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Abstract. We conducted a cluster-randomized trial to assess the impact of a school-based water treatment, hygiene,
and sanitation program on reducing infection with soil-transmitted helminths (STHs) after school-based deworming.
We assessed infection with STHs at baseline and then at two follow-up rounds 8 and 10 months after deworming. Forty
government primary schools in Nyanza Province, Kenya were randomly selected and assigned to intervention or control
arms. The intervention reduced reinfection prevalence (odds ratio [OR] 0.56, 95% confidence interval [CI] 0.31–1.00)
and egg count (rate ratio [RR] 0.34, CI 0.15–0.75) of Ascaris lumbricoides. We found no evidence of significant
intervention effects on the overall prevalence and intensity of Trichuris trichiura, hookworm, or Schistosoma mansoni
reinfection. Provision of school-based sanitation, water quality, and hygiene improvements may reduce reinfection
of STHs after school-based deworming, but the magnitude of the effects may be sex- and helminth species-specific.

INTRODUCTION

Over two billion individuals worldwide are infected with
soil-transmitted helminths (STHs) with school-aged children
exhibiting the greatest STH morbidity.1,2 The STH infection is
directly related to fecal exposure, either through ingestion or
skin exposure. Chronic intense infection can adversely affect
growth and cognitive development in school-aged children.3

Fortunately, much of the morbidity associated with STH infec-
tion can be reversed cheaply and safely by periodic chemother-
apy, typically using anthelmintics.4–8 Treatment of school-aged
children—usually through school-based deworming—can also
reduce infection rates among untreated children and com-
munity members.9,10

In the absence of control measures aimed at reducing expo-
sure, treatment of STH infections is followed by re-infection,
necessitating repeated treatments.11,12 The benefits of such
treatment can be sustained by efforts to reduce environmental
exposure to infection through improved sanitation and
hygiene behaviors.13,14 Although household coverage of water
and sanitation is measured by the United Nations Children’s
Fund (UNICEF)/World Health Organization (WHO) Joint
Monitoring Program for Water and Sanitation, little is known
about global access of water, sanitation, and hygiene (WASH)
in schools.15 In 2008, UNICEF estimated that only 46% of
schools in their priority countries had water supply and 37%
had toilets.16

Few studies have assessed the impact of a school WASH
program in mitigating STH infection. A recent meta-analysis
of the effect of sanitation on STH infection reported mainly
cross-sectional surveys of low quality17; only two studies
reported results on intensity of STH infection and few inter-
vention studies were identified. Availability and use of sanita-
tion facilities was associated with significant protection
against STH infection: the overall odds ratios (ORs) were
0.54 (95% confidence intervals [CIs]: 0.43–0.69) for Ascaris
lumbricoides, 0.58 (CI: 0.45–0.75) for Trichuris trichiura, and
0.60 (CI: 0.48–0.75) for hookworm.

Here, we report the results of a cluster-randomized trial that
investigated the impact of a school-based WASH program
in reducing reinfection with STH species after anthelmintic
treatment compared with pupils that received deworming
alone. The study was nested within a larger trial assessing the
health impact of improved access to school-based WASH on
absenteeism and diarrheal diseases.18

METHODS

Background and study design. This investigation was a
cluster-randomized trial assessing the impact of improved
school WASH access on STH infection of primary school
pupils. We compared infection patterns of STH among pupils
in schools that received deworming plus a comprehensive
school-based water treatment, sanitation, and hygiene interven-
tion (arm 1: intervention) to those who received deworming
only (arm 2: control). The investigation was conducted in 40 gov-
ernment primary schools in Nyanza Province, western Kenya,
between 2007 and 2009 (Figure 1). The primary study outcomes
were the prevalence and intensity of four common STH species:
hookworms (Ancylostoma duodenale and Necator americanus),
roundworm (A. lumbricoides), and whipworm (T. trichiura).
Secondary outcomes included the prevalence and egg count
of the trematode, Schistosoma mansoni.
Study area and school selection. This study took place

in eastern and southern portions of Nyanza Province, Kenya
(Figure 1). Forty schools—20 intervention and 20 control—
were randomly selected for inclusion in this study (Figure 2).
Schools were eligible for participation only if they did not
meet the pupil-latrine ratio of 30:1 for boys and 25:1 for girls
per the Government of Kenya standards,19 and reported
a water source within 1 km of the school during the dry
season. The original study frame for the trial was selected
using a rapid assessment of water and sanitation access
conducted in conjunction with the Ministry of Education.18

All random selection and allocation was conducted by the
research manager using a random number generator in
Microsoft Excel (Redmond, WA). One control school was
excluded because of deworming activities after study enroll-
ment, but before baseline data collection, andwas not included
in the analysis.

