
 
 

THE EFFECTIVENESS OF WATER, SANITATION AND HYGIENE 

HEALTH INTERVENTIONS TO REDUCE CHILDHOOD DIARRHOEAL 

DISEASE: A NAIROBI SLUM CASE STUDY 

 

BENJAMIN DICKSON 

JAMES COOK UNIVERSITY  
JUNE 2013 

www.globalvoices.org.au 

GLOBAL VOICES NAIROBI STUDY TOUR FOR SUSTAINABLE DEVELOPMENT 

AUSTRALIAN YOUTH DELEGATION 

 



 
The Effectiveness of Water, Sanitation and Hygiene Health Interventions to Reduce Childhood Diarrhoeal 

Disease: a Nairobi slum case study 
Global Voices Nairobi Study Tour on Sustainable Development Australian Youth Delegation 

Benjamin Dickson (James Cook University) 

 
Page 1 

 

  

 
GLOBAL VOICES 

 
Global Voices was established in February 2011 as a non-profit private company limited by 
guarantee through a grant from the British Council. We are now funded through partnerships with 
Australia’s leading universities, the corporate & philanthropic communities and Government. 

We are based in Melbourne, with seven part-time team members all aged under-25. Our board of 
directors is chaired by The Honourable Peter Lindsay, a former Parliamentary Secretary for Defence. 

Global Voices selects, funds, prepares and then coordinates delegations of Australia’s future leaders 
to a variety of major international events. We also run a domestic events program designed to bring 
Australia’s future leaders face-to-face with key international decision makers over a small, intimate 
working meal. 

Our vision is where young Australians have an influence on the world stage. 

Our mission is to create opportunities for young Australians to engage with international policy both 
at home and abroad. 
 

NAIROBI STUDY TOUR ON SUSTAINABLE DEVELOPMENT  
 
Nairobi is home to several United Nations institutions and this delegation will involve visiting these 
institutions for briefings before visiting field projects they are supporting on the ground. This will 
give delegates the unique opportunity to engage with policy formation and prominent policy-makers 
as well as forming an understanding of the importance of these policies for local populations. 

Specifically this delegation will meet with representatives from the Australian High Commission to 
Kenya, the United Nations Environment Programme (UNEP), the United Nations Development 
Programme (UNDP), and the United Nations Human Settlements Programme (UN-Habitat). 
 

BENJAMIN DICKSON  

Benjamin Dickson, 21, is a Bachelor of Medicine/Surgery student at James Cook University’s Faculty 
of Medicine, Health & Molecular Sciences. He has previously been on the executive board of the 
Australian Medical Student’s Association Global Health Conference. 

 
 
 
 
 
 
 
 
 

http://www.kenya.embassy.gov.au/nair/home.html
http://www.kenya.embassy.gov.au/nair/home.html
http://www.unep.org/
http://www.undp.org/content/undp/en/home.html
http://www.undp.org/content/undp/en/home.html
http://www.unhabitat.org/categories.asp?catid=9


 
The Effectiveness of Water, Sanitation and Hygiene Health Interventions to Reduce Childhood Diarrhoeal 

Disease: a Nairobi slum case study 
Global Voices Nairobi Study Tour on Sustainable Development Australian Youth Delegation 

Benjamin Dickson (James Cook University) 

 
Page 2 

 

  

Abstract 
 
Numerous development interventions have been implemented to improve access to clean water, 
basic sanitation and hygiene practices. However these programs have been met with equally varied 
success.  Current literature has been assessed on the effectiveness of water, sanitation and hygiene 
interventions in reducing the incidence of childhood diarrhoeal disease along with their feasibility 
within Nairobi’s slums. Meta-analyses and individual studies are reviewed, and discussed in regards 
to their practical application within Nairobi’s slums. All interventions reduced the incidence of 
diarrhoeal disease, however there was significant variation in efficacy. Point-of-use water treatment, 
toilet/latrine infrastructure and hand-washing promotion are all highly effective at reducing the 
incidence of childhood diarrhoeal disease and feasible within Nairobi’s slums. Piped water and 
household sewerage connection infrastructure are highly effective, but are not currently viable 
within Nairobi’s slums unless strong support is generated from government and multilateral 
organisations. Combined programs with the joint introduction of water, sanitation and hygiene 
education have not been shown to be more effective than interventions with a single focus.  

Recommendations 
 

1. Development organisations aiming to decrease the incidence of childhood diarrhoeal 
disease in Nairobi’s slums should employ evidence-based interventions.   

2. Piped water and household sewerage connection infrastructure should remain the long-
term solution to sustainably address Nairobi’s water and sanitation issues. These 
interventions are only feasible with strong support from government and multi-lateral 
organisations because of significant funding and planning requirements.  

