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The quantitative effect of infection on the
use of food by young children in poor
countries' 2
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ABSTRACT A framework based on a consistent and explicit set of assumptions is developed
for evaluating the effect of infection on the intake and efficiency of use of food by children under
5 years old in poor countries. A variety of data is used to obtain quantitative estimates of catabolic
losses, clinical and subclinical absorbtive losses, changes in food intake patterns, and losses due to
high infant and childhood mortality. Although additional data are required before these estimates
can be considered reliable, it appears that about 9% of the food available to a cohort of children
under 5 years old in Bangladesh is not used for maintenance, growth, or activity of those children
who survive to their 5th birthday. The amount of food that is not used effectively may be reduced
to about 3% in a (hypothetical) situation where all sources of infection are eliminated but other
conditions remain unchanged. The estimates suggest that the most important factors contributing
to this inefficiency are reduced intake through food withdrawal and anorexia, and high mortality
in young childhood. The potential nutritional effects of various public health programs are

tentatively assessed.  Am. J. Clin. Nutr. 32: 648-676, 1979.

While much has been written on the im-
portance of the interaction of infection and
nutrition, a satisfactory basis for the design
of integrated health and nutrition programs
has not yet been established. In this paper,
we develop a framework for evaluating the
effect of infection on the intake and efficiency
of use of food by children under 5 years old
in poor countries. A variety of sources is used
to obtain quantitative estimates of this effect
and to suggest critical deficiencies in available
information. It is our hope that this analysis
will contribute to an understanding of the

.nutritional effects of public health programs

and thus, assist health planners in the effec-
tive use of scarce resources.

The objective of this study is proscribed in
two important ways. The first proscription
emanates from the fact that public health
programs are never exclusively nutrition in-
tervention programs, but are designed to meet
several other legitimate health-related objec-
tives. This analysis is not undertaken with the

intention of assessing the overall efficacy of
such programs in meeting their multiple ob-
jectives, but in the belief that clarification of
the relationship between these programs and
one of the important objectives is a significant
step in developing a rational basis for such
an overall assessment.

The question addressed in this study is
further limited in that the issue of causation
in the infection/malnutrition cycle is largely
bypassed. We will consider a cohort of chil-
dren from birth to 5 years old and estimate
the nutritional effects of a hypothetical erad-
ication of all causes of infection. This estimate
gives an upper bound on the nutritional effect
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of the elimination of any disease or group of
diseases. Our analysis also enables us to esti-
mate a lower bound on the effect of a reduc-
tion in the incidence of any specific disease
of known prevalence. We are unable, how-
ever, to specify the “multiplier effect” of such
a reduction since we have insufficient under-
standing of the degree to which an attack of
one disease predisposes the child to subse-
quent attacks by other diseases. Unfortu-
nately, the range covered by these upper and
lower limits is wide in all cases. In sidestep-
ping the intricacies of the infection/malnutri-
tion cycle, we rely primarily on clinical stud-
ies in conjunction with population-based
prevalence data for the derivation of the up-
per and lower bounds. Field studies of infec-
tion and nutrition are useful in assessing
whether the actual effect of any program is
likely to be closer to the upper or lower
bound. These studies suggest, for instance,
that the multiplier effect is particularly im-
portant in measles (1) and diarrhea (2, 3, 4).
This analysis is undertaken in the belief
that our inability to give definitive answers to
questions concerning the nutritional impact
of health programs does not relieve nutrition-
ists and health scientists of the responsibility
for making judgments on the basis of the
imperfect information that is available. Since
nutrition intervention policies and other pub-
lic health policies are going to be formulated,
these policies will, implicitly or explicitly,
assume some relationship between the pro-
vision of food and the use to which that food
will be put. Our approach is to: /) develop a
methodological framework, based on an ex-
plicit and consistent set of assumptions, with
which to analyze the effect of infection on the
intake and use of food by young children in
poor communities; 2) analyze the existing
data in terms of this framework; 3) indicate
which data deficiencies appear to be para-
mount; and, 4) draw the policy implications
that tentatively emerge from this analysis.
We will attempt to reconcile the tension
between the demand for policy guidance, on
the one hand, with the demand for scientific
validity, on the other, by being clear about
how the “best estimates” are arrived at, what
the implicit assumptions are, which of these
are well-supported by existing knowledge and
which are no more than educated guesses.

Mechanisms by which infection affects
nutrition

The effects of subclinical infections are that
a large proportion of apparently healthy peo-
ple in tropical countries appear to absorb
nutrients poorly due to morphological
changes in the gut.

The effects of disease are that the food
intake of a sick child may be reduced due to
anorexia, due to a reduction in the supply of
mother’s milk or due to substitution of the
child’s regular food supply with a watery
gruel. The sick child may absorb nutrients
less efficiently due to the administration of
purgatives, due to the rapid transit of food
through the gut during diarrhea, or as a result
of morphological changes in the gut. The
child may also suffer from catabolic losses of
nutrients; body tissue may be destroyed and
the products of this destruction excreted in
sweat, feces, and urine. Functional wastage
may result from nutrient overuse during in-
fection, the sequestration of nutrients or the
diversion of nutrients.

The effects of mortality are that the process
of human reproduction in poor countries is
nutritionally inefficient, since the high infant
and child mortality rates mean that:substan-
tial quantities of food are consumed by chil-
dren who do not survive childhood.

Some definitions with implications for the
formation of policy

A semantic issue in describing host response
to infection

Discussions of the effect of infection on
nutrition are usually confined to an analysis
of the alterations in the ways in which in-
fected and diseased human beings use nutri-
ents. In this paper we expand the terms of
reference to include the nutritional costs of
high mortality resulting from frequent inva-
sion of the human host by pathogenic orga-
nisms. Our analysis will show that in nutri-
tional terms the mortality associated costs are
significant relative to the infection and dis-
ease related costs.

Without taking teleological speculation to
an extreme, it seems plausible that many host
responses to infection may be purposeful ac-
tivities to ensure the survival of the host. At
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least part of the muscle protein that is sacri-
ficed during febrile illnesses is used for host
defense purposes (5). Fever per se has been
shown to confer protection against death in
rats and it has been suggested that it may
fulfil a similar function in man (6). The use
of nutrients for purposes other than body
maintenance, growth, and activity may ap-
pear to be inefficient when we assume that
the host would survive in the absence of such
reactions. When we admit the possibility that
further infections and even the biggest nutri-
tional loss of all, death, may be averted, such
changes are no longer obviously wasteful.

The measurement of nutrient “losses”

In the literature, there are numerous ways
in which the effects of infection on nutrition
are exaggerated. The caloric costs of an acute
infectious attack have been overestimated by:
counting some of the caloric losses from the
body twice (by measuring the same loss in
two different ways and then adding the effect
of these two losses); not taking into account
possible decreases in caloric requirements for
activity during an attack of acute illness; and
double-counting the effects of the caloric loss
by adding the direct cost of the caloric loss to
the caloric cost of recouping the loss. The
effects of subclinical malabsorbtion, too, have
been overstated by: dividing the sample pop-
ulation into “good” and “poor” absorbers
and ascribing the difference between these
subgroups to malabsorbtion, a method that
ignores the fact that in any population the
absorbtive capacity of a population is distrib-
uted around the mean value; and adding the
monetary drain due to food wastage to the
economic loss due to further limitation of
food calories available for work activities.

The type of data that are required for
evaluation of these losses on a community-
wide basis do not seem complicated yet are
not available. If we are working with caloric
loss only (this choice will be discussed later),
and, if we know, for a given illness, the
following: the food intake of the person “at
balance” before the attack (i.e., the sum of
the person’s requirements for maintenance
and for activity); the food intake of the person
during the course of the illness; and the loss
of weight during the course of the illness,
corrected, if necessary, for weight losses due

to dehydration; then we would be able to
estimate the caloric loss associated with that
particular illness in that particular person as:

Food loss (kcal) = intake during illness —
“normal” intake over that period + food
required to recover weight loss

We note a couple of points about the
above:

1) The implicit assumption is that the food
that is withheld (or refused) during the course
of an illness is “stored” for that person and is
available for that person during the recovery
period. This is unlikely to be the case. If this
assumption is seriously violated, we can look
at the food loss in two ways. From the point
of view of the family as a unit, the above
equation remains applicable. From the point
of view of the infected individual who is given
no additional allowance upon termination of
the illness and who receives no additional
food when other family members are ill, the
food loss is equivalent to the weight loss over
the course of the illness.