*Address correspondence to Matthew C. Freeman, 1518 Clifton Rd.
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Intervention. Intervention schools received hygiene promo-
tion, water treatment technology, and sanitation infrastruc-
ture, which included commercially manufactured hand
washing and drinking water storage containers and a 1-year
supply of point-of-use water treatment product distributed
by Population Services International with the brand name
WaterGuard. The number of latrines provided at each school
was based on enrollment; schools received between four and
seven latrines. One parent and one teacher at each school
were trained on hygiene behavior change, health education,
and proper maintenance of sanitation and water storage facil-
ities. Intervention schools received the hygiene promotion
and water treatment hardware between May and June 2007;
latrines were constructed between May 2007 and November
2008. Control schools received sanitation improvements and
hygiene education after the final round of data collection.
After each of the three data collection rounds (baseline,

follow-up 1, and follow-up 2), all children in study schools
(intervention and control) received mass treatment of STH
infections using a single oral dose of albendazole (400 mg).
Albendazole is highly efficacious in treating infection with
A. lumbricoides (93.9% cure rate) and hookworm (78.8%),
but is less effective against T. trichiura (43.6%).8 Children
found infected with S. mansoni were given praziquantel
at 40 mg/kg,20 unlike the deworming of all pupils in study
schools conducted for STH infections.
Sample size calculation. On the basis of previous surveys

in the region, we assumed baseline levels of infection of 42%
for A. lumbricoides, 55% for T. trichiura, and 77% for hook-
worm.9 We based our power calculation on A. lumbricoides
reinfection, given the high cure rate of albendazole, which is a
parasite most correlated with poor sanitation and hygiene,

rapid reinfection, and because of its direct fecal–oral trans-
mission.2,8,11 We assumed reinfection to previous levels at
follow-up and a conservative intra-cluster correlation of 0.18;
we estimated the need for 20 schools per arm and 25 pupils
per school for power to detect a 20% difference in infection
rate between intervention and control using a = 0.05 and b =
0.2. In the final data collection round, the number of pupils
per school was increased to 30 per school to account for
unusable samples, though we were not always able to get a
sufficient number of pupils. The detectable effect size is smaller
than reductions found as part of a public sewerage and drain-
age intervention in Salvador, Brazil.21

Pupil selection and stool sampling. Children enrolled in the
study were randomly selected from school registers in grades
3–5 and were eligible if they were between 7 and 13 years
of age and were dewormed by the project in the previous year
(during follow-up rounds). We sampled 3,120 pupils attending
public primary school at three time points (975 at baseline
in May 2007; 975 at follow-up 1 in April 2008; and 1,170 at
follow-up 2 in February 2009) and asked to supply a stool
sample the day of the site visit. Stool samples were examined
microscopically within 1 hour of preparation using the Kato-
Katz method22,23; each stool sample was processed on two
separate slides and read by different laboratory technicians.
The mean of the two readings was calculated and designated
as the value for that pupil. As a quality check, a random
selection of 10% of slides were examined again by a different
microscopist and if the number of worm eggs was different
by 10%, slides were then reread.24

Surveys. We recorded pupils’ age, grade, sex, self-reported
geophagy (soil-eating behavior),25 and observation of shoe
wearing.26 School-level assessments, by interview with head

Figure 1. Schools randomly selected for inclusion in the study of helminth reinfection in Nyanza Province, Kenya.
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teacher and direct observation, included indicators of school
WASH access. Data from a random selection of 25 house-
holds within the school catchment areas were used to develop
aggregate school and community-level baseline variables
on socio-economic and sanitation characteristics. Household
heads (preferably females because of familiarity with WASH
conditions) were interviewed about their WASH attitudes
and practices, and observations were collected on latrine con-
ditions and household assets. Household assets were used
to estimate socio-economic status using principal component
analysis.27 An asset score was calculated from questions
derived from the 2003 Kenya Demographic and Health Sur-
veys (DHS) with water and sanitation indicators removed.28

Continuous asset scores were grouped into quintiles. Data
from the household survey were used to compute aggregated
community variables. School surveys, pupil data, and labora-
tory data were collected on paper surveys. Data were manu-
ally double-entered using Microsoft Access 2003.
Analysis methods. Data were cleaned and analyzed using

SAS version 9.2 (Cary, NC) and Stata version 10 (College
Station, TX). The impact of the intervention was analyzed
in terms of the prevalence of infection (proportion of individ-
uals infected) and the intensity of infection (the number
of worms harbored by an individual).29 Intensity of infection

is indirectly estimated by the concentration of eggs per gram
of feces (EPG), and is a critical measure of morbidity and is
directly related to the rate of transmission (and hence the rate
of exposure).30 The risk of morbidity is strongly related to the
size of the number of worms harbored by an individual, hence
studies in the intensity of infection have the greatest public
health relevance.31

To test the impact of the intervention, we developed multi-
variable population-level regression models using generalized
estimating equations. For prevalence of infection, we applied
multivariable logistic regression. The effect of the interven-
tion on quantitative egg counts was assessed using a log-linear
model, assuming a negative binomial distribution with a log
link.30 We assessed confounding by a priori determined
covariates: data collection round, sex, age, observed shoe
wearing, and reported geophagy.25,32 Because of sex-stratified
findings from other trial outcomes, as a sub-analysis, we
report sex-stratified estimates of effect.18 All models con-
trolled for cluster-level baseline worm infection levels.29

Point estimates accounted for pupil selection weights. Stan-
dard errors were adjusted for the study design, including clus-
tering at the school level and geographic strata33; we present
both round-specific models and pooled estimates with sex-
stratified results.

Figure 2. Flow diagram of school random selection and allocated as part of cluster-randomized design.

IMPACT OF SCHOOL WASH ON STH 877



Ethics statement. Ethics approval was obtained from the
Institutional Review Board of Emory University in Atlanta,
Georgia; the Ethical Committee of London School of Hygiene
and Tropical Medicine, United Kingdom; and the Ethical
Review Committee of Great Lakes University of Kisumu,
Kenya. School head teachers and members of school manage-
ment committees provided written consent in loco parentis.

