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Estimation of malaria transmission intensity in Sennar

state, central Sudan
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ABSTRACT Understanding the behaviour of malaria vectors is crucial for planning mosquito control programmes.
The aim of this study was to estimate the malaria transmission intensity in 2 different ecological zones in a highly
endemic malaria area of Sennar state in central Sudan over the main transmission period. Species confirmation
by PCR indicated that Anopheles arabiensis was the only malaria vector in the study area, with high anthropophilic
behaviour (84.9% human-feeding). ELISA studies showed Plasmodium falciparum sporozoite rates rose from
1.8% to 4.5% and the average entomological inoculation rates rose from 2.4 to 4.2 infectious bites per person per
night in September (the beginning) to November (the end) of the 3-month transmission season. The proportion
of malaria-positive slides ranged from 50.1% to 57.0%. The proportion of human-blood positive mosquitoes was
significantly higher in the irrigated area (El Booster) compared with the non-irrigated area (Rahal).

Estimation de l'intensité de la transmission du paludisme dans I'Etat de Sennar (centre du Soudan)

RESUME La compréhension du comportement des vecteurs du paludisme est cruciale pour la planification
des programmes de lutte contre ces moustiques. L'objectif de la présente étude était d'estimer, pendant la
principale période de transmission, l'intensité de la transmission du paludisme dans deux zones écologiquement
différentes de I'état de Sennar, au centre du Soudan, ou le paludisme est fortement endémique. La confirmation
de I'espece par la méthode PCR a indiqué qu'Anopheles arabiensis était le seul vecteur du paludisme présent
dans lazone étudiée, et qu'il avait un comportement hautement anthropophile (alimentation d'origine humaine
a 84,9 % ). La méthode ELISA a révélé que les taux sporozoitiques de Plasmodium falciparum avaient augmenté
de 1,8 % a4,5% et les taux d'inoculation entomologique moyens de 2,4 a 4,2 piqures infectieuses par personne
et par nuit entre septembre, le début de la période, et novembre, c'est-a-dire la fin de la saison de transmission
qui dure trois mois. La proportion de lames positives pour le paludisme allait de 50,1 % a 57,0 %. La proportion
de moustiques positifs pour le sang humain était significativement plus elevée dans la zone irriguée (El Booster)
que dans la zone non irriguée (Rahal).
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Introduction

Malaria is a major health problem in
Sudan. With the exception of a small
area at the Sudan—Egypt border, the
whole population is considered to be
at risk of infection. More than 95% of
malaria cases in Sudan are due to Plas-
modium falciparum 1] and mosquitoes
of the Anopheles gambiae complex Giles
are the main vectors [2—6]. As malaria
transmission in Africa is characterized
by complex species heterogeneity, un-
derstanding the factors that facilitate
transmission are very important in tar-
geted malaria control and eradication
programmes.

The sporozoite infection rate (SR)
of the mosquito population is a power-
ful and sensitive measure for describing
the epidemiology of malariain a particu-
lar area. It is also used to determine the
entomological inoculation rate (EIR),
to establish both vector identity and dif-
ferences in transmission intensity over
space and time and for the assessment
of malaria control programmes. The
EIR estimates the level of exposure to P.
falciparum-infected mosquitoes. It is the
most common measure for assessing
malaria endemicity and transmission
intensity and is particularly useful when
estimating the effect of human—vector
contact [7]. SR and EIR are largely de-
pendent on environmental conditions
and would be expected to vary seasonal-
ly. Studies have compared transmission
intensity in different ecological zones
and have reported significant variations
in the transmission intensity of malaria
between rural and urban settings within
the same locality and even between
villages separated by short distances
[8]. Development of enzyme-linked
immunosorbent assays (ELISA) for the
detection of circumsporozoite protein
provide an effective tool for determina-
tion of the infection rates in mosquitoes
and the consequent incrimination of
malaria vector(s) [9] and for identify-
ing the blood meals of vectors [10].
Understanding the feeding preferences

of a given malaria vector has paramount
epidemiological importance in selec-
tion of the appropriate vector control
measure(s).

In the present study, we used poly-
merase chain reaction (PCR) for the
identification of the vector responsible
for malaria transmission and ELISA
to determine the SR and blood-meal
sources of the malaria vectors in an area
of central Sudan characterized by highly

seasonal malaria transmission.

