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Diarrhoeal diseases are an important cause of morbidity and 
mortality in low- and middle-income countries, annually 
resulting in the death of 4.9 out of every 1 000 children aged 
less than 5 years in these regions.1,2 In South Africa diarrhoeal 
diseases account for 3.1% of total deaths – the eighth largest 
cause of death nationally.3,4 Among children under 5, diarrhoeal 
diseases are the third largest cause of death (11.0% of all 
deaths), and the third greatest contributor to the burden of 
disease, constituting 8.8% of all disability-adjusted life years 
(DALYs) in this age group.4 Survey data show that 13% of 
under-5s in South Africa were reported to have had a bout of 
diarrhoea in the previous 2 weeks.5 While the proportion of 

deaths attributable to diarrhoeal diseases in under-5s in 2000 
was substantially lower than the 27.7% reported for 1984,6 
these figures are still cause for concern. 

The World Health Organization (WHO) estimates that there 
are 0.75 cases of diarrhoea per person worldwide every year. 
This rate varies between regions, sub-Saharan Africa having 
the highest rate of 1.29 cases per person annually. In contrast, 
rates in Europe and the USA are 0.18 and 0.07 cases per person 
per year respectively.7 In South Africa the estimated incidence 
of diarrhoeal disease in under-5s in 2004, based on cases 
presenting to primary health facilities (and therefore likely 
to be an underestimate of true incidence), was 128.7/1 000, 
with wide variations between provinces, from 8.1/1 000 in 
Gauteng to 244.2/1 000 in KwaZulu-Natal.8 These differentials 
indicate potential for reducing the disease burden through 
improvements in provision of water and sanitation services 
and changes in hygiene behaviour. 

Unsafe water and lack of sanitation and hygiene (WSH) is a 
key risk factor for diarrhoeal and other diseases. Worldwide, 
unsafe WSH has been estimated to account for 3.1% of all 
deaths and 3.7% of all DALYs.9 These figures conceal enormous 
regional variation – the disease burden related to this risk 
factor is up to 240 times higher in developing regions such as 
Africa than in industrialised regions.2 Unsafe WSH remains 
a concern in South Africa. Census 2001 data indicate that 
13.6% of households have no toilet facility.10 A further 4.1% 
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Objectives. To estimate the burden of disease attributable to 
unsafe water, sanitation and hygiene (WSH) by age group for 
South Africa in 2000. 

Design. World Health Organization comparative risk assessment 
methodology was used to estimate the disease burden 
attributable to an exposure by comparing the observed risk 
factor distribution with a theoretical lowest possible population 
distribution. A scenario-based approach was applied for 
estimating diarrhoeal disease burden from unsafe WSH. Six 
exposure scenarios were defined based on the type of water 
and sanitation infrastructure and environmental faecal-oral 
pathogen load. For ‘intestinal parasites’ and schistosomiasis, 
the burden was assumed to be 100% attributable to exposure to 
unsafe WSH.

Setting. South Africa.

Outcome measures. Disease burden from diarrhoeal diseases, 

intestinal parasites and schistosomiasis, measured by deaths 
and disability-adjusted life years (DALYs).

Results. 13 434 deaths were attributable to unsafe WSH 
accounting for 2.6% (95% uncertainty interval 2.4 - 2.7%) of 
all deaths in South Africa in 2000. The burden was especially 
high in children under 5 years, accounting for 9.3% of total 
deaths in this age group and 7.4% of burden of disease. Overall, 
the burden due to unsafe WSH was equivalent to 2.6% (95% 
uncertainty interval 2.5 - 2.7%) of the total disease burden for 
South Africa, ranking this risk factor seventh for the country. 

Conclusions. Unsafe WSH remains an important risk factor 
for disease in South Africa, especially in children under 5. 
High priority needs to be given to the provision of safe and 
sustainable sanitation and water facilities and to promoting safe 
hygiene behaviours, particularly among children. 
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and 22.8% respectively use bucket and pit latrines with no 
ventilation – both inadequate forms of sanitation that increase 
risk of diarrhoeal and parasitic diseases.11-14 The proportion of 
households with inadequate facilities is much higher in the 
Eastern Cape, KwaZulu-Natal and Limpopo provinces. 

