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PREFACE

The Subcommittee on the Interactions of Nutrition and Infection
of the Food and Nutrition Board, National Academy of Sciences/National
Research Council held a symposium on Malnutrition and Infection During
Pregnancy, at INCAP in Guatemala during January 1974, Scientists at
the symposium reviewed existing knowledge and called attention to sub-

jects which deserve further research.

In an attempt to share the results of the workshop with other
scientists engaged in research on maternal factors which influence
human growth and development, the Agency for International Develop-
ment, Office of Health, Technical Assistance Bureau: and the National
Academy of Sciences, Food and Nutrition Board, are pleased to make

these papers available,






Malnutrition and Infection During Pregnancy:
Determinants of Growth and Development of the Child

ganization of this workshop was

suggested by the Subcommittee
on the Interactions of Nutrition and
Infection of the Food and Nutrition
Board, National Academy of Sciences/
National Research Council (NAS/
NRC). The meeting was convened in
Guatemala City at the Institute of
Nutrition of Central America and
Panam~ (INCAP) in January 1974 as
the first of many events marking the
25th anniversary of the founding of
the institute. We were very pleased to
participate in this workshop, because
each of us has had a long and close re-
lationship with INCAP. The success
of the meeting, documented in these
pages, is a tribute to this great insti-
tution of nutritional research where
many of the ideas to which the work-
shop addressed itself originated.

The following persons participated
in the workshop: Juan Rodolfo Agui-
lar, MD, Divisin de Nutricién
Aplicada, INCAP; Javier Aguja, MD,
Departamento de Pediatria, Hospital
General del IGSS, Guatemala City;
Charles A, Alford, Jr.,, MD, Depart-
ment of Pediatrics, University of Ala-
bama in Birmingham; Victor Argueta
von Kaenel, MD, Hospital General
San Juan de Dios, Guatemala City;
Guillermo Arroyave, PhD, Divisién de

Received for publication Oct 1, 1974; accepted
Dec 20.

From the Division of Tropical Medicine,
Achool of Public Health, and Division of In-
fectious Diseases, Department of Pediatrics,
Columbia University College of Physicians and
Surgeons, New York (Dr. Katz); Mt. Sinai Hospi-
tal, New York (Dr. Keusch); and the Ynstitute
of Nutrition of Central Aimnerica and Panama,
Guatemala City (Dr. Mata).

Presented before the symposium held at the
Institute of Nutrition of Central America and
Panama, Guatemala City, Jan 10-12, 1974,
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Introduction

Moisés Béhar, MD

he Institute of Nutrition of Cen-
tral America and Panam~ (IN-
CAP) was created 25 years ago as a
research and advisory organization in
the field of human nutrition to serve
the countries of the Central American
Isthmus.

Our first efforts in defining tiie nu-
tritional problems of the population
were directed primarily at school-age
children. It took us a few years to
realize that at that age most of the
effects of malnutrition have already
taken place and were irreversible,
Hence, our studies were reoriented to
preschool children from 1 to 4 years

- From the Institute of Nutrition of Central
America and Panama, Guatemala City. Dr. B&
har is now with thc World Health Organization,
Geneva.

Reprints not availahle.
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St. Louis University School of Medi-
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san Van der Vynckt, MS, Inter-
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versity, New Yurk; B. Venugopal,
PhD, Department of Biochemistry,
University of Missouri Medical
Schoo!, Columbia; Jfoseph J. Vitale,
MD, Mallory Institute, Buston Uni-
versity School of Medicine; Fernando
Viteri, MD, Divisién de Biomédica,
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The following organizations gave
generous financial and administra-
tive support, without which the work-
shop could not have materialized:
the Malnutrition Pane!l of US-Japan
Cooperative Medical Sciences Pro-

of age. Working primarily with overt
clinical cases of severe malnutrition,
we learned that the critical age was
the first two years of life; that inade-
quate diet interacting with frequent
infections was the important mecha-
nism responsible for malnutrition,
and that overt clinical cases of severe
malnutrition were only the readily
visible part of a much greater prob-
lem. Although death and diseases
were extreme manifestations of the
problem, functional and behavioral
alterations were perhaps no less im-
portant.

Current research indicates that we
have not given enough attention to
the important earlier formative peri-
ods, intrauterine life, and the period
of lactation. We have, therefore,
moved from the study of specific age
groups to an interect in the total span

gram; The Pan-American Health Or-
ganization; the Committee on In-
ternational Programs, NAS/NRC;
INCAP; National Institute of Child
Health and Humun Development;
and International Union of Nutri-
tional Societies.

Our personal gratitude goes to
Nevin Schrimshaw, MD, PhD, and
Moisés Béhar, MD, for their encour-
agement, advice, and remarkable fa-
cility for implementation of ‘he
seemingly impossible.

MicHAEL KaTZz, MD
GeraLD T. Keuscu, MD
LEONARDO MATA, ScD

The Editors acknowledge the secretarial lielp
of Yomilla Ltrssen de Morales, Joyce Davis,
Sharon Guild, and Kathleen Kenny.

of man’s life, fromm conception to
adulthood.

It is most opportune to initiate the
vear of our 25th anniversary with a
workshop devoted to possible adverse
effects of problems occurritg during
intrauterine life. The main purpose of
this workshop will be an analysis of
information on the role of two impor-
tant environmeatal factors, nutrition
and infection, on the development
of the human organism during intra-
uterine and extrauterine life,

The growth curve for weight of
babies beginning 12 weeks after con-
ceptivit and continuing for the first
year and a half of life is sigmoidal, as
is true for most biological growth.
The period of greatest acceleration of
weight gain is from about three
months before birth to about three
months after birth. Consequently,

Introduction/Béhar



birth is an incident that occurs at the
middle of this impurtant period.

Genetic factors have been consid-
ered the most important deter-
minants of fetal growth and de-
velopment because the uterus, the
placenta, and the fetal membranes
offer excellent protection against
mulnutrition and infection. To soma
extent this is true, but nevertheless
many infections do occur in the fetus.

There is also experimental evidence
in animals that severe nutritional de-
ficiencies, particularly of vitamins,
may induce serious teratogenic ef-
fects. Calorie and protein deficiencies
in the pregnant mother also have a
detrimental effect on growth, and
possibly on development of the off-
spring.

Epidemiological observations in
man in times of disaster suggest that
severe caloriec deprivation during
pregnancy impairs fetal growth.
However, controlled studies in irdus-
trialized countries fail to show signif-
icant correlation between nutritional
status of the mother and birth weight
of her baby. Such studies have rein-
forced the theory of “parasitism,”
that is, that the fetus takes from the
mother whatever it neceds for ade-
quate growth and development—even
at the expense of the mother’s tissues
and reserves.

Thus, low birth weight in develop-
ing nations has been attributed to ge-
netic factors; nutritionists have not
paid much attention to the problem.
With the growing concern in chronie,

Am J Dis Child/Vol 129, April 1975

subclinical malnutrition, so prevalent
in these ureas, the effect of mild to
moderate maternal malnutrition on
intrauterine and subsequent growth
and development remains largely un-
known. It is this effect that will be
analyzed in this workshop.

In a similar manner, there is evi-
dence for the teratogenic effects of
certain infectious agents on the em-
bryo and fetus. However, studies of
the possible effects of common infec-
tions of the pregnant woman in
terms of fetal growth and develop-
ment are less numerous and have re-
ceived less attention. Nevertheiess,
this is particularly important in
underdeveloped countries where the
rate of infection in the general popu-
lation, including pregnant women, is
very high. The possible interaction of
malnutrition and infection must be
considered. Maternal and intrauter-
ine infections may not only reduce
fetal growth, hut could also affect
future growth and even more im-
portantly interfere with adequate
functional development; this damage
may be subtle and therefore dificult
to detect and to relate to causal phe-
nomena, but not necessarily less im-
portant. We must ask ourselves how
important it is, in terms of future
performance, to weigh a few hundred
grams more or less at birth. There is
enough evidence to demonstrate that
within the normal range of birth
weight (that is, when the variatien is
primarily genetic and not influenced
by environmental constraints) there

is no correlation between birth
weight and future performance. Is
the situation the same for babies
whose low birth weight is due to the
combined effects of malnutrition and
infection? We do not know the an-
swer, although there is clear indica-
tion that very low weight affects at
least one gross measurement of fu-
ture perfoarmance, the abiliy to
survive.

We should examine subtle fune-
tional alterations in low-hirth-weight
babies and their importance in terms
of future performance, Birth weight
may be very important as an indica-
tor of inadequate development, bat
we must remember that prowth is
only a gross indicator. Development
is a complicated precess with a defi-
nite chronology of differentiation and
maturation, while important strue-
tural and functional alterations can
take place without substantial
changes in growth. We must define
the possible effects of unfavorable en-
vironmental circumstanees in which
the majority of babies in under-
privileged  population groups are
born, and determine whether they
contribute unfavorably to the future
health and well-being of the children,
Finally, if there is a problem, we
must decide what can be done to cor-
rect it.

Indeed, INCAP is very pleased to
open its 25th anniversary year with
this meeting. I hope that it turns out
to be as useful to you as | know it will
be for us at INCAP.
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Nutritional Individuality

Johkn E. Gordon, MD, PhD

y way of introduction to this
workshop, 1 choose to speak on
the nutritional individnality of af-
fected population groups. In so doing,
I view some results that are not so
latent, and by placing these causes
among other agents ingtrumental in
deficits of growth and development of
young children, I reflect on the man-
ner and the extent to which they in-
teract.

In developing countries wlere
childhood malnutritinn is common,
most children are breast-fed. They do
well for the first four months or so,
with gains in height and weight com-
parable to children whose nutritional
situation is more favorable. The diffi-
culty comes with the beginning of
weaning and continues until transi-
tion to an adult diet is completed,
which in general is long postponed.
The result is that the first two or
three years of life are the eritical
period.

Older preschool children have usu-
ally proved easier to enlist in nutri-
tional intervention programs than
the littler ones. As the principal
source of nutrients for the younger
preschool population, nursing moth-
ers logically were added to the target
group, although rarely rating equal
attention. The current outgrowth of
nutritional policy to include the preg-
nant mother and fetus is a logical
evolution of a combined attention to
mother and child.!

As valuable as cumulating evidence
suggests that move to be, attention Lo
fetal nutrition in no sense substitutes
for postnatal action, and for good rea-
sons.’ Nutritionally, the first year or
two of life mark in major degree
continuum of fetal conditions, a tran-
sitional stage to be sure, but with
maintained dependence on a largely

From the Department of Nutrition and Food
Science, Massachusetts Institute of Technology,
Cambridge.

Reprint requests to Department of Nutrition
and Food Science, Massachusetts Institute of
" Technology, Cambridge, MA 02139 {Dr. Gordon).
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maternal envirorment for food and
protection, and a social adaptation in
food habits and otherwise that per-
mits successful coexistence with fel-
low humans.

During gestation the mother of
course provides the whole of the phys-
ical and biological environment for
the fetus. Maternal anthropometric,
psychological, pathologic, and obstet-
ric characteristics have long served
to express the nature of that envi-
ronment. Recognition grows, however,
that the third classical component of
environment, the sociocultural, also
provided by the mother, has equal sig-
nificance if not an overriding impor-
tance in development of the fetus.
Poverty commonly governs food sup-
ply, education determines the direc-
tion of health maintenance and the
management of illnesses, and the ex-
tent of child training and the experi-
ence derived from preceding preg-
nancies affect the care afforded the as
yet unborn. Social and economic in-
fluences acting on the mother are
thus reflected directly or indirectly on
the fetus. The resulting biological and
social complex has been termed the
"matroenvironment.”

In a search for contemporary influ-
ences, for fresh incitants of malnutri-
tion or other human difficulty, the so-
¢ial environment thereby gains in
priority. These circumstances extend
the activity of the maternal environ-
ment past fetal life in a process of
postnatal adaptation in which the
mother is the dominant influence.

No assumpticn is offered that the
process ends there. It lessens as the
individual gains in his own experi-
ence and, in combination with a con-
tinuing maternal influence, progres-
sively attains an ability for formal
logical operation by about age 12
years. Beyond that, the astute indi-
vidual continues to profit from paren-
tal counsel.

In eonsiderations of malnutrition,
growth, and development, the addi-
tion of the prenatal period to the crit-

ical first three years of life marks
progress. All too commonly deficien-
cies originate during gestational life,
which makes child health more than a
concern of those already born. In
most instances the underlying causes
are much the same: too little or inade-
quate food, acute infectious diseases,
and low birth weight.” With onset
early in that period, evidence exists
that retarded growth and develop-
ment are past full relief, that the
damage done is likely irreversible.* In
the best of circumstances, medical
care takes the place of the more deci-
sive preventive approach.

The Chinese acknowledge the real-
ity of this initial stage, that life be-
gins in utero; the child is recognized
as 1 year old at birth.

Maternal Environment

With the whole of external influ-
ences concentrated in the mother—
physical, biological, and social—the
maternal environnient attains in ges-
tation an importance unmatched at
any other time in human develop-
ment. Parturition may impose a heav-
ier strain on that environment; the
child also encounters a set of external
risks from which it was previously
isolated; and yet critical as it is, the
period is relatively brief. Following
birth, the physical and biological en-
vironments impinge directly on the
child instead of being mediated
through the mother. The responsi-
bility for protection and guidance in
the socialization by which the infant
acquires his own ability and experi-
ence continues to rest, however, in
the maternal environment—and for a
longer time than at any other stage.

Gestation.—During gestation of the
fetus, the envirenment provided by
the mother was long regarded as a
shelter against potential risks; the
nutritional reserves of the mother
might suffer, but not those of the
child. The exaggerated frequency of
low birth weights in regions with a
prevailing malnutrition establishes

Nutritional Individuality/Gordon



the fallacy of that view. Mild infec-
tions of the prototype of rubella,
themselves essentially innocuous to
the maternal host, may elicit a devas-
tating fetal effect. In general, mater-
nal infection induces a nutritional
deficit in both organisms, and all too
often specific infectious diseases ex-
tend the harm to both.

If nothing else, early fetal losses
through spontaneous abortion, erude-
ly estimated at half of all preg-
nancies, suffice to establish a high de-
gree of risk. As a later manifestation,
the stillbirth rate is itsel{ high. How
much of fetal wastage is attributable
to faulty genetic inheritance and how
much to the impact of malnutrition,
infectious disease, and other biologi-
cal influence within the maternal en-
vironment is not known.

The infectious diseases, the other
iilnesses, and the malnutrition so
largely responsible in technically un-
derdeveloped regions for a poor prep-
aration for pregnancy continue as
active determinants of an insecure
result in that event, with the added
consideration that they react on the
developing fetus.

An assessment of maternal qual-
ities requires a backward look at the
childhood upbringing of the mother
herself. Origins are both remote and
immediate. Faults in early growth
and development, and continuing
deficits thereafter, are reflected
among other things in short stature
and an excess frequency of small-for-
date babies’; thus, there is a contin-
uing cycle, transmissible in series, to
be remedied only when women enter
pregnancy in an adequate nutritional
state. Agre at pregnancy, short inter-
vals between births, and racial differ-
entials are basically biological, yet so
strongly admixed with social ele-
ments as to rival the second major
feature of the maternal environment,
the social setting to which the child is
introduced.

Accruing knowledge has enlarged
the concept of social environment in
disease causality past conventional
social, cultural, and economic influ-
ences to include a fourth behavioral
component. Conviction has grown
that the biological and reproductive
causes so largely resident in malnu-
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trition and infectious disease have a
coordinate effect in early childhood on
mental as well as physical growth and
development.© Psychological measure-
ments designed to establish the
added effect supported earlier obser-
vations that the behavioral environ-
ment itself possessed definitive
capacities in origin of growth distur-
bances, particularly the so-called fail-
ure-to-thrive and the battered-child
syndromes. The result was recogni-
tion of adequate caretaking in early
childhood as a reasonavle and neces-
sary complement (o measures di-
rected toward control of hiological in
fluences. How much of a deleterious
effect on the child in utero arises from
family crises and their inherent
stresses, from disturbed parental re-
lations, or maternal addiction to alco-
hol, drugs, and tobacco remains prob-
lematical. They do act in postnatal
life, and likewise so do such limita-
tions as young parental age and
inexperience, weaning practices, and
the lack of mutual contribution by
parents in socialization. Food habits
established in childhood commonly set
the pattern for adult life,

The expression “socioeconiomic” is
evidence in itself of the weight ac-
corded the economic component of the
social environment. Few established
causes of failure in growth and devel-
opment, including malnutrition and
infectious discase, escape a strong fi-
nancial association. Special economic
challenges exist in the working
mother, in welfare systems and wel-
fare recipients, in food prices, and in
the policies and practices that guide
food purchases. Basic to all are the
lessons of history, that so many
health difficulties (to name only two,
diphtheria and tuberculosis) have
yielded to economic advances and an
improved way of life long before spe-
cific preventive measures became
available.

Perinatal Period.—From the abrupt
transition at parturition, mother and
chiild emerge as independent orga-
nisms, now sharing exposure to com-
mon external surroundings but with
highly different responses, because
stimuli act sclectively on the two
hosts and some more forcefully than
others. The child now encounters a

whole set of influences from which it
was previously isolated. Others are a
carry-over from gestation, notahly a
small bhirth weight. Developmental
anomalivs may prove incompatible
with new calls on physiological func-
tion. Birth injuries during delivery
may interfere with nutrition.

The mother encounters her own
particular difficulties in an abnormal
pregnancy, or in multiple births, each
with its attendant complications. In
puerperal sepsis, she too finds a probh-
lem of infection. Her indispositions
{urthermore react ¢n the infant.

Most of the risks during the peri-
natal period are reproductive and bio-
logical, which is not to discount such
social influences as the quality of
available obstetric care, the pre-
vailing poverty, large families, birth
order of the child, and stresses arising
from social casualties.

Judged by deaths, the first birthday
of a child is the most hazardous he
will ever face. Granted recovery, the
quality of survival in developing re-
eions of the world is sufficiently im-
paired that it centributes heavily to
later malnutrition.

Postnatal  Period.—Child  develop-
ment has its own objectives, variously
physical, mental, and behavioral, but
all stand in relation to fcod supply.
For infant and toddler, food supply
draws heavily on the maternal envi-
ronment. During rany months and
in many areas, breast feeding makes
that relationship exceedingly close;
and the dependency on maternal
care in food preparation continues
throughout early childhood. A further
connection is that food habits and
customs instilled in  childhood,
whether good or bad, tend to persist
into adult life. The responsibility lies
mainly with the mother. Mimicry of
alder siblings contributes, yet all too
often this represents no more than
what they too have learned through
maternal influence. Perhaps nothing
is more inhibitory than a sick, a dis-
interested, or an ignorant mother. A
fair index of maternal competence is
to be had from the number of deaths
among siblings, and also their food
behavior.

Errors in behavioral development
relating to food commonly trace to
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three sources. Some are inadvertent,
a product of the mores of the commu-
nity. Others are due to deficient
knowledge of weaning practices and
the principles of nutrition. Some fail-
ures refer directly to behavioral
faults: family crises, entanglement
with the law, transversion of ac-
cepted societal rules, or addiction to
drugs or alcohol. Overwhelmingly,
they all relate to poverty, poor educa-
tion, and provincialism. The more se-
rious are those that end in separation,
desertion, or divorce, and most of all,
the death of a parent.

Mortelity.—Progress in lowering
death rates has been from older ages
toward younger. Second-year death
rates in Britain began to decline 40
years before infant mortality. In de-
veleping countries the proportion of
postneonatal to neonatal deaths of
the first year is about 3:2; in indus-
trial regions the ratio is 1:2. Perinatal
deaths in the United States are four
times those at any other age.

Morbidity.—Such information as ax-
ists relates mainly to more serious
discase, with little known of effects
from the milder and more common
conditions and from latent infections
without discernible signs or symp-
toms.

Pregnancy Wastage.—The extent of
losses from spontaneous abortion is
not accurately known. Those from in-
duced abortion are of course increas-
ing. Causes and consequences need
further study. In developing regions,
stillbirths are still confused with live
births.

Low Birth Weight.—Conditions are
well defined for hospital populations.
For open populations and especially
i developing countries where inci-
dence is excessive, data on frequency
and cause are sparsc.’
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Congenital Anomalies.—In develop-
ing regions, even deaths from this
cause are poorly recorded, and devel-
opmental consequences still less so.

Postpartum Amenorrhea.—-The rela-
tive contributions of biological and
social determinants are poorly under-
stood; duration of amenorrhea and
contraceptive effectiveness are prac-
tical questions for planned parent-
hood. Closely spaced pregnancies
bring high infant mortality.

Lactation.~How much the vicissi-
tudes of gestation affect subsequent
performance in lactation is largely
uninvestigated in general popu-
lations, despite its evident impor-
tance in growth and development.

Applied Prevention and Control

The outstanding objective is pre-
vention to the extent feasible and
practical, and reasunable control if
that must suffice.* Because growth
and development are progressively
evolving characteristics, field investi-
gative procedure profits most from
long-term prospective observations,
Field study is important because
there is no substitute for contact with
reality, which is to be found in the
homes of people, Prevalence data
yield facts about a population at a se-
lected time that may or may not be
representative. Retrospective study
starts with the observed event as the
independent variable, with cause the
dependent item. That is reversed
emphasis,

With such close interaction of bio-
logical and social determinants, there
is need for multidisciplinary effort,
not so much through concerted group
activity as individual effort by au-
thorities skilled in a particular field.
The same principle holds in the orga-
nization for action. Planning for in-

tervention is a matter of priorities, of
feasibility, practicality, potential ac-
complishment toward a defined goal,
and the sympathy and cooperation of
the population conczrned. Therefore,
it brings together the skills of physi-
cian, biologist, sociologist, anthro-
pologist, political scientist, business
manager, and economist. Implemen-
tation of the program is best dele-
gated to a specified agency suited to
the eventual schedule, but proper
evaluation, so often omitted, de-
mands an assessment of separate as-
pects: biological value, educational
profit, cost-benefit analysis, and the
ultimate contribution toward a basic
goal of social and economic progress.’
Again, expertise prevails.

And the individuality of nutrition?
It is the extent to which it penetrates
all facets of human life.
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Session I: Malnutrition During Pregnancy

Placental Function and Malnutrition

Al appreciation of the physiolog-
ic mechanisms that play a major
role in the transfer of substances
across the placenta is basic to under-
standing the capacity of the placenta
to respond to the stress of maternal
malnutrition during pregnancy and
what the nature of this response may
mean for the developing fetus.

In general, the homecostatic re-
sponses of the mother are geared pri-
marily to her survival. For example,
many maternal physiclogic adjust-
ments are not only in a direction that
will not prevent an untoward change
for the fetus, but may even result in a
change clearly unfavorable for the
fetus. This is exemplified by vago-
constr:ction of the uterine circulation
by catecholamines released into the
maternal blood,

Alternatively, the biological capac-
ity of the fetus to adjust to changes
in the maternal environmen? and to
maintain an optimal fetal environ-
ment is to a considerable degree de-
pendent on and limited by placental
mechanisms for maintaining rela-
tively constant conditions for the
transfer of nutrients and gases be-
tween the maternal and fetal blood
flowing through the placenta. Thus, a
key measure of placental function is
the rate of nlacental transfer of a
substance per unit of concentration
difference between maternal and fe-
tal plasma, known as the "diffusion
capacity” of the placenta for the sub-
stance.' The diffusion capacity of the
placenta for a number of substances
increases proportionally with fetal
weight during pregnancy. The troph-
oblastic surface area of the placenta
grows during gestation proportional
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to fetal weight. At term it is approxi-
mately 3 to 4 sq m/kg. In comparison
to the human lung, the placental
membrane has a larger surface-to-
hody-weight ratio and is much thicker
and metabolically more active.
Uterine blood flow increases enor-
mously during pregnancy, most of i.
going to the cetyledons. The critical
physiologic factors piroducing and po-
tentially controlling this increase in
man are unknown. Similarly, there is
a progressive increase in umbilical
blood flow with fetal age, with most
of this flow (94%) also perfusing the
placental cotyledons. There is a paral-
lel inecrease in fetal blood pressure
and the growth of the vascular bed of
the placenta. The eritical factors con-
trolling changes in normal umbilical
blood flow during gestation are also
unknown. Mild changes in the partial
presaure of respiratory gases have
little effect on the umbilical vascular
bed.** However, moderate fetal hy-
poxia and acidosis result in decreased
umbilical blood flow, decreased fetal
cardiac output going to the placenta,
and increased shunting of umbilieul
vein blood into the fetal inferior vena
cava, bypassing the liver.' The vascu-
lar mechanism by which the flow of
umbilical vein blood returning from
the placenta is distributed between
the fetal liver and vena cava may be
particularly relevant for fetal nutri-
tion. Although many potential nutri-
ents are carried by the umbilical vein,
metabolism of the brain and limbs of
the fetus is predominantly dependent
on glucose. Presumably, the nonglu-
cose nutrients are storad and con-
verted in the liver under normal cir-
cumstances. Chronic hypoxic stress
that substantially alters the contin-
uing distribution of the umbilical
bloodstream to the liver vs the sys-
temic circulation might substantialiy
change the patte.rn of substrates pre-
sented'to the liepatic tissues.

Richaid E. Behrman, MD

The critical mechanisms involved in
transfer functions of the placenta are
best illustrated in terms of the con-
cept of placental clearance, which is a
function of the specific permeability
of the placental membrane to a sub-
stance and the magnitude of the fetal
or umbilical and maternal or uterine
placental blood flows.” If the placental
permeability to the diffusion of a sub-
stance is very low, the elearance in
this instance can be charzcterized pri-
marily as diffusion limited, The clear-
ance becomes increasingly higher for
substances to which the placental
membrane is progressively more per-
meable. At some maximal value at
which the permeability no longer lim-
its the rate of transfer of a particular
substance, the transfer of this sub-
stance would become flow Limited. Ex-
perimental evidence in sheep and
monkeys indicates that tritiated wa-
ter and antipyrene are substances
whose clearance represents the max-
imum flow-limited clearance.” This
transplacental flow-limited clearance
is approximately 100 ml of blood per
minute per kilogram of fetal body
weight. Thus, changes in the composi-
tion of maternal plasma lead to a
rapid change in fetal plasma. The
half time of equilibrium is less than
ten minutes. In contrast, the clear-
ance of urea is to be large degree dif-
fusion limited. In regard to sub-
stances that are diffusion limited
because of relatively low placental
permeability, it must be kept in mind
that the composition and molecular
structure of the placenta is not static
through gestation.

In terms of these mechanisms it is
possible to indulge in some specula-
tions about placental function during
maternal malnutrition. Transfer of
glucose has been characterized as fa-
cilitated diffusion, whereas transrer of
amino acids invelves an active meta-
holic process. If these tend to act like
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substances whose transfer is also flow
limited to a considerable extent, then
nutritional and, perhaps, infectious
factors that have an untoward effect
either directly or indirectly on the de-
velopment and function of umbilical
or uterine vascular beds may he more

1. Meschia G, Battaglia FC, Bruns PD:
Theoretical and experimental study of
transplacental diffusion. J Appl Physiol
22:1171-1178, 1967,

2. Battaglia FC, Meschia G, Makowski
EL, et al: T’im cffect of maternal oxygen in-
halution upon fetal oxygenation. J Clin In-
vest 47:5648-5655, 1968.

3. Behrman RE, Parer JT, Novy MJ:

critical for normal fetal growth and
development than actual deficiencies
in the transfer of specific nutrients to
the fetus, or the transfer of an abnor-
mal pattern of nutrients or metabo-
lites or both. This hypothesis is con-
sistent with ohservations of the basic
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Nutrition of Pregnant Women in a

Developing Country—Thailand

Ousa Thanangkul, MD, Kosin Amatayakul, MB, ChB

he commonly held belief that
the birth weight of a human in-
fant is determined solely by genetic
and racial differences was challenged
by a World Health Organization
(WHO) technical report that showed
that birth weight varied within a
number of ethnic groups in relation
to the socioeconomic status of the
mother.' Later studies showed that
the nutritional status of pregnant
women as reflected by base line body
weight and weight gzin during preg-
nancy had a positive correlation with
fetal growth.>*

Qur studies in Chiang Mai, Thai-
land, were designed to assess the nu-
tritional pattern of pregnant women.
In comparison with the diet of women
in the industrialized societies, the
Thai diet is generally low in total czl-
ories, protein, caleium, and iron
(Table). These deficiencies arc similar

From the Anemia and Malnutrition Research
Center, Faculty of Medicine, Chiang Mai Uni-
versity, Thailand, and St. Louis University
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to those reported from other develop-
ing countries, for example, India.

Examining specific nutrients, we
noted that intake of vitamins A, B,,
niacin, and ascorbic acid was also
deficient in comparison with that in
the industrialized societies and sub-
stantially below that recommended
by WHO for pregnant women. Thi-
amine intake, on the other hand, ap-
peared adequate. This may be illu-
sory, however, because the primary
source of calories among pregnant
Thai women is carbohydrate, which
leads to a higher demand for thi-
amine, and therefore may result in
relative thiamine deficiency. Indeed,
cases of infantile beriberi are still
seen in our population.

Although clinical signs of thiamine
deficiency were observed in only 7%
of the pregnant women, 20% had 24-
hour urinary thiamine excretion of
less than 40pg. Moreover, 13% ex-
creted less than 40ug of riboflavin per
day. Twenty percent had serum fo-
late levels below 4 mg/ml and 6% had
serum vitamin B,, levels below 150
pg/ml; 6% were deficient in vitamin
K, with serum levels of 0.4 mg/100 ml.

In acdition, vitamin A deficiency
was noted both in pregnant women
and newhorn infants.® In Chiang Mai,
this deficiency is especially cominon
in cases of protein-calorie malnutri-
tion, and almost certainly is a result
of early deprivation of vitamin A in
infants fed breast milk low in vita-
min A. However, the original endow-
ment of the fetus with vitamin A dur-
ing pregnancy is probably also
deficient. Venkatachalam et al’
showed that serum vitamin A levels
of pregnant women decreased with
each consecutive trimester. The cord
blood levels of vitamin A were qui‘e
low in all groups.

Hemoglebin values less than 11
gm/100 ml were found in 21% of
pregnant women, and 3% had values
of less than 9 g 1/100 ml. Serum iron
levels below 50ug/100 ml were noted
in 63%, and in 40% the serum iron
binding capacity was in excess of
45pg/100 ml.

