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Executive Summary 
The following section provides an executive summary of this paper, highlighting the key 
findings in relation to the priority areas identified by DFID. 

The paper sets out the methods for this review and the approach for assessing the strength 
of evidence.  The different bodies of evidence reviewed in this paper have been graded as 
‘good’, ‘suggestive, and ‘weak’ as per the criteria below:  

• Good evidence: several good quality studies that consistently show an effect. For 
example, randomised trials with a low risk of bias or observational studies showing a large 
effect size with a low potential for confounding 

• Suggestive evidence: studies which show an effect but statistical support is weak due to 
insufficient study size. Or, studies which show significant effects but there is a risk of bias 
and confounding 

• Weak evidence: no studies have been done or, where they been done, they have shown 
inconclusive results  

A summary assessment of the evidence underlying the impact of the four main Water, 
Sanitation and Hygiene (WASH) interventions on diarrhoea according to seven ‘points of 
view’ is also scored as ‘favourable’, ‘intermediate’ and ‘unfavourable’. This shows the degree 
to which, from each viewpoint, the available evidence supports or undermines the case for 
implementation of each intervention. The scoring given for each cell of the table reflects the 
individual gradings given for the strength of evidence throughout this paper. Thus, this table 
summarises the variation in the strength of the evidence base of the WASH sector: 

 

1. Evidence on impact 

Several systematic reviews have assessed the impact on health of a range of WASH 
interventions. The studies reviewed are classified in different ways and include a range of 
outcome indicators, but the most common of these is diarrhoeal disease morbidity. 

The impacts associated with WASH extend beyond health, although in general the evidence 
is less well developed.  

The key points from a review of the evidence on both the health and non-health impacts as 
presented in sections 4-7 are given below: 

Health Impacts 

• The World Health Organization (WHO) – based on suggestive evidence – estimates that 
approximately 2.4 million deaths and 7% of the total disease burden could be prevented 
annually with safe WASH 

• It is estimated that diarrhoea diseases are now the leading cause of child deaths in Africa 
and the second leading cause of child deaths globally. There is good evidence that 
inadequate WASH contributes substantially to this mortality burden 
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• There is good evidence that the health impacts of WASH extend far beyond diarrhoea to 
include many other important diseases including: acute respiratory infections, undernutrition, 
soil-transmitted intestinal helminth infection (ascaris, trichuris and hookworm), 
schistosomiasis, Guinea worm, trachoma and certain non-infectious diseases associated 
with chemical water quality (arsenicosis and fluorosis) 

• There is good evidence that improved hygiene can reduce the risk of acute respiratory 
infections (pooled estimate of 23% risk reduction) 

• There is suggestive evidence that diarrhoea (as a consequence of inadequate WASH) 
contributes to undernutrition but there is currently weak evidence for causal links to tropical 
enteropathy 

• There is an unequal distribution of WASH-associated mortality and morbidity with 
disproportionately high levels among the poorest populations and the majority of deaths from 
diarrhoea occurring among children 

Non-health impacts 

• There is good evidence that improved WASH is associated with significant time savings 
and that this is highly valued by service users 

• Most of the available evidence on the effect of WASH on education and gender is based on 
anecdote, circumstantial evidence and small observational studies; statistically the evidence 
appears weak. Despite this, what little direct evidence exists confirms the view that the non-
health benefits of WASH interventions are substantial 

• It is plausible that inadequate WASH inhibits school attendance, especially among girls, but 
a DFID-funded systematic review of the peer-reviewed literature found that there was no 
strong evidence either for or against this hypothesis. Current randomised trials in Kenya and 
India may shed more light on this important issue 

• There is good evidence that lack of access to water continues to impact women 
significantly through the burden of water collection. Household survey data collected from 
over 40 countries showed that women carry two-thirds of the burden for water collection 

• There is suggestive evidence that women in particular suffer a range of impacts associated 
with poor sanitation, including violence and insecurity, but more rigorous research is required 
to understand and quantify the associated risks 

• Whilst anecdotal evidence suggests that inadequate provision for menstrual hygiene 
management leads to reproductive tract infections and urinary tract infections, more work 
needs to be done to build the currently weak evidence base for this 

 

2. Evidence on delivery options 

There is limited rigorous evidence regarding the best choice of specific delivery models for 
WASH. Whilst the systematic review literature on WASH and diarrhoea is useful for 
understanding the epidemiology of WASH, it provides less insight as to the most effective 
options for delivering efficacious interventions at scale.  

This review has not considered specific approaches or technologies due to a lack of 
systematic data evaluating their effectiveness, but also due to the variation in the 
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implementation of specific approaches or technologies across different settings. This review 
notes the consistent features of good WASH programmes rather than judge between 
alternative models. Most of this evidence is suggestive only.  

The following are points identified in the review and discussed in more detail in section 8: 

• There are so few well documented case studies of WASH programmes at scale that it is 
difficult to draw an evidence-based conclusion as to the most effective approaches 

• There is suggestive evidence that formative or market research is particularly important for 
interventions that require changes in behaviour (especially handwashing with soap and 
sanitation) 

• There is limited suggestive evidence that careful targeting of subsidies in order to leverage 
household investment can contribute to an increased likelihood that a toilet is used and 
maintained 

• There is some limited suggestive evidence that toilets designed to a target price and for a 
market niche can be more effective in attracting household investment 

• There is conflicting evidence as to the effectiveness of shared sanitation facilities although 
this may be explained by the many models or approaches that this term encompasses. 
Whilst there is suggestive evidence that shared facilities managed by communities function 
well (as opposed to privately managed facilities), there is other suggestive evidence that 
usage of shared facilities – whether community or privately managed – was significantly 
lower among women than men 

• There is good evidence that for urban on-site sanitation systems to be effective they must 
allow for pit-emptying, or at least replacement of the pit, and the safe disposal of the pit 
contents where necessary 

• There is suggestive evidence that health outcomes improve (as a consequence of 
increased use of water) when the water source is closer to the household with the 
implication that water supply strategies should take account of distance to source and plan 
and invest accordingly 

• There is suggestive evidence that sustainability is a major challenge for WASH services 
with facilities falling into disuse or disrepair over time 

 

3. Evidence on cost-effectiveness and value for money 

There is good evidence that WASH investments can have significant health, economic and 
development benefits and that these investments may be at a level that is comparable or 
favourable to other interventions in term of cost-effectiveness. 

However, the existing evidence is generally inadequate to determine whether WASH 
investments are significantly more or less cost-effective than other interventions, given 
uncertainty and the variability in benefits across settings. Overall, a review of evidence 
suggests that the sector currently lacks the necessary information to maximise the return 
and value for investments. 

In summary from section 9, the key points relating to the economics of WASH from the 
available evidence are:  
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• There is limited systematic data on the costs of providing and sustaining WASH services 

• Overall, current estimated costs provide only suggestive evidence for the actual costs 
associated with WASH interventions and should be viewed with caution as they do not 
provide breakdowns for costs based on settings or based on conditions 

• There is some evidence on the economic benefits, but authors acknowledge that data are 
limited in estimating these benefits and rely on significant assumptions in order to generate 
preliminary estimates 

• Better evidence would involve experimental designs that empirically measure economic 
and financial improvements in communities or individuals receiving water, sanitation or 
hygiene. There is little existing evidence of this type due to the methodological challenges of 
conducting these kinds of trials  

• Most global cost-effectiveness and cost-benefit analyses focus on diarrhoea as the 
outcome and therefore do not include potential impacts on soil-transmitted helminths, 
nutrition, adolescent sexual health, maternal mortality and schistosomiasis. This can result in 
an underestimate of the value for money of WASH interventions. However, it can also result 
in inconsistent and biased estimates making it difficult to compare the cost-effectiveness of 
different WASH interventions and to compare WASH interventions to other health and 
development interventions 

• A benefit estimate approach suggests that the estimated monetary value of all of the 
scenarios provides excellent value for money in all contexts, with the economic value of 
returns greatly exceeding costs. These estimates would be greatly improved with improved 
empirical data regarding the assumptions of economic benefits or from rigorous studies that 
directly measure economic outcomes 

• Current estimates of economic and health benefits of WASH interventions do not utilise 
existing best practices for estimating uncertainty regarding quantitative benefit estimates. 
Probabilistic simulation methods have been recommended and these should be used for 
estimating the impacts of WASH interventions in an objective manner 

• In addition to improving the accuracy of estimates there are several areas in which 
improved economic evaluation information could directly result in improved efficiency of 
investments and value for money. In particular there is very little evidence to guide decision 
makers about how to invest efficiently within the sector at a given scale (local, national or 
regional) 

 

4. New evidence – what we need to know to do better 

As with most areas of health and development, there are a number of gaps in our 
understanding of the magnitude and mechanisms of the impact of WASH interventions. 
Achieving a better understanding of these through rigorous research that harnesses a range 
of research methods and approaches will build stronger policy and programmes.  

In summary from section 10 where they are discussed in more detail, the following key gaps 
in the evidence are identified: 

• Relative effectiveness and efficacy of sanitation interventions on health 

• Environmental transmission of excreta-related infections and the role of different pathways 
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• The effect of enteric exposures on multiple health and developmental outcomes 

• Non-health impacts associated with poor WASH, especially for the long-term 

• How vulnerable populations are affected and how they can be reached 

• Behaviour change for hygiene and sanitation, especially at scale 

• Costs and cost-effectiveness across social and physical settings 

In section 10, a small number of enduring research questions were identified during the 
course of this review. The list is far from exhaustive and each could give rise to a list of 
applied or basic research questions: 

1. What are the dominant excreta-related disease transmission pathways in particular 
contexts and how does this influence the selection of intervention strategies? 

2. How can genetic and epi-genetic patterns be used to develop improved interventions? 

3. What are the methods for designing effective and locally relevant at-scale behaviour 
change interventions for a given context? 

4. What are the health and development impacts of WASH interventions throughout the life-
course, and how can they be maximised? 

5. What interventions and delivery options work where and why? And, how can they be 
adapted to different settings? 
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1. Introduction 

1.1. Aims of the Water, Sanitation and Hygiene (WASH) 
Evidence Paper  

This paper was commissioned by the DFID Water and Sanitation and Research and 
Evidence Division (RED) Teams and undertaken by the DFID-funded Sanitation and 
Hygiene Applied Research for Equity (SHARE) research programme consortium. 

DFID has undertaken evidence papers addressing a range of development sectors and 
interventions and their purpose is described as: 

“...to support the development of business plans, policy frameworks and relevant country 
programmes. They draw on a wide variety of evidence (quantitative, qualitative, peer 
reviewed and grey literature) and have been produced to assist the department to develop 
appropriate responses to a diverse array of challenges facing those who work in 
international development in a variety of settings” (DFID, 2011). 

Specifically, and in line with general aims described above, this WASH Evidence Paper aims 
to: 

• Provide an accessible guide to existing evidence including a conceptual framework for 
understanding how WASH impacts on health and well-being and a description of methods 
used for ascertaining the health, economic and social impacts of WASH 

• Present the available evidence on the benefits and cost-effectiveness of interventions on 
WASH 

• Identify what we do know and also what we do not know, and assess the robustness of the 
available evidence relating to the impact of WASH interventions. 

• Disaggregate the benefits, where possible, by gender and poverty and the distribution of 
the global impacts across regions and economic status of countries. 

This WASH Evidence Paper does not make specific recommendations on what DFID should 
or should not do, but instead identifies key lessons for consideration in evidence-based 
policy-making in the following areas: 

1. evidence of impact  

2. evidence of what works  

3. evidence on cost-effectiveness and value for money 

4. remaining knowledge gaps  
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1.2. Interpreting the evidence on WASH 

DFID has produced various evidence papers spanning a broad range of development 
sectors and/or interventions, including malaria, unintended pregnancies and cash transfers. 
Each evidence paper has adopted a tailored approach reflecting the quantity and quality of 
evidence available but also the prevailing policy and practice questions relating to those 
interventions or sectors. 

WASH brings together multiple interventions – often implemented by different agencies and 
delivered separately but also together – and is concerned with a wide range of direct 
outcomes, not just health. For this reason the evidence is complex and does not easily lend 
itself to a simple or standard classification that might grade evidence as, for example, strong 
or weak.  

In recent years, expectations have risen regarding the quality of evidence required to justify 
interventions. A consensus has also developed around rules of best practice for the analysis, 
weighing and combination of such evidence. Central to this culture is the systematic review 
(Jüni et al. 2001), and the Double-Blind Randomised Controlled Trial (RCT) as the gold 
standard for quality of evidence. This culture originated in the health sector, but more 
recently has spread to other sectors and particularly to what is now called behavioural 
economics (Dawney & Shah 2005). 

Below the RCT, there are lesser levels of quality and relevance of evidence to which one 
may have recourse in the absence of better alternatives. These include unblinded trials, 
ecological studies, and observational studies, and studies with a related outcome; for 
example, studies with diarrhoea morbidity rather than mortality as the endpoint. The GRADE 
approach that uses algorithms for weighing and combining evidence from the different levels 
has been proposed (Guyatt et al.  2008). One effect of this developing collection of rules 
(some would argue it is an objective) is to eliminate progressively the arbitrariness of human 
judgement. 

A number of issues specific to the water sector have complicated the application of these 
rules. First, WASH interventions have multiple outcomes; some have even argued that the 
non-health outcomes are the most important (Churchill et al.  1987). The principal health 
outcome of interest is death from diarrhoea, and there are ethical and logistical arguments 
against studies of that outcome. However, the alternative outcomes, particularly self-
reported diarrhoea morbidity, have proved to be more subjective and subject to bias than 
was originally believed (Schmidt & Cairncross et al.  2009). We shall return to this issue in 
the following section. 

Given the much-appreciated non-health benefits, such as saving time spent collecting water, 
and the impossibility of providing water and sanitation without the knowledge of the studied 
population, there are political, ethical and practical reasons why it is difficult to randomise an 
intervention like water supply and sanitation, or even to allocate it by individual household. 
For these reasons and because water supplies and sanitation facilities are expensive, 
researchers were advised not to carry out randomised intervention studies (World Bank 
1976) and have rarely done so, but have frequently studied people's health before and after 
an intervention which was being carried out anyway, on the assumption that the allocation of 
the intervention (presumably determined by technical and political factors) was effectively 
random from the health point of view. Many observers dispute that assumption, and on that 
basis these are sometimes called quasi-experimental studies (Briscoe et al.  1985). 

The exposures are also complex. In addition to the three basic dimensions of WASH, there 
are various levels of service and a variety of combinations of the three. For example, 
practically every intervention study of sanitation is in fact a study of water and sanitation. 
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Moreover, the context in which the facilities are provided can vary greatly; a standpipe 
isolated in the desert is a different level of service from a standpipe in a village where half 
the households already have household connections. Quite apart from the variation in 
technology between different settings, there are often important differences in programme 
design and execution; hygiene promotion implemented effectively in one setting may have 
been much less effective in another. An epidemiological study in this sector is thus 
meaningless unless it is seen in the context of the setting in which it was carried out.  

If a study is to provide high-quality evidence of health impact, it must be designed to 
exacting standards of rigour, eliminating the potential for confounding and for bias due to 
extraneous factors. The more rigorous the study (the more it achieves internal validity), the 
potentially less relevant it will be to the local context and existing programmes and policy 
issues; in other words it will lose external validity. 

 

1.3. Review methods 

This review is not a systematic review in the conventional sense as the broad aims of this 
paper do not lend it to this method. However, systematic searches were conducted for all 
major health outcomes included (apart from diarrhoea) to identify relevant systematic 
reviews as well as to identify any additional studies not included in those reviews. The 
search strings and shortlisted studies for these searches are provided in Annexes 1 and 2. 
For undernutrition, the results of a Cochrane Review which two of the authors for this paper 
contributed to are used here (Cochrane 2011).  

For the effect of WASH on diarrhoea – generally the primary outcome of interest for WASH 
interventions - there have been a large number of systematic reviews conducted in recent 
years. We took as our starting point the extensive literature searches recently conducted by 
some of this paper’s authors, the search strategies for which are presented with the 
published results (Cairncross et al. 2010a; Clasen et al. 2010; Curtis et al. 2011; Fung & 
Cairncross 2009). This body of evidence was supplemented by studies included in other 
systematic reviews (Fewtrell et al. 2005a, Waddington et al. 2009). In addition, the 
collections of the authors as well as the guidance of other experts in the field were used to 
identify further relevant literature. 

Our methods have been heuristic, based on systematic reviews where possible, rather than 
individual studies. It takes a broader perspective and allows for the range of exposures and 
outcomes, the variety of settings in which studies have been carried out and the application 
of judgement based on the joint assessment of the available evidence. 

We assessed the evidence for any given impact in terms of the number of viewpoints from 
which it could be seen, after the manner of Bradford Hill (1965). Bradford Hill’s viewpoints 
are illustrated in Box 1.1 below by examples from the water, sanitation and hygiene 
literature. In our case, we have developed a pragmatic set of applied viewpoints from which 
to appraise the evidence base for WASH interventions (see Box 1.2.). Whereas Bradford 
Hill’s viewpoints are for assessing the evidence for causality in an association, ours are to 
appraise the strength of support for implementation of each intervention. 
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Box 1.1   Bradford Hill’s “Viewpoints” for assessing causality 
1. Consistency – in a systematic review the impact was similar for the more 

rigorous studies (Curtis & Cairncross 2003). 

2. Strength of association – in a study focussed on domestic transmission 

of a single pathogen, handwashing prevented 85% of secondary cases 

(Khan 1982). 

3. Temporal sequence – handwashing by mothers just before preparing the 

family’s food has a greater impact than at other times (Luby et al. 2011). 

4. Dose-response – one study found the impact of a sewer project on 

diarrhoea in a neighbourhood increased with the proportion of households 

connected to the sewers (Barreto et al. 2007). 

5. Specificity – water treatment affects diarrhoea, but not malaria. 

6. Coherence (i.e. laboratory & epidemiology results cohere) – e.g. more 

faecal bacteria in drinking water are associated with more frequent 

diarrhoea (Moe et al. 1991). 

7. Biological plausibility – given the number of fecal pathogens present in a 

community’s waste, it is not surprising that excreta disposal helps to 

prevent excreta-related disease (Feachem et al. 1983). 

8. Analogy – in particular, sanitation helps to prevent intestinal worm 

infections; it can therefore be expected to prevent transmission of other 

fecal pathogens, such as those causing diarrhoea. 

9. Experimental evidence – this refers to intervention studies, ideally 

randomised trials, many of which have been carried out for household 

water treatment.  
 

Box 1.2.  A set of viewpoints proposed for appraising the evidence base for 
WASH interventions 

1. Internal validity – rigour of the studies in demonstrating cause and effect, 

including randomisation, blinding (or use of objective outcome) etc. 

2. External validity – relevance to programme conditions in the field  

3. Ease of going to scale – without dilution of impact 

4. Sustainability of the intervention – assuming reasonable effort is 

devoted to maintaining it 

5. Other substantial health benefits – in addition to impact on diarrhoea 

6. Significant non-health benefits – such as time-saving or security 

7. Cost – not strictly a viewpoint, but a factor to bear in mind 
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Table 1.1 shows the degree to which, from each viewpoint (Box 1.2), the available evidence 
supports or undermines the case for implementation of each type of intervention. The 
grading given for each cell of the table also reflects the gradings given for the strength of 
evidence throughout this paper. Thus, subject to all the caveats and provisos mentioned 
above, the table summarises the variation in the strength of the evidence base of the sector. 
This kind of exercise necessarily involves some necessary simplification. For example, the 
internal validity rating for hygiene promotion relates to a single study (Khan 1982); and the 
ratings for water quality represent a compromise between household water treatment and 
water supply construction. 

Table 1.1 Assessment of the evidence underlying the impact of the four main WASH 
interventions on diarrhoea from the seven points of view in Box 1.2  

Note:   

+++  favourable  

++  intermediate 

+  unfavourable 
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When a recent systematic review on point of use (POU)  water treatment was published in 
the British Medical Journal (Clasen et al. 2007), it was clear from the nearly 40 RCTs 
reviewed, many of them conducted by well-known specialists from the US Centres for 
Disease Control, that drinking water quality improvements were associated with reductions 
of nearly 50% in diarrhoea rates. As a result, a number of international agencies increased 
the level of priority and investment for POU interventions. However, there was subsequently 
some anguish when it became clear that the three or four blinded studies showed no impact 
at all on diarrhoea, raising the possibility that the impact previously noted was the result of 
placebo effect or courtesy bias – in which case it would be much smaller than assumed 
(Schmidt & Cairncross 2009). The evidence base, previously deemed very strong, may now 
only be judged “suggestive”. 

This newly-identified weakness in the evidence base is not restricted to water quality 
interventions. The other WASH interventions all involve behaviour change and so by their 
nature, their allocation usually cannot be blinded. The problem thus applies to all studies of 
those other interventions in which self-reported diarrhoea is the outcome measure.  
Moreover, the assessments in Table 1.1 are based on the assumption that each intervention 
is implemented correctly, thoroughly and permanently; in other words, they relate to efficacy. 
Effectiveness relates to the implementation conditions of real programmes at full scale. For 
hygiene behaviour change in particular, concerns have been raised about a dilution of 
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impact with increasing scale, which can be seen as a divergence between efficacy and 
effectiveness (Curtis et al. 2011). 

The sustainability of hygiene behaviour change is also open to question; there are very few 
studies of it, with debatable results (Vindigni et al.  2011). One review found only five 
studies, of which three used self-reported handwashing as an outcome, although it has long 
been known that self-reporting is not a valid measure of handwashing practice. The two 
studies using more objective outcomes (such as purchases of soap) obtained contradictory 
results (Luby et al.  2009). 

However, while the evidence in many domains may be weak, it is nonetheless voluminous; 
this means that while it may be questioned and undermined to a greater or lesser degree, it 
is unlikely to be negated quickly. Therefore, even if we are uncertain about the strength of 
the particular impact and the circumstances in which it is strongest, this uncertainty does not 
mean there is no impact nor that the intervention is not worth making. 

For this Evidence Review, we have been asked to show which relationships are supported 
by firm evidence and which by relatively weak evidence; a similar approach was taken 
recently for the different aspects of hygiene behaviour (Curtis et al. 2011). However that 
paper stated only the type of evidence and avoided statements about its strength. 
Throughout this paper, we consider the type of evidence but also seek to grade the strength 
of the evidence according to the following three categories:  

• Good evidence: several good quality studies consistently show an effect. E.g. randomised 
trials with a low risk of bias; observational studies showing a large effect size with a low 
potential for confounding. 

• Suggestive evidence: studies show an effect but statistical support is weak due to 
insufficient study size. Or studies show significant effects but there is a risk of bias and 
confounding. 

• Weak evidence: no studies have been done or, where they been done, they have shown 
inconclusive results.  
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2. Progress on WASH 
The Millennium Development Goal (MDG) target for water and sanitation provides a useful 
framework to monitor global, regional and national progress in extending access to safe 
water and sanitation. Using data collected by national statistics offices and other relevant 
institutions through household surveys and censuses, the WHO/UNICEF Joint Monitoring 
Programme for Water Supply and Sanitation (JMP) estimates progress against the MDG 
target. Over 600 surveys and censuses are used, including the USAID Demographic and 
Health Surveys (DHS) and the UNICEF Multiple Indicator Cluster Surveys (MICS). 
 
The JMP estimates for coverage are used here as the best source of comparable data from 
across countries and regions. The JMP acknowledges that, “indicator definitions and 
population estimates used by the JMP sometimes differ from those used by national 
governments. Coverage estimates in this report may therefore differ from national estimates” 
(WHO/UNICEF JMP, 2010).  
 
Since 2008, the JMP has introduced water supply and sanitation ladders to classify service 
improvements. These allow disaggregated analyses of trends for access to water supply and 
sanitation. Figure 2.4 shows both ladders and what they include.  
 
The water ladder has three “rungs”:  
1. Unimproved,  
2. Other improved  
3. Piped water.  
 
The sanitation ladder has four “rungs”:  
1. Open defecation 
2. Unimproved 
3. Shared 
4. Improved.   
 
There is no comparable set of data to obtain estimates for the practice of hygiene 
behaviours globally, or indeed regionally or nationally. Reliable data for the prevalence of 
hygienic behaviour is particularly problematic. The findings of one of the more 
comprehensive studies conducted across multiple low-income settings to estimate 
prevalence of the handwashing with soap practice at critical times among household child-
carers in eleven developing countries (Curtis et al.  2009) are given in Table 2.1 below. On 
average, only 17% of those surveyed washed their hands with soap after defecation with an 
even smaller proportion doing so before handling food (13%) and after before feeding a child 
(5%). 
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Table 2.1 Handwashing with soap and water by mother or caregiver on key occasions 

  
 
Source: Curtis et al.  2009 
 

 
 
 
2.1 Global progress on improving access to safe water and 
sanitation 
 
The MDG Target 7c for water and sanitation aims to halve the proportion of people without 
sustainable access to safe water supply and basic sanitation by the year 2015.  In their most 
recent report, the JMP estimates that 2.5 billion people are still without access to improved 
sanitation and 780 million people are without access to an improved water supply 
(WHO/UNICEF JMP 2010). In relation to the MDG 7c, it was announced in 2012 that the 
target for water has been met but the target for sanitation remains one of the most off-track 
of the MDG targets. Although the water target has been met, 780 million people remain un-
served. It has also been argued that many of those water sources classified as ‘improved’ do 
not provide water of adequate microbial quality (Bain et al. 2012). Finally, Bartram and 
colleagues argue that the influence of increases in the number of households, as distinct 
from population growth, has not been adequately accounted for and may have led to over-
estimates of coverage (Bartram et al. 2012).  
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Figure 2.1 Global progress towards the MDG target for sanitation 

 

  
Source: WHO/UNICEF JMP 2012 
Figure 2.2 below shows the proportional trends in global coverage for drinking water supply 
and sanitation. The proportion of the world population with access to improved water supply 
has increased from 77% in 1990 to 89% in 2010. For sanitation, figure 2.3 shows that 
access to improved sanitation has increased at a lesser rate than that for water supply, from 
54% in 1990 to 63% in 2010.   
 
Figure 2.2 Use of improved drinking water sources by MDG region in 2010 and 
percentage-point change 1990-2010 

 

  
Source: WHO/UNICEF JMP 2012 
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Figure 2.3 Use of improved sanitation facilities by MDG region in 2010 and 
percentage-point change 1990-2010 
 

 

 
 
Source: WHO/UNICEF JMP 2012 
 
 
Global progress on the MDG targets for water and sanitation is largely determined by the 
rate of progress in the most populous countries of the developing world. For water, 5 out of 
10 of those gaining access to improved water since 1990 live in India or China and, for 
sanitation, 4 out of 10 gaining access have been in those two countries.  
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2.2 Regional progress on improving access to safe water and 
sanitation 
 
Access varies greatly between, and within, regions, and global rates of progress often mask 
significant variance in rates of progress in, and between, regions. 
 
The proportional nature of the MDG target can result in many countries with some of the 
most rapid gains in coverage being identified as “off-track.” For example, Yemen, Benin, 
Cameroon and Mali have all increased sanitation coverage by 30% or more since 1990 but 
are still categorised as “off-track” due to the low level of coverage at baseline. 
 
The proportion of people with access to improved water and sanitation facilities has 
increased in all developing regions since 1990, but the rate of progress varies significantly 
for both water and sanitation (WHO/UNICEF JMP 2012).  
 

 
Water  
Whilst globally the water MDG target has been met, large disparities exist between regions 
and countries as shown in Figure 2.2. Whilst 89% of the global population have access to an 
improved water source, in sub-Saharan Africa, only 61% have access. In sub-Saharan Africa 
39% of the region’s population are without access to an improved source. In South Asia and 
South-East Asia the proportions without access to safe drinking water are 10% and 12% 
respectively, although almost all countries in these regions are considered on-track to meet 
the MDG target and have made significant progress since 1990. 
 
