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There are three major areas of evi-
dence related to the effect of malnutri-
tion on infection. The first is informa-
tion on the effect of nutrition on
immunologic response; the second is that
provided by clinica! and field studies of
the incidence or duration of the most
frequent infecticns in groups of chil-
dren with different levels of nutritional
status; and the third is evidence de-
rived from studics of food supplemen-
tation.

NUTRITION AND
IMMUNOLOGIC RESPONSE

There is ciirrently ample evidence to
show conclusively that severe malnu-
triticn affects an individual's immuno-
loyic response.'s However, not all com-
pouents of the immunologie system are
equally affected. Of all components, the
ceifular immunologic response is the one
most markedly altered. The ways some
components of the cellular system are
routinely affected are as follows: atro-
phy of the lymphatic tissue, especially
the thymus (the organ involved in T
lymphocyte maturation), reduced num-
ber and proportion of T Iymphocytes
(responsible fur cellular immunity), de-
pressed transformation of active lym-
phocytes to lymphoblasts (the fune-
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This article critically reviews evidence about the etfects of malnutrition on infection.
Unequlivocal evidence shows that the cellular rnriune respanse Is recduced In severe
malnutrition. There Is also evidence suggesting a diminished ceilular inmune re-
sponse In moderale malnutrition, particularly In wasted children. Studies about the
Incidence, duration, and severity of ilinesses In maoderately malnourishad children
Indicate that malnutrition Increases the duration of Infections (espccially ciarrhea),
although pr'obably not their incldence. General cenclusicns are presented. (Cun HuTr
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tional cells responsible for cellular
immunologic response), reduction in the
delayed hypersensitivity reaction (a test
widely used to measure in vivo cellular
immunologic response), and a larger
percentage of children with lympho-
penia than in well-nourished groups of
children.

In most studies it is not
very clear if the cellular
immune deficiency is due
to malnutrition, infection,
or an interaction between
the two.

Some deficiencies in cellular immune
response function in malnourished chil-
dren disappear as a result of nutritional
rchabilitation,* a fact that strengthens
the hypothesis that malnutrition affects
immune function. Unfortunately, there
are fow studies that adequately control
for the effeet of infection. It is known
that infection causes depression of some
indicators of the cellular immune re-
sponse. It is also known that infection
is associated with malnutrition; there-
fore, in most studies it is not very clear
if the cellulur immune deficieney is due
to malnutrition, infection, or an inter-

action between the two. However, some
studies that kave contrelled for the ef-
fect of infection suggest that severe
malnutrition affects dejression of cel-
lular immuuolesic response independ-
ently of infuction.s

Other components of the immuno-
logic system are affected by scvere
malnutrition, although to a lesser de-
gree; among these are the complement
system* 7 and bactericidal activity.®

The humora! response is less altered
in severe malnutrition, although a de-
crease in the antibody responsze to tet-
anus toxin and to Salmunella tiphi has
been found.? Finailly, there arc de-
creased levels of secretory IgA insaliva
and tears, the respiratory traci, and
the mucosa of the jejunum.'

Severe malnutrition affects only a
small percentage of preschool children
in Third World countrics. However,
moderate malnutrition, diagnosed by
anthropometric measurements, affocts
a high percentage of children in those
countries — a fact that lends impar-
tance to its study.

There are about a dozen studies of
the effect of moederate malnutrition on
different components of the immuno-
logic system in children. Most of these
stwlies have found that the cellular ini-
mune response is depressed. Amory; the
cellular response components that are
affected are the transformation of ac-
tive lymphocytes to lymphoblasts,™ " the
proportion of T lymphoeytes in the pe-
ripheral blood, ™ ¥ and, in most cazes,
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delayed type sensitivity tests,nn.iss
Seme of the studies uzed the tuberculin
test in children previously vacecinated
with baciile Calinette-Guérin (BCG).
Levels were found to be depressed in
the studies in which BCG was injected
intradermally within a short period (4
to € wecks) after the child's contact with
specific antigens. It is very possible that
in this short period, the response to the
test is not influenced by such factors as
differential exposure to the antigen,
which would make it invalid. Further-
more, it is probable that the effect of
malnutrition consists of increasing the
period necessary between the initial
contact with the antigen and the im-
runologic response. Another factor that
appears to influence the results of de-
layed hyperscnsitivity is the dose ap-
plied via intradermal injection. Differ-
ences between malnourished and
healthy children are more frequently
found when low dosages are used. This
suggests that the intensity of the re-
spense may be decreased in moderate
malnutrition.