Pregnant women in rural areas in
Thailand consume inadequate nutri-
ents and are by all reasonable criteria
malnourished. The average birth
weight of 2.9 kg (6.4 lb) is lower than
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Comparison of Daily Intake of Selected Mutrients
by Pregnant Women in Several Countries
Protein, % Calories Calcium,
Calories gm From Protein gm
Scotland (Aberdeen) 2,354 72 12,2 0.9
United States (Tennessee) 2,200 75 13.5 1.1
Holland - 2,770 81 12.0 0.9
india (Calcutta) 1,920 48 10.0 0.5
Thailand (Soong Nern) 1,980 40 8.0 0.5
that in the industrialized world, and Conclusion

the infant mortality remains quite
high. Since maternal nutrition is an
important factor influencing the well-
being of the newborn infant, it is
mandatory that spacial attention be
paid to proper nutrition of pregnant
women to supply them with nutrienty
that easily traverse the placenta, for
example, iron, protein, and water-sol-
uble vitamins. Substances such as
vitamin A, which have a relatively
poor placental transfer rate, should
be administered directly to infants
postnatally.

he objective of maternal diet is
provision of sufficient nutrients

to maintain mother and fetus in good
health, ‘o support an adequata flow of
breast iilk without detriment to ma-
ternal nutritional reserves, and to
maintain maternal health between
pregnancies.! Daily dietary recom-
mendations for Central American
women are presented in Table 1.* The
recommended C.etary pattern for
pregnant women is different from
that for nonpregnant women, and the
values are set at the upner level of the
distribution curve of requirements.
Most individuals consuming them
would, ir theory, be amply nourished.

From the Institcte of Nutrition of Central
America and Panama, Guatemala City.
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Nutritional pattern of pregnant
women in Thailand was evaluated
and compared in selected respects
with that in other countries. The Thai
diet was found to be deficient in vita-
min, protein, calcium, and iron and
was similar to diets reported from
other developing countries, but dis-
tinctly inadequate in comparison to
those in the industrial societic :.

This investigation was supported in part by
Public Health Service grant AM 11044 and

Agency for International Development grant
493-028-T.
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Nutrition in Pregnancy in

Central America and Panama

Although the consumption of more
energy than is actually spent is unde-
sirable, the recommened caloric in-
take for pregnant women is set to
provide for storage of about 36,000 ki-
localories during pregnancy as adi-
pose tissue ceserves. This is because
“a safe level of energy intake is a ba-
sic requirement to insure satisfactory
nutrition for the fetus and breast-fed
infant.”

A diet adequate for nonpregnant
wemen must be increased by 17% dur-
ing pregnancy to satisfy the increase
in required calories and nutrients, es-
pecially calcium, proteing, ascorbic
acid, folate, and vitamin B,,. The gap
between prepregnancy and preg-
nancy diets can often be filled by
foods readily available. For example,
in rural villages in Guatemala, four
spooniuls of couxed black beans, two

Guillermo Arroyave, PhD

tortillas, one-half ounce of cheese,
one-half tomato, and one leaf of cab-
bage would nearly accomplish the
task, except for vitamin A, which
would be inadequate, and miacin,
which would be marginal. Under
these ecological conditions, the gap in
vitamin A can be filled only by sup-
plementation.

Dietary Patterns and Nutrient
Intake in Pregnancy

In two rural ladino villages of
Guatamala, an increase in focd con-
sumption (corn and vegetables) dur-
ing the last two trimesters of preg-
nancy was determined by 24-hour
recall dietary intake surveys (Table 2)
(M. Flores et al, unpublished data).
This represents an increment in the
caloric intake of about 400 calories
per day; however, the intake of calo-
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Fig 1.—Ratios of serum nenessential (NEj to essential (E) amino acids in Guatemalan
mothers and newborns of two socioeconomic groups, measured at delivery.

Table 1.—Daily Dietary Recommendations?
Pregnant® (2nd & Nan- Allowance for %
Nutrient 3rd Trimester) pregnant Pregnancy Increase

Energy, kilocalories 2,400 2.050 350 17
Protein, gm 60 45 15 33
Calcium, mg 1,100 450 650 144
Iron, mg 28 28 L. C.
Vitamin A, ng 900 750 150 20
Thiamine, mg 10 0.8 0.2 25
Ribeflavin, mg 1.3 1.1 0.2 18
Niacin equivalent, ng 15.8 13.5 2.3 17
Ascorbic acid, mg 50 30 20 67
Folate (free), 1g 400 200 200 100
vitamin By, ag 3.0 20 1.0 50

* More than 18 years old.

Table 2.—Adequacy of Dietary Intake*

intake
A —
P.egnant
P A
1st Trimester  2nd Trimester  3rd Trimester Lactating
Nutiient (No. == 200 (No. = 57) (No. = 57) (No. = 36)
Energy, kilocalories 1,418 _ L1723 1,819 1,599
Protein, gm 39 50 54 58
Animal protein. gm 8 7 9 10
Calcium, mg 768 967 1,012 887
fron, mg 17 17 20 21
Riboflavin, mg 0.68 0.71 0.79 .58
Thiamine, mg 0.81 0.99 i.07 1.03
Vitamin A, mg 0.47 0.53 0.75 0.34
Vitamin C, mg 36 29 39 13

* For a low sccioecaonornic, rural population in Guatemala.

ries was insufficient for even a non-
pregnant, nonlactating vvoman. There
was consistent decrease in food in-
take in the lactating women in com-
parison to those in the third trimester
of pregnancy. Calories, riboflavin,
vitamin A, and vitamin C were all af-
fected. The reasons for this are un-
known, but the change in dietary pat-
tern may have a cultural basis.

The question of whether dietary
habits of women change during preg-
nancy has been investigated by Arro-
vave et al in Guatemala.: They sur-
veyed 14 pregnant women from high
and low :ocioeconomic groups. The
women in th» high socioeconomic
group change their dietary intake
during pregnancy by introducing
more milk, eggs, fruits, and vege-
tables and by reducing cereals and
fats. In contrast, few women in the
low-income group change their intake
habits. Although an inerease in mean
intake was recorded with advancing
pregnancy, this was accounted for by
the improved food intake of only a
few of the women. With respect to
diet within houscholds, the presence
of pregnant or lactating women re-
duces the adequacy of the diet for the
whole family.

Biochamical-Mutritional Characteristics

Studies on the nutrition of preg-
nant and lactating women carried out
by the Institute of Nutrition of Cen-
tral America and Panama (INCAP)*#
show that enly 40% of women of low
and medium socioeconomic levels
have adequate intakes of riboflavin,
Red blood cell levels of riboflavin, se-
rum levels of vitamin A and carotene,
and hemoglobin and hematocerit val-
ues ore also substantially lower in
these women. Evidence of inadequate
protein intake as disclosed by a low
ratic of serum valine to glycine
(Table 3) has been verified in a group
of pregnant women from a low socio-
cconomic rural ladino village® New-
born infants of these mothers also
showed this alteration, indicaiing a
direct effect of maternal nutrition,

Two groups of urban Guatemalan
mothers of low and high socioeco-
nomic levels were natched for age,
parity, interval since previous deliv-
ery, and absence of severe disease
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during pregnancy; they all had un-
complicated, full-term pregnancies
resulting in male newborns. Studies
at INCAP? showed that urinary ex-
cretion of urea per gram of creatinine
was adequate in 12 of 14 high-socio-
economic-group women, but in only
16 of 26 of those in the low socioeco-
nomic group. Adequate urea excre-
tion was set at 4 gm/gm of ereati-
nine. Since the creatinine exeretion
per 24 hours is about 1.0 gm, excretion
of less than 4 gm of urea nitrogen per
24 hours indicates inadequate protein
intake. An immediate biochemical
consequence is the clevated plasma
ratio of nonessential to esseniial
amino acids in women of the low so-
cioeconomic group (Fig 1). The amino
acid ratio of the newborns in this
group is also severely affected.

Nutritional inadequacies of protein
and other nutrients are reflected in
physical measurements, Weight for
height and tricipital skinfold thick-
ness of women from low socioeco-
nomic groups are substantially lower
than those in women from high socio-
economic groups.” This indicates that
a deficit in calories is present. Creati-
nine excretion per 24 hours is a reflec-
tion of total muscle mass. For com-
parative purposes we have chosen an
arbitrary reference point, the median
value for the high socioeconomie
group. Twenty-{cir-hour creatinine
excretion in 22 out of 29 low-sociocco-
nomic-group women fell below the
reference value, This could be due to
differences in height, since averages
were 150 em (59 in) for the low and
162 cm (64 in) for ihe hign socioeco-
nomic groups. Expressing creatinine
excretion per centimeter of body
height to correct for this variable
does not alter results, thus indicating
a relative protein depletion in the low
socioeconomic group,

If the caloric reserves (adipose tis-
sue) were the same in both groups,
one would expect the creatinine coer-
ficient (milligrams of creatinine per
kilogram of body weight) to be lower
among women of low sociceconomic
class. However, 74% were above the
set reference point. This indicates
that the lower weight/height ratio of
such women is due partly to de-
creased protein mass, but even more
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Fig 2.—Average serum retinol levels (g7 100 ml) in maternal and cord sera in two socio

economic groups, measured at delivery.

Table 3.—Piasrna Valine and Glycine Levels in Population Groups
Having Different Nutritional Characteristics
Valine, Glycine,
Grour: No. mg/100 ml mg/100 ml Ratio
1. Pregnant women, Guatemala City, UIU* 5 1.491 1.210 1.298
2. Pregnant women, San Antonio la Paz, LIR* 6 0.998 1.599 0.636
3. Nanpregrant women, San Antonio la Faz, LIR 7 1.447 2.643 0.587
4. Newboin childre:, Guatemala City, UIUT 5 2.392 2531 0947
5. Newborn children, San Antonio la Paz, LIRt 6 2.002 2.970 0.710
6. Well-nourished chifdren, 3-6 yr oid 5 1.679 1.606  ..093
7. Children with kwashiorkor, 2-6 yr old G 0.275 1577 0.184
8. Children with marasimus, 1 yr oid 1 0.456 1.266 L.360
1 0.584 1.596 0.366

* UIU signifies an upper income, urban group and LIR signifies as low income, rural popu-
lation. Data taken from women in their ninth month of pregnancy.

1 Data taken from cord blood of group 1,
1 Data taken from cord blood of group 2.

to a decrease in caloric reserve, The
protein-calorie deficit noted does not,
however, result in abnormal plasma
protein values. Normal or ircreascd
levels of plasma preteins in chroni-
cally undernourished pregnant wom-
en have been described before and
are attributed to a suboptimal in-
crease in blood volume during the fi-
nal weeks of pregnuncy. A relative
predominance of the caloric deficit

Nutrition in Central America and Panama/Arrcyave

over that of protein may be respon-
sible for the maintenance of plasma
protein levels as is the case in maras-
mic children.*

Seruin retinol levels of the mothers
during delivery and in the corre-
sponding cord blood are presented in
Fig 2. The average valnes differ sig-
nificantly in the mothers, but not in
the newborns. For general popu-
lations, values below 10pg/100 ml are
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considered "deficient.” On this basis,
11 out of 30 individuals in the low so-
cioeconomic group, and thre~ out of
20 in the high socioeconomic group
are in the "deficient” category.

Urinary excretion of riboflavin,
which is related to intake,” is abnor-
mally low in more than half of the
women in the low socioeconomic
group,” whereas 90% of values in the
high socioeconomic group are cither
“acceptable” or "high.”

Pregnant women in all Central
American  countries  exhibited a
higher prevalence of iron deficiency
than nonpregnant women as indi-

1. Maternal Nutrition and  Family
Plenning it the Americas: Keport of a
PAHO Technicul Group M«Ming, Wash-
ington, DC, Oct 20-24, 1964, scientific publi-
cation 204, Washington, DC, Pan American
Health Organization, 1970,

2. Recomendaciones Dieteticas Diarias
Para Centro America y Panama, publica-
tion B-709. Guatemala City, Institute of
Nutrition of Central America and Panama,
1973.

3. Energy and protein requirements:
Report of a Joint FAO/WHO Ad Hoe Ex-
smrt Committee. WHO Tech Bep Ser 522:1-

18, 1973.

4, Arroyave (5, Hicks WH, King DL, et
al: Comparacién de algunos dates bioquim-
ico-nutricionales obtenidos de mujeres em-
barazadas procedentes de dos niveles socio-
ccondmicos de Guatemala. Ree Col Med
Guatemala 11:80-87, 1960.

cated by the degree of transferrin
saturation. Although serum folate
levels were less than 3 ng/100 ml in
17% of pregnant and 33% of nonpreg-
nant women in the low sociceconomic
group, this is not the li.1iting hema-
topoietic factor. When iron is admin-
istered, however, the already low fo-
iate level falls even further and
folate does become the limiting hem-
atopoietic nutrient.”

Conclusion

Nutritional nceds during preg-
nancy are increased and vary for each
nutrient. Therefore, recommended di-
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with the relationship of low birth
weight with famine conditions, with
low maternal weight and weight
gain, with the economic constraints
of poverty, and with reported
gradients of dietary intake of protein
by social status during pregnancy.'!
It is possible that intervention to im-
prove nutrit’on during the last few
months of pregnancy when most
women receive prenala: care and are
thus accessible to treatment, may be
of considerakle benefit.!

We are testing this hypothesis in a

randomized, double-blind, controlled
clinical trial of protein and cclorie
supplementation during pregnancy in
a pooer, urben, black, North American
population.** The randomized, con-
trolled study design was necessary
for a number of reasons, such as co-
variation of pour nutrition with other
aspects of poverty and the urgenrey of
testing the question in a short time.

Eva' aation

Standaids of Adequacy: The Recom-
mended Daily Allowances.—Protein.—A
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United Nations Food and Agriculture
Organization/World Health Organi-
zation (FAQ/WHO) committee has
recently recommended revised pro-
tein (and energy) intakes: 0.52 gm of
egg or milk protein or its equivalent
per kilogram per day, plus 1 gm/day
in the first quarter of pregnancy, ris-
ing to an additional 9 gm/day in the
last quarter.’

The Protein Advisory Group has
taken issue with the ahove recom-
mendation.”” This is not surprising,
for even in populations in which kwa-
shiorkor is endemic, there are no ac-
cepted recommendations for the in-
fant who has been weaned, even
though tnere is a well-defined clinical
deficiency syndrome against which
adequacy might he judged."*

Energy.—The energy needs of the
individual pregnant woman can be
defined only in relation to her level of
activity: she must receive enough for
her own metabolic needs and those of
the fetus. In contrast to the nonprey-
nant woman whose adequate nutri-
tion is reflected in maintenance of
body weight, the needs of the preg-
nant woman who is supporting
growth of the fetus are not so easily
assessed. There is wide variation in
food intake within geographically de-
fined groups and preferential alloca-
tion of food within the family. Gold-
berger observed that young adult
men had a lower incidence of pellagra
then young women.'* The FAO/WHO
committece has recommended 2,200
calories per day for the moderately
active 55-kg (122-1b) woman, with an
additional total of 80,000 kilocalcries
during the entire pregnancy.

Clinical Evaluation.—Classical clini-
cal signs of malnutrition in the indus-
trial societies are infrequently found,
tend to be nonspecific, and vary
widely with the observer.

Biochemical Evaluation.—Biochemi-
cal assessment of protein-calorie mal-
nutrition has been applied exten-
sively in infancy and childhood.:*
There are fewer data for pregnant
women and other adults on diets con-
taining suhoptimal levels of protein
that are not sufficiently low to cause
clinical illness. Beaton et al* in
Guatemala and Beydoun et al* in
Syracuse, NY, reported that ratios of
urinary urea to creatinine, or urea to
total nitrogen, are reasonably good
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indicas of dietary protein intake dur-
ing pregnancy. However, these values
can become normal within 24 hours of
the institution of adequate protein
intake and can fluctuate irrespective
of protein intake because of variation
in ereatinine’™ ™ and urea™ excretion.
(For instance, in pregnancy less urea
is excreted by a supine woman than
one lying on her side; creatinine ex-
cretion is unaffected by position.™)
Lindblad et al* found that both ma-
ternal and umbilical cord plasma gly-
cine/valine ratios were abnormal in
a poor Pakistani population with
chronie low protein intake, whereas in
an affluent Swedish group with hy-
pertensive disorder of pregnancy only
the cord plasma values were abnor-
mal. Thusg, fetal "malnutrition,” sec-
ondary to compromised placental
blood supply, can be contrasted with
inadequate maternal protein intake.
Churchili et al reported a strong rela-
tionship of serum a-amino acid con-
centration to birth weight and eranial
volume.t  They ascertained by a
single 24-hour quantitative dictary
recall that a-amino acid level was as-
sociated with low protein ingestion.
It is unlikely, however, that the
method of recall has suflficient reli-
ability (sce below).

Dietary History.—Assessment  of
diet intake, by history, is recom-
mended by manuals on nutritional
evaluation.®** However, a critical as-
sessment of this method suggests
that it is unreliable. For instance, ac-
cording to Young et al, "The hypothe-
sis stating '24 hour recalls are an un-
biased estimate of seven day record’
was rejected without exceptions for
all [ten] nutrients,”™ and “[the die-
tary] history did not give the same es-
timate of intake for an individual as
the seven day record.””

The seven-day focd diary or ex-
tended self-weighing of food are not
dependable methods either. Record-
ing and weighing almost certainly
modify the diet. Morcover, only some
individuals are willing to cooperate in
these tedious procedures, and fewer
still are able to record the necessary
data accurately. Thus, clerks and civil
servants are among those with whom
these methods are usually employed.

The correlation between a lengthy
interview and brief recall decreases
as the number of food items in-

creases. It is also decreased with
lower educatienal attainment of the
respondent,® and therefore becomes
less useful in the groups at highest
risk of disadvantageous fetal growth
in industrial societies; urban dweliers
of low educational level.

For repeated 24-hour dietary re-
calls, nine reealls would he needed for
total calories and 27 (or animai pro-
tein” in order to ackieve a 95% proba-
bility that 90% of individuals have
caleulated mean vaiues within 209 of
their true means. Not only are such
large numbers ‘mpractical, but the
method is predic ated on stable intake,
and diet during pregnaney is known
to chango.

Reshef and Epstein reported quan-
titative similarity boetween lengthy
diet  histories  taken six  months
apart.™ Their finding does not vali-
date the aecuracy of such procedures,
hut rather confirms that, in their
hands, it had good reliability (ie, re-
peatability). It is guite likely that sys-
tematic misreporting can oceur. In
studies of obesity, reported ealorie in-
take, measured by various techniques,
has been correlated inversely with
hody weight. This was observed hy
Maresh and Beal for American ado-
leseerts,™ by Marr et al for British
male civil servants,” and by Lincoln
for  middle-aged,  middle-income.
North American men." In the initial
analysis of our own 24-hour diet recull
data from a poor black New York
City population, we also observed
lower reported calorie intake with in-
creased body weight, The finding is
not limited to the obese; we inter-
viewed no one with a prepregnant
weight over 63 kg (140 Ib). Findings
by A. J. Stunkard, MD (unpublished
data), show that nbese patients lose
weight when given only as much to
eat as they report having eaten in the
past. However, the inverse relation-
ship of caloric intake with body
weight may be in part real, for
decreased activity is consistent-
ly observed with increased body
weights, = Quantitating how much
the lower reported energy intake of
those with higher body weight is due
to conscious or unconscious Inis-
reporting of food intake and how
much is a function of lower activity is
not only technically difticult, but tan-
gential to our neceds. Whatever the
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explanation, it s relevant that re-
ported energy intakes are ver, poorly
related to energy balance,

Assessment  of nutrient  intake
must be based on a translation of
foods eaten into their constituent nu-
trients. Caleulated nutrient content
of fouds, using current tables, may
hear little relationship to a direet
chemical analysis, »

Balance Studies.—-It is not known
whether increases in the level of ma-
ternal protein intake beyond that
needed to avoid signs of protein mal-
nutrition are advantageous, given an
adequate energy supply. Macy and
Hunschner found an average of 2.83
gm of nitrogen per day retained in
pregnaney.” More recently, John-
stone et ol caleulated a daily reten-
tion of about 0.8 gm of nitrogen per
day.™ This is in general agreement
with Hytten and Leiteh's estimate
derived from studies of the composi-
tion of weight gain and the products
of conception,” even though the po-
tential errors in balance studices of ni-
trogen tend to overestimate reten-
tion.” Hytlen and Leiteh concluded,
It is generally believed that storage of pro-
tein, presumably in excess of measured in-
creases in maternal structures wnd fetus,
oceurs in experimental pregnant animals.
In default of any convineing quantitative
evidence of similar storage for man, we
propose to assume that no more protein is
laid down than [ean be] accounted for in
the fetus and matirnal tissues and fluids.

Whether the consistently observed
gradient of inercased protein intake
with improved social and economic
conditions® is on: of the mechanisms
by which the uffluent achieve im-
proved fetal growth *emains an open

question.
Activity and Enerpy Expenditure.—
Activity requires greater encrgy

expenditure in pregnancy and effi-
cieney decreases as pregnancy pro-
ceeds. The pregnant woman con-
comitantly limits her activity,
balancing, in part, her increased ob-
ligatory energy expenditure.™

If variation in activity affects only
energy balance and not other physio-
logrc functions important for fetal
growth, we could avoid the methodo-
logical problems of quantitating
energy intake and activity, and could
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limit scrutiny to their summation,
eneigy balance. This may be the case,
since, for example, there is little
change in uterine blood flow with ac-
tivity or exercise in the pregnant
ewe"™

Energy Balance: Weight,
Weight Gain, and
Anthropom~.try in Pregnancy

onergy intake, metabolism, and ex-
penditure are difficult to measure and
thus difficult to relate tc¢ outcome.
Changes in maternal weight and fat
pad thickness are easily measured,
and the components of these changes
{excluding the products of concep-
tion) are, for practical purposes, lim-
ited to water and fat. It may be pos-
sible therefore to calculate changes in
water and fat if changes in body
weight and fat pad thickness are
known.

We do not yet know how constant
is the proportion of fat in gains of
maternal weight in pregnancy. The
proportion of water does vary: with
clinical edema, the proportion is oh-
viously higher,

The relationship of maternal fat
deposition to birth weight has not
heen studied, even though an excel-
lent study of fat pad changes in preg-
nancy has supplied us with much of
the requisite technology.*

The corrclation of weight gain with
increased energy storage (as fat)
must be high, and it seems worth-
while to explore some of the known
velationships of fetal growth to
changes in maternal weight.

In the poor, urban, American com-
munity in which our group works,
there was a consistent strong addi-
tive association with birth weight
of hoth prepregnancy weight and
weight gain in pregnancey,* with neg-
ligihle relationships of maternal age,
parity, or height, after controlling for
prepregnant weight. This is similar to
the findings in the study of Weiss and
Jackson.** The collaborative perinatal
study disclosed that ameng the 2,500
women who delivered two singleton
infants, changes between preg-
nancies in either prepregnancy
weight or weight gain were associ-
ated with remarkable differences in
birth weight.*

For affluent populations, maternal
weight gain continues only slightly
diminished to term; with parallel
regular fetal growth. This may not be
true in developing count*~ies. Jurado-
Garcia et al in Mexico City have
shown that for the infants of impov-
crished mothers delivered at a univer-
sity hospital, there was no increase in
birth weight for those beyond 35
weeks’ gestation.” The most plausible
explanation for this striking finding
is deprivation of energy, and data on
maternal weight change would be
maost helpful.

Fat pad thickness increases to the
end of the second trimester, then
stayvs stable until delivery, and re-
turns to normal very shortly after de-
livery." This sequence fits well with
the observation that group differ-
entiation of fetal growth begins only
at the start of the third trimester.
Thus, adequate fat deposited up to 30
weeks may he proteetive of continued
optimum fetal growth, as is third-tri-
mester refeeding following starva-
tion.'

In the collaborative study popu-
lation, there was a strong gradient of
increased birth weight with increased
prepregnant weight and pregnancy
weight gain among both races.*
However, for any given maternal
weight and weight gain, birth weight
for whites was consistently higher.
Thus, there are other determinants of
the differences Letween blacks and
whites. Whether the invariant in-
crease in mean birth weight with iis-
ing social status (in geographically
and racially homogencous popu-
lations) can be accounted for by dif-
ferential weight and weight gain re-
mains to be explored, but it is a
compelling hypothesis.

At least half of the variance of
birth weight associated with mater-
nal cigarette smoking is shared
jointly with depressed maternal
weight gain.* Thus, the predominant
mechanism by which smoking affects
fetal growth may be by depressed
energy intake.

Goals for Further Study

Future standards for energy intake
in pregnancy would be more precisely
defined by energy balance, measured
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by weight gain and fat pad thickness,
than by dietary intake. The question
whether induced or volitional in-
creases in energy halance would gen-
erate higher birth weight, and subse-
quent lowered perinatal mortality, is
now under study.**

The exploration of the interaction
of nutrition and smoking requires ur-
gent attention, for smokers have in-
fants whose perinatal mortality is
about a third higher than non-
smokers.*

The most efficient approach to the
definition of optimal protein intake
may be to study energy as a co-
variate. The attention to weight gain
and the wider use of skinfold calipers
could be helpful clinically. It is easier
to counsel proper weight gain than
precise calorie intake. A recent inter-
pretation of the US Ten-State Nutri-
tion Survey is germane:

Although the diets of low income families
did not differ in the concentration of essen-

1. Bergner L, Susser MW: Low birth-
weight and prenatal nutrition: An inter-
pretive review. Pediatrics 46:944-966, 1970.

2. Hytten FE, Leitch I: The Physiology
of Human Pregnancy, ed 2. Oxford, En-
gsl)z'z]nd, Blackwell Scientific Publications,
1971.

3. Rush D: Perinatal mortality, race, so-
cial status, and hospital of birth: The asso-
ciation with birthweight, in Janerich DT,
Skalko RG, Porter IH (eds): The Problem of
Congenital Defects: New Directions. New
Yorﬂ, Academic Press Inc, 1974.

4. Stein ZA, Susser MW, Saenger G, et
al: Famine and Human Development. New
1‘_1(;:‘1( Oxford University Press, to be pub-
ished.

5. Rush D, Stein Z, Susser MW: The ra-
tionale for, and design of, a randomized
controlled trial of nutritional supplementa-
11:3% in pregnancy. Nutr Rep Int 1:547-553,

6. Rush D, Stein Z, Christakis G et al:
The prenataf project: The first 20 inonths
of operation, in Winick M (ed): Current
Concepts in Nutrition: II. Nutrition and
Fetal Development. New York, John Wiley
& Sons Inc, 1974,

7. Energy and protein requirements:
Report of a joint FAO/WHO Ad Hoc Ex-
pert Committee. WHO Tech Rep Ser 522:1-
118, 1973.

8. The "Protein Problem,” statement 20.
Protein Advisory Group of the Unitcd Na-
tions System, 1973, pp 1-10.

Harper AE, Payne PR, Waterlow JC:
Assessment of human protein needs. Am J
Clin Nutr 26:1168-1169, 1973,

10. Miller DS: Protein-ener inter-
relationships, in Porter JWG, Rolls BA
(eds): Protein in Human Nutrition. New
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tiul nutrients from those of middle income
groups, the availability of calories, ie, the
amount of foud available, was directly re-
lated to the family income. The total food
intake of children in low income families
was limited, and this was reflected in
growth performance.*

The Ten-State Survey included too
few pregnant women to test whether
these conclusions hold specifically for
the pregnant woman.

Conclusion

The most fruitful path to the un-
derstanding of the consequences of
maternal nutrition for the offspring,
at least for the immediate future,
would seem to be concentrated on ef-
fects on fetal growth.

Techniques for assessment of ma-
ternal nutritional status are highly
unsatisfactory: the lack of universally
acceptable standards for nutrient in-
take and balance follows from these
technical inadequacies.
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Devoloping societies share several
common characteristies, includ-
ing low gross national product per cap-
ita, heavy dependencey on the export
of raw materials, ineflicient systems
of land tenure, and deficient tech-
nology. Malnutrition and infectious
disease are highly prevalent, espe-
cially during the first five to seven
years of life. Such societies moreover
are characterized by sharp difter-
ences between upper and lower socio-
economic status groups in terms of
income and living conditions.
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Figure 1 summarizes results of sev-
eral studies comparing height of
adult women from high and low socio-
economic groups. Women from low
socioeconomic groups in rural and ur-
ban populations are shorter; those
from the high socioeconomic group re-
semble the white urban population in
the United States. With regard to
height or prepregnancy weight, sim-
ilar facts obtain.

In developing societies, socioeco-
nomic status is alse associated with
other maternal characteristics. Die-
tary intake of proteins and calories™"
and weight pain  during  preg-
naney*' " (L. J. Mata, ScD, unpub-
lished data) are low in women from
rural populations. Comparisons in
terms of birth weight show a similar
pattern. In developing countries, the
proportion of infants with low birth

weight is greater in rural and urban
groups from low socioeconomic strata
than in high socioeconemic groups
from the same countries,*'™*

In most studies, socioeconomic
status has been defined exclusively by
family income. There are very few re-
ports concerning other sociocultural
factors that could explain the ob-
served differences in maternal nu-
trition and birth weight. Maternal
malnutrition, whether secondary to
dietary deficiency, increased losses, or
demands due to infectious disease, is
an important cause of fetal growth
retardation, which is perpetuated
through generations.

Study of Nutritiun
and Mental Development

We are exploring these inter-
relations in an INCAP study on nu-
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trition and mental development:* in
four rural ladino villages in Guate-
mala. The total population of the four
villages is around 3,000, half of whom
are below 15 years of age. The vil-
lages have a subsistence agriculture
economy, producing corn, beans, and
mango. The median annual incore is
$200 per family, most of which is allo-
cated to food and clothing, Sanitation
is extremely poor; drinking water de-
rives firom public wells or crecks and
only 6% of the houses have latrines.

We have devised a socioeconomic
scale based on characteristics of the
house, clothing, and c¢ducation of chil-
dren As the score increases, the per-
centage of low-birth-weight infants
decreases (Fig 2). Even in small rural
villages in which almost all inhabhi-
tants are poor and illiterate, very
siniple sociocultural scales can iden-
tify groups of mothers with sharp dif-
ferences in incidence of low-birth-
weight infants,

Socioeconomic score also shows a
significant association with maternal
height and head circumference, third-
trimester maternal weight, and in-
dicators of maternal morbidity dur-
ing pregnancy. Figure 3 shows the
relationship between socioeconomic
score and low birth weight of infants
according to maternal height, The
magnitude of this association is
greater in mothers with low stature
than in those with high stature. A
similar pattern appears when mater-
nal weight, head circumference, or

Fig 2.—Relationship between socioeconomic score and proportion
of children with low and high birth weights in four rural Guatemalan
villages. Number of cases given in parentheses; total number is
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Fig 1.—Relationship between socioeconnmic status and height of adult women in pre-
industrialized societies. Nurnber of cases shown in parentheses. Data obtained from follow-
ing sources: (1) Faulhaber’; (2) Arroyave et al* and Lechtig et al*; (3) Lechtig et al*; (4) L. J.
Mata, ScD, unpublished data: (5) Sebrell et al*; (6) Niswander et al "

morhidity is studied. Consequently,
these maternal characteristics may
explain an important part of the rela-
tionship between socioeconomic score
and low bhirth weight.

