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INTRODUCTION
Breast-feeding of human infants has been a common
feature of all cultures and all times because our very
survival has depended on it. In contrast, other modes
of infant feeding-what is fed, when, how and by
whom-have differed according to both time and
place. Thus, various feeding customs have evolved
through the ages by a process of trial and error, each
one adapted to suit a given environment and often
the best that could be expected nutritionally.
Breast-feeding was therefore a universal "natural
imperative", ensuring infant survival and health. By
the late nineteenth century, however, advances in
science, especially biochemistry, led to new perceptions about the dietary needs of populations in the
rapidly industrializing and urbanizing regions of
Europe and North America. The challenges at this
time included how to feed infants and young children
safely, while avoiding dietary complications created
by changes in life-styles, cultural values, and the roles
of mothers and others responsible for child care.
During the early part of the twentieth century,
and for many years thereafter, the emphasis in infant
feeding reflected a primarily quantitative approach,
which was considered more precise and therefore
more "scientific". For example, analyses of human
and cow's milk, although showing distinct differences, seemed to suggest that the latter could be safely
modified to satisfy the nutritional needs of the infant.
The first commercially produced breast-milk substitutes and complementary, or weaning, foods used
as their model the then-available and very limited
knowledge about the nutritional value of breast milk,
and the physiology and nutritional needs of the
newborn infant and young child. The basic criterion
for the nutritional adequacy of these foods was
growth, and not infrequently such notions as more
food and earlier feeding became synonymous with
better nutrition.
Today, it is clear that appropriate feeding practices during the first year of life are subject to a
greater variety of considerations. The main factors
are the infants' nutritional needs and degree of functional maturity, particularly as regards the type
of food given, and their excretory processes and
defences against infection. This review brings
together the latest scientific information concerning
the physiological development of infants during the
prenatal period and first year of life and their
implications for infant feeding. It describes why
breast milk, which is naturally adapted to the evolving nutritional needs of young infants, is the only
truly universal source of nourishment. It also shows
WHO Bulletin OMS: Supplement Vol. 67 1989

Parce qu'il s'agit de la survie de l'espece, I'alimentation au sein des jeunes enfants a toujours et& une des
caracteristiques marquantes de toutes les cultures de
tous les temps. A l'oppose, a part les pratiques
relatives i l'allaitement au sein, ce que l'enfant
mange, quand, comment et par qui la nourriture lui
est offerte a varie grandement selon le temps et les
situations geographiques. Les coutumes alimentaires
ont indubitablement evolue A travers les ages grace
A un processus essais-erreurs et sur la base de
l'experience accumulee dans l'adaptation a des
environnements donnes. Souvent, il s'agissait des
meilleures coutumes possibles d'un point de vue
nutritionnel dans les circonstances existantes.
L'allaitement maternel etait donc un "imperatif
naturel" universel, jouant comme il I'a fait un role
determinant dans la sante et la survie de l'enfant.
Cependant des la fin du 19eme siecle, la science et
particulierement la biochimie avaient fait suffisamment de progres pour entrainer une perception
nouvelle de l'evolution des besoins dietetiques des
populations dans les regions rapidement urbanisees
et industrialisees de l'Europe et de l'Amerique du
Nord. Le defi tel qu'il etait percu a ce stade incluait la
maniere d'alimenter sainement les nourrissons et les
jeunes enfants en evitant les complications dietetiques
creees par le developpement de modes de vie non
traditionnels, des changements dans les valeurs culturelles et des modifications du role des meres et
d'autres responsables des soins aux enfants.
Durant la premiere partie du 20eme siecle et
pendant de nombreuses annees ensuite, I'accent mis
sur l'alimentation infantile a reflete essentiellement
une approche quantitative, qui etait jugee plus precise et par consequent plus "scientifique". Une
analyse globale du lait humain et du lait de vache,
bien que montrant de nettes differences, semblait
suggerer que le dernier pouvait etre aisement et sans
danger modifie pour repondre aux besoins nutritionnels de l'enfant. Les premiers substituts et complements du lait maternel produits commercialement
utiliserent comme base la connaissancerelativement grossiere et limitee-que l'on avait a
l'epoque de la valeur nutritionnelle du lait humain et
de la physiologie et des besoins nutritionnels du
nouveau-ne et du jeune enfant. Le critere pour
evaluer la valeur nutritionnelle de ces aliments etait
base sur la croissance et bien souvent des notions
telles que plus d'aliments plus tot etaient synonymes
de meilleure nutrition.
Aujourd'hui, il est clair que durant la premiere
annee de la vie des pratiques alimentaires
7
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that later in the first year of life when other foods
become necessary, these can be as varied as family
diets around the world. What is essential is that the
nutritional requirements should be met; the wider the
range of foods eaten the easier this will be. Even at
this stage of infant development, breast milk still
provides a significant source of energy and nutrients
as well as protection against infection and disease.
This review provides the scientific basis for
preparing guidelines on infant feeding, taking into
account the available foods and local customs. It is
intended mainly for general practitioners, obstetricians, paediatricians, midwives, nutritionists and
nurses, and for those in schools of public health; it
will also be of interest to general readers who wish to
update their knowledge of the subject.
Finally, a number of practical indications are
presented in three annexes. Annex 1 is a check-list for
evaluating the adequacy of support for breast-feeding
provided in maternity hospitals, wards and clinics; it
is taken from a joint WHO/UNICEF statement on
this subect, which was published in 1989. Annex 2
suggests an empirical framework for studying the
weaning process, which is an important first step in
designing, carrying out and evaluating the impact of
programmes intended to improve the nutritional
status of infants and young children. Annex 3 suggests titles for further reading in this area, including
selected WHO publications, and sources of information and learning materials.

appropriees doivent prendre en compte des considerations nettement plus subtiles et variees. Les
principaux determinants sont les besoins nutritionnels du nourrisson et son degre de maturite fonctionnelle, singulierement en ce qui concerne le type
d'aliments donnes et les capacites d'excretion et de
defense contre l'infection. C'est dans ce contexte que
cette revue rassemble l'information scientifique la
plus recente sur le developpement physiologique de
l'enfant durant la periode prenatale et la premiere
annee de la vie avec les implications que cela entraine
sur l'alimentation. On decrit les raisons pour lesquelles le lait maternel, parce qu'il est naturellement
adapte aux besoins physiologiques evolutifs du
nourrisson, est la seule nourriture vraiment universelle. On demontre aussi que plus tard dans la
premiere annee de la vie, quand d'autres aliments
deviennent necessaires, ils peuvent etre aussi varies
que tous les regimes familiaux que l'on rencontre
dans le monde. Ce qui est essentiel c'est que les
besoins nutritionnels soient couverts et plus l'eventail
d'aliments offerts est grand plus les chances sont
meilleures qu'ils le soient. Cependant, meme a ce
stade du developpement infantile le lait maternel
constitue encore une source energetique et nutritive
significative en plus de son r6le protecteur contre la
maladie.
Cette revue fournit les bases scientifiques pour
l'elaboration des guides dietetiques pour l'alimentation infantile en prenant en compte les coutumes
locales et les aliments disponibles. Elle est principalement destinee aux medecins generalistes, aux
obstetriciens, aux pediatres, aux sages-femmes, aux
nutritionnistes et aux infirmieres, et aux ecoles de
sante publique. Elle interessera aussi bien les lecteurs
du grand public qui voudraient mettre a jour leurs
connaissances sur le sujet.
Enfin, un certain nombre d'informations d'ordre
pratique sont presentees dans trois annexes. L'annexe
1 est une liste de controle pour I'evaluation de la
pertinence avec laquelle l'allaitement maternel est
encourage dans les services lies a la maternite; elle est
empruntee a une declaration conjointe OMS/
UNICEF sur le sujet, publiee en 1989. L'annexe 2
propose un cadre empirique pour l'etude du sevrage,
ce qui est une etape importante dans la formulation,
la mise en oeuvre et l'evaluation de l'impact de
programmes destines a ameliorer l'etat nutritionnel
des nourrissons et des jeunes enfants. L'annexe 3
suggere des references complementaires sur la question, y compris certaines publications de l'OMS ainsi
que differents materiels educatifs et d'information.
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1. The prenatal and immediate postpartum periods
A mother's nutritional status during pregnancy has important implications for both her own health and her
ability to produce and breast-feed a healthy infant. Knowledge about adequate maternal nutrition during
pregnancy is incomplete, however, and there is still considerable debate about the level of extra energy
needed by a pregnant woman. A woman's usual nutritional requirements increase during pregnancy to meet
her needs and those of the growing fetus. Additional energy is needed because of increased basal metabolism, the greater cost of physical activity, and the normal accumulation of fat as the energy reserve. The
protein, vitamin and mineral requirements of the mother also increase during pregnancy, but the precise
amounts for the last two are still a matter for discussion. A woman's weight increments during pregnancy vary
between privileged and underprivileged communities. In addition to calcium, phosphorus and iron, a mother
provides considerable amounts of protein and fat for fetal growth. Placental metabolism and placental blood
flow, which are interrelated, are the most critical factors for fetal development.
The nutritional requirements of healthy newborns vary widely according to their weight, gestational
age, rate of growth, as well as environmental factors. However, recommendations for some components
may be derived from the average composition of early human milk and the amounts consumed by healthy,
mature newborns who are following a normal postpartum clinical course. The water requirements of
infants are related to their caloric consumption, activity, rate of growth, and the ambient temperature. A
postnatal weight loss of 5-8% of body weight is usual during the first few days of life in mature newborn
infants; in contrast, infants who experienced intrauterine malnutrition lose little or no weight at all.
The dynamic process of mother-newborn interaction from the first hours of life is intimately related to
successful early breast-feeding. If this process is delayed, however, it may take longer and may be more
difficult to achieve. Close mother-infant contact immediately after birth also helps infants to adapt to their
new unsterile environment. Because drugs can interfere with bonding and breast-feeding, such substances should be given only when necessary and their effects should be evaluated. In general, young
infants, especially newborns, have very irregular feeding intervals. It is advisable for numerous reasons
to feed them whenever they indicate a need.

Introduction
The dual focus of this chapter-meeting the
nutritional needs of the fetus at minimal cost to the
mother and ensuring immediate and appropriate
postpartum mother-child interaction-may appear
disparate at first glance. However, as will become
clear, these aspects are intimately related, critical
as they are to promoting maternal and child health.
The first influences pregnancy outcome, even as it
protects the mother's nutritional status, while the
second is paramount for the successful initiation and
establishment of breast-feeding. In the 12-month
period covered by this and the following chapters,
both themes represent key first steps for the newborn
infant on the road to a healthy productive life.

Nutritional aspects
The energy cost of pregnancy
A mother's nutritional status during pregnancy has
important implications for both her own health and
her ability to produce and breast-feed a healthy
infant. Knowledge about what is adequate maternal
WHO Bulletin OMS: Supplement Vol. 67 1989

nutrition during pregnancy is incomplete, and there
is still considerable debate over the level of energy
intake needed by a pregnant woman (1). For example, not enough is known about the metabolic alterations that occur, or their timing during pregnancy, or
about when the mother builds up energy and nutrient
stores for the growing fetus, and when her uterus,
breasts, and blood and other bodily fluids are undergoing changes. Nor is it sufficiently clear how a
pregnant woman, by regulating her physical activity,
compensates for increased energy requirements and
the rise in her basal metabolic rate. One has only to
compare current dietary intake recommendations in
many industrialized countries with the situation for
most women in developing countries (2) to appreciate
how incomplete the research on this subject is.
Results of recent longitudinal studies, which
use more direct methods, are beginning to be published, however. For example, an integrated study
conducted in the Gambia, Netherlands, Philippines,
Scotland and Thailand showed that the energy costs
of pregnancy were not met by anything like an
equivalent energy intake. On this basis, the investigators concluded that both the 1981 Joint FAO/
9
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WHO/UNU Expert Consultation's recommendation
that women increase their food intake to supply
an extra 1.0 MJ (240 kcal)/day (3) and the 1987
recommendation for women in Scotland of 1.2 MJ
(285 kcal)/day (4) were not realistic for healthy
populations living in industrialized countries.
In the Philippines, the findings seemed to suggest that pregnancy outcome can be successful despite a marginal energy intake (5), while the Gambian
women studied appeared to be the beneficiaries of a
remarkable physiological adjustment. By becoming
pregnant the latter group saved so much energy in
basal metabolism that they ended with a positive
energy balance over the whole of pregnancy of about
46 MJ (11 000 kcal) (5).
The overall conclusion from these studies-that
the total energy cost of pregnancy is about 250 MJ
(60 000 kcal)-suggests that the recommendation in
the FAO/WHO/UNU report was a full 25% too
high. Even more striking is the fact that the extra
250 MJ of energy was not usually consumed in the
diet (5). In another inquiry using the same protocol
designed for the integrated study, the total energy
cost of pregnancy for 57 healthy Dutch women was
calculated to be 285 MJ (68 000 kcal) (6).
Because of steady advances in knowledge,
including data from the five-country integrated study
just cited, the recommendations of successive international expert groups differ in often important respects. Just as the intake-level recommended by the
1981 Consultation was lower than that of the 1971
Committee, it appears certain that future recommendations will be different again as the results of current
studies become known. The information presented
here is therefore part of a still-evolving picture of the
real energy cost of pregnancy.

Nutritional requirements during pregnancy
A woman's normal nutritional requirements increase
during pregnancy to meet the needs of the growing
fetus and of the maternal tissues associated with
pregnancy. Additional energy is also needed to meet
the increased basal metabolism, the greater cost of
physical activity, and the normal accumulation of fat
as the energy reserve. The total additional energy
needed for a normal pregnancy has been estimated to
be about 335 MJ (80 000 kcal) over the nine-month
period (3) but, as just discussed, this figure is now
considered unrealistic. How much of this extra
energy needs to be supplied by the diet is not clear
and varies according to specific circumstances. As
stated earlier, there are a number of metabolic adaptations whereby pregnant women can use dietary
energy more efficiently. The amount of physical
activity during pregnancy will also have a significant
influence on energy needs; some women reduce their
10

physical activity while others continue to do hard
physical labour. The nutritional status at the outset
of pregnancy is also an important factor; obese
women will not need to accumulate extra fat while
thin women will.
A proper dietary balance is necessary to ensure
sufficient energy intake for adequate growth of the
fetus without drawing on the mother's own tissues to
maintain her pregnancy. It has been shown, for
example, that well-nourished women who eat a
varied, balanced diet, and maintain a low level of
physical activity, can have a normal pregnancy, gain
adequate weight and produce healthy babies without
any significant change in their pre-pregnancy dietary
intake (3). On the other hand, chronically malnourished women with marginally adequate or frankly insufficient diets, who, in addition, continue to
engage in heavy physical labour, usually gain very
little weight during pregnancy, produce low-birthweight infants and experience a deterioration in their
own nutritional status. Two classic studies, one conducted in Colombia (64) and the other in Guatemala
(65), demonstrated the significant positive impact on
birth weight, stillbirths, and neonatal and perinatal
mortality of food supplementation ofpregnant mothers
at risk of malnutrition.
It was previously thought that the increased
energy need was greater towards the end of pregnancy when fetal growth is significant. However, it
has been found that, under normal circumstances, fat
begins to accumulate from the outset of pregnancy in
order to meet later needs for extra energy, particularly during lactation. It is thus recommended
that the extra energy required during pregnancy
should be distributed throughout the whole period.
The FAO/WHO/UNU Consultation on Energy and
Protein Requirements (3) recommended, under normal conditions, the addition of 1200 kJ (285 kcal)/day
during pregnancy. If women are well nourished and
reduce their physical activity during pregnancy, this
extra allowance can be reduced to 200 kcal (840 ki)
per day. While these may prove to be overestimates
of what is necessary for good pregnancy outcomes, it
is clearly advisable, if at all possible, to increase the
energy allowance for undernourished women in
order to ensure significant fat deposits or at least to
avoid further deterioration in their own nutritional
status. Weight gain during pregnancy is a good
indicator for regulating energy intake.
Protein intake is also critical during pregnancy.
The extra protein needed for a woman who gains
12.5 kg during pregnancy and who produces a 3.3 kg
infant has been estimated to be an average of about
3.3 g/day throughout pregnancy (3). The amount is
low at the beginning and increases as pregnancy
progresses; it needs to be corrected, however, according to the efficiency with which dietary protein is
WHO Bulletin OMS: Supplement Vol. 67 1989
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converted into tissue protein. The 1981 FAO/WHO/
UNU consultation recommended 6 g of extra
protein/day throughout pregnancy if the protein
comes from a varied diet containing foods of animal
origin, which permit a margin of safety to cover
individual variations.
Unlike energy, dietary protein surpluses do not
accumulate. Women in well-to-do societies on usual
diets frequently consume more protein than is
actually required. Under these circumstances, the
extra needs of pregnancy are met with no significant
changes in dietary intake. However, for chronically
undernourished women, for whom not only the total
amount of dietary protein but also its biological
value is frequently low, corrections during pregnancy
are important. The addition of even small amounts of
protein of high biological value (e.g., most proteins
of animal origin) can enhance utilization of total
dietary proteins and therefore significantly improve
nutritional status. In order to prevent any protein
imbalance in populations consuming varied diets,
including proteins, but where the total energy intake
is low, additional energy needs for pregnancy should
be provided by an increase in the overall diet and not
simply by the addition of starches or fats.
Vitamin and mineral requirements also increase
during pregnancy, but the precise amount is still a
matter for discussion. With balanced diets which
satisfy the normal requirements of adult women for
these nutrients, the extra intake needed to compensate for increased energy requirements during pregnancy should also, under normal conditions, cover
the needed extra allowance of vitamins and minerals.
An exception might be iron, in which women are
frequently deficient even when they are otherwise
well nourished (7). Significant amounts of additional iron are needed during pregnancy-about
1000mg in all (8); however, this need is not equally
distributed over the duration of pregnancy, the iron
requirements of the fetus being most important during the second and third trimesters (8). Requirements
during this period cannot be satisfied by dietary iron
alone, even if it is of high bioavailability. Unless
stores of about 500 mg exist before pregnancy,
administration of iron supplements may be indicated
if impairment of the expected increase in
haemoglobin mass in the mother is to be avoided (8).
It is still preferable, to the extent possible, to increase
iron intake from dietary sources, as medicinal iron
supplements have been reported to cause marked
decreases in serum zinc levels (see chapter 2). Factors
known to stimulate absorption of non-haem iron are
the presence in the diet of meat, poultry, seafood and
various organic acids, particularly ascorbic acid. On
the other hand, a large number of substances, for
example, polyphenols including tannins, phytates,
certain forms of protein, and some forms of dietary
WHO Bulletin OMS: Supplement Vol. 67 1989

fibre impair the absorption of non-haem iron (8).
When a diet is already deficient, even marginally, in some minerals or vitamins, the situation can
become critical during pregnancy. For example,
iodine-deficient populations suffer a variety of consequences that include goitre, low birth weight (see
chapter 5), reduced mental function, and widespread
lethargy. Irreversible forms of severe mental and
neurological impairment, commonly known as
cretinism, are observed in marked deficiency states
(9). Similarly, in areas where there is a deficiency of
vitamin A or thiamine, pregnant women and their
infants are at risk.

Weight Increments during pregnancy
Weight increments during pregnancy vary between
privileged and underprivileged communities; the
average weight gain, by the time of pregnancy, for
mothers in the former group are given in Table 1.1.
Table 1.1: Average weight gain during pregnancy In

industrialized countries"
Time of pregnancy

Weight gain

(weeks)

(kg)

1-12
13-20
21-24
25-28
29-32
33-36
37-40

0
2.4
1.5
1.9
2.0
2.0
1.2

Total:

10-12

Reference 10.

A considerable proportion of weight gained during pregnancy is composed of protein and fat. Pregnant women in underprivileged communities normally have a much lower weight increment during
pregnancy than women who are materially well off; if
they do not have an adequate energy intake, they are
more likely to lose fat and are at greater risk of giving
birth to infants with low birth weight (2) (see chapter
5). It may be assumed that a reduction of fat deposits
during pregnancy points to severe dietary deficiencies; however, an increase in fatty tissue, which is
usual in affluent communities, may not be essential
for a normal pregnancy outcome. The fat deposited
during pregnancy is of great value, however, in compensating for the high energy requirements during lactation. If these reserves are not available, a
mother's own tissues may be used to the detriment
of her nutritional status.
11
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Nutrient transfers during pregnancy
Nutrient transfers from mother to fetus are shown in
Table 1.2. By the end of pregnancy the fetus has
drawn about 30 g of calcium, 17 g of phosphorus and
300 mg of iron. At the same time, sizable amounts of
minerals, which had been used in uterus and breast
development, become available for meeting maternal
nutritional needs.
Table 1.2: Substnces transferred to the fetus and
placenta during pregnancy'

Total weight
Water
Protein
Fat
Sodium
Potassium
Chloride

Calcium
Phosphorus
Magnesium
Iron

Newborn
(g)

Placenta and
amniotic fluid (g)

3500
2530
410
480
5.7
6.4
6.0
29.0
16.9
0.8
0.3

1450
1350
40
4
3.9
1.1
3.1
0.2
0.6
0.06
0.01

' Reference 11.

Changes In maternal metabolism that promote
adequate fetal growth
In addition to calcium, phosphorus and iron, a
mother provides considerable amounts of protein
and fat to promote adequate fetal growth. Since the
transfer of most of these substances occurs most
actively towards the third trimester, supplies of them
have to be made available in time. This implies a
biphasic cycle of the mother's intermediary metabolism, which is steered by endocrine influences during pregnancy (12). The energy balance of maternal
tissues is assumed to be positive during the first half
of pregnancy, which has been suggested by an
apparent reduction in 3-methylhistidine excretion in
the first part of pregnancy (13). This anabolic phase,
with increased protein synthesis and an increase in
fat tissue, is followed by catabolic processes characterized by a rapid formation of fetal tissues and
depletion of maternal stores, which is not covered by
the mother's usual nutrient intake (14,15). This
process continues during lactation. The fetus, which
has some of the characteristics of a parasite inside the
maternal organism, is well protected by maternal
nutrient stores. The stores compensate for seasonal
variations in dietary intake and are activated through
hormonal changes during pregnancy. The fetus is
12

also protected by the active transport capacities of
the placenta, which is able to mobilize nutrients,
vitamins and minerals against concentration
gradients in favour of the fetus (16).

The placenta
Plcental functIon and fetal growth
Appropriate growth and development of the fetus
is dependent on the functioning of the placenta.
There are four areas of major importance (17): substrate and hormone concentrations in maternal circulation; uteroplacental blood flow; placental transfer
mechanisms; and placental metabolism.
Substrate and hormone concentrations. Glucose is the
main fuel 'or fetal metabolism (18), and its placental
uptake is -,pendent on maternal blood glucose concentration '19). This does not apply to amino acids
(20), but there is some correlation as regards free fatty
acids (FFA). Placental hormones are able to regulate
metaboiic processes by modulating maternal substrate concentrations through changing the action of
insulin on maternal tissues or regulating the
mobilization of maternal plasma FFA (21). It is thus
possible to direct glucose to the fetus in later pregnancy by lowering the insulin sensitivity in maternal
tissue.

Lteroplaental blood flow. Near term, the uteroplacental blood flow ranges from 500 to 700 ml/minute (22).
Little is known about earlier phases of pregnancy.
Augmentation of uterine vessels, increase in maternal
cardiac output, and increase of uterine vascular resistance are the basis for transfer of oxygen and amino
acids to the fetus (23). Placental glucose uptake is
severely reduced only when the blood flow is
similarly restricted (24); maternal hypotension is thus
considered a threat for fetal growth (25).
Placental transer mechanIsms. There are three main
transfer mechanisms across the placenta (16): passive
diffusion, dependent on blood flow; carrier-mediated
facilitated diffusion; and active transport against concentration gradients, which is an energy-consuming
process.
Glucose is transported by facilitated diffusion
(26). Amino acids apparently are moved by active
transport because their concentration in fetal blood is
higher; there is selective transport for the neutral
amino acids, whereas others (glutamic and aspartic
acid) are not taken up (26). There is a gradientdependent transport for FFA, although FFA in fetal
and maternal blood are related. The process of
maturation of the placenta, with marked reduction
WHO Bulletin OMS: Supplement Vol. 67 1989
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in the diameter of placental membranes in the course
of pregnancy, may enhance diffusion and transport
mechanisms.
Placental metabolism

The placenta, especially the trophoblast, is a very
active metabolic tissue (17). Only 30-40% of glucose
taken up by the placenta is transferred to the fetus,
the rest being retained in the placental tissues (17),
which are well equipped with insulin receptors (27).
Moreover, lactate production represents about 40%
of placental glucose utilization, lactate not being
excreted into the human fetal circulation. Less is
known about lipid metabolism of the placenta; the
maternal hypertriglyceridaemia of late pregnancy
may thus enhance an increased FFA uptake by the
fetus (28). Amino-acid concentrations in the placenta
exceed maternal and fetal values (29), a considerable
proportion of which is returned to the maternal
circulation as ammonia. Protein synthesis within the
placenta essentially concerns hormone synthesis,
especially of insulin receptors (27). The physiological
role of placental insulin receptors has not been
entirely clarified.
Placental metabolism and placental blood flow,
which are interrelated, are the most critical factors
for fetal development. The placenta is apparently able
to adjust maternal metabolism to meet the needs of
fetal growth through hormone synthesis.

The newborn
Nutritional requirements
Nutritional requirements of healthy newborns vary
widely according to weight, gestational age, rate of
growth and environmental factors. If one looks at
breast-milk intake, the great variability of volume
and composition during the immediate postpartum
period does not lend itself to making recommendations based solely on breast-milk flow (30). However,
recommendations for a few components may be
derived from what is currently known about the
average composition of early human milk, and the
amounts consumed by healthy, mature newborns
who are following a normal postpartum clinical
course.
Where minor and trace elements in breast milk
are concerned, the WHO study (31) on these elements
that was conducted in Guatemala, Hungary, Nigeria,
Philippines, Sweden and Zaire concluded that
environmental conditions appear to play a major
role in determining the concentration of most of
them. However, for some of the elements (calcium,
chlorine, magnesium, phosphorus, potassium and
WHO Bulletin OMS: Supplement Vol 67 1989

sodium) there appeared to be little difference between groups and countries, and concentrations were
not significantly influenced by maternal nutritional
status.
The ranges of concentrations found under usual
conditions, i.e., after excluding study areas where
exceptionally low or high values were observed, may
be useful in determining the desirable concentration
of trace elements in breast-milk substitutes. The
study also concluded, however, that it may be opportune to reconsider the recommendation of a WHO
Expert Committee in 1973 (32) that infant formula
should contain all the minor and essential trace
elements, at least as much as is present in human
milk. The emphasis at the time was on meeting
minimum nutritional requirements. Today there is
concern that infant formula contains levels of some
trace elements far exceeding the normal nutritional
requirements of infants during the first months of life.
Breast-milk composition and maternal dietary needs
for lactation are discussed further in chapter 2.
The water requirements of infants are related to
caloric consumption, ambient temperature, activity,
and rate of growth. Specific gravity of urine is influenced by the way the infant is fed. Breast-fed
infants have a low solute load and therefore a low
urine specific gravity, while the opposite is true for
infants fed on breast-milk substitutes. Average water
requirements for a healthy infant under normal
environmental conditions are given in Table 1.3,
while Table 1.4 shows the dependency of the water
requirement in relation to the specific gravity of
urine.

Table 1.3: Average water requirements for infants"
Age
3 days
10 days
3 months

Weight (kg)

Water (ml/kg)

3.0
3.2
5.4

80-100
125-150
140-160

' Reference 33.

Table 1.4: Average water requirements of a 3-kg Infant'
Urine specific
gravity

1.005
1.015
1.020
1.030

Volume
ml

ml/100 kcal

ml/kg

650

217

339
300
264

113
100
88

220
116
100
91

' Reference 33.
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These figures are divided up as follows: 30 ml as
skin loss, 50 ml through the respiratory tract, and
50-70 ml/100 kcal for excretion of non-concentrated
urine. Infants fed only breast milk require no
additional water, even in very hot climates (34),
unless another, high-osmotic food is given, unless
they lose excessive volumes of water due to diarrhoea, or unless they become severely overheated. In
such cases, a small quantity of water given by cup or
spoon will ease the infants irritability due to thirst.
However, giving water regularly may decrease the
frequency and intensity of breast-feeding, or inappropriately condition the infant's oral behaviour,
with a consequent negative impact on breast-milk
production and removal. Moreover, water may be
contaminated in some environments or the feeding
bottles may be a source of infection (35). In addition,
water will dilute the protective effects and nutritional
value of breast milk, and is associated with higher
levels of neonatal jaundice (36).
Neonatal weight loss
A postnatal weight loss of 5-8% of body weight is
usual during the first few days of life in mature

newborn infants. Postnatal weight loss is the result of
a fall of intracellular fluid after birth, particularly
from the skin, and is influenced by feeding practice,
humidity, ambient temperature and, to some degree,
loss of meconium. In contrast, infants who experienced intrauterine malnutrition, i.e., who are small for
gestational age, lose little or no weight at all. There is
a shift to the extracellular compartment, which
stabilizes after the third day, when intracellular water
content begins to rise to its previous level. Infants
mobilize and excrete water and electrolytes in the
fasting state. Since plasma osmolarity remains stable,
there may be a shift of sodium from intracellular to
extracellular space (37). The provision of water during this phase accelerates losses (38). It is known from
animal experiments that low fluid intake leads to
retention of cell water, while high intake speeds its
release (39). This is particularly critical in the case of
premature infants who tend to retain considerable
amounts of intracellular water when fluid intake is
restricted. See chapter 5.
Other postpartum concerns
Importance of Immediate contact between mother and

Intant after birth. The importance of the immediate

postpartum period for healthy child development has
been clarified through scientific investigation since
the 1960s. This research began on the assumption
14

that this is an "imprinting" period, a critical and
sensitive early phase concerned with sudden and
lasting attachment between the infant and the
mother. The phenomenon was first observed in
animals (40,41), and it was further postulated that
this reaction existed for human mothers and their
infants (42-45). The father can also contribute to this
early bonding period; although his direct influence is
usually limited, it is nevertheless significant given the
impact his reaction can have on the mother (46).
The immediate initiation and evolution of the
parent-newborn interaction is structured by a
mother's life experience and her conscious and unconscious attitudes. In the dynamic process which

begins at birth, neonates are by no means as passive as
their limited development may suggest (47). Most of
the many interactions between a mother and her infant
in the first hours of life are closely related to successful
early breast-feeding. Immediate contact may be provided initially and most effectively by placing the
infant on the mother's abdomen, even before the
umbilical cord has been clamped (48). Another way is
to place the infant at the mother's side, facing the
mother. Both facilitate the touching and eye-toeye contact that play such an important role in
a mother's own sense of satisfaction (49).
The immediate postnatal period is obviously not
the only moment when attachment can develop; if the
process is delayed, however, it may take longer and
be more difficult to achieve. The classic studies have
shown that immediate contact between mother and
infant after birth positively influences attachment
behaviour where fondling, kissing, looking in the
face, and talking to the infant are concerned; later, with regard to frequency of picking up,
increased proximity, and greater soothing in stress
situations; and still later, as concerns effectiveness of
speech contact (43,45). Notwithstanding the scepticism recently shown about the long-term effects of
early contact (50,51), there is no doubt about its
positive influence on the successful initiation and
establishment of lactation (see chapter 2). However, it
is important in this regard to distinguish between
early contact without suckling and early contact that
includes unrestricted suckling.
In addition to contributing to early attachment,
close mother-infant contact immediately after birth
also helps infants to adapt to their new unsterile
environment by favouring colonization of their skin
and gastrointestinal tract with their mothers' microorganisms. These tend to be non-pathogenic, and
mothers' milk supplies antibodies specific for them.
Infants are thus simultaneously exposed to, and
protected against, the organisms for which active
immunity will be developed only later in life.
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Effects of anaesthesia or drugs on the Infant postpartum.

In view of the significance of early mother-infant
contact for successful breast-feeding, it is important
to understand that drugs administered during labour
may interfere with this process (52). Eye-opening by
the infant after delivery may be delayed, thus affecting interaction between mother and child. Even very
small doses of drugs can have serious consequences
for an infant's neurobehaviour pattern and therefore
on the quality of the early mother-neonate relationship (53). Drugs given to the mother may negatively
influence feeding ability and nutrient intake in newborn infants for many days after delivery owing to
the dependence of the fetus on maternal detoxification, and on the infant's drug excretion, which is
slowed because of immaturity of the liver (54). The
effects of obstetrical analgesia or anaesthesia on
neonatal feeding behaviour have been reviewed elsewhere (55).
In pregnancy and during birth, most drugs pass
easily from mother to fetus through the placental
barrier. Analgesics, tranquillizers and other drugs
affecting the central nervous system pass rapidly
because the blood-brain interchange has the same
characteristics as the placental barrier. Changes in
the reactions of newborn infants under the influence
of various drugs have been observed as regards sleep
and wakefulness, attentiveness to visual stimuli, oral
behaviour in response to auditory and tactile stimuli,

application of various neurobehavioural scales,
ability to breast-feed well 24 hours after birth, and
EEG patterns. Drugs that have been tested included
pethidine (56,57) tranquillizers, barbiturates (53,58),
and morphine derivatives (57); all affect the neonate's
physiological state. Various investigations have also
shown that even spinal anaesthetics given to the
mother change the infant's neurobehavioural status
(55), although this may be partly due to premedications.
Because drugs can interfere with both attachment and breast-feeding, drugs should be given only
when necessary and their effects should be evaluated.
The application of antibiotic, or possibly silver
nitrate, eye drops to prevent conjunctivitis in the
infant is reported to delay immediate eye-to-eye
contact (59). Where these drugs are still considered
necessary their administration can be postponed for
a time to allow eye-to-eye contact immediately after
birth (60). See also chapter 3 for a discussion of drug
therapy during lactation, and Annex 1.
The newborn Infant's feeding
As will be discussed more fully in chapter 2, it is one
of the more striking neurological capabilities of the
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newborn infant to be able to breast-feed vigorously
within the first two hours after birth, even at gestational ages when bottle-feeding is difficult. In
general young infants, especially newborns, have very
irregular feeding intervals. They may feed at unevenly
spaced intervals from 6 to 12, or as many as 18, times
in a 24-hour period. Mothers may need reassurance
that this early phase of very frequent feeding is likely
to settle into more predictable routines as lactation
is established. Indeed, lactation will be more speedily
established if the mother and baby are encouraged to
feed as often and as long as the infant wishes to do so.
Correct positioning of the infant is important to
prevent nipple trauma.
It is advisable for numerous reasons (61,62) to
feed young infants whenever they indicate a need.
Mothers can usually rely on their infants, who
regulate their appetite well, to know when they have
had enough to drink. To an experienced observer, the
infant's clinical state and behavioural patterns before
and after a feed will also indicate satiety or hunger.
Mothers may need to be cautioned not to interpret
an infant's possible unsettled behaviour as due to
milk insufficiency (see chapter 3); there are many
other possible causes. It is not advisable to weigh an
infant before and after every feed. Daily weighing will
usually be adequate during the first few days of life to
monitor milk intake where this is thought to be
necessary. Weekly weighing will be sufficient in the
first weeks after birth to detect any possible
nutritional problem early enough for appropriate
action to be taken (63). Where relevant, catch-up
growth can be extremely rapid during this period,
even for infants who have failed to thrive for some
weeks before a corrective intervention is begun.

R6sum6
La p6riode pr6natale et les
post-partum imm6diat
Le statut nutritionnel de la mere durant la grossesse influe directement sur son etat de sante et
sur ses possibilites de donner naissance a un
enfant sain qu'elle pourra allaiter. On ignore
encore exactement la valeur des besoins ener-

g6tiques suppl6mentaires A couvrir pour une
femme enceinte. On conna?t mal les modifications
metaboliques qui surviennent et le moment ou
elles se situent. De quelle mani6re la future mere
en reglant son activite physique compense-t-elle
I'augmentation de son m6tabolisme de base et ses
besoins caloriques accrus?
Les r6sultats d'enqudtes longitudinales r6is
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centes utilisant des m6thodes directes, conduites
en Gambie, Hollande, Philippines, Ecosse et Thailande montrent que les couts energetiques de la
grossesse ne sont pas compens6s par une consommation energetique equivalente. Sur ces
bases les chercheurs ont constate que les conclusions de la consultation d'experts conjointe
FAO/OMS/UNU de 1981 qui recommandaient un
accroissement de la ration fournissant 1.0 MJ/j, et
les recommandations pour l'Ecosse de 1.2 MJ/j,
n'etaient pas r6alistes pour des populations en
bonne sante des pays industrialises. Aux Philippines, certaines constatations suggerent que le
produit de la grossesse peut etre tout a fait satisfaisant avec des apports energetiques mineurs. De
meme des femmes en Gambie ont demontre des
capacites remarquables d'adjustements physiologiques grace a une adaptation a la grossesse de
leur metabolisme de base. La conclusion de ces
etudes est que l'on peut fixer le cout energetique
total de la grossesse a environ 250 MJ
(60 000 kcal), soit un chiffre inferieur aux recommandations FAO/OMS/UNU. Ce qui est etonnant
cependant c'est que le fait que les femmes enceintes
aient besoin de 250 MJ supplementaires ne se
traduise pas n6cessairement par une augmentation de 250 MJ apportes par leur regime alimentaire.
Sont ensuite successivement envisages:
-Le gain de poids pendant la grossesse. II existe
une difference entre pays en developpement et
pays industrialises. La variation porte principalement sur les reserves en graisses. Dans les pays
en developpement les femmes se situent bien
souvent en dessous des 10 A 12 kg de gain de poids
generalement acceptes.
-Modifications du mdtabolisme maternel favorisant la croissance fcetale. Les echanges les plus
actifs en proteines, graisses, Ca, P et Fe se produisent durant le troisieme trimestre de la grossesse;
en consequence la mAre doit avoir constitu6 des
reserves durant les deux premiers trimestres.
L'equilibre energetique maternel est positif durant
la premiere moitie de la grossesse, du moins en ce
qui concerne les proteines comme cela a et6
demontre par l'etude de l'excretion de la methylhistidine.
-Les besoins nutritionnels durant la grossesse.
Les recommandations FAO/OMS/UNU fixaient a
3.3 g de proteines supplementaires par jour la ration
pour une femme qui aurait pris 12.5 kg pendant sa
grossesse et donne le jour a un enfant de 3,3 kg. Ces
apports valables pour les pays industrialises otu le
pourcentage de proteines d'origine animale dans
la ration est important sont loin d'etre fournis
aux femmes enceintes mal nourries de maniere
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chronique dans le tiers-monde. Pour les vitamines
et les mineraux, si les besoins sont accrus durant
la grossesse, les valeurs exactes ne sont pas
connues. Dans les conditions normales les
besoins sont couverts a l'exception du fer dont la
carence est la plus fr6quente meme dans des
populations autrement bien nourries. 11 faut aussi
ajouter les problmes lies A la carence en iode qui
frappe des regions enti6res du globe.
- Les effets de l'anesth6sie et de l'utilisation de
divers m6dicaments sur le nouveau-ne. L'importance fondamentale des la naissance du contact
mere-enfant sur la mise en route de I'allaitement
maternel demande la plus grande prudence dans
l'utilisation durant le travail de drogues qui
pourraient gener ce processus. Barbituriques,
analgesiques, tranquillisants passent facilement la
barri6re placentaire et affectent le systeme
nerveux central. De meme le contact visuel mareenfant ne devrait pas etre retarde par les instillations de gouttes oculaires. Cette pratique abandonn6e dans certains pays devrait tout au moins
dtre retard6e.
- L'importance
du
contact
mere-enfant
immediatement apres la naissance. L'importance
de la periode du post-partum pour le developpement de 1'enfant a ete verifiee. C'est une phase
critique qui imprime une marque definitive aux
liens psycho-affectifs qui unissent la mere a son
enfant. Les interactions multiples qui s'6tablissent
a ce stade sont determinantes pour l'initiation de
la lactation mdme si un certain septicisme se fait
jour sur les effets c long terme de cette relation.
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2. Lactation
Lactation is the most energy-efficient way to provide for the dietary needs of young mammals, their
mother's milk being actively protective, immunomodulatory, and ideal for their needs. Intrauterine mammary gland development in the human female is already apparent by the end of the sixth week of gestation.
During puberty and adolescence secretions of the anterior pituitary stimulate the maturation of the
graafian follicles in the ovaries and stimulate the secretion of follicular estrogens, which stimulate
development of the mammary ducts. Pregnancy has the most dramatic effect on the breast, but
development of the glandular breast tissue and deposition of fat and connective tissue continue under the
influence of cyclic sex-hormone stimulation. Many changes occur in the nipple and breast during
pregnancy and at delivery as a prelude to lactation. Preparation of the breasts is so effective that lactation
could commence even if pregnancy were discontinued at 16 weeks.
Following birth, placental inhibition of milk synthesis is removed, and a woman's progesterone blood
levels decline rapidly. The breasts fill with milk, which is a high-density, low-volume feed called colostrum
until about 30 hours after birth. Because it is not the level of maternal hormones, but the efficiency of infant
suckling and/or milk removal that governs the volume of milk produced in each breast, mothers who permit
their infants to feed ad libitum commonly observe that they have large volumes of milk 24-48 hours after
birth. The two maternal reflexes involved in lactation are the milk-production and milk-ejection reflex. A
number of complementary reflexes are involved when the infant feeds: the rooting reflex (which
programmes the infant to search for the nipple), the sucking reflex (rhythmic jaw action creating negative
pressure and a peristaltic action of the tongue), and the swallowing reflex. The infant's instinctive actions
need to be consolidated into learned behaviour in the postpartum period when the use of artificial teats
and dummies (pacifiers) may condition the infant to different oral actions that are inappropriate for breastfeeding.
Comparisons of breast milk and cow's milk fail to describe the many important differences between
them, e.g., the structural and qualitative differences in proteins and fats, and the bioavailability of minerals.
The protection against infection and allergies conferred on the infant, which is impossible to attain through
any other feeding regimen, is one of breast milk's most outstanding qualities. The maximum birth-spacing
effect of lactation is achieved when an infant is fully, or nearly fully, breast-fed and the mother
consequently remains amenorrhoeic.

Introduction
Lactation is a characteristic of mammals alone, and
this ability to provide an ideal food for their young,
regardless of the season, confers an evolutionary
advantage over other species. Even where food is
plentiful, lactation is the most energy-efficient way to
provide for the dietary needs of the young. In situations of scarcity, the ability of mammals to efficiently
utilize low-quality food resources in order to keep the
female alive, to provide high-quality nutrition for the
infant, and to regulate births is crucial to the survival of
both mother and offspring. This is true in humans no
less than in other mammals; as an important survival
mechanism, mammals have developed many strategies
both to optimize lactation's contribution to the development of the young and to reduce the metabolic
burden thereby imposed on the female.
Human lactation is a relatively neglected area of
scientific research. In fact, less is known about lactation in humans than in commercially exploited animals,
and many of the beliefs and practices that sometimes
prevent successful lactation in humans have no parallel
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in animal husbandry. Because there are still so many
unanswered questions about the physiology of human
lactation, this chapter will require regular up-dating as
it is unable to cover many clinically relevant issues.