2) In theory, it is quite possible that there
will be a “negative food loss” (a food saving)
due to an attack of illness when the loss
equation is evaluated at the family level. This
is not to say, of course, that the illness was a
blessing to either the individual or family.
We have considered the illness from one per-
spective only. The other costs associated with
the illness (suffering, reduced participation in
work and leisure activities, increased suscep-
tibility to further illness of both the patient
and the family as a whole) are not included.
The argument is not that these are unimpor-
tant, but that they should logically be consid-
ered different from food loss.

This perspective is important in computing
the increased nutrient requirements as a re-
sult of infection (7). Food that is diverted
during infections should not be included
when nutrient requirements are increased to
take account of infection. A corollary of the
fact that diverted food is different to lost food
is that increased per capita availability of
food during illness will not affect the intake
of the sick individual.

The nutrients evaluated

The relative importance of caloric and pro-
tein deficiencies in poor countries remains
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controversial. Most recent analyses (8-11)
suggest that it is calories that are of prime
importance in most poor countries. There are
others, particularly Scrimshaw (12), who be-
lieve that present nutrition standards (7) se-
riously underestimate the protein require-
ments of most populations. One of the major
arguments of the latter group has been that
the protein losses as a result of infection have
not been adequately considered in setting
these standards. Beaton and Swiss (11), Go-
palan (10), and Latham (13) have argued
that, because both energy and protein re-
quirements are affected by major and recur-
rent minor infections, there does not seem to
be any good reason to assume that the ratio
of protein to calorie requirements should be
increased. Recent data from Guatemala (14)
on the effect of infection on the absorbtion of
calories and protein support this argument
for this particular component of the effect of
infection on nutrition. The Institute of Nutri-
tion for Central America and Panama (IN-
CAP) data show that during mild to moderate
episodes of diarrhea, additional fecal losses
in children fluctuated between 58 to 210 kcal
and 25 to 175 mg of nitrogen per day. If, in
the absence of data on the distribution of
these losses, we assume that the mean losses
are the averages of the extremes given, then
approximately 220 additional kcal are lost for
each additional gram of protein that is lost.
This ratio is much higher than the calorie:
protein ratio in rice and wheat, which contain
46 and 29 kcal/gram of protein, respectively
(15). These limited data on this one effect of
infection on nutrition suggest that any cor-
rection to the ratio of calorie to protein re-
quirement would further emphasize the im-
portance of calories vis-a-vis protein.

In attempting to evaluate the effects on
infection in terms of the standard diet of the
region, we have attempted to assess the food
required to build up one kilogram of body
mass under two extreme assumptions. These
are: /) that all of the loss in body mass during
an infectious episode is muscular tissue, and
2) that all of the loss is adipose tissue. Data
presented by Scrimshaw et al. (16) suggest
that 3.2 kg of muscular tissue are equivalent
to 100 g of nitrogen. Using a nitrogen:protein
ratio of 1:5.95 for rice (17), 1 kg of muscular
tissue is equivalent to 190 g of protein. In

terms of rice (parboiled—33.6 g protein per
pound and NPU of 63%) this amounts to 4.20
kg of rice to replace 1 kg of muscular tissue.
The number of calories required to build up
1 kg of adipose tissue has been estimated as
7700 kcal by Woolley et al. (18). Hegsted (9)
confirms that this is the potential deposition
of adipose tissue when excess calories are
ingested. Ashworth’s (19) data on malnour-
ished children suggest that the efficiency of
caloric use is greater at extreme malnourish-
ment (9.6 kcal/g) than it is near recovery
(17.4 kcal/g of tissue). Because the figure
given by Woolley et al. (18) is, it seems, a
“potential” figure, we take a value from Ash-
worth’s data (19), of, say 12 kcal/g for chil-
dren who are undernourished, but not se-
verely malnourished. Again expressing this in
terms of rice, we see that 1 pound of rice
(parboiled) provides 1674 kcal (17) and thus,
1 kg of tissue requires an additional input of
3.3 kg of rice (at 98% caloric absorbtion).

These calculations suggest that if we look
at the effect of infection on the weight of a
child in a rice-eating community, it is imma-
terial whether we think of the weight loss as
resulting from caloric depletion, a protein
depletion, or a combination of the two. Thus,
we may be able to use data both on caloric
and nitrogen loss to get some estimate of the
food loss.

Arguments over the primacy of calories or
protein may not only be irrelevant when we
look at the losses in terms of food, but exclu-
sive attention to either of these obscures im-
portant interactions between the two nutri-
ents. The work of Hegsted (9) and Miller and
Mumford (20) suggests that:

Caloric requirement = f (caloric intake, pro-
tein intake, body weight)

aCR aCR aCR
where 3CI >0, 3P <0, BW >0

Conversely, Scrimshaw (12) has pointed out
that protein requirements are related to ca-
loric intake (even when caloric intake exceeds
caloric requirement) and has suggested that
“the quantitative interrelation between pro-
tein and energy intakes must be better under-
stood before recommended allowances for
protein can be revised with any confidence.”
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Some methodological issues

Absorbtion studies: Many data concerning
malabsorbtion in human populations have
been based on the D-xylose absorbtion test.
A recent conference on malabsorbtion dis-
cussed the xylose malabsorbtion issue at some
length. The sense of this discussion is exem-
plified by the comments of Baker (21) at this
conference: “It is quite obvious from the stud-
ies performed that the degree of xylose mal-
absorbtion we have been discussing does not
necessarily parallel malabsorbtion of other
foods. I don’t think you can say that because
you have such-and-such a prevalence of xy-
lose malabsorbtion, you also have such-and-
such a prevalence of overall malabsorbtion of
ordinary foods. After all, who eats xylose in
the normal course of events?”” While no pub-
lished data giving individual absorbtion char-
acteristics for xylose, protein, fat, and calories
are available, it is apparent that the relation-
ships are unlikely to be simple and well de-
fined.

In analyzing data from absorbtion studies,
it is necessary to specify the “norm” for ab-
sorbtion of the particular nutrient in a pop-
ulation. If Lindenbaum’s (22) finding in
Bangladesh, viz., that malabsorbtion affected
the whole population and not just a small
and unusual subgroup who are highly in-
fected, is true for other situations, too, then
we cannot determine the norm from any
group within the population.

Davidson et al. (23) (using Atwater’s data)
report that about 92% of protein, 95% of fat,
and 99% of carbohydrate are normally ab-
sorbed by young American men. Because the
digestibility of different types of foods are
quite different, data on the average Indian
and American “food baskets” (24) are used
in conjunction with the digestibility factors
for different foods to estimate the average
absorbtion of protein, fat, carbohydrate, and
calories in a person who is absorbing “nor-
mally” and who is eating each of these diets
(Table 1).

These calculations show that the actual diet
consumed by the population should be taken
into account when estimating the absorption
norm, and suggest that empirical studies on
groups from similar racial stocks living under
different environmental conditions (such as,
Indian villagers, on the one hand, and Indian

TABLE 1
Normal nutrient absorbtion on American
and Indian diets

American diet™ Indian diet*
*
Protein 92 91 9
Fat 95 95 93
Carbohydrate 9 97 97
Total calories 954 94.4

@ Absorbtion data from Atwater (quoted from Refer-
ence 23). Absorbtion data from Watt and Merrill
(Reference 17).

TABLE 2
Normal nutrient losses on North
American and Indian diets

American diet Indian diet
%
Protein 9.9 26.6
Fat 53 1.5
Calories 4.8 59

professionals and students living in the
United States, on the other hand), but fed the
same diet, are an essential component of the
research required in this area.

