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SUMMARY

This study examined the role of food and water contamination in a health
impact evaluation of a water and sanitation intervention project. Although lower
diarrhoea rates were found in the improved area no consistent difference in food
and water contamination was observed between areas. Furthermore, no
relationship was found between contamination and diarrhoea in either area, even
after controlling for the nutritional status of children. These results imply that
other vehicles of transmission might be more important than food and water in
diarrhoeal transmission. The focus of interventions should therefore be on
changing behaviours to improve overall hygiene.

INTRODUCTION
The failure of several water and sanitation projects to demonstrate an impact

on child health has been partly attributed to the application of poor
methodological techniques [1]. Thus, recently, attention has been focused on
alternative evaluation methods and in particular on the case-control method [2].

While these new efforts which aim to demonstrate an impact are desirable they
fall short of describing how and why changes in morbidity are or are not observed.
Most water and sanitation projects are not designed to include intermediate
variables which can explain why the results were achieved. Many investigators
assume that with improved water and sanitation there is a concomitant reduction
in contamination of the vehicles of diarrhoea transmission.

Contaminated food and water are often regarded as important vehicles of
diarrhoea transmission [3, 4]. However, studies have not been able to demonstrate
this relationship. Most of the evidence has been based on the observation that (a)
diarrhoea peaks in the age group in which contaminated supplementary foods are
introduced [3-6] and (6) food and water contamination is high in the season when
diarrhoea incidence is also high [3, 4, 7]. A direct relationship between con-
tamination level and diarrhoea experienced by a child has rarely been observed
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[8]. Therefore, the relative contributions of foods, water and other pathways in the
causation of diarrhoea are not known.

The present study examines the relationship between contamination of these
transmission vehicles and childhood diarrhoea in rural Bangladesh where a water
and sanitation intervention project was in progress. This setting therefore
provided a unique opportunity to study the effect of improved hygienic facilities
on the contamination of weaning foods and household drinking water and in turn
on diarrhoeal disease.

METHODS AND MATERIALS

This study was conducted as part of the health impact evaluation of a water and
sanitation intervention [9] based in Mirzapur a rural area of Bangladesh located
about 60 km north of the capital Dhaka — details are provided elsewhere [9, 10].
In brief, handpumps were installed in late 1984 in an intervention area (about 820
households and 5000 people). Latrine construction and hygiene education were
started in early 1985. A similar community (about 750 households and 4600
people) located about 5 km away served as a control area where no intervention
was made but some handpumps were already installed. Each handpump served
approximately 30 and 110 persons in the intervention and control areas
respectively.

A systematic sample of children from each area aged 6-18 months in February
1985 were studied - 44 from the intervention area and 48 from the control area.
Data on diarrhoeal morbidity, based on weekly recall, were available from the
surveillance carried out as part of the overall health impact evaluation. Similarly,
weights and heights were measured on average every 3 months from October 1984
to December 1987. For this study the anthropometric measurements done in April
1985 were used. Diarrhoea was denned as three or more loose motions in 24 h and
an episode was considered complete when two diarrhoea-free days had elapsed.
Health workers visited the homes of the study children on two consecutive days
each month during the period February-July 1985. On each occasion a sample of
the household's drinking water and the child's food (just prior to eating) were
collected and stored in sterile jars, packed in cold-boxes. Faecal coliform testing
was conducted at ICDDR,B's laboratory within 4 h of collection. Standard
methods were used to test the food and water samples [11, 12]. A total of 897 food
samples and 896 water samples were collected and analysed in this study.

Children were grouped into high and low contamination categories according to
the number of faecal coliforms found in the water and foods they consumed. For
water, the average contamination of all the samples collected for each child was
used. For foods, because every child consumed a variety of foods each having
different levels of contamination, it was necessary to use scores to classify foods.
The median contamination level for each food type was used to divide each food
sampled into high or low and given scores of 2 and 1. An average score was then
derived for each child according to the foods consumed. For both water and food,
the median of these averaged contamination values was then used to divide the
children into high and low contamination groups.

Rainfall "data were obtained from the meteorological department of the Peoples'
Republic of Bangladesh.
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Table 1. Prevalence of diarrhoea in children 6-23 months in areas with and
without water and sanitation improvement

Month
(1985)

February
March
April
May
June
July

Intervention

No. of
children

30
36
39
41
36
27

% with
1 or more
episodes

400
52-7
28-2
19-5
22-2
370

Control

No. of
children

24
43
42
42
43
29

% with
1 or more
episodes

37-5
53-5
52-4
28-6
37-2
37-9

0 0
Feb. Mar. Apr. May June Jul.

Fig. 1. Relationship between diarrhoea and water contamination in rural Bangladesh,
1985. • > Low contamination (intervention); • , high contamination (intervention);
S , low contamination (control); ®, high contamination (control).

0 0
Feb. Mar. Apr. May June Jul.

Fig. 2. Relationship between diarrhoea and food contamination in rural Bangladesh,
1985. • , Low contamination (intervention); • , high contamination (intervention);
S , low contamination (control); 12, high contamination (control).
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Table 2. Nutritional status, water contamination and diarrhoea in rural
Bangladeshi children* 6-23 months old (1985)

Nutritional
status

(April 1985)

Height for age
(% NCHS)

<90

> =90

Weight for height
(% NCHS)

<85

> =85

Contamination t

Low
High
Low
High

Low
High
Low
High

No.

19
20
12
15

12
15
18
20

Mean diarrhoea attacks
A

Feb.-July Jan.-Dec.

