Memoranda/Mémorandums

Research on improving infant feeding practices to
prevent diarrhoea or reduce its severity:
Memorandum from a JHU/WHO Meeting®

In developing countries the highest incidence of diarrhoea occurs among infants who are given fluids or
foods to supplement or replace breast-feeding, and numerous studies have been conducted to examine
the relationship between feeding practices during the weaning period and the risk of diarrhoea and mal-
nutrition. This Memorandum summarizes current knowledge about the potential impact of improved infant
feeding practices on diarrhoeal morbidity and mortality and describes experiences gained with interven-
tions to promote improved practices. Further research activities to examine the role of improved infant
feeding practices in the control of diarrhoeal diseases and to identify more effective approaches to the
promotion of such practices in the context of a public health programme are also proposed. Finally,
methodological issues concerning the design, implementation, and analysis of intervention studies are

reviewed.

Infant feeding practices and the risk
of diarrhoea
Breast-feeding

There is evidence that breast-fed infants have lower
diarrhoeal morbidity and mortality rates than other,
otherwise similar, infants. Furthermore, infants who
receive no breast milk are at a greater risk of experi-
encing diarrhoea than those who are partially
breast-fed, while infants who are partially breast-fed
are at a greater risk than those who are exclusively
breast-fed. These relative risks are especially high
during the first few months of life. Breast-feeding

may also reduce the severity of diarrhoeal illnesses
and has a powerful effect on the risk of diarrhoea-
associated death.

In a recent case—control study in Brazil, infants
who received no breast milk were 14 times more
likely to die of diarrhoea-related illnesses than exclu-
sively breast-fed infants. Also, infants who received
animal milks in addition to breast milk were 4 times
more likely to die of diarrhoea-related conditions
than their exclusively breast-fed counterparts; even
feeding with water, tea, and juices in addition to
breast milk was associated with an increased risk of
diarrhoeal death. A dose-response relationship was
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observed, in which each additional daily breast-feed
was associated with a 20% decrease in the risk of
diarrhoeal death.

The protective effects of breast-feeding appear
to be related to the intrinsic anti-infective properties
of breast milk, reduced exposure to contaminated
feeds and, possibly, improved nutritional status
during the first months of life. Data from Bangladesh
suggest that continued breast-feeding may protect
against diarrhoeal morbidity and mortality well into
the third year of life; the protection does not,
however, appear to continue after the cessation of
breast-feeding.

Nutritional status during the weaning period and
its relation to diarrhoeal morbidity and mortality

Dietary intake, Infectious diseases, and growth.
Longitudinal studies in developing countries indicate
that growth rate frequently falters (relative to inter-
national growth standards) from the second tri-
mester of life and that this submaximal rate of
growth often persists until 18-36 months of age. The
relative importance of inadequate dietary intake and
infectious diseases as determinants of impaired
growth is still the subject of debate. Both of these
factors are undoubtedly important, but the results of
descriptive epidemiological studies rarely allow their
effects to be assessed independently.

Insufficient consumption of nutrients during the
weaning period is primarily due to inadequate com-
plementation of breast milk, which may not fully
satisfy energy requirements beyond the first few
months of life. For the majority of children, comple-
mentary nutrient sources are required before 6
months of age in order to maintain optimal growth
rates. Dietary intakes can be increased by providing
more food at each feeding, by feeding more frequent-
ly, by increasing the energy and nutrient content of
the food, or by a combination of these options.
Dietary intake of a sufficient quantity of a number of
micronutrients is also required for adequate growth,
and zinc, iron, and vitamin A may be especially
important in this respect.

Of the infectious diseases, diarrhoea and febrile
illnesses, such as malaria and lower respiratory tract
infections, seem to have the greatest negative effect
on childhood growth. The nutritional impact of diar-
rhoea, however, depends on a number of factors
including age, breast-feeding status, dietary intake,
and etiology of the infection. Recent data from clini-
cal trials conducted in Ecuador, Egypt, and Peru, as
well as a community-based intervention study in
Colombia show that the adverse nutritional conse-
quences of acute diarrhoea can be minimized or pre-
vented by continuing to feed children a nutritionally
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balanced high-energy diet, and suggest that children
with an adequate dietary intake may be resistant to
diarrhoea-related growth failure. Also, results from
Peru and the Gambia suggest that, at least in those
countries, and among certain age groups, inadequate
dietary energy consumption may be a more impor-
tant determinant of impaired growth than diarrhoea.
Furthermore, they indicate that breast-feeding may
protect against the adverse nutritional effects of diar-
rhoea. In Peru, it was found that the energy intake
derived from breast milk did not decline during epi-
sodes of diarrhoea and other illnesses, whereas that
from other food sources was reduced. Since breast
milk provides a greater proportion of dietary energy
intake during the early months of life, breast-feeding
may protect against the nutritional impact of diar-
rhoea during this period.

