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Initially, all three study villages had poor en-
vironmental sanitation, little medical care, high
mortality, and frequent malnutrition. In one village
supplemental feeding of the preschool population
without other intervention gave an appreciable but
limited improvement in disease incidence and
physical growth. A program of preventive medicine
and medical care in a second village had no effect
on frequency of illness and led to no improvement
in physical growth; deaths were fewer. Compari-
son was to a control village with no added
services. Collateral studies increased the useful-
ness of the basic study and enlarged the results.

The broader contribution of the study was bet-

T HIS FIELD study of nutrition and
infection began almost ten years ago. The
thought and planning antedated that. As a
consequence, this final summary of results
warrants something more than the usual
listing of conclusions derived from the col-
lected data.

In any research the primary obligation is
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ter definition of the general health of young chil-
dren. Most usefully, the size of the problem be-
came measurable by case incidence instead of by
the usual dependence on number of deaths. Quan-
titative information on morbidity revealed a burden
of iliness on preschool children beyond most es-
timates; it was greatest in the second year. A pub-
lic health approach based on concerted action
against major factors, social as well as biological,
can be expected to give better results than mea-
sures against any one singly, or in succession,
even those as important as malnutrition or in-
fectious disease.

to state those additions to knowledge de-
rived from meeting originally stated objec-
tives. A second responsibility, especially
with long-term studies, is to bring together
separately published collateral findings.
Some had their origin in a demonstrated
need for more facts about features directly
related to the main theme. One or two were
of general interest, made possible by the
existing organization for field study. Anoth-
er group, although less directly related, rath-
er clearly came from the stimulus of the
original study. Some were by the staff of the
project itself, others by members of the par-
ent institute directing the study, and still
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others by workers in other places and other
institutions, influenced to an extent by for-
mal and informal exchange of results as the
study progressed.

We also present what we call “missed
opportunities,” They are really undeveloped
possibilities coming from investigational
leads projected by the data of the study.
They await a day when their independent
exploration becomes practicable., They are
included for the benefit of others who may
find them useful.

All concerned with this study have an
interest extending beyond an explicit search
for scientific knowledge, although admitted-
ly that is a driving motivation. We would be
remiss if we did not express a view on how
the findings may be put to the practical
benefit of public health in developing coun-
tries; and, thereby, to the aid of social and
economic progress.

We end with a brief review of new field
studies within the general area of nutrition
and infection; some proposed, others under-
way; some by staff members of this institute,
and an encouraging number by others in
diverse regions where the need approximates
that of Central America. We also identify
independent areas in nutritional research
where the method of long-term prospective
field study is advantageous.

Contributions of the Definitive Study

We began this field study with a realiza-
tion that disease among young children of
less developed regions has an individuality
setting it apart from illness at equivalent
ages in industrialized areas. Case incidence
and death rates were much greater. The
diseases themselves were not, in the main,
peculiar to these regions. Most were the
same kinds of illness present everywhere:
acute diarrheal diseases, upper respiratory
infections, the common communicable dis-
eases of childhood, and nutritional disorders.
The greater numbers might be attributable to
no more than an adverse environment, but
the explanation was not that simple.

With some identifiable exceptions, disease
was also more severe in these situations,
more exacting in deaths, in length of disabil-
ity, and with strong suspicion that after-
effects were also more deeply seated and

frequent. This was particularly true of the
infectious diseases, which outnumber all oth-
ers. The reasons seemingly rested in host
characteristics more than in qualities of the
physical environment, and nutritional status
stood out prominently.

It would be convenient to settle on the
state of host nutriture as the decisive ele-
ment, but the explanation is still more com-
plicated. We believe it to lie mainly in the
synergism between malnutrition and infec-
tious disease, to give an effect beyond sum-
mation of the two. This is expressed in the
title of this series, where nutrition and infec-
tion are designated an entity, not to be
viewed as a simple association of the indi-
vidually active elements,

The synergism between malnutrition and
infectious disease is but one expression of
the basic ecologic interaction between a host
and its environment. Inevitably, other fea-
tures of both elements were drawn into eval-
uation of any particular combination, nota-
bly the social environment. Social attributes
were a determinant of nutritional deficiencies,
and equally of infectious diseases; sometimes
the same ones, sometimes wholly different,
but all having to do with the habits, the
customs, and the prejudices of people.