While most households have access to piped water (84.5%), 
this is more than 200 m away for 12.4% of households, while 
7.5% still utilise rivers, streams or dams, placing residents at 
risk for diseases such as schistosomiasis.15 Again there is wide 
variation, with 23.0% and 12.9% of households in the Eastern 
Cape and KwaZulu-Natal respectively using rivers or streams 
as their main water source.10 Risk of exposure to infections as 
a result of inadequate water and sanitation is not limited to 
the home environment. In 2002 it was estimated that 15% of 
clinics and nearly 12% of schools in South Africa were without 
sanitation.16 

Unsafe WSH as a risk factor is particularly important from 
a policy perspective, because knowledge of how to reduce 
exposure through improving water and sanitation facilities 
and hygiene, and the effects on diarrhoeal and other illnesses 
of doing so, are fairly well developed.14,17,18 There are also 
significant synergistic effects of improving WSH in terms of 
improving nutritional status,13 reducing poverty and promoting 
development.19,20 

Access to adequate basic facilities is also a rights issue, 
and clearly interpreted as such within the South African 
Constitution. Internationally the Millennium Development 
Goals (MDGs) aim to halve the proportion of people without 
sustainable access to basic sanitation and safe drinking water 
by 2015, and South Africa has committed itself to contributing 
to this.21 It is therefore of concern that in 2015, 1 in 5 and 1 in 4 
South African households, respectively, are projected to have 
inadequate access to water and sanitation facilities.22 Many 
are likely to be rural households, further contributing to rural-
urban inequalities (Table I).

In this article we attempt to estimate the burden attributable 
to unsafe WSH by age group for South Africa in 2000. 

Methods 

Comparative risk assessment (CRA) methodology was used, 
as developed by the WHO23,24 and applied specifically to 
unsafe WSH by Prüss et al.2,9  The composite risk factor, unsafe 

WSH, was defined as including ‘multiple factors, namely the 
ingestion of unsafe water, lack of water linked to inadequate 
hygiene, poor personal and domestic hygiene and agricultural 
practices, contact with unsafe water, and inadequate 
development and management of water resources or water 
systems’.9

Two approaches for estimating disease burden attributable 
to unsafe WSH were used, according to disease outcome. 
For selected related diseases other than infectious diarrhoea 
(combined in the category ‘intestinal parasites’) and for 
schistosomiasis, the burden was assumed to be 100% 
attributable to exposure to unsafe WSH.9 The South African 
National Burden of Disease study4 provided revised estimates 
for some of these diseases. Although largely attributable to 
unsafe WSH, trachoma is not common in South Africa and 
is therefore not listed separately in the South African burden 
of disease list and could not be included in this analysis. A 
number of other diseases related to unsafe WSH, such as 
hepatitis A and scabies, could not be included as their risk 
factor-disease relationships remain unclear.2

For diarrhoeal disease burden from unsafe WSH, estimates 
were based on calculation of a population-attributable fraction 
derived from exposure information. A scenario-based approach 
was applied.9 Here risk of diarrhoeal disease is conditioned by 
a typical exposure or representative combination of risk factors 
at commonly encountered levels. Scenarios were defined on the 
basis of, firstly, type of water and sanitation infrastructure, and 
secondly, load of faecal-oral pathogens in the environment. 

The resulting six exposure scenarios capture combinations of 
the risk factors related to unsafe WSH: 

• �Scenario I: ideal situation or theoretical minimum, 
conferring lowest possible population risk for transmission, 
corresponding to the absence of transmission of diarrhoeal 
disease through WSH. Environmental faecal-oral pathogen 
load is very low in this scenario. It is assumed that the 
prevalence for this scenario is zero in all WHO regions 
because even in the most developed regions cases of food 
poisoning, etc. occur. 

