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Abstract
Background: Schistosomiasis is a public health problem in Malawi but estimates of its prevalence vary widely. There is need
for updated information on the extent of disease burden, communities at risk and factors associated with infection at the
district and sub-district level to facilitate effective prioritization and monitoring while ensuring ownership and sustainability
of prevention and control programs at the local level.
Methods and Findings: We conducted a cross-sectional study between May and July 2006 among pupils in Blantyre district
from a stratified random sample of 23 primary schools. Information on socio-demographic factors, schistosomiasis
symptoms and other risk factors was obtained using questionnaires. Urine samples were examined for Schistosoma
hematobium ova using filtration method. Bivariate and multiple logistic regressions with robust estimates were used to
assess risk factors for S. hematobium. One thousand one hundred and fifty (1,150) pupils were enrolled with a mean age of
10.5 years and 51.5% of them were boys. One thousand one hundred and thirty-nine (1,139) pupils submitted urine and S.
hematobium ova were detected in 10.4% (95%CI 5.43–15.41%). Male gender (OR 1.81; 95% CI 1.06–3.07), child’s knowledge
of an existing open water source (includes river, dam, springs, lake, etc.) in the area (OR 1.90; 95% CI 1.14–3.46), history of
urinary schistosomiasis in the past month (OR 3.65; 95% CI 2.22–6.00), distance of less than 1 km from school to the nearest
open water source (OR 5.39; 95% CI 1.67–17.42) and age 8–10 years (OR 4.55; 95% CI 1.53–13.50) compared to those 14
years or older were associated with infection. Using urine microscopy as a gold standard, the sensitivity and specificity of
self-reported hematuria was 68.3% and 73.6%, respectively. However, the positive predictive value was low at 23.9% and
was associated with age.
Conclusion: The study provides an important update on the status of infection in this part of sub-Saharan Africa and
exemplifies the success of deliberate national efforts to advance active participation in schistosomiasis prevention and
control activities at the sub-national or sub-district levels. In this population, children who attend schools close to open
water sources are at an increased risk of infection and self-reported hematuria may still be useful in older children in this
region.
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tract scarring, deformity of ureters and the bladder caused by S.
haematobium infection have become less common due to modern
drugs [4,5]. Subtle and indirect morbidities such as fatigue,
physical or cognitive impairment and effects of co-infections with
other infectious diseases like HIV, malaria have received more
attention recently [4]. New evidence from a recent review of these
studies suggests a causative link between schistosome infection,
anti-parasite inflammation, and risk for anaemia, growth stunting
and under-nutrition, as well as exacerbation of co-infections and
impairment of cognitive development and physiological capacities
among infected individuals [6]. The causal relationship between

Introduction
Schistosomiasis remains an important public health problem
globally with an estimated 200 million cases reported each year
[1]. However, 85% of the cases reported annually occur in subSaharan Africa and over 150,000 deaths are attributable to
chronic infection with S. haematobium in this region [2,3]. The eggs
of S. haematobium provoke granulomatous inflammation, ulceration,
and pseudo-polyposis of the vesical and ureteral walls. Hematuria
is a very common sign of infection but other signs include dysuria,
pollakisuria, and proteinuria. Kidney failure deaths due to urinary
www.plosntds.org
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elementary schools as it has been shown that this population is
intensely affected in endemic communities [13]. The prevalence
distribution, factors associated with S. hematobium infection and the
reliability of self reported hematuria compared to the ‘‘gold standard’’
parasitological examination among school children are described.

Author Summary
Schistosoma hematobium infection is a parasitic infection
endemic in Malawi. Schistosomiasis usually shows a focal
distribution of infection and it is important to identify
communities at high risk of infection and assess effectiveness of control programs. We conducted a survey in one
district in Malawi to determine prevalence and factors
associated with S. hematobium infection among primary
school pupils. Using a questionnaire, information on history
of passing bloody urine and known risk factors associated
with infection was collected. Urine samples were collected
and examined for S. hematobium eggs. One thousand one
hundred and fifty (1,150) pupils were interviewed, and out of
1,139 pupils who submitted urine samples, 10.4% were
infected. Our data showed that male gender, child’s
knowledge of an existing open water source (includes river,
dam, springs, lake, etc.) in the area, history of urinary
schistosomiasis in the past month, distance of less than 1 km
from school to nearest open water source and age 8–10
years compared to those 14 years and older were
independently associated with infection. These findings
suggest that children attending schools in close proximity to
open water sources are at increased risk of infection.

Materials and Methods
Study area
This cross-sectional study was carried out in Blantyre district
located in southern Malawi. The district has a land area of
2,012 km2 and the altitude above sea level ranges from 300 m to
1000 m. According to the national statistical office, it has an
estimated population of one million of whom 61% reside in the
urban or peri-urban areas.
From north-west to south-west boundary of the district runs the
Shire River which is the main outlet of Lake Malawi (Figure 1).
The average annual temperature is 27uC whilst the average
rainfall is 871 mm. The rainy season is from November to April
and the dry season from May to October [14].

