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Abstract

Background & objective: Urban malaria is on the rise in Nigeria due to rapid industrialisation and
developmental activities. A study was undertaken in Lagos, Nigeria to study the Anopheles breeding
in polluted water bodies.

Methods: Anopheles larval breeding habitats were surveyed and water samples from 24 larval breeding
sites from four strategic areas in urban Lagos were analysed. The relationship between eight abiotic
variables (pH, dissolved oxygen, conductivity, hardness, nitrate, total dissolved solids, turbidity and
oil) and density of Anopheles larvae were investigated. The levels of heavy metals (Zn, Co, Cu, Pb,
Mn, Fe, Hg and Ni) pollution were analysed by Atomic Absorption Spectrophotometry.

Results: Morphological and PCR analysis of 2358 anopheline larvae revealed only the presence of
two members of the Anopheles gambiae complex consisting of 93.1% Anopheles gambiae s.s. and
6.9% An. arabiensis. Multiple regression analysis revealed a significant association between
occurrence of An. arabiensis larvae and two independent variables: pH and turbidity but not for An.
gambiae s.s. The levels of three heavy metals: Fe, Cu and Pb from more than half of the sites surveyed
were three times higher than the values obtained in natural breeding sites of An. gambiae s.s. from a
rural area of Lagos. Over 85% of An. gambiae s.s. larvae were found in water bodies characterised
by low dissolved oxygen (<3 mg/L), high conductivity (>900 uS/cm), turbidity (>180 FAU), oil
(>11 mg/L) and heavy metals: Fe, Cu, and Pb (>0.4 mg/L).

Interpretation & conclusion: These results indicate that An. gambiae s.s. is adapting to a wide range
of water pollution in this urban area. The survival of the mosquito in widespread polluted water
bodies across Lagos metropolis could be responsible for the rise in the incidence of malaria.
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Introduction

Malaria is a major public health problem but has been
considered a predominantly rural disease in Africa,
primarily because suitable Anopheles mosquito
breeding sites are few in highly populated urban
areas1–2. Malaria transmission depends on a number

of hydrology-driven factors that affects the vector
survival, including the presence of suitable habitats
for the development of anopheline larvae. In urban
centres, water pollution is believed to be a major fac-
tor that generally reduces the development of
anopheline larvae and there is evidence that Anoph-
eles mosquito breeding sites decrease from rural to
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urban areas and transmission intensity is on the av-
erage eight times greater in African rural areas than
urban centres3–5. Even so, malaria transmission still
occurs in most urban cities and pregnant women and
children <5 years  are at risk. The potential of urban
malaria has long been recognised in sub-Saharan Af-
rica6, but the complex factors contributing to malaria
risk in urban areas are not fully understood7. Anoph-
eles gambiae sensu stricto (Diptera: Culicidae), the
major African malaria vector is known to breed in
temporary clean and clear water8. But, the rapid un-
planned urbanisation observed in many parts of Af-
rica is changing the context of human population and
natural ecosystem interaction. Poverty, deteriorating
infrastructure and overcrowding are some of the fac-
tors that contribute to the development of conditions
that modify anopheline breeding sites.

As more people move into cities and industrialisation
proceeds, urban malaria is on the increase in Nigeria9.
Malaria control programme in most parts of the coun-
try, however, focus on rural communities. As a result,
the bio-ecology of Anopheles breeding habitats in
urban areas has received very little attention. Here we
report on a survey conducted in urban Lagos and the
possible implication of Anopheles breeding in pol-
luted water bodies across the metropolis.

Material & Methods

The study was carried out in Lagos (03o 24’E, 06o

27’N) in southwestern Nigeria. Lagos with a popu-
lation of 10 million people is the most populous city
in Africa with two-third of the people living below the
poverty line. The Lagos metropolis consists of four
main areas— Ikoyi, Apapa, Yaba and the Island (ap-
proximately 250 km2)10, with small drains, creeks
and swamps which provide suitable breeding sites for
mosquitoes. The scarcity of water in urban Lagos has
been compounded by rapid population growth and
increasing pollution from human and industrial
wastes. This survey covered four localities— Apapa
(the area adjacent to the National theatre, a tourist

area close to the Lagos Lagoon), Ikoyi (a low density
Government reservation area in the Island), Yaba (a
densely populated commercial area) and Ilupeju (an
industrial estate) about 15 km from the Lagos La-
goon. Ilupeju and Yaba are located on the mainland
and feature drainage canals and roads with blocked
gutters and potholes that are filled with rain water
during the wet season (April–October).

A total of 292 open aquatic habitats consisting of at
least 70 from each of the four localities were sampled
for Anopheles larvae using standard dipping method8

from April to June 2005, the peak period of malaria
in southwestern Nigeria. At each breeding site, 10
dips were taken with a standard white 300 ml dipper.
If Anopheles larvae could be seen without dipping or
when every dip contained more than five Anopheles
larvae, the site was defined as having a high Anoph-
eles density. Sites with <5 but >1 larvae per dip were
considered moderate while sites with an average of
one larva per dip or where only one or two dips out
of 10 contained Anopheles larvae were defined as
having a low Anopheles density11. Sites where no
Anopheles larvae could be found in 10 dips were re-
corded as negative. Anopheline larvae were identified
morphologically12 and the average density per site
was computed. Mosquitoes belonging to the An.
gambiae complex were subjected to PCR assays de-
signed for this species complex13. At each locality, six
larval habitats (approximately 500 m apart) positive
for Anopheles larvae were randomly selected for
water analysis. To study the magnitude of water pol-
lution at the breeding sites, eight abiotic factors in-
cluding pH, dissolved oxygen, conductivity, total
hardness, oil, nitrate and turbidity were analysed from
replicate water samples collected over  three months.
Water pollution associated with heavy metals (Zn,
Cu, Fe, Pb, Co, Hg, Ni and Mn) were measured us-
ing the Atomic Absorption Spectrophotometry. Con-
trols included water samples from natural breeding
sites of An. gambiae in a rural area of Lagos. The
continuous physicochemical variables were categor-
ised into quartiles for ease of interpretation. Multi-
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level regression analysis was carried out to account
for physicochemical variables that determine the
presence and abundance of Anopheles larvae at each
breeding site. Only variables with p-values <0.05
were considered in the final discussion.

