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Millennium Development Goal (MDG)

7, and its target 3, aims to halve the

proportions of people globally without

sustainable access to safe drinking water

and basic sanitation by 2015 [1]. Others

have argued that access to safe drinking

water is a fundamental human right [2].

Several interventions to improve access to

clean water and sanitation, including one

reported in this week’s PLoS Medicine [3],

have been evaluated and found to have

varying degrees of success. As such, the

key question remains unanswered: do

water and sanitation interventions offer

hype or hope?

Water, Sanitation, and Hygiene
(WASH) Interventions

In assessing the potential impact of

various interventions on reducing child

mortality in 2003, we had previously

estimated that provision of improved water,

sanitation, and hygiene (WASH) interven-

tions at universal coverage could avert 3% of

the burden of child mortality [4]. Other

estimates by the World Health Organization

suggest that up to 28% of under-five deaths

could be attributable to poor sanitation and

unsafe water, and that WASH interventions

have the potential to prevent 25% of the

overall under-five disease burden (morbidity

and mortality) [5]. In a recent review of

interventions to reduce child undernutrition,

we estimated that WASH interventions

could reduce the incidence of diarrhea by

30% and related stunting (an estimated 4%

increase in the odds of stunting with each

episode of diarrhea) [6].

These burden and intervention effect

estimates are not mirrored by a consensus

on what needs to be done to address these

issues at scale and whether the respective

WASH interventions should be adminis-

tered singly or as a package. In an earlier

analysis, Esrey et al. [7] had suggested that

the impact of multiple WASH interven-

tions on reducing childhood diarrhea was

no greater than single interventions im-

plemented alone. In a more recent meta-

analysis [8], Fewtrell et al. evaluated 46

studies with WASH interventions to assess

their impact on childhood diarrhea. Their

pooled analysis also suggested that water

quality interventions (such as point-of-use

water treatment) were effective in reducing

diarrhea by 31% (95% confidence inter-

vals [CI] 0.53–0.89), but multiple inter-

ventions (consisting of combined water,

sanitation, and hygiene measures) were of

comparable benefit to single interventions.

These findings may be clearly influenced

by variations in context and trial design.

More recent data from a study following

the introduction of a city-wide urban

sanitation program in Salvador, Brazil

[9], indicated that improvement in sanita-

tion coverage alone in the wake of almost

universal safe water availability was asso-

ciated with a reduction in diarrhea

prevalence by 21% (95% CI 18%–25%).

These data suggest that the effect of

various WASH interventions may be

potentially additive.

The potential costs of various component

WASH interventions are clearly not compa-

rable. The estimated costs of improved water

supply and excreta disposal for at least five

years in settings where established infrastruc-

ture currently exists are over US$4,185 per

disability-adjusted life year averted [10].

Other behavioral change hygiene interven-

tions, though less expensive, may have

limited long-term effectiveness. To illustrate,

while promotion of hand washing has been

shown to significantly reduce the burden of

diarrhea in community settings [11], the

effect is difficult to sustain over time [12].

There is thus considerable interest in

interventions to improve water quality, and

Clasen et al. [13] recently reviewed 33

studies of interventions to improve water

quality and their impact on childhood

diarrhea. Their review shows significant

heterogeneity among available studies and

considerable contextual differences. The two

studies of solar water disinfection (SODIS)

from Kenya [14] and India [15] were

associated with significantly reduced odds

of diarrhea among children under five (odds

ratio 0.69, 95% CI 0.63–0.74).
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Linked Research Article

This Perspective discusses the fol-
lowing new study published in PLoS
Medicine:

Mäusezahl D, Christen A, Duran
Pacheco G, Alvarez Tellez F, Iriarte
M, et al. (2009) Solar Drinking Water
Disinfection (SODIS) to Reduce
Childhood Diarrhoea in Rural Boli-
via: A Cluster-Randomized, Con-
trolled Trial. PLoS Med 6:
e1000125. doi:10.1371/journal.
pmed.1000125

Daniel Mäusezahl and colleagues
conducted a cluster-randomized
controlled trial in rural Bolivia of
solar drinking water disinfection,
and find only moderate compliance
with the intervention and no evi-
dence of reduction in diarrhea
among children.
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New Evidence on Solar
Disinfection (SODIS)

The study by Mäusezahl and colleagues

in rural Bolivia [3] is the largest cluster-

randomized controlled trial (RCT) to date

of SODIS promotion at a population level

and demonstrates the difficulty in scaling

up such interventions in health systems.

Despite relatively intense promotion of the

intervention through community workers

from a local nongovernmental organiza-

tion, the effect on diarrhea incidence in

the intervention clusters was insignificant

(RR 0.81, 95% CI 0.59–1.12). It is

uncertain if the trial reflects a failure of

the intervention as opposed to the delivery

strategy itself. The compliance achieved

with the intervention itself was a mere

32.1%, and hence the observed effect size

probably reflects the overall poor coverage

of the intervention. It should also be

underscored that the sample size was

based on the effect size estimated from

much smaller efficacy studies, and that the

trial was significantly underpowered to

observe lower but still highly relevant

impacts.

It is important to emphasize the inher-

ent complexity of behavioral changes and

household practices research in effective-

ness settings. The failure of some plausible

interventions when implemented at scale

may also reflect a failure of delivery

strategies rather than an ineffective inter-

vention. It is understandable as to why the

investigators chose a cluster RCT design,

rather than alternative strategies such as a

stepped wedge design [16], although the

latter might have arguably been more

suitable for the phased implementation

and evaluation of such interventions. It

should also be pointed out that despite the

dispersed population clusters, the nature of

the study design would have precluded the

use of mass media and other concerted

promotional strategies in this setting. The

intervention was implemented through a

combination of bi-weekly domiciliary and

monthly community meetings, although it

is unclear what levels of community

participation were achieved in the latter.

