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A case-control study of risk factors for child diarrhoeal disease was undertaken in a rural area of Nicaragua. Some 1229
children under the age of five were matched with an equal number of children of the same age presenting with other ill-
nesses unrelated to water and sanitation. The main types of water supply were sampled at monthly intervals and
tested for the presence of faecal coliforms in'order to characterize their microbiological quality. In spite of marked
differences in water quality between the different types of water supply, no relationship W8S found with diarrhoea mor-
bidity. In contrast, there was a statistically significant association between water availability and diarrhoea morbidity.
Children from homes with water supplies over 500 meters from the house had incidence rates of diarrhoea 34% higher
than those of children from houses with their own water supply. Owning a latrine was not found to be significantly
related to diarrhoea morbidity. A mother's level of schooling was inversely correlated with the frequency of diarrhoea
in her children. A significant association was also found between the number of children under the age of five living in
the house and the incidence of diarrhoea. These effects remained significant after controlling for confounding vari-
ables by conditional logistic regression.

It is well known that acute diarrhoeal disease is one of
the most important causes of morbidity and mortality
in children under five years of age. Mortality rates of
over 20 per 1000 children in their first two years of life
have been reported in Latin American countries and
average morbidity rates are estimated at two episodes
per year.'

The use of oral rehydration therapy has been pro-
moted to reduce diarrhoea mortality, recognizing that
other strategies are necessary to reduce diarrhoeal
morbidity.2 In 1982, the Diarrhoeal Diseases Control
Programme of the World Health Organization com-
menced a systematic study of the strategies that might
play a role in the control of diarrhoea. One of the seven
strategies considered to be viable was the improve-
ment of water supplies and sanitation.3

However, the relationship between improvements
in water supply or sanitation and diarrhoeal disease is
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still not completely understood. Although reviews of
more than 50 investigations on the relationship
between diarrhoea and environmental sanitation
found positive impacts in the majority,4-5 there was con-
siderable variation in the magnitude of the effects
observed. For example, while there was a median
reduction of 25% associated with improvements in
water availability, the impact ranged from 0% to
100%. Similarly, they found that the reduction in mor-
bidity associated with water quality improvements
ranged from 0 to 90% (median 16%).4

The presence of design faults in many of these stud-
ies could explain the lack of consistency in the results.
Blum and Feachem6 identified eight important
methodological flaws in the designs of 44 published
studies and concluded that 'while most of the studies
do claim to show an improvement in one or more
health indicators, critical review of the papers raises
serious doubts as to the validity of their conclusions'.

Since then, efforts have been made to develop rigor-
ous methodologies to measure the health impact of
strategies aimed at reducing diarrhoeal morbidity.7

The outcome of this has been the application of case-
control designs whose superior efficiency in compari-
son with cohort studies, even for investigating common
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diseases, allows data of higher quality to be collected.8

This article presents results from one application of the
case-control method to the study of the relationship
between acute diarrhoeal disease and environmental
risk factors.

METHODS
This study was undertaken in Villa Carlos Fonseca, a
rural municipality located on the Pacific coast about
30 km from Managua, the capital of Nicaragua. Within
its area of 500 square kilometres there are approxi-
mately 30 000 inhabitants distributed amongst 35 com-
munities. There is one health centre (with a small
laboratory but no beds) and six smaller health posts.

A random sample of houses registered with the Min-
istry of Internal Commerce's consumer census was
visited in order to determine the prevalence of the dif-
ferent types of water supply and sanitation. A sub-
sample was then selected of sites representative of each
type of water source from which monthly samples were
taken to measure microbiological water quality by
faecal coliform count. The results from a multivariate
analysis of the water quality data have been published
elsewhere.9

