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Interventions for the control of diarrhoeal diseases
among young children: improving water supplies and
excreta disposal facilities*

S. A. Esrey,' R. G. FEacuem,? & J. M. HuGHES?

A theoretical model is proposed that relates the level of ingestion of diarrhoea-causing
pathogens to the frequency of diarrhoea in the community. The implications of this model
are that, in poor communities with inadequate water supply and excreta disposal, reducing
the level of enteric pathogen ingestion by a given amount will have a greater impact on
diarrhoea mortality rates than on morbidity rates, a greater impact on the incidence rate of
severe diarrhoea than on that of mild diarrhoea, and a greater impact on diarrhoea caused
by pathogens having high infectious doses than on diarrhoea caused by pathogens of a low

" infectious dose. The impact of water supply and sanitation on diarrhoea, related infections,

nutritional status, and mortality is analysed by reviewing 67 studies from 28 countries. The
median reductions in diarrhoea morbidity rates are 22% from all studies and 27% from a
Jew better-designed studies. All studies of the impact on total mortality rates show a median
reduction of 21%, while the few better-designed studies give a median reduction of 30%.
Improvements in water quality have less of an impact than improvements in water

availability or excreta disposal.

Of the several interventions that may reduce
diarrhoea morbidity and mortality rates (38), the
improvement of water supply and excreta disposal
facilities has attracted particular interest. These
environmental improvements, together with
improvements in living standards, played a major
role in reducing diarrhoea rates and controlling
epidemic typhoid and cholera in Europe and North
America between 1860 and 1920. It is anticipated that
the improvement of water supply and excreta
disposal in poor communities in developing countries
today will have a substantial impact on diarrhoea
morbidity and mortality rates in those communities.
This expectation provides part of the motivation for
the International Drinking Water Supply and Sani-
tation Decade (1981-1990), the aims of which are to
increase the rate at which new water supply and
excreta disposal facilities are constructed and to maxi-
mize the probability that they will be correctly opera-
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ted, maintained and used.

The potential impacts of improved water supply
and excreta disposal on diarrhoea and other water-
related diseases in developing countries have been
discussed and debated at length over the past decade.
White et al. (86) provided a conceptual framework
for the debate in the context of studies in East Africa;
McJunkin (56) reviewed the topic extensively;
Saunders & Warford (70) summarized the water
supply impact studies; Feachem et al. (39)
summarized the excreta disposal impact studies; and
Blum & Feachem (/3) and Esrey & Habicht (28)
considered the methodological difficulties inherent in
attempts to measure the impact of water supply and
excreta disposal projects on diarrhoea.

In this review we analyse the effectiveness of water
supply and excreta disposal improvements for
reducing diarrhoea rates in young children in
developing countries. We also examine their impact
on diarrhoea-related infections, nutritional status,
and mortality. We make no attempt to analyse other
impacts of water supply and excreta disposal
improvements or to compute an overall cost-benefit
ratio for these investments. This paper is the ninth in a
series of reviews of potential anti-diarrhoea inter-
ventions (2, 25, 26, 32, 34-36, 38).°

“ ASHWORTH, A. & FEACHEM, R. G. Interventions for the
control of diarrhoeal diseases among young children: improving
lactation. Unpublished WHO document CDD/85.2, 1985.
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EFFECTIVENESS

For improved water supply or excreta disposal
facilities to be an effective diarrhoea control
intervention, it must be true that:

either

water supply or excreta disposal
improvements can reduce the inges- hypothesis
tion by young children of pathogens 1

causing diarrhoea

and

a reduction in the ingestion of these
pathogens by young children can hypothesis
reduce diarrhoea morbidity or 2

mortality rates

or

water supply or excreta disposal
improvements can reduce diarrhoea hypothesis
morbidity or mortality rates among 3

young children

The effectiveness of improved water supply and
excreta disposal would be suggested by a demonstra-
tion either of the correctness of hypotheses 1 and 2 or
the correctness of hypothesis 3. In some other reviews
in this series (for instance, 35, 36), most of the
literature bears on hypotheses 1 and 2, and hypothesis
3 must be handled by theoretical calculations. Here
the reverse is the case: there are few data on
hypotheses 1 and 2 and an extensive literature on
hypothesis 3. The evidence for and against the three
hypotheses is examined below.

