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Abstract

Background: Three large new trials of unprecedented scale and cost, which included novel factorial designs, have

found no effect of basic water, sanitation and hygiene (WASH) interventions on childhood stunting, and only mixed

effects on childhood diarrhea. Arriving at the inception of the United Nations’ Sustainable Development Goals, and

the bold new target of safely managed water, sanitation and hygiene for all by 2030, these results warrant the

attention of researchers, policy-makers and practitioners.

Main body: Here we report the conclusions of an expert meeting convened by the World Health Organization and

the Bill and Melinda Gates Foundation to discuss these findings, and present five key consensus messages as a basis for

wider discussion and debate in the WASH and nutrition sectors. We judge these trials to have high internal validity,

constituting good evidence that these specific interventions had no effect on childhood linear growth, and mixed effects

on childhood diarrhea. These results suggest that, in settings such as these, more comprehensive or ambitious WASH

interventions may be needed to achieve a major impact on child health.

Conclusion: These results are important because such basic interventions are often deployed in low-income

rural settings with the expectation of improving child health, although this is rarely the sole justification. Our

view is that these three new trials do not show that WASH in general cannot influence child linear growth, but they do

demonstrate that these specific interventions had no influence in settings where stunting remains an important public

health challenge. We support a call for transformative WASH, in so much as it encapsulates the guiding principle that –

in any context – a comprehensive package of WASH interventions is needed that is tailored to address the local

exposure landscape and enteric disease burden.
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Background
Recently, the results of three large factorial randomized

controlled trials (RCTs) of water, sanitation and hygiene

(WASH) interventions were published [1–3]. These three

studies – referred to as the WASH-Benefits Bangladesh

(WASH-B Bangladesh), the WASH-Benefits Kenya

(WASH-B Kenya) and the Sanitation Hygiene Infant

Nutrition Efficacy (SHINE) trials – were each conducted

in a low-income rural setting with a high burden of stunt-

ing, and the WASH interventions delivered were very

similar. All three evaluated the effects of these interven-

tions on childhood diarrhea and linear growth, both inde-

pendently and when combined with standard nutrition

interventions. All three studies found no effect of any

WASH intervention on child linear growth, and only

mixed effects on diarrhea across the sites.

The studies were all cluster-based randomized controlled

trials employing a factorial design to permit the evaluation

of both the independent and combined effects of WASH

and nutrition interventions on the outcomes of interest.

Consenting pregnant women residing in the study areas

were enrolled, together with their children in utero, and

then followed up for between 18 and 24months. A variety

of health outcomes were assessed, including diarrhea

prevalence and child growth (length-for-age z-scores).

While the ‘treatment’ was allocated at a cluster level, typi-

cally forming one or two villages, the WASH interventions

were delivered at the level of the household or immediate

compound (typically two or three households) within

which the enrolled children were born. As such, little

change in community level coverage was effected as the

index households or immediate compounds accounted for

only a small fraction of the total number of households

within a given cluster or community.

These studies adhered to best practice guidelines for

human participant research [4], with pre-registration of

trials (clinicaltrials.gov: NCT01590095, NCT01704105,

NCT01824940), published protocols, and pre-specified

analysis plans [5, 6]. The protocols included detailed

measurement strategies with objective health outcomes

and were adequately powered to detect small differences

between arms. Active control arms were employed in

two [2, 3] of the three trials, and data were managed re-

motely and analysed in duplicate by blinded statisticians.

The low-cost WASH interventions evaluated are typical

of those often featuring in policy and programs in rural

settings in low-income countries (LICs). All three in-

cluded interventions to increase chlorination of drinking

water at the point-of-use, to increase access to, and use of,

‘improved’ pit latrines, including the safe disposal of child

feces; and to increase handwashing with soap by providing

‘handwashing stations’ with an ongoing supply of soap

(Table 1). The implementation fidelity was high, with all

interventions delivered as per protocol, and high

compliance facilitated by regular provision of free com-

modities and supported by contextually appropriate, the-

ory-based behavior change communication delivered to

participants during regular home visits.