A meeting with parents and school administrators at partici-
pating schools was also conducted at baseline to explain the
procedures, benefits of the program, and benefits and risks
to participation. Pupils provided oral assent in the trial before
providing a stool sample collection.

RESULTS

Baseline pupil-, school-, and community-level characteris-
tics. Pupil characteristics, and cluster-aggregated data for
school and community-level variables are found in Table 1.
A total of 915 (93.8%) pupils at baseline provided stool sam-
ples that could be analyzed. Pupil-level covariates, such as age
and sex were similar at baseline between the intervention and
control schools. The mean age in each group was 11.2 years.
Measured socio-economic indicators were similar between
intervention and control schools. At baseline, schools ran-
domly allocated to the intervention arm had higher mean
enrollment (354 pupils) compared with controls (292 pupils).
These schools also had a higher ratio of boys per latrine (98.1/
latrine versus 63.4/latrine) and girls per latrine (83.3/latrine
versus 59.1/latrine). Fewer than 40% of schools had access
to an improved water source during the dry season and only
76% met the original inclusion criterion of a dry season
source within 1 KM. Measured community covariates, such

as percent of households headed by females alone, percent
of mothers who completed primary school, community latrine
coverage, and the proportion of the households in the lowest
socio-economic quintile were comparable between the inter-
vention and control communities at baseline (Table 1).
At baseline, 467 (51%)of pupils reported soil eating either at

school or home (Table 1). This behavior was more common
among girls (56%) than boys (46%,P < 0.001), but not between
pupils in intervention (52%) and control (50%, P = 0.50)
schools. Shoes were observed worn by 491 (54%) of pupils at
baseline and was similar between intervention (55%) and con-
trol (52%, P = 0.30). More girls (60%) wore shoes than boys
(47%,P < 0.0001).
Baseline helminth infection. Overall, 37.2% of children

were infected with at least one STH species Table 2, whereas
7.0% of children harbored two or more STH species (data not
shown). A number of imbalances in infection levels were
observed between study arms. The prevalence of any STH
species and infection with at least two species of STH was
higher in the intervention arm (40.4% and 8.2%, respectively)
compared with the control arm (33.8% and 5.8%). The prev-
alence and mean egg count of A. lumbricoides was higher
(14.2%, 1,094 EPG) among children in the intervention arm,
compared with control (9.2%, 506 EPG). Balance between
intervention and control schools was more similar for other
worms. Calculated intra-cluster correlations were lower than
expected for A. lumbricoides (0.04), T. trichiura (0.08), hook-
worm (0.13), and S. mansoni (0.11).
Unadjusted effect of worm infection at follow-up. Stool

samples for 946 (97.0%) pupils at the first follow-up and
1,113 (95.1%) pupils at the second follow-up were analyzable
(Table 2). At follow-up, a similar proportion of pupils were

Table 1

Aggregate school and household characteristics at baseline among randomly selected schools and communities in Nyanza Province Kenya,
February 2007

Variables Intervention Control

Pupil variables N = 470 N = 445
Mean percent girls sampled (SD) 49.4 (10.0) 51.6 (10.4)
Mean age of pupils sampled (SD) 11.2 (0.6) 11.2 (0.6)
Pupil wearing shoes (%) 260 (55.4) 231 (52.0)
Pupil reports soil eating at school (%) 50 (10.7) 47 (10.6)
Pupil reports soil eating at home (%) 229 (48.8) 208 (46.9)

School conditions N = 20 N = 19
No. schools with electricity at school (%) 0 (0) 0 (0)
No. schools with iron sheet roofing throughout school (%) 19 (95) 20 (100)
No. schools with cement floor throughout school (%) 4 (20) 2 (10)
Mean school enrollment in number of pupils (SD) 353.6 (162.6) 291.6 (101.7)
Mean proportion girls (SD) 49.8 (2.9) 49.4 (3.8)
Mean proportion of pupils who are orphans (SD) 12.3 (8.0) 13.1 (6.1)
Mean pupil/teacher ratio (SD) 33.3 (12.1) 29.2 (8.1)
Mean months water is available throughout year (SD) 2.9 (2.6) 2.7 (3.4)
No. schools where dry season source is < 1,000 m 14 (74) 13 (72)
No. schools where dry season water source is improved* (%) 7 (35) 7 (37)
Mean distance to dry season water source in meters (SD) 900.0 (1047.6) 832.1 (1502.8)
Pupil/latrine ratio greater than 3 times government standard
Number of schools with boys/latrine ratio > 90:1 (%) 4 (20) 2 (10)
Number of schools with girls/latrine ratio > 75:1 (%) 1 (5) 2 (10)

Household demographics† N = 20 N = 19
Female headed households (mean %) 35.4 (20.0) 27.2 (14.2)
Female head of household completed primary school (mean %) 56.1 (16.9) 52.7 (14.7)
Household currently using improved drinking water source† (mean %) 62.0 (33.0) 63.8 (30.1)
Latrine coverage in community (mean %) 49.1 (22.5) 50.9 (22.0)
Parent of households in lowest wealth quintile (mean %) 21.2 (13.4) 15.3 (10.7)

Point estimate is the mean and (standard deviation) unless otherwise indicated.
*Improved sources are defined by the UNICEF/WHO joint monitoring program (wssinfo.org).
†Household statistics are aggregated from household surveys and are presented as mean percentages (and standard deviations of the mean).

