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PROTEIN MALNUTRITION AND INFECTION:

NEVIN S. SCRIMSHAW

Institute of Nutrition of Central America and Panama (INCAP), Guatemala, C. A.

BOTH PROTEIN MALNUTRITION and acute and
chronic infection are recognized to be serious and
widely-prevalent health hazards, particularly
in tropical and technically underdeveloped
areas of the world. The extent to which each may
contribute to the severity of the other receives
too little attention, however, in the thinking of
specialists in both human nutrition and in-
fectious disease control.

In laboratory animals, protein deficiency in-
duced by plasmapheresis combined with a low
protein diet (1-5) or by dietary depletion alone,
as discussed later in this paper, has been con-
sistently shown to influence the course of both
experimental and natural infections. Never-
theless, nutritionists in the United States and
Europe have been reluctant to extrapolate these
results to man because they find it difficult to
conceive of comparably severe deficiencies
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occurring in human populations and because
experiments with milder degrees of malnutrition
in human subjects have frequently yielded
inconclusive results. The striking experimental
demonstrations that specific nutrient defi-
ciencies may limit the spread of a virus in an
animal host have also received undue emphasis,
since quite the opposite is true for most other
types of infections. Furthermore, secondary
bacterial infections are likely to be the final
cause of death in most viral diseases which end
fatally.

Another major reason why so little attention is
currently paid to the relationship between nu-
trition and infection is the failure to recognize
the importance of wvarious infections in pre-
cipitating acute clinical malnutrition. The 1955
New York Academy of Science symposium (6)
discussed the topic ‘“Nutrition and Infection”
almost without mentioning the adverse effect
of infection on nutritional status, yet the latter is
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of major importance in the epidemiology of a
number of clinical deficiency diseases commonly
seen In technically underdeveloped areas, in-
cluding kwashiorkor (7, 8) and keratomalacia
(9).

The extensive studies which have been made
of kwashiorkor in children in the last decade
have contributed greatly to our knowledge of
human protein malnutrition. While deficiencies
of calories and other nutrients may complicate
the clinical and laboratory findings in this
syndrome, there is no doubt that the edema,
changes in color and texture of the hair, pel-
lagroid lesions of the skin, apathy and anorexia
as well as the marked lowering of serum proteins
and various blood and tissue enzyme activities
are largely a direct consequence of protein
deficiency. These signs and symptoms respond
initially to treatment with skim milk, vitamin-
free casein hydrolyzates and even a suitable
mixture of synthetic amino aecids (10, 11) al-
though eventually secondary vitamin defi-
ciencies become limiting and interfere with
further recovery.

It is important to remember that cases of frank
kwashiorkor merely reflect the prevalence of
underlying protein malnutrition in a large
proportion of the child population in the post-
weaning and pre-school years. In graphic terms
the occurrence of kwashiorkor is like the pro-
truding tip of an underseas mountain whose
vast bulk of protein deficiency lies beneath
the surface. Since kwashiorkor is known to occur
in over 60 countries or territories and since a
varicty of infections are also a serious problem
in these same localities, the relationship be-
tween protein malnutrition and infection has
great importance for large areas of the world.
Furthermore, research studies of kwashiorkor
represent a particularly good opportunity to
determine the nature and importance of these
relationships.

Children developing kwashiorkor are not
necessarily those receiving the poorest basic
diet, but more often ones in whom some added
stress has served to aggravate the underlying
protein malnutrition common in the child
population. There 1is strong epidemiological
evidence to suggest that infection constitutes
the most common precipitating stress factor.
At the same time a large number of these chil-
dren die as the consequence of an acute infection
which would not ordinarily he fatal to a well-
nourished child.
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In Guatemala, for example, the age specific
mortality rate among children 1-4 years of age
is more than 40 times that for the United States.
INCAP field studies have indicated that most
of the difference is about equally accounted for
by kwashiorkor, infectious diarrhea, and systemic
infections (12). The latter are not virulent tropi-
cal diseases but the infections common to
children everywhere—measles, pertussis, chicken-
pox, and respiratory diseases which in the
United States would cause few deaths even if
untreated.

