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Abstract 
Around the globe, diarrheal disease causes millions of preventable deaths each year, with most in children zero 
to five years old.  The transmission of disease follows a pathway in which fecal parts are spread to human hosts 
through fluids, tactile contact, flies, the environment, living quarters, and food.  There are several barriers that 
can inhibit this transmission, with sanitation functioning primarily, while hygiene and potable water supply 
function as secondary barriers.  A large amount of research has been done concerning the effectiveness of 
various water, hygiene, and sanitation interventions in preventing this transmission and thus lowering diarrheal 
morbidity across the world.  In 2005, Lorna Fewtrell and her colleagues published a comprehensive meta-
analysis of all the research studies published on this topic from 1970-2003.  The goal of this paper is to update 
their findings by qualitatively analyzing the results of relevant publications from June 2003 to 2011.  It 
compares and contrasts the results of such interventions to the reported findings by Fewtrell et al. in order to 
find trends in the effectiveness of certain types of interventions and the distribution of research across the world.  
The findings of this paper conclude that all types of interventions can be successful in lowering diarrheal rates, 
and that more implementation of interventions is necessary in order to eventually provide universal access to 
increased sanitation and potable water.  The dismal amount of sanitation interventions, along with the absence 
of water quantity interventions and research studies performed in Oceania since 2003, highlight the crucial 
necessity for more research in these areas.



INTRODUCTION 
According to the World Bank, diarrheal disease is a major cause of death across the globe due to inadequate 
sanitation, lack of access to potable water for consumption and usage in preparing food, and absence of 
hygienic behavior to reduce the transmission of disease1.  In Africa, a region highly affected by these issues, 
115 people die every hour from resulting diseases2.  Children under the age of five years old are strongly 
affected, as 15% of all deaths in this age group are caused every year by diarrheal disease, a direct result of 
these global issues3.  In fact, of the 1.8 million people who are casualties of diarrheal disease every year, 90% 
are children under the age of five years old1.  Within this age group, the only disease that surpasses diarrhea in 
number of deaths is pneumonia with 18% of all deaths3.  These deaths, in all senses, are largely preventable.  
Thus, various research studies have been completed to identify which interventions effectively inhibit the 
transmission of fecal matter containing infectious entities, and therefore decrease rates of disease.  One gram of 
feces may contain ten million viruses, one million bacteria, 100 parasite eggs, and 100 worm eggs2 all of which 
can result in diarrheal disease upon ingestion of fecal matter.  Therefore, it is crucial that interventions are not 
only placed in regions such as Sub-Saharan Africa, Oceania, and Southern Asia, where these issues are most 
prominent2, but also continued and proven to be sustainable across long periods of time.  The issue of clean 
water is widely publicized in the media, but factors involving sanitation and hygiene are also important in 
preventing the transmission of diarrheal disease and must be highlighted as well. 
 
A 2012 update of the “Progress on Drinking Water and Sanitation,” published by the World Health 
Organization (WHO) and United Nations Children’s Fund (UNICEF) Joint Monitoring Programme on clean 
water and sanitation, states that the United Nations’ Millennium Development Goal (MDG) that aimed to halve 
the amount of people without access to potable water was successfully met five years ahead of schedule in 
20104.  Although this is a laudable achievement, there are still almost 800 million people worldwide (11% of 
the world population) with no access to safe water sources4.  There are also notable disparities in access 
between world regions and no comprehensive, sustainable method of measuring the exact proportion of people 
with access to potable water by country4. The MDG aim to increase access to sanitation facilities is unlikely to 
be achieved by 20154.  Over 2.5 billion people globally still do not have access to improved sanitation facilities, 
and if trends continue this number will only be cut by 100 million by 20154.  These statistics illustrate how 
crucial further implementation of successful interventions is. 
 
As shown in Fig. 1, sanitation, while currently the least addressed factor in preventing transmission rates, is a 
vital inhibitor and primary barrier of the transmission of infectious fecal matter to the millions of vulnerable 
people worldwide1.  When implemented efficiently in a community, adequate sanitation can act as a barrier to 
transmission of fecal parts to fluids which can be ingested by humans either directly or in the preparation of 
food, transmission to flies which can disperse infectious organisms to humans through contact such as bites, and 
transmission by the medium of fields or floors on which feces can be present and result in transmission through 
the previously discussed factors.  Clean water supply, currently the most addressed issue in preventing diarrheal 
disease, can act as a secondary barrier, when sanitation fails, to inhibit transmission to the human by preventing 
the direct ingestion of contaminated fluids or their use in food preparation.  Hygiene acts as a secondary barrier.  
Proper hygiene can prevent the transmission of disease by eliminating the presence of fecal matter on finger tips 
and other body parts that can result in the contamination of food and water.  Effective hand washing both before 
preparing food and before consuming it can prevent disease transmission.  Proper hygiene also results in a lower 
volume of flies present within a given area and thus less disease will be transmitted through that pathway.  
Hygiene utilized in storing and handling drinking water, to reduce contamination, also bars the transmission 
through fluids.  The cleaning of fields or floors where feces is present due to lack of adequate sanitation, yet 
another component of proper hygiene, can also prevent this pathway.   
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Figure 1: The F diagram above shows the pathways in which fecal matter is ingested by the victim and the 
barriers that can prevent infection1. 
 
Over the years, many research studies have been conducted to observe the effects of sanitation, hygiene, and 
water quality or quantity interventions. Sanitation interventions are exemplified through implementation of 
latrines or improvement of sewerage systems.  Hygiene interventions are exemplified through education on 
proper hand washing and food preparation, along with the provision of antibacterial aids to community 
members. Water interventions manifest themselves in two separate categories.  Water quality interventions 
include disinfection of water through filters and chemicals at the source or household level.  Water quantity (or 
supply) interventions consist of the expansion of water pipes for delivery in areas of the world in which rivers 
and lakes detrimentally affected by low sanitation are the only immediate sources of water.  The most recent 
comprehensive study analyzing these various types of interventions, in all age groups, was published in The 
Lancet in 2005, titled “Water, sanitation, and hygiene interventions to reduce diarrhoea in less developed 
countries: a systematic review and meta-analysis” and was written by Lorna Fewtrell and her colleagues.  The 
Fewtrell study concluded that all 46 studies included described interventions that “reduce[d] significantly the 
risks of diarrheal illness.”5 The reported findings5 of this study demonstrated that that water quality 
interventions were more effective in reducing diarrheal morbidity than previously stated and that interventions 
designed to target multiple pathways were no more effective than interventions targeted at only one pathway. 
This paper’s goal is to serve as a qualitative follow up to that quantitative report.  It seeks to analyze the 
following: 

• whether water quality interventions still exhibit more effectiveness than previously concluded 
• whether multiple intervention studies were still no more effective than single intervention studies 
• whether there was still a similar distribution of intervention studies completed across world regions and 

targeting specific pathways 
• whether any different conclusions could be made when analyzing newer studies 
• whether any type of intervention was found to be more effective than previously concluded 
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The analyses performed in this paper search for indications of the decrease in diarrheal rates in all age groups 
due to sanitation, hygiene, and water interventions in non-outbreak areas.   
 