When further categories of access or service are considered, these disparities increase. In 
most regions, the greatest rate of increase in access has been for household connections 
(water piped on premises), a level of access that is greater than that required for the JMP 
definition of ‘an improved source’. For developing countries though, progress on household 
connections remains weak with coverage for piped water on premises increasing by only 5% 
in South Asia and 1% in sub-Saharan Africa in the two decades since 1990. The vast 
majority of the population in both of these two regions rely on shared sources whether these 
are improved or unimproved. The implications of this in terms of health and other benefits 
are discussed below.  

 
 
Sanitation 

Although 1.8 billion people have gained access to improved sanitation since 1990, the MDG 
target for sanitation is described as “seriously off-track.” Much of the deficit is in sub-Saharan 
Africa and South Asia where most countries are off-track as shown in Figure 2.3. Figure 2.4 
shows trends for all regions for all “rungs” of the sanitation ladder.  
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Figure 2.4 Sanitation ladder: global and regional trends 

  

 
 
Source: WHO/UNICEF JMP 2012 
 
Sub-Saharan Africa and South Asia have the lowest levels of access to improved sanitation 
at 30% and 41%. Notably, 1.1 billion people in the world still practice open defecation. 
Regionally, the highest levels of open defecation are found in South Asia (41%) and sub-
Saharan Africa (25%). Over half of all people practising open defecation globally live in 

India.  
 

 
2.3 Disparities in access to WASH 
 
Urban and rural settings 
There are marked disparities in access to safe water and sanitation between urban and rural 
populations. 
  
The rural population without access to an improved drinking water source is over five times 
greater than that of the urban population without services (figure 2.5).  This disparity is most 
marked in sub-Saharan Africa, but is also prominent in South Asia and Latin America. 
However, whilst progress on increasing access to water and sanitation struggles to keep 
pace with urban population growth, by contrast access to water and sanitation is increasing 
beyond the rate of rural population growth in most regions (WHO/UNICEF 2010). 
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Figure 2.5 Drinking water trends by urban and rural between 1990-2010  

 

 
 
Source: WHO/UNICEF JMP 2012 
 
Whilst levels of access may be higher in urban areas, high faecal contamination of the 
environment poses a greater theoretical risk in high density areas. Lack of space causes 
other complications such as the cost and design of water and sanitation technologies, and in 
many urban settings land tenure can prevent tenants from making sanitation improvements.     
 

 
Progress by wealth quintiles 
Recent work by UNICEF (UNICEF 2010; WHO/UNICEF 2011) using Demographic Health 
Surveys (DHS) and Multiple Indicator Cluster Surverys (MICS)  data has considered the 
differentiated rates of progress for water and sanitation across national wealth quintiles. The 
work contains various disclaimers and acknowledges certain methodological weaknesses, 
but provides useful insights. 
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Figure 2.6 shows the trends for sanitation access between 1995 and 2008 for India and 
Bangladesh.  
 
Figure 2.6 Sanitation trends by wealth quintile for India and Bangladesh 
 
India 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: WHO/UNICEF JMP 2011 

 
 
Bangladesh 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: WHO/UNICEF JMP 2011 
 
Whilst significant gains have been made in India, with 166 million people gaining access to 
improved sanitation between 1995 and 2008, only 3% of that increase occurred among the 
poorest 20% of the population and almost half of this increase was among the richest 20%. 
By contrast in Bangladesh, the poorest 20% captured 16% of the gains made and the richest 
only 23% (WHO/UNICEF 2011).  
 
Ensuring that progress is equitable remains a major challenge for the sector. These 
inequities extend beyond household wealth to the rural/urban divide and to issues of social 
exclusion such as gender, age, and disabilities. The data presented by UNICEF and WHO is 
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an important step in highlighting the disparities in access and progress, but more research is 
needed to understand the causes and impacts of these disparities.  

 
The challenge of sustaining access to WASH 
Increasing attention, if not yet priority, is being given to the issue of the sustainability of 
services. Beyond increasing access to services, it is vital that existing services are 
maintained. This has significant implications both in the design and delivery of services, but 
also the investment needs over time (Hutton & Bartram 2008; Fonseca et al.  2011).  
 
Sustainability is about whether or not WASH services continue to function and whether good 
hygiene behaviours are practised over time and continue to deliver benefits. In other words, 
sustainability is about permanent beneficial change in WASH services and hygiene practices 
as described by one international Non-governmental organisation (NGO) active in the WASH 
sector (WaterAid 2011). 
 
There is extensive observational evidence that newly delivered WASH services often 
perform effectively for a period, and then either fall into disrepair or otherwise fail to provide 
continuing benefits to their users. Poor maintenance can affect water quality – for instance 
changes in pressure draw in contaminants through fractures in pipes. A lack of maintenance 
of hand pumps in rural areas may lead to people using alternative and less protected 
sources. One study estimates that a third of handpumps in Africa are non-functional (Reed & 
Harvey 2004). There is some evidence that raising the standard of water supply services 
and then letting even occasional short-term failures in water supply or water treatment occur 
can very quickly [in a matter of days] reverse many of the hard won public health benefits 
(Hunter et al. 2009). If communities slip back into a situation where they have to rely on 
unimproved water and sanitation services then investment has effectively been wasted. 
 
Figure 2.7 shows time-series data of rural water supply functionality data from six districts of 
Tanzania collected and analysed as part of a WaterAid research study carried out in 2006.  
 
Figure 2.7 Functionality of rural water supply schemes by age, Tanzania 
 

 
Source: WaterAid 2011 

 
Sustainability seems to be a problem not only with public water supply systems, but also with 
household water treatment. A meta-regression analysis by Hunter (2009) adjusted for the 
lack of blinding using a coefficient derived by Wood et al.  (2008) from clinical studies of 
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various conditions. It found that the effect of all the treatment technologies declined with 
time, becoming insignificant after six months of follow-up for all except ceramic filters. Some 
analysts might question the use of a factor derived from clinical studies to analyse trials in 
the community. Others might note that many of the trials of ceramic filters used an innovative 
diarrhoea measurement methodology (Schmidt et al.  2010b) requiring fewer home visits at 
longer time intervals. In such conditions, it would not be surprising for any courtesy bias to 
last longer, until the visits became routine. Nevertheless, this analysis is important for 
questioning the sustainability of this as for other WASH interventions. 
 
Environmental sustainability is a further issue of importance for water supplies, ensuring that 
the available water resources can meet all the needs placed upon it and thus provide water 
security (Grey and Sadoff 2007), and that pollution is managed. Hunter et al. (2010) cite 
studies showing inadequate water resource availability has led to loss of water supply in 
Africa. Foster & Chilton (2003) note the specific problems related to groundwater use and 
the risks of over-abstraction combined with emerging threats from urbanisation and climate 
change as presenting serious challenges for the sustainability of groundwater-based water 
supplies. UNEP in their post-conflict environment assessment of Sudan’s (2007) noted that 
water supplies for camps solely relying on the basement complex were probably 
unsustainable in medium-term. Howard et al. 2010 note that longer-term water supplies, as 
well as sanitation services, face significant technological and management challenges from 
climate change. 

 
Pit latrines have a host of well-recognised and common shortcomings, often over-looked by 
both researchers and programming organisations. One of the most problematic faults, 
particularly in high density urban areas, is that all pits, no matter what their initial volume, will 
eventually fill and must be emptied or replaced. This is a major disincentive to pit 
construction and latrine improvement. Pit lifetime is likely to depend on a variety of factors, 
the most important of which are the number of users, the size of the pit, the degree to which 
the pit or tank is drained, and the degree to which the pit is used for disposal of other 
household waste, varying from as few as three to as much as twenty years. A family unable 
to meet such a cost has little other option than to either return to open defecation or employ 
a local manual pit emptier to climb into the pit and remove the waste with buckets. There 
may also be significant public health implications associated with unregulated manual pit 

emptying although these have not quantified. 
 

Box 2.1. What happens when the pit fills up? 
 
Slowing the rate at which pit latrines fill would derive significant benefits in terms of extended 
use and lower costs. If an additive could slow pit filling by 50% this would effectively halve 
the annual household cost of latrine provision and allow other expenditure to be prioritised 
e.g. school fees, health care cost. This question is currently being investigated by a team at 
the London School of Hygiene and Tropical Medicine through a three-year grant provided by 
the Bill and Melinda Gates Foundation.  

 
Sustainability issues are further discussed in section 8 below. 
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3. How WASH impacts 
health and well-being 
The following section considers evidence on how improved WASH impacts on health and 
well-being, and presents a conceptual framework that models the relative risk of diarrhoea – 
the most common outcome of interest in WASH health studies – associated with different 
interventions. It goes on to explain the role of WASH in the prevention of the transmission of 
disease, and the challenges associated with supporting the evidence base. Finally, current 
levels of progress in extending WASH coverage globally and regionally are analysed. 

 

 

3.1 Towards a conceptual framework 
 
This section concludes with two similar conceptual models for the impact of WASH on 
diarrhoea. Whilst the conceptual framework is useful, the model necessarily limits the 
outcome of interest to diarrhoea alone. This model, therefore, excludes both the non-health 
impacts of WASH and indeed the other health impacts associated with WASH that are 
discussed in section 4. The non-health impacts and may often been more important in 
motivating factors for households and community investments and uptake in WASH 
services. The range of non-health impacts of WASH are discussed in section 7. 

 

 

3.2 The evidence base for a conceptual framework 
 
The ways in which water supply, sanitation and hygiene affect health are complex. ‘WASH’ 
includes a number of interventions which interact, and may or may not be combined; each of 
them can be provided to various levels of service impacting disease transmission in several 
different ways and affecting a wide range of diseases, not to mention the social impacts 
described in the previous section. All this makes the rigorous study of health impacts more 
complicated. 
 
Moreover, water supply and sanitation do not lend themselves to randomised trials as easily 
as interventions against other diseases. Water supply improvements generally apply to a 
community as a whole, which makes the community necessarily the unit of randomisation. 
Sanitation can be applied at the household level but is expensive if the trial is to fund it. 
Either way, randomised trials of water supply and sanitation have been rare because of their 
cost.  
 
The evidence for the health benefits of WASH has, therefore, largely come from 
observational studies, in which the health of a group of people who are underserved is 
compared with the health of a group of people who are served. The problem is that these 
two groups are not comparable to begin with. There is evidence from Bangladesh (Hoque et 
al.  1995) and from Brazil (Strina et al.  2003) that people who have toilets practice better 
hygiene, so that one cannot tell whether it is their toilet which protects their health, or the 
factors which predisposed them to install a toilet. A study might find that owners of 
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televisions or air fresheners enjoyed better health, but that would not prove that televisions 
and air fresheners provide better health. 
 
In an effort to avoid the taint of confounding associated with observational studies, some 
reviewers of the literature have considered before and after studies as “quasi-randomised 
intervention studies.” However, as long as the intervention is allocated on technical or 
political criteria, the risk of confounding remains. 
 
In the circumstances, it is hardly surprising that when Blum and Feachem (1983) conducted 
a review of about 50 health impact studies from water and sanitation, they found that every 
one of them had at least one obvious methodological shortcoming. This makes interpretation 
of the literature a matter of judgement; which shortcomings can be admitted without 
introducing erroneous conclusions? Judgement-free data are rare indeed. 
 
Further, it has recently become clear that the outcome of interest in most health impact 
studies – self-reported episodes of diarrhoea in young children – are not immune to bias. 
This is illustrated by the way in which some 30 randomised trials appeared to show 
reductions of nearly 50% in diarrhoea rates, until a small number of blinded trials failed to 
show such reductions (Schmidt & Cairncross 2009).  
 
Of course, studies of some other WASH interventions cannot be blinded; for example, it is 
hard to imagine how a study might allow for persuading subjects to wash their hands without 
their knowledge. To avoid this problem of bias, it will be necessary to: (1) use hard outcomes 
(such as laboratory-confirmed infection with a specific pathogen, or nutritional status), or 
else (2) apply the blinding to some other aspect of the study design (for instance, blind the 
data collection workers to the study hypothesis). 
 
Fortunately, there are a number of studies using hard outcomes in the field of hygiene 
promotion, with examples given in Table 3.1. The first two are intervention trials. 
 
Table 3.1 Hygiene promotion studies, outcome and ascertainment  
 

Reference Outcome and its ascertainment 

Khan 1982 Rectal swabs from all subjects 

Han & Hlaing 1989 Two independent field workers, each blinded to household’s 
allocation status 

Velema et al.  1997 Clinically diagnosed typhoid fever, 90% confirmed by Widal. 

St Louis et al.  1990 Hospitalised cases of cholera 

Khin et al.  1994 Hospitalised cases of diarrhoea with kwashiorkor 

 
Source: Cairncross & Curtis 2003 
 
Some studies in the water and sanitation literature also use hard outcomes. However, in 
water supply, sanitation and also in hygiene promotion, most of those are not intervention 
studies, and so are susceptible, at least in principle, to confounding. 
 
On the other hand, the literature on the health impacts of WASH interventions has one 
strength by comparison with studies of other diseases such as malaria. The difference 
between studies of efficacy (in which highly motivated researchers with adequate resources 
work with small numbers of subjects) and effectiveness (in which interventions are 
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implemented at scale through the normal agencies), which bedevils much of the public 
health literature, is much less important for WASH. Since WASH interventions often can only 
be carried out at scale, health impact studies are more often studies of effectiveness than of 
efficacy. This increases their external validity (Table 1.1). 
 
 

 
3.3  A conceptual model for WASH and diarrhoea 
 
As mentioned above, the health benefits of WASH are various and complex. To simplify 
matters, much of this document focuses on diarrhoeal disease, which represents about 90% 
of the avoidable disease burden prevented by good water supply, as has been shown with 
mortality figures by White, Bradley and White (1972) and with DALYs by Rosen and Vincent 
(2001). The high contribution from diarrhoeal diseases is mainly due to the deaths which 
they cause. The majority of these deaths are of children under five years old; indeed most of 
them are of children aged less than two (Cairncross & Valdmanis 2006). 
 
A further simplification is provided by the assumption that an intervention which reduces 
diarrhoeal morbidity by a certain percent will reduce diarrhoeal mortality by the same 
proportion1. A few studies with diarrhoeal mortality as an outcome (Victora et al. 1988), 

presented later in this review, provide some underpinning for this. Finally, water supply was 
separated into its quality and quantity components and collapsed into two levels of service; 
"improved" and "house connections". Sanitation also was reduced to a single intervention, 
and promotion of handwashing with soap was taken to represent hygiene promotion in 
general. 
 
On this basis, the “present model” shown below (Figure 3.1) was constructed by Cairncross 
& Valdmanis (2006). This shows the strength of association between each intervention and 
the corresponding reductions in diarrhoeal disease. Note that the strength of association is 
not the same as the strength of the evidence, which has been discussed above. Due to the 
uncertain quality of much of the underlying evidence, this diagram (as with other findings) is 
the subject of debate. Another model was developed by Prüss and colleagues (2002) for the 

global burden of disease study and is shown below as “Prüss and others’ model” alongside that 
of Cairncross & Valdmanis (figure 3.1). Although starting from different premises, the two 

conceptual frameworks lead to very similar conclusions regarding the burden of disease 
preventable by WASH. 
 
 
 
 
 
 
 
 
 
 
 
 

                                            
 
1 The relationship is not two-way; interventions to reduce mortality (such as ORT) do not reduce morbidity. 
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Figure 3.1 Conceptual model of impacts of WASH interventions on diarrhoeal 
diseases  

Note: the numbers show relative risk of diarrhoea in higher relative to lower boxes. Relative 
risks in parentheses are set to 1.0 for the minimal version of the Prüss model and for the 
realistic version of the present model 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Cairncross & Valdmanis 2006 
 
 

3.4 WASH and disease transmission 
 
The transmission routes of different excreta and water-related diseases are closely linked 
and are best imagined as a web of pathways influencing each other. For example, a person 
sick with diarrhoea can infect another person by direct contact, or by contaminating food, the 
environment or water. Flies can act as vectors of pathogens effectively connecting the 
different pathways. 
 
As a consequence WASH interventions are likely to be closely linked as well, although it 
may be difficult to demonstrate this in practice. Improved access to water facilitates hygiene 
(Biran et al. 2008, Schmidt et al. 2011) Good hygiene can prevent recontamination after 
collecting water from the source. Water access greatly facilitates use of sanitation. For 
example, use of pour-flush latrines clearly depends on the availability of water. Only if water 
is readily available will people use such latrines in the long-term. At the same time, 
inadequate sanitation may threaten the quality of nearby water sources. Inadequate 
sanitation increases fly numbers (Emerson et al.  2004), which can make maintaining food 
hygiene very difficult. 
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Lack of water can also lead indirectly to disease via malnutrition. Several authors argue 
strongly for investments in low-cost water harvesting techniques, irrigation, and clean water 
provision as a means of increasing food production, improving food security and reducing 
infectious disease burden (Hunter et al.  2010).  
 
Despite this complexity, it is useful to classify infectious water and excreta-related diseases 
according to their main mode of transmission to illustrate the importance of different WASH 
interventions. Figure 3.2 below shows a modified Bradley classification, that classifies water 
and excreta-related diseases not by pathogens, but by the main transmission pathways.  
 
Figure 3.2 Adapted Bradley classification of water-related illness 
 

 
Source: Dar & Khan 2011  
 
 
Some pathogens are predominantly “water-borne” (transmitted by contaminated water), 
especially cholera and typhoid fever. Many pathogens causing diarrhoea and respiratory 
infections are transmitted by person-to-person contact and contaminated hands. These 
germs can be controlled by water and hygiene and are thus called “water-washed” 
infections. Apart from these two generic transmission routes, some pathogens use complex 
vector-host relationships for multiplying and transmission, that are either water-based (e.g. 
schistosomiasis) or rely on insects that breed in water.  
 
Beyond the addition of “non-infectious water-borne” illness shown in Figure 3.2 (and 
discussed in section 4. below), others have critiqued this classification for not taking account 
of other causal pathways such as those health effects associated with collection and 
transportation of water, such as the impacts on musculo-skeletal health of carrying water 
(Hunter et al.  2010).  
 
Whilst this classification suggests that the transmission of a particular pathogen is confined 
to a single pathway, in reality many travel by multiple pathways. Whatever transmission 
pathway predominates for a particular excreta and/or water-related disease, there is little 
doubt that inadequate disposal of human faeces is a major factor for the transmission of 
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disease. This is highlighted in the classic ‘‘F Diagram’’ below which also points to key 
features of the transmission chain as potential targets for different WASH interventions. 
 
The F-diagram (figure 3.3) graphically presents the importance of good sanitation in safely 
removing faeces from human contact. Hygiene then acts as a secondary barrier through 
handwashing after defecation or handling children’s faeces and before storing and preparing 
food and water. The diagram is also important as it shows the existence of multiple 
transmission routes for multiple faecal pathogens.  
 
The three critical methods of guarding against transmission of excreta- and water- related 
pathogens are: water (both quantity and quality), sanitation and hygiene (WASH).  
 
Figure 3.3 “F-diagram”: Routes of faecal-oral disease transmission and protective 
barriers  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The F-diagram, first developed by Wagner and Lanoix in 1959, illustrates the 
major transmission pathways for excreta-related pathogens. The model depicts 
the five intermediary transmission environments from which an individual may 
become infected with a faeco-oral pathogen: fluids, fields, flies, fingers, and 
foods. Pathogens may travel via unwashed hands, in contaminated water, or by 
flies and other insects on to further human hosts. 

 
Source: Wagner & Lanoix 1959 
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4. Disease burden of 
WASH 

4.1 Global, regional and national disease burdens 
 
Globally, around 1.4 million child deaths are estimated to be due to inadequate access to 
hygiene, sanitation and water (Prüss-Üstün et al.  2008). Above all, the health burden 

associated with inadequate WASH services falls disproportionately upon very young children 
(explained in more detail below). The estimated impact of improving water supply, excreta 
disposal, and hygiene practices for all would reduce global child mortality by a third.  
 
Overall, WASH interventions have the potential to reduce the global disease burden (in 
DALYS) by 9.1% and global mortality by 6.3% (Prüss-Üstün et al.  2008). The vast majority of 

the burden of disease theoretically preventable by WASH is due to diarrhoeal diseases. In 
total, 64.2 million DALYs are attributed to unsafe water and poor sanitation and hygiene 
practices. Figure 4.1 shows estimates for the various diseases contributing to this disease 
burden. All of these diseases and the supporting evidence – with the exception of 
‘drownings’ – are discussed in detail in section 5 and 6 below.   
 
 
Figure 4.1 – Diseases contributing to the WASH-related disease burden 
 

 
Source: Prüss-Üstün et al.  2008 

 
 
 
Figure 4.2 shows the distribution of diarrhoea cases among children under five years of age 
and by region for 2004. Africa and South Asia account for over half the cases of childhood 
diarrhoea. 
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Figure 4.2 Distribution of diarrhoea cases among children under five, by region, 2004 

 
 
Source: UNICEF/WHO 2009  
 
An even greater disparity in the global distribution applies to diarrhoea deaths. The 
distribution of these deaths is heavily skewed toward the developing world; 80% of all under-
five deaths due to diarrhoeal disease occur in sub-Saharan Africa and South Asia.   
 
Figure 4.3 Distribution of diarrhoea deaths among children under five 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: UNICEF/WHO 2009 
 
 
The unequal global distribution of water, sanitation and hygiene-related morbidity,  and 
especially mortality, are largely a consequence of regional differences in economic 
development, which impacts on the risk of water and sanitation-related diseases (especially 
diarrhoea) by affecting nutrition, living conditions and, last but not least, water and sanitation 
infrastructure. A key characteristic of the current (at times rapid) economic development in 
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many current or former low-income countries is the often unequal distribution of economic 
benefits within a society and within different areas within the same country. The almost 
inevitable consequence is that areas left behind make little progress in combating diarrhoea.  
 
The unequal distribution of diarrhoea deaths within countries has been widely reported 
(Huicho et al.  2006). A typical and well-documented example is India, a country with vast 
state-level differences in economic development and disease burden, including diarrhoea 
deaths (Lahariya & Paul 2010; The Million Death Study Collaborators 2010). There are less 
data on water and sanitation-related diseases other than diarrhoea. Since these share many 
risk factors with diarrhoea it can be assumed that vast regional and sub-national differences 
in disease burden exist. This may in particular be the case for parasitic infections such as 
schistosomiasis and soil-transmitted helminth infections. The prevalence and disease 
burden due to these two very common conditions depends on many environmental factors 
including sanitation infrastructure and poverty, but also soil conditions and regional climate. 
Recently, disease mapping using remote sensing has been used to predict geographic 
differences in worm infection prevalence (Brooker et al.  2006; Simoonga et al.  2009), an 
approach which unfortunately will remain elusive for many other water and sanitation 
related-infections, especially diarrhoea as its measurement almost exclusively relies on 
population-based data.  
 
 

4.2 High risk and vulnerable populations 
 

Poverty 
The major risk factors for diarrhoea and other water, hygiene and sanitation related- 
diseases are related to the consequences of poverty, such as undernutrition, micronutrient 
deficiency, lack of adequate sanitation, scarcity of sufficient quantities of safe water, poor 
hygiene, low level of education and poor health care access. From this perspective it is no 
exaggeration to say that there is no greater risk factor for water, sanitation and hygiene 
related diseases than poverty, even if poverty as such is not easy to define for the purposes 
of estimating the disease burden. Poverty can increase the risk of infection in several 
dimensions: undernutrition due to lack of purchasing power increases the susceptibility to 
diarrhoea and many other infections (Caulfield et al.  2004; Rice et al.  2000). Poor people 
also have less money for health care and are often living further away from health care 
facilities than richer people. Poverty, especially in urban settings, is often associated with 
crowding which increases the likelihood of disease transmission. As a consequence, poverty 
in all its various forms remains the biggest challenge for the control of water, sanitation and 
hygiene-related diseases. Unsurprisingly, improving water, sanitation and hygiene can also 
help alleviate poverty. For example, adequate water access can save time and money, while 
reduced costs for illness and premature death can allow households to allocate their funds to 
more productive activities. Poverty is a very general term that is difficult to define and to 
address specifically. Within the large number of poor people in the world, however, there are 
several groups that are especially vulnerable, and these will be discussed in the following 
sections:      
 

 
Infant and child health 

It is estimated that diarrhoea kills 4,000 children every day around the world, making it the 
second leading cause of death among children under five globally (Black et al.  2003). It is 
estimated that 47% of children in the developing world between the ages of five and nine are 
infected with any of the three main types of intestinal worms as a result of inadequate 
sanitation. These are associated with impaired learning, increased absences from school, 
and decreased future economic productivity (Bethony et al.  2006; Clasen et al.  2010). 
Diseases such as diarrhoea, tropical enteropathy and nematode infections have negative 
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effects on nutritional status in children. WASH interventions could be associated with 
improved measures of nutritional status in children: 40-60% of malnutrition is attributable to 
poor water, sanitation and hygiene (Prüss-Üstün & Corvalán 2006; Prüss-Üstün et al.  2008). 
 
Water and sanitation access interact strongly with place of residence in explaining patterns 
of infant and child mortality. In a study of six countries in Central and West Africa, Van de 
Poel and colleagues (2009) found that differences in water and sanitation access (among 
other factors) substantially explained the variability in infant mortality between urban and 
rural settings. Similarly, in a study of 22 countries, Fotso and colleagues (2007) 
demonstrated that rapid urbanisation has resulted in poor access to safe water and as a 
result progress has been slow towards reducing urban child mortality.  
 
Proper disposal of children’s stools (Yeager et al.  1999), is an important part of many 
hygiene promotion campaigns and likely to benefit children. A meta-analysis of observational 
studies of infants’ faeces disposal practices found that unsafe disposal increased the risk of 
diarrhoea by 23%, highlighting the importance of the safe management of both adults’ and 
infants’ faeces (Mara et al.  2010). 
 
Even regarding the effect of hygiene on diarrhoea among young children in poor 
communities, we still have much to learn. For example, the only epidemiological evidence for 
the health impact of some aspects of hygiene behaviour, such as proper disposal of 
children’s stools (Yeager et al.  1999), is from observational studies, which are subject to 
confounding factors. Intervention studies (trials) are needed to provide firm evidence. As with 
all behaviour change interventions, sustained behaviour change is not easy to achieve, and 
requires time, resources and intervention messages tailored to the local context (Curtis et al.  
2011). 
 
There is evidence that WASH interventions have a positive impact upon the prevalence of 
childhood disease (Clasen et al. 2010, Curtis & Cairncross 2003, Waddington et al. 2009, 
Briend 1990, Guerrant et al. 2008, Prüss-Üstün & Corvalán 2006, Humphrey 2009). For 
babies who are not breastfed, good hygiene, including food hygiene could be vital to 
increase their chances of survival by preventing diarrhoea and respiratory diseases, to which 
they are particularly prone (Motarjemi et al. 1993, Van Derslice et al. 1994).   
 

Maternal and neo-natal health  
Hookworm infection in pregnancy is a serious cause of morbidity for women as well as a 
cause of foetal development problems. Sanitation can help prevent this burden.  Good 
access to WASH facilities also means far more convenience in terms of time and effort to 
collect water or to reach and use sanitation in pregnancy. Of perhaps even greater 
importance is adequate access to water and hygiene as a means to ensure safe delivery. 
Infection and sepsis are leading causes for maternal and neonatal mortality. Although the 
evidence base is currently not sufficient, it can be expected that a clean and hygienic 
environment facilitated by adequate sanitation and water access should contribute to 
lowering infection rates in mothers and newborn children. The recognition of good hygiene in 
midwifery is longstanding (MIRA Makwanpur trial team 2004; Curtis et al.  2011). In a study 
from Nepal, maternal and birth attendants handwashing behaviour was strongly associated 
with neonatal survival (Rhee et al.  2008). In a review on the effect of hygienic birth practices 
Blencowe and colleagues (2011) found evidence for a strong effect on neonatal tetanus and 
sepsis, although the quality of the reviewed studies was quite weak and included expert 
opinion. Ensuring accessible, affordable, reliable and good quality water, sanitation and 
hygiene in clinics and communities reduces maternal mortality.  
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Girls 
Girls are a vulnerable group at risk of suffering, particularly if water, sanitation and hygiene 
conditions are poor. At a young age, girls are biologically less susceptible to infectious 
diseases, including diarrhoea, than boys. However, in many low income settings poor 
households often seek less health care for girls than for boys. This has especially been 
found to be a problem in South Asian and Southeast Asian countries with a strong boy 
preference that can also be seen in the high rate of gender-specific abortions in these 
countries. For example, in India and Bangladesh, two countries in which diarrhoea is a 
leading cause of death, child mortality in poor settings is often higher for girls than for boys 
(Claeson et al. 2000, Mitra et al. 2000, Ahmed et al.  2000). Differences in health care 
seeking behaviour have been shown to be responsible for much of this mortality gap 
between boys and girls. However, in areas with food scarcity, it may also be that boys are 
allocated more food than girls and may therefore be less susceptible to water, hygiene and 
sanitation related infections than girls (Koenig & D’Souza 1986), especially with regard to 
severe disease episodes.   
 
