
Drinking-water quality, sanitation, and breast- 
feeding: their interactive effects on infant health 
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The promotion of proper infant feeding practices and the improvement of environmental sanitation have 
been two important strategies in the effort to reduce diarrhoeal morbidity among infants. Breast-feeding 
protects infants by decreasing their exposure to water- and foodborne pathogens and by improving their 
resistance to infection; good sanitation isolates faecal material from the human environment, reducing 
exposures to enteric pathogens. Taken together, breast-feeding and good sanitation form a set of 
sequential barriers that protect infants from diarrhoeal pathogens. As a result, breast-feeding may be 
most important if the sanitation barrier is not in place. This issue is explored using data from a prospec- 
tive study of 2355 urban Filipino infants during the first 6 months of life. Longitudinal multivariate analy- 
ses are used to estimate the effects of full breast-feeding and mixed feeding on diarrhoeal disease at 
different levels of sanitation. Breast-feeding provides significant protection against diarrhoeal disease for 
infants in all environments. Administration of even small portions of contaminated water supplements to 
fully breast-fed infants nearly doubles their risk of diarrhoea. Mixed-fed and weaned infants consume 
much greater quantities of supplemental liquids, and as a result, the protective effect of full breast-feed- 
ing is greatest when drinking-water is contaminated. Similarly, full breast-feeding has stronger protective 
effects among infants living in crowded, highly contaminated settings. 

Introduction 
Breast-feeding is an extremely effective means of 
protecting young infants from diarrhoeal disease. 
Infants who are not breast-fed have a two-to-three 
times greater risk of diarrhoea t h a ~  breast-fed infants 
and a three-to-five times greater risk than those who 
are exclusively breast-fed (1-7). Other studies have 
documented even stronger protective effects (8-11). 

There are two mechanisms through which 
breast-feeding protects infants from enteric infec- 
tions. First, it reduces or eliminates exposure to food- 
and waterborne pathogens. Weaning foods and breast- 
milk substitutes pose a particular risk since bacterial 
pathogens can readily multiply in these foods if they 
are stored at ambient temperatures after preparation 
(12-19). Second, mature breast milk contains several 
compounds, e.g., secretory IgA, which can improve 
the infant's ability to resist infection (20-23). A num- 
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ber of studies have found significant associations 
between pathogen-specific antibody levels in breast 
milk and the risk or severity of diarrhoea caused by 
that pathogen (24-26). 

Reducing the level of environmental contamina- 
tion similarly reduces the risk of diarrhoea. Good 
sanitation protects infants by creating a series of bar- 
riers to keep enteric pathogens out of their environ- 
ment; excreta disposal facilities isolate human wastes; 
improved water supplies protect drinking-water 
from faecal contamination; and handwashing and 
personal hygiene reduce the transmission of enteric 
pathogens in the home. 

As a result, poor sanitation may pose more of a 
risk to those who are particularly vulnerable, i.e., 
non-breast-fed infants. Weaning foods and breast- 
milk substitutes are more likely to be contaminated 
in areas where water supply, sanitation, and hygiene 
are lacking. Furthermore, families living under these 
conditions often have fewer economic resources and 
thus are less apt to prepare foods freshly for each 
meal, adequately reheat previously prepared foods, 
or store foods under refrigeration. Consequently, 
mixed-fed and weaned infants living in poor sanitary 
conditions probably face considerably higher expo- 
sures to foodborne pathogens than similarly fed 
infants in less contaminated environments. Thus, 
exclusive breast-feeding may provide greater protec- 
tion to infants living in highly contaminated environ- 
ments. 
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Fig. 3. Predicted probabilities of diarrhoea among the 
study infants, by feeding practice and water quality. 
(NNL = non-nutritive liquids). 

rhoea among the non-breast-fed infants, but had no 
effect on the fully breast-fed infants. Thus, full 
breast-feeding can completely mitigate the risk posed 
by poor community sanitation. 

These results can be interpreted in two ways. 
Improving community sanitation would clearly have 
a large impact on weaned infants, and virtually no 
impact on fully breast-fed infants. The protective 
effect of good sanitation is therefore greater when 
infants are not breast-fed, i.e., when the breast-feed- 
ing barrier is absent. 

Alternatively, the results could indicate that 
breast-feeding has a stronger protective effect when 
sanitation is poor. Fully breast-fed infants apparently 
face much lower risks than weaned infants, and the 
difference in risks is greater for infants who live in 
neighbourhoods with poor sanitation. Thus the pro- 
tective effect of breast-feeding is stronger in the 
highly contaminated neighbourhoods than in those 
with good sanitation. In other words, when the sani- 
tation barrier is absent, the protection afforded by 
breast-feeding becomes even more important. 

Discussion 
The purpose of our analysis was to test the hypoth- 
esis that the protective effect of breast-feeding is 
greatest where sanitary conditions are poor. While 
the results do not provide an unambiguous answer, 
several important conclusions can be drawn. 

Full breast-feeding provides significant protec- 
tion against diarrhoea1 disease for infants living in all 
environments during the first 6 months of life. , , 
Exclusive breast-feeding is by far the most protec- 
tive. Adding even small quantities of contaminated I 

water to the infant's diet can double the risk of diar- I 

rhoeal disease. Nevertheless, full breast-feeding (i.e., 
supplementation with only non-nutritive liquids) is 
much more protective than mixed-feeding, a result 
supported by the findings of several previous studies 
(1, 7-9). While mixed-fed infants are at a higher risk 
than fully breast-fed infants, they are still only half 
as likely to develop diarrhoea as completely weaned 
infants. This inverse relationship between the level 
of breast-feeding and the risk of diarrhoea is prob- 
ably due to two factors: reduced protection from 
maternal antibodies in breast milk and an increase in 
exposure to foodborne pathogens. 

Clearly, under certain circumstances breast-feed- 
ing did provide greater protection in poor sanitary 
conditions. Exclusive breast-feeding had a stronger 
protective effect when drinking-water was contarni- 
nated, and breast-feeding was more protective for 
Infants living in crowded, highly contaminated set- 
tings. In contrast, fully breast-fed infants from house- 
holds lacking water connections or private excreta 

Table 5: Diarrhoea model stratified by community sani- 
tation for infants aged 2-6 months 

Community sanitation: 

Good 

Variable P t 

Fully breast-fed -0.61 -l.Ea 

Water quality (log,,FC dose) 0.29 2.3b 

No in-house water connection 0.26 2.0b 

No private excreta disposal 0.42 2.1 

Excreta in yard 0.39 2.3b 

Animals in house 0.07 1.3 

Poor food storage -0.13 -0.4 
No. of children -0.07 -0.8 

Preventive health care use 0.24 0.6 

Lagged weight (SD) 0.02 0.5 

Child's age (weeks) 0.02 0.8 
Child's age-squared 0.00 0.1 

Male child 

Days of rain 

Intercept 

No. of observations 4 382 

Poor 

P t 
-0.98 -l.ga 

-0.63 -1.4 

0.16 0.7 

0.09 0.6 

1.07 3.4* 

0.32 1.3 

0.04 0.5 

0.38 0.8 
-0.23 -1.8' 

0.88 l.ga 

0.06 1.0 
0.06 1.5 

-0.00 -0.8 

-0.20 -?.aa 

0.01 0.8 

-0.89 -1.3 

1 844 
745 
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