Granted, then, that the objectives of the
study called for obtaining detailed informa-
tion about two highly active influences on
child health in developing regions—nutri-
tion and infection—and that this objective
was conscientiously adhered to, the ultimate
concern was how these two conditions fitted
into the broad pattern of general health and
well-being of child populations. Quantita-
tively, how much did they influence it? The
specific gains in knowledge have been re-
corded in the several papers of the series1-8
The issue here is: what were the broad
contributions to child health through study
of these two selected influences?

The Stressful Age.—Public health activi-
ties among children centered initially in
school health because school children were a
captive audience readily assembled. Infant
mortality was always an independent prob-
lem. It became increasingly apparent that in
less developed countries the more serious
problems were among preschool children.
That age group is now appropriately accorded
first priority almost everywhere.
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In this connection two outstanding facts
have emerged from the present study, both
so strongly supported by evidence from oth-
er less privileged countries as to identify
them as principles. In all regions, although
in developing areas far more than in indus-
trialized ones, the highest death rates be-
tween ages 1 and 4 years are in the second
year—among children who are over 1 and
under 2 years. This holds true to such extent
that in some countries the second year ac-
counts for one half or more of fatalities
within these four years.

The second point is that the pattern of
infant mortality in developing countries is
not characteristic of that in industrialized
regions. The main reason that death rates of
the first year are so high is that deaths in
the postneonatal period exceed those of the
first month, In contrast to industrialized areas
where the concentration is in the neonatal
first month, commonly in a proportion of
2:1. Furthermore, in less developed coun-
tries death rates in the postneonatal period
of the first year and in the second year are
often of the same general magnitude. The
same kinds of disease predominate and the
excess mortality relates to the same general
pattern of causes. The two periods consti-
tute a unit.

In developing regions the emphasis on
prevention and control is therefore within
the general range of 4 to 24 months. Falter-
ing of physical growth and development is
then at its height. With breast feeding close
to universal, this corresponds to the period
of weaning, defined as beginning with the
first consistent introduction of a food sup-
plement and ending with complete transfer
of the child to a general diet.

The growing consideration of mental as
well as physical aftereffects of disease and
injury makes even more important a recog-
nition of this time of life as the period of
greatest stress. If brain growth is perma-
nently impaired, the evidence is that it oc-
curs before 3 years of age. Still more, if the
period of greatest brain growth is the deci-
sive factor, the stated period of major risk
may have to include fetal life, not necessari-
ly because maternal malnutrition is then the
likely major concern, but because of other
pathologic conditions prevailing at that
time,

Size of the Problem.—This study provides
one of the few sources of information on
general morbidity among rural child popula-
tions in less developed regions over an ap-
preciable length of time. Almost without
exception, the usual dependence for direc-
tion of health activities is on numbers of
deaths.

While the first year of life maintained its
usual position of highest death rates, the
outstanding demonstration in this study was
a peak incidence of illness in the second
year, considering all preschool years includ-
ing the first. Infectious disease provided the
main contribution, in regular combination
with malnutrition. If the period of 4 to 24
months is taken as a unit, morbidity was
relatively constant during that time. The
morbidity rates themselves, the closer spac-
ing of episodes of illness, and their longer
duration support a conclusion that this pe-
riod is of major consequence in preschool
years past the first neonatal month. This
feature acquires added importance as im-
proving medical care curbs death rates.
Children who formerly might have died now
live, and the quality of survival becomes
pertinent.

Public Health Measures.—More informa-
tion on prevention and control, particularly
that suited to public health programs in
developing regions, was of natural interest
to the study. The sharper definition of age
of greatest effect, and its relation to wean-
Ing, was a real gain. To be able to express
the size of the problem by the number of
persons ill, instead of the number who died,
was of practical value. Although new and
useful procedures for public health action
became evident, the principles established
decades ago remained unchanged. The dem-
onstration of a multifactorial causality had
brought recognition that a program for con-
trol necessarily includes measures against a
variety of factors. Eventually had come un-
derstanding that prevention and control,
based on ecological grounds and directed
toward a multifactorial causative complex, at-
tained maximal effectiveness only when all
indicated measures were applied concurrent-
ly. To single out individual elements for
special attention, or to apply them in succes-
sion or indiscriminately, is to fail of full
achievement. A truly integrated health pro-
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gram is required, with a common approach
to diseases having an interlocking and inter-
acting effect.