3. Support should be increased for point-of-use water treatment, toilet/latrine infrastructure 
and hand-washing promotion. These interventions have been demonstrated to be highly 
effective at reducing the incidence of childhood diarrhoeal disease and are feasible with 
Nairobi’s slums.  

4. Communal water supply and source water treatment interventions have demonstrated 
limited effectiveness and should not be implemented to improve the incidence of childhood 
diarrhoeal disease.  

5. Programs should focus on the implementation of single, rather than combined interventions 
at a given time. Combined programs with the joint introduction of water, sanitation and 
hygiene education have not been shown to be more effective than interventions with a 
single focus in decreasing the incidence of childhood diarrhoeal disease.  

Introduction 
 
Diarrhoeal disease is currently the second leading cause of under-five mortality worldwide, leading 
to over 760 000 deaths each year.1 It is estimated that 88 per cent of childhood diarrhoeal disease is 
caused by unsafe water supply, inadequate sanitation and insufficient hygiene practices.2 These 
factors mediate the transmission of water-borne diseases such as dysentery, typhoid and other 
diarrhoeal illnesses by assisting the faecal-oral transmission of pathogens between humans. Acute 

                                                             
1
 The World Health Organisation. Factsheet 330: Diarrhoeal Disease. April 2013. Accessed 20 April 2013 

2
 The World Health Organisation. Water, Sanitation and Hygiene Links to Health Facts and Figures. March 

2004. Accessed 20 April 2013 
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diarrhoeal disease may result in severe dehydration and malnutrition in children, predisposing 
children to the onset of and death from other childhood infectious diseases.1 Development 
organisations have implemented a wide range of interventions to improve access to clean water, 
basic sanitation and hygiene practices. Whist associated with largely positive impacts, these 
interventions have been met with varied success.   
  
Nairobi, the capital of Kenya is East Africa’s largest city, with a population of three million.3 71 per 
cent of Nairobi’s population currently lives in slums.4 The city’s population is increasing at a rate of 
4.3 per cent per year, 75 per cent of which is absorbed by informal settlements – largely due to mass 
rural-urban migration.4,5 With a total of 2.13 million slum dwellers, the World Bank estimates that 
only 32 per cent of the urban population has access to basic sanitation and 82 per cent to a safe 
water source.6 Diarrhoeal disease is currently the leading cause of under-five mortality in Kenya, 
accounting for 20.5 per cent of all deaths.6 Infants are at the highest risk of mortality from diarrhoeal 
disease with under-three diarrhoea prevalence rate at 40 per cent and an infant mortality ratio of 
151/1000.7 

 
This paper will discuss the current evidence on the effectiveness of water, sanitation and hygiene 
interventions on reducing childhood diarrhoeal disease. It will firstly explore the effectiveness of 
each broad category of intervention, and then assess program factors that contribute to improved 
long-term outcomes. It will then use the slums within Nairobi, Kenya as a case study to illustrate the 
issues and feasibility of implementing evidence based policy. Lastly the paper will discuss the 
evidence for programs which provide combined water, sanitation and hygiene interventions.  

Water Supply and Quality Interventions 
 
Water interventions aim to either improve water access or quality. Large scale investments in piped 
water and point-of-use water treatment have been shown to be the most effective water 
interventions in decreasing the incidence of childhood diarrhoea. Conversely, communal water 
infrastructure and source water treatment is associated with only limited effectiveness.   
 
Meta-analysis8 suggests that water supply interventions are effective in reducing diarrhoeal illness 
by 25 per cent.9 Water supply interventions involve infrastructure development either with the 
provision of piped water to households or a communal water source. The interventions aim to 
improve health by increasing hygiene practices (as more water is available) and decreasing the need 
for transport and storage. Piped water interventions involve large-scale infrastructural 
developments in water supply leading to individual household water connections. Meta-analysis 
suggests that piped water can decrease the incidence of childhood diarrhoeal disease by up to 38 

                                                             
3
Kenya National Bureau of Statistics. Census 2009 Summary: Population. 2009. Accessed 20 April 2013. 

4
United Nations Human Settlement Programme: Slums of the World: The face of Urban Poverty in the New 

Millennium? Nairobi: Global Urban Observatory. 2003. 
5
 The Central Intelligence Agency. CIA Factbook: Kenya. Accessed 5 May 2013. 

