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Abstract: A systematic review of published literature (2000–2019) evaluating the impact of sanitation
interventions on the prevalence of disease, parasite infestation, and/or child growth using random-
ized controlled trials (RCTs) was done according to the PRISMA checklist. Earlier reviews indicated
mixed evidence citing relatively poor quality evidence from mixed designs. Public health policy and
practice appear to rely on evidence from RCTs. Records were searched in six electronic databases.
The methodological quality of RCTs was assessed using the Cochrane collaboration risk of bias tool.
Fifteen records (2.0%) were included for review. Impact trials were done in rural communities of
African and Asian countries. The significant effect of sanitation-focus interventions was found in
one trial for the prevalence of childhood diarrhea (14.3%), three trials for parasite infestation (37.5%),
and two trials (25.0%) for child growth. Results indicate mixed quality evidence from RCT designs.
Evidence is limited and suggestive of the impact of sanitation on parasite infestation and child
growth. Further rigorous sanitation intervention trials under varying settings are needed to show
what really works and under what settings. Future work may explore sanitation behavior change
strategies and latrine options to address the challenges of poor latrine use under high sanitation
coverage.

Keywords: basic sanitation; health outcome; low- and middle-income countries; randomized con-
trolled trial

1. Introduction

Sanitation intervention impact research informs public health policy and practice.
This could be particularly important for low- and middle-income countries (LMICs) where
there is low access to basic sanitation [1], the burden of disease is borne [2], and sanitation
remains a major health risk factor [1,3]. At the end of the millennium development goals
era in 2015, about 32% of the global population (2.4 billion) still lacked access to improved
sanitation, 70% living in rural areas [4]. Rural sanitation has become a priority task area.
Several studies point to the significant reductions in the prevalence of diarrhea and enteric
parasites and child growth with improvements in water, sanitation, and hygiene (WASH).
However, it remains not very clear which specific interventions offer the most benefits and
under what settings. Evidence from various research designs is mixed and too inconclusive
to inform sanitation policy and practice.

A brief review of the literature highlights what is known. A review of 39 studies
(1985–2003) by Fewtrell and Colford [5], which evaluated the effect of WASH on diarrhea,
found that only one study was on sanitation alone. Wolf et al. [6] identified 11 studies
of mixed designs that evaluated the effect of sanitation on health from 1970–2013. Most
interventions were implemented as combined WASH. However, the specific effect of
a single-focus intervention (e.g., sanitation) cannot be disaggregated from those of the
commonly implemented combined WASH interventions [7]. A systematic review of the
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literature up to September 2016 on the effect of WASH on childhood diarrhea [8] identified
one study specifically on sanitation alone. The study had no significant effect on childhood
diarrhea. Overall estimates showed a 25% mean diarrheal risk reduction compared to a
control group without intervention in a review of studies from 1970 to 2016 [9]. However,
authors noted limited evidence.

Sanitation improvements were found to reduce the prevalence of soil-transmitted
helminth (STH) infection in a systematic review and meta-analysis [10]. The authors
reported that most of the evidence was from cross-sectional studies. Further, no randomized
controlled trials (RCTs) were identified in their review. A similar review of 94 records up
to October 2013 identified only five RCTs among the studies on sanitation [11]. Access
to sanitation was found to be associated with a decreased likelihood of infection with
any STH (odds ratio (OR) 0.66, 95% CI: 0.57–0.76), but not with hookworm. As in other
reviews, data were considered to be of low quality due to there being many observational
studies. A systematic review and meta-analysis that evaluated 54 studies up to June 2014
found that the availability or use of a sanitation facility was associated with lower odds
of infection with Entamoeba histolytica or Entomoeba dispar (OR 0.5, 95% CI: 0.42–0.74) and
Giardia intestinalis (0.64, 0.51–0.81) [12]. Only two of the studies were RCTs, the rest were
observational. This is in agreement with similar work where mixed evidence was attributed
to observational studies [13].

Demographic health survey data from 34 countries showed that the disposal practice
of child feces in an improved toilet was associated with a 0.12 increase in height-for-age
Z-score (HAZ; 95% CI: 0.10–0.15) [14]. In a systematic review of the effect of sanitation on
childhood (<18 years) growth in LMICs, anthropometric measurements suggested little or
no evidence [15]. Finally, a systematic review by Freeman et al. [16], which added 64 more
studies than in earlier similar work up to December 2015, confirmed positive impacts of
sanitation on health outcomes (diarrhea, active trachoma, some STHs, and height-for-age).
The authors reported that the overall evidence was generally of poor quality with high
heterogeneity.

The use of RCTs to determine the effect of sanitation interventions on health outcomes
in rural communities is currently receiving great research attention. Earlier studies used
mixed research designs, and they were mainly observational with few rigorous trials and
reported mixed findings on the impact of sanitation alone on health outcomes with limited
evidence. They lacked rigorous impact estimates due to limited study samples, robust
designs, and credible control groups [17]. Despite potential methodological limitations,
an RCT appears to be the design of choice in healthcare intervention impact research.
The effect of an intervention in an RCT is tested by randomly allocating participants to
sufficiently large and statistically balanced treatment and control groups [18]. A significant
difference in the observed outcome is attributed to the intervention [19]. The current review
includes some new large, rigorous RCTs that were not included in the latest review of
various designs [16]. In the earlier review, which included 171 records up to the end of 2015,
overall evidence suggested that sanitation is protective against diarrhea, active trachoma,
some STH, and height-for-age.

The divergence of results and use of evidence from RCTs in sanitation interventions
to inform public health policy and practice motivated this work. The review tries to
answer the questions: Does new evidence from RCTs on sanitation interventions in rural
communities of LMICs show consistent impacts on diarrhea, trachoma, child growth, and
intestinal infection with earlier studies? What is the quality of the evidence? The work
will be accomplished using evidence only from RCTs that evaluate the effect of sanitation
interventions alone (not combined WASH) on selected health outcomes. This is perceived
to contribute to the ongoing global research to understand the link between sanitation and
health [20].

In this work, sanitation refers to having access to and using facilities and services
to manage human excreta [20]. Sanitation intervention is considered to simply mean an
increase in access to latrines. An outcome was taken to be a single end-of-intervention point
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with a linear causal-effect link to that intervention [21]. The health outcomes considered
were the prevalence of disease or parasite infestation and the condition or state of body
(growth) [22].