METHODS 
The methodology utilized in this paper was adopted from the Fewtrell et al. methods, and mimicked the 
procedures as closely as possible in order to perform a qualitative analysis on all studies published after the 
period of analysis they performed5.  
 
The methodology described was used to collect relevant research papers on the databases Cochrane Library and 
Medline.  These databases were searched using keywords “water,” “sanitation,” and “hygiene” combined with 
“diarrhea” or “intervention.”5 The time period for publication was set between June 26, 2003 and June 1, 2011.  
These dates were used because Fewtrell et al. limited their article searches to those published before June 26, 
2003.  The research for this paper began in June of 2011, and the first of the month was designated as the limit 
for articles published. The only limitation placed on search results was to include only articles concerning 
human studies.  Fewtrell et al. also used databases Embase, LILACs, and Pascal Biomed in their search5.  These 
databases were not accessible for this study.  However, approximately 95% of the articles Fewtrell and her 
colleagues used in their meta-analysis were collected from Cochrane Library and Medline5, the two databases 
searched in this study. In the Cochrane Library, 23 articles matched the keywords in the Cochrane Library, 
while 2631 articles matched the keywords on Medline.  Table 1 below lists the number of matching articles for 
each keyword combination on each database.  The abstracts for each matching article were analyzed for 
relevance to the project.   The bibliographies of each article along with those of various relevant meta-analyses 
were also closely analyzed in order to maximize the amount of relevant publications analyzed.   

Table 1: Results of Database Searches 
Database Keywords Matching Articles 

Medline "diarrhea and sanitation" 397 

 "diarrhea and water quality" 109 

 "diarrhea and water quantity" 10 

 "diarrhea and hygiene" 431 

 "drinking water and intervention" 189 

 "sanitation and intervention" 354 

 "hygiene and intervention" 1141 

TOTAL  2631 

Cochrane Library "diarrhea and sanitation" 1 

 "diarrhea and water quality" 2 

 "diarrhea and water quantity" 0 

 "diarrhea and hygiene" 1 

 "drinking water and intervention" 0 

 "sanitation and intervention" 1 

 "hygiene and intervention" 18 

TOTAL  23 

Table 1 lists the number of matching articles on each database for each set of keywords, along with the overall 
totals for each database. 
 
Initial Selection Criteria and Data Extraction: 
There were three characteristics present in an article necessary for it to be declared relevant5, per the Fewtrell 
publication. Firstly, the article must have described a study in which an intervention of water quality, water 
quantity, hygiene, or sanitation or a combination of any was completed.  Secondly, the outcome of the 
intervention on diarrheal morbidity must have been described, and there must have been no outbreak conditions 
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before or during the study being conducted.  Thirdly, the studies must have also been published and peer 
reviewed.   
 
The amount of relevant articles, after deleting multiples which matched more than one keyword combination, 
was reduced to 50, with 11 describing hygiene interventions, 4 describing sanitation interventions, 12 
describing a combination of two or more interventions, 22 describing water quality interventions, and 1 
describing water supply (quantity) interventions.  Three publications, describing individually a hygiene, 
sanitation, or water supply intervention, were not able to be accessed for this analysis, however, due to time and 
financial constraints.  Therefore, 47 studies were analyzed in this paper. 
Data for each intervention including authors, name of published article, type of intervention, country of setting, 
type of area (urban or rural), age group studied, and effectiveness was tabulated and assorted into various tables 
for analysis.  This paper did not include a statistical analysis of the metadata collected due to the author’s lack 
of the required advanced statistical skills needed for such.  Therefore, the resulting analysis is more qualitative 
than quantitative, although the percentage of reduction in morbidity is noted when possible.  
The quality of each study was also rated using certain criteria to state it as “Poor” or “Good” (See Appendix 
tables A3-A7).  The way in which the article quality was assessed followed the technique in the Fewtrell 
article5.  Despite assessed article quality, all relevant articles were included in this study.  An article was 
determined to be of “poor” quality if the intervention described was missing any of the following from its 
design: description of control groups (or inadequate), protocol to measure or control confounders that may have 
been present, or stated definition for diarrhea or diarrheal health outcome intervened against.  An article was 
also designated to be of “poor” quality if the time between when symptoms of the illness manifested and when 
it was reported, labeled the health indicator recall period5, exceeded two weeks.  If none of these issues were 
present in a study, that study was deemed to be of “good” quality.   
 
Interventions: 
As mentioned previously, the only restriction applied to the search was that the study involved only human 
participants.  Therefore, any type of water, sanitation or hygiene intervention was included in our results if it 
was relevant.  The interventions were classified according to the techniques described below in accordance to 
the model study5.   

• A study was classified as a hygiene intervention if it addressed hygiene, health education, and promoted 
related behaviors such as hand washing.  Thus, hygiene interventions ranged from food safety programs 
enforced to mothers to hygiene education in a day care center. 

• A study was classified as a sanitation intervention if a technique for disposal of excreta was instilled or 
promoted, such as latrines, at a community or household level. 

• A study was classified as a water supply intervention if a new or more efficient supply of water was 
established or if the method of distribution was modified to provide easier access to water at the 
community or household level. 

• A study was deemed a water quality intervention if the intervention consisted of treatment to prevent 
microbes from contaminating water or to disinfect contaminated water before consumption at the source 
or point-of-use. 

• A multiple intervention study was classified as such if more than one type of intervention as completed 
on the population. 

 
Qualitative Analysis: 
This analysis was of a qualitative nature.  Tables were created using Microsoft Excel.  The data was analyzed 
according to country of origin, the state of the economy of that country (established market economy or 
developing) (See Appendix tables A1-A7), and type of intervention done.   
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RESULTS 
2631 articles were assessed to be relevant based on their titles and abstracts.  A total of 50 articles, of which 39 
articles were in developing countries, were classified as relevant to this research paper.  Of those, 47 could be 
accessed for the purposes of this study.  The final studies were conducted in 32 different countries.   
 
There was only one relevant article found for water quantity interventions, and it could not be accessed for data 
to be used in this study.  Therefore, that category is absent from the results.   
 
In Table 2, the number of interventions for the world regions Africa, Asia, Latin America & the Caribbean, 
Oceania, Europe, and North America are listed under the type of intervention presented in the study.  The 
results are separated into studies done in urban or rural regions.  The articles that had an unstated location were 
not included in this chart.  The first number listed in each cell is the number of studies found relevant in this 
search, while each number in brackets represents the number of articles found relevant in the long-form version 
of the Fewtrell et al. article6 that addresses studies completed in both developing and developed countries.  
Those classified as “periurban” or “suburban” were lumped into the “urban” category on this chart. Water 
supply interventions were not included in this chart since this study did not find any relevant, accessible studies 
of that type.  For reference, however, Fewtrell et al. found nine of these studies6. One study took place in urban 
Asia, two in rural Asia, two in urban Africa, one in rural Africa, two in rural Latin America and one in urban 
Latin America6.  In Table 2, “WQ” is an abbreviation for water quality, “S” for sanitation, “H” for hygiene, 
“M” for multiple, and “T” for total.   