6
 World Development Indicators: Kenya. The World Bank Data. Accessed 5 May 2013.  

7
 African Population and Health Research Centre. Population and Health Dynamics 

in Nairobi’s Informal Settlements. 2002. Accessed 8 April 2013.  
8
 Meta-analysis is the process of statistically combining the results of individual, similar studies in a systematic 

review to improve the accuracy and precision of the findings. 
9
 L Fewtrell et al. ‘Water, sanitation, and hygiene interventions to reduce diarrhoea in less developed 

countries: a systematic review and meta-analysis.’ The Lancet infectious diseases 5.1. 2005. pp. 42-52. 
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per cent.9 For example, evidence from the privatisation of Argentina’s municipal water, suggests that 
the child mortality from water borne diseases fell from between 5-24 per cent in areas that were 
privatised, because of improved coverage and service.10 
  

Whilst a large-body of evidence suggests piped water interventions cause a reduction in childhood 
diarrhoeal disease and mortality, there is much less evidence for the effectiveness of communal 
water infrastructure. Communal water sources are standpipes that are attached to piped water or 
wells. Meta-analysis suggests that communal water infrastructure decreases the incidence of 
diarrhoeal disease by 5 per cent.9 Similarly, randomised trials in western Kenya have not found 
substantial health impacts from improved communal water sources on diarrhoeal incidence, child 
weight or height.11 It has been suggested that communal water infrastructure alone is insufficient, 
because recontamination of water sources occurs during transport and storage.12 Instead, 
proponents argue that communal water supply infrastructure should be included in larger programs 
with hygiene education.13 However studies suggest that communal water supply is not effective in 
combination with other interventions, as they act as substitutes and not complements, negating the 
relevance of water supply.14,15 Infrastructure interventions face major maintenance issues. Studies in 
Kenya, found that 50 per cent of borehole wells dug in the 1980s which were subsequently 
maintained by community-based groups, fell into disrepair by 2000.16 Evidence suggests that 
involvement of women in policy-decision making may improve program outcomes.17 Whilst not 
justified on health grounds, the provision of communal water sources may be warranted on other 
grounds – such as decreasing the need to purchase water from vendors, a common problem in 
urban slums. Piped water infrastructure is a recommended intervention to reduce diarrhoeal 
disease. Where piped water infrastructure is not feasible, communal water supply is not indicated to 
improve health outcomes. 
 
Water quality interventions are effective in reducing the incidence of childhood diarrhoeal disease 
by 31 per cent.18 Water quality interventions may involve the treatment of water either at the 
source, or at its point-of-use. They reduce infections by decreasing the ingestion of water-borne 
pathogens. Interventions targeted at point-of-use treatment have shown significantly greater results 
than those targeting water sources.  
  
                                                             
10

 Galiani, S., P. Gertler, and E. Schargrodsky. “Water for Life: The Impact of the Privatization of Water Services 
on Child Mortality.” Journal of Political Economy 113(1) 2005:83–120. 
11

 Kremer, M., J. Leino, E. Miguel et al. Spring Cleaning: Results from a Randomized Impact Evaluation of a 
Source Water Quality Improvement. Berkeley: University of California. 2006. 
12

 A.P Zwane, and M Kremer. ‘What works in fighting diarrheal diseases in developing countries? A critical 
review.’ The World Bank Research Observer 22.1. 2007. pp.1-24. 
13

 A.P Zwane, and M Kremer. ‘What works in fighting diarrheal diseases in developing countries? A critical 
review.’ The World Bank Research Observer 22.1. 2007. pp.1-24. 
14

 Kremer, M., J. Leino, E. Miguel et al. Spring Cleaning: Results from a Randomized Impact Evaluation of a 
Source Water Quality Improvement. Berkeley: University of California. 2006. 
15

 Luby, S., M. Agboatwalla, J. Painter, et al. “Combining Drinking Water Treatment and Hand Washing for 
Diarrhea Prevention: A Cluster Randomized Control Trial.” Tropical Medicine and International Health 11(4). 
2006:479–89 
16

 Miguel, E., and M. K. Gugerty. “Ethnic Divisions, Social Sanctions, and Public Goods in Kenya.” Journal of 
Public Economics 89(11–12). 2005:2325–68. 
17

 Chattopadhyay, R., and E. Duflo. “Women as Policy Makers: Evidence from a Randomized Policy Experiment 
in India.” Econometrica 72(5): 2004. 1409–43. 
18

 L Fewtrell et al. ‘Water, sanitation, and hygiene interventions to reduce diarrhoea in less developed 
countries: a systematic review and meta-analysis.’ The Lancet infectious diseases 5.1. 2005. pp. 42-52. 
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Point-of-use (POU) water treatment involves the disinfection of household water immediately prior 
to use. Household water is vulnerable to contamination from the source, handling and storage.17 It 
has been shown in meta-analyses and randomised impact assessments to decrease the incidence of 
childhood diarrhoea by 20-41 per cent.12,17,19 Various methods of POU water treatment are currently 
being implemented including chlorination, coagulant/chlorination, solar water disinfection (SODIs), 
biosand and ceramic filters. Biosand filters are columns of sand, gravel and micro-organisms that 
filter pathogens from water as it flows downwards.20 Ceramic filters employ a similar process, 
filtering water through the small pore-size of ceramic material.21 Randomised control trials and 
cohort studies have examined the varying efficacy of each method.18 Biosand, followed by ceramic 
filters have been identified as the most effective, with reduction of 47 per cent and 46 per cent 
respectively.18 Other methods nonetheless cause significant reductions on disease incidence: 
chlorination (33 per cent), SODIs (31 per cent) and coagulant-chlorination (30 per cent).18  
  