The results of this study reinforced that
concept. The provision of a food supplement
to a population produced a measurable, al-
though not a striking, result in promoting
physical growth and development and a
lesser disease incidence. Similarly, the pro-
gram for medical care, when it was the sole
endeavor, had its gains in fewer deaths than
ordinarily expected but not in lesser morbid-
ity, or in better growth and development.

The principle of concurrent implementa-
tion of major procedures applies equally to
areas of human interest as diverse as busi-
ness, agriculture, government, and educa-
tion. It goes by the currently popular name
of systems analysis and management; that
is, bringing along a project through concert-
ed attention to all features. Thus, in agricul-
ture progress requires concern with more
than seed alone, or fertilizer, or insecticides;
or with machinery, water, agricultural ex-
tension, or credit. Improvement results when
all advance together. Despite its new and
imposing title, the principle is no more than
applied ecology.

The concern with general community
health just presented was implicit in the
stated objectives of the study: to see what
effect a feeding and a medical care program
had on frequency of illness among preschool
children, and the influence thereby exerted
on their growth and development. Malnutri-
tion and infectious disease were the items
specially investigated because they account
for the bulk of childhood illness in develop-
ing regions. The study also produced its
share of more specific contributions to the
two main classes of disease, some of which
are now summarized.

Collateral Studies

The definitive series of papers!® covered
specifically defined objectives of the study.
Other contributions arising from study data,
or stimulated by results of those investiga-
tions, were in greater number. They were of
three general classes: (1) those by staff
members of the study group, based on col-
lected data of the study; (2) those by mem-
bers of the INCAP staff other than project

personnel, or continuing studies by former
staff members after field work ended, some-
times using the same facilities; and (3) the-
oretical concepts arising from field experi-
ences, methods for prevention and control
based on study findings, and review and
analytical articles drawing heavily on those
observations,

Arising From Study Data.—As special
parts of field operations were completed, the
results were published individually. So were
a few progress reports as accumulated re-
sults warranted. Some appeared as formal
publications, others as abstracts.

Weanling Diarrhea—As the leading
cause of death among preschool children
and the commonest precipitant of kwashior-
kor in already malnourished children, acute
diarrheal disease had special and continued
attention.?23 Irrespective of season, cases
were consistently present in the villages.
Minor fluctuations in frequency were usual,
but, in common with the general region, the
endemic situation was disturbed from time
to time by extensive outbreaks, having a
broad periodicity of about three outbreaks
each decade. In their long duration, they
differed from the usual sharply rising and
rapidly subsiding outbreaks of more favored
areas; almost invariably they lasted a year,
often two years, and in rare instances three
years.,

The disease in its acute manifestations
was clinically characteristic, although con-
forming to no specific etiology. It is a syn-
drome due to a variety of infectious agents,
some specifically identified with the diar-
rheas and the dysenteries, the majority
undifferentiated; agents other than microbi-
al occasionally cause diarrhea but not the
typical syndrome. Shigella was most often
identified, in 20.7%, of cases. Salmonella was
decidedly rare; and, in contrast to urban
and especially industrialized regions, entero-
pathogenic Escherichia coli in these rural,
less developed communities, was relatively
scarce.

No less than 159, of cases among this
population of malnourished preschool chil-
dren were of a chronic recurrent type, pre-
senting a succession of acute episodes inter-
spersed with brief periods, of days to a week
or more, of lesser or absent clinical activity.
Duration was long; by definition cases ex-
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ceeded two weeks, often they lasted a month
or more, and in rare instances five or six
months.

The relation to malnutrition of acute diar-
rheal disease of the more usual clinical form
was also evident in a progressively greater
frequency of attack the greater the retarded
weight for age; and also a greater clinical
severity the more definite that finding.