 
Table 2: Number of studies analyzed in this paper and the Fewtrell publication6 according to world region and 

intervention type 
URBAN      

World Region WQ S H M T 

Africa 4 [1] 0 [0] 0 [0] 1 [0] 5 [1] 

Asia 1 [2] 2 [1] 2 [4] 3 [0] 8 [7] 

Latin America & the Caribbean 2 [1] 1 [1] 2 [0] 0 [0] 5 [2] 

Oceania 0 [2] 0 [0] 0 [1] 0 [0] 0 [3] 

Europe 1 [0] 0 [0] 2 [0] 0 [0] 3 [0] 

North America 2 [3] 0 [0] 2 [3] 0 [0] 4 [6] 

Total 10 [9] 3 [2] 8 [8] 4 [0] 25 [19] 

RURAL      

World Region     

Africa 6 [5] 0 [1] 0 [1] 4 [2] 10 [9] 

Asia 1 [4] 0 [1] 1 [7] 2 [5] 4 [17] 

Latin America & The Caribbean 4 [1] 0 [0] 0 [1] 1 [0] 5 [2] 

Oceania 0 [1] 0 [0] 0 [0] 0 [0] 0 [1] 

Europe 0 [0] 0 [0] 0 [0] 0 [0] 0 [0] 

North America 1 [0] 0 [0] 0 [1] 0 [0] 1 [1] 

Total 12 [11] 0 [2] 1 [10] 7 [7] 20 [30] 

 
In Tables 3-6, each study was classified as ++, + or - under the “Level of Effectiveness” header in order to 
assess its results.  A + signified an intervention which yielded a decrease in diarrheal morbidity, and a - 
signified a study in which no difference was found before and after intervention.  A ++ was used to distinguish 
studies that had diarrheal morbidity rates decrease by more than 25% and were therefore very effective.  These 
rates of decrease were noted in the corresponding publication.   The studies are listed by the first author’s name, 
the year of article publication, a brief description of the intervention, the country in which the intervention was 
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performed, the type of location in which it was performed, the health outcome studied (whether outcomes 
included various illnesses or were limited to diarrheal illness), the age group studied, the rating for level of 
effectiveness, and a brief description of the results. 

Table 3: Hygiene Interventions & Their Results 
Reference 
 

Intervention Country Location Health Outcome Age 
Group 

Level of 
Effective
ness 

Results 

Apisarnthana
rak, A et al. 
20097 

Hygiene 
Education 

Thaliand Urban 
(Kindergart
en) 

Influenza-Like 
Infections, Hand 
Foot Mouth 
Infection, Diarrhea 

0 – 5 
years 

- Reduced incidence 
for ILIs.  No 
demonstrated 
reduction in 
diarrheal disease. 

Ashley, DV 
et al. 20048 

Food Safety 
Program 

Jamaica Urban Traveler’s 
Diarrhea 

16 + 
years 

+ Decrease in 
diarrhea disease 

Faulkner, CT 
et al. 20039 

Hygiene 
Education 

Mexico Urban Cholera 0 – 16 
years 

- High prevalence of 
cholera after 
intervention 

Fisher, S et 
al. 201110 

BRAC Program 
+ Handwashing 

Bangladesh Rural Diarrhea All + Reduced diarrheal 
disease, however, 
education not 
practiced outside 
home 

Hubner, NO 
et al. 201011 

Alcoholic Hand 
Disinfection 

Germany Urban Diarrhea, Cold, 
Fever, Cough 

6 – 24 
Months 

+ Reduction in 
illness 

Kotch, JB et 
al. 200712 

Hygiene 
Education 

U.S. Urban 
(Child Care 
Center) 

Diarrhea 0 – 6 
years 

+ Decrease in illness 
in sanitation 
trained centers 

Larson, EL et 
al. 200413 

Handwashing 
& Home 
Cleaning 
Products 
(Antibacterial/
Nonbacterial 
Use) 

U.S. Urban Diarrhea, Fever, 
Runny Nose, Sore 
Throat 

All 
(Househ
olds with 
at least 
one 3-5 
year old 

- Not effective 

Luby, SP et 
al. 200414 

Handwashing 
(Antibacterial 
or Plain Soap) 

Pakistan Urban Diarrhea 0 – 15 
years 

+ Lower diarrheal 
incidence 
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Ponka, A et 
al. 200415 

Hygiene 
Education 

Finland Urban (Day 
Care 
Center) 

Diarrhea, Upper 
Respiratory Tract 
Infections, Otitis 
Media 

0 – 3 
years,  
> 3 years 
old 

+, -   Reduced absences 
for 0 – 3 year olds, 
no difference in 
older than 3 y.o. 

Sheth, M et 
al. 200416 

Food Safety 
Education + 
Handwashing 

India Unstated Diarrhea Adults 
(Mothers 
with 1+ 
6-24 
month 
old) 

++ 52% reduction in 
diarrheal disease 

Ten articles were classified as studies of hygiene interventions. There was a high variability in the results for 
effectiveness.  Six of the ten articles were found to be effective, while one was found to be very effective.  
Therefore, the majority of the results support that hygiene interventions are effective in reducing diarrheal 
illness.  There were three general types of hygiene interventions performed: those relating to hand washing or 
hand cleanliness, hygiene education, and food safety education.  The interventions involving food safety 
programs were all successful in lowering morbidity.   
 

Table 4: Sanitation Interventions & Their Results 
Reference Intervention Country Location Health 

Outcome 
Age Group Level of 

Effectiveness 
Results 

Baretto, ML et al. 
200717 

Sewer (Improved 
System) 

Brazil Urban Diarrhea 0 – 3 years + Decrease in diarrheal 
prevalence 

Kolahi, AA et al. 
200918 

Sewer (New System) Iran Urban Diarrhea 6 months – 5 
years 

+ Decline in diarrheal 
incidences 

Meddings, DR et al. 
200419 

Latrine Revision Afghanistan Urban Diarrhea 0 – 11 years + Reduction in diarrheal 
disease 

Three studies were classified as describing sanitation interventions.  They were all successful, which supports 
the conclusion that sanitation interventions are effective in combating diarrheal illness.  They were all 
conducted in an urban setting, so the results for this portion of the study cannot be extrapolated to cover the 
world since no relevant, rural studies were found.  Only one study involved the revision of latrines, while the 
other two involved changes to or implementation of a sewer. 