The results of these trials arrive at the inception of an

ambitious new WASH Sustainable Development Goal

(SDG) that calls for, “universal access to safe and affor-

dable drinking water and adequate and equitable sanita-

tion and hygiene for all by 2030” [7]. These results also

come at a time when calls are being made for the further

integration of WASH across multiple health sectors, in-

cluding nutrition [8] but also others such as neglected

tropical diseases [9], and maternal and neonatal health

[10]. Against this backdrop, and in response to these

findings, the World Health Organization (WHO) and

the Bill and Melinda Gates Foundation (BMGF) con-

vened an expert meeting of researchers to consider the

implications of this new evidence for WASH policy and

research.

Consensus messages

Here, we distil the salient points of consensus from the

meeting into five key messages.

1. Despite high compliance, the evaluated WASH

interventions – as delivered in these settings – had no

effect on linear growth, and mixed effects on diarrhea

We judge these trials to have high internal validity (Fig. 1;

full table in Additional file 1), constituting good evidence

that these specific interventions – as delivered in these

settings – had no effect on childhood linear growth, and

mixed effects on childhood diarrhea. Our view is that

fidelity and compliance were at least as high as what

might reasonably be expected in a typical WASH project

or program.

In all three trials, these basic WASH interventions had

no effect on linear growth (Fig. 2). The high validity of

these studies and the consistent effects across three

separate sites constitute good quality evidence that these

basic WASH interventions, as delivered in these settings,

did not reduce stunting. In addition, the novel factorial

design of these trials provides good evidence that these

WASH interventions in these populations offered no

additonal benefit to the evaluated nutrient supplementa-

tion intervention as delivered alone. Whilst the effects

on linear growth were consistent the underlying reasons

for this lack of effect may differ between settings.

The observed effects on diarrhea were mixed, ranging

from no effect in Kenya [2] and Zimbabwe [3], to a large

relative risk reduction in Bangladesh – albeit against a

much lower baseline prevalence [1]. These differences

could be the result of interactions between the interven-

tions and features of the study setting and/or population;

for example, the local etiologies of diarrheal disease, pre-
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intervention WASH conditions, the relative importance

of different environmental transmission pathways for

diarrhea, and the relative importance of zoonotic agents

of infection. Recent studies demonstrate the diversity of

diarrheal disease etiology across settings and age groups

[11, 12], with the transmission of different pathogens

more or less likely to be interrupted by basic WASH in-

terventions. For example, Cryptosporidium, a well-estab-

lished waterborne cause of both endemic [11] and

epidemic diarrhea [13], is highly chlorine resistant,

thereby likely rendering chlorination, as evaluated in

these trials, ineffective [14].

As pointed out by numerous researchers over the de-

cades, different environmental settings require different

WASH interventions [15], and the same interventions

may even have different effects on health in the same

settings at different times [16]. In grossly contaminated

environments, where childhood exposure to a variety of

enteric pathogens occurs through multiple environmen-

tal pathways, partial or even absolute elimination of a

single pathway may yield no health benefit. At the same

time, under different conditions, small incremental gains

may, in some cases, prove catalytic [17, 18]. Alterna-

tively, while some interventions may fail to significantly

reduce endemic diarrheal disease, they may still offer

protection against epidemic diarrheal disease events [1].

2. The biological plausibility of WASH as public health

interventions is not challenged by these findings

It is well-established that contact with human feces is

hazardous to human health: human feces contain various

disease-inducing viruses, bacteria, protozoa, and other

parasites [19]. Ingestion of these microorganisms in suffi-

cient quantity has been demonstrated to cause disease in

decades of challenge studies for a range of pathogens, e.g.

Vibrio cholerae [20], Shigella [21], and Campylobacter

[22]. Fecal–oral transmission of these pathogens can

occur by multiple environmental pathways [23], and

all WASH interventions can plausibly prevent some

fraction of that transmission. This logic is not

challenged by these findings, but the mixed results

for diarrhea suggest that these interventions had

heterogenous effects on childhood environmental ex-

posure to enteric pathogens [24].