Hypothesis 1. Water supply or excreta disposal
improvements can reduce the ingestion by young
children of pathogens causing diarrhoea.

There is some evidence to suggest that three types of
water and excreta disposal improvements (improved
water quality, increased water availability and
quantity associated with better hygiene practices, and
improved excreta disposal facilities) may reduce the
ingestion of pathogens causing diarrhoea (33).

All the major infectious agents of diarrhoea are
transmitted by the faecal-oral route, and all can be
transmitted via contaminated water. For most agents
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water-borne transmission has been documented. For
some agents there is good evidence that, at least in
some places at some times, water is a major vehicle of
transmission. Notable examples are Salmonella
typhi, Vibrio cholerae, and Giardia lamblia (39).
Traditional water sources are often highly con-
taminated with faecal matter. Improved water
sources may be free of contamination or considerably
less contaminated than unimproved water sources
(30, 77). Uncontaminated source water may become
polluted by the time it is ingested, and water storage
in home containers may result in increased con-
tamination depending on storage conditions (37, 66,
72).

Increased water availability and quantity,
associated with improved hygiene, may reduce faecal
contamination of the hands. Proper cleaning of
utensils, food, and home environments is also likely
to reduce transmission of faecal matter. The
transmission of all the main diarrhoea-causing agents
is probably influenced to some degree by increased
water availability and quantity, but it is Shigella
transmission that has been particularly associated
with poor personal and domestic hygiene (45, 78).
This may be because of the low infectious dose of
Shigella relative to other bacterial enteric pathogens,
or it may be only because Shigella has been most
studied. The relationship between personal hygiene
and the newly-recognized diarrhoea agents
(especially Campylobacter jejuni, enterotoxigenic
Escherichia coli, and rotavirus) should be studied.

All the major infectious agents of diarrhoea are
shed by infected persons via the faeces, and therefore
hygienic disposal of human excreta plays a role in
controlling them. Use of toilets by all members of the
community should reduce faecal contamination'of
houses, yards and gardens, and the neighbourhood.
In addition, proper treatment and disposal of human
excreta would prevent faecal contamination of fields,
crops, and receiving water-bodies, which would in
turn further reduce the transmission of faecal
pathogens. The hygienic disposal of the faeces of
children too young to use the toilet is of the utmost
importance, because such children constitute an
important reservoir of several agents of diarrhoea
(for instance, rotavirus and enterotoxigenic E. coli).

Hypothesis 2. A reduction in the ingestion of these
pathogens by young children can reduce diarrhoea
morbidity or mortality rates.

The ingested dose of a pathogen required to cause
diarrhoea depends upon the particular properties of
the pathogen and upon a number of host factors. The
general relationship between ingested dose and
proportion of exposed persons contracting diarrhoea



IMPROVING WATER SUPPLIES AND EXCRETA DISPOSAL FOR CONTROL OF DIARRHOEAL DISEASES

%

100~ [—

Proportion of exposed, susceptible persons
contracting diarrhoea due to pathogen X
o
a3
T

WHO 85 J4

|
\
\
\
|
\
|
|
|
|
|
|
!
\
0 V4
A
Low Hign
Dose of pathogen X ingested by all persons

Fig. 1. Dose-response relationship for a group of
susceptible persons, all exposed to an equal dose of
pathogen X.

is shown in Fig. 1. In the dose range below A, no one
becomes ill.> In the dose range above B, all
susceptible persons develop diarrhoea. Between A
and B lies an intermediate range in which some
persons become ill and others do not. The dose at
which 50% of challenged persons become ill is known
as the median infectious dose (IDso), which is the
figure generally reported from volunteer studies.
Little is known about the shape of the curve in the
intermediate range and, for this reason, a broken line
is shown in Fig. 1. Both the shape of the curve and the
values of A, B, and the IDso depend upon the
particular pathogen, its method of ingestion (in water
or in food), and a variety of features of the exposed
group of people, such as age and immunity.
Available IDso and other infectious dose data have
been recently reviewed for all the major diarrhoea-
causing pathogens (39). For bacterial agents there is a
wide range of 1Dso values— from around 10° for
Shigella to 108-10'" for Vibrio cholerae. Less is
known about the viral and protozoal agents of
diarrhoea, although there are grounds for assuming
that the IDsg values are relatively low (< 10%). Nearly
all infectious dose data are derived from studies on
volunteers in which the subjects were healthy adults
from developed countries. The doses necessary to
infect children, particularly malnourished children,
may be very different. IDs, values also depend on the
food or drink with which the pathogens are ingested;
therefore, they may differ among countries with
differing dietary and child-feeding practices. In

