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1. Executive summary 

Water, sanitation and hygiene (WASH) are widely recognized as important 

interventions against global child health burden. Primarily, WASH interventions aim 

to interrupt fecal pathogen transmission in order to prevent intestinal infections. More 

recently, there has been a growing recognition of the indirect pathways through 

which WASH prevents other child health conditions, such as malnutrition and 

morbidities from other infectious diseases. In turn, it has been suggested that the 

integration of WASH with preventive child health interventions may attain greater 

efficiency in preventing a larger set of child health burdens.  

This report presents a map of the complex link between WASH and various child 

health outcomes. The impact of WASH interventions on children’s diarrhea, 

pneumonia and growth are quantified using Comparative Risk Assessment method, 

a widely used approach in Lancet Global Burden of Disease studies (Ezzati et al. 

2002). The impact of integrating WASH with breastfeeding promotion, zinc 

supplementation and immunization against rotavirus, pneumococcal, and Hib is also 

assessed. To quantify the impact of WASH and WASH-integration, the proportion of 

global morbidities and mortalities from diarrhea and pneumonia attributable to the 

lack of the interventions are determined. The joint impact of integrated interventions 

is determined as the product of the effects.  

In summary, this report finds the following potential impact of WASH and WASH- 

integrated interventions on global child health burden from diarrhea and pneumonia: 

 47% of morbidities and 26% of mortalities may be prevented with WASH 

interventions.  

 Breastfeeding promotion, zinc supplementation and immunization 

interventions can individually reduce up to 22% of morbidities and 31% of 

mortalities. 

 Integration of WASH, rotavirus vaccination and nutritional interventions 

(breastfeeding or zinc) can reduce up to 63% of morbidities and 49% of 

mortalities.   

 Breastfeeding integrated with WASH leads to 3 times and 1.5 times greater 

reduction in morbidities and mortalities than breastfeeding alone.  

 Zinc supplementation integrated with water quality improvement leads to 2.3 

and 3.7 times greater reduction in morbidities and mortalities than zinc 

supplementation alone.  

 Rotavirus immunization integrated with hygiene promotion leads to 1.9 and 

4.9 times greater reduction in morbidities and mortalities than rotavirus 

immunization alone.  

 Rotavirus immunization integrated with sanitation leads to 1.3 and 1.8 times 

greater reduction in morbidities and mortalities than rotavirus immunization 

alone.  
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 Pneumococcal and Hib immunization  hygiene promotion leads to 23.6 and 

4.4 times greater reduction in morbidities and mortalities than pneumococcal 

and Hib immunization alone.  

 

The existing evidence on the effect of WASH on children’s growth is not in 

agreement, and thus was not investigated further.  

The findings suggest that the integration of WASH with other preventive child health 

interventions can lead to greater health benefits, and may return higher health gain 

per investment, particularly when there is a synergetic cost reduction from integrating 

the interventions.  
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2. Introduction  

2.1   Rationale  

Improved water, sanitation and hygiene (WASH) can reduce child health burden via 

multiple pathways, both directly and indirectly. Implementation of WASH in 

conjunction with other child health interventions may simultaneously address multiple 

pathways, thereby yielding greater health benefits. Yet, there is a lack of 

comprehensive overview on the potential impact of WASH and WASH-integrated 

interventions. 

2.2   Objectives  

The main purpose of this report is to provide WaterAid with a comprehensive 

overview of the impact of water, sanitation, and hygiene (WASH) interventions on 

various child health outcomes, and to estimate the potential impact of integrating 

WASH interventions with other preventive interventions for child health. The specific 

objectives are:  

1. To conceptualise the plausible impact pathways of WASH and WASH-
integrated interventions on various child health outcomes   

2. To quantify the impact of WASH on various child health outcomes  
3. To estimate the potential impact of WASH-integrated interventions on child 

health outcomes  

2.3   Scope  

This report conceptualized the plausible link between WASH and a broad set of 

under-five children’s health outcomes. The potential impact of WASH and WASH-

integrated interventions were quantified, with specific focus on children’s morbidities 

and mortalities from diarrhea and pneumonia, as well as children’s growth. The key 

interventions against these health outcomes were considered, as identified in the key 

global child health literature (Bhutta et al. 2013) (See  Table A 1 for the complete 

list). The health outcomes and interventions examined in this report are shown in 

Table 1.  

Table 1. The scope of child health outcomes and preventive interventions assessed 

Health 
outcomes 

Diarrhea (morbidities and mortalities) 

Pneumonia (morbidities and mortalities) 

Growth (height, cognitive abilities) 

Interventions WASH  

Breastfeeding   

Zinc supplementation 

Immunization (rotavirus against diarrhea, Pneumococcal and Hib against 
pneumonia) 
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3. Conceptualization of WASH and child health outcomes    

3.1   Overview  

WASH interventions promote clean water, improved sanitation, and hygiene, in order 

to interrupt pathogen transmissions, and thereby reduce the overall fecal pathogen 

dose that children are exposed to. By doing so, WASH interventions not only prevent 

infection by fecal pathogens, but also reduces other child health outcomes, such as 

malnutrition and infectious diseases via multiple biological pathways.  

In this section, the theoretical causal pathways between child health interventions 

and child health outcomes are presented. Focus is placed on the link between 

WASH and various health outcomes, and the potential interaction between WASH 

and other child health interventions.   

3.2   Causal chain of child health events  

Figure 1 maps the chain of events that lead to child health outcomes, and the 

potential interventions that may be implemented to interrupt the events.  

3.2.1 WASH and pathogen exposure   

WASH can directly reduce the dose of disease-causing pathogen that children are 

exposed to, thereby reducing the likelihood of infection. The traditional focus of 

WASH interventions has been on improved water quality, sanitation infrastructure 

and hand hygiene, but there has been an increased interest in broadening the 

boundary of WASH by including the downstream processing of wastewater and fecal 

sludge, and ensuring sanitary surroundings for infants by baby WASH, as elaborated 

further in Section 5.3.   The health outcome from exposure to pathogens depend on 

the child’s immunity.   

3.2.2 WASH and undernutrition 

Poor WASH conditions can lead to undernutrition via two main biological 

mechanisms: by gastrointestinal infection that lead to nutrient malabsorption, and by 

causing other illnesses that lead to low food intake and hypermetabolism.  

The ingestion of fecal pathogens and helminths due to poor WASH can cause 

gastrointestinal infections that impair the gut’s ability to absorb nutrients via repeated 

bouts of diarrhea (Checkley et al. 2008), and tropical or environmental enteropathy 

(Humphrey 2009). Environmental enteropathy, or environmental enteric dysfunction 

(EED) as it is more recently known,  is a chronic disorder of the small intestine that 

occurs due to the ingestion of fecal pathogens, that can interrupt the absorption of 

nutrients (Humphrey 2009). Furthermore, children that experience illness tend to not 
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only consume less food, but use excessive amount of energy and protein as part of 

the immune response.  

In addition to the metabolic links, inaccessible water sources can cause additional 

financial burden on households (e.g., water purchase, travel time to access water), 

that may drain funds required for adequate diet and time caring for children.  

3.2.3 WASH and immunity  

Inadequate WASH can lead to impaired immune system by causing malnutrition, 

which is the primary cause of immune system deficiency. In severely malnourished 

children, both the acquired immunity (from vaccination or placenta) and host defense 

mechanism are negatively affected.  Such impairment of immunity renders children 

more susceptible to further infections, thereby causing a vicious cycle between 

infection and malnutrition.  
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Figure 1. Health event causal pathways and role of health interventions (Bold arrow: infection-
malnutrition cycle) 
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4. Impact of WASH and WASH-integrated interventions  

4.1   Method overview  

4.1.1 Health outcome and interventions considered 

The impact of WASH and a set of WASH-integrated interventions on child health 

were determined. The health outcomes considered were the morbidities and 

mortalities from diarrhea and pneumonia, as well as a growth-related outcome 

(height-for-age z score (HAZ)). The health burden from diarrhea and pneumonia 

were of primary interest as they pose the largest threat on global child mortality, 

each causing 15% and 23% of global post-neonatal (1-59 months) mortality. The 

child health interventions considered were selected from a set of recommended 

interventions against children’s diarrhea, pneumonia and stunted growth from a key 

Lancet study (Bhutta et al. 2013).  The complete list of recommended interventions is 

shown in Appendix 1.  

4.1.2 Approach and assumptions 

To estimate the impact of WASH and other health interventions, Comparative Risk 

Assessment method was used (Ezzati et al. 2002). Primarily used to assess the 

global health burden from risk factors, comparative risk assessment method has 

been widely used in the global burden of disease (GBD) studies (Ezzati et al. 2002, 

2003; Black et al. 2013).  