Girls of school age, especially after puberty, are often faced with inadequate sanitation 
facilities at school, which may pose problems during menstruation and lead to school 
absence (Sidibe 2007). There have been some studies that indicate improving school 
sanitation may help girls to achieve in school (Sidibe 2007). Girls are also more often than 
boys charged with carrying water in areas with inadequate water access. They would 
therefore benefit in particular from improvements in water supply.   
 
 

People living with HIV/AIDs (PLWHA)  
Several studies have now documented that improvements in water quality are highly 
effective in reducing diarrhoea in PLWHA. Harris and colleagues (2009) found that in 
western Kenya point of use water treatment significantly reduced diarrhoea among breast 
feeding infants of HIV positive mothers before and after weaning. In a study in South Africa 
on morbidity in HIV positive and HIV negative mothers 24 months after delivery, Coutsoudis 
et al. (2010) found in a well-designed prospective cohort study that poor water and sanitation 
significantly contributed to poorer health among the HIV positive women. Similarly, a study in 
Nigeria found a 46% reduction in diarrhoea among people living with HIV following a point of 
use water treatment intervention, even though over 80% already had improved water 
supplies (Barzilay et al.  2011) although the study lacked an adequate control group. WASH 
can protect the very young and those infected with HIV from opportunistic infections such as 
diarrhoea and skin diseases. One randomised trial, providing people living with HIV/AIDS 
with guidance on household water treatment and safe storage, reduced the number of days 
they had diarrhoea by 33% (Lule et al.  2005). Although empirical studies have suggested 
that the effect of household water treatment on diarrhoea may be smaller than observed, its 
effect could be important in PLWHA because of their high susceptibility to infections that 
would not cause illness in healthy individuals. Further research is needed on this issue.   
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5. Health impacts of 
WASH: diarrhoeal diseases 
 
The following two sections consider the diseases associated with lack of access to WASH 
and the impact of WASH interventions on the risk for these diseases.  
 
This section considers diarrhoeal diseases. Firstly, the diarrhoeal disease burdens 
associated with WASH and then, more specifically, that associated epidemic diarrhoeal 
diseases are considered. Secondly, the systematic review literature for the effect on WASH 
interventions on diarrhoeal disease morbidity is discussed. The strong focus on diarrhoeal 
diseases reflects both its importance in terms of the associated disease burden but also that 
diarrhoea offers the most extensive body of evidence for the health impacts of WASH.  
 
Section 6 below will consider other attributable diseases and assesses the available 
evidence for health impacts.  
 

 
5.1 WASH and diarrhoeal diseases 

 
Diarrhoeal diseases are a symptom most often caused by infectious agents such as bacteria 
(e.g. E. coli, salmonella, shigella, campylobacter), viruses (e.g. rotaviruses, noroviruses and 
adenoviruses), protozoa (e.g. amoeba, cryptosporidium and gardia) (WHO 1999). Only a 
small fraction of diarrhoea is caused by non-infectious conditions such as intoxication or 
non-infectious inflammatory diseases. As was discussed previously, it is important to note 
the differing aetiologies and dominant transmission pathways for diarrhoeal diseases.  
   
Diarrhoeal diseases are one of the leading causes of morbidity and mortality among children 
under five years of age in both low- and middle-income countries (Black et al. 2010). 
Approximately 1.9 million children under five years of age died from diarrhoeal diseases in 
the year 2004.  
 
Diarrhoea – 88% of which is due to poor water and sanitation (WHO 2004) – kills more 
children than HIV/AIDS, malaria and measles combined (UNICEF/WHO 2009). By the most 
recent authoritative estimates, diarrhoea is the leading cause of death among children under 
five years in sub-Saharan Africa, resulting in 19% of all deaths in this age group (Black et al.  
2010).  
 
Diarrhoeal diseases account for 52 million DALYs (WHO 2008). It is estimated that each 
child under the age of five in the developing world experiences three episodes of diarrhoea 
per year (Kosek et al.  2003). Within low-income countries, the very poor suffer much more 
from diarrhoea than others, an aspect which becomes increasingly obvious due to the 
widening income gap in many rapidly developing countries. The majority of fatal cases of 
diarrhoea are among children under five. 
 
The focus on acute diarrhoea almost certainly underestimates the disease burden caused by 
inadequate water and sanitation: it is important to consider long-term as well as short-term 
effects. Many excreta-related pathogens cause diarrhoea and also impair intestinal 
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absorption, both of which contribute to malnutrition. Repeated infection with enteric 
pathogens may have a lasting impact on the growth and development of a child (Checkley et 
al.  2008; Lima et al.  2000). These long-term consequences could manifest themselves in 
the form of stunting and cognitive impairment (Petri et al.  2008). It has been suggested that 
50% of childhood undernutrition is caused by repeated diarrhoea or intestinal nematode 
infections as a result of unsafe WASH (Prüss-Üstün et al.  2008). Due to methodological 
issues, especially socio-economic confounding, the extent to which diarrhoea contributes to 
undernutrition and growth faltering is still under debate, but a substantial role remains likely 
(Humphrey 2009).    
 
The widespread introduction of oral rehydration therapy (ORT) in the 1980s contributed 
much to reducing mortality from diarrhoeal disease. However, such interventions focus on 
mortality rather than morbidity and on secondary, rather than primary, prevention. Moreover, 
ORT does not address the problems of persistent diarrhoea and dysentery (Bartram & 
Cairncross 2010), which can contribute to undernutrition with all its adverse health 
consequences. More recently, vaccination against rota virus (a major cause of severe acute 
diarrhoea) has demonstrated promising clinical effectiveness but, as with most vaccines, it 
targets only single organisms. These interventions are important, but cannot replace the 
need for WASH interventions that have the potential for achieving a broad impact on multiple 
diarrhoea pathogens by targeting the major transmission pathways.  
 
As diarrhoea pathogens spread by many different interacting pathways, WASH interventions 
need to be well coordinated to be effective, although evidence is lacking on how best to 
combine different approaches. There is little doubt, however, that improving access to 
adequate amounts of water, hygienic sanitation facilities and promotion of handwashing with 
soap should be the cornerstones of integrated campaigns (Cairncross et al.  2010b).  
 
Sanitation and hygiene promotion are the two most effective interventions for controlling 
endemic diarrhoea and the most cost-effective (approximately US$3 per DALY averted for 
hygiene promotion and US$11 for sanitation promotion), ranking higher on this basis than 
any other form of health intervention, such as combating malaria, tuberculosis and HIV/AIDS 
(Laxminarayan et al.  2006). 
 
A further potentially very important intervention (largely neglected in terms of research and 
public health investment) would be to improve food hygiene, which may prevent many 
diarrhoea deaths, especially in hot climates where food hygiene is difficult to maintain (Curtis 
et al.  2011). A recent prospective cohort study by Luby and colleagues (2011) suggests that 
handwashing with soap before preparation of children's food may be particularly effective in 
reducing diarrhoea. A recent intervention study (Touré et al.  2011) found both high baseline 
faecal contamination of weaning foods and large reductions in contamination following a 
targeted hygiene intervention. More research is needed to establish the effectiveness of 
promoting improved food hygiene, particularly the hygiene of weaning foods, eaten by 
children in the age range most vulnerable to diarrhoeal disease. The impact of better food 
hygiene upon health outcomes may be considerable. 
 
Conclusion: There is good evidence that inadequate WASH contributes substantially 
to the burden of diarrhoea and its related adverse health effects. 
 

 
5.2 WASH and epidemic diarrhoeal disease (cholera and 
typhoid) 
 
Most of the diarrhoeal diseases associated with poor access to sanitation, hygiene and 
water tend to be endemic as people are exposed on a more or less continuous basis to 
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pathogens as a result of poor WASH. However, there are important exceptions to this where 
WASH-associated diseases are epidemic in nature. Notable among these are cholera (Vibrio 
cholerae) and typhoid fever (Salmonella typhi). Recent large scale outbreaks of cholera in 
Haiti (2010), Pakistan (2010) and Zimbabwe (2008/9) and of typhoid fever in Kinshasha in 
the Democratic Republic of Congo (2004) have caused high mortality, especially as they 
often occur at times of war and natural disaster, with crowded conditions, poor or reduced 
access to WASH, and weakened or no access to healthcare.   

 
Cholera is a disease that is strongly associated with poverty and thrives in areas of poor 
WASH. Historically, outbreaks have occurred following wars, civil unrest and natural 
disasters. Cholera is a persistent public health problem in many parts of the world. In 2010, 
317,534 cases of cholera were reported including over 7,500 deaths, a mortality ratio of 
2.38% (WHO 2010a). The year represented a significant increase in cholera cases and 
death, mainly as a result of the cholera outbreak in Haiti. Until 2010, over 90% of all reported 
cholera cases and deaths occurred in Africa (Gaffga et al.  2007). Despite the widespread 
use of oral rehydration solution (ORS), the case fatality rate remains highest in Africa. 
Furthermore the continent suffers from explosive outbreaks that result in high levels of both 
morbidity and mortality. The epidemic in northern Kivu, Democratic Republic of Congo, is a 
haunting reminder of the disease’s virulence; approximately 50,000 Rwandan refugees 
perished within one month. Although cholera is a notifiable disease, the WHO estimates that 
only 5-10% of actual cases worldwide are reported due to inadequate surveillance systems 
and economic concerns (Gaffga et al.  2007). 
 
The principal reservoirs of cholera are humans and sources of brackish water such as 
estuaries.  Transmission can occur either through the direct consumption of water from a 
confirmed aquatic reservoir or the ingestion of poorly cooked and contaminated fauna or 
flora. Although cholera, is largely perceived as a waterborne disease, person-to-person 
transmission, limited access to sanitation, an inadequate water supply and poor hygienic 
practices may contribute to the rapid progression of an epidemic. Although WHO 
recommends improvements in water supply and sanitation, this approach is not always 
implemented nor indeed feasible for low-income countries, especially after an outbreak has 
begun (WHO 2009). Specific control measures promoted by the WHO are: safe drinking 
water, sanitation, personal hygiene, health education and food safety.  
  
Evidently, cholera and typhoid fever epidemics require the same interventions used to 
prevent and control endemic diarrhoeal diseases; however the evidence supporting the 
effectiveness of WASH interventions against cholera or typhoid is limited. Currently no 
systematic literature reviews exist documenting the impact of the different WASH 
interventions on cholera or typhoid fever.  
 
A systematic literature review was conducted for ECHO on the effectiveness of WASH 
interventions for cholera control in Africa during epidemics (LSHTM 2009) and will be 
expanded in 2012 to include all other regions. The 2009 review found that, following the 
application of the minimum evaluation procedures set out by the WHO (1983), only eight 
papers met the specified criteria. Of the eight articles identified, seven were water quality 
interventions and one was a health education and hygiene study, and only two had a health 
outcome. This highlights two salient points: firstly that, although cholera is a huge problem 
for Africa, there is very limited evidence on the effectiveness of different WASH interventions 
to control it; and secondly, that interventions almost exclusively seem to focus on water 
quality improvements, ignoring the other transmission routes. The review also found limited 
involvement of local communities in the water quality interventions with the result that uptake 
of the interventions was poor.  
 
The importance of local involvement, appropriate technology, and understanding of the local 
cholera reservoir was shown in Bangladesh, where sarees were used to filter drinking water 
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before consumption yielded a 48% reduction in cholera (Colwell 2003). In the same part of 
the country five years later a study found 31% of the population still filtering their drinking 
water, of which 61% still used sarees (Huq  2010). 
 
The nature of cholera, but also typhoid fever outbreaks, combined with the high mortality 
associated with them, does not always allow for well-designed intervention studies. 
However, the seriousness of these outbreaks, together with the financial resources spent by 
local governments and international aid agencies, warrants more research on the impact of 
the different WASH interventions and their implementation strategies on cholera and typhoid 
fever. 

 
5.3 Systematic reviews for the effect of WASH on diarrhoeal 
morbidity 
 
Several systematic reviews have assessed the impact on health of a range of WASH 
interventions that are classified in different ways. The studies reviewed include a range of 
outcome indicators, but the common and perhaps most important of these is diarrhoeal 
disease morbidity. Several studies also explore combinations of these interventions. The 
results from the studies which highlight the impact of WASH interventions on diarrhoea 
morbidity are laid out in Table 5.1.  
 
Table 5.1 Percentage decrease in risk of diarrhoea attributed to single and combined 
WASH interventions, as specified in systematic reviews  
 

Study Interventions Risk reduction (%) 

Esrey et al.  1985 Water quality 16% (median) 

 Water quantity 25% (median) 

 Water quality & quantity 37% (median) 

 Sanitation 22% (median) 

Esrey et al.  1991 Water quantity 20% (median) 

 Water quality 15% (median) 

 Water quality and quantity 17% (median) 

 Sanitation  36% (median) 

 Water and sanitation 30% (median) 

 Hygiene promotion 33% (median) 

Curtis & Cairncross 2003 Handwashing with soap 42-47%(pooled est) 

Fewtrell et al.  2005a 1 Water supply 25% (pooled estimate) 

 Water quality 31% (pooled estimate) 

 Sanitation 32% (pooled estimate) 

 Hygiene education 28% (pooled estimate) 

 Handwashing 44% (pooled estimate) 

 Multiple interventions 33% (pooled estimate) 

Waddington et al.  2009 Water supply pooled 2% (pooled estimate) 

 Water quality pooled 21% (pooled estimate) 

 Sanitation pooled 37% (pooled estimate) 

 Hygiene pooled 31% (pooled estimate) 

 Water supply & san/hyg 38% (pooled estimate) 

 Water quality & san/hyg 57% (pooled estimate) 

Cairncross et al.  2010a 2  Handwashing with soap 48% (pooled estimate) 

 Water quality 17% (pooled estimate) 

 Excreta disposal 36% (pooled estimate) 
1
 Includes all studies, both poor and adequate quality  

2
 Disease reductions listed are ones chosen for the LiST model  
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Limitations of this literature 

The review by Fewtrell et al.  (2005) was the first to add confidence intervals. The wide 
range of uncertainty about any of the reductions shown is demonstrated by the overlapping 
confidence intervals (vertical lines) shown in Figure 3.1. which adds a later pooled estimate 
with confidence intervals from a separate systematic review of handwashing with soap 
(Curtis & Cairncross 2003). 
 
 
Figure 5.1 Results of reviews of the effect on diarrhoea of WASH interventions 

 
Previous reviews a,c–f: Esrey et al.(1991);  b: Curtis & Cairncross (2003) 
 
Source: Bartram & Cairncross 2010   
 
The width of the confidence intervals is a consequence of the variation between individual 
studies caused by many different factors, not least the local context. For example, some 
reviews would consider a comparison between in-house water taps and a public well in the 
same category as a comparison between a public well with a lining and a hand pump on one 
hand, and a public well with no lining on the other, since both are water supply 
improvements.  
 
Another potential source of variation is the methodological deficiencies in most of the studies 
reviewed. A paper published in 1983 classified these shortcomings into eight categories and 
concluded that of some 50 studies examined, all were subject to at least one deficiency 
(Blum & Feachem 1983). This shouldn’t necessarily be interpreted as a lack of care on the 
part of the researchers, but rather as a reflection of the necessary compromise between the 
ideal of the perfectly rigorous study (internal validity) and the need for research findings that 
are relevant to the real world (external validity). 
 
One thing is clear; the estimates of effect size reached by the older literature reviews all lie 
squarely within the ranges of uncertainty calculated by Fewtrell. So while there was much 
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interest in the difference between Fewtrell's findings and those of the previous review by 
Esrey, these differences were not statistically significant. 
 
The real ranges of uncertainty are greater than shown by the lines in Figure 3.1. Fewtrell's 
confidence intervals are based only upon the heterogeneity between studies, and do not 
take account of confounding or bias. For example, a consistent bias due to placebo effect or 
the desire of respondents to please the fieldworkers in trials. 
 
A further problem with the literature is that few of the studies set out to evaluate more than 
one of the WASH interventions. For example, the recent Cochrane review of the health 
impact of excreta disposal (Clasen et al.  2010) found hardly any studies of sanitation alone 
without a simultaneous water supply intervention. 
 
Much of the discussion of the results of these reviews pays scant regard to these, and other, 
shortcomings. For example, a number of authors have commented that the health impact of 
combined interventions such as sanitation plus water supply is no greater than the impact of 
a single intervention. This apparent anomaly becomes clear when it is understood that the 
comparison is not between studies of combined interventions and studies of single 
interventions, but between studies of combined interventions and other studies of combined 
interventions. 
 

 
Evidence for mortality impacts 
It should be noted that almost all of the studies in the literature have measured impact on 
morbidity, not mortality, although it is the deaths caused by diarrhoea that account for most 
of the DALYs lost through the disease (Rosen & Vincent 2001).   
There are serious ethical and logistical difficulties in carrying out a study to measure the 
impact of water supply and sanitation on child mortality. Nevertheless, two studies stand out; 
both looked at deaths due to diarrhoea, and by coincidence both are Brazilian. The results 
are in Table 5.2. and Table 5.3. 
 
Table 5.2 Water supplies in Palmares, north-east Brazil (infants < 4 months)  

Type of Water Supply % of deaths due to 
diarrhoea 

Public piped system: 
(60% of population) 

 

 - house connections 20.0 

 - tap < 100 m from house 57.1 

 - tap > 100 m from house 68.0 

Unprotected well: 
(40% of population) 

57.6 

Source: Wagner & Lanoix 1959 
 
The first study is based on routine reporting of cause of death among very young children in 
north-east Brazil. The proportion of child deaths due to diarrhoea is much greater when they 
do not have water piped into the home. The authors of the book in which this example 
appears (Wagner & Lanoix 1959) suggest that the higher death rate from diarrhoea among 
children whose water comes from outside is caused by faecal contamination of the water 
while it is being carried in. A more modern interpretation would note that people who have to 
carry water home use less of it for hygiene. 
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Table 5.3. Effect on child diarrhoea mortality of sanitation, water quality and access to 
water in Pelotas, southern Brazil 

 
Source: Victora et al.  1988 
This second study is a more recent case-controlled study. Data were collected on children 
who had died in the city of Pelotas in the previous year and each child was compared with 
another one still alive who lived nearby. Instead of comparing death rates between children 
with and without water supply, the researchers compared the proportions with water supply 
between the living and the dead children. 
 
Both studies draw a picture that is broadly similar with the findings of the randomised and 
quasi-randomised studies of morbidity presented above. The two studies show major health 
benefits from house connections or from water pipes near the house, but show a surprisingly 
small impact from water quality. They do not shed much light on the benefits of sanitation. 
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The distance/consumption plateau and its implications 

One way to make sense of the data, having noted that many projects heavily based on water 
quality improvement failed to produce a health impact, is to conclude that health impact 
depends more strongly on water quantity, itself an indicator of hygiene. This puts water 
consumption at the centre of the model; on the one hand it is the indicator of hygiene (other 
things being equal) and on the other it is the result of the level of access to water. 
 
Water consumption changes with access to water in a partly counter-intuitive way. When 
water sources are more than half an hour's return journey away from home, then provision of 
water closer to the home will lead almost automatically to water consumption increases, but 
sources closer to the home than a 30 minute round-trip will be used for almost the same 
amount of water whether the distance is 1,000 metres or 100 metres (see Figure 5.2). This 
inelasticity of demand with distance is sometimes termed the water use plateau. By contrast, 
when water is piped into the house or yard, consumption doubles or trebles (not shown in 
Figure 5.2). 
 
 
Figure 5.2 Relationship between distance to water and water consumption in (a) 
Eastern and (b) Southern Africa 
 
Note: walking at 4 kilometres per hour for a round-trip journey time of 30 minutes 
(Figure A) is equivalent to a one way distance of 1 kilometre or 0.75 miles (Figure B) 
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Sources:  (a) White et al. 1972 (b) Feachem et al.  1978. 
 
The implication is that, other things being equal, priority in the allocation of water supplies 
should go to those people whose existing source is more than a 30-minute round-trip walk 
away. Closer water supplies will lead their consumption to increase – hence their hygiene to 
improve – and they will therefore be more likely to show a health benefit.  
 
The evidence for this paradigm is not stronger than that for other WASH interventions; two 
recent systematic reviews (Wang & Hunter 2010, Subaiya & Cairncross 2011) support the 
hypothesis that reduced water collection journey time is associated with reduced disease 
risk, especially when the reduction is from more than 30 minutes. 
 
The same people (living more than 30 minutes from water) will also benefit most from the 
saving in time and drudgery when water sources are provided closer to their homes. 
Moreover, because of this they will be more likely to be willing to contribute towards the cost 
of the water supply, assuming that sustainable institutional arrangements have been made 
to collect their payment and manage the funds. 
 
If everyone is already on the plateau (if everyone has water within 30 minutes of their home) 
then provision of water through public taps or pumps on wells will move people along the 
plateau, but not lead to increased consumption. Thus they are unlikely to show any health 
benefit. In such a case, consideration should be given to the provision of house connections 
if a health benefit is desired. For a system managed by a low-income community such as an 
African village, cost recovery is also much easier when some house connections are 
provided, because defaulters can easily be disconnected. Applying such sanctions to the 
users of public standpipes is much more difficult, but the revenue from a small minority of 
house connections is usually enough to provide free standpipe water to the rest of the 
community. 
 
However in other settings, such as urban apartments with cistern-flush toilets, many people 
are dependent upon house connections for their continued wellbeing; in such environments, 
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disconnection of a house connection could be a serious infringement of the consumer’s 
human rights, and possibly illegal. 
 
Nevertheless, the policy implications of the Water Use Plateau are best read together with 
the impact of house connections.  One way to adopt them would be to set a water supply 
target for household/yard access wherever possible (while not placing the achievement of 
this for a minority above the achievement of 30 minutes access for all). 
 
 
Conclusion:  
 
There is suggestive evidence that hygiene (i.e. handwashing) substantially reduces 
diarrhoea diseases in the community. There is suggestive evidence that sanitation, 
and household water treatment can reduce diarrhoea. There is suggestive evidence 
that increasing water quantity directly reduces the risk of diarrhoea and other WASH 
related diseases. Few studies have looked at the effect of water, sanitation and 
hygiene interventions on mortality, and these have not been of good quality. 
Therefore, there is currently only weak epidemiological evidence that WASH 
interventions reduce mortality, even if biological plausibility remains high. The effect 
on health of different WASH interventions is likely to extend to a large variety of 
infectious diseases such as worm infections, trachoma, acute respiratory infections 
and most importantly diarrhoea.  
 
A clean environment by ensuring access to water, sanitation and hygiene has 
historically been a key to improving health and survival in countries now regarded as 
developed. There is little evidence to suggest that equally impressive improvements 
in health and longevity cannot be achieved in low income settings today by effective 
and sustainable WASH interventions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

50 
 

6. Other health impacts 
In this section the following other diseases associated with WASH are discussed and the 
evidence considered: 
 

6.1 Acute respiratory infections 
 
6.2 Undernutrition 
 
6.3 Neglected Tropical Diseases 
 

6.3.1 Intestinal worm infections 
6.3.2 Trachoma  
6.3.3 Schistosomiasis & Guinea worm  

 
6.4 Insect-borne diseases 

 
6.4.1 Mosquito-borne diseases 
6.4.2 Other insect-borne diseases 

 
6.5 Arsenicosis and fluorosis    

 
 
Where appropriate, systematic searches were completed and the findings are summarised 
in tables given in the annexes. 
 

 
6.1 Acute respiratory infections 
Growing attention is being paid to the important role of WASH interventions in preventing the 
transmission of respiratory pathogens. Causing 4.2 million deaths each year (1.6 million 
among children under five years), acute respiratory infections (ARI) are the global leading 
cause of child mortality (Black et al 2010).  
A systematic review of the effect of handwashing with soap on ARI found, after updating 
(see Figure 6.1), a pooled estimate of 23% risk reduction (Rabie & Curtis 2006). Another 
meta-analysis of improved hand hygiene by Aiello and colleagues (2008) found a similar 
effect estimate of 21% risk reduction (Aiello et al 2008).  
Of the studies included in these two reviews, all but one were conducted in high- or middle-
income settings; the one study conducted in a low-income setting found a 50% risk reduction 
for ARI (Luby et al 2005). Methodological issues with this study, including a lack of blinding, 
no clinical case confirmation, and those delivering the intervention also recording the 
outcome, may mean that the large effect is the result of systematic error (bias). However, 
Rabie and Curtis considered that all the studies included in their meta-analysis had one or 
several methodological flaws.  
 
Two more recent studies have taken place in low/middle income settings and were not 
included in these reviews (Rabie & Curtis 2006; Aiello et al 2008). Bowen and colleagues 
(2007) found that an intensive hand hygiene promotion campaign decreased significantly the 
incidence of all illnesses and absenteeism among Chinese school children, without 
observing a significant impact on respiratory illnesses specifically. More recently in Egypt, an 
intervention study in 60 elementary schooled showed a reduction of 40% of absenteeism 
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due to influenza-like illnesses, and a reduction of 50% of absenteeism due to laboratory 
confirmed influenza cases (Talaat et al., 2011).  
 
While the  evidence reported by Luby may be an outlier, laboratory and several field studies 
have shown that hand hygiene can play a role in reducing the transmission of influenza and 
respiratory syncytial viruses, both leading causes of severe respiratory infections in children 
worldwide (Fung & Cairncross 2007; Cowling et al. 2009; Goldmann 2000). A recently 
updated Cochrane review concludes that handwashing with soap is one of the effective 
physical interventions to reduce the spread of viral respiratory infections (Jefferson et al., 
2011). 
 
Figure 6.1 Risk of respiratory infection and handwashing with soap 
Risk Reduction: RR=1.295 (95% confidence interval = 1.125 -1.492) 
[RR = 1.19 (95% confidence interval = 1.12 – 1.26) if retaining the first 7 studies (excluding 
Luby and Sandora), which results are statistically homogenous for random effect pooling] 
 

 
 
Source: Adapted from Rabie and Curtis 2006, including Luby et al.(2005) and Sandora 
et al.  2005. Updated by authors.   
 
Conclusion: There is good evidence that improved hygiene can reduce the risk of 
selected viral respiratory infections.  
 

 
6.2 Undernutrition  

 
It is estimated that undernutrition causes 2.2 million deaths and 21% of global disease 
burden for children younger than five years (Black et al. 2008). Undernutrition is both a 
cause and a consequence of diarrhoea. Undernutrition increases both the susceptibility to 
diarrhoea and the severity of episodes, and WASH-related pathogens (especially those 
causing diarrhoea) lead to reduced food intake and the malabsorption of nutrients (Checkley 
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et al. 2008; Lima et al. 2000). As diarrhoea causes undernutrition, it further reduces a child’s 
resistance to subsequent infections creating a vicious circle (Brown et al. 2003).  
 
Evidence suggests that exposure to excreta-related pathogens, including worms, and 
repeated episodes of diarrhoea in early life leads to lowered immunity, increased morbidity, 
and largely irreversible growth and cognitive deficits (Petri et al. 2008; Prüss-Üstün & 
Corvalán 2006; World Bank 2006).  
 
 
Figure 6.2 Linking diarrhoea and malnutrition in children under five in Ghana and 
Pakistan 
 

 
 
 
Source: Adapted from Acharya & Paunio (2008) 
 
It has been estimated that if the impacts of this chronic burden are taken into consideration, 
the global disease burden due to diarrhoea (and, consequently, to lack of access to safe 
WASH) would be about twice current estimates that consider only acute illness and mortality 
(Guerrant et al. 2002).  
 