Development of the female breast
During Intrauterine growth and childhood
Intrauterine mammary gland development is
apparent by the end of the sixth week of gestation
with the appearance of an ectodermal ridge consisting of 4-6 layers of cells at the site of the glands.
These layers gradually thicken and invade the underlying mesenchymal tissue in the following weeks,
while the smooth muscle of the areola and nipple
develops simultaneously.
At about fifteen weeks, the cells invading the
mesenchyme bud into 15-25 epithelial strips, which
later become the breast segments. Vascularization
and formation of specific apocrine glands (Montgomery glands) occur at the same time. By eight
months, canalization is complete and differentiation
into alveolar structures takes place, accompanied by
19
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increased vascularization and formation of fat and
connective tissue. The mammary connective tissue
serves as a carrier of blood vessels and supports the
smooth musculature of the areola and nipple. The
inner layers surround the mammary ducts and support glandular elements.
The early stages of intrauterine mammary
development are independent of any specific hormonal effects. Only the main lactiferous ducts are
present at birth. Despite this, the placental sex hormones, which entered the fetal circulation in the last
stages of pregnancy, may stimulate the neonatal
breast to secrete milk ("witch's milk") at 2-3 days
postpartum. This secretion subsides spontaneously in
the next days or weeks, and should be ignored;
manipulation of the infant's breasts can lead to
mastitis. Neonatal breast development then regresses
into the small mammary disk of childhood and
remains at rest for the most part until pre-puberty (1).
During puberty and adoloscence
With the onset of hypothalamic maturation in the
female at 10-12 years of age, the secretion of gonadotrophins (FSH, LH) from the anterior pituitary
stimulates the maturation of the graafian follicles in
the ovaries and initiates the secretion of follicular
estrogens, which stimulate development of the mammary ducts. The volume and elasticity of the connective tissues surrounding the ducts increase, and vascularization and fat deposition are enhanced. These
developments become obvious as an enlargement of
the breast disc at about twelve years of age. Thus,
estrogens are mainly responsible for breast development for the first 2-3 years after the onset of puberty.
The complete development of the breasts into their
adolescent size and structure requires the combined
effects of estrogens and progesterone, as does the
pigmentation of the areola. Although the differentiation of the breast tissue takes place during adolescence, changes in the breast continue throughout a
woman's life. Pregnancy has the most dramatic effect
on the breast (see below), but development of the
glandular breast tissue, and deposition of fat and
connective tissue continue under the influence of
cyclic sex-hormone stimulation.
Anatomy and morphology ot the mature breast
In the mature woman the breast contains perhaps
15-25 segments or lobes of glandular tissue, surrounded by connective tissue. Not every lobe is functional
in each lactation, or for the duration of any lactation;
particular lobes may regress sooner than others.
Women can successfully feed a singleton infant with
only one functional breast (2), or with only parts of
both breasts fully functional. This is well documented
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after surgery of many kinds, including reduction
mammoplasty, breast biopsy or enlargement. Successfully breast-feeding more than one child requires a
greater amount of functional glandular tissue, and
the recorded value of milk produced by wet-nurses
and mothers of twins or triplets (3) makes it clear that
many women never achieve their potential for milk
production. With each subsequent lactation, functional glandular tissue generally increases.
The structure of the breast has been likened to a
tree with trunk, branches and leaves: the milk ducts
form the trunk and branches linked with the tiny,
sac-like alveoli, which are the leaves (4). Milk is
secreted in the alveoli, of which there are 10-100
clusters in each segment enveloped in collagen
sheaths. The sheaths, in turn, prolong the small ducts
emptying into the main milk duct. Underneath this
collagen sheath is a lining of contractile myoepithelial cells, which surrounds the glandular structure.
These cells contract under the influence of oxytocin,
assisting milk to flow from the alveoli into the ducts
(see below).
The main milk ducts are more distensible in the
area just beneath the areola. Some milk collects in
what are sometimes referred to as the lactiferous
sinuses, which are compressed both during suckling
and when milk is expressed by hand. Several milk
ducts may merge before they reach the nipple, so that
the number of openings in the nipple does not
correspond to the number of lobes in the breast.
The nipple is located in the middle of the circular, pigmented areola, which probably serves as a
visual marker for the infant. The nipple is usually
elevated a few millimetres from the skin surface but
its size and shape can vary widely between individuals without any loss of function. The areola
contains smooth muscle and collagenous connective
tissue fibres in circular and radial arrangements. It is
usually 3-5 cm in diameter in adult women, but the
range is quite wide. Some women have no visible
pigmented area, while on others it may occupy half
the breast; both groups lactate successfully.
Both the areola and nipple are heavily innervated. The sensitivity of the nipple-areola complex
increases during pregnancy and is greatest in the first
few days after birth (5). The nipple (like the cornea)
contains unmyelinated nerve endings, and so is extremely painful when traumatized by an inadequately
positioned infant (6) (see below). Appropriate
stimulation of the nerve endings causes nipple erection and triggers the pituitary reflex mechanisms that
release oxytocin and prolactin. The areola also contains structures related to the apocrine Montgomery
glands, which probably serve as both lubricating and
scent organs during lactation (7).
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Changes In the nipple during pregnancy

An increase in nipple sensitivity is one of the first
signs of pregnancy in many women. The areola
surrounding the nipple may increase in diameter
during pregnancy, and the Montgomery tubercles, or
glands, increase in prominence and begin secreting a
sebaceous substance having anti-bacterial properties.
Nipple changes during pregnancy have an effect on
the infant's later ability to remove milk efficiently.
The nipples enlarge and become more protractile,
which has been measured by compressing the areola
immediately behind the nipple. The more protractile
the nipple and breast tissue behind it, the more easily
an infant can breast-feed. It is the protractility of breast
tissue (rather than the shape and size ofthe nipple) that
determines whether the nipple can be drawn far
enough into the infant's mouth to avoid being traumatized by infant oral activity, and whether the infant has
a sufficient mouthful of breast to extract milk efficiently
(see below). Infants breast-feed; the nipple is the
conduit through which milk flows, and probably
serves as an oral stimulus to initiate feeding behaviour.
Extreme, intractable nipple inversion, which often
involves tightness and tethering ofbreast tissue as well,
can make breast-feeding difficult or even impossible
(see chapter 3); fortunately, this is rare. It is not
unusual, however, for nipple inversion to be mistakenly diagnosed when a normal flat nipple is further
effaced during breast engorgement.

Changes In the breast during pregnancy and
after delivery
During pregnancy intensive lobular development
occurs under the influence of placental lactogen, as
well as the luteal and placental sex steroids. Prolactin

is increasingly released and contributes to breast
development. Ducts and alveoli multiply and develop
so rapidly that already at 5-8 weeks in many women
the breasts are visibly enlarged and feel heavier,
pigmentation of the areola is intensified, and the
superficial veins become dilated. However, as glandular development proceeds, fat stores in some
women may be mobilized and removed from the
breasts, with the result that there is little noticeable
change in breast volume, although these women
subsequently lactate successfully. After delivery, the
volume of each breast grows by an average of about
225 ml (8) due to a doubling of blood flow, increased
secretion, and development of glandular tissue, partially filled with colostrum, sometimes from midpregnancy. Colostrum may leak from the breast,
depending on such varied factors as ambient temperature and the tone of the sphincter muscles that
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control spontaneous outflow. In all these developments there is normally wide variation between
individuals but none of these factors is predictive of
success or failure in breast-feeding.
During the early months of pregnancy, ductular
sprouting is pronounced owing to the influence of
estrogen. With an increase in progesterone levels
after three months, development of the alveoli
exceeds duct formation, and the progressive increase
in prolactin stimulates glandular activity and the
secretion of colostrum, the earliest milk. The point at
which the breasts develop the capacity to synthesize
milk constituents is referred to as lactogenesis I (9).
Larger-volume milk production is inhibited by
placental sex steroids, particularly progesterone. This
inhibition is so powerful that even small fragments of
retained placental material can delay lactogenesis II,
or the time when more copious milk secretion begins
after birth. The preparation of the breasts for lactation is so effective, however, that lactation could
commence even at 16 weeks if pregnancy were discontinued.

Lactation
Onset of lctation
Milk synthesis in the alveoli is a complex process
involving four secretory mechanisms: exocytosis, fat
synthesis and transfer, secretion of ions and water,
and immunoglobulin transfer from the extracellular
space. These are of little direct clinical relevance and
are reviewed elsewhere (10).
Following birth, placental inhibition of milk
synthesis is removed, and a woman's progesterone
blood levels decline rapidly. The breasts fill with
milk, which is colostrum until about 30 hours after
birth. At between 30 and 40 hours (11) there is a
rapid change in milk composition as the amount of
lactose synthesized increases and milk volume thus
rises, lactose being the most osmotically active milk
component. This rise in milk volume usually occurs
before a woman notices any breast fullness and
engorgement or other signs of the uncomfortable
subjective experience that is often described as "milk
coming in".
Mothers who permit their infants to feed ad
libitum commonly observe that they have a large
volume of milk by 24-48 hours after birth, but
experience no engorgement. It is now thought that
the event described as "milk coming in" marks the
shift from lactation driven by endocrine control to
lactation under autocrine control (12), when it is the
removal of milk from the breasts, in a continuing
favourable hormonal milieu, which governs milk
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production. Some mothers may experience this transition from endocrine control to autocrine control as
a sensation of fullness and increased warmth in the
breasts, as the build-up of intramammary pressure
accompanying the build-up of suppressor peptides in
the glands begins to down-regulate the volume of
milk produced to that required by the baby (i.e.,
equal to the amount that is being removed from the
breasts). Increasing fullness occurs when inefficient
milk removal, combined with increased blood flow to
the breasts, creates lymphatic oedema, which in turn
can contribute to limiting the milk outflow, permitting the accumulation of suppressor peptides, and
eventually decreasing the milk secretion (see below).
Because lactation is an energy-intensive process,
it makes evolutionary sense that there should be inbuilt safeguards against wasteful over-production as
well as mechanisms to permit a prompt response to
increased infant need. Recent research has confirmed
that such mechanisms exist in humans as in other
mammals. It is not the level of maternal hormones,
but the efficiency of infant suckling and/or milk
removal, which governs the volume produced in each
breast. Both breasts are subject to the same hormonal influences, but the volume each produces
corresponds to that removed by the infant. Many
women successfully breast-feed from one breast only;
in such cases the unused breast involutes.
Maintenance of lactation

Maternal reflexes. The two maternal reflexes involved
in lactation are the milk-production and milk-ejection
reflex. Both involve hormones (prolactin and
oxytocin, respectively), and both are responsive to
lactation's driving force, which is suckling. Stimulation by the infant of nerve endings in the nippleareola complex sends impulses through afferent
neural-reflex pathways to the hypothalamus, resulting in the secretion of prolactin from the anterior
pituitary and oxytocin from the posterior pituitary.
Other hormones (cortisol, insulin, thyroid and
parathyroid hormones, and growth hormone) also
support lactation (13). Prolactin is a key lactogenic
hormone, stimulating the initial alveolar production
of milk; it induces messenger- and transfer RNA for
milk-protein synthesis, and influences alpha-lactalbumin, and hence lactose synthesis, in the alveolar
cells. Other functions of prolactin include water and
salt conservation through the kidneys and, possibly,
prolongation of postpartum amenorrhoea through
its effect on the ovaries; both these functions reduce
the metabolic stress of lactation.
As distinct from its role in initiating lactation,
the importance of prolactin in sustaining lactation is
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the subject of considerable scientific debate (14).
Serum prolactin levels in non-pregnant women are
about 10 ng/ml; its concentration gradually increases
during pregnancy but decreases sharply after
delivery. At four weeks postpartum the mean is about
20-30 ng/ml in lactating women, and 10 ng/ml in
non-lactating women. However, the basal serum level
of prolactin, at which satisfactory milk production is
reached and can be sustained, varies widely between
women after the early postpartum period (15). Some
women lactate successfully with basal prolactin levels
equivalent to those of non-lactating women. In early
lactation suckling induces a surge of prolactin to
about ten times the basal pre-suckling levels after
about 20-30 minutes. By three months this response
is markedly decreased, and by six months it has
virtually disappeared in most women. Yet suckling
and the removal of milk allow milk production to be
sustained on a supply and demand basis, catering to
the infant's needs. For reasons not yet understood,
maternal malnutrition is associated with considerable
elevation of basal prolactin levels (16).
As well as inducing the release of prolactin from
the anterior pituitary, the infant's feeding also excites
cholinergic fibres in the hypothalamus and stimulates
the release of oxytocin from the posterior pituitary.
Oxytocin has a short half-life and is secreted predominantly in short pulses. Since it is very difficult to
assay (17), little is known about the levels of oxytocin
in pregnant, non-pregnant, and lactating women.
However, it is estimated that about 100 mU oxytocin
are released in ten minutes of breast-feeding (18). It is
not known whether this is affected by the large doses
of oxytocin that are used to augment labour. Oxytocin contracts the myoepithelial cells, forcing the
milk out into the ducts. The force of the contractions
can initially be very strong and painful for some
women, and the milk can be ejected many centimetres from the breast; more usually it simply drips
from one breast as the infant drinks from the other.
Mothers may experience this milk-ejection
reflex, or milk "let-down", as a warm and tingling
sensation in the breast, or as a feeling of pressure, or
they may not notice it at all unless they watch the
baby's feeding rhythm. Intramammary pressure does
rise, and increased blood flow is obvious with thermography. Contractions in the uterus are also
induced; this assists speedy and complete uterine
involution, but can be extremely painful, particularly
for multigravid mothers, for some days after delivery
(19). These women may need explanation and reassurance and, in severe cases, some form of pain relief.
The importance of oxytocin to milk release
varies according to the mammalian species. Traditional dairy animals have large lactiferous sinuses, or
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cisterns, which allow for up to 50% of milk to be
obtained independently of the milk-ejection reflex. In
species not so equipped-including rats, rabbits, pigs,
dogs and humans-very little milk can be obtained in
the absence of the milk-ejection reflex. However,
serious defects in this reflex are clinically rare. It
seems to be most sensitive to disturbance during the
early neonatal period, which underlines the importance of allowing women to breast-feed under conditions that they find comfortable.
The milk-ejection reflex responds not only to
tactile stimuli but can be triggered by visual, olfactory, or auditory (20) stimuli (particularly in the early
days of lactation); it can also be conditioned (21).
Physical closeness to, or thinking about, an infant
can trigger milk ejection in some women through a
contraction of the myoepithelial cells. This can occur
in some women years after lactation has ceased, even
though ejection is not possible in the absence of milk.
Conversely, this reflex can be temporarily inhibited
by the effects of adrenalin (22), e.g., in some women
subject to sudden, extremely unpleasant, or painful
physical or psychological stimuli.
Minor or chronic stress has not been shown to
affect the milk-ejection reflex other than to delay it
slightly. Some women do experience a genuine
inability to release milk even when their breasts are
obviously full. The most usual explanation for this is
not psychological but physical; owing to limited
suckling their breasts are overfull, and the resulting
extreme back-pressure prevents oxytocin from contracting the myoepithelial cells. Warmth, pumping,
or skilful hand-expression of some milk can decrease
this pressure and enable the reflex to operate. Temporary inhibition, or simple delay in milk ejection, is
relatively common. It can be readily overcome by
cajoling the infant to persevere for the minute it
may take for the suckling stimulus to operate. Unfortunately, in cases where women are subjected to
negative messages about their capacity to lactate, this
temporary inhibition of milk ejection is frequently
misinterpreted as a sign of "milk insufficiency";
the introduction of supplementary feeds only contributes to making the feared insufficiency a reality
(see chapter 3).
The responsiveness of the milk-ejection reflex
explains why successful breast-feeding has been described as a "confidence trick". If a mother truly
believes that she can provide milk for her infant, she
will encounter few problems with milk let-down, even
in the stressful conditions and overwork experienced
by most of the world's lactating women. Research
from the Gambia confirms this (2). If, on the other
hand, a woman believes that modern life is incompatible with full breast-feeding, she may be more
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inclined to interpret any difficulties encounteredironically, even those arising from producing too
great a volume-as being due to too little milk.
Women need basic information about the mechanics
of breast-feeding and the reliability of lactation; as a
survival mechanism it is not easily disturbed except
by powerful physiological forces, or interference with
its basic mechanism, appropriate suckling.
Nineteenth century ignorance of these basic
physiological facts and of the adverse conditions
under which lactation proceeds uneventfully the
world over accounts for this same era's traditional
insistence that "the secretion of milk proceeds best in
a tranquil state of mind and a cheerful manner" (23).
Relaxed interaction with one's infant is no doubt
preferable for a host of reasons, but it is also a luxury
that is unavailable to many women. Even the original
sudden painful experiments used to demonstrate
inhibition of milk ejection under stress showed that
the effect was short-lived (24) and reduced, rather
than prevented, milk transfer.
Both oxytocin and prolactin affect a mother's
mood and physical state, and the latter hormone is
considered crucial to appropriate maternal behaviour
in various species. The effects of bromocriptine or
other prolactin-antagonists on mother-infant interaction have not been studied. New research about
oxytocin (25) suggests that it, too, is a "bonding"
hormone, with important consequences for relationships between both sexual partners and mother
and child. Recent studies have begun to explore
how the chosen feeding method affects a mother's
subsequent adjustment to her infant (26).

Infant reflexe& The normal full-term human infant at
birth is equipped to breast-feed successfully. Like other
mammalian newborns, left to their own devices
human infants will follow an innate programme of
pre-feeding behaviour in the first hours after birth
that can include crawling from the mother's abdomen
to her breast, coordinated hand-mouth activity,
active searching for the nipple while the mouth gapes
widely, and finally, attaching well to the breast and
feeding vigorously before falling asleep-all this
within 120-150 minutes after delivery (27). The key
to lactation maintenance is appropriate infant-feeding behaviour, which means emptying the breasts
efficiently, frequently, and for long-enough periods
both to maintain lactogenic hormonal levels and to
prevent the build-up in the breasts of compounds
that suppress lactation (see below).
A number of complementary reflexes are in-

volved when the infant feeds. The rooting reflex

programmes the infant to search for the nipple while
gaping widely enough to take in a good mouthful of
23
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breast tissue. When the infant's cheek or mouth is
touched, the infant gapes and turns towards the
stimulus, attempting to grasp it orally. The sucking
reflex is triggered when something touches the palate.
In fact, "sucking" is something of a misnomer for this
action, which consists of rhythmic jaw action creating
negative pressure, and a peristaltic action of the
tongue, which strips milk from the breast and moves
it to the throat, where it triggers the swallowing
reflex. This feeding action also stimulates the synthesis and secretion of lactogenic hormones that
evoke the mother's milk-production and ejection
reflexes, and removes the peptides that might suppress alveolar milk synthesis. Recent ultrasound
studies have provided excellent illustrations (28) of
this process of breast-feeding; it differs markedly both
from previous verbal descriptions of how infants
breast-feed and from printed descriptions of how
infants feed from artificial teats.
In the normal neonate, breast-feeding reflexes
are already strong at birth. Indeed, evidence now
confirms that some infants as young as 32 weeks
gestation and as small as 1200 g are capable of
breast-feeding efficiently even before they can feed
from artificial teats, which are associated with
hypoxia and bradycardia in premature infants (29).
However, these crucial reflexes may be weak or
absent in extremely pre-term or very-low-birthweight (see chapter 5) or sick infants. Cerebral
damage, congenital defects, generalized infection
(septicaemia), and severe jaundice may also cause
feeding difficulties. Physical defects such as cleft lip
or palate (see chapter 3) pose individual challenges,
depending on the interaction between the defect and
the mother's breast. However, the most common
causes of decreased efficiency of these reflexes are in
fact iatrogenic: obstetrical sedation or analgesia (see
chapters 1 and 3), and interference in the process of
learning in the period after birth. The infant's instinctive actions need to be consolidated into learned
behaviour in the postpartum period. The use of other
oral objects, whether teats or dummies (pacifiers), in
the neonatal period may condition the infant to
different oral actions that are inappropriate for
breast-feeding.
In the early postpartum period, lactational reflexes are particularly responsive to changes in suckling frequency, duration and adequacy. To initiate
breast-feeding successfully, infants should be allowed
to breast-feed within an hour of birth, when both
their reflexes and their mother's sensitivity to tactile
stimuli of the areola and nipple are strongest. To
establish breast-feeding successfully, factors that
decrease the duration, efficiency and frequency of
infant suckling should be eliminated as far as possible
24

(30). These factors include limitation of feeding time,
scheduled feeds, poor positioning, the use of other
oral objects, and giving the infant other fluids, e.g.,
water, sugar solutions, and vegetable- or animal-milk
products. The giving of formula milk not only
decreases an infant's appetite for breast milk, but also
increases the risk of infection and allergy (31). Ideally,
mothers and babies should be left in close skin
contact after an uncomplicated delivery without use
of drugs; recent Swedish studies have shown that
separation from the mother and analgesia during
labour (32) were the factors most closely associated
with suckling difficulty. Following this early contact,
mothers should be encouraged to feed their infants as
often and as long as needed. Excessively long feeds or
the development of nipple trauma indicate that help
is required (33,34). The use of creams, lotions, sprays
or other applications for sore nipples has little
proven basis and may in fact only create additional
problems, which increase the risk of further trauma
(35) (see Annex 1).

Cessation of lactation
Milk secretion continues for some time after the
cessation of suckling. In normal circumstances, lactation will continue in each breast for as long as milk
is being removed from it. As the volume of milk
decreases, its composition changes; higher levels of
fat, sodium and immunoglobulins, and lower levels of
lactose are usual (36). Although most mammals "dry
up" within 5 days of the last suckling episode, the
period of involution in women averages 40 days.
Within this period it is relatively easy to re-establish
full lactation if the infant resumes frequent suckling.
In many societies weanling children do revert to full
breast-feeding when challenged by disease, and thus a
process of gradual involution has obvious advantages for the infant; it also has advantages for the
mother. In abrupt weaning, it takes two days for
immunoglobulin and lactoferrin levels to rise, which
leaves the breast vulnerable to infection. This is
undoubtedly part of the reason for higher rates of
abscess formation in women with mastitis who stop
feeding from the affected breast (see chapter 3).
As discussed earlier, after the initial period the
breasts are under autocrine control; it is the build-up
in the glandular tissue of inhibiting peptides that
brings about the cessation of milk secretion. This
makes the management of early lactation, and of
mastitis, particularly important. Whenever unphysiological feeding practices prevent the efficient removal
of milk, secretion will decrease. Virtually all women
initially produce more milk than their infants can
consume. The breasts should not be permitted to
become over-full, tight and lumpy at any time during
WHO Bulletin OMS: Supplement Vol. 67 1989
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the first week. Women should be shown how to
check their breasts for lumpiness (particularly in
the axilla and around breast margins); to recognize
obstruction of outflow building up in the breast; and
to relieve this by gentle hand expression or other
means. Otherwise whole lobes of breast tissue may
stop secretion, as they will when outflow is impeded
by permanent damage such as scar tissue from burns
or reconstructive surgery. (In most surgical patients a
carefully supervised trial of lactation is advised, as
many functional lobes may retain outlets that permit
full or partial lactation.) Fortunately, in the normal
postpartum woman, the decrease in secretion is likely
to be temporary if the infant continues to suckle,
and the mother does not supplement with artificial
feeds. The milk output seems to be most sensitive in
the first weeks to the suckling stimulus and the amount
of milk removed, although at all stages of lactation
increased suckling frequency will result in increased
milk supply, usually after about 48 hours (37).

Breast-milk composition
Breast milk and its precursor, colostrum, ensure the
neonate's adaptation and successful transition to
independent postnatal life. Colostrum is a sticky
yellowish fluid which fills the alveolar cells during the
last trimester of pregnancy, and is secreted for some
days after birth (38). Even where a mother has been
feeding an older child throughout pregnancy, her
milk will go through a colostral phase just before
and after the new birth. The amounts of colostrum
secreted vary widely, ranging from 10 to 100 ml/day,
with a mean of about 30 ml. This secretion gradually
increases and achieves the composition of mature
milk by 30-40 hours after birth.
Colostrum is a high-density, low-volume feed. It
contains less lactose, fat and water-soluble vitamins
than mature milk, but more protein, fat-soluble
vitamins (including vitamins E, A, and K) and more
of some minerals such as sodium and zinc. It is so
high in immunoglobulins and a host of other protective factors that it could be described as nature's
prescription as well as nature's food. Colostrum is
well-matched to the specific needs of the neonate;
immature infant kidneys cannot handle large
volumes of fluid without metabolic stress; the
production of lactase and other gut enzymes is just
beginning; anti-oxidants and quinones are needed for
protection against oxidative damage and haemorrhagic disease; immunoglobulins coat the immature
gut lining of the infant, preventing adherence of
bacterial, viral, parasitic and other pathogens; and
growth factors stimulate the infant's own systems in
ways science is just beginning to understand. Colostrum, like the milk to come after it, acts as a
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modulator of infant development. To dilute its effects
by giving water, or negate them by adding other
foreign substances to the infant's gastrointestinal
tract, is not easily justified.
Colostrum evolves into mature milk between 3
and 14 days postpartum. Mature breast milk has
hundreds of recognized components. It is variable in
composition not only between mothers, but also in
the same mother between breasts, between feeds, and
even during a single feed, as well as over the course
of lactation. These variations are not considered
random but functional, while the infant's role in
determining milk variability is increasingly seen as
important. Human milk has the potential to meet an
infant's individual needs as does the milk of other
mammalian species (e.g., the red kangaroo, which
provides two quite different milks from different teats
for young of different ages). Women feeding twins
who have a consistent breast preference sometimes
find that their breasts are producing individually
tailored milks. As lactation winds down and the
breasts involute, regression milk resembles colostrum
in its high level of immunoglobulins, which protect
both the weanling and the breast itself.
Comparisons of the composition of breast milk
and cow's milk, as well as some usual western breastmilk substitutes, are widely available. While they list
some of the hundreds of components in milks, they
fail to describe the many differences between them.
For example, bovine-milk proteins, whether whey or
casein, are structurally and qualitatively different
from human-milk proteins, and may generate antigenic responses. Bovine lactoferrin may act quite
differently in the human infant than it does in the
calf; differences in the external carbohydrate structure of the protein may mean that infant receptors for
human lactoferrin cannot lock onto, and release, the
minerals taken up by bovine lactoferrin. The relative
bioavailability of trace minerals (see below) is not
obvious from a mere quantitative listing, nor are the
qualitative differences between the saturated fats of
human milk and atherogenic saturated vegetable fats
such as coconut oil (39) obvious from tables listing
fats by category. Mammalian milks are all fluids of
great complexity, uniquely suited to the needs of the
young of the species concerned.
Protein
Mature human milk has the lowest protein concentration among mammals. Based on findings from the

WHO study concerning the quantity and quality of
breast milk (40), average protein content is accepted
as being 1.15 g/100 ml, except during the first month
when it is 1.3 g/100 ml, calculated on the basis of
total nitrogen x 6.25 (41). There are wide variations
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between mothers, however, as in the case of ten
mothers whose total protein content on the eighth
day postpartum was found to range from 1.13 to
2.07 g/100 ml (42). Such differences in milk composition may help explain the equally wide variation in
milk intakes observed in thriving breast-fed infants,
who are permitted to self-regulate their intake. Some
studies have shown that the actual protein content of
human milk, when determined on the basis of amino
acids, is about 0.8-0.9 g/100 ml (43); non-protein
nitrogen (mostly urea (44)) accounted for the other
25-30% of total nitrogen. Nutritionally available
protein may be even less than 0.8g/100ml when a
correction is made for those whey proteins (the antiinfective proteins such as secretory IgA, lysozymes and lactoferrin) that resist proteolysis and are
therefore not absorbed. These low breast-milk
protein levels are nevertheless more than adequate
for optimal growth in young infants, and result in an
appropriately low solute load for the infant's
immature kidneys.
In the light of this new information, it is now
considered that the total protein content of breastmilk substitutes should be lowered even further.
Infants fed artificially, whether on the latest whey- or
casein-dominant formulas, have elevated blood urea
and amino acid levels, and thus higher renal solute
loads (45); neither the short- nor long-term metabolic
consequences of this finding are known. The high
protein and salt content (and consequent renal solute
load) of breast-milk substitutes until the 1970s was
linked to hypernatraemic dehydration (46). While
most infants appear to be remarkably capable of
adapting in the short term to this unphysiological
metabolic stress, little research has been done on its
possible relation to adult circulatory or renal disease
(see chapter 4).
The whey: casein ratio of human milk is roughly
80:20, that of bovine milk 20:80, while that of breastmilk substitutes varies from 18:82 to 60:40. It is not
clear, however, that modifying the bovine protein
ratios to the same as human protein will result in
improved absorption and serum amino-acid levels
that are closer to those of the breast-fed infant (47).
Some studies have shown that casein-dominant
breast-milk substitutes achieve a more physiological
plasma profile than whey-dominant substitutes (47).
Although there are similarities, no bovine-milk
protein is identical to any human-milk protein;
indeed, they are quite different. The human whey
proteins consist mainly of human alpha-lactalbumin,
an important component of the enzyme system in
lactose synthesis. The dominant bovine whey protein,
bovine beta-lactoglobulin, has no human-milk
protein counterpart, although it is capable of con26

taminating the milk of women who themselves drink
cow's milk, and provoking antigenic responses in
atopic infants (48). Human milk's high whey:casein
ratio results in the formation of a softer gastric curd,
which reduces gastric emptying time (49) and
facilitates digestion.
Human milk has higher levels of the free amino
acids and cystine, and lower levels of methionine,
than does cow's milk. Human milk's cystine:
methionine ratio is 2:1, which is almost unique for
animal tissues and resembles that of plant tissues (40).
Cystine is essential for the fetus and pre-term infant
because the enzyme cystathionase, which catalyses
the transulfuration of methionine to cystine, is lacking in the brain and liver (50). The level of another
amino acid, taurine, is also high in human milk.
Taurine is necessary for the conjugation of bile salts
(and hence fat absorption) (51), in addition to having
a role as a neurotransmitter and neuromodulator in
the development of the central nervous system.
Because infants, unlike adults, are unable to synthesize taurine from cystine and methionine, it has
been suggested that taurine should be conditionally
considered an essential amino acid for young children (52). Breast milk meets this need; taurine
has been added to some breast-milk substitutes since
1984. There are many other differences in milk protein quantity and quality, which have been reviewed
elsewhere (53).
Fat
With few exceptions, the fat content of mature
human milk is ideally suited to the human infant, and
it evokes a unique physiological response (54).
Fat concentrations increase from about 2.0 g/100 ml
in colostrum to the mature level of a mean of
4-4.5 g/100 ml at fifteen days postpartum; they
remain relatively stable thereafter, although there are
considerable inter-individual variations both in total
fat content and fatty acid composition (55). Fat is the
most variable of milk constituents (56). Circadian
fluctuations in fat concentrations occur, with highest
concentrations usually recorded in the late morning
and early afternoon (57). Variations also occur within
feeds; in some women fat concentration in hindmilk
is 4-5 times greater than in foremilk. The increased
fat in hindmilk was believed to act as a satiety
regulator, although this could not be demonstrated
when infants were bottle-fed milks of varying fat
content (58). However, because later stages of a feed,
when milk volume is lower, may be providing a
considerable proportion of an infant's total caloric
intake for that feed, there should be no arbitrary time
limit on any feed (59). Infants are capable of regulating their energy intake by mechanisms not yet underWHO Bulletin OMS: Supplement Vol. 67 1989
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stood. Because hindmilk provides a higher energy
intake, it is important that a mother who is expressing milk should not simply collect foremilk such as
"drip milk" (that collects spontaneously in breast
shells worn for the purpose). Such milk would be of
inadequate caloric value and particularly unsuitable
for preterm infants unless enriched with fat from
other batches of human milk (60).
Human-milk fat is secreted in microscopic
globules that are smaller than those in cow's milk.
Triglycerides dominate, with 98% of the lipids
enclosed in the globules. The globular membranes
are composed of phospholipids, sterols (especially
cholesterol) and proteins. The fatty-acid composition
of human milk is relatively stable, consisting of about
42% saturated, and about 57% unsaturated, fatty
acids (61). Although the concentrations of linoleic
acid and other polyunsaturated fatty acids are
influenced both by maternal diet and by maternal
body fat composition, all human milk is rich in longchained polyunsaturated fatty acids, which are
important in brain development and myelinization.
Most breast-milk substitutes contain little or none of
these (62-64), although in 1989 some manufacturers
planned to add them. Cow's milk has higher concentrations of short- and medium-chained fatty acids
which, in the 1960s and 1970s, sometimes combined
with the higher casein content of earlier breast-milk
substitutes to form insoluble soaps responsible for
milk bolus obstruction and intestinal perforation in
term infants. Regrettably, this problem has recently
re-emerged in sick preterm infants being fed highdensity breast-milk substitutes (65, 66).
Among the polyunsaturated fatty acids, arachidonic and linoleic acids are particularly important.
Arachidonic acid is considered essential during
infancy because linoleic acid in vivo is not as readily
convertible into arachidonic acid. The content of
these two fatty acids is about four times higher in
human than in cow's milk (0.4 g and 0.1 g/100 ml,
respectively). Prostaglandins, whose synthesis is
dependent on the availability of these essential fatty
acids, are widely distributed in the gastrointestinal
tract (67). They affect a variety of physiological
functions that enhance digestion as well as the
maturation of intestinal cells, and thus contribute to
the overall host defence mechanisms. Human milk
can contain significant quantities of prostaglandins
(68); breast-milk substitutes contain none. Human
milk also contains other lipid-associated antiviral

compounds.
While glucose is the fetus' main energy source,
the infant is highly dependent on fats for energy;
breast milk provides 35-50% of daily intake in the
form of fats. The infant begins to consume this highWHO Bulletin OMS: Supplement Vol. 67 1989

fat diet at a time when both pancreatic lipase secretion and the efficiency of bile salt conjugation are
immature (69). Their immaturity is partially compensated for by lingual and gastric lipases, but the
presence of a non-specific lipase in human milk is
particularly significant. This enzyme is activated by
bile salts in the duodenum and thus contributes to
the infant's fat digestion, which is a feature that is
absent from most other milks. In fact, humans and
gorillas are the only two mammals that provide their
offspring with both a substrate and its enzyme in the
same fluid. When fresh breast milk is the main source
of fat, it is estimated that the bile salt-stimulated
lipase will contribute to the digestion of 30-40% of
triglycerides within 2 hours. This process proceeds in
vitro as well as in vivo. It is particularly important in
the feeding of preterm infants, whose bile salt and
pancreatic lipase production is even more depressed
(see chapter 5). However, unheated breast milk
should be used since milk lipase is destroyed by
heating (70). Lipase is only one of dozens of enzymes
present in human milk (see below), and it acts as a
metabolic modulator for the infant in ways that no
other food can mimic.
Human milk is uniformly rich in cholesterol, the
importance of which is still not understood. There is
conflicting evidence from laboratory animals which
suggests that early exposure to cholesterol may affect
adult handling of this important lipid. It is not
known whether the presence or absence of bovine
cholesterol in breast-milk substitutes is an advantage
to the artificially fed infant. Without further research
in this area, reliable dietary guidelines for children
under two years of age cannot be formulated, despite
accumulating evidence suggesting that dietary factors
in infancy are involved in the later development of
cardiovascular disease (71) (see chapter 4).
Lactose

Lactose is human milk's major carbohydrate, although
small amounts of galactose, fructose, and other oligosaccharides are also present. It is a sugar found only
in milk, and human milk contains the highest concentrations (an average of 4% in colostrum, increasing to 7% in mature milk). Lactose appears to be a
specific nutrient for infancy, since the enzyme lactase
is found only in infant mammals. Lactase persists
among Europeans and some other populations, but
most people do not tolerate lactose after middle
childhood; foods containing lactose can thus cause
intestinal disturbance.
Lactose furnishes about 40% of energy needs
but also has other functions. It is metabolized into
glucose (used for energy) and galactose, a constituent
of the galactolipids needed for the development of the
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central nervous system. It facilitates calcium and iron
absorption, and promotes intestinal colonization
with Lactobacillus bifidus. These fermentative bacteria promote an acidic milieu in the gastrointestinal
tract, inhibiting the growth of pathogenic bacteria,
fungi and parasites. The growth of L. bifidus is further
encouraged by the presence in human milk of a
nitrogen-containing carbohydrate, the bifidus factor,
which is not found in bovine-milk derivatives. Food
supplements given in the first days after birth interfere with this protective mechanism (72). Ruminant
animals require a different gut flora and ecology;
artificially fed infants are thus colonized predominantly with coliform and putrefactive bacteria, and
their stools have a higher pH value. It is usual to
find reducing substances such as sugars in the stools
of healthy breast-fed infants; they contribute to maintaining the acid environment that retards the growth
of pathogens. In contrast, the delayed gut transit time
of industrially prepared milks (73) permits almost
total metabolism of these sugars.
Primary lactose intolerance is a rare congenital
anomaly (see below). Varying degrees of temporary
lactose intolerance can occur with any condition that
damages the intestinal brush border and results in a
loss of lactase (e.g., rotavirus, Giardia lamblia, or
cow's-milk protein intolerance). Without the enzyme
to metabolize it, lactose is fermented by gut bacteria,
producing an extremely acid stool, which can itself
further damage the brush border. The infant experiences abdominal pain; passes frequent, frothy,
liquid stools; and, in extreme cases, may fail to thrive
or be at risk of dehydration. Only rarely is it necessary to briefly interrupt breast-feeding; indeed,
breast-feeding should almost always continue, and
even increase, during periods of diarrhoea (see
chapter 6).
Another situation of relative lactose intolerance
has recently been postulated, the cure for which
is a simple change in breast-feeding management.
Mothers may find that they have irritable, unsettled,
"colicky" babies whose stools are frequent and liquid,
who pass urine and regurgitate frequently, but who
are otherwise thriving; they may be gaining weight
well or poorly. It is hypothesized that when a mother,
who typically has more than enough milk, fails to
allow her infant enough time at the first breast and,
instead, changes sides after a pre-determined period,
the infant may ingest a feed that is too high in lactose
and too low in fat (74). Lactose intolerance is sometimes resolved within 24 hours if a mother lets her
infant "finish" the first breast before offering the
second when it is clear that the infant is not satisfied.
After a day or two of feeding by choice from one
breast, supply will diminish and the infant will insist
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on feeding from both breasts at each feed, but without the symptoms of apparent lactose intolerance.
This theory is supported by the observation that
many such unsettled infants have higher than average
breath-hydrogen levels (75).
Despite the apparent importance of lactose for
normal infants, not all breast-milk substitutes contain this carbohydrate. This is understandable in the
case of formulas designed for short-term therapeutic
use by lactose-intolerant infants. The short- and longterm consequences of feeding lactose-free substitutes
to healthy infants from birth are unknown. Likewise,
the role of the other oligosaccharides in human milk
is under-researched, although they make up 25% of
colostrum, and at least one-the carbohydrate
known as the bifidus factor-prevents microbial
colonization.
Vitamins

Vitamin concentrations in human milk are almost
always adequate for infant needs, although they can
vary with maternal intake. Given the variability of fat
concentrations in human milk, and the relationship
of fat to maternal diet, infant intakes of fat-soluble
vitamins can differ markedly. The concentration of
vitamin A in human milk is higher than in cow's milk
except among deficient populations (76), and there is
twice the amount in colostrum than in mature milk.
In the second year of life, vitmin A deficiency is more
common among infants weaned early than among
those who are still breast-fed.
In the immediate post-partum period the concentration of vitamin K is higher in colostrum and early
breast milk (77) than in later milk. However, after two
weeks vitamin K-supplying intestinal flora will be
established in breast-fed infants. Where infants are
deprived of colostrum, or of hindmilk, the risk of
haemorrhagic disease is greater than in artificially
fed infants, unless vitamin K is provided soon after
birth. Oral doses are used by some clinicians (see
chapter 3); research into their efficacy would benefit
those infants in situations where injections are not
desirable.
The vitamin E content of human milk usually
meets the needs of the infant unless a mother is
consuming excess amounts of polyunsaturated fats
without a concomitant increase in vitamin E intake.
The vitamin D content of human milk is low (an
average of 0.15 pg/t00 ml), and for some years it was
considered insufficient to meet the needs of the infant,
even though exclusively breast-fed infants do not
routinely develop a deficiency. Later, the presence of
water-soluble vitamin D in the aqueous phase of milk
was discovered in concentrations as high as 0.88 ug/
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100 ml (78). Debate ensued as to the biological significance of this water-soluble vitamin D, and it is
now understood that the optimal route for vitamin D
ingestion in humans is not the gastrointestinal tract,
which may permit toxic amounts to be absorbed.
Rather, the skin is the human organ designed, in the
presence of sunlight, both to manufacture vitamin D
in potentially vast quantities and to prevent the
absorption of more than the body can safely use and
store. It takes only brief exposure to sunlight to
produce sufficient vitamin D; to satisfy a week's
requirements for white infants in a midwestern US
city the exposure time is 10 minutes unclothed or 30
minutes with only the head and hands exposed (79).
The only groups at risk of vitamin D deficiency are
women and children who do not eat marine oils and
who are totally covered and not exposed to daylight.
Variations in water-soluble vitamins can occur,
depending on the maternal diet, but levels are
generally more than ample in the milk of wellnourished mothers. Case-reports of deficiencies in
infants are rare, even among poorly nourished
women or vegan women who are more at risk of
vitamin B deficiencies. The concentration of vitamin
B12 is very low in human milk, but its bioavailability
is enhanced by a specific transfer factor. Concentration of niacin, folic acid, and ascorbic acid is generally higher than in the milk of ruminants. Special
care is required in environments where a deficiency in
some vitamins is endemic, for example vitamin A or
thiamine (80). Long-term users of oral contraceptives
may also have lower levels of vitamin B6 in their milk.
Although mothers may fail to demonstrate clinical
signs, their milk can still be deficient in these vitamins
with adverse consequences for their infants. Improving the mother's diet, which is a priority in its own
right, is the most cost-effective way of preventing any
vitamin deficiency in the breast-fed infant.
Minerals
The concentration of most minerals in breast milk,
e.g., calcium, iron, phosphorus, magnesium, zinc,
potassium, and fluoride, will not be significantly
affected by maternal diet. Compensatory mechanisms, such as decreased urinary calcium excretion,
come into play, and only in extreme cases will a
mother's own reserves or tissues be significantly
depleted. In these cases the post-lactational recovery
period is of great importance. In the case of fluoride,
it appears that the breast inhibits passage into the
milk of any but trace amounts (81).
Mineral concentrations are lower in human milk
than in any breast-milk substitute, and are thus
better adapted to the infant's nutritional requirements and metabolic capacities. Calcium is more
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efficiently absorbed because of human milk's high
calcium:phosphorus ratio (2:1). The higher phosphorus concentration of cow's milk leads to preferential absorption of phosphorus and is responsible for
neonatal hypocalcaemia, which is more common
among artificially than breast-fed infants. Calcium
availability from cow's milk is decreased even further
by the formation of insoluble calcium soaps in the
gut, which can cause intestinal obstruction and perforation (see above). The calcium:phosphorus ratio
of breast-milk substitutes has generally been modified to improve calcium absorption, although their
range is still considerable.
Similarly, the high bioavailability of human-milk
iron is the result of a series of complex interactions
between the components of breast milk and the
infant's body. The higher acidity of the gastrointestinal tract; the presence of appropriate levels of zinc
and copper; the transfer factor lactoferrin, which
prevents iron from being available to intestinal bacteria and releases it only when specific receptors
unlock the lactoferrin molecule-all these factors are
important to increase iron absorption. Up to 70% of
breast-milk iron is absorbed, compared with 30% in
cow's milk and only 10% in breast-milk substitutes
(82). To compensate, large amounts of supplemental
iron have to be added to substitutes, which favours
the development of pathogenic gut bacteria.
Iron-deficiency anaemia is extremely rare in
infants fed only breast milk during the first 6-8
months of life. Indeed, healthy infants born at term to
well-nourished mothers have sufficient hepatic iron
stores to meet their needs for the better part of the
first year (83). Early introduction of other foods in
the diet of the breast-fed infant can alter this picture,
however (see chapter 4). It has been shown, for
example, that pears chelate breast-milk iron, making
it insoluble and rendering it unavailable to the infant
(84). Even supplemental iron may cause problems by
saturating lactoferrin, thus decreasing its bacteriostatic effect, and encouraging the growth of pathogens, some of which can cause sufficient gut damage
and microscopic bleeding to produce iron-deficiency
anaemia (85). At the same time, providing additional
iron can reduce zinc or copper absorption. While
there are specific indications for infant iron supplementation, e.g., extreme prematurity and considerable neonatal blood loss, they are not without
risk. See chapter 5.
In populations where the prevalence of iron
deficiency is high there are many women who enter
pregnancy already suffering from various degrees of
anaemia. In such situations full therapeutic doses of a
well absorbed iron salt are obviously needed (86). On
the other hand, in many developed countries most
29
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women enter pregnancy not only with normal
haemoglobin concentrations but also with a reserve
of iron of 200-300 mg. The supplementation required
in such instances is less, since all that is required is a
daily dose of iron sufficient to meet the increased
needs of pregnancy, which in the second and third
trimesters is about 5-6 mg daily (86). More study is
needed on the effect of routine iron supplementation
during pregnancy of healthy, non-anaemic women;
one recent study shows that both folate and ironfolate supplements decreased the maternal serum zinc
levels within 24 hours (87).
The above recommendations, however, relate
exclusively to the iron status of the mother. Most
studies, based either on the measurement of ferritin in
the newborn (88,89) or the later development of
anaemia (90, 91) suggest that iron status at birth is
little dependent on the iron nutrition of the mother.
Similarly, there is no evidence that maternal iron
status bears any relationship to the iron-content of
breast milk (83).
Zinc is essential to enzyme structure and function, growth, and cellular immunity. The amounts of
zinc in human milk are small but sufficient to meet
the needs of infants without disturbing copper and
iron absorption; its bioavailability is high compared
with the zinc added to breast-milk substitutes.
Human milk is therapeutic in cases of acrodermatitis
enteropathica, which is a disease associated with zinc
deficiency. Although occasionally reported in breastfed infants, this condition is far more common among
the artificially fed. The level of available zinc varies
widely in breast-milk substitutes, and soya formulas
have been found to be deficient in this regard (92).
High zinc:copper ratios have been associated with
coronary heart disease; the corresponding ratio in
breast milk is lower than that of the usual substitutes.
Trace elements
Once again there are substantial differences between
trace elements in human milk and any substitute;
only a few can be mentioned in a review of this
nature. In general, the breast-fed infant is at little risk
of either a deficiency or an excess of trace elements.
Copper, cobalt and selenium levels in human milk
are generally higher than in cow's milk. Enhanced
bioavailability of breast-milk copper results from its
binding with proteins of low relative molecular mass.
Copper deficiency, resulting in a hypochromic microcytic anaemia and neurological disturbances, occurs
only in artificially fed infants (93, 94). At three
months of age, selenium status is better in exclusively
breast-fed than in mixed or artificially fed infants (95).
Breast-milk selenium levels are slightly lower in areas
where soils are selenium-deficient. However, bovine
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milk selenium is affected even more markedly by
dietary intake, varying by as much as 100-fold. There
is considerable discussion about the appropriate level
of selenium in breast-milk substitutes (96). Levels of
chromium (97), manganese (98) and aluminium (99)
may be up to 100 times greater than in human milk,
and some effects on later learning and on bone
growth have been postulated. Recently, lead and
cadmium have been shown to contaminate formulas
still stored in soldered cans (100). Dietary lead intake
is much lower in breast-fed infants, even where drinking-water exceeds the WHO standard (0.1 ug lead per
ml) (101). Iodine can be concentrated in milk. In
addition, the topical use of iodine (e.g., in skin
washes) can affect the breast-fed infant's thyroid
function (102).
With minerals as with other nutrients, there are
many significant differences between human milk
and substitutes. Great advances in knowledge about
mineral interactions and bioavailability have
occurred in the last decade (103). It is now recognized
that the ability of breast-milk substitutes to provide
adequate levels of nutrients cannot be predicted from
their compositional analysis alone, and that growth
by itself is not a sufficiently sensitive indicator of
all possible adverse outcomes due to deficiency or
excess. Further study is required on these and other
components, including nickel, vanadium, tin, silicon,
arsenic and cadmium.
Other substances
Human milk is not only a source of nutrients
uniquely adapted to the infant's metabolic capacities;
recent research has indicated that it may even exercise a degree of control over metabolism, from the
subtleties of cell division to infant behaviour (104), as
well as over the development and maintenance of breast function. Some hormones (105)
present in milk have already been mentioned (oxytocin, prolactin, adrenal and ovarian steroids, and
prostaglandins). A full list would also include Gn-RH
(gonadotropin-releasing hormone), GRF (growth
hormone releasing factor), insulin, somatostatin,
relaxin, calcitonin, and neurotensin at levels greater
than those in maternal blood; and TRH (thyrotropinreleasing hormone), TSH (thyroid-stimulating hormone), thyroxine, triiodothyronine, erythropoietin,
and bombesip. ?t levels less than in maternal sera.
The evidence that endocrine responses differ between
breast-fed and artificially fed infants is reviewed elsewhere (106). In addition, hormonal release may be
influenced by compounds in milk such as the human
beta-casomorphins, which are peptides with opioid
activity that may also affect the neonatal central
nervous system. Nucleotides (affecting fat absorption)
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and numerous growth factors are present in human
milk. The latter include epidermal growth factor
(EGF), insulin-like growth factor (IGF-I), human milk
growth factors (HMGF-I, II, and III), and nerve
growth factor (NGF). Their role in the development
of the infant is only just beginning to be elucidated
(107).
The dozens of enzymes in human milk have a
multi-functional origin. Some reflect the physiological changes occurring in the breasts; others
are important for neonatal development (proteolytic
enzymes, peroxidase, lysozyme, xanthine oxidase);
still others augment the infant's own digestive
enzymes (alpha-amylase and bile salt-stimulated
lipase). Many are found in much higher concentrations in colostrum than in mature milk, e.g., lysozyme
whose concentration is about 5000 times greater in
human than in cow's milk. This enzyme is bacteriolytic against Gram-positive bacteria and may also
afford specific protection against some viruses. Other
enzymes are believed to have direct immunological
functions, while some may be acting indirectly by
promoting cell maturation (108, 109).