The interaction of infection and malnutrition
to produce more severe or prolonged disease
than would result from either alone may be
spoken of as synergism. The opposite type of
relationship, antagonism, is confined largely,
but not entirely, to specific vitamin deficiencies
which in animal experiments hinder the growth
of certain pathogenic viruses. In best-known
examples of synergism, as used in this sense,
malnutrition most probably decreases resistance
(increases susceptibility) to an infection by
interfering with the mechanisms of acquired
rather than natural resistance. Evidence of the
widespread occurrence of synergism in the re-
lationship between malnutrition and bacterial,
rickettsial, protozoan, and helminth infections
as well as the predominance of antagonism in
the effect of nutritional deficiency on viral
multiplication has been recently reviewed in
considerable detail (13). After examining the
evidence for the occurrence of synergism be-
tween protein malnutrition and a variety of
infections and considering some of the mech-
anisms involved, the authors conclude that far
more clinical attention should be paid to the
interrelationship between malnutrition and
infection. They also emphasize that studies
need to be continued in order to determine the
mechanisms involved and their relative im-
portance. This knowledge is needed for the as-
signment of due importance to nutritional and
other control measures within public health
programs in those tropical and subtropical areas
in which both malnutrition and infection are
serious problems.

EFFECT OF MALNUTRITION ON INFECTION

The studies demonstrating the effect of protein
malnutrition on infection vary greatly in the
quality of experimental design and the reli-
ability of their conclusions (13), but leave no
doubt that severe protein deficiency has a pro-
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nounced effect on many infections in experi-
mental animals. For example, protein deficiency
in the mouse was synergistic with infection by
Salmonella (14-17), Pneumococcus (18), Staphylo-
coccus, M ycobactervum fortuttum and tuberculosis
(19, 20). Pneumococcus in the rabbit is similarly
affected (21). In the rat, protein depletion has
been shown to increase the severity of infection
by Pneumococcus (22), S. typhimurium, Coryne-
bactertum (23), Borrelia (24) and /. tuberculosis
(25). Work with infections of Salmonella (26)
and /. tuberculosis in rats (27, 28) appear to
contradict these findings but the extent of the
infections was light and the conditions of these
studies did not produce as severe a deficiency as
in the other experiments cited. Using diets low
in casein and inducing tuberculosis artificially
by inhalation, Ratcliffe reported antagonism
in the rat (29) and synergism in the guinea pig
(30); Rateliffe and Merrick found synergism
in the hamster (31). In the mouse studies of
Sengupta (32) and in the human studies of
Marche and Gounelle (33), a deficiency of animal
protein was synergistic with infection due to
M. tuberculosis. In the only experimental study
involving a Rickettsial infection, protein mal-
nutrition proved synergistic with murine typhus
in the rat (34).

Nutritional deficiency is much less likely to
be synergistic with viral infections and is often
antagonistic (13). Protein deficiency appears
to have no cffect on Theiler virus in the mature
mouse (35, 36) nor on swine influenza in the
immature mouse (37). In the mature mouse
protein deficiency was initially antagonistic to
swine influenza virus, but after two weeks no
effect could be detected. Lysine deficiency per se
does not appear to influence poliomyelitis in the
mouse (38) nor does tryptophan depletion have
much effect on the spread of Theiler virus in
this animal (36).

It is easier to record the studies of the effect
of protein malnutrition on infection than to
explain the results. Numerous studies with dogs
(4, 5), rabhits (3, 39), rats (1, 2) and mice ({40)
indicate clearly that under the conditions of
severe protein deficiency, antibody formation
may be adversely affected. Wohl, Reinhold and
Rose (41) demonstrated that patients with
disturbance of protein metabolism sufficient to
cause low serum albumin show an appreciable
impairment of antibody response to typhoid
vaccine. Some other attempts to demonstrate
this in man (42-45) have failed, presumably
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due to the relatively mild protein malnutrition
in the subjects studied. Of course, resistance to a
given disease does not depend exclusively on
the anamnestic response. For example, Zucker
and co-workers (46) found no relationship
between the decreased ability of rats to form
agglutinins to a vaccine prepared from killed
culture of Corynebactertum kutscheri and their
resistance to the live organism. The conclusion
from the studies of malnutrition and antibody
formations in man is not that he differs from other
animals in this respect but that sufficiently
severe protein deficiencies in man are not readily
produced by feeding deficient diets to well-
nourished individuals for relatively short periods
of time, nor even by the type of depletion
usually associated with chronic disease.

Another mechanism of possible importance
in the synergism of malnutrition and infection
is the effect of nutritional deficiency on phago-
cytic activity. Guggenheim and Buechler (14,
47) conclude from their work with rats that
low protein diets ‘invariably’ interfere with
leucocyte production. It is of particular signifi-
cance that in these studies peanut protein pro-
moted greater leucocyte regeneration than
would be predicted from its effect on growth.
This suggests once more that amino acid re-
quircments for different body functions may
differ somewhat and that a single reference
protein of standard amino acid composition
i1s not likely to be equally good for growth and
for antibody formation.

