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Abstract

To verify the possible impact of irrigated urban agriculture on malaria transmission in cities, we studied entomological
parameters, self-reported malaria episodes, and household-level data in the city of Kumasi, Ghana. A comparison was made
between city locations without irrigated agriculture, city locations with irrigated urban vegetable production, and peri-urban (PU)
locations with rain-fed agriculture. In the rainy as well as dry seasons, larvae ofAnophelesspp. were identified in the irrigation
systems of the urban farms. Night catches revealed significantly higher adult anopheline densities in peri-urban and urban
agricultural locations compared to non-agricultural urban locations. Polymerase chain reaction (PCR) analysis ofAnopheles
gambiaesensu lato revealed that all specimens processed wereA. gambiaesensu stricto. The pattern observed in the night
catches was consistent with household interviews because significantly more episodes of malaria and subsequent days lost due
to illness were reported in peri-urban and urban agricultural locations than in non-agricultural urban locations. In Kumasi, urban
agriculture is mainly practised in inland valleys, which might naturally produce more mosquitoes. Therefore more detailed
studies, also in other cities with different water sources and irrigation systems, and a better spatial distribution of sites with and
without urban agriculture than in Kumasi are needed.
© 2003 Elsevier B.V. All rights reserved.

Keywords:Anopheles; Urban agriculture; Malaria transmission; Economic impact; Irrigation; Ghana

1. Introduction

In Ghana, malaria is the single most important cause
of morbidity accounting for about 45% of all out
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patients’ attendance. In 2001, it accounted for 22%
of under-5 mortality (MOH, 2001). A review of ur-
ban malaria transmission in Africa byRobert et al.
(2003)concluded that in general malaria transmission
and anopheline density are lower in urban areas than
in rural areas. However, there can be large variations
in transmission potential in different city areas and the
rapid, especially informal, city development will have
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major implications for malaria epidemiology (Warren
et al., 1999; Robert et al., 2003). In Africa, the cur-
rent urban population growth rate of 3.5% is more
than thrice the rate of the rural population growth
and by 2015 (2030) there will be 25 (41) countries
in Sub-Saharan Africa with higher urban than rural
populations (UN-Habitat, 2001).The majority of this
development is outpacing city infrastructure, such as
sanitation, and urban planning. A specific informal
sector is urban agriculture, which has been interna-
tionally recognised as a means to increase food supply
in the growing cities and at the same time contribute
to improved nutrition, employment and poverty alle-
viation (UNDP, 1996). For the city of Kumasi, Ghana,
it is estimated that 90% of all lettuce, cabbage and
spring onions consumed in Kumasi are produced in
the city itself with the rest coming from peri-urban
(PU) and rural areas (Cofie et al., 2001). In order to
sustain the production of vegetables around the year,
these urban farms are irrigated, making use of any
water source available. Many urban vegetable farm-
ers occupy lowlands or inland valleys and dig shallow
wells or construct conduits to divert water from small
streams onto their farms to provide the needed water.
These simple irrigation systems, however, could create
“rural spots” in the sense of breeding sites for malaria
vectors in the city (Birley and Lock, 1999), where
malaria prevalence, otherwise, is considered low com-
pared to the surrounding rural areas (Gardiner et al.,
1984; Sabatinelli et al., 1986; Trape, 1987). Although
several studies mention breeding of anophelines in ur-
ban agricultural sites (Vercruysse et al., 1983; Warren
et al., 1999; Trape and Zoulani, 1987; El Sayed et al.,
2000), we only know about two studies in Sub-Saharan
Africa that have investigated the impact of urban agri-
culture on malaria transmission in cities.Dossou-Yovo
et al. (1994, 1998)found high anopheline densities
but low sporozoite rates in areas bordering rice culti-
vation in the city of Bouaké, Ivory Coast, concluding
that rice fields did not seem to notably have modified
malaria transmission.Robert et al. (1998)conclude
from a study on market garden wells in Dakar, Sene-
gal, that although wells serve as breeding grounds for
anophelines they might not be the most important, i.e.
other sites might be more important in sustaining the
mosquito population. The exact role of urban agricul-
ture in malaria transmission remains unclear and will
need further investigation. A recent electronic confer-

ence on urban agriculture organised by FAO-RUAF1

highlighted the urgent need of more quantitative data
on the malaria risk of urban agriculture (Lock and De
Zeeuw, 2001). Therefore a study was launched by the
International Water Management Institute (IWMI) and
collaborators to investigate the magnitude and impact
of irrigated urban agriculture on malaria transmission
taking the city of Kumasi, Ghana as example.

