0% and 95% of the test population of mosquitoes during exposure
o insecticides and mortality rates 24 h post-exposure. Based on
he observed rate of knock down of mosquitoes, the insecticides
ere grouped in three categories as follows: Group I (deltamethrin

nd cyfluthrin), group II (bendiocarb and malathion), and group III
DDT, permethrin and lambda-cyhalothrin). On average, the rates
f knockdown of mosquitoes were 1.5–2-fold faster in group I
ompared to group II. For instance, 95% of mosquitoes exposed
o groups I and II insecticides were knocked down after about 30
nd 50 min  respectively. On the other hand the knockdown rate
f group III insecticides was largely reduced compared to groups I
nd II, although two of these compounds (permethrin and lambda-
yhalothrin) belong to the same family (pyrethroids) as insecticides
f group I.

The knockdown rates relative to time units were used to
ompute the 50% (KdT50) and 95% (KdT95) knockdown times of
osquitoes exposed to insecticides using the WinDL software.
eltamethrin and cyfluthrin had the lowest KdT50 and KdT95
ompared to all the other insecticides tested. The KdT50 and
dT95 of deltamethrin were less than twofold that of the sus-
eptible reference strain. For permethrin, the KdT50 and KdT95

ere, compared to the reference strain, multiplied by a factor not

ess than 6. The increase in knockdown times was even higher
ith lambda-cyhalothrin (8–13-fold) and DDT (9–16-fold). Sam-
les exhibited similar knockdown down times when exposed to
sed to insecticides. It depicts observations of insecticide susceptibility/resistance

malathion and bendiocarb and consistent with the observed mor-
tality rates (100%).

3.1.2. Mortality rates
All mortality rates of the reference mosquitoes per insecti-

cide were consistently 100%. Based on the WHO  recommendations
(WHO, 1998), resistance was  confirmed to DDT (an organochlorine)
with only 7% mortality. As regards the pyrethroid insecticides, resis-
tance was either confirmed as is the case of lambda-cyhalothrin
with mortality rate of 41%; or suspected as observed with per-
methrin, deltamethrin and cyfluthrin which killed 80%, 93% and
94% of exposed mosquitoes respectively. However, the An. gambaie
population in Niete was fully (100%) susceptible to malathion (an
organophosphate) and bendiocarb (a carbamate).

3.2. Genetic characterisation of An. gambiae specimens

Identification of 352 An. gambiae s.l. mosquitoes drawn ran-
domly from the control as well as the dead and surviving specimens
from insecticide treatment by polymerase chain reaction revealed
all (100%) were An. gambiae s.s. and of the M molecular form. A total
of 133 An. gambiae s.s. was screened for the presence of 1014F kdr
mutation among which were 93 surviving the pyrethroid and DDT
insecticide treatment and 40 phenotypically susceptible ones. Of
the 93 surviving mosquitoes 88 (97.8%) were found to harbour only
the West African kdr mutation (Leu1014Phe) while two were sus-

ceptible. However, kdr mutation (Leu1014Phe) was not restricted
only to resistant individuals as 17 (42.5%) of the 40 mosquitoes
phenotypically characterised as insecticide susceptible had the kdr
mutation. Meanwhile 33 (35.48%) of all surviving mosquitoes had
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Table 1
Knockdown times of 50% and 95% and mortality rates of Anopheles gambiae s.l. mosquitoes form Niete.

Insecticide n KDT50 (min) [96% CI] KDT95 (min) [96% CI] Mortality (%) Susceptibility status

DDT (4%) 100 181.4 [103.8–252.9] 503.7 [188.4–593.9] 07 RR
Lambda-cyhalothrin (0.05%) 100 82.0 [70.5–105.3] 273.5 [183.7–548.2] 41 RR
Permethrin (0.75%) 100 76.1 [67.9–91.1] 186.1 [139.9–299.4] 80 R**
Deltamethrin (0.05%) 100 17.4 [16.4–18.2] 27.2 [25.7–29.3] 93 R**
Cyfluthrin (0.15%) 100 16.2 [15.4–17.0] 27.0 [25.4–29.1] 94 R**
Malathion (5%) 100 31.1 [30.2–31.9] 44.9 [43.1–47.1] 100 SS
Bendiocarb (0.1%) 100 28.2 [27.4–29.0] 41.1 [39.4–43.2] 100 SS
Reference susceptible strain 100 17.6 [12.6–20.3] 26.3 [24.2–28.3] 100 SS

K T95, k
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DT50, knockdown time (in min) for 50% of mosquitoes (95% confidence interval); KD
ize;  RR, resistant; SS, susceptible; R**, suspected resistant (to be confirmed); [95% 

he susceptible (S) allele. No East African kdr mutation (Leu1014Ser)
as found (Table 2).

