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Abstract

Background: Neglected tropical diseases (NTDs) are major public health problems in developing countries where
they contribute to suffering of populations living in poor settings. As part of a research project started in
September 2009 in Kwale district, Coast Region, Kenya, a baseline cross-sectional survey was conducted in 5 rural
villages to provide information on the status of NTDs, including urinary schistosomiasis, soil-transmitted
helminthiasis (STH), and lymphatic filariasis. This paper presents the results of a parasitological investigation among
adults in the study villages.

Methods: A total of 599 adults in the 5 study villages were tested for NTD infections in urine, stool and blood. The
presence of Schistosoma haematobium infection was determined by the urine filtration method. The presence of
STH in stool was determined by Kato-Katz method while filarial antigenaemia was determined using
immunochromatographic (ICT) test.

Results: The study revealed high prevalence of hookworm (41.7%) and schistosomiasis (18.2%) infections among
adults in the study villages. Of the 599 individuals examined, 50.1% had one or more helminthic infections. There
was low level of polyparasitism with helminthic NTDs in the study population with 9.5% and 1.7% of the
participants having two and three infections, respectively.

Conclusions: In the current study, hookworm and schistosomiasis infections were identified as important
infections among adults living in areas of high endemicity for these infections. Thus, if this section of the
population is left untreated it may remain an important potential reservoir and a source of re-infection for
school-age children treated in school deworming programmes. Therefore, there is a need to design novel
strategies for preventive chemotherapy interventions that could allow inclusion of adults in an effort to reduce
force of infection in high endemic communities.

Background
Neglected tropical diseases (NTDs) include seven hel-
minth infections namely soil-transmitted helminths
(STH) infections (hookworm, ascariasis, trichuriasis),
lymphatic filariasis (LF), onchocerciasis, guinea worm
disease (dracunculiasis), and schistosomiasis [1]. Soil-

transmitted helminths (STH) and schistosomiasis are
mostly prevalent in developing countries due to poor sani-
tation and lack of adequate clean water. Soil-transmitted
helminth infections are among the most prevalent infec-
tions in the world with around 1.4 billion individuals
infected by Ascaris lumbricoides, 1.0 billion by Trichuris
trichiura, and 1.3 billion by hookworms [2]. Of an esti-
mated 200 million people infected with schistosomiasis,
170 million live in sub-Saharan Africa while the remaining
30 million live in North Africa, Asia and South America
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[3]. Lymphatic filariasis is a major cause of debilitating
chronic disability and is estimated to infect over 120 mil-
lion people worldwide [4]. The coastal areas of Kenya are
highly endemic for urinary schistosomiasis, STH, and LF
[5-7]. Children have the highest prevalence and intensity
of STH and schistosomiasis infections, but the conse-
quences of chronic infection, such as growth stunting,
anaemia, hepatic/urinary fibrosis, and impaired cognitive
development, continue to have an effect throughout adult-
hood [8].
For a long time most national health authorities in

sub-Saharan Africa have shown little commitment to
control of NTDs mainly due to lack of resources [9].
However, the situation is now changing with the reali-
zation that deworming is a relatively simple, effective,
and cost-effective public health measure that can be
readily integrated with existing health care pro-
grammes. This has led to renewed interest in control
of parasitic diseases; in 1997, the 50th World Health
Assembly (WHA) passed a resolution to eliminate LF
globally as a public health problem [10]. Following the
WHA resolution on LF elimination, the World Health
Organization (WHO) launched the Global Programme
to Eliminate Lymphatic Filariasis (GPELF) in 2000
[11]. Subsequently in 2001, during the 54th WHA, the
WHO urged its member states to ensure provision for
the regular anthelminthic treatment of all school-age
children living in areas of schistosomiasis and STH
endemicity [2]. Targeting anthelminthics to school-age
children capitalizes on the fact that the heaviest bur-
dens of infection are found in this segment of the
population. In 2009, a research project to evaluate an
alternative strategy for controlling morbidity due to
schistosomiasis and STH and its integration with the
national LF elimination programme was established in
Kwale district, Coast Region, Kenya. The current study
was conducted to assess the levels of schistosomiasis,
STH and LF infections in adults living in 5 rural vil-
lages selected for the research project.