Cases and controls were recruited from the health
centre and five of the six health posts, matched by age
and the health care facility where they were first seen.
All children under the age of five presenting with diar-
rhoea (defined as four or more liquid motions per day,
with or without mucus, fever or blood), were recruited
as cases, provided that they had not been included in
the study as cases or as controls within the previous
seven days. Children presenting with other symptoms
in addition to diarrhoea were included as cases as long
as they fulfilled the criteria. A child could be recruited
on more than one occasion as either a case or a control
irrespective of the previous diagnosis, provided that it
had not been included in the previous seven days. Each
case was matched to one control, which was defined as
the next child of the same age group presenting to that
clinic with one or more of the following conditions:
(a) Acute respiratory tract infection (b) Measles
(c) Otitis (d) Mumps
(e) Non-specific fever (f) Skin disorders
(g) Malaria (h) Conjunctivitis
(i) Urinary tract complaints (j) Chickenpox
(k) Oral candidiasis (1) Allergy
Specifically excluded from the control group were chil-
dren diagnosed as having hepatitis, typhoid or parasit-
osis, or presenting with nausea, stomach pains,
breast-milk intolerance or mild diarrhoea. Children
with any form of trauma were also excluded from the
control group because it is believed that they may be

drawn from a different population than those who
present with diarrhoea and thus their inclusion would
introduce selection bias.8

At the health centre and each of the five health
posts, a research assistant was employed to fill in the
data forms, measure the child's height and weight, and
to match controls with cases. Seven age categories
were used for the purpose of matching (<1 month, 1-5
months, 6-11 months, 1 year, 2 years, 3 years and 4
years). The doctors and nurses staffing the clinics were
responsible for making the diagnosis so they were also
taught the selection criteria. Clinic data forms
recorded a variety of information about the child,
including its date of birth, age, sex, weight, height,
type of feeding and diagnosis. Ownership of a latrine
and drinking water supply were also noted to permit
cross-checks with home visit data.

Field workers unaware of the subject's diagnosis
were sent to the home of each child in order to verify by
direct observation the type of water supply and pres-
ence or absence of a latrine. They reinterviewed the
mother, asking once again the child's age and type of
feeding but questions were also added to ascertain the
parents'levels of schooling, theiremployment,andthe
number of household inhabitants (including the pro-
portion under five years of age). Interviewers noted
the distance from the house to the water supply and
certain indicators of socioeconomic status such as the
floor and roof construction materials, the types of
domestic animal owned, and the possession of a radio,
television, refrigerator, car, horse or cattle. If the child
was normally cared for by someone other than the
mother, data was collected from that person and if the
mother or guardian was not at home a repeat visit was
arranged. Where a family had already been visited
within the three preceding months, the visit was not
repeated unless the family had changed their address.

Least-squares linear models were fitted to identify
the determinants of bacteriological water quality9 and
household water consumption.10 The ratio of discor-
dant pairs was used as an estimator of the incidence
rate ratio for the different levels of each risk factor.
The rate ratio was tested for statistical significance
using McNemar's test in the first place and then by con-
ditional logistic regression while controlling for con-
founding variables. The 95% confidence intervals were
estimated by maximum likelihood.

RESULTS
Water Quality
The six main types of water supply identified in the
population survey were rivers and streams, unpro-
tected wells, protected wells, wells with mechanical
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pumps, public standpipes and domiciliary connections.
Unprotected wells include springs and generally con-
sist of shallow holes dug at the bank of a river or gully.
Protected wells are usually at least seven metres deep
and are surrounded by a parapet with the water drawn
in a bucket on a rope.

The (geometric mean) faecal coliform counts
obtained from each type of water source are shown in
Figure 1. There was a marked difference in the degree
of contamination of piped water compared with water
from wells or other traditional sources. It was surpris-
ing to discover that during periods of low rainfall, the
water quality of the unprotected wells was better than
that of protected wells. Water quality was worse during
wet periods, especially in the unprotected wells. The
results of the water quality analysis have been pre-
sented elsewhere.9

Relationships between Water Supply and Diarrhoea
Morbidity
A total of 1229 cases-control pairs were recruited
between May 1986 and March 1988. The recruitment
of cases by month is shown in Figure 2. There is
seasonal variation such that during the rainy season
more cases of diarrhoea were recruited than during the
dry season. The majority of cases were less than one
year old and 80% were under two years of age. Home
visit data was obtained for 2436 of the 2458 subjects
(99.1%).

Rivera Sc streams

Unprotected wells

Protected we.Ha

Wells with pumps"

Public standpipes

House connections

Table 1 shows the relative rates of diarrhoea for the
risk factors investigated. Of these factors, only water
availability, the level of maternal education and the
number of under five year old children living in the
house were significantly associated with diarrhoea
morbidity. There was no indication that the presence
of a latrine or the type of water source (a reasonable
proxy for bacteriological water quality), were risk fac-
tors for diarrhoea.