 
Table 5: Water Quality Interventions & Their Results 

Reference Intervention Country Location Health Outcome Age Group Level of 
Effectiveness 

Results 

Barzilay, EG et 
al. 201120 

Point-Of-Use 
Chlorination 

Nigeria Urban Diarrhea All + Reduced diarrheal 
rates when no 
residual chlorine 
present, antivirals 
had some effect 
also 

Boisson, S et al. 
200921 

LifeStraw Ethiopia Rural Diarrhea All ++ Decline in 
diarrheal disease 
by 25% less weeks 

Boisson, S et al. 
201022 

Filtration Device Congo Rural Diarrhea All - Little evidence that 
process protects 
against diarrheal 
infection 

Brown, J et al. 
200823 

Ceramic Purifier 
(Standard and Iron-
Rich) 

Cambodia Rural Diarrhea All + Less diarrheal 
disease incidence 
for all ages 
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Chiller, et al. 
200624 

Flocculant Disinfection Guatemala Rural Diarrhea 0 -5 years ++ Reduction by 40% 
in 0 -5 yrs, 39% in 
those under 1 yrs 
old 

Clasen, TF et al. 
200425 

Ceramic Filter Bolivia Rural Diarrhea All + 0 – 5 
Years 

+ Reduction in 
coliforms 

Colford, JM et 
al. 200526 

Filter, Ultraviolet Light 
Disinfection 

U.S. Urban GI* All (HIV+ 
participants 
only) 

+ Reduction in GI 
Illness 

Colford, JM et 
al. 200527 

Ceramic Filter, 
Ultraviolet Light 
Disinfection 

U.S. Rural Diarrhea All - No reduction in 
diarrheal 
prevalence 

Corella-Barud, 
V et al. 200928 

Ultraviolet Disinfection 
(Source) 

Mexico Urban Diarrhea All - Diarrheal 
prevalence similar 

Crump, JA et al. 
200529 

Flocculant Disinfection Kenya Rural Diarrhea 0 – 2 Years + Reduction in areas 
of turbid water 

Du Preez, M et 
al. 200830 

Ceramic Filter South Africa, 
Zimbabwe 

Rural Diarrhea 2 – 3 years + Much lower 
diarrhea incidence 
rate, also reduced 
E. coli counts 

Du Preez, M et 
al. 201031 

SODIS South Africa Peri-Urban Dysentery, Non-
dysentery diarrhea 

0 – 5 years +, varied Varied on level on 
participant 
motivation.  Those 
with high 
motivation 
experienced 
decreased rate, 
those with low 
showed no 
statistical 
significance 

Elsanousi, S et 
al. 200932 

LifeStraw Sudan Rural 
(Settlement 
Camp) 

Diarrhea All + Decline in clinic 
attendances and 
diarrheal incidence 

Frost, FJ et al. 
200933 

Filtration & Ozonation 
(at source) 

U.S. Urban Diarrhea, GI All - No difference 
found.  Some 
diarrheal rates 
increased. 

Goh, S et al. 
200534 

Membrane Filter (Public 
Source) 

England Urban Cryptosporidiosis All + Decrease in 
cryptosporidiosis 

Graf, J et al. 
201035 

SODIS Cameroon Urban Diarrhea 0 – 5 years + Reduced diarrheal 
rates and risk in 
households that 
complied 

Jain, S et al. 
201036 

NADCC Tablets Ghana Peri-Urban Diarrhea All 
(Households 
with 1+ 5 
year old[s] ) 

- Improved water 
quality, but did not 
reduce diarrheal 
rates 

Mausezahl, D et 
al. 200937 

Solar Water Disinfection 
(SODIS) 

Bolivia Rural Diarrhea 0 – 5 years - No strong evidence 
for reduced 
diarrheal rates, 
little compliance 

Reller, ME et al. 
200338 

Flocculant Disinfectant, 
Customized Vessel, 
Bleach 

Guatemala Rural Diarrhea All + Decreased 
diarrheal rate, 
Flocculant 
disinfectant more 
effective 
intervention 

Rose, A et al. 
200639 

Solar Disinfection India Urban Diarrhea 0 -5 years ++ Reduction in 
incidence by 40% 
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Stauber, CE et 
al. 200940 

BioSand Filter Dominican 
Republic 

Urban Diarrhea All + Improved water 
quality, half the 
odds of diarrheal 
disease as control 
group 

Tiwari, SS et al. 
200941 

BioSand Filter Kenya Rural Diarrhea 0 – 15 years + Fewer diarrhea 
days, greater child 
diarrhea reduction, 
better quality 
drinking water 

There were 22 studies identified as water quality interventions.  Many of these involved the use of filters, such 
as BioSand and Ceramic, while some involved the use of a disinfectant such as flocculant and NADCC tablets, 
and others involved point-of-use chlorination.  Solar water disinfection was also a popular method studied.  
Sixteen of the 22 studies yielded effective results, with a Lifestraw study in rural Ethiopia,21 a flocculant 
disinfectant study in rural Guatemala,24 and a solar disinfection study in urban India39 all designated as very 
effective.  Thus, the majority of these interventions were effective in reducing diarrheal illness.  There were a 
wide variety of host countries for the studies, in both urban and rural areas.   This supports the idea that water 
quality interventions can decrease diarrheal rates across the globe.   
 

Table 6: Multiple Interventions & Their Results 
Reference Interventions Country Locati

on 
Health 
Outcome 

Age 
Group 

Level 
of 
Effect
ivenes
s 

Results 

Arnold, B 
et al. 
200942 

Hygiene: 
Handwashing with soap 
Water Quality: 
Household Water 
Treatment 

Guatemala Rural Diarrhea 0 – 5 
years 

- No difference 
found 

Garrett, V 
et al. 
200843 

Sanitation: 
Latrine Utilization 
Water Quality: 
Household water 
chlorination 
Water Supply: 
Rainwater Use, Shallow 
Wells 

Kenya Rural Diarrhea 0 – 5 
years 

+ Reduced rates 
independently 
for all 
interventions, 
least effective 
for shallow well 
users 

Harris, JR 
et al. 
200944 

Hygiene: 
Education 
Water Quality: 
Household Safewater 
Vessels with Chlorine 

Kenya Rural Diarrhea Infants (of 
HIV+ 
mothers) 

+ Dependant on 
weaning stage.  
Less diarrheal 
incidence before 
and after, no 
difference 
during weaning. 

Hosain, 
GM et al.  
200345 

Hygiene: 
Education 
Sanitation: 
Latrine Utilization 

Bangladesh Urban Intestinal 
Parasites 

Primary 
School 
Age (5-12 
years) 

+ Slow to 
develop.  
Significantly 
lower infection 
rates among 
those who used 
both 
interventions. 

Liew, KB 
et al. 
200646 

Sanitation 
Water Supply 

Malaysia Rural Dysentery, 
Enteric 
Fever, 
Cholera, 
Viral 
Hepatitis 

All - LOOK INTO 
THIS ONE 

Luby, SP 
et al. 
200447 

Hygiene: 
Handwashing With 
Soap, Food Safety 
Education 
Water Quality:  
Disinfection with 
Storage Vessel 

Pakistan Urban Diarrhea All + Decrease in 
diarrheal disease 
incidence, 
Households 
with refrigerator 
1st to benefit 

Luby, SP 
et al. 
200648 

Hygiene: 
Education, Soap 
Water Quality: 

Pakistan Urban 
(Squa
tter 

Diarrhea All + Reduced 
diarrheal rates.  
Most effective 
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Diluted Bleach in 
Vessel, Flocculant 
Disinfectant 

Settle
ment) 

when 
Disinfectant-
Disinfectant 
used. 