When the nutritive value of the food intake
is calculated using standard tables (17), then
this value includes normal metabolic and
digestive losses and thus the percentage of the
“available intake” in the feces is: (100 — %
digested)/(% digested). The percentage of
available intake expected in the fecal matter
of Americans and Indians is given in Table
2.

Finally, we note a reservation expressed by
Bayless (25) concerning the findings from fat
absorbtion tests which is similar in nature to
Baker’s comment (21) that “no one eats xy-
lose”. Bayless has pointed out that estimates
of fat malabsorbtion in populations on indig-
enous diets which are based on the loading
test are likely to be misleading since the
purpose of the test is to magnify differences
between individuals and thus, the fat loads
used are much greater than those encoun-
tered in the normal diet.

Population-wide balance studies. One of the
only estimates of the percentage of food that
is lost through malabsorbtion and infection is
that given by Revelle (24, 26). The basis of
Revelle’s calculations is the assumption that
the useful caloric intake of the population
considered (in this case, East Pakistan, in the
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1960’s) must match the caloric requirements
of the population since the individuals in the
population are, literally, neither expanding
nor contracting. On the basis of the 1965
Food and Agriculture Organization/World
Health Organization caloric requirements
(27), which are slightly higher than the 1973
requirements, Revelle estimates that the in-
take is about 2000 kcal per capita per day
and the requirement only about 1800 per
capita per day, and thus, the amount of food
“malabsorbed” is about 10% of the intake.
Although this approach is both instructive
and seems more useful than virtually any of
the alternatives, the computation involves es-
timating the difference between two numbers
that cannot be specified with much precision,
that are both large and that are not much
different from each other, and ascribing a
definiteness to the relatively small difference.
We have carried out some crude calculations
to estimate the standard error associated with
this estimate of caloric malabsorbtion. We
estimated the standard error in the measure-
ment of caloric intakes from the two esti-
mates, by the United States Department of
Agriculture and the Interdepartmental Com-
mittee on Nutrition and National Defense
(ICNND), which are given by Frisch and
Revelle (28) for a number of Asian and Latin
American countries; we assumed that the re-
quirements are known with certainty (which
they certainly are not); and we assumed that
intakes and requirements are not correlated.
This calculation suggests that the standard
error of the estimate of caloric malabsorbtion
may be about the same size as the mean of
this estimate. While the figure of 10% that
arises from this model is interesting, and may
well be of the right order of magnitude, we
should be cognizant of the fact that the data
base on which it has been derived is quite
crude and that considerable uncertainty at-
taches to the estimate. (We should note, too,
that the figure emerging from an analysis of
this sort does not, strictly speaking, measure
food malabsorbtion alone, but measures
losses during food preparation and total food
wasted through inefficiencies in the body.
This figure would include, in addition to
subclinical and overt malabsorbtion, wastage
due to the destruction of body tissue during
febrile episodes.)

Longitudinal and cross-sectional growth

studies. Cross-sectional studies have been use-
ful in showing that certain types of diseases
do not affect nutritional status. These studies
have shown, for instance, that although chil-
dren in poor countries may suffer from res-
piratory illness as much as one third of the
time, these illnesses are not associated with
malnutrition (29). Unfortunately, it is far
more difficult to draw clear inferences from
cross-sectional studies (2, 30, 31) that show
correlations between the incidence of certain
types of diseases and low weight or low
weight gain. Interpretation of these results is
difficult due to multicollinearity in the “ex-
planatory” variables and due to problems in
separating cause from effect. Multicollinear-
ity is a problem in the ICNND study of East
Pakistan (31), for instance. While the authors
of this study focussed on the high correlation
between nutritional status and the seasonal
production of pulses, their data show an
equally strong relationship between nutri-
tional status and the seasonal incidence of
diarrhea. Cross-sectional studies that show a
correlation between infection and nutritional
status do not elucidate the relative impor-
tance of poor nutritional status in increasing
susceptibility and decreasing resistance to in-
fection, on the one hand, and infection in
decreasing food intake and the efficiency of
food use, on the other. In numerous instances
this correlation is observed and taken as evi-
dence in support of the particular hypothesis
that the investigator is advancing.

In a series of brilliant papers Mata and his
colleagues (32-34) have presented longitudi-
nal data on the relationships between infec-
tive episodes and nutritional status in individ-
ual Guatemalan children. The resulting plots
give a graphic indication of the importance
of infection as a determinant of nutritional
status. In the analysis of the data emerging
from these studies, however, much of the
richness of the data and the qualitative de-
scription have been lost by pooling the data
and examining correlations. As a result, we
are not able to draw clear inferences on the
effect of a single infection, or an infective
regime, on food wastage. Mata’s cross-section
and time-series data could be pooled and the
parameters of a simultaneous equation
regression model estimated. Estimation of
such a model is by no means a routine task;
the data requirements are considerable and
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the methodological issues complicated. The
use of multivariate techniques is no panacea,
but this analysis would be interesting heuris-
tically and offers some possibilities for sorting
out the relative strengths of the infection-
nutrition and nutrition-infection relation-
ships.

Data on the effect of infection on nutrition

The effect of subclinical infections

Prevalence of subclinical malabsorbtion.
Studies in India (35), Thailand (36), Bangla-
desh (37), and Guatemala (14) confirm Bay-
less’ (25) observation that “almost every study
involving a general population in a tropical
area has shown a prevalence rate (of D-xylose
malabsorbtion) between 30% and 50%.” Clin-
ical examination of the villus height in the
jejunum in these populations confirms that
there is a morphological change in those who
absorb D-xylose poorly (37). Lindenbaum
(22) reports that in Bangladesh “small intes-
tinal injury was occuring in the entire popu-
lation rather than in a subgroup of abnor-
mals” and Rosenberg et al. (38) indicate that
“tropical enteropathy is found in virtually the
entire low income adult population in tropical
less-developed countries.” In Guatemala,
Schneider et al. (14) found the prevalence to
be much lower (7 to 10%) in a group of
healthy soldiers living under hygienic condi-
tions than in the general population. There is
little, if any, seasonal variation in xylose mal-
absorbtion in Bangladesh (37).

Etiology of subclinical malabsorbtion. The
etiology of “tropical enteropathy,” the sub-
clinical malabsorbtion syndrome, remains
unclear. Indications are that the cause is nei-
ther subclinical malnutrition nor a ubiqui-
tious food toxin, but that is “(probably) re-
lated to exposure to a contaminated environ-
ment” (35), since “all areas in which this
enteropathy occurs are those where there is a
high contamination of the environment” (21).
In his studies in Thailand, Keusch (36) found
that all adults “have an abnormal flora in the
jejunum” and suggests that this is “probably
related to continuous environmental contam-
ination”. Lindenbaum et al. (37) have sug-
gested the following mechanism whereby en-
vironmental contamination is related to sub-
clinical malabsorbtion:

The high incidence of recurrent diarrheal episodes in
Bengali infants and children as well as in Peace Corps
Volunteers shortly after arrival in Pakistan may indicate
that early in life, as a result of fecal contamination of
food and water, there are repeated episodes of sympto-
matic small intestinal infection, such as the traveller’s
diarrhea syndrome that may be caused by certain strain
of E. coli. Such mild enteric infections may be associated
with profound impairment of absorbtive function. It is
possible that, as Indians and Pakistanis grow to adult-
hood and are exposed repeatedly to such agents they no
longer show clinical symptoms with each episode of
infection, but the process of subclinical small bowel

injury is perpetuated.

Similar inferences can be drawn from the
INCAP studies in Guatemala (14) and the
work of Einstein et al. (30) in Bangladesh,
who showed that “xylose malabsorbtion (in
children) was associated with growth retar-
dation, increased incidence of severe wean-
ling diarrhea, and increased incidence of live
born sibling death.”

