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Summary Entomological surveys were carried out in the town of Mbalmayo
and in the nearby rural village of Olama, within the equatorial forest zone of
Cameroon. Mosquitoes were captured when landing on human volunteers and by
pyrethrum spray catches. Malaria vectors captured were Anopheles gambiae Giles
(M and S forms) and A. moucheti Evans in both areas, together with A. funestus
Giles in Mbalmayo. One A. marshallii (Theobald) specimen infected by Plasmodium
falciparum was found in Olama. Anopheles moucheti was the most abundant
anopheline species caught in Olama, while A. gambiae was the most abundant in
Mbalmayo. All these vectors were highly anthropophilic as indicated by the fact
that only 5 of 201 blood meals analysed had been taken from non-human hosts.
Plasmodium falciparum was the only malaria parasite species found in Mbalmayo,
while P. malariae was also found in Olama. The annual entomological inoculation
rate was estimated at 129 infective bites/person/year in Mbalmayo and 322 in
Olama. Comparison with data published in 1955 from Mbalmayo, before expansion
of the town, showed the impact of urbanization on the composition of the vector
system and malaria transmission dynamics. Such changes should be considered
when implementing sustainable control measures.
© 2004 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd.
All rights reserved.
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1. Introduction

During the twentieth century, ecological upheavals
resulting from rapid urban development in Africa
led to extensive modification of malaria epidemiol-
ogy. In most African cities malaria transmission and
vector densities are considerably lower than in sur-
rounding rural regions (Gazin et al., 1987; Mendis
et al., 2000; Robert et al., 1986; Trape and Zoulani,
1987a, 1987b). Many reasons such as destruction of
breeding sites through improved drainage, domes-
tic pollution, habitat improvement and increased
use of personal protection measures, based mainly
on insecticides, explain the lower vector densities
in densely populated areas (Hay et al., 2000; Robert
et al., 2003). Large variations are usually observed
among districts within a city, as a result of hetero-
geneity in the distribution of human dwellings and
population densities (Trape and Zoulani, 1987c).
Hence, knowledge gained from studies of malaria
transmission dynamics in rural settings, to which
most current literature refers, is of limited value
for a clear understanding of the much more com-
plex epidemiological situation occurring nowadays
in Africa.

conducted in the village of Olama, 15 km away, in
a rural environment. This study design allowed us
to assess the impact of urbanization and deforesta-
tion on local malaria vector populations and their
effects on malaria transmission dynamics.

2. Materials and methods

2.1. Study area

Mbalmayo (3◦30′N, 11◦26′E) is an urban area sit-
uated along the river Nyong, 50 km south of
Yaounde, the capital of Cameroon. Since the
early 1960s, Mbalmayo has experienced popula-
tion growth from 5500 inhabitants in 1960 to
12 700 in 1964, 22 100 in 1976 and about 37 000
in 1987 (Santoir, 1995). Its population in 2004 is
estimated to be about 66 500 (http://www.world-
gazetteer.com/c/c cm.htm). The village of Olama
(3◦24′N, 11◦18′E) is situated 15 km south of Mbal-
mayo, downstream on the river Nyong, and cur-
rently has about 200 inhabitants.

Mbalmayo and Olama belong to the Congo—
Guinean phytogeographic zone. They experience a
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In rural areas of equatorial Africa, the wide range
of available breeding sites generally favour vector
diversity and high densities. Malaria is perennial
and is often transmitted by local vectors such as
Anopheles moucheti and A. nili (Theobald), which
are responsible for human biting rates (HBR) of
more than 100 bites/person/night and entomo-
logical inoculation rates (EIR) reaching 300 infec-
tive bites/person/year (Antonio-Nkondjio et al.,
2002; Carnevale et al., 1992; Njan Nloga et al.,
1993). Anopheles gambiae and A. funestus, the
most efficient malaria vectors in the world and ma-
jor human malaria vectors throughout sub-Saharan
Africa, are usually rare in forests unmodified by hu-
mans (Adam, 1956; Gillies and De Meillon, 1968).
However, recent environmental changes resulting
from intensified human activities, including defor-
estation for agricultural purposes or human settle-
ments, promotes the introduction and proliferation
of these highly anthropophilic vector species with
serious consequences on malaria epidemiology.