The relationship of feeding practices to
incidence of diarrheal disease among infants
and toddlers was highly characteristic. Cases
were relatively few while children were
wholly breast-fed; they increased as weaning
began and other foods were added to the
diet. Peak incidence was at the time of
completed weaning (median, 25 months); it
was of lesser degree in the three subsequent
months, and thereafter dropped sharply to
relatively low levels. This behavior was not
a function of age but of the weaning pattern,
determined primarily by the time it began
and ended, to such extent that the disease
was called weanling diarrhea. It accounted
for the bulk of diarrheal disease in the
study; it occurred at a highly critical age in
childhood growth; and attacks were repeti-
tive, two or three per year and sometimes a
good many more.

Weanling diarrhea was established by
these studies as a classical example of syner-
gistic interaction of malnutrition and infec-
tious disease and, in developing countries, as
probably the most important single factor in
growth and development of children in their
most formative years.

Bone Maturation.—Wrist roentgenograms
were taken to assess the effects of the two
treatments, feeding and medical care, on
bone maturation.24-22 These measurements
paralleled determinations of height and
weight in appraisal of physical growth.?

A score of each child for bone matura-
tion was obtained through comparison of
findings with corresponding values for age-
and sex-specific distributions of ossification
centers present in well-nourished Ohio chil-
dren. It was not surprising that children of
the three villages initially scored much low-
er, and that differences among the villages
were insignificant. The steady increase in size
of the scores with the feeding program, and
also parallel differences in mean cortical
bone thickness of the second metacarpal,

were findings supporting the value of the
dietary supplement.

Comparison of ossification scores and
cortical bone thickness of usual village chil-
dren with those hospitalized for kwashiorkor
showed surprisingly few differences. This
confirmed the concept that kwashiorkor in
Guatemala ordinarily is an acute disease of
short duration, superimposed upon a long-
standing malnutrition. Ordinarily it ends
promptly in death wunless energetically
treated. Children with marasmus had a
much wider spread of ossification scores,
indicating that preceding undernutrition in
some Instances was more severe and pro-
longed than for most village children.

The wrist roentgenograms were also com-
pared with those of children in Costa Rica
and Panama subsisting on diets with a much
lower calcium intake than in Guatemala
where tortillas are made from lime-soaked
corn. The higher calcium diets in Guatemala
were of no advantage, as judged by roent-
genographically measured bone density.

Dietary Surveys—Two studies,30.31 one
made during the pilot investigation, were
the basis for calculating the amount and
kind of dietary supplement for the feeding
village. The surveys continued at regular
intervals during the definitive study. The
results from the treatment village showed
that program had no effect in improving
dietary intake; and for the control popula-
tion there was no secular trend. The remark-
able feature of these periodic examinations
was the uniformity of diets among children
and adults in individual villages from season
to season and from year to year. The chil-
dren of the feeding village initially had a
slightly better diet than those of the other
two. This entered into the interpretation of
results but, fortunately, the bias was in the
proper direction.

A particularly poor diet during the second
year of life was a distinctive finding. Pre-
vious surveys in the region had followed the
general practice of tabulating diets of 1- to
4-year-old children as a unit. This obscured
two facts: that the greatest inadequacy was
in the 12- to 23-month period, and that diets
improved steadily thereafter. The intake of
breast milk was not measured nor taken into
account in the calculations. While this intro-
duced a bias, total protein intake, even al-
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lowing for breast milk, was lowest in the
second year relative to requirements. The
mean protein intake per kilogram of body
weight for preschool children beyond the
second year met estimated minimum re-
quirements for healthy children of equiva-
lent weight.

The detailed data on diet made possible
calculation of protein scores for children by
year of age.32 The predominantly corn diets
contained only about one half of the trypto-
phan required for optimal protein quality.
Consequently, protein scores of 50 prevailed,
and they varied little with age of the child.

Common Communicable Diseases of
Childhood.—In less developed regions these
universally prevalent diseases of early life
have a significance in deaths and disability
beyond any experience derived from indus-
trialized areas. All five (measles, whooping
cough, rubella, mumps, and chickenpox) oc-
curred at one time or another as scattered
cases; all three villages had epidemics of
measles and the control village an outbreak
of chickenpox.