Immunological qualities of breast milk
Human milk is much more than a simple collection
of nutrients; it is a living substance of great biological
complexity that is both actively protective and
immunomodulatory. It not only provides unique
protection against infections and allergies (110-112),
but it also stimulates the appropriate development of
the infant's own immune system. In addition, it
contains many anti-inflammatory components whose
functions are not fully understood (113). The most
immediately apparent result is decreased infant morbidity and mortality, compared with infants who are
artificially fed, the impact of which is particularly
dramatic in poor communities (114, 115). However,
the immunological benefits of breast milk are no less
real among relatively affluent populations, (116, 117).
For example, recent research indicates that there
are subtle immunological risks among artificially fed, compared with breast-fed, infants in
wealthier communities where there is apparently a
greater incidence in childhood of otitis media (118),
coeliac disease (119), Crohn disease (120), diabetes
(121), and cancer (122), in addition to problems due
to the mechanics of artificial feeding, such as orthodontic defect (123). Decreased morbidity among
breast-fed infants in industrialized countries has
remained constant even during periods when it was
the less privileged who breast-fed (124).
The methodological flaws of past studies of the
protective effect of breast milk in developed countries
have served to confuse the issue. Given the imporWHO Bulletin OMS: Supplement Vol. 67 1989

tance of gut flora in disease, it is critical to distinguish
carefully inter alia between infants who have received
only breast milk from birth, infants receiving supplementary foods neonatally and only breast milk
thereafter, infants who are breast-fed but supplemented from birth with breast-milk substitutes, and
infants who are artificially fed from birth (125). In
studies designed to assess the health effects of infant
feeding, all other fluids and solids given to the infant
need to be recorded.
A recent study in Dundee, Scotland, followed
674 mother-infant pairs for two years in an effort to
overcome these methodological flaws. It was found
that the infants who were breast-fed for 3 months or
more had substantially less gastrointestinal illness
during the first year of life than the infants who were
bottle-fed from birth or completely weaned at an
early stage. This reduction in illness, which was found
whether or not supplements were introduced before
13 weeks, was maintained beyond the point of breastfeeding itself and was accompanied by a reduction in
the rate of hospital admission. By contrast, infants
who were breast-fed for less than 13 weeks had rates
of gastrointestinal illness similar to those observed in
bottle-fed infants (126).
The protection afforded by breast-feeding is
most evident in early life and continues in proportion
to the frequency and duration of breast-feeding. The
neonate must contend with a number of immediate
problems at birth, including colonization of the intestines with microorganisms, the toxins produced by
the microorganisms, and the ingestion of macromolecular antigens; all three can cause pathological
reactions if permitted to penetrate the intestinal
barrier. The intestinal host defence mechanisms are
immature at birth; thereafter, the wealth of immune
substances and growth factors in colostrum and
breast milk protect the intestinal mucosa against
penetration, modify the intestinal luminal environment to suppress the growth of some pathogenic
microorganisms while killing others, stimulate
epithelial maturation, and enhance digestive enzyme
production (127).
The anti-infective properties in colostrum and
breast milk have both soluble and cellular components (128). The soluble components include
immunoglobulins (IgA, IgM, IgG) as well as lysozymes and other enzymes, lactoferrin, the bifidus
factor, and other immunoregulatory substances (39,
48). The cellular components include macrophages
(which contain IgA, lysozymes and lactoferrin),
lymphocytes, neutrophil granulocytes, and epithelial
cells. While the concentration of these constituents is
very high in colostrum, it decreases in mature milk.
However, because decreased concentration is com31
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pensated for by increasing milk volume, infant
intakes remain more or less constant throughout
lactation (see Table 2.1).
Table 2.1: Distribution of immunoglobulins and other
soluble substances In the colostrum and milk delivered
to the breast-fed Infant during a 24-hour perlod"
Soluble
product

IgG
IgA

IgM
Lysozyme
Lactoferrin

Concentration in mg/day at postpartum:
___________________
< 1 week 1-2 weeks 3-4 weeks > 4 weeks
50
5000
70
50
1500

25
1000
30
60
2000

25
1000
15
60
2000

10
1000
10
100
1200

Reference 129.

The protection afforded the infant is substantial.
Calculated on a per/kg body-weight basis, it has been
estimated that a fully breast-fed infant receives 0.5 g
secretory IgA (SIgA) per day, which is about 50 times
the globulin dose given to a patient with hypoglobulinaemia. SIgA is the most important globulin
fraction; it is produced by the subepithelial plasma
cells of the intestinal tract except during the first 4-6
weeks of life (or even longer in allergic individuals)
when infants need to obtain it from breast milk. SIgA
is also produced in the mammary gland (130). It is
resistant to proteolytic enzymes and low pH, and
considerable amounts of ingested SIgA can be
recovered in an infant's stool (131). Soluble IgA
covers the infant's intestinal mucosa like "white
paint", rendering it impermeable to pathogens. It is
believed that the SIgA antibodies bind toxins, bacteria and macromolecular antigens, thus preventing
their access to the epithelium. Breast milk also
stimulates the infant's own production of SIgA
(132, 133).
Other breast-milk components also have an
immunological role. Lactoferrin is an unsaturated,
iron-binding glycoprotein that competes for iron
with iron-dependent microorganisms, and is thus
bacteriostatic. Like SIgA, lactoferrin is resistant to
proteolytic activity. As mentioned earlier, the bifidus
factor occurring in fresh colostrum and breast milk is
a nitrogen-containing carbohydrate that is easily
destroyed by heat (69); it promotes intestinal colonization with lactobacilli in the presence of lactose.
The resulting low pH in the intestinal lumen inhibits
the growth of both E. coli, Gram-negative bacteria,
and fungi such as Candida albicans. A similarly low
pH in the stomach may be of particular importance
to the premature and low-birth-weight infant (134,
135) (see chapter 5). The growth of pathogens in the
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stomach may lead to the emptying into the intestines
of highly contaminated feeds (136), and increased risk
of potentially fatal disorders such as necrotizing
enterocolitis, which occurs only rarely in infants fed
only human milk from birth. For example, in a
neonatal unit in Helsinki, a study of over 7000 sick
infants found only 5 cases, of whom 3 were full-term
infants after exchange transfusions. All infants that
died were autopsied; all premature infants were
radiologically screened (136). A neonatal unit in
Manila (R. Gonzales, personal communication, 1989)
has not had a single case since converting to humanmilk feeding; maternity hospitals in Stockholm (136)
and Oslo (R. Lindemann, personal communication,
1989) report similar findings.
Recent research indicates the presence in human
milk of other factors having specific immunological
functions. Indeed, it is now clear that there is a
broncho-mammary and an entero-mammary circulation, which ensures that every pathogen that challenges a mother stimulates the production of specific
antibodies that are present in the milk her infant
receives. Breast milk has been shown to be active, in
vitro, against many pathogens (137) (see Tables 2.2 to
2.4) and specific protection against many of these
(including rotavirus (138) and G. lamblia (139,140)) is
provided to the infant. Breast milk also contains viral
fragments that cannot be replicated, but which
stimulate antibody responses in infants, effectively
immunizing them before exposure to the active agent,
or enhancing their response. Now that PCR (polymerase chain-reaction) tests are available, which can
amplify and detect traces of certain viruses, it should
be borne in mind that proof of the presence of
antigenic fragments reveals little about their function
in milk. There has been no study to date of the
potential preventive or therapeutic roles of human
milk in HIV infection (see chapter 3).
The activity of the cellular components of breast
milk is not yet well understood. Macrophages are in
highest concentration, followed by lymphocytes and
neutrophil granulocytes. These cells help to prevent
infection both by phagocytosis and by secretion of
immune substances having some degree of specificity
for those microorganisms with which the mother is in
contact (130).

Effects on mothers
Breast-milk quantity
The volume of breast milk varies according to infant
demand, the frequency of breast-feeding, the stage of
lactation, and glandular capacity. It is only in cases
of extreme deprivation that a mother's nutritional
status may have an adverse effect on milk volume. In
WHO Bulletin OMS: Supplement Vol. 67 1989
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Table 2.2: Antibacterial factors found In human milk'
Factor

Shown, in vitro, to be active against:

Effect of heat

Secretory IgA

E. coli (also pill and capsular antigens), C. tetani,
C. diphtheriae, K. pneumoniae, Salmonella
(6 groups), Shigella (2 groups), Streptococcus,
S. mutans, S. sanguis, S. mitis, S. salivarius,
S. pneumoniae, C. burnetti, H. influenzae
E. coli enterotoxin, V. cholerae enterotoxin, C. difficile
toxins, H. influenzae capsule
V. cholerae lipopolysaccharide; E. coli

Stable at 56°C for 30 min; some loss
(0-30%) at 62.5°C for 30 min;
destroyed by boiling

IgM, IgG

IgM destroyed and IgG decreased
by a third at 62.5°C for 30 min

IgD
Bifidobacterium bifidum growth
z factor
Factor binding proteins (zinc,
vitamin B,2, folate)
Complement Cl-C9 (mainly C3
and C4)
Lactoferrin

E. coli
Enterobacteriacea, enteric pathogens

Stable to boiling

Dependent E. coli

Destroyed by boiling

Effect not known

Lactoperoxidase
Lysozyme

Streptococcus, Pseudomonas, E. coli, S. typhimurium
E. coli, Salmonella, Micrococcus lysodeikticus

Unidentified factors

S. aureus; C. difficile toxin B

Carbohydrate
Lipid
Ganglioside (GMI like)
Glycoproteins (receptorlike) + oligosaccharides
Analogues of epithelial cell
receptors (oligosaccharides)
Milk cells (macrophages,
neutrophils, B and T
lymphocytes)

E.
S.
E.
V.

Destroyed by heating at 56°C for
30 min
Two-thirds destroyed at 62.5°C for
30 min
Destroyed by boiling
Some loss (0-23%)at 62.5°C for
30 min; essentially destroyed by
boiling for 15 min
Stable at autoclaving; stable at 56°C
for 30 min
Stable at 85°C for 30 min
Stable to boiling
Stable to boiling
Stable to boiling for 15 min

E. coli

coli enterotoxin
aureus
coli enterotoxin, V. cholerae enterotoxin
cholerae

S. pneumoniae, H. influenzae

Stable to boiling

By phagocytosis and killing: E. coli.
S. aureus, S. enteritidis.
By sensitized lymphocytes: E. coli
By phagocytosis: C. albicans, E. coli.
Lymphocyte stimulation: E. coli K antigen, tuberculin
PPD. Monocyte chemotactic factor production: PPD

Destroyed at 62.5°C for
30 min

' Reference 137.

the WHO study concerning the quantity and quality
of breast milk (40), a "threshold effect", after which
breast-milk volume decreased, was observed among
rural mothers in Zaire who had less than 30 g/l serum
albumin levels (normal levels are 35-45 g/l). Except
for this finding, no correlation was established between milk volume and maternal anthropometric
characteristics, serum protein and albumin levels,
and erythrocyte and haemoglobin counts. However,
mothers in Sweden had a significantly higher milk
volume during the first four months of lactation. The
milk volume per 15 minutes of sucking was also
higher among Hungarian and Swedish mothers, two
groups enjoying high socioeconomic standards comWHO Bulletin OMS: Supplement Vol. 67 1989

pared to mothers in Guatemala, the Philippines and
Zaire.
Milk volume does not correlate with energy
content, however; some mothers who are overproducing milk find that once the intake volume is
reduced, their infants feed for longer periods at lessfrequent intervals and put on more weight. In addition, recent research has demonstrated that, when
milk volume drops, the milk tends to become more
energy-dense, at the expense of maternal body stores
if need be. Data about breast-milk volume demonstrate little about the energy value of the milk
provided, however. Infants thrive on widely different
volumes and energy intakes.
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Table 2.3: Antiviral factors found In human milk"
Factor

Shown, in vitro, to be active against:

Effect of heat

Secretory IgA

Poliovirus types 1, 2, 3. Coxsackie types A9, B3, B5,
echovirus types 6, 9. Semliki Forest virus, Ross
River virus, rotavirus, cytomegalovirus, reovirus
type 3, rubella virus, herpes simplex virus, mumps
virus, influenza virus, respiratory syncytial virus
Rubella virus, cytomegalovirus, respiratory syncytial
virus
Herpes simplex virus, Semliki Forest virus, influenza
virus, dengue, Ross River virus, Japanese B
encephalitis virus, Sindbis virus, West Nile virus
Herpes simplex virus, vesicular stomatitis virus,
Coxsackie B4 virus, Semliki Forest virus, reovirus 3,
poliotype 2, cytomegalovirus, respiratory syncytial
virus, rotavirus
Influenza virus haemagglutinin, parainfluenza
virus haemagglutin
Murine leukaemia virus
Influenza and mumps viruses
Induced interferon: virus or PHA
Induced lymphokine (LDCF): phytohaemagglutinin
(PHA)
Induced cytokine: by herpes simplex virus
Lymphocyte stimulation: cytomegalovirus, rubella,
herpes, measles, mumps, respiratory syncytial
viruses

Stable at 56°C for 30 min; some loss
(0-30%) at 62.5°C for 30 min;
destroyed by boiling

IgM, IgG

Lipid (unsaturated fatty acids and
monoglycerides)
Non-immunoglobulin
macromolecules

a,-macroglobulin (like)
Ribonuclease
Haemagglutinin inhibitors
Milk cells

IgM destroyed and IgG decreased by a
third at 62.5°C for 30 min
Stable to boiling for 30 min
Most stable at 56°C for 30 min and
destroyed by boiling

Stable to boiling for 15 min
Stable at 62.5°C for 30 min
Destroyed by boiling
Destroyed at 62.5°C for 30 min

Reference 137

Of considerable significance are recent findings
that thriving infants, who are fed only breast milk by
well-nourished mothers, regulate their own intake
within a wide range; that this intake volume is
well within the lactational capacity of even poorly
nourished women; and that the intake volume is
relatively stable between one and four months of age
(141). In contrast, infants fed only breast-milk substitutes increase their intake volume during the same
period by an average of an additional 200ml/day
(142). The metabolic consequences of this greater
Table 2.4: Antiparasite factors found In human milk'

Factor

Shown, in vitro,
to be active
against:

Secretory IgA G. lamblia
E. histolytica
S. mansoni
Cryptosporidium
G. Iamblia
Lipid (free)
Unidentified

E. histolytica
T. vaginalis
T. rhodesiense

' Reference 137.
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Effect of heat

Stable at 56C for 30 min,
some loss (0-30%) at
62.5°C for 30 min,

destroyed by boiling
Stable to boiling

intake as well as its possible later significancee for
such diet-related problems as obesity are unkniown
(see chapter 4).
Nutritional

requirements of lactating mothers

Women's

tion

nutritional requirements during lacta
vary
widely. Energy is needed to cover the eni
ergy
content of the milk secreted, plus the energy requ
to produce it. The nutritional cost to the mothe
proteins, vitamins and minerals is considerable (i

Aired
er in
143),

and unless these additional %'LL%oL5
enerav and nutrrient
requirements are met, lactation will take place at the
expense of maternal tissues. As previously discussed,
changes in metabolic efficiency during pregnancy
provide for the anticipated expenditures of lactation.
An adequately nourished mother accumulates
nutrient stores during pregnancy that are used to
compensate for her higher requirements during the
first months of lactation.
The extent of those requirements has been the
subject of considerable discussion (see chapter 1).
Since 1981, much work has gone into the many
methodological problems of determining what constitutes a representative breast-milk sample (144).
First, the estimated average caloric value of breast
milk has been progressively revised downwards (from
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70 to 65 kcal), which affects the calculation of what
energy is required both to replace and to produce
breast milk. Second, it appears that the metabolic
efficiency of women is considerably improved during
lactation, so that maternal food intake is more effectively utilized than normally (145).
Studies of women whose milk is their infants'
sole source of nourishment, and who have access to
as much extra food as they wish, have shown very
different patterns of caloric intake during lactation.
Almost none met the 1981 guidelines (146), including
those women whose weight remained stable and
whose infants were obviously thriving. Some women
do not lose weight despite intakes that are
theoretically inadequate to sustain full lactation.
Similarly, substantial supplementation (roughly
750kcal added to a normal daily intake of only
1500 kcal) given to undernourished Gambian women
made no difference in their milk output (2); mean
milk intakes of infants were 750 ml from both Gambian and English mothers of 3-month-old infants,
which closely matches data regarding infants in
Texas (USA) who were fed only breast milk (142).
While there may be selective depletion of adequately
nourished mothers' nutrient stores during lactation,
there is little evidence that this is clinically significant
in a range of normal circumstances. Research into the
late-lactation and post-lactation recovery of these
body stores suggests enhanced uptake at these times
and during a subsequent pregnancy; however, more
work is required to throw light on the ideal interbirth interval for maternal recovery of lactational
losses.
There do seem to be a number of compensatory
mechanisms that allow for lactation to continue with
much lower energy and nutrient intakes, or even with
no caloric increase over the diet of the non-pregnant,
non-lactating woman. This does not mean, of course,
that lactating women in general do not need to
increase their food intakes; rather, it suggests that
nutritional status before and during pregnancy plays
an important role in lactation performance. However, because of the very wide differences between
individuals in nutritional status, metabolic efficiency,
and energy expenditure, no universal statement as to
maternal nutritional needs can be made. Estimates of
"average need" have been revised downwards in
recent years (see chapter 1). The amount of physical
exertion in a mother's daily routine obviously affects
any such calculation.
A mixed and varied diet, which satisfies normal
requirements during the non-pregnant and nonlactating period, will usually cover the extra needs
for lactation if total intake is increased to satisfy
additional energy needs. Monitoring maternal weight
provides some guide as to the adequacy of a mother's
WHO Bulletin OMS: Supplement Vol. 67 1989

energy intake. Women around the world breast-feed
successfully on many different, and frequently lessthan-optimal, diets. Little work has been done to
define what would constitute an optimal lactation
diet; the key area of interest at present would appear
to be the optimal pattern of fatty acid intake.
Greatly increased fluid intake has been frequently stressed in breast-feeding literature. However there
is no evidence that either restricting or increasing
fluid intake affects lactation success (147). Where
maternal fluid intake is deficient, the urine will
become concentrated and a mother will be thirsty.
Women should drink amounts sufficient to satisfy
thirst and to keep their urine dilute.
Lactation and contraception

The full importance of lactation as the world's most
significant contraceptive (148) can only be mentioned
briefly in this review of lactation. A consensus statement (149) adopted recently summarized what is now
known about the conditions under which breast-feeding can be used as a safe and effective contraceptive.
The maximum birth-spacing effect is achieved when
an infant is fully or nearly fully breast-fed and a
mother consequently remains amenorrhoeic. When
these two conditions are fulfilled breast-feeding
provides more than 98% protection in the first six
months postpartum. After six months, or when breast
milk is supplemented, or menses return, the risk of
pregnancy increases, although it remains low while
breast-feeding continues at much the same level. See
also chapter 3.
In any discussion of infant feeding, it is important to understand the impact of breast-feeding on
the time interval between births and the consequences where providing optimal nutrition for the
mother, her infant and any subsequent children are
concerned. It is significant that the period of full
breast-feeding required to maximize the mother's
protection against a subsequent pregnancy, without
need for artificial means of contraception, is identical
to the period of full breast-feeding required to maximize the infant's protection against allergic and infectious disease. Prolonged amenorrhoea also permits
the mother to recover her iron stores, which enhances
her immune and nutritional status as well as the
prospects for providing adequate nutrition for any
future fetus.

R6sum6
La lactation
La lactation est le moyen le plus efficace du point
de vue energetique pour satisfaire les besoins
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dietetiques des jeunes mammiferes, le lait de leur
mere leur assurant en outre une protection active.
Beaucoup de questions sur la physiologie de la
lactation chez la femme demandent des reponses.
On presente ici un resume du developpement de la
glande mammaire depuis le stade embryologique
jusqu'a sa complete maturite et l'on insiste sur
les changements qui se produisent au niveau du
mamelon et du sein lui-meme pendant la grossesse et a terme. 11 existe en effet une relation
entre l'epaisseur des tissus qui entourent le
mamelon, la retractilite de celui-ci et la capacite de
l'enfant a bien teter.
Les phenomenes hormonaux qui se produisent
pendant la grossesse sont ensuite decrits. Le r6le
de la prolactine dans le developpement du sein est
discute ainsi que celui des cestrogenes sur le
developpement des alveoles. Les differentes
phases de la lactogenese sont decrites ainsi que la
sequence selon laquelle prolactine et ocytocine
interviennent. Des la naissance de grandes quantites de lait sont produites et les tetees vont
stimuler la secretion de prolactine favorisant la
lactogenese. Pour le maintien de la lactation, il est
essentiel que la maniere d'alimenter le nourrisson
respecte certaines conditions. 11 faut que le sein
soit pris efficacement, frequemment et pendant
des periodes suffisamment longues pour que soit
pr6venue, entre autres, la constitution de complexes
metaboliques peptidiques inhibiteurs de la lactation.
Apres la description des reflexes maternels de
production et d'ejection du lait, ce sont les reflexes
complementaires existant chez le nourrisson qui
sont analyses. Chez le nouveau-ne normal tous ces
reflexes sont presents des la naissance et demandent a etre consolides par des comportements
acquis dans la periode qui suit. Pour initier avec
succes l'allaitement maternel il faudrait que les
nouveaux-nes puissent prendre le sein dans
I'heure qui suit la naissance, au moment ou 'a la
fois leurs reflexes et la sensibilite de la mere a
tous les stimuli sont les plus forts. Pour maintenir
avec succes cet allaitement il faut que tous les
facteurs qui pourraient diminuer la qualite de la
succion de 1'enfant soient, dans la mesure du
possible, l1imines.
La composition du lait maternel est decrite en
detail depuis le stade du colostrum jusqu'a sa
maturation compl6te. 11 s'agit d'un processus qui
peut presenter des variations dependant non
seulement de facteurs strictement maternels mais
aussi de la relation mere-enfant. D'un point de vue
immunologique le lait de la mere non seulement
apporte une protection contre infections et allergies mais aussi stimule le developpement du systeme immunitaire de l'enfant.
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La morbidite generale a toujours ete plus
basse chez les enfants nourris au sein dans les
pays industrialises meme au cours de periodes oiu
ce mode d'allaitement predominait parmi les
groupes les plus defavorises. Une etude recente
r6alisee a Dundee, Ecosse a fait la preuve de la
superiorite du lait maternel dans la protection
contre les affections gastro-enteritiques dans la
population objet de l'enquete. Cette etude a
elimine la plupart des causes d'erreurs qui avaient
biaise les etudes anterieures les rendant peu concluantes.
La quantite de lait produite varie en fonction de
la demande de 1'enfant, de la frequence des tetees,
du stade de la lactation et de la capacite de la
glande. Ce n'est que dans les cas de privations
extremes que l'etat nutritionnel de la more peut
retentir negativement sur le volume du lait. Des
m6canismes compensatoires interviennent qui
permettent A la lactation de se maintenir avec des
apports energetiques relativement bas; ce qui
explique qu'il est difficile de fixer de maniere
precise les besoins nutritionnels des femmes
allaitantes (voir chapitre 1). Leur etat nutritionnel
avant et durant la grossesse joue par ailleurs un
role important.
Enfin l'allaitement maternel en tant que moyen
de contraception naturel est mentionnb. L'amrnorrh6e lactationnelle permet un espacement des
naissances et l'allaitement maternel assure une
protection contre la conception de plus de 98%
durant les six premiers mois.
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3. Health factors which
breast-feeding

may

interfere with

Breast-feeding is the feeding method of choice for all normal infants because of its many advantages for
the health of infants and mothers alike. There are, however, a number of situations-fortunately relatively
infrequent-where infants cannot, or should not, be breast-fed. Such circumstances can be related to the
health of infants or mothers; in either case, breast-milk substitutes may be needed for extended periods. In
this context, it is useful to distinguish between infants who should not receive breast milk at all and infants
who cannot be fed at the breast, but for whom breast milk is still the food of choice. There is also a tiny
minority of infants who should not be fed either on breast milk or any milk-based substitute; special
preparations are required in such cases. Finally, there are also a number of situations which are
frequently thought to be an impediment to breast-feeding but which in fact generally are not; these, too, are
discussed.

Introduction
Adequate diet is more critical in early infancy than at
any other time in life. This is because of the infant's
high nutritional requirements in relation to body
weight (see chapter 4) and the influence of proper or
faulty nutrition during the first months on future
health and development. Moreover, the infant is
more sensitive to abnormal nutritional situations and
less adaptable than in later life to different types,
forms, proportions and quantities of food.
As noted earlier, breast-feeding is an unequalled
way of providing ideal food for the healthy growth
and development of all normal infants. In addition,
as discussed in chapters 2 and 6, the anti-infective
properties of breast milk help to protect infants
against disease and there is an important relation
between breast-feeding and child-spacing. There are,
however, a number of health situations-fortunately
infrequent-where infants cannot, or should not, be
breast-fed, and where alternative sources of safe
and adequate nutrition must be found. This chapter
discusses situations where breast-feeding is not possible, or is contraindicated, for reasons related to
the physical health of the infant or the mother,
and where breast-milk substitutes may therefore be
needed for extended periods. Other situations,
including the exercise of choice with regard to infantfeeding mode, are not reviewed here.
First it is useful to distinguish between infants
who should not receive breast milk at all and infants
who cannot be fed at the breast, but for whom breast
milk is still the food of choice. There is also a tiny
minority of infants who should not be fed either on
breast milk or any milk-based substitute, and for

whom special preparations are required. Finally,
there are a number of situations which are frequently
thought to be an impediment to breast-feeding but
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which in fact generally are not; these also will be
considered here. Low-birth-weight infants, who have
special nutritional requirements arising from their
rapid growth rate and developmental immaturity, are
dealt with in chapter 5.

Possible contraindications to
breast-feeding
Sltuatlons related to Infant helth

Inborn errors of metabolism. Some congenital and
hereditary metabolic disorders, characterized by
specific enzyme deficiencies, severely limit or render
impossible the use of certain milk components.
Serious health disturbances may result unless dietary
intake of the components in question is restricted or,
in some cases, completely eliminated. Some of these
disorders, such as congenital adrenal hyperplasia or
propionic acidaemia, are usually only apparent as
mild failure to thrive until the infant is weaned and
the symptoms abruptly worsen (1). Others are
actually alleviated by breast-feeding (2). There are
three metabolic disorders of particular interest in this
context: galactosaemia, phenylketonuria and maplesyrup urine disease.
Galactosaemia. There are two main forms of this
disease; one is characterized by a deficiency of galactokinase, which is an enzyme required for the breakdown of galactose, a component of lactose. If infants
who have this disease are fed breast milk, or any
lactose-containing preparation, their galactose blood
level rises, sugar appears in the urine and clinically
they develop cataracts.
The other form of the disease is even more serious.
It is due to a deficiency of another enzyme, galactose41
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1-phosphate uridyl transferase, which is required
later in the metabolism of galactose. The resulting
metabolite accumulating in the blood produces even
greater damage than the first form of the disease.
Symptoms in the infant include diarrhoea, vomiting,
hepatomegaly, jaundice and splenomegaly. If lactose
is not eliminated from the diet, cataracts, hepatic
cirrhosis and mental retardation result.
If there is reason to suspect galactosaemia, it can
be diagnosed through laboratory tests, either during
the intrauterine period or immediately following
birth. Since lactose must be eliminated from the diet
of infants suffering from both forms of the disease,
they cannot be fed either on human or other milk,
including the usual breast-milk substitutes. Specially
formulated milk-based, but lactose-free, preparations,
or soya-based formulas are required. Some infants
have benefited from the use of lactose-hydrolysed
human milk (3). Fortunately, this disease is rare;
prevalence figures are available only from industrialized countries where they vary between 1 in
20000 and 1 in 200000 infants (0.5-5 per 100000
population) (4).
Phenylketonuria. This condition is characterized
by defective metabolism of the amino acid phenylalanine. It is due to absence in the liver of the enzyme
phenylalanine hydroxylase, and its most serious clinical manifestation is moderate-to-severe mental retardation. Diagnosis can be made soon after birth by
laboratory tests, which are performed routinely in
many countries. The development of the clinical
manifestations of this condition can be avoided by
providing a low-phenylalanine diet. Fortunately,
breast milk contains a low concentration of this
amino acid, much lower in fact than cow's milk. Thus
infants suffering from phenylketonuria may be
breast-fed while their phenylalanine blood levels are
monitored. Breast milk should be supplemented with
or replaced by a special low-phenylalanine formula if
concentrations reach dangerous levels (5,6). Prevalence figures from industrialized countries vary
between t in 5000 and t in 100000 infants (1-20 per
100000 population) (7).
Maple-syrup urine disease. This disease is due to
a defect in the metabolism of the branched-chain
amino acids valine, leucine and isoleucine, which are
normal components of all natural proteins. The
specific enzymatic deficiency is not yet well identified.
It is characterized by the urine's typical maple-syrup
odour, refusal of food, vomiting, metabolic acidosis
and progressive neurological and mental deterioration. Special synthetic formulas, low in the nontolerated amino acids, have been developed for the
feeding of such infants, although outcomes are
frequently poor (8). As in the case of phenylketonuria, breast milk can be combined with these
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products and partial breast-feeding may therefore be
possible (6). The disease, which is fatal within the first
months of life unless treated, is very rare with a
prevalence of only about 1 in 200 000 infants (0.5 per
100 000 population) (9).
Cleft lip and cleft palate. Infants born with a cleft lip or
cleft palate may have difficulty creating the negative
pressure necessary for breast-feeding, or in stripping
the milk from the breast by compression of the teat
against the palate (see chapter 2). The seriousness of
the problem depends on the extent of the lesion and
the protractility of the breast. Most infants with a
cleft lip but intact palate manage to feed, and their
mothers soon learn to help them by closing with their
breast the opening between mouth and nose; the
protractility of breast tissue determines the extent to
which this is possible. For such infants breast-feeding
may in fact be easier than bottle-feeding. The breast,
after all, actively ejects milk (see chapter 2), and the
mother can express it as the child feeds. In contrast,
much greater effort is needed to extract milk from a
bottle, unless the teat hole is very large or the milk is
squeezed out of a specially designed bottle. However,
delivering an antigenic breast-milk substitute in this
way poses some risks if aspiration should occur.
As with cleft lip, the possibility of breast-feeding
in cases of cleft palate depends on how extensive the
defect is. If it is unilateral and small, the mother may
be able to place her breast in a way that makes
feeding possible. Still, feeding may not be efficient
enough, in which case milk production could diminish. Under such circumstances letting the infant
suck at the breast and then expressing the milk
manually will satisfy the infant's nutritional needs
while helping to maintain lactation performance.
In cases of very extensive bilateral malformation,
feeding from either a natural or artificial teat may be
impossible, and a spoon, small cup, syringe or similar
device will have to be used. Temporary palatal
obdurators can be devised, which help the infant to
feed. A supplemental feeding system may also be of
use; this consists of a fine tube, placed beside the
nipple, which delivers previously expressed breast
milk to the infant while at the breast.
The problem posed by cleft palate is less one of
having to choose between breast milk or a breastmilk substitute than having to overcome an infant's
inability to feed. The food of choice for such infants
remains breast milk, both because of its nutritional
and immunological advantages and the importance
of maintaining lactation so that they can be breastfed normally once the defect has been corrected. In
fact, the high incidence of otitis media and speech
defect in these children suggests that it would be
preferable for them to receive only breast milk, and
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thus avoid the antigenic proteins and the oro-facial
activity of artificial feeding, as far as is possible.
Better outcomes are documented in breast-fed than
in artificially fed infants (10). The incidence of cleft
lip is on the order of 1 per 1000 infants, while that
for cleft palate is 1 in 2500 infants (respectively, 1 and
0.4 per 1000 population) (11).

Situations related to maternal heaith

Lactation failure. Lactation failure means the inability
of a woman to produce significant amounts of milk
after giving birth, and should be distinguished from
"perceived milk insufficiency", which is discussed
later. Lactation failure is one of the reasons frequently given by mothers for not breast-feeding their
infants; it is claimed to occur almost exclusively in
industrialized countries and in the higher socioeconomic groups in urban areas of developing countries.
Yet the women in question are, in the main, healthy
and well-nourished, with healthy and strong infants,
and there is no apparent physiological reason for
their not being able to secrete milk.
In contrast, in traditional societies, even women
who live in unsanitary conditions, who are poorly
nourished and often ill, who engage in strenuous
physical labour, and who bear the greatest number of
low-birth-weight infants do not generally fail to
secrete milk. For example, in the WHO collaborative
study on breast-feeding (12), it was found that out of
a total of 3898 mothers studied in Nigeria and Zaire,
not one was unable to secrete milk. This sample
included both women from among the urban elite
and those from poor urban and rural populations. In
a prospective study undertaken in a small, poor
Indian village in the mountains of Guatemala (13),
children born during an 8-year period were followed
longitudinally. All 448 infants born alive during the
period, and who survived for 48 hours, were successfully breast-fed.
The incidence of lactation failure as a primary
physiopathological phenomenon is not easily ascertained since it depends on being able to assess
the proportion of women who, with no external
influences that may interfere with lactation, are
unable to secrete milk. Lactation performance is
very sensitive both to early supplementation and to
psychosocial factors that are frequently difficult to
identify (see chapter 2 for a discussion of inhibition
of the oxytocin reflex).
In industrialized countries the inability to lactate
is closely associated with women who have little or
no information about breast-feeding; have little or no
experience with its mechanics; lack confidence about
their ability to breast-feed; and have no close family
member, friend or other means of social support to
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aid them in overcoming problems they may encounter in initiating breast-feeding. At the same time,
these women are frequently exposed to a variety of
social, economic and cultural influences that can be
inimical to breast-feeding. Coincidentally or not,
most also give birth in hospitals where attitudes and
practices conducive to the suppression of lactation
remain common (14, 15) (see Annex 1).
In contrast, in societies where breast-feeding is
regarded as a natural physiological function and the
only way to nourish an infant, and where it is highly
valued and therefore strongly encouraged and supported by society in general and families in particular, lactation failure is virtually unknown.
Women in these societies are also less often exposed
to health systems likely to undermine lactation.
Based on limited clinical experience in industrialized countries, it appears that a maximum in the
range of 1-5% of women experience lactation failure
on purely physiological grounds (16). Observations
made in traditional societies suggest an even lower
figure. No attempt has yet been made to explain this
discrepancy, as there has been no published research
into possible etiologies.
MaternaI illness. It is remarkable how reliably lactation continues despite many maternal health
problems. Breast-feeding is contraindicated only in
cases of severe maternal illness, e.g., heart failure or
serious kidney, liver or lung disease. In rare cases of
psychosis or severe postnatal depression, where an
infant's life may be in danger if cared for by a
disturbed mother, the necessary separation of mother
and infant makes breast-feeding difficult. However, in
current methods of caring for depressed women it is
suggested that mother and infant should not be
totally separated. Provided that drugs in use are not
incompatible with lactation (see below), and that the
mother wishes to breast-feed, there is no reason to
wean such an infant, although feeding, like other
contact, will have to be supervised. It can be important for her recovery that she should not feel that she
has failed in this area as in others (17).
Most common illnesses in mothers are not in
themselves reasons not to breast-feed. However, the
possible transmission of infections to the infant
merits more detailed consideration.
Mastitis. Breast inflammation is characterized
by swelling, pain, redness and fever, but the inflammation is not necessarily infectious in origin (18). It
occurs most frequently during the first weeks of
lactation, and whenever more milk is being produced
than is removed. The non-infectious causes of obstructive mastitis are reviewed elsewhere (19). One
non-epidemic form of puerperal mastitis is a cellulitis
of the interlobular connective tissue of the breast,
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usually produced by Staphylococcus aureus. The
microorganisms found in breast milk during this type
of infection are the same as those frequently found
in the milk of non-infected mothers, that is, the
common microorganisms of the mother's skin and
mouth, which she shares with her infant from a few
hours after birth with no negative consequences.
It has been suggested that early infection of
the infant with this type of non-pathogenic microorganism plays an important role in building up the
infant's defence mechanisms (20). Breast-feeding does
not have to be interrupted during this type of mastitis; on the contrary, drainage of the breast is essential and it has been observed that the inflammation is
of shorter duration and is less frequently complicated
with abscesses when breast-feeding is continued
(21, 22). If breast-feeding at the affected breast is too
painful, milk should be expressed manually or with a
pump, or by the vacuum produced when a heated
glass jar is applied to the breast and allowed to cool.
This usually causes symptoms to disappear within
36-48 hours, although treatment with antibiotics
may be required in severe cases.
There is also an epidemic form of mastitis, which
is a hospital-acquired infection due to pathogenic
microorganisms. By the time symptoms are observed,
both mother and infant have already been infected.
Therapy is required for both, but, once again, breastfeeding should continue. Weaning would deprive the
already infected infant of the many anti-microbial
factors in breast milk, and substitute feeds encourage
the growth of gut pathogens. Neither is desirable for
an infant already exposed to risk.
Breast abscess. Breast abscess is a possible complication of mastitis, and is most likely whenever
breast-feeding is abruptly interrupted (21, 22). Feeding should continue at the non-infected breast, and
milk from the infected one gently expressed until it
can once again be taken directly by the infant.
Urinary-tract infection. This is a commonly
observed postpartum bacterial infection. Its treatment presents no problem for the infant, and breastfeeding should therefore continue.
Tuberculosis. Active tuberculosis should be
investigated and treated during pregnancy, thus
eliminating the danger of infecting the infant after
birth. For this same reason, contacts should also be
investigated and treated as required. Where an infective bacteriologically positive mother is discovered
only after delivery, there is a danger of infecting the
infant, not by breast-feeding as such, but rather as a
result of close contact, both of which are otherwise
beneficial. Under such circumstances, a mother
should be treated, preferably with a short-course
regimen of at least three drugs for the first 2 months
of treatment (23); she becomes non-infective shortly

thereafter. Meanwhile her infant should receive a
prophylactic dose of isoniazid for 6-12 months
(10 mg per kg of body weight in a single daily dose)
(24). It is also recommended that the infant receive
BCG vaccine (23). Breast-feeding is all the more
important since tuberculosis in a mother, which is
diagnosed only after delivery, occurs most often
among the lowest socioeconomic groups living in
poor environmental conditions. Under such circumstances, not breast-feeding an infant only represents
an additional unnecessary risk. Moreover, from the
purely practical standpoint of limited living space, it
may be quite impossible to separate mother and
infant.
Viral infections. Common viral diseases like
rubella, chicken pox, measles and mumps, though
rare, can be observed in lactating mothers. Mumps
can cause an extremely painful mastitis, for which
there is no remedy but continued breast-feeding and
time (25). In these situations, by the time of diagnosis
the infant has alrady had every chance of being
infected or immunized. There is, therefore, no reason
to isolate the infant or to interrupt breast-feeding. On
the contrary, breast milk's specific anti-infective
properties serve to protect the infant who, although
infected, will frequently not develop the disease itself.
There are a number of other viral infections, which
also merit brief discussion.
* Cytomegalovirus. Intrauterine infection with
cytomegalovirus (CMV) is a common cause of congenital anomalies. The infection is not dangerous for
the infant after birth, however. A high proportion of
healthy mothers (14% in one study in the USA) have
CMV in their cervical secretions. Their infants
become infected during delivery but do not develop
any pathology (26). Similarly, CMV (and a specific
antibody to CMV) will be excreted by the mother in
breast milk or saliva with the inevitable result of
infecting the infant, but again without adverse consequences (27,28). Discovery of CMV in a lactating
mother is thus no reason for discontinuing breastfeeding; on the contrary, breast-feeding is regarded as
a primary form of immunization against such viral
disease. While artificially fed infants may be infected
less frequently than those who are breast-fed, they
suffer more serious consequences (29).
* Herpes simplex. The infection of the neonate with
human (alpha) herpes virus 1 or 2, resulting in a
severe disease, occurs during passage through the
birth canal of a mother who has active genital herpes
lesions. Caesarean section is indicated if the lesions
are detected in time, that is at the onset of labour
(30). Breast milk is not infective under such circumstances and there is thus no reason for not breastfeeding. Careful hygienic handling of the infant is in
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any case required to prevent infection spreading from
the mother's hands, mouth or clothing. Partners
should avoid mouth-breast contact during periods of
active oral herpes lesions. Lesions that develop on
the breast should be covered during breast-feeding.
* Hepatitis B. The possibility of transmitting
hepatitis B virus from an active infected or carrier
mother to her neonate via breast-feeding cannot be
excluded. In such a situation, however, the infant has
already been exposed to a greater risk of infection
through maternal blood, amniotic fluid and vaginal
secretions during birth (31). Furthermore, in areas of
high endemicity where there is a high prevalence of
healthy carriers of the virus, environmental exposure
is so frequent that the avoiding of breast-feeding
provides very little protection while exposing the
infant to a greater risk of other infections (32). Studies
in England, where the prevalence of hepatitis B
carriers is low, demonstrate that breast-feeding does
not increase the rate of infection among infants (32).
In the USA, where the prevalence of carriers is
less than 1% overall, the American Academy of
Pediatrics recommends the administration of
hepatitis B immune globulin to infants of carrier
mothers who breast-feed (33). Thus, in view of breast
milk's numerous advantages and the fact that the risk
of transmitting hepatitis B virus in this manner is
negligible, active infected or carrier mothers in most
parts of the world should be encouraged to breastfeed. Their infants should receive only breast milk.
One study reports that hepatitis B antigen clearance
was many times greater in infants who were only
breast-fed (34).
* Human immunodeficiency virus (HIV). Human
immunodeficiency virus has been cultured from the
breast milk of HIV-infected mothers (35). In addition,
there have been several case reports of infants acquiring HIV from mothers who first became infected from
a blood transfusion shortly after delivery and then
proceeded to breast-fed (36,37). This may be because
immediately after a mother first becomes infected with
the virus there are high concentrations of virus but no
antibody in her blood. However, among women who
are already infected with HIV, the additional risk, if
any, of HIV transmission from HIV-infected mothers
through breast-feeding is considered to be very low.
In June 1987, WHO organized a technical consultation to review available information on the
possible relationship between breast-feeding/breast
milk and HIV transmission, and to identify further
research needs in this area. The consultation's recommendations, which were reviewed and endorsed in the
light of current information by a meeting of experts in
December 1989, can be summarized as follows (38).
Breast-feeding should continue to be promoted,
supported and protected in both developing and
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developed countries in view of the overall benefits of
this infant-feeding method (see chapter 2). Breast milk
may also be important in preventing intercurrent
infections, which could accelerate progression of HIVrelated disease in already infected infants. However,
additional epidemiological and laboratory research is
needed on the risks of HIV transmission through
breast milk and on the potential benefits of breast milk
in situations where infants have been exposed to HIV
or are already infected.
If, for whatever reason, the biological mother
cannot breast-feed or her milk is not available, and
the use of pooled milk is considered, the report
of isolation of HIV in breast milk should be taken
into account. Pasteurization at 56°C for 30 minutes
has been reported to inactivate the virus. Further
research on the effectiveness of different methods
of pasteurization is needed, however. As an additional precaution, the possibility of screening donors
(in accordance with relevant WHO criteria (39))
should be considered, especially in areas where
the prevalence of HIV infection is known to be high.
Similarly, if, for whatever reason, the biological
mother cannot breast-feed, or her milk is not available, and where wet-nursing is the next obvious
choice, care may need to be taken in selecting the
wet-nurse, bearing in mind her possible HIV infection status and that of the infant who is to be fed.
In individual situations where the mother is
considered to be HIV-infected, and recognizing the
difficulties inherent in assessing the infection status
of the newborn, the known and potential benefits
of breast-feeding should be compared with the
theoretical, but apparently small, incremental risk to
the infant of becoming infected through breast-feeding. Consideration should be given to the socioeconomic and ecological environment of the
mother-child pair and the extent to which alternatives can safely and effectively be used. In many
circumstances, particularly where the safe and effective use of alternatives is not possible, breast-feeding
by the biological mother should continue to be the
feeding method of choice, irrespective of her HIV
infection status.