In essence, the method considers a risk factor and an health outcome, and 

determines the proportion of current morbidity and mortality that would be reduced 

when the risk factor is diminished by an intervention (i.e., intervention reaches 100% 

coverage from the current status). The proportional reduction in health burden by the 

interventions is quantified as PAF (population attributable fraction) (Ezzati et al. 

2002). The joint impact of WASH-integrated interventions was determined as the 

product of individual PAFs, following the approach used in GBD studies.  

The assumptions made in determining PAF are as follows: 

1. Intervention coverage is increased from the current state (Table A 4 in 

Appendix 4) to 100% global coverage. 

2. The joint impact of multiple interventions is estimated as the product of 

proportional health burden reduction.  

3. The relative effect (relative risk) of WASH intervention on mortality was 

approximated to be the same as that on morbidity, as assumed in previous 

burden of disease studies (Lim et al. 2012; Prüss-Ustün et al. 2014).  

The impact WASH and WASH-integrated interventions were estimated by the 

following three steps.  
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1. Input data acquisition  

The following data was acquired from the literature:  

 Relative risk of interventions (Table 2) 

 Global child health burden (i.e., number of morbidities and deaths, 

Table A 3 in Appendix 3) 

 Current coverage of interventions (e.g. 70% with sanitation, Table A 4 

in Appendix 4).    

2. Impact quantification of individual intervention by population attributable 

fraction 

Using the obtained information, the % reduction in the global child morbidities 

and mortalities by WASH were estimated by calculating the population 

attributable fraction (see Appendix 3).  

3. Joint impact quantification of interventions by population attributable fraction 

For WASH-integrated interventions, the joint impacts were determined by 

finding the product of the individual intervention effects. The details of the 

approach are presented in Appendix 3.  

4.2   Impact on morbidities and mortalities  

4.2.1 Existing evidence on the effect of WASH & WASH-integrated interventions 
and global child health burden 

Table 2 describes the key interventions considered and their effect sizes on diarrhea 

and pneumonia, as reported in the prior literature. The health effect is quantified as 

effect size in relative risk (RR), where RR less than 1 means less risk. The majority 

of the data was obtained from prior systematic reviews on the interventions. The only 

exception was for the effect of rotavirus immunization, which was obtained from a 

single randomized controlled trial due to the lack of a systematic review on the topic; 

there has been one systematic review on the effect of rotavirus vaccine, but the 

review was specific to rotavirus morbidity and mortality outcomes, rather than all-

cause diarrhea.  

Table 2. Effect size (relative risk, RR) of interventions on child health outcomes 

  
Outcome/ 
Interventions 

Effect size (RR (95%CI)a)   
Intervention 
description 

  
Reference 

Morbidity Mortality 

Diarrhoea 
  

  
Water 0.48 (0.38-0.59) -b Point-of use filtration (Clasen et al. 

2014) 
Sanitationc 0.72 (0.59-0.88) -b Sanitation facility, 

sewer connection 
(Wolf et al. 
2014) 
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Hygiene 0.66 (0.43-0.99) -b Handwashing 
promotion 

(Ejemot‐
Nwadiaro et al. 
2015) 

Breastfeeding 
(<6 months) 

0.6 (0.36-0.97) 0.22 (0.09-
0.55) 

Exclusive vs. partial 
breastfeeding 

(Lamberti et al. 
2011; Walker 
et al. 2013)   

Breastfeeding 
(6-23 months) 

0.76 (0.61-0.94) 0.46 (0.24-
0.88) 

Any vs. no 
breastfeeding 

(Lamberti et al. 
2011; Walker 
et al. 2013)  

Zinc 
supplementation 

0.83 (0.83-0.91) 0.83 (0.63-1) Zinc deficiency (Yakoob et al. 
2011) 
 

Immunization 0.70 0.65 Live, oral rotavirus 
vaccine 

(Madhi et al. 
2010) 

Pneumonia 
    

Hygiene 0.84 (0.79-0.89) -b Handwashing (Jefferson et 
al. 2008) 

Breastfeeding 
(<6 months) 

0.56 (0.4-0.78) 0.40 (0.17-
0.97) 

Exclusive vs. partial 
breastfeeding 

(Lamberti et al. 
2013) 

Breastfeeding 
(6-23 months) 

0.85 (0.27-2.7) 0.52 (0.21-
1.27) 

Any vs. no 
breastfeeding 

(Lamberti et al. 
2013) 

Zinc 
supplementation 

0.83 (0.71-0.83) 0.85 (0.9-
1.54) 

Zinc deficiency (Yakoob et al. 
2011) 

Immunization 
(Pneumococcal) 

0.89 (0.81-0.98) 0.82 (0.66-
2.27) 

Pneumococcal vaccine (Theodoratou 
et al. 2010) 

Immunization 
(Hib) 

0.94 (0.89-0.99) 0.93 (0.93-
1.23) 

Hib vaccine (Theodoratou 
et al. 2010) 

a. Relative risk (RR) = (risk of illness without intervention/ risk of illness with 
intervention); RR<1 indicates less risk with the intervention.  

b. Relative risk of morbidity is used as a proxy for the relative risk of mortality, 
due to the lack of rigorous evidence; the estimated health burden reduction is 
likely an overestimate.    

c. May be biased, see Appendix 2 for recent randomized controlled trial results   
 

4.2.2 WASH interventions on morbidities and mortalities  

The estimated impact of WASH on under-five diarrhea and pneumonia are 

presented in Table 3. Approximately 25% of diarrheal burden is attributable to the 

lack of safe drinking water or hand hygiene, followed by 11% attributable to poor 

access to sanitation. Hand hygiene was correlated with 12% reduction in pneumonia, 

while the association of water and sanitation with pneumonia were assumed to be 

negligible. It is estimated that the joint provision of water, sanitation, and hygiene 

may save 47% of under-five morbidity episodes and 26% of under-five deaths from 

diarrhea and pneumonia globally.  

Table 3. Disease burden averted by WASH*  

  
# Morbidity episodes 

averted (millions) # Lives saved 

Water*    

Diarrhoea 2,289 (24%) 119,266 (24%) 

Pneumonia - - 

Sum 2,289 (21%) 119,266 (8%) 
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Sanitation*   

Diarrhoea 1,060 (11%) 55,213 (11%) 

Pneumonia - - 

Sum 1,060 (10%) 55,213 (4%) 

Hygiene*   

Diarrhoea 2,617 (27%) 136,341 (27%) 

Pneumonia 147 (12%) 60,768 (12%) 

Sum 3,783 (35%) 197,108 (14%) 

WASH joint*   

Diarrhoea 4,866 (51%) 253,544 (51%) 

Pneumonia 147 (12%) 112,064 (12%) 

Sum 5,013 (47%) 365,608 (26%) 

a. Assumed relative risk of mortality= relative risk of morbidity, due to lack of 
rigorous evidence.    

b. Similar study has been done by Pruss-Ustun, but with data preceding 2013; 
see Appendix 4.  

4.2.3 WASH-integrated interventions on morbidities and mortalities 

The potential impacts of WASH-integrated interventions on under-five diarrhea and 

pneumonia burden (morbidities and mortalities) are shown in Table 4 and Table 5. 

All possible combinations of child health interventions (breastfeeding, zinc 

supplementation, immunization) and water, sanitation, hygiene, or joint WASH 

intervention were considered. In addition, the potential impact of three-fold 

integration of WASH with both rotavirus vaccine and nutrition interventions were 

considered. The impact estimated for each health outcome, i.e., diarrhea and 

pneumonia, are presented in Appendix 5.  

It was estimated that approximately 1 to 22% of morbidities from diarrhea and 

pneumonia would be prevented with breastfeeding, zinc supplementation and 

immunization. Integrating these interventions with other WASH interventions 

increased the reduction by additional 10 to 50%. It is worth noting that the 

immunization against pneumococcal disease and Hib is linked with only 1% 

reduction in morbidity, unless integrated with WASH interventions. The largest 

reduction in morbidities was estimated with rotavirus immunization and joint WASH 

interventions (56%).  

Table 5 shows the estimated reduction in mortalities by WASH and WASH-

integrated interventions. Overall, zinc supplementation and immunization 

interventions were linked with under 7% reduction in mortalities; however, when 

integrated with hygiene promotion or joint WASH interventions, over 20% reduction 

in mortalities were estimated. In addition to joint WASH, integration of interventions 

with hygiene promotion showed strong potential for a large impact, with estimated 

reduction ranging from 28% to 42% of morbidities, and 20 to 39% of mortalities. 