Unfortunately, most studies of mod-
erate malnutrition have not controlled
for the effect of infection, either. The
ones that have controlled for the effects
of infection and other factors such as
socioeconomic level found that the as-

sociation between the transformation
of lymphocytes to lyinphoblasts and nu-
tritional status was no longer signifi-
cant,'s but that the association between
nutritional status and both the per-
centage of T lymphocytes and delayed
hypersensitivity continued to be sig-
nificant.’ This sugyrests that moderate
malnutrition affects some components
of the cellular immune response inde-
pendently of infection.

Some other compenents of the im-
munologic system, such as the comple-
ment system, phagocyte function,' and
the levels of secretory IgA in tears were
found to be depressed in children with
moderate malnutrition,'s

Only cne of the studies of humoral
response found reduced serum IgA lev-
els in children with moderate malnu-
trition.s

Finally, the cellular immune re-
sponse (measured by the percentage of
T lymphocytes and delayed hypersen-
sitivity) was found to be associated with
indicators of wasting (percent weight-
for-height and arm circumference) and
not with incicators of stunting (percent
height-for-ayre) (Table I).1 17

In summary, the evidence showing
that the cellular immune response is re-
duced in severe muilnutrition is une-
quivocal. There are also strong indi-
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cations of a diminished cellulur immune
response in moderate malnutrition, al-
though some results are contradictory.
It appears that the decrecase in cellular
response is principally related to wast-
ing and not to stunting. However, as
McMurray et al.' have stated, the fune-
tional significance of these findings is
not known; they add that no one has
measured the minimum cellular re-
sponse activity to prevent illness, Until
this problem is resolved, the study of
the effect of malnutrition on immuno-
logric response does not provide enough
information to understand the effect
that malnutrition ultimately has on the
incidence, duration, and severity of in-
fections, which is what we need to un-
derstand.

The evidence showing that
the cellular immune
response is reduced in
severe malnutrition is
unequivocal.

FREQUENCY AND
DURATION OF ILLNESSES IN
CHILDREN WITH MODERATE
MALNUTRITION

There are two types of information
available that can help elucidate the ei-
fect of mederate malnutrition on the in-
cidence and duration of illnesses. The
first is that provided by studies of the
case fatality rates of various common
childhood infections. The second type
of information is derived from studies
of frequency and duration of infections
in children classified according to nu-
tritional status.

Casc Fatality Rates

Measles is almost always innocuous
in children from well-to-Jo socictics. For
example, the case fatality rate was
about 0.17% in the United States at the
end of the 1900s."” On the other hand,
case futality rates of 3.79% to 15% have
been reported for vavious Third World
countries.®* There may be many ex-
planations for this phenomenon, In de-
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veloped countries, measles strikes chil-
dren at older ages when they first go
to school, whereas measles oceurs much
earlier in developing countrics. This is
significant beeause death due to mea-
sles is inversely associated with age,
being greatest for very young children.
Furtherniore, in Third World countries
measles is frequently complicated by
other secondary infections that in-
crcase the risk of death. Finally, it has
been suggested that poor nutritional
.status in children from developing
countries increases case fatality rates.
It has been observed that the pres-
ence of kwashiorkor notably increases
the fatality rates for measles, ' and that
measles complications are more fre-
quent in malnourished children.® = On
the other hand, some studies have not
found an association between death due
to measles and nutritional status.=
High fatality rates for some other
discases, such as chickenpox™ and diar-
rhea,™ have also been reported for mal-
nourizhed children.

Nutritional Status and the
Incidence and Duration of
Infections

Hospital studies of children infected
with Vibrio cholerae in Banglaldesh
found that the duration of diarrhea was
greater in malnourished than in well-
rourished children. Nutritional status
was determined by percent weight-for-
age™» and percent weight-for-height®
calculations.

Most of the evidence on nutritional
status and subsequent incidence and
duration of infections is found in epi-
demiologic field studies.

