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ABSTRACT
The aim of this review was to rapidly synthesize the available evidence regarding the expected
impacts of piped water chlorination, drainage, and sewerage on individuals living in low- and middleincome urban settings. A systematic search was conducted in bibliographic databases and library
catalogs. Impact evaluations that included a comparator and one of the three interventions of
interest, attempted to control for confounding and selection bias, and took place in urban settings in
a low- or middle-income country were considered. Outcomes related to health, well-being, economic
growth, and the bacterial content of water were considered. A total of 1,483 articles were identiﬁed,
with 18 included after ﬁnal screening. Most studies were case-control and took place in Brazil, the
Paciﬁc Islands, or south-western Asia. Fifteen studies considered sewerage, ﬁve considered
chlorination, and two studies considered drainage with some studies considering multiple
interventions. All primary outcomes were related to health. When implemented alone, the sewerage
and chlorination interventions were largely successful. The evidence regarding the effects of
chlorination, drainage, and sewerage interventions is limited and generally has a high risk of bias.
When properly implemented, sewerage and chlorination are likely to have positive health impacts.
However, when implemented poorly, all three interventions can have negative health impacts.
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HIGHLIGHTS

•
•
•
•
•

Most studies focused on sewerage interventions.
Chlorination and sewerage interventions were successful in reducing disease burden.
Contamination sources included lack of improved WaSH, sources in the nearby environment,
and household hygiene practices.
Infrastructure maintenance issues affected the interventions’ impacts.
Proper household hygiene practices should be included for effective interventions.
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INTRODUCTION
Access to clean water and sanitation is a human right

available, growth in access to sewerage has not kept pace

(United Nations a). However, three billion people lack

with urban growth (United Nations ). Due to how

access to basic sanitation (United Nations a). Only

cities are structured, cities need a separate drainage

36% of the world’s population has access to sewerage

system and sewerage system that is resilient to ﬂoods

(WHO/UNICEF JMP ). Although 90% of the world’s

(Sosa-Rodriguez et al. ). In many urban contexts, less

population has access to basic drinking water sources

than 8% of the wastewater is treated (Sosa-Rodriguez

(deﬁned as sources that are protected from outside contami-

et al. ). Consequently, more investment in urban

nation such as fecal matter where water collection takes less

WaSH is needed to support human health and well-being

than 30 min round trip), water quality remains low around

(United Nations ).

the world (United Nations b; WHO/UNICEF JMP

Here, we present the results from a rapid evidence

). In addition, about two million people die from diar-

assessment (REA) in which we systematically reviewed

rheal diseases each year because of poor hygiene and

and summarized the available, impact evaluations of three

sanitation (United Nations a). These numbers are

major urban WaSH infrastructure interventions (piped

slightly better in urban settings, where 96% of the popu-

water chlorination, drainage, and sewerage) in low- and

lation have access to an improved water supply and 79%

middle-income countries (LMICs). The primary objective

have access to improved sanitation (United Nations ).

of this review was to identify the expected health, social,

However, the health impacts of poor water and sanitation

and economic effects of these three interventions in urban

can be accentuated in urban settings where people are in

LMICs. An REA uses a systematic process to search and

close contact with one another (Mackinnon et al. ).

screen studies but limits the scope and search strategy of

Despite this, the evidence regarding the health effects of

the review to ensure that it is ‘rapid’ (Barends et al. ).

water, sanitation, and hygiene (WaSH) interventions in

This review is an REA as we have limited the scope of the

urban settings remains poor (Mackinnon et al. ). Of

review to focus only on three interventions (piped water

the seven studies identiﬁed by Mackinnon et al. () that

chlorination, drainage, and sewerage) in urban settings.

assessed the impact of urban WaSH interventions on

We have also narrowed the search strategy to ﬁve databases

health, only one study found a statistically signiﬁcant

and exclude sector-speciﬁc databases. We also comment on

reduction in diarrhea and dysentery; the remaining studies

the factors affecting the impact of the intervention and

either did not ﬁnd an effect or were focused on behavioral

additional considerations that should be incorporated into

or microbial contamination outcomes. There is even less evi-

the design of these interventions. We hope this work is

dence regarding what works in decreasing the health

used by policymakers and practitioners in informing the

impacts of poor-quality water and sanitation in urban set-

design and implementation of their initiatives to improve

tings (Mackinnon et al. ).

access to water and sanitation.

The challenges to providing clean and sustainable

In the subsequent sections, we review the theory of

water and sanitation to a population are compounded

change for the three interventions included in this study.

within cities (United Nations ; Sosa-Rodriguez et al.

We then provide the methods used to produce this REA

). Because of this and other factors, improvements in

and summarize the results from the included studies. We

access to WaSH resources have been slower in urban set-

leverage the literature search that was conducted for this

).

REA in order to comment upon common challenges

Demographic and health trends continue to make urban

in the implementation, sustainability, and evaluation

settings more crowded, worsening the health impacts of

of WaSH infrastructure interventions. We conclude by

poor water and sanitation in these settings (Mackinnon

discussing

et al. ). In 54 of the 120 countries for which data are

implications.

tings

than

rural

settings

(United

Nations
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GDP growth and other social measures (Water Supply and
Sanitation Collaborative Council & World Health Organiz).

We considered three interventions which are likely to be

ation

impactful in urban settings: chlorination of the centralized

interventions of interest to the downstream effects is lacking

However,

evidence

linking

the

three

water distribution system, expansion of the drainage

in the literature. Many of the steps along this causal chain

system, and installation of the sewerage system. These inter-

are difﬁcult to quantify. As such, only paths that have been

ventions were chosen because the Millennium Challenge

examined through rigorous impact evaluations are con-

Corporation, an implementing organization, indicated a

sidered here.

lack of sufﬁcient, synthesized information in the available
literature. The interventions are theorized to decrease population-level exposure to pathogens by improving drinking

METHODS

water, decreasing the amount of standing water, and
decreasing exposure to fecal contamination (Figure 1). By

The protocol for the REA was ﬁnalized a priori to decrease

decreasing pathogen exposure, the interventions may

risk of selection bias (Supplementary material, Appendix A).

decrease morbidity. Such decreases in morbidity can be

The following section outlines the search process and

measured by the incidence of diarrheal disease, typhoid,

inclusion criteria for this review.

and other communicable diseases caused by inadequate
WaSH infrastructure. Decreased disease incidence can ulti-

Search strategy

mately result in better educational outcomes, accelerated
economic growth, and a variety of other societal beneﬁts.

