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A cross-sectional study on malaria transmission was carried out in Mangoum, a village situated in the 
western highland region of Cameroon in October 2005 and May 2006, to assess malaria parasite prevalence 
in a cohort of children and vectors biting habits and entomological inoculation rate. Mosquitoes were 
collected by landing catches on volunteers. Members of the Anopheles gambiae complex and molecular 
forms were identified using Polymerase Chain Reaction method. Infection intensity was determined by 
counting the number of infected red blood cells against 200 leucocytes. A total of 1195 Anopheles were 
collected, 183 and 1012 respectively in the dry and rainy seasons. Two Anopheles species were identified: A. 
gambiae s.l. and Anopheles funestus. A. gambiae s.s. was the only member of the A. gambiae complex found 
and the main malaria vector in this region. The sporozoïte rate of A. gambiae was higher in the rainy season 
(9%). The average inoculation rate was 90 infective bites per man per year. A total of 699 children were 
examined. Two parasites species were identified: Plasmodium falciparum and Plasmodium malariae. The 
mean parasite rate was 41. 3%. In the age range of 2 - 9 years, the parasite rates were 49% in the dry season 
and 34.7% in the rainy season. The mean spleen rate of the age range 2 - 9 years varies from 26. 7% in rainy 
season to 22. 3% in the dry season, and was not significantly different (p = 0, 3). The Western highlands 
region can be considered as an area of high malaria transmission intensity. 
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Cameroon highlands. 

 
INTRODUCTION 

 
Malaria still remains one of biggest public health pro-
blems of mankind. The world Organization estimates that 
malaria affects about 300 - 500 million people with annual 
mortality of about 1.5 - 2.5 million. More than 90% of 
these cases are registered in sub-Saharan Africa with 
more than 70% of inhabitants in some areas of this re-ion 
being chronically infected by Plasmodium falciparum 

(OMS, 1998a; Fontenille and Lochouarn, 1999). Despite 
the endemicity of the disease in the country large varia-  
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tions exist between ecological foci depending on agricul-
tural practices, the presence of rivers or swamps, the 
urban status of the region and elevation. Although, many 
studies have been carried on malaria transmission across 
the country, these studies showed that: A. gambiae, A. 
arabiensis, A. pharoensis, A. coustani and A. funestus 

are the main vectors in the northern part. The first two 
species are sympatric throughout the country with a 
variable frequency according to the climatic conditions. A. 
funestus is found almost in all bio- climatic areas near 
Swamps or Rivers (Same- Ekobo et al., 2001, Antonio-
Nkondjio et al. 2008). In the southern part, A. gambiae, A. 
Moucheti, A. funestus A. nili and A. hancocki are the main 
malaria vectors.  
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Parasitological data also showed that P. falciparum is 
the predominant plasmodial species, followed by P. mala-
riae found everywhere in the country but with a low per-
centage and P. ovale found only in the north and coastal 
parts of the country (Moyou, 1977; Fondjo, 1996, Couprié 
et al., 1985). Few have highlighted the impact of eleva-
tion on malaria transmission pattern. In highland areas it's 
though that malaria transmission rate is low due to the 
scarcity of vectors and their low survival rate (Wanji et al., 
2003; Githeko et al., 2006). Malaria transmission is being 
recorded mainly during rainy season. In other to assess 
the malaria transmission pattern in the Cameroon high-
lands region, we conducted two cross- sectional studies 
in the area of Mangoum situated in the western highlands 
area of Cameroon during the dry and rainy seasons. 
These studies were both carried out on both human and 
vectors to determine the level of malaria prevalence in 
there two important groups. 

 

MATERIALS AND METHODS 
 
Study site 
 
The study was carried out in October 2005 (beginning of dry sea-
son) and May 2006 (rainy season) in Mangoum village (5° 28’ N, 
10°33’ E, 1100 m of altitude). The area is characterized by two sea-
sons of unequal duration: a long rainy season running from March – 
September having an annual rainfall of about 2000 mm. The mean 
annual temperature is 22°C. Mangoum is essentially an agricultural 
region having many swamps favourable for the proliferation of 
mosquitoes. The principal crops grown are market garden produce 
(tomatoes, water melon, vegetables) and foods crops (maize, yams, 
irish potatoes, beans etc) . Beside this, they also carry out small 
farming of bovine, caprine, ovine, porcine and poultry. 

 

Adult mosquito collections and field processing 
 
Mosquitoes were collected after landing on a human volunteer from  
7: 00 pm to 06: 00 am. Collections were done in 4 places both 
outdoors and indoors.  

