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ABSTRACT Khartoum is an urban area with low malaria transmission. Early control efforts were suc-
cessful in reducing the risk but malaria has resurged in recent years. In 2002, the Government of Sudan, 
with support of the World Health Organization, embarked on an initiative aimed at freeing Khartoum 
of malaria. The initiative’s prevention strategy has focused on larval control interventions. The results 
indicate a significant reduction in malaria prevalence, confirmed and clinically diagnosed malaria cases 
among outpatient attendance and the number of malaria-associated deaths. It is proposed information 
be collected on parity rates and that a sub-sample of the adult mosquito collections be subjected to ELI-
SA or PCR for identification of malaria parasite infections in mosquitoes in areas showing active foci.

La lutte antipaludique en milieu urbain : histoire d'un succès à Khartoum, 1995-2004
RÉSUMÉ Khartoum est une zone urbaine à faible transmission palustre. Les actions entreprises dans 
le cadre de la lutte antipaludique sont parvenues dans un premier temps à réduire le risque, mais on 
assiste ces dernières années à la résurgence du paludisme. En 2002, le gouvernement soudanais, 
avec l’appui de l’Organisation mondiale de la Santé, s’est lancé dans une initiative visant à débarrasser 
Khartoum du paludisme. Celle-ci reposait sur une stratégie préventive axée sur des opérations larvici-
des. Les résultats font apparaître une diminution significative de la prévalence du paludisme, des cas 
cliniquement diagnostiqués et confirmés parmi les patients vus en consultation externe et de la morta-
lité palustre. Les auteurs proposent de collecter des données sur le taux de parturité des femelles et de 
soumettre un sous-échantillon des collections d’anophèles adultes à un test ELISA ou à la PCR pour 
identification des infections des anophèles par les différentes espèces plasmodiales dans les zones 
abritant des foyers actifs.
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Background

Malaria in Sudan continues to be a ma-
jor public health problem. There are an 
estimated 7.5 million cases and 35 000 
deaths every year [1]. In the countries of 
the Eastern Mediterranean Region of the 
World Health Organization (WHO/EMR), 
these figures represent 70% and 50% of the 
Region’s cases and deaths respectively [2]. 
Sudan has been stratified into 5 operational 
strata: riverine, seasonal, urban, irrigated 
and high perennial transmission areas [3]. 
Plasmodium falciparum is the predominant 
species, accounting for more than 95% of 
all malaria cases, with Anopheles arabien-
sis, An. gambiae and An. funestus as the 
main disease vectors. 

Khartoum State lies between latitude 
15° 10′–16° 30′ N and 31° 40′–34° 20′ E 
in the central part of Sudan. The total area 
of the state is 28 000 km2. The state has 
a dry winter from November to March, 
a dry hot summer from April to July and 
patchy rains from August to October. The 
Blue and White Nile rivers separate the 
state into 3 major areas: Khartoum, Bahry 
and Omdurman. There is a dam 40 km 
south of Khartoum city on the White Nile 
and there are small irrigation schemes and 
farms concentrated mainly in Bahry area. 
The total population of the state is approxi-
mately 5 548 418 [4]. Due to a daily influx 
from other states, however, the population 
of the state shows a steady increase, with 
about 1000 individuals added to the state 
population every day. The majority of the 
population are a mixture of tribes from 
various malaria-endemic areas in Sudan. 
The main occupation is government or pri-
vate employment. According to the above-
mentioned operational and epidemiological 
stratification, Khartoum is considered as 
urban with low malaria transmission [1]. 

Recent studies in Khartoum State [5] have 
confirmed the leading role of P. falciparum. 
The increasing importance of P. ovale and 
P. vivax has also been demonstrated. An. 
arabiensis is the only vector in this area 
(personal communication: Elfadul Obied, 
PhD student).