A systematic search of academic bibliographic databases

WaSH infrastructure can also have direct effects on these

and library catalogs was completed to identify qualifying

downstream outcomes by improving human dignity, increas-

studies (Supplementary material, Appendix B). Due to the

ing tourism, and supporting self-efﬁcacy. There is signiﬁcant

narrow scope of this REA, sector-speciﬁc databases were

evidence supporting the links from improved drinking

not included in the search. An example of search strings

water, decreased standing water, and decreased fecal con-

employed by the strategy is presented in Supplementary

tamination to decreased morbidity and improvement in

material, Appendix C.

Figure 1

|

Theory of change diagram co-created with Millennium Challenge Corporation for this review. The model was informed by Water Supply and Sanitation Collaborative Council &
World Health Organization (2005).
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intervention implemented and not whether or not it
achieved safely managed water or sanitation, in accordance

The selection of studies for data extraction as part of the

with JMP guidelines because this would require signiﬁcantly

review was managed using EPPI-Reviewer 4 software

more

(EPPI) and completed by implementing the standard steps

implementation. We were not able to assess from the studies

of de-duplication, title and abstract screening, and then

if these interventions actually achieved ‘safely managed’.

information

regarding

the

relative

success

of

full-text screening (Supplementary material, Appendix D).
Screening was done independently by two reviewers. Dis-

Comparison group and study design

agreements were reconciled through conversation between
We include impact evaluations that employ an experimental

the two reviewers.

or quasi-experimental design and/or analysis method, which
seek to robustly measure the net change in outcomes that

Inclusion/exclusion criteria

are attributed to an intervention or policy as compared
This section presents the criteria used to identify studies

with some appropriate counterfactual. We include random-

included in the review, drawing on the ‘Population, Inter-

ized studies and non-randomized studies that attempted to

vention, Comparisons, Outcomes’ (PICO) format (Higgins

address issues of confounding and selection bias. Feasibility

et al. ).

studies, acceptability studies, and nonsystematic literature
reviews are not accepted. Process evaluations and qualitative studies are also excluded. Systematic reviews are

Population (types of study participants)

included so long as some of the included studies would indiThe review includes any study with participants residing in

vidually qualify for this REA. However, effect sizes are

urban settings in LMICs. Countries were deﬁned to be

presented only if the meta-effect sizes are reported in such

LMIC using the WHO deﬁnition (WHO ). We collected

a way that allows for the isolation of the effect of the inter-

data on differential effects and experiences for sub-popu-

ventions of interest.

lations as far as it is possible and useful to do so using
Cochrane PROGRESS-Plus criteria (O’Neill et al. )

Outcomes

(where Progress stands for place of residence, race/ethnicity,
occupation, gender, religion, education, socioeconomic

The review considers outcome(s) that assess a change in

status, and social capital, and ‘Plus’ refers to personal charac-

some indicator of health, well-being, economic growth,

teristics

and/or the bacterial content of water (Supplementary

associated

with

discrimination,

features

of

relationships, and time-dependent relationships).

material, Appendix E).

Interventions

Date, language, and form of publication

The interventions considered here are limited to the chlori-

Only studies published in English are included. Studies are

nation of

water

included if their publication date is between 1900 and

distribution system, expansion of storm drainage systems,

December 2019, when the search was concluded. Only

and installation of a sewerage system. Other WaSH infra-

peer-reviewed publications are included.

structure,

drinking

water

including

on-site

in

the

centralized

treatment

and

disposal,

behavior change, or household-level interventions, were

Data extraction

not considered for inclusion. Although we recognize their
importance, they fall outside the scope of this REA, which

All articles included after full-text screening underwent the

was meant to respond to the expressed needs of an imple-

same data extraction process. Two reviewers read the manu-

menting

scripts and recorded the information in a template similar to

organization.

Inclusion

was

based

on
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Supplementary material, Table S1. The extracted infor-

extracted from these studies and is presented after the

mation from the two reviewers was then combined by a

main results.

single reviewer with veriﬁcation by the second reviewer.
The results tables were generated by the second reviewer
from the combined, extracted data. Narrative summaries

RESULTS

of results were written by a single reviewer and reviewed
by the other. Due to the heterogeneity in the interventions,

Search results

outcomes, and comparison groups, a meta-analysis was
not conducted.

Through the search for WaSH infrastructure interventions,
we identiﬁed 1,920 papers, of which 1,483 remained after

Reporting bias

de-duplication (Figure 2). After title and abstract screening,
193 papers were included for full-text screening. Finally, 18

Although there was no formal assessment of bias, we expect

studies were identiﬁed for inclusion in this REA. Common

that there is considerable risk of reporting bias. Organiz-

reasons for exclusion were that the studies did not consider

ations which conducted interventions that did not have

the correct participants or intervention. For example, studies

positive impacts may choose not to publish their results. Fur-

were excluded because they took place in high-income

thermore, journals may not wish to publish articles on

countries or in rural areas. Many studies were excluded

projects that had null impacts. In addition, because there

because they did not have a clear comparator or the interven-

is a strong prior hypothesis that these interventions will

tion was not clearly deﬁned. They may not have stated if the

improve health, results that do not support this hypothesis

municipal water supply was chlorinated or if the sewage

may be dismissed as erroneous even if they are accurate.

system connected to a wastewater treatment plant.

As such, results should be interpreted cautiously. Even inter-

The oldest study was published in 1988, and the remain-

ventions with several studies indicating positive effects

der were published after 2000. Five studies occurred in

could be subject to this bias as there could be many more

Brazil and one each in the Philippines, India, Indonesia,

unpublished interventions showing a null or even negative

Yemen, Iran, Fiji, Peru, Turkey, Montenegro, and Ecuador

effect.