2. Materials and Methods
2.1. Search Strategy, Inclusion Criteria and Data Extraction

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
checklist [23] was used to identify, screen, and include records for data extraction and anal-
ysis (Figure 1). A systematic review of published peer-reviewed literature was conducted
between November 2019 and March 2020 for RCTs that evaluated the impact of sanitation
interventions on disease/enteric parasite infestation, child growth, or their combinations
as health outcomes indicators.
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Figure 1. PRISMA flow chart of literature search.

Electronic databases (Cochrane Library Trials (CENTRAL), MEDLINE—Ovid, PubMed,
Science Direct, SCOPUS, and Web of Science) were searched for relevant records using
appropriate search terms and filters (Table 1). The search stream was considered most
appropriate after several ‘trial and error’ attempts. Analysis and synthesis of included
records were done by two independent investigators.
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Table 1. Literature search terms.

Database Search String Applied Filters

Cochrane Library-Trials Advanced search: (WASH sanitation randomized controlled trial) 2000–2019
English

MEDLINE Ovid

Advanced search: ((((effect OR impact) AND (sanitation OR
WASH) AND interventions AND health AND outcomes) OR
(disease OR diarrhea OR child growth)) AND (randomized AND
controlled AND trial) AND (low AND middle AND income AND
country))

2000–2019
Article

Full text
journals

PubMed Advanced search: (sanitation interventions health outcomes
randomized controlled trials)

Full text
2000–2019

Randomized controlled trial

Science Direct Advanced search: (effect sanitation interventions health outcomes
randomized controlled trials low- and middle-income countries)

Research
article

2000–2019

SCOPUS

Advanced search: (effect OR impact AND sanitation OR WASH
AND interventions AND health AND outcomes OR diarrhea OR
child AND growth AND randomized AND controlled AND trial
AND low- AND middle- AND income AND country)

2000–2019
Article
English

Web of Science
Advanced search: TS = (effect AND sanitation AND interventions
AND diarrhea AND child AND growth AND randomized AND
controlled AND trials)

2000–2019
English

The inclusion criteria considered peer-reviewed articles published in English from
1 January 2000 to 31 December 2019 that sought to evaluate the effect of sanitation in-
terventions on health outcomes at rural the community level in LMICs based on RCTs.
Interventions should have been be done at household (not school or hospital) level. Quasi-
controlled trials, controlled before-and-after, and uncontrolled studies were excluded.
Full-text screening identified the records for data extraction.

Data on the selected articles were extracted by two independent investigators. Upon
discussion including a third investigator, discrepancies in the eligibility and extraction
decisions were removed. A sheet with the characteristics of each study was prepared from
the literature [18,24] and used to extract full reference, study area, intervention, participant
characteristics, health outcomes, and key findings.

2.2. Assessment and Analysis of Included Studies

Qualitative assessment of included studies was done using five considerations: par-
ticipants, intervention, health outcomes, bias assessment, and key findings derived from
similar work [6,8]. The Cochrane collaboration risk of bias tool [25] was used to assess
bias by two independent investigators who discussed with a third to reach consensus.
Narrative synthesis was used for data analysis.

3. Results
3.1. Characteristics of Included studies

The literature search identified 746 studies from six electronic databases. Ten of the 25
full-text articles assessed for eligibility were excluded for not having a stand-alone sanita-
tion intervention arm or the target health outcome indicators. Finally, 15 peer-reviewed pub-
lications from nine unique trails (different clinical registrations) were included (Figure 1).
Studies were done in eight countries (five from Africa, three from Asia). About 93% of
the studies were published from 2011 to 2019 and 86.7% had clinical registration numbers
clearly indicated. Summaries of the 15 reviewed RCTs were categorized into the various
characteristics suggested in the methodology and generally used in the literature (Table 2).
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Table 2. Summaries of random controlled trials included for the review.

Reference
Country/Continent

of Trial/Trial
Registration

% Access
to Basic

Sanitation

Sanitation
Intervention

Group

Intervention
Duration (Years)

Sanitation
Technology
Option(s)

Sanitation
Demand

Exposure
Pathway(s) Based

on the Study

Intervention
Subsidy

Reasons for
Loss to

Follow-Up

Emerson
et al. [26]

Gambia (Africa)
- 3.5 2230 participants

in 7 clusters 2 Non-ventilated pit
latrine

Not
specified

Vector
Contact

Government
subsidized

travelled, death,
declined

Gebre
et al. [27]

Ethiopia (Africa)
NCT00322972 - 14,189 persons in

12 Subkebeles 2.16 Pit latrine with
concrete slab

Not
specified

Vector
Contact

Government
subsidized -

Stoller
et al. [28]

Ethiopia (Africa)
NCT00322972 - 14,289 people in

12 Subkebeles 2 Simple pit
latrine

Not
specified Vector Material

subsidy -

Clasen
et al. [3]

India (Asia)
NCT01214785

9 (any
type)

10,014 individuals,
including 1919 chn
<5 in; 50 villages

3.58 Pour flush Not
specified

Water,
Contact, food

Government
subsidized

Death, absent,
family dropout

Patil
et al. [29]

India (Asia)
NCT01465204 13.64

1683 chn < 5976
households in 40

villages
Not clear Various Not

specified
Water, food

contact

Government
subsidized for
national TSC

-

Dickinson
et al. [17]

India (Asia)
- 25 (owned)

1050 households,
1256 chn <5, 40

villages
0.42 Several

under CLTS
CLTS

triggering Water Government
subsidized -

Pickering
et al. [30]

Mali (Africa)
NCT01900912 22 (control)

2365 households,
3508 chn <5, 60

villages
Not clear Several

under CLTS
CLTS

triggering Water - -

Briceño
et al. [31]

Tanzania (Africa)
NCT01465204 49.7 86 villages in 44

wards 2.3 Several
under CLTS

CLTS
triggering

Water, food
contact - -

Lin
et al. [32]

Bangladesh (Asia)
NCT01590095 53 (owned) 696 compounds in

90 clusters 1
Double pit

Latrine with
water seal

Not
specified

Water,
contact

Material
subsidy

Moved, death,
withdrew, no live

birth, absent

Luby
et al. [33]

Bangladesh (Asia)
NCC01590095 54 (owned) 696 compounds in

90 clusters 1
Double pit

Latrine with
water seal

Not
specified

Water, contact
food

Material
subsidy

Moved, no live
Birth, absent,

refused,

Null
et al. [34]

Kenya (Africa)
NCT01704105 16 892 households

77 clusters 1.5 ‘Improved
latrines’

Not
specified

Water, food
contact

Material
Subsidy,

Absent, died
refused,

no live birth,

Cameron
et al. [35]

Indonesia (Asia)
- - 80 villages - Several CLTS

campaign
CLTS

triggering
Contact, food

water - -



Int. J. Environ. Res. Public Health 2021, 18, 8313 6 of 16

Table 2. Cont.