Study area

The study was conducted in Sennar
state which lies in a rich savannah region
between latitude 12.5°-~14.7° N and
longitude 32.9°-35.4° S in central east-
ern Sudan. It shares borders with Gezira
state in the north, White Nile and Up-
per Nile states in the west, Gadarif state
in the east and Blue Nile state and Ethio-
pia in the south. The summer extends
from March to May, with average daily
temperatures of 32-40° C and relative
humidity of 25%. The rainy season starts
early in June and continues until Sep-
tember. Winter starts in October with
average daily temperatures of 20-25 °C
[Sudan Meteorological Services, 2005,
unpublished].

The population is close to 2 million.
The study area is characterized by stable
and highly seasonal malaria transmis-
sion. For the purpose of this study the
following sites were selected:

o Rahal area (33°55'E, 13°10' N); lies
in central-east Sennar and it is an ur-
ban area. Most of the people work as
employees in different organizations
orhave their own jobs. The houses are
generally well-constructed. Around
90% of the people, especially children,
use impregnated or non-impregnated
bednets. The main mosquito breed-
ing sites are rain pools.

o El Booster area in western Sennar
(33°36' E, 13°32' N). It lies in the
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middle of cotton and sugarcane agri-
cultural schemes. Most of the people
are working in farming in cotton and
sugar schemes. The houses are poorly
constructed and the use of bednets is
not common. The breeding sites are
mainly rain pools and different types
of drains.

Ethical approval for this project
was obtained from the national ethics
committee and the ethics committee
of the Institute of Endemic Diseases,
University of Khartoum.

Mosquito sampling and
processing

Mosquito collections

Entomological surveys were conducted
during the main malaria transmission
months between September and No-
vember 2008. Mosquito collections
were made once per month from each
site from 7 randomly selected rooms
by using the pyrethrum spray catch
method. Mosquitoes were sorted ac-
cording to their feeding status as unfed,
fresh fed, half-gravid and gravid and
then identified to species based on
morphological characteristics [11].
Specimens resembling An. gambiae were
individually preserved in labelled tubes
containing silica gel and stored at room
temperature until further processing.

Species identifications using PCR
Females belonging to the An. gambiae
complex were identified to species using
the PCR technique described by Scott
etal. [12]. A small segment from a leg
of a mosquito was placed directly into
reaction mixture containing species-
specific primers, dNTPs, buffer and
polymerase. The resultant amplicon
was detected on 2% agarose gel stained
with ethidium bromide.

Detection of sporozoite infections

For detection of sporozoite infections,
circumsporozoite ELISA was carried
out as previously described [9,13]. In
brief, the head and thorax of each mos-
quito were separated from the abdo-
men and tested for the presence of P.
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falciparum circumsporozoite antigen.
Mosquitoes were ground in 50 pL of
boiled casein containing (Igepal CA
630) and the final volume was brought
to 250 uL with blocking buffer; S0 uL
of the triturate was used in sporozoite
enzyme-linked immunosorbent assays.
Positive reactions were determined
visually and spectrophotometrically.
All ELISA chemicals were obtained
from Sigma and the reagents (MAPs
and peroxidases) were provided by the
US Centers for Disease Control and
Prevention and Kirkegaard and Perry
Laboratories Inc.

Identification of blood-meal sources

All blood-fed An. arabiensis were tested
against anti-human antigens using the
ELISA method of Bier et al. [ 14]. Mos-
quito abdomens were ground in 50
uL grinding buffer and completed the
total volume to 450 pL; 50 pL of mos-
quito homogenate was used for blood
meal detection. Positive samples were
determined visually and spectrophoto-
metrically.

Calculation of SR and EIR

SR was calculated by dividing the
number of mosquitoes positive for
P. falciparum by the number of tested
mosquitoes. The EIR, expressed as the
number of infectious bites per person
per unit time, was derived as a product
of the SR and the human biting rate
[15]. The monthly EIRs were derived
by multiplying the daily EIR [infectious

bites per person per night (ib/p/n)] by
30 days.

Parasitological data

Parasitological data on the prevalence
of malaria in the area were obtained
from the malaria health authority’s
reports (State Ministry of Health, cen-
tral Sudan). These data were used to
correlate entomological parameters
with the prevalence of malaria in the
study area.

Statistical analysis

Data entry was performed using the
Microsoft Excel program. SPSS, ver-
sion 11.5 software was used for data
analysis. Frequency distributions were
calculated. Student t-test was used to
evaluate whether there was a significant
difference between measures from the 2
areas. The level of P < 0.0S5 was used to
indicate statistical significance.

Vector identification

A total of 970 anopheline mosquitoes
were collected. Morphological iden-
tification and subsequent application
of species-specific PCR analysis con-
firmed that An. arabiensis was the only
member of the An. gambiae complex in
the study area. Out of 412 mosquitoes
(randomly selected) 370 (89.8%) were
identified as An. arabiensis.