Two of the three trials [1, 2] published ancillary studies to

assess the effects of the intervention on environmental con-

tamination [25–27]. They did this by quantifying fecal indi-

cator bacteria (Escherichia coli) in environmental media

Table 1 Summary description of water, sanitation and hygiene (WASH) and nutrition interventions evaluated under the WASH-

Benefits and SHINE trials

Trial Water Sanitation Hygiene Nutrition

WASH-Benefits trial, Bangladesh [7]

Intervention
arm

Water chlorination
and promotion

Latrine improvements
and promotion

Handwashing stations with
soap and hygiene promotion

Nutrient supplementation
and promotion

WASH SDG classification [7] n/a Basic Basic n/a

Details of
intervention

A 10-L storage
vessel with supply
of disinfectant tablets

An ‘improved’ two-pit
water-sealed latrine,
plus potties and child
stool collection device

Two handwashing stations
per household, near latrine
and kitchen, with regular
supply of soap

Daily small-quantity of lipid-
based nutrient supplement
and promotion of appropriate
and safe complementary
feeding

WASH-Benefits trial, Kenya [8]

Intervention
arm

Water chlorination
and promotion

Latrine improvements
and promotion

Handwashing station with
soap, and hygiene promotion

Nutrient supplementation
and promotion

WASH SDG classification [7] n/a Basic Basic n/a

Details of
intervention

Communal chlorine
dispenser and supply
of bottled chlorine

An ‘improved’ single
pit latrine with plastic
slab and hole-lid, plus
potty and child stool
collection device

Two handwashing stations
per household, near latrine
and kitchen, and quarterly
supply of soap

Daily small-quantity of lipid-
based nutrient supplement
and promotion of appropriate
and safe complementary
feeding

SHINE trial, Zimbabwe [9]

Intervention
arm

Water chlorination
and promotion

Latrine construction
and promotion

Hand-washing stations with
soap and hygiene promotion

Nutrient supplementation
and promotion

WASH SDG classification [7] n/a Basic Basic n/a

Details of
intervention

Monthly delivery of
chlorine solution

A ventilated improved
pit latrine constructed

Two handwashing stations
per household, near latrine
and kitchen, and monthly
delivery of soap

Daily small-quantity of lipid-
based nutrient supplement
and promotion of appropriate
and safe complementary
feeding

Abbreviations: n/a not applicable, SDG Sustainable Development Goal, WASH water, sanitation and hygiene
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corresponding to environmental transmission pathways for

diarrheal disease. In Kenya, only the water treatment arm

reduced E. coli levels in stored drinking water, and no

WASH intervention reduced E. coli levels on children’s

hands or on sentinel objects [27]. In Bangladesh, two stud-

ies were conducted: the first, fourmonths after the interven-

tion, sampled drinking and ambient water, children’s hands,

food given to young children, courtyard soil and flies, in the

sanitation only and combined WASH arms [26]; the second,

12 and 24months after the intervention, sampled drinking

water at source and as stored, children’s hands, children’s

food and sentinel objects [25]. In the first of these two stud-

ies [26], the prevalence of E. coli in stored water was re-

duced only in the combined WASH arm (prevalence ratio

[PR] 0.38; 95% CI:0.32–0.44), with no effect on any other

sampled pathway (soil, hygiene, flies or food). In the second

study, the prevalence of E. coli in stored drinking water was

reduced by the water treatment only intervention (PR 0.62;

95% CI 0.53–0.72) and combined WASH intervention (PR

0.75; 95% CI 0.69–0.81), and the prevalence of E. coli in

food was reduced in the single water treatment arm (PR

0.70; 95% CI 0.57–0.86), the single handwashing (PR 0.68;

95% CI 0.56–0.83) and combined WASH interventions (PR

0.89; 95% CI: 0.78–1.01) [25].