Anophelines were identified using morphological characteristics 
according to Gillies and De Meillon (1968), and Gilles and Coetzee 
(1987) and the collected mosquitoes were conserved individually in 
tubes containing silicagel and kept at -20°C further analysis in the 
laboratory. 

 

Laboratory processing of anophelines 
 
Members of the A. gambiae complex were identified using mole-
cular diagnostic tools (Favia et al., 2001; Scott et al., 1993). M and 
S molecular forms were also identify using molecular diagnostic 
tools (Favia et al., 2001). DNA extracted from the leg or the wing 
was used for this analysis. Infections were detected either by direct 
observation of Plasmodium sporozoites in the salivary glands.  
The physiological age of adult female Anopheles, and hence parity 
ratio (proportion of female mosquitoes having laid eggs at least 
once), was determined through the dissection of ovaries and exa-
mination of tracheoles (Detinova, 1962). The identification of sporo-
zoites obtained from specimens' dissection was carried out with a 
microscope with a resolution power of 40X. The sporozoite rate was 
calculated as a ratio of the total number of mosquitoes infected di-
vided by the total number of mosquitoes dissected. The entomolo- 

 
 
 
 

 
gical inoculation rate (EIR), that is, the number of infective bites per 

person per night is calculated, by multiplying the number of mos-

quito bites per person per night by the mosquitoes' infective rate. 

 
Parasite prevalence 
 
During each entomological survey a cohort of children aged 0 – 15 
years old living in the two different quarters in the village were iden-
tified for the presence of malaria parasites. The checking of the pre-
sence of malaria parasites in the sampled population was carried 
out using the finger-prick method to obtain thick and thin smears. 
Immediately after the finger pricked, any child complaining of fever, 
had his or her thick-blood smear stained in 10% Giemsa for 10 min 
in the field and examined for the presence of malaria parasites. If 
parasites are seen, the child is treated with paracetamol and 
coartem. The remaining other slides were stained in 3% Giemsa for 
30 min and the presence of parasites were checked and infections 
intensity was determined by counting the number of infected red 
blood cells against 200 leucocytes. 

The study was approved by the ethics review committee of 

Cameroon Medical research. 

 
Statistical analysis 
 
Data were analysed with version 6.0 of the Epi info software pac-
kage. We calculated 95% confidence intervals (CI) for sporozoïte 
rates. Chi 2-test was use to compare overall parity ratio, sporozoïte, 
parasite and spleen rates between seasons and between age 
groups of children. All the tests were performed at the 5% signifi-
cance level. 

 

RESULTS 
 
Anopheles species: Biting density, biting habits and 

endophagy 
 
Between October 2005 and May 2006, a total of 1195 
Anophelines were collected: 1012 (84.7%) in the rainy 
season (Table 1a) and 183 (15.3%) in the dry season 
(Table 1b). Two Anopheles species were identified: A. 
gambiae s.l. and A. funestus. A. funestus was rare and 
found only during the dry season. Polymerase chain 
reaction (PCR) analysis of A. gambiae complex revealed 
that all specimens tested were all A. gambiae s.s. from 
the S molecular form. The two major species of Ano-
pheles showed heterogeneity of their biting rates at the 
rainy and dry seasons (Table 1a, b). A. gambiae was the 
most important species in both seasons with 33.7 bites 
per man per night (b/m/n) in the rainy season and 4.9 
b/m/n in the dry season. The hourly variations of the 
human biting rate of the two species of Anopheles are 
shown in Figure 1. Both species display the same cycle 
during the night with major peak of activity between 
midnight and 2 am. Both Anopheles species varied in 
their feeding behaviour during the two seasons. A. gam-
biae was more endophagous during the rainy season 
(Figure 2). 

 

Parity ratio of malaria vectors 
 
Table 2 shows the numbers of Anopheles tested and 
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Table 1. Sporozoïte and infectious biting rate of malaria vectors in the Western mountain Cameroon region.  

 
Anopheles Number Captured Man Number Sporozoïte Biting rate Infective biting 

species biting Nights dissected rate [95% CI] (b/m/n) rate (ib/m/year) 
       

a) Rainy season       

Anopheles gambiae 1012 30 393 9% [6-12] 33.3 90 

Anopheles funestus 0 0 0 0 0 0 

b) Dry season       

Anopheles gambiae 147 30 128 6% [2-10] 4.9 9 

Anopheles funestus 36 30 20 5% [-2-12. 1] 1.2 1.8 
 

 
 An. gambiae s.l.   
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Figure 1. Night biting cycle of the malaria vectors in the Western 

mountain Cameroon region. 