A reasonable interpretation of this
finding is that the sociocconomic
score reflects economic and cultural
conditions resulting in maternal mal-
nutrition and disease, which in turn
produce fetal growth retardation.
There are, of course, alternative ex-

planations for these findings, It is
possible, for example, that the socio-
cconomic score and maternal charac-
teristics are risk indicators not
causally related to the mechanisms
responsible for fetal growth retarda-
tion. This, however, is an unlikely
possibility since there is evidenee that
improvement in maternal nutrition is
associated with higher birth weight.»
Whatever the causal relations among
these variables, it is clear that the so-

Fig 3.—Influence of maternal height on relationship between so-
cioeconomic sccre and propnrtion of babies with low birth weight
(< 2.5 kg [5.5 1b]). Number of cases given in parentheses.
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cioeconomic score has biological im-
portance in these villages, since the
risk of low birth wecight is seven
times greater in mothers with a low
gociocconomic score than in those
with a high score,

Figure 4 shows the relationship be-
tween the socioeconomic seore and
low-birth-weight infants according to
maternal caloric  supplementation
during pregnancy. The magnitude of
the association is greater in mothers
with low supplementation than in
those with high supplementation. The
group with a high socioeconomic score
showed no difference in proportion
of low-bhirth-weight infants whether
supplementation was high or low.
These results indicate that differ-
ences in the incidence of low birth

1. Faulhaber J: Anthropometry of living
Indians, in Wauchope R (ed): Handbook of
Middle American Indians. Austin, Tex,
University of Texas Press, 1970, vol 9, pp
82-104.
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4. Lechtig A, Habicht J-P, Guzmén G, et
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Low Stature (< 147 cm (58 in])

Fig 5.—Influence of maternal height and caloric supplemencation
during pregnancy on refationship beween socioeconomic score and

High Stature (=147 cm [58 in])

proportion of infants with low birth weight. Number of cases given

in parentheses.

weight according to the sociocco-
nomic score can be reduced if mothers
are well supplemented during preg-
nancy, and that the effects of caloric
supplementation are strongest in the
gr.ap with a low score,

Figure 5 presents the relationship
hetween the socioeconomic score and
proportion of low-birth-weight in-
fants according to stature of the
mother and caloric supplementation
during pregnancy. The association of
socioeconomic score and low birth
weight is significant for short moth-
ers with low supplementation. No as-
sociation between the socioeconomic
score and low birth weight is evident
in tall, well-supplemented mothers,
The two intermediate groups show an
intermediate association.
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De. Behrraan inquired whether there
was an increase in mortality of infants
who weigh more than 4,400 gm (10 1b) at
birth, commenting that in an carlier study
in the higher sociocconomic classes, heavy
infants had lower intelligence quotients
when tested at school age. He also wanted
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some increased risk at the higher birth
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out further than mean birth weight for
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hetween social status and effects on fetal
growth. For instance, in some studies, low-
birth-weight infants in an upper class in-
curred little or nodisadvantage in eventual
mental performance, whereas there was
such a disadvantage among *he poor. This
also holds for the increase in perinatal
mortality due to maternal smoking, which
is greater among the poor than among the
well-to-do.

Dr. Sinclair then continued the discus-
sion, raising the issue that the correlaticn
between pregnancy weight gain and birth
weight may be somewhat spurious because
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one weighs the pregnant mother together
with the fetus and one therefore may be
measuring, at least in part, the same thing
twice. Would it not be more acewrate, he
wondered, to subtract fetus weight from
pregnancy weight gain itself. Dr. Rush re-
sponded that the proportionate component
of fetal weight gain is so small as to be
negligible. He continued that fetal weight
of a few hundred grams is contrasted with
the pregnancy weight gain of approxi-
mately 25 kg (55 1b) or so. Dr. Sinclair dis-
agreed and stated that if one took weight
gain of some 12 kg (26 [b), the fetal weight
and that of the products of conception
would constitute approximately one third
of the total weight. Dr. Rush, on reflection,
agreed and suggested that perhaps such
caleulations would be valid in analyzing
data of pregnancy weight gain and birth
weight. Dr. Qusa added that in Thailand,
at least, one must account for the inflience
of toxemia of pregnancy on the data of
weight gain during pregnancy, because
in that country there are many toxemic
women.

Regarding Dr. Lechtig’s data, Dr. Plot-
kin wondered about the infection rate in
mothers, for example, urinary tract infee-
tions. Dr. Lechtig responded that in their
studies, infection correlated negatively
with birth weight. In view of the state-
ment by Dr. Rush that maternal smoking
correlated witi: lower birth weight, Dr.
Plotkin wondered whether there was an
aniinal model in which this influeice could
be tested. Dr. Sinclair recalled that there
was and referred to a Winnipeg, Canada,
study by Dr. Howarth in which rats were
placed in a smoke-filled box for many
hours each day. The effect was a decrease
of mean fetal weight, but no reduction in
either length of gestation or in litter size.
However, the exposed rats tended to eat
less. Dr. Beisel wondered whether trans-
placentally transmitted glucose and other
nutrients may be reduced or otherwise af-
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feeted in states of infection. Dr. Behrman
reported that he knew of no studies that
tested this question, There then followed a
discussion about the importance of placen-
tal size in relation to birth weight, and Dr.
Lechtig pointed out that it has some influ-
ence on the birth weipht, but that there is
a large margin of safety. Dr. Rush dis-
agreed somewhat and reealled that in the
Duteh famine studies, it had heen deter-
mined that the placental size depended on
the size of the fotus and not the other way
around,

Next, the discussion turned to maternal
height as a possible Jeterminant of birth
weight of the infant, prompted by a ques-
tion from Dr. Keusch. Dr. Behrman re-
sponded that in the Leningrad famine, no
such correlation between height and birth
weight could be made. However, Dr, Kush
commented that with the available data it
i« not yet possible to isolate the question of
height as an influence and thought that
height was associated with the social
status as well. Dr. Lechtig disagreed and
stated his belief that there was a relation-
ship between maternal height and hirth
weight. Dr. Keusch continued wondering,
if height had an influence, why it was that
in Dr. Lechtig's studies of caloric supple-
mentation, the high caloric intake did elim-
inate the difference of hirth weights be-
tween short mothers and the taller ones,
Dr. Béhar then pointed out that caloric
supplementation in that study affected
only the pregnaney period, whereas height
of the mother was really a reflection of the
nutritional influences of her entire earlier
life. Dr. Mata added that taller women in
every society produce larger babies. Fi-
nally, Dr. Beisel added that perhaps height
would be more properly defined not in
some absolute, or even relative terms, but
rather as achievement of optimal height
level.

Socioeconomic Factors/Lechtig et al 437


http:lecli.ig
http:influec.ce

Seasien II: Infection During Pregnancy

Fetal Defense

E. Richard Stichm, MD

he function of the immune sys-

tem of the fetus and the new-
horn is suspect because of an in-
creased incidence of infection, poor
clinical response to infection, dimin-
ished lymphoid tissue, and sluggish
immunologic responses to a variety of
natural or test antigens,

Fetal immune mechanisms can be
classified in a similar fashion as
the human primary immunodeficien-
cies are classified that is, into an-
tibody deficiencies, cellular immune
deficiencies, phagoeytic and macro-
phage deficiencies, and opsonin and
complement deficiencies. Since most
primary immunodeficiencies result
from developmental arrest, the im-
munologic abnormalities in primary
immunodeficiencies will oreur at some
stage of normal ontogenesis, and the
methods used in the diagrosis of pri-
mary immunodeficiencies, are valid in
delineating defects or immaturity in
fetal immune development.

This discussion will consider the
following: (1) normal development of
each of the major components of the
human immune system, (2) factors
that may activate the fetal immune
system and the consequences of such
activation, and (3) factors that may
impair the development of the im-
mune system, and the consequences
of such impairment.

Development of the
Human Immune System

Development of Cellular Immunity.—
The cellular immune system plays a
major role in the defense against vi-
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Mechanisms

ral infection, certain intracellular
bacterial infections, fungal and pro-
tozoal infections, mutant or malig-
nant cells, and histoincompatibie
human cells, The cellular immune
system originates from stem cells
within the liver or the spleen; these
enter the thymus about the eighth
week of gestation.! In the thymic cor-
tical area, an active site of lymphoid
proliferation, distinctive surface anti-
gens (such as 8 antigen in mice and
possibly analogous antigens in hu-
mans) are acquired and acquisition of
immunocompetence is achieved. Dur-
ing cellular maturation, many of the
lymphocytes die in situ in the cortical
areas; others migrate to the medulla
of the thymic lobule. Mature T cells
(thymus-derived cells, the functional
cells of the cellular immune system)
leave the thymus via the bloodstream
and are distributed throughout the
body but with particularly large con-
centrations in the paracortical arcas
of lymph nodes and the periarteriolar
areas of the spleen. Some T cells en-
ter the lymphatics and return to the
circulation via the thoracic duct.

Functional assessment of the cellu-
lar immune system can be accom-
plished by assessing the number of T
lymphocytes on the basis of their
ability to form rosettes with sheep
erythrocytes by in vitro tests of lym-
phocyte proliferation, by mediator
formation and direct cell-to-cell kill-
ing capabilities, and by delayed hy-
persensitivity responses to certain
skin test antigens.

Development of the Antibody Immune
System.—Immunoglobulin  synthesis
begins in human fetuses at about 10%
weeks, with the synthesis of IgM in
lymphoid tissues, as shown by tissue
culture studies of incorporation of
amino acids labeled with radioactive

isotopes into immunoglobulins, iden-
tified by radioimmunoclectrophore-
sis.* Initially, the spleen is the site of
most active synthesis. By the same
technique, IgG synthesis begins at 12
weeks and IgA at 30 weeks of gesta-
tion. Van Furth et al* detected lgG-
and IgM-fluorescing cells in lymphoid
tissue in human fetuses by 21 weeks.
Lawton and Cooper! found IgM, IgG,
and I[gA surface determinants on
lyimphoid cells (B cells) in peripheral
blood, bone marrow, liver, and spleen
by 11% weeks. By 14 weeks the distri-
bution of immunoglobulin-staining B
cells was similar to that in adult tis-
sues. Cells with cytoplasmic immuno-
globulin (those synthesizing immuno-
globuling) were not found in early
fetuses and did not appear until
the time when endogenous immuno-
globulin synthesis commences.
Lawton and Cooper* have proposed
a two-stage model for differentiation
of plesma cells. The first stage (clonal
development) involves conversion of
stem cells into antigen-reactive B
cells with surface immunoglobulins.
These B cells initially synthesize IgM,
but some then switch to IgG and IgA
production, maintaining the same an-
tibody specificity. This stage is inde-
pendent of exogenous antigen stimu-
lation and fits the clonal selection
theory. The second stage (clonal pro-
iiferation) commences when the B
cells enter circulatior; on exogenous
antigenic stimulation they will prolif-
erate to form antibody-preducing
cells  with cytoplasmic  immuno-
globulins. Developmental arrests re-
sulting in congenital antiLbody immu-
nodeficiencies car occur at either
stage; in stage-1 defects, peripheral B
cells are lacking, but in stage-2 de-
fects, B cells are present without im-
munoglobulin synthesis.
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IgG.—Although IgG synthesis does
not commence until the 12th week of
gestation, IgG may be present in the
fetal circulation as early as the 38th
day of gestation as a result of passive
transport of maternal 1gG across the
placenta.' The IgG levels remain low
{<100 mg/100 ml) until about 17
weeks, at which time they increase
gradually in proportion to the ges-
tational age (Figure). At term (40
weeks), the newborn IgG level usually
exceeds the maternal IgG level by 5%
or 10%." Although Gitlin described an
abrupt onset of maternal-fetal trans-
fer at about 22 weeks,' with the result
that most ic*t . ses between 25 and 40
weeks had IgG levels equivalent to
the maternal levels, most other inves-
tigators have noted a gradual in-
crease of fetal IgG levels throughout
late gestation.* For example, we
recorded lIgG levels of 330 %61
mg/100 ml (mean = 1 SD) at 26 to 27
weeks, 556 + 107 mg/100 ml at 32 to
33 wecks, 823 £ 135 mg/100 ml at 36
to 37 weeks, and 937 £ 175 mg/100 ml
at 40 to 41 weeks." This increase al-
lows an estimation of gestational age
by the cord blood IgG level. Nearly all
the cord IgG is of maternal origin.
Mirtensson and Fudenberg' de-
tected trace quantities of endoge-
nously synthesized IgG by assaying
genetic IgG globulin (Gm) types, but
this contributes negligibly to the IgG
serum level.

There are two principal mecha-
nisms by which the maternal-fetal
transfer o1 [gG is accomplished.' ™
The first is a passive transfer, in
which the fetal IgG is proportional to
the maternal IgG level; this mecha-
nism undergoes maturation with in-
creasing gestational age to permit in-
creased amotzits of IgG to cross the
placenta during gestation. The sec-
ond is an active enzymatic mecha-
nism that actively transfers IgG from
mother to fetus. This enzymatic
mechanism is inhibited at high ma-
ternal IgG levels and is increasingly
activated at low maternal IgG levels,
and thus it serves to bring to normal
fetal IgG levels; infants born to
mothers with high or low IgG levels
tend tc have near normal IgG levels.

IgM.--The synthesis of IgM com-
mences at 11 weeks of gestational
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age and continues at low levels
throughont gestation. The normal
fetus has sufficiently well established
IgM synthesis so that nearly all fe-
tuses have detectable levels of IgM in
their serum by 30 weeks. Maternal
IgM normally does not cross into the
fetal circulation. Levels of 1gM in-
crease gradually during late gesta-
tion; at term birth, the mean level of
IgM s 10 + 5 mg/100 ml.' Buckley et
al'" reviewed the results of seven
studies of cord blood IgM levels and
found that mean levels varied from
5.8 to 1583 mg/100 ml and that the
limits of two standard deviations
from the mean varied from 1 to 10
myr/100 mi (lower limit) to 12.9 to 27.4
mg/100 ml (upper limit). Most author-
ities consider the normal mean level
to be 10 mg/100 ml, with an upper
limit of normal (+2 8D) of 20 mg/100
ml.

lgA. IgD, und Iyl —Synthesis of
IgA is delayed until 30 wecks and
then proceeds to such a limited de-
gree that serum I[gA is usually not de-
teeted until several days after birth,
when levels are usually 1 to 5 mg/100
ml. Higher levels of {gA in cord blood
are often indicative of . maternal-
fetal transfusion. Secretory IgA,
composed of two serum IgA molecules
and seeretory component, synthesized
by glandular epithelial cells, is not de-
tected in the fetus, However, free se-
cretory companent can be synthesized
by the fetus as evidenced by its pres-
ence in the urine of premature in-
fants.'

The immunoglobulins IgD and gk
do mnot cross the placenta and are
found only in trace quantities in the
fetus and in cord blond.

Development  of  Phagocyte  and
Macrophage Immunity.~The impor-
tance of the granuloeyte in defense
mechanisms is amply illustrated by
the severe illness, chronie granuloma-
tous disease, that results from a de-
fect in the intracellular killing of cer-
tain bacteria.

Granuloceytic cells are first noted in
the liver at about two months of ges-
tation. By five months, the bone
marrow becomes the chief synthetic
organ. However, the functional capa-
bilities of fetal granulocytes to
phagocytize and kill micrcorganisms

are not well studied.

Several studies of neonatal leuko-
eytes are available. Tunnichtl in 1910,
using various bacteria,™ Matoth in
1952, using starch particles,” and
Miyamoto in 1965, using killed strep-
tococel,™ noted diminished phagocy-
tosis of cord blood leukoeytes in
the presence of their own serom,
However, these studies did not define
with clarity the contribution of the
newborn serum to the phagoeytie de-
feet. Gluek and Silverman in 1957,
using india ink particles, first sug-
gested that neonatal phagoeytie defi-
cieney might he due to a lack of se-
rum factor, inasmuch as diminished
phagoceytosis of premature leukoeytes
could be almost completely corrected
in the presenee of adult serum.' Re-
cent studies have confirmed these oh-
servations,

In contrast to these studies, Coen
et al* found diminished bactericidal
capacity in the leukoeytes of nine of
25 infants in the first 12 hours of life,
utilizing Staphylococeus airens as a
test particle. They attributed this toa
defeet in glucose metabolism through
the  hexose  monophosphate  shunt
(HMP), since carbon dioxide produe-
tion from glucose-1-"C was dimin-
ished, confirming  similar  observa-
tions by Donnell et al?' However,
Park et al* and McCracken and Ei-
chenwald® found normal or inereased
nitroblue tetrazolium (NBT) dyo ve-
duction in the leukoeytes of new-
horns, a procedure used to measure
the Oinetional capacity of the HMP
shunt of leukoeytes, and as a screen-
ing test for chronie granulomatous
disease of childhood. Further, NBT
dye reduction was only slightly re-
duced in the leukoceytes of premature
infants.®

Macrophage function has not been
studied in the human fetus or new-
horn, but elegant studies in neonatal
rats suggest an immaturity of neo-
natal macrophage function, as evi-
denced by increased suseeptibility to
Listeria  monocytogenes  infections,
ready estublishment of immunologic
tolerance, and diminished antibedy
production.®” These defects can be re-
versed by infusion of adult rat wacro-
phages or activatior of the neonatal
animals’ own macrophages.

Fetal Defense Mechanisms/Stichm 439


http:hIlp/htc,.tt

1,200 |
1,000 |
— [}
€ 800 | /I \%\ 680% of Aduit Level
8 /! - 60% of Adult IgG
5 60C / Level
E /7
4 400 ,”Maternal \ ==
= 300 ” ~ 1gG » <l L
§ 200 F / Contribution X “\Newbom 1gG 7
5 ! A Contribution
o 150 F I} !
2 s f / i \
£ “7)2 i / oo oM 78% of Adult IgM
{ | \ eve
50 / J M 1R | 20% of Adult Igh
25 / ! - Level
L LAt L deet—T] e W O T WORS Wk %8 W BN |
Months O 2 4 6 8 2 4 6 8 10 12
Birth

immunoglobulin (IgG, 1gM, and IgA) levels in fetus and infant in first year of life. The IgG
of fetus and newborn infant is solely of maternal oiigin. Maternal IgG disappears by age of
9 months, by which time endogenous IgG synthesis by infant is well established. The IgM
ant IgA of neonate are entirely endogenously synthesized, since maternal 1gM and 1gA do

not cross placenta.

Incidence of Elevated IgM Levels in Random or Serially Collected
Umbilical Cord Sera of Various Groups of Newborns
1gM Levels®* %
——t . With
No. Elevated/ Eleva-
Author & Year Population Studied No. Studied  tion
Stiehm et al (1966)4 Random newbhorns (mixed income) 7/129 5.4
Stiehm & Nichol (1968), Consecutive newborns (middle inuome) 2/1,100 0.2
unpublished data
Alford et al (1967, 1969, Consecutive newborns (mixed income) 123/2,916 4.2
1971)4.4 (1967-1968)
Alford et al (1967, 1969, Consecutive newborns (mixed income) 69/3,035 2.3
1971)4.¢ (19€8-1969)
Hardy et al (1969)%? Consecutive newborns (mixed income) 132/2,623 5.0
Sever et al (1969)50 Consecutive newborns (mixed income) 14/1,768 0.8
Miller et al (1969)48 Consecutive newborns (mixed income) 135/5,006 2.7
Lechtig & Mata (1970, Random newborns (mixed income, 1/16 6.3
1971)5.54 urban, developing country)
Lechtig & Mata (1970, Random newborns (poor income, rural, 55/115 48.7
1971)53.%4 developing country)
Dent et al (1971)% Consecutive newbcrns (mixed income) 4/100 4.0
Gotoff et ai (1971)4¢ Random newborns (low income) 41/1,659 2.5
Gotoff et al (1971)4 Random newborns (middle income) 27/2,626 1.0

* All the studies have used an IgM level of 20 mg/100 ml or above to be abnormally ele-
vated except for Gotoff et al4é who used 17 mg/100 ml, and Hardy et ai’2 who used 30 mg/

100 ml.

Development of the Complement and
Opsonic  Systems.—Complement (C)
synthesis begins early in ontogeny
and precedes immunoglobulin syn-
thesis. The synthesis of Cl-esterase
inhibitor, C2, C4, and C5 begins us
early as cight weeks of fetal life, con-
siderably earlier than the onset of
igM or IgG synthesis.**** Synthesis of
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C3 and C4 is well established by 11 to
14 weeks and to a degree greater
thar. that of immunoglobulins at the
same time. Synthesis of Clq occurs
later, principally in the spleen, or pos-
sibly in the colon and ileum. This
early synthesis of C is evidently not
related to the presence of antigen.
Despite the early onset of comple-

ment synthesis, substantial quan-
tities of complement do not appear in
the serum until 12 to 14 weeks and
then graduaily increase; at term, to-
tal heriolytic complement titers and
levels of individual components are
50% to 65% of the correspondir.g lev-
els in normal adult serum or - ired
maternal serum. Complement <. 1po-
nents do not cross the placenta. L w-
birth-weight infants have much lo-. ar
levels of hemolytic complement ar '
individual complement component:
and these are reduced in proportion
of the degree of immaturity ™

Complement plays an important
role in the heat-labile opsonic system,
enhancing phagocytosis of organisms
to which the body has never been ex-
posed.

Several studies suggest deficient
opsonic activity of low-birth-weight
and term infant sera and this may
contribute in Jarge measure to the ab-
normal phagocytic function of their
whole blood or unwashed leukocytes.
Gluck and Silverman were able to cor-
rect the opsonic defect of premature
leukocytes by the addition oi fresh
adult serum.” Much of this phago-
cytic-restoring activity resided in «
and 8 globulins. Miller noted a dimin-
ished opsonic activity of newborn se-
rum, utilizing adult leukocytes and
yeast particles™ This abnormality
was most severe at 2.5% plasma con-
ceniration but minimal at 10% plasma
concentration. Premature serum was
not assessed.

In contrast to these studies, For-
man and Stiehm.* McCracken and
Eichenwald,”» and Dossett et al®
using live S aureus und Serratia
marcescens as the test particies, in
the quantitative phagocytosis assay
of Quie et al,* noted no abnormality
of the opsenic activity of the sera of
term infants. Term newborn serum
apparently has diminished opsonic ac-
tivity only to certain organisms, pri-
marily Gram-negative ones, whereas
serum from low-birth-weight infants
has defective opsonic activity when
any organism or particle is used.

Activation of th Fetal immune System

The components of the immune
system are established by the 12th
week of gestation, and for selected
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functions, considerably earlier. Under
special circumstances, the fetal im-
mune system may be activated prior
to birth.

Cellular Izmaunity.~The cellular im-
mune system may be functioning in
every normal fetus to eliminate ma-
ternal lymphocytes that leak across
the placental barrier in every preg-
naney and have the potential of caus-
ing a fatal graft-vs-host reaction. The
very early capability of reacting to
allogeneic cells as demonstrated by
mixed leukocyte culture reactivity®
may be an important fetal defense
against this occurrence. A fatal
graft-vs-host reaction may occur in
infants with congenital cellular im-
munodeficiencies as a result of mater-
nal lymphocyte engraftment and, if
the infant is a boy, it may result in
XX/XY chromosomal chimerism.*

Viral infections affecting the fetus
during gestation may be limited by a
functioning cellular immune system.
This is exemplified by some infants
with congenital infection (eg, rubella)
who «t birth no longer are shedding
virus, presumably as a result of an in-
tact and functioning cellular immune
system.

The cellular immunocompetence of
the fetus may also modulate the ef-
fect of intrauterine infections. Ac-
cording to Silverstein,” most of the
manifestations ¢f intrauterine syphi-
lis are a result of an inflammatory
and immune response to the Trepo-
nema organism, which in itself is not
toxic to the tissues. In the absence of
an immunologic response to the orga-
nism, typical congenital syphilis will
not be present even though the orga-
nism is in the tissues.

Antibody Immunity.~The passive
maternal antibody received through-
out late gestation may help to pre-
vent intrauterine infection to some
degree; however, it seems unlikely
that an infectious agent to which the
mother has high-titered IgG anti-
bodies could gain access to her fetus.
Thus, the main role of passive anti-
bedy is prevention of infection after
birth for the first months of life. Fur-
ther, there is no evidence that either
passive maternal antibody or endoge-
nously synthesized fetal antibody (see
below) has a role in combatin an es-
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tablished intrauterine infection.
Several animal studies attest to the
ability of fetal experimental animals
to synthesize antibodies following in-
trauterine antigenic challenge.™ The
normal human newborn makes small
quantities of certain natural anti-
bodies, presumably a result of in-
trautarine antigenic challenge.
As noted, there is some immuno-
globulin synthesis, particularly IgM
synthesis, by every fetus in late ges-
tation. On intrauterine antigenic
challenges, IgM synthesis is acceler-
ated and the result is elevated levels
of cord blood IgM (exceeding 20 mg/
100 ml).*+ Cord 1gM is increased in
congenital infection but not in all in-
fected infants* * (E. R. Stiehm, MD,
and K. Nichol, MD, unpublished data).
The degree of elevation of IgM
level depends on several factors. In
general, the more affected the infant,
the more likely he is to have an ele-
vated IgM level. The type of congeni-
tal infection may be important; in-
fants with rubella and syphilis have
higher levels of IgM than do other in-
fected infants. The maturity of the
infant may be important; a very
small premature may have a lessened
IgM response than an older infant.
The Table lists the incidence of ele-
vated IgM levels under various condi-
tions. To a major extent it depends on
the socioeconomic status of the new-
born population. An obvious feature
in these studies is the higher mean
IgM level and the higher percentage
of infants with IgM level elevations
in low socioeconomic grouns, partic-
ularly in the developing countries."*
Inhibition of the Fetal Immune Sys-
tem.—A variety of diseases are associ-
ated with depression of the immuno-
logic system as indicated in the
following list:
1. Primary immunodeficiencies
A. Antibody immunodeficiency
B. Combined immunodeficiency
C. Cellular immunodeficiency
D. Phagocytic immunudeficiency
E. Complement immunodeficiency
2. Secondary immunodeficiencies
A. Hematopoietic disorders (eg, leuke-
mia, lymphoma, aplastic anemia,
sickle cell anemia)
. Burns
. Exudative enteropathy
. Nephrotic syndrome

cow

. Splenectomy

. Uremia

. Virus infection

I. Malnutrition

I. Prematurity and carly infancy

[PReBol

-

Many of these factors—genetie, infec-
tious, and nutritional disturbances—
are operative during fetal life and may
impair the fetal immune response.

Intrauterine viral infections, notably
rubella, not only activate the fetal im-
mune systems but may interfere with
their normal development, with the re-
sult that a permanent immunodefi-
ciency syndrome develops. The most
common immunodeficiency associated
with congenital rubella is immuno-
desiciency with exeess of IgM (dys-
gamiaaglobulinemis type B, prob-
ably a result of interfersnce by virus
at the eritical time when clonal dif-
ferentiation from [:M B cells to IgG
and IgA B cells is veeurring. Cellular
immunodeficiency syndromes,” and
loss of rubella antibody with unreae-
tivity to rubella viceine ™ (suggestive
of specific immunologic tolerance)
may also result.

A variety of chromosomal and
genetic  disorders  have associated
immunologic defects, including well-
defined, genetically transmitted, pri-
mary immunodeficiency syndromes
(eg, X-linked infantile agammaglobu-
linemia, ataxia telangieetasia), chro-
mosomal disorders with sabtle immu-
nologic abnormalities (cg, bhnormal
lymphoeyte metaholism in Down
syndrome, predisposition to auto-
immunity in Turner syndrome), and
other genetic diseases with increased
susceptibility to infection (eg, ga-
lactosemia, Bloom syndrome). Only
with  profound cellular  immuno-
deficiency will this he an important
factor during intrauterine life; in this
latter instance, engraftment of ma-
ternal lymphocytes* or exogenous
lymphoceytes from an intraperitoneal
intrauterine blood transfusion® can
result in a fatal graft-vs-host reac-
tion.

Nutrition deprivation may impair
the fetal defense system. Naeye et
al™ found on autopsy that low-birth-
weight infants born to poor urban
mothers and dying in infancy had dis-
proportionally small thymus and
spieen sizes when compared to dying
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infants from nonpoverty families. In
contrast, the brain, kidneys, hcart,
and skeletal bones did not differ in
the two groups. He attributed this to
maternal malnutrition,

In older infants and adults, malnu-
trition results in severe impairment
of many of the body defenses, but
particularly of the celluler immune
gystem,”' We bave preliminary daa
that soggest that small-for-gesta-
tional-age neonates have decreased T
cells as estimated by a lower percent-
age of rosette-forming ceils than pre-
mature infants who have appropriate
weight for gestational age.

Conclusion

The celiular immune systera (T cell
system) begins to develop in the 8th
week of gestation in the thymus, and
is complete by 15 te 16 weeks. Prolif-
erative responses of fetal and neo-
natal lymphoeytes to mitogens, anti-
gens, and allogenceie lymphoeytes are
well developed, although direct cell-
to-cell eytotoxicity and mediator pro-
duction may be deficient (immature).
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Rejection of maternal lymphocytes
leaking into the feta! circulation may
be an important physiologic role for
this system. An augmented cellular
immune response of the fetus to in-
fectious agents may limit intrauter-
ine infection a i modulate the ef-
feet of the microorganism. The fetal
cellular immune response may be im-
paired in certain genetic disorders,
congenital infections, or maternai
malnutrition.

The antibody immune system (B
cell systemj begins to develop in the
11th week of gestation but is com-
pletely established only after birth. A
sequence of B cell development and
immunoglobulin synthesis of 1gM,
IgG, and IgA is regularly observed.
Although there is some IgM produc-
tion during late gestation, the fetus
and newborn rely on transplacental
maternal lgG to prevent infection.
Stimulation of IgM synthesis hy the
fetus oceurs when there is intrauter-
ine antigenic challenge such as may
accur with congenital infection. This
augmented IgM synthesis probably
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Routes of Fetal Infection and
Mechanisms of Fetal Damage

Stanley A. Plotkin, MD

cherc infections of many kinds
an lead to fetal death, abortion,
or premature birth. Less severe infec-
tions lead to morphological malfor-
mations if they occur early cnough in
pregnancy or to fnetional disorders
if they occur later; and mild infee-
tions lead to subtle disturbances or
perhaps none at all. Hypothetically,
there are at least five points at which
the human fetus could be affected.
These will now be considered.

Unfertilized Egg or Germiral Epithelium

The possibility that viruses may in-
feet unfertilized eggs is intriguing,
raising the idea of vertical trans-
mission from generation to gener-
ation. Mumps virus certainly infects
the ovaries and coxsackievirus B and
other agents are probably also ca-
pable of deing so. However, these
agents are usually Iytic and would be
expected to destroy the eggs.

Lymphoeytic choriomeningitis vi-
rus has been identified in the ger-
minal epithelium of mouse ovaries,
and this is presumably the means by
which carrier mice pass on infection
to their oflspring.’ Demonstration of
a similar phenomenon in man has yet
to be made.

Fertilized Egg or Blastocyst

Fertilization and the ccll divisions
that follow make the egg more sus-
ceptible to virus infection. Type C
particles associated with mouse leu-
kemia have been demonstrated in
cells of the blastoeysts of mouse em-
bryos® and in some normal human

From the Department of Pediatrics, Univer-
sity of Pennsylvania, and the Wistar fustitute of
Anatomy and Biology, Philadelphia.

