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Abstract. Schistosomiasis control programs aim to reduce morbidity but are evaluated by infection prevalence and
intensity reduction. We present baseline cross-sectional data from a nested cohort study comparing indicators of mor-
bidity for measuring program impact. Eight hundred twenty-two schoolchildren 7–8 years of age from Nyanza Province,
Kenya, contributed stool for diagnosis of Schistosoma mansoni and soil-transmitted helminths (STH) and blood smears
for malaria, and were evaluated for anemia, quality of life, exercise tolerance, anthropometry, and ultrasound abnormal-
ities. Schistosoma mansoni, STH, and malaria infection prevalence were 69%, 25%, and 8%, respectively. Only anemia
and S. mansoni infection (adjusted odds ratio [aOR] = 1.70; confidence interval [CI] = 1.03–2.80), and hepatomegaly and
heavy S. mansoni infection (aOR = 2.21; CI = 1.19–4.11) were associated. Though anemia and hepatomegaly appeared
most useful at baseline, additional morbidity indicators may be sensitive longitudinal measures to evaluate schistosomi-
asis program health impact.

INTRODUCTION

Human schistosomiasis is a disease caused by any of five
species of trematode flatworms, or blood flukes, in the genus
Schistosoma. The World Health Organization (WHO) esti-
mates that over 237 million persons required treatment of
schistosomiasis in 20101 with estimates of up to an additional
779 million at-risk globally.2 Other authors estimate that the
burden of schistosomiasis resulting from either current or
former infections affects upward of 587 million persons.3 Unlike
diseases such as human immunodeficiency virus (HIV) and
malaria where mortality is high, schistosomiasis burden is
described primarily in terms of morbidity and historically has
been underreported. Recently, King and others3 attempted to
present a more realistic estimate of the burden by recalculating
the prevalence, time-preference discounting, and weight of dis-
ability. They estimated that schistosome infections accounted
for 24–56 million disability-adjusted life years (DALYs) lost
in 2010. For perspective, in the most recent WHO/World
Bank Global Burden of Disease (GBD) program data from
2004 it was estimated that 34 million DALYs were lost to
malaria and 58.5 million to HIV/acquired immunodeficiency
syndrome (AIDS).4

In endemic areas, initial infection is acquired at a young
age. Verani and others5 found that 14% of 1-year-old children
along the Kenyan shores of Lake Victoria were Schistosoma
mansoni positive, whereas Odogwu and others6 found a prev-
alence of 47.4% in children < 3 years of age around Lake
Victoria in Uganda. The prevalence of infection in school-
aged children in these areas can be as high as 86–90%7; in the
absence of treatment, infection can persist for years. Even for
those who do receive treatment, reinfection is likely.8

In children, schistosomiasis typically presents with general-
ized, non-specific signs and symptoms, making it difficult to
identify disease-specific morbidity indicators and challenging
to develop tools for assessing those indicators. Over time,
morbidity may progress from subtle manifestations such as
anemia, to more severe, debilitating, and irreversible condi-

tions such as growth stunting, impaired cognitive development,
increased susceptibility to co-infection, decreased quality of
life, exercise intolerance, infertility, portal hypertension, and
liver failure.9–15 The key determinants of morbidity progres-
sion are repeated infection, intensity of infection, and duration
of infection.16 Currently, the WHO strategy for schistosomi-
asis control relies on mass-drug administration (MDA) of
praziquantel,17 which is effective in reducing disease-associated
morbidity.18–22 The impact of MDA is measured by a change in
infection prevalence and intensity. Guidelines exist for schisto-
somiasis MDA thresholds, frequency, and target populations
(school-based versus community-wide), but there are few
objective data supporting them. As the number of operat-
ing control programs and people being treated continue to
increase, the need for evidence-based guidelines is becoming
more important.1

The purpose of the Schistosomiasis Consortium for Opera-
tional Research and Evaluation (SCORE) is to provide answers
to key questions about the control and prevention of schistoso-
miasis. One of the SCORE projects, “Comparison of School
and Community-based Mass Drug Administration Delivery
Strategies for Control of S. mansoni Infections in Western
Kenyan in Areas with ³ 25% Prevalence,” is a 5-year longitu-
dinal study designed to evaluate different combinations and
frequencies of school-based (SBT) and community-wide
(CWT) MDA treatment strategies (Figure 1). The primary
objective of this study is to determine the impact of these
strategies on infection prevalence and intensity to inform pro-
grammatic decision making. However, the impact on health is
also important when evaluating programs. We are conducting a
5-year nested cohort study within the parent SCORE study to
evaluate the impact of treatment on morbidity reduction. To
date, we have collected the baseline cross-sectional data and
performed an initial evaluation of the morbidity indicators
and tools.