(Supplementary material, Table S1). Three studies reviewed
evidence from multiple countries. Most studies were either

Inputs regarding implementation, sustainability, and

case-control (8) or open-cohort (4). Three systematic reviews

evaluation

were included, and the remaining studies were closed cohort
(1), cross-sectional (1), or a combined cross-sectional design

In an effort to support the adoption of evidence-informed

with a closed cohort (1). Eight studies focused on the instal-

policy, we have provided additional inputs regarding the

lation of a sewerage system alone. Five studies considered

implementation, sustainability, and evaluation of chlori-

sewerage and drainage. Two studies were on chlorination

nation,

These

and sewerage. Three studies reported on the effects of chlor-

comments were developed alongside the REA. During the

drainage,

and

sewerage

interventions.

inating a central water distribution system. No studies

screening process for this REA, studies were ﬂagged if they

reported on the effects of a drainage system alone. Most

provided relevant information regarding the implemen-

studies considered nonspeciﬁc indicators of disease, includ-

tation,

relevant

ing diarrhea (8), gastroenteritis (2), waterborne illness (1),

interventions but otherwise did not meet the inclusion cri-

maintenance,

or

evaluation

disease burden (1), and parasites (1) (Supplementary

teria for this assessment. For the most part, these studies

material, Table S2). However, typhoid (2), malaria (1),

had inappropriate comparators and/or insufﬁcient evalu-

dengue (1), and visceral leishmaniasis (1) were also con-

ation design to meet our inclusion criteria. Actionable

sidered.

information for the use of practitioners in implementing,

analyses to assess impact, including logistic regression (9),

maintaining,

mixed-effects Poisson regression (1), non-linear probit (1),

and evaluating these

of

the

interventions
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PRISMA ﬂow diagram of the systematic review process.

propensity score matching (1), and inverse variance method

impact of chlorinating the municipal water on health

(1) (Supplementary material, Table S3). Two studies used

found that chlorination reduces the likelihood of contract-

univariate logistic regression and two other studies used

ing a communicable disease (Supplementary material,

chi-square analyses.

Table S3). Sezen et al. () found that people who drank
contaminated water from antique fountains, sometimes hun-

Effects of WaSH infrastructure interventions on health

dreds of years old, with unknown underground sources, in
Turkey had 20 times (95% CI: 4.6–84) the odds of develop-

Results from impact evaluations

ing gastroenteritis relative to those who drank from the
chlorinated municipal water or from bottled water. How-

Chlorination has mixed effects on communicable disease

ever, Werber et al. () found that people who drank

outcomes. One of the three studies that looked at the

only chlorinated municipal water had increased odds of
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developing acute gastroenteritis relative to those who drank

areas (mountain β ¼ 0.0187, t-value ¼ 1.79, p < 0.1; coastal

from other sources (OR: 11.2, 95% CI: 1.6, ∞). Baltazar

β ¼ 0.0373, t-value ¼ 0.99, p > 0.1). Gasem et al. ()

et al. () found that odds of having clinical diarrhea

found that households that did receive the chlorination

was not signiﬁcantly different between children who

and sewerage interventions had increased odds of typhoid

received both municipal water chlorination and latrine

fever compared with the control households (chlorination

interventions and children who received no intervention

OR: 7.19, 95% CI: 1.33–38.82; sewerage OR: 29.18, 95%

or only one of the interventions (OR: 0.79; 95% CI:

CI: 2.12–400.8).

0.56–1.13).

Similarly, sewerage and drainage interventions did not
have consistent effects on disease burden. Butala et al.

Sewerage reduces disease. Generally, sewerage reduced dis-

() found that health insurance claims for waterborne ill-

ease in the identiﬁed studies. In Brazil, Barreto et al. ()

nesses decreased in slums that received the slum upgrading

found that the prevalence of diarrhea decreased by 19%

intervention relative to those that did not (β ¼ 0.62, SE ¼

after the installation of a sewerage system (Prevalence

0.303). In Brazil, children who lived in households that

Ratio: 0.81; 95% CI: 0.78–0.86). In Iran, after the sewerage

only received the drainage intervention had 2.97 times

system was installed, 9% of the reduction in diarrhea in

(95% CI: 2.0–4.41) the odds of developing diarrhea relative

the intervention group was due to the intervention (Kolahi

to children in households that received both the sewerage

et al. ). Costa et al. () found that people living in

and drainage intervention (Moraes et al. ). However,

households with an inadequate sewage system had

Ferrer et al. () did not ﬁnd a statistically signiﬁcant

increased odds of developing visceral leishmaniasis relative

difference in odds of developing diarrhea between house-

to those that had an adequate system (OR: 4.18; 95% CI:

holds who used other sewage disposal methods and

1.47–11.80). Prasad et al. () found that access to a sew-

households that had a sewerage system, drainage system,

erage system decreased odds of developing typhoid fever

or a septic tank plus soakaway (OR: 0.74, 95% CI: 0.57–

(OR: 4.30, 95% CI: 1.14–16.21). However, in Ecuador, the

1.02). In Peru, Rosas-Aguirre et al. () found that house-

inclusion of an indicator for access to a sewerage system

holds who lived less than or equal to 200 m away from the

did not improve model ﬁt (Stewart-Ibarra et al. ). This

water drain had increased odds of having malaria than

indicates that the sewerage system likely had no impact. In

those who lived further from the drain (OR: 2.3, 95% CI:

Brazil, the prevalence of sewerage increased from 1.9%

1.3–4.0).

in 1996 to 62.2% in 2010 (De Oliveira Serra et al. ). In
both years, the unadjusted odds of having a parasitic infec-

Results from systematic reviews

tion for households without access to the public sewer
system was not statistically different from those in house-

All three systematic reviews identiﬁed considered the

holds that were connected (1996 OR: 0.86, 95% CI: 0.10–

impact of sewerage on health outcomes. However,

7.58; 2010 OR: 1.42, 95% CI: 0.87–2.31).