Reprints not available,
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placentas” It has even been sug-
gested that type C particles are pres-
ent overtly or latently in all human
cells.* Thus, congenital viral infection
may be part of our heritage, and de-
velopment of leukemia later in life or
even autoimmune disease may be de-
termined at the moment of concep-
tion,

Simian virus 40 (SV40) and poly-
oma virus are both DNA-bearing on-
cogenic viruses  belonging  to  the
papova group, native to the rhesus
monkey and to mice, respectively. In
their behavior in mouse embryos they
differ in instructive ways. Although
SV40 normally produces only abortive
infection in mouse cell cultures, in
carly mouse embryos it produces a
toxie effect without replication, while
later stages of monse embryo devel-
opment are resistant.’ In contrast,
polyoma, which is a virus of mice,
does not affeet two-cell embryos, but
does replicate in the endodermal cells
of blastoeysts, The blastoeysts appear
normal, however.: Thus, we have here
examples of an abortive heterospecif-
ie infection causing death, whereas
a productive homospecific infeetion
causes little or no effect on the em-
bryo.

Infection during pregnancy with
Sendai virus causes fetal wastage.
Fhiorescent antibody staining shows
that both spontancously infected and
artificially infected fertilized eggs
contain Sendai virus antigen. In both
types of infection the infected eggs
degenerate.

It would be diflicult to demonstrate
lethal infecetion of the egg in women.
If death of the ovum occurred after
fertilization but before implantation,
a pregnaney would not be known to
have oceurred, and no epidemiological
connection hetween infection with a

particular agent and fetal wastage
would be obvious. It would also be dif-
ficult to detect the results of abortive
infection of embryos, since the usual
traces of intrauterine infection in the
form of virus antigens or antibody to
those antigens might not be present.

Uterine Endometrium

Examples of fetal infection by pre-
existing endometrial disease have not
been described, but it is pessible that
a bacterial abscess or a toxoplasmic
eyst could rupture into the placenta.

Infection Across cr
Through the Placenta

These will be considered together,
since the distinetion between the two
routes is open to argument. The Table
I'sts most of the agents that can tra-
verse the placenta of humans.

Bacteria.—There are a number of
routes by which bacteria might reach
the placenta, aside from ascending
through the cervix. Organisms might
traverse the fallopian tubes in the
course of peritoneal or tubal disease;
or organisms in the maternal blood
might cause abscesses in the uterine
decidua, with subsequent direcet inva-
sion of the placenta; or finally, orga-
nisms carried in the blood might be
deposited around the villi, there to bhe-
gin invasion of the fetal side of the
placenta, Passage of bucteria from
maternal blood to placental villi
scems the most likely reute, a concelu-
sion supported by histologic observa-
tions.”

A great mary bacteria can infect
the placenta® but the organisms that
cause pyelonephritis, in  particular
Escherichia coli, are probably the
most common. Clinically evident ma-
ternal pyelonephritis  causes pre-
mature birth from 20% o 50% of
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the time, whereas subclinical pyelo-
nephritis may also put the fetus at
increased risk." The mechanism by
which bacteremia produces prematur-
ity is not known. Endotoxin may play
a role; at least in rabbits, endotoxin
alters placental permeability.* Lym-
phocytes of infants born to bacteri-
uric mothers were found to be sensi-
tized to E coli antigen.n

Listeria  monocytogenes  may  he
transmitted to the fetus by direct
contact with the vaginal flora during
parturition. Transplacental infeetion
in association with placentitis also oc-
curs. The mother may have an influ-
enza-like illness and presumably has
bacteremia at this stage. Infection
during the first half of pregnancy
may cause abortion during the second
hatf, prematurity, and neonatal dis-
ease. The infant is either bhern ill or
becomes so shortly after birth. The
amniotic fluid is often frankly abnor-
mal in appearance. The aborted fetus
or dead infant often shows multiple
granulomata.

toleetion of the placenta  with
Trepenema pallidum results from
spirochetemia, which is an integral
part of secondary syphilis. In severe
casos. widespread placentitis  with
proliferative vasculitis, villous in-
flammation, and tremendous edema
is found preceding fetal infection.
Syphilis acquired dvving the first 16
to 20 weeks of gestation does not af-
fect the fetus, or even cause ahor-
tion.'* Nevertheless, treponemes are
feund in fetuses infected ercly in
pregnancy. Silverstein suggests that
no disease occurs at this stage be-
cause the fetus lacks an immune re-
sponse."* Treponema pallidum  does
not of itself damage human cells. The
pathologic change of congenital syph-
ilis is primarily that of an inflamma-
tory response” related to the devel
opment of fetal antibody-producing
cells after the fifth month of gesta-
tion.

Fungi.—~Both Candida albicans and
Coceidioides immitis have rarely been
transmitted to the fetus. Either in-
fection causes severe placental dis-
ease.’

Protozoa.—Although toxoplasmosis
in the pregnant woman may cause fe-
ver with lymphadenopathy and rash
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or other nongpecific symptoms, most
acquired cases are asymptomatic.
Congenital cases do not oceur in in-
fants born of mothers sero, ositive be-
fore pregnaney. Thus, it appears
that primary infection with  Tor-
oplausma is necessary for congenital
infection. Some 75% of infections
during the first and second trimester
svare the fetus; in the third trimester
mfection, only 0% of fetuses are
spared. On the other hand, fetal dam-
age oceurs most frequently in the
tirst and sceond trimesters,

The simplest explanation for these
findings ix that Toroplusma  must
penetrate the placenta first and the
chanees of an organism doing so in-
Crease as pregnancy progresses. As
the size of the placental surface in-
creases considerably during the lat-
ter part of pregnaney when the chori-
oni¢ membrane becomes thinner, the
chances of a Toroplasma invading the
placenta may become groater. How-
ever, infection of the conceptus early
in pregnancy, when the central ner-
vous system (CNS) is developing, hus
greater potential for producing dam-
age.

An alternative explanation is that
later in pregnaney, maternal anti-
body passing to the fetus resuits in
eneystment of the organisms hefore
extensive damage can occur. The
presence of uneneysted organisms on
microscopic examination of the brain
of congenital cases makes this possi-
bility less likely." Furthermore, chil-
dren born with subelinical congenital
toxoplasmosis who were apparently
normal at birth and who were un-
treated had an intelligence quotient
17 points lower than matched controls
after two to four years™ Three
treated infants were on par with
their matched controls.

With regard to the mechanism of
fetal injury in toxoplasmosis, the
most obvious hypothesis is that the
density of eysts occurring in the brain
and the host’s inflammatory response
to the presence of this foreign mate-
rial are direetly related to the extent
of disease. This process goes on after
birth and the salutary results of
treatment in the newborn period sug-
gest that some of the CNS damage
takes place postnatally.

Transmission of malarial parasites
to the human fetus has been proved,
which implies infeetion by passago of
maternal red hood cells across the
placenta’

Mycoplesma-Several Mgeoplasima
strains have been isolated from the
genital tract of man, Infeetion oceurs
at birth in about 8 of full-term in-
fants.™ Yabsequentiy, there is little
passibility for infection until the age
¢f sexual exposure,

The importance of mycoplasmas is
their possible causation of spontane-
ot dbortion and prematurity, The T
strains of Mycopiasma and M hom-
tnix have been isolated from several
spontancous abortions, and the pre-
sumption is that the infection oce-
eurred  via the maternad  blood-
stream.™”

The argument for causation of pre-
maturity rests on the ohservats
that neonatal infection  rates 0
highest in prematurely born © ants
and that tetracyeline admini ered to
pregnant women seemed to have a
salutary ¢Teet on the birth weight
of their infants.” Moreover, birth
weight was inversely related to the
rate of isolation of myeoplasmas from
the mothers and from the infants at
birth.*1 One  ean speculate  that
myeoplasmal  colonization  of  the
mather has a deleterious effect on the
fetus, but just how this offect is ac-
complished is unknown.

Viruses.~The  hest-deseribed  ex-
ample of transplacental infection is
congenital rubella. In this disease
there is a prolonged viremia during
the week before the development of
the rash. When this happens in a
pregnant woman, the fetus hecomes
infeeted. Many epidemiological obser-
vations testify to the increased spon-
tancous abortion rate that occurs
after maternal rubella. Whercas the
ten-year British study reported a
threefold incercase compared to con-
trolg,* no estimate can include abor-
tions oceurring in the several weeks
after fertihzation, before a woman
knows herself to be pregnant, as may
be true for any virai infection.

Whether  viruses  simply  pass
through the placenta into the blood-
stream of the fetus, or whether pla-
cental infection is always the prelude
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Infections Transmitted by the Transplacental Route

Agents

Proved

Probable

Bacteria

Vibrio fetus,

Most species, particularly
Enterobacteriaceae,® Listeria,®
Treponema and other spirocinetes,

Mycobacterium tuberculosis

Fung) Candida*

Toxoplasma,
malaria,
trypanosomes

Protozoa

Mycoplasmas

T strains*

Cytomegalovirus,
rubella,
herpes simplex,*
varicella,
vaccinia,
palio,

Viruses

western equine encephalomyelitis

Coxsackievirus B,*
henatitis B,
mumps,
Influenza,
measles

* Moie commonly causes ascending infection from vagina.

to fetal infeetions is conjectural. The
lutter hypothesis scems more reason-
able, Although leaks in the placenta
probably oceur, it is doubtful whether
suflicient numbers of infecting orga-
nisms get across in this manner to
explain the frequency of congenital
infeetion. The direet route does not
explain how there ean be congenital
rubella in only one of i set of twins,

Virus can he recovered more fre-
quently from the placentas of rubella-
exposed fetuses that were surgically
aborted than from the fetuses them-
selves, These data counter an allerna-
tive explanation that placental infec-
tion follows multiplication in the
fetus and a sccondary fetal viremia,

A 90% incidence of fetal infection
was noted when fetuses that were
aborted after scrologically proved
maternal rubella in the first trimester
were examined.” Virus recovery was
reported in 904 of products of concep-
tions aborted because of proved ma-
ternal rubella®; the authors eoncluded
that “there was no evidence that the
placenta was any real barrier to fetal
infeetion.” On the other hand, it has
been proved that there are infants
congenitally infected with rubella
virus who survive without demon-
strable defeets.” Fetuses exposed to
maternal viremia nearly always be-
come infected with rubella virus.
Hewever, the age of the fetus, the
leve! of viremia, and ithe cellular
response to infection all determine
whether the rubella syndrome will
occur,
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Implicit in the above is the idea
that congenital rubella is simply the
result of maternal viremia oceurring
in the absence oi humoral antibody.
Recently, it has been suggested that
cell-mediated immunity to rubells is
depressed in pregnancy and that this
may contribute to the dissemination
of virus to the fetus.™

Once the rubella virus infeets the
fetus, a chronie, nownlytic infection is
established. This was first demon-
strated in vitro.” Infection of strains
of human fibroblasts, once estab-
lished, persists for weoeks or months
in stationary cultures, When the cell
cultures are placed in fresh vessels
under conditiors that allow unin-
fected control cells to divide, mitotic
inhibition is observed. Rubella virus
carrier cultures derived from congeni-
tally infected infants exhibit de-
creased cell division rate, and are not
susceptible to cure with antibody.
They also show resistance to super-
infection not mediated by inter-
feron.” Crucial evidence was added
when the number of cells in fetal or-
gans was measured. There was a 50%
decrease in rubella-infected fetuses
compared to controls.* The possibility
that this inhibition of cell division is
mediated by a soluble protein was
suggested.™

Four additional mechanisms of fe-
tal damage by rubella virus remain to
be considered. First, it seems certain
from histologic examination of the
brain and the organ of Corti that
much rubella damage is vascular in

origin. Damage to endothelial cells
leads to thrombosis of small blood
vessels and surrounding tissue necro-
sis."

Second, some cells, particularly
those in the lens of the eye, are proba-
bly killed by rubella virus.

Third, study of rubella carrier cell
cultures from aborted fetuses shows
increased incidence of chromatid
breaks. Specific cliromosomal anom-
alies in fetuses with rubella syndrome
have been reported or suggested,*
but the evidence that chromosomal
abnormalities are a cause of rubella
anomalies is not compelling.

Fourth, there are many parts of the
rubella syndrome that are the direct
result of persistent infection. Among
these are the encephalomeningitis,
which often continues during the
first year of life't; the cataracts,
which may grow worse after birth
and in which the virus survives for
years"; the postnatal hepatitis; the
thrombocytopenia, which is partly
due to megakaryoeyte destruction
and which eventuelly resolves after
birth; the pneumonias, which occur in
the carly months of postnatal life; the
myocarditis, which may be present at
hirth'; and the osseous lesions.

The relationship between the per-
sistent virus carrier state and func-
tion of the immunologic system is dif-
ficult to resolve, as the facts are
somewhat confusing. It is clear that
(1) lymphoeytes of normal individuals
can be infected in vitro and show
decreased phytohemagglutinin (PHA)
response after in:fection*; (2) lympho-
cytes from infants with rubella syn-
drome often carry virus for long peri-
ods after birth”; (3) infants with
congenital rubella syndrome usually
have high titers of rubella antibody,™
particularly of the IgM type; (4)
humoral antibody responses to anti-
gens such as diphtheria toxoid, teta-
nus toxcid, blood group antigens, and
types 1 and 3 poliovirus are decreased
in infants with rubella syndrome
when they are excreting virus, but
not after they stop.

Just recently, absence of cell-me-
diated immuaity to rubella was dem-
onstrated in nine of 12 infants with
rubella syndrome.™

One can formulate an explanation
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for viral persistence in the following
way:

1. Antibody-forming cells (B lym-
phocytes) are only partly damaged in
infants with rubella syndrome.

2, Thymus lymphoeytes are them-
selves infected with the virus, do not
go into mitosis, and therefore have
reduced competence to destroy in-
fected cell clones. The oceasional
defective PHA response, the relative
immune defects, and the slow conver-
sion from IgM to IgG antibody would
be explained by damage to lympho-
cytes.

3. Antibody to rubella, seereted by
uninfected B lymphocytes, is stimu-
lated in utero without the cevelop-
ment of tolerance. When uninfected
clones of T lymphocytes become avail-
able, they attach to and destroy in-
fected cells, releasing virus that is
then neutralized by the seeretions of
B lymphocytes. It is dillicult, however,
to reconcile the absence of cell-medi-
ated immunity > rubella in those in-
fants with rubella syndrome who no
longer exerete the virus. Since the in-
terferon response remains intact in
infants with rubella syndrome, per-
sistence cannot be explained by fail-
ure of this mechanism,

Patterns of acquisition of eytome-
galovirus (CMV) antibodies vary
from early seropositivity in many
developing countries, to slow sero-
conversion with a high percentage of
susceptible child-bearing women in
urban centers of industrialized coun-
tries. In the United States, Great
Britain, and Australia, about 1% of all
newborns are infected with CMV at
birth, of which about 10% sustain
brain damage."™

Since acquired CMV infection
often becomes latent, and since it has
been isolated from the cervix of up to
13% of pregnant women, from the
urine of 6%, and from the breast milk
of 25%, the problem of distinguishing
the effect on the fetus of primary vs
recurrent infection is not easy.

The evidence that it is primary in-
fection that is transmitted to the
fetus can be stated as follows:

1. Verified primary infection of the
mother has resulted in transmission
to the fetus.*

2. In the industralized countries it
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is the younger women who most com-
monly deliver  CMV-infected  in-
fants.»

3. Mothers who give hirth to CMV-
infected infants seroconvert during
pregnancy and have IgM CMV anti-
bodies,

The sole argument against  the
above is that recurrent cong nital
CMV infection has been reported.

Assuming that fetal infections are
most often the result of primary ma-
ternal infection, it is probable that
placental infection precedes invasion
of the fetus. Cytomegalovirus has
been found more often in the pla-
centas than in the fetuses.

The Figure illustrates the common
routes of CMV infection. Carriers can
infeet pregnant women, who then de-
velop primary infeetion and transmit
it to the fetus. The newhorn can be
infected by a female carrier after
birth by exposure to cervical scere-
tions or milk. Cytomegalovirus proba-
bly also can be transmitted venere-
ally, judging from the high rate of
infection in genital secretions.' Re-
current congenital infection in sib-
lings might be due to passage of ma-
ternal white blood cells across the
placenta, with cell-to-cell passage of
CMYV. Transfused blood can cause ac-
quired CMV infection, even though
the donors are immune and pass anti-

hody to CMV in the same infusion.

The mechanism of fetal damiyre by
CMV is incompletely deseribed. Sinee
CMV s Iytie in human fibroblasts,
much of the damage may simply be
the result of cell destruetion, Cytome-
galovirus-infected infants have fewer
cells than the controls. This is true
in the presence or absence of necrosis
or inclusion bodies. In fact, the Iyt-
ic behavior of CMV in human fibro-
blasts is deceptive: in epithelial cells,
infeetior appears to he much more
henign. A CMV strain highly Iytic in
human tibroblasts inoculated into cul-
tures of fibroblasts that had been
transformed to cepithelial cells by
SV40 infeetion results in a chronic
carrier state, mimicking somewhat
the situation in vivo. Cocultivation of
trypsinized cells shows that propor-
tionately more cells are carrving
CMV than is apparent from disrup-
tion of inoculated cultures. In addi-
tion, macromolecular metabolism in
infected fibroblasts is grossly altered
in two opposite directions: cellular
DNA synthesis is turned off, but cel-
lular RNA and protein synthesis in-
creases. Whether the new protein is
cellular or viral is still unclear, but the
net effect is the production of meta-
bolically overactive cells that cannot
divide.

Cytomegualovirus is another agent
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that persists in the infected infants
after birth, Whether postnatal virus
replication further damages the in-
fant is unknown.

Mumps is a viremie infection, and
although the published reports are
not in complete agreement, it apnears
that mumps in pregnancy inereases
the abortion rate. More cortroversial
is the proposed association between
mumps and endocardial fibroelasto-
8is,

Newhorn animuls injected intra-
cerebrally with mumps, influenza, or
parainfluenzi viruses  may  subse-
quently develop aqueduetal stenosis
owing to destruction of the ependy-
mal cells Gliosis does not develop
and it is diflieult to diagrnose such an
infeetion an pathologic grrounds un-
less one searehies by immunofluores-
cence for the speeifie viral antigens,
or determines antibodies against spe-
cifie viruses,

FFetal brain damage may also result
from selective lysis of dividing cells,
The best example of this is provided
by the H-1 picornavirus, which de-
stroys the cerebellar granular cells in
immaturce eats or hamsters,”

Other wechanisms that have been
shown to operate in animals, but not
yet in man, are alteration of neural
tube closure by influenza virus, or
cavitation of the hrain through cell
destruction in bluetongue discase of
sheep.

Recent support for the supposition
that influenza A, virus is teratogenice
was provided by the development of
hydrocephalus in monkeys inoculated
intracercbrally with this virus during
the fetal state.™ Thus, some viruses
may be capable of destroying certain
brain cells during fetal development,
leaving  behind  morphological  de-
rangement without inflammation.

Ascending Infection

If the fetus survives the risks of
transplacental infection, it must still
face the hazards surrounding partu-
rition. These hazards can be placed in
two categories: first, the amniotic in-
feetion syndrome* in which agents
invade the amniotic cavity from be-
low, assisted by premature rupture of
membranes or by passage of orga-
nisms through intact membranes
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when lahor is prolonged. Second, the
infant may be exposed to pathogenic
organisms at birth,

Bacteria.—The critical event with
regard to the likelihood of bacterial
infection is the rupture of mem-
branes. When this oceurs more than

24 hours antepartum, the risk of in-

fection increases dramatically. The
histologic demonstration of placental
inflammation rises from 6% to 220 af-
ter 24 hours. Positive amniotic cul-
tures begin to appear as carly as six
hours after rupture. Neonatal mortal-
ity in the premature group rises sip-
nificantly if delivery does not take
place within 24 hours.

Pneumonia is commonly associated
with the amniotic infection  syn-
drome, probubly resulting from aspi-
ration  of infected amniotic Huid.
Postnatally  acquired  pneumonia
yielded bacteria 939 of the time,
whereas pneumonia present at birth
wis culture positive in only 63%
Whether the instances of negative
bacterial cultures cepresented  viral
infection is an unanswered question.

Fungi.-~Candida albicans, a com-
mon organism in the vaging, is often
acquired by the newborns who later
develop thrush. Cases of amniotic in-
feetion associated with placentitis do
oceur, but  with surprising  infre-
quency considering the ubiquity of
the organism.’

Viruses.—Herpesvirus hominis (HVH)
e 2 is one of the most vrev-
aleat venereal infections. In rare
ases it crosses the placenta and
auses infection of the fetus that is
clinically similar to eytomegalic inclu-
ston disease.”* Infection before the
32nd weck of pregnancey results in
abortion in a third of cases, probably
as a result of direet viral invasion.”
Maternal genital herpetic lesions be-
tween the 32nd and 40th weeks of
gestation result in a 10% incidence of
disease and prematurity in neonates.
If active vulval lesions were present
at the time of vaginal delivery, or if
at the time of cesarcan section the
membranes had been ruptured more
than four hours, the risk of fetal in-
fection was 40%. Infants delivered by
cesarcan section before membranes
had ruptured were spared. This im-
plies that the herpetic infection as-

cends via the amniotic cavity or re-
sults  from contamination of the
infant during expulsion from the
birth canal. The frequency of this oc-
currence in the United States is about
one in 6,000 hirths.

The mechanism of fetal damage in
HVH infection can he ascribed to the
direct lytie action of this highly cy-
topathogenic virus in two organs: the
brain and the liver. In the brain, de-
struction of nerve cells leads to the
development of large neerotic arcas
and cerebral edema, which may some-
times be compatible with life but is
certainly incompatible with normal
development. In the liver, necrosis of
parenchymal cells precipitates liver
failure and disseminated intravascu-
lar coagulation. Milder forms of neo-
natal infection are also common.

Conclusion

In summary, the mechanisms by
which microorganisms damage fe-
tuses are evident clinically as abor-
tion, malformation, growth returda-
tion, prematurity, stillbirth, perinatal
death, mental retardation, and more
subtle disorders. At the tissue level,
the microorganisms interfere with
the function of brain, heart, lungs, or
liver. At the cellular level, the actions
of microorganisms are varied and
may be multiple. They may cause cell
destruction (eg, CMV in the whole
fetus, toxoplasmosis in the brain, and
HVH in the liver). The vascular endo-
thelium is particularly susceptible to
damage. They may cause metabolic
derangement leading even to death,
inhibition ol cell division (egr, rubella),
or specifically invade dividing cells
(cg, some myxoviruses in animal
model  systems).  Microorganisms
might theoretically cause chromo-
somal disorders. The inflammatory
reaction of the fetus against the or-
gonism may result in disease as in the
case of syphilis, whereas in rubella it
seems likely that part of the disease
is immune suppression by direct ac-
tion on the lymphocytes. Finally, it
is possible that certain agents are
transmitted vertically, causing neo-
plastic or autcimmune disease only
when some repressor mechanism
breaks down later in the life of the
individual,
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Fetal Malnutrition and
Postnatal Immunocompetence

Ranjit K. Chandra, MD

he resemblance between fetal

growth retardation (FGR) and
malnutrition acquired postnatally is
striking. The  similarities  include
suboptimal physical development (in-
cluding retarded bone age), loss of
subeutancous fat, dry skin with re-
duced turgor, hypoglycemia, hypother-
mia, frequent and sevore infeetions,
and high mortality. In addition, re-
striction of growth during fetal life
issassociated with perinatal asphyxia,
minimal postnatal weight loss, poly-
cythemia and elevated levels of ery-
thropoietin, and increased incidence
of congenital  malformations.  In-
creased frequencey of infeetion in such
infants is an established elinical ob-
servation, Failure or impairment of
immune defense mechanisms of in-
fants with FGR is, therefore, sus-
pected as a basis for the susceptibility
of such infants to infection. Here-
tofore, there have been no compre-
hensive systematic analyses of the
effect of fetal malnutrition on post-
natal immunocompetence, unlike un-
dernutrition acquired after birth for
which considerable data are now
available.'* The following is a sum-
mary of our recent studies relevant to
this problem.

SUBJECTS AND METHODS

‘The diagnosis of FGR was madein 26 in-
fants whose birthweights were below the
tenth percentile on standard intrauterine
grawih charts (Fig 1), The length of gesta-
tion was assessed by matornal history of
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Table 1.—Lymphocyte DNA Synthesis in Response to Phytohemagg!utinin®

AB Pooled Serum

Autologous Serum
A

Group Range Mean “Range Mean
Healthy newborn (No. = 26) 81-145 110 104-178 143
FGR (No. = 26)" 34-99 69 56-101 87
* Percent increase over unstimulated values.
Table 2.-—Percentage of Peripheral Blood T Lymphocytes
Age
— A N
Nev.born
CGroup (Cord Blood) 1 mo 3 mo
Healthy newborn (Ne. = 26) 87 80 72
FGR (No. = 26) 58 49 44
Table 3.—Opsonic Activity of Plasma
Concentration of Plasma, %
Group ﬁZO 10 5 2.5
FGR (No. = 26) 361* 331 190 133
_ Healthy newborn (No, = 26) 444 458 229 141
Healthy adults (No. = 20) 488 488 415 295

* Number of yeast particies ingested per 100 PMNs in 30 minutes.

Table 4.—Migration Ability of PMNs

Chemotaxis
Random - A —
Group Mobility, mm PMNs/HPF* Distance Migratedt
FGR (No. = 26) 7411 7 (3-1%) 33 (22-41)
Healthy newborn (No. = 28) 18 (14-20) 21 (18-29) 87 (56-105)
* Number per high power field.
1 Percent of healthy adult controls.
1 Mean value, with range in parentheses.
Table 5.—PMN Function
fhagocytosis
(Organisms/ Bactericidal
Group 100 PMNs/30 min)  Capacity, % NET Test*
FCR (No. = 26) 455 (210-560)t 31.6 (11-63) (.07 (0.01-0.23)
Heaithy newhorn (iNo. = 26) 429 (180-534) 9.8 (4-25) 0.23(0.11-0.41)
Healthy adults (No. = 20) 488 (330-575) 4.7 (1-11) 0.32 (0.21-0.50)

* Change in ojptic density.
1 Mean value, with range in parentheses.
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the last menstrual period and by neurolog-
ical examination of the newborn; it varied
from 29 to 42 weeks. Seventeen infants
had a gestational maturity of 37 wecks
or more. Two infants wrighed more than
2,500 g (5.5 1b), which is the Wor. * Health
Organization accepted standard of .. atur-
ity, but were below the tenth percentile of
expected weight. All subjects showed clini-
cal features of retarded growth. Full-term
infants weighing more thau 2,500 gm at
birth and healtny adults served »s controls
for various tests. (Informed consent was
obtained from each parent or guardian
concerning the investigation of the infants
in accordance with institutional policies.)

Serum levels of IgG, IgA, and IgM were
estimated immunochemically by the meth-
od of single radial diffusion in agar, using
monospecific rabbit serum.”

Development of Humoral Immunity

Tetanus toxoid was injected intramuscu-
larly in a dose of 40 flocculation units and
repeated after four weeks. Blood for esti-
mation of antitoxin activity by the tanned
red cell hemaggiutination method® was ob-
tained ten days after cach inoculation,

Typhoid vaccine containing 10° killed
Salmonella typhi crganisms per milliliter
was given subcutancously in a dose of 0.1
ml and repeated after 11 days. Antibodies
against O and H antigens were deter-
mined.’

Trivalent live attenuated poliovirus vac-
cine was given orally to infants clder than
2 months in a single dose containing 10
TCID., of each type of poliovirus. Type 1
poliovirus neutralizing antibody titers
were determined one, four, and eight
weeks following imriunization.

Development of Cell-Mediated
Immunity

Delayed cutancous hypersensitivity
response was investigated by applying a
10% solution of 24-dinitrochlorobenzene
(DNCB) in acetone to one forcarm, and a
challenge dose of 0.2 ml of 0.5% DNCB so-
lution to the opposite forearm one month
later. The challenge site was examined af-
ter 48 hours and the reaction graded as
positive (vesiculation or irduration or
both) or negative (absence of induration
and vesiculation with or without mild ery-
thema).

Lymphocyte response to mitogen was
measured by means of tritiated thymidine
incorporation into nueleic acid by lympho-
cytes stimulated by phytohemapglutinin
(PHA).* Cells were washed twive and du-
plicate cultures established containing
2x 16" lymphocytes per milliliter in me-
dium 199 plus 15% pooled AB serum or au-
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Fig 1.—Birth weight and gestational maturity of 26 infants, plotted on standard percentile

(P) chart of feial growth.

.
° X} *
'y 'y
..’. ® 0.0.‘
oe ° e o o o
e o o
200 A Lad
6 ,0% 0 o0 .
£ et
°
o) °
- .
0] o °°
2 100 .
£ LTS
§ * o
o.'
e O °
50 + 'Y
'
.
T T L4
1 2 3

Birth Weight, kg
Fig 2.—Serum levels of 12G related to birth weight.

tologous serum. The ecells were harvested
at 96 hours. Stimulation indices were de-
rived by dividing counts per minute of
PH A-stimulated cultures from those of un-
stimulated controls, and expressed as a
pereentage,

Thymus-dependent  (T)  lyvmphoceytas
were detected by the method of Jondal et
al," oxcept that the leukoeyte-sheep red
blood cell pellet was fixed with glutaral-
dehyde before heing counted in a cover

slip preparation. Two hundred lymphocytes
were examined and all cells binding more
than three sheep red blood cells were con-
sidered to be both lyraphoeytes and T eells.
Determinations were made on cord blood
as welt as samples taken one and three
months after birth.

Opsonice function of plasma was mea-
sured with 0.1 ml of yeast suspension
(1x10*  particles  per milliliter)  pre-
incubated for 30 minutes in the presence of
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Fig 3.—Longitudinal follow-up of serum IgG levels in ten infants with FGR, plotted on

Table 6.—Precipitating Antibodies
to Food Antigens

Glu- Egg Egg
Group ten Milk White Yolk
FGR (No.
=15) 6* 9 5 7
Healthy
infants
(No. =
15) 0 1 0 0

T 71/ T T T T Y

4 8 4 6 8 10 12

Weeks Months

mean and range of values for healthy children.

Fig 4.—Neutralizing antibody titers to poliovirus type 1 in full-term, healthy infants (open
circles) and in infants with FGR (closed circles). Mean values are indicated for both groups

at one, four, and eight weeks following immunization.
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* Number positive.

specified dilutions of plasma mixed with
0.2 ml of polymorphonuclear leukocyte
(PMN) suspension containing 5x10° cells
per milliliter. The mixture was kept in a
water bath at 37 C for half an hour under
constant rotation. Wright-stained smears
were examined and the number of yeast
particles ingested by 100 PMNs was
counted.

Random mobility of PMNs was deter-
mined in a suspension containing 5x10°
cells per milliliter in which the cells were
packed into vertically placed micro-
hematocrit tubes. The distance traveled by
the advancing front of cells in six hours
was measured with an ocular micrometer.