METHODS

Ethics statement and eligibility criteria. Ethical clearance
was obtained from the Departmental and Institutional Scien-
tific Steering Committees of KEMRI followed by the National/
KEMRI Ethical Clearance Committee. The Institutional

*Address correspondence to Aaron M. Samuels, Centers for Disease
Control and Prevention, 1600 Clifton Rd NE, MS A06, Atlanta, GA
30329. E-mail: iyp2@cdc.gov

874



Review Boards of both the Centers for Disease Control and
Prevention (CDC) and the University of Georgia also reviewed
the study protocol and deferred to the KEMRI Ethical Clear-
ance Committee. Children who were 7–8 years of age, assented
to participate, and had parental or guardian consent were eligi-
ble for inclusion. Children with obvious physical disabilities that
could affect their participation in some aspect of the study (e.g.,
the shuttle run) were excluded.
Study area and population. This cross-sectional study was

conducted in schools within 5 km of Lake Victoria in Nyanza
Province of Kenya where prior studies had identified a high
prevalence of schistosomiasis and STH infections.5,23 Though
MDAs for STHs have been carried out in the area, no prior
MDAs for schistosomiasis had been performed. As part of the
larger SCORE project, 300 schools were evaluated for eligi-
bility. A single stool was examined (two slides per stool)
by the Kato-Katz fecal thick smear technique in 50 children
13–14 years of age in each school. If at least 13 children in the
school were positive for S. mansoni eggs, a prevalence of > 25%,
the community was eligible for entrance into the parent study.
One hundred fifty communities were eligible and randomly
selected into one of six different treatment arms (Figure 1) of
the parent SCORE project.
From the parent SCORE study, we selected 10 communities

from the study arm with the highest drug pressure, 4 years
of community-wide treatment (Figure 1, Arm 1), and 10 com-
munities from the study arm with the lowest drug pressure,
two years of school-based treatment interrupted by holiday
(Figure 1, Arm 6), based on proximity to our laboratory and
community size. From these 20 communities, we intended to
randomly select four schools from each arm and enroll 100 chil-
dren from each community school for a total of 800 children.
Stool examination. Children were given stool containers

and asked to provide fresh stool samples on three consecutive
days. Samples were transported to the CDC/KEMRI labora-
tory where they were processed and examined by the Kato-

Katz technique for detection of parasite eggs, two slides per
stool. The presence of S. mansoni, Ascaris lumbricoides,
Trichuris trichiura, and hookworm eggs was recorded. Egg
counts were quantified for S. mansoni only. The arithmetic
mean of egg counts was calculated from the total slides per child,
and expressed as eggs per gram (epg). Infections were catego-
rized by intensity according to the WHO guidelines as light
(1–99 epg), moderate (100–399 epg), or heavy (³ 400 epg).24

Each stool evaluation was performed blinded to prior stool
results, and all morbidity testing was performed with the oper-
ator blinded to participant infection status.
Blood collection and processing. A5mL venous blood sam-

ple was collected from each enrolled individual. Hemoglobin
concentration was calculated with HemoCue (Ängelholm,
Sweden) in g/dL, and anemia status was categorized according
to established country-specific cutoffs adjusted by age as nor-
mal (³ 11.2), mild (8.2 to < 11.2), moderate (5.2 to < 8.2), and
severe (< 5.2).25 Category cutoffs were adjusted for altitude.
Plasmodium falciparum parasitemia was determined by exami-
nation of blood smears by experienced microscopists.
Anthropometric measurements. Height was measured with

a locally made stadiometer. Children were asked to remove
shoes and dressing on their heads. They were then asked to
stand on the base of the stadiometer with both feet together,
and their head in contact with the vertical board. After proper
positioning, the child was asked to stand as tall as possible and
take a deep breath. A ruler was then place on their head, and
precise height was measured in centimeters. Weight was mea-
sured with a scale tared each morning or at every school
visited, whichever was more frequent. Children were asked
to remove shoes and any excess clothing and stand on the
center of the scale. Examiners recorded the results in kilo-
grams with one decimal place. Two readings for height and
weight were taken for each child, and the mean of these
results was calculated. Data were entered into the WHO
Anthro (version 3.2.2, January 2011) software, and Z-scores