Situations normally not a

contraindication

Conditions related to the Intent

MuNlple birhs. The breast-feeding of twins presents no
problem for a healthy, well-nourished mother as far
as quantity of breast milk is concerned (40). A lactating mother's capacity for milk production is almost
always greater than her actual production. Since
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secretion is determined to a large extent by demand,
vigorous feeding by twins would stimulate lactation
performance and permit a mother to produce enough
milk to feed both. This result has been commonly
observed where wet-nursing is concerned.
Ifthe infants' birth weights are too low ( < 1200 g),
or their feeding ability is poor, breast milk may
initially have to be expressed for manual feeding, in
order to maintain lactation performance until the
infants are able to take the breast directly (see
chapters 2 and 5). Not all chronically malnourished
mothers have the capacity to feed two infants
adequately, although even marginally nourished
Gambian women successfully breast-fed all the twins
born to them (41,42). Occasionally, supplementary
feeding may also be necessary for the infants while
breast-feeding is maintained.
There are many reports of mothers successfully
breast-feeding triplets. Not infrequently, however,
such infants' birth weights are low and their feeding
ability is poor; thus, additional ways of supplying the
mother's milk may also be required. The amounts
involved are usually small while the infants are tiny
and weak, and mothers can produce this volume with
appropriate assistance. There is a tendency for milk
volume to decline if mothers do not express frequently (5-6 times per day and once during the night) in
the early weeks (43). A suitably designed breast-milk
pump can be an invaluable aid in some cases.
Breast-feding laundice. In addition to the common

jaundice of the newborn, which is not a reason for
supplementation (44), there is a rare type of jaundice
associated with breast-feeding that develops when the
infant is about one week old (45). It lasts about two
months and is characterized by high levels of unconjugated bilirubin in the blood. Abnormal bilirubin
metabolism is associated with ingestion of the mature
breast milk (though not the colostrum) of some
mothers, though the specific responsible mechanism
has yet to be identified. This is not necessarily harmful; recent research indicates that bilirubin may be
an anti-oxidant of physiological importance to the
neonate (46). Apart from jaundice the infant is
generally healthy and develops normally; since the
jaundice is temporary and produces no ill effects
there is no reason to discontinue breast-feeding. It is
in any case important to establish a differential
diagnosis in order to eliminate other possible causes,
which may have more serious consequences.
A positive diagnosis can be obtained by withholding the breast for 24-36 hours. A rapid and marked
drop in bilirubin blood levels in the infant is
observed, followed by a rise to lower-than-previous
levels when breast-feeding is resumed. While conducting this test, lactation should be maintained by
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expressing milk. A brief interruption of breast-feeding
(24-48 hours) may be necessary if bilirubin blood
levels rise above 15 mg per 100 ml (256 Ymol/l) (47).
Breast-feeding can safely continue thereafter.
Haemorrhaglc dIsese of the newborn. The vitamin Kdependent blood coagulation factors are low in normal full-term infants, and lower still in pre-term
infants (see chapter 5). There is a further decrease in
these factors by the second or third day after birth,
with a gradual return to birth values by the seventh
to tenth day of life. This condition is associated with
a prolonged prothrombin time and blood coagulation time. The physiological significance of this
progression for the infant is unknown. Vitamin K
levels in breast milk depend on maternal intake in the
last stage of pregnancy (48). Because colostrum and
hindmilk have especially high concentrations of
vitamin K, infants should be breast-fed without restriction from birth.
Although rarely observed in full-term infants,
the transient deficiency of vitamin K-dependent factors is occasionally severe or prolonged in pre-term
infants and results in gastrointestinal, nasal and
intracranial bleeding, or bleeding following circumcision. The syndrome is not observed in artificially
fed infants in whom the normal intestinal flora of the
breast-fed infant, predominantly acidophilic, are
replaced by alkaline flora having an abundance of
Escherichia coli and a large proportion of anaerobic
bacteria. Under these circumstances, vitamin K is
synthesized in the intestinal lumen and its absorption
corrects the coagulation defect. Even when vitamin K
deficiency is severe, however, the condition is easily
corrected by the intramuscular injection of a single
0.5-1 mg dose of vitamin K or 1-2 mg orally (49),
and should thus not be considered a cause for discontinuing breast-feeding.

Diarrhoea. Diarrhoea is often wrongly diagnosed in
the breast-fed infant by health workers unaware of
the wide range of normal stool frequency and fluidity
in healthy breast-fed infants, particularly in the first
weeks. Excessive stool frequency and volume can
result from poorly managed breast-feeding (see chapter 2). Although diarrhoea is much less common
among breast-fed than bottle-fed infants, it does
occur. There is no reason to stop, even temporarily,
breast-feeding of an infant who has diarrhoea. On the
contrary, infants who continue to breast-feed use a
considerable proportion of ingested nutrients and
generally fare better than infants who are denied
nourishment and the many antimicrobial and therapeutic factors of breast milk. Breast milk substitutes
would not be desirable under such circumstances;
indeed, it is frequently their use that has caused the
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diarrhoea in the first place. Chapter 6 provides a
detailed review of the infant and young child during
periods of acute infection.
Conditions related to the mother

Breast cancer. Some epidemiological evidence
suggests that, when other variables are controlled for,
premenopausal breast cancer is less frequent among
women who have lactated than among those who
have not (51). For example, recent studies in the USA
suggest that breast-feeding can nearly halve the risk
of breast cancer relative to that of a parous woman
who bottle-feeds her children; the longer a woman
breast-feeds, the greater the protection (52,53).
In any case, pregnancy and lactation do not
present any additional risk if a mother develops
breast cancer at the same time. Breast cancer which
has been treated by surgery may be a reason to avoid
pregnancy; if such a woman becomes pregnant,
breast-feeding may be permitted depending on the
general health of the mother and the adequacy of
breast function. Some years ago, virus particles
resembling those associated with breast cancer in
mice were found in human milk. It was at one time
thought that it could be possible for mothers to
transmit the disease potential to their breast-fed
daughters but epidemiological evidence has disproved this hypothesis (54).
inverted nipples. Inverted nipples are a relatively rare
physical malformation; mild cases can be treated at
the antenatal clinic, although surgery may be
required for more serious cases. For the majority of
women so affected, however, breast-feeding is entirely
possible, depending on the protractility of the breast
tissue which changes under the influence of hormones
during pregnancy and infant feeding (see chapter 2).
Simple exercises a mother can perform during the
last trimester of pregnancy may help prepare her
nipples for successful breast-feeding (55-57).

Drug therapy. A lactating mother's need for drug
treatment (58,59) can sometimes cause difficulty.
While nearly all drugs are secreted in breast milk,
their concentration and possible effects on the breastfeeding infant vary considerably. Drug concentration
in breast milk depends on the characteristics and
pharmacokinetics of the drug itself (58) and the
properties of human milk. The information available
on many drugs is insufficient to make an appropriate
judgement, and the continual arrival of new ones on
the market poses additional problems. In general, the
drug concentration in breast milk is very close to that
in maternal plasma, and thus the quantity of drug
ingested by the infant is a function of the amount of
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milk consumed (60). The total ingested drug dose,
however, is not sufficient by itself to judge the possibility of ill effects.
Some drugs, although present in breast milk, are
not absorbed by the infant. On the other hand, the
infant may react idiosyncratically to minute amounts
of others. Drugs can also accumulate in neonates
owing to their reduced clearance capabilities, or
infants may have a specific sensitivity to drugs that
are not particularly toxic for older children and
adults. Thus, while most common drugs can be safely
given to lactating mothers without causing significant
risk to breast-fed infants, extreme caution must
always be exercised (60). What follows are a number
of general recommendations in this regard.
Drug therapy should be avoided in lactating
mothers wherever possible. When drugs are indicated, those least likely to'have negative repercussions on the infant should be selected first. Lactating women should preferably take drugs during or
immediately after breast-feeding to avoid the period
of maximum concentration in the blood (and milk).
Where there is a strong indication for a drug that is
known to be harmful to the breast-fed infant, breastfeeding should be temporarily interrupted while lactation is maintained.
The decision about using new drugs is more
difficult when little or no information is available on
possible ill effects for infants, and interruption of
breast-feeding would normally be the safest course.
However, when bottle-feeding itself places an infant
at greater risk under given circumstances, it may be
preferable to continue breast-feeding while monitoring the infant to detect possible undesirable effects.
In any event, should the breast-fed infant of a mother
who is taking drugs present symptoms that cannot be
clearly accounted for by other means, the possibility
of their being related to the drug in question should
be thoroughly investigated.
The Committee on Drugs of the American Academy of Pediatrics has undertaken an extensive
review of the literature and published a list (61) that
includes:
-drugs that are contraindicated during breast-feeding such as amethopterin, ergotamine, gold salts
and thiouracil, which are known to have harmful
consequences for the infant;
-drugs that call for a temporary interruption of
breast-feeding, for example any preparation resulting in radioactivity in breast milk for a variable
period during which breast-feeding would not be

advisable;
-drugs that are usually compatible with breast-feeding, among which are the large majority of the
most commonly used preparations.
The most thorough and extensive overview ever
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prepared of the effects of drugs on the breast-feeding
mother and her child was published in 1988 following
a 3-year study by the World Health Organization's
Regional Office for Europe (60). All of the original
evidence on which current knowledge is based has
been re-examined. By rejecting so-called evidence
that does not stand up to critical appraisal, the
review provides a clear picture of what is known and,
equally important, of what is still not known about
drugs in breast milk and the effect of these substances
on lactation and the infant. Much of the material is
very reassuring; the real risks and uncertainties have
been defined in such a way that they can be avoided. The
review provides the basis for a critical re-assessment
of lists prepared to guide health workers about the
use of drugs during pregnancy and lactation.
The use of hormonal contraceptives by lactating
women presents a number of special problems (62).
Products containing estrogen frequently cause a significant drop in the amount of breast milk secreted,
while products containing progestogen have been
found to reduce the fat concentration in breast milk.
These steroids will also be present in breast milk. The
amounts actually ingested by the infant in such cases
are very low, although the amount of steroid transferred appears to be greater in the case of the
progestogen-only pill (63). However, the synthetic
steroids normally used in contraceptive pills are not
as rapidly metabolized as naturally occurring ones
and can cause breast engorgement and other secondary sex changes in the infant.
Contraception is generally not required during
the first months of lactation owing to lactational
amenorrhoea and anovulation in mothers whose
infants are fed exclusively and frequently on breast
milk (64). When full protection is desired, or when
there is doubt about the timing of the initiation
of ovulation, non-hormonal contraceptive methods
should be employed. If hormonal methods must be
used, preference should be given to products containing only progestogen. (See also, in chapter 1, the
discussion on the effect of anaesthetic or drugs on the
infant.)
Environmental pollutants. Undesirable chemical com-

pounds may be found in breast milk as a result of
environmental contamination. Most readily monitored, though not necessarily the most toxic, are the
chlorinated insecticides, especially dichlorodiphenol
trichloroethane (DDT) and similar compounds, because of their high level of toxicity. DDT is a fatsoluble chemical that is biologically non-degradable;
it accumulates in the fat tissues of animals that are
exposed to it. The only significant way in which the
product can be excreted is via breast milk, where it
concentrates in the fat component.
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DDT has been found in human milk in many
places in the world. Particularly high concentrations
have been observed in areas where DDT has been
widely used, without any control, in the aerial spraying of agricultural crops (65). In most industrialized
countries the concentration of DDT in human milk
has significantly decreased since the enforcement of
severe restrictions in its use. In most developing
countries, where DDT has been widely used both as
an agricultural insecticide and in malaria-control
programmes, it is now used much less frequently
because of the resistance that insects have developed.
In highly contaminated areas DDT is also found in
cow's milk. However, industrially prepared breastmilk substitutes are low in, or entirely free of, DDT
to the extent that the fat used is uncontaminated and
pollution of the products from other sources is controlled.
Although DDT has a relatively low level of
toxicity for human adults, it can cause such severe
and undesirable effects in animals as hepatic dysfunction and carcinogenesis, and, in birds, disruption of
the reproductive rate by causing eggshell thinning
and embryo deaths (66). In contrast, the main known
effect in mammals, for example bats, is to increase the
mortality of migrating adults (66). No information is
available concerning the possible deleterious consequences for infants of these levels of DDT. No ill
effects associated with breast-feeding have been
observed, even in areas of high contamination, but
this does not preclude the possibility of long-term
consequences.
Maximum daily intakes of DDT and related
compounds have been fixed by WHO and other
agencies (67,68). These limits have been set much
lower than those of known toxicity. This explains
why infants who may be ingesting larger amounts of
DDT may still appear to be unharmed.
In cases where there is a high degree of pollution
from chemical sources occurring simultaneously in a
bacterially contaminated environment, the choice is
not simply between polluted breast milk and "riskfree" substitutes (69, 70). Rather, informed choice is
based on assessing the known and unknown risks of
artificial feeding versus the unknown, but potential,
risks of chemical contamination of breast milk.
Clearly, the possible toxicity of DDT and similar
compounds requires further investigation. Of much
greater importance, however, are effective measures
to protect the environment for the entire population
by controlling the use of these toxic products.
While a marked reduction in the presence and
concentration of DDT in human milk has been
observed in industrialized countries, other industrial
chemicals of a similar nature are causing concern as
environmental pollutants. For example, polychloriWHO Bulletin OMS: Supplement Vol. 67 1989
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nated biphenyls (PCBs), which are toxic, nonbiologically degradable and fat-soluble chemicals,
have been widely used in the manufacture of electrical equipment and hydraulic machines. Environmental contamination from PCBs is common the
world over, and they accumulate in the body and are
excreted only in milk (71). Although their industrial
use is now restricted, environmental contamination
will persist for some time, since there are no practical,
economical means for eliminating these very stable
chemicals.
Products of even higher toxicity such as polychlorinated dioxins (PCDDs) and furans (PCDFs)
(72) can be produced accidentally through fires and
explosions in electrical equipment. It has also been
determined that most incinerators produce these
environmental contaminants.
There is no scientific evidence of any undesirable
effects in infants resulting from the ingestion of these
pollutants via breast milk, in which they are found
usually in low concentrations. However, not enough
experience has been gained to exclude the possibility
of long-term effects, particularly to exposure through
prolonged breast-feeding. Overall, the advantages of
breast-feeding are still considered to be greater than
the potential risks, particularly during the first
months of life.
In a number of industrialized countries, where it
is assumed that breast-feeding after four months is
less critical to infant health than in some societies,
there has been some discussion of the possibility of
counselling mothers against prolonged lactation to
avoid an accumulation of fat-soluble contaminants in
their infants. On the basis of present scientific
knowledge, however, such a measure does not appear
justified. In fact, the concentration of fat-soluble
contaminants in breast milk decreases as lactation
advances, and with increasing parity (72, 73).
Smoking increases the exposure of mothers and
infants to many chemical compounds, including pesticide residues and known carcinogens. It is
associated with higher levels of chemical contaminants in milk as well as reduced duration of breastfeeding (74) and higher levels of infant distress
("colic") (75). Because of its well-known adverse
health consequences for both mothers and infants
(76), women who smoke should be encouraged to
breast-feed and to eliminate, or at least-reduce,
cigarette use during pregnancy and lactation.
Another pregnancy. Although there are many taboos
and cultural beliefs against breast-feeding when the
woman concerned becomes pregnant again, breastfeeding during pregnancy is still a fairly common
practice in many societies. Supposed changes in
breast-milk volume or composition associated with a
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new pregnancy have not been confirmed by factual
observations. No ill effects have been detected either
for the mother or the infant, although many mothers
wean voluntarily either because their children lose
interest or the mothers develop painful nipples.
The main concern in such situations is whether the
mother's additional nutritional requirements are
being met (see chapters 1 and 2).
It is highly unlikely that a lactating woman will
become pregnant before her child has begun to
be weaned. Usually, it is only when the child is
receiving significant amounts of complementary
foods, and therefore the frequency and intensity
of sucking has decreased, that she becomes pregnant
again. In traditional societies this rarely occurs before
the infant reaches the age of six months. Another
three months will usually elapse before the mother
realizes that she is pregnant, and only then does she
face the decision of continuing to breast-feed or not.
By this time the infant has benefited from the period
when breast-feeding is of greatest value and family
foods can be more easily and safely introduced.
Problems in this context arise among populations that consume mainly staple foods that are
nutritionally inadequate or otherwise inappropriate
for infant feeding, e.g., cassava, plantain and maize,
with practically no products of animal origin. Under
such conditions, however, the problem is more one of
identifying appropriate weaning foods than of replacing breast milk. Supplementing the mother's own diet
with commonly available foods is certainly preferable to interrupting lactation on account of a new
pregnancy, particularly when an adequate weaning
diet cannot be ensured.

Malnutrition. In extremely undernourished mothers,
for example during famine conditions, breast-milk
secretion decreases and may stop completely. From a
practical point of view, however, it is more important
to understand whether, and at what point, milk
volume and composition are affected in mothers who
are in a chronic state of mild-to-moderate malnutrition.
It is believed that a large proportion of women
in some developing countries, although not presenting clear clinical signs of malnutrition, are to varying
degrees nutrient- or energy-deficient. The effects of
this situation on lactation performance are extremely
difficult to assess, let alone quantify, for lack of
adequate methods for diagnosing mild-to-moderate
subclinical forms of malnutrition. Moreover, malnutrition does not occur in isolation, but is usually
observed simultaneously with other variables that
may themselves influence lactation performance.
Some of these variables will have a positive bearing,
for example the fact that breast-feeding is the tradi49
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tional way of feeding infants and is, therefore, protected and supported by society as a whole. Others,
such as hard physical labour and environmental
stress, may exercise a negative influence.
Both types of variables tend to invalidate comparisons between populations living under very different socioeconomic and environmental conditions.
There are reports of infants in conditions of poverty
whose growth falters earlier than would be expected
for the fully breast-fed (77), and of seasonal variations
in milk output associated with changes in the dietary
intake of mothers (78). Nevertheless, the fact remains
that the vast majority of mothers who live in socially
and economically deprived circumstances, and who
are considered to be suffering from varying degrees of
chronic malnutrition, are able to breast-feed their
infants successfully and for long periods.
The difficulties associated with assessing maternal nutritional status (see chapter 1), together with
the possible influence of other variables, may account
for the inconclusive results of studies of the effect on
lactation performance of the supplementary feeding
of mothers. Maternal nutrition during pregnancy
helps to determine lactation performance. Thus, food
supplementation during lactation may not produce
the desired results if a mother's dietary intake was
deficient during pregnancy.
In the WHO study concerning the quantity and
quality of breast milk in different countries and at
various socioeconomic levels (79), it was found that
only among poor rural women in Zaire were there
any indications of reduced milk production possibly
associated with poor maternal nutritional status.
Nevertheless, these same mothers were able to secrete
consistently the same amount of breast milk throughout the first eighteen months of their children's lives.
Poor rural women in Guatemala and the Philippines
produced no less milk than their well-to-do urban
counterparts, and, as with women in Zaire, they
maintained milk production well beyond the first
year of their children's lives. The introduction of
other foods into the infant diet appears to be the
main factor associated with decreased breast-milk
secretion. For example, lactation performance was
poor from the first month among the well-to-do
urban mothers surveyed in the Philippines, who were
also the most frequent users of breast-milk substitutes (79).
As to composition, available evidence suggests
that maternal diet and nutritional status have very
little influence on the macronutrient content (carbohydrates, proteins and fats)-and therefore energy
concentration-of breast milk (79). It appears that,
whereas the quantity of milk may decrease if there
are not enough "raw materials" available to the
so

mammary gland, its composition at least is not
significantly altered.
The situation is different where micronutrients
(vitamins and minerals) are concerned, their presence
in breast milk being directly influenced by a mother's
own nutritional status. The development of beriberi
in infants of thiamine-deficient mothers is a typical
example of this relationship. In the WHO study (79),
no significant differences were found between various
groups as regards the energy content and the main
constituents of breast milk. The single exception to
this rule-a higher energy content of the milkamong well-to-do urban mothers, compared with
poor rural mothers, was identified in Sweden but not
in Guatemala and the Philippines.
In conclusion, nutritional deficiencies that are
believed to be widespread among the world's women
merit continued close attention, for the improvement
of their own health and that of their infants. As a
general rule, however, mild-to-moderate subclinical
forms of malnutrition are not an indication for these
mothers not to breast-feed their infants. In fact, not
breast-feeding under such circumstances may only
worsen the situation for the infant in question, who is
deprived of breast milk's many benefits, as well as for
the other family members when scarce resources are
used to provide a nutritionally adequate substitute.
Percelved milk Insufficiency. As mentioned earlier, only
in exceptional circumstances, for example inborn
errors of metabolism, will a mother's milk be
inadequate for the healthy growth and development
of her infant. Many mothers nevertheless decide to
complement the diets of their breast-fed infants, or to
stop breast-feeding altogether, either because they
believe that they are not producing enough milk or
that their milk is inadequate to meet their infants'
nutritional needs. Mothers who consider that their
milk is "too thin", for example, may be comparing it
to cow's milk, which is quite different in appearance.
As with lactation failure (also discussed above),
perceived milk insufficiency occurs most frequently
among educated, healthy and well-nourished
mothers for whom there is virtually no physiological
evidence of low milk productivity, and still less for
inadequate milk composition. The real stumbling
block is frequently related to emotional and psychosocial factors, or to an incomplete understanding
of the mechanics of lactation and breast-feeding
techniques. An infant's health status and weight
gain should provide such mothers with convincing
evidence of the sufficient quantity and nutritional
adequacy of their breast milk.
The problem of perceived milk insufficiency,
however, may be no less real in its consequences as a
WHO Bulletin OMS: Supplement Vol. 67 1989
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result of stress, which can interfere with the "letdown" reflex (see chapter 2). Inadequate sucking by
the infant due to inappropriate feeding techniques
(e.g., improper positioning (80)) and subsidiary difficulties related to breast-feeding that go unresolved
for lack of proper guidance and support can also lead
to insufficient milk. Often, the very complementary
foods that were introduced because of unfounded fears
about the quality and quantity of breast milk contribute directly to decreased milk secretion.

R6sum6
Les facteurs pouvant interf6rer avec

l'allaitement maternel
Un regime equilibre est essentiel durant la
petite enfance, toute anomalie nutritionnelle etant
davantage ressentie par le nourrisson, beaucoup
moins adaptable qu'un sujet plus age. L'allaitement
maternel est le meilleur moyen d'assurer la croissance et le developpement sains des enfants normaux. II y a cependant un certain nombre de
situations, heureusement rares, ou' les nourrissons
ne peuvent ou ne doivent etre nourris au sein. Ce
chapitre examine les situations oI l'allaitement
maternel est contre-indique pour des raisons liees
soit a la sante de l'enfant soit a celle de la mere et ou
par consequent des substituts du lait maternel
peuvent etre indiqu6s pendant de longues periodes.
II faut aussi distinguer entre les enfants qui ne
doivent pas du tout recevoir de lait maternel et
ceux qui ne peuvent etre nourris au sein mais pour
lesquels le lait maternel est neanmoins I'aliment
de choix. II y a aussi ceux qui ne tolerent aucun
lait et qui ont besoin de preparations nutritives
speciales. Le cas des enfants de faible poids de
naissance est envisage au chapitre 5.
Raisons fiees a la sant6 de l'enfant
Erreurs inn6es du m6tabolisme. Certaines maladies
metaboliques hereditaires ou congenitales associees a une anomalie enzymatique specifique rendent impossible la consommation de certains
6lements du lait. Trois de ces maladies sont particulirement importantes: la galactosemie, la phenylcetonurie et la maladie du sirop d'erable. Des
malformations congenitales comme le bec de
lievre et les fentes palatines peuvent aussi etre a
l'origine de problemes de succion.
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Raisons liees a la sante de la mere

Carence de la lactation. Elle doit etre distinguee du
sentiment souvent decrit par les meres de manquer
de lait. Elle se rencontre generalement dans les
pays industrialises, chez des meres par ailleurs en
bonne sante sans raisons physiologiques apparentes expliquant I'absence de secretion lactee. Les
facteurs psychosociaux semblent jouer un grand
r6le mais sont difficiles a identifier.

Maladies de la mere
L'allaitement au sein est contre-indique dans le
cas d'affections graves du coeur (insuffisance cardiaque) du foie, du rein ou du poumon ou dans le
cas de malnutrition severe, par exemple lors d'une
famine. Le probleme de la transmission de maladies infectieuses reste cependant preoccupant et ce
chapitre donne des details sur certains aspects:
les mastites en particulier a Staphylococcus
aureus ne doivent pas faire interrompre
l'allaitement. Les abces du sein qui sont
souvent des complications de ces mastites
apparaissent aussi apres un arret brutal de
l'allaitement au sein mais ne sont pas non plus
des causes d'interruption;
une tuberculose 6volutive qui doit etre diagnostiquee et traitee;
-

-

parmi les infections virales le chapitre met
I'accent entre autres sur les infections a
cytomegalovirus qui ne doivent pas empecher
I'allaitement, I'herpes simple qui demande
des precautions d'hygiene accrues mais non
l'arret du lait maternel, I'hepatite B ou la transmission de la mere infectee a son nouveau-ne
par le lait ne peut etre exclue mais ou l'allaitement maternel doit etre poursuivi, assorti de certaines precautions comme aux USA, ou la prevalence des porteurs est pourtant inferieure
a 1%;
le virus HIV. Le virus HIV a ete cultive a partir du
lait de meres infectees. II semble que le risque
additionnel apporte par I'allaitement maternel
soit minime et limite a certaines circonstances
particulieres. Parmi les femmes infectees mais
asymptomatiques, compte non tenu du risque
d'une transmission intra-uterine, I'allaitement
maternel ne paralt pas augmenter le risque d'une
infection de l'enfant. Le lait maternel peut etre
aussi important dans la prevention d'infections
intercurrentes qui pourraient accelerer l'evolution d'affections opportunistes chez les nourrissons deja infectes.

Les recommandations formulees

lors d'une
51
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reunion technique organisee par l'OMS en 1987
demeurent valables, a savoir: I'allaitement maternel doit continuer de recevoir la protection, 1'encouragement et le soutien qu'il m6rite A cause
de tous les benef ices qu'il apporte (voir chapitre 2) et
ceci aussi bien dans les pays en d6veloppement
que dans ceux qui sont industrialis6s. Dans de
nombreuses circonstances, en particulier quand il
n'existe pas d'autres solutions a la fois efficaces et
sOres, I'allaitement fourni par la m6re biologique doit
etre la methode de choix, quel que soit l'etat d'infection vis a vis du virus HIV.
Facteurs qui ne sont pas normalement consid6res
comme contraires a I'allaitement maternel
Facteurs li6s a lenfant. Grossesses multiples, ict6re
du lait de femme, hemorragies du nouveau-ne,
diarrhee.

Facteurs li6s a la mere. Cancer du sein, inversion du
mamelon, therapie m6dicamenteuse (la prise de
medicaments devrait etre 6vitee chez les mores
allaitantes);
- pollution chimique de l'environnement. On
retrouve dans le lait de nombreux composes
chimiques, en particulier des rbsidus d'insecticides chlores comme le DDT qui sont
hautement toxiques. Ces produits sont excretes
dans le lait, concentr6s dans les graisses. II
n'existe pas d'information sur les effets toxiques du DDT trouv6 dans le lait maternel. On
n'a pas signalb d'effets pathologiques mais
rien n'indique qu'il ne puisse y avoir d'effets a
long terme;
- autre grossesse;
- malnutrition.
Une production de lait insuffisante est souvent
alleguee par les meres pour introduire un complement dans l'alimentation de leurs nourrissons.
A cote des facteurs affectifs et psychologiques
evoques plus haut, il est de fait que l'anxi6te peut
alterer le reflexe d'ejection.
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4. Physiological development of the infant and its
implications for complementary feeding
From the standpoint of nutritional needs, physiological maturation, and immunological safety the provision
of foods other than breast milk before about four months of age is unnecessary and may also be harmful.
On the other hand, many infants require some complementary feeding by about six months of age. There
are a number of known disadvantages and risks involved in too early complementary feeding, including
interference with the infant's feeding behaviour, reduced breast-milk production, decreased iron absorption from breast milk, increased risk of infections and allergy in infants, and increased risk of a new
pregnancy. With many complementary foods, including undiluted cow's milk, there is also a risk of a water
deficit with a resultant hyperosmolarity and hypernatraemia that, in extreme cases, can lead to lethargy,
convulsions, and even residual brain damage. Other possible implications include the development of
obesity, hypertension, and arteriosclerosis in later life. The decision about when to start complementary
feeding depends not only on age but also on the developmental stage of the individual infant, the type of
food available, the sanitary conditions in which the food is prepared and given, and family history of atopic
disease.

Introduction
During the intrauterine period, the fetus is "fed"
through the placental circulation. As briefly discussed
in chapter 1, the placenta transmits from the mother's
blood all required nutrients, which directly enter the
fetal circulation in an immediately usable form.
Glucose is the main source of energy, while free
amino acids are used for protein synthesis. Owing to
this mechanism the fetus does not have to ingest,
digest and absorb food, nor is an excretory system
required. Whatever waste is produced goes back into
the mother's circulation. The gastrointestinal tract
and renal functions develop progressively prior to
birth, in preparation for the day when they will be
needed.
There is evidence that, late in pregnancy, the
fetus demonstrates swallowing movements and takes
in amniotic fluid; this has very little, if any,
nutritional significance, though it is of importance for
the anatomical and functional development of the
fetal gastrointestinal system. Similarly, the fetus
produces and excretes urine, which passes into the
amniotic fluid even though the kidneys are still
developing and are not yet playing a vital role.
The situation changes radically at birth, after
which the infant must take food by mouth, digest and
absorb the nutrients, and have functioning kidneys to
excrete metabolic wastes and maintain water and

electrolyte homeostasis. However, since neither the
digestive nor excretory system is as yet fully
developed, the margin of tolerance for water, overall
solute load, and specific solutes is very narrow compared with the older infant and young child. Because
of the inability of the kidneys to concentrate urine at
birth and for several months thereafter, the neonate
WHO Bulletin OMS: Supplement Vol. 67 1989

and young infant require food with a higher water
content than that taken by the older infant in order
to be able to excrete a comparable solute load.

The process of adaptation to these drastic changes
occurs during the first few months of extrauterine life,
during which the infant is also growing rapidly and
therefore has high nutritional requirements. Both the
sucking and extrusion reflexes, present at birth and
active throughout the first months of life, prime the
infant to receive only liquid nourishment. If other
foods are given at this time, they are usually regur-

gitated.
Appropriate feeding practices during the first
months of life are thus conditioned by the infant's
nutritional needs and degree of functional maturity,
particularly as regards the types of food, mechanism
of excretion and defences against infection. This
chapter reviews the development of the gastrointestinal tract and renal functions during early extrauterine life and the corresponding nutritional needs.
It also considers infant-feeding practices, particularly
complementary feeding.

Gastrointestinal-tract functions
Food Ingestion
At birth the normal infant is able to suck from the
mother's breast, conduct the milk thus obtained to
the back of the mouth and swallow it. The infant can
do this for five to ten minutes continuously while
breathing normally. As discussed in chapter 2, the
sucking and swallowing functions are vital for the
newborn and the infant during the first months of life.
They are achieved by a special morphological configuration of the mouth, with, in particular, a propor5S
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tionately longer soft palate than is found later in life,
and by the sucking and swallowing reflexes, which
direct a series of coordinated movements of the lips,
cheeks, tongue and pharynx. By six months of age,
the ability to swallow fluids offered by cup has begun
to develop.
If solid or semi-solid food is placed in the young
infant's mouth, it is normally vigorously rejected by
the action of another of the infant's normal reflexes.
It is only at four to six months of age, when the
tongue thrust, or extrusion reflex, is normally no
longer present, that the infant is able to cope with
semi-solid foods; hence the food can be transported
to the rear of the mouth and swallowed (1). The series
of movements needed for this purpose are different
from those needed for sucking and swallowing
liquids. Later, at seven to nine months of age,
rhythmic biting movements start to appear at the
same time as the first teeth are erupting; mastication
has begun.
For the first four to six months of life the normal
infant is thus at a stage of functional development
that allows the acceptance of an essentially liquid
diet. This is a period of transition between the fetal
nutrition in utero and the mixed, mainly solid, diet of
later life. While a young infant can be forced to take
soft semi-solid foods from the first days after birth,
for example by a mother who learns how to utilize
the infant's sucking movements to feed such foods,
this cannot be considered either normal or desirable.
Food digestion
Carbohydrates. The process of food digestion starts in
the mouth; during mastication foods are mixed with
saliva allowing the action of amylase to begin the
digestion of starches. Although amylase has been
found in infant saliva, no digestion of carbohydrates
takes place in the mouth or oesophagus during the
first months of life.
Carbohydrates are digested mainly in the proximal small intestine. Polysaccharides, like starches, are
degraded into mono- and disaccharides, primarily by
the action of delta-amylase secreted by the pancreas.
Glucoamylase secreted by the intestinal mucosa may
also contribute to the digestion of starches, but it
acts primarily on oligosaccharides and some disaccharides. The small intestine's mucosa also secretes

disaccharidases, which hydrolyse disaccharides into
monosaccharides, the only form in which carbohydrates can be absorbed.
It has been determined that infants born at term
have approximately 10% of adult amylase activity in
their small intestine (2) and this seems to be mainly
glucoamylase activity. Present information indicates
that pancreatic amylase is not secreted during the
se

first three months of life; it has been found to be
present only at very low levels, or absent altogether,
up to six months of age (3).
There is, however, some evidence that infants
can digest starches before three months of age. This is
probably due to the activity of glucoamylase, which
is not normally active at this time, but which is
activated by the presence and nature of the substance
or substrate on which the enzyme acts (4). It is also
possible that pancreatic amylase could be produced
as a reaction to the presence of starches in the small
intestine, although this has not been proved. In any
case, a process of adaptation is required for the
young infant to be able to digest starches. This can
take days or weeks and might explain the frequency
with which gastrointestinal disturbances, particularly
diarrhoea, are observed in small infants fed starchcontaining foods. It has also been suggested that
undigested starches may interfere with the absorption
of other nutrients and result in failure to thrive in
infants fed diets containing a large proportion of
starches (5).
Contrary to the evident immaturity of the
infant's system for the digestion and utilization of
starches during the first months of life, the activity of
the disaccharidases is fully developed at birth. Both
delta-glucosidase, which hydrolyses sucrose and maltose, and beta-galactosidase, which hydrolyses lactose, are present at birth at the same activity levels as
those found in older infants (6). The digestion and
utilization of milk sugar, therefore, poses no problem
at this age.
Proteins. The gastric secretion of hydrochloric acid
and pepsin is already well developed in the newborn
at term; concentrations are low, however, and
increase progressively during the first months of life
(7,8). In any case, the digestion of proteins takes
place mainly in the small intestine, where proteolytic
activity in the newborn has reached the same concentration as in adults (9). Thus, while the young infant
may have some difficulty with proteins like casein for
which gastric activity can be important to initiate
digestion, the infant's capacity to digest proteins is
otherwise fully developed at birth. Nevertheless, very
high protein intake should be avoided, particularly in
the pre-term and very young infant, in whom an
excessive renal solute load may produce acid-base
imbalances and metabolic acidosis.
Another problem related to the young infant's
use of proteins is the permeability of the intestinal
mucosa to large molecules. In older infants, as in
adults, proteins are absorbed as amino acids and
small peptides. Most of the latter are further digested
during their passage through the mucosa, and it is
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mainly the free amino acids which enter the circulation. Large molecules, which can act as antigens, do
not normally cross the intestinal mucosa. During the
neonatal period, however, and for a variable time
thereafter, the infant is able to absorb protein
molecules intact (10), as demonstrated by the absorption of antibodies and the immunological response to
protein antigens administered orally.
This physiological characteristic of the young
infant seems to be one mechanism by which an
allergic reaction to cow's milk sometimes develops in
children. Its implications for the development of
other food allergies is not clear but should be borne
in mind when decisions about the feeding of young
infants are being made.
Fats. As mentioned above, glucose is the main source
of energy for fetal development during the intrauterine period. After birth, however, dietary fats
become an important energy source. Some 40-50%
of energy in human milk is in the form of fats. A
drastic adjustment in energy metabolism is therefore
required after birth, starting with the digestion and
absorption of fats.
In older infants and adults, dietary fats are first
hydrolysed, mainly by the activity of the pancreatic
lipases in the small intestine. The products of lipolysis
are then solubilized for absorption by the action of
the bile salts. In the newborn at term, the pancreatic
and hepatic functions are not yet fully developed and
the concentrations of both pancreatic lipase and bile
salts are very low (11, 12).
It has been observed, however, that young
infants adequately absorb fats, particularly those
from human milk. This is somewhat surprising considering that milk-fat droplets are particularly resistant to the lipolytic activity of pancreatic lipases
because they are enveloped by a layer of phospholipids and proteins. It is known that fat digestion
and absorption in young infants are enhanced by the
action of lingual lipases (13) and by the action of a
lipase contained in human milk (14). Lingual lipases
are secreted by papillae on the posterior part of the
tongue; they start to act in the stomach and the
products of lipolysis (fatty acids and monoglycerides)
contribute to the emulsification of the mixture, thereby compensating for low bile-salt content. This important mechanism of preduodenal lipolysis in the young
infant is further complemented by the lipase contained in breast milk (bile-salt stimulated lipase),
which also plays an important role during early
infancy in fat digestion and absorption. The breastmilk lipase also has esterase activity, which is vital for
utilization of vitamin A that is present in milk in the
form of retinol esters.
In spite of the immaturity of the pancreatic and
WHO Bulletin OMS Supplement Vol. 67 1989

hepatic functions, the young infant is thus well
equipped to make use of both the fat in breast milk,
which provides close to half of energy requirements,
and its other important fat-soluble components.
These compensatory, or complementary, mechanisms
for fat utilization are less efficient when cow's-milk fat
or other fats are introduced into the young infant's
diet (15).

Vitamins and minerals. There appear to be no major
problems in the utilization of dietary vitamins and
minerals in early life. However, the subject has not
been studied as much as the digestion and utilization
of the macronutrients already discussed. The absorption of fat-soluble vitamins is closely linked to fat
absorption. For vitamin A in particular, not enough
is known about the utilization by young infants of
the different forms in which it or its precursors can
occur ifi foods. The particularly high absorbability of
vitamin A in human milk has already been mentioned.
The situation is similar for iron, the absorption
of which is higher in infants than in older children
and adults. This seems to be related to a greater need
for the mineral in early life. In addition, the bioavailability of iron is much higher from breast milk
than from cow's milk or preparations added to food
(16). The responsible mechanism is not known,
although it has been observed that the high bioavailability of breast-milk iron decreases drastically
when solid complementary foods of vegetable origin
are given to the breast-fed infant. This situation has
been confirmed experimentally by measuring, in
adults, the iron absorption from breast milk alone or
when fed together with a common complementary
infant food (strained pears). Iron absorption was
found to be 23.8% in the former and 5.7% in the
latter case (17).
Water and electrolytes. The permeability of the intestinal mucosa to water and electrolytes is higher
during infancy than in later life. This is of no significance under normal conditions but becomes
important in situations of high osmolarity in the
intestinal contents. Under these circumstances the
infant tends to develop water and electrolyte
imbalances more easily than later in life, and the
implications for infant feeding should thus be
carefully borne in mind.