Chemotaxis was measured by modifi-
cation of the Boyden assay" as described
by Wilkinson."* Chemotactic factor was
generated by incubation of equal parts of
serum with standardized suspensions of
Escherichia coli from 18-hour broth cul-
tures for five minutes at 37 C. Two end
points were established: one, the number
of cells that had migrated to the lower sur-
face of the 3 pore filter in three hours and
two, the distance traveled through such a
filter by the leading front of at least four
cells, and expressed as percentage of sim-
ilar performance by cells from healthy
adults.

Phagocytosis was measured by the same
method used to measure the opsonic func-
tion of plasma, except that the dis-
criminatory variation was the PMN sus-
pension from either the study subject or
the healthy control, using 20% plasma from
healthy adult donors in the incubation mix-
ture.

Intracellular bacterial killing was mea-
sured by the bactericidal test of Quie et
al,'* using Staphylococcus aureus and sur-
face counting of colonies on nutrient agar
plates. The intracellular bactericidal ca-
pacity was calculated as the ratio of the
number of viable intracellular bacteria at
140 minutes to the number at 20 minutes,
using control plasma from healthy adult
donors in the culture medium.?

Reduction of nitro blue tetrazolium
(NBT) by the PMNs was measured by the
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method of Baehner and Nathan.!’

Precipitating antibodies to food such as
gluten, whole milk, egg white, and egg yolk
were detected by the double diffusion in
agarose method.

RESULTS

There was a significant correlation
between cord blood IgG level and
birth weight (r=.765) as shown in
Fig 2. The levels reached a plateau at
the birth weight of 2,250 gm (5 1b),
with no further increment with in-
crease in weight.

There was no difference between
serum IgA and IgM levels in healthy
infants and those in infants with
FGR.

Results of a follow-up study of se-
rum IgG concentration in ten infants
with fetal malnutrition are shown in
Fig 3. There was a wide scatter of
values, but most of the estimations
were in the lower end of the normal
range or below it. At the period of 3
to 5 months when there is a physio-
logic decrease in the IgG level, the
levels in infants with FGR were ex-
tremely low. This was associated with
frequent bacterial infections sugges-
tive of antibody deficiency syndrome.
Subsequently, the IgG concentration
tended to increase.

Development of Humoral Immunity

There was no significant differ-
ence in t.tanus antitoxin levels of
study subjects with FGR and those of
healthy controls. Agglutinins against
S typhi O antigen were conspicuously
absent ( < 1:16) in both groups of neo-
nates. There was no difference be-
tween antiflagellar antibody titers
achieved in full-term newborns and
those in infants with FGR. Adult con-
trols showed a much higher response
to this antigen, as well as a substan-
tial rise in anti-O antibody (1:1,024).
Seroconversion was achieved in eight
out of 12 infants with FGR given tri-
valent live poliovirus vaccine, but
the antibody titers were significantly
lower than those in healthy, full-term
controls (Fig 4).

Development of Cell-Mediated
Immunity

Sensitization with DNCB failed in
12 of 15 infants with FGR compared
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to seven of 15 healthy newborns and
only one of ten healthy children 1
year old. There was a significant re-
duction (P <.01) in DNA synthesis by
lymphocvtes in response to PHA by
cells from infants with FGR (Table
1). There was also a significant reduc-
tion (P <.01) in the number of circu-
lating T cells in infants with FGR
(Table 2).

There was a slight reduction in
plasma opsonic function of infants
with FGR when the test was run with
20% serum. When the plasma concen-
tration was 10% or lower, the differ-
ence was statistically significant
(P <.01). Compared to adult controls,
healthy newborns showed a similar
trend at lower (= 5%) concentrations
of plasma (Table 3).

Random mobility, as well as chemo-
tactic activity of PMNs from infants
with FGR were both significantly re-
duced (Table 4).

There was no significant differ-
ence in phagocytosis by cells from
adults, healthy newborns, and infants
with FGR (Table 5). The PMNs from
healthy newborns were able to kill in-
gested bacteria almost as effectively
as cells from adult subjects. How-
ever, PMNs from infants with FGR
showed a severe redvetion in bacte-
ricidal capacity. Similarly, phagocy-
tosis-stimulated NBT reduction was
severely impaired in PMNs from in-
fants with FGR. Healthy newborns
showed only slight impairment
(05>P<.1) compared with adult
controls.

Precipitating antibodies to several
food antigens were commonly ob-
served in children with FGR, but not
in healthy infants (Table 6).

COMMENT

Our study has demonstrated a vari-
ety of defects in immunocompetence
of infants with FGR, many of which
parallel observations in older isfants
and in children with malnutrition ac-
quired postnatally.'"* Additionally,
there was a significant reduction in
maternal-fetal transfer of [gG, which
must reflect placental dysfunction
since the time period available for
such a transfer was adequate in the
majority of infants studied. Prelimi-
nary data suggest that interference

with placental transfer is greatest for
IgG 1.

The presence of circulating anti-
bodies against some common food an-
tigens in infants with FGR is inter-
esting. This conceivably might reflect
more frequent and easier access of
these antigens to immunologically
competent tissue through increased
absorption of large molecular pro-
teins through atrophied gut mucosa,
as in postnatal malnutrition (R. K.
Chandra, MD, unpublished data). An
additional possible factor may be de-
fective “scavenger function” of the
liver, as seen in patients with cir-
rhosis. Liver cell dysfunction is a
well-established complication of se-
vere underuutrition.

The failure of infants with FGR to
develop delayed hypersensitivity to
DNCB and impaired DNA synthesis
in response to PHA stimulation of
lymphoeytes indicates a depression of
cell-mediated immunity., This may
well be the result of selective reduc-
tion in the numbers of T cells. The
number of rosette-forming ceils is de-
creased in patients with recognized
defects in cellular immunity," as well
as in those with malnutrition.'

Most previous studies of PMN
function in the newborn have been
done within the first few hours after
hirth, when adverse perinatal meta-
bolic factors may alter the cellular re-
sponse. Moreover, no distinction was
made between truly premature and
small-for-date infants. We have ob-
served that PMNs of infants with
FGE exhibit metabolic and functional
defects that persist well Leyond the
neonatal period. Infants with evi-
dence of fetal malnutrition show re-
duction in PMN mobility, both ran-
dom and directed, resembling the
“lazy leukocyte” syndrome. Such a de-
feet could substantially impair the in-
flammatory response in vivo and pre-
dispose to recurrent infections. The
significant reduction in bactericidal
capacity of PMNs as well as impaired
metabolie response to phagocytosis as
judged by the NBT test serve to com-
pound the defect. On the basis of our
observations in children with under-
nutrition,** it is likely that these lat-
ter abnormalities are reversible. It re-
mains to be shown whether one or
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more nutrients such as iron® are spe-
cifically involved in the causation of
PPMN dysfunction.

There was little difference in op-
sonie activity of plasma in various
study groups, using 20% serum. At
lower serum concentrations, opsonic
function was redueed in samples from
neonates, and particularly in those
with FGR. This suggests a quantita-
tive rather than a qualitative ab-
normality. Of various factors that
promote  opsonization,  heat-labile
complement is important and is not
transferred across the placenta. At
birth, C3 levels are only one half of
adult values, which may explain some
of the above findings.

Obviously, the relevance of such ab-
normalities in immune function in
vitro to hiologieal activity in vivo
must be considered with caution. The
correction of defeets after nutritional
rehabilitation and "catch-up growth”
waould support the causal role of fetal
malnutrition in producing secondary
immunodeficiency.

Our observations raise some fur-
ther questions. How long does im-
paired immune competence in FGR
persist? What are the possible long-
term effeets in terms of suscepti-
bility to infection, antoimmune dis-
ease, neoplasia, and aging? Is this a
threshold phenomenon, or is there a
gradient of impairment related to the
degree of fetal malnutrition from the
severe to the subtle? Since different
types of low birth weight seem to be
associated with different functional
outcome, do defeets in immune func-
tion result from some but not other
varieties of fetal malnutrition? Ii-
nally, what critical ctiologic role does
the deficiency of specific nutrients
play?

454 Am J Dis Child/Vol 129, April 1975

Conclusion

Low hirth weight associated with
term pregnancy produces a syndrome
closely resembling malnutrition ae-
quired postnatally. There was a posi-
tive correlation between cord blood
I£G level and birth weight up to 2,250
gm, Physiologic decrease in 1gG level
hetween 3 and 5 months of age was
more pronounced in these infants.
Antibody respense to tetanus toxeid
and S {yphi was comparable to
healthy neonates, but antibody re-
sponse to poliovirus vaccine was im-
paired. There was a significant redue-
tion in the number of peripheral T
lymphocytes, which persisted for at
least three months after birth. Cell-
mediated immunity, assessed by sen-
sitization to UNCB and lymphocyte
response to PHA, was significantly
impaired. Opsonic function of plasma
was reduced, partly because of lower
levels of C3. Pnagocytosis by PMNs
was normal, There was a severe de-
fect in bactericidal capaeity and
oxidative metabolism of PMNs fol-
lowing phagocytosis, and in mobility,
both random and chemotactic.
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linicai diagnosis of perinatal in-
fections in newborns has long
been a vexing problem. The causative
maternal infections are often asymp-
tomatic {cytomegalovirus [CMV] and
Toxoplasma infections), or are so mild
as to escape notice (rubella, syphi-
lis, herpesvirus, and enterovirus infec-
tions).' These, in turn, can result in a
wide spectrum of disease in the af-
fected infants. Certainly, some neo-
nates have severe disorders with mul-
tiple organ system damage and a
fulminant course; however, even in
this group, where clinical clues are ob-
vious, similarities among symptoms
make specific diagnosis difficult.r To
compound the problem further, it bas
been recognized in recent years that
most infections acquired in utero are
asymptomatic or too subtle to be rec-
ognized in early life" In spite of
their apparent innocuous nature in
infancy, many of them result in seri-
ous and irreparable damage not no-
ticeable until long after birth.st-v
This is especially true with respect
to central nervous system (CNS) and
perceptual involvement by Toxoplas-
ma gondii and rubella virus, and, per-
haps to a lesser extent, by CMV,
Treponema pallidum, herpesvirus ho-
minis (HVH), and other agents as
well." For these reasons, the true in-
cidence and the medical and social im-
portance of perinatal infections, par-
ticularly the “chronic” forms, have
very likely been grossly under-
estimated.

Laboratory diagnosis of such infec-
tions also presents problems. The
most direct means is isolation of the
responsible pathogens. These are not
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always readily recoverable, however,
and the techniques required are var-
ied, often tedious, and costly. Their
use is usualiy limited, therefore, to at-
tempted diagnosis in suspect patients
with severe disease rather than in
those with the more commonly oceur-
ring milder forms of infections that
may not be recognized by clinical
means. Large-scale sereening studies,
employing isolation methods, have
been successfully useid to ascertain
the incidence and natural histories of
individual types of infections, but
similar large-scale studies to deter-
mine the general significance of pen-
natal infections as a group are not
yet feasible.s7res

Antibody determinations should be
of sreater diagnostic usefulness be-
cause they can be carried out more
easily and rapidly than isolation
methods. However, interpretation of
results obtained from serum samples
collected soon after delivery is often
complicated by the presence of IgG
antibodies that are transmitted from
the mother to the fetus.'* The demon-
stration of persistent or increasing
amounts of antibody Guring the early
months of life can, however, be of
diagnostic import, but the necessity
for repeated bleedings is a serious
preolem in large-scale studies to iden-
tify newborns with subclinical infec-
tions. In addition, there is a delay of
diagnosis in individual suspect cases.

Current indications are that the hu-
man fetus can muster an immune re-
sponse when it is appropriately stim-
ulated.®*=*  Many  types  of
intrauterine infections, both subelini-
cal and symptomatic, can provide the
necessary antigenic stimulus,'#0:#-*
Since many, if not most, infants in-
fected in utero, other than those with
bacterial infections, are asymptomat-
ic at delivery, it seems clear now

that the developing  immunologic
mechanism of the fetus, viewed in its
entirety, is quite capable of confining
the predominantly intracellular infee-
tions, particularly when they are ac-
quired late in goestation.

At least part of the fetal antibody
can be identified from the large pool
of maternzlly transferred antibodies
by two approaches: deteetion of 1gM
fetal antibody specific for a given
pathogen, primarily hy fluorescence
microscopy,” - and the demon-
stration of clevated IgM levels as
a nonspecific monitor to characteri.e
newborns with high risk of intrauter-
ine infection. 'The latter has heen
studied more extensively hecause of
the availability of casy methods for
quantitating serum immunoglobulin
and because it can be used to monitor
many infections instead of just one.
This approach, however, must be
coupled with more specific methods to
identify the infection, such as the
IgM-specific  fluorescent  artibody
techniques.®'

The purpose of this review is to dis-
cuss various diagnostic facets of peri-
natal infections in light of their natu-
ral histories. Diagnostic findings will
be contrasted among individual infec-
tions, and the discussion, of necessity,
will ke limited to "chronic” perinatal
infections. towever, the principles
cited can also be applied to diagnosis
of acute, self-limited perinatal infec-
tions with modifications based on dif-
ferences in the natural histories of
the latter. Perinatal infections as
used here will refer only to those ac-
quired in utero at any time during
the birth process (natal). By this defi-
nition almost any organism may be
involved, especially if maternal blood-
stream (primary) infection occurs late
in gestation when the initial pro-
cesses of labor cause grosg breaks in
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Fig 1.—Pertinent data concerning natural history of congenital rubella. Throat is most
common site to demonstrate excretion of virus. (From Altord ™)

Table : .—Incidence of Maternal and Chronic Intrauterine
infecticn From the lnited States (From Alford et al?)

Infection Mother® Fetust
Cytomegalovirus 40 to 150 5to 20
Rubella

Epidemic 20 to 40 4to 30

interepidemic 1 0.5
‘Toxoplasma 1.5t06.4 0.75t0 1.3
HVH 10to 15 ?
Syphilis 0.2 0.1
Cumulative total (excludi..ig

epidemic rebeila) £3t0173 6.3to 22

* Number per 1,000 nregnancies.
1 Number per 1,000 live births,

the “placents! barrier.” Of primary
interest are those in wi™ } the infecy.
ing agent possesses w .. ial capacity
to traverse the intact placenta and
produce persistent infections. of the
conceptus, such as the perinatal infec-
tions caused by rubella, CMV, HVH,
To gondii, and Tr pallidum.

As determined by serologic sur-
veys, approximately 10%, 40%, 70%,
and greater than 99% of women in
the child-bearing age group are sus-
ceptible to rubella, CMV, toxoplas-
mosis, and syphilis, respectively. s+
The major veriable influencing sus-
ceptibility is age, where an inverse
relation pertains. Other factors in-
clude sociocconemic status, geo-
graphic location, sexual promiscuity,
and feeding habits. In developing
countries, incidence of these infec-

4556 Am J Dis Child/Vol 129, April 1975

tions is predictably higher than in the
United States (Table 1). The general
incidence of active maternal infection
during pregnency, approximately
14%, is singularly impressive.

Incidence of fetal infection, though
alarmingly high (0.6% to 2.2%j, only
partially reflects that observed in
mothers for cach infection, and this
observation has led to the concept of
the “placental barrier.” It should he
noted, however, that fetal risk subse-
auent to active maternal infection re-
mains ill defined.

Maternal Infections

Diagnosis of maternal infection is
the ideal prerequisite in suspecting
potential fetal or newborn involve-
ment., But, unfortunately, clinically
recognized disease is the exception

rather than the rule. Important fea-
tures io be determined whenever pos-
sible include type of infection (pri-
mary, reinfection, or reactivation),
location of the infectious agent
(bloodstream or genital tract), and
gestational age at the time of occur-
rence.

Rubella.— At presenc, rubella is con-
sidered a threat to the fetus most-
iy with primary riaternal! 1mfections
during the first 20 weeks of gestation.
However, reinfection does oceur in a
small pronortion of women with natu-
ral immunity and in a much larger
percentage of those with vaccine im-
munity.* The exact role of reinfec-
tion in the production of fetal in-
volvement is unknown.

The ratio of inapparent to apparent
rubella infection in adult women is
approxim ately 1.1, Therefore, a his-
tory of exposure to rubella or the oc-
currence of a rash demands rerologic
investigation. Important diagnostic
features of the natural history of ru-
bella (Fig 1) resemble the type of re-
sponse that is seen in primary in-
fections  with  Toreoplasma  and
Treponema.* Antibody may appear
as carly as 14 days after exposure, ir-
respective of clinical illness.”* With
reinfection, a booscer antibody re-
sponse oceurs, accompanied by a brief
perind of virus replication in the
pharynx but usually without symp-
toms. Thus, it is exceedingly impor-
tant to obtain the first serum for
antibody determination as soon as
possible after a presumed exposure.
The presence of hemagglutination-in-
hibition (HI) antibody in serum col-
lected within 13 days of the earliest
possible exposure date means prior
immunity, in which case protection is
thought to be complete. A negative
result must be followed by a sub-
sequent HI determination 28 days af-
ter exposure; the initial serum speci-
men should be followed by a
convalescent sample in 14 to 21 days.
If evidence of seroconversion is
found, primary infection is assumed
to have occurred. If stable or rising
HI titers are found, a complement
fixation test (CFT) or IgM rubella an-
tibody determination may be per-
formed to establish whether primary
infection has occurred as cpposed to

Diagnosis of Perinatal Infections/Alford et al


http:Infect,.2n

previous disease or reinfection, re-
spectively.

Toxoplasmosis.—As in rubella, pri-
mary infection is thought to be the
major prerequisite to fetal involve-
ment with Toroplasina infection.'
Fetal invasion can occur at any stage
of gestation. There is increasing
tendency to fetal involvement with
advancing gestation, but throughout
pregnancy this occurs in only 40% of
the primary maternal infections. The
severity of fetal disease is inversely
related to the age of conceptus at the
time of maternal infection. Maternal
toxoplasmosis is almost always
asymptomatic or nondescript.

The serologic response to the pri-
mary infectien, measured by indirect
fluorescent antibody (IFA) or the Sa-
bin-Feldman dye test, is similar to
that shown for rubella (Fig 1). How-
ever, a rise in the IgM Toroplasmia re-
sponse must be shown in order to
document primary infection since
IgM antibody persists for monihs or
years in a high percentage of previ-
ously infected individuals.

Cytomegalovirus.—Even with pri-
mary infection with CMV, most
women Lave subelinical involvement
or a nonspecific illness; however, a
heierophile-negative infectious mon-
onucleosis syndrome should alert the
physician to consider this infection.
The CFT is commonly employed for
diagnosis ¢f CMV. Convalescent se-
rum specimens should be collected
four and eight weeks after the acute
specimen to insure documentation of
the antibody rise.

The very high incidence of active
CMV infection in young pregnant
women is due mostly to localized cexr-
vical or urinary tract infections,
rather than to a generalized primary
involvement.*" Natally transmitted
CMYV infections oceur in about 50% of
cases with cervical involvement. Like
congenitally acquired infection, these
are chronic and, therefore, potentially
dangerous in spite of their relatively
innocuous nature in early infancy.™
Natal infections are approximately
five to ten times more common than
intrauterine CMV infections, and if
they prove to be hazardous, even in a
minimal way, they may represent the
most common form of CMV infection
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Fig 2.—Virological, serologic, and immunologic findings in asymptomatic form ot congen-
ital CMV infection. Development of IgM and 1gG i» even more accelerated than depicted here
when the congenital infection is symptomatic. T. W. signifies throat washings. (From Al-
ford)
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Fig 3.—Serologic and lg response that accompanies asymptomatic congenital tox-
oplasmosis. Total fluorescent antibody measures IgG antibody almost exclusively. Maternal
specific antibody response may be very similar to that shown here for infant, including per-
sistence of IgM specific antibody. Development of 1gM and 1gG is even more accelerated

than depicted here when congenital infection

in human populations. Unfortunately,
cervical CMV infections are clinically
silent, are not accompanied by de-
monstrable antibody changes, usually
occur in women with preexisting
CMV antibody, and are detectable
only by surveys employing virological
culture techniques.

Herpesvirus Hominis.—Though
transplacental infection ecan occur as
a result of primary infection with
HVH, it is apparently rare, since
most women become immune {0 HVH
before reaching child-bearing age.'
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is symptomatic. (From Aliord et al')

The major problem in newhorn infec-
tion then is one of natal transmission
of HVH through recurrent type 2 in-
fections of the maternal genital tract.
These infections are most frequent
after gonorrhea and CMV in young
pregnant women (Table 1), and must
always be considered dangerous if
present at or near term.

Genital HVH infection is diagnos-
able clinicaliy by the presence of typi-
cal vesicular lesiens in only about one
third of cases.™ Confirming the diag-
nosis by cytologic or virological
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Fig 4.—Serologic and lg responses in two forms of congenital syphilis. Note delay in in-
fant's VDRL, fluorescent trepunemal antibody, and g response with late cnset form. This
response is observed when infection occurs late in gestation or with inadequate maternal
therapy. Apparent incubation period is caused by slow replication time of Treponema. Ma-
tally acquired infections yould have similar delay in serologic response following incubation
periods of four to eight weens for CMV and 1 to 14 days for HVH. (From Alford et al™)

means is particularly important in
this group, especially when the infec-
tion is primary, since there is a high
risk, approximately 40%, to the infant
delivered vaginally.* In about 50% of
the women, infections are asympto-
matic, whereas the remainder show
nonspecific signs and symptoms such
as pelvic pain and cervical inflamma-
tion.
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Syphilis.—A chancre in the gravida
frequently goes undetected because
of its location in the vagina or on
the cervix. In addition, extragenital
chancres in such diverse sites as the
nipple, anus, and tongue often are not
suspected of being syphilitic. There-
fore, any ulcerative lesion app.aring
de novo during pregnancy in a site
likely involved in sexual activity

should be examined by darkfield mi-
croscopy. Primary, secondary, or re-
infection syphilis are all dangerous
to the fetus; the first two are far
more common than the last, except
in highly promiscuous populations,
There is inherent protection from fe-
tal involvement with syphilis in the
first 20 weeks of gestation. Tendency
for invasion increases as gestation
advances, just as in coxoplasmosis. In
untreated primary or secondary syph-
ilis, after the 20th week, infection of
the fetus is inevitable even when it is
acquired late in gestation.

Reagin antibody, namely that
tested by VDRL, appears one to three
weeks after the chanere, reaches a
maximal titer two to three months
later, rud persists for an indefinite
periud in untreated patients. In gen-
eral, high VDRL titers™ reflect active
infections. Reagin antibody may,
however, occur in a variety of condi-
tions other than syphilis. In contrast,
the absorbed fluorescent treponemal
antibody (FTA-ABS) test is specific
for Tr pallidum infcetion. This anti-
hody apparently persists for life in
untreated patients.

Infants and Children

Clinical Evaluation.—The great ma-
jority of infants born with chronic
perinatal infection will be missed
during the early months of life be-
cause they lack signs or symptoms,
Well over 85% of newborns with con-
genital CMV infections are asympto-
matic; figures for the other chronic in-
fections are as follows: toxoplasmosis,
75%:; rubella, 65%; and syphilis,
50%."++« Some of these infants will
have hearing defects that cannot be
detected in the nconatal period or
even for a few years thereafter. Eye
and CNS diseases, even though per-
sistent, most often have no overt
manifestations in the newborn and,
therefore, pass undetected, although
they may express themselves as
subtle abnormalities much later.
Even gross anomalies such as cardiac
and renal defects, cataracts, and im-
munodeficiency may be functionally
compensated during the early months
only to decompensate thereafter.

Clinical manifestations of newborn
infections not only overlap but also

Diagnosis of Perinatal Infections/Alford et al



may mimic many other severe disease
states. Prematurity, intrauterine
growthretardation, adenopathies, and
other abnormalities accompany chron-
ic intrauterine infection but are less
specific.

Certain signs have a reasonable
degree of diagnostic specificity in
infected neonates, For congenital
rubella, these include anomalies of
the heart, cataracts, glaucoma, pig-
mented retina, bone lesions, immuno-
logic defects other than IgA defi-
ciency, and the “blueberry muffin
syndrome.” In congenital syphilis,
they are mucocutaneous lesions, espe-
cially the eczematoid variety, and os-
teochondritis. For natally acquired
HVH infection, these include vesicles
on the skin and mucous membranes,
and  keratoconjunctivitis,  Miero-
cephaly with or without periven-
tricular calcifications occurs most com-
monly with congenital CMV, while
congenital toxoplasmosis, a very sim-
ilar elinical entity, can cause hydro-
cephalus with generalized calcifica-
tions. One finding usually resulting
from the active CNS involvement.
with Toroplesma or rubella is a dis-
proportionate elevation of cerebrospi-
nal fluid (CSF) protein concentration
with respect to pleocytosis.>'+ All
suspect infants must be followed up
closely and carefully in the first
months of life for evidence of missed
or decompensating lesions.

Since the great majority of the in-
fected infants are asymptomatic at
birth and seem to remain so for years,
the critical question currently is what
proportion of these are in jeopardy.
This question cannot yet be answered
precisely. There is preliminary evi-
dence from our studies that asympto-
matic toxoplasmosis is almost always
accompanied by chronic brain in-
volvement, which can impair intelli-
gence if untreated in the neonatal pe-
riod.»* Hearing dofects of varying
severity can occur in a large percent-
age of children born with congeni-
tally acquired rubella and CMW who
are otherwise asymptomatic.t+
These, if unrecognized, can lead
tocommunication handicaps. Immuno-
logic defects, especially IgA deficien-
cies, may develop in ‘asymptomatic
rubella and toxoplz=mosis and wil} be
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Fig 5.—Serologic and Ig responses in patients with natally acquired HVH infection (top
and middle) and in patient with late intrauterine acquisition of enterovirus (acute perinatal)
(bottom). Latter patient had silent, self-limited, aseptic meningitis, with limited period of vi-
ral excretion in throat and feces. Neonates infscted by HVH were syraptomatic, one with se-
vere systemic infection involving CNS (top), and the other with only vesicular lesions on
forehead (middle). The former of these two exhibited more striking IgM response associated
with larger viral load and more severe disease. Specific IgM antibody response might be ex-

pected to parallel IgM response in all.

missed unless specifically moni-
tored.”*” Mild degrees of prematurity,
intrauterine growth retardation, or
both may occur without other evi-
dence of infection. Long-term anti-
gen production with CMV, tox-
oplasmosis, and untreated syphilis

Diagnosis of Perinatal Infections/Alford et al

infections and overstimulation of the
humoral immune system, as ex-
pressed by excess production of [gG,*
suggest that slowly progressive im-
mune complex disease is a reasonable
pessibility in these conditions.*
Laboratory  Evaluation.—Pertinent
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Table 2.—Incidence of Congenital infections in 222 Infants Born
With Increased Cord Serum IgM Levels (From Alford2!)
No. of Incidence Among Incidence

Type of Infected Infants Born With Among 7,500

Infection Infants Elevated 1gM Level Deliveries*
CMV 17 1/13 1/400
Toxoplasma 11 1/20 1/682
Rubella 8 1/28 1/938
Syphilis 6 1/37 1/1,250
Total 42 1/5 1/178

* Data gathered during 21/4-year period.

microbiologic, serologic, and immuno-
logic findings in certain individual
perinatal infections are depicted in
Fig 1 through 5. These re-
flect average cases that, as stated, are
mainly subelinical in nature. Figures
4 and 5 depict serologic responses
that accompany late intrauterine ac-
quisition of syphilis and enteroviral
infections, as well as responses ac-
companying natal awyuisition of
HVH.

Once the offending organism has
been introduced and has become es-
tablished as an intrauterine infection,
it may persist throughout pregnancy
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variably distributed in fetal tissues,
and may be isolated from materials
collected from the newborn infant
(Fig 1). Virus is excreted for months
or years in the throat and urine of
infants with congenitally acquired
CMV (Fig 2)." For diagnostic speci-
ficity as regards intrauterine acquisi-
tion, isolation must be attemnted in
the neonatal period since viral excre-
tion after that time may represent
natally acquired infection.'* In con-
genital rubella, virus is consistently
excreted in the throat and occasion-
ally can be detected in urine, con-
junctival secretions, feces, CSF, bone

marrow, and white blood cells (Fig 1).
But isolation attempts in infants
with suspected congenital rubella
should be performed as soon as pos-
sible after delivery, since the period
of virus shedding is variable among
patients. After four months, only 33%
of infected infants will excrete virus,
and after eight months only 11%
will. Virus persists much longer in
sequestered areas such as the eye and
the CNS. The best site from which to
recover HVH in infants is the cutane-
ous vesicles; HVH can also be recov-
ered from the throat and urine and
may be detected in the eye or CSF
when disease is located there."™ Typi-
cal giant cells with intranuclear inclu-
sions can also be seen in biopsies of
the skin lesions of HVH or in cells
seraped from the base of the vesicles.
Cells with type A Cowdry intranu-
clear inclusicns can occasionally be
seen in urine specimens collected
from infants with symptomatic CMV
infections. Concentration of urinary
sediment by millipore filtration be-
fore staining, and repeated examina-
tions will increase the yield; but this
maneuver, no matter how well done,
is loss efficient than virus isolation. If
there are open lesions in congenital
syphilis, the Treponema can be identi-
fied in the invo.ved tissues including
the placenta if a careful search is
made®; the viruses can all be recov-
cred from the diseased organs for
many hours after death.

Specific antibodies are produced in
utero and for long periods postnatally
in all chronic intrauterine infections
(Fig 1 through 5).*-* They are also
manufactured after an appropriate in-
cubation period after natally acquired
infections (Fig 5). Serologic tests are
of greater diagnostic usefulness be-
cause of their zreater availability and
the fact that they can be performed
with more ease and speed than viro-
logical methods. However, interpre-
tation of results obtained on serum
collected soon after delivery is com-
plicated by the presence of antibodies
that are transmitted from the mother
to the fetus. After delivery, maternal
antibodies decrease and finally dis-
appear from the serum of uninfected
infants at variable intervals during
the first year of life. In contrast, in
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infected infants, antibody levels com-
parable to those in the maternal se-
rum persist for long periods of time.
Consequently, the demonstration of
persistent or increasing titers during
early months of life can be diagnos-
tically impoitant in neonates with
suspected chronic perinatal infection
(Fig 1 through 5). Occasionally, as a
result of the intensity of the stimulus
in utero, antibody levels are suffi-
ciently higher (eightfold or more) in
the cord serum than in the maternal
serum to be diagnostic. This is more
common in congenital syphilis than in
the other infections and serves to em-
phasize the need to compare results of
serologic tests obtained in mothers
and infants in the neonatal period.
Serial determinations of regular anti-
body levels is required, preferably at
monthly or at least three-month in-
tervals in most cases, to prove the
presence of infection. The most com-
monly available serologic tests are HI
for rubella, CFT for CMV and HVH,
IFA for toxoplasmosis, and FTA-
ABS and the VDRL for syphilis. Re-
cent data from our laboratory indi-
cate that IgG FA or Hl is better for
proving congenital CMV than are CF
determinations. The CMV CF nnti-
body often disappears in the early
months of life even with continued vi-
ral excretion, whereas antibodies
measured in the other tests do not.
The repeated bleedings, necessary
when regular serologic procedures are
used for diagnosis, inevitably delay
the diagnosis, but provide specificity
that clinical findings often lack. The
latter are extremely important if
proper follow-up care and prognosis
are to be given.

