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EXECUTIVE SUMMARY 

This report summarizes work conducted by the University of Washington’s Global Health Strategic 
Analysis and Research Training Program (START) team in response to second objective of the Bill & 
Melinda Gates Foundation’s (the foundation) work order NID STH Elimination Strategy Support. In 
this report we summarize the available evidence for water, sanitation, and hygiene (WASH) 
interventions. 

We first summarize the evidence from observational studies over the past 30 years. While 
observational evidence is inherently limited, pooled odds ratios suggest generally significant 
associations between measures of each WASH component and STH infection. We then explore the 
eight experimental trials we identified which indicate significant effects to varying degrees for 
school-based hygiene behavior change interventions and latrine construction interventions that 
achieve substantial improvements in coverage. High quality evidence is anticipated from two in 
progress trials: the seven-arm WASH Benefits trial in Kenya and Bangladesh and a cluster 
randomized trial of a combined WASH intervention in 138 schools in Laos. 
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INTRODUCTION 

This report explores the current evidence of an association between water, sanitation, and hygiene 
(WASH) improvements and soil-transmitted helminth (STH) infection. STH infection currently 
affects over a billion people worldwide and is a major cause of morbidity, particularly among 
children (1). Currently mass drug administration (MDA) is the main tool utilized within public 
health programs to reduce the prevalence of STH infection and morbidities associated with 
moderate and heavy worm burden (intensity of infection) (2). While MDA lowers levels of infection 
in the short-term, reinfection rates are high and therefore annual or biannual MDA campaigns are 
required to maintain reductions in morbidity. More sustainable, long-term solutions are needed to 
reduce overall infection rates to achieve the control, and eventual elimination, of STH infection.  

WASH interventions address the underlying cause of infection by reducing fecal contamination and 
thereby reducing the environmental exposure to soil-transmitted helminth eggs and larvae. 
However there is a lack of clear data on the impact of WASH improvements on the reduction in STH 
infection (1). In this brief we assess the current state of evidence that improving WASH 
infrastructure and behavior has a protective effect against STH infection. We review literature from 
both observational and experimental studies, and address the current gaps that impede our 
understanding of the impact of WASH interventions.  

METHODS AND SOURCES 

To examine literature on the association between WASH practices and STH infection, we used 
PubMed to identify systematic reviews summarizing current evidence. We identified four 
systematic reviews published between 1993 and 2014, and focused on the 2014 review and meta-
analysis published by Strunz et al. (1). The authors chose 35 observational studies to include in 
meta-analyses, 33 of which we were able to access and use for further analysis (one excluded for 
language, one for inability to access). We compiled data on specific metrics used and definitions of 
exposure that were not identified in the systematic review.  

In addition to the articles included in the meta-analyses, the 2014 review identified five 
randomized controlled trials (RCTs) examining the association between WASH interventions and 
STH incidence.  We then used the following search terms in PubMed to update this search, and 
found three additional RCTs. 

 ((helminth OR geohelminth OR ascaris OR lumbricoides OR trichuris OR trichiura OR hookworm 
OR ancylostoma OR duodenale OR necator OR americanus OR strongyloid* OR stercoralis) AND 
(sanitation OR sanitary OR "water supply" OR "waste management" OR "hand washing" OR hygiene 
OR latrine* OR toilet* OR water OR soap)) AND trial[Title/Abstract] 

EVIDENCE FOR WASH INTERVENTIONS 

OBSERVATIONAL EVIDENCE 

Four systematic reviews have examined the available peer-reviewed literature on the association 
between WASH improvements and STH infection (1, 3-5). Our assessment focused on the most 
recent and comprehensive review, published in 2014 by Strunz et al. (1). This review included 89 
studies, of which 35 observational studies were selected for use in random effects meta-analyses 
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due to their inclusion of an adjusted effect estimate. The meta-analyses grouped studies on 
measures of water access and use, sanitation, and hygiene, and examined the association between 
these exposures and STH infection. The quality of evidence included in the meta-analyses was 
evaluated through the GRADE approach, which categorizes each meta-analysis from “very low” to 
“high” depending on a set of criteria. These criteria included inconsistency, assessed through 
Moran’s I2 test and Cochran’s Q-test, as well as publication bias, assessed through funnel plots and 
Egger’s test (1). Based on this evaluation, most of the meta-analyses were rated “low”, which is 
typical when observational studies are used (1). Of the studies included, 94% were cross-sectional 
and 6% were longitudinal. Nearly half of the studies (43%) focused on children exclusively, while 
34% focused on both children and adults, 17% on adults only, and 6% on infants. Summaries of the 
results from these meta-analyses can be found in Tables 1-3 in the Appendix.  