Clasen et al. () and Turley et al. () did not disentangle the effects of interventions that fell within the

Combining sewerage with chlorination or drainage interven-

scope of this review from other interventions. Turley

tions does not increase effectiveness. Combined sewerage

et al. () considered the effects of drainage as well.

and chlorination interventions did not consistently reduce

All three studies found that sewerage interventions could

disease burden. In Yemen, Klasen et al. () found that

be successful.

having chlorinated piped water increased disease burden

Norman et al. () report that the relative risk of diar-

in both the mountain and coastal regions (mountain β ¼

rhea and related illnesses decreases (RR ¼ 0.7, 95% CI:

0.0399, t-value ¼ 1.98, p < 0.05; coastal β ¼ 0.0455, t-value ¼

0.62–0.79) after sewerage interventions, with a larger effect

2.76, p < 0.01). However, the improved sanitation system

among areas with poor sanitation at baseline. Clasen et al.

increased disease burden in the mountain regions but

() only identiﬁed one study related to the installation

there was a non-statistically signiﬁcant decrease in coastal

of toilets connected to a sewerage system and piped water.
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Improved water and sanitation

tion households was 0.30 relative to controls. Turley et al.
() considered a suite of interventions referred to as

Five studies highlighted lack of improved water and sani-

‘slum upgrading’. These included interventions related to

tation as sources of contamination. Having an inadequate

sewerage and drainage. They conclude that water-related

sewage system may attract ﬂies and therefore increase the

interventions are successful in reducing diarrheal disease

risk for communicable disease (Costa et al. ). After

incidence.

there were improvements in human excreta disposal systems, contamination from parasites or other pathogens

Heterogeneity in effects
Reports of effects by subgroup were generally limited.
Klasen et al. () found some differences in the effects of
chlorination and sewerage in mountainous versus coastal
regions and adults versus children. However, these differences were inconsistent, with various effects on missed
school/work days, disease incidence, diarrheal incidence,
and disease severity. Ferrer et al. () report that access
to sewerage decreased the incidence of diarrhea most in
children 3–8 years of age, but effect sizes are not presented.
Barreto et al. () found that the installation of sewerage
had the largest effect in decreasing incidence of diarrhea
in neighborhoods with high baseline risk. The two systematic reviews which included multiple studies that are eligible
for this REA found signiﬁcant heterogeneity in effects as
well (Norman et al. ; Turley et al. ). Norman et al.
() assessed heterogeneity using a parametric bootstrap
version of the DerSimonian and Laird Q test and found
that the proportion of total variance due to between-study
variance across all of their included studies was 0.87.
Turley et al. () did not quantify the heterogeneity
across included effect sizes.

may be reduced (Baltazar et al. ; Butala et al. ;
Clasen et al. ; De Oliveira Serra et al. ).
Nearby environment and household hygiene
Contaminants in the nearby environment also affected disease burden. Living near open sewers or garbage pits as
well as the household’s proximity to open drains increased
risk for contracting typhoid, diarrhea, or malaria (Gasem
et al. ; Ferrer et al. ; Rosas-Aguirre et al. ).
This could be due to proximity to standing water or that
low-income households tend to live closer to these
exposures. Household hygiene practices such as unsafe storage of water, eating unwashed produce, or lack of
handwashing behaviors also increased risk for bacterial contamination (Klasen et al. ; Stewart-Ibarra et al. ;
Prasad et al. ).
Maintenance and sustainability
Issues with the maintenance and sustainability of the infrastructure systems may have led to contamination. Multiple
studies found that leaky pipes increased exposure to pathogens and contaminated water supply (Klasen et al. ;
Sezen et al. ; Prasad et al. ). In sewerage systems,

Hypothesized sources of contamination

corrosion of the sewer pipes can cause leakage into
nearby crops which then contaminated food (Prasad et al.

Since these studies considered the spread of disease, many

). Structural issues with infrastructure systems such as

identiﬁed various sources of contamination. The failure to

electrical pump failures and an intermittent water supply

address these other sources of contamination could be the

create a drop in the water pressure that then allows for con-

reason why many of these studies found null results.

taminated water to be pulled into the water distribution

Hypothesized sources of contamination fell into four

system (Moraes et al. ; Werber et al. ; Klasen

broad categories: general lack of improved water and sani-

et al. ). Werber et al. () found that the lack of a hold-

tation, sources in the nearby environment, household

ing tank to store water prevented the chlorination from

hygiene practices, and issues with maintaining infrastructure

working as the chlorine did not have enough contact time

systems.

with the water for it to actually disinfect.
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municipal water was removed because of non-payments or
clogged pipes (Muti et al. ). If the water supply is unreli-

Although a formal risk of bias assessment was not con-

able, households are more likely to store water, people may

ducted, many of these studies have a high risk of bias and

revert to less safe water sources, or hygiene behaviors may

should be interpreted with caution. Half are case-control

be reduced to conserve water (Muti et al. ; Jeandron

studies with signiﬁcant scope for recall bias. There was a fail-

et al. ; Adane et al. ; Lee et al. ). All of these

ure in the implementation of the chlorination, drainage, or

behaviors may increase people’s exposures to pathogens.

sewerage system in seven of the studies, which could have

Moving from an intermittent to a continuous water supply

signiﬁcantly affected study ﬁndings. Four of the studies

can have beneﬁcial effects on costs and timesaving, but

pool the effects of the interventions of interest with effects

these effects may disproportionately favor the wealthy

from other interventions. Variation in the comparators of

(Burt et al. ).

many of the remaining studies makes the comparison of

Leaky pipes in either the water distribution system or

effects across studies challenging and largely inappropriate.

sewer lines increase exposure to pathogens. Leaking pipes

Seven of the studies fail to adequately control for confound-

may diminish the relative beneﬁts of chlorination (Ries

ing, while ﬁve studies report unclear or inappropriate

et al. ; Bhunia et al. b; Saha et al. ; Klasen

statistical approaches. These ﬁndings are consistent with

et al. ; Sezen et al. ). Leaks in water pipes that are

what Turley et al. () found as they also found a high

in close proximity to sewage pipes allow suction of sewage

risk of bias in the literature.

water into the pipe during negative pressure moments
(Bhunia et al. b). When water must travel long distances
through pipes in need of repair with low water pressure, it

IMPLEMENTATION, SUSTAINABILITY, AND
EVALUATION OF WASH INFRASTRUCTURE
INTERVENTIONS IN URBAN SETTINGS

may be more likely to become contaminated (Mermin
et al. ). Low water pressure and inadequate chlorination
may contribute to contamination of water with fecal coliforms, especially as the water main system ages (Brainard

Considerations for implementation and sustainability

et al. ). Fixing leaking pipes may improve water
pressure, decrease backﬂow and contamination, and

WaSH infrastructure projects, including piped water and

improve chlorine concentrations (Mermin et al. ).

chlorination, have a tendency to degrade with age, causing

Improperly repaired pipes also allow for bacterial contami-

increased risk of communicable disease (Mermin et al.

nation and affect chlorine concentrations (Topal et al.