2 4 X 2-4 3 5 \ 3 - 7
2-4 f24 3-9 i 6 1

2 1 \ 2-2 3 " 5 W s
2 - 3 I 2 2 4-1 f38

9-9 1 Q-9 1
V 9-i d V 1-7

2-4 1 2 J 41 P 7

9 1 1 q.(i •»z x I 2-9 d ° I Q.7
2-4 f2"1 s g / " 1 7

* Only children measured in April 1985.
f See text for classification.

Table 3. Nutritional status, food contamination and diarrhoea in rural
Bangladeshi children* 6-23 months old (1985)

Nutritional
status

(April 1985)

Height for age
(% NCHS)

< 9 0

> =90

Weight for height
(% NCHS)

< 85

> =85

Contaminationf

Low
High
Low
High

Low
High
Low
High

No.

23
16
16
15

13
14
25
14

Mean diarrhoea attacks

Feb.-July

ID24

24 \ 2-3

2 4 12-2
i-9 r z

Jan.-Dec.

2̂ 8 I 3 ' 7

3-8 U
3-6 r'
4-31
2-9 ) &*

* Only children measured in April 1985.
f See text for classification.

RESULTS

During 1984, prior to the introduction of the improved water and sanitation
facilities, diarrhoea rates for all children under 5 years in the intervention and
control areas were similar. Table 1 shows the monthly diarrhoea rates for the
sample of children in this contamination study. In February, March and July
diarrhoea prevalence was similar in the two areas. However, from April to June
the rates were less frequent in the intervention area than in the control area.
Despite this difference in diarrhoea rates the contamination levels of food and
water samples were previously shown to be high and similar in the two areas [10].
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Figs. 1 and 2 illustrate, by area, monthly diarrhoea rates in children according

to their contamination category. During the dry period of February children
drinking highly contaminated water tended to have more diarrhoea in both the
intervention and control areas (Fig. 1). However, this pattern did not persist
during the rainy season. Fig. 2 shows no consistent relationship between food
contamination and diarrhoea. Thus overall, for both water and food, no clear and
consistent association was found between contamination and diarrhoea.

Diarrhoea attack rates were similar in malnourished and better nourished
groups (Table 2). However, children ingesting highly contaminated water showed
a trend of slightly more frequent diarrhoea attacks irrespective of nutritional
status. A reversal of this trend was noted for foods (Table 3). The size of the
samples was small and these differences were not statistically significant.

DISCUSSION

This water and sanitation intervention project had a significant impact on
diarrhoeal morbidity in children under 5 years of age [9] and also in children aged
6-23 months (Table 1). There are several mechanisms through which this impact
could have occurred and the present study examined two of these possibilities
- food and water contamination. Like other studies [13] we were unable to
demonstrate an association between contamination levels of weaning foods or
drinking water and incidence rates of diarrhoea. Does this mean that food and
water are not the dominant vehicles of diarrhoea transmission ? There are several
important points to consider in the interpretation of these results.

From the methodological point of view, the measures of food and water
contamination for each child (taken from one meal on 2 days of each month) are
necessarily a proxy for the levels to which that child is normally exposed. Daily
measurements from all meals were not feasible in this study. The high levels of
contamination found and the high diarrhoea attack rates, in both the intervention
and control areas, make an association between the two difficult to demonstrate
[14]. Nevertheless, our results do not support the possibility that improvements
in food and water quality were the reason for the observed difference in diarrhoea
rates.

The extent to which diarrhoea transmission occurs through waterborne as
opposed to other routes is unclear [15]. There are multiple causes and transmission
routes for diarrhoeal diseases and some aetiology-specific diarrhoeas are more
influenced by water and sanitation than others. For cholera, the importance of a
non-waterborne mode of transmission is stressed [16, 17]. For shigellosis, person-
to-person contact seems to be the dominant route [17, 18]. Studies which
attempted to identify potential sources of enterotoxigenic Escherichia coli within
the home have shown that mothers' and children's hands were important vehicles
of risk for the transmission of diarrhoea disease. Food and drinking water
appeared to be less important [19]. There is growing support for the theory that
water quantity is more important than quality in reducing diarrhoea transmission
[20-22] and the results from the final analysis of this project also support this
concept [9].

Of major concern is not only why children get disease but why others remain
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relatively free of symptoms despite the ingestion of high loads of contaminated
food and water. It is suggested that children escape disease successfully because
of the adequacy of their host defence mechanisms which can be reflected in the
nutritional status of the individual. In this study we showed that the number of
diarrhoea attacks was not related to contamination even when the child's
nutritional status was considered. However, other studies on contamination have
indicated that nutritional status may be important in influencing the de-
velopment, duration and severity of the disease [23, 24].

The coincidence of weaning and diarrhoea is often regarded as cause and effect,
but children do not only start getting supplementary foods at the time when
diarrhoea peaks, they also start crawling on the dirty floor, using unclean utensils,
fingers, and other household items which are often put into the mouth. Weaning
foods are therefore one of several possible vehicles which may be culpable. Clearly
the need is to reduce the overall level of household faecal contamination through
changes in hygienic behaviour.

The direct relationship observed between hand contamination and diarrhoea
[22] may explain why handwashing is an effective intervention for the reduction
of diarrhoea! disease [18, 25-27]. It is recognized that a cleaner water supply is a
necessary but not sufficient condition for reducing diarrhoea. The identification of
patterns of behaviour (e.g. handwashing) relating to contamination might
therefore give better insights into effective intervention strategies than specific
vehicles of contamination.
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