2. Materials and methods

2.1. Study area

The study was conducted within urban and
peri-urban Kumasi, the second largest city in Ghana,
located in the rainforest zone of West Africa with
a population of 1.2 million inhabitants (Ghana
Statistical Service,2002). Kumasi is located between
latitude 6◦30′ and 7◦00′N and longitude l◦30′ and
2◦00′W. It has a wet semi-equatorial climate with an
annual rainfall of around 1400 mm with two distinct
rainy seasons. The mean annual temperature is 25.7◦C
with a humidity ranging from 53 to 93%. Ten loca-
tions were selected in the urban area (Fig. 1), of which
five represented urban areas with irrigated agriculture
(UA) and the other five urban areas without agriculture
(UW). In addition, five locations were selected in the
peri-urban area around Kumasi for comparison. The
peri-urban area of Kumasi had previously been defined
by the Natural Resources Institute, UK, as a radius
of 40 km around the city (Adam, 2001). The urban
boundary was adapted from the Kumasi Metropoli-
tan Assembly. The selection of sites within the city
was constrained by the actual location of open-space
urban agricultural sites, which were concentrated in
the eastern part of town. For logistical reasons (night
catch co-ordination) the peri-urban locations were
chosen relatively close to the fringe of the city.

2.1.1. Urban areas without agriculture (UW)
These locations were purely residential settle-

ments with no irrigated open-space vegetable farm-
ing. However, there was some backyard cropping of

1 FAO = Food and Agricultural Organization of the United
Nations; RUAF = Resource Center for Urban Agriculture and
Forestry.
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Fig. 1. Map of Kumasi with major roads and urban area as
categorised byAdam (2001)indicating the location of the study
sites (UW urban without irrigated agriculture; UA: urban with
irrigated agriculture; PU: peri-urban).

non-irrigated staple crops such as maize, plantain and
cocoyam, which is very common all over Kumasi.

2.1.2. Urban areas with irrigated agriculture (UA)
These were locations within the city, often in low-

lands or inland valleys with irrigated vegetable pro-
duction of, e.g. lettuce, cabbage, spring onions, sweet
pepper and carrots. Individual farm sizes were around
0.1–0.2 ha, while the whole area under cultivation
ranged between 3 and 20 ha per location. The common
irrigation system was informal, often consisting of
shallow dugout wells, from which water was fetched
with watering cans. In other locations, it consisted of
earth conduits from a nearby stream directing water
to furrows between raised beds on which vegetables
were cultivated. There were between 2 and 36 dugout
wells in such locations depending on the area under
cultivation.

2.1.3. Peri-urban areas (PU)
These were locations close to Kumasi with ur-

ban and rural characteristics representing Kumasi’s
rural–urban interface (Adam, 2001). Agriculture in
these locations was mainly rain-fed with staple crops
like maize, cassava and cocoyam.

Our studies were conducted in the dry season (Jan-
uary to March 2002) and in the rainy season (June to
September 2002). A pilot sampling over 10 weeks was
carried out in the 2001 rainy season (June to Octo-

ber) in the same sampling locations. In the 2002, rainy
season only three locations rather than five could be
sampled in each area due to logistical limitations. Dur-
ing the sampling periods, daily temperatures ranged
from 19.4 to 37.8◦C with an average daily tempera-
ture of 28.5◦C in the dry season. In the rainy season,
daily temperatures ranged from 19.0 to 35.5◦C with
an average daily temperature of 25.8◦C. In the dry
season, between January and March 2002, total rain-
fall was 67.1 mm, while in the rainy season, between
June and September 2002, total rainfall was 523.5 mm
(data from Meteorological Service Department, Ku-
masi Airport, unpublished).

2.2. Larval sampling

In each selected location, an inventory was made of
anopheline breeding sites by walking through the area.
Breeding sites were described according to habitat
characteristics, e.g. degree of exposure to sunlight and
presence or absence of vegetation in the water. Col-
lection of larvae took place during the same period as
night catching of adult mosquitoes (see below) using
standard dipping technique afterService (1993). Spec-
imens were brought to the laboratory for subsequent
breeding to adult stage for morphological identifica-
tion using the key ofGillies and De Meillon (1968).