Sample selection
All standard three pupils who were attending primary schools in
Blantyre district during the time of data collection between May and
July 2006 were eligible to participate in our study. Our study sample
was selected using a stratified 2-stage probability sampling technique.
First, we stratified the district was into 3 ecological risk areas for
urinary schistosomiasis which was based on altitude above sea level
as follows; high (,500 m), moderate (500–1000 m) and low
(.1000 m). Some previous studies have shown that altitude above
sea level is known to be associated with schistosomiasis [15,16]. We
used STATA software v10.1 (StataCorp Ltd, Texas, USA) to
estimate sample size for comparison of proportions between strata.
The sample size of 1,128 was estimated using a prevalence estimate
of 40.0% with 80.0% power to detect a relative difference of 10.0%
between strata at a 0.05 level of significance. Second we obtained
from the district education offices the number of schools and pupils’
population estimates in each stratum. Based on the pupils’
population distribution within the strata and our prior decision to
randomly select 50 standard three pupils from each selected school,
we calculated that 23 schools would be required. Studies have shown
that Lot-Quality Assurance Scheme approaches provide the ability
to identify communities with a high prevalence of schistosomiasis
with high levels of sensitivity and specificity, even at very small
maximum sample sizes [17]. Finer classification of schools according
to categories of prevalence are achieved with moderate sample sizes
of $15 and have been found to be more accurate with extremely low
probabilities of making gross classification errors. Thirdly, sampling
was conducted in 2 stages. In the first stage, the primary sampling
units were schools that were selected with a probability proportional
to number of schools in the strata. A list of schools in each stratum
was compiled and using computer generated random numbers
schools in each stratum were selected as follows; six schools from the
high risk stratum, eight from the moderate risk stratum and nine
from the low risk stratum. In the second stage, a random sample of
50 grade three pupils in each selected school was obtained.

anaemia and schistosomiasis exists even after controlling for other
co-infections and dietary factors among pregnant women and
children [6–9]. The underlying mechanisms proposed range from
social determinants to complex immune interactions.
In Malawi, schistosomiasis is endemic with S. haematobium being
highly prevalent in the southern region while S. mansoni predominates
on the central plain and the northern regions [10]. The national
schistosomiasis control program estimates that between 40% and
50% of the total Malawian population is infected with schistosomiasis (National Plan of Action for the Control of Schistosomiasis and
Soil transmitted Helminthes five-year plan 2004–2008). Other
studies have suggested that these national estimates may have been
derived from studies conducted years ago that had some selection
bias for high risk schools [11]. A national survey conducted in 2002
among primary school pupils found the prevalence of S. hematobium
and S. mansoni infection among school children to be 6.9% and 0.4%
using filtration method of urine and Kato-Katz method for stools
respectively [11]. These findings were much lower than expected
and it was concluded that schistosomiasis is highly localized in
Malawi. This implies that local estimates would be more useful than
national estimates in guiding the selection of control strategies to be
implemented at district or sub-district level which depends on disease
prevalence rate in a community [12]. However, most districts in
Malawi do not have local estimates to guide planning and
implementation of control interventions at that level. The Ministry
of Health through the national schistosomiasis control program is
currently undertaking a deliberate effort to have schistosomiasis
prevention and control efforts integrated within district plans to
encourage ownership and improve sustainability by engaging district
teams (National Plan of Action for the Control of Schistosomiasis
and Soil transmitted Helminthes five-year plan 2004–2008).
Blantyre district health team initiated and conducted this study
aimed at determining the prevalence of schistosomiasis as part of this
effort. The findings are expected to be used as baseline for future
evaluation and monitoring of control activities. A representative
cross-sectional study of urinary schistosomiasis infection among
school children in Blantyre district was therefore conducted. To
establish the need for intervention in a community, we conducted our
baseline survey among children sampled from grade three in
www.plosntds.org

Data collection
Children were interviewed by trained Health Surveillance
Assistants (HSAs) and community health nurses using a questionnaire that was adapted from the 2002 national prevalence survey
[11]. To reduce bias and improve the performance of the
questionnaires, questions about schistosomiasis were disguised
among other health related questions. The questionnaire was pre2
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Figure 1. Prevalence distribution of Schistosoma hematobium infection in Blantyre district, Blantyre Schistosomiasis survey 2006,
Malawi. Prevalence (%): 0–9 (large red circle), 10–20 (blue triangle), .21 (green square). Altitude (metres): lowest–500 (white), 500–1000 (light grey),
.1000 (dark grey). Main centres are indicated by small red dots and main rivers by blue lines.
doi:10.1371/journal.pntd.0000361.g001

urban or rural location, proximity of school to an open water
source and household socio-economic status (SES).
We used a method developed by the Centre for Social Research
in Malawi (Kadzandira et al. unpublished report) and similar
methods have been used in other studies to estimate SES [18]. The
method combined six variables to formulate the complex indicator
of SES which includes housing structures, main occupation of
heads of households, and possession of selected assets such as

tested and modifications were made after discussions with HSAs,
teachers and district health office staff. Risk factors included main
household water source, child’s knowledge of nearby open water
sources (open water source defined as any open water body
including lakes, springs, rivers, streams, ponds, swamps and dams),
frequency of contact with open water sources, dysuria or passing
blood in urine within the past month, history of S. hematobium
infection and S. hematobium treatment. Other factors included
www.plosntds.org
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Carolina at Chapel Hill, USA and the University of Malawi,
College of Medicine.
Prior to conducting the study, aims and procedures to be used to
collect data were explained to parents or guardians and
community leaders including school committees during meetings.
Written consent was obtained from the local leaders, children’s
parents or guardians and assent was subsequently obtained from
the children.