Given the relatively low cost of hygiene promotion compared to other infrastructural 

interventions for drinking water and sanitation (Sijbesma and Christoffers 2009), 
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integration of hygiene promotion with other health interventions is likely to be the 

most cost-effective option. 

Table 4. Under-five illnesses averted by WASH integrated interventions* 

  
Number of illnesses averted (millions) 

(% global under-five diarrhoea and pneumonia morbidities averted) 

 

Individual 
intervention W-integrated S-integrated H-integrated 

WASH-
integrated 

Breastfeeding 1,552 (14%) 3,517 (33%) 2,462 (23%) 3,921 (36%) 5,853 (54%) 

Zinc supplementation 1,535 (14%) 3,498 (32%) 2,444 (23%) 3,905 (36%) 5,834 (54%) 

Diarrhoea immunizationa  2,363 (22%) 4,087 (38%) 3,161 (29%) 4,481 (42%) 6,028 (56%) 

Pneumonia immunizationb  128 (1%) 2,417 (22%) 1,188 (11%) 3,023 (28%) 5,272 (49%) 

Breastfeeding-Rotavirus-
WASH 

- - - - 6,830 (61%) 

Zinc-Rotavirus-WASH - - - - 4,301 (63%) 

* W, S, H, WASH: Water, sanitation, hygiene, water sanitation & hygiene, 
respectively 
a. rotavirus 
b. pneumococcal, and Hib 
 
 

Table 5. Under-five deaths averted by WASH integrated interventions*,** 

  
Number of mortalities averted 

(%global under-five diarrhoea and pneumonia mortalities averted) 

 

Individual 
intervention W-integrated S-integrated H-integrated 

WASH-
integrate
d 

Breastfeeding  444,625 (31%) 487,591 (34%) 464,516 (33%) 552,217 (39%) 686,725 
 (48%) 

Zinc 
supplementation 

43,202 (3%) 158,545 (11%) 96,599 (7%) 283,858 (20%) 397,208  
(28%) 

Diarrhoea vaccinea 59,191 (4%) 164,306 (12%) 107,853 (8%) 291,419 (21%) 394,716  
(28%) 

Pneumonia 
vaccineb 

101,934 (7%) 221,199 (16%) 157,147 (11%) 449,985 (32%) 567,189  
(40%) 

Breastfeeding-
Rotavirus-WASH 

- - - - 
 697,212  
(49%)  

Zinc-Rotavirus-
WASH 

- - - - 
 425,359  
(30%)  

* W, S, H, WASH: Water, sanitation, hygiene, water sanitation & hygiene, 
respectively 
**Assumed relative risk of mortality= relative risk of morbidity, due to lack of rigorous 
evidence.  
a. rotavirus 
b. pneumococcal, and Hib   
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4.3   Impact on child growth   

4.3.1 WASH interventions on child growth  

Despite the theoretical understanding that WASH can have an important impact on 

children’s growth, prior studies have shown mixed results.  

The evidence on the effect of child health interventions on children’s height-for-age z 

score are summarized in Table 6. Height-for-age z scores are used to monitor 

growth, whether growth is considered stunted when the height-for-age z score is less 

than -2. While early childhood stunting has been linked with long-term cognitive 

deficits, there is currently no direct study that directly assessed the effect of WASH 

on cognitive abilities.  

The key literature on the effect of WASH on growth are summarized in Table 6. The 

systematic review by Dangour et al. (2013) assessed the impact of drinking water 

disinfection and hygiene promotion on growth. The review found that drinking water 

disinfection and hygiene is positively correlated with children’s growth, but not in 

statistically meaningful manner.  

The effect of sanitation on children’s growth have mixed evidence. The most recent 

systematic review on sanitation by Freeman et al. (Freeman et al. 2017), as shown 

in Table 6, found positive but statistically insignificant effect of sanitation on child’s 

height-for-age z score. Among the two most rigorous sanitation randomized 

controlled trials (RCTs) included in the review (see Appendix 2)., (Clasen et al. 2014; 

Pickering et al. 2015) only one trial found significant effect on height-for-age 

(Pickering et al. 2015), but the other trial did not (Clasen et al. 2014). The difference 

between the two trials by Clasen et al.  (2014) and Pickering et al. (2015) may be 

partly explained by factors such as the difference in study settings (India vs. Mali), 

baseline risk of illness.  

At the time of writing, two further relevant RCTs were ongoing and due to publish 

results during 2018: the WASH Benefits study in Bangladesh and Kenya, and the 

Sanitation Hygiene Infant Nutrition Efficacy (SHINE) trial in Zimbabwe. 

Table 6. Effect of WASH on child growth (Height-for-age z score) 

Intervention Effect size 
measure 

Effect size 
(Prevalence ratio)* 

Study 
characteristics Reference 

Water & Hygiene 
MD 0.08 (0.00 - 0.16) 7 RCTs 

(Dangour Alan 
et al. 2013) 

Sanitation MD 0.08 (-0.00 – 0.16) 10 RCTs 
(Freeman et 
al. 2017) 

Sanitation# PR 
-0.04(-0.24 - 0.16) 

RCT 
(Clasen et al. 
2014) 

Sanitation# PR 0.17 (0.04 - 0.31)* RCT 
(Pickering et 
al. 2015) 
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a. MD: mean difference, PR: prevalence ratio. MD and PR > 0 indicates positive 

effect on growth; # select rigorous RCTs with high sanitation uptake level;* 

statistically significant (p<0.05) 

 

4.3.2 Other interventions on child growth  

There are mixed findings on the effect of zinc supplementation on children’s growth 

as well. A systematic review by Das et al. (2013) found positive a growth outcome 

with zinc supplement, but the finding was later contradicted by a systematic review 

by Stammers at al (2015). When measuring children’s growth by the prevalence of 

stunting, Lassi et al. (2003) found a protective effect of sanitation and 

complementary feeding. Lastly, Giugiliani et al. (2015) found a small reduction in 

body-mass index in children (6 months old), whose mothers received breastfeeding 

promotion, and insignificant change in children’s weight and length (Giugliani et al. 

2015).  

Table 7. Effect of zinc supplementation, complementary feeding and breastfeeding on children’s growth  

Growth measure/ 
Intervention 

Effect size 
measure Effect size  

Study 
characteristics Reference 

Height-for-age z score     
Zinc supplementation MD 0.52 (0.01 - 

1.04)* 
10 RCTs & quasi-
experimental 

(Das et al. 2013) 

Zinc supplementation MD 0.04(-0.13 - 0.22) 
9 RCTs 

(Stammers et al. 
2015) 

Stunting 

  

  
Appropriate 
complementary feeding 

RR 0.68 (0.60 - 0.75) 16 RCTs & quasi-
experimental  

(Lassi et al. 
2013) 

Body-mass index (BMI) 
    

Breastfeeding 
promotion to mothers 

Z-score -0.06 (-0.12 – 0) 17 RCTs & quasi-
experimental 

(Giugliani et al. 
2015) 

a. MD: mean difference; PR: prevalence ratio; * statistically significant (p<0.05) 

The existing evidence on the effect of WASH and zinc supplementation on child 

growth indicate that WASH and zinc supplementation are correlated with children’s 

growth in a generally positive direction, but not in a meaningful, statistically 

significant way. Complementary feeding can reduce stunting by 32%, but integration 

of feeding interventions with WASH requires additional evidence to justify, based on 

the weak evidence of the effect of WASH on child growth.  

4.4   Implications of WASH-integration in preventive child health 
interventions  

As shown in Section 4.2., the integration of WASH with child health interventions can 

have synergetic effects on diarrhea and pneumonia burden. The current shortage of 

strong evidence on the effect of WASH on children’s growth render it difficult to 
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quantify the potential impact of WASH-integrated interventions on children’s growth, 

though biologically plausible.  

By integrating with WASH, breastfeeding, zinc supplementation, and immunization 

interventions can achieve additional reduction in morbidities and mortalities as 

shown in Table 8.  For instance, the integration of breastfeeding with water quality 

improvement may reduce 2.3 times more morbidities than breastfeeding alone. 

Likewise, integration of rotavirus vaccination with hygiene may lead to 4.9 times 

more lives saved than rotavirus vaccination alone.  