Migele, J 
et al. 
200749 

Hygiene: 
Vessels for 
Handwashing, SWS 
Water Quality: 
SWS 

Kenya 
(School) 

Rural Diarrhea 5 – 18 
years 

+ Decrease in 
diarrheal 
incidence 

Moll, DM 
et al. 
200750 

Hygiene: 
Education 
Water Quantity: 
New tank & source or 
water system, 
additional connections, 
wells 
Sanitation: 
Latrines implemented 
and improved, 
Education 

Honduras, 
Nicaragua, 
El 
Salvador, 
Guatemala 

Not 
stated 

Diarrhea 0 – 3 
years 

+ Decrease in 
diarrheal rates 

Opryszko, 
MC et al. 
201051 

Hygiene: 
Promotion 
Water Quality: 
Vessels with Clorin 
Water Supply: 
Tubewells 

Afghanista
n 

Rural Diarrhea All + Varied based on 
socioeconomic 
status.  
Diarrheal 
reduction in all 
household 
membranes, but 
not significant 
when only 
under 5 year 
olds analyzed. 

Shrestha, 
RK et al. 
200652 

Hygiene: 
Education 
Safe Water Systems* 
Water Quality: 
Point of Use Treatment 
& Safe Store (SWS) 

Uganda Rural Diarrhea All (HIV+ 
participan
ts only) 

+ Resulted in 
averted 
diarrheal 
episodes 

Xue, J et 
al. 201053 

Hygiene: 
Package 
Water Quality: 
Disinfectant 

Malawi Urban Diarrhea Infants (of 
HIV+ 
mothers) 

+ Lowered infant 
diarrheal rates 

There were twelve articles identified as discussing studies that included multiple interventions.  “Multiple 
interventions” signifies that a combination of hygiene, water, and sanitation interventions were used on the 
same study group with the goal of decreasing rates of diarrheal illness.  In these situations, each type of 
intervention cannot be assessed individually.  However, of the twelve studies, ten were classified as effective.   
 
Table 7: Relevant articles which could not be accessed for this study 
Reference Type of Intervention Country Disease Outcome Age Group 

Ngondi, J et al. 201054 Hygiene:  
Facial Cleanliness 

Ethiopia Diarrhea 1 - 9 years 

Ndiaye, P et al. 201055 Sanitation: 
Latrine addition 

Senegal Diarrhea - 

Bailey, IW et al. 
200456 

Water Quantity:  
Water Reticulation 

South 
Africa 

Diarrhea All 

 
Table 7 lists the relevant studies that could not be accessed, for reference.  No information on the age group 
Ndiaye et al. studied could be extracted from the abstract. 
Overall, the largest reduction in diarrheal disease reported occurred in the Sheth article describing an 
intervention involving food safety education and hand washing performed in an unstated region of India at 
52%16. 
 
DISCUSSION 
There was a wide variety of results in this analysis.  However, for each type of intervention, the majority, if not 
all, of the articles reviewed yielded favorable results, suggesting that hygiene, water, and sanitation 
interventions are all effective in reducing diarrheal morbidity across the globe.  There are various meta-analyses 
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that have been previously completed to evaluate the effectiveness of specific interventions in decreasing 
diarrheal morbidity.  Notably, the Fewtrell publication5 completed a meta-analysis for all studies concerning the 
topic published from 1970-2003.  This study’s goal was to update the information with data from 2003 – 2011.   
Studies from all regions of the world are included, except for Oceania.  In the Fewtrell article, the only region of 
the world missing was Europe5.  This report contained about double the amount of studies conducted in Latin 
America, 50% more studies covering Africa, and less than half of the studies conducted in Asia compared to the 
Fewtrell publication.  A similar number of studies were conducted in North America in both reports.  There was 
a similar distribution in the number of rural versus urban studies in this paper and the Fewtrell paper, with the 
total numbers being roughly half and half.   In this paper, no relevant water supply interventions were 
accessible, and thus that area is not discussed at all and unfortunately cannot be analyzed.  Fewtrell et al. 
included six water quantity intervention studies5.  This is the most considerable difference concerning the 
number of studies between the two papers. 
 
The highest proportion of effective studies for a single type of intervention was sanitation with 100% of the 
studies included declared effective.  However, since only three articles describing sanitation interventions were 
included in this paper, the results are inconclusive.  All were conducted in an urban setting, with two taking 
place in Asia and one in Latin America.  There is not sufficient coverage of the globe.  In the Fewtrell 
publication, only one relevant article5 concerning sanitation intervention was used in the meta-analysis.   The 
fact that only four total sanitation intervention studies, one in this paper and three in the Fewtrell paper, are 
relevant to this subject demonstrates that much more research needs to be completed in this field and many 
more sanitation interventions must be implemented.  The passage of infectious agents that result in diarrheal 
illness from the source to its host occurs at the feces level, and sanitation is the first barrier that prevents the 
incidence of diarrheal disease in a population.  If effective, sanitation prevents the passage of infectious 
microbes and viruses to fluids that can be consumed, flies that can sting and pass the infection to the individual, 
and fields or floors from which the feces can contaminate.  Therefore, it can be deduced that this is a crucial 
field for study in the prevention of infection that results in diarrhea.  According to the World Health 
Organization, 2.6 billion people lack adequate sanitation worldwide2.  The regions with the lowest coverage are 
Sub-Saharan Africa, Oceania, and Southern Asia2.  No relevant, accessible studies were included in this paper 
from any of those areas which again highlights the need for increased sanitation research.   
 