radios, telephones, televisions, etc. For each variable, households
were assigned a weight ranging from zero to two. For example,
households with a grass-thatched roof were given a weight of zero
while households with a plastic paper roof were given a 0.3 and
households with iron-sheet or tiled roof were given a 1.0 (Table
S1). The sum of weights from the six variables determined the SES
score of each household. Households were then classified as low
SES for those with scores less than 4.0, moderate SES for 4.0–6.0
and high SES for more than 6.0. There were no significant
differences when we analyzed our data using the year 2000 World
Bank asset scoring system for wealth (data not shown) [19].
In addition to the questionnaire interview, pupils were asked to
submit urine in supplied 20 ml screw top plastic containers
between 0900 hrs and 1400 hrs. The samples were immediately
transported to the University of Malawi College of Medicine
microbiology laboratory. Our primary outcome was S. hematobium
infection as diagnosed by urinary microscopy examination.

Results
From a total of 195 schools, 23 schools were selected. A total of
1,150 pupils were interviewed and 1,139 pupils submitted urine
specimen which was examined for S. hematobium ova. 4 pupils
(0.35%) refused to submit urine specimen and 7 pupils (0.60%)
reported that either they did not have the urge to produce urine
during the time the study team was at the school or they submitted
urine specimen of less than 10 mls.

Laboratory analysis
Characteristics of the study population

Samples were tested for micro-hematuria using urine reagent
strips (Uripath, Plasmatec Laboratory, UK) and results were scored
as negative, +, ++ or +++ as per manufacturer recommendations.
10 mls of urine was filtered using paper filters (Gelman Sciences,
Michigan USA) and the egg count was recorded per 10 mls of urine.
In close collaboration with the district health office, all children who
were found to be positive either through microscopic examination or
urine reagent strips were referred for treatment.

The mean age of the study population was 10.5 years and most
of the children (86.2%) were aged 8 to 13 years with no significant
difference by gender. About 44.2% were from poor SES while
21.9% of the children were from high socio-economic households.
Characteristics of the study sample are shown in Table 1.

Prevalence and distribution of infection
S. hematobium eggs were found in 10.4% (95% confidence
interval (CI): 5.4–15.4%) of the pupils who submitted urine
specimen. Prevalence in schools ranged from 0.0% to 46.0% and
39.1% (9/23) of the schools had infection prevalence of ten

Data analysis
Data were entered into Microsoft Access 2003. The data were
then converted into SAS version 9.1 (SAS Institute, Cary, North
Carolina, USA) which was used for all analyses. Based on the
study design of the survey; weighting, stratification, and clustering
were taken into account in all statistical analyses using Survey
procedures in SAS. The survey analysis procedures use the Taylor
series expansion method to estimate sampling errors of estimators
based on sample designs [20]. The procedures estimate the
variance from the variation among the schools and pool stratum
variance estimates to compute the overall variance estimate. A
weighting factor was used in the analysis to reflect the likelihood of
sampling each student in a stratum. The weight used for
estimation is given by the following formula:

Table 1. General characteristics of school children, Blantyre
Urinary Schistosomiasis Survey, Malawi, 2006.

Characteristic

Percentage1

Gender*
Male

590

51.53

Female

555

48.47

Age*

W~W1|W2
Where W1 = the inverse of the probability of selecting the school
in a stratum and, W2 = the inverse of the probability of selecting a
child from the classroom within the school. Bivariate analyses were
used to estimate the crude odds ratios and identify variables to be
included in the initial multivariate logistic regression model. Chisquare test was used to assess the association between categorical
variables and S. hematobium infection in bivariate analysis. Variables
that had a p value ,0.20 were included in the initial multivariate
logistic regression model. Using backward elimination method,
variables that showed independent association with S. hematobium
infection at a significance level of p value ,0.05 were retained in
the model. A significance level of p value ,0.05 was used in all
other analyses. Pearson correlation coefficient was used to test for
correlation between continuous variables.