Despite the evidence of short-term efficacy in trials, long-term health outcomes are determined by 
household decisions to continue treating water. A study by Sobsey et al. assessed the sustainability 
of POU water treatment technologies. It examined long-term water quality production, ease of 
operation, time to treat, cost per litre, supply chain requirements and ability to treat a range of 
water qualities.18 The study found that ceramic and biosand filters achieved the highest long term 
usage rates and effective performance.  Biosand filters are associated with over 85 per cent usage 
eight years after implementation.18 It suggested that chlorine, coagulation/chlorine and SODIs may 
not achieve sustainable, long term continuous use by the population once studies end.22 
Chlorination and coagulation/chlorine were hindered by the requirement to continuously 
repurchase products, causing households to forego treatment in times of economic stress, or cause 
issues with product availability. SODIs and coagulant/chlorine methods produce only small 
quantities of water, which increases the time and effort to treat adequate quantities of water for 
household use. This may result in the consumption of both treated and un-treated water, 
undermining the intervention’s effectiveness. Ceramic and biofilters are able to overcome these 
barriers by requiring only a one-time purchase and producing high quantities of water with little 
effort. Ceramic filters however were associated with a mean discontinuation rate of two years, 67 
per cent resulting from filter breakage.21  
  
Source water treatment involves the disinfection of communal water sources such as boreholes 
prior to water collection. Source water treatment reduces the incidence of diarrhoeal disease by 10 
per cent.23 Whilst beneficial, the impact of source treatment is significantly less than that of point-of-
use disinfection. The reduction is caused by the microbial contamination during collection, 

                                                             
19

 M.D Sobsey et al. "Point of use household drinking water filtration: a practical, effective solution for 
providing sustained access to safe drinking water in the developing world." Environmental science & 
technology 42.12. 2008. pp.4261-4267. 
20

 Elliott, M., Stauber, C., Koksal, F., et al. Reductions of E. coli, echovirus type 12 and bacteriophages in an 
intermittently operated 2 household-scale slow sand filter. Water Research, Volume 42. Issues 10-11. 2008. 
21

Clasen, Thomas F., et al. "Reducing diarrhea through the use of household-based ceramic water filters: A 
randomized, controlled trial in rural Bolivia." American Journal of Tropical Medicine and Hygiene 70.6. 2004: 
651. 
22

 M.D Sobsey et al. "Point of use household drinking water filtration: a practical, effective solution for 
providing sustained access to safe drinking water in the developing world." Environmental science & 
technology 42.12. 2008. pp.4261-4267. 
23

 Fewtrell et al. ‘Water, sanitation, and hygiene interventions to reduce diarrhoea in less developed countries: 
a systematic review and meta-analysis.’ The Lancet infectious diseases 5.1. 2005. pp. 42-52. 
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transportation and storage, even if the water source is uncontaminated.22,24 As such, it is suggested 
that source water quality interventions are only effective in families with good sanitary 
conditions.25,26POU water treatment is a highly effective intervention to reduce childhood diarrhoeal 
disease. Biosand filtration is recommended as the most effective and sustainable option for POU 
treatment for widespread and long-term use. Other methods of POU treatment are associated with 
significant reductions in the incidence of water borne disease and could be used as substitutes if 
required.   Source water treatment is limited by post-collection contamination and is not suggested 
as an intervention where more suitable options are available.   

Water Supply and Quality Interventions in Nairobi 
 
Nairobi’s slums are not directly serviced by the metropolitan water supply. Consequently, residents 
are forced to purchase water from water kiosks at prices up to ten times the official rate.27,28 The 
water kiosks are almost exclusively privately owned and unregulated, receiving their water from the 
Nairobi City Council.29 The average distance between households and a water kiosk is between 40-
200 metres, with women and children often spending several hours queuing for water.26,28 Studies 
measuring the quality of raw water from kiosks found on average contamination with E. coli to be 
2.94 on a scale of 1 (no contamination) to 8 (extreme contamination). Interruptions in water supply 
and flow are common, with thirty percent of providers reporting water only one to two days per 
week and one quarter of kiosks having no water to sell at any given time.28 Difficulties in water 
access and shortages in drought cause families to store significant quantities of water, averaging 80 
litres per household.30 The quality of raw water from households prior to use water is 4.86 – 

supporting suggestions of significant contamination in storage and handling.27 Studies have found 
that families storing more than 80 litres have a 31 per cent increased risk of diarrhoeal disease 
within Nairobi’s slums.29 Similarly, houses drawing water from greater than 50 metres away have a 
19 per cent higher risk of diarrheal disease, compared to those drawing water from less than 50 

metres.31  

 