Delgado et al.® studied indigenous
Guatemalan chilidren and found that in-
dicators of both acute malnutrition
(percent weight-for-height =735) and
chronic malnutrition (percent height-
for-age =90) were good predictors of
thc incidence and duration of simple
diarrhea, as well as dizurhea with blood
or mucus. Morbidity was monitored for
3 months subsequent to the anthropo-
metric assessment,

James™ carried out a 1-year study re-
lating the association of the incidence
and duration of diarrhea and upper res-
piratory tract infections to the weight-
for-age value at the beginning of the
study period. The incidenee of diarrhea
was greater in malnourished children

(<75% weight-for-age) than in children
with a higher weight-for-age value, but
this relationship was observed only in
children 3 years of age or older. There
were no significant associations found
with the incidence of respiratory infec-
tions. However, the duration of both
diarrheal episodes and respiratory in-
fections was greater in malnourished
children, especially in children older
than 1 year. The number of diarrheal
episodes accompanied by high fever and
blood was significantly higher in mal-
nourished children, as was the number
of cases of complication by respiratory
infections. Finally, the rates of hospi-
talization and death for the malnour-
ished children were higher than those
for the well-nourished ones.

In a similar study by Tomkins* in
Nigeria, in which the observation pe-
riod was 3 months and in which not only
weight-for-age but also weight-for-
height and height-for-age values were
calculated, it was found that the inci-
dence of diarrhea was related only to
wasting (weight-for-height). However,
the percentage of time that the child
was ill with diarrhea was significantly
related to all three indicators. The
highest association was with weight-for-
height, an indicator of wasting.

Trowbridge et al.* found that the
percent weight-for-age value, as well as
those for height-for-age and weight-for-
height, were all associated with the
percentage of time that children suf-
fered from diarrhea during the year
after the anthropometric assessment.

In Bangladesh, Chen et al.* studied

the predictive value of various anthro-

ponetric indicators of nutritional sta-
tus on the incidence of diarrhea (during
1 year after anthropometric studies
were performed) and on hospitalization
for diarrhea (during 2 years after an-
thropomcetric evaluation). No signifi-
cant association was found between any
of the anthropometric indicators and the
incidence of diarrhea or hospitalization,
It should be pointed out that the du-
ration and severity of the episodes were
not taken into account.

Black et al.* studied the association
between various anthropometric indi-
cators and the incidence and duration
of diarrhea for periods of 2 months after
anthropometric assessment in children
2 to 48 months of age in Bangladesh.
They found that the incidence of diar-
rhea in chilidren <2 years old was in-
dependent of level of nutritional status;
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on the other hand, the duration of diar-
rhea increased as nutritional status
worsened. In children >2 years old,
there was no difference in either the
incidence or the duration of diarrhea in
comparisons of malnourished and
healthy children. Si:nilar results were
obtained when the incidence and du-
ration of diarrhea specifically due to
Escherichia coli and Shigella was in-
vestigated. When the children were
classified according to level of stunting
(percent height-for-age) or level of
wasting (percent weight-for-height), it
was found that wasted children had a
longer duration of diwerhea than stunted
children.

The weight-for-height
value, which is a measure
of current nutritional
status, szeams to be a
better predictor of future
infection than height-for-
age, a mezasure of long-
term nutritional status.

It is important to point out that these
studies are not conclusive, because
higher prevalences of diarrhea in mal-
nourished children can be explained by
their greater exposure to pathogenic
microorganisms, which are more com-
mon in low socineconomic levels, where
sanitary conditions are deficient. But
there is no reason to expect differences
in the duration of dizurhea as a result
of greater exposure to pathogenic or-
ganisms. There may be, however, other
factors distorting this association that
have not yet been taken into account.

Another potential problem is that the
period of observation during which in-
fections were monitored varied in the
different studies. It is probable that the
effect of malnutrition on the risk of in-
fection decreases over time; if so, the
studies for periods of 1 and 2 years
would be inappropriate. Also, the stud-
ies have uniformly ignored changes in
nutritional status subsequent to the in-
itinl anthropometric assessment, even
when the period of follow-up has been
as long as 2 years,

Finally, although there are diserep-
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ancies, the weight-for-height value,
which is 2 measure of current nutri-
tional status, seems to be a better pre-
dictor of future infection than height-
for-age, a measure of long-term nutri-
tional status.