Table 8. Relative morbidity and mortality reduction rate (sum of diarrhoea and pneumonia) compared to 
non-integrated intervention*  

 Integrated interventions 

 Outcome/ Interventions  Water Sanitation Hygiene WASH 

Morbidities     
Breastfeeding 2.3 1.6 2.5 3.0 

Zinc  2.3 1.6 2.5 3.8 
Diarrhoea immunization 

(rotavirus) 1.7 1.3 1.9 2.6 
Pneumonia immunization 

(pneumococcal, Hib) 18.9 9.3 23.6 41.3 

Mortalities     
Breastfeeding 1.1 1.0 1.2 1.5 

Zinc  3.7 2.2 6.6 9.2 
Diarrhoea immunization 

(rotavirus) 2.8 1.8 4.9 6.7 
Pneumonia immunization 

(pneumococcal, Hib) 2.2 1.5 4.4 5.6 

* e.g. Water-integrated breastfeeding intervention reduces 2.3 times more 

morbidities than breastfeeding interventions alone.  

In addition, integrated interventions may benefit from the synergetic reduction in the 

overall logistical complexity, compared to single interventions that are implemented 

individually. Such benefit may lead to a boost in the cost-effectiveness of the 

integrated interventions, and yield higher health gain from investments than 

independent interventions. However, there is currently a lack of resources to assess 

this aspect.  
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5. Other child health interventions with weak evidence 

As shown in Figure 1, there are many other child health interventions that can 

theoretically yield greater benefit when integrated with WASH, but currently lack 

conclusive evidence. In this section, the existing evidence of the effect of other 

potential interventions and risk factors are summarized. As listed in Table 9, the 

potential interventions and risk factors considered are measles vaccine, vitamin A 

supplementation, clean fuel cooking stove. food contamination, animal feces 

ingestion and atmospheric air pollution.  

Table 9. Plausible interventions and risk factors in prevention of child health burden 

Interventions Potential 
outcomes 

Findings  Reference 

    

    

Not effective or inconclusive evidence 
 

Measles vaccine Pneumonia Pneumonia as a complication following measles 
infection occurs in 2–27% of children in 
community-based studies and in 16–77% of 
hospitalized children 

(Duke and 
Mgone 
2003) 
 

  

Measles vaccination is 85% effective for 
prevention of measles in children younger than 1 
year. 

(Sudfeld, 
Navar, and 
Halsey 
2010) 

Vitamin A 
supplementation 

Lower 
respiratory 
tract illness 

No effect (RR=1.14 (0.95 to 1.37) based on meta-
analyses of 8 trials 

(Chen et al. 
2011) 

Cooking stoves 
(RCTs) 
 

Pneumonia
, 
respiratory 
illness 

No effect, Cleaner burning stove vs. biomass-fuel 
stoves on pneumonia (incidence rate ratio=1.01 
(95% CI 0.91–1.13) in <5 children in rural Malawi 
 

(Mortimer et 
al. 2017) 

Non-significant reduction, Plancha stove vs. open 
fire on incidence of pneumonia (RR= 0.84 (95% 
CI 0.63–1.13); p=0·26) in <19months old children 
in Guatemala 
 

(Smith et al. 
2011) 

Significant reduction, Patsari stove vs. open fire 
on respiratory symptoms (Rate ratio = 0.29 
(95%CI=0.11–0.77) for wheeze) in women in 
Mexico 
 

(Romieu et 
al. 2009) 

Biomass fuel 
(observational 
studies 
systematic 
review) 

Pneumonia
, 
respiratory 
illness 

Significant association, using biomass 
fuel (vs. cleaner fuels like kerosene, LPG, 
etc.) with increased acute respiratory 
illness (odds ratio (~relative risk) =3.53, 
95% CI=1.94-6.43)  
 

(Po, 
FitzGerald, 
and Carlsten 
2011)  

No epidemiological/experimental evidence, but biologically plausible 
 

Animal faeces 
and soil ingestion 

Diarrhoea, 
stunting 

Ingestion of animal faeces and contaminated soil 
by children was observed in a 23-household 
observational study  

(Ngure et al. 
2013) 

  
Pathogenic bacteria found in household soil 
samples 

(Simango 
2006; 
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Pickering et 
al. 2012)  
 

Mycotoxins food 
contamination 

Stunting  Children who were stunted or underweight had 
30–40% higher mean aflatoxin–albumin levels. 

(Gong et al. 
2002)  

A strong negative correlation between aflatoxin–
albumin level and height increase was found over 
8 months follow-up  

(Gong et al. 
2003)  

Air pollution Diarrhoea Evidence is lacking, but there's a plausible 
biological mechanism that air pollutants directly 
compromise epithelial cells in intestine leading to 
higher risk of infection, alter immune response, 
and disrupt gut microbiota  

(Beamish, 
Osornio-
Vargas, and 
Wine 2011) 

 

5.1   Interventions with inconclusive evidence  

Measles vaccine, Vitamin A supplementation and clean cooking stoves for indoor air 

pollution reduction may reduce the burden of pneumonia. However, there is 

inconclusive evidence that these interventions lead to measurable health benefits.   

5.1.1 Measles vaccination and pneumonia  

It has been reported that up to 77% of measles patients experience pneumonia as a 

complication; thus, the control of measles by vaccination has important implications 

for the reduction of pneumonia (Table 9). Consequently, the integration of measles 

vaccination with hygiene promotion has a high potential of reducing the cases of 

measles, as well as pneumonia.  

5.1.2 Vitamin A and respiratory illness 

Vitamin A is known to improve immunity and benefit the development of epithelium 

mucosae in the intestinal and respiratory tract, thereby reducing the risk of diarrhea 

and respiratory illness. The existing evidence reported in the previous systematic 

reviews shows that while vitamin A is effective in reducing diarrheal morbidity (Mayo-

Wilson 2011), it may not have an measurable impact on pneumonia. A summary of 

eight vitamin A supplementation trials showed that vitamin A does not significantly 

reduce the risk of lower respiratory tract illness (Chen et al. 2011). Of the eight trials 

assessed in the review, vitamin A supplementation was associated increased 

symptoms of respiratory illness in two studies, and higher incidence of acute lower 

respiratory tract infection in one study. It is hypothesized that vitamin A 

supplementation to children with sufficient stores of vitamin A may temporally 

depress immune responses (Grotto et al. 2003), but experimental evidence is 

lacking. Thus, based on the existing evidence, the integration of vitamin A 

supplementation with WASH is not expected to have any synergetic effect on 

pneumonia.  
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5.1.3 Improved cooking stoves/ clean fuels and respiratory illness  

Reduction of indoor air pollution with and improved cooking stoves and clean fuel 

has been linked with reduction in children’s respiratory illnesses. Improved in-house 

cooking stoves vent the smoke to the outdoor environment, thereby reducing the 

indoor air pollution. Several RCTs have been conducted to test the effect of such 

cooking stoves, and of the RCTs, two have reported that improved stoves do not 

have any effect on children’s pneumonia, while one RCT reported significant effect 

on women’s respiratory symptoms.    

Numerous observational studies have assessed the relationship between the use of 

biomass fuel and risk of respiratory illnesses, as reviewed by Po et al. (2011). Upon 

summarizing previous studies, the review found that increased risk of respiratory 

illness is significantly associated with the use of biomass fuel with an odds ratio of 

3.53 (95% CI=1.94-6.43), or roughly 3.5 times higher likelihood of illness. However, 

the studies are observational in design, and are subject to confounding by other 

relevant factors such as the household wealth and children’s nutritional status.  

5.2   Plausible risk factors that lack epidemiological evidence 

5.2.1 Animal faeces and diarrhoea  

The ingestion of animal feces and soil is increasingly recognized as an important risk 

factor for diarrhea. There has been reports of children’s ingestion of animal feces 

and soil, that may be contaminated with diarrhea-causing fecal pathogens. As a 

response, an intervention approach termed ‘baby WASH’ is gaining interest, that 

specifically target fecal-oral transmission pathways that can affect infants, such as 

soil, drinking water, and hands. Although plausibly impactful, there has not been a 

conclusive evidence on the effect of removing animal feces from the surroundings as 

of yet. Nonetheless, removal of animal feces has a strong potential for synergetic 

impact when integrated with WASH interventions, based on the likely protective 

effect, as well as the practical logistics for integration with community-based WASH 

programs like community-led total sanitation or hygiene promotions.  

5.2.2 Mycotoxin food contamination and growth stunting 

The risk of children’s stunted growth has been associated with contamination of food 

staples with aflatoxins and fumonisins (FB) in a few observational studies. Aflatoxins 

and fumonisins (FB) are toxins that frequently contaminate maize, cereals, 

groundnuts and tree nuts. In parts of the world where these food items are dietary 

stables, such contamination translates to a high-level chronic exposure. The 

exposure to mycotoxins have been negatively correlated with children’s growth in 

observational studies; however, the causal pathways have not been explicitly 

identified. Further research on the plausible pathways of the effect of mycotoxin on 

growth, and the effect of the mycotoxin contamination prevention by improved food 
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storage conditions, are needed to gauge the importance of integration of WASH with 

food protection.   