Some residents in Nairobi’s slums implement point-of-use water treatment. Within households, 48 
per cent boil water prior to use, whilst 26 per cent boil water sometimes and 26 per cent did not boil 

                                                             
24

S. Gundry. R. Conroy, and J. Wright. "A systematic review of the health outcomes related to household water 
quality in developing countries." J Water Health 2. 2003. pp. 1-13. 
25

 Van der Hoek, Wim, et al. "Irrigation water as a source of drinking water: is safe use possible?." Tropical 
Medicine & International Health 6.1. 2001: 46-54. 
26

 Esrey, Steven A. "Water, waste, and well-being: a multicountry study." American journal of epidemiology 
143.6. 1996: 608-623. 
27

 A.N Omambia. "Sanitation in Urban Slums: Perception, Attitude and Behavior: The Case of Kibera, Nairobi-
Kenya." Journal of Environmental Science and Engineering 4.3. 2010. pp. 70-80. 
28

 Graf, Jürg, et al. Water disinfection and hygiene behaviour in an urban slum in Kenya: impact on childhood 
diarrhoea and influence of beliefs. International journal of environmental health research 18.5. 2008. pp.335-
355. 
29

 African Population and Health Research Centre. Population and Health Dynamics in Nairobi’s Informal 
Settlements. 2002. Accessed 8 April 2013.  
30

C.O Wanjir, et al. Housing and sanitation and their association with gastro-intestinal and respiratory illness; A 
case study of Githembe slums, Nairobi, Kenya. J. Natl. Inst. Public Health 51. 2002. 
  
31

 C.O Wanjir, et al. Housing and sanitation and their association with gastro-intestinal and respiratory illness; 
A case study of Githembe slums, Nairobi, Kenya. J. Natl. Inst. Public Health 51. 2002. 
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water at all.32 Those who did not boil water and those who boiled water sometimes were found to 
have an increased risk of diarrhoeal disease of 14 and 57 per cent respectively.31 The usual source of 
water consumption for infants is 69 per cent SODIs, 53 per cent boiled, 10 per cent chlorinated and 
23 per cent raw water.31 The quality of SODIs treated water is 1.57 – suggesting proper usage and 
efficacy.31 The utilisation of POU treatment by households within Nairobi’s slums has been linked to 
higher biomedical knowledge of the causes of young children diarrhoea, higher knowledge of the 
proper handling of water, strong beliefs in the importance of water in causing diarrhoea and higher 
social norms concerning water treatment.31 Source water treatment is not routinely carried out.  
 
The spatial limitations of Nairobi’s densely populated slums hinder water supply interventions. The 
provision of piped water to households should be the long-term, sustainable solution to water 
access for slum residents. Efforts by the Kenyan government and UN-Habitat to improve the water, 
sanitation and hygiene in Nairobi are currently focused on the K-WATSAN (Kibera Integrated Water, 
Sanitation and Waste Management) project. The program supports small-scale, community-based 
initiatives in water, sanitation and waste management, and provides basic services, infrastructure 
and capacity building.33 Given the Kenyan government and UN-Habitat’s current focus on small-scale 
projects within Nairobi, it is unlikely that the heavy level of investment and support required for 
large-scale slum upgrading is currently feasible.  
 
Point-of-use water treatment is the most feasible water intervention to improve childhood 
diarrhoeal disease in Nairobi’s slums. The implementation of biosand filters should increase the 
uptake of POU water treatment and reduce incomplete usage. The currently high level of SODI usage 
within the slums may indicate further expansion of this method. However given time required to 
treat adequate quantities of water, it may be accompanied by incomplete usage. Public health 
programs should target factors which contribute to the uptake of POU water treatment. For 
example, widespread practice may benefit from education regarding the biomedical causes of young 
children’s diarrhoea, proper methods of water handling, or attempts to create social norms for 
water treatment.  

Sanitation Interventions 
 
Sanitation interventions are infrastructural developments that improve household or public faecal 
disposal and treatment facilities. They decrease the incidence of diarrhoeal disease by reducing 
human exposure to pathogens within faecal matter. Fewer studies and differing 
terminology/classification of sanitation facilities complicate estimates of the effectiveness of 
interventions. Currently WHO/UNICEF separate sanitation facilities into ‘basic’ and ‘improved.’ Basic 
sanitation includes no sanitation facilities, public defecation, service or bucket latrines, public 
latrines and open pit latrines.34 Improved sanitation refers to connection to a public sewer, 
connection to a septic system, pour-flush latrines, simple pit latrines or ventilated improved 
latrines.33 However current literature fails to differentiate interventions according to these 
distinctions. As such, for the basis of this discussion, sanitation interventions will be divided into the 