Figure 1. Parent Schistosomiasis Consortium for Operational Research and Evaluation (SCORE) study design. Communities were randomized
into six intervention arms. CWT = community-wide treatment; SBT = school-based treatment. Arms are sequentially numbered on the right side of
the figure with Arm 1 being the top arm, and Arm 6 being the bottom arm.
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were calculated.26 Wasting was defined as a BMI-for-age
Z-score of < −2, and stunting was defined as a height-for-age
Z-score of < −2.
Exercise testing. Exercise tolerance was tested using the

multistage 20 m shuttle run, originally described and validated
in a cohort of Canadian schoolchildren27; it is used as a mea-
sure of maximal aerobic capacity by correlating the level
achieved on running to a maximal oxygen-uptake, or VO2

max. Children were organized into groups of five and asked to
repeatedly run 20 m at increasing speeds designated by an
audio recording. When they were no longer able to continue
at the rate set by the recording, they were asked to stop. This
final level achieved was recorded and correlated to a VO2 max.
Ultrasonographic evaluations. We used an SSD-500 porta-

ble ultrasound machine (Aloka, Tokyo, Japan) with a 3.5 MHz
convex probe to evaluate study participants for hepatosplenic
and portosystemic morbidity according to the Niamey proto-
col.28 Examinations were performed by a senior radiographer
(E.I.) with extensive experience in field ultrasonography
of persons with schistosomiasis. Liver texture patterns graded
B–F were considered abnormal. Hepatomegaly (HM), spleno-
megaly (SM), portal branch thickening (PBT), and increased
portal vein diameter (PVD) were defined as values 2 SDs above
a reference Senegalese population, adjusted for age and height.
Quality of life evaluations. Quality of life evaluations were

performed using the validated Pediatric Quality of Life
Inventory PedsQL instrument for children, version 5 (MAPI
Research Trust, Lyon, France). Participants were individually
asked questions in four dimensions of functioning: physical,
emotional, social, and school. The answers were scored and
then linearly transformed to a 0–100 continuous scale. Mean
scores with 95% confidence intervals (CIs) were calculated
for the study sample, and compared between children with
and without S. mansoni infection. Predictor estimates were
calculated for multivariable analyses.
Data handling and analysis. Demographic data were col-

lected on smartphones and uploaded to a dedicated database
maintained on a central server (EpiCollect). Laboratory and
morbidity data were collected on paper forms and entered by

a secure web-based portal into the same database. Data were
analyzed using SAS version 9.3 (SAS Institute Inc., Cary, NC).
All tests and confidence intervals used the 5% level of signifi-
cance. Univariable and multivariable models were created with
S. mansoni as the exposure of interest. Logistic and linear
regression was performed for dichotomous and continuous out-
comes, respectively, using statistical methods that accounted for
the sampling strategy. Standard errors were adjusted for strati-
fied cluster sampling in uni- and multivariable models using
Taylor series approximations.29 Tests for interactions were
performed. Univariable results are expressed as proportions or
means with associated P values or confidence limits, and multi-
variable results as adjusted odds ratios (aOR) or estimates with
95% CIs. Two multivariable models were created for each of
the morbidity outcomes (anemia, stunting, wasting, shuttle run
score, PedsQL, and ultrasound results [liver texture pattern,
HM, SM, PBT, and PVD]), one with S. mansoni infection as a
categorical value with A. lumbricoides, T. trichiura, and hook-
worm evaluated individually and the other with S. mansoni and
STHs collapsed into binary variables. Predictors for each mul-
tivariable model were chosen based on expert opinion and
model fit statistics.30 Sensitivity analyses were performed to
determine if bias was introduced when excluding participants
with any missing data. Multiple imputation, a recommended
approach for sensitivity analysis,31 was used to check for
changes in statistical inference when all participants with four
or more S. mansoni slides were included.

RESULTS

Data were collected in the dry season between February
and April of 2011. We intended to enroll 800 children from a
total of eight schools, but because of a lower enrollment than
expected, we randomly selected two additional schools per
study arm. A total of 907 children from 12 communities were
consented. Of these, 69 children were excluded for age ineli-
gibility, 12 were excluded for having a physical disability
unrelated to schistosomiasis, and 4 withdrew after initially
assenting (Figure 2). The remaining 822 children were