Overall, it has been estimated that 50% of the consequences of undernutrition are caused by 
environmental factors that include poor hygiene and lack of access to water supply and 
sanitation (Blössner & de Onis 2005; Prüss-Üstün & Corvalán 2006; World Bank 2008; 
Victora & Fall 2008).For example, when undernourished children are recovering from an 
episode of diarrhoea, they are unusually susceptible to pneumonia (Schmidt et al. 2009b).  
 
More recently it has been hypothesised that a key cause of child undernutrition is a 
subclinical disorder of the small intestine known as tropical enteropathy or environmental 
enteropathy (EE). This condition is characterised by malabsorption and increased gut 
permeability which allows microbes to pass across the intestinal wall into blood circulation 
and chronically trigger immune activation which, in turn, suppresses growth. EE may be 
caused by ingesting large quantities of faecal contamination (Humphrey 2009). Accordingly, 
improved WASH may enhance child growth by reducing or preventing EE. Indeed, 
Humphrey has posited that the primary pathway by which poor WASH leads to 
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undernutrition is EE and not diarrhoea – a hypothesis that is currently being tested in three 
large trials in Zimbabwe, Kenya, and Bangladesh.  
 
Impaired gut function as a consequence of recurrent enteric infections may also reduce the 
effectiveness of vaccines. The gut contains a vast and complex immune system that 
influences the immune response in the rest of the body. Frequent enteric infections have 
been shown to reduce the immunogenicity and therefore the protective effect of vaccines 
(Levine 2010).  
 
A forthcoming Cochrane review for the effect of WASH on undernutrition found relatively few 
high quality interventions studies, with most studies included being ranked as poor quality 
(Dangour et al 2011). One higher quality study – a randomised controlled trial - for the effect 
for water treatment on stunting found an average 0.8 cm gain among the treatment arm 
(95% CI 0.7 - 1.6 cm; P-value = 0.031) (Du Preez et al 2011). In a non-randomised study of 
low quality conducted in Ethiopia some communities received WASH education and 
hardware (e.g. pit latrines and new water sources) while others received no interventions. 
Between the beginning and end of the 5-year project, mean height-for-age Z-score among 
children < 5 years increased (+0·33; P-value = 0·02) and the prevalence of stunting declined 
by 12% in the WASH communities, but these indicators did not change in the control 
communities (Fenn et al 2012). The results of this review are given in Annex 2.  
 
The need for more high quality studies investigating the effect of improved WASH on 
childhood nutrition is being met by a number of trials that are currently underway in India, 
Bangladesh, Kenya and Zimbabwe (see Box 6.1).  
 
 

Box 6.1 A cluster-randomised control trial for environmental enteropathy 
 
A cluster-randomised control trial with a factorial design is being led by the Zimbabwe 
Ministry of Health and Child Welfare and Zvitambo Project in collaboration with Johns 
Hopkins Bloomberg School of Public Health, Cornell University, the London School of 
Hygiene and Tropical Medicine, and the Research Institute of the McGill University Health 
Centres. The study is funded by DFID, the Bill and Melinda Gates Foundation, USA National 
Institutes of Health, and Wellcome Trust. 
 
The trial will evaluate the independent and combined effects of improved water, sanitation 
and hygiene, and improved infant diet on child growth and anemia between birth and 18 
months of age.  
 
This study aims to answer the following question:  
 
“If faecal-oral transmission is prevented among infants, will linear growth improve?” 
 

 
 

Conclusion: There is suggestive evidence that poor WASH is associated with 
undernutrition. More high quality evidence is needed for the effect of WASH in 
reducing undernutrition and to identify the most important exposures.  
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6.3 Neglected Tropical Diseases 
 
A number of diseases of poverty, known as the Neglected Tropical Diseases (NTDs), cause 
substantial chronic suffering and DALY losses in developing countries, out of all proportion 
to the number of deaths they cause (Brown 2003). The following NTDs can be prevented by 
improvements in water, sanitation, and hygiene: trachoma, schistosomiasis, soil-transmitted 
helminths, neglected zoonoses, dengue haemorrhagic fever, dracunculiasis (guinea-worm 
disease), and lymphatic filariasis (elephantiasis). 
 
Current efforts to eliminate many of these diseases often focus on mass drug administration 
(MDA) programmes, which are more expensive and less sustainable than WASH 
interventions. If efforts focussed more on integrating environmental improvements, i.e. 
WASH improvements, with MDA, greater progress would be made in reducing the burden of 
these illnesses.  
 
Esrey and colleagues (1991) calculated disease-specific median reduction levels for a 
number of these infections. The median reduction percentage in morbidity and mortality from 
improved water and sanitation were 29% for ascariasis, 26% for Guinea worm, 77% for 
schistosomiasis, and 27% for trachoma.  
 
The following NTDs are discussed in more detail in this section: soil-transmitted helminth 
infections, trachoma, schistosomiasis and guinea worm. Lymphatic filariasis and dengue are 
discussed in section 6.4.  

 
6.3.1 Soil-transmitted helminth infections 
 
Soil-transmitted helminth infections related to inadequate WASH result in undernutrition, 
anaemia and impaired development. According to Bethony and colleagues (2006) the major 
soil-transmitted intestinal helminth (STH) infections affect large populations across the 
developing world: between 800 million and 1.2 billion infected with Ascaris lumbricoides 
(roundworm); between 600 and 800 million infected with Trichuris trichiura (whipworm) and 
between 575 and 750 million with hookworm (Necator americanus and Ancylostoma 
duodenale). The global health impact of these infections remains debated, with estimates 
ranging between 4 and 39 million DALYS lost to STH (Brooker, 2010).  
 
Most worm infections are transmitted by contact with soil contaminated with worm eggs shed 
by infected humans via faeces. STH pass their eggs in faeces with most eggs requiring an 
incubation period in soil with adequate temperature, shade and humidity to become infective. 
After this they reach their human host through the penetration of skin (often feet) for 
hookworm, or through ingestion from contaminated hands or agricultural produce for A. 
lumbricoides and T. trichiura. 
 
Helminth eggs can survive for prolonged periods in the environment. A. lumbricoides eggs 
have been shown to remain infective for several years in certain conditions so that the 
treatment of human waste is required before agricultural reuse (Katakura et al 1986). 
 
Morbidity associated with intestinal helminth infections increases as the intensity of 
infections increases, intensity of infection being the number of actual worms harboured by an 
individual. The majority of the associated burden, particularly with hookworm, is understood 
to be in children of school age. A recent review of hookworm-related anaemia concluded that 
chronic and recurring hookworm infection throughout childbearing age can have a chronic 
effect on women’s iron levels (Brooker et al 2008). This anaemia contributes to higher 
morbidity and mortality for both women and their children. Iron-deficiency anaemia is 
especially important in adolescent girls, and women of childbearing age with severe anaemia 
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during pregnancy have a higher risk of low-weight births and an increased risk of foetal 
morbidity and mortality. Brooker and colleagues estimated that up to a third of pregnant 
women in sub-Saharan Africa are infected with hookworm and at risk of preventable 
hookworm-related anaemia (around 6.9 million women). In children, moderate to heavy 
infections with A. lumbricoides and T. trichiura may also result in malabsorption of nutrients 
and macronutrients, nutritional deficiency and growth retardation or failure (O’Lorcain and 
Holland, 2000). Moderate to heavy infections with any STH in children may also impair their 
cognitive development (Jukes et al. 2008, Stephenson et al. 2000). In severe cases of 
ascariasis, intestinal obstruction can occur, and an estimated 10,000 deaths per year could 
be attributed to this complication (de Silva et al. 1997).  
 
Current control efforts often focus primarily on mass drug administration (MDA). These drugs 
have been shown to be cost-effective but it remains challenging to sustain these campaigns 
over long periods of time. Treatment with drugs does not address the environmental 
transmission cycle, as evidenced by high re-infection rates, especially among the most at 
risk (Ziegelbauer et al 2012). In a recent systematic review by Jia and colleagues (2012), 
pre-treatment infection prevalence levels were observed 12 months after treatment for A. 
lumbricoides and T. trichiura, while for hookworm the 12 month re-infection rate was lower 
with 57% of the pre-treatment prevalence reached after 12 months (Jia et al, 2012).  
 
Adequate sanitation offers the greatest potential to control STH infections as it prevents 
release of faeces into the environment thereby preventing transmission. Ziegelbauer and 
colleagues (2012) recently completed a systematic review for the effect of latrine availability 
and use on STH infections. They concluded that availability and use of latrines reduced the 
risk of combined STH infection by about 50% (fig. 6.3). 
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Figure 6.3: Meta-analysis examining the association of sanitation facilities with infection with 
the three common soil-transmitted helminths combined, extracted from Ziegelbauer et al 
(2012) 

 

 
 
 
Source: Ziegelbauer et al. 2012 
 
A study in Salvador, Brazil, which compared neighbourhoods with storm water drains (to 
prevent seasonal flooding with sewage) or full water-borne sewerage with neighbourhoods 
that had neither found significant indirect effects (Moraes et al 2004). When the level of 
community sanitation was improved, the prevalence of A. lumbricoides infections reduced by 
30 to 40%, T. trichiura infections by 20% and hookworm infections by over 60%, 
emphasising the importance of public transmission.  
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A recently published longitudinal cohort study of a city-wide sanitation programme in 
northeast Brazil reported reductions in the prevalence of helminth and protozoal infections in 
pre-school age children. A. lumbricoides was reduced by 42%, T. trichiuria infections were 
reduced by 62% (Barreto et al 2010). 
 
Improved water supply and hygiene will have only a limited effect on hookworm infections, 
as infection occurs through contact with contaminated soil. Few studies have looked at the 
impact of improved water supply alone on A. lumbricoides and T. trichiura infections. Poor 
quality drinking water is an unlikely source of infection, as eggs tend to sink in water. 
However, improved water supply interventions in the USA and Saint-Lucia have respectively 
shown a 37% and 30% decreased risk of helminth infections in groups supplied with piped 
water and lavatories in households (Esrey, 1991). This effect was greater than for groups 
provided with a well in the courtyard (12%), suggesting that it is the quantity of water used 
that played a major role on A. lumbricoides and T. trichiura infections transmission control. 
Two intervention studies in which promotion of hand washing with soap after defecation or 
before meal as an intervention was compared with a control group remain inconclusive; as 
reported by Fung and Cairncross (2009), one such study showed a reduction in A. 
lumbricoides infections prevalence while another showed no impact on A. lumbricoides 
infections prevalence. 
 
Conclusion: There is good evidence that lack of sanitation contributes critically to the 
burden of soil transmitted helminth infections and that improved sanitation can be 
effective in reducing infection. There is suggestive evidence that poor personal and 
domestic hygiene increases the risk of ascariasis and trichuriasis infections. 
 
 

6.3.2 Trachoma  
 
Not being able to wash and keep clean is also clearly associated with a wide range of skin 
infections and infestation with fleas, lice and mites, some of which are carriers of diseases 
such as typhus and plague. 
 
Trachoma is a devastating disease common in hot and dry regions with inadequate hygiene. 
Trachoma is a bacterial infection of the eye; repeated infections cause damage to the cornea 
leading to blindness (Thylefors et al. 1995). Trachoma is a leading cause of preventable 
blindness worldwide (six million cases of blinding annually). Lack of hygiene and access to 
water is an important factor for trachoma transmission. Musca sorbens flies act as 
mechanical vectors of the disease, and their role is discussed later in this chapter in more 
detail. The lack of personal hygiene (most often due to the lack of adequate amounts of 
water) leads to child-to-child transmission of trachoma, and also cause trachoma-carrying 
flies to be attracted to unwashed faces, especially of children. Facial hygiene is part of the 
SAFE strategy to reduce trachoma (eyelid Surgery, Antibiotic treatment, Facial cleanliness, 
and Environmental improvement, Emerson et al. 2004). It is estimated that more than 70% 
of trachoma incidence is caused by M. sorbens flies that breed in scattered human faeces 
(Emerson et al. 2004; Montgomery & Bartram 2010). 
 
There have been a number of systematic reviews conducted to address the four SAFE 
components (see Table 6.1) and there is sufficient evidence for all components of the SAFE 
strategy to justify its urgent implementation in trachoma endemic regions as a means of 
preventing and treating this disease. 
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Table 6.1 Reviews assessing different SAFE and WASH component interventions 
 

Review S A F E 

Non-WASH WASH 

Evans et al, 2011         

Hu et al, 2010         

Rabiu et al, 2007         

Ejere et al, 2007         

Yorston et al, 2006         

Pruss & Mariotti, 2000         

Emerson et al, 2000         

 
Source: (Cumming et al. 2012) 
 
Conclusion: There is suggestive evidence that ending open defecation and promoting 
sanitation is an efficient way to reduce trachoma transmission by reducing fly 
breeding sites and therefore reducing the number of (M. Sorbens) flies involved in the 
transmission. There is some evidence that hygiene promotion is effective in 
preventing active trachoma in endemic settings but sustainable changes in hygiene 
behaviours may be difficult to achieve. The evidence on improved water supply to 
control trachoma in endemic settings is mixed. 
 

 
6.3.3 Schistosomiasis and Guinea worm  
  
Schistosomiasis and Guinea worm are both caused by worms that spend some time in an 
aquatic host before they are transmitted to the next human host, and are therefore 
associated with water bodies.  
 
Schistosomiasis (bilharzia) is the most common of these. Its transmission is complex, 
involving human faeces and urine, fresh water snails as intermediate hosts and contact with 
water as the cause of infection. Schistosomiasis can cause chronic and often irreversible 
liver and kidney failure. Around 190 million people are infected worldwide, 280,000 die 
annually and many others suffer from chronic illness. 
The majority of efforts to control schistosomiasis are through MDA and control of snails 
population although interventions to reduce contact with contaminated water (e.g. by 
providing a safe water source near the home) have the potential to reduce transmission 
substantially (Gryseels et al. 2006). These interventions can only be effective though if the 
safe water supply is used exclusively and for all domestic needs. From four studies deemed 
rigorous on the effect of providing water supply and washing facilities, Esrey and colleagues 
(1991) concluded that the median reduction in schistosomiasis morbidity reached 77%. A 
similar figure was found in a study evaluating the impact of water and sanitation 
interventions combined.  
 
Guinea worm (dracunculiasis) is transmitted through ingestion of drinking water 
contaminated with larvae from the sores of infectious individuals. The larva makes its way to 
tissues under the skin, where it grows slowly. After about a year, it emerges through an ulcer 
that forms in the skin. Traditional techniques to remove the worm include rolling it slowly 
around a matchstick. Doing this is extremely painful and there is a risk that the worm will 
come into contact with water, starting the cycle all over again. Guinea worm is becoming 
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increasingly rare with less than 2,000 cases worldwide (CDC 2011) annually as the 
eradication campaign nears its conclusion. This success built on an integrated approach 
combining case management, prevention of cases’ contact with surface water and safe 
water provision. Safe water supply interventions reduced annual incidence up to 98% in 
particular settings (Cairncross & Tayeh 2002). 
 
Conclusion: There is suggestive evidence that lack of access to protected sources of 
water close to home increases the risk of exposure to schistosomiasis infested water 
bodies and the risk of infection with schistosomiasis. Whilst Guinea worm is nearing 
eradication, WASH is acknowledged as having played an important part in achieving 
this. 
 

 

6.4 Insect-borne diseases 
 

6.4.1 Mosquito-borne diseases 
In order to complete the mosquito lifecycle, female mosquitoes require water for oviposition. 
As a result mosquito larvae have been retrieved from septic tanks, wet pit latrines, storm 
water and sewage drains, and wastewater treatment plants (Mukhtar et al. 2006; Castro et 
al. 2010; Curtis & Hawkins 1982). Mosquitoes do not breed in dry forms of sanitation, or pit 
latrines without water (Curtis & Hawkins 1982). Anopheles mosquitoes, unlike culex 
mosquitoes, do not tolerate the low levels of dissolved oxygen, and increased levels of 
nutrients and salts that tend to be found in wastewater. They are normally only found in 
sanitation facilities with reasonably clean water, though in the absence of clean water 
sources they will also breed in sewage (Mukhtar 2006).  
 
The main mosquito-borne disease linked to sanitation is lymphatic filariasis, spread by Culex 
quinquefasciatus – a mosquito which prefers to breed in septic tanks, pit latrines and 
wastewater drains. Lymphatic is a complex infection of human lymph vessels which leads to 
poor lymph drainage, especially in the lower extremities with often gross swelling and 
disfiguring oedema at affected body parts, including legs and scrotum (Taylor et al. 2010).  
 
A reason often mentioned by people practising open defecation is that a latrine visit will 
result in being bitten by flies and mosquitoes that use the sheltered, warm, humid and dark 
conditions of the pit latrine to breed and mature. The application of a floating layer of 
expanded polystyrene beads to the latrine pit contents can reduce mosquito breeding 
effectively to zero (Curtis & Minjas 1985) and help reduce the prevalence of lymphatic 
filariasis if applied on a neighborhood or city-wide scale (Maxwell et al.  1999). The 
intervention was found to be sustainable as the beads float automatically to the top of a pit 
when water builds up in the latrine.  It is also easy to apply, well received by latrine owners 
and cheap (Curtis 2005). It has, however, still not been applied on a city-wide basis and the 
trials with polystyrene beads, started in Tanzania in the 1990s, have not been continued by 
the local municipality, and therefore the long-term sustainability of the method is unclear. 
 
The centralised collection of urban sewage will generate large amounts of wastewater and 
the need for treatment to guarantee safe disposal into the environment or use in agriculture. 
A wide variety of wastewater treatment technologies exist that can remove almost all 
pathogens, heavy metals and nutrients that are normally found in wastewater. However, 
most of these wastewater treatment technologies are expensive or require a reliable 
electricity supply. As a result, the most commonly recommended form of wastewater 
treatment technology for a low-income country is a system of wastewater stabilisation ponds 
(WSP) (Mara 2000, Ensink 2007).  These consist of a system of shallow ponds, in which 
wastewater is treated through sedimentation and biological processes. A well-designed 
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system of WSP consists of anaerobic, facultative and maturation ponds in a series in which 
wastewater will be treated for a period between 15 and 20 days.  
 
The downside of WSP is that they create large bodies of open water close to urban centres, 
thereby creating possible breeding sites for disease-transmitting mosquitoes. Limited 
attention has been paid to the potential role of WSP in the generation of vector mosquitoes. 
A study in Nigeria found that living within 300 meters of a WSP was associated with an 
increased risk of malaria (Agunwamba 2001), while work in Pakistan found massive 
mosquito breeding all year round (Mukhtar et al. 2006). The anaerobic ponds were found to 
generate predominantly Culex spp, while the facultative and maturation ponds were found to 
be positive for Anopheles spp (Mukhtar et al. 2006). Mosquito breeding was associated with 
poor maintenance and grass growing at the edges of the ponds. The removal of emergent 
grasses and reinstallation of grids resulted in the near complete removal of mosquito 
breeding (Mukhtar et al. 2006).  
 
Lack of a reliable water source close to home requires householders to store water in large 
quantities at home. The mosquito species that transmit dengue fever (mainly Aedes aegypti) 
have been shown to breed preferentially in storage containers. Dengue fever is a very 
common viral infection especially in Southeast Asia, South Asia and Latin America. It can 
lead to internal bleeding, shock and death. A. aegypti can reach high numbers even in 
dense urban areas (Mammen 2008). A cohort study from Vietnam recently found strong 
evidence that dengue fever is most common in areas without piped-in water supply (Schmidt 
et al. 2011). 
 
Conclusion: There is good evidence that poorly constructed latrines increase 
mosquito vectors that transmit lymphatic filariasis. There is suggestive evidence that 
an inadequate water supply increases the risk of dengue fever. 
 
 

6.4.2 Other insect-borne diseases 
Flies, cockroaches, and mosquitoes all thrive in the absence of sanitation, or when sanitation 
is poorly managed. Unhygienic sanitation provides insects with a stable supply of food and 
breeding sites. Whilst some insects can be effective vectors for different excreta-related 
diseases, the majority that are linked to inadequate sanitation do not pose a direct health 
risk, though they often are a source of considerable nuisance. The presence of flies, 
cockroaches and mosquitoes in large numbers in latrines, drains and septic tanks may deter 
people from using, maintaining and cleaning these facilities. Apart from flies, inadequate 
water and sanitation can increase the abundance of other disease-transmitting insects, 
especially mosquitoes.  
  

Houseflies live in close proximity to humans, and have been associated with different 
infectious diseases because of their breeding and feeding preferences. Female flies prefer to 
lay their eggs in organic material, including human excreta, garbage and manure. Male and 
female flies will feed on all human food, garbage, manure and human sweat. Due to their 
frequent contact with water, food and human excreta, flies can act as effective mechanical 
vectors for different pathogens.  
 
Flies are an important, though often ignored, vector of diarrhoeal disease. The common 
house fly has been found to carry a wide-diversity of enteric pathogens including Vibrio 
cholerae (Fotedar 2001), Shigella spp (Khin et al. 1989), Salmonella spp (Khin et al. 1989), 
Cryptosporidium parvum and Giardia lamblia (Szostakowska, 2004). A study investigating fly 
density and diversity in, and around, rural households in Thailand found the common house 
fly to represent roughly 90% of all flies caught, with the number of flies collected in kitchens 
as high as 80 per 30 seconds (Echeverria et al. 1983). The density of flies showed a strong 
increase during the hottest and driest months of the year, which coincided with the main 
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diarrhoea transmission season. Pooled flies collected from kitchens were found in 68% of 
samples to be positive for E. coli, while Shigella flexneri and non-O1 Vibrio cholerae were 
detected on 6% of all fly pools (Echeverria et al. 1983). 
 
Fly control, through the use of yeast-baited fly traps, was found in Israeli army camps to 
reduce fly densities by 64%, and overall diarrhoea prevalence in soldiers was reduced by 
42%, while shigellosis specifically was reduced by 85% (Cohen et al. 1991). The use of 
flytraps in the North West Frontier Province of Pakistan seemed to have limited impact on fly 
densities, but spraying of households with an insecticide was found to have almost 
completely eliminated fly populations and sprayed villages were reporting a 23% reduction in 
diarrhoea incidence (Chavasse et al. 1999). An independently conducted study in the same 
year in the Gambia reported a similar impact of spraying villages with the insecticide 
deltamethrin and showed a reduction of 57% to 71% in domestic fly (Musca domestica) 
populations and a 22% and 26% reduction in diarrhoea prevalence in the wet and dry 
season respectively, though the reduction in the dry season was found to be non-significant 
as a result of the general low diarrhoea prevalence in the dry season (Emerson et al. 1999).  
 
Pit latrines and septic tanks have been found to be major breeding sites for flies (Curtis & 
Hawkins 1982), though the factors regarding design, use and decomposition processes that 
might be associated with fly breeding are still not well known. Pit latrine design, such as the 
introduction of concrete slabs, water seals, and ventilation pipes with fly screens, could 
reduce fly breeding considerably, though the introduction of ventilated improved pit (VIP) 
latrines in the Gambia had no impact on the number of house flies collected from children’s 
faces (Emerson et al. 2004).  
 
Conclusion: There is suggestive evidence that inadequate sanitation and hygiene 
promotes the abundance of those flies that may increase the risk of diarrhoea. 
 

 
6.5 Chemical contamination of water - arsenicosis and 
fluorosis 
 
While much of the health impact of water improvements is likely due to reductions in the 
transmission of infectious diseases, in a number of geographic regions, poor chemical 
drinking water quality is associated with a substantial health burden. This chemical 
contamination may be the focus for specific interventions, but can also limit the available 
options for safe water supply. The results of systematic searches for high quality studies for 
the effect of WASH on arsenicosis are included in annex 2. No such studies were identified 
for the impact of WASH interventions on fluorosis, which reflects the scarce attention that 
was paid to this issue.  
 
Globally, arsenic contamination of groundwater is estimated to be responsible for both 
substantial morbidity and mortality (Fewtrell et al 2005b; Smith et al 2009; Sohel et al 2009; 
Argos et al 2010) through a wide range of systemic health problems.  
 
One of the most direct health effects of arsenic exposure is skin lesions which can create 
substantial morbidity (Fewtrell et al 2005a). In addition, there is good evidence for the effect 
of high levels of exposure to arsenic in drinking water on lung and bladder cancers (Celik et 
al 2008; Marshall et al 2007; Chen & Ahsan 2004; Luster & Simeonova 2004; Ferreccio & 
Sancha 2006; Kapaj et al 2006; Rahman et al 2009). In spite of the methodological 
limitations of many of the contributing ecological and case-control studies, several reviews 
found evidence of increased risk in areas with high levels of arsenic exposure. 
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There is also strong evidence that exposure to high levels of arsenic in drinking water is 
associated with increased risk of developing type 2 diabetes (Diaz-Villasenor et al 2007; Del 
Razo et al 2011) and cerebrovascular disease (Cheng et al 2010;Meliker et al 2007; Wang 
et al 2007, Yuan et al 2007). Exposure to arsenic during pregnancy is also associated with 
higher rates of fetal loss and infant death (Sohel et al 2010) and exposure to arsenic in utero 
and in early childhood is associated with lung cancer and bronchiectasis in young adults 
(Smith et al 2006). Exposure in childhood also has an impact on cognitive development 
(Wasserman et al 2007; Wasserman et al 2004). 
 
A range of intervention strategies are used to reduce the disease burden associated with 
arsenic including information campaigns, provision of alternative water sources and 
treatment of contaminated water. 
  
A recent systematic review for providing information (Lucas et al 2011) found some evidence 
for the effect on use of alternative water sources, although overall the results were 
considered equivocal. The review examined information dissemination in the context of both 
arsenic and faecal contamination. 
 
The second general approach is the provision of alternative water sources, such as 
groundwater from chemically safe geological layers, or treated surface water or rainwater 
harvesting. Some evidence shows that mitigation efforts have led to reductions in arsenic 
exposure (Chen et al 2007). However, Gardner and colleagues recently found that intensive 
arsenic mitigation efforts through well switching did not succeed in reducing the exposure to 
arsenic in a cohort of pregnant women and their offspring followed up for seven years 
(Gardner et al. 2011). Other sources of arsenic contamination, especially food, should be 
considered (Williams et al 2006).  
 
However, switching to alternative sources creates a risk that households will end up 
consuming water with higher levels of microbial contamination, thus trading one health risk 
for another (Lokuge et al 2004). In a modelling study, Howard and colleagues found that the 
provision of deep tube wells was less likely to result in an unintended increase in disease 
through microbial contamination and resulted in the most effective strategy in terms of 
overall risk reduction (Howard et al 2006; Howard et al 2007). In Bangladesh, Escamilla and 
colleagues measured a significant decreased risk of diarrhoea in children under five in 
households who had switched to a deep tube well instead of switching to a shallow tube well 
(Escamilla et al 2011). However, Wu and colleagues measured an increased risk of 
childhood diarrhoea up to 26% in households using low-arsenic levels shallow wells instead 
of arsenic contaminated shallow wells (Wu et al 2011).  
 
Finally, a number of approaches have been developed for treating arsenic contaminated 
water either at the source or at the point of use (Bissen et al 2003). Some of these rely on 
iron and aluminium-based adsorption to remove dissolved arsenic (Giles et al 2011) while 
others rely on physical removal through membrane filtration (Holl 2010), or coagulation 
(Norton et al 2009). Whilst these approaches have been shown to be efficacious, and as 
with other WASH interventions, there are concerns around the sustainability of behaviours 
and the appropriate processing of waste (Giles et al. 2011; Sullivan et al. 2010; Milton et al. 
2007).Costs of arsenic removal are quite high, especially if users are expected to cover all 
running costs including replacement of chemicals or saturated media (Johnston et al 2010). 
 
A wide range of efforts have been made to document and map arsenic contamination levels 
in regions with high natural levels. However, there is also a need to continue to investigate 
the dynamics affecting arsenic movement and change over time, in order to plan mitigation 
approaches (Fendorf et al 2010). Additional research on arsenic groundwater contamination 
dynamics, along with modeling the potential impact of alternative strategies on arsenic and 
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microbial disease burden could help prioritise investment strategies in arsenic endemic 
areas.  
 
