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Abstract

Background: Resistance monitoring is essential in ensuring the success of insecticide based vector control
programmes. This study was carried out to assess the susceptibility status of urban populations of Anopheles
gambiae to carbamate insecticide being considered for vector control in mosquito populations previously reported
to be resistant to DDT and permethrin.

Methods: Two — three day old adult female Anopheles mosquitoes reared from larval collections in 11 study sites
from Local Government Areas of Lagos were exposed to test papers impregnated with DDT 4%, deltamethrin
0.05% and propoxur 0.1% insecticides. Additional tests were carried out to determine the susceptibility status of the
Anopheles gambiae population to bendiocarb insecticide. Members of the A. gambiae complex, the molecular forms,
were identified by PCR assays. The involvement of metabolic enzymes in carbamate resistance was assessed using
Piperonyl butoxide (PBO) synergist assays. The presence of kdr-w/e and ace-1R point mutations responsible for
DDT-pyrethroid and carbamate resistance mechanisms was also investigated by PCR.

Results: Propoxur resistance was found in 10 out of the 11 study sites. Resistance to three classes of insecticides
was observed in five urban localities. Mortality rates in mosquitoes exposed to deltamethrin and propoxur did not
show any significant difference (P > 0.05) but was significantly higher (P < 0.05) in populations exposed to DDT. All
mosquitoes tested were identified as A. gambiae s.s (M form). The kdr -w point mutation at allelic frequencies
between 45%-77% was identified as one of the resistant mechanisms responsible for DDT and pyrethroid
resistance. Ace-1R point mutation was absent in the carbamate resistant population. However, the possible
involvement of metabolic resistance was confirmed by synergistic assays conducted.

Conclusion: Evidence of carbamate resistance in A. gambiae populations already harbouring resistance to DDT and
permethrin is a clear indication that calls for the implementation of insecticide resistance management strategies to
combat the multiple resistance identified.
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Background

Malaria is a major public health problem and Anopheles
gambiae is one of the major vectors of this disease in sub-
Saharan Africa [1]. In most urban communities of Lagos
State, A. gambiae mosquitoes are found breeding abun-
dantly in widely available sun-lit stagnant pools of water
created by flooding resulting from numerous blocked
drains during the rainy season [2]. The abundance of these
vector species during the rainy season between April and
October usually coincides with the peak of the malaria
transmission period. The current best practices in vector
control include the use of Long Lasting Insecticide Nets
(LLIN), Indoor Residual Spraying (IRS) and Larviciding [3].

In recent times, IRS is being adopted and scaled up to
protect the entire household and community members
who possibly have no access to treated bed nets. It is also
being scaled up to address the problem of slow improve-
ment in the utilization of bed nets in Africa [4,5].

Out of the four classes of insecticides (organochlorine,
pyrethroids, carbamates and organophosphates) approved
for malaria vector control [6] only the pyrethroid insecti-
cides are recommended for the treatment of bed nets, the
others are applied for IRS. In Nigeria, pyrethroids are cur-
rently the most widely used insecticides either in the treat-
ment of bed nets or for IRS. Its usage as an insecticide of
choice for malaria vector control purposes relies on their
known efficacy at low dosage, relative safety for humans
and non-target organisms, excito-repellent properties,
rapid rate of knock-down and residual killing effects [7].
The lower cost of procurement and application when
compared to carbamate is another reason for its choice
during vector control programmes [8]. Though the World
Health Organisation (WHO) has approved the use of
dichlorodiphenyltrichloroethane (DDT) for public health
[9], the non usage of DDT by some countries may not be
farfetched from issues on human and environmental
safety [10]. Insecticide mosaic and rotational use of differ-
ent classes has been proposed for resistance management
[11]. With the widespread resistance to pyrethroid and or-
ganochlorine, carbamate is one of the possible alternatives
that can be considered to combat pyrethroid-DDT
resistance, mainly because of its separate mode of action.
Pyrethroids and DDT insecticides share the same target
site; hence resistance to one class may possibly indicate re-
sistance to another. In terms of cost of application on a
house to house basis, DDT still remains the least expen-
sive of all the three classes of insecticides [8].

Unfortunately, resistance of Anopheles species to several
classes of insecticide; DDT, carbamates, organophosphates
and pyrethroids has been reported in several African coun-
tries [12]. In Nigeria, resistance of Anopheles gambiae, the
major malaria vector to organochlorine and pyrethroid
insecticides is well documented [13-15]. However, there is
paucity of information on the insecticide resistance status
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of the field strain of A. gambiae in Nigeria to carbamate
insecticide.

