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Abstract: A 1-year longitudinal study was conducted in Magugu in Babati district, northern
Tanzania to determine malaria vector population structure and malaria transmission indices.
Mosquitoes were sampled using the Centre for Disease Control (CDC) light traps. A total of 110,357
adult female mosquitoes were collected. Anopheles gambiae s.l. accounted 25% of the total female
mosquito collected. Relatively fewer An. funestus were collected. Other mosquito species collected
were An. pharoensis, An. coustani, An. maculipalpis, An. marshallii, Culex quinquefasciatus, Cx
unnivittatus, Mansonia uniformis and Ma. africana. An analysis by Polymerase Chain Reaction
revealed that An. arabiensis was the only member of the An. gambiae complex in the collected
samples. The number of mosquito collected correlated with the increasing mean rainfall. Blood meal
analysis showed a higher human enzymatic reaction among An. gambiae s.l. (63.5%) followed by An.
funestus (42.9%). Bovine enzymatic reaction was higher among An. coustani (73.7%) followed by the
An. pharoensis (66.7%). The Enzyme Linked Immunosorbent Assay (ELISA) was used to detect
Plasmodium falciparum circumsporozoites proteins in 10,000 female Anopheles mosquitoes. Only two
An. arabiensis were found to be infected. The entomological inoculation rate (EIR) was estimated at
0.51 infectious bites per person per year. This EIR was considered to be relatively low, indicating
that malaria transmission in this area is low. Variability in mosquito blood meal shows availability
of variety of preferred blood meal choices and impact of other factors inhibiting mosquito–human
host contact. The study has provided information considered useful in the mapping of the vector
distribution and population structure in the country. Such information is considered to be among
the essential tools for planning malaria control interventions.
________________________________________________________________________
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Introduction

Malaria is one of the most significant infectious diseases in the world. Available statistics
suggest that 2 to 5% of all human deaths in the 20th Century were attributed to the disease
(Carter et al., 2002), and increasing evidence identifies malaria as the most significant recent
selective pressure on the human genome (Kwiatkowski, 2005). In 2000, 20% of all deaths of
children under 5 years in Sub-Saharan Africa were attributable to malaria (Black et al.,
2003; WHO, 2006). In Tanzania, 18 million clinical malaria cases annually result in
approximately 80,000 deaths (MoHSW, 2008).
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Most malaria cases in Tanzania are due to Plasmodium falciparum (Mboera, 2000). P.
falciparum is transmitted by female anopheles mosquitoes during a blood meal. Gillies &
Meillon (1968) defined 11 out of the 45 anopheline mosquito species as responsible vectors
for malaria transmission in Tanzania. The most important malaria vectors in Tanzania
include Anopheles gambiae s.s., An. arabiensis and An. merus (Mnzava & Kilama, 1986; Shiff et
al., 1995; Kigadye et al., 2010) and An. funestus (White, 1974; Mboera et al., 1997, 2010; Van
Rensburg et al., 1996). An. rivulorum and An. marshallii have also been identified as vectors
of malaria in north-eastern Tanzania (Magesa et al., 1991; Wilkes et al., 1996; Malima, 1999).

A measure of entomological inoculation rates (EIR) is an important tool for
estimation of malaria transmission intensity (Drakeley et al., 2003).  It is one of the
indicators of human exposure to malaria parasites (Killeen et al., 2000). In Tanzania, EIR
has been shown to vary with season, altitude, proximity to breeding sites, socio-economic
status, agro-ecological systems (Ijumba et al., 2002; Kulkarni et al., 2006; Mboera et al., 2010).
The enormous heterogeneity in malaria transmission intensity in Tanzania calls for targeted
malaria control operations that require an understanding of the forces that drive
transmission (Mboera et al., 2010). The knowledge on malaria transmission indices is
important to its control through quantifying the potential risk of infection (Githeko et al.,
1993). This calls for the need to accurately determine the mosquito population structure,
spatial and temporal variations in malaria transmission within localized areas that will
target specific needs in malaria interventions. This study was therefore carried out to
determine mosquito population structure, its temporal variation and transmission indices
in Magugu area of Babati District in northern Tanzania.