Other possible mechanisms involved are dis-
cussed in the review previously mentioned (13).
They include direct effect on tissue integrity,
interference with non-specific protective sub-
stances, non-specific destruction of bacterial
toxins, alterations of intestinal flora and changes
in the endoecrine balance of the host. Children
with kwashiorkor provide an unusual oppor-
tunity to study the effect of severe protein de-
pletion in man on antibody formation, leucocyte
activity, and the various other functions sug-
gested by observations in experimental animals
to be of importance in the interrelation of mal-
nutrition and infection.

EFFECT OF INFECTION ON PROTEIN MALNUTRITION

Diarrheal and other infections are exceedingly
common among young children in technically
underdeveloped areas. A child developing
kwashiorkor usually has a history of an infec-
tion some wecks before the actual onset of the
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edema, skin lesions and other clinical signs of
the syndrome (48, 49). Furthermore, the ma-
jority of young children in areas in which
kwashiorkor is common are suffering from a
degree of protein deficiency sufficient to inter-
fere with growth and development and often
to produce changes in the color and character of
the hair. It has been assumed that diarrhea of
infectious origin frequently serves as a pre-
cipitating stress by interfering with the absorp-
tion of protein and thus is a major factor in the
epidemiology of kwashiorkor. The effect of
diarrheal infections on absorption, however,
may be only a small and incidental part of the
mechanism involved. Careful metabolic studies
have shown that diarrhea per se does not always
interfere appreciably with absorption (50).
Furthermore, a variety of other infections not
generally associated with diarrhea have been
shown to have a pronounced effect on nitrogen
excretion. These include erisipelas (51), men-
ingitis (52), malaria (53), pneumonia, pyelo-
nephritis, paratyphoid (54), typhoid (55, 56)
and tuberculosis (56, 57).

When any of these infections are present,
nitrogen excretion in the urine is invariably
increased. Even if fever is present, the magni-
tude of the influence of nitrogen equilibrium is
much greater than could be accounted for by
the increase in basal metabolic rate associated
with the elevation in temperature (58). It
appears that the adverse influcnee of infection on
nitrogen balance is due to actual cellular break-
down or interference with cellular metabolism
rather than to either increased utilization or
decreased absorption of protein.

Epidemics of kwashiorkor 6-8 wk. after an
outbreak of measles have been noted on scveral
occasions (59 and INCAP unpublished data).
The degree of cellular damage would presumably
be far more widely disseminated in the body
in viral infections than in those of bacterial
origin. The isolation by Ramos-Alvarcz and
Sabin (60) of a virus in 409, of children with
diarrhea in Cincinnati and our failure in Central
America to find a bacterial pathogen in more
than 109, of diarrheas in children (59) suggests
that viruses may be the most important factor
in infectious diarrheas, although direct proof is
still lacking.

Infection also contributes indirectly to ag-
gravation of the protein deficiency in mal-
nourished children. The mother, and some-
times the physician, will often withdraw from
the diet of the child what few solid foods he
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may be getting and place him on a diet of thin
cereal or corn starch gruel. The mother may also
interpret the diarrhea as due to ‘worms’ and give
the child a strong purgative. In fact, one of the
important factors to consider in evaluating the
effect of infection on nutrition in field studies, is
the tendency of the parent to change the diet
for the worse in the presence of infection.

The adverse effect of infection on nutritional
status is of course not confined to children, but
it is most frequently in the pre-school children
that previous protein nutrition is so poor and
protein reserves so inadequate that the effect is
clinically detectable. Certainly some of the
consequences of the multiple acute and chronic
infections common among people living under
unhygienic conditions are a result of their
effect on malnutrition rather than the direct
effect of the pathogen itself. It is important to
bring diarrhea and other diseases under control
as promptly as possible because of their effect on
nutrition, quite apart from any toxic effects
of the disease itself.

SUMMARY

There are many studies which demonstrate
that severe protein deficiency may have a pro-
nounced effect on the severity of infections in
experimental animals. Nevertheless, the few
studies conducted on human subjects have not
succeeded in giving convincing evidence on this
point, probably because they have not dealt
with a sufficiency severe protein deficiency.
There is considerable epidemiologic evidence,
however, that infections in man aggravate
protein malnutrition through their unfavorable
influence on nitrogen balance. They also have
an indirect effect since they diminish appetite
and also frequently cause the parent or even
the physician to reduce both the quantity and
quality of the diet. There is a dynamic inter-
action between nutrition and infection which
1s of special importance to tropical and tech-
nically underdeveloped areas of the world where
both protein malnutrition and infections are
prevalent. To a considerable degree, success
in improving health in such areas requires that
attention be given to both the control of in-
fections and the improvement of nutrition.
Research studies of children with kwashiorkor
offer a particularly good opportunity to de-
termine the nature and importance of the
relationship between infection and protein
malnutrition in man.
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