Excretory system
Maintaining the amount and composition of body
fluids and excreting metabolic wastes are among the
kidneys' vital functions. In utero urine formation
starts early in fetal development, i.e., by the ninth or
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Chapter 4

tenth week of gestation. Urine excretion at this stage
plays a role in amniotic-fluid maintenance and the
embryogenesis of the urinary system. The regulatory
and excretory functions of the kidneys are minimal
before birth, however, as the task of maintaining fetal
homeostasis is carried out by the placenta. Metabolic
wastes are practically nil, since fetal metabolism
is fundamentally anabolic; whatever waste there is
passes through the placenta into the maternal circulation. This is confirmed by the fact that no renal
insufficiency is initially evident in infants born with
renal agenesis.
At birth the kidneys are performing all their
functions but at a limited capacity. They meet the
needs of the normal newborn, who continues with a
predominantly anabolic metabolism provided that a
balanced, fully utilizable, low-residue food, namely
breast milk, continues to be fed. The kidneys' functional capability rapidly increases during the first few
months of life, as illustrated by their near doubling in
size from 12.5 g per kidney at birth to about 20 g at
13 months of age.
The newborn's kidneys are characterized by a
low glomerular filtration rate and low concentration
capability (18). They function very efficiently, however, as a water-conservation mechanism to prevent
dehydration and have no difficulty in eliminating the
low metabolic residues of a breast-fed infant. The
system can fail when the water intake is markedly
reduced or solute intake is noticeably increased.
Because the human infant has very different
nutritional requirements compared to those of a calf,
the giving of undiluted cow's milk can lead to
hyperosmolarity with hypernatraemia in the young
infant. If not checked, this can result in lethargy,
convulsions and even damage to the central nervous
system. A cow's-milk diet for the young infant can
lead to a water deficit of 80ml/day. The situation
becomes particularly critical when there are
extrarenal water losses such as occur with fever or
high ambient temperature.
The young infant's kidneys have a limited ability
to eliminate hydrogen ions (19), and hence are more
susceptible to develop acidosis. Phosphate excretion
is a good example of how they adapt their functional
capacity to demand. At this age, the kidneys normally function with a low-phosphate intake, as was
the case in utero, and should continue this way
provided the infant is breast-fed. However, when the
infant is put on a high-phosphate diet-cow's milk
for instance-the kidneys have to adjust to another
level of functioning. Although they usually respond
to this demand, it does take time. Meanwhile, the
infant may develop transitory hyperphosphataemia
as a result of both renal immaturity and functional
hypoparathyroidism, which may be associated with
60

hypocalcaemia and neonatal tetany (20).
The relative immaturity of the newborn's renal
system seems to be due only to the fact that the level
of functioning corresponds to expected demand. The
kidneys subsequently mature very rapidly during the
first few months of life and are able to adapt to
significant variations in diet. Thus, starting at about
four months, the solute load resulting from the
metabolism of newly introduced foods is acceptable.
In fact, progressive modifications in dietary intake,
with increments in urea and other solutes to be
excreted, stimulate the kidneys to attain higher functional levels. The immature renal system is easily
overburdened by such stress situations as disease,
dehydration and sudden or too-drastic dietary
changes such as the inclusion of foods with high
sodium (minerals) or solute loads (proteins), which
would require water supplements (see Table 4.1,
parts A and B). The use of water with a high mineral
content to prepare infant formula is thus undesirable.

Infant feeding
Nutritional requirements
Early life is a period of very rapid growth, with the
weight of the normal infant doubling by four months
of age. Energy and nutrients are needed not only for
maintenance of bodily functions and activity but
also, in large proportion, for tissue deposition. Both
the quantitative and qualitative nutritional requirements of the infant are consequently different from
those of older children and adults. For example, the
requirements for both energy and protein during the
first month of life are, on a per kilogram basis, about
three times those of the adult. There are also other
important differences, related either to actual nutritional needs or to the particular physiological
characteristics of the infant.
Where proteins are concerned, the requirements
of infants for essential amino acids are proportionately much higher than in older children and adults
(21,22). It would therefore by very difficult, if not
impossible, to satisfy their nitrogen needs with
proteins of low biological value. Fats as such are not
required, except for very small amounts of essential
fatty acids. Nevertheless, they are extremely important for the infant as a source of concentrated energy,
allowing as they do the high-energy intake required
within a reasonable volume of food. Mineral requirements are particularly critical at this age; iron and
calcium, needed for haemoglobin formation and
bone calcification, are notable examples.
More than 50 nutrients are known to be needed
by human beings, although information is lacking on
the requirements in respect of more than half of them.
WHO Bulletin OMS: Supplement Vol. 67 1989
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For most nutrients there is not only a minimum
intake level below which a deficiency occurs but also
a maximum level above which they could have
undesirable consequences. While the range between
these minimum and maximum desirable intakes is
quite wide in most cases, it is rather narrow in others.
For example, energy-intake levels even slightly below
those normally required result in a deficiency while
those above will, in time, produce obesity.
A delicate balance of energy and a large number
of nutrients is therefore required to ensure
appropriate infant nutrition and health. Fortunately,
an adequate diet depends less on a consideration of
individual nutrients than on the range of foods to be
given. For infants up to at least the age of 4-6
months, breast milk is a complete and perfectly
balanced mixture of all required nutrients (see chapter 2, on the nutritional quality of breast milk). If the
infant's energy needs are satisfied with breast milk, all
other nutritional requirements will automatically be
met. Exceptions to this rule are infants with very low
birth weight who may need iron supplementation (see
chapter 5) and infants born of mothers with specific
vitamin and mineral deficiencies. In the latter case, a
mother's milk may have low values for a given
nutrient and her infant may have to be given it as a
supplement. The situation is different for infants fed
with breast-milk substitutes, who would normally
require early supplementation with vitamin C as well
as with iron (when the breast-milk substitute used is
not enriched with this mineral) and vitamin D (when,
because of environmental or other reasons, infants
are not exposed to sufficient sunlight) (see Table 4.1,
parts B and C).
Energy requirements
Energy requirements can be defined as the level of
energy intake from food that will balance the energy
expenditure in healthy individuals. Energy expenditure includes the basic metabolism, energy expended in activity, and the energy cost of food utilization. For pregnant and lactating women, the energy
cost of pregnancy and lactation has to be added, and
for children the energy required for growth.
Ideally, the energy requirement should be determined by accurately measuring all dietary components. While this can usually be done in the case of
older children and adults, no reliable information
is available on the energy needed by infants for
adequate growth and physical activity. However,
since it is generally accepted that healthy infants,
growing within accepted standards, are in energy
balance, the energy intake of such infants has been
used as the basis for establishing this group's energy
requirements.
WHO Bulletin OMS: Supplement Vol. 67 1989

Table 4.2: Energy requirements of Infants (23)
Age (months)

kcal/kg/day

MJ

0-3
3-6
6-9
9-12

120
115
110
105

0.502
0.481
0.460
0.439

To estimate the energy requirements for infants
under 6 months of age, an FAO/WHO Ad Hoc
Expert Committee on Energy and Protein Requirements (23) in 1971 used data on the intake of infants
fed breast milk by bottle and teat (24). For infants 612 months of age, data were used concerning healthy
children from the USA and the United Kingdom
who were fed on a mixed diet (25). Although the
information had its limitations, it was the best that
was available. The Committee recommended 120
kcal (0.502 MJ) per kg per day for infants 0-3
months of age, decreasing progressively to 105 kcal
(0.439 MJ) per kg per day for infants 9-12 months of
age (see Table 4.2). It was on this basis that the breast
milk of healthy mothers was judged to be insufficient
to satisfy the energy requirements of normal infants
beyond three months of age (26).
A second consultation, which was jointly sponsored by FAO, WHO and the United Nations
University, took place in 1981 to review energy and
protein requirements once again (27). This group had
access to a much larger collection of food-intake
measurements from Canada, Sweden, the United
Kingdom and the USA for infants, who were healthy
and growing within recommended WHO standards
(28). Data from developing countries were intentionally not used in order to exclude any infants
growing below the recommended standard, which is
associated more with inadequate diet and frequent
infections than with genetic differences (29). The
interesting results of an analysis of the data used by
the 1981 Committee are summarized in Table 4.3.
Although energy intake values start at a level
similar to those of the 1971 recommendations, they
drop rapidly during the first months of life, beginning
to rise again after the tenth month. This U-shaped
curve is very different from the progressively decreasing line followed by the 1971 values; it is considered
to be more accurate, however, and is probably related
to a rapid decline in the energy required for growth. In
contrast, energy expenditure through activity, which is
initially low, increases progressively to assume greater
significance during the latter part of the first year
of life. The differences between these observed intake
values and the 1971 recommendations are considerable, particularly during the critical period when the
weaning process starts. They explain why, under
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Table 4.3: Energy Intake of Infants"
Intake
Age (months)

kcal/kg/day

MJ

0.5
1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9
9-10
10-11
11-12
12

118
114
107
101

0.494
0.477
0.448
0.423
0.402
0.390
0.381
0.337
0.377
0.381
0.390
0.406
0.427

96
93
91
90
90
91
93
97
102

' Based on reference 28.

normal conditions, breast milk alone satisfies the
energy requirements of the average infant for the first
6 months of life (30).

Complementary feeding
By "weaning process" is meant the progressive transfer of the infant from breast milk to the usual family
diet. From the standpoint of physiological maturation and nutritional need, giving foods other than
breast milk to the infant before about 4 months of
age is usually unnecessary and may entail risks, for
example making the infant more vulnerable to diarrhoeal and other diseases (see chapter 6). Moreover,
because of its effect on the infant's feeding behaviour,
and therefore breast-milk secretion, any other food or
drink given before complementary feeding is nutritionally required may interfere with the initiation or
maintenance of breast-feeding.
On the other hand, by around 6 months of age
many breast-fed infants require some complementary
feeding and are fully developed functionally to cope
with it. Traditionally, the period between 4 and 6
months of age has been seen as suitable for infants to
begin to adapt to different foods, food textures and
modes of feeding.
When to start complementary feeding for breastfed infants cannot be decided exclusively on the basis
of age, however. The types of food that are normally
consumed at home or are easily available, and the
environmental conditions and facilities to prepare
and feed them safely, should also be considered. For
example, if the available foods for the infant are low
in nutritional value and are too coarse or difficult to
prepare in a soft semi-solid form, or if environmental
conditions favour contamination with either micro62

organisms or undesirable substances, it is preferable
to delay the introduction of complementary foods
until they become strictly necessary on nutritional
grounds.
An infant's developmental stage can be determined by observing neuromuscular capabilities.
When the head is held erect, hands are put to the
mouth and semi-solid foods are accepted without
difficulty (indicating the disappearance of the
extrusion reflex), an infant is ready to begin receiving
complementary foods. Obviously, growth velocity
should also be considered. If a breast-fed infant is not
growing properly and no other reason can be found
to account for it, it may be time to start complementary feeding. In practice, there is no need either to
begin complementary feeding before it is nutritionally
necessary, or to wait for growth faltering to occur
before initiating it.
Breast milk is the only "standard" food for the
human infant. Once other foods are given, they can
be as varied as are family diets prepared at home in
the normal manner. From the nutritional point of
view, complementary foods progressively replace
breast milk, which is a complete and balanced food.
At the onset of complementary feeding, when the
infant is still predominantly breast-fed, these foods
are important primarily as an additional source of
energy. At the same time, however, they should also
help to satisfy requirements for all essential nutrients
to which breast milk will be making a progressively
decreasing contribution. Particular attention should
be given to proteins, iron, and vitamins A and C;
these nutrients are frequently found to be deficient in
the diet of young infants.
Table 4.1 provides a few examples of the very
large number of commercial and home-made complementary foods that are available. The home-made
varieties are frequently more in accordance with a
family's cultural and economic conditions, in addition to being generally low in sodium.
Rlsks of too early complementary feeding
It is generally recognized today that infants are
neither ready to receive semi-solid foods before about
4 months of age, nor, except under exceptional circumstances (see chapter 3), are these foods necessary
as long as infants are breast-fed. Not so very long
ago, however, it was customary in some industrialized countries to start complementary feeding
before one month of age with cereal preparations,
strained vegetables and fruits, and eggs and meat.
While this practice has been largely abandoned, it is
still common to give semi-solid foods to infants
before three months of age.
There is no question that, in terms of functional
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capabilities, most infants can adapt to this situation.
They may initially refuse the food, vomit or have
loose stools, but they will finally take it without
major problems. They and their mothers quickly
learn how to manage semi-solid foods, even if the
reflex movements of the infant's mouth are not yet
ready for them. As discussed earlier in this chapter,
the production of digestive enzymes, amylases in
particular, is still normally low at this age; but the
potential to react to stimuli is there, and thus enzyme
production increases when starches or other substrates are included in the diet. The kidneys, stimulated by the presence of urea derived from excessive
protein, can also react by increasing their excretory
and filtering capacity.
Of course, the mere fact that the physiologically
immature organism can adapt to a feeding mode that
is nutritionally unnecessary hardly justifies its use.
On the contrary, a number of immediate disadvantages or risks of too early complementary feeding
are recognized, and the possibility of longer-term
undesirable effects-including a contribution to the
pathogenesis of such conditions as obesity, hypertension, arteriosclerosis and food allergy-is suspected
even if it is extremely difficult to prove. The following
are among the possible immediate problems.
Short-term risks
It is well demonstrated that the introduction of foods
other than breast milk into the young infant's diet
decreases the frequency and intensity of sucking and
that, as a consequence, breast-milk production also
decreases. Under these circumstances the food given
will be not so much a complement to breast milk as
a partial replacement. Since in most instances the
nutritional value of the "complement" is lower than
that of breast milk, the child will be at a disadvantage; the opposite of the desired intention will be
achieved.
It has also been observed that the introduction
of cereals, and particularly vegetables, can interfere
with the absorption of breast-milk iron (17), which is
normally low in concentration but high in absorbability. Because iron balance is extremely delicate in
the young infant, this can result in iron deficiency and
anaemia. A deficiency can be avoided, of course, if
iron-enriched cereal preparations are used, but this
would only serve to prevent a problem that was not
there at the outset.
Because large sections of populations in
developing countries have restricted diets and live in
unsanitary environments, the greatest immediate risk
to the breast-fed infant of giving complementary
foods too early is diarrhoeal disease (31) (see chapter 6).
Longitudinal studies done in rural Bangladesh (32),
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where 41% of the food, and 50% of the water, samples
examined were contaminated with Escherichia coli,
demonstrate an association between the early introduction of contaminated foods and intestinal infections in children. The proportion of water samples
that contained E. coli was directly associated with a
child's annual rate of diarrhoea due to enterotoxigenic E. coli. Ambient temperatures and the duration
of storage after food preparation were directly correlated with bacterial counts. Moreover, the monthly
rates of diarrhoea associated with enterotoxigenic E.
coli in the community correlated directly with the
environmental temperature.
In another study in Kenya, where complementary feeding was started at 3 months of age,
Enterobacteriaceae were found in the feeds at a level
of up to 104 bacteria per g. The counts increased after
storage of the food for periods as short as three hours
(33).
Enteropathogenic microorganisms do not necessarily have to be present in weaning foods before they
are consumed; they may in fact enter the child's
alimentary tract at the time of feeding. For example,
rotaviruses were detected in hand-washings from
79% of the attendants of Bangladesh patients who
were hospitalized because of rotavirus-associated
diarrhoea (34). The importance of microbial contamination of hands in the genesis of diarrhoea has
also been demonstrated by the interruption
of the transmission of Shigella simply by instituting washing procedures, after defecation and before
meals, for family members of confirmed cases
of shigellosis (35). In the final analysis, water
quality and quantity may be the most important
factors determining morbidity due to diarrhoeal
diseases in children under three years of age (36,37).
Long-term risks
Inappropriate complementary feeding practices may
also have a negative impact on health in the long
term through two mechanisms. One is the cumulative
effect of changes which, while starting early in life,
result in clinical evidence of morbidity only years
later. The other is the creation of food habits leading
to undesirable dietary practices, which finally contribute to health problems. In practice these two
mechanisms may be interrelated. For example, an
adult's taste for salty foods may be the result of early
experiences, and therefore a learned practice, while
the cumulative effect of hypernatraemia over many
years contributes to the development of hypertension.
Obesity. Although the health risks of adult obesity are
well known, its etiology is complex given its multiple
63
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origins. A better understanding of the etiology and
natural history of obesity is important since treatment is difficult once the condition has developed.
One of the important questions that has not yet been
answered concerns the relationship between feeding
practices and overweight in infancy and childhood,
and obesity in adulthood. Although no long-term
prospective studies have been done, retrospective and
short-term prospective studies tend to support the
hypothesis of a close link.
Studies of the relationship between overweight at
birth and obesity in childhood have generally shown
a very low correlation (38). A higher correlation has
been found, however between obesity at 12 months of
age and later in life (39), while it has also been
determined that cases of severe obesity at this age
have a greater tendency to persist. One limitation of
these studies is that they use as a basis for comparison situations prevailing at one point during infancy,
for example at birth or at 12 months of age; there are
many non-dietary factors, however, that may help to
explain the situation at any given moment.
There is a better correlation between weight gain
during infancy and overweight later in life (40). For
example, a recent prospective study showed that,
while breast-fed and artificially fed infants had
similar growth patterns during the first three months,
weight gain was greater for the artificially fed infants
with a difference at one year of 410 g more in boys
and 750 g in girls (41). Overfeeding is one of the main
risks associated with bottle-feeding and too early
complementary feeding.
Breast-fed infants appear to regulate their food
intake in accordance with their needs (see Chapter 2).
Once a mother assumes responsibility of the amount of
food her child receives, overfeeding becomes a possibility.
Undue concern about infant nutrition can contribute
to overfeeding, particularly in societies where the
image of a healthy baby is a plump one. The consequences later in life may be related either to
the infant's excess weight or to the acquisition of
undesirable eating habits, or both.
Hypertension. High sodium intake is certainly one of
the principal factors in the etiology of essential
hypertension. A direct relationship is not easy to
prove because there also appear to be contributing
genetic factors, which make some individuals more
vulnerable than others. However, the relationship
between high sodium intake and hypertension has
been proved experimentally in rats. Of greatest concern are experimental data showing that sensitive
rats with a high sodium intake only during the first
six weeks of life still developed hypertension one year
later (42).
Breast milk is low in sodium (about 15 mg/
04

100 ml or 6.5 mmol/1). However, an infant's sodium
intake can drastically increase when complementary
foods are introduced (see Table 4.1, part B), in
particular when they are prepared according to the
taste of a mother whose own salt intake is high.
Although there are no data to show that early high
sodium intake has the same consequences later in life
for humans as have been demonstrated in experimental animals, it has been suggested that the taste for
salt may be established with the introduction of foods
other than breast milk. The maintenance of this habit
may in turn have a cumulative effect that results in ill
health many years later.
Experimental and epidemiological evidence indicates that potassium plays a protective role where
high sodium intake related to hypertension is concerned (43). While most fresh fruits and vegetables
are high in potassium, their processing for use as
complementary foods may drastically reduce their
value as a source of this mineral as well as vitamin C.
An association has also been found between
hypertension and obesity, although they may be
etiologically unrelated and observed independently.
Early feeding practices may be a common factor
creating food habits that favour the development of
both conditions.
ArterlosclerosIs. The role of dietary factors in the
pathogenesis of arteriosclerosis and ischaemic heart
disease, which are major health problems in industrialized countries and, increasingly, in developing
countries, is no longer in doubt. The nutritional
factors involved include diets high in energy and rich
in cholesterol and saturated fats, but low in polyunsaturated fats. High protein intake has also
been found to be associated with these conditions,
although diet is only contributory in otherwise predisposed individuals. The relationship between dietary
factors and the development of the disease has been
proved through both prospective and cross-sectional
comparisons among different populations.
It is difficult to establish this link at the
individual level, however, both because people respond differently to a diet rich in saturated fats and
the fact that many other variables are involved. It
would be still more difficult to establish a link
between infant-feeding practices and a disease that
manifests itself only some 30-40 years later. It has
been shown, however, that infants in the upper centiles of lipid blood levels tend to maintain those same
levels two years later (44). Thus, it only makes good
sense to avoid, in complementary feeding, the same
dietary excesses that have proved to be undesirable
later in life.
Food allergy. There is evidence that prolonged breastfeeding and the timely introduction of carefully selecWHO Bulletin OMS: Supplement Vol. 67 1989
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ted complementary foods contribute to the prevention of food allergies, particularly in predisposed
infants (45). This is true not only in respect of
cow's-milk allergy but also where other foods are
concerned. Cow's-milk allergy is manifested clinically
by gastrointestinal, dermatological or respiratory
symptoms of varying severity, and even by anaphylactic shock.
Using sensitive immunological methods, it has
been demonstrated that the majority of infants fed
artificially with cow's-milk-based formulas do indeed
react to the foreign proteins. However, since only a
few infants show clinical manifestations, and usually
only those with severe symptomatology are diagnosed as having cow's-milk allergy, it is very difficult
to know the disease's real incidence. In industrialized
countries, where the majority of infants in question
received cow's-milk-based formulas since very early
in life, various studies show an estimated prevalence
of clinical manifestation of about 1% (46). In most
instances, the condition can be prevented altogether
by avoiding the use of cow's-milk preparations during the first months of life.
It has been shown that prolonged breast-feeding
also has a protective value where allergies to other
foods are concerned. For example, in a study of
infants born of parents suffering from eczema, it was
demonstrated that a significant reduction in the
incidence of the disease could be achieved by
feeding breast milk exclusively for at least three
months and avoiding allergenic foods during the initial
stages of complementary feeding (47). In another prospective study of children followed from birth to three
years of age, it was shown that infants who were
breast-fed for six months, particularly those with a
family history of allergies, had a lower incidence of
atopic diseases than those who were artificially fed.
In the latter group, complementary feeding was
started at three and a half months with cooked
vegetables and fruits, cereals were introduced at five
months, and meat and eggs were given at six; a more
varied diet was given by nine months of age (45). A
study of 135 exclusively breast-fed children of families
with a history of atopic disease showed that giving no
solid foods before six months greatly reduced the
rates of eczema and food intolerance at 12 months;
matched controls were children with similar family
histories who received solids when 4-6 months of
age. Relative rates for the study groups and controls
were 35% vs. 14% for eczema, and 37% vs. 7% for
food intolerance (48).
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R6sum6

Le d6veloppement physiologique du
nourrisson et ses Implications sur
I'alimentation de compl6ment
Durant la periode intra-uterine le foetus est
alimente par la circulation sanguine maternelle
par l'intermediaire du placenta. Le tractus gastrointestinal et l'appareil renal se developpent
progressivement mais ne sont pas fonctionnels.
Apres la naissance la croissance rapide du nourrisson entraine une elevation proportionnelle des
besoins nutritionnels, il faut donc que l'alimentation soit adaptee. La maniere de nourrir 1'enfant
est conditionnee par son degre de maturite fonctionnelle, en particulier en ce qui concerne l'utilisation des nutriments, les mecanismes d'excretion et
la lutte contre les infections.
L'ingestion des aliments est limitee au debut
aux liquides grace au reflexe de succion et a la
configuration particuliere du palais du nouveau-ne
et aussi a cause du reflexe lingual ou d'expulsion
qui disparalt entre4 et 6 mois. Plus tard, entre 6 et 9
mois apparait la mastication qui facilite l'absorption d'aliments solides. Le processus de digestion
des sucres se realise dans la partie proximale de
l'intestin grele pendant les premiers mois de la
vie. C'est Ia et non pas dans la bouche que les
polysaccharides comme l'amidon sont attaques; la
secretion amylasique a ce niveau ne represente
cependant que 10% de celle de l'adulte. Pendant
les 3 premiers mois de la vie il n'y a pas de
secretion d'amylase pancreatique.
Pour la digestion des proteines on sait que la
secretion gastrique d'acide chlorhydrique et de
pepsine existe chez le nouveau-ne a terme mais a
de basses concentrations. Les proteines sont principalement digerees dans le grele ou l'activite
proteolytique est equivalente A celle de l'adulte.
Neanmoins des apports proteiques eleves sont a
deconseiller dans la mesure oiu un desequilibre
metabolique peut se produire au niveau du rein
entrainant une acidose. La permeabilite particuliere de la muqueuse intestinale du jeune enfant
aux grosses molecules proteiques pourrait avoir
des consequences antigeniques qui expliqueraient
certaines allergies au lait de vache.
Les graisses relaient le glucose comme source
principale d'energie apres la naissance. La
lipolyse preduodenale est assuree par les lipases
linguales et elle est renforcee par la lipase du lait
maternel. II ne semble pas qu'il y ait de probleme
majeur avec les vitamines et les mineraux. Le lait
maternel etant de ce point de vue particulierement
favorable pour l'absorption de la vitamine A et du
S5

Chapter 4

fer entre autres. On ignore les mecanismes qui
augmentent la biodisponibilite du fer dans le lait
maternel mais on a constate qu'elle diminuait
lorsque l'on supplementait la ration par des
aliments d'origine vegetale. La grande permeabilite de l'intestin a I'eau et aux electrolytes
peut entrainer plus facilement des desequilibres
dangereux en cas d'hyperosmolarite du bol intestinal. La capacite fonctionnelle du rein augmente
rapidement pendant les premiers mois de la vie
mais elle est limitee chez le nouveau-ne parce que
la filtration glomerulaire et la capacite de concentration sont basses.

Besoins nutritlonnels. Ils sont quantitativement et
qualitativement diff&rents de ceux des enfants plus
ages et des adultes. Durant le premier mois par
exemple, ils sont en calories et en proteines 3 fois
plus importants par kilogramme de poids que chez
l'adulte. Cependant le lait maternel est l'aliment
ideal pour les enfants jusqu'a 4 a 6 mois, sauf
pour les nouveau-nes de tres petit poids de naissance qui doivent etre supplement6s en fer entre
autres nutriments. Pour les enfants nourris avec
des substituts du lait maternel la situation est
differente. A titre indicatif des tables de composition de certains aliments de complement sont
fournies. Les besoins en energie sont difficiles
a apprecier, les recommandations du comite
d'experts FAO/OMS de 1971 sur les besoins en
proteines et en energie representaient une estimation des besoins a 120 kcal/kg/j entre 0 et 3
mois diminuant regulierement pour atteindre
105 kcal/kg/j entre 9 et 12 mois. Une consultation plus recente (FAO/OMS/UNU, 1981) partant
des memes valeurs aboutit a des besoins nettement plus bas aux ages intermediaires pour
remonter sensiblement a 12 mois. Les differences
constatees expliquent pourquoi dans des circonstances normales, le lait maternal seul couvre les
besoins des nourrissons au moins pour les 4
premiers mois de la vie et souvent jusqu'au
sixieme.
Alimentation de compl6ment et sevrage. Par sevrage il
faut entendre le passage progressif du nourrisson
du lait de sa mere au regime habituel de la famille.
Aux environs de 6 mois les enfants doivent
recevoir d'autres aliments et ils sont physiologiquement et fonctionnellement en mesure de
les utiliser. Une diversification alimentaire trop
precoce pr6sente des risques a court terme: diminution de la production de lait chez la mere, mal
compensee dans certains cas par la valeur
nutritive du "complement"; les cereales peuvent
limiter I'absorption du fer du lait maternel; et le
66

risque de maladies diarrheiques augmente, en
particulier dans les pays en developpement. A
beaucoup plus long terme les effets n6gatifs sur
la sante peuvent se traduire par une morbidite
d'origine nutritionnelle due aux modifications
dietetiques introduites durant le jeune age
intriquee avec la creation d'habitudes alimentaires
entrainant des pratiques dietetiques nefastes. Le
fait par exemple d'aimer les aliments sales a l'age
adulte pourrait etre le resultat d'experiences
acquises durant la petite enfance. Ainsi obesite,
hypertension et arteriosclerose semblent pouvoir
etre associees a ces situations. De meme les
allergies d'origine alimentaire peuvent etre
prevenues par un allaitement maternel prolonge
comme certaines etudes l'ont demontre.
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5. The low-birth-weight infant

Low-birth-weight (LBW) infants have special nutritional requirements arising from their rapid growth rate
and developmental immaturity. LBW infants are of many kinds; for example, the nutritional needs and
functional capabilities of a small-for-gestational-age full-term infant are not the same as those of a very
LBW premature infant. Ideal criteria for evaluating the nutritional management of these infants have not
been established, and thus the recommended intakes given here do not represent proven physiological
requirements. They nevertheless provide a basis from which more refined recommendations may be
made.
Although this chapter is not intended as such to be a discussion of applicable feeding techniques, it
would be difficult and artificial to divorce two such closely intertwined aspects of the distinctive needs of
this highly vulnerable group. Feeding techniques have to be carefully assessed in the light of specific
environments and the expertise available, and none is entirely risk-free in any setting. Thus, it is essential
to compensate for the immaturity of the infants and to avoid compromising the airway or risking aspiration
of gastric contents.
The choice between using breast milk or proprietary formulas in feeding LBW infants is complex on
both nutritional and immunological grounds as well as for practical reasons. Given that the preponderance
(>90%) of LBW infants are born in developing countries, the use of an infant's own mother's fresh milk may
be the only realistic option. However, irrespective of the health care facilities, level of technology or
alternative formulas that might be available, studies show that there is much to recommend feeding LBW
infants their own mothers' milk in any environment.

Introduction
Worldwide, about 16% of live births, or some 20
million infants per year, are of low birth weight
(LBW: < 2.5 kg) (1); these can be categorized further as
very low birth weight (VLBW: < 1.5-1.0 kg) and
extremely low birth weight (ELBW: <1 kg). These
infants, over 90% of whom are born in developing
countries (1), have special nutritional requirements
arising from their rapid fetal growth rate (15-20 g/kg/d
at 24-36 weeks post-conceptional age) and developmental immaturity. The needs of the individual LBW
infant vary widely, however; thus, for example, the
nutritional requirements and functional capabilities of
the small-for-gestational-age infant born at term are
not the same as those of a premature infant, i.e., one
born before 37 completed weeks of gestation (2), of the
same birth weight.
Generally speaking, infants of 35 weeks gestational age or more, who constitute the great majority
of premature infants, can and should receive breast
milk. While breast milk may have to be supplemented for some of the smaller proportion of infants who
are born between 32 and 35 weeks gestation, virtually
all of them can be successfully breast-fed, or at least
fed on breast milk. Infants of <32 weeks gestation,
most of whom have birth weights < 1500 g, form an
exceptional group given their unusually high nutritional requirements. Initially, parenteral nutrition
es

may be necessary for these infants, and its importance in specific circumstances should not be underestimated.
Developments in the nutritional management of
the LBW infant have been reviewed (3-5) and recommendations published (3-7); these articles should be
consulted for more detailed information. In particular, the report entitled "Nutrition and feeding of
preterm infants" of the European Society of
Paediatric Gastroenterology and Nutrition (ESPGAN) provides a considered evaluation of recommendations; the report's main points are summarized
below (5).
Ideal criteria for evaluating the nutritional
management of LBW infants have not been established (5). Since metabolic demands after birth differ
from those in utero, criteria based on intrauterine
growth rates, body composition and factorial assessment of nutrient accretion are not ideal. Such
extrapolations are unreliable not only because of the
variable quality of the data on which they are based,
but also because preterm infants, after delivery,
rapidly lose extracellular fluid (ECF) and assume
ECF: ICF (intracellular fluid) ratios similar to those
of term infants. This 8-10% weight loss after delivery
makes it unreliable to use the intrauterine nutrient
accumulation as a reference for the LBW infant.
Recommended intakes for some nutrients have been
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derived empirically by calculating the amount that
would be supplied by breast milk.
The adequacy of nutrient supply can also be
evaluated by monitoring biochemical consequences
of supplying "idealized" nutrient requirements, but
here again difficulties arise from not knowing if
intrauterine or extrauterine biochemical values are
suitable reference points. The solution to this problem will not emerge merely by avoiding short-term
biochemical disasters. It also requires the systematic
follow-up of LBW infants over the long term.
The recommended intakes given here do not
represent proven physiological requirements for
LBW infants. They nevertheless provide a basis from
which more refined recommendations may be made.

Feeding techniques and related care
As with other chapters, the purpose of the present
review is to describe the physiological characteristics
of the infant and the resulting metabolic demands
and recommended energy and nutrient intakes, based
on the best available scientific evidence. It is not
intended as such to be a discussion of applicable
feeding techniques for this particular category of
infant. Nevertheless, it would be both difficult and
artificial to divorce entirely two such closely intertwined aspects of the distinctive needs of this highly
vulnerable group of infants.
There are a number of underlying principles
governing the feeding of LBW infants. First, feeding
techniques (3-5) have to be carefully assessed in the
light of the specific environment in which the infants
in question are born. The use of a given technique
clearly depends on the expertise available to those
caring for the infants in question, and none is entirely
risk-free in any setting.
The umbilical nutrition of the fetus has led some
to argue simplistically that it would be desirable to
feed all very immature infants in the first instance by
a parenteral route. In this way the complications of
enteral feeding such as aspiration pneumonia and
necrotizing enterocolitis (a severe inflammation of the
bowel in which parts of the bowel die of infection and
have to be removed) may be avoided. But parenteral
nutrition has its own complications such as systemic
infection and metabolic imbalance and, in addition, is
both costly and labour intensive. Parenteral feeding
should be reserved for those preterm infants with
medical or surgical gut problems that prevent enteral
feeding for more than 3 days (8).
It is essential to compensate for the immaturity
of LBW infants and to avoid compromising the
airway or risking aspiration of gastric contents. During the initial phase of care, especially for VLBW and
ELBW infants, neither oral nor intragastric feeding
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may be tolerated or be practicable. These infants
nevertheless still require energy, protein and carbohydrates to minimize catabolism of lean tissue and to
prevent hypoglycaemia. Thus, an initial phase of
total parenteral nutrition may be necessary and is
favoured by many as an elective procedure. Older
and more mature infants may, however, tolerate
intragastric feeds. Critically ill infants, irrespective of
whether they are being ventilated, are best managed
with total parenteral nutrition, which should be
maintained until they are either extubated or stable.
Although swallowing occurs in utero as early as
16 weeks gestation and elements of intestinal motility
can be detected towards the end of the second
trimester, organized oesophageal activity does not
develop until about 34 weeks gestation when effective
nutritional sucking can be sustained (9). In the LBW
infant, at 28 weeks gestation, low antral pressures
impair gastric emptying. Combined with lower oesophageal sphincter pressures, this may predispose the
infant to oesophageal reflux.
Large enteral intakes may not be tolerated and
injudicious persistence with these may predispose
to reflux, regurgitation, gastric aspiration, apnoea,
ileus, and necrotizing enterocolitis, especially if oesophago-gastrointestinal motility has not developed
adequately. Furthermore, gastric capacity is limited
in LBW infants and gastric distension may interfere
with pulmonary function. Gastric emptying is faster
with breast milk than with proprietary formulas, and
can be improved by feeding the infant in the prone
and lateral positions. Thus, in some LBW infants,
optimum nutrition may only be achieved by a combination of enteral and parenteral techniques. In any
event, even if parenteral nutrition is the dominant
means of feeding, small amounts of some enteral
feeds are beneficial because they create a more
physiological endocrine response, stimulate bile flow
and maintain maturation of the intestinal mucosa (8).
Human milk has obvious additional advantages in
this process. The wide range of hormones and growth
factors, for example, may be particularly important
for these infants (see chapter 2).
Even if infants can tolerate enteral feeding, feeds
may still need to be given via indwelling tubes. The
use of silastic tubes is probably preferable to using
polyvinylchloride tubes since the silastic reduces the
risk of intestinal perforation. The advantages of transpyloric over intragastric feeding are the subject of
debate. Transpyloric feeding probably does not
predispose to necrotizing enterocolitis, and placement of the tube in the duodenum rather than the jejunum avoids problems of impaired nutrient absorption,
especially fats.
Similarly, the use of intermittent bolus or continuous infusion of feeds is controversial. The former is
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said to be more demanding of attendants' time, but
continuous infusion does require constant monitoring to avoid gastric reflux. Intermittent enteral feeding would seem to be more physiological and recent
studies indicate that adverse metabolic effects and
altered body composition may arise from continuous
feeding. These contrasts are probably caused by
differences in the endocrine milieu.
The choice between using breast milk or
proprietary formulas for LBW infants is a complex
one. In addition to the nutritional and other implications of either feeding regimen for producing normal
growth and development, however, there are the
practical implications of whether or not these infants
are able to suck.
It was demonstrated in a number of studies
reported on a decade ago that LBW infants, some
weighing even <1500 g at birth, can be breast-fed
(10, 11). Success was attributed to such factors as
highly motivated mothers who were permitted unrestricted access to their infants, an optimistic and
knowledgeable nursing staff where attitudes towards
breast-feeding were concerned, and the virtual
absence of bottle-feeding in the healfth facilities in
on of milk
question. Manual or hand-pum
was used to the exclusion of mechanicIpumps, and
on occasion the mothers breast-fed other infants to
stimulate milk secretion.
The first detailed clinical study of the effects of
feeding undiluted breast milk very early to premature
infants was reported in 1964 (12). The infants studied
weighed between 1000 and 2000 g at birth and were
fed with undiluted breast milk within 2 hours of birth
in volumes of 60 ml/kg body weighitgiven on the first
day, increasing to 160 ml by the fourth day. This
"early fed" group was compared with two other
groups of low-birth-weight infants: (a) infants of
comparable birth weight who were born during the
study period but who were not fed until between 4
and 32 hours after delivery and given considerably
less over the next week ("later fed"); and (b) infants
weighing between 1000 and 2000g who were born
before the study period and who had been starved for
at least 24 hours ("late-fed" infants). The results were
impressive. The "early fed" infants regained their
birth weight sooner and lost less weight than the
other groups. Bilirubin levels were lower and there
was also less symptomatic hypoglycaemia. There was
no increase in the incidence of aspiration pneumonia.
Other studies have confirmed the benefits of
early breast-feeding in reducing weight loss, raising
blood glucose levels, and lowering unconjugated bilirubin in the serum. The first studies to show longerterm benefits of early feeding in 1968 reported that, at
a mean age of 2 years, the intellectual and neurological development and physical growth of LBW

infants who had been fed with breast milk early
showed a considerable improvement over those children who were born at a time when delayed feeding
was practised (13). This finding was confirmed a
decade later when it was shown that early feeding is
associated with higher blood sugar, lower bilirubin,
less dehydration, and more rapid return to birth
weight in the "early" than in the "late" group (14).
A more recent study (IS) in England investigated the association in 771 LBW infants between a
mother's choice to provide breast milk for her infant
and her child's developmental status at 18 months
postpartum. The breast-milk-fed group had significantly higher mental scale scores, even after adjusting for social and demographic influences. Whether
this residual developmental advantage relates to
parental factors, including the level of concern for an
infant's welfare and perception of maternal role of a
mother who decides to provide her own milk, or to a
beneficial effect of human milk itself on brain
development has important implications for the
nutritional management of premature infants.
In the early 1980s, it was demonstrated that
LBW infants fed human milk gained weight at
roughly the same rate as infants fed formulas providing a protein intake of at least 2.25 g/kg/day (see
below) and, also, that they did not develop some of
the metabolic abnormalities observed in formula-fed
infants (16). More recently, clinical studies have
shown that infants fed their own mothers' milk have
superior rates of weight gain than infants fed
donor milk; this is due to the higher levels of protein
(approximately 30%) (17) and sodium, chloride, magnesium and iron (18) in the milk of mothers who
deliver prematurely than the milk of mothers who
deliver at term. The nutrients supplied to a 33-week
preterm infant fed 200 ml/kg/d of "average" preterm
milk were in excess of calculated intrauterine
requirements for protein and minerals except calcium, phosphorus and iron (18). Thus, while hyponatraemia is uncommon in prematurely born infants
fed their own mothers' milk, skeletal mineralization
of these infants is suboptimal (16). Moreover, it is
questionable whether human milk contains sufficient
vitamin D for the requirements of these infants (19).
On both practical and economic grounds, however, the use of the infant's own mother's fresh milk
may be essential, especially in view of the fact that the
preponderance of LBW deliveries occurs in developing countries (1). Even though such milk, compared
with full-term mothers' milk, may be disadvantageous because of its variable and unpredictable
nutrient content, it still presents the many advantages that human milk in the raw state has over
artificial formulas (see chapter 2). These advantages
may in turn outweigh any disadvantages that arise
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from the uncertainty of knowing an infant's precise
nutrient intake, and the attendant risk of undernutrition, particularly as regards energy, water, sodium,
calcium and phosphorus, zinc, vitamin C, and folic
acid. In any case, awareness of these risks permits
monitoring for manifestations and correction of any
deficiency by supplementing breast milk in culturally
appropriate ways.
In Finland, where proprietary formulas have
never gained widespread acceptance in the feeding of
premature infants, human milk has been in almost
continuous use. Thus, human milk banking has been
carried out on a relatively large scale; about 5000
litres per million individuals are collected annually
and used for this purpose (20). About half of the
mothers who deliver VLBW infants of < 1500 gat birth
are able to lactate enough so that the infants can be
fed with their own mothers' milk (20).
Feeding VLBW infants on human milk supplemented with human milk protein has been shown
to lead to improved serum total protein and blood
haemoglobin concentrations during the second
month of life (21). A study in Finland evaluating the
effect of added human milk protein on the growth of
human-milk-fed VLBW infants during the first few
weeks of life concluded that protein supplementation
improves the growth of small premature infants fed
human milk, and that the protein concentration of
bank milk is insufficient for their adequate growth
(22).
The practice in the Royal Children's Hospital in
Melbourne, Australia, is to use each mother's own
expressed breast milk, whenever possible, to feed
VLBW infants. With relatively simple techniques,
mothers can produce milk consistently with minimal
bacterial contamination, although infants grow more
slowly than those fed on specialized formulas (23).
Motivated initially by sheer economic necessity,
neonatal units in a number of developing countries
have begun to adopt, with encouraging results, the
exclusive use of preterm breast milk combined with
simple interventions to meet the special needs of
LBW infants. For example, the results of a recent
study (24) in India (Kota), where 30-40% of all
births are LBW (25), are of particular importance
given their implications for the application of economical and nutritionally adequate technology in
developing countries. The study sought to provide
adequate calories for optimal growth in 21 LBW
infants between 1.0 and 1.75 kg and gestational age
28-35 weeks by fortifying fresh preterm human milk
with medium-chained triglycerides (MCT) (coconut
oil) and sucrose. No infant in the study had symptoms of diarrhoea and vomiting, nor did any develop
necrotizing enterocolitis. Feeding the fortified formula (MCT + sugar + preterm milk + vitamins +
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iron), which was done initially by intermittent gavage
and later by small spoon/dropper, was sufficient to
achieve postnatal gains in weight and height similar
to intrauterine rates. It seemed unnecessary to add
extra protein. Long-term achievement of motor and
mental milestones was normal in 90% of the infants,
who were followed for a total of 10-12 months.
In one hospital in Bombay, emphasis is placed
on having mothers participate in the care of their
babies and engaging in minimum handling and minimum interventions. Supportive aspects of this care
include:
- exclusive human-milk feeding;
- establishing a "warm-chain" starting from the
labour room to support the infant's temperature
regulation;
- stabilizing nursery admissions by rapid re-warming and oxygenation to break the vicious cycle of
hypothermia, hypoxaemia and hypoglycaemia;
- establishing perinatal audit sessions;
- developing management schedules for common
problems like respiratory distress and asphyxia;
- teaching and training nurses and midwives in
both the neonatal unit and the labour ward;
- utilizing the postnatal care ward as an intermediate care unit.
This approach led to a significant decline in
the mortality rates for the three categories of infants
(< 1250 g, 1251-1500 g and > 1500 g) as well as in total
mortality; a shift in the periodicity of diarrhoeal
episodes from endemicity to self-limiting episodes;
and a reduction in health care expenditure. Followup of discharged babies showed that the post-neonatal mortality in this high-risk group was less than
that for the general population in the city of Bombay,
possibly as a result of the fact that few mothers had
given up breast-feeding by one year postpartum (26).
The Kenyatta National Hospital and Pumwani
Maternity Hospital in Nairobi both have special care
units for sick infants and those weighing <2000 g;
many are in the VLBW category (<1500 g) (27).
Mothers lodge in nearby dormitories and come to
the units every 3 hours, day and night, where they
hand-express milk into sterilized containers. The milk
volumes thus produced are usually adequate for the
infants' needs. Mothers are actively engaged in the
care of their infants; skin-to-skin contact is
encouraged even before the infants are ready to suck.
Until infants can swallow, nurses feed the mothers'
own freshly expressed milk by gavage, adding calcium and other nutrients when necessary. When
infants reach about 1600 g, their mothers take over,
giving a measured quantity of their milk by cup,
which is sterilized. No bottles are used in either unit.
Direct ad libitum breast-feeding begins when the
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infants' weight reaches about 1700 g. Exclusive use of
the mothers' own fresh milk has dramatically lessened neonatal diarrhoea and other infections. Most
infants are discharged fully breast-fed before they
weigh 2000 g.
Feeding the LBW infant directly from the breast
has distinct advantages. For example, one set of
studies has examined infants who were fed their own
mothers' milk either directly or from a bottle: with
breast-feeding, the infant's temperature and oxygenation remained stable; with bottle-feeding, and for
some minutes thereafter, the temperature and blood
oxygen levels fell significantly (28).
The above examples and others in Helsinki,
Manila, Oslo and Stockholm (see chapter 2 on the
particular importance for the premature and LBW
infant of breast milk's immunological qualities) offer
important insights into the nutritional management
of this highly vulnerable category of infant. They also
demonstrate that, irrespective of the health care
facilities, level of technology or alternative formulas
that might be available, there is much to recommend
this feeding regimen (29) in both developed and
developing countries. Finally, this approach presents
the added advantage of involving mothers directly in
the care of their infants, while at the same time
helping to establish lactation.