 

those having laid eggs at least once, hence the estimated 
parity ratios during the different surveys. In the rainy 
season, the parity ratio of A. gambiae s.l. was 81.4 and 
64.4% in the dry season, with a very high significant dif-

ference ( 
2
 = 13.69; ddl = 1; p < 0.001). Parity ratio of A. 

funestus was estimated only in the dry season and it was 
80.6%. There was no significant difference between two 

malaria vectors in the dry season ( 
2
 = 2.90; ddl = 1; p = 

0.08). 

 

Infection rate and entomological inoculation rate 
 
The infection rate of A. gambiae s.s. was compared bet-
ween the rainy season (9%) and the dry season (6%) and 

there was no significant different, ( 
2
 = 1. 06; ddl = 1; p =  

0. 3). A. funestus was found infected only during the dry 
season. The EIR was calculated based on Anopheles 

collected from landing catches (Table 1a, b). The highest 
infective biting rate was recorded with A. gambiae during 

the rainy season (7.5 infective bites per person per 
month). 

 

Malaria prevalence 
 
Malaria prevalence is meso-endemic in Mangoum village. 
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Figure 2. Proportions of the Anopheles biting indoors (endophagy) 

during the rainy and dry season 
 

 

The parasite prevalence of P. falciparum was 83.5% 
(264/316) while malaria prevalence of P. malariae was 
16.5% (52/316). P. ovale was not found during the study.  

In 2005, the mean parasite rate was 38. 8% in Man-
goum village. The parasite rate in the different age 
groups: 2 – 4, 5 – 9 and 10 – 15 years varied significantly 

and was higher in the age group of 2 – 4 years ( 
2
 = 37.7; 

d.d.l = 3; p < 0.001) . In May 2006, the mean para-site 
rate was 26.7%, the difference age groups was equally 

significant ( 
2
 = 25.76; d.d.l = 3; p < 0.01). The difference 

in the parasite rates between the seasons showed a very 

high significant difference ( 
2
 = 11.5; d.d.l  

= 1; p < 0.01) (Table 3). 
During the  dry season, the mean spleen rate  was 

22.3%. This rate showed no significant difference bet-

ween the age groups ( 
2
= 0, 79; d.d.l = 1; p = 0, 3). 

During the rainy season, the spleen rate was 26.7%. This 
rate showed no significant different between the age 

groups ( 
2
 = 0.17; d.d.l = 1; p = 0.6), with respect to the 

two seasons, the spleen rate was compared ( 
2
 = 1.04; 

d.d.l = 1; p = 0.3) (Table 4). 
 
 
DISCUSSION 
 
The main species of Anopheles in the Western highland 

region of Cameroon are A. gambiae s.s. and A. These re-

sults confirmed the confinement of the sibling species A. 
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Table 2. Number of mosquitoes tested, number of mosquitoes that laid eggs at least once, and variation of parity ratios (in percentage, 

including 95 % confidence interval) of Anopheles gambiae s.l. and An. funestus in Mangoum  
 
 Anopheles gambiae s.l.  An. funestus  

 Number tested (laid eggs) Parity ratio [95% CI] Number tested (laid eggs) Parity ratio[95 %CI]  

Rainy season 392 (319) 81.4 [76,6-86.1] 0 (0) 0  

Dry season 104 (67) 64.4 [55.2-73.6] 31 (25) 80.6 [66.6-94.5]  

 

 
Table 3. Seasonal distribution of parasite rates according to age groups and seasons.  

 
Parasite rates (%)   

Age classes Rainy season Dry season Total  

< 2 years 14.4 % (9/67) 32 %  (16/50) 21.4 % (25/117)  

2 - 4 Years 35.4 % (34/96) 55.7 % (49/89) 44.9 % (83/185)  

5 – 9 years 33.8 % (41/121) 43.3 % (45/103) 38.4 % (86/224)  

10 – 15 years 18 %  (16/90) 19.3 % (16/83) 18.5 % (32/173)  

 Overall 26.7 % (100/374) 38.8 % (126/325) 33.3 % (226/699)  

 

 
Table 4. Seasonal distribution of the spleen rate in the children of 2 to 9 years old.  