Reference
Country/Continent

of Trial/Trial
Registration

% Access
to Basic

Sanitation

Sanitation
Intervention

Group

Intervention
Duration (Years)

Sanitation
Technology
Option(s)

Sanitation
Demand

Exposure
Pathway(s) Based

on the Study

Intervention
Subsidy

Reasons for
Loss to Follow-up

Ercumen
et al. [36]

Bangladesh (Asia)
NCT01590095 53.4 (owned)

696 women in 90
clusters, 1030

children
1

Concrete-lined
double pit

latrine (seal)

Not
specified Contact water

Provision of
upgraded

latrines

Moved, death,
absent, no live

birth,
withdrew

Pickering
et al. [37]

Kenya (Africa)
NCT01704105 15.7 892 households in

77 clusters 1.5 Not
specified

Not
specified

Water, food
contact

New latrines
and upgrading
existing ones

Absent, death,
refused, no live

birth

Stainbaum
et al. [38]

Kenya (Africa)
NCT01704105 15.7 892 households

77 clusters 1.5 ‘Improved
latrines’

Not
specified

Water, food
contact

Material
subsidy

Absent, no live
Birth, refused,

death

Reference

Time When
Post-Intervention

Follow-up Was
Done (In Years)

Enrolment
Criteria

Intervention
Adherence (%)

Health
Outcome Study Limitations Key Findings

Emerson
et al. [26] 0.5

Clusters
randomly

recruited in sets of
three

First 0.5 years:
98% Disease

Study done in low prevalence area.
Fly catching without release induces

catcher bias (unblinded)

Access to basic sanitation reduced fly
eye contact Insignificant reduction in

prevalence of
trachoma in sanitation intervention

Gebre
et al. [27] 2.16

Subkebekes
randomly
selected

61.5 Disease No masking, insufficient sample size, no hygiene
education

No effect of latrine construction on
mortality (under 5 year old children).

Stoller
et al. [28] 1 and 2

Subkebekes
Randomly

selected
67.2 Disease,

Parasite
Flies not only transmission route,

sanitation control varies in space and time,
Latrine construction offered no

protection to prevalence of trachoma

Clasen
et al. [3] 1.5

Household with
child <4 years or
pregnant woman

36 Disease, Growth,
Parasite

Short follow-up period 1.5 year
Self- and care-giver reported bias

No reduced exposure, prevention to
diarrhea and STHs or child effect on

malnutrition.

Patil
et al. [29] 1.75

Villages
randomly
selected

59 Disease, Growth,
Parasite

Short-term follow-up, contamination in the
control group and self-reported outcomes

Increased coverage (19%), reduced open
defecation 10%) but no improvements on

diseases and child growth

Dickinson
et al. [17] 0.42 Household with

child <5 years - Disease, Growth Study under-powered to statistically
detect precise effects on diarrhea,

No statistically precise reductions in
diarrhea, but increased anthropometric
measurements of children <5 years of

age
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Table 2. Cont.

Reference

Time When
Post-Intervention

Follow-up Was
Done (In Years)

Enrolment
Criteria

Intervention
Adherence (%)

Health
Outcome Study Limitations Key Findings

Pickering
et al. [30] 1.5

Household with at
least a child <10

years old
- Disease, Growth Self-reported measure, one follow-up

in dry season, no universal access

No reduced diarrhea prevalence,
increased child growth (<2) reduced
open defecation and stunting (<5).

Future work: Sanitation and height

Briceño
et al. [31] 1 Households with

a child <5 - Disease, Growth

No pre-intervention baseline
characteristics, small changes in
intermediate outcomes due to

isolated interventions

Increased access (49.7–64.8%), reduced
open defecation but the final effects of
sanitation on child health were absent

Lin
et al. [32] 2.5

Pregnant women,
Chn ages

18–27 months
85–87 Parasite

Giardia genotype not determined,
unknown protozoan infection status after

intervention initiation but determined
before 2 years.

Sanitation intervention reduced
Childhood Giardia infections (9%)

Luby
et al. [33] 1 and 2 Pregnant women,

Index chn ‘high’ Disease, Growth
Caregiver-reported primary outcomes.

Intervention in one socio-ecological zone
in times of low prevalence of diarrhea

Sanitation intervention had no effect on
child linear growth at year 2 but

reduced the diarrhea prevalence (3.5%)
than in the control (5.7%).

Null
et al. [34] 1 and 2

Pregnant women,
other

requirements

>70: year 1,
<25: year 2 Disease, Growth

No observable indicators of actual
behavior, compound and not community-level,

focus on human feces not animal

Sanitation had no effect on diarrhea
prevalence and child growth.

Cameron
et al. [35] 2 Household with

child <5 years ‘low’ Parasite, Growth Partial compliance to treatment as 13.8% of the
control was exposed to treatment

Associated decrease in roundworm
infestations but no improvements in

child growth.

Ercumen
et al. [36] 2.5

Pregnant women
in 1st or 2nd

trimester,
Index chn

54 Parasite
Poor instrumental sensitivity, only relative
statistical power to detect relatively large
effects, short follow-up for A. lumbricoides

Sanitation reduced T. trichiura (29%), had
borderline effects on hookworm and no

effect on A. lumbricoides.