This paper aims to shed some light on 
the ongoing work in malaria control in 
Khartoum State, the achievements and rec-
ommendations for the future. This involved 
the systematic review of published and 
unpublished data. Annual statistical reports 
and the state malaria control reports, in ad-
dition to entomological and parasitological 
survey reports during 1995–2004, were 
reviewed intensively. 

Programme rationale 

Attempts to control malaria in Khartoum 
started early in the last century. The first or-
ganized control programme was initiated in 
1904. With the use of retained oil and other 
simple vector control interventions, the pro-
gramme succeeded in eradicating malaria 
from the area [6]. The disease incidence was 
kept at a very low level up to the 1970s but 
malaria resurged again from the 1970s to the 
1980s due to the deterioration of the control 
programme and the influx of internally 
displaced people from high- as well as low-
endemic areas. During late 1980s and early 
1990s, malaria in Khartoum was the leading 
cause of outpatient attendances, hospital ad-
missions and deaths in all health facilities. 
In addition to malaria, nuisance-biting from 
nonmalaria mosquitoes was a problem. This 
led in 2002 to the launch of the Khartoum 
malaria-free initiative. The main goal of the 
initiative was to ensure that malaria will no 
longer be a major public health problem in 
the programme operation areas. 
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Main programme activities

Multiple interventions targeting mainly the 
larval stages of An. arabiensis have been 
in place since 1995. Importance was also 
placed on case management. 

Vector control
In an urban setting such as Khartoum, where 
mosquito-breeding sites can be identified, 
prevention strategies based on vector con-
trol, with the emphasis on environmental 
management, can be a central feature of the 
malaria control programme [7]. The activi-
ties adopted by the initiative included the 
mapping and identification of all breeding 
sites, treatment of breeding sites, intermit-
tent irrigation, rehabilitation and immedi-
ate repair of leaking water pipes and land 
modification where applicable. The core 
intervention for the Khartoum malaria con-
trol programme was larval control through 
weekly application of temephos and envi-
ronmental management. The programme 
divides Khartoum into working areas fol-
lowing the administrative structure. Geo-
graphical reconnaissance for each division 
was updated every year in order to facilitate 
the programme implementation. In 2002 
WHO supported the programme by assign-
ing experts from the Oman malaria control/
eradication programme to develop well-
constructed maps allowing for the different 
interventions. Each public health officer was 
supported by sanitary overseers and support 
workers (“mosquito men”) equipped with 
necessary supplies and equipment. 

Malaria case management
Case management, a known effective strate-
gy for malaria control, was given particular 
attention by the programme [8,9]. Many ac-
tivities to improve malaria microscopy were 
carried out; these included supervision and 
training of staff, provision of consumables 
and replacement or repair of microscopes 

where this was necessary. Low sensitivity 
and specificity is still a feature of micros-
copy testing as reported in a previous study 
[10]. Medical staff turnover, the wide rela-
tively uncontrolled private medical sector, 
medical doctors’ under-reliance on labora-
tory results and the extent of work needed 
all contribute to the problems associated 
with diagnosis of cases. Antimalarial drugs 
are provided through the revolving drugs 
fund (developed with assistance from Save 
the Children, United Kingdom) with a price 
below 40% of the market price. 

Monitoring and evaluation
The programme plan was based on routine 
surveillance data supported by surveys. 
This provided data on a weekly, monthly 
and annual basis that was used to direct the 
programme activities. 

Vector surveillance
A weekly system of vector surveillance 
was established in the early stages of the 
programme. Mosquito larvae and adults 
were collected weekly from 8 stations. The 
number of sentinel sites increased to a total 
of 24 stations in 2002 and, following admin-
istrative changes in the state, the collection 
frequency was changed to once every 2 
weeks. A trained team composed of a public 
health officer, 5 technicians and 5 support 
workers collected the data. The teams were 
trained in methods of collection and identi-
fication of larvae and adults. A senior ento-
mologist compiled the data and reported to 
the state malaria control programme which 
supervised the team. 