Methods
Study site and design
This cross-sectional study was conducted in January
2010 in 5 villages in Mwaluphamba location, Kwale dis-
trict, Coast Region, Kenya. Kwale district is in Kwale
County and covers an area of 1,043 km2 which is
divided into two administrative divisions, namely
Matuga and Kubo divisions: the study area is situated in
Kubo division. The populations of Kwale County and
Kwale district based on 2009 census were estimated to
be 649,931 and 151,978 persons, respectively. In terms
of climate, the district is hot and dry from January to
March and relatively cool from June to August. Rainfall
pattern is bimodal with long rains normally occurring

between mid-March and June while the short rains
occur between October and December.
Subsistence farming of food crops including maize,

cowpeas and cassava is done mainly for domestic con-
sumption. Coconuts, oranges, mangoes and cashew nuts
are also grown for both domestic consumption and as
cash crops. The main livestock kept include cattle,
goats, ducks and chickens. The protocol for this study
was reviewed and approved by the Scientific Steering
and Ethical Review Committees of the Kenya Medical
Research Institute (KEMRI). Oral informed consent was
obtained from study participants.

Sample collection and examination
Convenience samples of approximately 150 adults in
each village were recruited to participate in the study on
a voluntary basis. Stool containers were given to study
participants the day before sample collection. Collection
of samples was done the following morning at desig-
nated places (usually schools) agreed at meetings held in
each village, but there were some people who did not
turn up for sample collection. Samples collected
included stool, urine, and 3 ml venous blood. The sam-
ples were transported to KEMRI field station laboratory
located at the Kwale district hospital for processing.
All samples were obtained between 10:00 am. and 1:00

pm. Urine samples were collected in wide-mouth plastic
containers. Immediately the urine samples were col-
lected, 10 ml specimens were used for examination of
schistosome eggs using urine filtration technique.
Briefly, the 10 ml urine specimens were aliquoted using
disposal syringes and filtered through 12 μm polycarbo-
nate membrane filters at the sample collection site. The
filters were carefully placed on labeled microscope glass
slides and stored in slide boxes for later reading under a
light microscope. Additional 5 ml aliquots of urine spe-
cimens preserved with sodium azide (0.1% w/v) were
collected for later assessment of morbidity due to S.
haematobium infection.
Lymphatic filariasis infection was assessed in 100 μl

venous blood aliquots using the immunochromato-
graphic (ICT) test which detects circulating filarial anti-
gens. Thick and thin blood smears were made on clean
microscope slides and air-dried before storage in slide
boxes. The thin smear was fixed with methanol and
then both smears stained with 10% Giemsa stain, pH 7.0
for 10 min. The smears were rinsed briefly in PBS buffer
before drying at room temperature. The thick smear was
used to examine for malaria parasites under oil immer-
sion objective and the thin film used to determine spe-
cies for positive slides. The remaining blood specimens
were used for preparation of plasma samples to be used
later for serological assays related to the research
project. The plasma and urine specimens were stored at
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4°C while at the KEMRI field station and frozen at -80°C
upon return to central laboratories in Nairobi.
The quantitative Kato-Katz method was used to exam-

ine the stool samples for presence of different intestinal
helminth species eggs as previously described. Briefly,
two 41.7 mg stool smears were made from each stool
sample on the day of sample collection for examination
and counting of STH eggs. The smears were read within
1 hour for hookworm eggs and next day for other STH
eggs. Egg counts were expressed as eggs per gram of
stool (EPG). Individuals were categorized as having
light- or heavy-intensity infections based on the criteria
of the WHO [12]. For S. haematobium, light-intensity
infections were 1 - 49 eggs/10 ml urine and heavy-inten-
sity infections ≥ 50 eggs/10 ml urine. Hookworm infec-
tions were classified as light-intensity when counts
were1-1,999 EPG and heavy-intensity when counts were
≥ 2000 EPG.