Water availability was significantly associated with
diarrhoea when included in the logistic regression
model as a continuous variable, implying that the fre-
quency of diarrhoea increases exponentially with unit
increases in the distance from the house to the water
source (Figure 3). Thus, in houses with water sources
500 metres away, children had 34% (95% CI 2-56%)
more diarrhoea than in houses adjacent to their water
supply.

Child diarrhoea morbidity was found to depend on
the mother's level of schooling. Children of women
with primary school education had 18% less diarrhoea
than those of women with no formal education. The
children of women with secondary school education
suffered 26% less diarrhoea than those who had not
attended school. There was no correlation between the
incidence of diarrhoea and a father's level of education
once the other variables had been included in the
model.

It was also discovered that the rate of diarrhoea in

WEATHER
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+• No samples were token from wells with pumps during the wet period

FIGURE I Geometric mean faecal coliform counts by type of water source during wet and dry weather (months with >200 mm rain defined as wet).
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FIGURE 2 Monthly rainfall and recruitment of subjects.

houses with more than four children under five was
70% higher than in houses with just one under five year
old. In houses with two to four children under five, the
rate was 22% higher.

DISCUSSION
The results presented support the notion that access to
water is an important risk factor for diarrhoea. Most
studies have not attempted to obtain separate esti-
mates for the impact of water quality and water avail-
ability, (indeed the two are often highly correlated
making this difficult to achieve in practice), but there
are two review papers which divide health impact eval-
uations of water supply into those where the improve-
ment was predominantly in water quality, and those
where the improvement was mainly in water availabil-
ity. The first of these found that the median percentage
reduction in diarrhoea incidence for studies where the
improvement was mainly in water availability was 25%
compared with 16% for those studies where the
improvement was predominantly in water quality.4

The second paper which reviewed many of the same
studies, showed that the highest proportion of studies
reporting a positive impact were those where the inter-
vention resulted in increased water availability.5 Our
findings are consistent with these results as it was found

that high rates of diarrhoea occur in the houses with
water sources more than 500 metres away. At distances
under 500 metres, however, the effect of water avail-
ability is small.

Since these reviews there have been several case-
control studies of diarrhoea and environmental sani-
tation. "~'J Two of them"12 assessed the joint impact of
improved water supply (mainly water quality) and
excreta disposal facilities compared with neither or just
one of these interventions. These studies did not report
statistically significant effects although they were the
earlier case-control studies with rather small sample
sizes.

Another study13 used mortality from diarrhoea as
the outcome measure and detected a significant associ-
ation with water availability. They also observed a
lower mortality rate in families using treated water but
this was not significant after controlling for confound-
ing variables. Diarrhoea mortality was unrelated to
sanitation.

The Lesotho case-control study14 showed an associ-
ation between diarrhoea morbidity and latrine owner-
ship which was statistically significant in crude analyses
but not in the logistic regression analysis (although the
odds ratio remained 0.76). Diarrhoea also showed
crude associations with water consumption and with
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TABLE 1 The distribution of diarrhoea cases and controls by exposure with crude and adjusted relative rates

Risk factor

Type of water source
piped water supply
protected well
unprotected well
river/stream

Distance to water source
< 50 metres
50-149 metres
150-249 metres
250-349 metres
350-449 metres
450-749 metres
750-1249 metres
»1250 metres

3^(1 df trend)

Presence of a latrine
no latnne
latnne

Maternal schooling
nil
primary school
secondary school

X'O df trend)

No. children under five years
1
2-A
*5

•£ (1 df trend)

Cases

214
521
407

10

713
249

85
38
28
12
14
13

462
690

351
687
114

302
810

40

Controls

201
562
382

9

751
230

85
44
27

4
8
5

459
695

307
720
127

349
778
27

Crude

1.00
0.86
1.01
1.08
3.16

1.00
1.12
1 05
0.93
1.12
3.79
1.78
2.69
6 55*

1 00
098
0.05

1.00
0.84
0.78
4 01*

1.00
1 20
1.68
6.09*

Odds ratios
Adjust edt

1.00
0.92
1.11
1.17
4.32

.00

.16

.06

.00

.12
3.61
1.80
3.29
7 2 4 "

1.00
0.99
0.01

1.00
0.82
0 74
4.74*

1.00
1 22
1 70
6.00*

95% confidence
Intervals

(0 69-1.24)
(0.8O-1.55)
(0.37-3.67)