? Despite the representation in Fig. 1, it may be that for some
pathogens A =0.
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Fig. 2. Dose-response relationship for young children
under various levels of exposure to an array of enteric
pathogens.

addition, in situations where large numbers of
persons are exposed to diarrhoea-causing pathogens,
the ID;, or IDo, values may be of greater
epidemiological relevance than the IDso values. More
reliance can be placed on the relative ranking of
pathogens by IDso than on the absolute dose values
obtained from studies on volunteers.

The relationship depicted in Fig. 1 may be
generalized to a group of young children having
different levels of water supply and excreta disposal
services and, consequently, different levels of
ingestion of enteric pathogens (Fig. 2). Consider first
the incidence rate of mild diarrhoea. At low levels of
ingestion (A-B), there remains an appreciable
incidence of mild diarrhoea, made up of an
irreducible minimum of infectious diarrhoea, plus
diarrhoea not due to enteric pathogens. This situation
is exemplified by children in wealthy communities in
developed countries. When ingestion rises above
point B, the incidence rate of mild diarrhoea also
rises. At point D saturation is reached, and further
increases in the ingestion of pathogens do not result in
an increased incidence rate of mild diarrhoea. As in
Fig. 1, the shape of the curve between points B and D
on the ‘“‘mild diarrhoea incidence’’ line in Fig. 2 is
unknown, so a broken line is shown. Poor com-
munities in developed and developing countries, with
their elevated diarrhoea incidence rates, clearly lie to
the right of point B.

The incidence rate of severe diarrhoea, which may
be defined by stooling rate, stool volume, duration,
degree of dehydration or other measures, is indicated
on Fig. 2 by the distance between the two lines (the
shaded band). The incidence rate of severe diarrhoea
is less than that of mild diarrhoea, but it represents an
increasing proportion of the total diarrhoea incidence
rate as the ingestion of enteric pathogens rises above
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the level represented by point C.¢ The incidence rate
of severe diarrhoea is shown in Fig. 2 to be constant in
the range A-C, to rise in the range C-E, and to be
constant in the range E-F. The breakpoints for severe
diarrhoea incidence rate (C and E) are offset to the
right of the equivalent points for mild diarrhoea inci-
dence rate (B and D), on the assumption that for a
single pathogen a higher ingested dose is necessary to
produce severe diarrhoea than mild diarrhoea. There
is direct experimental confirmation of this for entero-
toxigenic E. coli (27) and for Vibrio cholerae (19).
Indirect evidence is also available for Sa/monella, for
which there is an inverse relationship between dose
and incubation period (/2) and an inverse rela-
tionship between incubation period and severity (10).
Fig. 2 assumes that the IDsp for severe symptoms is
higher than the IDsp for mild symptoms for most
enteric pathogens.

The model put forward in Fig. 2 is tentative and
grossly simplified. It may be more applicable to
young children than to a whole community. The
complex role of immunity is not specifically
addressed in the model and, for certain pathogens, the
improvement of hygienic conditions may lead to an
increase in diarrhoea incidence rates in older age
groups. A more complete modelling of the
interrelationships between hygiene levels and
diarrhoea incidence is difficult because of the wide
differences in epidemiology and immunology among
the major diarrhoea-causing agents. This simplified
model provides some theoretical basis for the
explanation of a number of observed features of
childhood diarrhoea. We hope that it may stimulate
others to conduct studies to define more precisely the
complex reality.