Larval surveys
All known permanent breeding sites includ-
ing temporal ones were sampled from each 
station parallel to those earmarked for adult 
mosquito collections. The team started with 
inspection of the breeding sites using a dip-
per (0.5 L); 3–10 dips were taken from each 
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site to estimate the mosquito larvae densi-
ties, i.e. the average number of mosquito 
larvae per dip. The team then classified the 
larvae according to stage and to species 
identification and provided a full report us-
ing the form recommended by the national 
malaria control programme. 

Adult mosquito surveys
Using the pyrethrum sheet collection meth-
od, the team collected indoor resting mos-
quitoes from 7 rooms in each sentinel site 
on each and every survey. Collections were 
usually carried out between 06:00–08:00 
hours. Collected mosquitoes were then 
classified as fed/unfed and parous/nullipa-
rous, based on the physiological and gono-
trophic status and identified by species 
based on morphological features. The aver-
age number of Anopheles per room per sta-
tion was the main entomological indicator 
for adult mosquitoes. 

Parasite surveys
With the assistance of an epidemiologist, a 
system for an annual cross-sectional parasi-
tological survey during the malaria season 
(September) has been established since 
1995. The sample size was calculated based 
on an expected prevalence of 10% in 1995. 
This was changed and the last (2004 survey) 
was calculated based on the 2003 preva-
lence (0.5%). The calculated sample size 
was then taken from all the administrative 
units. The number taken was proportional to 
the target population. Villages/blocks were 
selected randomly from a list for inclusion 
in the survey. In each selected village/block, 
all households were surveyed and from each 
household 5 persons (including at least 1 
child under the age of 5 years) were selected 
randomly. A team of 20 trained laboratory 
personnel divided into 4 groups collected 
the blood samples from the field. Another 8 
experienced laboratory technicians stained 

and read the slides collected. The thick and 
thin blood film slides collected were stained 
with 5% Giemsa stain for 30 minutes and 
100 fields were examined at 10 × 100 mag-
nification by experienced microscopists 
for the presence of identified trophozoites 
and gametocytes. Estimation of the parasite 
density was done by counting the number 
of asexual stages associated with 200 white 
blood cells. A team of 4 senior technicians 
rechecked 10% of the slides collected.

Reported incidence
Reports showing malaria incidence, admis-
sions and deaths (in addition to the slide 
positivity rates) received regularly on a 
weekly basis at sentinel stations and on a 
monthly basis at all health facilities were 
used to measure the impact of the inter-
ventions. The number of sentinel stations 
increased from 36 in 1995 to 75 in 2000 and 
to 150 sites by the beginning of 2003. The 
monthly reporting rate from all health fa-
cilities increased from less than 50% to over 
90% because of the work done to improve 
the routine health information system.

Partners involved

Late in the 1980s, with assistance from the 
Japanese, an intensified programme was 
established in Khartoum State. The ongo-
ing programme, however, started with local 
resources in 1995. Efforts to involve more 
partners were initiated and in May 2002, 
the State and Federal Ministry of Health, 
in collaboration with WHO, initiated the 
Khartoum and Gezira malaria-free initia-
tives. Different collaborators (such as WHO 
and the water corporation) were part of this 
work from the planning stage. With time, 
the programme assigned more and more 
activities to other sectors, namely the agri-
culture and water authorities. 
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In Khartoum, irrigated urban agricul-
ture influences the transmission of malaria 
considerably, as seen in other parts of Af-
rica (Table 1) [11]. The activities aiming 
to reduce the breeding sites in agricultural 
schemes and small farms were carried out 
in close collaboration with the Ministry of 
Agriculture in the state. This collaboration 
led to more than 80% compliance with the 
weekly intermittent irrigation activities.

Broken drinking-water pipes were also 
identified as the important breeding sites 
and were tackled by joint teams comprising 
the malaria and the water authority staff 
that was established in 2001 in all districts 
with activities including quick repair and 
treatment of the remaining water. By this 
system, more than 9000 broken pipes were 
repaired in the first year before they were 
able to create breeding sites (personal com-
munication). Senior staff from the national 
malaria control programme and the district 

level conducted supervision on a regular 
basis to ensure the required quality.