Nutritional status and risk of diarrhoeal morbidity and
mortality. Data from a number of studies indicate
that malnourished children are at increased risk of
contracting diarrhoea, especially in a persistent or
severe form. Protein—energy malnutrition, perhaps in
association with micronutrient deficiences, may pre-
dispose to diarrhoea and/or prolong the rate of
recovery through its effects on immune function and,
possibly, other non-specific protective factors such as
gastric acid production and a sound intestinal
mucosa. Indicators of nutritional status probably
have to fall below the normal range (< —2 standard
deviations) before an increased risk can be identified.
In addition, there is evidence that malnourished
children are at far greater risk of dying from diar-
rhoea. The reasons for this increased case fatality are
not known, but may be related to the higher purging
rates among children of small body size. Malnour-
ished children also commonly suffer from electrolyte
imbalance. Finally, the terminal illness among these
children is usually complicated by other infections.

Improvements in nutritional status should
result in a decreased prevalence and, possibly, inci-
dence of diarrhoea. The magnitude of this effect may
not be great, however, since the proportion of child-
ren with moderate or severe malnutrition in most
populations is not large. On the other hand, children
who are malnourished contribute disproportionately
to diarrhoea-associated mortality. Measures to
prevent and/or treat severe malnutrition could there-
fore offer a powerful approach to reducing diar-
rhoeal mortality.

Weaning food hygiene

Contamination of weaning foods. The increased risk of
diarrhoea that is observed with the introduction of
weaning foods suggests that such foods are an



important vehicle for the transmission of enteric
pathogens. Food may serve as a medium for the
multiplication of bacterial enteric pathogens and/or
the production of enterotoxin. Enteric pathogens
have repeatedly been isolated in a wide variety of
foods, including those intended for infants. More-
over, the incidence of bacterial diarrhoeas in most
countries is highest during the warmer months, when
bacteria can multiply more rapidly in stored food.
Finally, the number of pathogens required to induce
illness may be less if they are ingested in food rather
than in fluids, since food may protect the pathogens
during their passage through the acidic environment
of the stomach. Foodborne diarrhoea may therefore
constitute a considerable proportion of all diar-
rhoeas, and numerous outbreaks have been traced to
the consumption of specific foods. However, the rela-
tive importance of this route compared with trans-
mission through contaminated water or direct
person-to-person transmission is not known pre-
cisely and almost certainly depends on the pathogen
involved.

Because of the difficulty of isolating enteric
pathogens from food, most studies have used the
enumeration of “indicator” organisms as evidence of
the potential for transmission of diarrhoeal agents.
Such organisms, primarily coliform or faecal coli-
form, serve as indicators of faecal contamination,
since that is their predominant source; they have
long been used in the assessment of the bacterio-
logical quality of water. However, the presence of
indicator bacteria in food suggests only that there is
a risk of faecal contamination and consequently also
a risk of contamination with an enteropathogen. The
latter risk is in part determined by the frequency of
enteropathogens in the stools of healthy persons,
especially those involved in food preparation, and
the prevalence of episodes of diarrhoea during which
higher numbers of enteropathogens are excreted.

High levels of indicator bacteria have been
found in animal milks and in traditional weaning
foods, especially cereal gruels. Also, feeding bottles
and rubber teats have been implicated as possible
sources of contamination of milks and other fluids.
Cups and feeding bowls have also been contami-
nated, although to a lesser degree than feeding
bottles. Furthermore, water used for the preparation
of foods and fluids given to young children can, if
contaminated, be a hazard. Inadequate cooking and
prolonged storage at ambient temperature are
associated with the survival and growth of bacteria
in food. It is therefore likely that poor personal
hygiene on the part of food-handlers and inadequate
preparation, storage, and handling of weaning foods,
which can lead to the seeding and proliferation of
enteric pathogens in such foods, are major risk
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factors for childhood diarrhoea. Information on this
aspect is, however, scarce. Only one study reported
direct evidence that associated food contamination
with a risk of diarrhoea: in Bangladesh, a significant
relationship was found between the frequency of
faecal contamination of weaning food and a child’s
annual incidence of diarrhoea associated with
enterotoxigenic Escherichia coli.

Measures to reduce the contamination of weaning foods.
The survival or growth of enteropathogens in food
can be reduced by altering certain characteristics of
the food; for example, its microbial flora, pH, tem-
perature, moisture content, oxidation-reduction
potential, and nutrient content, as well as the pre-
sence of natural inhibitors of microbial growth, or of
food preservatives. Each of these features has been
manipulated to inhibit bacterial growth in com-
mercial processed foods, while many have also been
used in traditional methods of food preparation
because they delay spoilage. For example, acidifica-
tion of selected foods by either fermentation or addi-
tion of natural sources of acid is a common practice.