There is strong evidence for the disease burden associated with arsenic exposure in drinking 
water, including cancers, metabolic, cerebrovascular, and cardiovascular disease. Provision 
of alternative sources with minimal risk of microbial contamination provides the best long-
term option for reducing this disease burden and a careful targeting of the populations most 
exposed to arsenic contamination can ensure that the potential increase in childhood 
diarrhoea does not counterbalance the positive effects of arsenic mitigation on the total 
health burden.  
 
High levels of fluoride naturally occur in a range of geographic areas including India, Turkey, 
South America and elsewhere (Paoloni et al 2003; Armienta & Segovia, 2008; Jain et al 
2010; Wavde & Arjun 2010; Baba & Tayfur 2011; Brindha et al 2011; Suthar 2011). 
Excessive fluoride is associated with dental, skeletal and joint disorders (NRC 1999, 
Ozsvath 2009). Fewtrell and colleagues attempted to estimate the global burden of disease 
associated with fluoride in drinking water (Fewtrell et al 2006). They concluded that the 
burden is likely to be considerable in specific countries and regions. However, there is 
inadequate data available to reliably estimate the burden. As with arsenic exposure, there is 
likely to be an additional health burden associated with the need to seek alternative sources, 
but this burden has not been estimated. Additional data are needed on exposure and burden 
of disease in order to appropriately prioritise fluoride contamination.  
 
Fluoride removal is less studied than arsenic removal, but operates along the same physical 
principles. Fluoride removal is often more costly than arsenic removal, since milligrams, not 
micrograms, of contaminant must be removed, leading to more frequent media saturation 
(Feenstra, 2007).  
 
While arsenic and fluoride are the most common chemical contaminants, most studies of the 
effects look at each chemical independently. There is a potential that the two will have 
synergies that may increase the actual health burden, however this is as yet underexplored 
(Chouhan & Flora 2010). 
 
Conclusion: There is good evidence that, in some regions, drinking water sources 
contaminated with arsenic and fluoride are associated with a large disease burden 
(including cancers, metabolic, cerebrovascular, and cardiovascular diseases). There 
is suggestive evidence that changing water sources may reduce the risk of 
arsenicosis but there is no evidence available for the efficacy of interventions to 
address fluorosis. 
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7. Non-health impacts of 
WASH 
Decisions on how best to allocate resources between different public health interventions 
should not exclusively be based on their effect on health alone. Two further criteria, (1) the 
risk of adverse effects, and (2) the potential for non-health benefits, need to be taken into 
account, especially since these factors strongly influence acceptability of, and compliance 
with, interventions by the target population and policy-makers (Ross et al.  2006).       
 
For example, clinical approaches to infectious disease control are not promising in this 
regard. Although the risks of adverse effects may not be very large, there is always the risk 
that, clinical interventions such as the supplementation of micronutrients are only beneficial 
to certain populations and detrimental to others. Further, clinical solutions are rarely 
associated with benefits other than treating or preventing the disease in question. 
 
This stands in contrast especially to improving water and sanitation, both of which have the 
potential to benefit poor populations in a variety of ways, as outlined in the following 
paragraphs (UN Water 2008). Water, sanitation and hygiene interventions also do not 
commonly have a substantial high risk of adverse outcomes. 
 
It is not always easy to separate health from non-health benefits as most non-health benefits 
may eventually lead to health benefits and vice versa. This is especially the case for 
educational achievements. Therefore the following section will necessarily make cross 
references to health benefits. 
 

 
7.1 The impacts of WASH extend beyond health 
 
Water supply offers enormous benefits in terms of saving time and drudgery spent carrying 
water home. In urban centres, and in some rural environments, poor people pay water 
vendors for bringing water closer to their homes. Typically they pay 10 to 15 times the price 
of water itself; they are not paying for the water, but for its delivery. This shows that their 
time has a monetary value.  
 
A study by Whittington et al.  (1989) compared the price paid to vendors for water by 
households in rural Kenya with the water-fetching time this saved them to obtain an implicit 
valuation of their time. In most cases, the result was close to the unskilled wage rate; a 
reasonable estimate of the opportunity cost of someone’s time. Another example of the 
monetary value of poor people's time is provided by Aiga & Umenai (2002) in Manila, 
Philippines, where families benefiting from water supply no longer needed to queue for 
water, or to buy it from vendors. The result was that household incomes doubled. The 
amounts of money involved, and hence the scale of the benefit, are substantial. Whittington 
(1991) found that in Onitsha, Nigeria, the size of the vendor market was larger than the total 
revenue of the water utility. 
 
As a proportion of household income, the payments are also large. In a multi-country study, 
Zaroff & Okun (1984) found that the median proportion was 20% of household income. In a 
poor household’s budget, according to Engel’s law, the only item large enough to sacrifice 
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for this expenditure is food. Providing water more cheaply than the vendors will therefore 
offer a nutritional benefit to the poorest families.  
 
Economists agree that the consumer surplus should be included in project appraisal. Since 
the price elasticity of demand is almost negligible (Cairncross & Kinnear 1992) right up to 
half of a household's income, the value of water appropriate for ex ante appraisal of water 
supply projects is many times the price which the utility proposes to charge for it. 
 
Some economists have argued that the primary benefits from water supply are not those 
related to health but from factors such as timesaving alone. For instance, in the late 1980s, a 
group of World Bank economists spent six months devising a new rural water policy 
(Churchill et al. 1987). Their conclusion was that based on the estimates of costs in a variety 
of contexts in developing countries and estimates of the value of time saved, water supply 
investments could be justified on the basis of timesaving alone, even up to the level of 
household connections. They concluded that there were no health benefits – although they 
were not public health professionals – and if any did accrue these were no more than 
additional unintended benefits.  
 
Sanitation too is about far more than health. When a latrine-owning household in the 
developing world is asked why they made the investment and what they like about it, “health” 
is usually at the bottom of the list, be it a short list of four options in the Philippines 
(Cairncross 1992), or a list of more than 30 in rural Benin (Jenkins & Sugden 2006). The 
higher priorities include comfort, convenience, security and the social status conferred by 
ownership of a latrine. 
 
The implication for policy is that people are willing to pay for sanitation, although not 
primarily for health reasons. Sanitation agencies can take advantage of this by marketing 
sanitation and keeping subsidies down to ensure that every latrine is paid for and, therefore, 
wanted. 
 
This story is slightly different regarding hygiene promotion and household water treatment, 
for which the primary benefit is health (Schmidt & Cairncross 2009). In spite of that fact, 
health is not the most effective driver in persuading people to practice hygienic behaviour 
such as washing their hands with soap. Emotional drives, such as sex appeal or the desire 
to nurture children, are more powerful (Curtis et al. 2009). If such promotion programmes are 
successful, they will generate substantial revenue for the manufacturers of soap and water 
treatment devices. An unstated (and unrealised) objective of the global campaign to promote 
handwashing with soap is to persuade the world's major soap manufacturers that funding 
the campaign is worth their while. If they could be persuaded of that, hygiene promotion 
could be self-sustaining. 

 
7.2 WASH and education 
 
A good example of potential non-health benefits of sanitation is school sanitation in low-
income settings (Adams et al. 2009). School sanitation is unlikely to be associated with 
major adverse effects but, in addition to contributing to the control of diarrhoea, helminths, 
and trachoma, it may encourage school attendance, especially of girls. The effect of girls’ 
menstrual management in low-income countries is frequently cited in discussions on how to 
improve development outcomes for girls and women (IRC 2007, 2009a, 2009b). 
 
A recent DFID-funded systematic review (Birdthistle et al. 2011) found that there is currently 
no evidence in the peer-reviewed literature for, or against the hypothesis that well-
maintained separate toilets for girls may increase school enrolment and attendance for girls 
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– even after they reach menarche. More research is needed in this area. There is a lack of 
studies investigating the impact of sanitation on the attendance and performance of girls in 
school and there is therefore a need for more research. 
 
Further, children being habituated to adequate sanitation in schools may later in life increase 
demand for sanitation in the community as a whole. School sanitation creates educational 
opportunities to promote safe environments at home and in the community. Healthy children 
in healthy environments learn more effectively.  
 
Combining health and non-health benefits, WHO has estimated that 1,863 million 
schooldays would be gained due to less diarhoeal illness if everyone in the world had access 
to a regular piped water supply and sewage connection in their house (WHO 2004). Some of 
the most severe consequences of chronic worm infections are those related to education, 
and intellectual achievement. Children enduring intense infections with whipworm miss twice 
as many school days as their infection-free peers (WHO 2005). While children with heavy-
intensity hookworm infections have shown to suffer from growth retardation, as well as 
intellectual and cognitive impairments. As a result, the hookworm has been associated with 
impaired learning, increased absences from school, and decreased future economic 
productivity (Miguel & Kremer 2004).  
 
Improved education encourages economic activities in the long term, but water and 
sanitation also have direct economic effects, especially time savings. Contrary to widespread 
belief in the health sector, the undoubted benefits to health are not normally foremost in the 
minds of those provided with new water supplies. A study of the economics of rural water 
supply by the World Bank concluded that, “The most important benefit of rural water supply 
improvements from the perspective of the people affected is generally the fact that water is 
brought closer to where they live…There is no indication that rural populations expect health 
gains” (Churchill et al. 1987).  
 
In general, however, it is difficult to measure precisely the impact of WASH interventions on 
education, because such studies would have to be conducted over a long period of time and 
because most WASH interventions are complex, the evidence base is still incomplete. 
Currently ongoing large sanitation trials in Kenya and India may shed more light on this 
important issue in the future.  
 

 
7.3 WASH and gender 
 
There is a considerable amount of literature on water and gender, though very little of this 
reaches into substantive discussions about sanitation (special issue of Gender and 
Development, 2010). The discussions about water emphasise women’s primary 
responsibility for caring for the household, and their major role in addressing deficiencies in 
access to water. In Africa alone, people spend 40 billion hours every year just walking for 
water. Women and children usually bear this burden (WHO/UNICEF JMP 2004). Figure 7.1, 
using data from household data from 45 countries, shows that women carry two thirds of the 
burden in drinking-water collection (WHO/UNICEF JMP 2010). 
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Figure 7.1 Distribution of household members who usually collect water  
 

 
Source: WHO/UNICEF JMP 2010 
 
There is relatively little discussion about how women, in this caring (reproductive) role, 
manage without sanitation facilities, or about how responses are managed either at the 
community or individual level.  Inadequate toilet provision - especially in low-income urban 
settlements - raises three particular issues: women’s concerns about the availability of the 
services and lack of hygiene which does not enable them to behave in a way that satisfies 
their self-respect and social reputation (i.e. not to be seen in public going to the toilet in day 
time); immediate physical safety for themselves and their children; and the social stigma 
attached to living in a low-income settlement that is without adequate services (Amnesty 
International 2010).   
 
A study in Pakistan found that inadequate water, sanitation and other services were major 
causes of the large gender gap between boys and girls, in part due the inequitable effect on 
chores (Holmes 2006). As outlined above, having clean toilets in schools may improve the 
attendance rates of adolescent girls. A World Bank study in four countries showed that girl’s 
school attendance increased significantly for every hour reduction in water collection. In 
Nepal, attendance improved by over 30% (Koolwal & van de Walle 2010).  
 
An important argument for easy access to water can be made on economic grounds alone. 
The saving in time and drudgery carrying water home from the source is substantial, and 
there are several reasons to attribute a monetary value to it. The idea that poor women’s 
time is of little value ignores the opportunities for income generation by petty trading and 
handicrafts, through which they can contribute significantly to GNP and welfare if their time 
allows. If time saved for women from water carrying is spent, not in income generation but in 
childcare or leisure, that is evidence that they value those pursuits more highly. 
 
The most powerful argument for the monetary value of poor women’s time is that 
households often pay others to deliver their water, or pay to collect from nearby rather than 
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use more distant sources which are free of charge. The prices charged by water vendors are 
typically more than ten times, and can be up to 50 times, the normal tariff charged by the 
formal water supply utility. Since the poorest urban households typically spend more than 
90% of their household budget on food, the money they spend on water must be sacrificed 
mainly from their food budget (Cairncross & Kinnear 1992).  
 
Some idea of the transformation in the quality of life, particularly of women, which 
accompanies provision of a water supply to a poor community, can be had from a 
retrospective evaluation of completed projects carried out in four countries by WaterAid 
using Participatory Rapid Appraisal (PRA) methods (Cairncross & Valdmanis 2006). The 
principal benefits volunteered by local communities as stemming noticeably from water 
supply projects completed several years previously are shown in Table 7.1. A number of 
them were emphasised by beneficiary communities in all four countries. As already shown in 
the section on education above, improving water access is beneficial especially for girls and 
women, and therefore has the potential to contribute to gender equality.   
 
Table 7.1 Benefits of rural water supply, mentioned spontaneously by local 
communities in the course of a participatory evaluation in four countries, 2000 

 Ethiopia Ghana India Tanzania 

Less tension/conflict 
 
 

 X X X 

Community unity 
 
 

  X X 

Self-esteem (e.g. of 
schoolchildren) 
 

X X X X 

Women’s 
empowerment  
 
 

X X X X 

Women’s hygiene 
(e.g. menstrual) 
 

X   X 

Family quality time 
 
 

X X  X 

Improved school 
attendance 
 

X X X X 

Teachers accept 
posting to village 
 

 X   

      
Source: Adugna et al.  2001  

 
7.4. WASH and poverty 
 
There is good evidence that access to WASH services is beneficial in reducing poverty and 
that poverty and the adverse consequence of WASH are closely related as discussed in 
section 4.2. In Brazil, Monteiro et al. (2010) used a series of household surveys between 
1974 and 2007 to examine the trends and disparities in childhood stunting. In addition to 
finding a decline in stunting, they found that improved water and sanitation was partially 
responsible for reductions in the disparity between children in poor and better off 
households. Lack of access to these basic services translates into real economic losses. In 
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analysing historical data on child mortality from Stockholm (1878 to 1925), Burström et al. 
(2005) also found that improved water and sanitation were essential in reducing disparities in 
child mortality. 
Poor access to sanitation is likely to cause greater problems in poor households and 
communities than rich ones. In Mexico, Stevens and colleagues (2008) found that poor 
sanitation accounted for over 6% of child mortality in the poorest 20% of households and 
less than 1% in the richest 20%. Agha (2000) found that poor sanitation and water were 
partially responsible for slow progress in reducing infant mortality among poor households in 
Pakistan during the 1980s and early 1990s.  
 
 
There is more discussion of this in section 9 on the economic burden associated with unsafe 
WASH. 
 
 
Conclusion: Most of the available evidence on the effect of WASH on education and 
gender is based on circumstantial evidence and small observational studies, and 
statistically appears weak. Further studies are needed to explore non-health benefits 
of WASH. Nevertheless, what little direct evidence exists confirms the view that non-
health benefits of WASH interventions are substantial and critically contribute to the 
economic benefit as well as acceptability of interventions. Only by including such 
non-health benefits can the true benefit of WASH interventions be adequately judged.  
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8. WASH interventions 

8.1. Description of interventions (quantity, quality, sanitation 
and hygiene) 
 
The components interventions of WASH are described in the following sections 

8.1.1  Water quantity improvements 
8.1.2  Water quality improvements 
8.1.3  Sanitation, in particular proper disposal of excreta  
8.1.4 Hygiene, including personal hygiene, domestic hygiene, and hygiene promotion.  

These interventions, when carried out effectively, have the potential to disrupt pathogen 
transmission, improve the physical and chemical parameters of water quality and reduce 
disease burden. These interventions will be discussed here.  
These four ‘interventions’ mask a diverse range of technologies and approaches.  
 

 
8.1.1 Water quantity interventions 
 
A secure and sustainable water supply improves both water quality and water access, and 
thus water quantity. In practice the water from a well or a constructed water supply will be of 
better quality than water from a traditional source. For example, a water supply using 
groundwater will be of better biological quality than surface source, and lining the well will 
also improve quality. The quantity of water used, however, will increase in a conditional 
relationship with the convenience of the water source. If the old source is more than a 
kilometre away from the home, a more convenient source will lead to increased water usage. 
If the new source is in the home or in the yard, consumption will double or treble, but within 
the range of up to 1 km, the distance to a public water source makes very little difference to 
water consumption (see Figure 5.2). The provision of an improved public water source when 
the old source was within a kilometre is unlikely to lead to substantial health benefits 
however good the water quality may be. 
 
In Burkina Faso, a tapstand in the yard resulted in a threefold increase in hygienic 
behaviours by mothers over mothers using wells outside the compound and a twofold 
increase in hygienic behaviours over mothers who used either public standpipes or wells 
within the yard (Curtis et al. 1995).  
 
Studies that assessed the impact of water quantity improvements on diarrhoea morbidity 
found median disease reductions ranging from 20-25% (Esrey et al.  1985 & 1991, Fewtrell 
et al. 2005a, Waddington et al.  2009). 
 
Because of the relationship between level of water supply service and water consumption, 
house connections are associated with particularly large reductions in endemic diarrhoeal 
disease (Esrey & Habicht 1986, Esrey 1991). They also have two other advantages; first, 
they offer the greatest time-saving benefits, second, cost recovery is easier than from public 
taps because those who default can have their connections shut off until they pay. 
 
Conclusion: Biological plausibility, circumstantial evidence and range of 
observational studies show that increasing access to sufficient quantities of water 
can contribute critically to health. However, there are no high quality randomised 
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controlled trials and consequently it is not easy to quantify the effect. Overall, the 
evidence can only be regarded as suggestive. 
 

 
8.1.2 Water quality interventions 
 
Water treatment, both in the household and at the source of the supply, are options for 
improving water quality; interventions to treat and maintain the quality of water at the point of 
use (POU) are considered to be among the most effective water quality interventions 
(Clasen et al. 2007).  However, POU water treatment offers only the health benefit and so its 
choice as an intervention depends purely on the epidemiological evidence. Problems with 
that evidence are discussed in Section 1 and elsewhere. Further research is needed to 
establish whether POU water treatment is a worthwhile public health intervention to take to 
scale. 
 
Water quality interventions relating to chemical quality are discussed above in section 6.8. 
 
Figure 8.1 – Water quality barriers to faecal-oral disease transmission 

 
 
Source: Waddington et al. 2009 
 
Conclusion: There is suggestive evidence from randomised controlled trials that 
improving water quality at the source and in the home can reduce diarrhoeal 
diseases. Household water treatment is one of the very few WASH interventions that 
under certain circumstances can be tested in a blinded randomised trial. Several 
blinded trials are currently underway and will hopefully shed light on this issue in the 
near future.  
 

 
8.1.3 Sanitation 
 
By removing contact with excreta, sanitation technologies eliminate one of the main 
transmission routes of diarrhoeal pathogens (as illustrated by Figure 8.2). By removing a 
transmission pathway, it is possible to reduce the morbidity and mortality associated with 
diarrhoeal disease. Reviews of studies conducted on the impact of proper excreta disposal 
on health found that sanitation improvements reduce diarrhoea morbidity by 22-36% (Esrey 
et al. 1985 & 1991, Waddington et al.  2009).  
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Figure 8.2 – Sanitation barriers to faecal-oral disease transmission 
 

 
 
Source: Waddington et al. 2009 
 
With sanitation as with water supply, there is a wide range of possible levels of service, from 
“cat sanitation” (in which the user carries a hoe to the defecation site and buries their faeces 
on the spot) to flush toilets with sewerage. The Joint Monitoring Programme (JMP) 
categorises the following as “improved” means of sanitation: flush toilets, piped sewer 
systems, septic tanks, flush/pour flush pit latrine, ventilated improved pit latrine (VIP), pit 
latrine with slab, and composting toilets. According to the JMP, other forms of sanitation, 
such as pit latrines without slabs, may not adequately protect individuals or the environment 
from contamination. However, unlike water supply, there is no firm evidence of differential 
health benefits between different levels of service or different sanitation technologies 
(Norman et al.  2010). It may also be that sanitation is more effective in dense urban settings 
than in rural areas. 
 
A second difference is that the benefit accrues to the community and not the individual. In 
economic terms, there are externalities. To express it another way, my latrine protects my 
neighbours from my faeces more than it protects me. 
 
A third difference from water supply is that the provision of sanitation facilities does not 
guarantee that they will be used or used reliably or by every member of the household. To 
ensure that facilities are used, sanitation promotion is an essential part of any sanitation 
programme. It can also be combined with hygiene promotion. 
 
A Cochrane Review found that introducing or expanding the number and use of latrines or 
other facilities was protective against diarrhoea (Clasen et al.  2010). However, the authors 
could not estimate with precision the protective effect of sanitation against diarrhoea due to 
heterogeneity of the sanitation interventions in the studies reviewed. The authors called for 
more rigorous studies, including randomised controlled trials, to provide better evidence on 
the impact of the disposal of human excreta for preventing diarrhoea.   
 
Conclusion: The biological plausibility of sanitation contributing substantially to 
reducing a range of WASH related infections is very high, but due to methodological 
issues the evidence from intervention studies is suggestive only. Several currently 
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ongoing sanitation trials are likely to critically improve the evidence base in the next 
few years.  
 

8.1.4 Hygiene promotion 
 
By directly reducing transmission of faecal pathogens by hand, improved hygiene offers a 
potentially important barrier that can prevent contamination of drinking water and food as 
well as direct ingestion (Figure 8.3). 
 
Health education is based on the premise that knowledge of the health benefit is sufficient to 
change people’s behaviour. Some studies have shown that such cognitive factors are far 
less effective drivers of change than emotional drives, such as the desire for prestige or 
concern for one’s children (Aunger et al. 2010, Scott et al, 2008). The concept of hygiene 
education has been superseded by the broader notion of hygiene promotion, which includes 
this broader perspective. Hygiene promotion refers to handwashing with soap and other 
practices that promote cleanliness.  
 
Figure 8.3 – Hygiene barriers to faecal-oral disease transmission 
 

 
Source: Waddington et al. 2009 
 
Handwashing with soap at key events, such as after defecation and after cleaning a baby’s 
bottom, has been shown to reduce morbidity associated with excreta pathogens. 
Handwashing with soap interrupts the transmission pathway by removing pathogens from 
fingers, and thus reduces the probability that the pathogens will reach the food or mouth of 
an individual.   
 
A systematic review of the health effects of handwashing with soap by Curtis & Cairncross 
(2003) found that washing hands with soap reduced the risk of diarrhoeal disease by 42-
47%. The practice reduced morbidity from the most life-threatening diarrhoeal diseases 
(typhoid and cholera) by a similar proportion – 48%. There is also some evidence that 
handwashing with soap potential can reduce morbidity from other illnesses, such as Acute 
Respiratory Infections (ARIs) and ascariasis (Rabie & Curtis 2006; Fung & Cairncross 2009) 
although the strength of the effect is less certain than for diarrhoea. 
 
Improved personal hygiene, with an adequate quantity of water, could conceivably contribute 
to reductions in water-washed disease such as ringworm, louse-borne illnesses and 
potentially scabies, although the size of the protective effect remains to be determined. In 
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specific local settings there may be other aspects of behaviour that deserve attention, for 
example measures to prevent schistosomiasis or guinea worm disease (Esrey et al.  1991).  
 
The evidence-based design of hygiene promotion interventions is a relatively recent 
phenomenon. There is some scientific basis for choosing which aspect of hygiene behaviour 
to seek to change. In 1991, Loevinsohn published a review of health education interventions 
in developing countries (1991). Only three studies passed his elementary criteria of scientific 
rigour, and only one of those related to hygiene. In the same year, the DFID-funded Oxford 
workshop on the measurement of changes in hygiene behaviour created for the first time the 
conditions for objective evaluation of hygiene behaviour change interventions. Evidence-
based interventions for hygiene behaviour change thus began only two decades ago. 
 
However, the effectiveness of hygiene behaviour change interventions at scale is usually 
much less than their efficacy in local trials or examples. Even now much of the literature 
consists of anecdote, and instead of evidence-based best practice there exist a number of 
branded models associated particular institutions or individuals. Examples include: 

 

 Social Marketing - as used by the Global Public Private Partnership for 
Handwashing with Soap (www.globalhandwashing.org) 

 

 Community-led Total Sanitation (CLTS) - widely used by WaterAid, Plan 
International and other INGOs (www.communityledtotalsanitation.org) 

 

 Community Health Clubs - used with DFID support in the 1990s in three districts 
of Zimbabwe (www.africaahead.org). 

 
 
Conclusion: Handwashing and other personal hygiene practices have the potential to 
substantially reduce within household transmission of diarrhoea and other common 
infection. Because of confounding and social desirability, personal hygiene is not 
easy to investigate in randomised controlled trials. Therefore the evidence currently is 
only suggestive. On the other hand, promoting for example handwashing or safe 
disposal of child faeces are unlikely to do any harm and can be incorporated in a wide 
range of public health strategies at low cost.   
 

 
8.2 Integration of WASH interventions 
 
There are many interconnections between water supply, sanitation and hygiene. Water 
availability makes hygiene possible; good hygiene helps to prevent re-contamination of 
treated stored water; use of latrines makes personal hygiene easier; and unhygienic latrines 
may lead to an increase in flies, mosquitoes and water contamination. Water supply and 
sanitation both affect trachoma. 
 
It is sometimes noted that reviews of the impact of water supply, sanitation and hygiene do 
not show a greater impact on health from a combination of interventions than from a single 
one. In view of the very large margins of error in the findings of these reviews, the difference 
from a simple additive relationship (in which the benefit from water is added to the benefit 
from sanitation) is not statistically significant. Moreover, almost all of the studies of sanitation 
were in fact studies of water supply and sanitation. In the circumstances it is not surprising 
that studies of the impact of water supply and of sanitation produced the same results; they 
were largely the same studies! 
 
 

http://www.globalhandwashing.org/
http://www.communityledtotalsanitation.org/
http://www.africaahead.org/
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Box 8.1. Filling the evidence gap on the health impacts of sanitation  

A systematic review of the effect of sanitation on diarrhoea published by the Cochrane 
Group (Clasen et al.  2010) concluded that there was a ‘paucity of evidence’ on the effect of 
sanitation on diarrhoea. Although the studies reviewed suggested a protective effect, no 
studies randomised the assignment of sanitation. 

Partly in response to this finding, randomised impact evaluations are now underway in 
multiple settings. Trials are underway in Bangladesh and Kenya to determine how water, 
and sanitation interventions, delivered alone or as part of combined intervention packages, 
impact child health and well-being.  

In Orissa, India, a cluster-randomised trial on the effect of sanitation on diarrhoea is 
underway to directly address the evidence gap highlighted by the Cochrane Review. 

 

This theme will be discussed in more detail in the next section. 
 
 

8.3 New ‘WASH’ interventions  
 
 

8.3.1 Menstrual Hygiene Management   
 
There is a limited source of quality literature addressing issues of menstrual hygiene in 
developing countries. This includes but goes beyond issues related to sanitation. Mahon and 
Fernandes (2010) provide a useful overview of the issue and summarise the needs for 
adequate menstrual hygiene thus: 
 
Practices and perceptions concerning menstrual hygiene vary drastically between regions 
and cultures. There are a number of themes commonly addressed in this restricted body of 
literature: (1) the misconceptions about the physiological aspects of menstruation and where 
those misconceptions derive from, (2) issues centring on the use of menstrual absorbents 
(3) problems associated with the sanitary disposal of menstrual absorbents (4) innovative 
designs for “girl-friendly” toilets and menstrual absorbents and (5) economic impact of 
menstruation. These themes and their implications are summarised in Figure 8.4. Text in red 
indicates that little or no conclusive scientific evidence is available on this topic.  
 