Since the infected fetus usually has
its own specific antibody in addition
to that placentally transferred, detec-
tion of fetal antibody is theoretically
the most practical way of diagnosing
an intrauterine infection. Most. meth-
ods for detection of fetal antibody in
umbilical cord or neonatal serum are
based on the concept that since IgM
antibody, in contrast to IgG, cannot
be transferred by the placenta, its
presence must represent synthesis by
the fetus. Agents that produce chron-
ic perinatal infections stimulate syn-
thesis of specific IgM antibody, which
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can be measured by IFA methods
(Fig 2 through 4).*t*-» These tech-
niques are rapid and cconomical but
are not vet sufliciently developed to
assure complete specificity and sensi-
tivity. The treponemal and Toux-
oplasma IgM FA procedures are pres-
entiy better perfected for general use
than the others.

When in utero infeetion causes
overt disease in the newborn, the an-
tigenic stimulus is usually sufficient
to induce elevation of total IgM level
along with the produetion of specific
IgM antibody. Therefore, demonstra-
tion of clevated levels of IgM (above
19.5 mg/100 mb) in cord or neonatal
serum is taken to indicate excessive
intrauterine  antigenie  stimulation
and, in this limited sense, serves as a
nonspecific monitor of intrauterine
infection.”' The IgM responses that
oceur in specific infections are repre-
sented in Fig 2 through 5. When the
IgM level is increased in infants
thought to be infected, definitive lab-
oratory diagnosis should be sought
immediately.

Use of Screening Tests for Increased
IgM Level

In congenitally infected infants in
whom symptoms are absent, some
Jaboratory monitor is needed for ini-
tial identification. Some six years
agro, our group instituted a prospec-
tive program to evaluate the diagnos-
tic use of increased cord IgM levels as
a screening procedure. The IgM level
was measured by immunodiffusion in
cord serum obtained from every in-
fant born at our hospital. After exclu-
sion of specimens contaminated by
maternal blood, infants who showed a
level above 19.5 mg/100 ml were sub-
jeeted to a series of tests to deter-
mine the reason for the IgM level
elevation. The tests were performed
irrespective of clinical findings. Pro-
cedures used to define infection have
been detailed elsewhere.'**' In addi-
tion to classical diagnostic methods,
specific IgM FA tests for syphilis,
CMV, and Toxoplasma infections
were cvaluated as means of rapid de-
tection of subelinical infections.

As noted in Fig 6, a total of 123 in-
funts with increased IgM levels were
found among 2,916 examined in the

first year of the study. Infections
were detected in 42 (34%) infants
born with elevated IgM levels. An ad-
ditional 69 infants had elevated IgM
levels in the second year of the study.
In 27 (39%), we detected evidence of
infection, The infection rate among
infants with IgM levels above 185
mygr/100 ml was 42 times greater than
that of infants with lower values,
When calculated on the basis of total
deliveries, the incidence of chronie
systemic conprenital infeetions deter-
mined by the [gM sereening was one
in 178 (Table 2). Cytomegalovirus was
the commonest cause of infection.

Virtually  all infected  neonates
were asymptomatic at birth, indicat-
ing that inereased lgM levels ean be
used in the search for "silent” infee-
tions. More than half of these infants
later exhibited clevated CSI® protein
values and lymphoeytosis that per-
sisted up to 5 months of age.”

This phenomenon was particularly
striking in patients with congenital
toxoplasmosis, but was also seen in at
least H50% of neonates congrenitally in-
fected by rubella, even though other
evidence of infection was not readiiy
apparent. Asymptomatic CMV infec-
tions were seldom accompanied by
such changes.”! In patients with acute
aseptic meningitis due to such agents
as enteroviruses that pmdnco acute,
self-limited infections, cell counts
were disproportionately clevated in
relation to protein level. In addition,
the pleoeytosis persisted for only a
few days. The most disturbing fea-
ture of the CSF changes in chronic
perinatal infections was the dis-
proportionate elevation of protein
levels. It suggests to us a greater de-
gree of ecllular breakdown and corre-
lates well with reduced intellectual
capacity observed in older children
who were born with congenital tox-
oplasmosis but who were asympto-
matic in ecarly life.”

Symptomatic neonates with more
severe forms of chronic intrauterine
infections have higher levels of IgM
in their cord sera (30 mg/100 ml) and,
in some at birth, the IgM level may
even have reached adult levels or
higher.'* Determination of IgM levei
is particularly useful as a means of
selecting chronically infected neo-
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nates among a group of sick infants
in whom cause is not readily appar-
ent. Undoubtedly, among asympto-
matic infants, some are born with
IgM levels within normal range and
represent false negatives. How often
this occurs is unknown; however, until
better methods are developed, it re-
mains a practical approach to the
diagnosis of asymptomatic intra-
uterine infections.

Theoretically, detection of specilic
IgM antibody in cord and carly nco-
natal serum is of greater diagnostic
importance than screening for non-
specific TgM level elevations. All in-
fants in our study who were infected
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with Tozoplasma or CMV and the
ones symptomatic with treponemal
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Summarized Disc'1ssion of Session ||

bedy technique, which deteets nanograms
of immunoglobulins, even a4 minute con-
tamination may wer the results of mea-
surements in cord serum. Thus, false posi-
tive results may be reported in cases of
those infections in which maternal IgM an-
tibodies tend to persist, for example, in
CMV, but it would not happen in cases of
rubella where maternal [gM lasts for only
several weeks.

Dr. Rush inquired whether the state of
immunologie development or immundlogic
maturity can be used as a marker of the
stage of development of the infant. He
wished to distinguish the pathologic state
that may lead to an abnormal immunologic
pattern in the infant from the basic physi-
ologic immaturity appropriate to age. Dr.
Chandra commented that this would in-
deed be possible in the future, but that
given the present state of knowledge, ote
could not define infants’ maturity in terms
of immunologic measurements. The diseus-
sants then considered the various cate-
gories of definition of maturity, and many
participants agreed that it would be useful
to base maturity on as many different eri-
teria as possible. Dr. Luckey suggested
that perhaps a scale of 20 points might he
developed  that would include not only
growth, ete, hut also such things s sphin-
gomyelin/iceithin rati in the lungs, quan-
tity of phosphalipids, and so forth. Dr.
Stiechm supported this view, but added thut
with respeet to cellular immunity, or pha-
goeytic capacity, for example, there wae
little differcncee between infanis born after
33 weeks' gestation and those hern after
40. However, he thought that alpha feto-
protein level might be useful in this con-
text, sinee it reaches a maximum of 30
mg/100 ml at 20 weeks of gestation, and
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then falls as gestational age increases,
droppime about 5 mgz 00 ml at term, Dy,
Chandra interjected that hepatitis may
perhaps elevate alpha fetoprotein fevel and
thus create o spuriously high measure-
ment. D, Sever added that TgM levels can
also be helpfrel in this assessment of ma-
turity, because they are very low in the
low-hirth-weigzht, short-gestation  infant,
hut they approach normal levels in low-
birth-weight, long-gestation infants, Dr.
Luckey then asked about the funetion of
the macrophige defense mechanism of the
fetus, noting that the quantity of macro-
phiges in the fetus were guite high, Dr,
Faulk indieated that there wis no evidenee
of any maternal macrophages acting in the
fetus. The effector, the macrophage-like
cell, in the fetus is found in a very high
concentration in the fetal spleen, but its
concentration is relatively lower in the
neoniatal spleen, and very much lower in
the adolescent spleen,

Another aspect of this discussion dealt
with the difficulties in assigning the spe-
citie blame for low-birth-weight infants to
either malnutriticn or to infection. Some
discussion dealt with the problem that one
may be observing very small numerical
virtations and, therefore, as wias pointed
out by Dr. Rush, very large populations
would be reginred for the statistically ae-
ceptibie determination of the validity of
such observations. Dr. Mata added that he
wis unawire of any evidence that either
nutritional intervention or improvement of
hygiene alone has ever been shown to ef-
fect o dramatie chunge in the problem of
low birth weight.

(70 be coneluded n the May tszue.)
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Malnutrition and Infection During Pregnancy:
Determinants of Growth and Development of the Child (Conclusion)

Session I1I: The Problem of Low Birth Weight

Nutritional Influences in Industrial Societies

John C. Sinclair, MD, Saroj Saigal, MD

vidence that maternal undernu-
trition contributes to the prob-
lem of low birth weight in industrial
societies will be discussed in the fol-
lowing categories: (1) epidemiological
associations, (2) clinical studies of
growth-retarded babies, (3) maternal
dietary studies, and (4) pathologic
findings in perinatal deaths.

Epidemiological Associations

Mean Birth Weight.—As summa-
rized by Rosa and Turshen, quite
large ditferences between populations
occur with respect to mean birth
weight. In contrast, differences in
mean length of gestation are minor.
Thus, between-population variance in
mean birth weight reflects principally
differences in rate of fetal growth. It
is a central problem of perinatal med-
icine to know the relative contritiu-
tions of heredity and environment to
the variance in fetal growth rate,
and, among the environmental fac-
tors, to know the effect of maternal
undernutrition.

Within industrial societies, similar
though less obvious differences are
seen in the mean birth weight. For
example, mean weight at term for
male fetuses is 3,650 gm (8.04 1b) in
Norway*; 3,630 gm (8.00 Ib) in Swe-
den?; 3,560 gm (7.85 1b) in Aberdeen,
Scotiand*; 3,495 gm (7.70 1b) in a Brit-
ish national samplei»; and 3,290
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gm (7.25 1b) in the study of Lubchenco
et al in Denver Another American
study, in a predominantly black popu-
lation, gave a mean fetal weight at
term for boys of 3,210 gm (7.07 th)/
and in the US Colluborative Perinatal
Study, the value (for blacks, sexes
combined) was 3,163 pm (6.97 1h).0 At
the Harlem Hospital in New York
City, which serves a poor, black, ur-
han community, mean birth weight at
term is below the American national
average, and further reduetion in the
mean birth weight occurs in assoeia-
tion with maternal preconception
weight below 50 kg (110 1b), low ma-
ternal weight gain during pregnaney,
or the history of a previous low-hirth-
weight baby.»

These associations suggest the hy-
pothesis that the adequacy of mater-
nal nutritional status, cither during
or before pregnuancy, may contribute
to the variation in fetal growth rates,
and may contribute to differences,
both between-population and within-
population, in mean birth weight at
term.

Incidence of Low Birth Weight.—The
incidence of birth weights <2,500 gm
(5.5 Ib) is generally highest in those
countries where the mean birth
weight is lowest, and varies from
about 5% to 25%.' Similar, though less
severe, differences occur within indus-
trial sosieties. For example, the inci-
dence of low birth weight in the US
Collaborative Perinafal Study* was
7.1% for whites and 13.4% for blacks,
and this difference was not accounted
for by a small difference in the distri-
bution of gestational ages. In the
British perinatal mortality sur-
vey,” ™ the incidence of low birth
weight was 6.7%. One third of low-

birth-weight babies were horn at 38
weeks or later. Thus, the problem of
low birth weight is twofold: preterm
delivery of normally grown fetuses
(the majority) and growth retarda-
tion among fetuses usually horn at
term (a sizable minority). The in-
ereased incidence of low birth weight
in populations with low mean bhirth
weight is usually due to an inereased
incidence of fetal growth retardation.
Again, these observations suggest a
nutritional hypothesis.

Maternal and Other  Associations
With Fetal Growth Retardation.—1upi-
demiological studies have identified a
number of maternal and other associ-
ations with fetal prowth retardation
Wit oceurs in industrial societies,
Fhese associations are reflected in the
approach that we use to classify our
growth-retarded infants according to
presumed cause:

Maternal factors
1. Low maternal preconception weight
(<50 kg), with no detectable patho-
logrie process in mother, placenta, or
fetus
2. Maternal »ypertension, with or with-
out maternal proteinuria, edema, or
kidney discase ( >140/90 mm Hg); (a)
before 20 weeks, or (b) after 20 weeks

3. Maternal nonhypertensive  cardio-

respiratory disease, or other mater-
nal diseasc

4. Heavy muaternal cigarette smoking

( >20/day}
5. Other maternal pathologic process
(drug use, uterine anomaly, ete)
Fetal factors
6. Major congenital malformation of the
fetus, with or without chromosomal
anomaly

7. Chronic fetal infection

8. Multiple pregnancy
Unknown factors

9. None of the above
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The ahsence of “maternal under-
nutrition” from this list reflects our
lack of knowledge about the calorie,
protein, and other nutrient intake of
our mothers, rather thau a lack of in-
terest in and concern for this mea-
surement. Presumably, maternal un-
dernutrition may play a primary role
in some otherwise unexplained cases
of fetal growth retardation (group 9),
and a eontributory role in groups 1
through 8.

We have recently reviewed our ex-
perience with fetal growth retarda-
tion at a local Hamilton, Ontarin,
community hospital delivering fe-
tuses of unselected pregnancies. Our
object was to determine the fre-
quency of association with  fetal
growth retardation of the various
factors listed above. We iancluded in
the review all babies weighing under
2,500 gm at birth who were products
of a 32-week or more gestation, and
whose birth weights fell below the
fifth percentile for gestational age on
the Aberdeen fetal growth standard.*
(Adjustments were made for fetal sex

Table 1.—Composition of Fetal
Growth Retardation Sample*

No. of Babies

Gestational __ —
Age, Weeks Singleton Twin  Total
<38 19 10 29
38-42 56 4 60
> 43 0 0 )]
Total 75 14 89

* Data collected in Hamilton, Ontario,
in 1971 and 1972,

and birth order, but not for maternal
height and weight.) The bauies were
born during the period July 1971 to
November 1972. In each case, we re-
viewed the hospital chart and, if pos-
sible, conducted a maternal interview
retrospectively. During the maternal
interview, detailed information on
cigarette smoking during pregnancy
was sought.

The sample selected is given in
Table 1. Eighty-nine cases were sc-
lected (about 2.1% of total births), and
24 cases were excluded because ges-
tational age was uncertain. There
were 26 boys and 63 girls, a ratio re-
flecting, at least in pavt, a sampling
bias introduced at gestational ages
over 38 weeks because the 2,500-gm
limit was imposed regardless of fetal
sex. (Since the fifth percentile on the
Aberdeen curve lies above 2,500 gm
after 38 weeks, and farther above for
boys than for girls, more boys than
girls are excluded by the 2,500-gm
limit.)

As compared with the pregnant
general population, mothers who de-
liver growth-retarded babies in Ham-
ilton have a higher incidence of short
stature, low preconception weight,
hypertension (both early and late in
pregnancy), other illness, and heavy
smoking habit (Table 2). Twin preg-
nancy and babies with major congeni-
tal malformation are both greatly
overrepresented in the growth-re-
tarded group. We find none of the as-
sociations listed in the growth retar-
dation classification list in only 10% of

Table 2.—Pathogenetic Associations With Fetal Growth Retardation
Sample Population
Factors Incidence, % Incidence, %*
Maternal
Height < 153 cm (80 in) 22 10
Preconception weight << 50 kg (110 Ib) 28 16
Hypertension
<20 wk 11 1-3
> 20 wk 27 25
Antetpartum hospital admission 12 ...
Other maternal iliness 10 3
Heavy cigarette smoking (> 20/day) 19 7
Fetal
Major congenital malformation 10
Chronic fetal infection 1
Twin pregnancy 16
None of above, where known 10

* Data taken from US Collaborative Perinatal Study and represent a white population,
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our growth-retarded cases. This is in
striking contrast to our frequent fail-
ure to find a pathogenetic association
in cases of preterm delivery of a nor-
mally grown fetus.

The frequent identification of a
pathologic associatiun in our cases of
fetal growth retardation does not rule
out a contributory effect of maternal
undernutrition. Moreover, those cases
in whom small maternal size is the
sole association noted may indicate a
nutritional effect. However, it ap-
pears unlikely, in the Hamilton expe-
rience, that maternal undernutrition
is often the sole cause of a degree of
fetal growth retardation that is suffi-
cient to result in low birth weight.

Clinical Studies of Growth-Retarded
Infants

Clinical studies of growth-retarded
newborn infants demonstrate a high-
er incidence of unfavorable outcomes
among this group. Thus, in industrial
societies, the baby who is small for his
gestational age is often suffering
from some pathologic process that has
impaired his fetal growth below its
genetic potential. Such infants can-
not usually be regarded as genetically
small but otherwise normal.

Perinatal and Neonatal Mortality.—
The total contribution of fetal growth
retardation to perinatal mortality can
be estimated from Usher’s Montreal
experience of 26,453 consecutive live
births of infants weighing over 1,000
gm (2.2 1b)."" Among the 438 perinatal
deaths in this sample, 68 (15.5%) oc-
curred among infants whose birth
weight was below the third percentile
for gestational age. These included 35
stillbirths and 33 nconatal deaths.
About 40% of perinatal deaths among
growth-retarded infants are caused
by major malformation.”'* Among
the remaining deaths, the most im-
portant causes are fetal and intrapar-
tum asphyxia, meconium aspiration
with its complications, hypoglycemia.
and pulmonary hernorrhage. Growth-
retarded babies are overrepresented
approximately tenfold among both
stillbirths and neonatal deaths from
asphyxia »»v Many such infants
have meconium aspiration at birth,
sometimes complicated by pneu-
momediastinum, pneumothorax, cere-
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bral edema, and inappropriate anti-
diuretic hormone secretion. The
British perinatal mortality survey re-
ported a 43% incidence of fetal
growth retardation in autopsies per-
formed on infants who died in the
first week of life with pulmonary
hemorrhage.”*** The mechanism of
the association is unclear, and there is
a suggestion that it is not character:
istic of current practice, which in-
cludes more careful avoidance of cold
stress.

In the Hamilton experience, there
were four neonatal deaths among the
89 cases of fetal growth retardation.
All were due to major malformation.

Perinatal Morbidity.—Congenital
anomalies are an important cause of
perinatal morbidity among growth-
retardc? infants. In van der Berg
and Yerushalmy's analysis’ of the
Oakland (Calif) Child Health and De-
velopment Studies’ experience, neo-
nates weighing between 1,501 and
2,500 gm (3.3 and 5.5 Ib) werc sepa-
rated into four quartiles that were
identical in birth weight distribution
but diftered greatly in the gestation.
Among the quartile experiencing
very slow rate of fetal growth, they
found a high incidence of congenital
anomalies, particularly congenital
heart disease. However, those infants
in this quartile of very slow fetal
growth who were without congenital
anomalies experienced certain advan-
tages as compared with the younger
infants of identical weight—a shorter
duration of hospitalization and a
shorter duration of incubator care.
Undoubtedly, these latter observa-
tions reflect a relative freedom from
respiratory distress syndrome, recur-
rent apneic  spells, and hyper-
bilirubinemia. Feeding regimens can
be instituted earlier, and they are
able to ingest adequate calories for
weight gain soon after birth. Hypo-
calcemia is less frequent than it is in
preterm infants.

The growth-retarded infants are
particularly vulnerable to hypogly-
cemia. Pildes and co-workers'” re-
ported a 5.7% incidence of neonatai
hypoglycemia in infants whose birth
weight was less than 2,500 gm. Hy-
poglycemia was defined as two con-
secutive values of blood glucose below
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Table 3.—Maternal Nutrient Intake and Protein Levels*

% With Low Protein Intake

S5 With Low Serum Protein

(gm/Day) Level (gm/100 ml)
Group & No. "34.48 <aa 5.5.6.0 <585
General 894 55 33 255 5.0
indians 59 17.0 57 12.5 0

* Data from 1973 Nutrition Canada National Survey® of pregnant women in their third

trimester.

20 mg/100 ml. A high percentage
(27%) of infants in the survey were
below the tenth percentile weight for
gestational age, by the fetal growth
standard of Lubchenco et al From
the data of Pildes and associates, it
can be deduced that the incidence of
hypoglycemia in growth-retarded in-
fants is approximately 8%. This fig-
ure is lower than more recent esti-
mates, for example, 124 and 217
Growth-retarded babies have high
hemoglobin concentration, hemato-
cerit value, and red blood cell mass for
age and weight.**7'* The increased
hematoerit tevel has been attributed
to chronic hypoxia in utero. The asso-
ciation of polycythemia with respira-
tory and neurological symptoms has
received increasing attention.' v
We recently reviewed the ecarly
neonatal  consequences  of  fetal
growth retardation, and found that
some of these resemble findings of
postnatal malnutrition.”" Among the
similarities are high extracellular
fluid volume for body weight*** and a
high metabolic rate for hody weight
after refeeding.*+ Studies of Lind-
blad et al* provide a model for the
study of correlation between fetal
and postnatal malnutrition. They de-
termined that free amino acid levels
in maternal plasma fall during nor-
mal pregnancy. At term, fetal levels
arc higher than maternal levels, and
the same is true at the time of deliv-
ery after short gestation. However,
in hypertensive pregnancy associated
with fetal growth retardation, the
fetal/maternal ratio for essential
amino acids is lower than normal be-
cause of higher maternal plusma lev-
els for these amino acids (especially
valine, isoleucine, and leucine). More-
over, fetal glycine concentration is
considerably higher in these latter fe-
tuses at delivery, and the glycine/
valine ratio is higher than it is in both

normal preterm and full-term fe-
tuses. The glycine/valine ratio is not,
however, elevated in the hypertensive
mothers. In contrast, groups of moth-
ers in Pakistan of low socioeconomic
class giving birth to babies of low
hirth weight show elevated glyecine/
valine ratios, as do their infants.

Maternal Dietary Studies

Maternal nutrient intake during
pregnancy has been extensively re-
viewed by Hytten and Leiteh® and by
Bergner and Susser.* Recent studies
of nutrient intake during pregnancy
have focussed on groups at high risk
for undernutrition and low birth
weight, The Nutrition Canada Na-
tional  Survey  incompletely ana-
lyzed and reported at present, in-
cluded a sample of pregnant women
in their third trimester (unfortu-
nately, not randomly selected), with
whites and Indians separately tubu-
lated. Twenty-four-hour dietary re-
call histories were obtained. The
lower tail of the distribution of pro-
tein intake is given in Table 3. Low
protein intakes occurred frequently,
especially among Indians. However,
total serum protein concentrations
among Indians were not low. Other
studies have demonstrated a high
mean birth weight among American
and Canadian Indians. Thus, the role
of nutrition in this group is unclear
and may be obscured by genetic
or other factors influencing fetal
growth.

King and co-workers* studied nu-
trient intake in 18 pregnant San
Francisco teen-agers, using three-day
food intake records. They found no
nutrient that was adequately sup-
plied to all the girls, even when pre-
scribed prenatal supplements were
included in the tabulation. Nutrients
most deficient in the diets were cal-
cium, iron, vitamir A, and energy.
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Protein was the most nearly adequate
of the nutrients studied.

Rush and co-workers® obtained 24-
hour recall estimates of nutrient in-
tuke prior to enrollment in a random-
ized, controlled trial of nutritional
supplementation in pregnancy. They
found that the median daily protein
intake reported by women in carly
pregnancy is about 55 gm in a poor
Ameriean black population.

Aside from socioeconomic limita-
tions on calorie and protein nutrition,
industrial societies contain at-risk
groups whose nutrient intake is lim-
ited by fad diets, misguided attempts
at weight reduetion, or a persisting
prejudice in obstetric practice that
dictates that weight gain in preg-
niney should be kept helow 9.4 kg (20
1h).

Pathologic Studies

Fotal body, organ, and cellular
growth, as studied at autopsy, pro-
vides a specinl opportunity in the case
of perinatal deaths for a study of the
offeets of maternal nutrition on the
human fetus. Naeye and co-workers”
have recently reported a vronounced
offect of maternal nutritional status
on fetal body, organ, and ccllular
growth in a series of perinatal deaths
studied at Babies H-vpital, New York
Yity. They excluded wajor congenital
anomalics, chromosomal disorders,
chronic congenital infections, major
placental lesions, multiple births,
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infants of diabetic mothers, and ges-
tations with hydramnios, oligohy-
dramnios, Rh dizcase, maternal hy-
pertension, or other evidences of
toxemia of pregnancy. Included in
their study are the offspring of
women who were placed on diets of-
fering as little as 1,200 calories per
day, and for as long as six months or
more, in an effort to reduce weight
gain or total body weight. Maternal
nutritional categories were defined
on the hasis of prepregnancy weight
for height (above or helow average)
and pregnancy weight gain (above or
below average). A progressive de-
erease in newborn body and organ
measurements took pilace in passing
from nutritional eategory 1 (over-
weight mothers with high pregnancy
weight gain) to category 4 (under-
weight with low weight gain). The
major effect was seen in infants born
after 33 weeks. In all nutritional cate-
gories, many newborn body and or-
gan values were smaller for mothers
placed on a specific low-caiorie diet
than for mothers who received gen-
eral dietary advice,

Conclusion

There are a number of clues that
suggest that maternal undernutrition
contributes to the problem of low
hirth weight in industrial societies,
but the evidence is not complete and
the prevalence and magnitude of the
nutritional effect are both unknown

References

tive Perinatal Study: The Women and
Their Pregnancies. Philadelphia, WB
Saunders Co, 1872, p 50.

9. Rush D, Stein 7, Susser M: Rationale
for, and design of, a randomized controlled
trial of nutritional supplementation in

pregnaney. Nutr Rep Int 7:547-563, 1973. -

10. Rush D, Stein Z, Christakis G, et ak
The prenatal project: The first 20 months
of operation, in Winick M (ed): Nutrition
and Fetal Development. New York, John
Wiley & Sons Ine, 1974, pp 95-125.

11. Usher RH: Clinicu* and therapeutic
aspects of fetal malnutrition. Pediatr Clin
North Am 17:169-183, 1970.

12, Luge G, Cassady G: Intrauterine
growth retardation. Am J Obstet Gynecol
109:615-622, 1971.

13. van den Berg BJ, Yerushalmy J: The
relationship of the rate of intrauterine
growth of infants of low birth weight to
mortality, morbidity, and congenital
anomalies. J Pediatr 69:531-545, 1966.

14. Tsang RC, Oh W: Neonatal hypocal-
cemia in low birth weight infants. Pedi-

at present.

Although slow fetal growth is
strongly associated with small mater-
nal si~e and low pregnancy weight
gain, the majority of low-weight-for-
date babies are born in a setting of
other pathologic associaticns—mater-
ral hypertension or other systemic
disease, heavy maternal cigarette
smoking, multiple pregnancy, or fetal
malformation.

Fetally growth-retarded babies are
usually not “small but normal,” but
show a variety of clinical features
that suggest deprivation, and a re-
duction of growth below genetic po-
tential. Similarly, pathologic studies
show a correlation between indices of
poor maternal autritional status and
evidenee of deficient fetal organ and
cellular growth.

Dietary studies, although often
lacking in precision, suggest that ma-
ternal intake of calories or protein or
other nutrients may be deficient dur-
ing pregnancy, particularly in certain
at-risk subgroups within industrial
societies.

It is apparent that firm evidence
establishing maternal undernutrition
as a cause of low birth weight in
industrial socicties depends on the
completion of a properly controlled
randomized trial of rutritional sup-
plementation in such at-risk sub-
Zroups.

atrics 45:7173-784, 1970.

15. Pildes R, Forbes AE, O’Connor SM,
et al: The incidence of neonata! hypogly-
ceniia: A completed survey. J Pedictr
70:76-80, 1967.

16. Lubchenco LO, Bard H: Incidence of
hygoglycemia in newborn infants classi-
fied by birth weight and gestational age.
Pediat ics 47:831-838, 1971,

17. Humbert JR, Abelson H, Hathaway
WE, et al: Polycythemia in small for ges-
igggnal age infants. Pediatrics 75:812-819,

18. Haworth JC, Dilling I, Younoszai
MK: Relation of blood-glucose to haemato-
crit, birth-weight, and other body 1nea-
surements in normal and growth-retarded
newborn infants. Lancet 2:901-805, 1967.
19, Wood JL: Plethora in the newborn
infant associated with cyanosis and con-
vulsions. J Pediatr 54:143-151, 1959.

20. Gatti RA, Munster AJ, Cole RB, et
al: Neonatal polycythemia, with transient
cyanosis and cardiorespiratory abnormal-
ities. J Pediatr 69:1063-1072, 1969.

Nutrition and Low Rirth Weigiit/Sinclair & Saigal



21. Sinclair JC, Saigal S, Yeung CY:
Early postnatal consequences of fetal mal-
nutrition, in Winick M (ed\: Nutrition and
Fetal Development. New York, John Wiley
& Sons Ine, 1974,15);) 147-171.

22, Cassady G: Bromide space studies in
infants of low birth weight. Pediat) Res
4:14-24, 1970,

23. Bhakoo ON, Scopes JW: Weight
minus extracellular fluid as metabolic ref-
crence standard in newhorn baby. Arch
Dis Child 46:483-489, 1971.

24, Sinclair JC, Silverman WA: In-
trauterine growth in active tissue mass of
the human fetus, with particular reference

to the undesgrown baby. Pediatrics 98:48-
62, 1966.

25. Montgomery RD: Changes in the ba-
sal metabolie rate of the malnourished in-
fant and their relation to body composi-
tion. J Clin Invest 41:1653- 1663, 1962,

26. Lindblad BS, Rahimtoola RJ, Said
M, et al: The venous plasma free amino-
acid levels of mother and child during de-
livery., Acta Paediatr Seand 58:497-505,
1969.

27. Hytten FE, Leitch L The Physiology
of Human Pregnancy, ed 2. Oxford, En-
rland, Blackwell Seientific Publications
Ad, 1971,

28 Bergner L, Susser MW: Low birth
weight and prenatal nutrition: An inter-
pretative review. Feduatrics  16:946-966,
1970.

20, Nutrition Canada Natwonal Sureey
Ottawa, Canada, Information  Canada,
1975,

$0. King JC, Cohenour SH, Calloway
DH, et al: Assessment of nutritional status
of taenage pregnant grins: 1 Nutrient -
take and pregnaney. Am J Clin Nutr
20006925, 1972

31, Naeye RL, Blane W, 'aul G: Effvets
of maternal nutrition on the human fetus.
Pediatries 52:494-503, 1973.

Maternal N utrition and Fetal Growth
in Developing Countries

Aaron Lechtig, MD, MPH; Hernan Delgado, MD, MPH; Robert Lasky, PhD); Charles Yarbrough, PhD;
Robert. E. Klein, PhD; Jean-Pierre Habicht, MD, PhD; Moisés Bcéhar, MD

he incidence of low birth weight
(=25 kg [6.5 1b]) is excessive in
rural and urban low socioeconomic
groups in preindustrialized countries
(Fig 1). Since the large part of the
population in these countries is in this
socioeconomic  stratum, low-birth-
weight infants constitute a large pro-
portion of the total newborn popu-
lation. About 3 million infants born
in Latin America alone during 1973
were of low birth weight. Since most
of them presumably were full-term
newborns, their low weights reflected
fetal growth retardation.
Low-birth-weight infants have a
higher mortality during the first ycar
of life than do infants of normal birth
weight."* In addition, they show im-
paired mental development.*t It is
possible that this impairment influ-
ences their ability to develop into
functioning adults.