#7 yrs

63

5.52

8–10 yrs

563

49.34

11–13 yrs

420

36.81

$13 yrs

95

8.33

Rural

700

60.87

Urban

450

39.13

26.09

Location

Stratum
Shire river/altitude ,500 m

300

Altitude 500 m–1000 m

400

34.78

Altitude .1000 m

450

39.13

Low

508

44.17

Moderate

390

33.91

High

252

21.91

Socio-economic status

Ethical considerations

1

Not accounted for clustering, stratification and not weighted.
Gender and age were missing for 5 and 9 children respectively.
doi:10.1371/journal.pntd.0000361.t001

The study was conducted using protocols approved by the
institutional ethics Review Boards of the University of North
www.plosntds.org
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Figure 2. Prevalence of Schistosoma hematobium infection by age and sex, Blantyre Schistosomiasis survey 2006, Malawi. Overall
(square), male (triangle), female (6).
doi:10.1371/journal.pntd.0000361.g002

percent or more (Figure 1). Prevalence varied by altitude above sea
level; 17.8% of children from ,500 m stratum had positive results
for S. hematobium ova, 12.4% in the 500–1000 m stratum and
3.60% in the .1000 m stratum (p = 0.007).
Infection was higher in rural areas at 14.4% (95% CI: 6.6–
22.2%) compared to the urban areas 3.6% (95% CI: 1.4–5.8%).
13.2% of the boys in the study population were infected compared
to 7.4% among the girls. Across all age ranges, boys had higher
prevalence compared to girls (Figure 2). The prevalence showed
an increasing trend with increasing age and peaked around 11–13
years then started to decline.
Boys were more likely to be knowledgeable of existence of open
water source in their area compared to girls, 61.8% and 55.0%
respectively (p = 0.03). Among pupils who were knowledgeable of
an open water source in their area, children aged 14 years or older
were less likely to report playing or swimming in water compared
to those less than 14 years old, 79.1% and 90.8% respectively
(p = 0.003). There was no significant difference in the proportions
that reported daily/ weekly water contact frequency among boys
and girls who reported playing or bathing in open water sources,
85.6% and 88.1% respectively (p = 0.4). Children who reported
previous history of urinary schistosomiasis infection were more
likely to report ever being treated for urinary schistosomiasis in the
past compared to children who reported no previous history of
schistosomiasis (27.1% and 3.7%; p,0.001).

a gold standard, the sensitivity and specificity of self-reported
hematuria was 68.3% and 73.6% respectively. The negative
predictive value (NPV) was 95.0% while positive predictive (PPV)
value was very low at 23.9%. PPV of self-reported hematuria was
higher among boys compared to girls (27.3% versus 18.4%) and was
higher among pupils aged 9 years or more compared to those aged 8
years old or less (17.0% versus 24.8%).

Factors associated with urinary schistosomiasis
Table 2 shows the association between risk factors and S.
hematobium infection in bivariate analyses. The following factors
were significantly associated with infection in bivariate analysis;
age 11–13 years, socio-economic status, gender, location, household water source, pupil’s knowledge of existence of an open water
source, previous history of urinary schistosomiasis and proximity
of school to an open water source. Distance from home to an open
water source, previous history of schistosomiasis treatment,
frequency of water contact and dysuria were not significantly
associated with infection. In multivariate analysis, factors that
remained significantly associated with S. hematobium infection were
male gender (OR 1.81; 95% CI 1.06–3.07), child’s knowledge of
an open water source in the area (OR 1.90; 95% CI 1.14–3.46),
previous history of urinary schistosomiasis (OR 3.65; 95% CI
2.22–6.00) distance of less than 1 km from school to nearest open
water source (OR 5.32; 95% CI 1.66–17.07) and age 8–13
compared to those age 14 and older (Table 3).

Intensity of infection
The overall ova density (eggs/10 ml of urine) among the
infected in the study population was 10.1 (range 1–80). The
prevalence of heavy infection ($50 eggs/10 mls) among those
infected was 2.4%. The average ova density was calculated for
each school and was compared with school prevalence. There was
a strong correlation between prevalence of S. hematobium infection
and mean ova density in schools (Pearson correlation coefficient
r = 0.65 p = 0.005). There was no correlation between age and ova
density among those infected. There was no difference in the mean
ova density between boys and girls (mean; 9.9 and 10.4 eggs/
10 mls urine p = 0.8).

Discussion
To our knowledge this is the first large-scale survey that has
been conducted in Blantyre district to determine prevalence and
risk factors associated with S. hematobium infection. The prevalence
of S. hematobium infection was 10.4% and ranged from 0.0% to
46% in schools in our study. Male gender, age, child’s knowledge
of an open water source in the area, previous history of
schistosomiasis and proximity of school to an open water source
were independently associated with infection in our study.
The last published S. hematobium prevalence estimates for the
district were from studies conducted between 1979 and 1981
among pupils from three schools and individuals from two villages
where prevalence ranged from 22% to 72% using centrifugation
and reagent dipsticks respectively [10]. Our study prevalence
estimate is lower than the national estimates of between 40% and
50% currently in use. Our prevalence findings are similar to the

Accuracy of self reported hematuria
Of the 1,150 pupils interviewed, 353 (31.6%, 95%CI: 23.1–
40.1%) reported passing blood in urine (hematuria) over the past
month. Proportion of pupils reporting passing blood in urine ranged
from 8% to 70% in schools. Using urine microscopic examination as
www.plosntds.org
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Table 2. Bivariate analysis of factors associated with
Schistosoma hematobium, Blantyre schistosomiasis survey,
Malawi, 2006.

Table 3. Adjusted association of Schistosoma hematobium by
risk factor, Blantyre schistosomiasis survey, Malawi, 2006*.