878 FREEMAN AND OTHERS



infected with at least one worm within intervention (17.8%
in follow-up 1, 19.0% in follow-up 2) compared with control
(22.8% and 17.9%, respectively) schools. The difference in
differences (DID) between intervention and control schools
was −11.6% (P = 0.19) at follow-up 1 and −5.5% (P = 0.71) for
follow-up 2. For A. lumbricoides prevalence, the crude DID
between intervention and control was −6.2% (P = 0.10) and
−7.4% (P = 0.03), respectively, for each follow-up round.
Mean egg counts were lower for intervention schools at both
follow-up rounds (−462 and −395 EPG) than in control
schools (−589 EPG [P = 0.03], −796 EPG [P = 0.004]). For
hookworm prevalence, DID was −6.0% (P = 0.50) and +1.7%
(P = 0.54) for each follow-up round, respectively. Difference
in EPG were 48.0 (P = 0.35) for follow-up 1 and 37.8 (P =
0.50) for follow-up 2. No differences were found for DID
of T. trichiura or S. mansoni for either worm prevalence or
egg count.
Soil eating, shoe wearing, and school conditions at follow-

up. Although the proportion of children practicing geophagy
did not vary by study arm at follow-up among all pupils (inter-
vention: 16.8%, control: 21.0%, P = 0.16), there was a signifi-
cant difference between the proportion of girls compared with
the proportion of boys practicing geophagy (29.4% versus

18.5%, P < 0.001). Similarly, at follow-up girls were more
likely to wear shoes (73.3%) than boys (59.8%, P < 0.001).
Table 3 reports the availability of WASH facilities at base-

line and follow-up by study group. Although water supply
improvements were not provided by the program (only stor-
age containers), intervention schools increased access to
drinking water (from 32% to 85%) and hand washing water
(from 5% to 85%). This change was significant compared
with controls (P < 0.01 for both). No schools had soap at
baseline; at follow-up, 25% of intervention schools had pur-
chased and were providing soap, whereas no control schools
were providing soap. Construction of latrines at intervention
schools resulted in improved pupil to latrine ratios from 89:1
at baseline to 32:1 at follow-up. There was no change in access
to an improved water source in the dry season.
Multivariable adjusted models of species infection. No con-

founders were found to appreciably change the estimates
of effect or standard errors, therefore all models account for
baseline infection only Tables 4 and 5. Pupils in the inter-
vention had an OR of 0.48 (95% CI 0.22–1.06) and lower
egg count (RR 0.32, 95% CI 0.12–0.82) of A. lumbricoides
compared with controls (Table 4). Results for follow-up
1 were similar. Children attending intervention schools were

Table 2

Prevalence and eggs per gram of feces for soil transmitted helminths (STH) and schistosomiasis at baseline and two follow-up rounds by worm
type in Nyanza Province, Kenya 2007–2009

Variable*

Baseline (May 2007) Follow-up 1 (April 2008) Follow-up 2 (February 2009)

Intervention Control Intervention Control

P†

Intervention Control

P†(N = 20) (N = 19) (N = 20) (N = 19) (N = 20) (N = 19)

Multiple STH infection
% with at least 1 STH infection 40.4 (25.9) 33.8 (23.8) 17.8 (13.0) 22.8 (13.2) 0.19 19.0 (12.4) 17.9 (14.4) 0.71
% with at least 2 STH infections 8.2 (8.8) 5.8 (7.4) 3.6 (4.4) 4.0 (5.2) 0.34 3.3 (3.7) 2.7 (5.6) 0.62
% with at least 3 STH infections 0.8 (1.6) 0.7 (2.1) 0.2 (0.9) 1.3 (3.0) 0.06 0.0 (0.0) 0.0 (0.0) 0.75

Ascaris lumbricoides
Prevalence 14.2 (13.9) 9.2 (14.2) 6.2 (5.8) 7.4 (7.4) 0.10 6.2 (6.9) 8.6 (14.6) 0.03
Arithmetic mean egg count 1094 (1488) 506 (1049) 462 (829) 589 (902) 0.03 395 (623) 796 (1337) 0.004

Trichuris trichiura
Prevalence 5.9 (7.2) 4.4 (4.9) 5.3 (7.7) 6.4 (7.5) 0.41 7.3 (6.1) 6.5 (6.5) 0.88
Arithmetic mean egg count 13.7 (31.1) 7.1 (11.6) 10.3 (17.3) 8.4 (13.1) 0.62 23.0 (70.5) 33.1 (62.0) 0.46
Hookworm
Prevalence 29.4 (19.0) 27.7 (21.2) 10.0 (9.5) 14.3 (13.1) 0.50 8.8 (7.2) 5.4 (5.8) 0.54
Arithmetic mean egg count 145.4 (153.1) 104.1 (164.1) 36.2 (71.0) 42.9 (71.5) 0.35 34.4 (48.7) 31.8 (54.1) 0.50

Schistosoma mansoni
Prevalence 6.1 (11.3) 2.7 (4.1) 7.8 (10.8) 4.9 (6.6) 0.18 9.7 (17.4) 4.8 (11.5) 0.69
Arithmetic mean egg count 13.6 (27.5) 12.6 (32.9) 13.6 (21.0) 8.5 (15.0) 0.98 31.9 (102.0) 15.2 (35.7) 0.62

Sample size: 915 pupils at baseline, 946 at follow-up 1, and 1113 at follow-up 2.
*Point estimates are cluster-level means (standard deviations).
†P values based on a cluster-level difference in difference.