Figure 2. Numbers of children consented, enrolled, and included in the analysis. Light gray boxes to the right and left of the central pathway
represent children excluded from the project and the reason for exclusion. The box in the bottom right of the figure indicates the inclusion criteria
for the analysis.
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enrolled in the study. For the purpose of our analyses, we only
included children who had at least four stool results from a
total of six possible slides per parasite (S. mansoni and the
STHs), a thick and thin blood smear for P. falciparum infec-
tion, and results from each of the five morbidity tests. Of the
822 children, a total of 222 were excluded because of missing
data or data entry discrepancies that we could not resolve
(Figure 2). Our final analysis included 600 children.
Study sample characteristics. Fifty-one percent of the pop-

ulation was female, and 47% were 7 years of age. Prevalence
of S. mansoni was 69% with 33%, 23%, and 12% of the pop-
ulation having light, moderate, and heavy infections, respec-
tively. Twenty-five percent of the population had at least one
STH with 15%, 10%, and 5% having Trichuris, Ascaris, and
hookworm infections, respectively; 8% of the participants
were infected with P. falciparum (Table 1). Thirty-six percent
of the children were anemic with 26% mild, 9% moderate,
and 1% severe anemia. Though only 10% of the children were
stunted, 26% were wasted. On ultrasound, 67% of the children
had HM, 57% had SM, 34% had PBT, 14% had an increased
PVD, 25% had liver pattern B, and < 1% (three children) had
liver texture pattern C; no child had a liver texture pattern
more advanced than C (Table 1).
Univariable relationships with S. mansoni infection. Chil-

dren infected with S. mansoni were more likely to be infected
with P. falciparum (9%) than those not infected with
S. mansoni (5%, P = 0.003). As a group, infection with any
STH (28% versus 20%, P = 0.16) was not associated with

being positive for schistosomiasis. Ascaris (12% versus 6%,
P = 0.006) and Trichuris (18% versus 9%, P = 0.03) infections
were more common, whereas hookworm (4% versus 9%, P =
0.01) infections were less common in children with schistoso-
miasis. Anemia was more common in children with S. mansoni
infection (P = 0.02), including moderate and severe anemia,
and the percent anemic increased with intensity of S. mansoni

infection stratum, becoming significant in the heavy intensity
stratum (P = 0.009) (Table 2, Figure 3). Children with liver
texture pattern B were less likely to be infected with S. mansoni

Table 1

Study sample characteristics

N = 600

Characteristics n %

S. mansoni 411 69%
Infection intensity*
Light 199 33%
Moderate 138 23%
Heavy 74 12%

Any STH 151 25%
T. trichiura 89 15%
A. lumbricoides 60 10%
Hookworm 32 5%
Malaria 46 8%
Anemia 216 36%

Degree of anemia†
Mild 155 26%
Moderate 54 9%
Severe 6 1%

Anthropometry
Stunted 59 10%
Wasted 157 26%

Ultrasound findings
Pattern A 450 75%
Pattern B 147 25%
Pattern ³ C 3 < 1%
HM 400 67%
SM 342 57%
PBT 204 34%
PVD 82 14%

Mean
Shuttle run‡ 47.5
PedsQL‡ 85.7

*Light = 1–99 eggs per gram (epg); moderate = 100–399 epg; Heavy = ³ 400 epg.
†Mild = 8.2 to < 11.2 g/dL; moderate = 5.2 to < 8.2 g/dL; severe = < 5.2 g/dL.
‡ Shuttle run and PedsQL scores are continuous values expressed as means.
STH = soil-transmitted helminths; hepatomegaly; SM = splenomegaly; PBT = portal

branch thickening; PVD = portal vein diameter.

Table 2

Univariable associations with S. mansoni infection

S. mansoni (+) S. mansoni (−)

P value

N = 411 N = 189

n % n %

Malaria 36 9% 10 5% 0.003
Any STH 114 28% 37 20% 0.160

A. lumbricoides 48 12% 12 6% 0.006
T. trichiura 72 18% 17 9% 0.030
Hookworm 15 4% 17 9% 0.010

Anemia* 164 40% 52 28% 0.020
Normal Hb 247 60% 137 72% Ref
Mild 114 28% 41 22% 0.140
Moderate 44 11% 11 6% 0.000
Severe 6 1% 0 0% N/A

Antropometry
Wasting 111 27% 46 24% 0.668
Stunting 40 10% 19 10% 0.869

Ultrasound findings†
Pattern A 317 77% 133 70% Ref
Patter B 91 22% 56 30% 0.080
Pattern ³ C 3 1% 0 0% N/A
HM 284 69% 116 61% 0.060
SM 236 57% 106 56% 0.875
PBT 141 34% 63 33% 0.800
Increased PVD 57 14% 26 14% 0.908

Mean 95% CI Mean 95% CI
Shuttle run 47.5 (47.3–47.7) 47.5 (47.2–47.8) 0.851
PedsQL 85.7 (85.3–86.1) 85.8 (85.1–86.5) 0.924

*Normal ³ 11.2 g/dL; Mild = 8.2 to < 11.2 g/dL; moderate = 5.2 to < 8.2 g/dL; severe =
< 5.2 g/dL.
† Pattern A, Pattern B, and Pattern C refers to liver texture pattern.
STH = soil-transmitted helminths; HM = hepatomegaly; SM = splenomegaly; PBT = portal

branch thickening PVD = portal vein diameter. All were defined as values > 2 standard
deviations above a reference Senegalese population, adjusted for heights and age.
Shuttle run and PedsQL scores are continuous values expressed as means.