We report here the results of a longitudi-
nal entomological follow-up on malaria transmis-
sion dynamics conducted in 2000—2001 in the
town of Mbalmayo, located within the equatorial
forest area of south Cameroon, Central Africa.
Adam (1955) published an entomological survey of
malaria vectors and transmission dynamics in this
locality. In the past 45 years, Mbalmayo has ex-
panded and become urbanized, and it is now a town
with about 66 500 inhabitants. Sampling was also
ypical equatorial climate, characterized by two
ainy seasons extending from March to June and
rom September to November. Average annual rain-
all during our study period was 1600mm. The aver-
ge minimum and maximum monthly temperature
ecorded by the national meteorological services
anged from 18—25 ◦C in July to 20—29 ◦C in March.

.2. Mosquito collections

dult mosquitoes were collected in alternate
onths from February 2000 to June 2001. Two
ampling methods were used. First, human landing
atches were conducted from 19:00 to 06:00 hours
o assess the HBR. In Mbalmayo collections were
ade indoors and/or outdoors at seven collection
laces distributed along a transect from 20 to 500m
rom the river; in Olama collections were made in
hree places both outdoors and indoors. Secondly,
yrethrum spray catches of resting females were
arried out in the afternoon in 2—3 rooms, differ-
nt from those used for night collections.

.3. Field processing of anophelines

nophelines were visually separated from other
ulicidae and identified to species using morpholog-
cal characteristics according to the identification
eys of Gillies and De Meillon (1968) and Gillies and

http://www.world-gazetteer.com/c/c_cm.htm
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Coetzee (1987). Every anopheline specimen was
stored individually in a numbered tube containing
dessicant, archived and kept at −20 ◦C until pro-
cessed in the laboratory in Yaounde.

2.4. Laboratory processing of
anophelines

Blood meal sources of a sample of females cap-
tured by pyrethrum spray were identified by ELISA
(Beier et al., 1988). The technique identified hu-
man, bovine, ovine (sheep and goat), equine (horse
and donkey), pig or chicken hosts.

The head and thorax of female anophelines were
tested for the presence of circumsporozoite protein
(CSP) of Plasmodium falciparum, P. malariae, and
P. ovale by ELISA, as described by Fontenille et al.
(2001). Plasmodium vivax is not present in this re-
gion of Africa. The CSP rate and 95% confidence in-
tervals were calculated. The EIR was calculated by
multiplying the HBR from the landing catches by the
CSP rate for each sampling period. Females belong-
ing to the A. gambiae complex were identified to
species using the PCR technique described by Scott
et al. (1993). Specimens identified as A. gambiae
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mosquitoes were collected from February 2000 to
June 2001. The anopheline species caught were:
Anopheles gambiae, A. funestus, A. moucheti, A.
nili, A. paludis Theobald, A. ziemanni Grünberg,
and A. marshallii. Anopheles marshallii and A.
nili were caught only in Olama (Table 1). Anophe-
les moucheti was predominant in collections from
Olama, while A. gambiae was the most abundant
species in Mbalmayo.

Of the 759 A. gambiae s.l. females captured, 120
of 721 in Mbalmayo and 29 of 38 in Olama were
identified as A. gambiae s.s. by PCR; 97.5% of the
A. gambiae s.s. collected in Mbalmayo and 65.5% of
those collected in Olama were of the M molecular
form, the remainder were of the S molecular form.
Only A. nili s.s. (typical form) was found in Olama.

3.2. Mosquito behaviour

In Mbalmayo, A. gambiae, A. funestus and A.
moucheti were caught throughout the study period
(Figure 1A). The HBR was 11.3 bites/person/night
for A. gambiae, 5.1 for A. moucheti and 0.8 for
A. funestus and varied with the season. The maxi-
mum HBR for A. gambiae (27.8 bites/person/night)
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ere then tested for the M and S molecular forms
sing the diagnostic PCR-based assay of Favia et al.
2001). Specimens from the A. nili group were also
dentified to species using a recently described PCR
echnique (Kengne et al., 2003).