Influence of M~ternal Nutrition on the
Proportion of Low-Birth-Weight Babies

Experiments in animals have
shown that severe caloric or protein
malnutrition in the mother delays fe-

From the Institute of Nutrition of Central
America and Panama, Guatemala City.
Reprints not available,
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Fig 1.—influence of maternal nutrition on fetal growth in preindustrialized countries.
Number of cases given in parertheses. Data taken from following sources: (1) Udani#; (2)
Shattock*’; (3) Cravioto et al**; (4) Cberndorfer et al:*; (5) Mata et al*; (6) Lechtig et al*; (7)

Hurtado'; and (8) Niswander and Gordon.**

tal growth and changes the relative
size of several organs.” These effects
may be irrcversible in organs in
which the nutritional insult has af-
fected the rate of eell division.*

In humans, an effect of maternal
nutrition on birth weight has been

demonstrated in cases of acute star-
vation. Infants horn during famine
periods show consistently lower bhirth
weights than those born in the same
country during times of adequate
food supplies.’

Studies of the influence of chronie
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moderate malnutrition on fetal
growth have yielded results some-
what more difficult to interpret. Mal-
nutrition prior to pregnancy is usu-
ally evaluated by anthropometric
measurements. The difference in
mean height between adult women
from low socioeconomic groups in
Guatemala and a sample of white
population from the United States is
approximately 12 em (4.7 in). Most of
this difference is acwounted for by
growth retardation during the first
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seven years of age*" (C. Yar-
brough, PhD, et al, unpublished data).

In contrast, height of 7-year-old
children from high scecioeconomic
groups in developing countries is sim-
ilar to that in the industrialized coun-
tries and is greater than the height of
children of low sociceconomic status
from the same ethnic group.'' "

A consistent association has been
found between height of the mother
and the birth weight (Fig 2) in four
rural villages in Guatemala studied

9
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Fig 4.—Relationship between maternal di-
etary intake and birth weight. Number of
cases given in parentheses.

prospectively. Prepregnancy weight
has also shown consistent relation-
ship to birth weight among mothers
of the same height (C. Yarbraugh,
PhD, et al, unpublished data).

It is generally accepted that differ-
ences in head circumference of adult
populations are accounted for by dif-
ferences in the rate of growth of the
head during the first two years of
life." Figure 3 depicts the relatien-
ship between head circumference of
the mother and the proportion of
infants with low and high birth
weights. The relationship is signifi-
cant even after controlling for mater-
nal height and weight, and, therefore,
may reflect the specific influence of
the very carly nutritional experience
of the mother on fctal growth.

The indicators most frequently
used to estimate maternal nutritional
status during pregnancy are weight
gain during pregnancy and dietary
intake.

Weight gain during pregnancy is
strongly correlated with birth weight
in both industrialized and developing
societies."'" Most studies in industri-
alized countries fail to find an associa-
tion between nutrient intake during
pregnancy and birth weight.'”" This
may be attributable to the poor reli-
ahility of the data or to the fact that
most of the women in the samples
were relatively well nourished. I the
developing countries, several dietary
and interventior. studies have shown
an association between maternal in-
take and birth weight. Hcviever,
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Fig 5.—Relationship between food supplementation
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other variables such as infectious dis-
eases and medical care have not been
explicitly controlled.”” We have ana-
lyzed dietary data of 51 pregnant
women from rural villages not receiv-
ing food supplenients. Average birth
weight increased progressively as di-
etary intake increased (Fig 4). This
relationship is still evident when
weight of the newborns is corrected
for such influences as height, parity,
duration of illness during pregnancy,
and sex of the newborn.” Data from
a longitudinal nutrition intervention
project in Guatemala on the effects
of mild to moderate malnutrition on
physical growth and mental develop-
ment support this relationship. Two
types of supplement, atole (a gruel
commonly made with corn, which sup-
plies proteins and calories), and fresco
(Spanish for “refreshing, cool drink,”
which supplies only calories), which
contain protein and calories, respec-
tively, or calories alone, are provided
on a voluntary basis. A wide range of
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suppiement intake during pregnancy
was observed; therefore, the amount.
of supplement ingested, physical
growth, morbidity, home diet, and
family sociocultural characteristics
were monitored.

Figure 5 shows the percentage of
low-birth-weigh . infants in the high
and lov: supp'emented groups. There
were significantly fewer low-weight
newborns in the high supplemented
group than in the lov: supplemented
one. These data indicate an associa-
tion between caloric supplementation
during pregnancy and birth weight,
with the risk of low birth weight
among the high supplemented moth-
ers heing roughly half that observed
among the low supplemented moth-
ers.

We have investigated nearly 50
maternal variables including home
diet, height, parity, morbidity, and
sociocultural  characteristics  that
might account for these results. None
of them could expiain the observed
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Fig 6.—Relationship between food supple-
mentation and birth weight in consecutive
pregnancies. Difference in caloric supple-
mentation: A = from —40,000 to zero calo-
ries; B=from 100 to 20,000 calories;
C = from 20,000 to 120,000 calories. Num-
ber of pairs of pregnancies given in paren-
theses. Difference between groups A and C:
P <.01.
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Magnitude of Dose Relationships

Relationghip

Slope* SE

Caloric supplementation during
pregnancy & birth weight (No. = 405)

(in simple correlation)

(in multiple correlation)

Before controlling for suspected confounding factors

After controlling for suspected confounding factorsi

297 10.6
30% 10.6

Home diet and birth weight

Total caloric intake during nregnancy provit ..d by horme diet 25 16.4

* Birth weight (gm)/10,000 calories.
1 P <.01.

{ Home diet, height, head and arm circumference, weight, parity, gestational age,

anorexia, and diarrhea,

association hetween calorie supple-
mentation during  pregnancy and
birth weight (Table). The effect of
home diet-calories and birth weight is
similar to that ohserved between sup-
plemented calories and birthweight.

To investigate self-selection as a
possible explanation for the associa-
tion observed between calorie supple-
mentation during  pregnancy and
birth weight, we studied differcnees
in birth weight between consecutive
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siblings of the same mother in order
to explore the possibility that a third
factor induced both high consumption
of food supplement during pregnancy
and heavier newhorns (Fig 6). Three
groups were defined by differences in
level of caloric supplementation of
the mother for two consecutive preg-
nancies. When caloric supplementa-
tion during the later pregnancy was
lower than during the preceding
pregnancy (bar A), the birth weight
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Infection and Low Birth Weight
in an Industrialized Society

John L. Sever, MD, PhD; David A. Fuceillo, PhD; Jonas Ellenberg, PhD; Mary Ruth Gilkeson

he importance of infections of

the pregnant woman as causes
of lov: birth weight of infants in in-
dustralized societies has been indi-
cated in a number of studies. These
infections have included upper-res-
piratory tract and systemic infec-
tions, bacterial infections of the uri-
nary tract, and genital mycoplasmal
infections.'

Specific perinatal infections such as
rubella, cytomegalovirus, and Toxo-
plasmna are known to be associated
with higher rates of low-birth-weight
infants.

MATERIALS AND METHODS

The Collaborative Perinatal Study was a
prospective investigation of approximately
60,000 pregnancies at 12 unjversity-affili-
ated institutions throughout the United
States. It consisted of detailed examina-
tions of mothers during pregnancies, ob-
servation of the children {vom birth
through 7 to 8 years of age, ant collection
of cord serum and serial serum specimens
from the mothers from the time of regis-
tration until six weeks postpartum.

Serum specimens from womei who de-
livered low-birth-weight infants and from
matched controls, selected on the basis of
race, age, last menstrual period, and dates
of the specimens, were selected for de-
tailed examination.

The complement fixation method was
used fer determining antibody levels to
seven viruses: coxsackievirus B3, coxsack-
ievirus B4, influenza A, mumps, rubella,
rubeola, and varicells. The methods of
preparation of the antigens and perform-
ance of the tests have been reported previ-
ously.?

The indirect hemagglutination method
was used to determine antibody levels to
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cytomegalovirus, Toroplasma, herpesvirus
hominis (HVH) type 1, HVH type 2. The
methods for these tests have been pub-

of seven seroconversions and eight
rises in antibody titer were fornd in
the "o .i group and five scroconver-

lished previously.* sions and 17 rises in titer in the see-
ond. Table 2 summarizes the results
for 391 women who had children
weighing 1,501 to 2,000 gm (3.3 to 4.4
1b) and for 391 matched controls. In
these two groups there were a few
who cither underwent seroconver-

RESULTS

Table 1 lists the data for 130
women who delivered children weigh-
ing 1,001 to 1,500 gm (2.2 to 3.3 1b)
and for 130 matched controls. A total

Table 1.—Results of Serologic Tests of Mothers Whose Babies Had
Birth Weights of 1,001 to 1,500 gm

Control Mothers
{No. = 130)
A

Mothers of Abnormal
Infants (No. = 120)

— Y —
Seroconversions Fourfold Rise Seroconversions Fourfold Rise
Complement fixation

Coxsackievirus B3 1 0 1 3
Coxsackievirus B4 1 0 0 3
tnfluenza A 1 2 1 5
Mumps 1 1 0 2
Rubella 0 0 1 0
Rubeola 1 0] 0 0
Varicella 0 1 0 1

Seroconversions Eightfold Rise Seroconversions Eightfold Riso
Indirect hemagglutination

Cytomegalovirus N 3 1 1
Toxoplasma 0 0 0 0
HVH type 1 0 0 1 1
HVH type 2 0 1 0 1

Table 2.—Results of Serologic Tests of Mothers Whose Babies Had
Birth Weights of 1,501 to 2,000 gm

Control Mothers
(No. = 391)
AL

Seroonversions Fourfold Rise Seroconversions Fourfold Rise

Mothers of Abnormal
Infants (No. = 391)
Al

Complement fixation
Coxsackievirus B3

Coxsackievirus B4
Influenza A
Mumips

Rubella

Rubeola

Varicella

2
2
11
2
2
1

f=IN]olOo|w) -

ol =|o] -
NO=iloiN N

1

Seroconversions Eightfold Rise Seroconversions Eightfold Rise
indirect hemagglutination

o

Cytomegalovirus 1 10 1 5
Toxoplasma 2 0 1 0
HVH type 1 0 1 0 1
HVH type 2 0 0 0 0
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sions or had a rise in antibody titers.
There was no significant increase
in infections among the low-birth-
weight groups.

COMMENT

We have reported previously that
low birth weights and other severe
abnormalities are associated with
congenital rubellar We have also
noted an. increase in low hirth
weights and birth defeets among
black children born to women who
had toxoplasmosis during pregnancy.
Clearly, low birth weight must be
considered among the abnormal find-
ings observed following certain peri-
natal infections.

In the present study, when we ana-
lyzed the possible effect of 11 infec-
tious agents in relation to fow birth
weight alane or to a combination of
abnormalities and low birth weight,
no significant association was found.
We therefore conclude that these in-
fections are not a major factor in the
cause of low-hirth-weight infants in
this study population.

The consideration of the possible
role of bacterial urinary traet infee-
tions and genital Mycoplasmo infec-

tions in relation to low birth weight
in the United States .nd other coun-
tries appears to be particularly im-
portant at this time. In our own stud-
jes we have found low rates of
mycoplasmal infections among preg-
nant women {rom middle class popu-
lations when compared to lower socio-
economic groups (D). L. Madden et al,
unpublished data). Similarly, the fre-
quency of low-bhirth-weight infants is
lower in the middle and upper class
group. Further intensive studies of
these infeetions and the use of anti-
bioties for infected pregnant women
are certainly needed.

Conclusion

Perinatal infections with rubelia,
Toxoplasma, and other microorga-
nisms are known to result in in-
creased  rates of low-birth-weight
babies and birth defeets. When low
birth weight was considered alone,
however, no significant association
was found for 11 perinatal infections,
using tests hased on maternal sero-
conversions and antibody titer rises.
More than 500 women in this study
group and a similar number of
matched controls were studied. Uri-

nary tract bacterial infections and
genital mycoplasmal infections of the
mothers may be of considerable im-
portance in relation to low birth
weight and should be investigated in
detail.
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Infection and Low Birth Weight
in a Developing Country

A Study in an Indian Village of Guatemala
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he causes of fetal growth retar-
dation and premature delivery
are not well defined. Although diet,
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smoking, maternal weight and height,
and social class can be correlated with
the size of the fetue the relative con-
tribution of other factors to fetal
growth has not been clarified. Among
such factors in developing countries,
the highly prevalent infectious dis-
eases occupy a prominent place. This
report summarizes studies of the {re-
quency of infections in pregnant
women and discusses their possible
influence on intrauterine growth.

PATIENTS AND METHODS

The present data were derived from a
long-term prospective investigation of the
interactions of nutrition and infection and
the outcome of pregnancy in a highland In-
dian village.'* Since 1972. all women of
child-bearing age have been visited every
month and interviewed regarding their
menses. A urine gonadotrophin test was
used for the diagnosis of pregnancy in
women reporting amenorrhea. Each preg-
nant woman underwent anthropometric

Infection in a Developing Country/Urrutia et al



and obstetric examinations at 6 to 7, 12 to
14, 26 to 28, 36, and 38 weeks of pregnancy
and, furthermore, was visited in her home
every week hy a physician who assessed
her health. When an acute infection was
found, visits were repeated at three-day
intervals to determine the duration and
clinical characteristics of the disease. Uri-
nary tract infections were diagnosed ex-
clusively by demonstration of significant
bacteriuria, ie, counts of enteric Gram-
negative bacteria in excess of 100,000 col-
onies per milliliter of urine. Since most
women refused pelvic examination, vagi-
nal inflammation was assessed by cytologic
evaluation of the urine sediment by the
Papanicolau method.* Serial blood speci-
mens were obtained from the mothers at 6
to7, 26 to 28, 36, and 38 weeks of gestation;
these were tested for seroconversion rates
to Toroplasma gondii by the fluorescent
antibody technique,” eytomegalovirus and
herpes simplex by the complement-fix-
ation method,” rubella by hemagglutina-
tion inhibition,” and Treponema pallidum
by VDRL. A fourfold rise of serum anti-
bodies was considered significant for cy-
tomegalovirus (CMV), herpesvirus hominis
(HVH), and Toxoplasma infections. Umbil-
ical cord blood was collected from most in-
fants, and levels of IgM, 1gG, and IgA in
cord serum were determined by radial im-
munediffusion.’ Each infant was weighed
by & nurse within one hour of delivery.

RESULTS
Incidence of Infectious
Diseases During Pregnancy

Table 1 shows the incidence of in-
fectious diseases during pregnancy
among 82 women observed from con-
ception to delivery. Respiratory infec-
tions were the most common, and up-
per respiratory tract was affected
four times more frequently than
lower. Diarrhea and dysentery were
second in frequency, followed closely
by urinary tract infections, which oc-
curred with the same frequency in
each trimester of pregnancy, whereas
respiratory and intestinal infections
were most prevalent in the last tri-
mester.

Other illnesses including conjunc-
tivitis, otitis media, stomatitis, and
skin infections were also seen. The
last included deep abscesses that
were serious health problems because
of their long duration and accom-
panying systemic manifestations
such as chills and fever.

The average duration of illness was

Am J Dis Child/Vol 129, May 1975

Table 1.—lIncidence of Infectious Diseases During Pregnancy*
Trimester Respiratory Tract Infection Diarrhea Urinary Tract
of . - and Bacterial Other
Pregnancy Upper Lower Dysentery Infectiont liinesses$
1 37 (45)§ 5 (6) 7(9) 8 (10) 7(9)
2 26 (32) 6 (7) 9-11) 8 (10) 5 (6)
3 41 (50) 14 (17) 13 (16) 6(7) 8 (10)
Incidence
per 100
pregnancies 104 (127) 25 (30) 29 (36) 22 (27 20 (25)

* Data obtained from 82 pregnant women observed prospectively from conception to de-
livery in Santa Maria Cauque, Guatemala, 1972 and 1973.

t ™ 100,000 colony-forming units per milliliter of urine.

 Conjunctivitis, otitis media, stomatitis, skin infection.

§ Number of episodes (rounded precentage).

Table 2.—Days of iliness Due to Infectious Disease*
Trimester Respiratory Tract Infection Diarrhea Urinary Tract
of - —_ and Bacterial Other
Pregnancy Upper Lower Dysentery Infectiont Hinesses?
1 3.28 1.2 0.3 0.9 0.8
2 2.7 1.1 0.6 0.5 0.8
3 4.8 2.4 1.0 1.1 0.9
Mean 3.6 1.6 0.7 G.8 0.8

* Data obtzined from 82 pregnant women observed prospectively from conception to de-
livery in Santa Maria Cauque, Guatemala, 1972 and 1973.

t An average duration of 273 days (39 weeks) was assumed for eve,y pregnancy,

$ Conjunctivitis, otitis media, stomatitis, skin infection.

§ Mean days of iliness per 100 days.

Table 3.—Agents Associated With
Vaginal Inflammation®

Table 4.—Seroconversion® to
Selected Agents During Pregnancyt

No. (%) of Agent, No.of No. (%)
Women With Test} Subjects Positive
Agent Agent Cytomegaloviruses,
Trichomonas vaginalis, CF 51§ 3(5.9)
alone 12 (23) Herpesvirus
Candida albicans, alone 11 (21) hominis, CF 60§ 3 (5.0)
T vaginalis & C albicans 9 (17) Rubelta virus, HI 61 0
No agent 21 (40) Treponema
* Data obtained { 53 L pallidum, VDRL 61 0
ata obtained from pregnant women -
observed prospectively through pregnancy in To;:plasma gondii, 61 1(1.6)
Santa Maria Cauque, Guatemala, 1972 and .
1973. Total 61 7(11.5)

7.5 days per 100 days of pregnancy
(Table 2), which is equivalent to 21
days out of the 280 days of gestation.
Diseases during the third trimester
lasted longer than those during the
first and second trimesters.

Frequency of Vaginal Inflammation
and Infection During Pregnancy

Vaginal inflammation was studied
in 57 women from the first to the last
trimester of pregnancy. Cellular

changes indicative of inflammation
were found in 48% of women at the
beginning of pregnancy, and in 79%

Infection in a Developing Country/Urrutia et al

* Fourfold or higher rise of titer for cyto-
megalovirus, herpesvirus homints, and Toxo-
plasmia.

t Data obtained from 61 women in Santa
Maria Cauque, Guatemala, 1972 and 1973.

t Tests include the following: complement.
fixation (CF), hemagglutination inhibition
(HI), and fluorescent antibody (FA).

§ Anticomplementary sera axcluded.

by the end of gestation.

Nonspecific inflammation (is, that
in which no potential causative agent
was found) occurred in 40% of the
women (Table 3). Trichomonas vagi-
nalis and Candiba albicans were
found in 23% and 21% of the women,
respectively, and 17% had both. No at-
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Table 5.—-Incidence of Elevated Serum IgM Level in Newborns*

No. (%) of Casest With

Localities No. of Infants 1gM Level > 0.20 mg/ml
Santa Maria Cauque, Guatemalat 263 111 (42)
Santo Domingo Xenacoj, Guatemala§ 211 80 (38)
Four ladino villages in Guatemalal| 132 18 (14)

« Umbilical cord serum 1gM level measured in Guatemalan newborns from rural communi-

ties, 1964 to 1973.

+ Specimens with values of IgA > 0.10 mg were excluded from tabulation.

1 Blood collected by traditional folk midwives.

§ Blood collected by a trained midwife.
Il Blood collected by a physician.

tempts were made to isolate or char-
acterize other organisms reportedly
associated with perinatal infections
such as group B streptococci or T-
strain mycoplasmas.

At the beginning of the study, a
limited number of vaginal swabs col-
lected by the pregnant women them-
selves were examined. Among these,
three cases with evidence of CMV in-
fection and one with HVH infection
were detected.

Silent Infections During Pregnancy

The frequeney of silent or asympto-
matic infections is much higher. In a
preceding survey of pregnant women
from the village, about 14% were
found to harbor Shigella or Sal-
monella, 54% Entamoeba histolytica,
and 25% enteroviruses.* Reactivated
infections with CMV and HVH oc-
curred in six (10.9%) of 61 pregnant
women {(Table 4). A single infection
with To gondii (1.6%) was identified.
There was no infections with rubella
or Tre pallidum. In all, of 61 preg-
nant women, seven (11.5%) showed
evidence of having been affected by
at least one of these agents.

Infection and Outcome of Pregnancy

Forty-two percent of :ewborns had
clevated IgM levels in cord blood, a
finding similar to that in another
highland village. No correlation was
found between cord serum IgM level
and birth weight.

Some of these sctum samples may
have had admixtures of maternal
blood, which would give spuriously
high levels of IgM. However, when
such collections are done most pre-
cisely, as was true for blood collected
by experienced physicians in four la-
dino villages, no less than 14% of
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specimens had substantial elevations
of IgM, reflecting a high rate of in-
trauterine exposure to infectious
agents (Table 5).

No relationship was noted between
incidence of infectious disease during
pregnancy 2nd birth weight by con-
tingeney table or similar types of
analyses. However, step-wise mul-
tiple regression analyses suggested
that morbidity during pregnancy
could explain part of the variance of
birth weight (J. J. Urrutia, MD, and
L. J. Mata, ScD, unpublished data).

Diseases affecting lower-respira-
tory and urinary tracts were more
frequent in the group of mothers who
delivered low-birth-weight infants;
these differences, however, were not
statistically significant. No differ-
enees in concentration of cord IgM
were found between infants of moth-
ers who had fewer than three epi-
sodes of illness during pregnancy and
infants of mothers who had more.

COMMENT

Qur investigation showed very high
rates of infection during pregnancy
in an Indian village in Guatemala.
There was also evidence that the
newhorn infants had a high incidence
of clevated specific antibody titers,
suggesting intrauterine exposure to
infectious agents.

Attack rates of infection among
these rural women are well in excess
of the rates for industrial nations.*"
The precise methods used in this pro-
spective study permitted detection of
the majority of illnesses experienced
by the women, and thus the observed
rates we report very likely reflect
true incidence of infectious diseases.
This incidence exceeds considerably
the previous estimates for this popu-

lation, based on a retrospective analy-
sis.’ Since most information about
morbidity during pregnancy through-
out the world is based on data derived
retrospectively, it is reasonable to
conciude that true incidence of illness
is higher than has been suspected
heretofore.

Infection of the pregnant women
may affect fetal growth indirect-
ly through interference with the
woman’s nutritional status, which in
turn may result in diminished fetal
nutrition. In addition, there may be a
direct effect on the fetus by infection
across the placental barrier.” How-
ever, not enough is known about the
effects of specific maternal infections.
The best available information re-
lates to urinary tract infections and
indicates a correlation between such
infections in the pregnant woman
and low birth weight and neonatal
mortality throughout the world."" It
does not seem to be affected by the
mother’s social class. Likewise, vagi-
nal colonization with T-strain of
Mycoplasma, Listeria monocytogenes,
HVH type 2, and CMV has been asso-
ciated with low birth weight and fetal
wastage.""'* On the other hand, data
relating such common diseases as up-
per-respiratory tract infections and
diarrhea, which are highly prevalent
among lhe rural women we studied,
and fetal survival and well being are
lacking. However, in view of the high
incidence of stillbirths, prematurity,
and fetal growth retardation in the
Indian village we studied,’ it is rea-
sonable Lo suspect causal influence of
the highly prevalent maternal infec-
tions. There is a great need for a pre-
cise assessment of this prob’ :iu. Our
prospective study, designed to answer
this ¢ 1estion, is in progress.
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2737 from the National Institute of Child Health
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the Guatemalan Ministry of Health; and by the
University of Washington.
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any factors contribute indepen-

L dentlyorjointly tothe cause and
pathogenesis of low birth weight. At-
tempts to identify these factors in a
given population, however, are usu-
ally unsuccessful, and conclusions are
equivocal. Among the variables re-
lated to fetal growth, sccioeconomic
status and size of the mother con-
sistently show positive correlations.
Thus, incidence of low birth weight,
defined as less than 2,501 gm (5.5 Ib),’
is lowest in the nations with the high-
est standard of living.? Although the
United States is among the most de-
veloped nations, its incidence of low
birth weight is higher than that of
some European countries,® primarily
because of the high incidence of low
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birth weight among its population
groups of low socioeconomic class.
The problem is more serious in de-
veloping nations, but it is extremely
difficult to assess there because of
inadequacy or lack of statistical data.
Data on birth weight in these coun-
tries are usually derived from hospi-
tal records that, aside from their
inaccuracy, are not representative of
the rural and peripheral urban popu-
lation. Nevertheless, even such lim-

Eichenwald HF (ed): The Prevention of
Mental Retardation Through Control of
Infectivus Diseases, publication 1692, US
Dept of Health, Education and Welfare,
1966, pp 37-68.

10. Mata LJ, Urrutia JJ, Béhar M: In-
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oroductos de la concepeion. Arch Latinoam

utr 24:15-45, 1974,

11. Kass EH: Pyelonephritis and bacte-
riuria: A major problem in preventive
medicine. Ann Intern Med 56:46-563, 1962,

12. Braun P, Lee YH, Klein JO, et al:
Birth weight and genital mycoplasmas in
pregnancy. N Engl J Med 284:167-171,
1971

13. Davies PA: Bacterial infections in
the fetus and newborn. Arch Dis Child
46:1-27, 1971,

ited reports from Latin America,
Asia, and Africa** indicate low birth
weight rates ranging from 16% to
26%.

The magnitude of the problem of
low birth weight can only be assessed
by prospective observation of commu-
nities that are representative of
larger areas or regions. One such
study has been underway since 1963
in a typical Guatemalan Indian vil-
lage, Santa Maria Cauque. When the

Table 1.—Birth Weight and Height of Live Singletons by Cohort*
No. of Mean Weight
Year Infants = 8D, gm Range, gm % < 2,501 gm
1964 37t 2,595 * 360 1,510-3,313 35
1965 45 2,573 %= 376 1,633-3,267 42
1966 46 2,506 % 321 1,344-3,135 46
1967 59 2,580 % 389 1,710-3,374 41
1968 57 2,510 =422 1,357-3,903 44
1969 53 2,526 448 1,194-3,387 38
1970 67 2,558 = 412 1,225-3,562 36
1971 60 2,564 = 328 1,745-3,310 48

* Data obtained from subjects in Santa Maria Cauque, Guatemala, 1964 through 1971.
1 The study began Feb 11, 1964; infants born before this date are not included.
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Table 2.—Weight and Height of Cohorts Born in Different Years by Age*
Age, mo
Cohort Birth 6 12
Weight, gm
1964 2,695+ 118t 5,288 = 224 6,501 = 251 7.341 + 269
1967 2,580 = 101 5,149 =187 6,326 * 190 7,113 =264
1970 2,558 :+ 101 4,978 = 205 6,227 % 222 6,931 = 247
Height, cm
1964 46.5*+ 0.7 56.4 =0.8 61.5=0.8 67.6 = 1.0
1967 45.7 £ 0.6 55.8:+ 1.4 61615 67.5%23
1970 45.7 = 0.5 54.8 = 0.9 60.3 0.7 65.8 *+0.8
* Data obtained from subjects in Santa Maria Cauque, Guatemala, 1964 to 1972,
t Mean =+ SD.
15 ~
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Fig 1.—Weight curves (means * 2 SE) of cohorts of children defined by birth weight,
Santa Maria Cauque, Guatemala, 1964 to 1972, in comparison with INCAP standard.”

Numbers in curves denote children measured.

study began, this community, near
Guatemala City at an altitude of
1,890 meters (6,200 ft), had a popu-
lation of 1,071. By 1971, when obser-
vations reported here were com-
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pleted, it had grown to 1,370 people,
and it has been growing at a rate
of 3% per year with minimal migra-
tion.* The birth rate has been ap-
proximately 50 per 1,000 population,

with an infant mortality of about 90
per 1,000 livebirths. Deliveries take
place at home according to tradition
and custom. Breast feeding is begun
shortly after birth, and the total lac-
tation period is one to four years.
Chronic protein-calorie malnutrition
and a high rate of infection are prev-
alent in people of all ages.

SUBJECTS AND METHODS

Early in 1963, a health center, staffed by
a team of health workers, esteblished a
firm association with villagers that per-
mitted observations on virtually the whole
population. The center provides care and
serves as a base of operations. Services
consist of treatment of illnesses and in-
juries. However, immunization programs
were deficient and no large-scale nutri-
tional or health intervention was imple-
mented during the period of observation
(1963 to 1972).

The key factor responsible for the com-
pleteness and high accuracy of the col-
lected data was an carly acquaintance with
the village authorities, leaders, women,
and folk midwives. Deliveries were re-
ported when they took place. Auxillary
public health nurses, posted in the village
around the clock (including weekends), vis-
ited the homes within one hour of an in-
fant’s birth, measuring the newborn and
collecting pertinent information about the
mother and the infant and their immediate
environment.

There were 465 deliveries during the
study period, resulting in 460 singletons
and ten twins. Among the singletons, 446
were born alive; birth weight was obtained
on 430 (96%) and gestatior.al age on 416
(93%). All infants remained under observa-
tion and were weighed and measured peri-
odically.”"

RESULTS

There was a remarkable constancy
in the pattern of fetal growth, infant
mortality, and postnatal growth dur-
ing the study period. The meen and
standard deviation of birth weight
were similar during the individual
years of the study, as was the inci-
dence of low-birth-weight infants
(Table 1). Likewise, the mean weight
and height at various ages, exhibited
by the yearly cohorts, were quite
stable (Table 2). Although some envi-
ronmental and social characteristics
changed during the study period (for
example, the average area of land for
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Fig 2.—Mean head circumference curves
of cohorts of children defined by birth
weight, Santa Maria Cauque, Guatemala,
1964 to 1972. Numbers in curves denote
children measured.

cultivation per family decreased by
20%, more men became landless labor-
ers, the water supply was improved,
electrie current became available, and
there was a slight deerease in the
illiteracy rate), such changes appar-
ently did not result in alterations
of behavior of important biological
variables used to measure fetal and
postnatal growth. This constancy of
biological measurements permits the
following  analysis and  inter-
pretations.

Survival

A direct correlation between ges-
tational age and sarvival was also
noted. This association, however, was
not as clear-cut, although products of
gestation of less than 37 weeks had a
higher mortality than term newborns
(Table :.). Survival of term infants
was aimost always associated with
large birth weight. Since, under field
conditions, birth weight can be deter-
mined better than gestational age, it
hecomes a good predictor of survival
in the neonatal and postneonatal pe-
riod.

The relationship of fetal maturity
(defined by the combination of birth
weight and gestational age) to sur-
vival is described elsewhere.'' Pre-
term infants died more often than
was expected. The small-for-date in-
fants born at term had a high mortal-
ity in the first two years of life. Term
infants adequate for gestational age
fared the best.