• �Scenario II: typically encountered in developed or high-
income countries. This scenario has low to medium load 
of faecal-oral pathogens in the environment, characterised 
by more than 98% coverage in improved water supply and 

Table I. South African Millennium Development Goals: Indicators of past and present access to water and sanitation and 
future access targets

					          Proportion of total population with access (%)

Indicators 			   1994 			   2004  			   2015 target 
Improved water source within 
100 m of household			  60.1			   78.7			        80.1
Basic sanitation			   48.7			   63.7			        74.4

Source: South Africa. Millennium Development Goals Country Report, 2005: 49.22
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sanitation and regional incidence of diarrhoea of less than 
0.3/person/year.25,26

• �Scenario III: various improved forms of provision that reduce 
risk of exposure compared with scenario IV; a transitionary 
scenario between high (scenario IV) and low (scenario II) 
environmental pathogen loads2 (Table II).

• �Scenarios IV - VI: high faecal-oral pathogen environments 
typical in developing countries and characterised by poor 
access to water and sanitation. 

Risk estimates assigned to each exposure scenario were 
based on those of Prüss et al.,9 who used large surveys and 
reviews of multi-country studies to derive risk averages – the 
average risk related to the described scenarios across the world 
and in an array of situations (Table III).9 The ideal situation 
(scenario I) was assigned a relative risk (RR) of 1.0. Because of 
the uncertainties associated with these risk estimates, upper 
and lower uncertainty boundaries were constructed, drawing 
on those used for the global study (Table III).9 The lower 

estimate was based on the diarrhoeal disease risk reduction 
achieved through personal hygiene interventions only; the 
best estimate on the reduction from improvements in both 
water quality and personal hygiene; and the upper estimate on 
the additional improvements from provision of a continuous 
piped water supply. No differences in RRs across age groups or 
between sexes was assumed.

Data on prevalence and population distribution of exposure 
were obtained from the South African Census 2001,10 which 
reported the main source of water supply and toilet facilities 
available to households. Based on these data, households 
were allocated to 1 of 3 categories: poor, intermediate, or good 
access to water supply and sanitation facilities (Table IV). 
These 3 groups were then matched as closely as possible to the 
exposure scenarios (Table II). 

The situation for certain population subgroups in South 
Africa was sufficiently different from that of other African 
countries such that it could not be captured entirely by scenario 

Table II. Scenarios for estimating exposure for diarrhoeal diseases  

Scenario	 Description	 Environmental faecal-oral pathogen load

VI	 No improved water supply and no basic sanitation in a 			   Very high
	 country not extensively covered by those services, and where 
	 water supply is not routinely controlled					   

Vb	 Improved water supply and no basic sanitation in a country 			   Very high
	 not extensively covered by those services, and where water 
	 supply is not routinely controlled					   

Va	 Basic sanitation but no improved water supply in a country 			   High
	 not extensively covered by those services, and where water supply
	 is not routinely controlled						    

IV	 Improved water supply and basic sanitation in a country not 			   High
	 extensively covered by those services, and where water supply 
	 is not routinely controlled						    

IIIc	 IV and improved access to drinking water (generally piped to household)			   High

IIIb	 IV and improved personal hygiene			   High

IIIa	 IV and drinking water disinfected at point of use			   High

II	 Regulated water supply and full sanitation coverage, with partial 			   Medium to low
	 treatment for sewage, corresponding to a situation typically 
	 occurring in developed countries
I	 Ideal situation, corresponding to the absence of transmission 			   Very low
	 of diarrhoeal disease through WSH

Source: Prüss et al., 2002: 539.2

Table III. Relative risk estimates associated with exposure scenarios and distribution of the population between exposure 
scenarios, South Africa, 2000

								           Exposure scenario

						      I	     II	 III	    IV	   Va	   Vb	  VI
Lower estimate					     1	   2.5		    3.8	   3.8	   4.9	   6.1
Best estimate					     1	   2.5		    6.9	   6.9	   8.7	 11.0
Upper estimate					     1	   2.5		  10.0	 10.0	 12.6	 16.0
% of households assigned to each scenario in SA		  0	 27.8	   0	 51.4	   4.0	 12.7	   4.0