Table 3

Uptake of water treatment, sanitation, and hygiene improvements during the course of the trial, by intervention and control schools in Nyanza
Province, Kenya, February 2007 and February 2009

Variable

Baseline Final

P
Intervention
(N = 20)

Control
(N = 19)

Intervention
(N = 20)

Control
(N = 19)

School dry season water source is improved* 7 (37%) 8 (44%) 8 (40%) 11 (58%) 0.63
Drinking water provided 6 (32%) 8 (44%) 17 (85%) 6 (32%) < 0.01
Chlorine residual in drinking water 0 (0%) 0 (0%) 9 (45%) 0 (0%) < 0.01†
Hand washing water available 1 (5%) 4 (22%) 17 (85%) 6 (32%) < 0.01
Soap available 0 (0%) 0 (0%) 5 (25%) 0 (0%) < 0.01†
Mean (SD) pupils per latrine 89 (87) 60 (41) 32 (13) 52 (25) 0.07
Mean (SD) boys per latrine 84 (98) 62 (49) 33 (12) 46 (30) 0.17
Mean (SD) girls per latrine 90 (84) 64 (34) 34 (18) 61 (42) 0.03

Values are n (%) or means (standard deviation).
*Improved sources based on definitions established by the UNICEF and WHO Joint Monitoring Program.
†P values compare intervention and control for final round using Fischer’s exact test

IMPACT OF SCHOOL WASH ON STH 879



44% less likely to be infected with A. lumbricoides com-
pared with those children in control schools (OR 0.56, 95%
CI 0.31–1.00). Ascaris lumbricoides egg count was signifi-
cantly lower for pupils in intervention schools (RR 0.34,
95% CI 0.15–0.75) (Table 5). The effect of the intervention
on egg count differed by sex (P = 0.03): among girls, those in
the intervention schools had lower egg count (RR 0.29, 95%
CI 0.11–0.74, P < 0.01) compared with those in the control.
There was no effect of the intervention for boys (RR 1.01,
95% CI 0.46 species-specific −2.28, P = 0.98). Geophagy and
shoe wearing were not significant effect modifiers in any
of the models.
For infection with T. trichiura, our data revealed an OR

of 0.86 (CI 0.46–1.63) and an RR of 0.35 (95% CI 0.12–1.04)
during follow-up 2 (Table 4). Results for follow-up 1 were
similar for prevalence, but not for egg count (RR 1.22, 95%
CI 0.44–3.34). For the pooled follow-up, we did not find evi-
dence for the effect of the intervention on infection preva-
lence (OR 0.82, 95% CI 0.45–1.45) or egg count (RR 0.55,
95% CI 0.21–1.48) (Table 5). Soil eating significantly modi-
fied the overall effect on egg count (P = 0.006). Pupils that
practiced geophagy showed a significant reduction in risk
of infection with T. trichiura (RR 0.33, 95% CI 012–0.92)
compared with controls; pupils that did not report soil eating
were not significantly different from the null (RR 2.97, 95%
CI 0.86–10.3).
No significant difference was found for hookworm egg

count for follow-up 1 (RR 0.77, 95% CI 0.31–1.91) or follow-
up 2 (RR 0.48, 95% CI 0.15–1.48) (Table 4). The interaction
between the intervention and data collection round was sig-
nificant for prevalence of hookworm: we found a difference
in hookworm prevalence during follow-up 2 (OR 0.52, 95%
CI 0.27–1.00), but not during follow-up 2 (OR 1.27, 95%
CI 0.71–2.23). For the pooled follow-up period, we found no
overall effect of the intervention on hookworm prevalence

(OR 0.80, 95% CI 0.47–1.36) or egg count (RR 0.58, 95%
CI 0.27–1.26) (Table 5). The results for egg count differed
significantly by sex (P < 0.001); the intervention was protec-
tive for boys, but increased the odds of infection for girls. Egg
count was significantly modified by shoe wearing (P = 0.02)
and soil eating (P = 0.05). Pupils without shoes were signifi-
cantly impacted by the intervention (RR 0.30, CI 0.11–0.82,
P = 0.02); those with shoes exhibited no statistical difference
(RR 0.52, CI −0.34–1.40, P = 0.23). Stratified analysis by soil
eating behavior did not reveal effect estimates significantly
different than the null.
There was no significant impact of the intervention on the

prevalence (OR 1.29, 95% CI 0.45–3.66) or intensity (RR 0.63,
95% CI 0.23–1.70) of S. mansoni infection (Table 5). The dif-
ferences were significantly different by sex for both prevalence
(P = 0.04) and egg count (P = 0.002); the effect of the interven-
tion on egg count was significant for boys (RR 0.30, 95%
CI 0.11–0.88). Other effect modifiers were not significant.