                                                             
32

 Graf, Jürg, et al. Water disinfection and hygiene behaviour in an urban slum in Kenya: impact on childhood 
diarrhoea and influence of beliefs. International journal of environmental health research 18.5. 2008. pp.335-
355. 
33

 UN-Habitat. UN-Habitat and the Kenya Slum Upgrading Strategy Document. United Nations Human 
Settlements Programme. 2008. 
34

 J. Lipson et al. The Public Health Benefits of Sanitation Interventions. Evans School Policy Analysis and 
Research Brief No. 104. 2010. 
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provision of a public sewerage system, and those that provide only toilet or latrine facilities.  The low 
level of evidence available regarding sanitation programs reflects a preference for water programs 
and a tendency to provide multiple interventions, rather than just sanitation alone.35 In 
consideration of these difficulties, it is estimated that sanitation interventions can decrease the 
incidence of diarrhoeal disease by 22-60 per cent. 34, 36,37,38 

 
Toilet and latrine sanitation interventions are associated with a 29-32 per cent reduction in the 
incidence of diarrhoeal disease.34,35,36 However, studies largely fail to differentiate between toilets 
and latrines, as well as public and household facilities. A latrine refers to simpler facility than a toilet, 
generally compromised of a pit with cover slab and hole within a superstructure sufficient to provide 
privacy and protection from the weather.39  As such, there is little evidence on the effectiveness of 
different toilet/latrine technologies and systems. Esrey et al.  however found that infant mortality 
from diarrhoeal disease was reduced to a greater extent by pour-flush toilets, than pit-latrines.35 
Despite low levels of evidence, current data suggests that latrine/toilet infrastructure developments 
are effective interventions to decrease childhood diarrhoeal disease.  
 

The provision of household sewer connections has been shown to decrease the incidence of 
diarrhoeal disease by 22-60 per cent36. A recent meta-analysis by Normal et al. suggests that 
installed sewer connections resulted in a 30-60 per cent reduction in diarrhoeal episodes.40 Barreto 
et al. measured the public health impacts of a city-wide sewer system, and found it resulted in a 22-
43 per cent reduction in diarrhoeal episodes in children.37 However the study found that the 
improvements were related to connection with the sewer system and not directly to the presence of 
household toilets. The connection was the critical factor for health outcomes. When not connected 
to a sewer system, the toilets did not safely remove the faecal matter from the household, 
increasing community exposure.37 Similarly, a study in Peru found that child height was positively 
correlated to the presence of a sewer connection, but no observed difference was found between 
‘no sanitation facility’ and ‘latrine or equivalent.’41 This evidence appears to contradict studies on 
the effectiveness of latrine and toilet facilities. Further studies in this area are therefore needed to 
strengthen the support of such interventions. Widespread provision of household sewerage 
connections are an effective intervention to improve the incidence of childhood diarrhoeal disease. 
Where not feasible, the construction of toilets or latrines has been shown to reduce the incidence of 
childhood diarrhoeal disease.  
 

                                                             
35

 L Fewtrell et al. ‘Water, sanitation, and hygiene interventions to reduce diarrhoea in less developed 
countries: a systematic review and meta-analysis.’ The Lancet infectious diseases 5.1. 2005. pp. 42-52. 
36

 Esrey, Steve A., et al. "Effects of improved water supply and sanitation on ascariasis, diarrhoea, 
dracunculiasis, hookworm infection, schistosomiasis, and trachoma." Bulletin of the World Health organization 
69.5. 1991: 609. 
37

 J. Lipson et al. The Public Health Benefits of Sanitation Interventions. Evans School Policy Analysis and 
Research Brief No. 104. 2010. 
38

 Barreto, Mauricio L., et al. "Effect of city-wide sanitation programme on reduction in rate of childhood 
diarrhoea in northeast Brazil: assessment by two cohort studies." The Lancet 370.9599. 2007: 1622-1628. 
39

 The World Bank. Sanitation, Hygiene and Water Resource Guide: Menu of Technical Options. 2013. Accessed 
4/6/2013. Available online. 
40

 Norman, G., Pedley, S., & Takkouche, B. Effects of sewerage on diarrhoea and enteric infections: a 
systematic review and meta-analysis. Lancet Infectious Diseases, 10(8). 2010: 536-544.  
41

 Checkley, W., Gilman, R. H., Black, R. E et al. Effect of water and sanitation on childhood health in a poor 
Peruvian peri-urban community. Lancet, 363(9403) 2004:112-118. 
 

http://water.worldbank.org/shw-resource-guide/infrastructure/menu-technical-options/pit-latrines
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Sanitation Interventions in Nairobi 
 