NUTRITION INTERVENTION
STUDIES

The last important line of evidence
uscful in determining if nutritional sta-
tus affects infection is provided by nu-
trition intervention studies.

Most such studies have had a positive
effect on nutritional status and have
been asseciated with deereased infant
and preschool mortality rates. How-
ever, results about the effects on the
incidence and duration of infeetions have
been contradictory.

Wray™ observed a reduction in the
incidence of infections in children who
reccived supplements in Colombia.
Chavez and Martinez™ also found a re-
duction in the incidence of infections in
children who received supplements, but

the principal ¢ifect was in the duration
of infections in children =6 months old
in Mexico.

Serimshaw et al.® found lower mea-
sles fatality rates in Guatemalan chil-
dren who received supplementary foods
as compared with a control group. This
suggests that the severity of infections
is greater in malnourished children.
However, Kielman et al.# in India and
Barba et al.** in the Philippines found
no differences in the duration of infec-
tions between groups that did and did
not receive supplements.

Thus, the studies of the effect of nu-
tritional supplementation on infection
have yiclded contradictory results.

Taking all of the studies together,
there can be no doubt that there is
strong evidence for the notion that mal-
nutrition increases the duration of in-
fections (especially diarrhea), although
probably not their incidence. The du-
ration of infections is probally related
to severity, which would explain the
high fatality rates for some common
childhood discases among malnour-
ished children.

Clinsoal Nairseon

The longer duration of diacrhea may
be due to defeets in the immune re-
sponse of malnourished children, in
particular to inadequate levels of se-
cretory IgA in the digestive tract and
probably to deficiencies in cellular im-
mune response. There are, however,
other possibilities. It is known that ep-
ithelial cell exchange in the intestine
decreases in severe malnutrition. The
recuperation of intestinal mucosa dur-
ing infeetion is probably slower in mal-
nourished children, and this may in-
crease susceptibility to infection or
recovery time. Another hypothesis is
that malnourizshed children prebably
have a higher frequency of lactose in-
tolerance. This condition has been as-
sociated with prolenged diswrhea after
acute episodes.

CONCLUSIONS

The main ideas are summarized in
Fig. 1, which shows the possible inter-
actions between malnutrition and in-
fection and identifies key factors that
influence malnutrition and infection.

The principal conclusions are as fol-
lows:

1. Instudies carried out in poor chil-
dren from developing countries,
associations between infection and
growth retardation have been
consistently reported.

2. There is abundant clinieal evi-
dence documenting reduced
growth rates and, in some cases,
the appearance of clinical signs of
malnutrition, after episedes of in-
fections, particularly diarrheal
discases and measles. Further-
more, there is epidemiologic evi-
dence of a relationship between
growth deceleration and epizodes
of dimrheal diseases. Finally, itis
k»own that various infections
cause decereased food intake and
nutrient absorption, as well as
metabolic changes that increase
nutritional requirements. This is
consistent with clinical and epi-
demiologric evidence. The data, as
a whole, indicate that some dis-
cases, especially diarrhea, cause
a deterioration in nutritional sta-
tus.

3. Severe and moderate malnutri-
tion have been found to be asso-
ciated with decreased cellular im-
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mune responses, reductiors in
secretory IgA levels, and defects
in scme components of the com-
piement system. However, the
functional significance of these im-
munologic alterations is not
known.

4. There is evidence that fatality

rates are greater for some infec-
tions in malnaurished children as
comparcd with well-nourished
ones; however, the evidence is not
conclusive.

5. Various studies have reported re-

sults about the incidence or du-
ration of infections subsequent to
the diagnosis and classification of
nutritional status, based on an-
thropometric measurements. The
studies of incidence have yielded
contradictory results. Some sug-
gest that moderate malnutrition
does not predispose children to a
higher incidence of infections. On
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the other hand, studies of the du-
ration of infections have been more
consistent in indicating that mal-
nourished children seem to have
infections of longer durations.
Among other causes, this may be
due to a dep:ession of the immu-
nologic system or to a deficiency
in recuperation of the intestinal
mucosa during diarrheal infec-
tions.
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