5.2.3 Air pollution and diarrhoea  

Besides respiratory illness, air pollution has been linked to gastrointestinal infection 

as well. It has been suggested that the exposure of the bowel to air pollutants may 

negatively affect epithelial cell developments and cause inflammation (Beamish, 

Osornio-Vargas, and Wine 2011). Air pollutants would enter the bowel via food, 

water, and clearance of particulate matter from the lungs. To date, there is no 

conclusive evidence that supports this hypothetical biological mechanism; however, 

this biological plausibility suggests that prevention of indoor air pollution may have 

additional protective impact on children’s health.  
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6. Summary of findings 

In this report, the complex linkage between WASH and child health outcomes were 

conceptualized, and the impact of WASH on key child health outcomes, namely 

diarrhea, pneumonia, and children’s growth, was quantified. The potential impact of 

integrating WASH with other preventive child health interventions was explored, 

while considering the joint impact of WASH with breastfeeding, zinc supplementation 

and immunization against rotavirus, S. pneumoniae, and Hib. 

It was found that, globally, 47% of morbidities and 26% of mortalities from diarrhea 

and pneumonia may be prevented with WASH. In comparison, breastfeeding, zinc 

supplementation, and immunization were correlated with 1-20% and 3-30% 

reduction in morbidities and mortalities, respectively. Integration of WASH with both 

rotavirus vaccination and nutritional interventions (breastfeeding or zinc 

supplementation) were correlated with up to 63% reduction of morbidities and 49% 

reduction of mortalities. There was weak evidence on the impact of WASH on 

children’s growth. 

Highlights of the estimated health gain from integrating WASH with breastfeeding, 

zinc supplementation, and immunization interventions were as follows:  

 Breastfeeding  WASH leads to 3 times and 1.5 times greater reduction in 

morbidities and mortalities than breastfeeding alone.  

 Zinc supplementation  water quality improvement leads to 2.3 and 3.7 times 

greater reduction in morbidities and mortalities than zinc supplementation 

alone.  

 Rotavirus immunization  hygiene promotion leads to 1.9 and 4.9 times 

greater reduction in morbidities and mortalities than rotavirus immunization 

alone.  

 Rotavirus immunization  sanitation leads to 1.3 and 1.8 times greater 

reduction in morbidities and mortalities than rotavirus immunization alone.  

 Pneumococcal and Hib immunization  hygiene promotion leads to 23.6 and 

4.4 times greater reduction in morbidities and mortalities than pneumococcal 

and Hib immunization alone.  

 Due to the lack of strong evidence on the effect of WASH on children’s 

growth, the impact of WASH-integrated interventions on child growth was not 

quantified.  

Other interventions that can potentially work in synergy with WASH include measles 

vaccination and vitamin A supplementation, though evidence suggests that vitamin A 

may reduce diarrheal disease burden, but not pneumonia. Further research is 
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needed to confirm the effectiveness of clean cooking stoves, removal of children’s 

feces and improved food storage, prior to considering joint implementation with 

WASH.  

 
References 
 

Beamish, Leigh A, Alvaro R Osornio-Vargas, and Eytan Wine. 2011. “Air Pollution: 

An Environmental Factor Contributing to Intestinal Disease.” Journal of Crohn’s 

and Colitis 5 (4): 279–86. http://dx.doi.org/10.1016/j.crohns.2011.02.017. 

Bhutta, Zulfiqar A, Jai K Das, Neff Walker, Arjumand Rizvi, Harry Campbell, Igor 

Rudan, and Robert E Black. 2013. “Interventions to Address Deaths from 

Childhood Pneumonia and Diarrhoea Equitably: What Works and at What 

Cost?” The Lancet 381 (9875): 1417–29. doi:http://dx.doi.org/10.1016/S0140-

6736(13)60648-0. 

Black, Robert E, Cesar G Victora, Susan P Walker, Zulfiqar A Bhutta, Parul 

Christian, Mercedes de Onis, Majid Ezzati, et al. 2013. “Maternal and Child 

Undernutrition and Overweight in Low-Income and Middle-Income Countries.” 

The Lancet 382 (9890). Elsevier: 427–51. doi:10.1016/S0140-6736(13)60937-X. 

Briceno, Bertha, Aidan Coville, and Sebastian Martinez. 2015. “Promoting 

Handwashing and Sanitation Evidence from a Large-Scale Randomized Trial in 

Rural Tanzania.” 

Cameron, Lisa, Manisha Shah, and Susan Olivia. 2013. Impact Evaluation of a 

Large-Scale Rural Sanitation Project in Indonesia. Policy Research Working 

Papers. The World Bank. doi:10.1596/1813-9450-6360. 

Checkley, William, Gillian Buckley, Robert H Gilman, Ana Mo Assis, Richard L 

Guerrant, Saul S Morris, Kåre Mølbak, Palle Valentiner-Branth, Claudio F 

Lanata, and Robert E Black. 2008. “Multi-Country Analysis of the Effects of 

Diarrhoea on Childhood Stunting.” International Journal of Epidemiology 37 (4): 

816–30. doi:10.1093/ije/dyn099. 

Chen, K, Y F Liu, L Chen, X Zhang, Y X Liu, J Chen, and T Y Li. 2011. “Effects of 

Vitamin A, Vitamin A plus Iron and Multiple Micronutrient-Fortified Seasoning 

Powder on Iron Metabolic Homeostasis.” Zhonghua Er Ke Za Zhi 49. 

Clasen, Thomas, Annette Pruss-Ustun, Colin D Mathers, Oliver Cumming, Sandy 

Cairncross, and John M Colford. 2014. “Estimating the Impact of Unsafe Water, 

Sanitation and Hygiene on the Global Burden of Disease: Evolving and 

Alternative Methods.” Tropical Medicine & International Health : TM & IH 19 (8). 

Blackwell Publishing Ltd: 884–93. doi:10.1111/tmi.12330. 



 
Methodological report 

www.washmatters.wateraid.org/integrate-for-health 
www.DefeatDD.org 

#HealthyStart 
#DefeatDD 

23 

 

Dangour Alan, D, Louise Watson, Oliver Cumming, Sophie Boisson, Yan Che, Yael 

Velleman, Sue Cavill, Elizabeth Allen, and Ricardo Uauy. 2013. “Interventions to 

Improve Water Quality and Supply, Sanitation and Hygiene Practices, and Their 

Effects on the Nutritional Status of Children.” Cochrane Database of Systematic 

Reviews. John Wiley & Sons, Ltd. doi:10.1002/14651858.CD009382.pub2. 

Das, Jai K, Rehana A Salam, Rohail Kumar, and Zulfiqar A Bhutta. 2013. 

“Micronutrient Fortification of Food and Its Impact on Woman and Child Health: 

A Systematic Review.” Systematic Reviews 2 (1): 67. doi:10.1186/2046-4053-2-

67. 

Duke, Trevor, and Charles S Mgone. 2003. “Measles: Not Just Another Viral 

Exanthem.” The Lancet 361 (9359): 763–73. doi:10.1016/S0140-

6736(03)12661-X. 

Ejemot‐Nwadiaro, Regina I., Dachi Arikpo John E. Ehiri, Martin M. Meremikwu, and 

Julia A. Critchley. 2015. “Hand Washing Promotion for Preventing Diarrhoea.” 

The Cochrane Library. 

Ezzati, Majid, Stephen Vander Hoorn, Anthony Rodgers, Alan D Lopez, Colin D 

Mathers, and Christopher J L Murray. 2003. “Estimates of Global and Regional 

Potentil Health Gains from Reducing Muliple Major Risk Factors.” The Lancet 

362 (9380): 271–80. doi:http://dx.doi.org/10.1016/S0140-6736(03)13968-2. 

Ezzati, Majid, Alan D Lopez, Anthony Rodgers, Stephen Vander Hoorn, and 

Christopher J L Murray. 2002. “Selected Major Risk Factors and Global and 

Regional Burden of Disease.” The Lancet 360 (9343). Elsevier: 1347–60. 

doi:10.1016/S0140-6736(02)11403-6. 