Source: Prüss-Üstün et al., 2004: 1343.9
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IV. Urban households with full sanitation coverage and good 
access to improved water supplies were considered at low risk 
of diarrhoeal disease. Using Census 2001 data we assigned 
households in urban areas and with access to improved 
water supply and full sanitation coverage (27.8% of all) to 
scenario II. The 22.9% of households with piped water and full 
sanitation coverage but in rural or urban informal settlements 
were assigned to scenario IV, together with households with 
intermediate water and sanitation facilities. The remaining 
20.7% were placed in scenarios Va, Vb and VI (Table III).

Population-attributable fractions (PAFs) were calculated in 
Excel using the formula:  

where pi  is the prevalence of exposure in level i, RRi is the 
RR of disease in exposure level i and k is the total number of 
exposure levels. The PAFs were then applied to the revised 
South African burden of disease estimates for 2000 (deaths, 
years of life lost (YLLs), years lived with disability (YLDs), and 
DALYs) for the single outcome of diarrhoeal disease.4

We used Monte Carlo simulation-modelling techniques to 
present uncertainty ranges around point estimates so as to 
reflect all the main sources of uncertainty in the calculations. 
We used the @RISK software version 4.5 for Excel,27 which 

allows multiple recalculations of a spreadsheet, each time 
choosing a value from distributions defined for input variables. 
For the RR estimates, we specified a triangular probability 
distribution with 3 points: the published best RR estimate as 
the most likely point and the published upper and lower risk 
estimates for different exposure scenarios2 as the maximum 
and minimum entered values of the distribution (Table III). 
We calculated 95% uncertainty ranges for our output variables 
(attributable burden as a percentage of total burden in South 
Africa, 2000) bounded by the 2.5th and 97.5th percentiles of the 
2000 iteration values generated. 

Results

For South Africa for 2000 it was estimated that 84% (95% 
uncertainty interval 79 - 86%) of all deaths due to diarrhoeal 
diseases, or about 13 368 deaths, were attributable to unsafe 
WSH. Of these diarrhoeal deaths, 66.4% (N = 8 871) were in 
children under 5, constituting 9.2% of all deaths in this age 
group. Schistosomiasis and intestinal parasites contributed a 
further 20 and 46 deaths, respectively, to unsafe WSH, giving 
an estimated total of 13 434 attributable deaths (Table V). 

The total burden of disease due to this risk factor in 2000 
was 418 790 DALYs, 92.2% of which was caused by diarrhoeal 
diseases and 5.3% and 2.5% by schistosomiasis and intestinal 
parasites, respectively. The DALYs attributable to WSH were 
equivalent to 2.6% (95% uncertainty interval 2.5 - 2.7%) (Table 
VI) of the total disease burden for South Africa, ranking this risk 
factor seventh out of 17 risk factors analysed in the country. 

Table IV. Proportion of households with different standards of water and sanitation access, South Africa, 2000

							                    Standard of sanitation facilities

						              Poor		 Intermediate	       Good		          Total
Standard of water supply	 No. of households		   1 926 641		       4 448 707	  5 136 206		 11 511 555

Poor			                     923 360		          4.0%		              4.0%	       0.02%		          8.0%
Intermediate		                 7 329 232		        12.4%		            34.4%	       16.8%		        63.7%
Good			                  3 258 963		        0.32%		            0.17%	       27.8%		        28.3%
Total			                11 511 555 		        16.7% 	            38.7%	       44.6%		      100.0%

Source: Stats SA Census 2001.10

Poor = water from a dam, pool, or stagnant water source from a river, stream or rainwater tank, no sanitation or a bucket system; Intermediate = water from a spring or borehole or 
piped water collected from up to 200 m away (outside dwelling or yard) or from a water vendor and basic sanitation (pit latrine with or without ventilation); Good = piped water into 
the residence and flush toilet and living in urban areas. 
Note: Households with piped water into the residence or yard and a flush toilet in rural areas or informal urban settlements were assigned to the intermediate category. 