For studies evaluating hygiene interventions, 70% of the ten articles found the intervention methods used to be 
effective in reducing diarrheal rates.  Hygiene is also an important barrier against the spread of diarrheal 
disease, as it is the only barrier that inhibits the transmission of feces on an individual’s fingers to the inner 
body.  It also prevents transmission from flies to new hosts and decreases the likelihood of food being prepared 
with unclean tools or unclean hands.  When there are no sanitation interventions in place to prevent the presence 
of feces on a field or floor, hygiene is a vital factor that can prevent further transmission.  Of the ten articles 
listed, only one covered an intervention performed in a rural area, while eight covered urban areas and one 
(which yielded the most successful results in reducing diarrheal morbidity rates for this entire study) was 
performed in an unstated area.  Therefore, there is definitely a gap in the hygiene intervention research 
completed in rural areas in these results and further research is needed to demonstrate the level of effectiveness 
of hygiene interventions.  The Ponka et al. article, which looked at the effectiveness of hygiene education in 
urban Finland, concluded that the intervention was successful in reducing morbidity for children aged 0-3 years 
but that there was no difference for older children15 which is an interesting anomaly in the data.  Behavior plays 
a more important role in this type of intervention than in any of the others, because most interventions involved 
some type of education, which is, in essence, an attempt at behavior modification.  Stabilizing overall hygiene 
in an environment plays an important role in all the other interventions discussed, because if latrines, filters, or 
any other intervention devices are not maintained clean, the lack of hygiene will reduce the intervention’s 
overall effectiveness.  In the Fewtrell article, hygiene interventions were found to be “at least as effective as the 
other interventions”5 which agrees with the results for this report as the 70% rate of effective interventions 
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described is about equal to the calculated rate for water quality.   Additionally, although it is lower than the rate 
for sanitation and multiple interventions, it is still the majority. 
For interventions involving water quality, there was a rate of 72.7% effectiveness for the 22 articles included.  
This is the intervention type that yielded the most relevant, accessible studies for use in this analysis, however, 
and due to the larger sample size the results of this portion can be deemed the most accurate.  Nine of the 
studies (40.9%) were conducted in urban areas, whereas the remaining 13 (59.1%) were conducted in rural 
areas.  This is a somewhat even distribution of results for both areas.  There were studies included in all regions 
of the world (excluding Oceania) for this type of intervention also.  Water quality interventions are of 
importance because when sanitation fails to stop the transmission of feces to fluids, improved water quality can 
inhibit the transmission of fecal matter by direct consumption to the person.  When the level of hygiene is low 
in a community, improved water quality can also deter transmission of disease by indirect ingestion when it is 
used in the preparation of meals.  Water quality interventions performed at the point-of-use were more effective 
overall than water quality interventions performed at the source, with only 33.3% of those performed at the 
source being effective while 78.9% of the interventions completed at the point-of-use were found to reduce 
diarrheal rates.  Examples of interventions at the point-of-use level are employment of various filters, the 
SafeWater System, and solar water disinfection. This makes sense since, in a community where hygienic 
behavior is at a minimal level, there are various ways in which disinfected water can become contaminated 
when collected from a source outside the home.  Soiled hands and unclean storage devices are issues that affect 
the overall provision of safe water at the source level.   This agrees with the sentiment discussed in the Fewtrell 
article that when 24 hour access to safe water is absent in a community, point-of-use programs should be top 
priority in implementing the increased presence of potable water5.   
 
For the studies that included multiple interventions performed on the same study group, the results are too 
vague to interpret.  Since multiple types of interventions were implemented, it is not possible to isolate each 
type and analyze it individually.  The consensus for these types of studies would be that multiple interventions 
would yield the most favorable decreases in diarrheal morbidity5, since more than one type of barrier is being 
utilized in the battle.  However, while 10 of the 12 articles (83.3%) included in this paper described effective 
studies, there was no noted substantial decrease in diarrheal morbidity as compared to studies that only 
described one type of intervention.  In fact, of the four studies in this paper that yielded results that were 
classified as “very effective,” none was a multiple intervention study.  Seven of the twelve articles took place in 
a rural area, while four studies were completed in urban areas.  One article50 did not state whether the area in 
which research was conducted was rural or urban.  There was also a noticeable absence of multiple intervention 
studies conducted in North America or Europe.  Unlike the results found in the Fewtrell article that stated that 
no assurance was made to purify water at the source5, nine of the twelve articles in this study included some sort 
of water quality intervention at the source.  This demonstrates that the importance of water quality has definitely 
been realized, and more studies are implementing this type of intervention in hopes of achieving a greater 
decrease in diarrheal morbidity.  Agreeing with the Fewtrell et al. article, however, the results in this paper 
support the conclusion that multiple interventions are not demonstrated by data to be “additive.”5  Overall, there 
was an increase in the number of multiple intervention studies performed.  Although these types of studies were 
concluded by Fewtrell et al. to be no more effective in reducing diarrheal rates5, the increase illustrates the 
importance of an integrated approach in combating diarrheal morbidity across the globe.   
 
There are several possible sources of error that may have resulted in the various differences between the 
Fewtrell et al. article and this analysis.  There were three articles that were classified as relevant after reviewing 
abstracts in the initial state of the research process, but could not be accessed and therefore were not utilized in 
this analysis.  These articles were important to this research, and their inclusion may have resulted in noticeable 
differences in the overall results.  Secondly, while Fewtrell et al. used the databases LILACs, Pascal Biomed, 
and Embase to obtain 5% of their relevant articles, this study did not have access to those databases and thus, 
some relevant articles may not have been included.  Also, the Fewtrell et al. article is a quantitative assessment 
of the effectiveness of hygiene, sanitation, and water interventions, while this is a qualitative assessment, which 



 
 

13 

prevents a completely fluid comparison between the results.  Lastly, there was only one water supply 
intervention identified as relevant, but it could not be accessed and thus no results for the effectiveness of this 
type of intervention are discussed in this paper.  This is a major gap in the results, since the Fewtrell et al. article 
contained six water supply studies.  The fact that none are present in this paper highlights an important factor.  
Since little research has been done in this area since 2003, results of previous intervention studies may have lent 
to the realization that the presence of safe drinking water, along with hygienic storage and handling processes, 
play a larger role in reducing diarrheal morbidity rates.   
 
CONCLUSION 
The results of this qualitative analysis of primary literature involving hygiene, water, and sanitation 
interventions and their effectiveness in lowering diarrheal morbidity rates globally demonstrate that all three 
types of interventions can be successful in lowering the incidence of diarrhea in an affected community.   The 
three sanitation intervention studies included in this paper were all effective, while the success rate for hygiene 
studies was 70%, for water quality studies was 72.7%, and for multiple intervention studies was 83.3%.  There 
were no results for water quantity interventions, since no relevant articles could be accessed.  The small number 
of sanitation intervention studies, lack of water quantity intervention studies, and lack of studies focusing on 
Oceania, one of the most affected world regions2, illustrate that there is a definite need for more intervention 
studies to be completed in these areas.   Interventions targeting water quality and quantity are of significance 
because as of October 2011, there are still 884 million people who have no access to potable water, about half 
of the world’s urban population is losing access to it, and many women and children around the world devote a 
high amount of time to collecting water which has detrimental effects on their education and employment 
opportunities58.  Implementation of interventions targeting sanitation is also important because the safe disposal 
of feces is absent in many parts of the world, with 1.2 billion people still defecating in the open58  and 2.6 billion 
people not having access to adequate sanitation facilities3.  This, as illustrated in the F diagram1, is a major 
concern since the presence of feces is the key facilitator in the transmission of diarrheal disease.   Hygiene 
interventions are valuable because behavior modification is necessary in order to ensure sustainability of 
sanitation and water interventions and inhibit transmission of disease58.   Overall, this research is of crucial 
importance because the decrease in diarrheal rates with improved sanitation, water sources, and hygiene not 
only impacts communities socially but also economically and environmentally58.  Economically, the provision 
of sanitation facilities will decrease the annual cost to highly affected countries and will open doors for 
residents to build small businesses distributing these devices; environmentally, it will decrease pollution to 
ecosystems58.   
 