It is possible that alternative methods of

community engagement, such as use of

community support groups, might have

been more effective. These approaches

have been successfully employed for ma-

ternal and newborn care interventions in a

variety of community settings [17,18] and

are especially relevant for behavioral

change at a household level.

Notwithstanding the inherent difficulties

in translating efficacy data from biologi-

cally plausible interventions into effective-

ness settings, we applaud such research, as

it is precisely the type of information

needed to facilitate delivery of key inter-

ventions to address the MDGs. Mäusezahl

et al. are right in calling for further

research on the effectiveness of SODIS

in population settings, a point also under-

scored by findings from the follow-up of a

household water treatment and hand

washing promotion intervention in rural

Guatemala [19]. It is also important,

however, to highlight the need to comple-

ment such research with appropriate and

robust evaluation of delivery strategies and

approaches to promote community buy-

in. The observed direction of effect on

childhood diarrhea in the Bolivia study is

encouraging and supports further evalua-

tion of low-cost and sustainable interven-

tions to promote point-of-use water puri-

fication techniques in rural communities.
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3. Mäusezahl D, Christen A, Duran Pacheco G,

Alvarez Tellez F, Iriarte M, et al. (2009) Solar

drinking water disinfection (SODIS) to reduce
childhood diarrhoea in rural Bolivia: a cluster-

randomized, controlled trial. PLoS Med 6:
e1000125. doi:10.1371/journal.pmed.1000125.

4. Jones G, Steketee RW, Black RE, Bhutta ZA,
Morris SS, et al. (2003) How many child deaths

can we prevent this year? Lancet 362: 65–671.

5. Water Aid (2009) Fatal neglect: how health
systems are failing to comprehensively address

child mortality. Available: http://www.wateraid.
org/documents/plugin_documents/wateraid_fatal

_neglect.pdf. Accessed 16 July 2009.

6. Bhutta ZA, Ahmed T, Black RE, Cousens S,
Dewey K, et al. (2008) What works? Interventions

for maternal and child undernutrition and
survival. Lancet 371: 417–440.

7. Esrey SA, Potash JB, Roberts L, Shiff C (1991)
Effects of improved water supply and sanitation

on ascariasis, diarrhoea, dracunculiasis, hook-

worm infection, schistosomiasis, and trachoma.
Bull World Health Organ 69: 609–621.

8. Fewtrell L, Kaufmann RB, Kay D, Enanoria W,
Haller L, et al. (2005) Water, sanitation, and

hygiene interventions to reduce diarrhoea in less
developed countries: a systematic review and

meta-analysis. Lancet Infect Dis 5: 42–52.

9. Barreto ML, Genser B, Strina A, Teixeira MG,
Assis AM, et al. (2007) Effect of city-wide

sanitation programme on reduction in rate of
childhood diarrhoea in northeast Brazil: assess-

ment by two cohort studies. Lancet 370:

1622–1628.
10. Laxminarayan R, Chow J, Shahid-Salles SA

(2006) Intervention cost-eff ectiveness: overview
of main messages. In: Jamison DT, Breman JG,

Measham AR, et al. eds. Disease control prioriti-
es in developing countries. 2nd edition. New

York: Oxford University Press. pp 35–86.

11. Luby SP, Agboatwalla M, Feikin DR, Painter J,
Billhimer W, et al. (2005) Effect of handwashing

on child health: a randomised controlled trial.
Lancet 366: 225–233.

12. Luby SP, Agboatwalla M, Bowen A, Kenah E,

Sharker Y, et al. (2009) Difficulties in maintaining
improved handwashing behavior, Karachi, Paki-

stan. Am J Trop Med Hyg 81: 140–145.
13. Clasen T, Schmidt WP, Rabie T, Roberts I,

Cairncross S (2007) Interventions to improve
water quality for preventing diarrhoea: systematic

review and meta-analysis. BMJ 334: 782.

14. Conroy RM, Meegan ME, Joyce T, McGuigan K,
Barnes J (1999) Solar disinfection of water reduces

diarrhoeal disease: an update. Arch Dis Child 81:

337–338.

15. Rose A, Roy S, Abraham V, Holmgren G,

George K, et al. (2006) Solar disinfection of water

for diarrhoeal prevention in southern India. Arch

Dis Child 91: 139–141.

16. Bonell CP, Hargreaves JR, Cousens SN, Ross DA,

Hayes RJ, et al. (2009) Alternatives to randomisa-

tion in the evaluation of public-health interven-

tions: design challenges and solutions. J Epidemiol

Community Health, Epub ahead of print 12 Feb

2009.

17. Neonatal Mortality Formative Research Working

Group (2008) Developing community-based in-

tervention strategies to save newborn lives: lessons

learned from formative research in five countries.

J Perinatol 28 (Suppl 2): S2–S8.

18. Kumar V, Mohanty S, Kumar A, Misra RP,

Santosham M, et al. (2008) Saksham Study

Group. Effect of community-based behaviour

change management on neonatal mortality in

Shivgarh, Uttar Pradesh, India: a cluster-rando-

mised controlled trial. Lancet 372: 1151–1162.

19. Arnold B, Arana B, Mäusezahl D, Hubbard A,
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