The implications of Fig. 2 for diarrhoea control by
reducing pathogen ingestion are as follows. If
pathogen ingestion is reduced within the range F-E,
the incidence rates of mild or severe diarrhoea may
not change. In the range E~-D, severe diarrhoea rates
may fall, but mild diarrhoea rates may not. Because
severe cases usually represent a small proportion of all
cases, surveillance of all cases may fail to detect a fall
in incidence rate in this range. For instance, if a water
supply and excreta disposal project reduced the dose
of ingested pathogens from E to D, Fig. 2 suggests
that the incidence rate of severe diarrhoea might fall
by about 44% but the incidence rate of all diarrhoea
by only about 12%. Many diarrhoeal disease studies
are unable to detect a 12% fall in total incidence rate
or to show it to be statistically significant. In therange
D-E an impact is more likely to be documented if data
on the incidence rate of severe diarrhoea (however

¢ The highest ratios of severe diarrhoea to all diarrhoea have been
recorded in some epidemics, which may be associated with excep-
tionally high average doses of pathogens ingested by an exposed
population. '
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defined) are collected. Measures of diarrhoea or total
mortality are also more likely to detect an impact in
this range (see below).

In the range D-C in Fig. 2, both mild and severe
diarrhoea incidence rates are falling, and a change
may be detected by surveillance of all cases. Severity,
child growth, or mortality parameters are also likely
to change in this range. In the range C-B, only the
incidence rate of mild cases is declining but, since
most cases are mild, surveillance of all cases may
detect an impact. In the range B-A, reductions in
pathogen ingestion have no effect on diarrhoea of any
type.

This discussion of the implications of the model
presented in Fig. 2 may be restated in two other ways.
First, since it is'severe episodes that lead in some
instances to death, the mild diarrhoea incidence rate
in Fig. 2 may be replaced by the total diarrhoea
incidence rate and the severe diarrhoea incidence rate
by the diarrhoea mortality rate. Diarrhoea mortality
rates may therefore be a more responsive indicator in
the range D-E or ranges overlapping with the range
D-E than diarrhoea morbidity rates. Diarrhoea
mortality rates will not, however, be a good measure
of impact in areas where oral rehydration therapy is
widely available and averts most deaths from
dehydration. Second, since there are putative
differences in IDso values, not only between degrees
of severity of diarrhoea caused by a single pathogen,
but also among different pathogens, the mild
diarrhoea incidence rate may be replaced by the
incidence rate of etiologies having low IDsg values,
and the severe diarrhoea incidence rate by the
incidence rate of etiologies having high IDs values.”
This model is consistent with known facts, in that
developed countries, which may lie in the range A-C,
have a small proportion of cholera and enterotoxi-
genic E. coli diarrhoea (high IDsg), a high proportion
of rotavirus diarrhoea (low IDsp), and an
intermediate proportion of shigellosis (intermediate
IDso).*

It must be emphasized that the model presented in
Fig. 2 is hypothetical and grossly simplified. It is,
however, consistent with several established facts
and, as discussed below, it is helpful in explaining
some of the variation in the recorded impacts of water
supply and excreta disposal projects on diarrhoeal
diseases. A somewhat similar model has been
previously published (73).

9 It is not implied here that pathogens having relatively low IDsg
values cause relatively mild diarrhoea and vice versa. This is clearly
untrue in the cases of rotavirus and Shigella, both of which have
relatively low IDsg values but cause relatively severe diarrhoea.

¢ This analysis probably only applies to the anthroponotic agents
mentioned here. For the zoonotic diarrhoea agents, such as
Salmonella and Campylobacter, most transmission in developed
countries is from infected animals to man via contaminated food
products, and so levels of pathogen ingestion depend more on
farming methods, food handling practices, and diet than on domestic
water supply and human excreta disposal facilities.
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Hypothesis 3. Water supply or excreta disposal
improvements can reduce diarrhoea morbidity
or mortality rates among young children.

Numerous attempts have been made to measure the
impact on health of improved water supply or
sanitation. We selected for review those 67 studies
from 28 countries” that measured health impact in

7 Studies were identified from previous reviews, supplemental
enquiries to workers in the field, computer searches in five
languages, and from unpublished papers presented at the Inter-
national Seminar on Measuring the Health Impact of Water and
Sanitation Programmes, Cox’s Bazaar, Bangladesh, 21-25
November 1983 (sponsored by the International Centre for
Diarrhoeal Diseases Research, Bangladesh, and the Ross Institute,
London).
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terms of diarrhoea morbidity, Shigella infection or
disease, cholera, Entamoeba histolytica infection,
Giardia lamblia infection, nutritional anthro-
pometry, diarrhoea mortality, or total mortality.
These studies are grouped in Table 1 according to the
health impact indicator measured and ordered alpha-
betically by country within each group.