Sporozoite infection rate

All An. arabiensis were tested for the
presence of P. falciparum sporozoite and
30 specimens were found to be posi-
tive. The mean positivity rates over the
3-month period were 4.2% (SD 2.0%)
and 2.3% (SD 0.8%) in El Booster and
Rahal areas respectively (P > 0.05). The
SR values increased from September
through to November in each area
(Table 1) and both areas combined
(Figure 1).

Blood-meal sources
A total of 360 An. arabiensis collected

from the study sites were tested for
human blood and 307 mosquitoes
(85.3%) were positive for human blood.
The proportion of mosquitoes that were
human-blood positive was significantly
higher in El Booster (86.9%) than in
Rahal (82.9%) (P=0.01).

Entomological inoculation
rate

The mean EIR over the 3-month
transmission season was significantly
higher in El Booster [5.6 (SD 2.0)
ib/p/n] than Rahal [2.1 (SD 0.5)
ib/p/n ] (P =0.01). The EIR in the
2 areas combined increased from
September through to November
(Figure 1). The highest EIR values
were recorded in November in each
area: 6.8 and 2.5ib/p/n for El Booster
and Rahal respectively.

Measure/area

Sporozoite rate (%)
El Booster
Rahal

Entomological inoculation rate (infectious
bites/person/night)

El Booster
Rahal

Table T Monthly sporozoite and entomological inoculation rates in the 2 study areas of Sennar state, central Sudan

21 44
14 2.5
3.3 6.6
1.5 2.3

Mean (SD)

6.0 4.2(2.0)
3.0 2.3(0.8)"
6.8 5.6 (2.0)
25 21(0.5)P

aP > 0.05;"P=0.01 between the 2 areas.
SD = standard deviation
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Relationship between
parasitological and
entomological parameters
Theproportion ofmalaria-positivesslides
rose from 50.1% in September through
to 57.0% in November. High positive
correlations were found between the

proportion of malaria-positive slides
and both SR (0.88) and EIR (0.90)

(Figure 1).

Discussion

Information concerning the species

composition, biology and behaviour
of malaria vectors is crucial for under-
standing the vector’s epidemiological
role in malaria transmission and there-
fore for designing and planning control
programmes. Previously, vector identifi-
cation in Sudan was conducted through
morphological studies which indicated
that the principal vector of malaria in the
country was An. gambiae sl. The subse-
quent genetic studies (crossing experi-
ments) revealed that the only member
of An. gambie found in central Sudan
was An. gambiae species B [16,17]. This
was followed by cytotaxonomy stud-
ies which showed that An. arabiensis
was the only malaria vector in central

5.0 T
4.5
4.0 A
3.5 1
3.0 +
25 A
201 18
1.5 A
1.0 A
0.5 1
0.0 -

4.5

3.4

% of mosquitoes

Sep. Oct. Nov.

(a) Sporozoite rate

Sudan [5]. The non-extracted DNA
protocol of Scott et al. has been shown
to be sensitive [12], easy and suitable
for routine work as large number of
samples can be identified in a single
day [18]. In the present study, we used
the PCR technique in order to confirm
the species identification carried out
earlier in Sudan. Our results confirmed
that An. arabiensis was the only member
of An. gambiae complex present in the
study areas.

In this study we found that the SR
ranged from 1.4% to 6.0%. The highest
rates were reported during the peak of
the transmission season (November)
in both sites, when the conditions are
less favourable for breeding and the
vector population is mostly composed
of older mosquitoes [19]. The infectiv-
ity rates in both study sites were found
to be within the normal range reported
for members of An. gambiae complex
[20]. Increases in SR were observed
from the beginning of the transmis-
sion season (September) to the peak of
the rainy season (November) in both
areas. A relatively broad range of SRs
have been recorded in other African
countries [21-23]. In central Sudan, no
sporozoites were detected in all dissec-
tions carried out in the Blue Nile health

4.2
35 3.3

25 2.4

Infectious bites per person per night

0.5 1

Sep. Oct. Nov.

(b) Entomological inoculation rate
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project area which covered the Gezira
irrigation in the period between 1981
and 1989. However, Elsafi reported a
SR 0f 0.45% in Gezira area of central Su-
dan in 1992 [unpublished data], while
in the Gadaref area of eastern Sudan,
a SR of 1.44% was reported during the
malaria transmission season of 1995
[6]. The relatively high SRs recorded in
the present study could be explained the
high anthropophilic feeding behaviour
of An. arabiensis in the absence of other
animals. In addition, all samples of the
current study were collected during the
malaria transmission season.