During the initial cooking process, food should
reach a temperature (> 70°C) that is lethal to vegeta-
tive forms of enteropathogens, and weaning food,
once prepared, should be served immediately or very
shortly afterwards. Reheating food to a proper tem-
perature (>70°C) averts most problems arising from
its prolonged storage. However, if financial resources
and time permit, the safest practice is to eat all
cooked food at one sitting and to prepare new serv-
ings, at least for infants, at the next meal. If this is
impracticable, leftover food should be reheated at
the correct temperature (>70°C) to kill pathogenic
bacteria. More attention should therefore be given to
identifying weaning foods that lend themselves to
reheating before use or can conveniently be prepared
fresh at each serving (with the possible exception of
fermented foods) and at the same time provide child-
ren with an optimal nutrient content. Greater avail-
ability of safe water, improved sanitation, and
improved personal and domestic hygiene are also
likely to be important in this respect; hand-washing
before preparing or giving food may be particularly
effective for this purpose. Finally, the use of feeding
bottles should be discouraged.

Interventions to promote improved
infant feeding practices
Determinants of infant feeding practices

From a historical perspective, infant feeding patterns
have shown considerable variation, both within the
same society and across societies, with regard to the
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prevalence and duration of breast-feeding, the use of
animal milks, the timing and nature of weaning, and
the mode of transition to adult diets. Despite consis-
tent evidence that infant feeding behaviours can
readily be modified, this is commonly held to be dif-
ficult to bring about, especially when the benefits are
not immediately apparent to the target group and
continuous compliance is required to achieve
improvements. Interventions to promote improved
infant feeding practices have tended to focus on
changing the knowledge and practices of individual
mothers. However, the social, cultural, economic,
and environmental factors that shape infant feeding
patterns are being increasingly recognized. These
range from factors at the macrolevel that influence
the distribution of food within the community to
those at the microlevel that affect feeding practices in
the household, such as the availability of fuel, water,
and other food preparation resources, maternal
work patterns, expectations about child growth and
development, and beliefs about appropriate foods for
infants.

Expectations of behaviour that are prevalent
within a particular social and cultural setting are less
easy to identify; however, the desire to satisfy group
norms may be of fundamental importance. This
could explain, for example, why the concerted efforts
of public health workers have had so little influence
on behaviours that appear to be susceptible to
change over time. Maternal self-confidence may be a
key factor in child feeding in some settings—that is,
a mother’s level of self-esteem and confidence can
influence the likelihood that she will conform to
group norms, her willingness to try new foods and
practices, the extent to which she is swayed by her
child’s response to feeding, and her ability to cope
with social dislocation or urban stress. It is impor-
tant to bear these factors in mind when selecting an
appropriate strategy for the promotion of improved
infant feeding practices. For example, simply inform-
ing individual mothers about the benefits of breast-
feeding and appropriate weaning is not likely to
produce a major improvement in practices, since to
achieve this the improved practices have to become
the expected and institutionally supported behaviour
over the long term. This implies a different level of
effort that requires major changes in hospital rou-
tines, political and institutional support for changes
in workplace rules, as well as communication efforts
at the face-to-face level and in the mass media to
create an expectation of these behaviours as the new
norm.

Promotion of breast-feeding

A number of research or small-scale demonstration

projects have shown the effectiveness of selected
interventions to promote breast-feeding. The results
obtained illustrate the importance of motivating and
training health professionals, changing hospital rou-
tines to facilitate immediate suckling by the infant
following birth and rooming-in, discouraging the use
of supplemental feeds and glucose water, and stop-
ping the distribution of infant formula samples.
These measures have been found to have a positive
effect on the initiation of breast-feeding, the duration
of exclusive breast-feeding, and the total duration of
breast-feeding.

Intensive public health programmes have been
developed in recent years to promote breast-feeding
in a number of countries. For example, in Brazil,
Honduras, Indonesia, Panama, and Thailand a
common theme of projects has been the education
and training of health professionals, followed by
widespread changes in hospital practices. In some
instances these have included the introduction of
rooming-in arrangements for mothers of hospitalized
infants. Also, some projects have implemented mass
media campaigns to promote improved breast-
feeding practices at the community level. In other
countries, including Belize, Egypt, and El Salvador,
strong support groups have been formed with the
goal of promoting breast-feeding by, inter alia, influ-
encing changes in health facilities and workplaces,
educating health professionals, and providing
encouragement to mothers and practical assistance
in the management of breast-feeding.