Materials and methods

Study site
The study was conducted in Magugu Ward (S3o99' S4o01'; E35o70’ E35o77') in Babati district
of northern Tanzania. The area lies along the northern eastern arm of the Tanzanian Rift
Valley at an altitude of 900-1600m.  Magugu receives an annual average rainfall of 650mm
distributed in two seasons; short rains from October to December and long rains from
March to May. Magugu Ward has seven villages and a total population of 26,131 people.
The study was carried out in Gichameda village. The village is made up of four sub-
villages, namely Gichameda A, Gichameda B, Kinambichi and Madibira. The main
economic activities include crop agriculture and livestock keeping.

Adult mosquito collection and identification
The four sub villages, Gichameda A and B, Kinambichi and Madibira were selected for
adult mosquitoes sampling.  Adult mosquitoes were collected indoors using the Centre for
Disease Control (CDC) light traps (J.W. Hock Ltd, Gainesville, Florida, USA), from the
randomly selected houses. The traps were suspended at the foot end of the bed about a
meter above the bed level (Mboera et al., 1998). These traps were set from 1900hr and
retrieved at 0700hr). Five rounds of mosquito collections were made in 2008-2009; one in
November/December 2008 (representing the short rainy season), February/March (at the
start of long rainy season), May (just after the long rainy season), July/August 2009 (dry
season) and in October 2009 (at the end of dry season).  Mosquitoes collected were sorted
by species, sex and physiological state using morphological characteristics (Gillies &
Coetzee, 1987; Gillies & De Meillon, 1968).
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A small proportion of An. gambiae complex was preserved in a refrigerator at -200C
prior to further identification by Polymerase Chain Reaction (PCR) (Scott et al., 1993).
Based on the sequence of nucleotide amplified, An. arabiensis with 315bp, An. gambiae s.s
with 390bp DNA fragments were processed. Blood meal source analysis from mosquitoes
was determined using the method described by Bray et al. (1984).

Sporozoite rate and entomological inoculation rate
The Enzyme Linked Immunosorbent Assay (ELISA) was used to detect Plasmodium
falciparum circumsporozoites proteins (CSP) in malaria parasite-infected female Anopheles
mosquitoes (Wirtz et al., 1987). The Entomological Inoculation Rate (EIR) was calculated
from estimates of bites per person and multiplying by the sporozoite rates per night. The
annual EIR was then determined by multiplying the mean number of human bites per
night by the sporozoite rate and by 365 days

Larval search
Breeding sites were mapped using geographical positioning system (GPS) machines.
Larvae were collected using a standard white enamel dipper (250ml) attached to a wooden
handle of an appropriate length as described by Service (1971). Collected larvae were later
brought to the field laboratory and identified based on external morphological features
(Gillies & de Meillon, 1968).

Meteorological data
Weekly rainy data were recorded at the centre point weather station in the village.

Data analysis
Statistical analysis was carried out using SPSS 16.0 for Windows (SPSS Inc, Chicago, USA).
Proportions of categorical data were reported and Chi-squared test was used to determine
heterogeneity of data collected in different seasons. Statistical significance was set at 5%
level.

Ethical considerations
Ethical clearance to conduct the study was sought from the Kilimanjaro Christian Medical
Centre Ethical Clearance Committee and the Tanzania National Institute for Medical
Research (NIMR/HQ/R.8a/Vol. IX/759). Informed consent was obtained from head of the
family on behalf of the occupants.

Results

A total of 110,357 adult female mosquitoes (27.6% anophelines and 72.4% culicines)
belonging to three genera Anopheles, Culex and Mansonia were collected. The Anopheles
genus was represented by, An. gambiae s.l, An. pharoensis, An. coustani, An. funestus, An.
marshallii and An. maculpalpis. An. gambiae s.l. accounted 25% for of the total female
mosquito collected (Table 1). On average 82.1 mosquitoes were caught per night per trap
with a mean of 22.6 Anopheles mosquitoes per trap per night. Culex was represented by
Culex quinquefasciatus (N=77098), and Culex unnivittatus (N=4047).  Mansonia was
represented by Mansonia uniformis (N=33) and Mansonia africana (N=11).
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Table 1: Anopheles mosquito species composition, mean number collected and sporozoite
infectivity rate in Magugu
Species No.

female
collected

Mean number per
trap

No. dissected No. infected

An. gambiae s.l. 27557 19.5 8973 2
An. funestus 290 0.2 100 0
An. pharoensis 773 0.6 300 0
An. coustani 499 0.4 100 0
An. maculipalpis 45 0.03 25 0
An. marshallii 4 0.002 2 0

A total of 480 mosquitoes morphologically identified as An. gambiae complex were
analysed by PCR in order to differentiate different sibling species.  The assay identified An.
arabiensis as the only member of the An. gambiae complex in the collected samples.
However, 39.7% per plate of the species could not be identified.