DISCUSSION

To our knowledge, this is the first cluster-randomized trial to
assess the impact of school-based sanitation and hygiene
improvements on reinfection with different STH species fol-
lowing mass anthelmintic treatment. Our findings reveal mixed
results for the impact of improved school-based WASH infra-
structure on STH infection, with evidence for sex-specific
effects of the intervention for different STH species. The role
of behaviors—such as shoe wearing and geophagy—may mod-
erate the effect of the intervention. Our analysis is technically
an assessment of the difference between infection among
pupils in each time point for the intervention and control arms.
Throughout the manuscript we refer to STH “reinfection,”
rather than “infection” to clarify that all pupils in the study

Table 4

Estimate effect comparing helminth infection among pupils in schools that received hygiene promotion, sanitation, safe water treatment provision
compared with control schools for each follow-up round in Nyanza Province, Kenya 2007–2009

Variable

A. lumbricoides T. trichiura Hookworm S. mansoni

Estimate 95% CI P Estimate 95% CI P Estimate 95% CI P Estimate 95% CI P

Prevalence OR OR OR OR
Follow-up 1 0.68 0.41–1.14 0.14 0.74 0.32–1.68 0.47 0.52 0.27–1.00 0.05 1.05 0.44–2.52 0.90
Follow-up 2 0.48 0.22–1.06 0.07 0.86 0.46–1.63 0.65 1.27 0.71–2.23 0.41 1.52 0.39–5.95 0.54

Egg count RR RR RR RR
Follow-up 1 0.38 0.14–1.02 0.06 1.22 0.44–3.34 0.69 0.77 0.31–1.91 0.57 1.04 0.37–2.96 0.93
Follow-up 2 0.32 0.12–0.82 0.02 0.35 0.12–1.04 0.06 0.48 0.15–1.48 0.19 0.47 0.13–1.64 0.23

OR = odds ratio; RR = rate ratio. Models controlled for school-aggregated baseline egg counts.

Table 5

Estimate effect comparing helminth infection among pupils by sex in schools that received hygiene promotion, sanitation, safe water treatment
provision compared with control schools for each follow-up round in Nyanza Province, Kenya, 2007–2009

Variable

A. lumbricoides (N = 2,047) T. trichiura (N = 2,059) Hookworm (N = 2,047) S. mansoni (N = 2,059)

Estimate 95% CI P Estimate 95% CI P Estimate 95% CI P Estimate 95% CI P

Prevalence OR OR OR OR
Follow-up 1 and 2 0.56 0.31–1.00 0.05 0.82 0.45–1.45 0.48 0.80 0.47–1.36 0.40 1.29 0.45–3.66 0.49
Girls 0.48 0.19–1.26 0.13 1.13 0.56–2.27 0.71 1.22 0.59–2.54 0.58 1.44 0.35–5.88 0.60
Boys 1.02 0.46–2.28 0.96 0.60 0.32–1.14 0.12 0.66 0.34–1.27 0.20 0.59 0.26–1.34 0.20

Egg count RR RR RR RR
Follow-up 1 and 2 0.34 0.15–0.75 < 0.01 0.55 0.21–1.48 0.24 0.58 0.27–1.26 0.16 0.63 0.23–1.70 0.35
Girls 0.29 0.11–0.74 0.01 0.54 0.13–2.27 0.54 3.45 1.21–9.88 0.02 1.11 0.26–4.66 0.88
Boys 1.01 0.31–3.33 0.98 0.62 0.21–1.80 0.37 0.17 0.06–0.57 < 0.01 0.30 0.11–0.88 0.03

OR = odds ratio; RR = rate ratio. Models controlled for school-aggregated baseline egg counts. Calculated for two follow-up rounds, 8–10 months after school-wide deworming.
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were dewormed before each follow-up round. However, we are
not longitudinally following individual children and thus do not
know their baseline status, we are relying on a test that has
poor detection at low levels of infection, and we did not test
for cure rate. Understanding of what we mean by the WASH
intervention preventing “reinfection” should be interpreted
as such.
We found considerable differences in the prevalence and

intensity of reinfection withA. lumbricoides in the intervention
schools compared with the control schools. These findings were
consistent for each of the follow-up rounds. A sex-stratified
analysis revealed that these differences between the interven-
tion and control schools were only significant among girls.
This sex-specific effect of the intervention on A. lumbricoides
infection on girls was consistent with findings from this same
trial that the intervention has a considerable impact on
absence among girls, but not boys.18 There is no evidence that
girls are biologically more susceptible to STH infection34;
rather, these results suggest that improving access to WASH
reduces the exposure to feces for girls more than it does for
boys. Girls may be less likely to urinate or defecate in the
open than boys, thus may disproportionately benefit when
latrines are new or clean, or when hand washing water and soap
are available.
We found significant, but not universal improvement

in WASH conditions in the intervention arm schools. The
proportion of schools that had detectable chlorine in drinking
water increased and pupil/latrine ratios all improved. Even
though no soap or water provided (only hygiene education
and water containers), intervention schools provided more
drinking water, hand washing water, and soap for hand wash-
ing. However, these levels of fidelity to the intervention are
sub-optimal, indicating that a program able to achieve higher
coverage would increase the impact on STH infection.
Previous cross-sectional and longitudinal studies have shown

that improved WASH characteristics are associated with lower
levels of A. lumbricoides infection.17,24,35–37 The current study
found WASH impacts on the prevalence of A. lumbricoides to
other intervention trials of household- and school-based
hygiene promotion programs that have shown a reduction
in A. lumbricoides reinfection on primary school-age chil-
dren.38,39 In Brazil, Moraes and colleagues40 found great reduc-
tions in the prevalence of infection because of community
sanitation improvement.
Because of similar exposure pathways for A. lumbricoides

and T. trichiura—typically from ingestion of feces on hands or
from eating unwashed or undercooked food—we would expect
similar findings for both species. In this study, we found no
evidence of the effect of the intervention on T. trichiura, either
overall or by sex. Differences in egg count during follow-up
2 were suggestive of an effect, but not a statistically significant
one. A possible reason for this finding is the known low effi-
cacy of a single dose of albendazole in treating T. trichiura.8,41

