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Abstract
The host preference of indoor resting Anopheles arabiensis has been determined using a direct enzyme-
linked immunosorbent assay. A total of 611 specimens, 258 from human dwellings, 179 from mixed
dwellings, and 174 from cattle sheds, was examined. The proportion of human blood meals identified was
highest from mosquitoes caught in human dwellings (91-5%), followed by those from mixed dwellings
(20-2%) and cattle sheds (3-5%) (P<0-0001). The smaller proportion of human blood meals from mixed
dwellings suggests that cattle may protect humans from A. arabiensis.
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Introduction

Two members of the Anopheles gambiae complex are
known to exist in Ethiopia: 4. arabiensis and A. quadri-
annulatus (see WHITE et al., 1980). The complex is
found in all administrative regions (O’CONNOR, 1967).
A. arabiensis is the most important malaria vector in the
country (WHITE et al., 1980). It is also a vector of filaria-
sis in Gambella, western Ethiopia, the only place where
filariasis is endemic (MCCONNELL & SCHMIDT, 1973).

The primary objective of identifying blood meals is to
obtain an indication of the degree of biting contact be-
tween a specified mosquito population and humans.
This information could be useful in planning and evalu-
ating malaria control measures (GARRETT-JONES et al.,
1980). The presence of domestic animals has been asso-
ciated with a decrease in malaria transmission rates due
to ‘zoophilic deviation’ (BRUCE-CHWATT ez al., 1966).
In some parts of Africa zooprophylaxis is used against
mosquitoes such as A. arabiensis; cattle are intentionally
kept near or inside houses to divert mosquitoes from hu-
mans to cattle (BURKOT, 1988); this is common in
southern Ethiopia. The need to assess the impact of
community practices deliberately to deflect mosquitoes
from humans has been emphasized by GARRETT-JONES
et al. (1980).

In this paper we report the results of an investigation
of the host preferences of indoor resting 4. arabiensts in
6 areas of Ethiopia where malaria is endemic.

Materials and Methods
Study areas

This study was carried out from May 1995 to October
1995 in 6 malarious localities in east, south, and west
Ethiopia. Ledi and Alibeti are localities in the east; the
people are mainly pastoralists, occasionally practising
small scale agriculture. The inhabitants of Sille in the
south are mostly state farm workers; in some families a
few cattle are usually kept; in Erbore, further south, the
people are pastoralist. Itang and Jawe are both in west-
ern Ethiopia. Cattle keeping is predominant in Itang
while in Jawe the main activity is subsistence level agri-
culture, honey gathering and hunting.

Mosquito collection

Mosquitoes were collected from Ledi, Alibeti, Sille
and Erbore in May 1995, and from Itang and Jawe in
October 1995, Indoor resting mosquitoes were collect-
ed between 05:00 and 07:00, using mouth aspirators.
Mosquitoes collected from human dwellings, cattle
sheds and mixed dwellings were labelled and kept sepa-
rately.

The morphological keys of VERRONE (1962) were
used to identify A. gambiae s.l. Mosquitoes were then
kept in cages for one day to increase the number of half-
gravid females. A representative group was kept sepa-
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rately for later cytogenetic identification (COLUZZI et
al., 1979) after anaesthetizing them with chloroform.
Most of the specimens were dried in paper cups and
then transferred to small vials for blood meal identifica-
tion.

Blood meal identification

The direct enzyme-linked immunosorbent assay (ELI-
SA) described by BEIER et al. (1988), with a slight mod-
ification, was used to test mosquitoes for human and
bovine immunoglobulin (Ig). Each mosquito’s abdo-
men was crushed in 125 pL of phosphate-buffered sa-
line (PBS) and 50 pL of the triturate was added to flat-
bottomed 96-well microtitre plates (Linbro, USA); 50
UL of peroxidase-conjugated anti-human IgG (A-8419,
Sigma, USA) or the same volume of peroxidase-conju-
gated anti-bovine IgG (A-8917, Sigma, USA) were then
added. Both conjugates were diluted 1:2000 in 0-5%
boiled casein containing 0:025% Tween-20™ (Sigma,
USA). Finally, 100 uL of 2,2’-azino-bis-[3-ethylbenz-
thiazoline-6-sulphonate]) were added to each well.

Absorbance at 405 nm was recorded with an ELISA
reader (Labsystems Multiscan™ MCC 340, Finland)
30 min after the addition of ABTS. Human and bovine
blood dried on filter paper were used as positive con-
trols, while male anopheline mosquitoes served as neg-
ative controls; both controls were included on each
plate. Samples were considered positive when their ab-
sorbance values were greater than the mean value plus 3
times the standard deviation obtained with 4 negative
control wells.

Results

Of 611 A. arabiensis collected from different habitats,
325 (53-2%) gave a positive reaction to either human or
bovine blood, or both. The highest proportion of human
blood was found in mosquitoes collected from human
dwellings, followed by mixed dwellings and cattle sheds
(Table); the differences were statistically significant
(P<0-0001).