. Results

.1. Species diversity

n Mbalmayo, 1090 anopheline females were col-
ected from April 2000 to June 2001. In Olama, 4653

Table 1 Number of anophelines captured in Mbalmayo
2000 to June 2001

Species Mbalmayo

Human landing Indoor spray

A. funestus 48 2
A. gambiae 686 35
A. moucheti 306 5
A. paludis 1 0
A. marshallii 0 0
A. nili 0 0
A. ziemanni 7 0

Total 1048 42

a Results obtained by Adam (1955) in Mbalmayo are mentioned
ccurred in June 2000, in October 2000 for A.
oucheti (8.4 bites/person/night), and in Febru-
ry 2001 for A. funestus (2.3 bites/person/night).
n places where mosquitoes were collected both in-
oors and outdoors, 43% of A. moucheti, 52% of A.
ambiae and 50% of A. funestus were collected in-
oors. Over 90% of A. moucheti, 85% of A. gambiae
nd 70% of A. funestus were collected in houses
ituated less than 200m from the river, and densi-
ies of the two most abundant species, A. moucheti
nd A. gambiae, gradually decreased with distance
rom the river (Figure 2).
In Olama, A. moucheti was the most abundant
alaria vector, accounting for more than 95% of

m April 2000 to June 2001 and in Olama from February

ma Mbalmayo in 1955a

man landing Indoor spray

0 1 12
6 12 230
8 432 1342
1 1 0
9 0 0
8 0 2
5 0 0

7 446 1586

comparison.
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Figure 1 Rainfall and human biting rate for malaria vectors in (A) Mbalmayo from April 2000 to June 2001 and (B)
Olama from February 2000 to June 2001.

the anophelines caught. This vector was present
throughout the study period with an average HBR of
76.3 bites/person/night. Anopheles gambiae was
collected in February and April 2001 (HBR = 2.33
and 0.5 bites/person/night respectively), and

Figure 2 Human biting rate according to distance from
river Nyong in Mbalmayo, Cameroon.

A. nili was collected only in December 2000
(HBR = 0.83 bites/person/night). The A. moucheti
HBR was always more than 20 bites/person/night
with a maximum of 126 bites/person/night
recorded in August 2000 (Figure 1B). Com-
paring both indoor and outdoor captures,
more than 66% of A. moucheti were caught
indoors.

A total of 201 blood meals from resting females
collected in both areas were tested by ELISA to
determine their origin (n = 14 in Mbalmayo; n = 187
in Olama). All the blood meals tested for A. gam-
biae (n = 10), A. funestus (n = 1) and 185/190 A.
moucheti had been taken from humans only. In
Olama, A. moucheti was found with ovine (n = 3),
human + ovine (n = 1) and human + bovine (n = 1)
blood.

3.3. Circumsporozoite protein rate

The results of the test for CSP are shown in Table 2.
The CSP rate varied from 1.3 to 12.5%.
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Table 2 Infective rate for Plasmodium falciparum calculated by circumsporozoite protein ELISA from the head
and thoraxes of mosquitoes captured in Mbalmayo and Olama, Cameroon

Location Species No. tested Positive CSP rate (95% CI)

Mbalmayo A. moucheti 299 4 1.3% (0.02—2.6)
A. gambiae 714 32 4.5% (3—6)
A. funestus 44 2 4.5% (0.56—15.5)

Olama A. moucheti 4084 85a 2.1% (1.6-2.6)
A. gambiae 37 4 10.8% (1—26)
A. marshallii 8 1 12.5% (0.3—52.7)

a Two were Plasmodium malariae, all the rest were P. falciparum.

3.4. Entomological inoculation rate

Malaria transmission was perennial throughout
the study period in both Mbalmayo and Olama.
In Mbalmayo, the annual EIR was 129 infec-
tive bites/person/year. Anopheles gambiae, A.
moucheti and A. funestus were responsible for
84, 11 and 5% of P. falciparum transmission re-
spectively. Malaria transmission by A. gambiae
was observed almost throughout the study period.
Anopheles moucheti took part in the transmission
from April to December 2000. Involvement of A. fu-
nestus was observed only in February 2001.

In Olama, the annual EIR was estimated at 322 in-
fective bites/person/year. Anopheles mouchetiwas
responsible for 94% of malaria transmission.