Figure 3. Proportion of children with anemia by intensity of
Schistosoma mansoni infection. Gray bars represent the percent of
children with anemia stratified by infection intensity. Whiskers above
the bars represent 95% confidence intervals around the percent ane-
mic. Numbers above the whiskers represent P values comparing the
stratum value to the uninfected population.
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(22% versus 30%), though this did not reach statistical signifi-
cance (P = 0.08). Because of the small number of children with
liver texture pattern C, we collapsed the outcomes of liver
texture patterns B and C in our models. Worth noting is that
all three of the children with liver texture pattern C were
infected with S. mansoni. A large percentage of children with
schistosomiasis had hepatomegaly (69%), but the underlying
prevalence of hepatomegaly in children without schistosomiasis
was almost as high (61%). This association was not statistically
significant (P = 0.06). When stratified by infection intensity, the
prevalence of hepatomegaly increased in children with increas-
ing intensity of S. mansoni infection, becoming statistically sig-
nificant in heavily infected children (P = 0.01) (Figure 4).
We did not find statistically significant associations between

schistosomiasis and age, gender, stunting, wasting, shuttle
run outcome, PedsQL score, SM, PBT, PVD, hookworm, or
Trichuris infection (Table 3).
Multivariable models. When controlling for other predic-

tors, anemia was associated with P. falciparum infection
(adjusted odds ratio [aOR] = 1.81; 95% CI = 1.26–2.60). We
found a dose-response relationship between anemia and increas-
ing intensities of S.mansoni infection that, like in the univariable
model, became statistically significant in heavy intensity infec-
tions (aOR = 2.47; 95% CI = 1.25–4.88). As a binary predictor,
the relationship between anemia and S. mansoni infection
(aOR = 1.70; 95% CI = 1.03–2.80) remained statistically signif-
icant when controlling for P. falciparum infection (Table 3).
When controlling for other variables on abdominal ultraso-

nography, the only outcomes associated with schistosomiasis
were hepatomegaly and liver texture pattern B. We found
a trend between hepatomegaly and increasing intensities of
S. mansoni infection that became statistically significant in
high intensity infections (aOR = 2.21; 95% CI = 1.19–4.11).
When collapsed into a binary predictor, the relationship
between hepatomegaly and S. mansoni infection was no lon-
ger statistically significant (aOR = 1.34; 95% CI = 0.90–2.00).
Hepatomegaly was also associated with wasting (aOR = 0.66;
95% CI; 0.47–0.92) and stunting (aOR = 2.10; 95% CI = 1.30–

3.40) (Table 4). Likewise, there appeared to be a dose-
response effect such that children with increasing intensities
of S. mansoni infection were less likely to have a liver texture
pattern B, reaching significance in heavy intensity infections
(aOR 0.59; 95% CI = 0.29–0.999). Stunting was negatively
associated (aOR = 0.56; 95% CI = 0.33–0.96) while female
gender (aOR = 2.02; 95% CI = 1.44–2.83) was positively asso-
ciated with liver texture pattern B. In the multivariable model
with S. mansoni and STH infections collapsed into binary out-
comes, S. mansoni (aOR = 0.75; 95% CI = 0.57–0.997) and
any STH (aOR = 0.55; 95% CI = 0.36–0.84) infection were
negatively associated with liver texture pattern B (Table 5).
We did not find statistically significant associations between
PBT, PVD, or SM and S. mansoni infection. Furthermore, we
did not find statistically significant associations between our
anthropometric measurements (stunting and wasting), shuttle
run or PedsQL outcomes and S. mansoni infection in the
multivariable model.
Sensitivity analyses and multiple imputation. We compared

the data from the population of 600 children that we included

Figure 4. Proportion of children with hepatomegaly by intensity
of Schistosoma mansoni infection. Gray bars represent the percent of
children with hepatomegaly stratified by infection intensity. Whiskers
above the bars represent 95% confidence intervals around the
percent with hepatomegaly. Numbers above the whiskers represent
P values comparing the stratum value to the uninfected population.