The data abstracted from the studies listed in Table
I are summarized in Tables 2-5. All the studies in
Table 1 display methodological deficiencies (13, 28)
althougll some studies were better than others. The
total number of studies is large (67), but only a few are
reported in sufficient detail to allow an objective
assessment of their methodological and analytical

Table 1. Studies on the impact of water supply or excreta disposal on diarrhoea morbidity and mortality, enteric
infections, total mortality, and nutritional status reviewed in this paper

Indicator Country Reference

Diarrhoea morbidity Bangladesh 22, 54, 74,°
Chile 24
Colombia 51, 88
Costa Rica 62
Egypt 82
Ethiopia 40
Gambia See below”
Guatemala 16, 72
Haiti 79
India 53, 66, 67, 81
Iran (Isiamic Rep. of) 82
Kenya 86.,°
Lesotho 37
Mozambique See below?
Sri Lanka 82
Saint Lucia 442
Sudan 6, 82
United Kingdom 17
USA 8, 15, 65, 64, 69, 71, 84
Venezuela 82, 87
Zambia 4

Cholera Bangladesh 22, 46, 48, 50, 54, 76, 77
Philippines 3

Entamoeba histolytica Costa Rica 62

infection Egypt 20

India 59, 66
Kenya See beiow®
Libyan Arab Jamahiriya 41
USA 15,29, 57

Table 1: continued on next page
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Table 1: continued

Indicator Country Reference
Giardia lamblia Costa Rica 62
infection Egypt 20

India 66

Kenya See below* .

Libyan Arab Jamahiriya 41

USA 29
Shigella Bangladesh 22, 48, 65,

infection or disease Costa Rica 62

Egypt 82

Guatemala 7

India 66

Iran {Islamic Rep. of} 82

Libyan Arab Jamahiriya 41

Panama 52

Sri Lanka 82

Sudan 82

USA 45, 55, 71, 78, 84

Venezuela 82
Nutritional status Bangladesh See below?

Colombia 21

Fiji See below®

Nigeria 80

Philippines See below”

Saint Lucia See below*
Diarrhoea mortality Brazil 83

India 89
Total mortality Brazil 61

Costa Rica 43

Egypt 85

Guatemala 7

Malaysia 18

Sri Lanka 60, 63

Sudan 6

“ RAHAMAN, M. M. The Teknaf Health Impact Study: methods and results. Paper presented at the International Workshop on
Measuring the Health impacts of Water Supply and Sanitation Programmes, Cox’s Bazaar, Bangladesh, 21-25 November 1983,

? PICKERING, H. The role of anthropologists in studying diarrhoea epidemiology: a case study from The Gambia. Paper presented at
the International Workshop on Measuring the Health Impacts of Water and Sanitation Programmes, Cox's Bazaar, Bangladesh, 21-25
November 1983,

“ FENWICK, K. W. H. The short-term effects of a pilot environmental health project in rural Africa: the Zaina scheme re-assessed
after four years. (undated manuscript).

9 CAIRNCROSS, S. & CUIFF, J. Water and health in Mueda, Mozambique. Paper presented at the International Workshop on
Measuring the Health Impacts of Water and Sanitation Programmes, Cox’s Bazaar, Bangladesh, 21-25 November 1983.

¢ YEE, V. S. Household level correlates of child nutritional status in Fiji. MPS thesis. Division of Nutritional Sciences, Cornell
University, Ithaca, New York, 1984,

7 MAGNANI, R. J. & TOURKIN, S. C. /mpact of improved urban water supplies in the Philippines: methods and results. Paper
presented at the International Workshop on Measuring the Health Impacts of Water and Sanitation Programmes, Cox’s Bazaar,
Bangladesh, 21-25 November 1983.

¥ HENRY, F. J. Health impact of water and sanitation interventions in St. Lucia. Paper presented at the International Workshop on
Measuring the Health Impacts of Water Supply and Sanitation Programmes, Cox’s Bazaar, Bangladesh, 21-25 November 1983.