WATER  

Meta-analyses were conducted to measure the association between improved water and STH 
infection, with analyses focusing on Ascaris lumbricoides, Trichuris trichiura, and any infection. 
Piped water use was associated with reduced burden of Ascaris and Trichuris, and treated water 
use was associated with reduced burden of any infection (see Table 1 in the Appendix for more 
detail). However, the pooled odds ratio between piped water use and any STH infection was not 
statistically significant (odds ratio of 0.93, 95% CI 0.28, 3.11) (1).  While these results suggest a 
generally protective effect of water improvement on STH infection, there was a great deal of 
variability in how water improvement was defined and measured among the studies. Piped water 
was identified as the exposure in 80% of the studies included, however only 40% of the studies 
addressed the quality of the water. The types of water access being compared to piped water varied 
and was not always well defined. Additionally, while each study in the meta-analyses controlled for 
covariates, these were not standardized across the studies, and other WASH components were not 
included, so the estimates are likely confounded.  

SANITATION 

Meta-analyses on the association between sanitation access and STH infection were performed for 
any infection, hookworm, Ascaris and Trichuris. Again, a general protective effect was found in these 
studies, as can be seen in Table 2 in the Appendix. However, the association found between 
hookworm and sanitation access when pooling data from six studies was not quite statistically 
significant (pooled odds ratio 0.80, 95% CI 0.60-1.05). As in the previous example, the 
interpretation of the pooled odds ratios is limited by the variability of measures in the study. 
Latrine use, any latrine access, and latrine in the household were all measures that were considered 
improved sanitation. Little information was provided as to the definition and quality of latrines or 
latrine maintenance. Latrine use, which may be a better indicator of fecal contamination in areas 
where latrines are not as ingrained in culture, was assessed in 48% of the studies, but was not 
addressed in the remaining studies that focused solely on access. Similar to water improvements, 
confounding by unmeasured or uncontrolled covariates is likely skewing these results as well (1).  

HYGIENE 

A variety of hygiene improvements have been investigated, with limited numbers of studies in each 
category. Soap use, handwashing before eating, handwashing after defecation, and shoe wearing 
were all examined in separate meta-analyses (1). Each was examined for the association with any 
infection and/or Ascaris, with the exception of shoe wearing, which was examined for the 
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association of hookworm with any infection. Each meta-analysis found a statistically significant 
pooled effect estimate suggesting that improved hygiene practices are protective against STH 
infection, however each meta-analysis included only three to five studies. Again, these meta-
analyses are subject to limitations due to variability of metrics and confounding of estimates. There 
was little information on how exposures were defined, and variability in how exposure data was 
collected and verified (1).  

EXPERIMENTAL EVIDENCE 

We identified eight trials to date evaluating the effects of WASH interventions on STH infection, all 
but one published since 2013. Seven were cluster randomized controlled trials that randomized 
schools or villages to receive an intervention. The eighth was a quasi-experimental trial that offered 
three different interventions to three villages of 200-350 residents (6). The studies ranged in size 
from that small trial to two evaluations of India’s Total Sanitation Campaign that each randomized 
80-100 villages (7, 8). 

WATER 

Only one experimental study investigated the effects of improved water (9). The intervention 
provided schools with drinking water storage containers and one year’s supply of WaterGuard to 
treat the water. The intervention was offered as part of a package of interventions that also 
included latrine construction and training in health education, behavior change, and facility 
maintenance for a parent and teacher at the school. The study found moderate sex specific effects 
for intensity of infection (estimated by counts of the number of eggs per gram) for Ascaris and 
hookworm, but not Trichuris. Specific results are presented in the sanitation section below. Since 
the water, sanitation, and hygiene education interventions were offered together there is no way to 
determine the proportion of the effect that is due to each specific intervention. Drinking water 
improvements are not expected to substantially impact infection with soil-transmitted helminths so 
it is likely that the benefits are due to the sanitation improvements. 

SANITATION 

The effects of improved sanitation were explored in four studies. Two very large trials measured 
the effects of India’s Total Sanitation Campaign (TSC) on a number of outcomes including STH 
infection, stunting, and diarrhea incidence. The objective of the program was to bring “improved” 
sanitation facilities (as defined by the WHO/UNICEF Joint Monitoring Programme) to 100% of the 
population by building and promoting the use of latrines in houses, schools, and community 
sanitation complexes. The studies randomized 80 rural villages in Madhya Pradesh (8) and 100 
rural villages in Odisha (7) to receive the TSC intervention before the control villages. Both studies 
found null results for all outcomes, most likely due primarily to the limited coverage of their 
interventions, thus their inability to prevent environmental contamination. In Odisha, only a third 
of the households had latrines at the surveillance midpoint and only two-thirds by the study end. In 
Madhya Pradesh the average proportion of households with a latrine only increased from 23% to 
41% in intervention villages. The proportion of adults defecating in the open only dropped from an 
average of 84% to 73% in intervention villages, with a lowest measurement of 33%, representing 
high sustained levels of open defecation. In Odisha one dose of albendazol was given at baseline, but 
there was no mention of any chemotherapeutic intervention in the Madhya Pradesh study. Given 
the null results for all sanitation related outcomes, even those which are expected to degrade much 
more quickly in the environment, it is clear that the coverage achieved was not sufficient to 
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significantly lessen exposure to fecal contamination. While the lack of significant effects in these 
studies does not necessarily call into question the impact of improved sanitation, they do raise 
questions about the coverage required to have an impact and the feasibility of quickly scaling up 
sanitation interventions such as the TSC. 