 
 
 
 
 
 
 
 
 
 
 



 

76 
 

 
 
 
 
 
Figure 8.4 Themes and implications for menstrual hygiene  
 

 
 
 
Inadequate personal hygiene is known to increase the risk of reproductive tract infections 
(Bledsoe et al. 1994). There is little literature available on the health issues (both long term 
and short term) associated with the usage of unhygienic materials during menstruation. The 
grey literature reports an association between non-commercial menstrual absorbents as well 
as indigenous menstrual hygiene practices and urinary and vaginal infection. However there 
are very few peer reviewed studies that connect non-commercial menstrual absorbents – or 
the reuse of menstrual absorbents - with gynaecological health or an increased risk of 
infection (Bulut et al.  1997; Bhatia and Cleland 1995;  Drank et al. 1995). A Nigerian study 
suggests that “unsanitary materials such as toilet tissue paper and clothes may harbour 
infection agents which often thrive under blood culture medium, and may therefore constitute 
a source of pelvic infection” (Adinma & Adinma 2008).   
 
More research is required on what girls and women consider an acceptable disposal of used 
sanitary products. 
 
There is no rigorous evidence to show that menstruation is major factor for female drop-out. 
However, self-reporting by girls suggests that inadequate toilet facilities in schools are a 
contributory factor for truancy, failing classes, absenteeism, and drop out, particularly in the 
transition from primary to secondary schools and this may be linked to menarche and the 
need for appropriate facilities (Abioye-Kutei 2000; Gautum 2010;Jones & Finlay, 2000; 
Fakeye & Egade 1994; Deo 2007). 
 
One randomised controlled trial was done in Nepal to link school absenteeism with 
menstruation (Oster & Thornton, 2009). Girls in the intervention group were given a 
menstrual cup and were followed up to see if the distribution of this menstrual management 
tool increased school attendance. This study found that it did not have a significant impact 
on the number of days that girls attended school, however it did reduce the amount of time 
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spent doing laundry (presumably of menstrual rags). The small sample size and atypical 
method of menstrual management are just two of the flaws identified in this study; however, 
it is the only one of its kind and does provide a case for larger studies to be done on this 
issue. Menstruation clearly has the potential to disrupt education, but more studies must be 
done to confirm this inference and assess possible strategies to minimize absenteeism due 
to menstruation.  
 
Conclusion: The current evidence base for menstrual hygiene is under-developed and 
therefore weak 
 
 

8.3.2 WASH in schools 
 
In many low income settings, water and sanitation facilities at schools are frequently in bad 
condition or non-existent, with often with poor practice of hygienic behaviour among 
students.  These conditions can be attributed to many factors. Technologies and approaches 
applied in the schools may be culturally inappropriate, too expensive, and top-down. There 
may be inadequate and irregular funding for maintenance.  Behaviour change messaging 
remains ineffective: school staff and parents may not understand the urgent need for 
sustaining improved hygiene behaviours and sanitation facilities. In short there is little 
universal knowledge of what works (O’Reilly et al.  2008). 
 
Although there is significant anecdotal evidence in grey literature that schools lack adequate 
water and sanitation, governments rarely gather gender disaggregated information on school 
facilities. There is frequently little or no systematic documentation of project achievements 
and failures by implementers or dissemination of lessons learned.  Cross learning between 
projects, organizations, or contexts is rare, as is unbiased monitoring and evaluation. 
However, more recently a number of research projects, including a large RCT in Western 
Kenya led by Emory University and funded by the Bill and Melinda Gates Foundation, are 
exploring these issues. 
 
More generally, it should be noted that there is a lack of reliable data on WASH coverage 
outside of the home, whether this be schools or indeed the work place or even healthcare 
facilities. The failure to consider the importance of WASH in these other spheres has been 
highlighted as a major public health risk (Bartram, 2008) and a limitation of the current MDG 
target (Bartram & Cairncross, 2010). 
 
Conclusion: the evidence base for school sanitation is under-developed and currently 
weak although large studies are underway that should strengthen our understanding 

 
 
8.3.3 Food hygiene 
 
It has been estimated that in the USA, food-borne transmission accounts for 37% of 
episodes of acute gastro-enteritis and 64% of the resulting deaths (Mead et al.  1999). The 
food-borne proportion is highest for bacterial pathogens, which accounts for a greater 
proportion of episodes in developing countries. A WHO review of the literature assumed that 
most food-borne disease transmission in developing countries takes place within the home. 
Indeed food, not water, may be the most important route of transmission of diarrhoea in 
developing countries (Lanata 2003).  
 
It follows that food hygiene interventions could potentially have a substantial impact on child 
mortality, especially if targeted towards the foods consumed by young children who 
contribute to most of the diarrhoea deaths. The WHO review advocated a major programme 
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of interdisciplinary research to develop and test cost-effective interventions to promote food 
hygiene.  
 
Recent research in Mali showed how a HACCP (Hazard Analysis, Critical Control Point) 
approach can significantly improve the bacterial safety of weaning food (Toure 2011). 
Research has been undertaken in Bangladesh, funded by DFID through the SHARE 
research programme consortium, to confirm whether this approach can be successfully 
adapted to that context . 
 
Conclusion: Food hygiene in the home is closely linked to other water, sanitation and 
hygiene issues and may be one of the most neglected research areas in WASH. More 
studies and intervention trials are needed to improve the currently weak evidence 
base. 
 
 

8.4 The interrelation and interdependence of WASH 
interventions 
 
Ever since the International Water and Sanitation Decade of the 1980s, it has been part of 
the conventional wisdom that water supply and sanitation should be implemented in an 
integrated way. Part of the rationale for this policy is to ensure that sanitation is not 
neglected, and to harness the resources of the water sector. The experience of a number of 
such combined programs (Cairncross 1992) suggests that in practice one or the other 
shoots ahead. Usually it is water that runs ahead and sanitation that is left behind. 
 
It is now increasingly accepted that water and sanitation are unhappy bedfellows in project 
implementation. It takes time to generate demand for sanitation, but water supply 
construction is best done quickly for the sake of economy. The promotion of hygiene and 
sanitation thus tends to be rushed and therefore is ineffective, or else genuine promotion is 
replaced by subsidy (Kar & Chambers 2008) or coercion (Chatterjee 2011), resulting in a 
loss of sustainability. 
 
Whether or not they are integrated, the three interventions of the WASH sector – water 
supply, sanitation, and hygiene promotion – depend on one another for the full realisation of 
their benefits. Thus many sanitation systems cannot function without water. On the other 
hand when most households have in-house piped water, the wastewater flow often becomes 
too high for low-cost on-site sanitation systems and the existing drainage channels to cope 
with, so that septic tanks or sewers are required. 
 
Water is also needed for hygiene practices such as washing hands. In a review of the impact 
of handwashing with soap on diarrhoea (Curtis & Cairncross 2003) three studies were 
conducted in locations in which it was clear that little water was available. One was in Lima, 
Peru where water is bought from vendors by volume; one was in a refugee camp in Malawi 
and the third was in Burundi where villagers were stated to use only six litres per capita per 
day. In all three of these settings, the impact of handwashing on diarrhoea was less than the 
average derived from a pooled analysis, a finding consistent with the likelihood that when 
water is in short supply, full compliance is hard to achieve. 
 
Other cross linkages are less predictable. One study in Bobo Dioulasso, in Burkina Faso 
(Curtis et al.  1995) found that the yards of properties with house connections were less 
likely to be contaminated with faeces. Apparently households with the water connection 
hosed down the yard regularly and this led to the presence of objectionable damp faeces in 
the yard. These were removed; by contrast, dry faeces were not considered objectionable 
and were allowed to remain. 
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The connection between hygiene and sanitation is that both can be promoted in a similar 
way and by the same human resources. Both can benefit from being allowed to move 
forward at their own pace. The construction of sanitation facilities themselves involves 
different skills, and it is a moot point whether promotion and production should be carried out 
by the same people. 
 
 

8.5 What characterises ‘good WASH’? Safety, sustainability 
and equity 
 
Evidence about service delivery models 
 
The evidence for health impact from WASH interventions is not strong; evidence regarding 
the best choice of specific delivery models is weaker still. Moreover, the research questions 
are so heavily dependent on context that it is almost impossible to compare the findings of 
studies carried out in different countries or settings. Not the least of the complexities of such 
comparison is the difficulty of defining appropriate indicators of success. Some would judge 
a sanitation programme by the scale it achieves, some by its cost effectiveness, others by its 
sustainability and so on. 
 
A rare example of a study comparing two different delivery models (Whaley & Webster 2011) 
took advantage of the serendipitous proximity of Community Health Clubs (CHC) and 
Community Led Total Sanitation (CLTS) programmes in some districts of Zimbabwe. While 
CLTS was found to be more effective at promoting sanitation, health clubs were more 
effective at promoting handwashing. While a cost comparison favoured CLTS, the authors 
argued that both models were so cheap that this was unimportant. In the end, the most 
useful comments of the authors were in their analysis of factors influencing the effectiveness 
and sustainability of either approach. In other words, this rare comparative study is most 
usefully read like one of the descriptive, even anecdotal studies which are more typical of the 
literature. 
 
Substantial judgement and background knowledge are required for a judicious interpretation 
of this literature, because each author-practitioner tends to extol the approach adopted by 
his or her project or agency. In the field of hygiene and sanitation promotion particularly, 
there is a series of competing branded models for the implementer to follow, each supported 
by a manual and some anodyne case studies. The apparent rivalry between these models is 
to some extent an illusion, for two reasons. 
 
First, implementation on the ground often differs substantially from the model conceived in 
headquarters. For example, the advocates of CLTS put emphasis on the naming and 
shaming element in motivating people to install a latrine. However fieldwork in Bangladesh, 
where CLTS was originally developed, found that most latrine owners had invested in 
sanitation for more positive reasons like those cited by latrine owners around the world – 
comfort, security, prestige etc. (Allen 2003). It seems likely that fieldworkers altered the 
message they had been taught to convey, so as to achieve a more effective result. 
 
Second, the models often focus on different aspects of the programme, and can be 
combined in practice. Thus CLTS focuses on demand creation rather than supply. It has 
been successfully combined with sanitation marketing approaches to develop the supply 
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side in numerous programmes supported by the Water and Sanitation Program of the World 
Bank2. 
 
In this section, we do not aim to judge between alternative models, but to note the consistent 
features of good WASH programmes. 
 
One key lesson of experience is that all WASH interventions should be seen as processes 
rather than products. It is not enough to build water supplies or latrines; they must be used 
and maintained over a reasonable lifetime, and when necessary repaired or replaced. To 
this end, it will benefit the sector if State or donor investment is not seen as the only source 
of funding but as seed money to leverage investment by households and communities. Often 
the State, and particularly local government, can play a more effective role by promotion or 
appropriate regulation than by direct investment. 
 
For example, building codes could be relaxed to allow low-cost on-site sanitation 
technologies and urban land tenure legislation revised to require provision of sanitation 
facilities as a condition for continued ownership of a plot. With regard to water supply, local 
government can help to create and support local level institutions capable of managing and 
maintaining a borehole or a well. 
 
In order to plan such interventions, and certainly for hygiene promotion, a period of formative 
research is required, which may last several months. It should include study of the existing 
market – providers, consumers, prices etc – and of the factors motivating or constraining the 
consumer.  
 
Formative research also includes testing of communication materials which it is planned to 
use. A prime example of the level of detail involved, and of the unpredictability of the results, 
is provided by the Egyptian oral rehydration programme in 1980s. Focus groups of young 
mothers were shown the proposed logo of the programme, which showed a mother giving 
oral rehydration therapy (ORT) to her baby, and asked if they would copy her. The 
vociferous and angry response surprised even the researchers, until they realised they had 
forgotten to put a wedding ring on the finger of the woman in the drawing. 
 
 

Sanitation 
 
Minimising the hardware subsidy and leveraging household investment is often considered 
the best way to ensure that every latrine built is wanted (Jenkins & Sugden 2006). That will 
ensure that it is maintained. A consequence of this policy, however, is that the latrine design 
on offer must be affordable to low income groups. This means that latrines must be designed 
to a target price and for a market niche, whereas most public health engineers are used to 
designing to a technical specification. In practice, another implication is that several designs 
should be offered, catering to different purses and aspirations. 
 
The avoidance of subsidy for the construction of toilets should not be read as an excuse for 
government to fail to invest in sanitation. There are compelling reasons why they should 
invest (Bartram & Cairncross 2010), not least, the externality whereby the citizen is protected 
from excreta by his neighbours’ toilets more than by his own. The issue is not whether the 
public sector should invest, but how. There is plenty of room for public investment in demand 
creation, and in capacity-building on the supply side, without putting public funds into the 
toilets themselves, causing distortions in the market. 
 

                                            
 
2 See: http://www.wsp.org/wsp/node/29 Last accessed September 2011 

http://www.wsp.org/wsp/node/29
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There is one important policy issue where the evidence is conflicting. Collective or public or 
community toilets have been a common feature of sanitation programmes in South Asia and 
are appearing increasingly in East Africa. In the past, it has generally been accepted that 
while these may function well as a business, they are far from meeting the full need of the 
community, particularly for children and for the elderly and infirm. They are also usually 
locked at night. However it has recently been advocated (Joshi et al. 2011) that when they 
are managed by community groups the result is more positive. Recent research by the 
DFID-funded SHARE RPC in Bhopal, India (Biran et al.  2011) has found that only half as 
many women as men use these toilets, with a rapid decline in usage rates with distance from 
the home. This pattern was seen irrespective of the arrangements for management of the 
latrine block. 
 
Given the accounts of violence against women on the way to or from public toilets in Kenya 
and Uganda (Amnesty International 2010; Massey 2011) it is plausible that such a threat is 
deterring women in Bhopal from using the facilities. Until further research has been carried 
out into this issue, a question mark hangs over such collective solutions. 
 
Now that on-site sanitation systems have been in use in some cities for many years, it has 
become clearer that the sanitation system is not complete unless it allows for pit emptying or 
at least replacement, and disposal of the pit contents where necessary. There is a case for 
subsidising this service because of the externalities. 
 
There is some debate among policymakers about whether it is necessary to target sanitation 
programmes toward the poorest of the poor. In this context it is useful to recall the findings of 
the sewerage intervention study  (Barreto et al. 2007) in the city of Salvador, Brazil. Local 
authorities had expressed concern at the lower rate of connection to this sewerage system 
by low income households, who were deterred by the connection charge. Nevertheless, the 
health impact was greatest among the poor, because it was greatest among those 
neighbourhoods at highest initial risk, and also depended not on the sewer connection of the 
individual household, but rather on the proportion of households in the neighbourhoods that 
were connected. Given the externalities of sanitation's health benefits, the argument for 
targeting the poor is not an open and shut case. Targeting has substantial transaction costs 
and the example of India shows that it is not always successful. Further research is needed 
to improve our understanding of these issues. 
 

 
Water supply 
 
With water supply on the other hand, some targeting may be necessary. The focus should 
be on communities and households which require the longest journey, particularly of more 
than 30 minutes, to collect a container of water (Wang &  Hunter 2010; Subaiya & 
Cairncross 2011). If all households are within the distance, they are unlikely to show a health 
benefit if provided with a public standpost service. In that case especially, priority should be 
given to providing the maximum possible number of house connections, so as to achieve the 
health benefits associated with that level of service (Cairncross & Valdmanis 2006). 
 
Of course, any assessment of the health benefit of a water supply presupposes that the 
system functions reliably. Hunter et al.  (2009) have shown by quantitative microbial risk 
assessment that a few days of breakdown can negate all the health benefit, especially to 
young children, of months of satisfactory functioning. They considered a model in which 
consumers turned to polluted traditional water sources containing pathogens from which the 
water supply normally protected them; but the same argument would apply if the system 
provided a reliable flow, which was unreliable in quality. 
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With rural water supply, the primary problem determining reliability and sustainability is to 
establish local institutions for maintenance (Feachem 1980; Cairncross et al.  2010b). This is 
more than setting up a village water committee; it amounts to establishing the embryo of 
local government. 
 
It might seem that urban conditions are different because different technology is used. But 
for low income areas it has often been found to be expedient to use small-scale local water 
systems such as wells and boreholes rather than increasing the burden on an already 
overstretched and intermittent distribution system. For example pavement dwellers and 
residents of bustees in Calcutta, adding up to one third of the city's 9 million population, have 
for the last 30 years used tube wells with handpumps on street corners to obtain water for 
general hygiene purposes. Such autonomous systems also require local institutions to 
manage them or at least to report breakdowns. 
 
Even where a large city distribution network is involved, the local community-based 
organisations can play a useful role in organising the distribution network at local level in 
low-income neighbourhoods and helping people ensure regular payment for water. Further 
details of the characteristics of successful programmes are given in the DFID Guidance 
Manual for Water and Sanitation Projects (DFID 1998). 
 

 
Hygiene promotion 
 
For hygiene promotion, there are so few well documented case studies that it is not possible 
to draw an evidence-based conclusion about which approach is more effective, but there are 
some general points which can be made. 
 
Formative research is particularly important in this field, where many people think they know 
what to do. Regarding what hygiene behaviour to promote, the evidence is strongest for 
handwashing with soap. As mentioned elsewhere, there is also evidence for health impact 
from hygienic disposal of children's stools; however this is only from observational studies. 
The experience of successful hygiene promotion programmes and commercial marketing is 
that one or two contacts with people are not enough; at least six encounters between the 
average person and the communication programme are required to change behaviour 
(Curtis et al. 2007). 
 
One question on which the evidence base provides conflicting answers is the degree to 
which behaviour change is sustained. Here we present the positive side of the story. Figure 
8.5 below shows the self-reported rates of handwashing by mothers in Kerala (Cairncross et 
al.  2005), India against the time elapsed since the ending of the handwashing promotion 
campaign in their panchayat. The rate in the control area, and presumably in the ten 
panchayat before the campaign, was only 7%. The data show no sign of a rapid 
abandonment of the new hygienic practice. The regression line shown dashed in the figure is 
consistent with a half-life of 10-15 years, comparable with the rate of inter-generational 
succession of mothers in the community. 
 
 
 
 
 
 
 
 
 



 

83 
 

 
Figure 8.5 

 
Source: Curtis et al.  2009 
 
While there are a few other studies whose findings confirm such persistence of hygiene 
behaviour (Wilson & Chandler 1993), there are others which do not (Luby et al.  2009). Until 
we can predict when hygiene behaviour change will last, we cannot presume that it will. It is 
necessary to monitor the behaviour and repeat the intervention if its effect is found to fall off 
with time. Both for research and for such monitoring, there is an urgent need for methods to 
measure handwashing with soap; three of the five known persistence studies used self-
reporting of handwashing, which has long been discredited as an indicator because of 
people’s tendency to be aspirational rather than factual in their responses. 
 
 

Box 8.2 SHEWA-B programme 
 
Supported by DFID with the technical assistance of Unicef, the SHEWA-B programme aims 
to improve the hygiene behaviour of 20 million people in rural Bangladesh over five years.  
 
A detailed evaluation by ICDDRB after 18 months of this five-year programme showed that 
washing both hands with soap or ash after cleaning a child’s anus increased from 22% to 
36% (P<0.05), and the proportion with no access to a latrine decreased from 10% to 6.8% 
(P<0.05) from baseline to 18 months. Other hygiene practices improved in both intervention 
and control communities. However, handwashing with soap associated with food 
preparation, handling and consumption remained below 2% of occasions, suggesting how 
hard it can be to shift a social norm for a rare behaviour. The prevalence of diarrhoea and 
respiratory illness among children <5 years of age were similar in intervention and control 
communities throughout the study.  
 
A qualitative evaluation suggested that the programme was probably trying to improve too 
many practices at the same time, and that a mass media component was likely to be a cost-
effective addition to the programme. With sharper, more focused programming and new 
materials for the 10,000 active hygiene promoters currently being implemented, improved 
results should be expected. 

Sustainability of handwashing with soap among 

women of ten panchayats in Kerala, India
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9. The economics of 
WASH 

9.1 Costs of improving WASH coverage 
 
There is limited systematic data on the costs of providing and sustaining WASH services. 
Part of the problem is the simple lack of available studies. The second challenge is that 
costs vary highly based on the setting, the delivery approach and the level of service.  
 
Several studies have ventured to estimate costs at a global or regional level. Table 9.1 
below illustrates the costs shown by The Disease Control Priorities Project. The costs are 
roughly derived from a limited number of studies in disparate settings. They are reported as 
the authors’ assumptions rather than a systematic estimate of the mean cost or a measure 
of certainty. While the authors attempt to separate out initial versus ongoing costs, most of 
the original studies do not have adequate data on useful lifetime or annual operations and 
maintenance costs. There is also no effort to estimate differences across settings. The 
authors point out that cost estimates from existing studies are both limited and highly 
variable, with costs differing based on setting and the intensity of the intervention approach. 
This is particularly true for the behaviour change promotion components. While hygiene and 
sanitation promotion are relatively inexpensive, their full effectiveness may require 
investment in the hardware components of water supply and sanitation construction, whether 
paid for by implementers or beneficiaries. 
 
Hutton colleagues (2007) provide regional estimates of costs based on the Global Water 
Supply and Sanitation 2000 Report (WHO/UNICEF 2000), combined with author estimates 
of recurrent costs as a percentage of overall costs (Table 9.2). The regional cost differences 
are intended to capture some of the variability in cost structures between the varying 
economic and physical settings. However, there is likely to be substantial variability within 
regions and countries as well. The authors also make assumptions about the expected life 
and annual operations and maintenance cost for each intervention. Nonetheless, they 
acknowledge that there is little consistent empirical data on which to make these estimates. 
For point of use treatment, the costs are for the intervention technology itself; however it is 
unclear whether this level of expenditure is sufficient to generate changes in behaviour and 
use at scale. 
 
While the two reviews provide similar cost estimates for different WASH services, they 
should be viewed with caution. Neither study provides a transparent description of how costs 
from different studies are used to generate point estimates; neither assesses the quality of 
the underlying studies’ methods for collection of cost data; and neither includes empirical 
information on recurrent costs. Lastly, they do not provide breakdowns for costs based on 
settings or based on conditions (e.g. rural versus urban sanitation or water supply). 
Nevertheless, they provide an important starting point in identifying knowledge gaps. Similar 
efforts to estimate the costs of other health interventions at a global level (for instance within 
Disease Control Priorities Project, Second Edition, (DCP2)) suffer from similar 
methodological challenge. However the DCP2 report ranked the quality of available cost and 
cost-effectiveness data for WASH interventions as relatively low, compared to other 
interventions. In part this is due the wide range of technologies, intervention delivery 
approaches and environmental heterogeneity. 
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IRC International Water and Sanitation Centre recently began a multi-year project 
(WASHCost) to develop consistent methods for estimating the costs of delivering WASH 
services that may begin to fill these gaps. The project focuses on India, Burkina Faso, 
Ghana and Mozambique. Three key contributions of this ongoing effort will be to 1) develop 
consistent and repeatable methods, 2) estimate the ongoing costs to sustain services and 
interventions and 3) develop an improved understanding of the effect of service level on 
costs. Published data are not currently available from the project but standardized methods 
are available. While the study will provide standardized estimates of initial and recurring 
costs within the study areas in each country, ongoing efforts will be needed to estimate costs 
in other contexts and countries. 
 
Overall, current costs provide an initial estimate of actual costs associated with WASH 
interventions. While the estimates help identify knowledge gaps, the single point estimates at 
the global or regional level obscure substantial uncertainty and variability. 
 
 
Table 9.1 Costs assumed for cost-effectiveness calculations  
 
 

Intervention Construction 
cost (US$ per 
capita) 

Amortization 
lifetime (years) 

Amortized 
annual cost 
(US$ per 
capita) 

Operation and 
maintenance cost 
(US$ per capita) 

Hygiene 
promotion 

1 5 0.2 n.a. 

Sanitation ≤60 5 ≤12 n.a. 

Sanitation 
promotion 

2.5 5 0.5 n.a. 

Water supply     

House 
connections  

150 20 7.5 10 

Hand pump or 
stand post 

40 20 1 1 

Water 
regulation and 
advocacy 

US$0.02 to US$0.10 per capita per year 

 
Source: Cairncross and Valdmanis 2006 
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Table 9.2 Average annual cost of interventions 
 

Average annual cost of interventions (US$2000) 
      

           

           

 
Africa The Americas 

Eastern 

Mediterranean 
Europe 

South and South –East 

Asia 

Western 

Pacific 

 

AFRO 

D 

AFRO 

E 

AMRO 

B 

AMRO 

D EMROB 

EMRO 

D EURO B 

SEARO 

B 

SEARO 

D 

WPRO 

B 

Total population (million) 294.1 345.5 430.9 71.2 139.1 342.6 218.5 293.8 1241.8 1532.9 

Total cost per year (million)                     

Halve pop w/o access to 

improved WS&S 500 649 461 108 70 253 179 292 2,442 2,849 

Disinfection at point of use 34 46 34 9 3 15 17 16 35 89 

Improved WS&S                                                         

(98% coverage) 981 1,273 904 211 137 495 350 573 4,787 5,585 

Improved WS&S + 
Disinfection             (98% 

coverage) 1,015 1,319 938 220 140 510 367 588 4,822 5,674 

Piped water supply and sewer 
connection (98% coverage) 4,879 6,044 4,225 918 1,341 3,277 2,091 5,110 19,213 17,457 

Cost per capita per year                     

Halve pop w/o access to 

improved WS&S 
        
1.70  

        
1.88  

          
1.07  

           
1.51  

         
0.50  

       
0.74  

            
0.82  

          
0.99  

              
1.97  

           
1.86  

Disinfection at point of use 
       
0.12  

        
0.13  

        
0.08  

         
0.13  

         
0.02  

       
0.04  

            
0.08  

          
0.05  

            
0.03  

          
0.06  

Improved WS&S                                                         
(98% coverage) 

      
3.33  

       
3.68  

         
2.10  

         
2.97  

         
0.99  

        
1.45  

             
1.60  

           
1.95  

             
3.85  

          
3.64  

Improved WS&S + 

Disinfection             (98% 

coverage) 
       
3.45  

       
3.82  

         
2.18  

        
3.09  

           
1.01  

        
1.49  

             
1.68  

          
2.00  

            
3.88  

           
3.70  

Piped water supply and sewer 
connection (98% coverage) 

     
16.59  

      
17.49  

        
9.80  

       
12.89  

         
9.64  

        
9.57  

             
9.57  

         
17.39  

            
15.47  

          
11.39  

 
Source: Haller et al.  2007 
 
 

9.2 Estimating the economic burden 
 
Several studies have attempted to estimate the economic burden associated with 
inadequate water access, sanitation and hygiene, or the economic benefits of improving 
these services. Potential impacts include: medical treatment costs associated with WASH-
related illnesses, productivity losses due to illness and water collection, lost days from 
schooling, long-term cognitive losses, and others.  
 
One study estimates that the health costs alone amount to some US$340 million for 
households lacking water supply and sanitation and US$7 billion for national health systems 
(Hutton & Haller 2004). Another World Bank study found that the value of time saved from 
water collection alone was sufficient to justify investments in rural water supply in most 
settings (Churchill et al.  1987). And a WHO report suggests that the time lost in collecting 
water and seeking somewhere to defecate could be valued at US$63 billion annually (Hutton 
et al. 2007). 
 
There are several broad approaches to measuring economic burden of poor water, 
sanitation and hygiene, each with its own limitations. The most rigorous would involve 
experimental designs that empirically measure economic and financial improvements in 
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communities or individuals receiving water, sanitation or hygiene. There is little existing 
evidence of this type due to the methodological challenges of conducting trials of this type.  
 
A second approach is to measure economic outcomes in communities and households with 
different levels of water, sanitation and hygiene. However, such studies are problematic 
because household and community economic status confound this relationship, given that 
poorer households are already likely to have poorer water, sanitation and hygiene. 
The third approach is to synthesise existing evidence from diverse sources to estimate 
health and social outcomes potentially attributable to water, sanitation and hygiene, and then 
estimate the economic and financial costs associated with each. 
 
The latter approach was used by Hutton & Haller (2004) to estimate the global economic 
burden of inadequate water, sanitation and hygiene. The analysis is based on the 
identification of different risk scenarios which entail different qualities of water, sanitation and 
hygiene access, based on Prüss and colleagues (2002). The estimates include the 
economic and financial costs relating to medical treatment costs, lost time from productive 
activities, lost time from productive activities due to water collection, the economic value of 
premature mortality, and time saving from improved latrines. 
 