The objective of this study is to provide information
on the susceptibility status of Anopheles gambiae to car-
bamate that has not been used in vector control and also
to investigate the possibility of co-existence of multiple
insecticide resistance in the same population of A. gam-
biae that was previously reported to be resistant to
permethrin and DDT [15]. It is hoped that findings from
this study will promote and improve effective vector
control decision making.

Methods

Study area

The study was carried out in 11 communities from 10
Local Government Areas (LGAs) in Lagos State (3° 24’ E
and latitude 6° 27° N). Lagos is a city in south-western
Nigeria (Figure 1). The study communities and corre-
sponding LGAs are shown in Table 1. The Lagos
metropolitan area spreads over much of Lagos State
(3500 km?), and occupies Lagos Island, Ikoyi Island, and
Victoria Island, as well as a large area on the mainland,
all connected by a series of bridges and freeways. Lagos
is Nigeria’s largest city, chief port, and principal indus-
trial, economic and cultural center. Lagos has a very
diverse and fast-growing population, resulting from
heavy and ongoing migration to the city from all parts of
Nigeria as well as neighbouring countries for trading
and employment opportunities.

Mosquito larval collection and rearing

Anopheles gambiae s.I. larvae were collected in 11 study
communities namely: Badagry, Mile 2, Isaga, Bariga,
Ikorodu, Ikoyi, Mile 12, Egbeda, Iyana Iba, Okokomaiko,
Isheri-Ikotun selected randomly, from June to August
2010. At each locality chosen, Anopheline larvae were
collected from various natural breeding sites including
ground pools, gutters, puddles and abandoned potholes.
Water was scooped using a plastic scoop and poured
into small transparent plastic bowls. A strainer was used
to sieve and pool together the third and fourth instar lar-
vae in order to have sufficient adult emergence of the
same physiological age. The bowls were scrutinized for
presence of unwanted organisms or predators; if any
were found, a pipette was used to remove them. The
Global Positioning System (GPS) was used to establish
the coordinates of the study sites. The mosquito larvae
collected were transported in well labelled plastic bottles
to The Molecular Entomology and Vector Control Unit
Insectary at the Nigerian Institute of Medical Research,
Yaba Lagos where they were maintained at 28 +2 C and
72 + 5% relative humidity.
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Figure 1 Map of Lagos showing the study localities, displayed in the inset is the map of Nigeria.
.

Mosquito identification

The mosquitoes exposed in the tests were examined
under the dissecting microscope (Olympus SZ 40) and
identified to species level using morphological identifica-
tion keys [16].

Insecticide susceptibility tests

Insecticide susceptibility tests were performed using the
WHO standard procedures and test kits for adult mosqui-
toes [17]. Test papers impregnated with recommended
diagnostic concentrations of 4% DDT, 0.05% deltamethrin,
0.1% propoxur and 0.1% bendiocarb were used. The
Kisumu reference strain susceptible to all insecticide classes
was used to establish the potency of the treated papers
before the exposures were carried out using wild samples.
Tests were carried out using 2—3 day old, non-blood fed fe-
male mosquitoes. For each insecticide, 3—4 replicates of 20
to 25 females were exposed to the insecticide-impregnated
test papers in the test tubes for 1 hour. Considering the
homogeneous identity of populations of A. gambiae
observed in Lagos, additional tests were carried out to de-
termine the effect of PBO synergist combinations with
bendiocarb and propoxur on the mortality of A. gambiae

collected. Adult female mosquitoes were pre-exposed to 4%
PBO paper for 1hour following which they were immedi-
ately exposed to bendiocarb and propoxur for another
1hour. Final mortality was recorded after 24 hours and the
results compared with those without PBO. Sub-populations
were also exposed to DDT and deltamethrin to confirm the
susceptibility status of the population to both insecticides
as earlier reported. The number of mosquitoes that were
knockdown was recorded every ten minutes during the 1-
hour exposure period. Mosquitoes were then transferred
into holding tubes and supplied with a 10% sugar solution.
Mortality was recorded 24 hours after exposure. Controls
were also set up by exposing the field strain to untreated
papers. The tests results were discarded if mortality in the
control group was over 20%. If it was between 5 and 20%,
mortality rates were corrected using Abbott's formula [18].
Resistant and susceptible mosquitoes were preserved separ-
ately in eppendorf tubes filled with desiccated silica gel.