In 2000, 189 members of the United Nations officially set a Millennium Development Goal to “halve, by 2015, 
the proportion of people without sustainable access to safe drinking water and basic sanitation.”3  As of 2010, 
about 6.1 billion people or 89% of the world population had access to sources of potable water and 63% of 
humans had access to adequate sanitation facilities4.  However, there are still regions with shockingly low 
levels4.  For example, a staggering 39% of people living in Sub-Saharan Africa did not have access to potable 
water in 20104.  Additionally, 70% of those living in Sub-Saharan Africa and 59% of those living in Southern 
Asia had no access to improved sanitation facilities4.  While the MDG for increased safe water access was met 
five years ahead of time in 2010, the MDG for sanitation, if current trends continue, will miss the target of 75% 
coverage by an estimated 8% in 20154.  In Sub-Saharan Africa, although open defecation has decreased by 11% 
since 1990, due to population growth there are 33 million more people now participating in this sanitation 
malpractice4.  In order to reach the Millennium Development Goal set by the U.N. and to eventually provide 
access to everyone in the world to adequate sanitation and safe drinking water, increased research in the 
effectiveness of interventions must be done, and sequentially more interventions must be implemented. 
  
In June of this year, an Earth Summit is taking place in Rio De Janiero57.  This is the fourth event of its kind, 
and it is an international gathering to present new challenges affecting the sustainability of human life on earth 
and work towards progress in improving related issues57.  The United Nations will meet in Rio to address 
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sustainable development at this summit58.  The UN recognizes that water and sanitation are important targets to 
improve in order to increase sustainability58.  At this summit, three issues concerning these targets will be 
addressed: improving access to drinking water and adequate sanitation, improving management of wastewater, 
and using water in agriculture more efficiently58.  The United Nations plans to combat these issues by 
establishing programs to monitor improvements in sanitation, water quality, and water quantity in target areas 
every five years, and aims to eventually achieve “universal access to basic sanitation and improved water 
sources,”58 “universal access to safe drinking water”58 and implementation of “drinking water networks to 
supply water continuously in order to ensure safety and availability of water.”58   
According to the results of this analysis, the most promising interventions that should be performed in order to 
make progress towards these ambitious goals are water quality interventions at the point of use and sanitation 
interventions such as provision of toilets or latrine systems.  Improvement of water quality should be addressed 
before the issue of water quantity is focused upon.  This is due to the fact that there are a myriad of ways in 
which clean water from a source can be contaminated due to sanitation and hygiene issues in a community.  An 
increase in sanitation interventions is necessary since sanitation is a primary barrier in the spread of infectious 
agents that result in diarrheal disease and has received little limelight thus far.  Multiple intervention studies 
involving both water quality and quantity can also be carried out in target areas.  These will promote the 
provision of water to areas where it is scarce and the provision of water purifying devices.  Multiple 
intervention studies involving water quality, quantity, and sanitation, if implemented successfully, would 
increase access to water, decrease the likelihood of contamination from the source to consumption, and increase 
overall water quality and should be a highly considered project design in order for the UN to succeed in their 
goals. 
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APPENDIX 
 
Table A1: Summary of Meta-Analysis Results 
 Number of Studies 
Hygiene 11 
Excluding Poor Quality Studies 2 
Hand Washing/Disinfection 4 
Education 7 
Sanitation 4 
Water Supply 1 
Diarrhea only 1 
Household Connection 0 
Standpipe or community connection 1 
Water Quality 22 
Source treatment only 4 
Household treatment only 18  
Household treatment  
*excluding poor quality studies 10  
* rural locations 12 
* urban/periurban locations 9 
Multiple 12 
 
Table A1 lists the number of studies found for each description.  One study was done in Mayan village 30km 
outside nearest city so was identified as rural.  A settlement camp in Sudan was also designated as rural. 
 
Table A2: Summary of Meta-Analysis Results: Established Market Economies vs. Developing Countries 
Intervention Number of Studies 
Established Market Economies  
Hygiene 4 
Excluding Poor Quality Studies 1 
Sanitation 0 
Water Supply* 1 
Water Quality* 6 
Point of Use** 4 
Developing countries  
Multiple 12 
Children aged up to 5 or 6 only 5 
Severe diarrhea/dysentery in children 0 
Diarrhoea in children 6 
Hygiene 7 
Excluding poor quality studies 1  
Handwashing 5 
Education 4 
Handwashing + diarrhea 5 
Handwashing + dysentery 0 
Sanitation 4 
Water Supply 1 
Diarrhoea only 1 
Stand-pipe + diarrhea 1 
Water Quality 15 
Source treatment only 1 
HH treatment only 15 
HH treatment – excl poor quality studies 7  
HH treatment  - children only  9 
HH treatment – Rural settings 10 
HH treatment – Urban and Periurban settings 6 
HH treatment – chemical 5 
HH treatment – nonchemical 11 
* According to UN, South Africa treated as developed country. 
**Point of use defined as anything at the household level. 
 
Table A2 lists the distribution in number of studies according to whether it took place in an established market 
economy or a developing nation. 
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Tables A3-A7  list articles by publication date.  For articles published in same year, they are listed in 
alphabetical order by last name.  These tables include the three publications that were not analyzed in this paper 
due to inability to access their full length information.  The dashes represent areas in which information could 
not be determined with the given data.   
 
Table A3: Hygiene Interventions 
Reference (+ et al) & 
Year Study 
Published 

Intervention Country Location Study 
Quality 

Health Outcome Age Group 

Faulkner, CT 2003 Hygiene Education Mexico Urban Poor Cholera 0 – 16 years 
Ashley, DV 2004 Food Safety Program Jamaica Urban Poor Traveler’s Diarrhea 16 + years 
Larson, EL 2004 Handwashing & Home Cleaning 

Products 
(Antibacterial/Nonbacterial Use) 

U.S. Urban Poor Diarrhea, Fever, 
Runny Nose, Sore 
Throat 

All (Households 
with at least one 
3-5 year old 

Luby, SP 2004 Handwashing (Antibacterial or 
Plain Soap) 

Pakistan Urban Good Diarrhea 0 – 15 years 

Ponka, A 2004 Hygiene Education Finland Urban (Day 
Care Center) 

- Diarrhea, Upper 
Respiratory Tract 
Infections, Otitis 
Media 

0 – 3 years, + 
older children 

Sheth, M 2004 Food Safety Education + 
Handwashing 

India Unstated Poor Diarrhea Adults (Mothers 
with 1+ 6-24 
month old) 

Kotch, JB 2007 Hygiene Education U.S. Urban Good Diarrhea 0 – 6 years 
Apisarnthanarak, A 
2009 

Hygiene Education Thaliand Urban 
(Kindergarten) 

Poor Influenza-Like 
Infections, Hand 
Foot Mouth 
Infection, Diarrhea 

0 – 5 years 

Hubner, NO 2010 Alcoholic Hand Disinfection Germany Urban Poor Diarrhea, Cold, 
Fever, Cough 