Data management and analysis
Data were double-entered into a computer using MS
Access and after validation analyzed using SPPS 12.0
statistical analysis software (SPSS Inc., Chicago, Illinois,
USA). Chi-square (X2) test was used to compare propor-
tions between the villages. One-way Analysis of Variance
(ANOVA) was used to compare differences between
group means and Kruskal-Wallis one-way ANOVA to
compare group medians. A value of P < 0.05 was con-
sidered statistically significant.

Results
Demographic characteristics of the study group are sum-
marized in Table 1. A greater number of female partici-
pants were examined compared to males (p < 0.01).
Additionally, female participants were significantly
younger (median age 35 years, range 15 - 88 years) com-
pared to male participants (median age 46 years, range
18 - 85 years); (P < 0.001).
Prevalence of five helminthic infections and malaria

among the study villages are summarized in Table 2.

There was high prevalence of hookworm (41.7%) and
schistosomiasis (18.2%) infections among adults in the
study villages. Of 107 persons with S. haematobium
infection, 49 (45.8%) had hookworm infection, 2 (1.9%)
had T. trichiura, 7 (6.7%) had LF, and 6 (5.7%) had
malaria. The general prevalence of malaria in the study
area was 5.6% and except for one village (Miatsani)
malaria was prevalent in all other four villages.
There was no significant difference in prevalence of

STH and schistosomiasis infections between males and
females. The prevalence of LF infection, however, was
significantly higher in males (8.2%) than in females
(2.2%); (p < 0.01). Intensities of hookworm and schisto-
somiasis infections among adults positive for these
infections in the 5 study villages are summarized in
Table 3. The majority of these infections were light-
intensity and there were no statistically significant differ-
ences among the 5 villages. Overall, > 95% of hookworm
and > 75% of schistosomiasis infections were categorized
as light-intensity. Additionally, Ascaris and Trichuris
infections were light-intensity.
The status of polyparasitism in the study area is sum-

marized in Table 4. Overall, 50.1% of the study popula-
tion had one or more helminthic infections. There was
low level of polyparasitism with helminthic NTDs in the
study population with 9.5% and 1.7% of the participants
having two and three infections, respectively.

Discussion
Few studies have been conducted to quantify the extent
of schistosomiasis and STH infections among adults liv-
ing in areas of high endemicity for these infections. Data
from this study revealed a relatively high prevalence of
S. haematobium and hookworm infections in the adult
population. Current WHO guidelines recommend pre-
ventive chemotherapy based on regular anthelminthic
drugs as a public health intervention to control hel-
minthic infections and reduce morbidity [13]. Many
public health programmes targeting STH and schistoso-
miasis currently employ school-based deworming which
has been previously shown to provide externality bene-
fits to untreated groups within and close to the treat-
ment schools [14]. The results of our study, however,
suggest that if adults are left untreated in areas where
prevalence of helminthic infections is high in this group,
the adults may act as a reservoir for transmission and a
source of reinfections to the school-age children and
thus present an obstacle to the control programmes.
On average, around 4% of the adults in this study had

circulating filarial antigen (CFA). By the time this study
was conducted, Kwale district had received three rounds
of diethylcarbamazine citrate (DEC)/albendazole mass
drug administration (MDA) against LF (in September
2003, March 2005, and December 2008) under the

Table 1 Demographic characteristics of study participants
in five villages, Kwale district, coastal Kenya

Characteristic Maponda Mirihini Kajiweni Miatsani Mlafyeni All

No. tested 116 125 122 93 137 593

*Female 77 94 69 70 99 409

Male 39 31 53 23 38 187

Median age
(yrs)

38 33 40 41 38 38

Age range
(yrs)

18-85 18-80 15-83 18-82 18-88 15-
88

*There were more female participants and they were significantly younger
compared to male participants (P < 0.001). Data on sex/age for 6 participants
were missing.
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National Programme for Elimination of LF (NPELF). A
previous LF research study by our team in Malindi dis-
trict in the northern area of Coast Region, reported that
prevalence of CFA had declined from approximately
34% to 11% after 4 rounds of MDA [15]. The results of
this study suggest that LF, compared to schistosomiasis
and STH, is not a major public health problem in the
study area. However, continued MDA for LF is still
recommended in this setting and all other endemic
areas to meet the WHO target of global elimination of
the disease as a public health problem.
Other studies have shown that DEC and albendazole

co-administration during LF MDA has ancillary health
benefits of also controlling STH infections [16,17]. It is
likely that any additional health gains in controlling
STH made during the 3 rounds of DEC/albendazole
MDA administered in Kwale district were lost when the