Table 3

Predictors of anemia from multivariable-adjusted logistic model
accounting for clustering

Predictors aOR 95% CI

S. mansoni uninfected* Ref Ref
Light 1.31 (0.77–2.23)
Moderate 1.59 (0.84–3.01)
Heavy 2.47 (1.25–4.88)

Malaria 1.81 (1.26–2.60)
A. lumbricoides 1.52 (0.99–2.35)
T. trichiura 1.44 (0.97–2.12)
Hookworm 0.57 (0.29–1.11)
Age 1.32 (0.997–1.74)
Female 0.84 (0.70–1.02)

S. mansoni infection 1.7 (1.03–2.80)
Any STH 1.07 (0.74–1.54)

*Light = 1–99 eggs per gram (epg); moderate = 100–399 epg; Heavy = ³ 400 epg.
Schistosoma mansoni infection and any soil-transmitted helminths (STH) infection are

results from a model with these variables collapsed into binary outcomes.

Table 4

Predictors of hepatomegaly from multivariable-adjusted logistic
model accounting for clustering

Predictors aOR 95% CI

S. mansoni uninfected* Ref Ref
Light 1.14 (0.67–1.95)
Moderate 1.36 (0.90–2.04)
Heavy 2.21 (1.19–4.11)

Malaria 1.23 (0.71–2.11)
A. lumbricoides 0.81 (0.47–1.39)
T. trichiura 1.11 (0.56–2.20)
Hookworm 0.68 (0.38–1.22)
Age 1.2 (0.93–1.53)
Normal Hb† Ref Ref
Mild 1.34 (0.87–2.07)
Moderate/Severe 1.16 (0.58–2.31)

Wasting 0.66 (0.47–0.92)
Stunting 2.1 (1.30–3.40)
Female 0.73 (0.52–1.03)

S. mansoni infection 1.38 (0.95–1.99)
Any STH 0.92 (0.58–1.47)

*Light = 1–99 eggs per gram (epg); moderate = 100–399 epg; Heavy = ³ 400 epg.
†Normal ³ 11.2 g/dL; Mild = 8.2 to < 11.2 g/dL; moderate = 5.2 to < 8.2 g/dL; severe =

< 5.2 g/dL.
Schistosoma mansoni infection and any soil-transmitted helminths (STH) infection are

results from a model with these variables collapsed into binary outcomes.
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in our analyses to the total population of 720 children who
provided at least four slides for S. mansoni but were missing
at least one morbidity measure to assess for introduced bias
by analytic exclusion. Statistically significant differences
between the populations of 600 children and 720 children
were found for S. mansoni infection (68.5% versus 55.8%,
P = 0.007), and the outcomes of liver pattern B (24.5% ver-
sus 14.5%, P = 0.007), and wasting (26.2% versus 41.6%, P =
0.0005). We found a change in statistical inference for the
outcome of liver texture pattern B such that the associations
with S. mansoni infection as a categorical or binary variable,
stunting, and female gender were no longer significant. Statis-
tical inference did not change in any other model.

DISCUSSION

The objectives of our study were to describe the baseline
morbidity in our cohort, and to evaluate morbidity indicators
and tools for their use in assessing program impact. Direct
measurement of schistosomiasis morbidity reduction associ-
ated with MDA implementation is challenging. School-aged
children are the population targeted by control programs and
treatment is to prevent or reduce morbidity, with special
emphasis on averting irreversible disease consequences. Mor-
bidity is frequently unapparent in this population, and so
morbidity proxies, or indicators, are used. These indicators
should be directly associated with the disease and morbidity
outcome such that by treating the disease, the value of the
indicator will change in a measurable way that signifies that
morbidity has been decreased or prevented. Indicators should
be specific to the disease such that the subsequent change in
the indicator value is a function of treating the disease and not
some unrelated, unmeasured factor. Furthermore, sensitive
tools that are technically and logistically facile for detecting
the indicators must be field applicable. The results of our
study provide a baseline assessment of morbidity indicators
and tools for schistosomiasis in young school children.