2.3. Adult sampling

Adult mosquitoes were collected using consenting
enumerated male students working in pairs and in ro-
tation as human baits. Mosquitoes were caught weekly
outdoors during the night at different designated hu-
man settlements within each area (UW, UA and PU)
from 9:00 p.m. to 5:00 a.m. for 10 weeks. Sampling
at the 15 sites was done as follows: at three nights
per week mosquitoes were caught simultaneously at
five different sites. One person was allowed to catch
at a time, and mosquito numbers were recorded on
an hourly basis. Monthly man biting rates (MBR)
were calculated by multiplying the average number
of mosquitoes caught per man night per site by 30
days for a month. Mosquitoes caught were brought
to the laboratory for identification and the specimens
of Anophelesspp. were dissected for their parity. To
the parous adults, a standard Vectest malaria panel
‘dipstick’ assay was applied to determine sporozoite
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infection rate (Ryan et al., 2001). The entomological
inoculation rate (EIR) was calculated by multiplying
the sporozoite rate(s) with the man biting rate during
the night.

2.4. Mosquito identification

The polymerase chain reaction (PCR) technique
was used to distinguish between members of the
Anopheles gambiaecomplex present in the three
study areas. AdultA. gambiaefrom the night catches
as well as the larvae from the breeding sites that were
raised to adults were processed. DNA was extracted
from single mosquito legs after the method described
by Collins et al. (1987). Five microlitres of the sam-
ple DNA was used as template for PCR amplification
of a species-specific rDNA segment. Each PCR was
run for 35 cycles following standard conditions after
Scott et al. (1993)using an annealing temperature
of 55◦C for the oligonucleotide primers. The PCR
products were analysed by electrophoresis on a 1.8%
agarose gel.

2.5. Household surveys

Household questionnaire surveys were done in the
selected 15 locations in both seasons to record house-
hold characteristics, malaria episodes, days lost due to
malaria, use of preventive measures and behavioural
practices such as sitting outside at night. In both sea-
sons, 330 households were surveyed in each of the
urban areas (UW and UA) and 340 households in the
peri-urban area. The questionnaires were in principle
addressed to the mother in the household as she was
expected to best know the health history of the house-
hold members. In case the mother was not in, the
questions were addressed to the father of the house-
hold, which happened in a minority of cases. House-
hold members of 18 years and older were asked to
recall the number of malaria episodes over the last 3
months and the number of days lost due to illness. For
children below 18 years of age, the same data were
obtained from the mother. To better asses whether ill-
ness episodes reported were really due to malaria, peo-
ple were asked for the symptoms. Symptoms used to
classify episodes as malaria were vomiting, headache,
nausea, being hot but cold, shivering and loss of ap-
petite. In addition, it was asked what type of treatment

the person had taken to cure the illness. Based on this
the interviewer decided if an episode had to be classi-
fied as malaria. There were only three interviewers to
reduce possible inter-observer bias. A household was
defined as the parents and their immediate family, i.e.
the woman, her husband and the children under their
care. People who were Part of the family but did not
sleep in the house were not considered.

2.6. Statistical analysis

Statistical analysis was carried out with SPSS and
Statview. ANOVA was used for household data and to
test whether differences in mosquito numbers between
areas were significant. The Scheffe post hoc test was
used to see which groups significantly differed. Data
were usually normally distributed, but to obtain ho-
mogeneity of variances, mosquito numbers were log
transformed where necessary. For the dry season, sta-
tistical tests were carried out on the summed value of
the 10 weeks of catches, as variances were not ho-
mogenous because of many nights during which no
mosquitoes were caught. For the rainy seasons statis-
tics were performed on daily numbers as these were
normally distributed with homogeneity of variances
after log transformation. Mann–Whitney test was used
to test for differences between dry and rainy season
mosquito numbers. Kruskal–Wallis test was applied
to find significant differences in transmission param-
eters. Results were considered significant at theP <

0.05 level unless otherwise stated. Correlation anal-
ysis was used to analyse relationships, e.g. between
malaria episodes, use of personal protection methods
and mosquito densities.