A study comparing three levels of interventions in three small villages in China suggests results can 
be achieved with sufficient sanitation coverage (6). One village received annual MDA of albendazol 
along with health education posters at baseline. A second village received biannual MDA and the 
health education posters at baseline. A third village received biannual MDA, regular health 
education that included screenings of an animated STH education movie in addition to the posters, 
and latrine construction for each interested household. All intervention packages showed an effect 
and there was a clear trend toward larger declines in both Ascaris and Trichuris infections in the 
villages with the more intense interventions. After two years, Ascaris prevalence had dropped from 
70.4% to 67.6% in village one (annual MDA), from 72.6 to 36.2% in village two (biannual MDA), 
and from 71.0% to 17.7% in village three (biannual MDA plus latrine and regular education). 
Trichuris prevalence dropped from 87.0% to 62.9% in village one, 71.6% to 57.5% in village two, 
and 63.6% to 37.2% in village three. Substantial decreases in hookworm prevalence were 
measured as well, though the trend of larger drops for more intense interventions was reversed. 
This may have been due to differences in baseline prevalence (56.5% in village one, 67.7% in village 
two, and 86.0% in village three). The villages were followed for three additional years with annual 
MDA unsupervised by the study administrators to assess the sustainability and real world 
effectiveness of the interventions. Some degree of variability was expected due to differing degrees 
of commitment of local officials. The rate of decline of Trichuris prevalence slowed and Ascaris 
prevalence increased in all three villages, but the village that received latrines still fared the best. 

A fourth trial randomized 40 primary schools in Kenya to examine the effects of a combination of 
water, sanitation, and hygiene interventions (9). The study provided a package of interventions 
including 4-7 latrines, water storage and treatment, and training for one parent and one teacher at 
the school in health education, behavior change, and facility maintenance. The study found 
moderate effects for intensity of infection for Ascaris in girls (RR: 0.29, 95% CI: 0.11-0.74) and 
hookworm in boys (RR: 0.17, 95% CI: 0.06-0.57), but no effect for Trichuris and no effects on the 
prevalence of infection for any STH. The non-significant effects for changes in prevalence were 
probably due in part to the already relatively low levels at baseline, but it is unclear why the effects 
were only observed in specific sexes for different species. 

HYGIENE 

The impact of hygiene education interventions on their own were studied in four cluster RCTs. A 
study in Uganda randomized 19 villages to receive a Participatory Hygiene and Sanitation 
Transformation (PHAST) intervention in which participants engage in educational activities that 
encourage hygiene behavior change in addition to quarterly MDA which both arms received (10). 
The study did not measure an effect for any STH infection measure.  

Three school-based hygiene trials did observe significant impacts on STH infection. In a very small 
Chinese trial published in 2001, a school that was randomized to receive a handwashing 
intervention measured a 36% decline in Ascaris prevalence while two control schools measured a 
78% increase (11). Another trial in China randomized 38 primary schools to receive, in addition to 
MDA, an educational intervention that consisted of either a poster (control) or a screening of an 
animated educational video (intervention) (12). At the end of the school year, intervention schools 
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scored 90% higher on an STH knowledge test (mean score 63.3 vs 33.4, p<0.001), were twice as 
likely to wash their hands at school (98.9% vs 54.2%, p<0.001), and had half the odds of any STH 
infection (aOR: 0.50, 95% CI: 0.35-0.70). A third trial, in the Peruvian Amazon, randomized 18 
primary schools to receive, in addition to MDA at baseline, a one-hour in-class educational activity 
with 30-minute follow-up activities every 2 weeks for children and a half day workshop for 
teachers and principals (13). At four months follow-up, children in the treatment schools scored 
much better on an STH knowledge test (aOR for scoring one point higher on a 12 point test: 18.4, 
95% CI: 12.7-26.6) and had lower intensities of Ascaris infection (aIRR: 0.42, 95% CI: 0.21-0.85), 
but not significantly lower prevalence of infection (aOR: 0.88, 95% CI: 0.57-1.34). No significant 
changes were measured in Trichuris or hookworm infection. 