Against a low baseline prevalence of diarrhea, and the

limited environmental impact of the WASH interven-

tions evaluated, it is notable that a 40% relative

reduction in diarrheal disease prevalence was achieved

in Bangladesh (an absolute reduction of approximately

two percentage points compared to a one-week preva-

lence of 5.9% in the control arm) [1]. This result was

strengthened by a separate comparison of the prevalance

of giardiasis across study arms which also showed a

marked reduction in infections among all WASH arms ex-

cept water chlorination [28]. In both the Kenya and

Bangladesh trials, which included chlorination only inter-

vention arms, bacterial contamination of stored drinking

water was reduced in this arm, but there was no effect on

diarrheal disease. As discussed above, this may be due to

the resistance of certain diarrhegenic pathogens’ resistance

to chlorine, e.g. Cryptosporidium and Giardia [29].

These results suggest that, in settings such as these,

more comprehensive or ambitious interventions may be

needed to achieve a major impact on child health. In

different settings, with more limited WASH conditions –

for example, where most people practice open defecation

or rely on untreated surface water – these interventions

may still yield benefits. Alternatively, in similar settings,

more ambitious interventions that address other poten-

tially important exposure sources and/or routes, such as

animal waste or foodborne transmission, may be effective

in reducing diarrheal disease.

3. Historically, large, population-level gains in child health

have not been achieved without significant

improvements in WASH services

Globally, as countries and regions have transitioned

from scenarios in which most of the population have

limited or basic WASH services, to one in which

most have access to safely managed services, there

have been large coincident improvements in public

health. Often these improvements have been dramatic

with regards to child health and mortality, specifically

[30–32]. They have commonly been associated with

major improvements in water and sanitation infra-

structure akin to the SDG category of ‘safely managed

services’ - that is ensuring a piped supply of safe

drinking water directly to the household, or reticu-

lated transportation of human waste to treatment

facilities – rather than the more modest changes in

service access evaluated in these trials.

Typically, these changes took place over decades. For

example, in Victorian Britain, while the great municipal

water reforms began in the 1840s, it was not until the

1870s that major investments in sewered household

connections began in most cities [32]. Changes in diar-

rheal disease mortality followed slowly. In London, for

example, infantile diarrheal disease mortality was still

rising in 1900. In fact, trends in child and infant morta-

lity suggest that benefits accrue from incremental and

progressive steps over time, and that major health

Fig. 1 Cochrane risk of bias assessment for the WASH-Benefits and

SHINE trials
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dividends may come late in that process, as was the case

in England and Wales (1900–1920) [32] or in the USA

(1920–1930) [31]. Specific innovations are sometimes

credited with these health benefits – e.g., in the USA,

disinfecting water supplies coincided with major health

gains – but crediting these health improvements to

water treatment alone ignores, for example, the fact

that the infrastructure for the distribution of this

treated water was already in place. The lesson per-

haps lies in not seeking to attribute benefits to indi-

vidual WASH factors but in that the public health

dividends are paid when comprehensive services are

in place, as now envisaged under the new SDG.

These new studies do not challenge the general view

that large-scale improvements in water and sanitation

infrastructure played an important historical role in im-

proving child health in high-income countries (HIC).

The interventions coinciding with dramatic improve-

ments in child health in many of these HICs repre-

sented decades of large-scale public investment in

piped drinking water and sewered sanitation, as op-

posed to the provision of basic pit latrines, point-of-use

chlorination of water, and handwashing stations as eval-

uated under these trials.

4. Current evidence suggests that basic WASH services

alone are unlikely to have a large impact on childhood

stunting

A Cochrane Review published in 2013, which addressed

the effect of WASH interventions on linear growth,

identified very few rigorous studies. It concluded there

was, “weak evidence of a borderline statistically signifi-

cant small effect of 0.08 HAZ” [33]. Subsequent inter-

vention studies have produced mixed results, from

significant improvements in linear growth [34, 35] to no

effect [36–38]. The new trials considered here hypothe-

sised that WASH interventions might improve linear

growth among children by reducing symptomatic and

asymptomatic enteric infections, with this effect medi-

ated at least in part by environmental enteric

Fig. 2 Summary of key reported results for the WASH-B and SHINE trials
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dysfunction (EED) [5, 6], a subclinical condition