DNA extraction, molecular identification, kdr-w/e and ace-
1® mutations of acetyl cholinesterase gene

Genomic DNA was extracted from sub samples of mos-
quitoes that were randomly selected from a pool of
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Table 1 Knockdown times (KDTs) for Anopheles gambiae s.l.in urban Lagos after exposure to different insecticides

DDT (4%) Deltamethrin(0.05%) Propoxur (0.1%)
LGA Study sites n KDTso KDTos n KDTso KDTos n KDTso KDTos
(95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)
Badagry Badagry 82 a a 80 3131 96.21 60 a a
(22.65-45.58) (59.56-411.52)
Amuwo Odofin Mile 2 60 a a 60 46.03 12436 60 a a
(39.23-57.71) (87.60-254.63)
Ifako ljaiye Isaga 63 a a 60 53.20 17111 60 a a
(47.21-62.46) (126.43-275.01)
Somolu Bariga b b 88 3949 59.82 87 59.90 91.88
(36.30-42.91) (54.65-67.73) (56.32-64.76)  (83.41-104.00)
Ikorodu lkorodu 80 12. 19.78 93 49.54 73.84 83 42.52 62.21
(11.25-14.88)  (48.96-78.73) (47.47-51.87) (69.48-79.60) (40.72-4438)  (59.08-66.18)
Eti Osa lkoyi 80 b b 85 4813 88.32 84 4297 60.80
(45.64-51.10) (78.21-105.15) (40.03-46.01)  (56.25-67.78)
Kosofe Mile 12 80 b b 100 50.99 67.96 80 3893 58.84
(39.13-42.92) (62.62-75.87) (37.17-40.75)  (55.82-62.63)
Alimoso Egbeda 11 a a 90  38.40(35.99-41.10) 91.69 88 a a
(80.17-109.19)
Ojoo lyana-lba 86 a a 97 5047 106.63 89 3840 75.66
(47.44-54.30) (91.69-132.05) (36.35-40.58)  (68.32-86.40)
Ojoo Okokomaiko 80 C C 87 41.32 101.62 94 46.03 92.55
(38.60-44.51) (87.25-124.64) (43.53-4896) (81.57-110.02)
Alimoso Isheri-lkotun 80 C C 93 a 24445 88 55.18 89.97
(170.49-438.37) (46.38-97.48)  (66.69-83.99)
Total 802 933 873

n=numbers of mosquitoes exposed a=50% knockdown was not obtained within the 60 minutes of exposure period b =No knockdown effect.
c=Lower and upper confidence limits could not be estimated due to large KdT value.

susceptible and resistant populations from each study lo-
cation [19]. Extracted DNA was subjected to Polymerase
Chain Reaction — Restriction Fragment Length Poly-
morphism (PCR- RFLP) assay to simultaneously identify
members of Anopheles gambiae complex and the mo-
lecular forms [20]. The kdr-w/e and insensitive G119S
(Ace. I®) point mutation recognition assays were carried
out on at least 20 sub - samples selected from each
population [21-23].

Interpretation of data and statistical analysis

Percentage knockdown to the three insecticides and per-
centage mortality were determined for the mosquitoes
from each of the study localities. The WHO [17] criteria
was used to evaluate the resistance/susceptibility status
of the mosquitoes. By the criteria, resistance is indicated
by mortality rates of less than 80% at 24 hrs post expos-
ure, while mortality rates greater than 97% are indicative
of susceptibility. Mortality rates between 80-97% indicate
that resistance is suspected [17]. For probit analysis,
knockdown times for 50% and 95% of the test popula-
tion were estimated by the log time probit model using
the Microsoft Excel Software 2007. The kdr allelic fre-
quencies were calculated using the Hardy —Weinberg
equation. Unpaired sample ¢-test was also used to

determine the significant difference in mortality rates
between each of the insecticides used using the SPSS
software (version 15.0)