IMPROVING WATER SUPPLIES AND EXCRETA DISPOSAL FOR CONTROL OF DIARRHOEAL DISEASES

strength. First, therefore, we analysed the pooled
data from all the studies to try to draw a consensus
from the many different attempts that have been
made in many countries to measure the health impacts
of water supply and excreta disposal investments.
Second, we examined the results of a few selected
studies of superior quality in more detail to compare
their findings with those from all 67 studies.

The studies listed in Table 1 report impacts on
diarrhoea incidence rates and prevalence rates, which
are different measures of morbidity due to diarrhoea.
If a water supply or excreta disposal project did not
affect the mean duration of diarrhoea episodes, the
percentage reductions in incidence rates and
prevalence rates would be equal. If, on the other
hand, the intervention reduced both incidence rates
and duration, then the percentage reduction in
prevalence rate would be greater than that in
incidence rate. In Tables 2-4 reductions in incidence
and prevalence rates are combined under the heading
of diarrhoea morbidity rate reduction.

Impact on diarrhoea morbidity. The median
‘reduction in diarrhoea morbidity rate is 22% (Table
2). The magnitude of this reduction may vary
depending on a number of factors: age of study
population, type of service compared, general living
conditions of the area studied, and etiology of
diarrhoea. Each of these factors is examined below.

The impact of water supply and excreta disposal
improvements on diarrhoea is probably age-specific.

Table 2. Percentage reductions in diarrhoeal morbidity
rates attributed to water supply or excreta disposal
improvements

Percentage
reduction
Type of Number of
intervention results” Median Range
All interventions 53 22 0-100
Improvements in 9 16 0-80
water quality
Improvements in 17 25 0-100
water availability,
Improvements in 8 37 0-82
water quality and
availability
Improvements in 10 22 0-48

excreta disposal

“ There are 53 results in total but only 44 attributed to specific
interventions. The remaining 9 results are for other interventions
or combinations of interventions having less than 3 results, and
include interventions in fly control and health education together
with water supply or excreta disposal.
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Different age groups have different pre-intervention
diarrhoea rates, different risk factors, and different
tendencies to utilize new water supply or excreta
disposal facilities. However, no consistent difference
by age in the magnitude of the impact was apparent
(data not shown). This suggests that all ages will
benefit from improvements, despite the fact that
young children do not use latrines.

The type of water supply or excreta disposal service
provided is likely to influence the size of the impact.
Improvements in water quality had less of an impact
on diarrhoea rates than did improvements in water
availability or excreta disposal (Table 2). Impacts
from water quality plus availability were greater than
from either of these improvements separately or from
improvements in excreta disposal. The magnitudes of
the reductions due to individual service components
shown in Table 2 are probably overestimates because
situations labelled, for instance, as water quality
improvement may well have contained some element
of water availability improvement. Data on the
impact of water quality improvement, with both
water availability and excreta disposal controlled, are
not available. This factor may also lead to an
underestimate of the magnitude of the differences
among the impacts of the different types of service
improvement analysed in Table 2.

The magnitude of the impact is likely to be
influenced not only by the type of service installed but.
also by the level of service both before and after the
intervention and the living conditions of the study
area. All studies of diarrhoea morbidity (Table 1)
were therefore divided according to the magnitude of
the difference between pre-intervention and post-
intervention levels of service (big difference or small
difference)® and according to the adult literacy rate of
the country in which the study was conducted
(< 40%, 40-75%, > 75%). Adult literacy is used
here as a proxy for pre-intervention levels of hygiene
and faecal contamination; in other words, to define
the pre-intervention point on the horizontal axis of
Fig. 2. Current adult literacy figures are used,
assuming that the relative ranking of countries,
according to adult literacy, has not changed over the
past 30 years. The impacts of studies, categorized by
adult literacy rate and magnitude of service
improvement, are shown in Table 3.

Impacts attributed to large service-level improve-
ments are consistently higher than impacts attributed

€ A study was considered to have investigated a large service
improvement if one or more of the following comparisons was made:
in-house water vs. public water source, piped water vs. unpiped
water, water near and plentiful vs. water scarce or far, any toilet vs.
no toilet, flush toilet vs. other toilet, or studies in which more than
one service component was improved (water quality and water
availability, water quality and excreta disposal, water availability and
excreta disposal, water quality and water availability and excreta
disposal).