Recommended intakes for
LBW infants
The optimal diet for the LBW infant is still to be
defined (30). As noted above, the recommended
intakes that follow do not represent proven
physiological requirements for LBW infants. They
nevertheless provide a basis from which more refined
recommendations may be made.
Water
At between 26 and 36 weeks gestation, water constitutes 70-80% of fetal weight gain. Postpartum,
irrespective of gestational age, this ratio falls to 5070%. Thus, of a weight gain of 20 g, 12 g (ml) is water.
This is a small amount compared to water losses,
which are the principal determinants of water
requirements.
Water is lost through renal and extrarenal
routes. Of the extrarenal loss, insensible water loss
(IWL) via the skin (transepidermal water loss,
TEWL) and lungs amounts to 30-60 ml daily. IWL
is increased by activity, respiratory stress, and low
ambient humidity and/or high temperature. After 32
weeks gestation, TEWL in the first 3 days of life can
amount to 2-6 ml/kg/h (8 g/m2/h); however, losses
are much higher in infants with shorter gestations
(31, 32). Since the epidermis matures rapidly indepen72

dently of gestation, TEWL at 1-2 weeks of postnatal
age is similar to that of term infants. Nursing under
radiant heaters and phototherapy can increase
TEWL by 2-3-fold and 50%, respectively, and will
consequently increase the water requirements. Early
water loss can be reduced by keeping LBW infants
wrapped and in an air humidity of 80% or more;
nursing with a heat shield can increase local humidity
and reduce TEWL by 30%. Respiratory water loss is
increased if infants are ventilated with unhumidified
air. Fecal water loss is between 5 and 20 ml/kg body
weight daily.
Urinary volume depends on the osmotic load
which is excreted. Even with maximum argininevasopressin (antidiuretic hormone, ADH) stimulation,
neonates cannot achieve a urinary osmolality greater
than 500 mosm/kg; more usually, it is 60-200 mosm/kg
(10). Thus, assuming that most LBW infants can achieve
a urinary osmolality of 170 mosm/kg, the customary
renal solute load (14-15 mosm/kg body weight daily)
would be excreted in 90 ml/kg/d. Summing these
losses indicates a daily water requirement of 150200 ml/kg body weight. Some of this requirement is
produced endogenously by nutrient oxidation (approximately 12 ml/100 kcal), and thus based on a daily
energy intake of 120-130 kcal/kg, 15 ml of water
would be produced.
The practice has evolved of providing LBW neonates, during the first week of life, with increasing
volumes of water at 60, 90, 120 and 180 (150-200)
ml/kg/d. The infants are able to tolerate intakes of
90-260 ml/kg/d from 3 days of age (33). The
adequacy of their water intake should be monitored
by clinical evaluation, regular weighing, determination of plasma sodium, and by measuring urine
specific gravity or osmolality. IWL should be kept to
a minimum and the increased requirements arising
from clinical and nursing techniques should always
be borne in mind. Inappropriate secretion of AVP
induced during stress, for example asphyxia or respiratory distress, may reduce urine volume and cause
water overloading (34). This may require water restriction but the coincident risk of restricting the
intakes of other nutrients should not be overlooked.
Energy

Energy (3, 5) is expended in the resting metabolic rate
and as a result of activity, thermal regulation, tissue
synthesis and dermal evaporative water loss; it is
stored in newly synthesized tissue and is lost in faeces
and urine.
LBW infants, irrespective of their size relative to
gestation, require relatively higher energy intakes
than heavier or term infants because they have higher
resting metabolic rates, inefficient intestinal absorption, less efficient thermal regulation and increased
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growth rates (35). The resting metabolic rate requires
36-60 kcal/kg/d; it increases during the neonatal
period and is higher in infants who are small for date
than in those who have grown appropriately, who
are on high energy intakes, or who are growing fast
or recovering from starvation.
The energy cost of growth comprises that
needed for the synthesis of new tissues and the energy
which is deposited in them. Estimates of the cost of
tissue synthesis vary considerably with the composition and hydration of the new tissue, rates of growth
and the supply of other nutrients, for example
protein, essential amino acids, Mg and Zn, which are
needed for efficient growth and lean-tissue synthesis.
Generally speaking, the energy cost of growth is
5 kcal/g (range 3.0-5.7) (3, 5, 35, 36). On this basis, at
a representative weight gain of 15 g/kg/d, and allowing for tissue water content, the energy requirement
for synthesis would be 10-25 kcal, and the energy
stored in the tissue would be 20-30 kcal.
The energy intake lost in faeces varies with the
efficiency of intestinal absorption and with dietary
composition. Optimal absorption of energy can be
achieved by paying special attention to the quality
and quantity of fat (see below) and carbohydrate
constituents. Under ideal conditions, an absorptive
efficiency of 80% or more can be expected in the
stable LBW infant, resulting in a daily faecal loss of
10-30 kcal/kg (35). Energy used in spontaneous
activity and crying is between 5-10 kcal/kg/d.
Evaporative water loss increases energy requirements but these can be reduced by measures that
minimize IWL. The energy required for thermoregulation can be minimized by paying scrupulous
attention to maintaining the child in a thermoneutral
environment and by avoiding cooling during nursing
procedures. Infants maintained just below their thermoneutral environment lose 7-8 kcal/kg/d; in a cool
or temperate climate it thus seems wise to allow up to
10 kcal/kg/d for thermoregulatory activity.
Daily intakes of 95-165 kcal/kg would be
needed to match the losses outlined above; the upper
limit is probably an overestimate but it is currently
thought to be most appropriate to meet a recommended requirement of 120-130 kcal/kg/d (3,5,35). Since
human breast milk has an energy density of 65-70
kcal/dl, this energy requirement could be met with
a volume of 180-200 ml/kg/d. There is no clear
evidence that the energy density of milk from
mothers who deliver preterm is higher than that from
mothers delivering at term. Proprietary formulas
with an energy density of 65-85 kcal/dl will meet
these requirements at volumes of 200-150 ml/kg/d.
Pasteurized breast milk does not support growth as
well as raw breast milk. There is probably no benefit
in providing higher energy intakes; the LBW baby
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just becomes fat. Although small-for-gestational age
LBW infants grow faster than those of appropriate
size for date, they do this with a lower energy (fat)
deposition and higher water deposition in tissue (37)
and do not necessarily benefit from increased energy
intakes.
Protein (3-5)
Approximately 90% of absorbed dietary protein
nitrogen is incorporated in infants' tissues but this
operation's efficiency and the level of tolerance of
dietary protein depend on the quality of the protein,
the availability of energy and other nutrients (for
example Mg, Zn, P) which ensure its efficient use, and
the maturation of amino-acid metabolism and renal
excretory mechanisms.
The nitrogen content of the fetus rises from
14.6g/kg at 24 weeks gestation to 18.6g/kg at 36
weeks gestation; the respective nitrogen accretion
rates are 252 mg/kg/d and 320 mg/kg/d (38). Multiplying these figures by 6.25 to derive an estimate of
daily net protein accumulation gives corresponding
figures of 1.6 g and 2.0 g/kg. Glycine, cysteine and
taurine may be essential amino acids in the LBW
infant because of an increased requirement and the
immaturity of their endogenous synthetic pathways.
As a rule of thumb, protein should comprise
about 10% of energy intake. Inappropriately high
intakes (>4 g/kg/d), impaired utilization of amino
acids and proteins that is secondary to deficiencies
of other nutrients, and stress and infections all predispose to protein catabolism, acidosis, hyperammonaemia, raised blood urea, and increased renal solute
load. The delicacy of these interrelationships demonstrates the biochemical vulnerability of LBW infants.
Even stable LBW infants, especially those who are on
high protein intakes, are susceptible to developing
high plasma concentrations of phenylalanine, tyrosine and methionine; this is probably secondary to
immature activities of parahydroxyphenyl pyruvic
acid hydrolase and cystathionase.
Protein requirements of LBW infants are calculated to be 2.9 and 3.5 g/kg/d at 24 and 36 weeks,
respectively. These intakes approximate 2.2 and 2.7 g/
100 kcal in a feed providing 130 kcal/kg/d. It has
been suggested that an infant formula should provide
at least 2.25 g/100 kcal, that is 2.9 g/kg/d at an intake
of 130 kcal/kg. Protein intakes greater than 4 g/kg/d
(3.1 g/100 kcal) may not be used effectively (39) and
should be avoided.
Early breast milk contains about 25 g of protein
per litre. By the time lactation is established this falls
to a nitrogen equivalent of about 12 g of protein per
litre; of this, 25% is in the form of non-protein
nitrogen as urea and nucleotides. Furthermore, not
all the protein may be absorbed; secretory IgA (10%
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of the total protein present), lactoferrin and lysozyme
may be excreted intact in the faeces. Thus the effective available protein in breast milk is about 7 g/l.
The metabolic significance of the non-protein
nitrogenous compounds is a fascinating and unresolved problem. The protein in raw breast milk is
better utilized than that in infant formula. None the
less, even on daily intakes of 180-200 ml/kg of breast
milk, infants may still not receive adequate protein,
especially if they are gaining weight rapidly and
supplementation with breast-milk protein (40) or
with hydrolysed casein (41) is being evaluated.
Considering all these points, it has been recommended that proprietary cow's-milk-based formulas
should be whey predominant and should contain
1.8-2.4 g of protein per dl at 2.2-3.2 g/100 kcal, which
would provide 2.9-4.0 g/kg/d. The protein content
of breast milk may not match these recommended
intakes, and thus the practice has developed of
supplementing breast milk for LBW infants with a
whey formula or, more occasionally, human-milk
protein (40) (see examples above).
Taurlne (42)
This sulphur beta amino acid may be a growth
factor. Preterm infants have low plasma and urinary
concentrations of taurine, which may represent a
relative inefficiency of the rate-limiting synthetic
enzyme cysteine-sulphonic acid decarboxylase.
Taurine supplements in some LBW infants on parenteral nutrition increased the plasma taurine acid
concentrations and normalized the electroretinograms. However, the case for routine supplementation is not universally recognized, even if it has been
accepted that most proprietary formulas should be
fortified to match the taurine content of breast milk
(about 5 mg/dl).
Fat (5)
Fat provides 50% of the energy in breast milk,

irrespective of whether the milk is from mothers who
delivered before or at term. Reduced secretion of
pancreatic lipase and low intraluminal bile-salt concentrations limit the intestinal absorption of lipids in
preterm infants even more than in those infants born
at term. Fat constitutes 1% of body weight at 26
weeks gestation and 16% at term, representing an
accumulation of about 550 g during the last 14 weeks
of gestation.
Breast milk contains higher amounts of longchain unsaturated fatty acids (linoleic (C18:2w6),
linolenic (C18:3w3), arachidonic (C20:4w6) and
docosahexanoic (C22:6w3)) than cow's milk lipid in
which palmitic acid (C16:0) is the predominant fatty
acid. Unsaturated fatty acids are more efficiently
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absorbed than are saturated fatty acids of the same
chain length; in breast milk 60-70% of the longchain fatty acids are unsaturated, whereas approximately 60% of those in cow's milk are saturated.
The role of the polyenoic acids in breast milk is
unknown but they accumulate rapidly in the fetal
brain during the last trimester of pregnancy (43).
The fatty acids in the 2 (beta) position in triacylglycerols are less readily hydrolysed by pancreatic
lipase than those in the 1 and 3 positions. In breast
milk over 95% of the lipid is triacylglycerol; in this
case the predominant beta ester is palmitic acid. The
resultant product of hydrolysis, palmitate monoacylglycerol, is well absorbed. In contrast, palmitate is a
less well absorbed form in cow's milk lipid because
only about 30% is esterified to the beta position of
glycerol.
Because the milk of all mothers, including those
who give birth to LBW infants, has a variable fat
content during the course of a single feeding (see
chapter 2), LBW infants should not be fed solely on
foremilk. This was underscored by a recent study
which examined the growth rate of one group of
infants fed with pooled drip milk, which is known to
be low in fat, and another group fed on a high-calorie
experimental formula. There was no control group of
infants fed on breast milk having a balanced fat
composition. Growth outcomes were better for the
infants fed on the experimental formula (44).
LBW infants have clinical, biochemical and histological evidence of essential fatty acid deficiency
if their linoleic-acid intake comprises less than 1%
of their energy intake. Consequently, it has been suggested that in proprietary formulas linoleic acid
should account for at least 4.5% of total calories
(that is, 0.5 g/100 kcal), and that linolenic acid
should provide at least 0.5% of total calories (55 mg/
100 kcal).
Since there are clear advantages to having unsaturated fatty acids in infant feeds, many proprietary
formulas are now prepared using vegetable oils.
Measures that improve the efficiency of fat absorption also improve the utilization of energy, minerals
(for example Ca, Mg, and Zn), and nitrogen.
Medium-chain fatty acids (MCFA; C8-12) are
more easily absorbed than long-chain fatty acids and
can enter the mitochondria for oxidation without the
carnitine transfer system. For these reasons, and
because milk of mothers of preterm infants has 2-3
times more MCFA than does full-term mothers' milk,
MCFA have been used in feeding LBW babies. The
use of medium-chain triglycerides (MCT) in infant
formula results in up to a 20% improvement in
absorption efficiency. This has not been associated
with significantly better energy balances or weight
gains, although these may in fact be inappropriate
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outcomes to monitor. MCT and their constituent
fatty acids become incorporated in adipose tissues
and membranes, but no adverse effects have been
seen in infants fed formulas containing up to 80% of
fat as MCT.
The ESPGAN Nutrition Committee has recommended that formulas should not contain more than
40% of fat as MCT. In quantitative terms, at an
energy intake of 130kcal/kg/d and a maximum recommended carbohydrate and protein intake, the
recommended fat intake would be 4.7g/kg (3.6g/
100kcal). The suggested intake range is 4-9g/kg/d
(with a maximum lipid density in formula of 7g/100
kcal).
Carnltine (5)

Carnitine (beta-hydroxy-gamma-triethylamino butyric acid), a quaternary amino acid, is essential for
fatty-acid oxidation because it transports long-chain
fatty acids across the inner mitochondrial membrane.
Reduced plasma and tissue concentrations of carnitine in some preterm infants suggest that their
endogenous synthesis of carnitine is reduced, but no
deficiency syndrome has been detected and there is,
as yet, no case for supplementation. Since breast milk
contains 39-63 ymol/A, it has been proposed that
proprietary formulas be supplemented to provide at
least 60-90 imol/l.
Carbohydrate
Intestinal disaccharidase activities are present from
14 weeks of gestation. At mid-gestation the activities
of lactase, sucrase, isomaltase and maltase are
approximately 70-50% of those at term and clinical
experience shows that preterm infants tolerate the
corresponding disaccharides well. Although lactose
is not essential (its constituent, galactose, which
is needed for cerebroside and glycosaminoglycan
synthesis, can be derived from glucose in the liver),
there is a case for providing carbohydrate in this
form for non-breast-fed preterm infants because it
enhances the intestinal absorption of minerals and
promotes the growth of intestinal lactobacilli. The
intraluminal hydrolysis of the short-chain polysaccharides present in breast milk is facilitated by
endogenous alpha-amylase and by breast-milk alphaamylase. However, the former may not be well
developed in preterm infants, and may limit its use to
reduce the osmolality of glucose polymers and partially hydrolysed starch as energy sources in formula.
The inclusion of sucrose in proprietary formulas
is not associated with any demonstrable metabolic
disadvantage, although it induces a higher insulin
response than does lactose. Starch hydrolysates (for
example corn-syrup solids and maltodextrins) are
other possible carbohydrate sources.
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Glucogenic pathways are established in preterm
infants but they are less efficient and their function
may be limited by the availability of substrates. The
glucose requirement of LBW infants is higher than
for term infants. Their respective glucose turnover
rates are 5-6 mg/kg per minute and 3-5 mg/kg per
minute (45). Since glucose is the main oxidative
substrate for the brain, the LBW infant is vulnerable
to hypoglycaemia. Since even moderate hypoglycaemia (that is, plasma glucose < 2.6 mmol/l) can be
associated with subsequent impaired neurodevelopment (46), every effort should be made to avoid its
occurrence.
Breast milk contains about 7-8 g of lactose per
dl (7.7 g/l00 kcal) and requires no supplementation.
A proposed lactose content of proprietary formulas is
3.2-12 g/100 kcal, not exceeding 8 g/dl. The total
carbohydrate content recommended for such feeds is
7-14 g/100 kcal, with a maximum of 11 g/dl. Higher
intakes could be used but they may cause osmotic
diarrhoea and distort energy:protein ratios.
Minerals

Calcium and phosphorus (3-5). At 26-36 weeks gestation the fetus accumulates 120-150 mg of calcium per
kg/d (3-3.25 mmol) and 60-75 mg (1.94-2.42 mmol)
of phosphorus per kg/d. A 1-kg fetus has 5.7 g of
calcium and 3.4 g of phosphorus, 99% and 80% of
which, respectively, are found in the skeleton, the rest
in the soft tissues. Neither breast milk nor proprietary formulas can match the calculated accretion
rates for these minerals, which present the greatest
problems for infants of less than 34 weeks post-conceptional age.
Early neonatal calcium deficiency may cause
asymptomatic hypocalcaemia, which stimulates a
release of parathormone and mobilization of skeletal
calcium. Early introduction of feeds or of calcium
with parenteral nutrition reduces this problem's
incidence. Late neonatal hypocalcaemia (at 3-15
days of age), unless it is detected biochemically, can
initially manifest itself by convulsions.
After birth, extensive bone turnover and remodelling, combined with continued bone growth,
lead to reduced bone density, which is sometimes
described as a "physiological osteoporosis". The
range of bone changes can vary from a barely discernible radiological hypomineralization to severe
rickets with fractures. The assessment of bone
mineralization is difficult (47). Parameters that have
been used to assess both this and calcium metabolism
include calcium balances; biochemical indices of bone
and calcium metabolism, for example plasma alkaline
phosphatase activity; plasma concentrations of
parathormone, calcium and phosphorus; radiological
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density; postmortem analysis; and photon densitometry.
This last technique may prove particularly useful
in future, especially when combined with biochemical
monitoring of systemic calcium and phosphorus
homeostasis. As many as 57% of infants weighing
< 1 kg may develop frank rickets (48). Nearly all infants
< 1.5 kg in weight will develop reduced bone mineralization because they have impaired calcium retention irrespective of their calcium intake. Adequate
deposition of skeletal calcium depends on the supply
of phosphorus. These two minerals may well be the
principal, though not the only, determinants of the
development of metabolic bone disease (49,50),
although vitamin D deficiency may also play a role.
Even high intakes of vitamin D, generating normal or
raised plasma concentrations of vitamin D
metabolites, do not necessarily prevent metabolic
bone disease (50).
A phosphorus-depletion syndrome can develop
in breast-fed LBW infants. The requirements for
phosphorus retention can be calculated by using the
following formula, which makes specific allowance
for the phosphorus required for soft tissue synthesis:

Phosphorus retention (mg) = calcium 2retention
nitrogen retention
+

17.4

If these requirements, which approximate 0.6 mmol/
kg/d, are not met by dietary intake, there is insufficient phosphorus available to maintain plasma
inorganic phosphate, which falls below 1.5 mmol/l,
and to incorporate calcium into bone. Thus, the
phosphate-depletion syndrome is associated with
elevated plasma calcium concentrations, hypercalciuria (> 0.4 mmol/kg/d), hypophosphaturia
(<0.1 mmol/kg/d), and an elevated plasma alkaline phosphatase activity (often above 1000 IU/I).
Although this alteration in alkaline phosphatase
activity has no specific prognostic value for
individual patients, groups that have experienced
such elevations during the neonatal period and
infancy are ultimately shorter than those that have
not.
Phosphate supplements (0.3 mmol/kg/d) improve
calcium retention and eliminate hypercalciuria (51),
but large phosphorus supplements may cause phosphaturia, hypocalcaemia and hypercalciuria (52).
Growth is improved but hypomineralization is not
prevented. The phosphate-depletion syndrome is rare
in formula-fed LBW infants because their phosphorus intake is higher than that of breast-fed
infants.
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Calcium and phosphorus supplies should thus
be carefully balanced. Calcium cannot be utilized
effectively for bone formation in the absence of phosphorus and there is no evidence that calcium intakes
> 140 mg/kg/d are effective in improving bone
mineralization. Indeed, such intakes may be detrimental because they may lead to impaired fat absorption, intraluminal calcium precipitation, hypercalcaemia, metabolic acidosis and phosphorus depletion.
The calcium and phosphorus content of breast
milk from mothers delivering preterm is 25-34 mg/l
(0.62-0.85 mmol/1) and 11.6 mg/l (0.37 mmol/l), respectively, which is similar to that in term milk.
The ESPGAN Committee recommends that the
range for calcium supplied by proprietary formulas
be 1.75-3.5 mmol/100 kcal and that for phosphorus
1.6-2.9 mmol/100 kcal. In order to achieve optimum
utilization of both minerals, the ideal calcium:phosphorus ratios are considered to be 1.4-2.0:1.0.
When calcium intake is low, particularly with
LBW infants, the ratio of phosphorus to calcium
should be high in order to provide for soft-tissue
synthesis; this can be deduced from the above equation and, similarly, when calcium intake is low, lower
Ca: P ratios are tolerated.

Magnesium (5). A 1-kg fetus has 0.2 g of magnesium;
this increases to 0.8 g, 65% of which is in the
skeleton, in the full-term infant weighing 3.5 kg. After
potassium, magnesium is the major intracellular
cation. It is essential for adequate protein and softtissue synthesis.
Hypomagnesaemia in preterm infants manifests
itself by convulsions and persistent hypocalcaemia
and may be associated with rapid weight gain. Factorial approaches suggest that at 1 kg the LBW
infant should be accumulating 10 mg of magnesium
per kg/d, while at 1.5 kg the rate is 8.5 mg/kg/d.
Breast milk provides 3.0 mg/dl. It has been suggested
that formulas for preterm infants should contain
6-12 mg of magnesium per 100 kcal (0.25-0.5 mmol/
100 kcal).
Sodium (3-5). The 25-week fetus has 94 mmol of
sodium per kg of body weight. By term, this has
fallen to 74 mmol/kg. The daily accumulation of
sodium in the second half of gestation is 0.5-1.1
mmol/kg.
In the first 4-5 days of life, the LBW infant loses
about 12% of body weight and 6-16 mmol of sodium
per kg. This loss occurs in spite of nitrogen and
potassium retention and is independent of sodium
intakes of 1-6 mmol/kg/d. Some 70-80% of the
weight loss seen in infants weighing about 1 kg at
birth is due to isotonic loss of ECF. Thus, the LBW
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infant assumes postnatally the ECF: ICF ratio of the
term baby and the ECF loss is not regained. The
most probable cause of hyponatraemia during the
first 5 days of life is water retention secondary
to inappropriate secretion of arginine-vasopressin
(antidiuretic hormone, ADH).
Most LBW infants achieve positive sodium
balance during the second week of life; intakes of
1.6 mmol sodium per kg/d can achieve this but do
not necessarily prevent hyponatraemia (<130 mmol
Na/I). On such intakes of sodium, some 50% of
infants fed pooled breast milk and 20% of those fed
proprietary formulas may develop late hyponatraemia. However, this can be corrected with intakes
of 33 mmol Na/d. Infants, especially those under 30
weeks gestation with immature renal tubular sodium
re-absorption, may need as much as 8-12 mmol/kg/
d; the sodium intake can be adjusted to maintain
normal plasma sodium concentrations (130135 mmol/l) as the renal function matures. After 3234 weeks of gestation LBW infants have lower
sodium requirements; most are able to maintain
normal plasma concentrations irrespective of
whether they are fed a formula intended for full-term
infants that provides 1.2 mmol/kg/d, or one for
preterm infants providing 3.9 mmol/kg/d.
Since mature breast milk contains only 6.5 mmol
Na/l, it may not provide sufficient sodium for growth
and maintenance of plasma sodium concentrations in
LBW term infants even when they are fed 200 ml/kg/
d. It is therefore necessary to monitor continually
plasma sodium concentrations, and sodium supplements in the form of sodium chloride (approximately 2-4 mmol/kg/d) should be provided when
necessary. Infants fed their own mother's milk may
be at a lower risk of hyponatraemia because such
preterm milk can contain more sodium. However,
because the content is variable, it is still necessary to
monitor plasma sodium concentrations.
Since requirements vary so much with postnatal
and post-conceptional ages, it is difficult to provide
optimal sodium intakes for all LBW infants from a
single formula. It has been recommended that the
sodium content of proprietary formulas for preterm
and LBW infants should be similar to those prepared
for full-term babies. This would be in the range of
6.5-15 mmol Na/I (1.0-2.3 mmol/100 kcal), and thus
ensure an overall intake of not less than 1.3 mmol/kg/d.
Additional supplements can be given when appropriate.

Pota"lum (5). Potassium deficiency is rare, even during periods of rapid growth, and intakes matching
those provided by breast milk would meet the needs
of all LBW neonates. Thus, at concentrations of 1017.5 mmol/A (1.5-2.6 mmol/l00 kcal), a daily intake
of 2.0-3.5 mmol/kg would be achieved. On this basis,
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the potassium content of most formulas for preterm
infants (15-25 mmol/l) is adequate for the LBW
infant.
Chloride (4,5). Chloride is the major anion in the
ECF and, with sodium, contributes 80% of ECF
oncotic activity. At 25 weeks gestation (500 g body
weight), the chloride content of the human fetus is
70 mmol/kg, falling to 46 mmol/kg in the term
(3.5 kg) infant. The daily accumulation of chloride is
thus calculated as being 0.7 mmol/kg/d.
Dietary chloride deficiency has not been described in LBW infants, but it has developed in fullterm infants fed soya-based or cow's-milk formula
containing less than 3 mmol/l. Features included a
failure to thrive, muscular weakness and hypotonia,
vomiting and dehydration, anorexia, low plasmachloride concentrations, hyponatraemia, hypokalaemia, hypocalcaemia and a metabolic alkalosis.
The urine had a negligible chloride content.
As a routine precaution, therefore, low chloride
intakes should be avoided in the LBW infant. Since
the chloride content of breast milk is 11-22 mmol/I
(1.6-3.3 mmol/100 kcal), the amount of chloride provided by most formulas (11-16 mmol/1 (1.6-2.5 mmol/
100 kcal)) would appear to be adequate to avoid
chloride deficiency. At an energy intake of 130 kcal/
kg/d they would provide 2.1-3.3 mmol/kg/d. At standard energy intake, both foods would provide 2.24.3 mmol/kg/d.

Iron. At 1 kg the fetus has 64 mg of iron, thereafter
gaining 1.8 mg/kg/d. The iron stores of infants weighing less than 1.4 kg would be exhausted after 6-8
weeks, whereas those in heavier LBW infants would
probably last to about 12 weeks postnatal age.
Frequent blood sampling may deplete the infant's
iron stores (1 g of haemoglobin contains 3 mg of iron)
(5), although these infants appear to be able to
compensate for such blood loss remarkably well (53).
As noted in chapter 2, iron-deficiency anaemia is
extremely rare in normal infants fed only on breast
milk during the first 6-8 months of life. There is,
however, a physiological fall in haemoglobin concentration in the first two months of life and a redistribution of this iron to storage compartments (20).
Preterm infants experience a fall in haemoglobin
concentration during this same period that is more
marked than in term infants. It seems that the fall
varies with the birth weight, even if supposedly
adequate iron supplementation is provided. Thus the
so-called early anaemia of prematurity, which results
in low haemoglobin values at two months of age,
cannot be prevented by iron supplementation and
should therefore be considered as physiological (20).
The absorption of iron from any milk is higher
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in preterm than in full-term infants (54). Even VLBW
infants (body weight < 1250 g) are apparently able to
absorb the iron needed for their high requirements
given their remarkably rapid rate of postnatal growth
(20). It has been observed that exclusively humanmilk-fed VLBW infants who were getting iron supplements from two months of age had a higher
concentration of haemoglobin and serum ferritin at
four months of age than another group that was
formula fed and given supplementary iron from birth.
This indicates that the small LBW infant absorbs
supplementary iron better when fed on human milk
than on formula (20).
Some studies appear to show that the premature
infant cannot maintain optimal iron nutrition, without supplementation, after the age of two months
(20). It is difficult to indicate what is the optimal dose
of iron as supplement because individual needs for
iron may vary with birth weight, neonatal sickness,
and blood loss. Some data indicate that infants,
whose birth weight ranged between 1 and 2 kg, who
were given 2 mg of iron/kg/d, did not show clinical
iron deficiency (55). The dose was probably adequate
and was certainly not excessive for the maintenance
of iron stores. However, many borderline serum
ferritin values were found although no anaemia was
documented (55). It could be argued that a higher
dose of iron such as 3 mg/kg/d would provide a more
comfortable margin of safety, especially in those
infants with a birth weight between 1 and 1.5 kg.
Some data indicate that 4 mg of iron/kg/d administered to a group of VLBW infants (birth weight < 1 kg)
would prevent most laboratory signs of iron
deficiency (53). There was, however, a marked decline
in serum ferritin despite the large dose of iron administered.
Some proprietary formulas contain sufficient
iron to achieve the recommended intake without any
supplement. It is possible that excessive iron supplements are associated with an increased risk of
lipid peroxidation and haemolytic anaemia, altered
intestinal flora, and an increased risk of Gramnegative septicaemia. However, these risks have not
been totally substantiated.
To achieve iron intakes of 2.0-2.5 mg/kg/d,
infant formula should contain about 1.5 mg of iron
per 100 kcal which, on the recommended range of
energy intake, would supply 1.7-2.5 mg/kg/d at a
formula content of 1-1.28 mg/dl. However, most formulas contain 0.6-0.7 mg of iron per dl, and infants
fed on them may thus need supplementation at about
8 weeks of age. The maximum iron supplement
should be 15 mg/d.
Since blood transfusions provide significant
amounts of iron, infants who are having their
haemoglobin concentrations maintained this way
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have no further need for iron supplements.

Copper(4, 56). The fetus accumulates copper at the

rate of 51 pg/kg/d; at term, the infant has 14 mg of
the element, half of which has accumulated in the
liver during the last trimester of pregnancy. Sporadic
copper deficiency occurs in LBW infants and its
grossest manifestations are iron-resistant anaemia
and skeletal changes. The copper requirements of the
preterm infant have not been established and there
appears to be no need for routine supplementation of
breast-fed infants. An adequate copper content for
proprietary formulas would be 90-120 ug/100 kcal,
which would provide between 120-150 ig/kg/d.
Zinc (4, 5). The fetus' zinc content is fairly constant at
19 + 5 mg/kg fat-free tissue. During the last trimester
the accumulation of zinc is 149 pg/kg/d; thus a fullterm infant has about 66 mg of the element, 25% of
which is in the liver and 40% in the skeleton.
Although there is no specific systemic store of zinc in
the term or preterm infant, redistribution of this
hepatic and skeletal zinc may be able to meet the
demands of newly synthesized lean tissue. However,
symptomatic zinc deficiency occasionally occurs in
LBW infants at 2.5-4.5 months postnatal age. It
is not known whether these infants develop zinc
deficiency because of the low zinc content of breast
milk or because of their high rates of growth relative
to zinc supply. Both factors are probably important.
The characteristic features of zinc deficiency
(dermatitis, poor feeding, slowed weight gain,
frequent loose stools, irritability, jitteriness and,
sometimes, convulsions) disappear rapidly with oral
zinc supplements (15-61 jmol/kg/d). It has been suggested that proprietary formulas for preterm infants
should contain 0.55-1.1 mg/100 kcal (0.72-1.44 mg/
kg/d at an intake of 130 kcal/kg/d).
Fat-soluble vitamins

Vitamin A (3,5). The molar ratio of retinal:retinolbinding protein is lower in LBW preterm infants than
in infants born at term. Although overt vitamin A
deficiency in the former is rare, low plasma retinol
levels may be associated with functional biochemical
evidence of deficiency. This suggests a need to supply
additional vitamin A, which is further strengthened
by the likelihood of increased requirements arising
from the deposition of the vitamin in adipose tissue.
Vitamin A utilization increases in infants who are
being ventilated, and this has been associated with
the development of bronchopulmonary dysplasia
(57), although there is as yet no clear evidence that
this is a causal association.
It has been suggested that preterm infants
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should receive between 200 and 1000 pg of vitamin A
daily. Breast milk contains about 90 pg of vitamin A
per 100 kcal and it has been proposed that the
content of proprietary formulas for LBW infants
should be not less than this, with an upper limit of
150upg/l00 kcal. The intake at which vitamin A toxicity develops is unclear. Certainly many infants
receive much larger doses of vitamin A adventitiously
with the use of multivitamin supplements to achieve
adequate vitamin D intakes.
Vitamin D (5, 58). The amount of vitamin D in
the fetus is dependent upon the mother's intake
and exposure to sunlight. Congenital neonatal rickets
has been described in LBW infants born to vitamin
D-deficient mothers; otherwise overt vitamin D
deficiency is of later onset. Since the intestinal
mucosa responds poorly to 1-25-dihydroxy-cholecalciferol before 32 weeks gestation, and because of
difficulties in optimizing calcium and phosphorus
metabolism, LBW infants may need vitamin D supplements. If they are breast-fed, a suitable dose would
be 1000 IU (25 yg/d), with a range of 800-1600 IU/d.
There is a risk of hypercalcaemia if infant formula is
supplemented with vitamin D; it is preferable if such
products do not contain more than 120 IU (3 pg)/
100 kcal, as cholecalciferol or ergocalciferol. Supplements can then be more easily regulated and
provided in similar doses to those for breast-fed
infants.

Vitamin E (3,5). Vitamin E activity comprises 8 different compounds, all of which are lipid-soluble,
membrane-related, free-radical scavengers or antioxidants. The requirement for vitamin E has not been
established. It varies with oxidative stress, which in
turn is related to iron intake and to the susceptibility
of tissue membranes to oxidative damage; thus
infants on high intakes of polyunsaturated fatty acids
(PUFA) have increased vitamin-E requirements,
which are expressed frequently in relation to PUFA
intake.
The possibility that pharmacological doses of
vitamin E may prevent bronchopulmonary dysplasia,
retinopathy of the preterm and intraventricular
haemorrhage has not been fully substantiated and
should not, as yet, serve as a basis for recommended
vitamin-E intakes. Breast milk, which contains 0.290.54 mg tocopherol equivalents (TE) per dl, has a
TE: PUFA ratio of 0.7-1.1 mg/g. This exceeds that
which has been found to prevent lipid peroxidation
and symptomatic vitamin E deficiency (as manifested
by erythrocytic sensitivity to peroxide haemolysis
and altered platelet function). As an extension of
these observations, it has been proposed that the
vitamin-E content of proprietary formulas should not
WHO Bulletin OMS: Supplement Vol. 67 1989

be below 0.4 mg TE/dl (0.6 mg/100 kcal) at a ratio of
alpha-tocopherol: PUFA of 0.9 mg/g.

Viamin K (5). Vitamin K is required for a number of
carboxylation mechanisms, which involve the formation of carboxyglutamate. This is found in the
coagulation factors prothrombin, VII, IX and X;
osteocalcin, which is a possible site of interaction
with vitamin D; and in a renal tubular protein, which
may solubilize urinary calcium.
LBW infants need vitamin K supplements
because of their rapid systemic utilization of this
vitamin, low dietary intake, and limited intestinal
production possibilities. Standard practice is to give
all infants 0.5-1 mg of vitamin K intramuscularly on
the first day of life. This can be repeated at weekly
intervals until the child is on adequate oral feeding,
which should provide 2-3 pg/kg/d. Most proprietary
formulas contain 3-10pg vitamin K per dl and the
amount in breast milk is slightly lower at 1-2 ug/dl.
Water-soluble vitamins

Thiamin (5). Thiamin deficiency (beriberi) is rare in
LBW infants unless they have been breast-fed by
thiamin-deficient mothers or fed soy-based formula.
Normally there is sufficient thiamin in breast milk to
maintain an adequate supply for infants. However,
since this vitamin is inactivated by heat treatment,
the thiamin content of pasteurized breast milk is low,
and supplements may be needed to ensure an intake
of 25 pg/kg/d. It has been suggested that proprietary
formulas should contain sufficient thiamin to provide
an intake of 20pg/100 kcal (15 ug/dl). Intakes of 10
times this amount have been tolerated by LBW
infants.
Riboflavin (5, 59). The case for ensuring a minimum
intake of riboflavin in preterm infants is based on
demonstration of biochemical riboflavin deficiency
and on evidence that riboflavin may increase the
efficacy of phototherapy. Intakes of 40-60 pg/
100 kcal are probably adequate. Breast milk contains
30-50 4ug/dl (40-70 glg/I00 kcal), while most proprietary formulas have a higher content still. Since
riboflavin is photosensitive, it has been argued that
the exposure of breast milk to light results in a
variable loss of vitamin activity. In addition, phototherapy may cause a transient biochemical riboflavin
deficiency in breast-fed infants, although no clinical
signs of such deficiencies have been reported.
Nicotink acid (niacin) (5). This vitamin is synthesized
endogenously from tryptophan; 60 mg of tryptophan
yields 1 mg of niacin and is defined as one niacin
equivalent (NE). Total NE in dietary intakes is
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equivalent to niacin (mg) plus (0.017 x tryptophan
(mg)). Since neither pellagra nor nicotinic-acid toxicity has been observed in LBW infants, there is
probably no need to supplement the intake of breastfed infants. Breast milk contains 0.6 NE/dl (0.85 NE/
100 kcal); it has therefore been suggested that proprietary formulas should contain 0.5-1.0 mg niacin per
dl, in addition to their variable tryptophan content,
to achieve a minimum intake of 0.8 NE/100 kcal.
Pyridoxine (vitamin B,) (5). Pyridoxine, pyridoxal and
pyridoxamine have similar activities. Deficiencies in

LBW infants are manifested by vomiting, irritability,
dermatitis, failure to thrive and convulsions. The
possibility of such a deficiency increases with the use
of such drugs as isoniazid and penicillamine. Pyridoxine intake may best be assessed relative to protein
intake. Breast milk contains 35 pg of pyridoxine per
100 kcal, which is approximately 15 pg/g protein, and
it has been suggested that proprietary formulas
should contain similar amounts. No upper limit has
been established and toxicity has not been observed
at intakes as high as 250 pg/1OO kcal.

Pantothenk acid (5). Neither clinical deficiency nor
toxicity of this vitamin has been observed in the
LBW infant. It has therefore been suggested that
proprietary formulas should contain about 200 pg/dl
(330 ug/100 kcal), which matches the content of
breast milk (200-400 pg/dl).
Blotin (5). Biotin, which is readily absorbed, is
produced by intestinal microflora. With the exception of infants on total parenteral nutrition, no
deficiency has been observed. Since breast milk contains 0.8 pg biotin per dl, proprietary formulas
should probably match this (about 1 pg/dl (1.5 pg/
100 kcal)).
Folk acid (S). Deficiency of folic acid in LBW infants
has a profound effect on cell division, leading to
megaloblastic anaemia, leucopenia, thrombocytopenia, impaired growth, intestinal villous atrophy
and altered maturation of the CNS. Folate deficiency
in LBW infants has been readily corrected by daily
supplements of 60-65 pg of folic acid; nevertheless,
the criteria for adequate folate supply are not clear.
The corltent of breast milk varies but normally provides 65.pg daily. Most standard proprietary formulas contain at least 40 pg of folic acid per dl
(approximately 60 ug/100 kcal). Since folic acid is
heat-sensitive, the possibility of a folate deficiency
developing in infants who are fed heat-treated formulas should not be overlooked.

Vitamin B,, (6). Proprietary formulas contain more
so

vitamin B,2 (0.1-2 pg/dl) than does breast milk
(0.1 pg/dl). However, clinical B,1 deficiency has not
been seen in LBW infants unless they have been
breast-fed by vitamin B,2-deficient mothers or by
strict vegans. There is, therefore, no need to supplement the intakes of either breast-fed or
proprietary formula-fed infants.

Ascorbic acid (vitamin C) (3,5). Vitamin C is essential
for the conversion of folic acid to folinic acid, and the
hydroxylation of proline, lysine, adrenalin and tryptophan. It is a powerful reducing agent and a consequent adventitious effect may be that, at adequate
dosage, it prevents the transient hypertyrosinaemia
and hyperphenylalaninaemia seen in LBW infants,
especially those who are on high-protein intakes.
Vitamin C may present the additional advantage of
being a systemic antioxidant.
Breast milk contains about 4 mg vitamin C per
dl, although this can be reduced by as much as 90%
through heat treatment. Proprietary formulas supply
5-30 mg/dl. The ideal intake of vitamin C has not
been established but it is clearly prudent to ensure
adequate intake. Consequently, it has been recommended that breast-fed infants receive at least 20 mg
of vitamin C daily and that proprietary formulas
contain at least 5 mg of vitamin C per dl (7.5 mg/
100 kcal). These intakes may have to be increased in
infants fed on casein-dominant formulas.

Resum6
Le nourrisson de petit poids de
naissance
Environ 16% des enfants qui naissent dans le
monde p6sent moins de 2500 g. En dessous de
cette limite on distingue ceux qui pesent entre 1,5 et
1 kg et ceux qui pdsent moins de 1 kg. Ces nouveaux-nes ont des besoins nutritionnels particuliers du fait de leur croissance extrdmement
rapide et de leur immaturit6. La prise en charge
nutritionnelle des nourrissons de faible poids de
naissance a fait l'objet d'6tudes tr6s completes et
des recommendations ont 6t6 formul6es. Le rapport
de la SociWtE europ6enne de gastro-ent6rologie

p6diatrique et de nutrition

(SEGEPN)

sur

"L'alimentation et la nutrition des pr6matur6s" fait
aussi le point sur la question.
II n'y a pas de crit6res ideaux pour la prise en
charge nutritionnelle des enfants de poids insuffisant a la naissance. On ne peut se baser sur les
critbres de croissance intra-uterine pour fixer les
critdres postnatals, d'abord parce que les besoins
metaboliques diff6rent, ensuite parce que les prematures perdent trbs vite des liquides extracelluWHO Bulletin OMS: Supplement Vol. 67 1989
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laires pour arriver A un rapport liquides extracellulaires-liquides intracellulaires equivalant A celui
des enfants nes a terme, ce qui represente une perte
de poids de 8 a 10%. Les apports conseilles qui sont
donnes ici ne representent pas des besoins physiologiques verifies.
De maniere generale les enfants nes apres 35
semaines de gestation ou plus, et qui constituent la
grande majorite des prematures, peuvent et
devraient recevoir du lait maternel. S'il peut etre
necessaire d'enrichir le lait de la mere pour les
quelques enfants n6s entre la 326me et la 356me semaine
de gestation, virtuellement tous peuvent 6tre nourris
au sein ou au moins avec du lait maternel. Les
prematures nes avant la 32Ame semaine, dont la
plupart ont un poids de naissance inferieur a 1500 g,
representent un groupe particulier du fait de leurs
besoins nutritionnels particuli6rement el6ves. Au
debut une alimentation parenterale pourra etre
necessaire.