Risk factor

OR (95% CI){

p-value

N

No. infected{

OR (95% CI){

$14 yrs

1

$14 yrs

92

6

1

#7 yrs

2.34 (0.24–22.43)

0.6

#7 yrs

63

2

0.57 (0.52–6.19)

8–10 yrs

4.55 (1.53–13.50)

0.007

8–10 yrs

562

46

1.75 (0.65–4.72)

11–13 yrs

4.27 (1.49–12.23)

0.007

11–13 yrs

414

69

3.43 (1.35–8.68)

Gender
Female

1

High

249

6

1

Male

1.81 (1.06–3.07)

Moderate

388

47

3.56 (1.11–11.42)

Knowledge of an open water source

Low

502

70

4.56 (1.25–16.61)

No

1

Yes

1.90 (1.14–3.46)

Risk factor

Age

Age

Socio-economic status

Gender
Female

547

42

1

History of schistosomiasis

Male

587

80

1.89 (1.10–3.23)

No

1

Yes

3.65 (2.22–6.00)

Main household water source
Piped water

437

28

1

Distance from school to nearest open water source

Borehole

493

64

2.13 (0.79–7.74)

$1 km

1

Wells/River/Streams/Dams/springs 206

30

2.63 (1.07–6.46)

,1 km

5.39 (1.67–17.42)

Location

0.03

0.04

,0.0001

0.005

Socio-economic status

Urban

444

19

1

High

1

Rural

695

104

4.50 (1.95–10.39)

Medium

2.33 (0.68–8.00)

0.2

Low

1.72 (0.44–6.72)

0.4

No

474

17

1

Yes

657

106

4.43 (2.91–6.76)

Knowledge of open water source

*

Adjusted for age, gender, open water source knowledge, history of
schistosomiasis, distance from school to nearest open water source, location,
socio-economic status, dysuria, history of schistosomiasis treatment and
household water source.
{
Odds ratios and 95% confidence intervals are weighted and account for
stratification and clustering.
doi:10.1371/journal.pntd.0000361.t003

Distance from home to open water source*
Far/ Very far

138

22

1

Close/ Very close

509

78

1.09 (0.63–1.89)

No

69

10

1

Yes

580

95

1.21 (0.35–4.10)

Play/bath in open water source*

national schistosomiasis survey results [11]. The observed
differences between the national estimates in current use and the
recent observed findings have been attributed to effective
schistosomiasis control and availability of anti-schistosomiasis
drugs [11]. In addition the differences in size and methodology
of studies could partly explain the observed findings. The more
recent large-scale surveys are likely to be more accurate compared
to previous studies that may have had some selection bias for high
risk schools [11]. Also, the wide range of infection prevalence rates
among schools in our study illustrates the focal distribution
characteristic of schistosomiasis.
The association between male gender and S. hematobium found in
our study is similar to findings from other studies [21–23]. Boys
were more likely to be infected and be knowledgeable of the
existence of an open water source in their area compared to girls.
In other studies, boys had more water-contact compared to girls
[23]. This could be partly explained by the fact that boys are
usually more adventurous, they are more likely to be knowledgeable of their environments including water bodies and therefore be
more likely to play in them compared to girls. The association
between gender and S. hematobium infection varies in different
communities. Some studies have reported no association between
S. hematobium infection and gender [22,24] while other studies have
reported association with female gender [25].
Our study showed that there was an increasing trend of
infection among children from six years to thirteen years with a

Frequency of open water source contact*
.Monthly

74

12

1

Daily/Weekly

505

83

1.18 (0.58–2.40)

No

874

77

1

Yes

250

46

1.97 (0.89–4.34)

No

830

50

1

Yes

303

73

4.16 (2.35–7.35)

History of dysuria

History of schistosomiasis

History of schistosomiasis treatment
No

1023

104

1

Yes

112

19

1.61 (0.74–3.49)

Distance from school to nearest open water source
$1 km

696

25

1

,1 km

443

98

5.52 (2.12–14.39)