An attack of any of these diseases regular-
ly resulted in loss of weight, or, at best, a
failure to show any growth increment.33 In
general, the result was exaggerated when the
specific disease occurred within a short in-
terval of another acute infection, a common
circumstance in the first and second years.
Attacks of these specific communicable dis-
eases were relatively more numerous early
in life than in industrial communities.

Case fatality in epidemic measles was in-
variably great, on the order of 69 to 7%;
and disease-specific mortality exceeded that
of industrialized nations by as much as 400
times.3¢ Diarrhea was the commonest com-
plication, centering almost wholly in the
prodromal period or at the time of the erup-
tion, with a frequency of 679, in one
epidemic.3® In this respect, measles in these
less developed communities was like the
measles of a hundred years ago in now more
favored regions.

An epidemic of 50 cases of chickenpox
among preschool children of the control vil-
lage was an outstanding event.3¢ Severity of
infection and a high fatality are more or less
expected with measles and whooping cough,
but chickenpox is usually lightly regarded.
In this outbreak, diarrhea occurred as a

complication in 58%, of the cases, again
centering in the prodromal period as with
measles. Children in a less satisfactory nu-
tritional state were most involved, although
the incidence of chickenpox itself was unre-
lated to state of nutrition. No less than five
cases of kwashiorkor developed among the
50 patients, in each instance after a compli-
cating diarrhea, and, in general, among pa-
tients with an existing malnutrition of at
least moderately severe degree as indicated
by weight for age.

From clinical experience in this region, an
epidemic of whooping cough would be ex-
pected to exceed other diseases of this group
in frequency of complications, in duration of
illness, and in deaths. No epidemic occurred
during the study; such events are not un-
known, however, for immunization in the
villages is irregular. Much of the diarrheal
disease in later years of the preschool peri-
od, past the time of weanling diarrhea, was
attributable to these specific communicable
diseases of early childhood.

Childhood Growth and Development.—
The impact of such ordinarily mild diseases
on the growth of children in developing
regions showed clearly that field study o
general childhood populations was requisite
to full understanding. The specific need was
information on the complete continuum of
both malnutrition and infectious disease,
from their inapparent presence to a lethal
outcome, Studies of hospital patients do not
give this information.

Observations confined to marasmus and
kwashiorkor lose sight of the bulk of prote-
in-calorie malnutrition. These two clinical
conditions are a small proportion of the
childhood morbidity due to this nutritional
complex.

The situation holds equally for infections.
Shigellosis among malnourished children
had an inapparent form, the carrier state,
with exaggerated frequency; and, still more
important from the standpoint of communi-
cability, a long duration, occasionally five
months, in contrast to the usual week or so
in the well-nourished host. At the other
extreme of the biologic gradient, clinically
manifest shigellosis averaged 7.7 days dura-
tion in place of the usual two or three.
Chronic recurrent shigellosis was a special
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feature. All forms have the potential capaci-
ty to impair growth and maturation.

The findings of the study included infor-
mation on height and weight for age at close
intervals over a long period, as well as ill-
nesses of all degrees of severity according to
number of attacks, interval between them,
and days of disability. This permitted esti-
mates for the acceleration and deceleration
in height and weight during the first year of
life, forces that reach an equilibrium at
about 10 months of age. Thereafter, through
ages 1 to 4 years, rates of growth for chil-
dren of developing regions are essentially
linear. Departures from linear growth at
those ages, as well as exaggerated decelera-
tion in the first year, may prove a sensitive
means to detect and measure the impact of
episodes of illness on growth. The study of
estimated rates of growth through fitting
them to appropriate mathematical models
gives more information of greater reliability
and versatility than does the traditional
method of calculating series of increments.

Several publications, in the form of pres-
entations to symposiums and international
congresses, gave progress reports on various
features of retarded physical growth37-40 be-
fore the results were formally summarized.?

Studies by Other INCAP Staff Members.
—Staff members of the institute other than
those directly concerned with the three-vil-
lage study sometimes used its facilities or
employed data partially drawn from it in
related or allied investigations.4!