). Large, WaSH infrastructure projects tend to encoun-

). Due to cracks in the sewage pipelines, lack of pressure

ter the same set of challenges: an intermittent water

in the distribution system, and improper distances between

supply, leaking pipes, improper spacing between sewer

the sewage system and the water system pipelines, sewage

lines and water pipes, and low water pressure. These

may enter the municipal water supply (Cárdenas et al.

issues affect the effectiveness of WaSH projects in achieving

; Saha et al. ). Corroded sewer pipes can also leak

their desired health and well-being impacts. An intermittent

into nearby crops which can contaminate food sources

water supply may be caused by leaking pipes and associated

(Prasad et al. ).

with increased E. coli in the water (Grimmeisen et al. ).

Besides pipe maintenance, the entire infrastructure

Furthermore, an intermittent or irregular water supply is

system needs to be properly constructed and maintained.

associated with acute diarrhea among under-ﬁve children

In Hyderabad, Pakistan, the sewage sludge treatment

(Ferrer et al. ; Adane et al. ). The incidence of cho-

plants were not properly maintained and sewage was

lera increased by 155% in the 12 days after a day when the

allowed to discharge directly into the river, contaminating

neighborhood tap water was cut in Uvira in the Democratic

household water sources (Yousafzai et al. ). Electrical

Republic of Congo (Jeandron et al. ). In Zimbabwe,

pump failures in water distribution can lead to water con-

there was a typhoid outbreak when access to the chlorinated

tamination as water pressure drops (Moraes et al. ;
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Werber et al. ; Klasen et al. ). In addition, chlorination

order to establish secular trends. Furthermore, due to the

is only effective if the chlorine has enough time in the water

spatial clustering of risk factors for many WaSH-related com-

system for it to disinfect. If the water distribution system

municable diseases, it is important to carefully consider

does not have a holding tank, the water will not be adequately

suitable control groups (Bi et al. ). Such groups can be

chlorinated for it to actually reduce pathogen exposure (Ries

identiﬁed through spatial mapping, comparisons of trends

et al. ; Werber et al. ). For chlorination to be effective,

over time, and/or matching on known risk factors.

the residual chlorine level needs to be greater than 0.3 mg/L.

The primary outcome of interest must be designated

Lu & Zhang () found that when residual chlorine in

before the beginning of data collection. Expected effect

water samples increased from <0.1 to 0.3 mg/L, bacteria

sizes can then be used to inform power calculations. Based

cell counts decreased from 10,000 to 1,000 CFU/mL. Lu

on disease prevalence and expected impacts of sanitation

et al. () found that residual chlorine levels between 0.5

interventions, intestinal diseases (such as cholera, gastroen-

and 1.5 mg/L were able to suppress bacterial growth even

teritis, and typhoid) are likely to have the largest decreases

when there was sufﬁcient organic substrate.

in response to the proposed interventions. However, which

To ensure the success and sustainability of projects that

diseases will be impacted is affected by local context. There

implement these interventions, these challenges should be

is an association between the installation of a sewer system

addressed during the design phase of the project.

and the rate of diarrhea in children under ﬁve (Barreto

Considerations for the design of an impact evaluation

with increased odds of diarrhea and ascariasis as well

et al. ). Having a nearby open sewage ditch is associated
(Moubarrad & Assobhei ; Ferrer et al. ). Living in
The design of a rigorous evaluation of the causal impacts of

a house with open sewers is also associated with increased

large-scale infrastructure projects is challenging due to logis-

odds of typhoid fever compared with living in a house with

tical, political, and ethical concerns. It is rarely possible to

a closed drainage/sewage system (Gasem et al. ). Individ-

randomize such projects. Therefore, the analytical approach

uals in households who use a chlorinated, municipal water

taken in order to accurately estimate the impact of large-

source may have lower odds of developing typhoid than

scale infrastructure projects on the health and well-being

those who use alternate water sources (Gasem et al. ).

of their beneﬁciaries should be established during the

Typhoid is also related to the use of public water sources,

study design phase. It is recommended that a pre-analysis

drinking piped water, and low elevation which may reﬂect

plan is written before the beginning of data collection.

poor drainage (Bhunia et al. a; Baker et al. ; Jenkins

Such a plan can be registered at Registry for International

et al. ). Muti et al. () found that the number of typhoid

Development Impact Evaluations (RIDIE) or one of the

fever cases dropped after the municipal water supply was

journals supported by the Center for Open Science. The

chlorinated. Cholera has also been found to be associated

beneﬁt of such an approach is that it ensures that the necess-

with poor drainage systems and sewage overﬂow (Rebaudet

ary data are collected to allow for a successful evaluation

et al. a). Although broader impacts including increased

after the study is completed.

economic output and improved measures of well-being are

Given the complexities of the evaluation of large-scale

expected, it may take several years for these to develop. As

infrastructure projects, four analytical approaches are rec-

such, these are likely to be inappropriate primary outcomes

ommended

for any study under 5 years.

for

impact

evaluation:

propensity

score

matching, difference-in-difference analysis, synthetic control

There is likely to be an additive effect in which access to

analysis, and interrupted time series. The choice of methods

sewage and chlorinated water may improve health out-

should be informed by the expected trends in outcomes over

comes more than access to each one individually (Baltazar

time and the availability of adequate controls. Secular trends

et al. ). If there is a desire to quantify the impacts of

have been shown in the prevalence of diarrhea (Lee et al.

each intervention separately and additively, a multi-arm

). Therefore, if possible, it is beneﬁcial to collect baseline

trial design is necessary. Failure to implement such a

data at several time points before project implementation in

design results in an inability to separate the effects of
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many different interventions which were implemented sim-

practices should also be collected. Household hygiene prac-

ultaneously, and may result in future projects replicating

tices such as unsafe storage of water, eating unwashed

ineffective portions of the larger project (Butala et al. ).

produce, or lack of handwashing behaviors also increased

Given the seasonality of rainfall in most regions of the

risk for bacterial contamination (Ries et al. ; Moubarrad

world, there is often also a seasonal variation in the incidence

& Assobhei ; Klasen et al. ; Muti et al. ; Stewart-

of cholera and likely other waterborne diseases (Rebaudet

Ibarra et al. ; Prasad et al. ).

et al. b). As such, it is recommended that studies include

Other transmission sources should also be collected so

matched data collection periods during different seasons over

that the effects of the intervention on disease burden can

at least a 2-year span. Other climate variations such as unu-

be isolated. These include food from street vendors, other

sually heavy ﬂooding may also affect results, but will be

water sources (including bottled water and ice), and proxi-

harder to account for (Rebaudet et al. b).

mity to wastewater efﬂuents (Black et al. ; Koo et al.