Overall, the results from these projects suggest
that large-scale efforts to promote breast-feeding can
be successful in increasing both its prevalence and
duration. In particular, they confirm that widespread
changes can be achieved in hospital practices, with a
concomitant increase in the rates of initiation of
breast-feeding and decrease in the use of supple-
ments and feeding bottles in health facilities. Most
projects did not emphasize the importance of exclu-
sive breast-feeding in the early months of life, but,
where they did, a marked effect on the duration of
exclusive breast-feeding has also been noted.
However, formal evaluations to measure the impact
on breast-feeding patterns were either not performed
(in most instances) or suffered from various method-
ological problems, and the extent to which the
observed change in breast-feeding behaviour can be
directly attributed to the project activities remains
unclear. Definitive data to substantiate the impact
on feeding practices of selected interventions to
promote breast-feeding are therefore lacking, and
there is a need for a few carefully designed evalu-
ations to better ascertain their level of effectiveness
and cost. In particular, the role of breast-feeding
support groups should be assessed.



Promotion of improved weaning practices

Programmes for the promotion of improved weaning
practices have been successfully carried out in
several developing countries, and have been reviewed
elsewhere.” Recent experiences in Nigeria and Peru
have demonstrated the value of techniques for the
rapid collection of ethnographic data in identifying
problems that interfere with adequate feeding of
young children and in formulating possible solu-
tions. These techniques hold promise for the acceler-
ated implementation of weaning interventions in an
operational setting. Large-scale projects using a
standardized methodology are now being carried out
in a number of countries to identify feeding problems
and promote low-cost, nutritionally sound, culturally
appropriate, and sustainable remedies to these prob-
lems. In such projects, emphasis is laid on qualitat-
ive, consumer-based research using techniques
derived from anthropology and market research; for
example, focused group discussions, in-depth house-
hold interviews and observations, and key informant
interviews. Small-scale “trial runs” are first carried
out on the target audience to assess the acceptability
of the proposed new or modified feeding practices
before they are promoted at the community level.
The results of a formal evaluation of a project of this
kind conducted in Indonesia indicated that prog-
ramme activities favourably influenced the consump-
tion of key foods, the total energy and protein
intake, and nutritional status.

Methodological issues

Approaches to identifying behavioural risk factors
for diarrhoea

A number of studies have been completed or are
being carried out to identify infant feeding behav-
iours that are associated with an increased risk of
diarrhoea, and the results obtained could be useful in
developing preventive interventions. The implemen-
tation and interpretation of such risk factors studies
have not always been straightforward, however, and
innovative research approaches are needed to cir-
cumvent some of the difficulties that may arise.

The assessment of possible risk-related practices
may pose problems. Direct observation of behaviour
is required, because the information provided by
recall or knowledge-attitude—practice questionnaires
is often inaccurate or misleading. However, observa-
tional studies are labour-intensive and time-
consuming, and thus restrict the sample size for

2 Ashworth, A. & Feachem, R.G. Interventions for the control of
diarrhoeal diseases among young children: weaning education.
Bulletin of the World Health Organization, 63: 1115—1127 (1985).
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comparison with health outcomes. Carefully struc-
tured observations of complex behavioural patterns
are needed, since multiple transmission routes may
operate. Also, individuals may not be consistent in
their practice of a particular behaviour or set of
behaviours, and those that affect risk of diarrhoea
may not occur frequently enough to be observed,
thus leading to a high level of exposure misclassifica-
tion. More experience is therefore needed in the
design, conduct, and analysis of structured observa-
tions, with a view to developing methods that are
both rapid and valid.

Rapid assessment methods, including rapid eth-
nographic techniques, semi-structured interviews,
and focused group discussions, are of value in
describing behaviours that could affect the transmis-
sion of diarrhoeal diseases and in defining the vari-
ables to be included in structured observations. Such
methods are also useful for delineating the political,
social, cultural, and economic factors that determine
which behavioural changes are possible. Further-
more, research activities of this type facilitate estab-
lishing rapport with communities and prepare them
for active participation in the design and implemen-
tation of the intervention. However, the reliance of
these rapid assessment methods on the insight, expe-
rience, and skills of the investigators is a major con-
straint on their more general use.

Finally, the interpretation of the results
obtained may be problematic. For example, observa-
tional studies cannot provide definitive evidence that
an association found between a potential risk factor
and the incidence of diarrhoea is causal, and that the
removal of the risk factor will lead to a subsequent
reduction in this incidence. A cause-and-effect associ-
ation is more likely if the magnitude of the observed
effect is large and if a reasonable underlying mecha-
nism can be identified. However, an association
found between a specific behaviour and risk of diar-
rhoea may be a consequence of a relationship
between the behaviour under consideration and
another risk factor and thus it may not be of any
direct significance. Of greatest concern, perhaps, is
the difficulty in demonstrating a statistically signifi-
cant effect for any behaviour that is practised almost
universally in a community; nevertheless, it is inter-
ventions against precisely such behaviours that are
likely to bring about the greatest public health bene-
fits.

Approaches to assessing the impact of an
intervention

Because it may be difficult in a risk factor study to
demonstrate a clear association between specific
infant feeding behaviours and the risk of diarrhoea,
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