Sewerage facilities do not exist within Nairobi’s slums.42 Instead, residents use pit latrines, defecate 
in the open, or in plastic bags.41 75 per cent of residents use human waste disposal methods which 
involve direct contact with faecal matter, exposing them to faecal-orally transmitted pathogens.41 
89.4 per cent of households have access to some form of latrine.43 Traditional pit latrines are 
constructed from scrap materials positioned near open drains or railways.41 The average proximity is 
100 metres, with 150 users per latrine.41 The facilities are frequently inadequate, and fill up quickly – 
unable to be emptied because exhauster services cannot traverse the narrow alleys and 

roads.44Lack of access to a latrine is associated with a 25 per cent increase in diarrhoeal disease.45 
Plastic bag use is common within the slum (58 per cent) in both those with and without access to a 
latrine.43 In those with access to a latrine, plastic bags are used because of safety issues in accessing 
latrines at night.43 Used bags are disposed of on the ground (75 per cent) or into drains or latrines 
the following day, increasing community pathogen exposure.43 
 
Improving access to sanitation facilities is a key problem with Nairobi’s slums. Slum residents largely 
agree that the only appropriate solution is communal sanitation facilities.46 Individual household 
facilities are not feasible due to spatial limitations.45 The construction of further communal facilities 
is hindered by poor quality soil, unsystematic layout and limited space.45 However the benefits of 
further latrine construction are inhibited by the dangers of nighttime access. If residents do not have 
access to latrines at night, they will continue to use plastic-bags, maintaining exposure to faecally-
derived pathogens and predisposing to diarrhoeal disease.  

 
As with water supply interventions, the provision of household sewer connections should be the 
long-term, sustainable sanitation solution in Nairobi’s slums. Sewer programs are again limited by 
the need for substantial funding and planning within a large-scale slum-upgrading program. The 
current priorities of the Kenyan government and multilateral organisations in Nairobi’s slums 
suggest that sewerage interventions are not currently viable.47  
 
Whilst there is currently somewhat limited evidence of the effectiveness of toilet/latrine 
interventions, they provide a feasible means of improving childhood health outcomes. In slum 
settings, spatial constraints indicate the use of communal sanitation. Various technologies are 
currently being implemented in an attempt to improve limitations such as the need for frequent 
emptying.   
 

                                                             
42

 A.N Omambia. "Sanitation in Urban Slums: Perception, Attitude and Behavior: The Case of Kibera, Nairobi-
Kenya." Journal of Environmental Science and Engineering 4.3. 2010. pp. 70-80. 
43

 C.O Wanjir, et al. Housing and sanitation and their association with gastro-intestinal and respiratory illness; 
A case study of Githembe slums, Nairobi, Kenya. J. Natl. Inst. Public Health 51. 2002. 
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 A.N Omambia. "Sanitation in Urban Slums: Perception, Attitude and Behavior: The Case of Kibera, Nairobi-
Kenya." Journal of Environmental Science and Engineering 4.3. 2010. pp. 70-80. 
45
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46
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Kenya.’ Physics and Chemistry of the Earth. 35.13. 2010. pp. 815-822. 
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Hygiene Interventions 
 
Hygiene interventions promote appropriate household and community behavioural changes to 
improve health outcomes.48 Hygiene interventions reduce the incidence of diarrhoeal illnesses by 37 
to 45 per cent.49 They are characterised by either health and hygiene education, the active 
promotion of hand washing or a combination of both.48 Meta-analysis has showed that the active 
promotion of hand washing is more effective than general health and hygiene education, decreasing 
the incidence of diarrhoeal disease by 44 per cent and 28 per cent respectively, 48,50  
  
Hands are common vectors in the transmission of faecal-oral disease. Hand washing with soap after 
defecation and before and after food handling interrupts the transmission of diarrhoeal disease, 
preventing infection. The effectiveness of hand washing promotion depends on intervention 
method.  Meta-analysis indicates that the most effective method is hand-hygiene education 
combined with the use of non-antibacterial soap, which decreases the incidence of diarrhoeal 
disease by 39 per cent.51 Use of antibacterial soap shows little additional benefit.52 Hand-hygiene 
education with alcohol-based sanitiser shows only a moderate reduction in rates of 23 per cent, 
whilst hand-hygiene education alone is associated with a reduction of 31 per cent.51 In addition to 
common diarrhoeal diseases, hand washing with soap has also been shown to reduce the risk of 
severe intestinal infections and dysentery by 48-59 per cent.53 
  