Pickering
et al. [37] 2

Village with at
least 6 pregnant

women
Index chn

Year 1: 89–90
Year 2: 79–82 Parasite Imperfect uptake of targeted behaviour,

limited power to detect effects on rareparasite infections

Sanitation had no effect on prevalence of
Ascaris infection, and no reduction in

Giardia

Steinbaum
et al. [38] 2

Village with
pregnant women,

Index chn

Year 1: 89–90
Year 2: 79–82 Parasite

No precise measures of compound
defecation practices

Soil analysis method only optimized for
Ascaris, not Trichris or hookworm eggs

Sanitation had no effect on presence of
eggs of total STH, Ascaris or Trichuris

Chn: children; CLTS: Community-Led Total Sanitation; TSC–Total Sanitation campaign.
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3.1.1. Characteristics of Participants

Table 2 shows that the eligibility criteria for enrolment at household level included
everyone greater than a given age limit, the presence of at least one child lower than a
given age limit, the presence of a pregnant women in a given trimester, and the index child
or non-index children within a given age limit at follow-up within the study area.

3.1.2. Intervention, Adherence, Latrine Coverage, and Attrition at Follow-Up

All trials were cluster-randomized at village level, except for one at ward level [31]. In
most cases, a trial profile was provided to show details of the intervention. Community
participation in the interventions was mainly in the form of providing labor (such as pit
digging and construction) and material for latrine construction (e.g., sand and bricks). Ad-
herence (compliance) to intervention target behavior varied with trials and also during each
trial. Baseline-endline sanitation coverage consisted of access to any (private/compound),
improved, or functional latrine. Reasons for fall-out at follow-up were reported in 79% of
the included studies shown on trial profiles. Follow-up times were from 0.5–2.5 years.

3.1.3. Subsidies, Sanitation Demand, and Intention-to-Treat

Subsidies were provided for in cash or material, either to all participants or to house-
holds considered living below the poverty datum line. In some cases where the community-
led total sanitation (CLTS) approach was used, material subsidies were provided in a
government sanitation campaign. Participant demand for sanitation was triggered in the
demand-side interventions, especially under CLTS or where its approaches were used.
Without expressed demand for sanitation, even subsidized interventions (supply-side)
e.g., [26,30,31,35] could not achieve total coverage and latrine use. Pit latrines with a
plastic/concrete slab or pour flush system were the main technology options used in more
than 60% of the interventions. However, different latrines built from local material (mainly
unimproved) were constructed under CLTS programs. An intention-to-treat (ITT) was
reportedly used to determine the difference between average target health outcomes across
the sanitation intervention treatments and the control groups in 85% of the trials.

3.1.4. Risk of Bias Assessment

The authors’ risks of bias judgement for the included records are presented in the
supplementary file Table S1. The overall assessment of risk of bias for the 15 RCTs is
shown in Figure 2. Trials were judged based on the seven domains of the Cochrane
collaboration bias assessment tool for undetected bias (low risk), detected bias (high risk),
and uncertainty or lack of reported information (unclear risk of bias) [25]. Twelve RCTs
(80.0%) were rated low risk of bias for sequence generation (selection bias). This means that
the assigning of participants into treatment and control groups was randomized. In nine
of them, a computer-generated randomization sequence allocation procedure was used
by independent personnel. All studies were rated high risk for not blinding participants
and field personnel. However, attempts were made to blind field personnel in some
trials [3,30,34].

Ten trials (66.7%) were judged to have a low risk of detection bias as procedures of
blinding outcome assessment were given. Loss to attrition, enrolment at follow-up, and
intention-to-treat analysis were explained for all trials, resulting in low risk for attrition
bias. Protocols and registered trials with predefined outcomes were available for 80% of
the trials. Those without [17,26,35] were rated low risk of bias as the published reports
included all pre-specified outcomes. Eleven trials, which relied on caregiver-reported
diarrhea as a primary outcome, were judged unclear risk due to reporting bias.
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Figure 2. Risk assessment bias for the included cRCTs (n = 14) on the effect of sanitation on health outcomes in low- and
middle-income countries (Authors’ judgement).

3.2. Health Outcomes

Health outcomes (whether primary, secondary, or tertiary) upon which the effect of
sanitation was assessed in the intervention, as indicated in the included studies, are shown
in Table 3. Three main outcomes derived from the included studies were the prevalence of
disease, parasite infestation, and child growth. Caregiver-reported that diarrhea and active
trachoma were the two diseases considered. Parasite infestations were enteric helminths,
protozoa, and other (C. trachomatis). The prevalence of disease was used in ten (66.7%),
parasite infestation in nine (60.0%), and child growth (anthropometric measurements) in
eight (53.3%) of the included trials. Only two RCTs (13.3%) considered all the three health
outcomes under study in the sanitation impact interventions [3,29].

Results shown in Table 4 indicate that there was no significant effect on access to
sanitation on the prevalence of disease, child diarrhea [3,17,29–31,34], or trachoma [26–28].
Reduction in the prevalence of trachoma in one study [26] was considered insignificant.
Only one of the seven studies (14.3%) that investigated the impact of sanitation on the
prevalence of child diarrhea showed positive results. The Bangladesh trial [33] showed that
a 7-day diarrhea prevalence was lower among index children and children under 3 years at
enrolment than the control in the sanitation intervention arm (PR 0.61, 95% CI 0.46–0.81).
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Table 3. Main health outcomes upon which the effect of sanitation was assessed in the intervention as indicated in the included studies.

Reference
Presence of Disease Parasite Infestation Child Growth Main Indicator (s) for the Outcome Total

OutcomesDiarrhoea Trachoma Protozoan Helminthic Other Anthropometric Prevalence Mortality Height Weight Other

Emerson et al. [26] X X 1
Gebre et al. [27] X X X 2
Stoller et al. [28] X X X 2
Clasen et al. [3] X X X X X X X 3
Patil et al. [29] X X X X X X X 3
Dickinson et al. [17] X X X X X X 2
Pickering et al. [30] X X X X X 2
Briceño et al. [31] X X X X X 2
Lin A et al. [32] X X 1
Luby et al. [33] X X X X X X 2
Null et al. [34] X X X X X X 2
Cameron et al. [35] X X X X X 2
Ercumen et al. [36] X X 1
Pickering et al. [37]
Steinbaum et al. [38] X

X
X

X
X

1
1

Table 4. Summary of results showing the effect of sanitation interventions on disease, parasite infestation and child growth.