These associations are not found in all of
the studies that have investigated these rela-
tionships. In his study of Bengalee children,
Harper (39), found that xylose malabsorbtion
was not correlated with serious diarrheal ep-
isodes, amebiasis, giardiasis, or shigellosis,
while Lindenbaum et al. (37) found xylose
malabsorbtion to be uncorrelated with either
diarrheal episodes or nutritional status.

In a careful recent review, Rosenberg et al.
(38) weigh up the conflicting evidence and
conclude that “the contribution of recurrent
intestinal infections (to tropical enteropathy)
is very likely”.

The quantitative importance of subclinical
malabsorbtion. The high prevalence of xylose
malabsorbtion in populations of tropical
areas coexists with a general, if unsubstan-
tiated, belief that “it is likely that xylose
malabsorbtion indicates nutrient malabsorb-
tion in the long run” (21). Subclinical mal-
absorbtion has thus been posited as an im-
portant source of food loss in these popula-
tions. Recent data from INCAP permit an
estimate of the quantitative importance of
this factor for the first time. Schneider et al.
(14) briefly report the results of absorbtion
studies on rural adult males, 30% of whom
malabsorbed D-xylose. Individuals suffering
from diarrhea were excluded from these stud-
ies. Because those who are recovering from
diarrhea are included in the study population,
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the effect of recent diarrhea on absorbtive
capacity, that Schneider and his colleagues
have postulated to be important, is included
under the rubric of “subclinical malabsorb-
tion” in this study. “(These) absorbtion stud-
ies have shown that 40-51% of rural adult
males have a decreased capacity to absorb
nitrogen, calories and fat from their regular
diet, losing through feces 200-300 kcal/day/
individual above the average fecal excretion
observed in a reference group of Guatema-
lans with normal absorbtion”. The conclusion
drawn from this data, “that subclinical mal-
absorbtion represents a serious health prob-
lem in rural Guatemala” (14), does not ap-
pear to be warranted.

We may expect the absorbtive capacities of
the individuals to be distributed approxi-
mately symmetrically around the mean ab-
sorbtion for the population. Therefore, in the
“control” population of normal xylose ab-
sorbers we would expect approximately 50%
of the individuals to absorb less calories and
nitrogen than the average for that population
(and would expect approximately 50% of the
individuals to absorb more calories and nitro-
gen than the average). The fact that 41 to
50% of the individuals in the population
which absorbs D-xylose poorly absorb less
calories and protein than the average absorb-
tion in the control population suggests that
there is very little difference in the mean
caloric and protein absorbtive capabilities of
the two populations.

The interpretation of these data on the
basis of previously available research would
be as follows. The INCAP data indicate that
two populations that have different p-xylose
absorbtion characteristics show little differ-
ence in their abilities to absorb protein and
calories. Studies on the D-xylose absorbtive
capacity of individuals who move from the
tropics to industrialized societies (37) show
that these individuals change from poor to
normal absorbtion within 6 months of resi-
dence in the more sanitary environment. The
selection of “Guatemalan soldiers who had
been living for the last two years under far
better conditions of sanitation than those pre-
vailing in rural areas” (14) as a control group,
thus appears to be appropriate and conse-
quently, subclinical malabsorbtion does not
appear to be a significant nutritional problem

in rural adult males in Guatemala.

The INCAP findings on the poor associa-
tion between absorbtion as measured by D-
xylose and caloric and protein absorbtion
however, throws much of the accepted wis-
dom on absorption into doubt and, paradox-
ically, makes interpretation of their own data
difficult.

Rosenberg (personal communication) has
suggested that the capacity of the soldiers to
absorb proteins and calories may not have
improved in 2 years despite the changes in
living conditions and despite their changed
D-xylose absorbtion capacity. If this is so, the
choice of the control group is inappropriate.
The INCAP team have recognized this prob-
lem and are conducting absorbtion studies on
Guatemalans and Americans living in Cali-
fornia to determine the normal absorbtion of
this diet. Before these results become avail-
able the normal absorbtion of calories and
protein can be estimated by applying stan-
dard food absorbtion factors (17) to the diet
fed to the study populations. A comparison
of these values with the observed absorbtive
capacity of the soldiers should help clarify
this question.

While the INCAP study relates to the ab-
sorbtive capacity of adults, the focus of this
study is on young children. Baker and Ma-
than (35) report the prevalence of xylose mal-
absorbtion to be highest in preschool children
in South India. Keusch (personal communi-
cation), however, found the same degree of
xylose malabsorbtion in children and adults
in Thailand, and the preliminary observa-
tions of Schneider et al. (14) suggest that
children and adults in the study population
present similar gastrointestinal alterations.
The findings on subclinical malabsorbtion in
adults thus appear to be transferable to the
under-5 age group.

The extremely tentative conclusion is that
subclinical malabsorbtion in young children
is not an important source of food wastage in
poor countries. The conclusions are tentative
since they rely exclusively on the preliminary
results of one uncorroborated study, there
remains a serious question about the control
group that was assumed to be absorbing cal-
ories and protein normally, and the present
interpretation of the results is quite different
from that of the investigators. The uncer-
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tainty notwithstanding, this estimate is our
only, and therefore our best, estimate.

The effect of clinical infections

The effect on food intake. Infection may
interfere with food intake through loss of
appetite and withholding of food (40). Some
investigators, including Mata et al. (41), be-
lieve this mechanism to be crucial in the
infection-nutrition relationship while others
(H. Pollack, personal communication), dis-
count this factor. There are few data available
on the quantitative effect of these behavioral
changes.

The practice of withholding food during an
episode of diarrhea has been widely observed
and almost universally condemned. Behavior
in subsistence agrarian societies is certainly
different from that which is the norm in
Western industrial societies, but it is seldom
capricious. A few investigators have outlined
some reasons why foods are withheld from
young children who are ill.

In the Punjab, “a mother, recognizing the
increased incidence of diarrheal infection
when supplemental foods are given, and rec-
ognizing the incidence of mortality from the
infection, makes a conscious, seemingly sen-
sible decision to withhold such foods” (42).
Similar behavior has been observed among
Indian mothers in rural Mexico. Recognizing
that milk, eggs, and meat are excellent breed-
ing grounds for pathogens, while substances
such as gruel are not, these mothers were
reluctant to give cow’s milk to their babies
(43).

These observations suggest that an im-
provement in environmental sanitation may
be required for the successful implementation
of nutrition programs that are designed to be
implemented by the mothers of preschool
children.

Mata et al. (41) have studied the effect of
illness on the food intake of a cohort of 45
Guatemalan children during the first 3 years
of life. While their analysis shows that food
intake is negatively correlated with the prev-
alence of certain illnesses, they do not report
regression coefficients and we are, thus, not
able to estimate the effect of a particular type
of illness on the reduction in food intake.
Data on two children are presented in more

detail. In the first child, caloric intake fell by
about 40% during an episode of diarrhea that
lasted 11 days. In the second child, the effect
of diarrhea was less clear. During an un-
treated 8-day episode, intake was reduced by
25%, but during a treated episode that lasted
7 days, reported food intake was normal. In
this child, a series of overlapping illnesses
(otitis externa, cellulitis, and bronchitis) last-
ing for 19 days, led to a reduction of about
50% in the intake of the child.

Elsewhere, Mata (44) gives data for pre-
school children who have whooping cough.
These data indicate that there is a 9% decrease
in intake during the Ist month of whooping
cough, that this decrease declines to 7% in the
2nd month and that in the 3rd month the
intake is increased by an average of 9% over
the normal consumption. Because the average
duration of whooping cough is 1 to 2 months
(45), the increased intake during the 3rd
month may well indicate increased intake
during the recovery period. If this finding has
general validity, there are important impli-
cations in assessing the effect of infection on
nutritional status. As a result of delayed con-
sumption, the child would fall below the
weight profile for some time. While this
growth pattern may have adverse health ef-
fects, these data suggest that the appropriate
accounting procedure would not consider the
decreased intake by the child during the
course of an illness to be a loss to the child,
but would inventory this food as consumption
that is postponed until the recovery period.
Far more data are required before such an
assumption could be reasonably considered
accepted or rejected.