The microbial content of the same piped water system
varies by location: residential, industrial, sewage hub, and

; Gasem et al. ; Moubarrad & Assobhei ;
Bhunia et al. a; Lee et al. ).

more (Bohra et al. ). Therefore, if water quality is of

Potential confounders identiﬁed in the literature that

interest, it may be appropriate to collect water samples at

may be on the pathway between WaSH interventions and

several different types of locations.

health/well-being outcomes can be found in Table 1.

There is also a need to collect information on the
reliability of water and household coping strategies for intermittent water as these may affect the interventions’ impact

DISCUSSION

(Lee et al. ). If the piped water source is not reliable,
households are more likely to rely on stored water and

Although there was considerable heterogeneity in results, sew-

rely on multiple water sources. Household hygienic

erage and chlorination interventions tended to be successful in

Table 1

|

Potential confounders in the pathway between WaSH and health outcomes

Intervention-speciﬁc
Individual-level characteristics

Household-level variables

Village-level characteristics

variables

Sociodemographic (age, gender,
ethnicity, education, marital status,
socioeconomic status, employment,
and migration history)

Infrastructure (water source, house
type, ﬂoor type, toilet type,
independent kitchen, drainage
access, refuse collection, house
construction materials, and
occurrence of ﬂooding)

Prevalence of access to
WaSH infrastructure

Baseline sewage access

Child-speciﬁc (low birth weight,
nutritional status – LAZ and WLZ,
and history of being breastfed)

Household characteristics (number
of children less than 5 years, level
of health services utilization, and
crowding in house)

Neighborhood female
education

Background incidence of
disease/outcome

Hygiene behaviors (handwashing –
observed and/or reported, open
defecation, sharing food, ice in
beverages or eating ice outside home,
and health knowledge/awareness)

Hygiene behavior (food handling
practices, boiling water, presence
of soap, water storage practices,
presence of feces, presence of
animals, toilet cleanliness,
presence of wash stand, food
sources, and hand washing
behaviors)

Geographic and climate
related (clustering,
elevation level, daily
precipitation rates, and
season)

Spatial risk factors
(distance from ﬂowing
water body/road and
distance from drain)

Surrounding environment (nearby
open sewage ditch/garbage dump,
paved roads, streets, or sidewalks)
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improving health, largely measured through reduced inci-

statistically signiﬁcant results and null results not being

dence of diarrhea and other intestinal diseases, when they

reported. Some considered the intervention in their multi-

were implemented alone. When these interventions were

variable models but did not report the adjusted estimates,

implemented together, we found mixed effects of the com-

most likely because the effects of the interventions were not

bined interventions on disease burden, most likely due to

statistically signiﬁcant in the ﬁnal model (Ferrer et al. ;

issues with intervention implementation and maintenance.

Stewart-Ibarra et al. ; De Oliveira Serra et al. ).

Improper implementation and maintenance can result in

Stewart-Ibarra et al. () used Akaike Information Criteria

humans still coming into contact with human waste, reducing

(AIC) values to determine which covariates would remain in

or eliminating the potential beneﬁts of sanitation interven-

the ﬁnal model. Access to sewerage did not make it into the

tions. The effects of drainage are also ambiguous, raising the

ﬁnal model which indicates that it may have had a null

possibility that living near a drain could increase disease, poss-

effect; however, results are not presented, so this conclusion

ibly due to exposure to standing water. The most commonly

cannot be made. This pattern of using the data to determine

cited sources of illness among included studies were a lack of

model speciﬁcation and only reporting statistically signiﬁcant

improved water and sanitation, the nearby environment,

effects induces a form of reporting and publication bias. This

household hygiene practices, and issues with maintaining

may make interventions appear more effective than they are.

infrastructure systems. Chlorination, drainage, and sewerage

Finally, most studies considered the incidence of intestinal

will address three of these sources, but households must be

disease and did not look at the other outcomes that could be

supported to engage in proper hygiene practices if these inter-

impacted by these interventions. This is likely because these

ventions are to have their full effect.

interventions are expected to have the largest effect on
intestinal disease outcomes. However, many other outcomes

Limitations in available studies

would be of interest and could be affected. In particular,
these interventions may have signiﬁcant effects on perceived

Although 18 studies represent an adequate research base,

welfare and human dignity. They could have long-term

these studies are not evenly distributed across the three

economic outcomes by affecting how people relate to each

interventions of interest. While there are many interventions

other and improve opportunities for economic growth.

which consider sewerage, far fewer consider the effects of
chlorination and none identify the effects of drainage

Implications

alone. The determination of the unique effects of the individual interventions is challenging because interventions were

Generally, sewerage and chlorination interventions were found

often implemented alongside one another. In addition,

to have positive impacts by reducing disease burden when ade-

authors often pool the effects of our interventions of interest

quately implemented. The impacts of drainage interventions

with those of other WaSH interventions (Baltazar et al.

and combined interventions were mixed. Many of the

; Ferrer et al. ; Butala et al. ). For example,

interventions included in this REA were not implemented suc-

Ferrer et al. () calculate the odds of diarrhea among

cessfully, which may have contributed to the mixed results.

those with a sewerage network, drainage system, and

Household hygiene practices, the surrounding neighbor-

septic tank plus soakaway relative to those with any other

hood/environment, and lack of improved water and

human waste disposal system. Therefore, it is not possible

sanitation modiﬁed the impact of these interventions.

to identify which of the three listed disposal systems is driving the effect estimate or what the effect of sewerage alone

Strengths, limitations, and future directions

is. In other studies, subgroup analyses are mentioned, but
not reported in full, making it unclear what effect the inter-

The primary strength of this work is that it is a result of a rig-

vention actually had (Ferrer et al. ).