 
Spleen rates (%)   

 Age classes Rainy season Dry season Total 

 2 - 4 Years 28.1 % (27/96) 25.8 % (22/89) 26.5 % (49/185) 

 5 – 9 years 25.6 % (31/121 19.4 % (20/103) 22.8 % (51/224) 

 Overall 26.7 % (58/217) 22.3 % (42/188) 24.7 % (100/405) 
 

 

funestus gambiae s.s. and A. funestus to the forested 
areas of Africa (Coetzee et al., 2000; Wanji et al., 2003). 
A. gambiae s.s. and A. funestus are the principal malaria 
vectors in this study area as they were found infected. 
These species are well known as efficient vectors in 
Cameroon and other areas of Africa (Shililu et al., 1998; 
Lindblade et al., 1999; Jambou et al., 2001; Koudou et 
al., 2005; Githelo et al., 2006; Antonio Nkondjio et al., 
2006). The biting cycle of Anopheles species were 
according to the habitual diagram of the night biting cycle 
of Anopheles (Gillies and De Meillon, 1968) with the 
biting peak observed between midnight and 2 am. A. 
gambiae s.s. and A. funestus displayed variations in their 
biting behaviour according to the season of the year, 
being more endophagous during the rainy season. This 
change may be related to the weather conditions in the 
study area. During the wet season, the rainfall is very 
heavy and the temperature low. These environmental 
factors may probably influence these two anopheles spe-
cies to be more endophagous than exophagous during 
the rainy season. This seasonal shift in the feeding beha-
viour of A. gambiae s.s. and A. funestus would have 
important implications for the vector control in the Wes-
tern highlands region of Cameroon during the rainy sea-
son, as insecticide treated nets (ITS) or indoor residual 
spraying could be very effective in preventing these two 
Anopheles species from biting, or reducing their vectorial 

 

 

capacity. 
Previous research conducted in Mount Cameroon re-

gion, closely to our study site showed high parity ratios of 
A. gambiae s.l. accompanied by high anthropophily of 
these mosquitoes (Wanji et al., 2003). Here, we con-
firmed high parity ratios of these malaria vectors in wes-
tern highlands region of Cameroon.  

In Mangoum, as in most of central Africa, sporozoite 
rates were higher in A. gambiae s.l. and An. funestus 
than other malaria vectors (Fontenille and Locchouarn, 
1999). The total entomological inoculation rate was 
around 101 infected bites per human per year. A. gam-
biae s.l. compared with A. funestus was the main malaria 

vector in Mangoum. Previous studies conducted in near-
by closely suburbs reported annual entomological inocu-
lation rate of 161 infected bites per human per year, only 
to A. gambiae (Wanji et al., 2003).  

This result finding also showed that the predominant 
plasmodial species in Mangoum was P. falciparum fol-
lowed by P. malariae. The relatively high frequency of P. 
falciparum parasitism had already been signalled in 
Cameroon by other authors (Couprié et al., 1985; Touze 
and Charmot, 1993). Elsewhere, P. ovale was not found 
during our study. However, many investigations conduct-
ed in Cameroon revealed the presence of this plasmodial 
species (Moyou, 1977; Robert et al., 1992; Fondjo, 1996). 
Despite the very low numbers of malaria vectors  



408     Afr. J. Malar. Trop. Dis.
 
 
 

 

collected in the dry season and a subsequently low EIR, 
a large number of children (38.8%) were infected. This 
indicates a high efficiency of transmission by the vectors. 
Although the possibility that most of the children acquired 
their infections during the rainy season cannot the ruled 
out, this seems unlikely because the numbers of vectors 
and EIR were very high, particularly in the A. gambiae 
during the rainy season. Finally, our result confirmed that 
the spleen rates were lower than the parasite rates in the 
2 – 9 years age group and remained less sensible to 
seasonal variations. Previous research carried out in the 
coastal and forest areas of the country came to the same 
conclusions (Merlin et al., 1985; Josse et al., 1987; Tang-
Line-Foot, 1987).  

This study shows that, Western Cameroon highlands 
region is an area of high malaria transmission intensity, 
inhabited by major vectors of malaria in Africa. Every 
night during the rainy season, and every ten nights during 
the dry season, an inhabitant of this region may receive 
three infective bites from Anopheles. This area can also 
be classified as a meso-endemic zone of malaria trans-
mission. The parasite and spleen rates, the highly endo-
hagous behaviour of Anopheles species, coupled with 
high EIRs, indicate the necessity of introducing vector 
control measures in the region as one of the strategies 
control malaria. This vector control intervention needs to 
focus on providing an effective personal protection for the 
most vulnerable groups against vector contact rather than 
aiming at reducing the potential for transmission at the 
regional level. The most appropriate vector control option 
in this area could be the use of insecticide treated nets 
(ITNs) as this tool is currently the most effective and 
practical vector control option in areas where malaria is 
highly transmitted (Diallo et al., 1999; Guillet, 2001). 
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