Health Outcome
Significant Effect of Sanitation Shown by Randomised Controlled Trial

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Disease
Active trachoma 8 8 8

Reported diarrhoea 8 8 8 8 8 X 8

Parasite
infection

protozoa X 8

Enteric helminths 8 X X 8 8

Other 8 8

Child growth
(anthropometric)

Weight 8 8 X X 8 8 8 8

Height 8 8 X X 8 8 8 8

Other measure 8 8 X 8 8

X—Significant effect; 8—No significant effect; 1—Emerson et al. [26]; 2—Gebre et al. [27]; 3—Stoller et al. [28]; 4—Clasen et al. [3]; 5—Patil et al. [29]; 6—Dickinson et al. [17]; 7—Pickering et al. [30]; 8—Briceño
et al. [31]; 9—Lin et al. [32]; 10—Luby et al. [33]; 11—Null et al. [34]; 12—Cameron et al. [35]; 13—Ercumen et al. [36]; 14—Pickering et al. [37]; 15—Steinbaum et al. [38].
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Only two of the eight trials (25.0%) that assessed the impact of sanitation on child
growth showed a positive effect [17,30]. The Mali CLTS trial showed that increased access
to latrines improved child growth for the <2 years under conditions of high coverage
with mostly unimproved latrines. CLTS children were taller (0.18 increase in HAZ, 95%
CI 0.03–0.32; 2415 children) and less likely to be stunted (35% vs. 41%, PR 0.86, 95% CI:
0.74–1.0) than those from control villages [30]. The difference in mean weight-for-age
z score (WAZ) for CLTS and control children was 0.09 (95% CI: −0.04 to 0.22) between
groups. A similar trial setting of CLTS in Bhadrak, India, found an improvement in
height-for-age z scores (0.37–0.52 and WAZ (0.26–0.31) standard deviations) relative to
controls [17].

Three of the nine RCTs (33.3) that evaluated the effect of sanitation interventions on
the prevalence of parasite infestation showed significant positive effects. The sanitation
intervention on child enteric protozoan infections in rural Bangladesh [32] showed reduced
prevalence of childhood Giardia infection in the treatment (26.5%, PR = 0.75 (0.64, 088)) than
the control (35.5%) for 2.5-year old children. The CLTS intervention in rural Indonesia [35]
showed a 48% reduction in roundworm infestation in treatment children relative to the
control. Another trial in rural Bangladesh [36] showed that sanitation improvements
reduced T. trichiura by 29% (PR = 0.71 (0.52, 0.98), Prevalence difference (PD) = −2.17
(−4.03 to 0.38)).

4. Discussion

We reviewed 14 RCTs that evaluated the impact of sanitation on pertinent health
outcomes (diarrhea, trachoma, and child growth and parasite infection) from 2000 to
2019 in rural communities of LMICs. This was to find out whether evidence from RCTs
was consistent with earlier findings from mixed design reviews. The latest review [16]
considered records up to 2015. The current review adds seven RCTs from then to 2019. A
single trial showed a positive impact of sanitation on childhood diarrhea. This could be a
chance finding. Improved sanitation services had mixed findings on child growth (height
and weight) and parasite infestation.

Participant enrolment based on households with pregnant women in some of the
included trials could involve a small proportion of local residents [33]. Further, purposively
selected countries or states where government interventions were in progress could limit
researcher control of the intervention [39]. WASH interventions are generally implemented
in a participatory manner with communities for sustainability and latrine use concerns [40].
Adherence to sanitation behavior helps reduce exposure [34]. This should not be assumed
as it can distort interpretation of evidence by ignoring access to the sanitation technology-
exposure link [41].

High coverage, access to, and functionality of a latrine may not result in its effective
use as multi-level factors influence the adoption of a sanitation technology option [42]. This
could explain the existence of open defecation and unused latrines in CLTS interventions
with increased coverage [17,35]. Garn et al. [42] revealed a modest impact of sanitation
interventions on increasing coverage and use. Higher latrine use was associated with type
than low use in poor conditions. However, Massa et al. [43] considered effective latrine use
as more important than its state. Finally, increased coverage remains important as there
would be no point of measuring the health effects of a sanitation intervention without
a ‘reasonable’ increase in coverage [44]. Post-intervention follow-up time influences the
adoption of latrines [45]. Long periods introduce administrative treatment challenges
such as non-adherence, contamination, and loss to follow-up [46], while short times may
introduce the Hawthorne effect. Future work may evaluate optimum follow-up times
where expected behavior is observed under given contextual settings.

Risk assessment data showed low risk of bias for most dimensions except for the
blinding of participants. Central computer randomization was assumed to sufficiently
conceal intervention allocations (low risk) [47]. Participants and caregivers are difficult to
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blind in community-based interventions [48], particularly where visible hardware, such
as a latrine, is involved. Further, certification and signage declaring open defecation-free
zones in CLTS interventions are visible to all. Self-reported diarrhea could be influenced by
this, but intestinal infections and height-for-age were measured precisely to mitigate this
concern. Different masked personnel in participant recruitment, data collection, and labo-
ratory analyses strengthens the causal implications of the sanitation intervention on health
outcomes [19] and therefore removes performance bias. Participant-reported information
potentially suffers from response bias [49]. However, the potential effect to outcome assess-
ment could not be ascertained, thus there was an unclear risk of bias. Clinical registration
numbers were used as a non-statistical approach to evaluate publication bias [50].

Current health practice appears to rely mainly on evidence from RCTs. Earlier reviews
indicated that few studies of mixed designs evaluated the effect of sanitation on diarrhea
and child growth [6,8]. Improved coverage and reduced open defecation were reported
but with limited significant effect to the prevalence of diarrhea and trachoma. Recommen-
dations were the need to achieve total coverage to achieve health gains. However, this may
need further enquiry if sustained use is not considered. The provision of sanitation services
has to go beyond having access to a facility (hardware) to increase coverage. A latrine has to
be accepted and effectively and consistently used, starting at household to the community
level in rural areas. Various factors that influence latrine uptake have to be considered,
including user preference. Sanitation technologies that include collection, containment,
treatment, and disposal of fecal matter at once on site may help reduce multiple human
exposure routes through the sanitation service chain. This is because health benefits may
be realized by considering the whole sanitation service chain from the interface to disposal,
including hygiene. However, other factors influence the selection of such technologies.
Hygiene becomes critical in reducing human exposure to fecal pathogens while consistently
using latrines. Efforts to end open defecation should also discourage having unimproved
latrines at home and unhygienic latrine use.