This study was an important first step in identifying potential costs associated with 
inadequate water and sanitation. It also identified key areas where insufficient empirical data 
are available to make a reliable estimate of economic burden. However, the actual 
quantitative estimates should be viewed cautiously. The authors acknowledge that data are 
limited in estimating these benefits and rely on assumptions in order to generate preliminary 
estimates. For instance the study estimated all cases of diarrhoea among children under five 
result in approximately two work days lost per reported case due to increased caregiver 
time. Empirical studies of the household cost of diarrhoea in low-income countries generally 
find that most cases result in no time lost for work and that those who do lose time, lose less 
than two days (Bentley et al.  1995; Rheingans et al.  2007; Chai & Lee 2009). Similarly, 
among school-aged children it was assumed that each case would result in three days of 
missed school without empirical basis.  
 
The World Bank’s Water and Sanitation Program (WSP) developed six national level studies 
on the economics of sanitation in Asia for Indonesia, India, Vietnam, Cambodia, Philippines 
and Democratic Republic (DR) of Laos. The studies included estimates of a range of 
financial and economic costs. The total costs vary among the countries, primarily based on 
population size and current level of sanitation. In India, they estimate that the losses due to 
inadequate sanitation and hygiene cost the equivalent of more than 6 % of Gross Domestic 
Product.  
 
Few studies experimentally estimated the impact of water, sanitation and hygiene on 
economic outcomes. However, Pattanayak and colleagues (2010) used a rigorous quasi-
experimental design based on propensity score matching to measure the household 
economic impact of improved sanitation in Maharashtra, India. They found that sanitation 
resulted in a significant reduction in household expenses related to coping – equivalent to 
5% of monthly income. However there was no change in medical expenses. 
 
A recent study by Baird and colleagues (2011) suggests that controlling intestinal helminths 
can result in long-term economic gains. The study included long-term follow up of economic 
productivity in a cohort of Kenyan children from schools where deworming was 
experimentally phased in between 1998 and 2001. Children in intervention schools engaged 
in the labour force had earnings 21-29% greater than children in non-intervention schools. 
While deworming is a different intervention to sanitation and hygiene, it is plausible that 
these improvements could also lead to long-term economic gains in productivity. It should 
also be noted that helminth prevalence rates vary widely and the study area in western 
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Kenya has exceptionally high rates. Long-term economic gains may vary due to geography 
based on underlying helminth prevalence and intensity of infection (Baird et al.  2011). 
 
One of the most likely economic costs associated with inadequate water access is the 
economic value of collection time for adults (in the form of lost work) and children (in the 
form of lost schooling). However, there are several challenges in estimating the economic 
burden of these losses (Rosen & Vincent 1999). Individuals within households and 
communities with lower opportunity costs for their time often engage in these activities, 
making it difficult to estimate the value of lost time. Similarly, estimating the time gains to 
women or children from improved water access is challenging empirically because water 
access and time allocation are likely to be confounded at both the between community and 
within community level. For example, households may have latent characteristics that lead 
them to have both better water access and more time allocated to productive activities.  
 
The studies also include time loss associated with non-fatal health outcomes, including time 
lost for illness among adults, time lost from school for school-aged children and time lost 
from work for caregivers of small children. These economic burden studies are based on 
assumptions about the likelihood that illness leads to time loss from productive activities and 
the amount of time that is likely to be lost. While there is little doubt that these costs exist, 
there are few if any empirical studies on which to base them. 
 
In addition to the economic benefits of improved sanitation, there is a strong relationship 
between improved safe water supplies and livelihoods, whether for productive or domestic 
uses; in wealthier countries, past investment in water infrastructure and the ability to invest 
more in the present increase water security and, arguably, prosperity (Hunter et al. 2010). 
 
 

9.3 Relative cost-effectiveness and cost-benefit of WASH 
interventions 
 
Two economic evaluation methods are commonly used to measure the value for money from 
investments in WASH (and other sectors). Cost-benefit analysis compares the monetary 
investment in the intervention to the monetary value of the resulting stream of benefits. The 
result is reported as a benefit:cost ratio based on the monetary value of benefits for each 
unit of cost investment. The method can capture all benefits that can be translated into 
monetary units. In the health sector, economic evaluations often use cost-effectiveness 
analysis, which estimates the health benefit (expressed as Disability-Adjusted Life Years, 
DALYs) for each net monetary investment. The result is expressed as a cost-effectiveness 
ratio ($/DALY averted) and is used to compare the health return on different investments. 
Cost-effectiveness analysis does not capture non-health benefits, such as improved 
education, or economic gains, such as increased earnings. 
 
Both cost-benefit and cost-effectiveness studies must convert epidemiological and impact 
data on disease incidence into standardised measures of morbidity and mortality. In the case 
of cost-benefit analysis, this requires estimating impact of mortality and on disease 
conditions that incur costs (e.g. hospitalisations and outpatient visits). For cost-effectiveness 
analysis, DALY calculations require estimates of mortality and days (or years) lived with 
disability. There are several challenges and uncertainties in this process that affect 
confidence in the resulting estimates.  
 
First, the most significant impact of reduced diarrhoeal illness (both monetary and in terms of 
DALYs) is due to mortality in low-income settings (Rheingans et al.  2009). There are no 
RCTs that estimate the impact of WASH interventions on diarrhoeal mortality. Such a study 
would be very costly and likely impractical. Estimating it through other study designs is 
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difficult given confounding of the relationship between WASH and child mortality by 
economic status. As a result, all of the studies below rely on extrapolations from diarrhoeal 
incidence to diarrhoeal mortality, by assuming that the case fatality rate remains constant 
(Prüss et al. , 2002; Hutton et al.  2007). However, several factors may result in questioning 
this assumption. WASH interventions may influence particular pathogens (e.g. cholera, 
shigella) while having a limited impact on others (e.g. rotavirus and noroviruses). If the 
WASH-affected diarrhoea has a higher or lower case fatality rate, then the estimated 
mortality would be lower or higher (respectively) than the actual. The WASH-related mortality 
reduction could also be different from the diarrhoeal incidence reduction if the intervention 
beneficiaries have higher or lower diarrhoeal mortality than the population as a whole. That 
is, if a WASH intervention reaches a highly vulnerable population (e.g. poor nutritional 
status, low access to treatment, immune compromised), then the mortality benefits could be 
substantially higher. Conversely, if the intervention does not reach these high-risk 
populations, then the mortality reduction could be substantially less. It is also important to 
point out that the global cost-effectiveness and cost-benefit studies described below use 
diarrhoeal mortality estimates that have since been updated. 
 
The second challenge in translating epidemiological and impact assessment evidence to 
health and monetary benefits for economic evaluations relates to which health outcomes will 
be included. Most global cost-effectiveness and cost-benefit analyses focus on the 
diarrhoeal impact of the interventions because the existing evidence is strongest for that 
outcome. However, this leaves out potential impacts on soil-transmitted helminths, nutrition, 
adolescent sexual health, maternal mortality and schistosomiasis. This can result in an 
underestimate of the value for money of WASH interventions. However, it can also result in 
inconsistent and biased estimates making it difficult to compare the cost-effectiveness of 
different WASH interventions and to compare WASH interventions to other health and 
development interventions. 
 

 
9.3.1 Cost-benefit analyses 
 
Several cost-benefit studies have been carried out of WASH interventions at the global level. 
One of the most cited is a series conducted for WHO and the Human Development Report 
(Hutton & Haller 2004; Hutton et al.  2007). The related studies and publications estimate the 
costs and economic benefits of different WASH interventions based on WHO regions. The 
study attempts to take into consideration the existing service quality, coverage levels and 
underlying diarrhoeal mortality, in order to account for expected heterogeneity in health 
impacts. The benefit estimate approach is based on that presented by Prüss and colleagues 
(2002). The study considers the benefit:cost ratio for 5 different investment scenarios in each 
region: 1) meeting the water MDG, 2) meeting the water supply and sanitation MDG, 3) 
universal access to water supply and sanitation, 4) universal access plus disinfection and 5) 
regulated piped water and sewerage connections. In all regions and for all scenarios, the 
benefit to cost ratio was greater than 1, and ranged from 2.1 for piped water and sewerage 
in Africa to 45.5 for meeting the water and sanitation MDGs in the Americas. The benefit 
cost ratio for meeting the MDGs ranged from 5.5 in Africa to 26.3 in the Eastern 
Mediterranean. These results suggest that the estimated monetary value of all of the 
scenarios provides excellent value for money in all contexts, with the economic value of 
returns greatly exceeding costs. 
 
While the study suggests that WASH is an excellent development investment, caution must 
be used in interpreting the quantitative estimates. First, as pointed out in the section above 
on economic benefits, there is a substantial uncertainty regarding some elements of the 
estimated economic returns. Eighty-two percent of the total monetary value of benefits is 
based on the improved convenience from WASH improvements. However, there is limited 
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empirical evidence that quantifies the time-savings from WASH interventions or the 
economic value of the time savings. That is, it is unclear whether improvements in 
convenience would result in improved incomes. The second largest monetary benefit is that 
associated with the value of deaths avoided. Given the uncertainty in these key benefit 
measures, it is unclear whether the quantitative estimates are sufficiently accurate to be able 
to distinguish between the different scenarios. These estimates would be greatly improved 
with improved empirical data regarding the assumptions of economic benefits or from 
rigorous studies that directly measure economic outcomes. 
 
 

 
9.3.2 Cost-effectiveness analyses 
 
Compared to cost-benefit studies, cost-effectiveness analyses avoid the problem of 
estimating the monetary benefit of interventions by focusing solely on their health impacts. 
Given the high potential economic benefits estimated in the cost-benefit studies, this may 
result in an underestimate or a biased estimate of the impact of different interventions. For 
example, if water supply interventions provide substantial time savings, but moderate health 
benefits, then a cost-effectiveness analysis may show it to be less favourable than hygiene, 
while a cost-benefit analysis may show it to be more favourable. 
 
While there are a number of site-specific studies of cost-effectiveness of particular WASH 
interventions, we focus here on two prominent global level analyses. Site-specific studies of 
cost-effectiveness can be very informative to local and national sector actors, however 
heterogeneity in contexts and methods reduces that value in a sector-wide review.  
 
The World Bank/WHO Disease Control Priorities Project judged most interventions in WASH 
in developing countries to be highly cost-effective health interventions in comparison with 
other public health interventions (Cairncross & Valdmanis, 2006). Table 9.3 shows the 
results of The Disease Control Priorities Project cost effectiveness analysis. The cost 
estimates are described above and the benefit estimates focus on the expected impact on 
diarrhoeal mortality. The most cost effective of all major disease control interventions are 
hygiene promotion and sanitation promotion at US$5 and US$11 per DALY respectively. 
Although these figures do not consider the construction costs of water and sanitation 
facilities (which would lower cost-effectiveness if included) or the indirect costs of 
malnutrition (which would increase cost-effectiveness if included).  
 
The estimated cost-effectiveness ratios for sanitation construction and handpumps or 
standposts are less favourable ($270 and $94/DALY). However, this difference should be 
interpreted with caution. Since non-diarrheal outcomes such as soil-transmitted helminths, 
trachoma and nutrition are not included, it is unclear whether the relative cost-effectiveness 
would remain the same. In general, interventions with a cost-effectiveness ratio of less than 
the national Gross Domestic Product are considered ‘highly cost-effective’. Those with a 
cost-effectiveness ratio less than three times the GDP are considered ‘cost-effective’. For 
most low-income settings, this would make WASH interventions highly cost-effective. Some 
of these figures compare very favourably with the figure for Oral Rehydration Therapy of 
US$23/ DALY.  
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Table 9.3 Cost-effectiveness of hygiene, sanitation and water supply (US$/DALY) 
 

Intervention Cost-effectiveness 

Hygiene Promotion 3.35 

Basic Sanitation   

   Construction and promotion ≤270 

   Promotion only 11.15 

Water Supply  

   Hand pump or stand post 94 

   House connection 223 

Water sector regulation and advocacy 47 

 
Source: Cairncross & Valdmanis 2006 
 
Haller and colleagues (2007) use a similar approach to estimate the cost-effectiveness of 
five WASH interventions for each WHO region and mortality strata. The study accounts for 
different levels of current coverage and mortality as described for the cost-benefit study 
above. The interventions are: (1) meet the MDGs on water supply and sanitation; (2) 
disinfection at point of use; (3) 98% coverage of water supply and sanitation; (4) 98% WSS 
coverage and disinfection; and, (5) piped water and sewerage connection, Point of use 
disinfection was estimated to be the most cost-effective with a CER ranging from $20/DALY 
in AFRO-D to $684 in AMRO-B, well below the regional GDP in each. Most other 
interventions were determined to be cost-effective as well, but somewhat less favourable. 
This should not be interpreted as meaning that only point of use should be done, but rather 
that it may be the most efficient intervention to start with. 
 
Comparisons of the cost-effectiveness of WASH versus other interventions at a global or 
even regional level should be viewed with caution. The cost-effectiveness of investment in 
any area depends on the underlying burden of disease and what interventions are already in 
place. Comparisons of WASH to other areas such as HIV/AIDS or malaria only have 
meaning in particular contexts where results are adjusted based on the underlying burden of 
each disease. Even then, they should be viewed with caution.  
 
Moreover, the dearth of high quality studies to provide the evidence of direct impacts on 
diarrhoeal diseases for some interventions, make the cost-effectiveness figures reached 
questionable. 
 
The existing evidence suggests that WASH interventions, like many other poverty alleviation 
and health interventions, are highly cost effective. However, the existing evidence is 
generally inadequate to determine whether WASH investments are significantly more or less 
cost-effective than other interventions, given uncertainty and the variability in benefits across 
settings.  
 
Given these uncertainties, caution should be used in interpreting the relative cost-
effectiveness of the different WASH interventions. Limited empirical data is available on the 
relative sustainable, long-term costs, and non-diarrhoea benefits. In addition, it is quite likely 
that relative importance will differ between settings based on the existing dominant 
transmission pathways. 
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9.4 Discussion 
 
There is substantial evidence that WASH interventions can lead to significant health, 
economic and development benefits. However, the exact magnitude of these benefits 
remains highly uncertain. In addition, the sector currently lacks the needed information to 
maximise the return and value for investments.  
 
Current estimates of economic and health benefits of WASH interventions do not utilise 
existing best practices for estimating uncertainty regarding quantitative benefit estimates. 
Probabilistic simulation methods have been recommended and used to estimate the 
certainty bounds for health and economic benefits of other diarrhoeal prevention 
interventions (Rheingans et al. 2009), and these should be used for estimating the impacts 
of WASH interventions in an objective manner. 
 
There is a need for a transparent and externally validated model to convert epidemiological 
and RCT results of WASH efficacy into estimates of DALY and economic improvements. 
Such an effort would capture the diarrhoeal, nutritional and intestinal parasite impacts of 
interventions. There are existing models, such as LiST, which could be the foundation for 
such an effort (Fischer-Walker et al.  2011). In the absence of such a consensus, current 
estimates are often seen as being motivated by advocacy rather than objective, evidence-
based approaches. External scientific scrutiny and review can increase confidence in 
prioritised investments. 
 
In addition to improving the accuracy of estimates there are several areas in which improved 
economic evaluation information could directly result in improved efficiency of investments 
and value for money. In particular there is very little evidence to guide decision makers about 
how to invest efficiently within the sector at a given scale (local, national or regional). Current 
estimates are regional at best, and the actual value is likely to differ substantially depending 
on where the investments occur. Decision support models that translate existing evidence on 
effectiveness and cost-effectiveness could provide decision makers with information where 
to invest, what interventions are most cost-effective in particular regions, and what makes 
sense in rural and urban settings. In addition, value for money is likely to vary greatly based 
on who benefits, based on large within country differences in underlying disease burden 
based on geography or socio-economic status. Quantitative estimates of cost-effectiveness 
associated with reaching different regions and risk groups could allow for redirecting 
investments and maximising value for money. 
 
 
Conclusion: 
 
Overall there is good evidence that WASH investments can have significant health, 
economic and development benefits and that these investments may have a level that 
is comparable or favourable to other interventions in term of cost-effectiveness. 
However current estimates of cost-effectiveness are limited by incomplete data and 
accompanying modelling regarding the impact of WASH investments on non-
diarrhoeal outcomes throughout the life-course, as well as the lack of data of costs 
and variability across settings. Improved estimates of costs, evidence of additional 
impacts, and synthesised analyses could improve the inefficiency of investment 
within the sector and better prioritise decisions between sectors.
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10. Strengthening the 
evidence base 

10.1 Gaps in knowledge; both theoretical and operational 
 
As with most areas of health and development, there are a number of gaps in our 
understanding of the magnitude and mechanisms of the impact of WASH interventions on 
health and development. This section serves to highlight some of these gaps, most of which 
are addressed elsewhere within the report. 
 
Broadly speaking, these gaps can be grouped into the following categories:  
 

 Impact of sanitation on diarrhoea. There is some evidence, albeit problematic, for the 
efficacy of water quality, water quantity, and hygiene diarrhoeal diseases based on 
experimental intervention studies. However, as has been highlighted in recent systematic 
reviews (Waddington et al. 2009; Clasen et al, 2010), there is little rigorous evidence for 
the efficacy of sanitation in general and for low-cost onsite sanitation in particular, in part 
due to the challenges of measuring these effects in randomised trials.  
 

 Environmental transmission.  From the earliest investigations of water-borne 
outbreaks, such as those conducted by John Snow (1855), it has been clear that 
understanding the specific pathway for environmental contamination and human 
exposure to that contamination is essential in determining what intervention is 
appropriate and likely to lead to the greatest impact. Although certain WASH-related 
transmission pathways are likely to be found in many different contexts in low-income 
settings, the relative strength of the pathways and their particular characteristics are 
likely to change based on local conditions. WASH investment decisions are often driven 
by generalised estimates of impacts (averaged across multiple settings) rather than 
based on careful assessment of pathways and corresponding interventions. This can 
lead to overlooking important pathways (such as contamination of complementary foods 
for infants due to inadequate hygiene) and missed opportunities for maximising health 
outcomes.  

 

 Modes of action of enteric exposures. Acute diarrhoea is one of the most obvious 
signs of inadequate access to improved WASH. However, there is a growing 
understanding that WASH-related enteric exposures can lead to a much wider range of 
outcomes throughout the life-course. This includes potential nutritional impacts 
associated with chronic exposures, interactions with other infectious diseases (e.g. 
respiratory infections), cancer, and potentially other chronic diseases such as diabetes 
(Fekadu et al.  2010). Improved understanding of immunosenesence and epi-genetics of 
specific enteric exposures could substantially improve our understanding of the impact of 
WASH exposures and interventions on other health outcomes. 

 

 Non-diarrhoeal outcomes – Beyond the F-Diagram. WASH impact studies and meta-
analyses tend to focus on the impact of interventions on acute diarrhoea. This is 
understandable given the importance of this outcome on child mortality and the apparent 
ease in measuring short-term changes in incidence. However, WASH interventions are 
likely to have an impact on a much broader range of outcomes. Investments in 
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understanding the impact of sanitation and hygiene on the effectiveness of nutritional 
interventions (as mediated by tropical enteropathy for example) is part of this. However 
the effects potentially exceed beyond this. Evidence from recent rotavirus (and other) 
vaccine trials suggests that environmental enteric exposures may reduce the immune 
response to and effectiveness of vaccines (especially live oral ones). Similarly, based on 
transmission dynamics, sanitation and hygiene improvements are recognised as key 
factors in the control of neglected tropical diseases (NTDs) such as schistosomiasis, 
trachoma, soil-transmitted helminthes, and cysticercosis. Huge investments in the control 
of these diseases through preventive chemotherapy have largely ignored the 
environment control dimensions. Another example is the impact of WASH on maternal 
mortality through improved hygienic conditions during delivery and the potential effect on 
reduced birth complications through improved nutritional status earlier in life. Impact of 
WASH on chemical contaminants such as arsenic or fluoride, and interventions 
effectiveness also require more attention. Poor WASH conditions may also exacerbate 
the effect of other conditions including HIV/AIDS, respiratory infections and physical 
disabilities. For all of these areas there is strong evidence of the biological plausibility of 
the impact of WASH, but limited systematic evidence of intervention impact. Measuring 
these impacts in intervention assessments would allow for a more unbiased assessment 
of the value for money of WASH interventions compared to other interventions and 
selecting what WASH strategy makes sense in a given context. 

 

 Health consequences of WASH as a human need. The health impact of WASH is 
often associated with the impact of interventions on enteric exposures. However, water, 
sanitation and hygiene relate to the basic human need for drinking, bathing and 
defecating, and the absence of appropriate WASH conditions can lead to a range of 
health-related consequences. Poor access conditions can magnify the impact of physical 
disabilities. Lack of water for bathing and cleaning can affect trachoma, wound 
management associated with lymphatic filariasis, and perhaps most importantly 
menstrual hygiene management for women and adolescent girls. Poor access to 
sanitation can also result in the risk of sexual assault for women (Amnesty International 
2011), and poor access to water can result in safety risks and large calorific expenditures 
for women and children. While there is evidence that these effects exist, there is limited 
evidence for quantifying the magnitude of the burden or assessing the effectiveness of 
potential interventions. 

 

 Non-health outcomes. In addition to their health impacts, WASH interventions may be 
central to a range of non-health development outcomes. One of the most likely, or at 
least most hypothesised, is the impact of household and school WASH on educational 
outcomes, especially for girls. This effect may be through enteric and respiratory 
infections or it may be through the need for appropriate water and sanitation for 
menstrual hygiene management for girls. There is a growing body of rigorous research 
on these impacts. However, most studies remain short-term and do not capture the long-
term impacts on human development and gender equity. In addition, there is limited 
systematic information on the magnitude of the problem or what strategies are most 
effective and cost-effective in addressing it.  

 

 Vulnerable populations. The value for money for WASH interventions is likely to differ 
substantially depending on whether it reaches the most vulnerable populations. 
Undernourished children, children with poor access to treatment, urban slum dwellers 
with high levels of environmental exposures, adolescent girls, people living with 
HIV/AIDS and the physically disabled are all likely to be particular susceptible to poor 
WASH conditions. There is limited quantitative data on the burden within these particular 
populations and on the most effective and cost-effective strategies for addressing their 
needs in particular contexts. 
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 Behaviour change, especially at scale. Behaviour change is central to many hygiene, 
sanitation and water quality interventions. However, effective methods for creating and 
sustaining behaviour change at scale remain limited. Improved understanding of drivers 
of behaviour change and habit provide key insights into what may be effective, but there 
is still a great need to identify the most effective ways of translating this into sustained 
behaviour change at scale. 

 

 Costs and cost-effectiveness. The costs and cost-effectiveness of different WASH 
interventions are likely to change substantially, depending on the social and physical 
context. Improved and better information on the costs and cost-effectiveness provide a 
starting point for selecting the most appropriate and efficient interventions for a given 
context. Building the currently limited knowledge and information base is key to making 
better investment decisions and securing greater value for (public) money.  

 
 

10.2 Improving methods for measurement of exposure and 
outcome 
 
Improved evidence-based investment in the WASH sector not only requires additional 
evidence, but also improved research methods to better capture outcomes and discern the 
effects of interventions. Improved methods can be grouped into the following categories:  
 

1. Improved measures of outcomes 
2. Improved impact study designs 
3. Improved methods for understanding heterogeneity in impacts  

(or ‘what works where and why’) 
 
 

10.2.1 Improved measures 
 
Self-reported data for diarrhoeal and other faecal-oral diseases are a source of potentially 
significant bias.  A number of alternative measures have been suggested.  Some of the more 
promising emerging options are summarised below.    
 

 Weight-for-age z-score (WAZ) as a proxy marker for diarrhoea  
Schmidt and colleagues (2010) have proposed a weight-for-age measure that may be 
useful in detecting recent diarrhoeal disease in children, based on the fact that recent 
episodes of diarrhoeal disease may result in short-term weight loss. In a retrospective 
study of data from two large vitamin A trials from Ghana and Brazil that measured 
diarrhoeal disease and included biometric data from children, a strong linear association 
was observed between diarrhoeal occurrence over 14- and 28-day time periods and 
reduced WAZ. The biometric data used to calculate a WAZ score for children are easily 
obtainable in a field setting. This measure does, however, have low specificity for 
detection of diarrhoea: reduced WAZ may be associated with a number of other 
conditions, including respiratory infections or fever. Whilst lower specificity of the WAZ 
measure presents challenges with respect to study design, it may be a promising 
alternative to self-reported diarrhoeal disease.     

 

 Salivary antibody measures as pathogen-specific markers for infection 
Novel analytical methods (Griffin et al.  2011) make possible the detection of recent 
infection and disease events via immunological markers (e.g. pathogen-specific IgG) 
present in saliva samples. Previously, exposure to faecal-oral pathogens could be 
tracked by analysing blood samples (Khan et al.  2004) and generally for only one 
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disease agent at the time. These new measures allow testing for the presence and 
magnitude of antibodies to a wide range of target microbes, including the principal 
agents responsible for diarrhoeal disease, in non-invasive saliva samples The data from 
initial and limited field trials show a marked increase of pathogen-specific antibodies 
associated with recent disease events (seroconversion) in cases compared with controls, 
and that this apparent increase is detectable for several weeks following infection or 
illness. These assays may also provide information about previous infections and chronic 
disease, since past exposures result in low-level detectable antibodies in those exposed. 
More work is needed, however, to “calibrate” these methods among populations with 
high disease burdens, so that saliva antibody testing is sufficiently specific and sensitive 
to be useful in tracking disease events in populations with high exposure to, and 
subclinical shedding of, faecal-oral pathogens. 
 

 Polymerase Chain Reaction (PCR) methods and epi-genetics  
PCR methods are now fairly commonly used to identify specific pathogens in stool 
samples. However, high throughput PCR that can test for large numbers of sequences 
are now being used to understand a much broader range of intestinal conditions. These 
methods have been used to species diversity and family abundance of gut flora as a way 
of better understanding exposure, susceptibility and adverse effects (Mai et al.  2011; 
Mai & Draganov 2009). These methods are not intended to provide a substitute for the 
accurate measurement of discrete health outcomes such as diarrhoea. Instead, they 
may provide early measures of long-term effects such as those on nutrition, help explain 
heterogeneity of effects within a population (especially among vulnerable individuals), 
and shed light on how and when different interventions impact health. 
 
 
 

10.2.2 Improved methods for health impact assessment in WASH interventions 
 
Any method used to assess public health interventions must provide effect estimates that 
are sufficiently valid to inform future policy. This may sound trivial, but surprisingly is one of 
the most commonly neglected principles specifically in the evaluation of WASH 
interventions. Often it is claimed that one should judge the merit of different WASH 
interventions based on the “best available evidence”. If no reasonably unbiased evidence is 
available, the merits of different interventions are better judged based on biological 
plausibility, non-health benefits or intermediary outcomes, risks and aspects of scalability 
and logistics (Ross et al.  2006; Schmidt & Cairncross 2009). 
 
Only experimental studies with a randomised assignment of intervention and control can 
deal fully with the issue of confounding by unknown factors but these are expensive and are 
generally of limited external validity for WASH interventions. Experimental studies – or RCTs 
– are important and necessary for proof of concept. However, there will never be a sufficient 
number of RCTs conducted – nor would it be cost-effective to do this – to address the 
multiple and diverse contexts within which WASH programmes and policy are implemented. 
As such, and as discussed in previous sections, other study designs should be exploited in 
order to expand our understanding of what works where and why.  
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Case-control and cohort studies 
 
Case control and cohort studies are the classic study designs in observational studies. To 
the extent that selection of controls is not random, and potentially biased, case-control 
studies are at risk of selection bias. Case-control studies and cohort studies have in common 
that they are susceptible to confounding, i.e. failure to account for factors that are related to 
exposure (e.g. sanitation) and outcome (e.g. diarrhea) producing a spurious association.  
 
