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
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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
WHO Bulletin OMS: Supplement Vol. 67 1989

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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