DISCUSSION 

While observational evidence suggests protective benefits of WASH interventions, the results of the 
included meta-analyses should be interpreted with caution. There was a general lack of 
standardization in how exposures were defined and measured. Many of the meta-analyses 
contained very few studies due to a paucity of available published research that includes adjusted 
odds ratios. While the 35 studies included in the meta-analyses did adjust for some covariates, 
these were not standardized across studies. Many failed to control for other WASH measures, which 
could lead to confounding in those effect estimates.  

One major limitation of using observational studies to examine the association between WASH and 
STH infection is the inability to sufficiently control for environmental factors. Each study used in 
these meta-analyses focused on one or more component of WASH, with limited control of other 
components or covariates that could confound the association. The potential for confounding due to 
socioeconomic status or other factors known to be associated with better health outcomes is high.  

A unique aspect of STHs compared to other diseases is the environmental contamination associated 
with widespread infection. Of the studies that looked at the association between sanitation and STH 
infection, 52% focused exclusively on latrine use on the premise of the household. In these studies, 
latrine use outside the home, such as at school or work, could expose subjects to parasites. Failure 
to measure and control for exposures beyond the household could play a large role in the measured 
associations. Even if the observed differences are due to true associations, there is no guarantee 
that interventions limiting those risk-factors will be effective. Cluster randomized trials measuring 
the impact of interventions provide a much better understanding of the potential association 
impact of WASH interventions on STH infection. 

While there is no experimental evidence for water improvement interventions on their own, results 
from trials testing sanitation and hygiene education interventions are promising, as long as 
sufficient coverage is achieved. The three school-based hygiene behavior change interventions 
measured significant impacts in reducing the intensity of Ascaris infection. The intervention that 
provided primary schools with latrines in Kenya found moderate effects on the intensity of 
infection of Ascaris and hookworm, but no significant effects on prevalence or Trichuris infection 
(9). It is important to note that a sanitation intervention that is delivered at a school largely slows 
the rate of infection at that specific location, while students are likely still exposed elsewhere in the 
community. Results from the study in China that offered household latrines to every interested 
family in a village were more promising, consistently lowering reinfection rates for Trichuris and 
especially Ascaris compared with villages that only received deworming, over five years of follow-
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up (6). The two studies that measured the short-term impact of India’s Total Sanitation Campaign 
achieved very modest improvements in latrine coverage and hygiene behavior, which failed to 
translate into any benefits in child health (7, 8). These studies highlight the need to achieve high 
levels of coverage to attain a measurable impact and raise serious questions about the scalability of 
sanitation interventions. 

While experimental evidence for sanitation interventions is promising, more studies are needed for 
WASH interventions, especially trials that offer interventions individually. Dr. Freeman and 
colleagues are currently beginning a trial in Laos that will randomize 138 schools to receive a 
combined intervention including an improved water supply, latrine construction, and a hygiene 
education program (14). The primary end date is set for May 2016. Results from the seven-arm 
WASH Benefits study currently underway in Kenya and Bangladesh are hoped to be especially 
telling as each arm offers a different combination of WASH and nutrition interventions (15, 16). 
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APPENDIX 

Table 1: Pooled effects of the association of water improvement and STH from random effects 
meta-analyses conducted by Strunz et al. (1) 

Water 

Infection Type Effect Estimate (CI) Number of Studies Included 

Piped Water Use 

Ascaris lumbricoides 0.40 (0.39-0.41)* 4 

Trichuris trichiura 0.57 (0.45-0.72)* 3 

Any Infection 0.93 (0.28-3.11) 5 

Treated Water Use 

Any Infection 0.46 (0.36-0.60)* 3 

*Asterisk denotes significant results 
 

 
 
Table 2: Pooled effects of the association of sanitation improvement and STH from random 
effects meta-analyses conducted by Strunz et al. (1) 

Sanitation 

Infection Type Effect Estimate (CI) Number of Studies Included 

Sanitation Access 

Ascaris lumbricoides 0.62 (0.44-0.88)* 6 

Trichuris trichiura 0.61 (0.50-0.74)* 7 

Hookworm 0.80 (0.60-1.05) 6 

Any Infection 0.66 (0.57-0.76)* 8 

*Asterisk denotes significant results 
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Table 3: Pooled effects of the association of hygiene improvement and STH from random effects 
meta-analyses conducted by Strunz et al. (1) 

Hygiene 

Infection Type Effect Estimate (CI) Number of Studies Included 

Soap Use 

Any Infection 0.53 (0.29-0.98)* 3 

Handwashing Before Eating 

Ascaris lumbricoides 0.38 (0.26-0.55)* 3 

Handwashing After Defecation 

Ascaris lumbricoides 0.45 (0.35-0.58)* 3 

Any Infection 0.47 (0.24-0.90)* 5 

Shoe Wearing  

Hookworm 0.29 (0.18-0.47)* 5 

Any Infection 0.30 (0.11-0.83)* 3 

 *Asterisk denotes significant results 
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