6 – 24 Months 

Ngondi, J 2010 Facial Cleanliness Ethiopia - - Trachoma 1 – 9 years 
Fisher, S 2011 BRAC Program + Handwashing Bangladesh Rural - Diarrhea All 
 
Table A4: Sanitation Interventions 
Reference (+ et al) & Year Intervention Country Location Study Quality Health Outcome Age Group 
Meddings, DR 2004 Latrine Revision Afghanistan Urban Good Diarrhea 0 – 11 years 
Baretto, ML 2007 Sewer (Improved System) Brazil Urban Poor Diarrhea 0 – 3 years 
Kolahi, AA 2009 Sewer (New System) Iran Urban - - 6 months – 5 years 
Ndiaye, P 2010 Latrine Addition Senegal Rural - Diarrhea - 
 
Table A5: Water Quality Interventions 
Reference (+ et 
al) & Year 

Intervention Country Location Study 
Quality 

Health Outcome Age Group 

Reller, ME 2003 Flocculant Disinfectant, 
Customized Vessel, 
Bleach 

Guatemala Rural Good Diarrhea All 

Clasen, TF 2004 Ceramic Filter Bolivia Rural Good Diarrhea All + 0 – 5 Years 
Colford, JM 
2005 

Filter, Ultraviolet Light 
Disinfection 

U.S. Urban Good Gastrointestinal Illness All (HIV+ 
participants only) 

Colford, JM  
2005 

Ceramic Filter, Ultraviolet 
Light Disinfection 

U.S. Rural Poor Diarrhea All 

Crump, JA 2005 Flocculant Disinfection Kenya Rural Poor Diarrhea 0 – 2 Years 
Goh, S 2005 Membrane Filter (Public 

Source) 
England Urban - Cryptosporidiosis All 

Chiller, TM 
2006 

Flocculant Disinfection Guatemala Rural Poor Diarrhea 0 – 5 years 

Rose, A 2006 Solar Disinfection India Urban Good Diarrhea 0-5 years 
Brown, J 2008 Ceramic Purifier 

(Standard and Iron-Rich) 
Cambodia Rural Good Diarrhea All 

Du Preez, M 
2008 

Ceramic Filter South Africa, 
Zimbabwe 

Rural Good Diarrhea 2 – 3 years 

Boisson, S 2009 LifeStraw Ethiopia Rural - Diarrhea All 
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Corella-Barud, 
V 2009 

Ultraviolet Disinfection 
(Source) 

Mexico Urban - Diarrhea All 

Elsanousi, S 
2009 

LifeStraw Sudan Rural 
(Settlement 
Camp) 

Poor Diarrhea All 

Frost, FJ 2009 Filtration & Ozonation (at 
source) 

U.S. Urban Good Diarrhea, 
Gastrointestinal Illness 

All 

Mausezahl, D 
2009 

Solar Water Disinfection 
(SODIS) 

Bolivia Rural Good Diarrhea 0 – 5 years 

Stauber, CE 
2009 

BioSand Filter Dominican 
Republic 

Urban Good Diarrhea All 

Tiwari, SS 2009 BioSand Filter Kenya Rural Poor Diarrhea 0 – 15 years 
Boisson, S 2010 Filtration Device Congo Rural Good Diarrhea All 
Du Preez, M 
2010 

SODIS South Africa Peri-Urban - Dysentery, Non-
dysentery diarrhea 

0 – 5 years 

Graf, J 2010 SODIS Cameroon Urban Poor Diarrhea 0 – 5 years 
Jain, S 2010 NADCC Tablets Ghana Peri-Urban Good Diarrhea All (Households with 

1+ 5 year old[s] ) 
Barzilay, EG 
2011 

Point-Of-Use Chlorination Nigeria Urban - Diarrhea All 

 
A6: Water Supply Interventions 
Reference (+ et al) & Year Intervention Country Location Study Quality Health Outcome Age Group 
Bailey, IW 2004 Water Reticulation South Africa Urban - Diarrhea All 
 
A7: Multiple Interventions 
Reference 
(+ et al) & 
Year 

Hygiene 
Intervention 

Sanitation 
Intervention 

Water Intervention 
Quality/Supply 

Country Location Study 
Quality 

Health 
Outcome 

Age Group 

Hosain, 
GM 2003 

Hygiene 
Education 

Latrine 
Utilization 

N/A Bangladesh Urban - Intestinal 
Parasites 

Primary 
School Age 
(5-12 years) 

Luby, SP 
2004 

Handwashing 
With Soap, 
Food Safety 
Education 

N/A Water Disinfection 
with Storage 
Vessel (Quality) 

Pakistan Urban Good Diarrhea All 

Liew, KB 
2006 

N/A Sanitation 
Intervention 

Water Supply 
Intervention 

Malaysia Rural - Dysentery, 
Enteric 
Fever, 
Cholera, 
Viral 
Hepatitis 

All 

Luby, SP 
2006 

Hygiene 
Education, Soap 

N/A Diluted Bleach in 
Water Vessel, 
Flocculant 
Disinfectant 
(Water Quality) 

Pakistan Urban 
(Squatter 
Settlement) 

Good Diarrhea All 

Shrestha, 
RK 2006 

Hygiene 
Education (Safe 
Water Systems) 

N/A Point of Use 
Treatment & Safe 
Storage (SWS) 
(Quality) 

Uganda Rural Good Diarrhea All (HIV+ 
participants 
only) 

Migele, J 
2007 

Water Vessels 
for 
Handwashing, 
SWS 

N/A SWS Kenya 
(School) 

Rural Poor Diarrhea 5 – 18 years 

Moll, DM 
2007 

Education Latrine 
Implementation 
and 
Improvement, 
Education 

New tank & 
source, new water 
system, additional 
connections, wells 

Honduras, 
Nicaragua, El 
Salvador, 
Guatemala 

Not stated - Diarrhea 0 – 3 years 

Garrett, V 
2008 

N/A Latrine 
Utilization 

Household Water 
Chlorination 
(Quality), 
Rainwater Use & 
Shallow Wells 

Kenya Rural Good Diarrhea 0 – 5 years 
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(Supply) 
Arnold, B 
2009 

Handwashing 
with soap 

N/A Household Water 
Treatment 
(Quality) 

Guatemala Rural Good Diarrhea 0 – 5 years 

Harris, JR 
2009 

Hygiene 
Education 

N/A Household 
Safewater Vessels 
with Chlorine 
(Quality) 

Kenya Rural Poor Diarrhea Infants (of 
HIV+ 
mothers) 

Opryszko, 
MC 2010 

Hygiene 
Promotion 

N/A Water Vessels 
with Clorin 
(Quality), 
Tubewells 
(Supply) 

Afghanistan Rural - Diarrhea All 

Xue, J 
2010 

Hygiene 
Package 

N/A Disinfectant 
(Water Quality) 

Malawi Urban Poor Diarrhea Infants (of 
HIV+ 
mothers) 

 
  
 