Because the seriousness of this issue is al-
luded to in most discussions of infection and
nutrition, it is somewhat surprising that these
observations of three Guatemalan children
provide the only published quantitative data
on the effect of different infections on the
food intake of children. A variety of perspec-
tives suggests that a reduction in food intake
is most important in the case of diarrhea.

The quantitative effect of metabolic losses
due to fever appear to be greater than the
losses due to malabsorbtion of nutrients dur-
ing diarrhea, yet field studies consistently
show that diarrheal diseases exert the greatest
effect on nutritional status. On the basis of
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such observations, it has been hypothesized
(46) that reductions in food intake are more
pronounced in the case of diarrhea than in
the case of fevers or respiratory infections.

Later in this paper, we will present data on
weight losses associated with sickness-days
due to malaria and diarrhea in a group of
Gambian children (47). The actual weight
losses will be compared with the losses that
would be expected from metabolic effects
alone. This comparison suggests that, while
there is no implied food reduction during
malaria, about 75% of the weight loss during
diarrhea can only be explained by changes in
food intake. Children suffering from diarrhea
appear to consume about 22% less food than
their healthy counterparts.

Anthropological investigations support this
hypothesis that the effect of diarrhea on in-
take is most important. In Bangladesh, for
instance, restriction of nutrient intake during
infantile diarrhea is believed to be widely
practiced. “An infant suffering from loose
motions is believed to have a ‘hot’ stomach,
so it is given a diet of ‘cool’ foods—(such as)
barley water or glucose water with a little
lemon—which lessen the heat and allow the
stool to harden.” (S. Lindenbaum, unpub-
lished observations).

A recent small sample study of Muslim
mothers in rural Bangladesh by Ahmed,
Chakraborty, and Briscoe suggests that, while
notions regarding hot and cold foods are
pervasive, there is no such a thing as a “stan-
dard practice” with regard to the nutritional
intake of children with diarrhea. Our data
show that the response of a child’s appetite to
an episode, as well as the range and quantities
of food which are made available to the child
during an episode of diarrhea, vary widely.
Because food intake during diarrhea seems to
be such an important factor in the infection-
malnutrition relationship, and because an ep-
isode of diarrhea may affect the food intake
of different children quite differently, it is
plausible that the infection/food-intake fac-
tor may explain a substantial part of the
variance in the health of individuals in an
otherwise homogeneous group of children.
For the small population which we studied,
the average caloric intake of children was
reduced by 30% and the average protein in-
take 35% during an episode of diarrhea. Food

availability was not increased during conva-
lescence for these children.

In the next section, we present data that
suggest that the prevalence of diarrhea in
young children of poor countries is about
8%. Considering the Guatemalan, Gambian,
and Bangladesh data, we assume that, on the
average, the food intake of children suffering
from diarrhea is reduced by 30%, implying a
reduction of 2.4% in the average caloric in-
take of the group of children.

The effect of illness on children is highly
dependent on exactly what happens to the
food that is not consumed during an illness.
If the unconsumed food is used to supplement
the child’s diet during recovery when appetite
returns to supernormal levels, this “deferred
consumption” represents no food loss to
either the individual or the group of under
five children. If the unconsumed food is con-
sumed by other preschool children in the
family, this redistribution within the group
represents no loss to the group of under-5 as
a whole. Because infection is unevenly dis-
tributed among these children (L.J. Mata,
personal communication) the effects of such
infection-related food redistribution on the
individuals who suffer most from illness may
be serious. If the food is consumed by family
members other than preschool children, or if
the saving is used for nonfood items, this
reduction in intake is an absolute loss to the
under-5 group. (The situation is, of course,
symmetrical, with under-5s receiving some
additional food input as a result of illness in
other age groups. Since illness in older people
is seldom accompanied by so great a reduc-
tion in food availability, and since the prev-
alence of illness is much lower in these other
age groups, the quantity of this “return flow”
to under-5s may be neglected.)

Intensive study of intrafamilial food con-
sumption patterns is a high-priority nutrition
research area. In designing such studies, it
would be extremely useful to incorporate an
investigation of the effect of infection on
consumption habits.

The effect of manifest infection on malab-
sorbtion. The absorbtion of nutrients may
also be affected by both clinical and subclin-
ical infestation with intestinal helminths. Rao
and Sen (48) quote a study done in West
Bengal which shows that hookworm infesta-
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tion of a mild nature interferes with the diges-
tion and absorbtion of protein. Scrimshaw et
al. (16) report a case where human adults
with heavy hookworm infection had an av-
erage protein absorbtion of 62.5% compared
with 73.3% in worm-free subjects on the same
diet, and a case in which there was no differ-
ence in fecal nitrogen in West African chil-
dren before and after treatment for ascariasis
and hookworm disease. Young and Scrim-
shaw (49) quote an Indian study that showed
that fecal nitrogen in children with moder-
ately heavy ascariasis was reduced by half as
a result of deworming.

Taylor and de Sweemer’s (50) suggestion
that the adverse effects on nitrogen balance
of helminthic disease such as hookworm are
roughly proportional to the parasite load is
supported by animal studies in Cambridge
(16) which showed fluctuations in protein
absorbtion to parallel changes in worm bur-
dens. In a study of the nutritional effects of
hookworm in China, Crowley et al. (51)
found the effect to be proportional to the
hookworm load, while Tripathy et al. (52)
drew similar inferences from their study of
ascariasis in Colombia.

On the basis of Crowley’s data (51), Briscoe
(53) and Pollack (personal communication)
independently concluded that each adult
hookworm causes the loss of about 1 kcal/
day. Using Stoll’s (54) estimate of the world
average hookworm load of 100 worms (which
is the load found in West Bengal in a careful
study (55)) about 5% of human caloric intake
is lost due to hookworm infestation alone.
Given the high loads of other intestinal par-
asites, and the existence of other, apparently
equally important, mechanisms relating in-
fection to malnutrition, this effect of hook-
worm alone seems unreasonably high.

This unrealistic assessment of the effect of
hookworm infestation that emerges from the
Chinese data is reported here since it exem-
plifies problems that arise in drawing general
conclusions from the results of isolated un-
corroborated micro-level studies. The present
analysis is undertaken in the belief that a
synthesis of a large number of micro studies
in conjunction with macro-level consistency
checks is the appropriate approach in assess-
ing the relative and cumulative effects of
different components of the effect of infection
on nutrition.

In their comprehensive review of the rela-
tionships between infection and nutrition
Scrimshaw et al. (16) concluded that “the
relative importance of (helminthic) infections
in contributing to protein malnutrition is of-
ten overemphasized, for the simple reason
that intestinal helminths are visible whereas
other infectious agents can be recognized only
through complicated technical procedures.”
In this analysis, we will follow an emerging
concensus (27, 38, 56) and assume that the
effect of manifest infections on food absorb-
tive capacity is insignificant unless the infec-
tion is accompanied by diarrhea. We there-
fore need estimates of the prevalence of diar-
rhea and the metabolic consequences of an
attack of diarrhea to determine the impor-
tance of this factor for children under 5 years
old.