4. Discussion

Greater anopheline diversity was observed in the
rural village of Olama, with seven species col-
lected, than in the town of Mbalmayo, where five
species were observed. Overall anopheline densi-
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caught in this location, its densities being around
six times those of A. gambiae (Adam, 1955), as
currently observed in the rural locality of Olama.
Anopheles moucheti is a forest mosquito known
to breed in slow-moving rivers, among vegetation
islands made of Pistia stratiotes and Paspallum
species (Gillies and De Meillon, 1968; Mouchet and
Gariou, 1966). Their destruction, due to the clear-
ance of vegetation along the river banks in Mbal-
mayo, may have caused the decrease in the rel-
ative proportions of A. moucheti in our collec-
tions. Moreover, A. moucheti is a highly endophilic
mosquito that may have suffered from human habi-
tat improvement and increased use of personal pro-
tection measures (such as insecticide sprays, coils
or insecticide-treated nets) during the urbaniza-
tion of Mbalmayo. This is indicated by the fact
that only 43% of A. moucheti fed indoors in Mbal-
mayo, while in Olama, 66% of the females took their
blood meals inside human dwellings. Development
of the river banks for market gardening and defor-
estation for human settlement also created suit-
able breeding opportunities for the peridomestic
A. gambiae. Species of the A. gambiae complex,
especially A. gambiae s.s. and A. arabiensis, have
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ies were also significantly higher in the rural than
n the semi-urban environment, as commonly re-
orted (Robert et al., 2003). All four known malaria
ectors in Africa’s equatorial forest region were
ollected: A. gambiae, A. funestus, A. nili and A.
oucheti. Anopheles gambiae s.s., represented by
ts two molecular forms M and S, was the only mem-
er of the A. gambiae complex present in Olama
nd Mbalmayo. The scarcity of A. nili along the river
yong (only eight specimens out of 5743 anophe-
ines caught) is probably due to the slow river
ow in this area, which is not favourable for A.
ili breeding. Very high densities of A. moucheti
ere observed in Olama, whereas in Mbalmayo,
hese were much lower and A. gambiae was the
ost abundant species caught. By contrast, in
955, A. moucheti was the most abundant species
een reported to take advantage of the coloniza-
ion of swamps for housing and/or agricultural pur-
oses in most sub-Saharan Africa periurban areas
Fondjo et al., 1992; Manga et al., 1992; Robert et
l., 1986; Trape and Zoulani, 1987b). In Mbalmayo,
ector densities were very high in the vicinity of
he river Nyong, and rapidly decreased with dis-
ance from the river. This non-random distribution
uggests low dispersion of the vectors in this en-
ironment, as formerly observed for A. arabiensis
n the densely populated suburbs of Dakar, Sene-
al (Trape et al., 1992) and Khartoum, Sudan (El
ayed et al., 2000), and for both A. arabiensis
nd A. funestus in Maputo, Mozambique (Mendis
t al., 2000). Similar observations were also re-
orted for A. nili and A. moucheti in Cameroon
Le Goff et al., 1997; Njan Nloga et al., 1993).
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Thus, the river Nyong and its banks appear as the
most important permanent breeding source for all
malaria vector species observed in Mbalmayo. How-
ever, the HBR of A. gambiae remained high (>5
bites/person/night) even in the collection site most
remote from the river. This reflects the existence of
numerous additional breeding places favourable to
this species such as the rainwater-filled tyre tracks
and puddles, which are scattered throughout the
town and are particularly numerous in the non built-
up, open areas.

High malaria transmission intensity was observed
throughout the year in both sites we surveyed.
The EIR in Mbalmayo estimated at 129 infective
bites/person/year was consistent with the semi-
urban status of this town, which is still growing. Al-
though transmission is usually low in most African
city centres (Awolola et al., 2002; Lindsay et al.,
1990; Robert et al., 1986), high malaria transmis-
sion intensity is commonly observed in suburban ar-
eas, as this environment usually provides numer-
ous suitable breeding sites for anophelines. For ex-
ample, in the periphery of Yaounde (50 km north
of Mbalmayo), malaria transmission is estimated to
be about 300 infective bites/person/year (Antonio-

these species could maintain parasite transmis-
sion on their own, in the absence of major vector
species.