Overall, number of mosquitoes trapped increased from 19,700 in the dry season to
95,656 in the wet season (Figure 1).  During the wet season the mean catch per trap was 99
mosquitoes, of which average Anopheles mosquitoes were 30.6 per trap.  In the dry season,
mean catch per trap was 44.7 mosquitoes, of which average Anopheles mosquitoes were 5.1
per trap. The percentage of collection per species correlated with the increasing mean
rainfall. An. gambiae s.l. collection was higher in all both seasons, being highest in
November/December 2008. Relatively fewer An. funestus were collected, with a high peak
in (30.6%; 120/392) in May 2009. Likewise, for An. coustani and An. pharoensis highest peak
species collection was in May 2009 at 43.6% (232/531) and 44.6% (381/853), respectively.
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Figure 1: Variation of Anopheles mosquito trapped in dry and wet season

Blood meal analysis on mosquito blood meal source showed a higher human enzymatic
reaction among An. gambiae s.l. (63.5%) followed by An. funestus (42.9%). Bovine enzymatic
reaction was higher among An. coustani (73.7%) followed by the An.  pharoensis (66.7%).
Mixed blood meal, which composed of human+bovine, human+goat, bovine+ goat,
dog+bovine was observed in An. gambiae, An.  pharoensis and An. coustani.

Out of the 29,168 female Anopheles mosquitoes collected, 10,000 were processed for
P. falciparum circumsporozoite protein ELISA antigen test. The selection was based on the
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having representativeness of the caught mosquitoes from different areas in the village and
different seasons. Only two An. arabiensis were found to be infected and its EIR was 0.51
infectious bites per person per year.

Table 2:  Blood meal preference of mosquitoes in Magugu
Blood meal source as per Enzymatic Test  Results

Mosquito
species

Human
(N=113 )

Bovine
(N=66 )

Goat
(N=22 ) Dog (N=10 )

Chicken
(N=5 )

Mixed
(N=10) P-value

An. gambiae s.l.
% (n)

63.5 %
(101)

15.7 %
( 25 )

8.8 %
( 14 )

5.0 %
( 8 )

2.5 %
( 4 )

4. 4%
( 7 ) < 0.0001

An. funestus
% (n)

42.9 %
( 6 )

35.7 %
( 5 )

14.3 %
( 2 ) 0 0

7.1 %
( 1 ) 0.859

An.  pharoensis
% (n)

12.1 %
( 4 )

66.7 %
(22 )

12.1 %
( 4 )

3.0 %
( 1 ) 0

20%
( 2) < 0.0001

An. coustani
% (n)

10.5%
( 2 )

73.7 %
(14 )

5.3 %
( 1 )

5.3%
( 1 )

5.3 %
( 1 )

0
< 0.0001

The mosquito larvae were collected once at the beginning of the study in October 2008.
Overall, Culex larvae were more abundant, 82% (2015/2457) compared to Anopheles larvae,
17.9% (442/2457). At village level, a significant difference was observed in different
breeding sites in relation to the various types of mosquito larvae collected. Culex larvae
were more abundant, 36.6% (739/2015) in Gichameda A compared to 33.8% (683/2015) in
Gichameda B, 14.6% (294/2015) in Kinambichi and 14.8% (299/2015) in Madibira. Anopheles
larvae were reported to be more abundant, 73.9% (327/442) in Gichameda B compared to
12.4% (55/442)in Madibira, 9.3% (41/442) in Kinambichi and 4.3% (19/442) in Gichameda A
(χ2 = 13.75, P=0.00021). In addition, 20 breeding sites were identified in Gichameda A, 15
breeding sites in Kinambichi, 12 breeding sites in Gichameda B and 11 breeding sites in
Madibira.