In a study of a cohort of children from
birth to age 2 years in rural Guatemala, Mata
et al. (32) found a weekly diarrheal incidence
of 6.4%. A comparison with other data (see
Table 3) suggests that this figure represents
the experience of a wide range of poor coun-
tries reasonably well. Mata’s data indicate an
average duration of an attack of diarrheal
disease of 8 days, implying a prevalence of
about 7% in this age group. A subsequent
Guatemalan study (46) found the prevalence

TABLE 3
Weekly incidence of diarrhea
in young children

Weekly
Count Age group of incidence of
Y children diarrhea
%
Sudan (57) Preschool 5.0-6.1
United Arab Republic (57)  Preschool 2.3-8.7
Iran (57) Preschool 83-11.2
East Pakistan (57) Preschool 4.6
Venezuela (57) Preschool 9.0-9.9
Colombia (Candelaria)(in 0-35 mo 7.5-8.1
(29)
Gambia (rural) (in (29)) 6-23 mo 4.8
South India (Vellore) (in  6-11 mo 14.0
29)) lyr 9.0
North India (Punjab) (in 0-5yr 94
29)
Indonesia  (Jakarta) (in  0-1yr 1.7
29)) 1-2yr 1.2
Indonesia (Yogjakarta) (in  1-3 yr 5.2
9)
Jamaica (in (29)) 6-11 mo 5.8-7.7
lyr 3.8-5.8

6002 ‘TE AN UO SsaurelqlT pieAreH Te B0 usfe’Mmm Woly papeojumod


http://www.ajcn.org

@ The American Journal of Clinical Nutrition

EFFECT OF INFECTION ON USE OF FOOD BY CHILDREN 659

of diarrhea in a group of low-income, rural
children under 2 years old to be 10.0%, while
for the under-5 group the diarrheal preva-
lence was 5.8%. Similar prevalence figures
have been recorded in Africa and Asia. In
Gambia, the prevalence of gastroenteritis, di-
agnosed on the basis of diarrhea, was found
to be 14% in children under 3 years old (47),
in the Punjab, the prevalence of diarrhea in
a group of children under 3 years old was
7.4% (58).

These data thus yield consistent estimates
of the incidence of diarrhea in preschool chil-
dren. While the corresponding duration (and
thus, prevalence) data are less rich, the diar-
rheal prevalence appears to average about 8%
in this group.

Few data are available on the effect of
diarrhea on the absorption of food. Scrim-
shaw et al. (16) report that, “even in severe
gastroenteritis, such as typhoid fever, only a
small part of the adverse nitrogen balance is
apparently attributable to decreased absorp-
tion of nitrogen, (and) even with severe diar-
rhea the absorption of nitrogen rarely fell
below 75%.” Beisel’s (59) observation that
during an episode of diarrhea, stool nitrogen
may double or triple accords with this figure,
because this observation implies that the ab-
sorption of nitrogen on an American diet
would drop from about 91% to between 73
and 82%. INCAP has recently published data
on the malabsorption of calories and protein
in children 3 to 5 years old suffering from
mild to moderate diarrhea (14). In their pre-
liminary report of these data, they do not
report the food intake of these children. If we
assume that the calorie and protein intakes
were at the requirement level for this age
group as specified by the 1973 Food and
Agriculture Organization/World Health Or-
ganization standards, then the additional ab-
sorptive losses of 58 to 210 kcal and 25 to 175
mg of nitrogen per day translate into malab-
sorption of 3.5 to 12.5% of calories and 0.5 to
3.0% of protein.

Because about 8% of preschool children
have diarrhea at any one time, and because
these children appear to malabsorb about 8%
of their caloric intake (and much less of the
protein intake), overt malabsorption accounts
for about 0.7% of the caloric intake of young
children in tropical countries. Further data
on the malabsorption of nutrients during

diarrhea are needed before this estimate can
be considered reliable.

The effects on body losses (catabolic losses).
“Clinically the most prominent metabolic re-
sponse during a febrile infection is the wast-
ing of body tissues ... The body seems able
to sacrifice large quantities of muscle protein
in order to provide precursor materials nec-
essary for meeting both the anabolic require-
ments for key host defence responses and the
heightened requirements of metabolizable
energy” (5). The most important principles
emerging from the pioneering work of Biesel
and his colleagues are: that there is a stereo-
typical (i.e., not dependent on the etiological
agent) catabolic response to infection (61);
that fever is the major stimulus for initiating
catabolic losses during an acute infectious
episode (5); and that the magnitude of the
catabolic losses during an acute infection is
related to the severity (as measured by body
temperature) and duration of the fever (5).

To determine the effect of catabolic losses
on a population, we need estimates of the
prevalence of fever and the average temper-
ature in febrile individuals. In the rural Pun-
jab, 4.2% of the children under 3 years old
had fever at any one time (58). Martorell et
al. (46) report a fever prevalence of 3.3% in
children under 3 years old and 2.9% in under-
5 in a poor Guatemalan community. Neither
of these studies report the temperatures re-
corded during these fevers. In the village of
Santa Maria Cauque, Mata et al. (41) found
the average rectal temperature of febrile chil-
dren under 3 years old to be about 38.6 C
(101.5F).

1. Febrile losses evaluated in terms of ni-
trogen: Nitrogen losses during typhoid fever
have been studied since the early part of this
century (62). These studies have shown that
“there is a two- to three-fold increase in
excretion of nitrogen, mostly through urine,
associated with typhoid fever” (16). Careful
studies have also documented the relation-
ship between fever and nitrogen losses for
artificially induced tularemia, sandfly fever,
and Q fever (61).

“If a normal person lowers or temporarily
discontinues his intake of dietary protein, the
body responds quickly by reducing urinary
nitrogen losses. This compensatory response
does not generally occur during febrile infec-
tions. Rather, urinary losses of nitrogenous
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compounds such as urea, ammonia, creati-
nine and amino acids tend to be increased or
maintained at close to normal rates” (5). In-
fections, thus, interfere with the mechanisms
which enable the body to minimize nitrogen
loss in undernutrition (50). “Despite severe
protein malnutrition, infection-stimulated
control mechanisms within the human or an-
imal host continue to be potent enough to
divert scarce amino acids from essential body
needs into the synthesis of apparently non-
specific serum glucoproteins” (63).

Although the consequence of an additional
nitrogen loss due to infection is most serious
in malnourished individuals, for a given in-
fection the quantity of nitrogen lost is smaller
in a malnourished than a wellnourished sub-
ject. Pollack and Halpern (64) explain this
finding in terms of “two types of protein in
the body: a) a protein in equilibrium with the
nitrogenous pool at a very slow velocity and
b) a protein in dynamic equilibrium with this
pool at a comparatively high velocity. Un-
dernourished individuals who fail to respond
to stress with increased nitrogen excretion
still have large quantities of muscle protein.
This muscle protein is not available rapidly
enough for injury stimulus response. The lo-
cation of the labile protein pool is presumably
in the liver, kidneys, pancreas, circulating
blood, and to some extent in the extracellular
fluids of the large striated muscle masses. . . .
The concept of a body protein source which
is only slowly available and of a separate
source of labile, readily metabolizable pro-
tein, may be consistent with experimental
observations. This labile protein is synthe-
sized by well nourished people and may be
proportional to the level of protein intake”.

TABLE 4
Metabolic requirements of disease

The validity of this theory of a “labile nitro-
gen reserve” in the body remains unclear (W.
R. Beisel, personal communication).

2. Febrile losses evaluated in terms of cal-
ories: Although little quantitative informa-
tion is available on the effect of infections on
fats and carbohydrates (16) or on total caloric
loss (50), it is well known that there is an
increased expenditure of metabolizable fuels
to meet body energy requirements during the
infectious process and especially during fever
(63).

An interesting analysis of the importance
of disease in the world food problem by
Pollack and Sheldon (62), draws on clinical
data on the increased metabolic requirements
arising from infections with tuberculosis, ma-
laria, and typhoid. Pollack and Sheldon’s (62)
interpretation of these data is presented in
Table 4.

The method followed in deriving these es-
timates will be discussed in some detail here.
Shaffer and Coleman (65) observed typhoid
patients who were receiving an average of 33
kcal/kg per day and 12 g nitrogen per day
and measured net nitrogen losses of 6.5 g/
day. Pollack (62) found that ‘“extrapolating
such losses to the usual 20 day course of the
disease would give total losses approximating
130 grams of body nitrogen, roughly equiva-
lent to 4 kg of body mass.” (The implicit
factor for the conversion of nitrogen to body
mass, 3.2 kg of tissue = 100 g of nitrogen, is
the same as that given by Scrimshaw et al.
(16).) Pollack then assumes that it takes 7700
kcal to replace 1 kg of body mass, a figure
discussed earlier in this paper, and thus, de-
termines a “caloric equivalent” to the amount
of body mass lost during the infection.