The contribution of the Ministry of 
Education was also important. The malaria 
control programme arranged with the Min-
istry of Education a competition between 
schools that acted as an advocacy tool for 
the initiative. The press and other media 
also participated through a council initiated 
for this purpose. 

Programme achievements

Breeding sites, larval and adult 
densities
The percentage of sites with anopheline lar-
vae detected did not change greatly between 
2001 and 2004 (Figure 1), although the 
number of breeding sites detected greatly 
increased. The main sources of anopheline 
breeding in the state were irrigation sites 

Table 1 Contribution to breeding of different breeding sites as reported by more than 500 
support workers (“mosquito men”) throughout the year in Khartoum State, 2001–04 

Year/breeding sites Broken  Indoor  Construction  Farms/  Institutes Total
  pipes breeding basin irrigation

2001      
 No. sites inspected 215 814 322 911 489 814 365 641 460 676 1 854 856
 No. with anopheline larvae 6 005 918 1 884 25 336 1 587 35 760
 Contribution to breeding (%) 16.8 2.6 5.3 70.9 4.4 1.4

2002      
 No. sites inspected 459 822 537 835 323 836 3 709 658 2 056 479 7 123 630
 No. with anopheline larvae 4 501 431 920 75 263 1 969 83 084
 Contribution to breeding (%) 5.4 0.5 1.1 90.6 2.4 1.2

2003      
 No. sites inspected 666 403 727 110 241 628 5 646 925 1 454 820 8 736 886
 No. with anopheline larvae 13 908 379 985 96 059 2 202 113 533
 Contribution to breeding (%) 12.2 0.3 0.9 84.6 1.9 1.3

2004      
 No. sites inspected 816 283 1 277 126 166 030 7 919 977 2 180 868 12 360 284
 No. with anopheline larvae 7 739 388 210 148 888 1 406 158 631
 Contribution to breeding (%) 4.9 0.2 0.1 93.9 0.9 1.2
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and small farms, broken waterpipes, indoor 
sites, new construction basins and institu-
tions (e.g. schools, mosques, public gar-
dens). As shown in Table 1, the number of 
potential breeding sites inspected increased 
over the same period. With the exception of 
irrigated areas, the contribution of different 
sites for anopheline breeding declined sig-
nificantly. Data colleted from sentinel sites 
for vector surveillance revealed a lower 
density of adult anopheline mosquitoes 
per room in all months of the year in 2004 
compared with 2001 (Figure 2) but the lar-
val density (a range of 6–8 per dip) did not 
show any difference.

Prevalence
A series of parasite surveys were carried 
out during the malaria season in September 
every year during the period between 1995 
and 2004. The sample size varied from year 
to year. The highest slide positive rate was 
reported in 1998 (5.12%) and the lowest in 
2004 (0.05%) (Table 2). P. falciparum was 
the predominant species, constituting about 
99% of the malaria parasites. Positive slides 
were reported in the age group 5 years and 
above during 2000 and 2001 (P < 0.05), but 
no significant age difference was detected 
during 2003 and 2004 (P > 0.05). The male:
female ratio was 1:1 during the period. 

Year Potential  Sites with anophiline % with anophiline
  breeding sites breeding breeding

2000 2 666 981 18 818 0.7

2001 4 416 823 45 956 1.0

2002 10 037 922 89 062 0.9

2003 11 256 166 129 517 1.2

2004 15 799 371 166 423 1.1

Figure 1 Percentage of potential breeding sites with anopheline mosquitoes in Khartoum State 
2000–04
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Comparison of the survey results of 2003 
and 2004 yielded a significant reduction (P 
< 0.005) of the slide positivity rate (data not 
shown).

Reported incidence
The data collected from the different senti-
nel sites showed a decline in the number of 
malaria cases and deaths (Figure 3). Malaria 
cases, as a proportion of total outpatient at-
tendances, also declined from 40% in the 
1990s to less than 20% in 2004. Malaria 
deaths were markedly reduced from 1070 in 
1999 to 274 in 2004, representing an almost 
75% reduction.