orous and systematic search of the available peer-reviewed

Additionally, many studies use data-driven model selec-

literature. However, due to the rapid nature of this assess-

tion approaches which tend to result in the reporting of

ment, the search was limited to only six databases. We did
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not perform any searches in the grey literature or in special-

and ineffective chlorination, affected the impact of the inter-

ist websites. There is a possibility that there may be

ventions. These challenges likely had the dual effect of

additional evidence related to the three WaSH infrastruc-

decreasing the impact of interventions and making it imposs-

ture interventions that was not captured in our search.

ible to determine what the impact of interventions would

However, we were still able to identify 18 unique studies

have been had they been implemented properly. For these

through our systematic search. We found that the studies

interventions to be successful, the infrastructure must be

included in our REA considered the impacts on intestinal

maintained and should be sustainable. We hope that this

diseases. We did not ﬁnd any studies looking at other

work will highlight the importance of planning for sustain-

health outcomes, social well-being, or economic growth

ability in the implementation of infrastructure works. But

nor any studies looking at the impact of drainage interven-

sustainable infrastructure is not sufﬁcient. Behavior change

tions alone on health or societal beneﬁts. None of these

interventions are needed to ensure that the household

studies took place in the African continent which is a limit-

engages in proper hygiene practices in order to gain the maxi-

ation of the generalizability of this work to that region.

mum beneﬁt from infrastructure works. We hope that

Additionally, only a few of the included studies looked at

practitioners use this work when designing their own

heterogeneity and reported effects by subgroups. The sub-

WaSH infrastructure interventions.

group analyses did not take into account wealth disparities
or other equity measures that could impact WaSH programming. This suggests that these are areas where further

ACKNOWLEDGEMENTS

research is needed. The majority of the studies included
were case-control studies where the primary objective was

We acknowledge Nicholas Moore, Birte Snilstveit, David de

not to evaluate an intervention but to identify potential

Ferranti, and John Eyers from the International Initiative for

causes of a disease outbreak. Rigorous studies that are

Impact Evaluation (3ie) for their support and guidance in

designed a priori with the intent to evaluate impact are

the development of this REA. We thank Ritwik Sarkar,

needed to understand if WaSH infrastructure interventions

Bidisha Barooah, and Mark Engelbert from 3ie for

can improve health and social well-being.

reviewing the

We make no discussion of safely managed water or sanitation, as deﬁned by the Joint Monitoring Programme, in this

REA.

We

also

acknowledge

Bradley

Cunningham from the Millennium Challenge Corporation
for supporting this work and providing valuable insight.

study. This is because we are unable to speak to whether or
not the included studies achieved safely managed standards.
Although many of these interventions, if implemented prop-

FUNDING

erly, would have qualiﬁed, we have evidence that they did
not, in fact, meet these standards. As such, we limit the discus-

This study is made possible by the generous support of the

sion to the interventions and not these standards. Future impact

U.S. Government through the Millennium Challenge Corpor-

evaluations on these interventions should report on interven-

ation (MCC). The funder was involved in identifying the three

tion ﬁdelity as well as these intermediate outcomes so that

interventions included in this study. They were not involved

effectiveness results can be interpreted using these indicators.

in any other aspect of the study or in the writing process.
The contents are the responsibility of 3ie and do not necessarily reﬂect the views of MCC or the U.S. Government.

CONCLUSION
Generally, chlorination and sewerage were successful in redu-

DATA AVAILABILITY STATEMENT

cing disease burden when they were implemented alone.
Many of the authors of these papers indicated that implemen-

All relevant data are included in the paper or its Supplemen-

tation issues, such as intermittent water supply, leaky pipes,

tary Information.

Downloaded from http://iwaponline.com/washdev/article-pdf/11/2/179/862353/washdev0110179.pdf
by guest

192

S. K. Prasad et al.

|

Rapid evidence assessment of urban water and sanitation interventions

Journal of Water, Sanitation and Hygiene for Development

|

11.2

|

2021

REFERENCES

INCLUDED IN RAPID EVIDENCE ASSESSMENT

Barends, E., Rousseau, D. M. & Briner, R. B.  CEBMa
Guideline for Rapid Evidence Assessments in Management
and Organizations. Amsterdam. Available from: https://www.
cebma.org/wp-content/uploads/CEBMa-REA-Guideline.pdf.
Bohra, D. L., Modasiya, V. & Bahura, C. K.  Distribution of
coliform bacteria in waste water. Microbiology Research
3 (1), 2. doi:10.4081/mr.2012.e2.
Higgins, J., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M.
& Welch, V.  Cochrane Handbook for Systematic
Reviews of Interventions, 2nd edn. John Wiley & Sons, Ltd,
Chichester. Available from: www.training.cochrane.org/
handbook.
Mackinnon, E., Ayah, R., Taylor, R., Owor, M., Ssempebwa, J.,
Olago, L. D., Kubalako, R., Dia, A. T., Gaye, C., C. Campos,
L. & Fottrell, E.  21st century research in urban WASH
and health in sub-Saharan Africa: methods and outcomes in
transition. International Journal of Environmental Health
Research 29 (4), 457–478. doi:10.1080/09603123.2018.
1550193.
O’Neill, J., Tabish, H., Welch, V., Petticrew, M., Pottie, K., Clarke,
M., Evans, T., Pardo Pardo, J., Waters, E., White, H. &
Tugwell, P.  Applying an equity lens to interventions:
using PROGRESS ensures consideration of socially
stratifying factors to illuminate inequities in health. Journal of
Clinical Epidemiology 67 (1), 56–64. doi:10.1016/j.jclinepi.
2013.08.005.
Sosa-Rodriguez, F. S., Silva, F. O. T. & Arriaga, V. Y. A. 
Urban water and sanitation. In: Sustainable Cities and
Communities (W. L. Filho, A. M. Azul, L. Brandli, P. G.
Ozuyar & T. Wall eds). Springer, Cham, pp. 1–9.
United Nations  Sustainable Development Goal 6: Synthesis
Report 2018 on Water and Sanitation. New York.
United Nations a Clean Water and Sanitation: Why It Matters.
United Nations b The Sustainable Development Goals Report.
New York. Available from: https://unstats.un.org/sdgs/
report/2019/The-Sustainable-Development-Goals-Report2019.pdf.
Water Supply and Sanitation Collaborative Council & World
Health Organization  Sanitation and Hygiene Promotion:
Programming Guidance. Geneva, Switzerland. Available
from: https://www.who.int/water_sanitation_health/
publications/sanitpromotionguide/en/.
WHO  Country Grouping List. Available from: https://www.
who.int/phe/health_topics/outdoorair/databases/
country_grouping_2016.pdf?ua=1 (accessed 26 November
2019).
WHO/UNICEF JMP  Sanitation. Available from: https://
washdata.org/monitoring/sanitation (accessed 24 March
2020).
WHO/UNICEF JMP  Water Quality Monitoring. Available
from: https://washdata.org/monitoring/drinking-water/
water-quality-monitoring (accessed 24 March 2020).