9

Disease

Acute phase (duration) P | or p | phase (durati '“"‘““‘::.’:m;‘/':_": caloric
%
Tuberculosis + 22% (3 mo) 7% (9 mo) (10 kg (22 lb) weight 11.0
(respiratory) loss) 8.8 19.8
Malaria + 18% (2.5 mo) 5 kg (11 1b) weight loss 38
44 8.2
Dysentery + 40% (20 days) 4 kg (8.8 1b) weight loss 2.2

35 5.7

6002 ‘TE Ae\ uo saleiql] pleAleH e 6JO'U0_[E"N\MM wolj papeojumod


http://www.ajcn.org

@ The American Journal of Clinical Nutrition

EFFECT OF INFECTION ON USE OF FOOD BY CHILDREN 661

In 1915, Coleman and du Bois (66) re-
ported metabolic rate increases during the
acute phases of typhoid fever. These obser-
vations provide the basis for the 40% increase
in metabolic requirements during the acute
phase. On the assumption of a basal meta-
bolic requirement, Pollack was able to deter-
mine the caloric equivalent of this metabolic
increase.

In determining the total caloric cost of an
episode of typhoid (or dysentery), Pollack
(62) assumes that the increased nitrogen ex-
cretion is the result of protein breakdown
whereas the increased caloric expenditure
comes from carbohydrate and fat stores in
the body, and, thus, adds the caloric equiva-
lent of the excess nitrogen loss and the in-
creased metabolic requirement to estimate
the total caloric loss.

Recent work by Beisel (5), however, sug-
gests that at least some of the excess calories
derive from muscle protein and not from
carbohydrate stores in the body: “In the face
of the increased energy demands of acute
infection or severe trauma, amino acid utili-
zation serves the immediate need despite its
potentially wasteful consequences. An in-
creased flux of gluconeogenic amino acids
such as alanine from muscle-to-plasma-to-
liver supports this activity” (5). Bogert et al.
(67) have described what happens when pro-
tein is used as an energy source: “Amino
(NH_) groups are split off from the constitu-
ent amino acids and formed into simple ni-
trogen-containing substances (chiefly urea)
that are excreted by the kidneys. The non-
nitrogenous fragments of amino acids, the
carbon chains, are then oxidized in the same
way that carbohydrates and fats are metabo-
lized.”

Pollack’s (62) method appears to overesti-
mate the caloric cost of an acute illness, be-
cause that muscle protein which is going to
gluconeogenesis is being counted twice. The
degree of overestimation of the caloric cost of
an acute illness is dependent on the relative
caloric contributions of muscle protein and
body carbohydrate and fat stores. We turn to
the studies of Beisel et al. (61) for an indirect
estimate of the relative importance of protein
gluconeogenesis.

The studies of Beisel et al. (61) show total
negative nitrogen balances of 50, 15, and 35

g of nitrogen in artificially-induced tularemia,
sandfly fever, and Q fever. Because 100 g of
nitrogen loss correspond to 3.2 kg of muscular
tissue, the implied average muscle losses are:
tularemia, 3.5 pounds; sandfly fever, 1.1
pounds; and Q fever, 2.6 pounds. The corre-
sponding body weight loss of 5.9, 3.2, and 4.6
pounds imply that 60, 35, and 56% of the loss
is due to protein destruction. Because no
dehydration took place, we estimate about
50% of the body mass loss is due to protein
destruction and about 50% to the destruction
of adipose tissue. The implication is that Pol-
lack’s method would overestimate the caloric
cost of the disease by about 50% in the cases
examined by Beisel et al. (61).

In using the above data, it is also important
to note that no allowance has been made for
the possibility that, although there is an in-
crease in the basal metabolic rate, there may
be a fall in energy requirements for activity.
When computing caloric losses from data of
this sort, this reduction in caloric require-
ments for activity should be accounted for as
a “negative loss” during the fever.

In their examination of the caloric costs of
disease in the early part of this century, Barr,
Cecil, and du Bois (cited in Reference 62)
found a stereotypical response to the severity
and duration of fever which is remarkably
similar to the more recent finding of Beisel et
al. (61) with respect to nitrogen losses. “Barr
and his associates calculated the relationship
of basal metabolism to temperature in six
patients with fevers of differing origin: ty-
phoid, pulmonary tuberculosis, erysipelas, ar-
thritis, malaria and intravenously adminis-
tered vaccines. These data indicated. . . . that
the metabolic rate increases approximately
7.2% for each degree (Fahrenheit) of fever, a
statistic which. . .. has surprisingly little dis-
persion . . . and which appears in quite good
agreement with other independent observa-
tions” (62). This is known as “the duBois
formula” (62).

In Table 5, we have calculated the equiv-
alent caloric costs of the diseases investigated
by Beisel et al. (61), on the assumption that
1 kg of body mass is equivalent to 7700 kcal
and that basal metabolism accounts for 2000
kcal daily. We see that these values are re-
markably similar to those which may be ex-
pected by application of the du Bois formula.
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TABLE 5
Metabolic increase due to fever
. . Fever  Implied metabolic increase
Infection Weight loss index for one degree of fever

Ibs F days %

Tularemia 5.9 156 6.6

Sandfly fever 3.2 111 5.0

Q fever 4.6 99 8.2

Roe and Kinney (68) have found that “sur-
gical operations, burns, severe sepsis and loss
of functional tissue mass can effect changes
in the rate of both heat production and heat
loss independently of temperature change”
and conclude that the du Bois formula is of
limited utility in the treatment of patients
suffering from these conditions. “In fever
uncomplicated by (these severe traumas,
however) the temperature is ‘reset’ by the
hypothalamic thermoregulatory mechanism,
and after a period of equilibrium (sic), heat
production and heat loss are balanced again
at a higher rate of expenditure. Under these
circumstances, a rise in temperature of 1°F
brings about an increase in energy expendi-
ture of 7% of the basal value” (68). Use of
the du Bois formula therefore appears to be
appropriate in this analysis.

We now have estimates of all elements
which are required for estimating catabolic
losses in young children. The prevalence of
fever in this group is about 4%, with the
average temperature elevation during fever
being about 3 F (1.67 C). Thus about 0.9% of
calories ingested by preschool children are
accounted for by catabolic losses. The com-
ponents of this estimate are well established
and thus the estimate is reliable for the areas
studied. In areas where malaria is important,
the effect of this factor would be substantially
increased because a malaria prevalence of
2.5% implies a 1% caloric loss.

The effect on ‘functional wastages.” “In
addition to negative balances during infec-
tion, many nutrients are wasted within the
body by pathophysiological processes which
may lead to an excessive utilization of these
substances, their sequestration in relatively
inaccessible body pools, or their diversion
from the usual pathways of metabolism. In
contrast to the stereotyped patterns of abso-
lute catabolic wastage, functional forms of
wastage appear to vary in pattern and severity
with different forms of infections ... ” (63).

Beisel (personal communication) has sug-
gested that these functional wastages may be
neglected for the purposes of this quantitative
analysis.

The effect of infection on overall weight
changes. Longitudinal data from Africa (47),
Central America (33), and Asia (58) have
shown clear causal relationships between ep-
isodes of infection and nutritional status.

Numerous other field studies have reported
an association between the morbidity history
and nutritional status of children. For exam-
ple, in the Oxford Child Health Survey,
“growth retardation in children is directly
proportional to the amount of morbidity”
(50); in Latin America, “clinical records show
that nutritional deficiency resulted from re-
peated episodes of diarrheal diseases” (4); in
Indonesia, children growing at rates slower
than the Harvard standards had 50% higher
illness rates than those children who grew
faster (29); in Guatemala, there are more
episodes of illness in children with lower
growth (69) and in Columbia, similar results
have been reported (2). The considerable dif-
ficulties which arise in attempting to separate
cause from effect are discussed earlier in this
paper.