A consistent lack of significant effect of improved sanitation to the prevalence of
diarrhea from RCTs appears contrary to earlier reviews [51] with few such trials. The
literature suggests that observational studies were considered to have poor quality evidence
as they lack credible control groups, robust research designs, and large samples [17],
and they are generally considered subject to bias [52] and cannot demonstrate causality.
Observational studies cannot account for spillovers, a very significant issue in sanitation
intervention research. Spillovers are intervention benefits enjoyed by those not directly
participating. If spillovers are not accounted for, then the full public health benefits are
underestimated.

The systematic review was aimed at assessing the current knowledge on whether
there is consistent evidence from RCTs on the effect of sanitation on health outcomes by
adding on new trials and identifying methodological limitations that could inform and
improve future work. It was done without meta-analysis owing to the few trials available.
Limitations to the current review included the use of only three out of the other possible
health outcomes [53]. Further, the exclusion of records from grey literature and those not
reported in the English language, and different combinations of literature search terms
used could have left out other studies for inclusion in the review. Exclusion of interventions
from grey literature may increase the risk of publication bias and threaten the validity
of findings [54]. However, bias would most likely favor positive results (bias estimates
upwards) whereas much of the findings, especially for the prevalence of diarrhea, show
a lack of impact, so bias would not change the qualitative conclusion. The inclusion of
multiple publications from the same intervention (with different health outcomes) under
the same settings may overestimate the use of RCTs in sanitation interventions. The
assessment of bias risk was done using a subjective instrument (Cochrane risk assessment
tool), although two independent investigators were involved
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5. Conclusions

Reviewed trials were done under varying settings such as socio-cultural, environmen-
tal, political, sanitation systems, approaches, and follow-up times. However, all RCTs that
assessed the impact of sanitation on the prevalence of diarrhea, except one, consistently
showed a lack of significant effect despite varying settings and increase in coverage. This
may point to the need for combined WASH programming to respond to multiple envi-
ronmental exposure pathways. However, access to sanitation remains a human right and
has other associated benefits. The observed positive impact of sanitation under a CLTS
intervention where various technology designs (improved and unimproved) were used
may highlight the importance of increased access to a latrine and effective use as opposed to
technology design, an area still under scientific enquiry. The provision of targeted subsidy
under CLTS approaches may highlight the importance of accessing latrines by the poor.
The review showed that a hybrid CLTS approach with target subsidies was commonly used
in the CLTS interventions opposed to the original tenets of the approach. This observation
may require further field-based research evidence to inform sanitation practice. Based on
the few sanitation-based RCTs available, there is limited and inconclusive evidence of the
health benefits of sanitation-specific interventions on child growth and parasitic infestation.
It may be difficult to inform sanitation policy and practice on WASH programming for
intervention-specific approaches. Rigorous large-scale trials on similar health outcomes
are still needed that achieve high sanitation coverage and latrine use. Sanitation behavior
change strategies should address low latrine uptake under conditions of high coverage.
Future work may consider the extent to which a sanitation intervention facilitates reduction
in the prevalence of parasite infestation and improves child growth in view of the multiple
environmental exposure pathways and the optimal time frame when the health outcome is
measured.
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et al. The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ 2011, 343, d5928. [CrossRef]
26. Emerson, P.M.; Lindsay, S.W.; Alexander, N.; Bah, M.; Dibba, S.-M.; Faal, H.B.; Lowe, K.O.; McAdam, K.P.W.J.; Ratcliffe, A.A.;

Walraven, G.E.L.; et al. Role of flies and provision of latrines in trachoma control: Cluster-randomised controlled trial. Lancet
2004, 363, 1093–1098. [CrossRef]

27. Gebre, T.; Ayele, B.; Zerihun, M.; House, J.I.; Stoller, N.E.; Zhou, Z.; Ray, K.J.; Gaynor, B.D.; Porco, T.C.; Emerson, P.M.; et al.
Latrine Promotion for Trachoma: Assessment of Mortality from a Cluster-Randomized Trial in Ethiopia. Am. J. Trop. Med. Hyg.
2011, 85, 518–523. [CrossRef] [PubMed]

28. Stoller, N.E.; Gebre, T.; Ayele, B.; Zerihun, M.; Assefa, Y.; Habte, D.; Zhou, Z.; Porco, T.C.; Keenan, J.D.; House, J.I.; et al.
Efficacy of latrine promotion on emergence of infection with ocular Chlamydia trachomatis after mass antibiotic treatment: A
cluster-randomized trial. Int. Health 2011, 3, 75–84. [CrossRef] [PubMed]

http://files.unicef.org/publications/files/Progress_on_Sanitation_and_Drinking_Water_2015_Update_.pdf
http://files.unicef.org/publications/files/Progress_on_Sanitation_and_Drinking_Water_2015_Update_.pdf
http://doi.org/10.2166/wst.2005.0244
http://www.ncbi.nlm.nih.gov/pubmed/16312960
http://doi.org/10.1111/tmi.12331
http://www.ncbi.nlm.nih.gov/pubmed/24811732
http://doi.org/10.1371/journal.pmed.1000363
http://www.ncbi.nlm.nih.gov/pubmed/21125018
http://doi.org/10.1186/s12889-017-4746-1
http://doi.org/10.1111/tmi.13051
http://www.ncbi.nlm.nih.gov/pubmed/29537671
http://doi.org/10.1371/journal.pmed.1001162
http://doi.org/10.1371/journal.pmed.1001620
http://doi.org/10.1016/S1473-3099(15)00349-7
http://doi.org/10.4269/ajtmh.18-0705
http://www.ncbi.nlm.nih.gov/pubmed/30628573
http://doi.org/10.1111/tmi.12930
http://www.ncbi.nlm.nih.gov/pubmed/28712150
http://doi.org/10.1007/s13312-018-1279-3
http://doi.org/10.1016/j.ijheh.2017.05.007
http://doi.org/10.1086/682958
http://doi.org/10.1136/adc.2004.058230
http://doi.org/10.1111/aogs.13309
http://www.ncbi.nlm.nih.gov/pubmed/29377058
http://doi.org/10.1186/1472-6882-9-18
http://www.ncbi.nlm.nih.gov/pubmed/19538715
http://doi.org/10.1016/b978-0-0323-31696-5-00033-4
http://doi.org/10.1371/journal.pmed.1000100
http://doi.org/10.1177/0141076815582303
http://doi.org/10.1136/bmj.d5928
http://doi.org/10.1016/S0140-6736(04)15891-1
http://doi.org/10.4269/ajtmh.2011.10-0720
http://www.ncbi.nlm.nih.gov/pubmed/21896815
http://doi.org/10.1016/j.inhe.2011.03.004
http://www.ncbi.nlm.nih.gov/pubmed/21785663