Table V. Burden of disease attributable to unsafe water, sanitation and hygiene, by disease, South Africa, 2000

			   ICD-9 codes included 
Disease			                in assessment	 Deaths		       YLLs		     YLDs		  DALYs

Diarrhoeal diseases		   001, 002, 004, 006-009	 13 368		  375 476		  10 685		  386 160
Schistosomiasis		                               120	       20		        445		  21 617		    22 062
Intestinal parasites, 
including ascariasis, 
trichuriasis, hookworm	                        126-129	       46		      1 612		    8 956		    10 568

Total attributable burden				    13 434		  377 533		  41 258		  418 790

YLLs = years of life lost; YLDs = years lived with disability; DALYs = disability-adjusted life years; ICD-9 = International Classification of Diseases, 9th revision.
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The largest proportion of the disease burden attributable 
to unsafe WSH is experienced by children under 5 (Table VI), 
with 7.4% (95% uncertainty interval 7.1 - 7.7%) of disease 
burden from all causes attributable to unsafe WSH. This ranks 
WSH as the third largest risk factor for disease among under-
5s, behind vertical transmission of HIV due to unsafe sex and 
undernutrition. Unsafe WSH is therefore a considerably more 
important risk in this age group than in the South African 
population as a whole. The burden attributable to unsafe WSH 
was similar for males and females across all age groups.

Upper and lower limits around estimates of disease burden 
attributable to unsafe WSH, based on the range of RRs 
assigned to each exposure scenario, were relatively narrow 
(Table VI), indicating that they were not very sensitive to the 
range of RRs assigned (Table III).

Discussion 

These findings highlight the substantial disease burden 
attributable to unsafe WSH in South Africa, particularly for 
children under 5 years of age. Estimates are comparable 
with those reported in the global unsafe WSH risk factor 
assessment, although in South Africa the proportion of all 
attributable deaths and DALYs in the age group 0 - 4 years is 
less than global estimates for this age group.9 This results from 
the approach used to allocate the South African population to 
different exposure scenarios for determining risk of diarrhoeal 
diseases from unsafe WSH. Based on data from the 2001 
Census,10 27.8% and 51.4% of the South African population 
were allocated to scenarios II and IV respectively. This is 
very different from the distribution for the WHO African 
subregion (AFR-E, which includes South Africa) – where 0% 
was allocated to scenario II, 42% to scenario IV, and 9% and 
38% to scenarios Vb and VI respectively.9 However, we believe 
that the allocation described here reasonably reflects access 
to improved water and sanitation facilities for certain urban 
populations in South Africa compared with other developing 
countries in the WHO African subregion.

A substantial proportion of disease burden due to unsafe 
WSH in South Africa could be prevented if water supplies, 

sanitation services and hygiene behaviours were further 
improved. Significant headway has already been made in 
improving water supplies. Since 1994 an additional 18.6% 
of the population has gained access to improved water, 
within 100 m of their home (Table I). This is largely the result 
of the Department of Water Affairs and Forestry’s capital 
works programme, which provided new water services for 
approximately 7 million people between 1994 and 2002.28,29 
Access to safe sanitation also improved, from 48.7% to 63.7% 
between 1994 and 2004 (Table I).22 This suggests that exposure 
to unsafe WSH in South Africa decreased over the last decade.30 

However, rural-urban and intra-urban differentials in access 
to safe WSH remain a concern. Residents of inner-city, low-
income, high-density areas and urban informal settlements 
struggle to gain access to basic services or share these with 
many households. Variation in access between urban and rural 
areas is also stark – while only 5% of urban households did not 
have access to purified water and any toilet in 2001, 37% and 
28% of rural households did not have access to purified piped 
water or any form of toilet, respectively.22 