MDAs were missed for long periods. Reinfection with
STH is a common problem especially in areas of high
transmission.
Additionally, our findings show that malaria is also

endemic in the area. Efforts should be made to integrate
the often well-funded malaria programmes with specific
NTDs occurring in different areas. It may be prudent to
consider integration of malaria control and schistoso-
miasis/STH control in the study setting and other simi-
lar areas. Malaria programmes in sub-Saharan Africa are
currently scaling up towards universal coverage for all
populations at risk of malaria with locally appropriate
interventions, including insecticide-treated nets (ITNs),
so that all age groups can be protected against malaria.
Addition of deworming against schistosomiasis and STH
to ITN distribution campaigns in highly endemic areas
would provide further health benefits for the local

Table 2 Prevalence of urinary schistosomiasis, STH, LF and malaria among study participants in five rural villages in
Kwale district, coastal Kenya

No. infected/No. examined (%)
95% CI (%)

Village Ascaris Trichuris Hookworm Schisto LF Malaria

Maponda 0/106 (0)
-

4/106 (3.8)
0.2-7.4

40/105 (38.1)
28.8-47.4

10/117 (8.5)
3.4-13.5

6/118 (5.1)
1.1-9.1

9/118 (7.6)
2.8-12.4

Mirihini 0/121 (0)
-

0/122 (0)
-

58/119 (48.7)
39.7-57.7

18/127 (14.2)
8.1-20.3

4/126 (3.2)
0.1-6.3

4/127 (3.1)
0.1-6.1

Kajiweni 2/122 (1.6)
0-3.8

1/122 (0.8)
0-2.4

64/120 (53.3)
44.4-62.2

25/122 (20.5)
13.3-27.7

7/122 (5.7)
1.6-9.8

12/120 (10.0)
4.6-15.4

Miatsani 0/92 (0)
-

1/92 (1.1)
0-3.2

44/93 (47.3)
37.2-57.4

20/93 (21.5)
13.2-29.8

4/91 (4.4)
0.2-8.6

0/93 (0)
-

Mlafyeni 2/129 (1.6)
0-3.8

0/129 (0)
-

29/127 (22.8)
15.5-30.1

34/128 (26.6)
18.9-34.3

4/137 (2.9)
0.1-5.7

8/134 (6.0)
2.0-10.0

All 4/570 (0.7)
0-1.4

6/571 (1.1)
0.2-2.0

235/564 (41.7)
37.6-45.8

107/587 (18.2)
15.1-21.3

25/594 (4.2)
2.6-5.8

33/592 (5.6)
3.7-7.5

*P value < 0.001 0.030 0.765 0.015

* Chi-square test. For Ascaris and Trichuris infections, Chi-square was not valid hence p-values not indicated

Table 3 Intensities of hookworm and urinary schistosomiasis infections among adults positive for the infections in five
rural villages in Kwale district, coastal Kenya

Village

Infection Maponda Mirihini Kajiweni Miatsani Mlafyeni All P

Hookworm

No. Positive 40 58 64 44 29 235

GMI EPG 162 147 143 140 114 142 0.949

Light (%) 37 (92.5) 55 (94.8) 63 (98.4) 42 (95.5) 29 (100.0) 226 (96.2)

Heavy (%) 3 (7.5) 3 (5.2) 1 (1.6) 2 (4.5) 0 (0) 9 (3.8)

Schistosomiasis

No. Positive 10 18 25 20 34 107

GMI (eggs/10 ml urine) 8 11 11 14 28 15 0.147

Light (%) 10 (100.0) 15 (83.3) 19 (76.0) 15 (75.0) 23 (67.6) 82 (76.6)

Heavy (%) 0 (0) 3 (16.7) 6 (24.0) 5 (25.0) 11 (32.4) 25 (23.4)

Geometric mean intensities (GMI) and levels of the intensities (light or heavy) were computed for individuals positive the infections only

Hookworm: light, 1-1999 EPG; heavy, ≥ 2000 EPG.