Freeman, Matthew C., Joshua V. Garn, Gloria D. Sclar, Sophie Boisson, Kate 

Medlicott, Kelly T. Alexander, Gauthami Penakalapati, et al. 2017. “The Impact 

of Sanitation on Infectious Disease and Nutritional Status: A Systematic Review 

and Meta-Analysis.” International Journal of Hygiene and Environmental Health 

220 (6). Elsevier GmbH.: 928–49. doi:10.1016/j.ijheh.2017.05.007. 

Giugliani, Elsa R J, Bernardo L. Horta, Christian Loret de Mola, Bernardo O. Lisboa, 

and Cesar G. Victora. 2015. “Effect of Breastfeeding Promotion Interventions on 

Child Growth: A Systematic Review and Meta-Analysis.” Acta Paediatrica (Oslo, 

Norway : 1992) 104 (467): 20–29. doi:10.1111/apa.13160. 

Gong, Y Y, K Cardwell, A Hounsa, S Egal, P C Turner, A J Hall, and C P Wild. 2002. 

“Dietary Aflatoxin Exposure and Impaired Growth in Young Children from Benin 

and Togo: Cross Sectional Study.” BMJ 325 (7354): 20 LP-21. 

http://www.bmj.com/content/325/7354/20.abstract. 

Gong, Y Y, S Egal, A Hounsa, P C Turner, A J Hall, K F Cardwell, and C P Wild. 

2003. “Determinants of Aflatoxin Exposure in Young Children from Benin and 



 
Methodological report 

www.washmatters.wateraid.org/integrate-for-health 
www.DefeatDD.org 

#HealthyStart 
#DefeatDD 

24 

 

Togo, West Africa: The Critical Role of Weaning.” International Journal of 

Epidemiology 32 (4): 556–62. http://dx.doi.org/10.1093/ije/dyg109. 

Grotto, Itamar, Marc Mimouni, Michael Gdalevich, and Daniel Mimouni. 2003. 

“Vitamin A Supplementation and Childhood Morbidity from Diarrhea and 

Respiratory Infections: A Meta-Analysis.” The Journal of Pediatrics 142 (3): 

297–304. doi:http://dx.doi.org/10.1067/mpd.2003.116. 

Humphrey, Jean H. 2009. “Child Undernutrition, Tropical Enteropathy, Toilets, and 

Handwashing.” LANCET 374 (9694): 1032–35. 

Jefferson, Tom, Ruth Foxlee, Chris Del Mar, Liz Dooley, Eliana Ferroni, Bill Hewak, 

Adi Prabhala, Sree Nair, and Alex Rivetti. 2008. “Physical Interventions to 

Interrupt or Reduce the Spread of Respiratory Viruses: Systematic Review.” 

BMJ 336 (7635): 77 LP-80. http://www.bmj.com/content/336/7635/77.abstract. 

Lamberti, Laura M, Christa L Fischer Walker, Adi Noiman, Cesar Victora, and Robert 

E Black. 2011. “Breastfeeding and the Risk for Diarrhea Morbidity and Mortality.” 

BMC Public Health 11 (Suppl 3). BioMed Central Ltd: S15. doi:10.1186/1471-

2458-11-S3-S15. 

Lamberti, Laura M, Irena Zakarija-Grković, Christa L Fischer Walker, Evropi 

Theodoratou, Harish Nair, Harry Campbell, and Robert E Black. 2013. 

“Breastfeeding for Reducing the Risk of Pneumonia Morbidity and Mortality in 

Children under Two: A Systematic Literature Review and Meta-Analysis.” BMC 

Public Health 13 (3): S18. doi:10.1186/1471-2458-13-S3-S18. 

Lassi, Zohra S, Jai K Das, Guleshehwar Zahid, Aamer Imdad, and Zulfiqar A Bhutta. 

2013. “Impact of Education and Provision of Complementary Feeding on Growth 

and Morbidity in Children Less than 2 Years of Age in Developing Countries: A 

Systematic Review.” BMC Public Health 13 (3): S13. doi:10.1186/1471-2458-13-

S3-S13. 

Lim, Stephen S, Theo Vos, Abraham D Flaxman, Goodarz Danaei, Kenji Shibuya, 

Heather Adair-Rohani, Mohammad A AlMazroa, et al. 2012. “A Comparative 

Risk Assessment of Burden of Disease and Injury Attributable to 67 Risk 

Factors and Risk Factor Clusters in 21 Regions, 1990–2010: A Systematic 

Analysis for the Global Burden of Disease Study 2010.” The Lancet 380 (9859): 

2224–60. doi:https://doi.org/10.1016/S0140-6736(12)61766-8. 

Madhi, Shabir A, Nigel A Cunliffe, Duncan Steele, Desirée Witte, Mari Kirsten, Cheryl 

Louw, Bagrey Ngwira, et al. 2010. “Effect of Human Rotavirus Vaccine on 

Severe Diarrhea in African Infants.” New England Journal of Medicine 362 (4). 

Massachusetts Medical Society: 289–98. doi:10.1056/NEJMoa0904797. 

Mortimer, Kevin, Chifundo B Ndamala, Andrew W Naunje, Jullita Malava, Cynthia 

Katundu, William Weston, Deborah Havens, et al. 2017. “A Cleaner Burning 



 
Methodological report 

www.washmatters.wateraid.org/integrate-for-health 
www.DefeatDD.org 

#HealthyStart 
#DefeatDD 

25 

 

Biomass-Fuelled Cookstove Intervention to Prevent Pneumonia in Children 

under 5 Years Old in Rural Malawi (the Cooking and Pneumonia Study): A 

Cluster Randomised Controlled Trial.” The Lancet 389 (10065): 167–75. 

doi:10.1016/S0140-6736(16)32507-7. 

Ngure, Francis M, Jean H Humphrey, Mduduzi N N Mbuya, Florence Majo, Kuda 

Mutasa, Margaret Govha, Exevia Mazarura, et al. 2013. “Formative Research 

on Hygiene Behaviors and Geophagy among Infants and Young Children and 

Implications of Exposure to Fecal Bacteria.” The American Journal of Tropical 

Medicine and Hygiene 89 (4): 709–16. doi:10.4269/ajtmh.12-0568. 

Patil, Sumeet R., Benjamin F. Arnold, and Alicia L. Salvatore. 2014. “The Effect of 

India’s Total Sanitation Campaign on Defecation Behaviors and Child Health in 

Rural Madhya Pradesh: A Cluster Randomized Controlled Trial.” PLoS Medicine 

11 (8). 

http://apps.isiknowledge.com/full_record.do?product=WOS&search_mode=Gen

eralSearch&qid=35&SID=3Fy9X23LnUJbnzS4Ozi&page=1&doc=42. 

Pickering, Amy J, Habiba Djebbari, Carolina Lopez, Massa Coulibaly, and Maria 

Laura Alzua. 2015. “Effect of a Community-Led Sanitation Intervention on Child 

Diarrhoea and Child Growth in Rural Mali: A Cluster-Randomised Controlled 

Trial.” The Lancet. Global Health 3 (11). Pickering et al. Open Access article 

distributed under the terms of CC BY-NC-ND: e701-11. doi:10.1016/S2214-

109X(15)00144-8. 

Pickering, Amy J, Timothy R Julian, Sara J Marks, Mia C Mattioli, Alexandria B 

Boehm, Kellogg J Schwab, and Jennifer Davis. 2012. “Fecal Contamination and 

Diarrheal Pathogens on Surfaces and in Soils among Tanzanian Households 

with and without Improved Sanitation.” Environmental Science and Technology, 

no. 46: 5735–43. 

Po, June Y T, J Mark FitzGerald, and Chris Carlsten. 2011. “Respiratory Disease 

Associated with Solid Biomass Fuel Exposure in Rural Women and Children: 

Systematic Review and Meta-Analysis.” Thorax 66 (3): 232 LP-239. 

http://thorax.bmj.com/content/66/3/232.abstract. 

Prüss-Ustün, Annette, Jamie Bartram, Thomas Clasen, John M Colford, Oliver 

Cumming, Valerie Curtis, Sophie Bonjour, et al. 2014. “Burden of Disease from 

Inadequate Water, Sanitation and Hygiene in Low- and Middle-Income Settings: 

A Retrospective Analysis of Data from 145 Countries.” Tropical Medicine & 

International Health : TM & IH 19 (8): 894–905. doi:10.1111/tmi.12329. 

Romieu, Isabelle, Horacio Riojas-Rodríguez, Adriana Teresa Marrón-Mares, Astrid 

Schilmann, Rogelio Perez-Padilla, and Omar Masera. 2009. “Improved Biomass 

Stove Intervention in Rural Mexico.” American Journal of Respiratory and 

Critical Care Medicine 180 (7). American Thoracic Society - AJRCCM: 649–56. 