3. Results

3.1. Breeding sites of Anopheles spp.

In the urban areas without agriculture (UW)
Anophelesspp. larvae were found mostly in temporary
pools and puddles created after rains in the unpaved
streets and in between houses, exposed directly to the
sun and without vegetation. They were thus common
in the rainy season and rare in the dry season. In both
seasons, clogged drains with domestic wastewater
were common breeding sites forCulexspp.
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In the urban areas with agriculture (UA)Anophe-
les spp. larvae were found in shallow wells that had
been dug for irrigation, in ditches of furrow systems,
or in human footprints on the irrigated farms. On these
farms, 85% of the mosquito larvae found were identi-
fied asAnophelesspp. and 15% wereCulexspp. This
ratio between the culicine and anopheline larvae was
roughly the same in both seasons. In addition, in the
housing areas around the farms similar breeding sites
were found as in the urban areas without agriculture.

In the peri-urban areas,Anophelesspp. breeding
sites in the dry season were found at the edges of
very slow moving streams, in isolated pools in drying
riverbeds and larger abandoned sand mining pits. In
the rainy season, additional breeding sites included
roadside pools and rainwater collections at building
sites. As a result of increased water currents, no larvae
were found in the streams in the rainy season.

All anopheline larvae that were found in the inves-
tigated sites in the three areas (UW, UA, and PU) were
identified asA. gambiaesensu lato.

3.2. Adult mosquitoes

A. gambiaes.l. adult specimens from night catches
(n = 240) as well as those reared from larvae were
tested with PCR (n = 240). The results revealed a PCR
product of 390 base pairs indicating that all specimens
were A. gambiaesensu stricto. This is in line with
previous findings from Kumasi (White, 1998).

During the night, catches in 2002 about 17000
mosquitoes were caught of which 2295 (13.5%)
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Fig. 2. Average number of mosquitoes caught per area (once a week over 10 weeks) during the dry and rainy season. UW: urban area
without agriculture; UA: urban area with agriculture; PU: peri-urban area; bars represent standard deviation.

Table 1
Anopheles gambiaedensities and malaria transmission parameters
in the dry and rainy season in urban areas without agriculture
(UW), urban areas with agriculture (UA), and peri-urban areas
(PU), in Kumasi, Ghana

Area Season A. gambiaea MBRb PRc

(%)
SRd

(%)
EIRe

UW Dry 6.8 (5.1)a 20a 79a 2.9a 0.6a
Rainy 32.3 (29.2)I 98i 66i 1.5i 1.5i

UA Dry 69.8 (57.3)b 210b 87a 2.3a 4.8b
Rainy 164.3 (98.3)ii 494ii 69i 1.9i 9.4i

PU Dry 138.2 (92.9)b 415b 89a 2.6a 10.8b
Rainy 204.3 (118.4)ii 613ii 71i 1.9i 11.6i

Different letters (a and b) in columns indicate significant differ-
ences at theP < 0.05 level for the dry season. Different numerals
(i and ii) in columns indicate significant differences at theP <

0.05 level for the rainy season.
a Average number ofA. gambiaecaught per area over 10 weeks

with standard deviation in parenthesis.
b MBR: man biting rate (per month).
c PR: parity rate.
d SR: sporozoite rate.
e EIR: entomological inoculation rate (per month).

were anophelines. As expected, significantly more
mosquitoes, anophelines as well as culicines, were
caught in the rainy season than in the dry season in all
areas (P < 0.05) (Fig. 2). Significantly less anophe-
lines were caught in both seasons in UW compared to
UA and PU (P < 0.05). The same pattern of catches
was observed in the 2001 pilot study.

A. gambiaes.s. was present in all areas investi-
gated, whileA. funestuswas rare and largely restricted
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to PU, where only 37 specimens were caught (3%
of the anophelines caught in PU in 2002). The par-
ity rates forA. gambiaewere significantly higher in
the dry season than in the rainy season (77.2 and
68.2%, respectively) but did not differ between ar-
eas. The transmission parameters of malaria differed
in the three areas investigated (Table 1). The MBR
and EIR were significantly higher in both the UA and
PU area than in UW (P < 0.01 andP < 0.05, respec-
tively). Only A. gambiaes.s. was found to be infected
with sporozoites. In the UW area, only one mosquito
of those caught in each season was infected. None
of the A. funestuscaught in the night catches was
infective.

In addition to the differences in numbers of
mosquitoes between the three types of areas (UA,
UW and PU) there was considerable variation within
the areas (Table 2). The airport site within the urban
agricultural area, for example, showed a lowAnophe-
les percentage similar to the UW areas. The malaria
case data per site (Table 2) showed less variation and
a consistently higher number of episodes reported in
UA and PU than in UW (see below).