. Discussion

The insecticide susceptibility data revealed that the An. gambiae
opulations from Niete are fully (100%) susceptible to bendio-
arb (carbamate) and malathion (organophosphate). However, very
igh level of resistance to DDT (7%) and lambda-cyhalothrin (41%)
as observed in An. gambiae s.s. This resistance concerns only

he An. gambiae M form. Based on previous data in other areas
f the country (Chouaibou et al., 2008; Ndjemai et al., 2009), the
esults clearly indicate that resistance to DDT is increasing over
ime despite its ban for both public health and agriculture since the
960s. This is no good news in the era when DDT is currently being
valuated in view of its reintroduction for malaria vector control
hrough indoor residual spraying in Cameroon. The genes confer-
ing resistance to DDT might have been maintained over the years
hrough a selective advantage over normal genes in An. gambiae
Bigoga et al., 2007a,b).

Varying level of resistances was observed with the pyrethoid
nsecticides. Based on the WHO  criteria for characterising
esistance/susceptibility, the mosquitoes were resistant to lambda-
yhalothrin and suspected resistance to deltametrin, permethrin
nd cyfluthrin with mortality rates of 93%, 80% and 94% respec-
ively. This variation could suggest cross-resistance between these
nsecticides and DDT as they share the same action site; the voltage-
ated sodium channel. However, this needs to be confirmed since
esistance is high in DDT but only suspected for deltametrin, per-
ethrin and cyfluthrin.
Decrease in mortality rates to DDT and lambda-cyhalothrin
as associated to significant increase in the KdT50 (greater than
wofold) compared to the susceptible laboratory reference strain.
his is probably due to the involvement of kdr (Leu1014Phe)
utations detected for both DDT and pyrethroid resistant An.

able 2
revalence of the L1014F kdr mutation in mosquitoes surviving pyrethroid and DTT insec

Insecticide Phenotypes Number 

Deltametrin
R 7 

S  5 

Permethrin
R  20 

S  8 

Lambda-cyhalothrin R  30 

S  9 

Cyfluthrin
R  6 

S  5 

DDT
R  30 

S 7 

, susceptible; R, resistant; SS, homozygote susceptible; SR, heterozygote resistant; RR, h
nockdown time (in min) for 95% of mosquitoes (95% confidence interval); n, sample
% confidence interval.

gambiae s.s. as previously reported in West Africa and other areas
in Cameroon (Etang et al., 2006; Chouaibou et al., 2008; Ndjemai
et al., 2009). Niete being an agro-industrial location, it is subject
to frequent and extensive pesticide applications, while individual
households use principally deltametrin containing aerosols, coils
and bed nets on a daily basis in the rubber estate. This might
be at the inception of the reduced susceptibility of the local An.
gambiae populations to insecticides. This is not uncommon as sim-
ilar trends were reported in other agro-industrial areas of cotton
cultivation in Northern Cameroon (Chouaibou et al., 2008) and in
El Salvador (Georhghiou, 1980). Moreover, in Burkina Faso, resis-
tance to pyrethroid insecticides in rice fields was linked to the
incursion of resistant mosquitoes from neighbouring cotton fields
with intense pesticide use (Diabaté et al., 2002). In contrast to
lambda-cyhalothrin, decrease in mortality rate with permethrin,
deltamethrin and cyfluthrinin was associated to non-significant
upsurge in the knockdown times, suggesting the possibility of cross
resistance mechanisms as demonstrated elsewhere (Etang et al.,
2003, 2007), However, this needs to be investigated further.

Interestingly, despite the long term use of organophosphates
(pirimiphos-methyl and chlopiriphos-ethyl) in the rubber plan-
tations, the An. gambiae population was fully susceptible to
insecticides of this class (malathion) and the closely related car-
bamate (bendiocarb) with which they share the same action
mechanism; the inhibition of acetylcholinesterase activity in nerve
synapses. This is akin to other findings in the cotton fields of North-
ern Cameroon and in a rice irrigation scheme in Kenya (Chouaibou
et al., 2008; Kamau and Vulule, 2006). It is suggested that the doses
in agricultural use are below what would select for a possible natu-
rally occurring resistance in this species. Therefore, malathion and
bendiocarb may  be used either as alternatives or in combination

with pyrethroids (cyfluthrin and deltamethrin) for effective anti-
vector intervention in this locality. The present study adds to the
information pool on monitoring and evaluation of insecticide resis-
tance status of the malaria vectors and provides data that would be

ticide treatment in Niete.

Genotype (%)

SS SR RR

2 (28.6) 2 (28.6) 3 (71.4)
2 (40.0) 1 (20.0) 2 (40.0)

0 7 (35.0) 13 (65.0)
3 (37.5) 3 (37.5) 2 (25.0)

0 8 (26.7) 22 (73.3)
4 (44.4) 1 (11.2) 4 (44.4)

0 2 (33.3) 4 (66.7)
3 (60.0) 1(20.0) 1 (20.0)

0 12 (40.0) 18 (60.0)
5 (71.4) 2 (28.6) 0

omozygous resistant.
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seful in the planning of future anti-vector interventions in this
rea.
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