Some bovine meals were recorded from human dwell-
ings, and some human meals from cattle sheds. The
highest proportion of mixed feeds came from mixed
dwellings (i.e., those inhabited by both humans and cat-
tle). The differences in the proportions of mixed feeds
were not significant, except for that between mixed and
human dwellings (P=0-05). Among specimens from
mixed dwellings, the bovine proportion was more than
3 times higher than the human-fed proportion (Table).

Discussion

Higher proportions of human blood meals in mosqui~
toes collected from human dwellings than from the
mixed dwellings and cattle sheds is to be expected.
WHITE et al. (1980) reported a human blood index of
100% for A. gambiae s.1. collected from houses in Jim~
ma, and KRAFSUR (1971) also reported a similar result
in Gambella, both in Ethiopia. In another study which
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Table. Identification® of blood meals of indoor resting Anopheles arabiensis collected from different

habitats in Ethiopia

Proportion Blood meal®
Origin No. tested identified Human Bovine Mixed
Human dwelling 258 50-4% 119(91-5%) 9 (6:9%) 2(1-5%)
Cattle shed 174 49-4% 3 (35%) 82(95-3%) 1(1-2%)
Mixed dwelling 179 60-9% 22(20:2%) 79(72-5%) 8(7-3%)

2]dentified by enzyme-linked immunosorbent assay.

bPercentages shown are calculated in relation to the total number identified.

involved different habitats around Jimma, the highest
human blood proportion was found in mosquitoes from
human dwellings followed by those from mixed dwell-
ings, animal sheds and pit shelters (GARRETT-JONES et
al., 1980).

ADUGNA & PETROS (1996), in Ethiopia, recorded a
higher proportion of human blood meals in 4. gambiae
s.l. from both mixed dwellings (88%) and cattle sheds
(43%) than we and other workers (GARRETT-JONES et
al., 1980) have found, and, in India, JOSHI ez al. (1988)
found 4% and 93% of human and bovine blood meals,
respectively, in A. culicifacies collected from human
dwellings. In a world-wide review of mosquito blood-
feeding, GARRETT-JONES (1964) reported that the per-
centage of anophelines collected from human dwellings
which contained human blood varied from 15-8% to
97-5%, while in samples from animal sheds it was
0:2-35%; the differences were significant at the 5% level
for all samples except for 4. superpictus in Cyprus. The
presence of bovine-fed mosquitoes in human dwellings
and human-fed mosquitoes in cattle sheds is possibly
due to mosquitoes which have fed outdoors on one or
other of these hosts later resting in cattle sheds or hu-
man dwellings.

Mixed feeding by mosquitoes is common (SHALABY
1969; GARRETT-JONES et al., 1980; RUBIO-PALIS er al.,
1994), and its epidemiological implication is controver-
sial (BOREHAM & GARRETT-JONES, 1973; BURKOT et
al., 1988). However, the loss of a certain number of spo-
rozoites in non-human hosts during mixed feeding
could be of importance in malaria control.

The fact that we found a higher proportion of bovine
feeds than human feeds in mosquitoes caught in mixed
(bovine plus human) dwellings indicates a preference of
A. arabiensis for cattle. This finding is in accordance
with previous studies in Nigeria, Madagascar, Tanza-
nia, Burkina Faso, Kenya and elsewhere (WHITE et al.,
1972; WHITE & ROSEN, 1973; WHITE, 1974; HIGHT-
ON ez al., 1979). These reports suggest that cattle could
play a role in reducing transmission of malaria by A. ara-
biensis by distracting the vector.

On the other hand, SCHULTZ (1989) has observed
that the human-biting rate of A. flavirostris in the Philip-
pines increased in the presence of other animals and
HEWITT ez al. (1994) observed this with A. stephensi in
Pakistan. Additionally, the prevalence of malaria trans-
mitted by A. aconitus in Indonesia was found to be high-
er when cattle were nearby (KIRNOWORDOYO &
SUPALIN, 1986) and a study in Pakistan gave similar re-
sults (BOUMA & ROWLAND, 1995). In our study, the
lower proportion of human than bovine blood meals in
mosquitoes collected from mixed dwellings is contrary
to the findings of SCHULTZ et al. (1989) and HEWITT et
al. (1994). It is clear that conclusions regarding zoo-
prophylaxis must be confined to specific hosts and mos-
quito species. These conflicting reports indicate the
need for further controlled studies on the potential of
livestock to divert mosquitoes from humans.

However, previous reports (WHITE er al., 1972;
WHITE & ROSEN, 1973; WHITE, 1974; HIGHTON et al.,
1979; GARRETT-JONES et al., 1980) and the present
study indicating a preference of A. arabiensts for cattle
suggest that this species, at least in certain areas, is a

possible candidate for zooprophylaxis of malaria.
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