Results

Insecticide susceptibility

Overall, 2900 adult female mosquitoes were reared to
adults from larval collections made in eleven localities.
Of these, 2608 were morphologically identified as A.
gambiae s.l and exposed to discriminating doses of DDT,
deltamethrin and propoxur (Table 1). All the field popu-
lations of A. gambiae s. were resistant to DDT with
mortality rates (< 16%) after a 24 hour recovery period
(Figure 2). Resistance to deltamethrin was observed in
A. gambiae populations in five localities; Isaga, Ikorodu,
Ikoyi, Iyana Iba and Isheri — Ikotun. Mortality rates ran-
ging between 25 -77% from propoxur exposure indicate
resistance in ten localities excluding Isaga where resist-
ance was suspected. Resistance to deltamethrin was also
suspected in populations from Badagry, Mile 2, Bariga,
Egbeda, Mile 12 and Okokomaiko, where mortality rates
ranged between 80-95%. In summary, multiple resistance
to three different classes of insecticides was observed in
populations from five localities (Bariga, Ikorodu, Ikoyi,
Iyana Iba and Isheri —Ikotun) (Figure 2).
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Figure 2 Insecticide susceptibility status of Anopheles gambiae s.l in urban Lagos compared with the Kisumu strain.
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Two populations of A. gambiae from Ikoyi and Mile
12 showed no mortality after one hour exposure to
DDT. The overall results based on the WHO criteria for
evaluating resistance suggests that the resistance status
of Anopheles gambiae in urban Lagos vary with none of
the populations exhibiting full susceptibility to any of
the 3 insecticides tested.

Knockdown effect of the insecticides

Percentage knockdown at 10 minute intervals was
significantly higher in the susceptible Kisumu strain for
all insecticides tested compared to all other samples
from different localities (P < 0.05) in all cases. The log-
time probit model used to estimate the KDT 57 & KDT
o5 values (percentage knockdown with time) for DDT in
Badagry, Mile 2, Isaga, Egbeda, Iyana Iba, Okokomaiko
and Isheri-Ikotun study localities (Table 1) indicated
values that were unrealistic being greater than the
mandatory 60 minutes recommended by the World
Health Organization. All other KDT 57 and KDT o5
values of A. gambiae populations exposed to deltame-
thrin and propoxur within an hour were higher than
those for the Kisumu susceptible by a factor of about 3—
4 fold. Knock down time values higher than these are
indicative of a very high level of resistance.

Mortality against bendiocarb and propoxur in
populations pre-exposed to piperonyl butoxide (PBO)
synergist

The mortality rate observed in A. gambiae popula-
tions exposed to propoxur was lower (<70%) com-
pared with mortality rates (<80%) in populations
exposed to bendiocarb. However, a full susceptibility
was observed in exposures to both insecticides when
the A. gambiae populations were pre-exposed to PBO
synergist (Figure 3).

Species identification, molecular forms and frequencies of
kdr and ace -1% mutations

All mosquito samples (susceptible and resistant) drawn
at random and analysed by species — specific PCR assays
were identified as predominantly A. gambiae s.s and all
belonged to the molecular M form (Table 2). The knock-
down resistance gene (kdr) was detected in all the
Anopheles populations at various allelic frequencies ran-
ging between 45%-77% (Table 3). The genotypic
frequencies showed that 134 (61%) and 79 (35.9%) mos-
quitoes were homozygous for the susceptible and resist-
ance alleles. Only 4 (1.8%) carried the heterozygous
alleles. The kdr(e) and ace-1® mutation was absent in all
the populations.

Discussion

This study demonstrates the occurrence of resistance to
deltamethrin, DDT and propoxur insecticides in popula-
tions of A. gambiae in urban Lagos. Previous studies
have reported widespread resistance to DDT and pyre-
throids in Anopheles gambiae from sub — Saharan Africa
[24,25]. The existence of DDT resistance in all the urban
communities surveyed is a confirmation of the spatio-
temporal spread of DDT resistance in the urban
communities of Lagos.

The co - occurrence of both DDT and deltamethrin
resistance in the same A. gambiae population suggest a
similar mechanism modulating for both pyrethroid and
DDT resistance since both insecticides act on the same
target site. This was confirmed with the identification of
the kdr resistance mechanisms in all the communities.
The discovery of carbamate resistance in 10 out of the 11
communities confirmed mosquito populations harbouring
resistance to 3 classes of insecticides. Similar reports from
studies carried out using field strains of A. gambiae popu-
lations in Guinea Conakry [26] and Congo [27] have
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Figure 3 Twenty- four hour post exposure mortalities of synergised and unsynergised A. gambiae exposed to different insecticides.

demonstrated the occurrence of resistance to more than
one class of insecticide. However, this is a first report of
carbamate resistance in A. gambiae s. s in Nigeria, and evi-
dence of its occurrence in populations already harbouring
resistance to pyrethroids and organochlorines.