Results & Discussion

Of the 292 potential mosquito breeding sites sur-
veyed, 71 (24.3%) were positive for Anopheles lar-
vae, 35% of the positive sites were from Apapa, 16%
from Ikoyi, 21% from Ilupeju and 28% from Yaba.
Only 8 (11.3%) of the 71 positive larval breeding sites
(five from Yaba and three from Apapa) were
characterised as having a high Anopheles density. A
total of 2358 Anopheles larvae were collected from
the 24 breeding sites randomly selected in the four lo-
calities. All were morphologically identified as mem-
bers of the An. gambiae Complex. The PCR analysis
showed that 2196 (93.1%) were An. gambiae s.s. and
the remainder were An. arabiensis. An. gambiae s.s.
was the only species found at Apapa, Ilupeju and
Yaba while An. arabiensis was predominant at Ikoyi
although both species were present. An. gambiae s.s.
was the only species found in the rural site used as
control. The average larval density per dip per site

was higher in Apapa (4.2) and Yaba (5.8). This is in
contrast to the average larval density (<1) previously
reported in the wet season in this area9.

The results of the multiple regression analysis suggest
that pH and turbidity are the variables most strongly
associated with the abundance of An. arabiensis lar-
vae at Ikoyi (p < 0.02). We could not identify key
variables for An. gambiae s.s. at Apapa, Yaba and
Ilupeju. The data on conductivity, turbidity and oil
content of the water samples from Apapa, Ilupeju and
Yaba were similar but two fold higher than the rural
control samples (Table 1). Similarly, the conductiv-
ity, turbidity and oil content at Ikoyi were signifi-
cantly lower when compared to Apapa (p < 0.01),
Yaba (p < 0.03.) and Ilupeju (p < 0.04). This is an in-
teresting result since Ikoyi is less populated compared
to other  study areas. The level of three heavy metals
(Fe, Cu and Pb) were more than two fold higher at
Apapa and Ilupeju than those obtained from the site
used as control. Very low levels of these heavy met-
als were detected at Ikoyi. Over 85% of An. gambiae
s.s. larvae from Apapa, Ilupeju and Yaba were found
in water bodies characterised by low dissolved oxy-
gen (<3 mg/L), high conductivity (>900 uS/cm), tur-
bidity (>180 FAU), oil (>11 mg/L) and heavy metals:

Table 1.  Density of Anopheles gambiae and physicochemical parameters of the mosquito
breeding sites in urban Lagos

Abiotic variables* Heavy metals*
pH Dissolved Conductivity  Turbidity Oil Cu Pb Fe

O2 (mg/l) uS/cm (FAU) (mg/l) (mg/l) (mg/l) (mg/l)

Apapa 756 4.2 8.58 2.45  1550 230 14.56 0.72 0.53 0.52
(± 0.34) (± 0.24) (± 384) (± 16.33) (± 1.61)  (± 0.06)  (± 0.1) (± 0.05)

Ikoyi 162  0.9 7.51  3.28 385  85  8.67 0.35 0.42  0.34
(± 0.27) (± 0.27) (± 9.13) (± 6.35) (± 1.1) (± 0.02) (± 0.07) (± 0.04)

Ilupeju 396 2.2 8.02 2.70 965  187  11.28 0.74 0.62 0.66
(± 0.18) (± 0.16) (± 80.75) (± 7.53) (± 0.92) (± 0.07) (± 0.09) (± 0.06)

Yaba 1044 5.8  8.28 2.62 913 409 12.88 0.62 0.24 0.46
(± 0.25) (± 0.19) (± 37.39) (± 13.1) (± 1.38) (± 0.04) (± 0.09) (± 0.09)

Ahoya 1476 8.2 7.42 5.38 257 68 7.85 0.31 0.25  0.30
(Rural; control) (± 0.31) (± 0.32) (± 6.68) (± 5.53) (± 0.13) (± 0.03) (± 0.12) (± 0.07)

*Mean value of different variables and the Standard deviations (± S.D.).

Study
areas

No. of
Anopheles

larvae

Mean
density/

site
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Fe, Cu, and Pb (>0.4 mg/L) suggesting high level of
water pollution in the breeding sites when compared
to water samples from the control site. Although a
‘polluted habitat’ of An. gambiae s.s. has not been
clearly defined11, in two particular instances at Apapa
near the National theatre, larvae of An. gambiae s.s.
were found in a sewage pond polluted with human
faeces and oil from petrol tanks. It appears that pol-
lution inhibits the development of An. arabiensis
than An. gambiae s.s. in this area. Nonetheless, the
survival of An. gambiae s.s. in widespread polluted
water across Lagos metropolis could be responsible
for the rise on the incidence of malaria in urban
Lagos. These findings from Lagos, together with
other studies from sub-Saharan Africa1,11,14, indicate
that An. gambiae s.s. is adapting to a wide range of
water pollution in urban settings which could have
serious implications on the epidemiology of urban
malaria.
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