Ce chapitre examine successivement les differents besoins.

Techniques d'alimentation
Les techniques choisies doivent compenser l'immaturite de l'enfant et ne pas risquer de perturber la
circulation de l'air ou de favoriser une aspiration
du contenu de l'estomac. Durant la p6riode initiale
pour les nourrissons de tres faible poids de naissance ou d'extr6mement faible poids de naissance ni la voie orale directe ni le sondage ne sont
possibles. C'est donc une alimentation parent6rale
totale qui est necessaire. Ceci est valable aussi
pour les enfants malades. Bien que la d6glutition
apparaisse d6s la 16"' semaine, une activit6
motrice organisee de l'osophage ne se developpe
pas avant environ la 34" semaine ce qui explique
la predisposition des prematures au reflux aesophagien. Des apports massifs sont mal tol6r6s, la
capacit6 gastrique limitee peut goner les fonctions
respiratoires en cas de distension. II faudra
souvent combiner alimentation parent6rale et
alimentation par la voie digestive.
La vidange gastrique est plus rapide avec le lait
de femme qu'avec d'autres formules et elle est
favorisee en procubitus et en position laterale. II est
recommande d'utiliser des sondes en silicone plutot
qu'en PVC afin de diminuer le risque de perforation
intestinale. Les avantages d'un sondage transpylorique par rapport a un sondage intragastrique
sont discutes. La sonte transpylorique ne pr6dispose probablement pas au risque d'enterocolite
necrosante et la localisation de la sonde dans le
duodenum plutot que dans le j6junum 6vite des
probl6mes d'absorption, notamment des lipides. Le
fait d'utiliser une infusion enterale continue ou
intermittente demeure sujet a controverse.

ProtWines. Les besoins ont ete estimes a 2,9 et
3,5 g/kg/j a 24 et 36 semaines respectivement. La
taurine pourrait intervenir dans la croissance mais
il n'est pas certain qu'il faille systematiquement en
enrichir le regime, meme si l'on pense que les
formules speciales doivent etre enrichies en
taurine pour atteindre la meme concentration que
dans le lait maternel. Les proteines doivent en
regle generale representer environ 10% de la
ration.
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Eau. Les pertes en eau qui conditionnent les
besoins peuvent etre reduites, pour les pertes extra
renales, par le maintien des prematures en atmosph6re humidifiee A 80% ou plus. Le volume urinaire depend quant A lui de la charge osmotique
imposee au rein. Meme si le systeme argininevasopressine est stimule au maximum ces
nouveau-nes ne peuvent atteindre une osmolalite
sup6rieure A 500 mOsm/kg. En fonction des pertes
les besoins quotidiens en eau sont donc de 150 a
200 ml/kg de poids corporel.
Energie. Au repos le metabolisme est plus eleve
que chez les enfants a terme, il est de 36 a 60 kcal/
kg/j. En tenant compte de tous les autres facteurs
on pense que les besoins sont satisfaits avec
un apport journalier calorique de 120 a 130 kcal/kg.

Lipides. 50% de l'6nergie fournie par le lait maternel 1'est sous forme de lipides et ceci aussi bien
chez les meres ayant accouche prematurement
que chez celles ayant accouche a terme. La
SEGEPN recommande que les formules speciales
pour prematures ne contiennent pas plus de 40%
de triglycerides a chaines moyennes. Quantitativement pour un apport 6nergetique de
130 kcal/kg/j, avec des apports en glucides et en
proteines maximum, les apports conseilles
seraient de 4,7 g/kg (soit 3,6 g/100 kcal). Les
apports pourraient aller de 4 a 9 g/kg/j avec une
densite lipidique maximum de 7 g/100 kcal dans
les preparations. Comme pour la taurine il a ete
suggere d'enrichir les regimes avec de la carnitine
de maniere a fournir 60 a 90 pmol/l, le lait maternel
contenant 39 a 63 imol/l.
Glucides. Le lait maternel contient 7 a 8 g de
lactose/dl (7,7 g/100 kcal) et ne doit donc pas etre
enrichi. On propose pour les formules speciales une
teneur en lactose de 3,2 a 12 g/100 kcal ne d6passant pas 8 g/dl. Ainsi la teneur totale recommandee
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de la ration en glucides est de 7 a 14 g/100 kcal avec
un maximum de 11 g/dl. Des apports superieurs
pourraient etre envisages mais ils risqueraient de
provoquer une diarrh6e osmotique et un des6quilibre du rapport 6nergie/proteines.

Mindraux. (Les chiffres donnes se rapportent a la
teneur en sels mineraux des formules ou preparations speciales pour prematures)
Calcium et phosphate: La SEGEPN recommande pour le calcium un apport de 1,75 A
3,5 mmol/100 kcal et pour le phosphore un apport
de 1,6 a 2,9 mmol/100 kcal.
Magnesium: 6 a 12 mg/100 kcal (0,25 a
0,5 mmol/100 kcal).
Sodium: 6,5 a 15 mmol Na/I (1,0 a 2,3 mmol/
100 kcal).
Potassium: 15 a 25 mmol/l.
Chlorures: 11 a 16 mmol/I (1,6 a 2,5 mmol/
100 kcal).
Fer: 1,5 mg/100 kcal.
Cuivre: 90 a 100 pg/100 kcal soit 120 a 150 pg/
kg/j.
Zinc: 0,55 a 1,1 mg/100 kcal.
Vitamines liposolubles
Vitamine A: Les prematures doivent recevoir
200 A 1000 pg/j avec une limite de 150 pg/
100 kcal dans les formules speciales.
Vitamine D: 800 a 1600 Ul/j.
Vitamine E: Les formules speciales devraient
contenir au moins 0,4 ET/dl (0,6 mg/100 kcal)
(ET= equivalent tocopherol).
Vitamine K: 0,5 a 1 mg intramusculaire le premier jour de la vie.
Vitamines hydrosolubles
-Thiamine: L'apport doit etre de 25 pg/kg/j.
-Riboflavine: L'apport doit etre de 40 a 60 pg/
100 kcal.
-Acide nicotinique (B3): Les formules doivent
contenir 0,5 a 1 mg (dl de niacine).
Pyridoxine (B6): II n'y a pas de toxicite meme
avec des apports de l'ordre de 250 pg/100 kcal.
-Acide pantoth6nique: 200 pg/dI (330pug/
100 kcal) dans les formules.
Biotine. 1 ug/dl (1,5 ,ug/100 kcal dans les
formules.
Acide folique: 40 pg/dl (60 pg/100 kcal) dans les
formules.
Vitamine B12: II n'est pas necessaire d'enrichir
le regime.
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Acide ascorbique (vitamine C): 5 mg/dl (7,5 mg/
100 kcal) dans les formules.
En conclusion le choix entre le lait maternel et
les formules de substitution dans l'alimentation des
nourrissons de poids insuffisant a la naissance est
tr6s difficile aussi bien du point de vue des justifications nutritionnelles et immunologiques que d'un
point de vue pratique. Etant donne que la plupart
(>90%) de ces nourrissons naissent dans les pays
en developpement l'utilisation du lait de la mere
pourrait etre la seule option realiste. Toutefois,
ind6pendamment de la nature des systbmes de
sante, des niveaux technologiques ou des formules
alternatives disponibles, des etudes ont demontre
qu'il y a avantage A alimenter les nourrissons de
poids insuffisant A la naissance avec le lait de leur
propre mere quel que soit 1'environnement.
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6. The infant and young child during periods
of acute infection
Passive immunity, which is conferred on infants through maternal antibodies and breast milk, helps to
protect them against infection during the first months of life. Later, as this immunity decreases and contact
with the environment increases, the incidence of infections rises rapidly and persists at a high level during
the second and third years of life. Infections and inadequate diet may be of little consequence for the wellnourished child; in underweight children, however, each episode of infection is frequently more protracted
and has a considerably greater impact on health. Besides the reduced food intake and absorption, the
demand for nutrients is higher during periods of infectious diseases. Infants who are exclusively breast-fed
are at much lower risk from diarrhoeal diseases. In contrast, bottle-fed infants and children receiving foods
other than milk, particularly in an unsanitary environment, are at much greater risk of infection from
contaminated food and utensils. The period of convalescence from diarrhoeal and other disease is
characterized by the return of a normal appetite and increased nutritional requirements to permit catch-up
growth and the replenishment of nutritional reserves. A primary requirement is that children receive
sufficient dietary energy and nutrients to enable them to achieve their growth potential.

Introduction
During the first months of life, infants are relatively
well protected against most diseases through passive
immunity from maternal antibodies transmitted
through the placenta and persisting in the blood for
the first 3-4 months of life. Protection is stronger
and lasts longer if infants are breast-fed. As discussed
in chapter 2, breast-feeding protects infants against
most common infectious diseases through a number
of very efficient mechanisms (1, 2).
During the second half of the breast-fed infant's
first year of life, the proportion of breast milk
gradually decreases in the overall diet while at the
same time the child's contact with the environment
increases. As a consequence, the incidence of infections, particularly diarrhoeal diseases, rises rapidly
and persists at a high level during the second and
third years of life (3,4). In situations where living
conditions are characterized by poor environmental
sanitation and overcrowding, acute infectious
diseases constitute the major cause of morbidity and
mortality in children (5). The incidence of infections
usually decreases after the third year as children's
resistance to disease builds up.
The situation is similar for children who are
not breast-fed. However, the incidence of diarrhoeal
diseases is higher and begins earlier, both because of
the absence of the protection that breast milk affords
and because of the greater risk of infections
associated with bottle-feeding (6).
Overall, it is difficult to determine whether the
main cause of growth retardation is infectious diseases
or inadequate diet. What is clear, however, is that the
two act synergistically, each aggravating the effects of
the other (7). The combined impact of infectious
WHO Bulletin OMS: Supplement Vol. 67 1989

diseases and inadequate diet during illness may be of
little consequence for well-nourished children for
whom such incidents are, for the most part, infrequent, self-limiting and short in duration. Furthermore, these children have an opportunity to recover
fully after each episode, and they generally receive a
healthy diet during convalescence. In underweight
children, however, episodes of infection are frequently
more protracted.
Studies in the Gambia (8) and in Sudan (9) show
very little impact of diarrhoea on growth among
exclusively breast-fed infants. The situation can be
radically different, however, for children whose normal dietary intake is marginally adequate, or even
frankly insufficient. This is the case during the weaning period for many children in developing countries
who are fed high-fibre, high-bulk foods of low nutritional value at the same time as they are suffering
from infectious diseases. Frequent infections are
largely responsible for the high mortality rates
among infants and young children in these countries
and for the retardation in growth and development of
many of the survivors.

Effects of Infections on
nutritional status
The mechanisms by which infections can be harmful
to the nutritional status of children include (10):
- reduced food and water intake due to anorexia
and/or other reasons for withholding food;
- diminished absorption and utilization of ingested
-

food;
increased nutrient and water losses;
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-

-

increased metabolic demands and therefore
higher nutritional requirements;
alteration of metabolic pathways;
intentional reduction, or complete withholding, of
food.

Anorexia and other conditions
It is a common clinical observation that children on
their own eat less when suffering from infectious
diseases. Experimental studies have been carried out
in animals (11, 12) to try to understand the mechanisms that are responsible for the accompanying
reduction in appetite. For example, fever and a
significantly reduced food intake resulted when
animals were injected with an endotoxin. Even when
the fever was controlled by administering antipyretic
drugs, food intake was still lower than among controls. In cases where tolerance to the endotoxin had
been conferred by previous injections, the animals
had an attenuated reaction when injected again,
including a lower rise in temperature, and their food
intake was no different from that of the controls.
These studies suggest that, far from being caused
by the presence of fever, anorexia is part of the
mechanism by which an organism reacts to infection.
Other studies suggest that anorexia is mediated
by interleukin-1, which is released by infected macrophages. Many metabolic effects of interleukin-1 have
been reviewed (13), and a particularly interesting
action is the release of lactoferrin from neutrophilspecific granules. The lactoferrin binds iron, thus
causing a reduction in plasma iron. Similarly, interleukin-1 stimulates the synthesis of metallothionine
causing a reduction of plasma zinc, and caeruloplasmin production, which is reflected in the increase
of bound serum copper during infection.
It is well recognized that microbial growth is
stimulated by the presence of zinc and iron. Perhaps
the reduction of plasma zinc and iron are a protective
mechanism during the early stages of infection. An
explanation of the pathophysiology of kwashiorkor
in terms of the action of free radicals has been put
forward (14). The body's defence is to produce
free radicals in sufficient quantity to kill invading
organisms. Free radicals are chemical compounds,
for example superoxide and hydrogen peroxide, that
are capable of damaging tissues through their action
on lipid membranes. Toxins and stimulated leukocytes produce large quantities of free radicals. A
major catalyst of reactions with free radicals is iron
which changes between the ferrous and ferric forms
through redox cycling. The presence of abundant
storage iron thus enhances the damaging effects of
free radicals.
Iron deficiency is associated with impaired
Be

cellular immunity and bactericidal activity, which
may increase the prevalence of respiratory infection
and diarrhoea (15) among subjects living in highly
infected environments. However, if large doses of iron
are administered to subjects, especially by injection in
the leg, rates of infection may increase (16). The
practice of "starving a fever" is common in many
traditional societies, sometimes on the advice of a
health worker. Although this has obvious nutritional
implications, it is possible that this "cultural control
strategy" happens to complement the biological "infection control strategy".
Even mild, non-febrile infections can result in
anorexia. The overall effect on food intake can be
significant if the infections are frequent or prolonged.
In a study undertaken in an effort to quantify the
reduction in food intake associated with infectious
diseases in children (17), it was found that, on
average, energy or protein intake was reduced by
about 20%. The reduction was greater still in cases of
diarrhoea. These results occurred despite efforts to
ensure adequate food intake for all children through
dietary supplementation and by providing nutrition
education for mothers.
In another study performed at a rural hospital
treatment centre in Bangladesh (18), it was found that
children had a reduced food intake of about 40%
during diarrhoea. Some of these children were breastfed, and it is interesting to note that their breastmilk intake at least was not affected. The conclusion
from these and several other studies is that the
"traditional" practice of withholding food from sick
children is less significant as a cause for decreased
food intake during diarrhoea than children's refusal
to feed because they are feeling ill. However, because
both of these studies were based on field observations
in which children continued to live in their homes, it
is impossible to determine to what extent the reduction in food intake was due to anorexia or related to
the intentional withholding of food by mothers.
In a more controlled study (19), hospitalized
children suffering from short-term diarrhoea accompanied by mild-to-moderate dehydration were fed ad
libitum after their dehydration was corrected. Food
intake during the acute stage of diarrhoea was between 45% and 64% of estimated energy requirements, depending on the etiology of the diarrhoea,
the reduction being greatest in cases of rotavirus
infection. It thus appears that there is a genuine
physiological basis for reduced food intake by children during periods of acute infectious diseases.
There may be additional reasons for poor
dietary intake, for example vomiting, which is a
frequently observed symptom in young children during the initial stages of acute infections. It is one of
the main reasons why mothers are afraid to feed their
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children during periods of acute infection and may
thus contribute to reduced food intake, although
there are no controlled studies about its significance. Dehydration during severe diarrhoea may
cause a very dry buccal mucosa. Monilia infection of
the buccal mucosa is common among children with
severe protein-energy malnutrition, and is especially
frequent among children with measles. The resulting
infection of the tongue and lip lesions may combine
to reduce dietary intake since solid foods are less
easily swallowed than liquids in such circumstances.
An infection may have little nutritional impact for
infants who receive most of their dietary energy in the
form of breast milk. However, a considerable reduction in energy intake during infection may result in
older children, who customarily receive more than
half of their energy via solid foods.
Impaired nutrient absorption and nutrient loss
The physiology of intestinal absorption is relatively
well understood and many mechanisms of nutrient
malabsorption have been described. Destruction of
villi, leading to a decrease in surface area and reduction in brush-border enzymes, is of considerable
importance. In addition, deconjugation of bile salts
and reduction of their concentration in luminal fluid
can lead to steatorrhoea. The secretory response in
the intestinal mucosa, which is stimulated by bacterial toxins, can also result in malabsorption.
Nutrient malabsorption is not normally of concern during a single acute infectious episode. It may
become nutritionally significant, however, where conditions are prolonged or acute episodes are frequent.
This is related to accelerated gastrointestinal transit,
transitory enzymatic deficiencies and morphological
changes of the intestinal mucosa that usually occur
during diarrhoea. The malabsorption of fats, carbohydrates and proteins is well documented (20,21).
The absorption of certain vitamins (folate, B,2
and vitamin A) and minerals (magnesium, zinc and
possibly others) has also been shown to be reduced.
Malnutrition during malabsorption may develop
as a result of poor food intake, impaired digestion,
decreased nutrient absorption, exudative losses of
endogenous nutrients and changes in intraluminal
metabolism (22). A variety of metabolic responses
occur during infection, and they have profound
effects on the use of dietary intake and endogenous
nutrient stores. There is an increase in energy expenditure, in the range of 10-15% per 1°C rise in body
temperature. Although not without nutritional implications for an anorexic individual who is not being
offered much food, fever has a number of immunological advantages. Most immune systems are more
active at 39°C than at 37°C. The metabolic changes
during infection are reviewed elsewhere; it is clear,
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however, that carbohydrate stores for fuel are rapidly
depleted, the effective use of fat is inhibited, and
obligatory gluconeogenesis and mobilization of
skeletal muscle are essential for providing substrate
for the synthesis of acute-phase proteins that are
necessary during the various stages of infection.
Many of these processes appear to be under the
control of interleukin-1.
Recent studies have also identified cachectin as
an important control factor. It has been isolated from
endotoxin-activated macrophages and has molecular
properties similar to interleukin-1. Among cachectin's effects, depression of lipoprotein lipase is important, leading to an abnormal clearance of triglyceride
from the circulation. During infection interleukin
stimulates the pancreatic cells to release insulin. This
probably explains the development of hyperglycaemia and hyperinsulinaemia during systemic infection. It is claimed that interleukin and cachectin are
responsible for weight loss during chronic infection,
but the evidence supporting this is not conclusive.
It has been demonstrated that fasting per se can
be responsible for the malabsorption of sugars,
amino acids, salt and water (23) in as few as 3-5 days,
and even before histological changes are observed in
the intestinal mucosa. The effects of fasting and the
diarrhoea associated with it can be cumulative and
may lead to severe malnutrition. A direct loss of
nutrients into the intestinal lumen may also contribute to a negative nutrient balance during illness;
this has been documented particularly with respect to
proteins during measles (24) (see below), and most
probably also occurs in the case of dysentery accompanied by ulceration.
The intestinal mucosa is made up of cells that
are produced and, usually within a few days, shed
into the lumen where they are broken down and
nutrients are released. There is thus a continual
enteral-systemic circulation of endogenous nutrients,
which are lost as a result of accelerated gastrointestinal transit that is characteristic of diarrhoeal
diseases. In health, these nutrients are well absorbed
and faecal losses are minimal. During infection, however, there may be increased losses and/or poor
absorption. Any cause of intestinal damage is likely
to lead to increased rates of shedding.
Furthermore, there may be increased permeability of the intestinal mucosa allowing leakage of
endogenous nutrients between the intestinal cells (25).
In addition, certain parasites may cause microscopic
blood losses. Changes in intestinal permeability have
been clearly demonstrated in children with diarrhoea
in the Gambia. Interestingly, there are also marked
changes in intestinal permeability during severe systemic infections such as measles. This may be accompanied by considerable losses of a 1-antitrypsin in the
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stool suggesting major losses of endogenous nutrients
(25). If the absorptive mechanisms are intact and the
damage is in the upper intestine, much of this nutrient
leakage will be re-absorbed. If the damage is below the
maximally absorptive area of the intestine, however,
there will be considerable nutrient losses via the faeces.
The pathophysiological mechanisms by which
infectious processes may have a harmful effect on
nutritional status may be compounded by the intentional reduction of a child's food intake decided by
the mother or other person in charge. This practice is
associated with a common belief in most culturesunfortunately supported by many physicians-that
dietary restrictions are beneficial during periods of
disease.
The presence of undigested foods or an excess of
fat in the stool is also frequently interpreted as a valid
reason for limiting a child's food intake. This practice
persists despite studies (20) demonstrating that the
essential point under these circumstances is not stool
composition but what is retained by the body. Thus,
even in severe cases where up to 30-40% of ingested
nutrients are lost through the faeces, it is important
to recall that 60-70% are still absorbed and utilized.
Increased metabolic demands
In addition to reduced food intake and nutrient

absorption, nutritional demands are higher during
periods of infectious diseases. These demands are
linked in varying degrees, as a function of the nature
and stage of development of the infective process, to
the following factors:
- increased energy needs in the presence of fever;
- increased anabolism for the synthesis of defensive
tissues and substances, for example lymphocytes
and immunoglobulins;
-increased catabolism resulting from tissue destruction during the acute stage of infection;
- higher nutrient needs for use in tissue reconstruction during recovery. The net result may be a
negative nutrient balance during the acute stage,
which may be prolonged during convalescence if
not corrected by adequate nutrient intake.

General Infections
Prospective studies of growth and morbidity in children have identified certain infections as particularly
important where poor growth is concerned, e.g.,
diarrhoeal and respiratory infections and malaria,
which are the most prevalent. The impact of infection
on growth varies according to a child's nutritional
status; food availability (its texture, bulkiness and the

time to prepare and feed); cultural beliefs; and access
to health care facilities (26).
Diarrhoea diseases
For children with mild forms of diarrhoea without
dehydration, the usual diet may be maintained or
should be corrected if it is insufficient; no dietary
restrictions are indicated, even for short periods. For
severe cases, the child's usual diet and age will
determine the appropriate dietary management during periods of infection. The following examples are
considered below: infants who are exclusively breastfed; infants who are fed on breast-milk substitutes,
with or without breast milk; and infants and young
children who are fed on a mixed diet. Finally, brief
consideration is given to nutritional requirements
during convalescence.
infants who are exclusively breast-ld. As noted in
chapter 2, infants who are exclusively breast-fed are
at much lower risk from diarrhoeal diseases (27)
owing to the combined effect of reduced exposure to
infective agents and the protective properties of
human milk. However, these infants can develop
diarrhoeal infections, particularly those of viral
origin (see chapter 3). In such cases, as with patients
of any age and habitual diet, the prevention of
dehydration and electrolyte imbalance, or their
correction if already present, is the first priority.
These infants should be managed by increasing the
frequency of breast-feeding (28).
A recent study (29) compared the effect of interrupting or maintaining breast-feeding during the
initial 24 hours of oral rehydration therapy. Infants
who were breast-fed during the early phase of acute
diarrhoea had fewer, and a smaller volume of, diarrhoeal stools; they required less oral rehydration
fluid; and they recovered from diarrhoea sooner than
those infants for whom breast-feeding was interrupted. The benefits of breast-feeding appear to be
related to the presence in the intestinal lumen of the
products of breast-milk digestion (amino acids,
dipeptides and hexoses), which may enhance the
absorption of sodium and water, thereby reducing
the frequency and volume of stools. Breast-feeding
thus appears to be beneficial both nutritionally and
in terms of the clinical outcome of the diarrhoeal
episode.
There is some risk of hypernatraemia when oral
rehydration salts are given to small infants (30),
particularly those fed with breast-milk substitutes
having a high sodium content, but recent studies
suggest that it is minimal (31). The risk is reduced
when breast-feeding is continued during the diarrhoea, thanks to breast milk's low sodium content
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and the small amount of oral rehydration solution
that is required in these circumstances.
Infants who are fed on brast-milk substItutes. In con-

trast, bottle-fed infants and children receiving foods
other than milk, particularly in an unsanitary
environment, are at much greater risk of infection
from contaminated foods and utensils. In the past a
common practice for infants who developed diarrhoea while being fed on breast-milk substitutes,
whether exclusively or as part of mixed feeding, was
to subject them to fasting for 24-48 hours while
correcting any dehydration or electrolyte imbalances.
Infant formula was subsequently reintroduced, beginning with a half-strength dilution fed in small quantities and progressively increasing the concentration
and amount until the feeding schedule prior to the
episode was reached within 3-5 days. At the same
time, breast-feeding was frequently discontinued.
The rationale for this approach was to give the
gastrointestinal tract time to "rest" while rehydration
was being carried out intravenously. This period was
thought to be beneficial for recovering from the
anatomical and functional alterations of the intestinal mucosa. It was also assumed that withholding
milk was necessary because of the intolerance to
lactose and milk proteins that is common during
diarrhoea. Moreover, fasting was not difficult to
maintain in an anorexic child, who may also have
been vomiting. This practice was developed on clinical grounds in the absence of objective experimental
demonstrations of its advantages over other feeding
schedules. The demonstrated effectiveness of oral
rehydration therapy has led in recent years to a
reconsideration of the whole issue of dietary management of children during diarrhoea.
Fasting has a negative impact on children's
nutritional status, particularly if they are already
malnourished. If recommended by a health worker,
this practice may also reinforce a mother's belief
about the danger of feeding a child who has diarrhoea. The fasting period could well be prolonged
beyond the recommended time, with further harmful
consequences for the child's nutritional status. Not
only has it been demonstrated that fasting is not
beneficial, but also that it may well have a highly
negative effect on the concentration of intestinal
enzymes. This is significant since the presence of
substrates in the intestinal lumen stimulates recovery
from temporary enzyme deficiencies (32).
Intolerance to lactose and milk proteins during
diarrhoea has been known for many years to be a
physiopathological manifestation of diarrhoea that
has to be overcome (33). Feeding children under
these circumstances does not necessarily cause furWHO Bulletin OMS: Supplement Vol. 67 1989

ther damage, however. Recent controlled studies (3437) suggest that the feeding of full-strength milk can
be resumed after a period of no more than 6-8 hours,
during which time the children are being rehydrated,
or should not be interrupted at all if they are not
dehydrated and maintain a good appetite. Vomiting
was frequently observed, but was not severe enough
to justify a change in diet. Correction of dehydration
and electrolyte imbalance, which is usually accompanied by appetite recovery, seems to be essential for
the rapid reintroduction of full-strength milk. If children are not fully rehydrated and remain anorexic,
the forcing of full-strength milk may result in
acidosis, which only aggravates vomiting.
It is important to note that the studies in
question were carried out among essentially wellnourished infants who were suffering from mild
forms of diarrhoea lasting only a few days. Caution is
still required during the first stages of diarrhoea,
particularly in very severe cases and when infants
are undernourished. Further studies are required,
especially with regard to the influence of different
etiologies. However, available evidence indicates that,
with appropriate initial correction of dehydration,
infants fed with breast-milk substitutes can rapidly be
put back onto their pre-diarrhoea diet, and that there
is no need for long and dangerous fasting periods.
Some dilution of initial feeds would probably be
convenient, and rice water has been found to be
particularly well-suited for this purpose. The use of
cereal products mixed with infant formula may
also be beneficial, particularly if children are at an
age when complementary feeding is nutritionally
required.
In any case, there is no justification at all for
interrupting breast-feeding, even for a few hours,
when children are receiving breast-milk substitutes.
On the contrary, the best course of action for a sick
child would be to increase breast-milk intake in order
to replace entirely any substitute that is being given.
Children fed on a mixed diet. Infants and young

children who are already receiving a mixed and
varied diet, including solid foods, are also frequently
subjected to severe dietary restrictions when suffering
from diarrhoea. Milk and solid foods - typically
those with the highest nutritional value - are often
withheld entirely, and dietary intake is limited to tea,
rice water or thin starchy gruels. Even though such
dietary restrictions may be recommended for only a
few days, it is not unusual for a mother to prolong them
with potentially serious consequences, both for the
evolution of the diarrhoea and her child's nutritional
status.
It has been demonstrated in controlled studies
89
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(34, 35), however, that rapid re-feeding of the child,
using the habitual diet after only a few hours of oral
rehydration therapy, does not worsen the child's
condition or increase the risk of complications. On
the contrary, this approach shortens the duration of
diarrhoea and the length of hospital stay, and results
in less weight loss and a quicker improvement in the
child's general well-being. It appears that good initial
rehydration and correction of electrolyte imbalances,
which usually result in appetite recovery, are essential
for successful and rapid reintroduction of the child's
habitual diet.
These observations were made in industrialized
countries in cases of acute diarrhoea, most of which
could be classified as mild and of less than seven
days' duration. The infants in question had most
probably gone through a period of dietary restrictions before coming to hospital, and their intakes
were the established low-residue and high nutritional
value diets of the majority of young children in
industrialized countries.
In a similar study conducted in Indonesia (38),
children suffering from diarrhoea, some of them malnourished, were put back onto their full previous diet
in a progressive but rapid manner within 2-4 days.
This contrasted with the 9-11 days for the controls,
which was the conventional approach in the environment in question. There was no difference between
the two groups in duration of diarrhoea, and those
children who underwent rapid re-feeding performed
better in terms of weight gain, suggesting that the
observations made above in regard to industrialized
countries are valid everywhere.
This conclusion is of considerable importance
given the high incidence of diarrhoeal and other
infectious diseases in developing countries and the
degree to which related prolonged dietary restrictions
aggravate the already poor nutritional status of so
many young children, who in turn may fail to recuperate their losses during convalescence due to an
absence of nutritious high-energy foods. It is
therefore essential that these observations be
repeated under the conditions, including the diets,
prevailing in these countries. The foods that are
frequently available to young children in this
environment, for example starchy roots and tubers,
non-refined cereals, leguminous seeds and leafy
vegetables, are characterized by their low energy
concentration, high fibre content and poor digestibility. Finding out how children with diarrhoea
react to rapid re-feeding with these types of foods, or
to an appropriate selection from among them, or to
their modification to make them more easily digestible and increase their energy density, is of potentially
immense value for the health of this group.
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Other diseases
There are fewer controlled studies on the dietary
management of other infectious diseases than on the
management of diarrhoeal diseases. However, there is
no reason to suspect that the principles discussed
above with respect to diarrhoeal diseases would not
apply to other acute infections. Where diet is concerned, the child's appetite is the best guide. Small
amounts of favourite nutritious foods should be
offered frequently.
Children with high fevers are usually anorexic
and will vomit easily; it is not recommended, therefore, that they be forced to eat. Reduction of fever by
tepid sponging and relief of pain by appropriate
nursing care, topical treatment (such as gentian violet
to Monilia buccal lesions) and analgesics are all
important in the nutritional management of infection. Adequate treatment of the disease itself and
prevention of dehydration have first priority; the
result should be a prompt return of appetite, thereby
permitting normal feeding and improvement in
overall health status. As in the case of diarrhoeal
diseases, the period of convalescence provides an
important opportunity to compensate for nutritional
losses incurred and to correct possible deficiencies in
the habitual diet.

Measles. Weight loss during measles has been
frequently described. Early studies of measles in West
Africa showed considerable weight loss (39) and
measles was often reported as the precipitating infection among children with marasmus or kwashiorkor
in Nigeria (40). Growth faltering was frequently protracted in Bangladeshi children (41), especially those
who developed post-measles dysentery. Indeed,
measles appears to be a major crisis in the life of a
growing child for several reasons. Not only can it be
a severe illness in its own right, but the immune
suppression that may persist for three or four months
after infection also provides an opportunity for a
range of other infections to become established and
create their own nutritional problems.
Poor food intake resulting from anorexia,
dehydration, fever and buccal lesions, though well
recognized by experienced health workers, is poorly
documented. There are certain cultural practices
whereby food is withdrawn from children as a treatment for measles. The measles virus may damage the
intestinal mucosa enough to cause malabsorption
and protein loss (42). Severe metabolic disturbances
have been documented among Nigerian children during acute measles (43). The rates of whole-body
protein synthesis and breakdown are increased, and
the latter usually exceeds the former with a net loss of
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body protein stores. These abnormalities may persist
during convalescence.
Studies of energy expenditure among Kenyan
children with acute measles show rates during infection that are similar to rates during recovery (44).
These results appear to be in conflict with other work
which shows that energy expenditure is increased
during severe infection. However, the children in the
Kenya study were ill for several days and their
dietary intake was very low. Consequently, it would
be predicted that their energy expenditure would be
lower than normal owing to an adaptive response.
There is thus a considerable energy gap between
intake and expenditure during severe measles.

Malaria. The impact of malaria on nutritional status
varies according to age, immunological status and
intensity of infection. There are important effects on
birth weight and the neonate's iron and folate status
(45), while impaired growth and anaemia may occur
among older children and adolescents. Equally
important, however, is immune suppression permitting the development of other infections, which themselves may lead to malnutrition.
Respiratory infectons. Although studies in the Gambia (46) and Guatemala (47) show an association
between various respiratory infections and faltering
growth, there is little information on the relevant
cause and effect mechanisms. Nevertheless anorexia,
fever, pain, vomiting (especially in whooping cough)
and associated diarrhoea may all be important contributory factors, particularly in children under one
year of age (48).
Intestinal parasites. There are close associations between intestinal parasites and malnutrition. The most
prevalent are Schistosoma, Giardia lamblia, Ascaris
lumbricoides, hookworm, Trichuris trichiura and
Strongyloides stercoralis, and several recent reviews
have concentrated on intestinal abnormalities (49,50)
and systemic effects (51). There are several problems
in assessing the impact of intestinal parasites. For
example, there is increasing evidence that, for some
parasites at least, there are individuals who have
particularly high worm loads. Unless this fact is
taken into account during intervention studies, it
may be difficult to assess the impact of a community
de-worming programme.
Ascaris. Successful de-worming in ascariasis has
produced different nutritional effects in different
studies. For example, the de-worming of Indian children resulted in a small but significant improvement
in weight for age (52). The situation was similar
among Kenyan children (53), while Tanzanian chilWHO Bulletin OMS: Supplement Vol. 67 1989

dren (54), who received levamisole every three
months, demonstrated quite striking rates of weight
gain. In contrast, a study among Ethiopian children
failed to show weight gain or enlargement of the midupper arm circumference following treatment with
piperazine (55).
Studies in Guatemala (56) and Bangladesh (57)
have sometimes been quoted as showing no impact of
de-worming on growth, although worms were not in
fact successfully eliminated in either case. Studies in
Papua New Guinea (58) and Brazil (59) showed no
significant impact of de-worming on nutritional
status, but then the children in question were
relatively well nourished to begin with.
Schistosoma. Different nutritional problems are
linked to different species. For example, Schistosoma
haematobium is associated with thinness, as in the
case of a low body-mass index noted in Nigerian
boys who were thus infected (60). Similarly, there was
improvement in a range of anthropometric indices
among a group of Kenyan children with S. haematobium following metrifonate therapy (61). The
mechanisms for growth impairment have not been
studied, but it is interesting that animals having
schistosomiasis experience anorexia (62). S. mansoni
is associated with anaemia and poor growth, sometimes with a decrease in plasma proteins and low
ferritin levels (63). However, there appears to be no
study in which the impact of de-worming on nutritional status has been assessed. The association between S. japonicum and malnutrition (both stunting
and anaemia) are well described (64), but there are no
data on how these features change after de-worming.
Hookworm. The iron and protein deficiency
resulting from hookworm infection is well known
(65). Weight loss is also experienced but unexplained.
It has been suggested that anorexia associated with
the itching and respiratory symptoms of the infection
is important (66).
Trichuris trichiura is rather underestimated as a
cause of malnutrition (67), but several studies indicate
that it may cause anaemia, weight loss (68) and
stunting (67).
Strongyloides stercoralis is associated with
anorexia, malabsorption and loss of endogenous
nutrients (69). In severe cases there may be subtotal
villus atrophy (70), but the nutritional consequences
of milder infection are unknown.
Giardia lamblia appears to cause diarrhoea and
malabsorption in some subjects more than in others
(71). This may be due to differences in immune
response to the parasite; the intestinal response to the
first exposure appears to be more severe than to
subsequent exposure. Studies in Guatemala (72) show
that Giardia is associated with faltering growth
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among young, but not among older, children. Longitudinal studies suggest that only some subjects with
Giardia have any symptoms at all, which has given
rise to the suggestion that there may be differences in
strain pathogenicity. There is an especially high
prevalence of large numbers of Giardia lamblia in the
upper intestine of children with marasmus or kwashiorkor. Indeed, the presence of Enterobacteriaceae
in the upper intestine of subjects with Giardia lamblia
infection may be responsible for the severe degree of
malabsorption experienced by some individuals (73).
Human Immunodefkilency virus (HIV). HIV infection
manifests itself in a variety of ways ranging from
asymptomatic infection to acquired immunodeficiency syndrome (AIDS) accompanied by lifethreatening infections and malignancy (74-76). The
virus affects the immune system by attacking the
lymphocytes and destroying the body's ability to
defend itself.
Weight loss or abnormally slow growth, and
chronic diarrhoea and prolonged fever (longer than a
month) are major signs in infants and children suffering from AIDS (77). Of the many consequences of
malnutrition, one of the most detrimental is muscle
wasting. Heart muscle atrophies and cardiac function
is decreased. Starvation may also impair digestion as
an indirect result of inadequate pancreatic enzyme
production. Deficits of iron, zinc, magnesium,
pyridoxine, folate, and vitamins A, C, D and E are
known to impair immunity (78). (See also the discussion in chapter 3 on HIV infection and breast-

feeding.)

dren living in a vitamin A-deficient area of the United
Republic of Tanzania can be reduced by supplementation with vitamin A (79). However, it is not clear as
to how much this can be extrapolated to other
environments. The fact that mothers may be more
receptive to counsel at this juncture, and that their
children in turn have good appetites, will help to
satisfy increased nutritional requirements and ensure
that appropriate feeding practices continue.
A primary requirement is that children receive
sufficient dietary energy and nutrients to enable them
to achieve their growth potential. In circumstances
where there is a considerable weight deficit,
requirements will normally be high in order to reduce
or abolish it. In an ideal environment there is generally little need to be concerned about catch-up
growth. However, in situations where children are
subjected to repeated episodes of acute infection, if
the catch-up growth between infections is slow, a
cumulative deficit builds up (80), resulting in
increased stunting associated with higher morbidity
and mortality.
A satisfactory intake of nutrients may depend on
the type of food presented to the child. Such household food technologies as fermentation and germination (81) appear to have an important role to play in
this regard. Germination decreases the viscosity of
food by producing alpha amylases, which hydrolyse
starch. In particular, the use of fermented food, a
traditional weaning preparation in many societies,
may have considerable advantages both in terms of
inhibiting the growth of pathogens and because of its
taste, increased energy density and digestibility (81).

Convalescence

R6sum6

The period of convalescence from diarrhoeal and
other diseases is characterized by the return of a
normal appetite and increased nutritional requirements to permit catch-up growth and the replenishment of nutritional reserves. An ample, balanced diet,
rich in the most nutritious foods available, is important since even short periods of disease can seriously
affect growth in very young children, and may result
in significant weight loss and a depletion of important nutritional reserves of, for example, energy, iron
and vitamin A.
Convalescence will thus provide a good opportunity to correct any deficiencies in the habitual diet.
It will also be an appropriate time to introduce solid
or semi-solid complementary foods to infants who
are 4-6 months of age, particularly those who are fed
on breast-milk substitutes (see chapter 4). There may
well be an important need for micronutrients in
pharmacological quantities. For example, there is
some suggestion that mortality from measles in chil-

Le nourrisson et le jeune enfant
au cours des Infections aiguas
L'immunite passive conferee par les anticorps et le
lait maternel protge l'enfant contre l'infection
durant les premiers mois de la vie. C'est durant le
deuxieme semestre que les risques infectieux et
notamment de survenue de maladies diarrheiques
augmentent le plus rapidement. Apres 3 ans en
general l'incidence des infections d6crolt. Pour les
enfants qui n'ont pas requ le sein les risques sont
plus grands et aussi plus precoces. Dans
l'ensemble, il est difficile de faire la part de ce qui
revient a l'infection et a la malnutrition dans les
retards de croissance que l'on peut observer a la
longue, car il existe une synergie entre les deux.
Les effets de l'infection sur l'etat nutritionnel et
les mecanismes qui aboutissent a la malnutrition
sont pr6sent6s. L'anorexie en premier, qui accomWHO Bulletin OMS: Supplement Vol. 67 1989
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pagne les maladies infectieuses est l'un de ces
mecanismes et ne semble pas causee directement
par la fievre. C'est l'interleukine 1 liberee par les
macrophages qui semble etre le mediateur. De
meme la carence en fer a ete associee a une
diminution de I'immunite cellulaire et de I'activite
bact6ricide augmentant la pr6valence des infections respiratoires et de la diarrhee. A I'oppose
cependant l'injection parent6rale de fortes doses
de fer augmente les taux d'infections. La diminution de l'apport alimentaire entrainant la diminution d'apport en fer et probablement en autres ions
pourrait alors etre consideree comme un moyen
de defense. Les vomissements ainsi que les moniliases buccales peuvent aussi limiter les apports.
En second lieu interviennent les perturbations
de I'absorption intestinale et les pertes en nutriments par voie digestive. La malabsorption n'est
pas preoccupante au cours d'un episode infectieux
unique mais elle a un retentissement significatif
sur le statut nutritionnel quand les episodes se
prolongent et surtout quand ils se repetent. L'infection entraine des reponses metaboliques variees
qui retentissent sur l'utilisation des aliments et la
mobilisation des reserves corporelles. L'interleukine 1 semble contr6ler certains des processus qui
conduisent a la neoglucogenese et a la mobilisation des proteines musculaires. La cachexine
apparait dtre aussi un element de contr6le important. Des besoins nutritionnels accrus viennent
s'ajouter a la reduction des apports et aux troubles
de l'absorption a cause d'une demande energetique plus grande liee a la fievre, d'une augmentation des syntheses au niveau des systemes de
defense, d'un catabolisme accelere de tous les
tissus et d'un besoin plus grand en nutriments
pour compenser ce catabolisme.
Des enquetes prospectives ont montre que
certaines infections ont un impact important sur la
croissance et la morbidite des enfants notamment
la diarrhee, les infections respiratoires et le
paludisme. 11 faut insister sur le fait que le regime
alimentaire habituel doit etre maintenu sans
aucune interruption dans le cas de diarrhees
moderees sans deshydratation. Les enfants nourris
au sein peuvent developper des diarrhees severes
d'origine virale particulierement et les sels de
rehydratation doivent 'tre administres sans interrompre I'allaitement maternel, le risque d'hypernatremie etant minime; chez les enfants nourris
artificiellement, pour lesquels les risques sont plus
importants, les mises a la diete pendant 24 ou 48
heures, prescrites traditionnel lement, sont inuti les
et leurs effets negatifs sont parfaitement documentes; enfin les enfants dont l'alimentation est diversifiee beneficient eux aussi de la reinstallation
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rapide d'un regime normal apres quelques heures
de rehydratation.
II existe moins d'enquetes contr6lees sur les
conduites dietetiques a observer dans d'autres
maladies infectieuses que pour les maladies diarrhbiques. II n'y a cependant pas de raison pour que
les principes decrits ne s'appliquent pas aux infections comme la rougeole, le paludisme, les infections respiratoires, les parasitoses intestinales; il
faut signaler le syndrome d'immunod6ficience
acquise (SIDA) qui s'accompagne d'une maigreur
importante entrain6e par la malabsorption et la
malnutrition.
La convalescence d'une diarrhee ou d'une
autre maladie infectieuse est caracterisee par le
retour a un appetit normal et a des besoins
nutritionnels accrus pour la reprise de la croissance et la reconstitution des reserves.
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ANNEXE 1

Check-list for evaluating the adequacy of
support for breast-feeding In maternity
hospitals, wards and clinics
In 1989 the World Health Organization and the
United Nations Children's Fund (UNICEF) issued a
joint statement' on the role of maternity services in
protecting, promoting and supporting breast-feeding.
Taking into consideration the community attitudes
that variously sustain or restrain breast-feeding, the
statement translates the most up-to-date scientific
knowledge and practical experience about lactation
into precise, universally applicable, recommendations
on care for mothers before, during and after pregnancy and delivery. Information is addressed to
health workers, particularly clinicians, midwives and
nursing personnel, but also to policy-makers and
managers of maternal and child health and family
planning facilities. The statement concludes with a
20-point synthesis in the form of a check-list (see
below), which can be used in maternity wards and
clinics to gauge how well they are promoting and
supporting breast-feeding. The check-list is intended
to be a suggestive rather than exhaustive inventory of
the kinds of practical steps that can be taken within
and through maternity services. Under ideal circumstances, the answers to all the questions will be "yes".
A negative reply may indicate an inappropriate practice that should be modified in accordance with the
WHO/UNICEF recommendations.