A key problem with using case-control or cohort designs to evaluate WASH interventions is 
that adoption of and compliance with water, sanitation and hygiene improvements is highly 
associated with socio-economic status, education and “modern lifestyle” (Schmidt et al.  
2009a). All of these potential confounding factors are difficult to measure accurately and 
therefore to adjust to in the analysis. The potential for confounding in case control and cohort 
studies studying factors related to WASH is very large and as such this evidence should be 
treated with caution. Previous cohort and case-control studies evaluating WASH 
interventions have show very large effect sizes for health outcomes, whether on diarrhea, 
child mortality or height for age z-score (Azurin and Alvero 1974; Hoque et al.  1996; Nanan 
et al.  2003; Young and Briscoe 1988).  
 
Randomised controlled trials 
 
While ecological analyses are often, and for good reason, regarded as the weakest form of 
evidence used in public health, randomised controlled trials (RCT) are generally regarded as 
“the gold standard”. This is correct but only under certain conditions. RCTs control for known 
and unknown confounding and work well if the treatment and the outcome assessment can 
be blinded both from the study participant and the observer. For WASH studies, it is simply 
not possible to blind many of the interventions resulting in inevitable bias.  
 
RCTs still can provide largely unbiased estimates if the outcome is an largely objective 
measure such as weight gain, worm infection or death, though these have rarely been used 
in WASH trials. In contrast, and as is the case with many WASH RCTs, using a more 
subjective outcome measure, such as self-reported diarrhoea, may not provide an unbiased 
estimate. Study participants in the intervention arm have a strong incentive to under-report 
disease for fear of being seen as non-compliant. Those in the control arm have incentives to 
over-report disease because they may want to gain access to the intervention. Also, 
individuals of lower socio-economic status and education who have a particularly high risk of 
disease tend to be lost to follow up more often. Drop out can be different between the 
intervention and control groups, thus introducing additional bias. Another source of bias 
could come from over-enthusiastic field workers who out of commitment, or for the sake of 
job security, want to demonstrate the effectiveness of an intervention (observer bias).  
 
For these reasons, it can be argued that the term “gold standard” for randomised unblinded 
studies on environmental health interventions using subjective outcomes is misleading. 
Instead, RCT data should be interpreted judiciously and alongside data from other 
epidemiological study designs and qualitative research methods. 
 

10.2.3. Improved methods for understanding heterogeneous impacts 
 
Impact assessment methods are typically focused on rigorously assessing the relationship 
between an intervention or exposure and a specific, controlling for factors that might differ 
across a study area such as implementation differences, behaviour uptake, population 
characteristics and environment. In most impact study designs this heterogeneity increases 
variance and methods are used to control for these differences in order to estimate the main 
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effect of the intervention or exposure. However, in many cases this heterogeneity hides 
important information on who is likely to benefit, what aspects of the intervention are 
essential, and why the intervention may fail or succeed in certain locations. This information 
may also be important in understanding how well the results from a particular context can be 
generalised to other settings. 
                                     
Several analytical techniques have been successfully applied to other health and 
development problems and interventions: 
 
Instrumental Variables (IV) 
Experimental designs such as RCTs rely on the assumption that assignment to an 
intervention group is a good indicator of exposure to an intervention or elimination of a 
particular exposure. For example, being assigned to a sanitation study arm is used as a 
proxy for exposure to improved sanitation, however it may not actually correspond to 
improved sanitation due to poor delivery or inadequate changes in behaviours. In the context 
of randomised trials, instrumental variables methods allow researchers to examine the effect 
of the actual exposure (e.g. observed improved sanitation) on the outcome of interest, while 
using the experimental randomisation to control for measured and unmeasured confounders. 
While the method lacks some of the rigour of typical analysis of RCTs, it can provide an 
important complement to understand the effectiveness of the actual WASH improvement 
rather than the effectiveness of the particular intervention as implemented – especially with 
uneven compliance. 
 
 
 
Dynamic modelling and Bayesian analysis 
Traditional statistical methods focus on drawing inferences from the association between 
exposure and outcome while controlling biases. In complex social and environmental 
contexts these relationships are mediated through the environment and mediated by 
underlying conditions. One way to address this is to explicitly analytically model the effect of 
underlying conditions and the mediating role of the physical or social environment. This 
approach has been applied to malaria (Tatem and Smith 2010), schistosomiasis (Liang et al.  
2007), cholera (Mukandavire et al.  2011), and soil transmitted helminths (Pullan et al.  
2011). Direct observations on exposures and intermediate outcomes such as environmental 
contamination can be used to revise and refine the underlying model, often with the 
application Bayesian statistic or other iterative methodologies such as machine learning. 
Unlike RCTs, these analytical approaches are not primarily designed to determine whether 
an intervention affected a particular outcome. Rather they are designed to better understand 
how systems and interventions work and how that may change in different contexts. It 
complements RCTs by informing intervention improvements and understanding whether and 
how results may be extrapolated to other settings, two particular weaknesses of traditional 
methods. 
 
Impact modelling 
Health impact models provide an additional tool for estimating the impact of alternative 
interventions for different settings and sub-populations. More advanced tools that take full 
advantages of the methodological developments with risk analysis and other fields could 
help understand the contribution of different WASH interventions to a range of acute and 
chronic conditions associated with infectious and chemical exposures.   
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10.3. Enduring questions 
 
The strength of the existing evidence strongly suggests that investment in WASH can yield 
important health and human development impacts, as well as providing good value for 
money compared to other interventions. However, the list of knowledge gaps at the 
beginning of this chapter also suggests that improved knowledge could improve the 
effectiveness of interventions and investments in the sector. Each of the knowledge gaps 
could easily generate a list of potential applied or basic research questions. Here we 
highlight a select few which may lead to significant incremental improvements in 
effectiveness and value for money.  
 

 What are the dominant transmission pathways in particular contexts and how 
does this influence the selection of intervention strategies? This is the key 
question that John Snow addressed in responding to the cholera outbreaks of the 
1850s (Snow 1855). The same is true for non-epidemic settings as well. Over 150 
years later, the analytical tools for assessing exposure have grown enormously, 
however they are seldom used for choosing or refining intervention strategies. Other 
disease control efforts such as malaria and schistosomias control have benefited 
greatly from applying dynamic and spatial modelling to improve the effectiveness of 
interventions, especially when going to scale. A similar effort for WASH would be 
extremely helpful in translating the findings of RCTs and other impact assessments 
to making national and regional investment decisions. 
 

 How can genetic and epi-genetic patterns be used to develop improved 
interventions? John Snow’s other transformative contribution was to apply germ 
theory to understanding the selection of effective interventions. Today, molecular 
genetics and epi-genetics (how genes respond to the environment) provide powerful 
tools for understanding how pathogens interact with their environment and the 
complex ways in which pathogens affect human health – not just through infection 
but through immune function and nutritional response. Applying these basic science 
innovations to WASH exposures could identify new intervention strategies, help 
target vulnerable areas, or select the most cost-effective strategy.  
 

 What are effective methods for designing effective and locally relevant at-scale 
behaviour change interventions that work in particular contexts? Handwashing 
is one of the most effective disease control strategies in developed and developing 
countries and programmes at scale are often ineffective in generating sustained 
behaviour change. Filling this gap requires continued development of our 
understanding of behaviour change processes, but also our understanding of how to 
effectively translate such knowledge into programmes at scale. It also requires 
improved understanding of how factors such as markets can be used to drive and 
support behaviour change. This applies equally to sanitation where sustaining use 
and maintenance of facilities by all is critical to realising the potential benefts.  
 

 What are the health and development impacts of WASH interventions 
throughout the life-course, and how can they be maximised? Although this is 
relevant to all populations, this is particularly relevant for adolescent girls and young 
women who are affected by health and non-health consequences of poor WASH 
conditions. This requires improved understanding of the environmental, biological 
and social processes that generate these impacts, how they build and cascade over 
time, and what interventions are effective in reducing these impacts. 
 

 What works where and why? While there is sufficient evidence to suggest that 
investments in WASH can provide good value for money, the realization of this 
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potential depends on selecting the right strategy and deciding who is targeted. This 
requires a concerted effort at translational research to assist sector actors in identify 
and implementing the most effective and cost-effective strategies. This is particularly 
true in challenging settings such as urban slums or schools where the actual return 
on investment will depend on the specific approach and implementation. 
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Annexes 
 
Annex 1 – Search strings and inclusion criteria for systematic searches 
 
The systematic literature searches were conducted using the OvidSP platform and the search terms are 
given below. From the results of the searches, a first selection was made on the content of the abstract and 
type of publication, and only peer-reviewed articles reporting interventional studies with a control arm or 
systematic reviews were included. The selection was then refined when full text was obtained. 
 
General inclusion criteria were the following: 
 

 Population groups, including:  

All; adults/ children; no setting restriction 

 

 Interventions/exposures, including:  

Excreta-disposal interventions; water supply and water quality interventions; hygiene promotion 

(hand washing); and, where appropriate, vector control interventions 

 

 Outcomes, including:  

Acute respiratory infections, intestinal parasitic infections, schistosomiasis, trachoma, arsenicosis 

and fluorosis 

 

 Study design, including:  

Intervention studies, controlled, randomized or quasi-randomized   

 

 

Search strings for each outcome are given below and the following databases were searched using OvidSP: 
 

 Medline 

 Cochrane 

 Embase 

 
The results for these searches are provided in Annex 2. 
For under-nutrition the findings of a Cochrane Review on this subject the two of the authors of this paper 
were involved in were used. The full protocol has been published by Cochrane (Dangour et al 2011) and the 
results are reproduced in Annex 2. 

 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

Total number of 
references retrieved 
in Medline, Global 
Health and Embase 

  ARSENICOSIS   
1 exp Arsenic Poisoning/pc [Prevention & Control]  
2 (arsenic or arsenicosis).mp  
3 (prevention or mitigation or management or avoidance or removal).mp  
4 (Impact* or intervention* or trial* or effectiveness or efficacy).mp  
5 2 AND 3 AND 4  
6 1 OR 5 (limits "english", "after 1980", "humans") 589 
   
  FLUOROSIS   
1 exp Fluoride Poisoning/pc [Prevention & Control]  
2 (fluoride or fluorosis).mp  
3 (prevention or mitigation or management or avoidance or removal).mp  
4 (Impact* or intervention* or trial* or effectiveness or efficacy).mp  
5 2 AND 3 AND 4  
6 1 OR 5 (limits "english", "after 1980", "humans") 1827 
   
  SCHISTOSOMIASIS   
1 exp Schistosomiasis/pc [Prevention & Control]  
2 (schistosoma or schistosomiasis or schistosome$1).mp  
3 (infection or transmission).mp  
4 (prevention or control or management or elimination).mp  
5 (Impact* or intervention* or trial* or effectiveness or efficacy).mp  
6 2 AND 3 AND 4 AND 5  
7 1 OR 6 (limits "english", "after 1980", "humans") 3012 
   
  INTESTINAL WORMS   

1 
(ascaris or roundworm$1 or ascariasis or trichuris or whipworm$1 or trichuriasis or 
hookworm$1 or necator or ancylostoma or enterobius or enterobiasis or pinworm$1 or 
hymenolepis or hymenolepiasis or "dwarf tapeworm").mp  

2 
((soil-transmitted or soil-borne or intestinal) adj1 (helminth$1 or helminthes or parasite$1 or 
worm$1 or nematode$1 or cestode$1)).mp  

3 (enteroparasit* or endoparasit* or geohelminth*).mp  
4 1 OR 2 OR 3  

5 
((hygien$ adj3 (food or domestic or personal or education or promotion or behaviour)) or soap 
or handwashing or "hand washing").mp  

6 
(toilet* or latrine* or pit or pits or Sanita* or (feces or faeces or fecal or faecal or excreta or 
waste) adj3 (disposal or management or service$1) or sewage or sewer$1 or sewerage or 
drainage).mp  

7 
(Water adj2 (supply or availability or access or connect* or distance or improved or distribut* 
or quantity or volume)).mp  

8 5 OR 6 OR 7  
9 (Impact* or intervention* or trial* or effectiveness or efficacy).mp  

10 4 AND 8 AND 9 (limits "english", "after 1980", "humans") 439 
   
  ACUTE RESPIRATORY INFECTIONS AND HANDWASHING   
1 Exp Respiratory Tract Infections/  

2 
(ARI or acute respiratory infection$ or respiratory disease$ or respiratory symptom$ or 
respiratory illness$2).mp  

3 
(Upper respiratory infection$ or URI or URTI or upper respiratory tract infection$ or lower 
respiratory infection$ or ALRI or LRI or LRTI or lower respiratory tract infection$).mp  

4 
(common cold$ or sore throat or sinusitis or otitis or pharyngitis or influenza or pneumonia or 
sars or bronchitis or coryza or pertussis or epiglottitis or croup or whooping cough or 
bronchiolitis).mp  

5 1 OR 2 OR 3 OR 4  
6 exp handwashing/  
7 (handwashing or hand washing or hand cleaning or hand cleansing or hand hygiene).mp  
8 6 OR 7  
9 5 AND 8 (limits "english", humans", after 1980) 1522 
   
   
  Trachoma   
   

1 toilet* OR latrine* OR pit OR pits OR Sanita*  

2 
(feces OR faeces OR fecal OR faecal OR excre* OR waste) adj3 (disposal OR manag* OR 
service*)  

3 
Water adj3 (supply OR availability OR access OR connect* OR distance OR improved OR 
distribut* OR quantity OR volume)  

4 
handwashing OR facewashing OR (face* adj3 wash*) OR (hand* adj3 wash*) OR (eye* adj3 
wash*) OR (clean adj2 face*) OR hygien*  

5 
(fly OR flies OR musca OR sorbens OR vector ) adj3 (control* OR manag* OR trap* OR 
spray* OR insecticid*)  

6 1 OR 2 OR 3 OR 4 OR 5  
7 trachom* OR sorbens  



 

 

8 Impact* OR intervention* OR trial* OR effectiveness OR efficacy  
9 6 AND 7 AND 8  
   

 
 
 
 

Annex 2 – Results for systematic searches 
 

 
Childhood under-nutrition 
 

Title Date of 
publication 

Authors Intervention Key outcomes of 
interest 

Study design 

A longitudinal study of the impact of 
behavioural change intervention on  
cleanliness, diarrhoeal morbidity and  
growth of children in rural Bangladesh.  
Social Science & Medicine 

1993 Ahmed, N.U., et al., Hygiene promotion Weight for age Before and after 

The Imo State (Nigeria) Drinking Water 
 Supply and Sanitation Project, 2. Impact  
on dracunculiasis, diarrhoea and  
nutritional status 

1990 Huttly, S.R.A., et al.,  Water supply Weight for height Quasi-experimental 

Evaluation of a pre-existing, 3-year 
 household water treatment and  
handwashing intervention in rural  
Guatemala 

2009 Arnold, B., et al.,  Hygiene promotion &  
water treatment 

Weight, height and 
MUAC 

Prospective cohort  
with matched control 

Lack of impact of a water and sanitation 
intervention on the nutritional status of  
children in rural Bangladesh.  

1989 Hasan, K.Z., et al.  Water quantity/quality, 
 sanitation and hygiene 

Weight for age, height 
for  
age 

Quasi-experimental 

Randomized intervention study of solar 
disinfection of drinking water in the 
 prevention of dysentery in Kenyan  
children aged under 5 years 

2011 Du Preez, M., et al.,  Water treatment 
(SODIS) 

Weight for age, height 
for 
 age and weight for 
height 

Randomised 
 controlled trial 

 
An evaluation of an operations research  
project to reduce childhood stunting in  
a food-insecure area in Ethiopia.  

 
2012 

 

Fenn, B., et al  
 
Water supply, sanitation  
and hygiene 

Height for age  Quasi-experimental 

 
Nutrition and infection field study in 
Guatemalan villages, 1958-1964. VII.  
Physical growth and development of  
preschool children 

 
1968 

 
Guzman, M. A., N. 

 S. Scrimshaw, 
 et al 

 
Sanitation and hygiene 

height, weight, skinfold 
 thickness, bone 
development 

Proposective cohort 
 with cross-sectional 
 survey each 3 months 

 
Hand-washing, subclinical infections, 
and growth: a longitudinal evaluation of 
an intervention in Nepali slums.  

 
2011 

 

Langford, R., P. 

Lunn,and C. Panter-
Brick,  

 
Hygiene promotion 

Weight for height, 
height for 
 age, weight for age, 
various 
 bio-markers 

Proposective cohort  
with cross-sectional 
 survey each month 

 
Environmental sanitation: a nutrition 
intervention 

 
1983 

 

Schlesinger, L.,  

J. Weinberger, et al,  

 
Sanitation  

 
Weight (nutritional 
status) 

 
Quasi-experimental 

 
 
 
 
 
 
 
 
 
 



 

 

Intestinal parasitic infections 
 

Title Date of 
publication 

Authors Intervention Key outcomes of 
interest 

Study design 

Impact of a citywide sanitation program 
 in Northeast Brazil on intestinal 
parasites infection in young children 

2010 BARRETO, M. L., 
GENSER, B., STRINA, 
A., TEIXEIRA, M. G., 
ASSIS, A. M. O., 
REGO, R. F., TELES, 
C. A., PRADO, M. S., 
MATOS, S. M. A., 
ALCANTARA-NEVES, 
N. M. & 
CAIRNCROSS, S 

Sewerage 
improvement 

Ascariasis and 
trichuriasis (prevalence 
only) 

Before-after study 

Effects of improved water supply and  
sanitation on ascariasis, diarrhoea, 
dracunculiasis, hookworm infection, 
schistosomiasis, and trachoma. 

1991 ESREY, S. A., 
POTASH, J. B., 
ROBERTS, L. & 
SHIFF, C. 

Water supply and 
sanitation facilities 
improvement 

Ascariasis and 
hookworm infections 
(prevalence and 
intensity of infection) 

Systematic review 

Ascariasis and handwashing 2009 FUNG, I. C.-H. & 
CAIRNCROSS, S.  

Handwashing with or 
without soap 
promotion 

Ascariasis (prevalence 
and intensity of 
infection) 

Systematic review 

The impact of improvement of water 
supply and sanitation facilities on 
diarrhea and intestinal parasites: a 
Brazilian experience with children in 
two low-income urban communities 

1989 GROSS, R., SCHELL, 
B., MOLINA, M. C., 
LEAO, M. A. & 
STRACK, U.  

Water supply and 
excreta disposal 
facilities improvement 

Ascariasis and 
trichuriasis (prevalence 
only) 

Cohort study 

Effect of hygiene promotion on the risk 
of reinfection rate of intestinal parasites 
in children in rural Uzbekistan 

2007 GUNGOREN, B., 
LATIPOV, R., 
REGALLET, G. & 
MUSABAEV, E.  

Hygiene promotion 
(hand washing with 
soap, safe feces 
disposal and boiling 
drinking water) 

Ascariasis reinfection 
rate after treatment 

Before-after study with control group 

Impact of sanitation and health 
education on intestinal parasite 
infection among primary school aged 
children of Sherpur, Bangladesh 

2003 HOSAIN, G. M. M., 
SAHA, S. & BEGUM, 
A. 

Health education and 
latrine construction 

Ascariasis and 
hookworm infections 

Before-after study  

Reviewing the health impacts of 
improvements in water supply 

1997 LEWIN, S., 
STEPHENS, C. & 
CAIRNCROSS, S. 

Water supply (quality 
and quantity) 
improvements alone 
or in combination with 
sanitation 
improvements 

Ascariasis Systematic review 

Reductions in the prevalence and 
incidence of geohelminth infections 
following a city-wide sanitation program 
in a Brazilian Urban Centre 

2010 MASCARINI-SERRA, 
L. M., TELLES, C. A., 
PRADO, M. S., 
MATTOS, S. A., 
STRINA, A., 
ALCANTARA-NEVES, 
N. M. & BARRETO, 
M. L.  

Sewerage 
improvement 

Ascariasis, trichuriasis 
and hookworm infection 
and incidence rates 
(prevalence and 
intensity) 

Controlled cohort study 

Environmental interventions and the 
pattern of geohelminth infections in 
Salvador, Brazil 

2004 MORAES, L. R. S. & 
CAIRNCROSS, S.  

Sewerage and 
drainage 
improvements 

Ascariasis, trichuriasis 
and hookworm infection 
and reinfection rates 
(prevalence and 
intensity) 

Longitudinal study 

Effects of sewerage on diarrhoea and 
enteric infections: a systematic review 
and meta-analysis 

2010 NORMAN, G., 
PEDLEY, S. & 
TAKKOUCHE, B 

Sewerage 
improvements 

Nematode infections Systematic review 

Evaluation of the effectiveness of 
deworming and participatory hygiene 
education strategy in controlling anemia 
among children aged 6-15 years in 
Gadagau community, Giwa LGA, 
Kaduna, Nigeria 

2011 SUFIYAN, M., 
SABITU, K. & 
MANDE, A.  

Participatory hygiene 
education 

Nematode infections Before-after study with  
control group 

Effect of sanitation on soil-transmitted 
helminth infection: Systematic review 
and meta-analysis 

2012 ZIEGELBAUER, K., 
SPEICH, B., 
MAUSEZAHL, D., 
BOS, R., KEISER, J. & 
UTZINGER, J.  

Ownership and use of 
excreta disposal 
facilities 

Ascariasis, trichuriasis 
and hookworm 
infections (prevalence 
only) 

Systematic review 

 
 



 

 

Acute Respiratory Infections 
 

Title Date of 
publication 

Authors Intervention Key outcomes of interest Study design 

Effect of hand hygiene on infectious 
disease risk in the community setting: a 
meta-analysis. 

2008 AIELLO, A. E., 
COULBORN, R. M., 
PEREZ, V. & 
LARSON, E. L. 

Hand hygiene in 
community setting 

Respiratory illnesses, school 
 absenteism 

Systematic review 

Non-pharmaceutical public health 
interventions for pandemic influenza: 
an evaluation of the evidence base. 

2007 ALEDORT, J. E., 
LURIE, N., 
WASSERMAN, J. & 
BOZZETTE, S. A.  

Hand hygiene in 
healthcare and 
community setting 
during epidemic 
phase, with soap or 
hand sanitizer 

Influenza Systematic review 

A cluster-randomized controlled trial 
evaluating the effect of a handwashing-
promotion program in Chinese primary 
schools.  

2007 BOWEN, A., MA, 
H., OU, J., 
BILLHIMER, W., 
LONG, T., MINTZ, 
E., HOEKSTRA, R. 
M. & LUBY, S. 

Standard and 
intensive 
handwashing 
promotion 

Respiratory disease 
incidence,  
school absenteism 

Randomized controlled 
 trial 

Effectiveness of handwashing in 
preventing SARS: a review. 

2006 FUNG, I. C.-H. & 
CAIRNCROSS, S.  

Hand hygiene in 
healthcare  and 
community settings 

SARS infection Systematic review 

Physical interventions to interrupt or 
reduce the spread of respiratory 
viruses: systematic review. 

2009 JEFFERSON, T., 
DEL MAR, C., 
DOOLEY, L., 
FERRONI, E., AL-
ANSARY, L. A., 
BAWAZEER, G. A., 
VAN DRIEL, M. L., 
FOXLEE, R. & 
RIVETTI, A. 

Handwashing with 
soap or hand sanitizer 
in healthcare and 
community settings 

Viral respiratory infections Systematic review 

Physical interventions to interrupt or 
reduce the spread of respiratory 
viruses. 

2011 JEFFERSON, T., 
DEL, M. C. B., 
DOOLEY, L., 
FERRONI, E., AL 
ANSARY, L. A., 
BAWAZEER, G. A., 
VAN, D. M. L., 
NAIR, S., JONES, 
M. A., THORNING, 
S. & CONLY, J. M. 

Handwashing with 
soap or hand sanitizer 
in healthcare and 
community settings 

Viral respiratory infections Systematic review 

Handwashing and risk of respiratory 
infections: a quantitative systematic 
review 

2006 RABIE, T. & 
CURTIS, V.  

Handwashing with 
soap or hand sanitizer 
in healthcare and 
community settings 

Respiratory illnesses Systematic review 

Effects of hand hygiene campaigns on 
incidence of laboratory-confirmed 
influenza and absenteeism in 
schoolchildren, Cairo, Egypt 

2011 TALAAT, M., AFIFI, 
S., DUEGER, E., EL-
ASHRY, N., 
MARFIN, A., 
KANDEEL, A., 
MOHAREB, E. & 
EL-SAYED, N. 

Hand hygiene 
promotion 

Symptomatic and laboratory 
confirmed influenza-like 
illness, school absenteism  

Randomized  
controlled trial 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Arsenic and Fluorosis 
 

Title Date of 
publication 

Authors Intervention Key outcomes of interest Study design 

A sustainable community-based 
arsenic mitigation pilot project in 
Bangladesh 

2001 ANSTISS, R., 
AHMED, M., ISLAM, 
S., KHAN, A. W. & 
AREWGODA, M. 

Point-of-use arsenic 
removal system  

Arsenic concentration in 
drinking water, users 
satisfaction 

Pilot study  
(only 4 households) 

Reduction in urinary arsenic levels in 
response to arsenic mitigation efforts 
in Araihazar, Bangladesh 

2007 CHEN, Y., VAN 
GEEN, A., 
GRAZIANO, J. H., 
PFAFF, A., 
MADAJEWICZ, M., 
PARVEZ, F., 
HUSSAIN, A. Z. M. I., 
SLAVKOVICH, V., 
ISLAM, T. & AHSAN, 
H. 

Well labeling, 
community 
information on 
unsafe water 
sources, installation 
of deep well where 
most needed 

Well switching, urinary  
arsenic  
levels 

Prospective cohort  
study 

Effect of deep tube well use on 
childhood diarrhoea in Bangladesh 

2011 ESCAMILLA, V., 
WAGNER, B., 
YUNUS, M., 
STREATFIELD, P. K., 
VAN GEEN, A. & 
EMCH, M. 

Deep well 
installation 

Diarrhoeal disease incidence  
in under 5-year-old 

Prospective cohort 
 study 

Persistent exposure to arsenic via 
drinking water in rural Bangladesh 
despite major mitigation efforts.  

2011 GARDNER, R., 
HAMADANI, J., 
GRANDER, M., 
TOFAIL, F., 
NERMELL, B., PALM, 
B., KIPPLER, M. & 
VAHTER, M 

Multi-faceted 
arsenic mitigation 
strategy 

Urinary arsenic levels, 
drinking  
water arsenic levels, food 
 arsenic levels 

Prospective cohort 
 study 

The effect of arsenic mitigation 
interventions on disease burden in 
Bangladesh 

2004 LOKUGE, K. M., 
SMITH, W., 
CALDWELL, B., 
DEAR, K. & MILTON, 
A. H. 

Multi-faceted 
arsenic mitigation 
strategy 

Population-level exposure to 
arsenic 

Burden of disease  
estimation 

Dissemination of drinking water 
contamination data to consumers: A 
systematic review of impact on 
consumer behaviors 

2011 LUCAS, P. J., 
CABRAL, C. & 
COLFORD JR, J. M. 

Water consumers 
information on 
arsenic levels in 
their drinking water 
source 

Water source switching Systematic review 

A randomised intervention trial to 
assess two arsenic mitigation options 
in Bangladesh. 

2007 MILTON, A. H., 
SMITH, W., DEAR, 
K., NG, J., SIM, M., 
RANMUTHUGALA, 
G., LOKUGE, K., 
CALDWELL, B., 
RAHMAN, A., 
RAHMAN, H., 
SHRAIM, A., 
HUANG, D. & 
SHAHIDULLAH, S. M.  

Provision of dug 
wells or three 
pitcher filters 

Urinary arsenic levels, use of 
the provided mitigation 
solution 

Randomized controlled 
 trial 

Flocculant-disinfectant point-of-use 
water treatment for reducing arsenic 
exposure in rural Bangladesh 

2009 NORTON, D. M., 
RAHMAN, M., 
SHANE, A. L., 
HOSSAIN, Z., 
KULICK, R. M., 
BHUIYAN, M. I., 
WAHED, M. A., 
YUNUS, M., ISLAM, 
M. S., BREIMAN, R. 
F., HENDERSON, A., 
KESWICK, B. H. & 
LUBY, S. P.  

Treatment with 
flocculant-
disinfectant of tube 
wells 

Urinary arsenic levels, 
arsenic level in tubewell 
water, fecal contamination 
of drinking water 

Before-after study 
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