Parasitologic findings. Schistosoma mansoni and STH prev-
alence in our study sample were high and comparable to
levels found in other studies of similarly aged children in areas
where praziquantel MDA has not been implemented5,6,23;
although infection intensity is not a direct indicator of mor-
bidity, its consistent association with disease consequences
and easily quantified outcomes maintain its use in monitoring
program impact.
Malaria prevalence was lower than other studies in this region

and may partially be explained by timing of the study outside
of the seasonal peaks.5,32 The positive association between
S. mansoni and P. falciparum infections has been found in many
studies5,33,34 and may be driven by immunologic factors.35–37

Anemia. The high prevalence of anemia we observed was
expected in a region endemic for schistosomiasis, intestinal
parasitosis, and malaria. Neither Trichuris nor hookworm
infections were independently associated with anemia, how-
ever S. mansoni infection was associated with anemia, consis-
tent with other studies both before and after controlling for
other predictors.11,19,38–40

Though it may lack specificity in relation to other condi-
tions common in developing countries, our data support the
role of anemia as a good morbidity indicator for schistosomi-
asis, given that it can be easily measured and there was a large
absolute difference in prevalence of anemia in children
infected and uninfected with S. mansoni.
Ultrasound findings. Because malaria is holoendemic in

Nyanza Province, it is possible that the surprisingly high prev-
alence of hepatomegaly (61%) and splenomegaly (56%) in
children who were not infected with S. mansoni could be
partly explained by resolved malaria infection. However,
50% of malaria-associated hepatomegaly typically resolves
within 2 weeks of parasite clearance.41,42 We did not test for
viral hepatitis infections or vaccination status nor were we
able to find data on the prevalence of viral hepatitis or hepa-
titis B vaccine coverage rates in the region. Though we did
not test for HIV, a prevalence of 3.6% was found in children
1.5–2 years of age in a recent study near our site.43 Because
there are presumably few risk factors for HIV between the
ages of 2 and 8 years, we would expect the HIV prevalence in
our age group to be similar. This suggests that even if HIV
was the cause, it would only explain identified liver findings in
a small fraction of our population. We did find a high preva-
lence of stunting and wasting, suggesting that this population
may be at risk for protein wasting, but we did not evaluate
children for this. More recently, authors have found an asso-
ciation between diet and hepatomegaly, which may contribute
to this background finding.44 Further investigation into the
significance of these and other potential etiologies of hepato-
megaly and splenomegaly in this region is warranted.
Our initial models suggested a statistically significant nega-

tive association between schistosomiasis and liver texture pat-
tern B. However, after performing sensitivity analyses with
multiple imputation, the initial negative association was no
longer significant. This result is more intuitively logical and
consistent with prior studies, as the etiology and association
with schistosomiasis of liver texture pattern B remains unclear.
For this reason, most studies of liver pathology consider only
patterns of C and higher as schistosomiasis-associated mor-
bidity.18,45–47 Nevertheless the high prevalence of liver tex-
ture pattern B found in our study sample warrants further
investigation into its etiology and clinical significance.

Table 5

Predictors of liver texture pattern > A from multivariable-adjusted
logistic model accounting for clustering

Predictors aOR 95% CI

S. mansoni uninfected* Ref Ref
Light 0.77 (0.51–1.17)
Moderate 0.72 (0.37–1.39)
Heavy 0.59 (0.29–0.999)

Malaria 1.31 (0.62–2.77)
A. lumbricoides 0.49 (0.21–1.13)
T. trichiura 0.97 (0.54–1.74)
Hookworm 0.57 (0.23–1.45)
Age 1.02 (0.66–1.58)
Normal Hb†
Mild 1.05 (0.78–1.41)
Moderate/Severe 1.04 (0.57–1.90)

Wasting 1.03 (0.63–1.70)
Stunting 0.56 (0.33–0.96)
Female 2.02 (1.44–2.83)

S. mansoni infection 0.75 (0.57–0.997)
Any STH 0.55 (0.36–0.84)

*Light = 1–99 eggs per gram (epg); moderate = 100–399 epg; Heavy = ³ 400 epg.
†Normal ³ 11.2 g/dL; Mild = 8.2 to < 11.2 g/dL; moderate = 5.2 to < 8.2 g/dL; severe =

< 5.2 g/dL.
Schistosoma mansoni infection and any soil-transmitted helminths (STH) infection are

results from a model with these variables collapsed into binary outcomes.
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Liver texture patterns, PBT, and PVD do not fit our criteria
as good indicators of morbidity in children because they were
not associated with schistosomiasis in this age group. This
does not appear to be a flaw in the tool (ultrasound examina-
tion), but rather reflects the point that these morbidity indi-
cators are typically associated with S. mansoni infection in
adults who have more chronic infections47,48 and are rare in
school-aged children.18,45,49 This suggests that the Niamey
protocol, which was designed for assessing morbidity in adult
populations, is not adequate for assessing morbidity in chil-
dren and that development of more age-appropriate tools
should be considered.
However, hepatomegaly fit our criteria as a good indicator.