S. haematobium: light, 1 - 49 eggs/ml urine; heavy, ≥ 50 eggs/ml urine
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communities and may be a cost-effective way of using
the available resources.
The major potential weakness of this study may be the

fact that only one stool sample was collected. The accu-
racy of the Kato-Katz technique in identifying indivi-
duals with STH infections is limited by day-to-day
variation in helminth egg excretion and sensitivity is
greatly reduced when intensity of infections is low [18].
Improved detection of STH eggs in stool requires exam-
ination of stool specimens collected on 2 to 3 consecu-
tive days which may not be practical especially when
working in very remote areas. A new technique known
as FLOTAC has been proposed as a better tool for diag-
nosis of STH infections; in hookworms infection study
conducted in Cote d’Ivoire, the FLOTAC technique was
found to have a sensitivity of 88.2% compared with
68.4% for Kato-Katz [19]. Thus, the prevalence of STH
infections, and in particular hookworms, reported in the
current study may have been higher if the more sensi-
tive FLOTAC technique was used.
It is estimated that 26 - 68% of individuals with schis-

tosomiasis are carriers of an additional helminthic infec-
tion, such as hookworms, A. lumbricoides, or T.
trichiura [20]. This study revealed that approximately
46% of adults with schistosomiasis also had hookworms.
The additional parasites may aggravate morbidity due
schistosomiasis infection, especially in young children
[21]. Hookworm infection is a well-known cause of
iron-deficiency anaemia because of intestinal blood loss.
Anaemia predisposes to severe morbidity in children
and pregnant women [22]. However, the majority of
schistosomiasis and hookworm infections in our study
were light-intensity which suggests that the effects may
be quite mild.
The WHO Expert Committee on the Control of Schis-

tosomiasis and STH during its meeting in 2001 noted
that there are substantial reductions in the cost of
anthelminthic drugs generally, and said that new options
for treatment and retreatment strategies should be
considered [2]. Since praziquantel is now available at
low cost (approximately US$0.2 per treatment) more

liberalized use of the drug may become possible [23].
The results of this study suggest that it may be neces-
sary to develop novel approaches to offer preventive
chemotherapy interventions to adults in high endemic
areas in an effort complement school-based deworming
and to accelerate reduction of transmission of hel-
minthic infections in such areas. Inclusion of adults in
control programmes may have the potential to dramati-
cally improve both efficiency and effectiveness of control
efforts against NTDs employing integrated MDAs. It
may be useful to start pilot NTDs integrated control
programmes in endemic areas which may later be scaled
up to regional or national programmes.

Conclusions
The findings of this study underscore schistosomiasis
and STH infections as important infections among
adults in areas of high endemicity for these infections.
Additionally, these results suggest need for design of
optimal treatment approaches that may consider includ-
ing adults at risk of these infections in preventive che-
motherapy interventions. Reduction of these infections
in adult populations may contribute to subsequent
decrease in the force of transmission in such commu-
nities leading to lower morbidities in children.
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Table 4 Polyparasitism with urinary schistosomiasis, soil-
transmitted helminths, and lymphatic filariasis among
adults in 5 rural villages in Kwale district, coastal Kenya

No. of infections (%)

Village N 0 1 2 3

Maponda 118 72 (61.0) 35 (29.7) 8 (6.8) 3 (2.5)

Mirihini 127 60 (47.2) 54 (42.5) 13 (10.2) 0 (0)

Kajiweni 123 43 (35.0) 63 (51.2) 15 (12.2) 2 (1.6)

Miatsani 94 41 (43.6) 38 (40.4) 14 (14.9) 1 (1.1)

Mlafyeni 137 83 (60.6) 43 (31.4) 7 (5.1) 4 (2.9)

All 599 299 (49.9) 233 (38.9) 57 (9.5) 10 (1.7)
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