*

Base population are the 657 pupils with knowledge of open water source.
Infection characterized by parasitological examination of urine.
Odds ratios and 95% confidence intervals are weighted and account for
stratification and clustering.
doi:10.1371/journal.pntd.0000361.t002
{
{
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decline from 14 years. Also, children aged 14 years or more were
less likely to report playing or swimming in water in our study.
This suggests that children 14 years and older have lower risk of
being infected as they are less likely to be engaged in recreational
water-contact behaviors compared to younger children. Studies
conducted elsewhere have reported similar results, for example,
throughout the nine year schistosomiasis study in Kenya,
schistosomiasis infection was lower in older children [22,26].
Other studies have reported that age-acquired immunity to reinfection contributes to the declining trend in prevalence among
children aged 15 years and older [27]. However, we cannot
conclude whether age-acquired immunity contributed to our
findings since we did not find a negative association between ova
load and age.
School proximity to an open water source showed a very strong
association with infection. Proximity to water sources has been
consistently shown to be associated with schistosomiasis infection
in other studies [23,28,29]. In contrast, other studies have found
no association or variable influence on schistosomiasis infection
and it has been suggested that multiple uses of various water
bodies with different transmission levels could explain these
findings [30,31]. Interestingly, we did not find a significant
association between proximity of household to an open water
source in our study. This could be partly explained by the
following reasons; first, 95.0% of pupils who were infected and
reported that their homes were far or very far from an open water
source attended schools that were less than 1 km from an open
water source. This means that while children may not engage in
water contact recreational activities close to their homes, they
might have been exposed when going or coming from school or
other places away from home. Secondly, our questionnaire
method of estimating distance from home to nearest water source
was more subjective and prone to misclassification. Hence our
estimate for the effect of household proximity to water source on
infection could have been biased.
Communities with high infection rates are usually clustered
around contaminated water sources [32,33]. This could partly
explain why we observed an association between S. hematobium
infection and previous history of urinary schistosomiasis since
children who reported previous history of schistosomiasis were
more likely to report ever being treated for urinary schistosomiasis.
We did not find a significant association with reported water
contact frequency. Studies have found variable influence of water
contact frequency on schistosomiasis infection. This has been
attributed to variability in amount of body exposed to water and
others have suggested that other factors play major role [22,34].
Socioeconomic status of the household was not an independent
factor associated with infection in our study population. Conflicting results have been reported in previous studies [35–37]. Based
on our findings, possibly improving socioeconomic status alone
may not significantly reduce the rate of infection among this
population.
The performance of self reported hematuria in our study is
similar findings from other endemic countries with sensitivity and
specificity range of 50–100% and 58–96% respectively in
moderate and high transmission areas [38–40]. Our positive
predicted value of self-reported hematuria was low and could be
due to several reasons. First, our study was limited since only one
urine specimen was collected and we did not encourage the
children to conduct exercises prior to urine collection. Studies
have shown that repeated examination of urine specimen over
consecutive days and exercises prior to urine collection improve
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egg detection [41,42]. It is possible to have an infected child
reporting hematuria with no ova detected one urine sample. Also,
this could have been exacerbated by the fact that our study
population had low infection intensity (10.1 eggs/10 mls urine).
Our results probably could have been different if reported
hematuria was compared to Circulating Anodic Antigen (CAA)
from S. haematobium. Secondly, children that either reported
passing blood in urine or tested positive for S. hematobium infection
were referred for treatment and it might be possible that some
children reported hematuria to be referred to health facilities and
hence affecting accuracy.
This study was initiated and implemented by the district health
office. It demonstrates the success of the persistent and deliberate
national efforts advocating for active participation at the subnational or sub-district level in schistosomiasis prevention and
control activities in countries where schistosomiasis is endemic.
This is crucial for long-term ownership and sustainability of
schistosomiasis control efforts. S. hematobium infection was found to
be localized in Blantyre district. The district health office in
collaboration with the district education offices may consider
targeted treatment every two years in schools and surrounding
communities with prevalence of between 10% but less than 50%
as recommended by WHO in addition to passive treatment in the
health facilities and snail control [12]. Even though the predictive
value for the self-reported hematuria was low, the sensitivity and
specificity was comparable to other previous studies and suggests
that the use of questionnaires in this part of Sub-Saharan Africa
may still valuable in older children [43]. Further intervention
studies to determine the best and cost-effective strategies to
provide treatment to children and communities in the affected
areas are required. Ecological studies are also needed to identify
transmission foci to facilitate implementation of ecologically
targeted control measures.

Supporting Information
Table S1 Weights used to estimate household socio-economic
status
Found at: doi:10.1371/journal.pntd.0000361.s001 (0.03 MB
DOC)

Acknowledgments
We would like to thank all the Blantyre district education managers, school
committees, parents/guardians and all pupils who participated in this
study. We are grateful to all HSAs, community nurses and Mr J. Bitilinyu
for the data collection, and Mr Madeya, Mrs Nyakamela and Bongani
Kaimila for data entry and checking. The mapping exercise for this study
would have been impossible without the expertise and insight of Mr Costly
Chanza, the Urban Planner and GIS specialist at Blantyre City Assembly,
thank you for working on the maps for the manuscript as well. We are
heavily indebted to the Blantyre District Health Management team; Dr
Minyanga Nkhoma, Dr Amos Nyaka, Mr Aaron Mhango, Mrs Sabbina
Mlusu, Mrs Paulina Mwasigala, Mrs Mhone, Mrs Nyokase Kaimila and
the District Commissioner, Mr Charles Makanga, for their overwhelming
logistical support during the implementation of this project. Thanks to Mr
Samuel Jemu, the National Schistosomiasis Control Program Manager for
all his support.

Author Contributions
Conceived and designed the experiments: APKT VM SRM YS CB.
Performed the experiments: YS DB SR. Analyzed the data: APKT.
Contributed reagents/materials/analysis tools: SRM DB. Wrote the paper:
APKT VM SRM YS CB SR.