A recent study of infection and nutrition in
the Gambia (47) uses multiple regression
techniques to evaluate the quantitative rela-
tionship between the prevalence of different
categories of disease and weight and height
gain of 152 children between 0.6 and 3 years
old. Of the nine disease categories (upper
respiratory tract infections, lower respiratory
tract infections, gastroenteritis, infectious fe-
ver, malaria, giardiasis, superficial infections,
deep infections, and nonspecific disorders)
only gastroenteritis and malaria showed sig-
nificant negative relationships with weight
gain in the children. With weight gain mea-
sured in grams per month and disease prev-
alences being used as the independent vari-
ables, the regression coefficients for gastroen-
teritis and malaria were — 746 and — 1072,
respectively.

On the basis of our estimates we would
expect an undernourished, but not severely
malnourished, population with a mean intake
of 1000 kcal per capita per day and suffering
from diarrhea throughout a month to mal-
absorb 2400 kcal and, thus, to grow about
200 g less than a comparable population with-
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out diarrhea. Similar calculations for malaria

- show the 40% increase in metabolic require-

ment (62) to translate into a weight differen-
tial of 1000 g/month between populations
having malaria every day and those not hav-
ing any malaria.

These calculations suggest that the regres-
sion coefficient for malaria can be accounted
for almost entirely by the catabolic losses
accompanying the fever, whereas the absorb-
tive losses during diarrhea account for only
about one-fourth of the weight loss resulting
from diarrhea. This finding is not unexpected,
because it has been hypothesized (46) that
anorexia and food withholding are particu-
larly marked in diarrheal episodes. Assum-
ing, as we implicitly have throughout these
calculations, that activity remains constant,
the implied reduction in food intake to ac-
count for a loss of 546 g/month is 220 kcal/
day or 22% of the usual intake of the child.

The effect of mortality

The process of human reproduction in poor
countries is nutritionally inefficient because
the high infant and child mortality rates mean
that substantial quantities of nutrients are
consumed by children who do not survive
childhood. In this section, we estimate these
indirect nutrient costs under the different
mortality schedules prevailing in typical com-
munities in a poor country (Bangladesh), a
middle income area (Latin America), and a
wealthy country (United States). Our method
is to follow a synthetic cohort from concep-
tion to age 5 years. The caloric intake of those
who live to the age of 5 is determined and
the additional intake required to feed chil-
dren who do not survive to this age estimated.
The nutritional efficiency of the reproductive
process in the three cases will be compared
and the role of infection in explaining the
differences assessed. Because economists are
interested in those who can become produc-
tive adults, the efficiences of producing 15-
year-olds will also be assessed.

1. Fetal wastage data. Studies of fetal wast-
age are few and are plagued by methodolog-
ical problems. In the most careful study to
date, French and Bierman (70) report a fetal
wastage rate of 237/1000 live births in a high-
income Hawaiian community. In the rural
Punjab, Potter et al. (71) estimated a rate of
136/1000 live births. This appears to be a

considerable underestimate. During the first
4 months of pregnancy, when accurate data
are most difficult to obtain, the Punjab rates
were only % of those found in Hawaii,
whereas in the latter half of pregnancy, the
Punjab rates were 3 times the Hawaiian rates.

Because “combined malnutrition and in-
fection can produce synergistic negative ef-
fects on fetal growth” (60), in poorer com-
munities, a higher proportion of pregnancies
probably end in fetal death. Sheps (72) has
suggested that “while we may estimate the
probability of spontaneous fetal death as 24—
30% of recognizable pregnancies in relatively
healthy populations, for populations living
under poorer health conditions this probabil-
ity may be of even greater magnitude, such
as 35% or perhaps even as high as 50% (and
that) the reduction in fetal wastage (under
improved economic conditions) would prob-
ably apply to fetal deaths occurring relatively
late in pregnancy more than to early deaths”.

In this analysis, we use the Hawaiian data
for the United States cohort, assuming a fetal
wastage rate of 237/1000 live births with a
mean gestation of fetal death being 10.3
weeks (70). For Bangladesh, we assume a
fetal wastage of 450/1000 live births with a
mean gestation of 15 weeks. The sensitivity
of the results of these assumptions will be
tested.

2. Infant and child mortality data. Mortal-
ity in young children has been intensively
studied in the three communities chosen. Ma-
tlab Thana in rural Bangladesh is the field
study area for the Cholera Research Labo-
ratory (73); Monterrey, Mexico, and subur-
ban San Francisco, United States, were stud-
ied during the 1969/1971 Pan American
Health Organization (PAHO) Study of Mor-
tality in Childhood (4). Matlab Thana and
San Francisco represent extremes of high and
low mortality whereas Monterrey was chosen
as the community whose childhood mortality
rates most closely represented the median
rates for the Central and South American
communities studied by PAHO (Table 6).

The nutrient costs of different mortality
schedules. From these data, life tables are
constructed to represent the experience of a
synthetic cohort from conception to age 15
years. For each period the number of person-
years lived by the cohort is broken down into
the number of person-years lived by those
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TABLE 6
Childhood mortality data (1970)

Matlab San Fran-

Mon . .
s e 5, ks
Infant mortality rate 1170  60.7 17.2
(per 1000 live births)
Neonatal 790 260 12.7
Postneonatal 380 3438 45
Death rates/1000 persons
per yr
14 yr 217 43 0.7
5-14 yr 3.0 0.5° 0.4°

* Extrapolated on the basis of the appropriate regional
model life table (74).

who survive past age 15 and the number lived
by those who die in each of the periods before
the survivors of the cohort reach the age 15.
The person-years are converted into caloric
“intakes” by assuming an additional intake
of 200 kcal/day during pregnancy (75) and
intakes of 950, 1050, 1375, and 1940 kcal per
capita per day for the other age groups. The
latter are the estimated intakes of Bangla-
deshis during the early 1960’s (76). The cu-
mulative caloric consumption of those who
live and those who have died at different ages
are determined. These calculations are pre-
sented for the three cohorts in Appendix
Tables 1 to 3 and the results summarized on
Table 7.

The role of infection in mortality and the
consequent nutrient losses. Because the pur-
pose of this paper is to assess the effect of
infection on nutrient loss, the contribution of
infection to the nutritional cost of mortality
needs to be established. While it is not pos-
sible to do this with any precision, the contri-
bution of infection to fetal, infant, and child
mortality in the three populations will be
discussed.

1. Fetal wastage. Assuming a fetal death
rate of 45% in Bangladesh, fetal attrition in-
creases the caloric intake required by the
cohort in the first 5 years by 1.1%, accounting
for 15% of the caloric cost of under-5 mortal-
ity. In the United States cohort, fetal wastage
is absolutely less and relatively more impor-
tant: fetal attrition increases the caloric intake
required by the cohort up to the age of 5
years by 0.24% accounting for 51% of the
caloric cost of under-5 mortality.

The hypothesized differences in fetal wast-
age in the Bangladeshi and United States

populations are a consequence of differential
quality of obstetrical care (72) and differen-
tial malnutrition and infection rates during
pregnancy.

Data on the effect of malnutrition on fetal
survival come largely from studies of acute
starvation. Prenatal exposure to famine in
early gestation appeared to produce a rise in
stillbirth ratios in the Dutch famine during
the winter of 1944 to 1945, but no such
association was found as a consequence of
famine exposure in late gestation (77). In
Leningrad in 1942, where famine continued
for much longer, fetal wastage was doubled
(78). No increase in still births was observed
during the 1975 famine in Bangladesh (73).

Maternal infections are more common in
poor communities and probably contribute to
the high frequencies of congenital infections
and intrauterine growth retardation recorded
in such communities (41) and to fetal wast-
age.

2. Infant mortality. Elimination of all in-
fant deaths in Matlab Thana would reduce
the excess caloric intake in the birth-to-5-year
period from 5.77 to 4.94%. For Monterrey,
the comparable reduction would be from 1.04
t0 0.77%.

3. Neonatal mortality. The neonatal death
rate in Matlab Thana is 3 t