 
Methodological report 

www.washmatters.wateraid.org/integrate-for-health 
www.DefeatDD.org 

#HealthyStart 
#DefeatDD 

26 

 

doi:10.1164/rccm.200810-1556OC. 

Sijbesma, Christine, and Trea Christoffers. 2009. “The Value of Hygiene Promotion: 

Cost-Effectiveness Analysis of Interventions in Developing Countries.” HEALTH 

POLICY AND PLANNING 24 (6): 418–27. doi:10.1093/heapol/czp036. 

Simango, Clifford. 2006. “Prevalence of Clostridium Difficile in the Environment in a 

Rural Community in Zimbabwe.” Transactions of The Royal Society of Tropical 

Medicine and Hygiene 100 (12): 1146–50. 

http://dx.doi.org/10.1016/j.trstmh.2006.01.009. 

Smith, Kirk R, John P McCracken, Martin W Weber, Alan Hubbard, Alisa Jenny, Lisa 

M Thompson, John Balmes, Anaité Diaz, Byron Arana, and Nigel Bruce. 2011. 

“Effect of Reduction in Household Air Pollution on Childhood Pneumonia in 

Guatemala (RESPIRE): A Randomised Controlled Trial.” The Lancet 378 

(9804): 1717–26. doi:10.1016/S0140-6736(11)60921-5. 

Stammers, A.L., N.M. Lowe, M.W. Medina, S. Patel, F. Dykes, C. Pérez-Rodrigo, L. 

Serra-Majam, M. Nissensohn, and V.H. Moran. 2015. “The Relationship 

between Zinc Intake and Growth in Children Aged 1-8 Years: A Systematic 

Review and Meta-Analysis.” European Journal of Clinical Nutrition 69 (2): 147. 

Sudfeld, Christopher R, Ann Marie Navar, and Neal A Halsey. 2010. “Effectiveness 

of Measles Vaccination and Vitamin A Treatment.” International Journal of 

Epidemiology 39 (suppl_1): i48–55. http://dx.doi.org/10.1093/ije/dyq021. 

Theodoratou, Evropi, Sue Johnson, Arnoupe Jhass, Shabir A Madhi, Andrew Clark, 

Cynthia Boschi-Pinto, Sunil Bhopal, Igor Rudan, and Harry Campbell. 2010. 

“The Effect of Haemophilus Influenzae Type B and Pneumococcal Conjugate 

Vaccines on Childhood Pneumonia Incidence, Severe Morbidity and Mortality.” 

International Journal of Epidemiology 39 (suppl_1): i172–85. 

http://dx.doi.org/10.1093/ije/dyq033. 

Troeger, Christopher, Mohammad Forouzanfar, Puja C Rao, Ibrahim Khalil, 

Alexandria Brown, Robert C Reiner, Nancy Fullman, et al. 2017. “Estimates of 

Global, Regional, and National Morbidity, Mortality, and Aetiologies of 

Diarrhoeal Diseases: A Systematic Analysis for the Global Burden of Disease 

Study 2015.” The Lancet Infectious Diseases 3099 (17): 1–40. 

doi:10.1016/S1473-3099(17)30276-1. 

UNICEF. 2013. Improving Child Nutrition: The Achievable Imperative for Global 

Progress. Division of Communication, UNICEF. doi:978-92-806-4686-3. 

———. 2016. One Is Too Many. 

UNICEF and World Health Organization. 2017. “Progress on Drinking Water, 

Sanitation and Hygiene: 2017 Update and SDG Baselines.” 



 
Methodological report 

www.washmatters.wateraid.org/integrate-for-health 
www.DefeatDD.org 

#HealthyStart 
#DefeatDD 

27 

 

UNICEF, WHO, and World Bank Group. 2017. “Levels and Trends in Child 

Malnutrition.” 

Walker, Christa L Fischer, Igor Rudan, Li Liu, Harish Nair, Evropi Theodoratou, 

Zulfiqar A Bhutta, Katherine L O’Brien, Harry Campbell, and Robert E Black. 

2013. “Global Burden of Childhood Pneumonia and Diarrhoea.” The Lancet 381 

(9875). Elsevier: 1405–16. doi:10.1016/S0140-6736(13)60222-6. 

Wessells, K. Ryan, and Kenneth H. Brown. 2012. “Estimating the Global Prevalence 

of Zinc Deficiency: Results Based on Zinc Availability in National Food Supplies 

and the Prevalence of Stunting.” PLoS ONE 7 (11). 

doi:10.1371/journal.pone.0050568. 

Wolf, Jennyfer, Annette Prüss-Ustün, Oliver Cumming, Jamie Bartram, Sophie 

Bonjour, Sandy Cairncross, Thomas Clasen, et al. 2014. “Assessing the Impact 

of Drinking Water and Sanitation on Diarrhoeal Disease in Low- and Middle-

Income Settings: Systematic Review and Meta-Regression.” Tropical Medicine 

& International Health : TM & IH 19 (8). Blackwell Publishing Ltd: 928–42. 

doi:10.1111/tmi.12331. 

World Health Organization. 2016. “Global Health Estimates 2015: Deaths by Cause, 

Age, Sex, by Country and by Region, 2000-2015.” Geneva. 

Yakoob, Mohammad Yawar, Evropi Theodoratou, Afshan Jabeen, Aamer Imdad, 

Thomas P Eisele, Joy Ferguson, Arnoupe Jhass, et al. 2011. “Preventive Zinc 

Supplementation in Developing Countries: Impact on Mortality and Morbidity 

due to Diarrhea, Pneumonia and Malaria.” BMC Public Health 11 (3): S23. 

doi:10.1186/1471-2458-11-S3-S23. 

 

  



 
Methodological report 

www.washmatters.wateraid.org/integrate-for-health 
www.DefeatDD.org 

#HealthyStart 
#DefeatDD 

28 

 

Appendix 1. Key preventive interventions for child health 
Table A 1. Key child health interventions (adapted from Bhutta et al. 2013) 

Outcome Key interventions  

Diarrhea WASH*# 

 Breastfeeding*# 

 Preventive zinc supplementation*# 

 Rotavirus vaccine# 

 Cholera vaccine  

Pneumonia Hygiene* 

 Breastfeeding* 

 Preventive zinc supplementation* 

 Pneumococcal conjugate vaccine# 

  Hemophilius Influenzae type b (Hib) vaccine # 

 Measles vaccine 

Growth 
deficit WASH* 

 Breastfeeding* 

 Preventive zinc supplementation* 

 Safe complementary feeding# 

 Iron, multiple micronutrient, vitamin A supplementation 

 Maternal nutrition (micronutrient and energy protein supplementations) 

 

Neonate nutrition intervention (delayed cord clamping, vitamin K and A, 
kangaroo mother care) 
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Appendix 2. Summary of recent sanitation randomized controlled trials   

It is noted that the effect of sanitation on diarrhea cited in Table 2 may be biased. 

The reported effect is an summary estimate from studies with study design 

limitations, e.g. not randomly assigning interventions, that can skew the effect 

estimate. In addition, more recent and rigorous studies on sanitation (Clasen et al. 

2014; Cameron, Shah, and Olivia 2013; Patil, Arnold, and Salvatore 2014; Briceno, 

Coville, and Martinez 2015; Pickering et al. 2015) have reported contradictory 

findings, where access to household sanitation does not affect one’s risk of diarrhea. 

The null finding may have been due to insufficient coverage of sanitation at 

community level, but conclusive evidence is not available yet.  

Table A 2. Summary of recent randomized controlled trials of sanitation  

Reference 
Sanitation 
coverage change 

Effect on diarrheal 
morbidity 

Effect on growth  
(height-for-age z 
score) 

Cameron 2013 60 to 64% Relative risk 0.3 (4.6% 
morbidity prevalence 
reduced to 1.3% )  

No effect 

Hammer and Spears 
2013 

8.2% increase N/A Mean difference= 0.3 to 
0.4(0.04 - 0.61) 

Patil 2014 22 to 41% No effect No effect 

Clasen 2014 9 to 63% No effect No effect 

Briceno 2015 57 to 65% No effect No effect 

Pickering 2015 35 to 65% No effect PR=0.17 (0.04 - 0.31) 
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Appendix 3. Impact quantification methodologies  

The proportion of global morbidities and mortalities that are attributable to the lack of 

the interventions (population attributable fraction (PAF), %) were determined, as 

further explained in the following sections. The input data were the effects (relative 

risk) and global coverage of the individual interventions, obtained from prior literature 

and UNICEF statistics. The PAF of each intervention was ultimately used to 

enumerate the global morbidity episodes and mortalities that can be reduced by the 

interventions.    