As with point-of-use water treatment, hygiene interventions are dependent on the individual’s 
decision to adopt and constantly adhere to certain behaviours.54 There is currently limited evidence 
on whether hand washing behaviours persist in the long term. Such behavioural changes are 
hindered by the prevention paradox: that a large population impact provides minimal benefit to the 
individual, as their absolute risk is relatively low.55 As such, individual and community behavioural 
changes may decrease over time, reducing the intervention’s long term efficacy. Curtis and 
Cairncross suggest that this problem could be resolved by marketing hand soap as a desirable 
consumer product (to look and smell clean, and follow social norms) rather than through health 
promotion campaigns.56 Evidence is currently lacking on the most cost-effective strategies to 
facilitate long term behavioural change and technology adoption. It is not known for example 
whether it is more effective to target communities through households, schools or opinion leaders 
to stimulate demand for services and alter social norms. Hygiene interventions are very effective in 

                                                             
48
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49
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countries: a systematic review and meta-analysis.’ The Lancet infectious diseases 5.1. 2005. pp. 42-52. 
50
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review.’ The World Bank Research Observer 22.1. 2007. pp.1-24. 
51

 Aiello, Allison E., et al. "Effect of hand hygiene on infectious disease risk in the community setting: a meta-
analysis." Journal Information 98.8. 2008.  
 
52
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53
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 Kirch, Wilhelm. Encyclopedia of public health. Vol. 2 Springer, 2008. 
56

 Curtis V, Cairncross S. Effect of washing hands with soap on diarrhoea risk in the community: a systematic 
review. Lancet Infect Dis 2003; 3: 275–81 
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reducing the incidence of childhood diarrhoeal disease. Hand-hygiene education coupled with the 
promotion of hand washing with non-antibacterial soap is the most effective method of reducing 
incidence rates.  

Hygiene Interventions in Nairobi 
 
There is limited evidence on the levels of hygiene behaviours and knowledge within Nairobi’s slums. 
Such data is largely subjective and difficult to quantify. An observational study by Graf et al. 
attempted to establish levels of hygiene behaviours and knowledge in Kibera.57 It found that hygiene 
behaviours are moderate (6.57 on a scale of 1-10.5, poor to good hygiene).56 It suggested that there 
is good knowledge of the proper handling of water, wide-spread knowledge of the role of water in 
causing young childrens’ diarrhoea and strong social norms concerning water treatment with scores 
of 4.79, 4.91 and 4.84 (scale of 1-5) respectively.56 Whilst knowledge of disease aetiology and 
appropriate behaviours appears strong, water contamination levels suggests poor behaviour in 
practice. Samples from raw source and household samples of E. coli show increased levels from 2.94 
to 4.86 (scale 1-8) indicating contamination between the source and consumption due to poor water 
hygiene.56  
 
Hand-washing education and promotion programs are the most effective hygiene interventions to 
implement within Nairobi’s slums. Whilst studies indicate strong knowledge regarding general 
health and hygiene, levels of post-source water contamination suggests poor hand-hygiene 
practices. Hand-hygiene/washing programs are not limited by infrastructural or spatial constraints, 
making them feasible and cost-effective. Research into the drivers of social change within Nairobi’s 
slums would strongly benefit these programs, indicating the most-effective targets for hand-washing 
campaigns.  

Multiple Interventions 
 
Meta-analyses have found that combined programs with the joint introduction of water, sanitation 
and hygiene education are not more effective than interventions with a single focus.58,59 The effect 
of multiple interventions is not additive, instead associated with only a 33 per cent decrease in the 
incidence of diarrhoeal disease.57 It is suggested that lack of additional benefit is due to poor focus 
and reductions in hygiene behaviours. Piecemeal implementation of ambitious, large scale programs 
may result in a lack of focus, or sufficient attention given components perceived as less central – 
typically sanitation and hygiene.57 Broad programs including infrastructure may also precipitate 
reduced hygiene behaviours. For example when clean water is available, individuals may believe 
they are better able to tolerate unsanitary environments, and thus perceive marginal benefit from 
hygienic efforts.60 The poor effectiveness of multiple interventions is significant to community 

                                                             
57
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diarrhoea and influence of beliefs. International journal of environmental health research 18.5. 2008. pp.335-
355. 
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59
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60
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interventions. Many development organisations deliver broad packages to communities, even when 
only one factor is desired. These additional aspects may detract from the desired intervention and 
undermine its success. Future programs wishing to implement a broad range of interventions should 
consider means to ensure adequate attention is given to each aspect by the organisation and 
community.  

Conclusion 
 
Water, sanitation and hygiene interventions are key to reducing the incidence of diarrhoeal disease 
and improving infant morality within Nairobi’s slums. Evidence based policy combined with an 
assessment of local feasibility is required to efficiently improve health outcomes with communities. 
Point-of-use water treatment, toilet/latrine infrastructure and hand-washing promotion are all both 
highly effective at reducing the incidence of childhood diarrhoeal disease and viable within Nairobi’s 
slums. Piped water and household sewerage connection infrastructure are highly effective, but are 
not currently possible within Nairobi’s slums unless strong support is generated. 
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