3.3. Personal protection

Table 3shows the protection methods that the in-
terviewed households used against malaria. The use
of insecticide sprays and coils was the most common
measure in all areas. Bed nets—despite being actively
promoted in Ghana—were rarely used except in PU

Table 3
Use of personal protection methods (%) by households in urban areas without agriculture (UW) urban areas with agriculture (UA), and
peri-urban areas (PU) in dry and rainy season in Kumasi, Ghana

Percentage of households using specified protection method

Area Season Number of households
interviewed

Screened windows
and doors

Bednets Sprays
and coils

No
measures

Other

UW Dry 330 44a 4a 40a 8a 4a
Rainy 330 49i 3i 35i 13i –

UA Dry 330 12b 6a 62b 16b 4a
Rainy 330 15ii 13i 55ii 17i –

PU Dry 340 15b 7a 55b 18b 5a
Rainy 340 16ii 21i 44i 19i –

Different letters (a–c) in columns indicate significant differences at theP < 0.05 level for the dry season. Different numerals (i and ii) in
columns indicate significant differences at theP < 0.05 level for the rainy season.

Table 2
PercentageAnophelesof total mosquitoes caught and malaria
episodes reported over the last three months at the 15 study sites

Site Site code Anophelesa

(%)
Malaria
episodesb

Bantama UW1 1.3–6.8 0.17/0.43
Krofrom UW2 0.7–2.7 0.1210.43
Fanti New Town UW3 0.5–4.0 0.13/0.36
Ashtown UW4 0–2.5 0.11/0.34
Adum UW5 1.0–6.5 0.12/0.35
Airport UA1 0.3–12.4 0.28/0.64
Ayigya UA2 19.4–52.5 0.62/0.73
Manhyja UA3 1.8–5.3 0.27/0.52
Gyinyase UA4 18.8–28.0 0.56/0.74
Ayeduase UA5 20.8–21.9 0.54/0.71
Domeabra PU1 48.9–86.4 0.41/0.89
Esereso PU2 27.1–41.6 0.44/0.93
Afrancho PU3 20.5–38.8 0.33/0.64
Abuakwa PU4 23.2–34.4 0.35/0.59
Brofoyedru PU5 30.8–94.9 0.46/0.96

Site numbers refer to locations inFig. 1.
a PercentageAnophelesof total mosquito numbers representing

the range from two rainy seasons and one dry season.
b Average number of malaria episodes per household member

with 3 months recall period as ported in household survey, the
two figures represent dry and rainy season, respectively.

areas where in the rainy season 21% of the households
reported their use. Interestingly, more households in
both UA and PU seemed to use bednets during the
rainy season, while the use of sprays and coils was less
in this season. Households in UW areas, had signif-
icantly more mosquito-screened windows and doors
than households in the other two areas.
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Table 4
Average number of self-reported malaria episodes per person over a 3 months period in dry and rainy seasons in urban area without
agriculture (UW), urban area with agriculture (UA), and peri-urban area (PU) in Kumasi, Ghana

Area Season Total no. of people for
which data were recorded

Malaria episodes per person
over 3 months

Children
<6 years

Children
6–18 years

Adult

UW Dry 1422 0.05a 0.10a 0.20a
Rainy 1847 0.48i 0.32i 0.43i

UA Dry 1673 0.50b 0.30b 0.35b
Rainy 2164 0.78ii 0.53ii 0.67ii

PU Dry 1762 0.45b 0.25b 0.32b
Rainy 2104 1.10iii 0.52ii 0.46i

Different letters (a–c) in columns indicate significant differences at theP < 0.05 level for the dry season. Different numerals (i and ii) in
columns indicate significant differences at theP < 0.05 level for the rainy season.

3.4. Malaria episodes and days lost due to malaria

Analysis of variance showed that the number of re-
ported malaria episodes and days lost due to illness
was significantly higher in UA than UW in both sea-
sons for all age groups (Table 4). The only signifi-
cant difference between UA and PU was for children
under six years of age in the rainy season. Data ag-
gregated by gender did not reveal specific differences.
Malaria episodes occurred significantly more often in
the rainy than in the dry season. The average number
of episodes of malaria was lowest in UW areas in both
seasons. Closely related to the frequency of episodes,
individuals living in UA areas lost about 0.5 (rainy
season) to one (dry season) days more due to malaria
than those living in city parts without agriculture dur-
ing the 3 months recall period (Table 5).