Int. J. Environ. Res. Public Health 2021, 18, 8313 15 of 16

29. Patil, S.R.; Arnold, B.F.; Salvatore, A.; Briceño, B.; Ganguly, S.; Colford, J.M., Jr.; Gertler, P.J. The effect of India’s Total Sanitation
Campaign on defecation behaviors and child health in rural Madhya Pradesh: A cluster-randomized controlled trial. PLoS Med.
2014, 11, e1001709. [CrossRef] [PubMed]

30. Pickering, A.J.; Djebbari, H.; Lopez, C.; Coulibaly, M.; Alzua, M.L. Effect of a community-led sanitation intervention on child
diarrhoea and child growth in rural Mali: A cluster-randomised controlled trial. Lancet Glob. Health 2015, 3, e701–e711. [CrossRef]

31. Briceño, B.; Coville, A.; Gertler, P.; Martinez, S. Are there synergies from combining hygiene and sanitation promotion campaigns:
Evidence from a large-scale cluster-randomized trial in rural Tanzania. PLoS ONE 2017, 12, e0186228. [CrossRef]

32. Lin, A.; Ercumen, A.; Benjamin-Chung, J.; Arnold, B.F.; Das, S.; Haque, R.; Ashraf, S.; Parvez, S.M.; Unicomb, L.; Rahman, M.;
et al. Effects of Water, Sanitation, Handwashing, and Nutritional Interventions on Child Enteric Protozoan Infections in Rural
Bangladesh: A Cluster-Randomized Controlled Trial. Clin. Infect. Dis. 2018, 67, 1515–1522. [CrossRef] [PubMed]

33. Luby, S.P.; Rahman, M.; Arnold, B.F.; Unicomb, L.; Ashraf, S.; Winch, P.J.; Stewart, C.P.; Begum, F.; Hussain, F.; Benjamin-Chung,
J.; et al. Effects of water quality, sanitation, hand washing, and nutritional interventions on diarrhoea and child growth in rural
Bangladesh: A cluster randomised controlled trial. Lancet Glob. Health 2018, 6, e302–e315. [CrossRef]

34. Morris, W.J.; Tyldesley, S.; Rodda, S.; Halperin, R.; Pai, H.; McKenzie, M.; Duncan, G.; Morton, G.; Hamm, J.; Murray, N. Androgen
Suppression Combined with Elective Nodal and Dose Escalated Radiation Therapy (the ASCENDE-RT Trial): An Analysis of
Survival Endpoints for a Randomized Trial Comparing a Low-Dose-Rate Brachytherapy Boost to a DoseEscalated External Beam
Boost for High- and Intermediate-risk Prostate Cancer. Int. J. Radiat. Oncol. Biol. Phys. 2017, 98, 275–285. [CrossRef] [PubMed]

35. Cameron, L.; Olivia, S.; Shah, M. Scaling up sanitation: Evidence from an RCT in Indonesia. J. Dev. Econ. 2019, 138, 1–16.
[CrossRef] [PubMed]

36. Ercumen, A.; Benjamin-Chung, J.; Arnold, B.F.; Lin, A.; Hubbard, A.E.; Stewart, C.; Rahman, Z.; Parvez, S.M.; Unicomb, L.;
Rahman, M.; et al. Effects of water, sanitation, handwashing and nutritional interventions on soil-transmitted helminth infections
in young children: A cluster-randomized controlled trial in rural Bangladesh. PLoS Neglected Trop. Dis. 2019, 13, e0007323.
[CrossRef]

37. Pickering, A.J.; Njenga, S.M.; Steinbaum, L.; Swarthout, J.; Lin, A.; Arnold, B.F.; Stewart, C.P.; Dentz, H.N.; Mureithi, M.; Chieng,
B.; et al. Effects of single and integrated water, sanitation, handwashing, and nutrition interventions on child soil-transmitted
helminth and Giardia infections: A cluster-randomized controlled trial in rural Kenya. PLoS Med. 2019, 16, e1002841. [CrossRef]

38. Steinbaum, L.; Mboya, J.; Mahoney, R.; Njenga, S.M.; Null, C.; Pickering, A.J. Effect of a sanitation intervention on soil-transmitted
helminth prevalence and concentration in household soil: A cluster-randomized controlled trial and risk factor analysis. PLoS
Neglected Trop. Dis. 2019, 13, e0007180. [CrossRef] [PubMed]

39. Lobban, F.; Postlethwaite, A.; Glentworth, D.; Pinfold, V.; Wainwright, L.; Dunn, G.; Clancy, A.; Haddock, G. A systematic review
of randomised controlled trials of interventions reporting outcomes for relatives of people with psychosis. Clin. Psychol. Rev.
2013, 33, 372–382. [CrossRef]

40. Safari, J.; Mohamed, H.; Dimoso, P.; Akyoo, W.; Odhiambo, F.; Mpete, R.; Massa, K.; Mwakitalima, A. Lessons learned from the
national sanitation campaign in Njombe district, Tanzania. J. Water Sanit. Hyg. Dev. 2019, 9, 754–764. [CrossRef]

41. Brown, J.; Hayashi, M.A.L.; Eisenberg, J.N.S.; Brown, J. The Critical Role of Compliance in Delivering Health Gains from
Environmental Health Interventions. Am. J. Trop. Med. Hyg. 2019, 100, 777–779. [CrossRef]

42. Garn, J.V.; Sclar, G.D.; Freeman, M.C.; Penakalapati, G.; Alexander, K.T.; Brooks, P.; Rehfuess, E.A.; Boisson, S.; Medlicott, K.O.;
Clasen, T.F. The impact of sanitation interventions on latrine coverage and latrine use: A systematic review and meta-analysis.
Int. J. Hyg. Environ. Health 2017, 220, 329–340. [CrossRef]