Population attributable fraction: WASH intervention impact assessment  

To estimate the impact of WASH and other health interventions, Comparative Risk 

Assessment method was used (Ezzati et al. 2002). In essence, the method 

considers a risk factor and an health outcome, and determines the proportion of 

morbidity and mortality that would be reduced when the risk factor is diminished by 

an intervention; the proportional reduction in health burden is quantified as PAF 

(population attributable fraction) (Ezzati et al. 2002). Primarily used to assess the 

global health burden from risk factors, PAF has been widely used in the global 

burden of disease (GBD) studies (Ezzati et al. 2002, 2003; Black et al. 2013).  

In this report, the PAF of the lack of WASH and other health interventions were 

determined for various health outcomes. The PAF for an intervention for a health 

outcome x was determined using the following equation, simplified from Ezzati et al. 

(2002): 

𝑃𝐴𝐹 =
(𝑅𝑅 − 1)𝑃

1 + (𝑅𝑅 − 1)𝑃
 

where RR is relative risk of health outcome x without intervention, and P is the 

population proportion without intervention.  

Joint population attributable fraction: WASH-integrated interventions impact 

assessment  

Unfortunately, the joint effect of multiple interventions has not been extensively 

reported in the existing literature. Thus, for WASH-integrated interventions, the joint 

PAF was determined from the product of (1-PAFi) term for each individual 

intervention (Ezzati et al. 2003). The joint PAF was determined using the following 

equation (Ezzati et al. 2003): 

𝐽𝑜𝑖𝑛𝑡 𝑃𝐴𝐹 = 1 − ∏(1 − 𝑃𝐴𝐹𝑖)

𝑛

𝑖=0
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where n is the number of integrated interventions. By determining the product of 

multiple interventions rather than summation, the potential overlapping effect of the 

interventions are incorporated to a certain level.  

Input data  

Determining the PAF requires three sets of data: a) burden of morbidities and 

mortalities by the health outcome (except growth-related outcomes), b) global 

coverage of the intervention, and the c) relative risk of each health outcome with the 

lack of the intervention. The data were collected from WHO and Unicef statistics, and 

previous systematic reviews of health interventions. The collected data are 

presented in Table A 3 and Table A 4. The relative risk of health interventions are 

presented in Table 2 in Section 4.2.1. 

 

Table A 3. Global disease burden for under-five children 

  Morbidity 
(# million 
episodes) 

Mortality 
(# deaths) 

References 

Diarrhea 9575 498889 (Troeger et al. 2017) 
Pneumonia 1204 920136 (World Health Organization 2016; Walker 

et al. 2013) 
Growth 
(stunting) 

154.8 - (UNICEF, WHO, and World Bank Group 
2017) 

 

Table A 4. Global coverage of interventions  

Intervention Without 
intervention 

References 

Water  29% (UNICEF and World 
Health Organization 2017) 

Sanitation 32% (UNICEF and World 
Health Organization 2017) 

Hygienea 73% (UNICEF and World 
Health Organization 2017) 

Breastfeedingb 61% (UNICEF 2013) 
Nutrition (Zinc) 83% (Wessells and Brown 

2012)  
Immunization (rotavirus) 75% (UNICEF 2016) 

Immunization (pneumococcal) 58% (UNICEF 2016) 

Immunization (Hib) 64% (UNICEF 2016) 
Complementary feedingc 78% (UNICEF 2016) 

a. For least developed countries; global average not available 
b. Exclusive breastfeeding up to 6 months  
c. Adequate diet, average of available country data; global average not available 
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Appendix 4. Comparison of findings to existing literature  

It is noted that a similar study has been conducted by Pruss-Ustun et al. (2014), in 

which the fraction of global diarrhea burden attributable to water, sanitation, and 

hygiene were found. The difference between the Pruss-Ustun study (Prüss-Ustün et 

al. 2014) and the results of this report (Table 3) is from updated raw data, namely the 

change in the status of global WASH coverage (used to determine attributable 

diarrhea burden, see Appendix 3), and inclusion of the new evidence on the effect of 

WASH that were made available after the publication of the study (Table 2). The 

study Pruss-Ustun study reported 34%, 19% and 20% of diarrhea burden is 

attributable to poor water, sanitation, and hygiene, respectively (vs. 21%, 10%, 35% 

in Table 3, respectively).  

 

Appendix 5. Effect of WASH-integrated interventions by disease outcomes  
 

Table A 5. Under-five morbidities averted by WASH integrated interventions* 

  
Number of morbidities (% global <5 diarrhoea and pneumonia morbidities) averted, 

Millions 

  
Individual 
intervention W-integrated S-integrated H-integrated 

WASH-
integrated 

Breastfeeding (<2 years old)   
Diarrhoea  1,355 (14%)   3,320 (35%)   2,265 (24%)   3,601 (38%)   5,533 (58%)  

Pneumonia  198 (16%)   198 (16%)   198 (16%)   321 (27%)   321 (27%)  

Sum  1,552 (14%)   3,517 (33%)   2,462 (23%)   3,921 (36%)   4,606 (43%)  

Zinc supplementation   
Diarrhoea  1,364 (14%)   3,327 (35%)   2,272 (24%)   3,608 (38%)   5,537 (58%)  

Pneumonia  172 (14%)   172 (14%)   172 (14%)   298 (25%)   298 (25%)  

Sum  1,535 (14%)   3,498 (32%)   2,444 (23%)   3,905 (36%)   5,834 (54%)  

Diarrhoea immunization (rotavirus)   
Diarrhoea  2,363 (25%)   4,087 (43%)   3,161 (33%)   4,334 (45%)   6,028 (63%)  

Pneumonia  -   -   -   147 (12%)   147 (12%)  

Sum  2,363 (22%)   4,087 (38%)   3,161 (29%)   4,481 (42%)   6,028 (56%)  

Pneumonia immunization (joint, pneumococcal and Hib)  
Diarrhoea  -   2,289 (24%)   1,060 (11%)   2,617 (27%)   4,866 (51%)  

Pneumonia  128 (11%)   128 (11%)   128 (11%)   406 (34%)   406 (34%)  

Sum  128 (1%)   2,417 (22%)   1,188 (11%)   3,023 (28%)   5,272 (49%)  

* W, S, H, WASH: Water, sanitation, hygiene, water sanitation & hygiene, 

respectively 
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Table A 6. Under-five deaths averted by WASH integrated interventions*,** 

  Number of deaths (% global <5 diarrhoea and pneumonia deaths) averted 

  
Individual 

intervention W-integrated S-integrated H-integrated 
WASH-

integrated 

Breastfeeding (<2 years old)   
Diarrhoea 179,470 (36%) 222,437 (45%) 199,361 (40%) 228,588 (46%) 341,804 (69%) 

Pneumonia 265,155 (29%) 265,155 (29%) 265,155 (29%) 323,629 (35%) 344,921 (37%) 

Sum 444,625 (31%) 487,591 (34%) 464,516 (33%) 552,217 (39%) 686,725 (48%) 

Zinc supplementation   
Diarrhoea 16,405 (3%) 131,748 (26%) 69,802 (14%) 148,262 (30%) 261,611 (52%) 

Pneumonia 26,797 (3%) 26,797 (3%) 26,797 (3%) 135,597 (15%) 135,597 (15%) 

Sum 43,202 (3%) 158,545 (11%) 96,599 (7%) 283,858 (20%) 397,208 (28%) 

Diarrhoea immunization (rotavirus)  
Diarrhoea 59,191 (12%) 164,306 (33%) 107,853 (22%) 179,355 (36%) 282,653 (57%) 

Pneumonia - - - 112,064 (12%) 112,064 (12%) 

Sum 59,191 (4%) 164,306 (12%) 107,853 (8%) 291,419 (21%) 394,716 (28%) 

Pneumonia immunization (pneumococcal and Hib) 

Diarrhoea - 119,266 (24%) 55,213 (11%) 136,341 (27%) 253,544 (51%) 

Pneumonia 101,934 (11%) 101,934 (11%) 101,934 (11%) 313,645 (34%) 313,645 (34%) 

Sum 101,934 (7%) 221,199 (16%) 157,147 (11%) 449,985 (32%) 567,189 (40%) 

* W, S, H, WASH: Water, sanitation, hygiene, water sanitation & hygiene, 
respectively 
**Assumed relative risk of mortality= relative risk of morbidity, due to lack of rigorous 
evidence.  
   
 