List, de contr6le pour dhterminer le
degr6 d'ad6quatlon du soutlen apport6 A
I'allaltement maternel dans lee h6pitaux,
maternit6s et cilniques
En 1989, l'Organisation mondiale de la Sante et le

Policy
1. Does the health care facility have an explicit
policy for protecting, promoting and supporting

breast-feeding?
2. Is this policy communicated to those responsible
for managing and providing maternity services
(for example in oral briefings when new staff are

employed; in manuals, guidelines and other written materials; or by supervisory personnel)?
3. Is there a mechanism for evaluating the effectiveness of the breast-feeding policy? For example:
* Are data being collected on the prevalence of
breast-feeding initiation and breast-feeding at
the time of discharge of mothers and their
infants from the health care facility?
* Is there a system for assessing related health
a
Protecting, promoting and supporting breast-feeding: The special role of
maternity services. A Joint WHO/UNICEF Statement. World Health Organization 1989, iv+ 32 pages. ISBN 92 4 156130 0
Language editions available or in preparation: Arabic, Bengali, Catalan,
Chinese, Czech, Danish, Dutch, English, Farsi, French, German, Greek,
Hungarian, Bahasa Indonesia, Italian, Kannada, Korean, Malay, Nepali, Oriya,
Polish, Portuguese, Russian, Serbo-Croatian, Sindhi, Slovak, Spanish, Swedish, Thai, Turkish, Ukranian, Vietnamese

Fonds des Nations Unies pour l'enfance (UNICEF)
ont publie une declaration conjointe' sur le rBle des
services lies a la maternite dans la protection, l'encouragement et le soutien de l'allaitement maternel.
Tenant compte des attitudes de la communaute en
general qui encouragent ou dissuadent l'allaitement
maternel, la declaration traduit les connaissances
scientifiques les plus actuelles et l'expbeience pratique
de la lactation en recommandations precises sur les
soins a apporter aux meres avant, pendant et apres la
grossesse et I'accouchement. Cette information
s'adresse aux personnels de sante, particulierement
aux medecins practiciens, aux sages-femmes et au
personnel infirmier, mais aussi aux decideurs et aux
gestionnaires des, services de sante maternelle et
infantile et de planning familial. La declaration
s'acheve par une synthese en 20 points (voir cidessous) que les services lies a la maternite peuvent
utiliser pour evaluer la maniere dont ils encouragent
et soutiennent l'allaitement maternel. Cette liste est
conque comme un inventaire indicatif plutot qu'exhaustif des mesures pratiques qui peuvent etre prises
dans les etablissements de soins. Dans les circonstances ideales la reponse a toutes les questions de la
liste sera "oui". Une reponse negative peut traduire
une demarche qui ne convient pas et qu'il faudrait
modifier conformement aux recommandations de
l'OMS et de l'UNICEF.

Principes dirocteurs
1. L'etablissement de soins a-t-il une politique
explicite de protection, d'encouragement et de
soutien de l'allaitement maternel?
2. Cette politique est-elle portee a la connaissance
des gestionnaires et des prestateurs de soins (lors
de seances d'information orale au moment du
recrutement de personnel nouveau, sous la forme
de manuels, directives ou autre documentation
ecrite, ou encore par le personnel d'encadrement)?
3. Existe-t-il un systeme pour evaluer l'efficacite de
la politique en matiere d'allaitement maternel?
a Protetion, encouragement et soutien de l'allaitement maternal. Le rOle
sp6cial des services lies A la maternitd Declaration conjointe de l'OMS et de
l'UNICEF. Organisation mondiale de la Sant6, 1989, iv+32 pages,
ISBN 92 4 256130 4
Versions disponibles ou en pr6paration: allemand, anglais, arabe, bengali,
catalan, chinois, coreen, danois, espagnol, farsi, fran9ais, grec, hongrois,
italien, kannada, malais, malais (indonesie), neerlandais, n6palais, oriya,
polonais, portugais, russe, serbo-croate, sindhi, slovaque, su6dois, tcheque,
that, turc, ukrainien, vietnamien.
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care practices and training and promotional
materials, including those commonly used by
antenatal and postnatal services?
4. Are the cooperation and support of all interested
parties, particularly health care providers, breastfeeding counsellors and mothers' support groups,
but also the general public, sought in developing
and implementing the health care facility's breastfeeding policy?
Staff training
5. Are all health care staff well aware of the importance and advantages of breast-feeding and
acquainted with the health care facility's policy
and services to protect, promote and support
breast-feeding?
6. Has the health care facility provided specialized
training in lactation management to specific staff
members?
Structure and functioning of services
7. Do antenatal records indicate whether breastfeeding has been discussed with a pregnant
woman? Is it noted:
* Whether a woman has indicated her intention
to breast-feed?
o Whether her breasts have been examined?
* Whether her breast-feeding history has been
taken?
* How long and how often she has already

breast-fed?
* Whether she previously encountered any
problems and, if so, what kind?
* What type of help she received, if any, and
from whom?
8. Is a mother's antenatal record available at the
time of delivery?
* If not, is the information in point 7 nevertheless
communicated to the staff of the health care

facility?
* Does a woman who has never breast-fed, or
who has previously encountered problems with
breast-feeding, receive special attention and
support from the staff of the health care

facility?
9. Does the health care facility take into account a
woman's intention to breast-feed when deciding
on the use of a sedative, an analgesic or an
anaesthetic, if any, during labour and delivery?
* Are staff familiar with the effects of such
medicaments on breast-feeding?
10. In general, are newborn infants:
* Shown to their mothers within 5 minutes after
completion of the second stage of labour?
* Shown/given to their mothers before silver
WHO Bulletin OMS: Supplement Vol. 67 1989

Par exemple:
* Cherche-t-on a savoir combien de femmes
adoptent l'allaitement au sein et combien le
poursuivent a la sortie de l'etablissement?
* Existe-t-il un systeme pour apprecier la
pratique des soins et les materiels de formation
et de promotion, y compris ceux qui sont
couramment utilises par les services de soins
prenatals et postnatals?
4. L'etablissement recherche-t-il la cooperation et le
soutien de toutes les parties interessees, notamment des prestateurs de soins, des conseilleres en
allaitement matemel et des associations de
soutien aux meres, mais egalement du public en
general, pour l'elaboration et l'application de la
politique de l'etablissement en matiere
d'allaitement maternel?

Formation du personnel
5. Tout le personnel soignant est-il au courant de
l'importance et des avantages de l'allaitement
matemel et informe de la politique et des prestations de l'etablissement en vue de prot6ger,
encourager et soutenir la pratique de l'allaitement

maternel?
6. L'etablissement a-t-il assure la formation specialisee de certains membres de son personnel a la
"gestion de l'allaitement?"

Structure et tonctonnement des servkes
7. Les dossiers de soins prenatals indiquent-ils si
l'allaitement maternel a fait l'objet d'entretiens
avec une femme enceinte?
Indiquent-ils:
* Si une femme a fait connaltre ou non son
intention d'allaiter son enfant au sein?
* Si elle a fait l'objet d'un examen des seins?
* Si l'on s'est enquis d'allaitements anterieurs?
* Si elle a deja allaite un enfant, combien de fois
et pendant combien de temps?
* Si elle a deja eprouve des difficultes, et dans

l'affirmative lesquelles?
* L'aide qu'elle a re9ue, le cas echeant, et de qui?
8. L'etablissement a-t-il acces, au moment de l'accouchement, au dossier prenatal de la mere?
* Dans la negative, les indications signalees au
point 7 sont-elles quand meme communiquees
au personnel de l'etablissement?
* Les femmes qui n'ont jamais allaite d'enfant ou
qui ont precedemment eprouve des difficultes
d'allaitement beneficient-elles d'une attention
ou d'un soutien speciaux de la part du personnel de l'etablissement?
9. L'etablissement tient-il compte de l'intention
manifestee par les femmes d'allaiter leur enfant,
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nitrate or antibiotic drops are administered
prophylactically to the infants' eyes?
* Given to their mothers to hold and put to the
breast within a half-hour of completion of the
second stage of labour, and allowed to remain
with them for at least one hour?
11. Does the health care facility have a rooming-in
policy? That is, do infants remain with their
mothers throughout their stay?
* Are mothers allowed to have their infants with
them in their beds?
* If the infants stay in cots, are these placed close
to the mothers' beds?
* If rooming-in applies only during daytime
hours, are infants at least brought frequently
(every 3-4 hours) to their mothers at night?
12. Is it the health care facility's policy to restrict the
giving of prelacteal feeds, that is any food or
drink other than breast milk, before breast-feeding has been established?
Health education
13. Are all expectant mothers advised on nutritional
requirements during pregnancy and lactation,
and on the dangers associated with the use of
drugs?
14. Are information and education on breast-feeding
routinely provided to pregnant women during
antenatal care?
15. Are staff members or counsellors who have
specialized training in lactation management
available full time to advise breast-feeding mothers during their stay in the health care facility and
in preparation for their discharge? Are mothers
informed:
* About the physiology of lactation and how to
maintain it?
* How to prevent and manage common
problems like breast engorgement and sore or
cracked nipples?
* Where to turn, for example to breast-feeding
support groups, to deal with these or related
problems? (Do breast-feeding support groups
have access to the health care facility?)
16. Are support and counselling on how to initiate
and maintain breast-feeding routinely provided
for women who:
* Have undergone Caesarean section?
* Have delivered prematurely?
* Have delivered low-birth-weight infants?
* Have infants who are in special care for any
reason?
17. Are breast-feeding mothers provided with printed
materials that give relevant guidance and information?

au moment de se prononcer sur l'utilisation d'un
sedatif, d'un analgesique ou d'un anesthesique, le
cas echeant, durant le travail et l'accouchement?
* Le personnel est-il au courant des effets de ces
medicaments sur l'allaitement maternel?
10. En general, les nouveau-nes sont-ils:
* presentes a leur mere dans les cinq minutes
suivant la fin de la deuxieme phase du travail?
* presentes ou remis a leur mere avant l'administration prophylactique de collyre au nitrate
d'argent ou aux antibiotiques?
* remis dans les mains de leur mere et places au
sein dans la demi-heure qui suit l'achevement
de la deuxieme phase du travail, et maintenus
dans ces conditions pendant au moins une
heure?
11. L'etablissement a-t-il pour politique d'installer
l'enfant dans la chambre de sa mere? C'est-a-dire
laisse-t-on les nouveau-nes avec leur mere pendant tout leur sejour?
* Les enfants sont-ils installes dans le lit de leur
mere?
* Si les enfants sont places dans un berceau, le
sont-ils a proximite du lit de la mere?
* Si les enfants sont installes dans la chambre de
leur mere uniquement durant la journee, sontils au moins amenes frequemment (toutes les
trois a quatre heures) a leur mere durant la
nuit?
12. L'etablissement a-t-il pour politique de limiter au
minimum l'administration d'aliments autres que
le lait maternel avant le debut de l'allaitement au
sein?
Education sanitaire
13. Informe-t-on toutes les futures meres des besoins
nutritionnels de la grossesse et de la lactation,
ainsi que des dangers associes a l'absorption de
drogues?
14. Les femmes enceintes regoivent-elles systematiquement, durant les soins prenatals, des
informations et une education concernant
l'allaitement au sein?
15. Les membres du personnel de lIetablissement ou
les conseilleres qui ont recu une formation
specialisee a la "gestion de l'allaitement" sont-ils a
disposition a plein temps pour conseiller les
meres qui allaitent durant leur sejour dans l'etablissement! et pour les preparer a leur sortie?
Les meres sont-elles informees:
* de la physiologie de la lactation et des moyens
de l'entretenir?
* de la faron de prevenir ou traiter les problemes
courants tels que l'engorgement des seins ou
encore les inflammations ou gergures des
mamelons?
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Discharge

18. If "discharge packs" with baby- and personalcare products are provided to mothers when they
leave the hospital or clinic, is it the policy of the
health care facility to ensure that they contain
nothing that might interfere with the successful
initiation and establishment of breast-feeding, for
example feeding bottles and teats, pacifiers and
infant formula?
19. Are mothers or other family members, as
appropriate, of infants who are not fed on breast
milk given adequate instructions for the correct
preparation and feeding of breast-milk substitutes, and a warning against the health hazards
of incorrect preparation?
* Is it the policy of the health care facility not to
give such instructions in the presence of breastfeeding mothers?
20. Is every mother given an appointment for her first
follow-up visit for postnatal and infant care?
* Is she informed how to deal with any problems
that may arise meanwhile in relation to breastfeeding?
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* des associations de soutien a l'allaitement
maternel auxquelles s'adresser, par exemple
pour traiter ces problemes ou des problemes
connexes? Ces associations ont-elles leurs
entrees dans l'etablissement?
16. Offre-t-on systematiquement une aide et des conseils sur la faqon d'adopter et de poursuivre
l'allaitement au sein aux femmes qui:
* ont subi une cesarienne?
* ont eu un accouchement premature?
* ont accouche d'un enfant de poids inferieur a la
normale?
* ont eu un enfant qui doit recevoir des soins
speciaux pour une raison quelconque?
17. Les meres qui allaitent leur enfant reqoivent-elles
de la documentation imprimee qui leur donne des
indications et des informations?
Sortie

18. L'etablissement a-t-il pour politique, si des "coliscadeaux" contenant des produits destines aux
soins personnels de la mere et 'a ceux du nouveaune sont remis aux meres lorsqu'elles sortent, de
veiller 'a ce que ces colis ne contiennent rien qui
risque de compromettre l'adoption et la poursuite
de la pratique d'allaitement au sein, par exemple
des biberons, des tetines, des sucettes ou des
preparations pour nourrissons?
19. Les meres-ou d'autres membres de la famille le
cas echeant-des enfants qui ne sont pas nourris
au sein reqoivent-ils des indications adequates
conernant la preparation et l'administration
correctes des substituts du lait maternel, et sont-ils
mis en garde contre les risques pour la sante d'une
mauvaise preparation?
* L'etablissement a-t-il pour politique de ne pas
donner ces indications en presence de meres
qui allaitent?
20. Toutes les meres reqoivent-elles un rendez-vous
pour leur premiere visite de suivi en vue de
beneficier de soins postnatals et d'en faire donner
a leur enfant?
* Sont-elles informees de la faqon de resoudre les
problemes que pourrait presenter entre temps
l'allaitement au sein?

ANNEX 2
Studying the weaning processa
By "weaning process" is meant the progressive transfer of the infant from breast milk as the sole source of
nourishment to the usual family diet. There are a
number of reasons why it might be important to
study weaning. For example, information may be
needed to help plan a programme to improve children's nutritional status, and a first step would be to
learn about how children are weaned. It can also be
useful to know whether children's nutritional status
can be improved by modifying weaning practices or
to verify results when mothers adopt new practices.
Knowledge about weaning can also be useful for
evaluating the success of a given programme or
activity in terms of its impact on nutritional status. It
would be helpful to know, for example, whether
weaning practices that were thought to be harmful to
health and nutritional status have been changed, e.g.,
through a public information campaign, and whether
this in fact has resulted in improved child well-being.
Defining study obectives
Whatever the purpose of the study, a first task is to
define as clearly as possible the questions to be asked.
They could include the following:
(1) How do mothers in the community wean their
children (e.g., age when weaning is started and ended,
kinds offoods used, methods of preparation andfeeding, amount of food given, and number of feeds per
day)? The focus will be on usual practices but will
also explore seasonal variations and changes
introduced when children are ill.
(2) To what extent do different weaning practices
affect the health and nutritional status of children?
Some practices facilitate the transition from breast
milk to the usual family diet; others can increase the
likelihood that children become ill and malnourished,
e.g., delayed introduction of solid foods, too abrupt
or early a shift from breast milk to other foods, and
feeding contaminated foods. A general survey of
community weaning practices may provide information suggesting associations between various practices and child health problems. Epidemiological
techniques like case-control or cohort studies will be

' Adapted from: Nabarro, D. et al. Finding out how children are
weaned: guidelines prepared for staff of health, nutrition and
development programmes who want to find out more about
weaning practices and their possible consequences for children's
well-being. Unpublished document NUT/83.1 Geneva, World
Health Organization, 1983.
100

particularly useful in studying these associations in
an attempt to isolate genuine risk factors related to
the weaning process.
(3) What influences the way mothers wean their
children? It is important to know the range of practices that mothers adopt and to have an adequate
amount of accurate background information about
the conditions under which children are weaned in
order to develop ideas about the influences that are
likely to affect weaning.
(4) If the influences that appear to determine
weaning practices are changed, do the practices themselves also change? For example, mothers who have
little or no formal education may be more likely to
give their children less nutritious foods than mothers
who have attended school. Is this a result of differences in education or is it linked to the economic
capacity of individual mothers to buy more nutritious foods?
(5) If weaning practices are changed, does the
health and nutritional status of children improve? To
answer this question an experimental study and a
control group are required. Children weaned on the
basis of new practices have to be compared with a
control group whose weaning practices remain unchanged.
(6) Has the programme, established with the
objective of changing the way children are weaned,
been effective? If it is suspected that particular weaning practices are harmful to child health and
nutritional status, a programme may be designed to
change them. In due course both the investigator and
the programme sponsor will want to know whether
or not the programme is actually succeeding in
changing practices and to what effect.
(7) Has the programme also led to changes in the
health and nutritional status of the community's children? Assuming that mothers have altered the way
they wean their children, it will be useful to determine
whether the effort put into changing these practices
has been worthwhile. Perhaps other factors, e.g.,
infectious disease, have a stronger influence on child
health than do weaning practices. Alternatively, a
change in practices may indirectly lead to a worsening of child health, e.g., an earlier introduction of
semi-solid foods could increase the incidence of diarrhoeal diseases.
Undertaking a study as part of a field programme
Studies of child feeding practices are more usually
undertaken by persons who are already involved in
community health or nutrition programmes than as
part of isolated research activities. There are many
advantages to this arrangement since resident
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programme staff are inclined to ensure that the
questions examined are directly relevant to their
everyday work. They are also more likely than outside researchers to be known and trusted by the local
population and to know and understand community
practices. Programme staff are also well placed to
collect data over long periods, while they are also
able to continually update information from households as an integral part of a programme's routine
activities.
Doing research in the context of health or
development programmes is not without its disadvantages, however. Staff might be tempted to discard information that is not favourable to them, and
they may find it particularly difficult to study a
random sample or to collect data from a control
group. Households omitted from a sample may be
upset at missing out, while those selected may wonder what is so interesting about them. A study that
has no apparent benefit for staff or local populations
may be resented, especially if it takes up a lot of
people's time when data have to be collected from
control groups not served by a programme. Programme staff are unlikely to let data collection take
precedence over their ordinary work.

Obtaining needed Information
Once it has been decided what questions to ask, the
next step is to work out the kinds of information
needed to answer them. A description of the weaning
patterns adopted by mothers could include: the age
at which weaning is begun and completed; types of
food given; the number of times each day children are
fed; quantity of food and nutrients consumed; cost of
foods; methods of preparation; how children are fed;
time used to prepare and feed children; extent of food
contamination; and the quality of child supervision.
Information will come from a variety of sources
although greatest emphasis will be placed on that
which is known to be reliable. Staff from communitybased programmes, who have been trained in data
collection, are often found to be the most valuable
providers of good quality information. They are
asked to help interpret the raw data produced by
large sample surveys, which may appear at first to be
more "scientific" because of the volume of numbers
they yield. At the same time, however, they can
conceal a great deal of vital detail that can only
be provided by people who know the situation.
Programme staff working in the community, and
indeed community members themselves, are thus
extremely valuable informants.

Exploring the consequences of weaning practices
After learning how children are weaned, the next step
will be to examine how particular practices affect
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their health and nutritional status. For example, do
children who are breast-fed for more than six months
gain more weight than children who are not? Does
weight gain depend on the types of food supplements
children receive or on how many times a day they are
fed? Is there any difference in the incidence of illness
among children who are or are not breast-fed? To
answer these questions it is necessary to examine
associations between weaning practices and child
health and nutritional status, which requires a range
of information including the rate of growth of individual children (defined as increases in weight or
height over time); the number of times children are ill
during a specified period and the duration of illness;
and the numbers of children in the population who
die or become disabled.
Examining Influences on the way mothers wean
their children
The weaning practices adopted by mothers are
affected by a host of influences, and one way of
analysing their effect would be to group them under
headings which correspond to various study disciplines. For example, biological influences would
include the health of the child and the mother and
the birth of a new child. Cultural influences would
include traditional values and rituals, education and
advertising. Economic influences would include a
family's ability to produce enough food, or to earn
enough money to buy it, and the demands on a
mother's time affecting her ability to prepare it for
her family.
In reality, of course, influences on weaning practices operate together, and thus it might be preferable
to group them in terms of the level at which they act.
Five levels are identified for this purpose: the
individual child, the individual mother, the motherchild unit, the household, and the community or
nation.
At the level of the child, the influences are a
direct result of bodily functions, including appetite,
alterations in nutrient availability and illness. Other
influences operate at the level of the child's mother
and include her knowledge and beliefs about her
child's nutritional needs, her experience and skills in
feeding and caring for her child, and her own health
and nutritional status. A third level considers the
family as a whole, examining weaning practices in the
context of available resources and the demands that
all family members, including economically unproductive members, make on these resources and the
impact of the views of important family members
(authority figures). A fourth level is concerned with
economic and political relationships in the community and understanding how they influence both
the resources available to the household unit and the
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Fig 1. A framework for examining the indivudual child, household and community Influences on the way mothers wean
their children.

way these resources are used. A fifth and final level
considers the nutritional problems of children from a
national and international perspective, focusing on
how relationships between countries influence infantand child-feeding patterns. All but the last level of
this framework for examining the influences on the
way mothers wean their children are set out in Fig. 1.
Evaluating the effectiveness and Impact of
programmes
There will probably be a number of programmes
operating in the community whose aim is to promote
the general social and economic welfare or provide

basic services for particular groups, for example
health care for mothers and children. These programmes need to be systematically examined and
their results assessed, and answers to the following
questions may be useful for this purpose:
e What does the programme do and what is it
trying to achieve?
e Who has access to the services provided and who
actually uses them?
e How are the services used?
* Has the programme had a positive impact on the
community's well-being?
Depending on the situation, it may be both unneces-
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sary and a waste of resources to look for evidence of
a programme's impact on the health and nutritional
status of children. For example, if the level of services
provided is low and coverage of the target population
or use of services provided is minimal, it is unlikely
that the programme will have widespread impact.
Many items of information have been identified
for use in studying child weaning, although clearly
not all are necessary at the same time. In planning a
study, if the questions for which answers will be
sought are clearly defined, it will be easier to list the
information that will be required to answer them.
As understanding of the weaning process increases,
the list of required information will be updated,
gradually leading to a reduction of the final number
of items required.

Building a model
In order to make sense of the information to be
collected about weaning, it will be necessary to
develop a model of the weaning process. The model
will be modified over time, sometimes radically, to
accommodate new information. A decision has to be
made about the model's overall structure. Thinking
about the general questions that are to be asked (part
1) can be facilitated by making use of what is already
known about the weaning process to prepare a series
WHO Bulletin OMS: Supplement Vol. 67 1989
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of possible answers to initial questions. Details can
be filled in under each of the points, which describe
the circumstances governing the adoption of various
practices, and consideration given to whether particular practices have adverse effects on the health
and nutritional status of weaning-age children. A
simple diagram might help (see Fig. 1), showing some
of the possible links between influencing factors,
practices adopted, and health or nutritional consequences for the child.
In the beginning all of the information that is
needed to answer questions will not be available;
details can be added along the way. Work should
continue on the model in an attempt to predict which
factors have greatest influence on practices adopted
and which practices are most likely to affect the
health and nutritional status of the weaning-age
child. It may then be useful to add to the model the
different kinds of health, nutrition and development
activities that are thought to influence either the
weaning practices that families adopt or the health
and nutritional status of their children.
In designing the study, it is suggested that time
should be devoted to putting the model together
on paper with the help of diagrams and drawings.
A record, too, should be kept of how the model
changes. The model will be used to help decide which
information items are required and how they will
facilitate concentration on those weaning practices
that are of greatest interest. Studies will be set up to
test these parts of the model to see if they represent
what happens in reality. The model becomes increasingly more comprehensive as more and more of the
already available information is collected. The model
in turn helps in the decision about what extra information may be needed.
Sources of Information
While deciding on the general questions to be studied
and the information that is required to answer them,
it is important to determine whether any of the
information is already available. Information may be
obtained from past surveys on nutritional status,
patterns of illness, food intakes, and death rates. If
a community has never before been studied, the
results of studies undertaken in similar environments
may be of help. Results from anthropological and
economic surveys may serve to identify various social
and economic groups. Records of rainfall, crop yields,
market prices, sales of food and agricultural inputs, and food imports and exports can be valuable
sources of information. Universities, research institutes and national, regional and international offices
of multilateral and bilateral development agencies
may also prove helpful.
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It will be worthwhile to discuss questions with
people who are knowledgeable about the community
and the problems to be studied. This includes community leaders, government officers, and managers
and staff of the research team. Health workers,
teachers, and agricultural extension agents, whose
day-to-day work brings them into close contact with
the community, may also serve as useful sources. The
poor and disadvantaged normally have limited
opportunities to put their views across, yet their
experiences can provide a wealth of important information. The success of the study may well depend on
the active interest and cooperation of the people seen
during the early stages of investigation. Similarly,
even a short period of on-the-spot observation might
prove to be more useful than lengthy library research.
The importance of a multidisciplinary approach
cannot be overemphasized. The skills and knowledge
of one discipline are bound to be insufficient to study
all aspects of a household's life-style that affect infant
and child feeding. For example, an anthropologist
might try to understand the meaning of food taboos
as an extension of the beliefs and values of the people
practising them. An economist might be valuable in
understanding the feeding choices open to households based on resource availability. A historian
might explore what happened in the past as one way
of gauging the likelihood of new ideas being accepted
today. Ideally, persons from a variety of disciplines
will work together. If this is not possible, every effort
should be made to understand and apply at least the
basic principles of the most relevant disciplines that
relate to the forces that shape people's everyday lives.
Organizing and planning a study of weaning
practices
Before starting a study, a plan of what is intended to
be done and when will have to be drawn up. This
plan will indicate what resources are needed includ-

ing personnel, supplies and equipment and how
much they are expected to cost. Once the study is
under way the plan will serve as a reminder of what
needs to be done and when. Compromise may be
necessary to keep within the allotted budget, for
example limits on the geographical area to be
covered or on the number of households to be
studied.
When planning a study it is important to consider all the different activities that are to be undertaken. Not only will a decision have to be made
whether or not to collect all the data that are needed,
but also whether it will be possible to convert these
data into meaningful information and appropriate
programme action. Merely collecting large amounts
of data too easily leads to unexpected processing
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difficulties and a belated decision to analyse only a
small portion. Results appearing after long delays are
often out of date and are therefore of minimal value
for re-programming purposes.
Even where resources are sufficient to prepare a
large-scale study, it is strongly recommended that a
small pilot study be undertaken first. However well
prepared a study may be, there are bound to be some
difficulties at each stage of its implementation. If a
modest and manageable pilot study is first prepared
to answer a number of basic questions, the chances
of obtaining meaningful results later on will be
enhanced. Some results can be obtained without
major problems and the investigator and field
workers will gain important experience. Many questions will remain unanswered but the pilot study will
suggest other matters on which more information
would be useful. A more detailed study can then be
designed to include these as well.
After completing the pilot study, the next step
will be to decide on the size and scope of the main
study. Once again, available resources may prevent
the undertaking of an "ideal" study and compromises
will have to be made. For example, it may not be
possible to undertake detailed analytical epidemiological surveys to explore relationships between individual influences and weaning practices, or between
individual practices and health or nutritional consequences for the child. By using a case-study
approach and carefully studying a small number of
households, however, it should be possible to obtain
a good idea of the conditions in which children are
being weaned and the factors that combine to influence their health and nutritional status as a result.
Case studies can sometimes yield data that are
difficult to process because of a failure to standardize
them, while the number of cases is often small. Care
has to be taken in applying the results of a case study
to an entire population, especially if certain households have been deliberately chosen for study,
because they may not be representative of the entire
population group. On the other hand, despite the
large amounts of data provided by sample surveys
that can be readily processed into tables and graphs,
in practice only limited conclusions can usually
be drawn from them. It is impossible to collect
and process data on every aspect of a household,
although general statements may be made about
influences on, or the possible consequences of, weaning practices in the population as a whole. At the
same time, it is important to avoid oversimplifying
the complexities of people's lives by trying to express
everything in numbers.
Whether it is a question of incorporating data
collection into the regular activities of a development
programme or setting up a special study, a brief but
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comprehensive study plan should be prepared. The
plan's introduction should include details about the
purpose of the study and the specific questions it sets
out to examine. The methods section should spell out
the data that are to be collected, households or
individuals from whom data are to be obtained, and
the frequency of data collection activities. A section
on personnel should list the staff required together
with desirable qualifications, short job descriptions
and training requirements. A part dealing with
administration should include anticipated transportation, accommodation, meals, computing and other
needs. The plan should include a timetable specifying
the likely scheduling of the different phases of data
collection, analysis and reporting.
The detailed design of data collection should not
be undertaken without the help of the field workers
who are responsible for collecting the data. These
workers may know the study area and may even have
done the same type of study before; if so, they will be
invaluable sources of information and advice about
questions to examine, information to obtain, and
groups to study.
Field workers require special skills when casestudy approaches are used. They will be expected not
only to collect quantitative data, but also to obtain
detailed information about attitudes and opinions
underlying behaviour. Team leaders and supervisors
capable of assuming responsibility for particular
tasks will also be required. In a study carried out in
the context of a health or development programme,
data will often be collected by the programme staff,
which may prove to be an advantage. There are other
circumstances, however, where outsiders may be able
to collect more, and more accurate, data than local
staff, for example those associated with an unpopular
institution.
The amount of time spent on training field
workers will be determined largely by the scale of
the study that is being undertaken, the size of the
team, workers' previous experience, and the range of
methods and data collection instruments to be used.
Supervisors require personal experience with the data
collection techniques that are to be used before they
can instruct others in their application. Field workers
need to be carefully trained in interview techniques
so that they can produce data that are easily manipulated while causing little inconvenience to respondents, and to reduce errors to a minimum.
Five stages may be identified in a training programme for field workers. Thefirst stage is an explanation of the purpose of the investigation. From the
start, field workers should be invited to contribute
their knowledge, ideas and experience and, in particular, to assist with the wording of the questions to
be asked. During the second stage, trainees should
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Annex 2

begin to practise data collection on their own. Roleplaying is an invaluable tool for providing participants an opportunity to interview and observe
respondents with sensitivity and care, while they
build up their confidence and skills in interviewing
techniques. The third stage of training is the supervised interview under the unobtrusive eye of the
trainer, who monitors the interaction between
worker and respondent and checks the quality of the
data obtained. The fourth stage consists of practice
interviews conducted in a number of test households,
which can be made even more valuable if recorded by
voice or, better still, video tape. The fifth, and most
important, stage of training has new field workers
teaming up with others more experienced in such
surveys in order to continue their apprenticeship and
gain the necessary confidence that only practice can
bring.
Whether for a large-scale field survey or for a
small-scale case study, proper management is required to ensure that data are collected, the work is
completed within the budgetary and time limits, and
the study causes no disturbance in the community.
Survey managers responsible for data collection will
need to manage the flow of data as well as resources
allotted for their collection. Field workers' data
collection tasks should be clearly set out and
accomplished on schedule. Data will have to be
checked on arrival for any errors and bias, and
particular attention will have to be paid to correcting
the source of any problems in cooperation with field
workers. Communication between all members of the
survey team has to be maintained, including rapid
feedback on any problems that may have occurred
and the provisional results of the survey.
Accounting systems will have to be set up to
handle cash flow. Project backers will wish to have
an accurate accounting of how their money was
spent. It will also be necessary to review whether
time, staff and materials are being used to maximum
efficiency. Studies of weaning practices require close
contact between field workers and households in the
population under study. A vital requirement, in order
to avoid misunderstandings, is an efficient system for
communicating plans, ideas and needs between the
survey team, community members, project backers
and the study manager.
It is also necessary to establish and maintain
rapport with people in the community who are not
participating in the survey, and who may be concerned about what is happening or how the survey
results will be used. Influential persons should be
consulted and the study's purpose and results
explained to them. However, an effort should be
made to communicate with all sections of the comWHO Bulletin OMS: Supplement Vol. 67 1989

munity and not just those persons in positions of
authority.
The quality of the survey also depends on the
morale and motivation of field workers. Re-training
sessions at regular intervals during the study may
help to provide both motivation and encouragement.

R6sum6
Comment htudler le processus de sevrage
Par sevrage il faut entendre le passage progressif
pour un nourrisson du lait maternel comme
aliment unique au regime alimentaire familial
habituel. L'etude du sevrage est importante A plus
d'un titre, notamment dans la planification et
1'evaluation de programmes destines A ameliorer
'etat nutritionnel des enfants.

D6finition des objectifs de I'6tude
Dans une premiere etape les questions a poser
pourraient etre les suivantes:
1. Comment dans une communaute les meres
sevrent-elles leurs enfants?
2. Dans quelle mesure les pratiques de sevrage
peuvent-elles affecter 'etat de sante et l'etat
nutritionnel des enfants?
3. Quels sont les 6lAments qui influencent la
maniere dont les mAres sevrent leurs enfants?
4. Si ces influences changent, est-ce que les
pratiques changent aussi?
5. Si les pratiques de sevrage changent, est-ce
que l'etat sanitaire et nutritionnel des enfants
s'ameliore?
6. Un programme a ete etabli avec pour objectif de
modifier la maniere dont les enfants sont
sevres. A-t-il ete efficace?
7. Est-ce que ce programme a amene des
modifications dans l'etat nutritionnel et de sante
des enfants de la communaute?
Mise en ceuvre de 1'enquete dans le cadre d'un
programme de terrain
11 y a beaucoup d'avantages a utiliser les personnels de terrain pour conduire des recherches,
aussi bien du point de vue de la pertinence que de
celui de l'acceptabilite locale. Les desavantages
resident dans le fait que certaines informations
jugees defavorables peuvent ne pas etre transmises. Le benefice de la recherche peut ne pas
etre apparent et surtout le travail quotidien peut ne
laisser que peu de place aux enquAtes.
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Cadre conceptuel pour analyser lea Influences qu'exercent l'enfant, le foyer et ia communauti sur la fa9on dont lea
mires s6vrent leurs nourrissons.

Recueillir l'information necessaire
L'etape suivante consiste a recueillir certains
types d'informations a des sources nombreuses et
diverses:
- age auquel le sevrage debute et celui auquel il
est acheve;
- types d'aliments offerts et nombre de repas par
jour;
- quantite d'aliments ingeres, coOt et methodes
de preparation;
- maniere dont les enfants sont alimentes, temps
passe a los preparer et a les nourrir;
- importance de la contamination des aliments;
- qualite de la surveillance de l'enfant.
Examen des consequences des pratiques de
sevrage
Au cours de l'etape suivante on examinera comment certaines pratiques affectent l'etat de sante
et l'etat nutritionnel des enfants. Par exemple:
apres 6 mois comment evolue le poids des enfants
qui sont toujours au sein par rapport a ceux qui ne
le sont pas? Quelle est l'importance de la morbidite
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et de la mortalite dans la population infantile objet
de l'etude?

Examen des facteurs qui d6terminent la maniere
dont les meres sevrent leurs enfants
Les influences qui interviennent sont nombreuses
et il vaudrait mieux les regrouper sous des
rubriques differentes: biologiques, culturelles,
economiques. Dans la realite les interactions sont
multiples, il est preferable de les etudier selon des
niveaux differents: 1'enfant, la mere, le couple
mere-enfant, le foyer, la communaute ou la nation.
Tous ces niveaux, a part le dernier, sont analyses
dans leur inter-relations dans le cadre deve loppe
ci-dessus (voir figure).
Dans ce cadre de recherche sur le sevrage
sont aussi consideres les points suivants:
-

-

1'e'valuation de l'efficacite et de l'impact des
programmes;
1'elaboration d'un modele;
les sources d'information;
l'organisation et la planification d'une etude du
processus de sevrage.
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ANNEX 3
Suggested further reading
Selected WHO publications (prices in US$)
Aldrin and dieldrin. Environmental Health Criteria,
No. 91. 1989 (335 pages), ISBN 92 4 154291 8, $30.60.

Contemporary patterns of breast-feeding. Report on
the WHO Collaborative Study on Breast-feeding.
1981 (211 pages), ISBN 92 4 156067 3, $21.60.
Jelliffe, D.B. & Jelliffe, E.F.P. Dietary management of
young children with diarrhoea. A practical manualfor
district programme managers. 1989 (28 pages), ISBN
92 4 154246 2, $7.20. Revised edition in preparation.
DDT and its derivatives. Environmental Health Criteria,
No. 9. 1979 (194 pages), ISBN 92 4 154069 9, $14.40.

Energy and protein requirements. Report of a Joint
FAO/WHO/UNU Expert Consultation. WHO
Technical Report Series, No. 724. 1985 (206 pages),
ISBN 92 4 120724 8, $15.30.
The growth chart. A tool for use in infant and child
health care. 1986 (33 pages), ISBN 92 4 154208 X,
$10.80.

Beghin, I., Cap, M. & Dujardin, B. A guide to
nutritional assessment. 1988 (80 pages), ISBN
92 4 154221 7, $12.60.

Guidelines for training community health workers in
nutrition. Second edition 1986 (121 pages), ISBN
92 4 154210 1, $14.40.
Having a baby in Europe. Report on a study. Public
Health in Europe, No. 26. 1985 (157 pages),
ISBN 92 890 1162 9, $11.70.
James, W.P.T. et al. Healthy nutrition. Preventing
nutrition-related diseases in Europe. 1988 (150 pages),
ISBN 92 890 1115 7, $18.00.

Iodine-deficiency disorders in South-East Asia.
SEARO Regional Health Papers, No. 10. 1985 (96
pages), ISBN 92 9022 179 8, $6.30.
7he management of diarrhoea and use of oral rehydration therapy. A Joint WHO/UNICEF Statement.
Second edition. 1985 (25 pages), ISBN
92 4 156086 X, $2.70.

WHO Bulletin OMS: Supplement Vol. 67 1989

Maternal care for the reduction of perinatal and neonatal mortality. A Joint WHO/UNICEF Statement.
1986 (22 pages), ISBN 92 4 156099 1, $2.70.

Measuring change in nutritional status. Guidelinesfor
assessing the nutritional impact of supplementaryfeeding programmes for vulnerable groups. 1983 (101
pages), 92 4 154166 0, $12.60.
Minor and trace elements in breast milk. Report of a
Joint WHO/IAEA Collaborative Study. 1989 (171
pages), ISBN 92 4 156121 1, $27.00.
Nutrition learning packages. Joint WHO/UNICEF
Nutrition Support Programme. 1989 (170 pages),
ISBN 92 4 154 251 9, $27.00.

Gopalan, C. Nutrition-problems and programmes in
South-East Asia. SEARO Regional Health Papers,
No. 15. 1987 (174 pages), ISBN 92 9022 184 4,
$15.30.

Mason, J.B. et al. Nutritional surveillance. 1984 (194
pages), ISBN 92 4 156078 9, $20.70.
Prenatal and perinatal infections. EURO Reports and
Studies, No. 93. 1985 (147 pages), ISBN
92 890 1259 5, $10.80.

DeMaeyer, E. et al. Preventing and controlling iron
deficiency anaemia through primary health care. A
guide for health administrators and programme managers. 1989 (58 pages), ISBN 92 4 154249 7, $9.90

Prevention in childhood and youth of adult cardiovascular diseases. Time for action. Report of a WHO
Expert Committee. WHO Technical Report Series
No. 792, 1990 (105 pages), ISBN 92 4 120792 2,
$10.80.

Protecting, promoting and supporting breast-feeding.
The special role of maternity services. A Joint WHO/
UNICEF Statement. 1989 (32 pages), ISBN
924 156130 0, $5.40.
The quantity and quality of breast milk. Report on the
WHO Collaborative Study on Breast-feeding. 1985
(148 pages), ISBN 92 4 154201 2, $15.30.
Selenium. Environmental Health Criteria, No. 58.
1987 (306 pages), ISBN 92 4 154258 6, $21.60.
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Treatment and prevention of acute diarrhoea. Practical
guidelines. Second edition. 1989 (54 pages), ISBN
92 4 154243 8, $9.90.

Howell, R.R., Morriss, F.H. & Pickering, L.K.
Human milk in infant nutrition and health. Springfield:
C.C. Thomas, 1986.

Vitamin A supplements. A guide to their use in
the treatment and prevention of vitamin A deficiency
and xerophthalmia. 1988 (24 pages), ISBN
92 4 154236 5, $7.20.

Jelliffe, D.B. & Jelliffe, E.F.P. Human milk in the
modern world. Oxford: Oxford University Press, 1978
(revised edition in preparation).

Weaning-from breast milk tofamilyfood. A guidefor
health and community workers. 1988 (36 pages), ISBN
92 4 154237 3, $8.10.
Further information on these and other WHO
publications can be obtained from Distribution and
Sales, World Health Organization, 1211 Geneva 27,
Switzerland.
Other pubikations
Lawrence, R.A. Breast-feeding: A guide for the

medical profession. Saint Louis: C.V. Mosby Co. 1989.

Williams, A.F. & Baum, J.D. Human milk banking.
New York: Raven Press, 1984.
Hanson L. The immunology of the neonate. Berlin:
Springer Verlag, 1988.
Tsang, R.C. & Nichols, B.L. Nutrition during infancy.
Saint Louis: C.V. Mosby Co., 1988.

Jelliffe, D.B. & Jelliffe, E.F.P. Programmes to promote
breast-feeding. Oxford: Oxford University Press,
1988.

Chandra, R.K. (ed.). Trace elements in the nutrition of
children. New York: Raven Press, 1985.

Renfrew, M.J., Fisher, C. & Arms, S. Bestfeeding:
getting breastfeeding right for you. Berkeley, California: Celestial Arts" 1990.

Minchin, M.K. Breastfeeding matters: what we need to
know about infantfeeding. Melbourne: Alma Publications, 1989.

Information and resources materials
American Public Health Association, 1015 Fifteenth
Street, N.W., Washington, DC 20005, USA.

Chalmers, I., Enkin, M.W., Kierse, M.J.N.C. (ed.).
Effective care in pregnancy and childbirth. Chapters
21, 80, 81 & 89. Oxford: Oxford University Press,
1989.

Appropriate Health Resources and Technology
Action Group (AHRTAG), 1 London Bridge Street,
London SEI 9SG, England.

Francis, D.E.M. Diets for sick children. Oxford:
Blackwell Scientific Publications, 1987.

Center for Breast-feeding Information, La Leche
League International, 9616 Minneapolis Avenue,
Franklin Park, Illinois 60131, USA.

Bennett P.N. & the WHO Working Group. Drugs
and human lactation. Amsterdam: Elsevier, 1988.

Jensen, R.G. & Neville, M.C. Human lactation: milk
components and methodologies. New York: Plenum
Press, 1985.
Hamosh, M. & Goldman, A. (ed.) Human lactation 2:
maternal and environmental factors. New York:
Plenum Press, 1986.

Goldman, A.S., Atkinson, S.A. & Hanson, L.A. (ed.).
Human lactation 3: effects on the recipient infant. New
York: Plenum Press, 1987.
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Lactation Resource Centre, Nursing Mothers
Association of Australia, P.O. Box 231, Nunawading
3131, Victoria, Australia.
Midwives Information and Resource Service, Institute of Child Health, Royal Hospital for Sick Children, Saint Michael's Hill, Bristol BS2 8BJ, England.

Oxford Database of Perinatal Trials, National Perinatal Epidemiology Unit, Radcliffe Infirmary,
Oxford, England.
TALC (Teaching Aids at Low Cost), P.O. Box 49,
Saint Albanis, Herts. ALl 4AX, England.
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