Baltazar, J., Briscoe, J., Mesola, V., Moe, C., Solon, F., Vanderslice,
J. & Young, B.  Can the case-control method be used to
assess the impact of water supply and sanitation on
diarrhoea? A study in the Philippines. Bulletin of the World
Health Organization 66 (5), 627–635.
Barreto, M. L., Genser, B., Strina, A., Teixeira, M. G., Assis,
A. M. O., Rego, R. F., Teles, C. A., Prado, M. S., Matos, S. M.,
Santos, D. N., dos Santos, L. A. & Cairncross, S.  Effect
of city-wide sanitation programme on reduction in rate of
childhood diarrhoea in northeast Brazil: assessment by two
cohort studies. Lancet 370 (9599), 1622–1628. doi:10.1016/
S0140-6736(07)61638-9.
Butala, N. M., VanRooyen, M. J. & Patel, R. B.  Improved
health outcomes in urban slums through infrastructure
upgrading. Social Science and Medicine 71 (5), 935–940.
doi:10.1016/j.socscimed.2010.05.037.
Clasen, T. F., Bostoen, K., Schmidt, W.-P., Boisson, S., Fung,
I. C.-H., Jenkins, M. W., Scott, B., Sugden, S. & Cairncross, S.
 Cochrane excreta disposal for diarrhoea prevention.
Cochrane Database of Systematic Reviews (6). doi:10.1002/
14651858.CD007180.pub2.
Costa, C. H. N., Werneck, G. L., Rodrigues, L., Santos, M. V.,
Araújo, I. B., Moura, L. S., Moreira, S., Gomes, R. B. B. &
Lima, S. S.  Household structure and urban
services: neglected targets in the control of visceral
leishmaniasis. Annals of Tropical Medicine and
Parasitology 99 (3), 229–236. doi:10.1179/
136485905X28018.
De Oliveira Serra, M. A. A., De Souza Chaves, C., Coêlho,
Z. C. B., De Castro Rodrigues, N. L., Martins Vale, J.,
Teixeira, M. J., de Oliveira, F. J. A., de Araújo, M. F. M. &
Coelho, I. C. B.  Comparison between two decades of
prevalence of intestinal parasitic diseases and risk factors in
a Brazilian urban centre. Interdisciplinary Perspectives on
Infectious Diseases 2015, 546705. doi:10.1155/2015/
546705.
Ferrer, S. R., Strina, A., Jesus, S. R., Ribeiro, H. C., Cairncross, S.,
Rodrigues, L. C. & Barreto, M. L.  A hierarchical model
for studying risk factors for childhood diarrhoea: a casecontrol study in a middle-income country. International
Journal of Epidemiology 37 (4), 805–815. doi:10.1093/ije/
dyn093.
Gasem, M. H., Dolmans, W. M. V., Keuter, M. & Djokomoeljanto,
R.  Poor food hygiene and housing as risk factors for
typhoid fever in Semarang, Indonesia. Tropical Medicine and
International Health 6 (6), 484–490. doi:10.1046/j.13653156.2001.00734.x.
Klasen, S., Lechtenfeld, T., Meier, K. & Rieckmann, J. 
Beneﬁts trickling away: the health impact of extending access
to piped water and sanitation in urban Yemen. Journal of
Development Effectiveness 4 (4), 537–565. doi:10.1080/
19439342.2012.720995.

Downloaded from http://iwaponline.com/washdev/article-pdf/11/2/179/862353/washdev0110179.pdf
by guest

193

S. K. Prasad et al.

|

Rapid evidence assessment of urban water and sanitation interventions

Kolahi, A. A., Rastegarpour, A. & Sohrabi, M. R.  The impact
of an urban sewerage system on childhood diarrhoea in
Tehran, Iran: a concurrent control ﬁeld trial. Transactions of
the Royal Society of Tropical Medicine and Hygiene 103,
500–505. doi:10.1016/j.trstmh.2008.10.016.
Moraes, L. R. S., Cancio, J. A., Cairncross, S. & Huttly, S.  Impact
of drainage and sewerage on intestinal nematode infections in
poor urban areas in Salvador, Brazil. Transactions of the Royal
Society of Tropical Medicine and Hygiene 97, 153–158.
Norman, G., Pedley, S. & Takkouche, B.  Effects of
sewerage on diarrhoea and enteric infections: a systematic
review and meta-analysis. The Lancet Infectious Diseases
10, 536–544. Elsevier Ltd. doi:10.1016/S1473-3099(10)
70123-7.
Prasad, N., Jenkins, A. P., Naucukidi, L., Rosa, V., Sahu-Khan, A.,
Kama, M., Jenkins, K. M., Jenney, A. W. J., Jack, S. J., Saha,
D., Horwitz, P., Jupiter, S. D., Strugnell, R. A., Mulholland, E.
K. & Crump, J. A.  Epidemiology and risk factors for
typhoid fever in Central Division, Fiji, 2014–2017: a casecontrol study. PLoS Neglected Tropical Diseases 12 (6),
e0006571. doi:10.1371/journal.pntd.0006571.
Rosas-Aguirre, A., Ponce, O. J., Carrasco-Escobar, G., Speybroeck,
N., Contreras-Mancilla, J., Gamboa, D., Pozo, E., Herrera, S.
& Llanos-Cuentas, A.  Plasmodium vivax malaria at
households: spatial clustering and risk factors in a low
endemicity urban area of the northwestern Peruvian coast.
Malaria Journal 14 (176), 1–11. doi:10.1186/s12936-0150670-y.
Sezen, F., Aval, E., Aʇkurt, T., Yilmaz, S., Temel, F., Güleşen, R.,
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