However, pupils in the intervention schools who practiced
geophagy had lower levels of T. trichiura reinfection compared
with those in the control.25 Those who practiced geophagy may
have reduced risk of environmental exposure to helminth eggs.
Alternatively, geophagy practice could serve as a proxy for
other parameters representing marginalized populations who
were impacted by the intervention.
The effect of the intervention on hookworm reinfection

among boys but not girls was unexpected. These results may

be correlated to the greater effect of the intervention on chil-
dren without shoes. Because hookworm is transmitted usually
through contact with infected feces through the sole of the
foot, legs, and buttocks, our results reflect the finding that
children without shoes are more susceptible to hookworm
infection, and boys are more likely than girls to go without
shoes. Pupils without shoes showed a significantly and substan-
tially greater difference of hookworm reinfection at follow-up
compared with those in controls. These children may have
greater contact with contaminated soil, and provision of new
latrines could substantially reduce exposure. Shoe wearing is
likely associated with economic status, a factor not able to be
assessed in this analysis, but points to the effect of the interven-
tion on more marginalized pupils. The effectiveness of the
intervention at the first follow-up, but not the second may be
explained by the diminishing effect of the latrine construction
in mitigating hookworm reinfection.
Limitations. Although the impact of the intervention on

A. lumbricoides reinfection was substantial and significant, we
cannot rule out that our findings are a consequence of baseline
imbalances and differential rate patterns of reinfection
between study arms. We expect that infection would revert
to baseline levels in as few as 6 months42–44; our follow-up was
10 months after deworming. However, we saw a secular trend
of decreased prevalence of helminth infection among children
in control schools. The rate of reinfection crucially depends
on the intensity of parasite transmission (as measured by the
basic reproductive number, R0), the efficacy of treatment and
the percentage of the overall community, which was treated as
the result of treating school children,2,30 three factors that are
unknown. Multivariable analysis adjusted for aggregate base-
line levels of outcomemeasures for each model.
A number of additional limitations are recognized. First,

because of the high turnover of pupils and laboratory and
budget constraints, we were unable to follow the same individ-
uals throughout the course of the project. Thus, our baseline
measures are only for aggregate measures at the school.
Because individual propensity for reinfection is a considerable
risk factor, using school-level aggregate data induces impreci-
sion in the findings.45,46 Second, our study was powered with
infection rates from a previous study that were considerably
higher than what we found at baseline, limiting our study
power.9 A recent review of worm infection in East Africa
reported median prevalence estimates in Nyanza Province
of A. lumbricoides (18.5%), T. trichiura (11.9%), and hook-
worm (17.6%).47 Third, there was considerable heterogeneity
in delivery and uptake of the intervention. Only 25% of schools
in the intervention reached the Government of Kenya stan-
dards for pupil/latrine ratios, only 25% had soap available for
hand washing. We observed hand washing water and soap
at only 25% of schools at follow-up. On the other hand, this
study should be regarded as an effectiveness trial of a real-
world intervention. As such, some schools were more success-
ful at improving access to clean latrines and hygiene behaviors
of their pupils. Fourth, a quarter of the schools did not meet the
original eligibility criterion of having a water source within
1 KM, though this likely biased our results towards the null by
limiting the impact of the hygiene intervention and ability
to maintain latrines. Finally, a single stool sample using Kato-
Katz has been shown to be inaccurate relative to other diag-
nostic methods,48 although may have sensitivities of > 90%
for both A. lumbricoides and T. trichiura.49 This limitation is
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mitigated by the use of this method for both study arms and
that increased detection of low-burden individuals may have
biased our results towards the null.

CONCLUSIONS

Deworming alone cannot eliminate STH infection if schools
and communities lack adequate WASH facilities, and the gains
from deworming will only be sustained through improved
WASH access. An increasing number of national governments
and international organizations are implementing school-based
deworming as part of an integrated school health program.50

Implementing WASH programs, including school-based pro-
grams, is complex, especially as it is difficult to ensure uniform
implementation across schools. Furthermore, poor WASH
facilities in schools is only one source of exposure to helminth
infection, and any effect on improved WASH facilities is likely
to be mediated by differences in other, individual- or house-
hold- mediated, routes of fecal exposure.51 Our findings pro-
vide initial support for the benefit of improved WASH in
schools when implemented alongside school-based deworming,
but show that the effect is not consistent among boys and girls,
among sub-groups with different exposure-related patterns
of behavior, or for different worms. Additional studies
assessing the impact of school WASH are warranted to better
understand the impact of school-level interventions and how
this impact is augmented by other individual- or community-
based efforts to reduce exposure.