7

January 2009 | Volume 3 | Issue 1 | e361

Prevalence of S. hematobium in Blantyre, Malawi

References
1. Engels D, Chitsulo L, Montresor A, Savioli L (2002) The global epidemiological
situation of schistosomiasis and new approaches to control and research. Acta
Trop 82(2): 139–146.
2. Southgate VR, Rollinson D, Tchuem Tchuente LA, Hagan P (2005) Towards
control of schistosomiasis in sub-saharan africa. J Helminthol 79(3): 181–185.
3. van der Werf MJ, de Vlas SJ, Brooker S, Looman CW, Nagelkerke NJ, et al.
(2003) Quantification of clinical morbidity associated with schistosome infection
in sub-Saharan africa. Acta Trop 86(2–3): 125–139.
4. Gryseels B, Polman K, Clerinx J, Kestens L (2006) Human schistosomiasis.
Lancet 368(9541): 1106–1118.
5. King CH, Muchiri EM, Mungai P, Ouma JH, Kadzo H, et al. (2002)
Randomized comparison of low-dose versus standard-dose praziquantel therapy
in treatment of urinary tract morbidity due to schistosoma haema tobium
infection. Am J Trop Med Hyg 66(6): 725–730.
6. King CH, Dangerfield-Cha M (2008) The unacknowledged impact of chronic
schistosomiasis. Chronic Illn 4(1): 65–79.
7. Ayoya MA, Spiekermann-Brouwer GM, Traore AK, Stoltzfus RJ, Garza C
(2006) Determinants of anemia among pregnant women in mali. Food Nutr Bull
27(1): 3–11.
8. Ajanga A, Lwambo NJ, Blair L, Nyandindi U, Fenwick A, et al. (2006)
Schistosoma mansoni in pregnancy and associations with anaemia in northwest
tanzania. Trans R Soc Trop Med Hyg 100(1): 59–63. 10.1016/j.trstmh.2005.
06.024.
9. Brabin L, Verhoeff FH, Kazembe P, Brabin BJ, Chimsuku L, et al. (1998)
Improving antenatal care for pregnant adolescents in southern malawi. Acta
Obstet Gynecol Scand 77(4): 402–409.
10. Teesdale CH, Chitsulo L (1985) Schistosomiasis in malawi–a review. Trop Med
Parasitol 36(1): 1–6.
11. Bowie C, Purcell B, Shaba B, Makaula P, Perez M (2004) A national survey of
the prevalence of schistosomiasis and soil transmitted helminths in malawi. BMC
Infect Dis 4: 49.
12. WHO Expert Committee (2002) Prevention and control of schistosomiasis and
soil-transmitted helminthiasis. World Health Organ Tech Rep Ser 912: i–vi,
1–57.
13. Montresor A, Crompton DWT, Gyorkos TW, Savioli L (2002) Helminth control
in school-age children: A guide for managers of control programmes. Geneva:
World Health Organization.
14. Malawi National Statistical Office (2006) Malawi in figures 2006. 2006(October;
07): 2. Available http://www.nso.malawi.net/. Accessed 29 August 2007.
15. Ghebreyesus TA, Witten KH, Getachew A, Haile M, Yohannes M, et al. (2002)
Schistosome transmission, water-resource development and altitude in northern
ethiopia. Ann Trop Med Parasitol 96(5): 489–495.
16. Kabatereine NB, Brooker S, Tukahebwa EM, Kazibwe F, Onapa AW (2004)
Epidemiology and geography of schistosoma mansoni in uganda: Implications
for planning control. Trop Med Int Health 9(3): 372–380.
17. Brooker S, Kabatereine NB, Myatt M, Russell Stothard J, Fenwick A (2005)
Rapid assessment of schistosoma mansoni: The validity, applicability and costeffectiveness of the lot quality assurance sampling method in uganda. Trop Med
Int Health 10(7): 647–658.
18. Floyd S, Crampin AC, Glynn JR, Mwenebabu M, Mnkhondia S, et al. (2008)
The long-term social and economic impact of HIV on the spouses of infected
individuals in northern malawi. Trop Med Int Health 13(4): 520–531. 10.1111/
j.1365-3156.2008.02030.x.
19. Gwatkin DR, Rutstein S, Johnson K, Suliman E, Wagstaff A, et al. (2000)
SOCIO-ECONOMIC DIFFERENCES IN HEALTH, NUTRITION, AND
POPULATION MALAWI 1992, 2000 39450. Available: http://www.popline.
org/docs/318575 accessed 28 May 2008.
20. SAS. Sample survey design and Analysis . 2008(6/20)Available: http://support.
sas.com/rnd/app/da/new/dasurvey.html accessed 28 May 2008.
21. El-Gendy SD, Osman AM, Al-Sherbiny MM (1999) Epidemiology and
immunodiagnosis of schistosomiasis haematobium in low endemic area in
egypt. J Egypt Soc Parasitol 29(1): 229–246.
22. Satayathum SA, Muchiri EM, Ouma JH, Whalen CC, King CH (2006) Factors
affecting infection or reinfection with schistosoma haematobium in coastal
kenya: Survival analysis during a nine-year, school-based treatment program.
Am J Trop Med Hyg 75(1): 83–92.
23. Rudge JW, Stothard JR, Basanez MG, Mgeni AF, Khamis IS, et al. (2008)
Micro-epidemiology of urinary schistosomiasis in zanzibar: Local risk factors