Table 6
Correlation between malaria episodes, Anopheles densities, preventive measure use, and behaviour in Kumasi, Ghana

Malaria episodes
reported

Anopheles
caught

Chemical
sprays/coils

Sitting outside
at night time

Bed net
use

Use of door/
window screens

Adults 0.415 0.758∗∗ 0.406 0.335 0.552∗
Children 6–18 years 0.847∗∗ 0.644∗∗ 0.511 0.295 −0.801∗∗
Children<6 years 0.576∗ 0.440 0.825∗∗ 0.395 −0.605∗

∗ Significant at theP < 0.05 level.
∗∗ Significant at theP < 0.01 level.

Table 5
Average number of days lost due to malaria over a 3 months
period in dry and rainy seasons in urban area without agriculture
(UW), urban area with agriculture (UA), and peri-urban area (PU)
in Kumasi, Ghana

Area Season Average number of days lost
per person over 3 months

Children
<6 years

Children
6–18 years

Adult

UW Dry 0.3b 0.3b 0.6b
Rainy 1.0iii 0.7ii 1.2ii

UA Dry 2.1a 1.3a l.6a
Rainy 1.5ii 1.3a 1.7i

PU Dry 2.0a 1.0a 1.3a
Rainy 3.1i 1.7i 1.2ii

Different letters (a–c) in columns indicate significant differences
at theP < 0.05 level for the dry season. Different numerals (i–iii)
in columns indicate significant differences ate theP < 0.05 level
for the rainy season.
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To investigate the relationship between malaria
episodes, and the use of personal protection meth-
ods and mosquito densities per location, correlation
analysis was used across all 15 sites (Table 6). The
frequency of reported malaria episodes among chil-
dren between 6 and 18 years was highly correlated
with the number ofAnophelescaught in the same area
(P < 0.01). This parameter alone explained more then
70% of the variation in malaria episodes reported in
this age group (R2 = 0.72). The use of door and win-
dow screens were negatively correlated with malaria
episodes in all age groups and therefore seemed to
be effective measures against malaria. Episodes of
adults were significantly related with the use of per-
sonal protection and preventive measures. The use of
room sprays and mosquito coils was positively cor-
related with malaria episodes, i.e. households with
more frequent malaria episodes also sprayed more.
Bed nets were not common in this area and showed
no significant relation with the occurrence of malaria.
Malaria episodes of smaller children showed a highly
significant relation with household members sitting
outdoors during the evening (P < 0.01).

4. Discussion

The results of this study in Kumasi show that
open-space irrigated vegetable fields in cities can
provide suitable breeding sites forA. gambiae. This
is reflected in higher numbers of adultA. gambiae
in settlements in the vicinity of irrigated urban agri-
cultural sites compared to the control areas without
irrigated urban agriculture. Moreover, people living
in the vicinity of urban agricultural areas reported
more malaria episodes than the control group in the
rainy as well as dry seasons. Apparently, the infor-
mal irrigation sites of the urban agricultural locations
create rural spots within the city of Kumasi in terms
of potentialAnophelesspp. breeding sites. The pres-
ence of these sites interrupts the gradual decrease of
Anophelesoccurrence from Kumasi’s fringe towards
the inner-city area as described byWhite (1998). This
is also shown by the EIR of the urban agricultural
sites, which was in between the EIR of the peri-urban
sites and urban non-agricultural sites. The values for
the EIR found in this study were in the range given
for urban areas byRobert et al. (2003).

The increased malaria risk also has economic con-
sequences. Based on a survey among 20 households
and key informants from local hospitals (unpublished
data) and the report byAsenso-Okyere and Dzator
(1997), it was estimated that the cost of treatment for a
malaria episode is US$ 2–3. With the reported differ-
ence in incidence between the three areas, households
in the urban agricultural area would face an additional
cost of US$ 12.8–19.2 for malaria treatment per year,
depending on whether or not a laboratory test is done.
In addition, about 2.5 extra days will be lost per adult
and school child in communities with urban agricul-
ture over 1 year (Table 5). With an average estimated
household income of US$ 3.0 per working day2 (that
is approximately US$ 1 per adult household member)
an employment rate of approximately 82%3, and about
85% working days in the year (seeMaxwell et al.,
2000), the working days lost will cost the household
about US$ 5.2.