High prevalence of hepatomegaly in S. mansoni-infected chil-
dren is linked to morbidity and effective treatment reduces
hepatomegaly.18,34,45 Furthermore, the earlier in life that
these treatments occur, as disease is acquired at a young age,
the greater the extent of reversibility as chronic infection is
interrupted.22 The specificity and attributable contribution of
schistosomiasis to hepatomegaly is not clear given the high
prevalence of hepatomegaly in our uninfected population.
This suggests that hepatomegaly as an assessment tool will
perform better in certain settings than others. Access to por-
table and relatively inexpensive ultrasound machines, and the
relative ease of measuring hepatomegaly, makes this an attrac-
tive indicator for use in young children.
Anthropometry. Though both stunting and wasting were

prevalent in our study, we did not find the associations with
schistosomiasis that other investigators have shown.50–52 Our
inability to reproduce the association is likely caused by resid-
ual confounding from unmeasured variables. The overwhelm-
ing support from other studies argues that anthropometry
should remain in the toolkit for morbidity assessments.
Shuttle run. Like two recently published studies evaluating

the 20-m shuttle run as a tool for measuring exercise tolerance
in polyparasitized children and other studies that tested run-
ning performance in children,53–55 we did not find an associa-
tion with S. mansoni infection. The 20-m shuttle run was
originally developed and validated in children from devel-
oped countries as a tool to measure maximal exercise capacity
by correlation to VO2 max.27 Like most ultrasound investiga-
tions, studies that showed decreased physical fitness in associ-
ation with schistosomiasis focused on adults, specifically their
working capacity.13–15,56 In these studies, productivity was
measured over the course of a day. We did not find an associ-
ation with schistosomiasis and the 20-m shuttle run, sug-
gesting that the impact of schistosome infections associated
with exercise tolerance may be from lack of stamina rather
than an effect on shorter duration intense exertion. Alterna-
tively, it could be that the duration of infection necessary to
develop schistosomiasis-associated exercise intolerance is lon-
ger than the exposure these children have experienced. This
hypothesis could be tested by evaluating work and shuttle run
performances in infected and uninfected adults. Both of these
concerns suggest that the specific morbidity indicator for exer-
cise intolerance associated with schistosomiasis may need to be
further defined, as well as the tool to assess that indicator.
Quality of life.We did not find associations between quality

of life and schistosomiasis in our study population. Like the
shuttle run, the PedsQL tool was developed and validated in
developed countries to measure morbidity in four dimensions
as noted in the methods section. The PedsQL tool may not

capture the specific experience associated with schistosomia-
sis; there may be cultural or language barriers that limit the
assessment of infection impact and chronic manifestations of
schistosomiasis may be accepted as normal health status.57–60

Therefore, a person might not perceive themselves to have a
decreased quality of life on questioning or language may
interfere with the interpretation of the impact. These con-
cerns suggest that qualitative studies aimed at determining if
and in what capacity quality of life in children is affected by
schistosomiasis are warranted. At that point we can focus on
developing the appropriate tool and quantifying morbidity.
Limitations. Many of our results may have been influenced

by misclassification bias. Infection status was based on stool
examination, which is known to have limited sensitivity, and
S. mansoni infections may have been missed as a result. Addi-
tionally, we included children who only contributed two stools
as opposed to three, the gold standard for coproparasitologic
evaluation. As a cross-sectional study, we were only able to
test for current infection status, and therefore could not tem-
porally associate disease and subsequent morbidity, nor could
we assess the impact of duration of infection or repeated
infections on morbidity. These limitations may have biased
our results toward the null hypothesis. Furthermore, because
we were only able to choose a total of 12 clusters our power to
detect differences may have been reduced.
Conclusions. Though infection prevalence in our popula-

tion was comparable to levels in older age groups where mor-
bidity has been documented, the paucity of statistically
significant associations between schistosomiasis and many of
the classic morbidity indicators for schistosomiasis suggests
that other factors such as duration and intensity of infection
are critical for morbidity development. Our data highlight the
importance of evaluating schistosomiasis-associated morbid-
ity in schoolchildren and the need to identify the appropriate
morbidity indicators and specific tools for measuring those
indicators. Like other authors, our data suggest that anemia
and hepatomegaly may be useful components of a morbidity
toolkit. Additional markers of morbidity may become more
apparent when these baseline data are coupled with the lon-
gitudinal measurements that are scheduled at years 3 and 5 of
the overall study. Using morbidity impact as a measure of
program evaluation would make an important contribution
toward the design of effective MDA interventions.
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