Weaning and the weaning period were
recognized early as critical to understanding
malnutrition and the growth process. De-
tailed investigations by a social anthropolo-
gist,*2 in one of the study villages and in
neighboring communities, enlarged that view-
point, Information on the time weaning
began and ended, the foods given, and the
cultural attitudes influencing these decisions
gave a good description of traditional May-
an Indian practices. More importantly, it
confirmed the direct relation to malnuirition
and infectious disease at this time of life.
Subsequently, the studies were extended to
prenatal practices and customs, delivery of
the child, and child rearing.43 Attempts to
measure amounts of breast milk received by
infants of different ages, by weighing the
child before and after each feeding over a

period of days, proved hopeless. Breast-fed
Indian babies are not nourished according
to schedule; for much of the time the breast
serves rather as a pacifier, with irregular
ingestion of small amounts of milk too little
to measure with any accuracy. These inves-
tigations were one of the few specific efforts
to quantitate social factors.

Review Articles, Books, and Monographs.
—Theoretical concepts frequently were de-
rived or enlarged from the findings of the
field study and incorporated in special
monographs.44-57  Also, several reviews of
diseases indigenous to the study region were
based in large measure on study data, espe-
cially acute diarrheal disease.

Two comprehensive publications provided
the ground work for the study. The firstt
presented the conceptual idea of synergism
and antagonism between malnutrition and
infectious disease. The second?5 outlined
technical methods and procedures in long-
term prospective field study, with emphasis
on those used in this iInvestigation. The
third, a book,5¢ included added ideas and
factual observations on interactions of nutri-
tion and infection arising from the study.

An international conference on malnutri-
tion, learning, and behavior in 1967 made
use of the experiences and methods of the
three-village study in formulating plans for
field investigation, a main objective of the
conference. The proceedings’? present evi-
dence from animal experiments and clinical
observation strongly suggesting that syner-
gism between nutrition and infection is a
factor in the retarded learning and behavior
common among children of less developed
countries.

Missed Opportunities

To label the items that follow as missed
opportunities is really unwarranted. The
leads recognized but of necessity left un-
touched, or postponed to another day, are
one of the challenges of research; and so is
the certainty that further work is needed to
fill in the pattern of proof, that knowledge
remains incomplete. Many opportunities be-
came evident in the course of the study
which could, at little extra cost, be incorpo-
rated into future longitudinal studies of this
general character.
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Weaning Practices in Developing Coun-
tries.—The evidence from this study
strengthened the view that where breast
feeding is as universal and long-continued as
in most developing regions, the problem of
nutrition and infection centers in the wean-
ing period, approximately the 4th to the
24th month, is sometimes longer. The anthro-
pological surveys by Gonzilez and Béhar3
reinforced that conclusion. Difficulties con-
tinue in later preschool years but to far
lesser extent.

Precise knowledge of breast milk intake is
woefully lacking for representative develop-
ing regions. The value and the necessity of
breast feeding in most developing regions
for the first 6 months is firmly established,
in some places to such extent that it is
almost a matter of “nurse or die.” Is exces-
sively long breast feeding, however, actually
harmful because of the assumption that the
child is being well-fed in later months when
in reality he is not? Or is it a saving grace
because of social and economic inability to
provide a better substitute? These are ques-
tions largely unanswered.

Maternal Nutrition During Pregnancy.—
Enough iInformation on food supplementa-
tion for pregnant women was collected to
stimulate more intensive study. This be-
comes increasingly pertinent as the concern
about malnutrition of infants and young
children extends to inhibition of mental as
well as physical growth. The highly critical
time in brain growth is the latter part of
intra-uterine life and the immediate postna-
tal period. Just as the critical period in
physical growth and development has been
pushed back from the five preschool years to
the first two, the increasing attention to
brain growth may extend the time back into
fetal life.