The existence of resistance to three classes of insecti-
cides in populations of A. gambiae in urban Lagos is
worrisome and an indication of the threatened sustain-
ability of malaria vector control programmes utilising
any of these insecticides. The major challenge arising
from these results is that the choice of carbamate may

Table 2 Species composition and frequency of molecular
forms of A. gambiae mosquitoes exposed to different
insecticides

Insecticides N A.gambiae M S
s.s forms forms
DDT 110 97 96 0
Resistant Deltamethrin 95 91 91 0
samples
Propoxur 103 98 94 0
308
(54.1%)
DDT 54 52 49 0
Susceptible Deltamethrin 93 93 87 0
samples
Propoxur 110 97 93 0
262
(45.9%)

570 528 (92.6%)* 510 0

*Eight percent of the samples failed to amplify.
N =Number of samples analysed.

not be a suitable alternative in the event of switching to
another class of insecticide.

The identification of A. gambiae s.s and the molecular M
forms in all samples analysed in Lagos is a clear indication
of the predominance of these species in the urban commu-
nities where this study was carried out. These findings
agree with earlier studies, which reported predominantly
pure collections of A. gambiae s.s in south-western, Nigeria
[13,28]. Interestingly, the species composition, the prevail-
ing molecular M forms and the widespread incidence of
the kdr resistance mechanism in the A. gambiae

Table 3 The allelic frequencies of kdr mutation in
molecular M forms of A.gambiae s.s in the study localities

Study *N kdr mutation genotypes Allelic
localities SS RS RR frequency

F(R)
Badagry 20 14 0 6 0.55
Mile 2 20 14 0 [§ 0.55
Isaga 20 8 0 12 0.77
Bariga 20 10 0 8 063
lkorodu 20 9 0 " 0.74
lkoyi 20 1 0 8 063
Mile 12 20 14 0 6 0.55
Egbeda 20 13 0 7 0.59
lyana-lba 20 14 2 4 045
Okokomaiko 20 14 0 6 0.55
Isheri-lkotun 20 14 2 4 045
Total 220 134 (60.9%) 4(1.8%) 79(35.9%)

*N =Number of A. gambiae s.s ‘M’ form analysed.
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populations in Lagos share a strong similarity with A. gam-
biae populations from Ladji; an urban community in Benin
Republic [29]. It is possible that there is a strong dispersal
of mosquito species between Lagos and Benin republic
owing to their location on the same transport corridor.

The higher disparity in mortalities observed in delta-
methrin exposure compared with DDT suggest that the
kdr alone may not be responsible for the resistance
observed in these populations. Hence, the involvement
of an additional operative resistance mechanism is
possible. The leucine-serine point mutation (kdr-e), high
levels of glutathione s-transferase and oxidase activities
have been reported to confer higher resistance to DDT
over pyrethroids [22,30]. In this study, the kdr-e
mutation was found to be absent in the A. gambiae
populations analysed. However, the synergistic assay
confirmed the activity of metabolic enzymes, though not
characterised, but may have increased resistance to
DDT. Equally, the operative resistance mechanism re-
sponsible for the insensitivity of wild A. gambiae s.s to
propoxur and bendiocarb was not as a result of muta-
tion in the acetylcholinesterase target site reported from
studies conducted in Burkina Faso and Cote d’Ivoire
[31,32]. This was confirmed with the full restoration of
susceptibility to carbamate in A. gambiae sub-
populations pre-exposed to PBO synergists. Similar oc-
currence of carbamate resistance not associated with the
G119S mutation has been reported in A. gambiae s.s
from Congo [27], Anopheles arabiensis from Ethiopia
[33] and in A. funestus from Mozambique [34].

Factors such as agricultural use of carbamate cannot
be linked to selection for carbamate resistance as previ-
ously mentioned by other authors [29,32]. This is solely
because the localities where these studies were con-
ducted were non-agricultural areas. However, there is
convincing evidence of the use of organophosphate
based “locally made insecticides” by householders for
personal protection in many of these localities (unpub-
lished results). Hence, the carbamate resistance recorded
may possibly have resulted from the elevated levels of
esterases, which have been reported to be a primary
mechanism involved in organophosphate and carbamate
resistance [35,36].

Conclusions

Carbamate may not be an alternative insecticide to sub-
stitute for the pyrethroid/DDT resistance occasioned in
A. gambiae populations in Lagos. Hence, there is a need
to incorporate resistance and integrated vector manage-
ment approaches to malaria vector control in urban
communities of Lagos, Nigeria.
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