In Olama, 94% of the transmission was due to
A. moucheti whereas in Mbalmayo, A. gambiae was
the major vector, responsible for 84% of the trans-
mission, the remaining being due to A. moucheti
and A. funestus. Despite very high densities, the
CSP index of A. moucheti was less than 2%, as
commonly reported for this species (Adam, 1956;
Antonio-Nkondjio et al., 2002; Manga et al., 1995;
Njan Nloga et al., 1993). On the other hand, A.
gambiae and A. funestus are usually much more ef-
ficient vectors, with CSP indices of 5% and above
(Antonio-Nkondjio et al., 2002; Fontenille and
Lochouarn, 1999). Our estimate of 10.8% of in-
fective A. gambiae females in Olama, however,
was based on a small sample size (n = 37). The
presence in Mbalmayo of peridomestic A. gambiae
and A. funestus, together with rural A. moucheti
emphasizes the semi-urban status of this local-
ity. The fact that A. gambiae and A. funestus
tend to supplement transmission by A. moucheti
may have dramatic consequences in terms of sta-
bility and intensity of transmission. Furthermore,
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Nkondjio et al., 2002) but is only 3—33 within the
city limits (Fondjo et al., 1992; Manga et al., 1992;
Nimpaye et al., 2001). In Kinshasa (Democratic Re-
public of Congo), Coene (1993) observed an annual
EIR of 30 in the city centre, whereas it reached
455 in a suburban village 15 km away. Moreover
significant differences in the intensity of malaria
transmission in different districts of the same town
have been reported in Brazzaville (Congo), Bouake
(Cote d’Ivoire) and Kumasi (Ghana), depending on
the practice of market gardening or irrigated ur-
ban agriculture in swampy areas or along streams
(Afrane et al., 2004; Dossou-Yovo et al., 1998; Trape
and Zoulani, 1987a).

Overall, four species were found with P. falci-
parum CSP: A. gambiae, A. funestus, A. moucheti
and A. marshallii. Anopheles marshallii has pre-
viously been reported carrying P. falciparum CSP
in Tanzania (Curtis et al., 1999). Secondary vec-
tors such as A. hancocki, A. coustani or A. well-
comei were also reported to be infected in the re-
gion (Adam, 1956; Fontenille et al., 2000; Wanji et
al., 2003). This observation confirms the fact that,
wherever they are present, genetically compe-
tent anopheline species, that are not usually rec-
ognized as malaria vectors, may contribute to
the overall transmission intensity. However, di-
rect observation of live sporozoites in the sali-
vary glands of females is needed to prove the
role of such species in malaria transmission.
In most situations, it is highly improbable that
igh prevalence of resistance in local P. falciparum
trains may further jeopardize efficient malaria
ontrol in this area (Soula et al., 2000). Precise
nowledge of malaria transmission dynamics and
f the different vector species involved is there-
ore required to devise andmonitor effectivemeans
or malaria control. Our study sheds light on the
ffect of rapid urbanization on the entomologi-
al parameters of transmission and the composi-
ion of the vector system, and substantial differ-
nces were demonstrated that should be taken into
ccount when implementing vector control mea-
ures.
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ais. Doc. OCEAC 33, 15—27.

rape, J.F., Zoulani, A., 1987a. Malaria and urbanization in Cen-
tral Africa: the example of Brazzaville. Part II: Results of en-
Coene, J., 1993. Malaria in urban and rural Kinshasa: the ento-
mological input. Med. Vet. Entomol. 7, 127—137.

Curtis, C.F., Pates, H.V., Takken, W., Maxwell, C.A., Myamba,
J., Priestman, A., Akinpela, O., Yayo, A.M., Hu, J.T., 1999.
Biological problems with the replacement of a vector popu-
lation by Plasmodium-refractory mosquitoes. Parassitologia
41, 479—481.

Dossou-Yovo, J., Doannio, J., Diarrassouba, S., Chauvancy, G.,
1998. Impact d’aménagements de rizières sur la transmission
du paludisme dans la ville de Bouaké, Côte d’Ivoire. Bull. Soc.
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