Congenital Anomalies.—The ecological
field methods employed in the present work
could readily provide information about de-
velopmental malformations in man. Frag-
mentary information suggests a relation to
nutrition and infection, sufficient to warrant
building that interest into the experimental
design of an appropriate future investiga-
tion. The required population would need to
be large, because the readily determined
events are relatively uncommon. Present
studies on malnutrition, learning, and be-

havior from birth through adolescence
would appear especially suited to recogni-
tion of the many late-appearing and less
recognized defects.

Stillbirths and Abortions.—The informa-
tion about deaths in early childhood in de-
veloping countries has contributed to better
understanding of child health, notably the
disproportion of postneonatal to neonatal
fatalities, and the significance of the second
year death rate. The long-recognized .and
yet ill-defined question of stillbirths, more
pertinently perinatal deaths, under condi-
tions of a developing technology and the
changes incident to an altered rural social
structure, add interest. The rising rate of
induced abortions in many developing re-
gions compounds the inherent problem of
spontaneously occurring events. The techni-
cal difficulties in field study of these matters
are themselves serious enough; the social
and cultural inhibitions that hinder acquisi-
tion of good data are greater. Long-term
prospective investigations that cultivate the
confidence and understanding of the people
and have other and more appealing primary
objectives may well provide the best means
of obtaining such information.

Field Studies in Progress

Investigations of nutrition and infection
in less developed countries are being extend-
ed and expanded by several workers. Proce-
dure in each instance is epidemiologic, and
the viewpoint ecologic. Two further studies
under the auspices of the institute began
shortly after the present field work ended.

Cohort Study of Infection and Nutrition.
—This investigation began in February
1964 in one of the villages of the earlier
study, using a part of its facilities. The
unique feature of the study is its experimen-
tal design. Mata has employed the principle
of small group epidemiology in place of the
large numbers of people more usual in com-
munity studies. For two years newborn ba-
bies of a Mayan Indian village were selected
on a cohort basis. The small numbers in the
eventual study population, about 45, per-
mit more frequent and more intricate ex-
aminations.58-638 Emphasis is on microbial
colonization of the intestine, and thus on the
natural history of intestinal infection and
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malnutrition. The first child born during the
study is now past 4 years old. The intent is
to follow all until they enter school at age 7
years.

Malnutrition, Learning, and Behavior.—
The late phases of the three-village study
included some exploration of nutritional
deficiencies in early childhood in causal re-
lation to mental retardation. In August 1965
Canosa began a thorough field study of the
effect of malnutrition on mental growth and
development in comparable Ladino villages
of Guatemala.$4-06 The approach is likewise
ecologic, an attempt to distinguish the effect
of malnutrition within the intricate complex
of causality that includes infectious disease,
lack of education, social deprivation, pover-
ty, inadequate medical services, climatic
stress, genetic inheritance, and more.

Only one other known field study on any
subject rivals this one in ambition or in
comprehensiveness, that one being the
Framingham study of heart disease. The
present plan is for a definitive study of
children until they enter school at age 7
years. If the results then warrant, the intent
is to extend the observations through adoles-
cence, or until age 21 years.

The problem is more complex than that of
the three-village study, with its limitation to
physical growth. This investigation includes
that and, in addition, mental performance.
Field methods applicable to the specialized
part of the investigation, mental develop-
ment, were not available. The seven-year
definitive study began after three years of
perfecting technical procedure and a pilot
study, a highly commendable allotment of
time and energy. Without accuracy of meas-
urement and a consistent ability to count
similar things, the search for cause has no
reality.

Malnutrition and Mental Development.
—Cravioto was a pioneer in field study of
this aspect of nutrition. After exploratory
studies in Mexico, he came to Guatemala in
1962 to develop an informative pilot investi-
gation. Returning to Mexico in 1964, he
undertook a definitive ecologic study in
Mexican villages, measuring levels of at-
tained intelligence, mental capacity, and
cultural behavior.8? The contribution of
multiple factors was recognized, but concen-
tration is on the role of nutrition.

Nutritional Effect in General Community
Disease.—The investigations thus far noted
are by nutritionists with the direct purpose
of measuring the role of nutrition in human
health, particularly in relation to growth
and development, physical and mental.
Many field studies have found nutrition an
essential feature in assessment of communi-
ty diseases which are not of direct nutrition-
al origin. The Framingham heart study
probably affords the best example, but this
is also true of field studies of diabetes, rheu-
matic fever, chronic arthritis, and a number
of others. In India, Taylor in the Punjab,
and Wyon in the Hyderabad State, have
included nutrition, with good reason, in
their field studies of population dynamics
and population control.