(0 91-1.47)
(0.74-1.50)
(0.62-1.62)
(0.63-1.98)
(0.98-13 3)
(0.73-4.44)
(1.13-9.61)

(0.67-0.99)
(0.54-1 02)

(1.00-1.48)
(1 02-2.85)

tMatched analysis adjusting for potential confounders and all other main effects The confounding variables controlled for were feeding practice,
possession of a latnne, type of water source, socioeconomic status, access to health facilities and distance to health services
JThe x1 statistic used is the score test.
•p<0.05;"p<0 01.

the type of water supply (which may be a proxy for
water quality) but these were not analysed by logistic
regression.

In a case-control study performed in Sri Lanka, diar-
rhoea morbidity was significantly related to the type of
water source both before and after adjusting for con-
founders." The authors believe that this is an effect
more of water quality than of water availability. When
disease status was compared with geometric mean
faecal coliform counts (adjusting for source and area)
there was a small but statistically insignificant differ-
ence between cases and controls.

It is difficult to make any general statement about
the relative importance of water quality, water avail-
ability or sanitation from these studies. Their import-
ance may actually vary from one country to another

according to differences in geographical setting,
behaviour patterns, transmission routes of the com-
mon aetiological organisms, or the nature of the water
supplies and excreta disposal facilities. It is also poss-
ible that the inconsistencies derived from biases in one
or more of the studies.

Our results suggest that the transmission of diar-
rhoea in Nicaragua is predominantly water-washed
rather than water-borne. Where the prevention of
diarrhoea is an important consideration in the design
of water supply projects, the main focus should be on
improving water availability and not water quality. It
implies that the practice of boiling drinking water
(advice frequently included in health education
materials in Nicaragua) may be of little benefit. Taking
into account the cost for the family of boiling water and
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FIGURE 3 Relative rales of diarrhoea morbidity by distance from the home to the water source (point estimates,
95% confidence limits and trend line).

its other disadvantages,16 it may be wise to reconsider
the inclusion of this advice in health education pro-
grammes. On the other hand, it was not possible in this
study to assess whether the lack of an association
between water quality (at the source) and diarrhoea
was in part due to the practice of boiling water in the
home. Recent observational studies performed in Villa
Carlos Fonseca however, suggest that drinking water
for infants is not usually boiled (unpublished results).

The strong association between maternal schooling
and child health has been demonstrated previously in
Nicaragua1718 and elsewhere.19 Although the precise

mechanism by which child health depends on a
mother's level of education is unknown, it is plausible
that hygiene practice is important.20 This is supported
by the correlation found between per capita domestic
water consumption and maternal schooling.10 It is
possible that as well as using more water, educated
mothers also dedicate a greater proportion of the water
they collect to hygiene-related activities.

At this stage however, there is only indirect evidence
for an association between hygiene practice and
maternal schooling. Education is a complex social vari-
able and its relationship with health could have several
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components. A mother's education is closely associ-
ated with socioeconomic status, with access to health
services, with intrafamilial power relationships, and
with her health-seeking behaviour when the child is ill.
The lack of a significant relationship between diar-
rhoea morbidity and paternal education in this study
suggests that the effect of the mother's education is not
merely a reflection of socioeconomic status. However,
the influence of education on the behaviour of the
mothers with their sick children could explain the
observed relationship with diarrhoea. For example, if
educated mothers give home-based oral rehydration
therapy while uneducated mothers tend to seek profes-
sional help, diarrhoea morbidity will appear lower in
the group of educated mothers. More research is
needed to clarify the importance to child health of
maternal literacy and education.

The higher rate of diarrhoea morbidity in houses
with more children under the age of five requires little
explanation. Secondary transmission of diarrhoea is
obviously facilitated by person to person contact
between the children in the house. Family planning
programmes or improved housing may have some
impact on diarrhoea incidence but the effect observed
in this study was small except where more than four
children under five years old lived in the house.

The results obtained from this study do not allow
comment on the efficacy of other methods for preven-
ting diarrhoea recommended by the World Health
Organization, such as the promotion of breastfeeding,
measles immunization or improvements in weaning
practice .3 The study does suggest that improvements in
water availability and hygiene education can be effec-
tive interventions for the prevention of child
diarrhoea.
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