In total, US$ 18–24 (without and with labora-
tory test) can be attributed to each household over
a 12 months period as extra malaria related expen-
diture in urban communities with irrigated urban
agriculture. This represents an average increase of
malaria related household expenditures of about 80%
to the malaria related costs normally incurred in
Kumasi (UW).

In Kumasi, urban agriculture is mainly practised in
low-lying areas in the city with easy access to water
and it could be that such areas in general produce
more mosquitoes. However, irrigated urban agricul-
ture increases the water surface by digging of wells
or constructing of conduits where anophelines were
found breeding. The importance of these increased
water surfaces compared to other (natural) breeding
sites needs to be assessed in more detail. A related
study on the role of wells in malaria vector produc-
tion in urban farming in Dakar, Senegal, emphasised
that other breeding sites might be more important
then these wells as the adult catching pattern did
not follow the breeding pattern in the wells (Robert
et al., 1998). The significantly higher culicine num-
bers in the two urban areas, UW and UA (97 and
86%, respectively of total mosquitoes caught) than

2 4.5 USD in Accra (Maxwell et al., 2000), a 30% lower value
estimated for Kumasi.

3 Maxwell et al., 2000(data for Accra).
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in the PU area (52% of total mosquitoes caught) in
both seasons are likely due to many uncovered and
clogged drains in the city of Kumasi, which only
breed culicines and no anophelines. However, there
are reports thatAnophelescould be adapting to dif-
ferent breeding conditions. In urban Accra, Ghana,
studies byChinery (1984)suggested adaptation ofA.
gambiaeduring the process of urbanisation to breed-
ing in domestic water containers and polluted waters.
Further studies in larval ecology should address this
issue.

The household surveys showed that in the urban
agricultural areas every second household is using
mosquito sprays or coils while in other urban ar-
eas window and door screens are significantly more
often used than in urban agricultural or peri-urban
areas. The reasons behind this difference could be
socio-economic. The positive correlation between the
use of chemical sprays/coils and malaria episodes
could point to the fact that people who are at risk
use the spray and coils to protect themselves from
mosquito bites. The use of mosquito coils, repellents
and aerosols insecticides lowers the risk of devel-
oping severe malaria (Snow et al., 1998). Therefore
further investigations are useful to study the efficacy
of different methods to prevent malaria infection and
severe disease.

In Kumasi, a considerable variation in transmis-
sion parameters was observed between locations of
the same type. The Airport location (UA, seeFig. 1),
for example, showed several UW characteristics
(Table 2) as the water source is a polluted stream,
which is likely to favour culicine breeding rather
than anopheline breeding. Other UA sites were lo-
cated more towards the city boundary and therefore
the role of the distance to the city centre should be
included in future studies. For this study the selec-
tion of sites was limited by the location of existing
UA sites. Future studies should therefore preferably
be done in cities with a better spatial distribution
of study sites. We also suggest that future studies
should include epidemiological surveys to verify if
the reported increased risk is also reflected in higher
parasite prevalence and density in populations in UA
areas. With a recall period of 3 months self-reported
malaria episodes are not very reliable. However, we
are confident that the data reported reflect the varia-
tion between the different areas as we have no indi-

cation that this systematic error could vary between
the different areas due to for example educational
differences.

Based on this study, IWMI and collaborators are
planning an extension of the investigations to other
cities where different water sources (e.g. wastewater)
and irrigation practices can be less or more suitable for
Anopheles. It is suggested, that the studies should be
carried out throughout a full year instead of limiting
it to rainy and dry seasons to take into account the
transitional periods.

The increased malaria risk in urban agricultural ar-
eas would have to be weighed against the benefits that
inner-city vegetable production brings to the house-
holds and the local economy. The way forward in such
a scenario might be to advocate adjustments in irriga-
tion practices in combination with increased protec-
tion from mosquito bites for the population affected
rather than discouraging the setting up of irrigated
urban farms. In fact,Ijumba and Lindsay (2001)re-
ported an inverse link between irrigation development
and malaria prevalence as the agricultural develop-
ment would lead to increased income allowing farm-
ers to construct better houses and use bed nets and
medication. In urban areas, this issue might be differ-
ent as people in the communities around urban agri-
cultural sites are in general not the farmers but nor-
mal city dwellers. As breeding grounds in urban ar-
eas are often more focal, environmental management
might be a good option for control, as also suggested
by Robert et al. (2003)for the urban environment, in
general.
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