affecting gut structure and function [39]. The reported

effects on symptomatic enteric infections – that is, care-

giver-reported diarrheal disease – were mixed, as dis-

cussed above, but all three studies found no effect of any

WASH intervention arm on linear growth. Furthermore,

these factorial studies were specifically designed to as-

sess the combined and independent effects of WASH

and nutrition interventions on linear growth, and

found no additive benefit of these basic WASH inter-

ventions versus nutrition (that is, improved infant and

young child feeding, including daily, small-quantity

lipid-based nutrient supplements during the period of

complementary feeding), alone.

If symptomatic and asymptomatic enteric infection

contributes to linear growth faltering, as hypothesized

by these studies [5, 6], these results suggest that pre-

venting these infections is unlikely to be achieved with

low-cost basic household interventions in highly con-

taminated settings where young children are exposed to

enteric pathogens repeatedly and via multiple routes.

To what extent more intensive WASH interventions –

such as providing a microbially safe and continuous

supply of drinking water piped to the household, or a

community-level sewered sanitation system – might

impact childhood stunting remains an open question

that has so far not been addressed by rigorous trials

[33]. The lack of experimental studies of such interven-

tions reflects multiple inherent challenges, including

the difficulty of randomly allocating networked infra-

structure; the generally high levels of population move-

ment in urban areas; and the long follow-up and large

sample sizes required to study linear growth among

children. These challenges are not insurmountable, but

are certainly formidable.

The results reinforce a well-established view in the

nutrition sector that tackling a multifactorial chronic

condition such as stunting requires broad and sus-

tained action at multiple levels and across different

sectors [40]. The postnatal nutrient supplementation

and complementary feeding behaviour change inter-

ventions in these same trials, achieved only modest

gains in linear growth, despite very high and sus-

tained compliance. These effects are consistent with

the wider literature [41, 42], further demonstrating

that the underlying causes of stunting remain remark-

ably poorly understood, and that population-level re-

ductions likely require broad strategies to increase

both the availability of nutrients and to reduce nutri-

ent malabsorption. The experience of Brazil, where a

dramatic decline in stunting has been achieved, is of

three decades of sustained action across multiple sec-

tors, including food, health, social protection as well

as water and sanitation [43].

5. The results of these trials do not undermine the new

and ambitious SDG target of safely managed services for

all

In summary, the basic, household-level interventions

evaluated under these trials did not test the ambitious

new SDG targets of universal access to safely man-

aged water and sanitation, and therefore do not pro-

vide evidence for or against this level of service. The

interventions evaluated in these trials effected only

modest changes with regard to the ‘WASH ladder’

concept that has been developed for tracking progress

against the SDG targets [7]. This ladder represents in-

cremental gains in the quality of WASH services, and

there is some evidence to support the assumption

that, as the quality of services improve, so too does

the magnitude of effect on diarrheal disease. However,

the evidence for higher levels of service (e.g., piped

drinking water and sewered sanitation connections) is

generally of low quality [44].

The ‘sanitation’ interventions included in these trials did

not seek to “end open defecation” at a community level,

which is a key component of the WASH SDG (SDG 6.2).

Instead, the trials focused on improving sanitation at the

level of the child’s household, or immediately around the

household, as earlier formative work suggested that chil-

dren’s environmental exposure to enteropathogens occurred

within the household or the immediate compound domains

[45, 46]. The effect of these interventions on community-

level sanitation was, therefore, limited. In fact, at baseline, in

both Bangladesh and Kenya, access to household sanitation

facilities was relatively high pre-intervention.