Reducing the risks to which children are exposed through 
unsafe WSH is particularly important given the large disease 
burden attributable to this in children under 5 years of age. 
This includes reducing diarrhoea risks in the household and 
local environments. A study in Port Elizabeth31 showed that 
diarrhoea levels were significantly higher in children under 
6 who shared a tap with more than 6 other households, and 
also in those who shared a toilet with more than 5 households. 
Informal preschool and child care facilities have also been 
shown to be an important environment for transmission of 
diarrhoeal diseases.32 

While improving access to adequate water and sanitation 
facilities is key, the impact of both personal and domestic 
hygiene behaviours should not be neglected. In the same Port 
Elizabeth study,31 diarrhoea levels were 4.8 times higher in 
caregivers who stored water in their kitchens, a risk that could 
be mitigated by improved domestic hygiene behaviours. 

Reviews have suggested that good hygiene may result in 
a 33% reduction in diarrhoeal mortality,14 and that hygiene 

Table VI. Burden of disease attributable to unsafe water, sanitation and hygiene (WSH) in persons and children under 5 years, 
South Africa, 2000

Total burden attributable                                           
to unsafe WSH

Burden attributable to 
unsafe WSH as % of total 

burden for South Africa

Burden attributable to 
unsafe WSH, children  

< 5 yrs

Burden attributable to 
unsafe WSH in children 

< 5 yrs as % of total 
burden for South Africa 

for children < 5 yrs

Deaths
  95% uncertainty interval
DALYs
  95% uncertainty interval

13 434
12 718 - 13 905

418 790
398 100 - 432 379

2.6
2.4 - 2.7

2.6
2.5 - 2.7

8 910
8 435 - 9 222

305 738
 289 464 - 316 426

9.3
8.8 - 9.6

7.4
7.1 - 7.7

DALYs = disability-adjusted life years.
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education is a highly cost-effective intervention for reducing 
childhood diarrhoeal diseases.33 A systematic review of the 
impact of hand-washing with soap showed that this cheap 
intervention could reduce diarrhoea risk in the community by 
42 - 44%.18 Improvements in hygiene behaviour should also 
reduce intestinal parasite infections. However, the best way 
to change hygiene behaviours in different settings remains 
unclear.18,34 

Secondary prevention of diarrhoeal diseases is also 
important. Impacts can be mitigated by prompt and 
appropriate treatment at household and health facility level. 
Providing hygiene information to caregivers of children with 
diarrhoeal disease may also contribute to reducing disease 
spread within households and the likelihood of further 
episodes.

Improving WSH is also likely to have positive impacts 
on household economies due to the time saved in water 
collection.35 This would free time for other tasks including 
education, domestic hygiene and commercial activities,36,37 
particularly for female children and women.31,38 All of these 
activities are likely to contribute to improved health. Improving 
WSH is therefore key to breaking the cycle of poverty and 
disease and to promoting development.  

This analysis considered only the disease burden attributable 
to unsafe WSH. However, this risk factor may work jointly or 
synergistically with others, such as underweight/malnutrition 
(including iron-deficiency anaemia and vitamin A and zinc 
deficiency), to increase incidence and effects of diseases such 
as diarrhoea and intestinal parasites. Some risks related to 
unsafe WSH may be mediated through underweight, while 
equally, some risks for underweight may be mediated through 
WSH-related diseases such as diarrhoea.13,39 In South Africa, 
HIV/AIDS may also be an important moderator of the risk of 
diarrhoeal disease from unsafe WSH, particularly in children 
living in informal settlements.40

These synergistic effects are not within the scope of this 
analysis. However, policies to reduce disease burden due 
to diarrhoeal diseases need to be cross-sectoral to reduce 
exposure to multiple risks. Increased demand for water in 
providing care for a household member living with AIDS also 
highlights the importance of improved access and multisectoral 
developmental approaches.41 Government programmes such 
as those focusing on informal settlement eradication and 
integrated rural development, as well as the Extended Public 
Works Programme, provide opportunities for this.