Discussion

Knowledge on the abundance and distribution of malaria vectors in an area is important
for the design and implementation of malaria control strategies. Like in our study, studies
elsewhere in Tanzania have reported that An. gambiae s.l. and An. funestus, are the most
important malaria vectors (Davis et al., 1995; Haji et al., 1996; Ijumba et al., 2002; Mwanziva
et al., 2008; Kigadye et al., 2010). Results from PCR assays indicate that only An. arabiensis
exists in this area during both wet and dry seasons. An. funestus which breeds in clear
shallow water, weedy side of streams and swampy areas were found in low numbers in
the area. The low abundance of An. funestus could be explained by the absence of typical
breeding habitats in the area.

The seasonal variation in mosquito abundance indicates its dependence on the rain.
The exophily of An. arabiensis could have an effect on the numbers of mosquitoes caught as
traps used were of indoor type. This behavioural pattern was also reported in a study
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conducted in the area by Smith, (1962) and also in other places in northern Tanzania
(Kulkarni et al., 2006; Mahande et al., 2007; Kweka et al., 2008).

Though CSP- ELISA was negative for identified An. pharoensis and An. coustani, the
blood meal test showed that An. pharoensis as well as An. coustani had fed on a human
which indicates their potential to transmit malaria. In a study conducted in Kenya to map
the distribution of malaria vectors (Okara et al., 2010), An. pharoensis was defined as one of
the important malaria vectors.  A similar anthropophilic tendency of An. coustani has been
reported from Zambia (Fornadel et al., 2010a).

Sporozoite rates depicts exposure rate of an individual to infected mosquitoes and
is an important parameter for defining transmission intensity and disease endemicity in an
area. The CSP-ELISA results show that the intensity of malaria transmission in this area is
low. The low level of endemicity makes this area suitable for malaria control and
elimination. There has been no larviciding or indoor residual spraying activities in the area
during recent years and therefore, the observed EIR could be attributed to other factors.

The blood meal analyses indicate various host preferences already reported by
various workers (Lefevre et al., 2009; Mahande et al., 2007; Shililu et al. 2004).  The results
indicate that malaria vectors in Magugu are both anthropophagic and zoophagic.
Although it is known that An. arabiensis is known to be strongly zoophagic (Habtewold et
al., 2001, 2004; Muriu et al., 2008), but this was not the case in our study where the results
suggests a relatively high anthropophagic tendency. Similar observations have been
reported by other studies (Tirados et al., 2006; Kasili et al., 2009; Fornadel et al., 2010b).

The reasons for low density of An. funestus in the areas could not be established.
An. funestus exists as complex species, and specific species were not established in this
study. The mosquito is known to breed in rice fields  (Ijumba et al.,2002; Mutero et al., 2004;
Muturi et al., 2006), which are common in the study area. An. funestus is an important
malaria vector in Tanzania and is known for its high human blood index (Temu et al., 2007)
and endophilic and anthropophilic behaviour (Mboera et al., 1998). However, like in our
study, in Madagascar An funestus was observed to be more zoophilic than anthropophillic
(Rajaonarivelo et al., 2004). Multiple blood meal sources 3.6% were noted in An. gambiae,
An. pharoensis and An. funestus. This is mostly attributed to the increased demand of energy
above the normal level during the oocytes development (Ramasamy et al., 2000) and
adaptation to this phenomenon expresses their potentiality to malaria parasite
transmission capability (McCall et al., 2001).

Comparatively low numbers of adult An. gambiae complex as compared to
abundant larvae could be due to washout by rain floods.  A similar picture was reported
by studies conducted in Kenya, Mali, Gambia and in Southern Africa (Klinkenberg et al.,
2003; Paaijmans et al., 2007; Mabaso et al., 2007; Majambere et al., 2010). However, it
expected that not all larvae would hatch to pupae and not all pupae emerge as adults.

In conclusion, this study has shown that An. arabiensis is the major malaria vector in
Magugu area and that the mosquito is to a large extent anthropoghagic. Only two An.
arabiensis mosquitoes were found positive for circumsporozoites. This EIR was considered
to be relatively low, indicating that malaria transmission in this area is low. The variability
in mosquito blood meal shows availability of variety of preferred blood meal choices and
impact of other factors inhibiting mosquito–human host contact. This study has provided
information considered useful in the mapping of the vector distribution and population
structure in the country. Such information is considered to important for planning malaria
control interventions.
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