Received May 2, 2013. Accepted for publication July 13, 2013.

Published online September 9, 2013.

Acknowledgments: We are indebted to the staffs of CARE - Kenya,
Great Lakes University of Kisumu, Water.org, and the Kenya Water
and Health Organization for their diligent efforts in Kenya. Lily
Lukorito played a considerable role in stool sampling. We acknowl-
edge the work of Dr. Alfred Luoba who passed away before the
completion of the project. SJB is supported by a Wellcome Trust
Senior Fellowship in Basic Biomedical Science (098045).

Financial support: The project was funded by the Bill & Melinda
Gates Foundation and led by CARE – USA.

Authors’ addresses: Matthew C. Freeman, Emory University, Envi-
ronmental Health, Atlanta, GA, E-mail: mcfreem@emory.edu.
Thomas Clasen, London School of Hygiene and Tropical Medicine,
Infectious and Tropical Diseases, London, UK, E-mail: thomas
.clasen@lshtm.ac.uk. Simon J. Brooker, London School of Hygiene
and Tropical Medicine, Infectious and Tropical Diseases, London,
UK, and KEMRI Wellcome Trust, Nairobi, Kenya, E-mail: simon
.brooker@lshtm.ac.uk. Daniel O. Akoko, Great Lakes University
of Kisumu, Tropical Institute of Community Health and Develop-
ment, Kisumu, Kenya, E-mail: obotedaniel@yahoo.com. Richard
Rheingans, University of Florida, Environmental and Global Health,
Gainesville, FL, and Emory University, Global Health, Atlanta, GA,
E-mail: rrheing@ufl.edu.

REFERENCES

1. Crompton DW, 1999. How much human helminthiasis is there
in the world? J Parasitol 85: 397–403.

2. Hotez PJ, Bundy DAP, Beegle K, Brooker S, Drake L, de Silva
N, Montresor A, Engels D, Jukes M, Chitsulo L, Chow J,
Laxminarayan R, Michaud CM, Bethony J, Correa–Oliveira
R, Xiao SH, Fenwick A, Savioli L, 2006. Helminth Infections:
Soil-Transmitted Helminth Infections and Schistosomiasis.
Disease Control Priorities in Developing Countries. New York:
Oxford University Press, 467–482.

3. Dickson R, Awasthi S, Williamson P, Demellweek C, Garner P,
2000. Effects of treatment for intestinal helminth infection
on growth and cognitive performance in children: systematic
review of randomized trials. BMJ 320: 1697–1701.

4. Sur D, Saha DR, Manna B, Rajendran K, Bhattacharya SK, 2005.
Periodic deworming with albendazole and its impact on growth
status and diarrhoeal incidence among children in an urban
slum of India. Trans R Soc Trop Med Hyg 99: 261–267.

5. Taylor-Robinson DC, Jones AP, Garner P, 2007. Deworming
drugs for treating soil-transmitted intestinal worms in children:
effects on growth and school performance. Cochrane Database
Syst Rev (4): CD000371.

6. Gulani A, Nagpal J, Osmond C, Sachdev HP, 2007. Effect of admin-
istration of intestinal anthelmintic drugs on hemoglobin: system-
atic review of randomized controlled trials. BMJ 334: 1095.

7. Smith JL, Brooker S, 2010. Impact of hookworm infection and
deworming on anemia in non-pregnant populations: a system-
atic review. Trop Med Int Health 15: 776–795.

8. Keiser J, Utzinger J, 2008. Efficacy of current drugs against soil-
transmitted helminth infections: systematic review and meta-
analysis. JAMA 299: 1937–1948.

9. Miguel E, Kremer M, 2004. Worms: identifying impacts on edu-
cation and health in the presence of treatment externalities.
Econometrica 72: 159–217.

10. Bundy DAP, Wong MS, Lewis LL, Horton J, 1990. Control of
geohelminths by delivery of targeted chemotherapy through
schools. Trans R Soc Trop Med Hyg 84: 115–120.

11. Jia T-W, Melville S, Utzinger J, King CH, Zhou X-N, 2012. Soil-
transmitted helminth reinfection after drug treatment: a system-
atic review and meta-analysis. PLoS Negl Trop Dis 6: e1621.

12. Yap P, Du Z-W, Wu F-W, Jiang J-Y, Chen R, Zhou X-N,
Hattendorf J, Utzinger J, Steinmann P, 2013. Rapid re-infection
with soil-transmitted helminths after triple-dose albendazole
treatment of school-aged children in Yunnan, People’s Republic
of China. Am J Trop Med Hyg 89: 23–31.

13. Asaolu SO, Ofoezie IE, 2003. The role of health education and
sanitation in the control of helminth infections. Acta Trop 86:
283–294.

14. Henry FJ, 1988. Reinfection with Ascaris lumbricoides after
chemotherapy: a comparative study in three villages with vary-
ing sanitation. Trans R Soc Trop Med Hyg 82: 460–464.

15. WHO, UNICEF, 2010. Progress on Sanitation and Drinking-
Water: 2010 Update.WHO/UNICEF Joint Monitoring Program
for Water Supply and Sanitation. Geneva: WHO.

16. UNICEF, 2009. Water, Sanitation and Hygiene Annual Report.
New York: UNICEF.

17. Ziegelbauer K, Speich B, Mäusezahl D, Bos R, Keiser J,
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