The ‘water’ interventions in these trials sought only to

improve the microbial quality of drinking water drawn

from existing water sources by promoting chlorination in

the household. Under the WASH SDG, safely managed

drinking water is defined as, “drinking water from an

improved water source that is located on premises, avail-

able when needed and free from fecal and priority

chemical contamination” (SDG 6.1) [7]. In these trials, the

distribution of drinking water was not changed to bring

water sources closer to the household, to limit service dis-

ruptions to ensure water was available when needed, and

chemical or microbial contamination of drinking water at

source was not addressed. In relation to how water influ-

ences disease transmission, an old distinction can be

drawn between ‘waterborne’ transmission, that is where

transmission occurs via ingestion of water containing

pathogens, and ‘water-washed’ transmission, wherein per-

son-to-person transmission results from insufficient water

to practice adequate personal and domestic hygiene [47,

48]. It has been observed that when the household water

supply is on-plot or piped directly into the household, the

amount of water consumed increases dramatically [49],

and to a level wherein adequate water is available to meet
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hygiene needs and reduce health risks [50, 51]. Critically,

then, neither the distance to water source nor the volume

of water consumed was changed by these interventions.

These trials did not evaluate the effect of safely managed

water and community-level safely managed sanitation

services, as called for under the new WASH SDG, on child

stunting or diarrhea. The basic interventions evaluated in

these trials were seemingly insufficient to comprehensively

reduce enteric pathogen exposure, and had mixed effects

on diarrhea. This may, in part, explain the lack of effect on

stunting, if diarrhea mediates at least some part of this

relationship.

Conclusions

These three trials evaluated similar WASH interventions in

low-income rural settings and found no effect on childhood

stunting and mixed effects on childhood diarrheal disease.

Conventionally, WASH interventions are understood to act

on these health outcomes by changing infrastructure and/

or behaviors to limit environmental exposure to infectious

agents. The interventions assessed under these three major

trials were relatively successful in the first stage of changing

infrastructure and/or behaviours, but seemingly failed to

sufficiently reduce environmental exposure to enteric path-

ogens to improve linear childhood growth.

While randomization offers clear advantages with

regards to internal validity, this can come at the cost of

external validity and generalizability [52]. In clinical stu-

dies, the observed relationship between intervention and

outcome can often be reasonably assumed to hold con-

stant over time, population and setting. The same should

not be assumed for complex public health interventions

that interact powerfully with external contextual factors,

which may diminish or potentiate effects. However, that

these three studies evaluated the same interventions under

similar protocols in three different settings sheds at least

some light on the generalizability of findings and potential

sources of observed heterogeneity.

These results warrant attention because basic WASH

interventions similar to these are often deployed in low-

income rural settings with the expectation of improving

child health, although this is rarely the sole justification.

At the same time, these interventions did not address

common features of national WASH policies; i.e., drink-

ing water supply or distribution, and community-level

sanitation. As an example of this, the current national

WASH policies of all three countries (Bangladesh, Kenya

and Zimbabwe) where these studies took place aim to

end open defecation, and to expand, repair or rehabili-

tate rural water supplies. At a global level, too, these as-

pects of WASH not addressed in these trials are central

to the new SDG, with its objectives of ending open

defecation and ensuring universal access to safely man-

aged drinking water [7].

WASH trials often produce heterogenous results,

reflecting the inherent complexity of interventions com-

bining infrastructure and behavior, and which interact

strongly with specific, local environmental and social

systems. Indeed, the mixed results for diarrheal disease

reported across these three trials of very similar inter-

ventions bear witness to this. Our view is that these

three new trials do not show that WASH in general can-

not influence child linear growth, but rather that these

specific interventions failed to do so in settings where

stunting remains an important public health challenge.

These findings warrant the attention of policy-makers

and practitioners, and should give some pause for re-

flection with regards to the design of programs in low-

income rural settings that include such low-cost WASH

interventions with the goal of improving child growth

and reducing diarrhea.

With growing evidence of the burden of enteric patho-

gen carriage, and the associated growth and develop-

mental consequences in low-income settings [11, 12], calls

have been made for ‘transformative WASH’ [53] or

‘WASH++’ interventions [54]. Although not clearly

defined, nor as yet evaluated, we support this call for

transformative WASH because it encapsulates the guiding

principle that – in any context – what is needed is a com-

prehensive package of interventions tailored to address

the local exposure landscape and enteric disease burden.
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