Field study has great usefulness in bring-
ing nutrition into the general fabric of pub-
lic health activities, and in recognition of
the extent to which it enters into most
health problems. The method also 1is
applicable to other specific problems of nu-
trition beyond those to which it has been
applied. Worthwhile possibilities include:
(1) the complex causality of anemias asso-
ciated with nutritional defects; (2) food my-
cotoxins and the incidence of primary liver
carcinoma; (3) dietary intervention in ath-
erosclerosis; and (4) consequences of malnu-
trition in pregnancy in less developed coun-
tries.

Comment

Commitment to a long-term prospective
field study requires fortitude and dedication.
Five years of data collection usually means
at least two years of organization, fund rais-
ing and preparation, and an equal or greater
time afterwards in the analysis and report-
ing of findings. The present study followed
this pattern. Whether an investigator is en-
gaged fulltime or not, a study of this kind
dominates his professional activities and
commitments for a goodly portion of an
active scientific life. The initial selection of
objectives and decisions on method and pro-
cedure are, therefore, of crucial importance
personally, as well as mandatory for scien-
tific productiveness. Once they are accepted,
their specific test outranks all other consid-
erations, although the research is likely to
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turn in varied directions. A study develops a
philosophy and a personality of its own. In
that spirit, the present study has been evalu-
ated.

The first of the two main objectives was
to see whether dietary supplementation
could of itself lead to a better result in terms
of physical growth and incidence of disease.
It did, but not outstandingly. The program
for preventive medicine did not bring less
disease or better physical growth among
preschool children. The community bene-
fited from the medical treatment provided.

Long observations on weanling diarrhea
demonstrated an existing synergism between
malnutrition and infectious disease as one
reason for the small result. An adequate
practice of prevention and control necessari-
ly considers the two conditions as a clinical
and epidemiological unit, with measures ap-
propriate to each part applied concurrently,
The biological interaction must not, further-
more, discount appreciation that weanling
diarrhea and other such associations are
fundamentally sociomedical problems. Mul-
tiple social factors enter into the pattern of
causality of both elements and, consequently,
into the observed synergism. The findings in
weanling diarrhea led naturally to expanded
effort in measuring clinical and epidemiolog-
ical modifications of other prevailing infec-
tious diseases under influence of a malnour-
ished host. This led to questions of the inter-
pretation of malnutrition itself.

Malnutrition is a term readily used by
everyone, but usually without definition.
From the beginning we recognized that
physical growth alone was an inadequate
criterion for evaluation of that state, but we
had none better. Physical examination for

clinical signs proved virtually useless. Bio-
chemical measures under field conditions
were not feasible, because the necessary
blood samples were unobtainable without
coercion of the people and loss of coopera-
tion. Analysis of bone maturation added
some precision. That the effects of malnutri-
tion on mental development, learning, and
behavior might be even more significant for
less developed countries than physical
growth was well appreciated, but neither the
means, the staff, nor proven methods of
measurement were available.

Our acceptance of an ecological interpre-
tation of malnutrition is reflected in the
manner in which the many collateral studies
developed. Because of their diverse nature
and because reports have appeared in a
variety of places, they have been collected
for ready reference in the bibliography of
this paper. A half dozen or so others are
completed and in the course of publication.

As the study ends, our own evaluation is
that the major benefits from the three-vil-
lage study are in knowledge gained of the
number and nature of illnesses among young
children in a typical underdeveloped area,
the ages at which the problem centers, and
the indicated public health approach. The
findings, specific in some respects as they
are, have an important bearing on the gener-
al health of people whose status desperate-
ly needs improvement. Their application
through public health programs in less de-
veloped countries can aid in promoting so-
cial and economic progress.

This study was supported by the Pan American
Health Organization, the World Health Organization,
and grant No. AM-4827 from the National Institutes
of Health, Washington, DC.
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