43. Massa, K.; Kilamile, F.; Safari, E.; Seleman, A.; Mwakitalima, A.; Balengayabo, J.G.; Kassile, T.; Mangesho, P.E.; Mubyazi, G.M.
Contributing to the debate on categorising shared sanitation facilities as ‘unimproved’: An account based on field researchers’
observations and householders’ opinions in three regions, Tanzania. PLoS ONE 2017, 12, e0185875. [CrossRef]

44. Schmidt, W.-P. Seven trials, seven question marks. Lancet Glob. Health 2015, 3, e659–e660. [CrossRef]
45. Martin, N.A.; Hulland, K.R.S.; Dreibelbis, R.; Sultana, F.; Winch, P. Sustained adoption of water, sanitation and hygiene

interventions: Systematic review. Trop. Med. Int. Health 2017, 23, 122–135. [CrossRef]
46. Herbert, R.D.; Kasza, J.; Bø, K. Analysis of randomised trials with long-term follow-up. BMC Med. Res. Methodol. 2018, 18, 1–9.

[CrossRef]
47. Nunan, D.; Heneghan, C.; Spencer, E.A. Catalogue of bias: Allocation bias. BMJ Evidence-Based Med. 2018, 23, 20–21. [CrossRef]

[PubMed]
48. Rabiu, M.; Alhassan, M.B.; Ejere, H.O.; Evans, J.R. Environmental sanitary interventions for preventing active trachoma. Cochrane

Database Syst. Rev. 2012, 2, CD004003. [CrossRef] [PubMed]
49. Contzen, N.; De Pasquale, S.; Mosler, H.-J. Over-Reporting in Handwashing Self-Reports: Potential Explanatory Factors and

Alternative Measurements. PLoS ONE 2015, 10, e0136445. [CrossRef] [PubMed]
50. Lin, L.; Chu, H.; Murad, M.H.; Hong, C.; Qu, Z.; Cole, S.R.; Chen, Y. Empirical Comparison of Publication Bias Tests in

Meta-Analysis. J. Gen. Intern. Med. 2018, 33, 1260–1267. [CrossRef]
51. Jung, Y.T.; Hum, R.J.; Lou, W.; Cheng, Y.-L. Effects of neighbourhood and household sanitation conditions on diarrhea morbidity:

Systematic review and meta-analysis. PLoS ONE 2017, 12, e0173808. [CrossRef]

http://doi.org/10.1371/journal.pmed.1001709
http://www.ncbi.nlm.nih.gov/pubmed/25157929
http://doi.org/10.1016/S2214-109X(15)00144-8
http://doi.org/10.1371/journal.pone.0186228
http://doi.org/10.1093/cid/ciy320
http://www.ncbi.nlm.nih.gov/pubmed/29669039
http://doi.org/10.1016/S2214-109X(17)30490-4
http://doi.org/10.1016/j.ijrobp.2016.11.026
http://www.ncbi.nlm.nih.gov/pubmed/28262473
http://doi.org/10.1016/j.jdeveco.2018.12.001
http://www.ncbi.nlm.nih.gov/pubmed/31057208
http://doi.org/10.1371/journal.pntd.0007323
http://doi.org/10.1371/journal.pmed.1002841
http://doi.org/10.1371/journal.pntd.0007180
http://www.ncbi.nlm.nih.gov/pubmed/30742614
http://doi.org/10.1016/j.cpr.2012.12.004
http://doi.org/10.2166/washdev.2019.274
http://doi.org/10.4269/ajtmh.18-0624
http://doi.org/10.1016/j.ijheh.2016.10.001
http://doi.org/10.1371/journal.pone.0185875
http://doi.org/10.1016/S2214-109X(15)00182-5
http://doi.org/10.1111/tmi.13011
http://doi.org/10.1186/s12874-018-0499-5
http://doi.org/10.1136/ebmed-2017-110882
http://www.ncbi.nlm.nih.gov/pubmed/29367320
http://doi.org/10.1002/14651858.CD004003.pub4
http://www.ncbi.nlm.nih.gov/pubmed/22336798
http://doi.org/10.1371/journal.pone.0136445
http://www.ncbi.nlm.nih.gov/pubmed/26301781
http://doi.org/10.1007/s11606-018-4425-7
http://doi.org/10.1371/journal.pone.0173808


Int. J. Environ. Res. Public Health 2021, 18, 8313 16 of 16

52. Bero, L.; Chartres, N.; Diong, J.; Fabbri, A.; Ghersi, D.; Lam, J.; Lau, A.; McDonald, S.; Mintzes, B.; Sutton, P.; et al. The risk of bias
in observational studies of exposures (ROBINS-E) tool: Concerns arising from application to observational studies of exposures.
Syst. Rev. 2018, 7, 1–11. [CrossRef]

53. Gu, G.; Zhou, Y.; Zhang, Y.; Cui, W. Increased prevalence of anxiety and depression symptoms in patients with coronary artery
disease before and after percutaneous coronary intervention treatment. BMC Psychiatry 2016, 16, 259. [CrossRef] [PubMed]

54. Hopewell, S.; McDonald, S.; Clarke, M.J.; Egger, M. Grey literature in meta-analyses of randomized trials of health care
interventions. Cochrane Database Syst. Rev. 2007, MR000010. [CrossRef] [PubMed]

http://doi.org/10.1186/s13643-018-0915-2
http://doi.org/10.1186/s12888-016-0972-9
http://www.ncbi.nlm.nih.gov/pubmed/27450548
http://doi.org/10.1002/14651858.MR000010.pub3
http://www.ncbi.nlm.nih.gov/pubmed/17443631

	Introduction 
	Materials and Methods 
	Search Strategy, Inclusion Criteria and Data Extraction 
	Assessment and Analysis of Included Studies 

	Results 
	Characteristics of Included studies 
	Characteristics of Participants 
	Intervention, Adherence, Latrine Coverage, and Attrition at Follow-Up 
	Subsidies, Sanitation Demand, and Intention-to-Treat 
	Risk of Bias Assessment 

	Health Outcomes 

	Discussion 
	Conclusions 
	References