This study has a number of limitations. Firstly, while 
the Census provides information on water and sanitation 
facilities, it does not indicate whether these are operating. The 
termination of household water supplies for non-payment 
is also pertinent.42 While legislation establishing the right 
to a basic minimum free household water supply may have 
partly mitigated this problem, residents of rented ‘backyard’ 

shacks may not have access to this supply as they are often 
not registered with the local authority. Such uncertainty 
regarding the functioning of basic facilities would result in an 
overestimate of the number of households meeting criteria for 
exposure scenario II and underestimation of the fraction of 
the burden of diarrhoeal disease attributable to unsafe WSH. 
The true attributable fraction may therefore be higher than 
reported. 

Secondly, assignment of households to exposure scenarios 
was not always straightforward. For example, should 
households using pit latrines without ventilation be assessed as 
having ‘poor’ or ‘intermediate’ sanitation? 

Thirdly, it is not within the scope of this framework to look 
at the synergistic effects of risk factors such as unsafe WSH 
and malnutrition, including micronutrient deficiencies and 
underweight, and childhood mortality in poor households 
in this setting. The burden of diarrhoeal diseases reported 
as attributable to these risk factors may therefore be an 
underestimate of the true attributable fraction. A recent 
evaluation43 suggests that approximately 50% of the disease 
burden of malnutrition can be attributed largely to unsafe 
WSH, highlighting the complexity of these effects.

Fourthly, it is not possible within this assessment to examine 
how the burden is distributed between rural and urban 
settings and poorer and wealthier households.  However, RRs 
associated with different exposure scenarios clearly indicate 
that households with poorer access to water and sanitation 
facilities are at substantially greater risk of developing 
diarrhoeal and other diseases. Since most of these households 
are likely to be located in poor rural or peri-urban settlements, 
it can fairly safely be assumed that the burden attributable 
to unsafe WSH is borne largely by poorer households and, 
more specifically, by children within them. Research on water 
access in relation to the recent cholera epidemic supports this 
assumption.44

Finally, we did not assess the attributable burden from 
all intestinal parasite infestations, but rather focused on the 
major ones. We were also unable to include in our estimates 
other WSH-related diseases, such as hepatitis A, for which 
current knowledge does not allow an attributable fraction to 
be estimated. In addition, estimates for morbidity were based 
on the AFR-E ratio of morbidity to mortality for diseases 
attributable to unsafe WSH.4 However, it is unclear whether 
this ratio adequately represents the South African situation and 
it is therefore possible that the morbidity component of the 
burden has been underestimated. Other uncertainties, related 
to the methodological approach, are discussed elsewhere.9

Recommendations

High priority needs to be given to improving access to safe 
and sustainable sanitation and water facilities, particularly in 
poorly served urban and rural communities in South Africa. 
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The high burden attributable to unsafe WSH, especially in 
children, provides a strong public health justification for this. 
However, there are also clear development, equity and human 
rights reasons for improving access, as part of our commitment 
to achieving the MDGs.21Although debate continues regarding 
relative effectiveness of different approaches to provision of 
water and sanitation interventions,17,45 integrated approaches 
are likely to be the most appropriate. 

More attention needs to be paid to the promotion of hand-
washing with soap and other hygiene behaviours. Since it 
is not yet clear how best to change hygiene behaviours in 
South African settings,46 further rigorous research is needed. 
Particular attention needs to be paid to children’s hygiene 
behaviours within the home and in childcare facilities. Water 
and sanitation infrastructure programmes need to include a 
strong hygiene behaviour component to ensure that maximum 
health benefits are realised. Prompt and appropriate treatment 
of diarrhoeal disease also needs to be promoted.

More research is also required on effectiveness of 
programmes for mass deworming of children. School-based 
programmes may improve individual and community health 
and have benefits for educational attendance and performance, 
but studies are not conclusive.47 There is some evidence of 
improving maternal and child health by treating intestinal 
parasites and schistosomiasis in pregnant women,48 but again 
further research is needed.

In the drive to address the disease burden related to lifestyle, 
injuries and HIV/AIDS, diseases of poverty related to unsafe 
WSH should not be forgotten.  
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