www.plosntds.org

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

8

associated with distribution of infections among schoolchildren and relevance for
control. Acta Trop 105(1): 45–54. 10.1016/j.actatropica.2007.09.006.
Opara KN, Udoidung NI, Ukpong IG (2007) Genitourinary schistosomiasis
among pre-primary schoolchildren in a rural community within the cross river
basin, nigeria. J Helminthol 81(4): 393–397.
Ogbeide O, Okojie O, Wagbatsoma V, Isah E (1994) Schistosoma haematobium
in rural school children in nigeria. West Afr J Med 13(1): 31–33.
Ndyomugyenyi R, Minjas JN (2001) Urinary schistosomiasis in schoolchildren in
dar-es-salaam, tanzania, and the factors influencing its transmission. Ann Trop
Med Parasitol 95(7): 697–706.
Etard JF, Audibert M, Dabo A (1995) Age-acquired resistance and predisposition to reinfection with schistosoma haematobium after treatment with
praziquantel in mali. Am J Trop Med Hyg 52(6): 549–558.
Clennon JA, Mungai PL, Muchiri EM, King CH, Kitron U (2006) Spatial and
temporal variations in local transmission of schistosoma haematobium in
msambweni, kenya. Am J Trop Med Hyg 75(6): 1034–1041.
Handzel T, Karanja DM, Addiss DG, Hightower AW, Rosen DH, et al. (2003)
Geographic distribution of schistosomiasis and soil-transmitted helminths in
western kenya: Implications for anthelminthic mass treatment. Am J Trop Med
Hyg 69(3): 318–323.
Kloos H, Gazzinelli A, Van Zuyle P (1998) Microgeographical patterns of
schistosomiasis and water contact behavior; examples from africa and brazil.
Mem Inst Oswaldo Cruz 93 Suppl 1: 37–50.
Lima e Costa MF, Rocha RS, Leite ML, Carneiro RG, Colley D, et al. (1991) A
multivariate analysis of socio-demographic factors, water contact patterns and
schistosoma mansoni infection in an endemic area in brazil. Rev Inst Med Trop
Sao Paulo 33(1): 58–63.
Clennon JA, King CH, Muchiri EM, Kariuki HC, Ouma JH, et al. (2004)
Spatial patterns of urinary schistosomiasis infection in a highly endemic area of
coastal kenya. Am J Trop Med Hyg 70(4): 443–448.
Akufongwe PF, Dakul DA, Michael PD, Dajagat PD, Arabs WL (1996) Urinary
schistosomiasis in rural communities of some local government areas in plateau
state, nigeria: A preliminary parasitological and malacological survey.
J Helminthol 70(1): 3–6.
Kloos H, Rodrigues JC, Pereira WR, Velasquez-Melendez G, Loverde P, et al.
(2006) Combined methods for the study of water contact behavior in a rural
schistosomiasis-endemic area in brazil. Acta Trop 97(1): 31–41.
Ximenes R, Southgate B, Smith PG, Guimaraes Neto L (2003) Socioeconomic
determinants of schistosomiasis in an urban area in the northeast of brazil. Rev
Panam Salud Publica 14(6): 409–421.
Gazzinelli A, Velasquez-Melendez G, Crawford SB, LoVerde PT, CorreaOliveira R, et al. (2006) Socioeconomic determinants of schistosomiasis in a poor
rural area in brazil. Acta Trop 99(2–3): 260–271.
de Cassia Ribeiro Silva R, Barreto ML, Assis AM, de Santana ML, Parraga IM,
et al. (2007) The relative influence of polyparasitism, environment, and host
factors on schistosome infection. Am J Trop Med Hyg 77(4): 672–675.
Lengeler C, Utzinger J, Tanner M (2002) Questionnaires for rapid screening of
schistosomiasis in sub-saharan africa. Bull World Health Organ 80(3): 235–242.
Mafe MA, von Stamm T, Utzinger J, N’Goran EK (2000) Control of urinary
schistosomiasis: An investigation into the effective use of questionnaires to
identify high-risk communities and individuals in niger state, nigeria. Trop Med
Int Health 5(1): 53–63.
Ansell J, Guyatt H, Hall A, Kihamia C, Kivugo J, et al. (1997) The reliability of
self-reported blood in urine and schistosomiasis as indicators of schistosoma
haematobium infection in school children: A study in muheza district, tanzania.
Trop Med Int Health 2(12): 1180–1189.
Doehring E, Feldmeier H, Daffalla AA (1983) Day-to-day variation and
circadian rhythm of egg excretion in urinary schistosomiasis in the sudan. Ann
Trop Med Parasitol 77(6): 587–594.
Warren KS, Siongok TK, Houser HB, Ouma JH, Peters PA (1978)
Quantification of infection with schistosoma haematobium in relation to
epidemiology and selective population chemotherapy. I. minimal number of
daily egg counts in urine necessary to establish intensity of infection. J Infect Dis
138(6): 849–855.
Lengeler C, Utzinger J, Tanner M (2002) Questionnaires for rapid screening of
schistosomiasis in sub-saharan africa. Bull World Health Organ 80(3): 235–242.

January 2009 | Volume 3 | Issue 1 | e361