Malaria transmission intensity is
best expressed as the EIR, which di-
rectly reflects the exposure of humans
to pathogenic Plasmodium spp. parasites
[24]. It has been observed that EIR val-
ues in Africa vary widely both spatially
and temporally from 0 to 884 infectious
bites per person per year [25], with rural
areas experiencing higher intensities of
transmission than urban areas [24]. In
the present study we compared 2 sites
representing rural and irrigated areas
in order to get more accurate informa-
tion on variations in the transmission of
malaria in different environmental and
ecological situations of this region. Ir-
rigation schemes provide ideal breeding

60.0 7 57.0

50.1 50.2

50.0 +
40.0 +

30.0 +

% of slides

20.0 A

10.0

0.0 -
Sep. Oct.  Now.

(c) Malaria-positive slides rate

Figure 1 Monthly sporozoite rate, entomological inoculation rate and proportion of malaria-positive slides in the 2 study
areas of Sennar state, central Sudan (combined data)
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sites for malaria vectors in Africa [26].
However, no simple association has
been found between irrigation and the
degree of exposure to malaria parasites
(EIR) as measured using classical
entomological methods [27,28]. Our
results indicated that exposure to ma-
laria infection was significantly higher
in the study population of the irrigated
area (El Booster) compared with the
non-irrigated area (Rahal). This result
is in agreement with a previously study
carried out in Ghana [28].

A number of studies have reported
that the high EIR values and therefore
high risk of exposure to infective bites
usually occur during the wet seasons
in which 75% of the annual EIR is re-
corded [24]. Our results showed that
the overall EIR ranged between 1.5-6.9
ib/p/n. These values were comparable
to other EIR values reported from dif-
ferent African countries,; for example,
in Kenya Shililu et al. reported a range of
0-71ib/p/ts [29]. Furthermore, ranges
of 3-S5 ib/p/ts and 5-12 ib/p/ts were
reported from Gambia and Burundi
respectively [30,31]. Nonetheless the
highest ranges of EIR (122-702 ib/ p/
ts) have been recorded from Tanzania
[2632].

We noted an increase in the risk of
malaria infection from the beginning of
the malaria transmission season (Sep-
tember) through to the end of the ma-
laria season (November), as indicated
by the increases in SR and EIR values.
A signiﬁcant positive correlation was
found between the SR, EIR and the
proportions of malaria-positive slides
reported during the study months.

References

Identification of blood-meal sourc-
es for mosquitoes is an important fac-
tor in the study of malaria transmission
and vectorial capacity [33]. Also feed-
ing behaviour is of great importance
with respect to the planning of vector
control programmes [34]. Our overall
results of blood-meal analysis showed
that the main source of blood for the
majority (almost 85%) of An. arabiensis
was human. Generally, An. arabiensis is
regarded as being more exophilic, ex-
ophagic and zoophilic than An. gambiae
s.s, but although it is a highly efficient
vector of malaria [34], it appears to be
an east—west behavioural cline. For An.
arabiensis populations in West Africa,
the proportion of blood meals from hu-
mans has been reported as 80%—100%
indoors, with most feeding and resting
occurring indoors [35S]. By contrast, in
East Africa, a greater proportion of An.
arabiensis feed on cattle and rest out-
doors. In Tanzania, for example, White
et al. reported human blood indices of
61% and 7% for samples collected in-
doors and outdoors, respectively [36].
These behavioural differences may be
linked to observed genetic variability
[37] and the opportunistic behaviour
of An. arabiensis [38]. However, the
high rate of feeding on humans in
this study showed that humans were
indeed the preferred host, and An.
arabiensis is highly anthropophilic.
These results confirmed a previously
published report from Ethiopia [39].
In the current study the proportion
of human-blood positive mosquitoes
was significantly higher in El Booster
compared with Rahal. This could be

explained by the fact that inhabitants
of Rahal area tend to keep cattle and
other grazing animals around their set-
tlements and these animals may have
a zooprophylactic effect. In this study,
the high percentage ofindoor collected
An. arabiensis females from the 2 areas
were found to be fed on humans. Thus,
the use of long-lasting insecticidal nets
and residual spraying are the most suit-
able measures for malaria control in
central Sudan.

| Conclusions S

This study confirmed that An. arabien-
sis is the only member of An. gambiae
complex present in Elbooster and Rahal
areas of Sennar state. Malaria in central
Sudan is highly seasonal with the peak
during the known transmission season
occurring in November.
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