Overall picture
As reported in the current study, the pro-
portion of malaria cases out of the total 
outpatient attendances was greatly reduced. 
Malaria prevalence among the Khartoum 
State population was also reduced from 
over 5% in the early 1990s to < 1% by 2004. 
With this level of malaria prevalence, the 

interventions were able to reduce the malar-
ia endemicity from meso- to hypoendemic 
[1]. This reduction was accomplished due to 
the fact that health care providers managed 
malaria based on diagnosis and not only on 
clinical presentation. 

Figure 2 Average adult anopheline mosquitoes per room in Khartoum State, comparing 2004 
with 2001 data

Table 2 Parasite survey results in Khartoum 
State, 1995–2004 

Year Total slides  Slide positives
  examined 
  No. No. %

1995 2700 21 0.78

1996 2700 44 1.63

1997 3348 13 0.39

1998 3300 169 5.12

1999 2760 46 1.67

2000 3228 50 1.55

2001 3508 32 0.91

2003 9604 29 0.30

2004 4316 2 0.05
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Challenges, lessons learned 
and future perspectives

The current  malar ia  control  pro-
gramme, which has been appreciated by 
the community, is based on sound in-
terventions, partnerships, community 
involvement, commitment from staff and po-
litical leaders, and sustainability. These well-
recognized and recommended tools for 
malaria control were interrelated, i.e. they 
had an enhancing effect on each other [8,9]. 
Sustainability, for instance, was maintained 
through obtaining the necessary supplies 
and equipment, staff satisfaction, regular 
supportive supervision, involvement of the 
community and productive partnerships. 
As stated by others [12], the programme 
built on existing health systems as a result 
of intersectoral coordination among urban 
planning, agriculture and other government 
sectors. This provided the programme with 
the opportunity to involve the community 
and the private sector. 

In terms of monitoring and evaluation 
of the impact of the interventions, how-
ever, there is room for improvement, espe-
cially in monitoring of the entomological 
indicators. Currently the Khartoum control 
programme relies on collecting monthly 
data on mosquito density indicators, i.e. 
average numbers of mosquito larvae/dip 
and numbers of adult mosquitoes per room. 
As none of these indicators are useful in 
measuring transmission, it is recommended 
that in addition to the 2 mosquito density 
indicators, the programme should also con-
centrate on collecting information on parity 
rates (an indication of the age structure of 
the mosquito population) through dissec-
tion. Where the parity rate is high, it is an 
indication that transmission is ongoing and 
vice versa. Moreover, a sub-sample of the 
adult mosquito collection, particularly from 
active foci of infection, should be subject 
to enzyme-linked immunosorbent assay or 
polymerase chain reaction testing for identi-
fication of the malaria parasite infections in 

Figure 3 Malaria cases and deaths in Khartoum State, 1999–2004 
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mosquitoes. These results and the informa-
tion on the adult densities could provide the 
entomological inoculation rates which the 
programme can use to measure the impact 
of the interventions reliably [13,14].

The experience of Khartoum State, like 
other experiences worldwide [7,15,16], has 
shown how effective an integrated approach 
to malaria control can be, where social 
stability, widespread health education and 
strong programme administration exist. The 
programme also succeeded in mobilizing lo-
cal resources and related sectors for malaria 
control and this must be encouraged and 
reinforced through training of local staff, 
continuous evaluation of local models by 
national health authorities, and the designa-
tion of local leaders based on ability rather 
than personal or political relations [15,17]. 

Long-term solutions to ensure sustaina-
bility of these control measures and to work 
towards the slogan raised in 2002 “Towards 
Khartoum malaria-free zone”, may neces-
sitate proper urban planning, reinforcing the 
drainage and sanitary facilities and improv-
ing the performance of the health services, 
including malaria microscopy [18].
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