Postnatal Growth

All of the 430 singletons with
known birth weight and all of the 416
with known gestational age were ob-
served prospectively. Seven children
were lost to follow-up because of mi-
gration. Other attrition in numbers
was due to the fact that the data are

Fig 3.—Mean weight curves of cohorts of
children defir:ad by gestational age, Santa
Maria Cauque, Guatemala, 1964 {0 1972, in
comparison with INCAP standard.”* Num-
bers in curves denote children measured.
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Table 3.—Infant Deaths in
Relation to Birth Weight*
Age
Birth .
Weight, No.of <29 29 Days-
gm Infants  Days 5 mo
< 1,501 5 3(600)t 1 (200)
1,601-1,750 11 2(182) 3(273)
1,751-2,000 17 4 (235) 4 (235)
2,001-2,250 47 2{43) 2 (43)
2,251-2500 99 3(30) 0
2,501-2,750 125 2(16) 3(24)
2,751-3,000 82 0 2 (24)
3,001-3,250 32 o 0
3.251-3,500 11 o} 0
>» 3,500 1 o] 0
Total 430 16 (37) 15(35)

* Data obtained from 430 singleton in-
fants in Santa Maria Cauque, Guatemala,
1964 to 1973.

t Deaths, and in parentheses, rate per
1,000 live births of that birth weight cate-

gory.

based on cohorts whose numbers be-
come fewer with progressive age, and
to death, which was more frequent
during the first two ycars of life (L. J.
Mata, ScD, et al, unpublished data).

Weight curves were determined for
children within categories of birth
weight, computing the means (£ 2
SE) of weight values at three-month
intervals (Fig 1). When a measure-
ment was not available, the closest
value  within approximately  two
wecks was used. It is evident that the
proportionate differences in weight
observed at birth are maintained dur-
ing the first years of life. Unpub-
lished observations of the 1964 and
1965 cohorts indicaie that children
tend Lo remain within their birth
weight categories during the first
eight years of life. A similar tendency
is noted for head circumference (Fig
2) and height, but less so for chest cir-
cumference. Measurement of the last
carries a much greater risk of inher-
ent error.

For all variables, the lowest curves
corr ~pond to the very small infants
(less than 2,001 gm [4.4 1b]) who were
preterm by gestational age. The next
lowest curves represent children with
birth weights of 2,001 to 2,500 gm,
most of whom had 37 or more weeks
of gestation. A few of these were pre-
term by gestational = ¢ and as a
group behaved differently from those
small for gestational age in that their
growth curve was very close to that of
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full-term infants with birth weights
of 2,501 to 3,000 gm (6.6 1b)." Infants
with birth weights above 2,500 gm
exhibited different growth patterns
(Fig 1 and 2) if they were subdivided
into two birth weight groups.

Weight curves as a function of ges-
tational age tended to show only two
distinet groups, the preterm and the
term infants (Fig 3). The same ap-
plies to height and head and chest
circumferences. Head circumference
correlated well with gestational age
during the first 15 months of life;
thereafter, differences were less no-
ticeable. It should be stressed that
head circumference and gestational
age correlated well during the period
of head growth, and particularly in
the first months of life.

The growth pattern as a function
of fetal maturity (defined by birth
weight and gestational age) is de-
scribed clsewhere. Preterm infante
with very low birth weights had the
worst growth curves. Small-for-date
infants born at term were next, and
term infants adequate for gestational
age grew best.

COMMENT

In the region from which these
data were derived, there is consid-
erable biological stability in host
measurements. Whatever changes
were detected in certain host and en-
vironmental variables in the eight-
year span did not appear to influence
biological measurements such as birth
weight, infant mortality, and physi-
cal growth. Among three dozen vari-
ables relating to ethnic composition,
family size, family organization, lit-
eracy and schooling, land and home
ownership, type of agricultural crops,
quality of housing and environmental
sanitation analyzed between 1959 and
1971 at four-year intervals, only a
few showed substantial change. A
similar stability has been noted about
food habits and prevalence of infec-
tion.

Whereas stable preindustrial so-
cicties are known to exist," certain
evolutionary changes are detected
even under conditions of isolation.
Guatemalan Indian and non-Indian
villages show considerable proclivity
toward change at the moment, but

the remarkable constancy of certain
host and environmental factors offers
a unique opportunity for observing
associations between antenatal and
postnatal events, as illustrated above.

An extremely high incidence of low
birth weight occurs in this village." "
Studies from Latin America, Africa,
and Asia‘* indicate the universality
of the problem, which is not yet rec-
ognized because adequate statisties
are generally lacking.

In the Indian village, most neo-
natal and postneonatal infant deaths
occurred among low-birth-weight in-
fants, supporting the classical con-
cept of the relationship between low
birth weight and poor survival estab-
lished in urban industrial popula-
tions."-'* A well-trained pediatrician
and two public health auxiliary
nurses closely attended most ill vil-
lage infants, administering anti-
bioties, hydration, and advice when-
ever necessary. These measures
decreased the infant mortality by
40% from the preexisted level (J. L.
Mata, SeD, et al, unpublished data),
but failed to lower it below 90 per
1,000 live births.

The association between low birth
weight and survival was so striking
that infant mortality stands out as an
indicator of fetal growth and mater-
nal health. On the basis of the data
presented, it can be assumed that an
infant mortality of 100 per 1,000 in
similar regions where infants are
breast fed indicates a 30% to 40% inci-
dence of low birth weight, providing
tetanus neonatorum is not a problem
in the area. This concept, however,
cannot be generalized to all situ-
ations. For example, a high infant
mortality may occur despite a low in-
cidence of low birth weight if infants
are improperly weaned at an early
age, as presently occurs in large ur-
ban centers of developing nations. An
international investigation of child-
hood mortality'* has shown that the
interaction of poverty, low birth
weight, improper weaning, and infec-
tious disease accounts for most pre-
mature deaths throughout large ur-
ban areas of Latin America.

Observations reported here show
that fetal growth is correlated with
postnatal physical growth, Infants
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born with deficient. weight (or pre-
term) had a tendency to remain in the
lower growth tracks, whether the var-
iable measured was weight, height,
or head and chest circumferences.
This applied throughout the length of
the study, ie, seven years. Differences
of weight became accentuated with
time; those of head circumference
were greater during  the first 15
months of life, and particularly in the
first month,

The relationship  between  birth
weight and postnatal physical growth
has been the concern of many work-
ers who found positive correlations by
retrospective analysis.™ ' Prospective
studies have been done all too in-
frequently. For instance, two studies
have shown that premature and
small-for-date infants grow abnor-
mally,** despite the provision of an
adequate environment. The compie-
hensive study of the 1958 cohort of
British infanis disclosed that birth
weight and gestational age were pos-
itively correlated with postnatal
growth and development.

Little of this type of information is
available from developing countries.
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One study of Nigerian infants whose
birth weights were below the tenth
percentile for the region showed that
they had a poorer weight gain than
children with Lurger birth weight.s A
similar observation was recorded for
Gambian newborns observed prospec-
tively in their rural environment.»

The relationship of birth weight
and postnatal physical growth is im-
portant hecause psychomotor retar-
dation, intelleetual impairment, and
lower survival are the sequelae of
suhoptimal fetal and postnatal growth
and development.-= Thus, birth
weight is important as a predietor not
only of survival, but also of physical
and intellectual development, partie-
ularly in preindustrial societies which
have a very high incidenee of low
hirth weight.

The importance of the present
study lies in the fact that it is an
eight-vear prospective field observa-
tion of virtually the whole population
of rewhorns in a typical Guatemalan
villag,e under natural conditions and
without a variability imposed vy in-
tervention. We still need to learn
more about the cause and pathiogen-
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Performance in Rural Guatemala
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revious studies suggest that low
birth weight (<25 kg [5.5 1b]) is
associated with deficits in mental per-
formanece.* Although potentially
confounding factors are often ig-
nored, consideration of other vari-
ables does not deny an association be-
tween low birth weight and poor
mental performance.'™
The problem of whether low birth
weight i associated with deficits in
mental performance in a developing
country must be considered. It is dif-
ficult to draw inferences from one
population to another since cause of
low birth weight may not be the same
in the two populations. Different
types of low birth weight appear as-
sociated with different functional out-
comes, such as different morbidity,
mortality, and prevalence and type of
behavioral abnormalities. Some low-
birth-weight newborns may be rela-
tively more impaired mentally than
others. Harper and Wiener" reported
slightly lower intelligence quotients
in low-birth-weight twins and triplets
than in low-birth-weight singletons.
Most studies reporting a relation-
ship between low birth weight and
mental development have been con-

From the Division of Human Develcpment,
Institute of Nutrition of Central America and
Panama, Guatemala City.

Reprints ot available.
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ducted in industrialized nations, and
the results are oftea generalized to
developing countries. Therefore, the
intent of our study was to examine
rurz! Guatemalan infants and to de-
termine whether the association be-
tween low birth weight and mental
performance indicated in industrial-
ized nations can also be demonstrated
in a developing society.

The association between birth
weight and mental performance is
usually treated as a threshold phe-
nomenon. Birth weights of 25 kg or
less have been considered to be associ-
ated with deficits in mental perform-
ance; whereas those above 2.5 kg
generally have not. As has been em-
phasized, this demarcation may not
he reasonable.! There may exist a
gradient of impairment that extends
from severe dysfunction of very low-
birth-weight infants to more subtle
mental deficits as the weight of the
newborn increases. Therefore, we
have explored the range of birth
weight within whichi there is an asse-
ciation with psychomotor perform-
ance.

SUBJECTS AND METHODS

The sample consisted of infants born
from Jan 1, 1969, to March 1, 1973, in four
rural ladino Guatemalan villages and stud-
ied from birth to 6 months of age. In these
villagges, free medical care and nutritional

supplements are offered to all residents. A
number of physicai and mental assess-
ments are made regularly.

Mean birth weight in 405 live newborns
was 3.05 kg (6.7 1h) (range, 1.8 to 4.8 kg [4.0
to 10.6 1b]) excluding nine pairs of twins
and two clearly abnormal cases. Of these,
145 were administered the Brazelton As-
sessment Scale within the first two weeks
of life, testing arousal state, irritability,
motor capabilities, reaction to external
stimuli, and nconatal reflexes. These items
were grouped into 11 summary variables
of which the four with significant test-re-
test reliability were analyzed. The Com-
posite Infant Scale (CIS), which consists of
91 items drawn from four widely uced
scales assessing psychomotor development.
in infancy, was administered to 352 in-
fants. The CIS was grouped into two sub-
scales, mental and motor, that had high
test-retest reliability.

RESULTS

Asscen in Fig 1 and 2, birth weight
is clearly associated with perform-
ance on three of the four Brazelton
variables—habituation, motor fitness,
and tremors and startles. The correla-
tion between birth weight and the
motor subscale of the CIS is also sig-
nificant. These results suggest that in
these villages birth weight and psy-
chomotor development are associated.

The mean scores on the four Brazel-
ton variables for newborns grouped
into three categories of birth weight
( <25kg 26to34keg, and =35 kg
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h=19) (n=8%) (n=33) =19 (n=93) in=33
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Fig 2.—Relationship between b'rth weight and psychomotor
performance evaluated in newborrs period (Brazelton scale).
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Fig 3.--Relativnship between birth weight and' psycho-
motor performance evaluated at age 6 mon:hs (C13 scale).
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Fig 4.—Relationship between birth weight and CIS performance at 6 months.

[<5%5 Ib, 56-7.5 lb, and = 7.6 Ib]).
The lov birth weight category is con-
sistently related to lower psychomo-
tor performance. Since there are no
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newhorns weighing less than 1.5 kg
(4.0 1b), this result cannot be due to
in.ants of very low birth weight. Far-
thermore, the performance of new-

borns weighing between 2.6 and 3.4
kg was between the low and the high
birth weight categories. Figure 3
demonstrates a similar pattern of re-
sults with the 6-month-old infants on
the CIS.

In order to determine if there is a
relationship between birth weight
and psychoinotor performance in in-
fants who weigh more than ©.5 kg at
birth, the low-birth-weight infants
were excluded. Within this restricted
range of birth weights, there is a sig-
nificant correlation between birth
weight and the habituation and mo-
tor fitness scores. The correlation be-
tween birth weight and the motor
subscale of the CIS approached sig-
nificance. Therefore, in our popu-
lation the association between psy-
chomotor performance and birth
weight probably cannot be entirely
traced to low birth weight. In fact,
Lthis  association seems to persist
among newborns weighing more than
2.5 kg.

We have measured approximately
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Variables Significantly Related to Sixth-Month CIS Performance
Subscales
Variables ’ﬁental Motor
Mother's head circumference (No. = 351) 13*% 137
Mothur's third trimester weight (No. = 205) 161 .06
Parity (No. = 351) —.05 -.13%
Birth interval (9-37 mo) (No. = 256) .18t 19t
1gM level (No. = 155) —.15 -.171
Morbidity of mother during pregnancy (No. == 214) —-.12 .14t
Months lactating during pregnancy (No. = 141) —.22% —-.02
Caloric supplementation during pregnancy (No. = 351) A1 2% i

“ Coryelation coefficient.
T F <.05.

50 factors that could be confounding
or causal in the observed association
between birth weight and perform-
ance. After controlling for cach of
these varia'‘es, the a.sociation he-
tween birth weight and CIS motor
performance remained significant.

We also explored differences be-
tween siblings in order to determine
whether the relationship between
hirth weight and psychomotor per-
formance is due to differences be-
tween mothers related to hoth birth
weight and performance of their in-
fants. In our sample we have 65 paiss
of consecutive siblings who have hoth
hirth weight and six-month CIS data.
The significant relationship observed
in the entire sample between birth
weight and performance on the motor
subscale was replicated with this sib-
ling sample (r=.266, /’ <.05). There-
fore, the association between birth
weight and psychomotor performance
is consistent. in the whole population
and hetween siblings.

The birth weight appears related to
psychomotor development during the
first half year of life in these villages.
In our popuiations, very low scores on
the CIS seem to be indicative of ex-
tremely impaired functioning. This is
more predictive of later intellectual
functioning than an average or high
score.” Infants who died in the first
three years of life had significantly
lower scores on the mental (x*=33.51,
4'=20; P <.05) and motor (x*=-39 '3,
df=20; P <.01) subscales 4t 6 months
of age than did infants who survived.
Figure 4 presents the percentage of
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infants falling in the first and fourth
quartiles of CIS seores within three
categories of birth weight. In com-
parison to infants weighing 3.5 kg or
more at birth, almost three times as
many low-birth-weight infants scored
in the lowest quartile of the motor
subscale. Lower birth weight infants
in our population seera to he at higher
risk | Lowogically  than  heavier
onges.

Finally, it is of interest that scme
variables we have measured are sig-
nificantly associated with CIS per-
formance independently of birth
weight. These variables and the mag-
nitudes of their associations with CIS
performance are listed in the Table.
In addition to birth weight, these
variables seem to be important in un-
derstanding the behavioral capacitzes
of 6-month-old infants in these rural
villages.

COMMENT

In rural Guatemala, hirth weight
and psychomotor performance during
the first six months of life seem to be
associated. These results imply that
deficits in behavioral development are
related to hirth weight in develeping
nations, where the magnitude of the
problem is probably greater than in
industrialized countries where low-
birth-weight infants are less com-
mon.

Furthermore, aithough behavioral
deficits are most evident in low-birth-
weight infants (= 2.5 kg), deficits ds-
socialed with birth weight also exist
with respect to infants generally con-

sidered to he {ull-sized at birth. Our
results indicate that behavioral defi-
cits may be associated with infants
who are neither of low birth weight
nor obviously impaired.

A final point scems worth men-
tioning. [n addition o low birth
weight, & number of factors such as
maternal head circumference, parity,
hirth interval, disease and nutrition
during pregnancy, third trimester
weight, and lactation are associated
with psychomotor performance in ru-
ral Guatemala. Because these factors
are highly prevalent in the poor seg-
ments of the world's population, they
may contribute to the inequity of op-
portunity that is part of the defini-
tion o’ poverty.

This investigation was supported by Public
Health Service grant 'HA3-65-640 from the Na-
tional Institute of Child Health and Human
Development.
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The discussion began with a comment hy
Dr. Rush, who wondered whether calories
ingested by the mother could bhe trans-
ported directly to the fetus without first
heing stored as fat in the mother. This
question was prompted by data presented
by Dr. Lechtig showing that there was a
relationship between caloric intake and
birth weight that remained significant
even when it was controlled for the third
trimester maternal weight. Dr. Kass
agreed that maternal weight gain is the
best predictor of infant wsight, buc ques-
tioned whether effect of food supplement
could be interpreted unless prepregnant
weight of the mother was considered. Dr.
Lechtig pointed to the differences between
mothers in the industrialized countries and
those in Guatemala, where the average
weight gain during pregnancy is 7 kg (15
Ib) and the mean birth weight 3 kg (6.6 1b),
and in whom it is unlikely there would he
any storage of fat.

The question was then raised as to
whether it was possible for the fetus to
gain direet energy from maternal food in-
take. This, Dr. Rush pointed out, would be
testable, since calories scem effective
whether they are gained in the first or
third trimester. It is unlikely that first tri-
mester caloric supplementation could af-
fect fetal growth direetly, whereas third
trimester caloric intake could very well do
so. Dr. Rosenberg asked whether glucose
could act through a protein sparing effect
in the mother or directiy influence growth
and protein metabolism in the fetus. To
this Dr. Lechtig replied that the limiting
factor in the home dict is calories, and that
the caloric intake and not protein intake
correlates with hirth weight in villages
where diets are unsupplemented. Asscria-
tion betweea morbidity and birth weight
disappears when home caloric intake is
controlled. It appears that the human f2tus
can adapt better to protein deficiency than
to calorie deficiency. Even with low levels
of amino acids in the maternal blood, the
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placenta is able to keep high levels in the
f ztal brood. This clinical observation is sup-
ported by dats from animal experiments.
Dr. Behrman interjected that epidemio-
logical data couid not be equated with
physiologic mechanisms because there was
an enomormous margin of safety in the
placenta with some fiftyfold advantage to
the fetus. This was at least true for oxy-
gen consumption. Dr. Rush disagreed and
pointed out that at the small level of fetal
weight gain, say 100 gm (3.5 oz), one can-
not measure safety margin for the fetus.
Dr. Behrman came back to his original
point and supported it by the statement
that glucose followed a diffusion gradient
and that one could predict the fetal blood
glucose level from that of the mother’s
blood and, more important, that altering
uterine blood flow by 256% did not alter
quantitatively transported glucose or oxy-
gen consumption of the fetus. Dr. Rush’s
final point was that this represented an
experimental situation in an animal and
could only he considered a hypothesis in
the case of the human fetus.

Dr. Sinclair then took up this subject and
stated that the reserves of the fetus in re-
lation to the transplacental uptake of glu-
cose were not unlimited, and that, further-
more, in fetal lamb studies in starved
ewes, glucose uptake fell much more than
fetal oxygen consumption. Again, in these
experimental studies, maternal hypogly-
cemia altered stoichiometric relations’ip
between glucose uptake and oxygen con-
sumption. At this point Dr. Beisel asked
whether it was correct to assume that the
fetus was always anabolic without consid-
ering simultaneously the catabolic pro-
cesses. If glucose level fell, then one would
expect glucagon to be secreted and to
cause deamination of amino acids for
energy rather than growth. This certainly
does occur in the newborn. Dr. Rush made
the point that only 2% of variance in birth
weight was accounted for by the supple-
mentation, which was not attentuated by

the weight gain. Analytical procedures to
determine pathways are very difficult for
such small changes since one must remem-
ber that 100 gm of birth weight change
may halve mortality of the infants. Small
changes in terms of effect may have
enormous public health influence. Dr. Kass
supported this by pointing out that this
was precisely the reason why one looked at
the infection, since small changes of a few
percent were more likely to be due to ex-
ternal agents than to nutrition of the preg-
nant women. His laboratory has been ex-
amining the relationship between vascular
lesions in the cord and Mycoplasma
hominis infection. A 5% to 7% change in
the flux of glucose could well be accounted
for by minimal vascular changes in the
placenta, and many nutrients may in fact
affect vascular changes through physio-
logic means.

Dr. Mata brought 1p the question of in-
feetious burden of the mother. The older
idea that many of the pregnant women
were quite healthy is probably incorrect,
since 1n the rural areas of developing na-
tions they suffer upper-respiratory tract
infections, pneumonia, hepatitis, and
diarrheal and dysenteric episodes. Thus,
the nutrition of the mother may not de-
pend on food access alone, and since nutri-
tior. of the fetus is clearly related to that of
the mother, one would have to examine the
other factors that may prevent the mother
from being properly nourished, such as in-
fection. Dr. Sinclair raised the issue of
nurture of -1e small baby after delivery, in
view of the data presented earlier that the
growth curve during the first 1% years of
life is low if birth weight is low. He won-
dered whether there might be some subtle
maternal attitude changes that may in-
crease the risk factor after birth or first
weeks of life. For example, low birth
weight, illness, ete, may be picked up by
the parents and responded to in a very
pessimistic wuy.
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Session IV: Recommendaticns

Synergistic Effects of Maternal

Malnutrition and Infection on the Infant

Recommendations for Prospective Studies in Man

William R. Beisel, MD

Certain infections in the preg-
nant woman may be accom-
panied by deleterious effects on the
fetus, regardless of the presence of
fetal infection. Severe maternal in-
fection can lead to fetal death in
utero or to prematu e labtor; less se-
vere infections in the mother seem to
be involved ‘n the pathogenesis of
fetal growth : tardation.

The Figure is a set-theory diagram
to illustrate a basic mechanistic con-
cept, that various normal nutritional,
biochemical, metabolic, or endocrine
processes ia the mother may be al-
tered during states of infection or
pregnancy. Individual maternal pro-
cesses (illustrated by capital letters in
the several sets) may be enhanced or
suppressed as a typical physiologic re-
sponse to pregnancy (lower middle
set) or may remain unaltered. Infec-
tion (top middle set) initiates many
specific responses in the host. In a
pregnant woinan, individual mater-
nal processes may remain unchanged
or may exhibit synergistic, antago-
nistic, or noncorrelating responses to
the combination of both stress:s in
the same individual. These changes
may be detrimental to the fetus. Re-
search is needed to identify specific
maternal effects that may cause fetal
growth retardation.

Similar set-theory diagrams can be
prepared to illustrate theoretical
mechanisms that would explain the
following: (a¢) the deleterious effects
on the fetus of transplacental infec-

From US Army Medical Research, Institute of
Infectious Diseases, Fort Detrick, Frederick, Md.

Reprint requesta to US Army Medical Re-
search, Institute of Infectious Diseases, Fort
Detrick, Frederick, MD 21701 (Dr. Baisel).
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tion; (b) the effects of maternal mal-
nutrition per se; and (¢) the more
complex interrelationships that ap-
pear to develop when infection occurs
in an already malnourished pregnant
woman.

Goals for Future Research

Concepts such as those illustrated
in the Figure can serve as fundamen-
tal null hypotheses for designing clin-
ical and basic studies to investigate
such interactions. As a major goal for
future rescarch, it will be necessary
to identify with certainty the key
pathogenic mechanisms that could
lead to fetal growth retardation,
since there is evidence that harmful
effects of infection' and malnutri-
tion'* may be synergistic during
pregnancy.

A broad research approach can lozi-
cally be subdivided along several dis-
tinct lines of clinical investigation to
gather important descriptive and epi-
demiological data end to establish
correlations among key variables;
also, additional pilot-sized trials are
needed to evaluate possible prophy-
lactic or therapeutic measures.

The following list summarizes the
information required for defining the
role of maternal malrutrition or in-
fection, or both, in the pathogene-
sis of fetal growth retardation in
humans.

1. Descriptive studies

A. Studies specifically related to fetal
growth retardation: (1) to develop
and standardize better diagnostic
indicators of maternal and fetal
malnutrition and iniection; and (2)
to survey the magnitude and extent
of fetal growth retardation in a va-
riety of populations

B. Studies for general background in-
formation: (1) to define nutritional
needs of pregnancy with greater
precision and in terms of variables
such as race, parity, and age; and (2)
to define nutritional needs during
and after various types of infections
in both pregnant and nonpregnant
individuals

2. Correlative studies

A. Studies to relate data on maternal
nutrition, infection, or bhoth with
birth weight

B. Studies to relate birth weight with
future patteras of growth, develop-
ment and health

3. Intervention-type studies

A. Studies to evaluate the possible ben-
efits of prophylactic or therapeutic
procedures that may be considered
for use du. ng pregnancy, the neo-
natal period, and childhood

B. studies to define requirements for
achieving "catch-up” growth

Concepts of the role of maternal

malnutrition and infection in the
pathogenesis of fetal growth retarda-
tion have been largely based on corre-
lations between birth of a small-
for-gestational-age infant and some
maternal abnormality. However, statis-
tically significant correlation coeffi-
cients do not necessarily indicate a
cause-and-effect relationship between
two variables. Nevertheless, correla-
tions are of value because they call at-
tention to the relationship in question
and assist in the planning and design
of better studies. Additional research
is required to correlate the presence
of fetal growth retardation or other
manifestations of fetal malnutrition
with specific identifiable maternal de-
ran zements. To do this, better labora-
tory ‘ndicators than those heretofore
ety oyed are needed to diagnose ma-
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ternal infection and malnutrition.
Such information must be obtained
for a variety of populations and dif-
ferent geographical locales.

Key questions that should form the
hasis for conducting future rescarch
arc the following: What maternal fac-
tors of a nutritional nature are causes
of fetal growth retardation? Which
nutrients are of principal concern? Is
it necessary to consider a variety of
maternal infections or only a limited
number of specific ones? Is synergism
between malnutrition and infection
as important as currently suspected?
Most of our attention has heen di-
rected toward extremes of malnutri-
tion and infection, such as obtain in
developing countries. We must now
also determine whether relatively
trivial infections and minimal malnu-
trition may affect the fetus.

A second series of closely related
studies should concern itself with the
timing of an insult. Prolonged famine
seems Lo have its greatest impacet if it
oceurs during the last trimester of fe-
tal maturation.” Does a similar rela-
tionship hold true for less severe
forms of deprivation, or for a depriva-
tion that might involve restriction of
total calories, protein precursors, or
specific micronutrients? Does mater-
nal infeetion, in the absence of trans-
placental fetal infection, have a
greater effect on fetal growth if it oc-
curs in the third trimester rather
than in the first?

Answers Lo some of these questions
con be pgained from long-term pro-
spective studies throughout the dura-
tion of pregnancy, using comprehen-
sive diagnostic measures to detect
maternal infection or nutritional
deficit. Such data can be obtained
without experimental manipulation
of the study populations. Growth re-
tardation can obviously occur in as-
sociation with fetal malformation,
prematurity, or pergistent postnatal
infection. More information is needed
about a variety of study populations
to determine the incidence of in-
trauterine infections. The data of
Lechtig and Mata,”* based on IgM
and C3 values of cord blood, suggest a
higher incidence of infection in new-
born infants in rural Guatemala or
impoverished city dwellers in Peru
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NORMAL

PREGNANT

INFECTED

Set-theory concepts of possible adverse etfects on fetus (). A, B, and C represent
various unspecified nutritional, metabolic, or endocrine processes that may be influ-
enced differently by pregnancy, infection, or both.

PREGNANT
AND INFECTED

Known Effects of Specific in Utero Infections
Congenital Infection

Smail or p A -

Premature Congenital Persistent

Organism tnfant Defects Acute Postnatal
Rubella + + + +
Cytomegalovirus -+ + + +
Herpesvirus - + + +
Varicella - - + +
Hepatitis I - + +
Other viruses - - + -
Syphilis -+ +- + +
Tuberculosis -+ - + +
Mycoplasma + - + +
Other bacteria -+ - + -
Toxoplasmosis + + + +
Malaria -+ -- -+ +

than in higher economic classes from
the same countries or from the
United States.

How good is the correlation be-
tween sensitive diagnostic indicators
of in utero infection and the birth
weight of individual infants? Would
most or all newborn infants experi-
encing fetal growth retardation ~liow
evidence of tn utero infection. if bet-
ter diagnostic indicators were em-
ployed? Conversely, using the best

available diagnostic indicators, what
is the incidence of intrauterine infec-
tion in infants whose birth weight is
optimal? Too little is known about the
types of infection important in the
pathorcnesis of fetal growth retarda-
tion. The Table presents a general
summary of the recognized conse-
quences of specific fetal infections.
Too little is known about the inci-
dence and causal role, if any, for mild,
self-limited, or subelinical intrauter-
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ine infections. Are there other spe-
cific but unrecognized culprits among
the common bacteria and viruses?
Can a diagnosis of intrauterine infec-
tion be made consistently before
birth, and if so, would treatment di-
rected at the unborn infant be able to
prevent, ameliorate, or reverse fetal
growth retardation? Meaningful clin-
ical studies ia this area require care-
ful selection of laboratory assays or
clinical measures for data gathering,
which would represent another point
of attack where new information
must be acquired.

Indicators of Fetal
Growth Retardation

Birth weight has been used most
widely as the key variable for corre-
lating data with possible causes of
fetal growth retardation. Other data
obtained at or soon after birth could
be equally useful. Neurological mea-
surements such as alertness, postural
tone, and the presence or absence of
normal newborn reflexes should be
measured systematically to provide
data on maturity of the central ner-
vous system. The absorptive capacity
of the neonatal gut, estimated even
by simple measurers such as stool pH,
could also be used to estimate fetal
maturity. Skinfold thickness in new-
borns can provide valuable informa-
tion about their nutritional status.* A
careful examination of the placenta
should also be made, particularly for
plucental infarcts or other gross le-
sions that could explain fetal growth
retardation.

There is still no consensus regard-
ing indicators that can best differ-
entiate a normal pregnancy from one
complicated by maternal malnutri-
tion, infection, or bacterial toxemia.
Will detailed measurements of ma-
ternal hormone concentrations," indi-
vidual plasma proteins, lipids, free
amino acids, trace elements, and
other constituents of plasma or blood
also Le required?

Several new approaches: are being
studied to detect the presence of mal-
nutriticn during pregnancy. Winick"
suggests that changes in cell growth
during gestation can be evaluated Ly
studying enzymes involved in syn-
thesis or degradation of nucleic acids.

Am J Dis Child/Vol 129, May 1975

The activity of alkaline RNAase is
directly proportional, during growth,
to the increase in the cellular content
of RNA. In a similar vein, Metcoff et
al" have attempted to diagnose ma-
ternal malnutrition by measuring cel-
lular enzyme activities in peripheral
blood leukocytes.

Conventional serologic and micro-
biologic techniques are available to
diagnose specific infections during
pregnancy. However, diagnostic in-
dicators are al~o needed to detect the
presence of subelinical infectious pro-
cesses and determine cause. Studies
in our laboratories'*' show that
many of the nonspecific host meta-
bolic responses to mfection have nu-
tritional consequences. These re-
sponses can provide two kinds of
information about the problem under
discussion by indicating hoth the
presence of an infection and the nu-
trient wastage caused by an infec-
tious process.'* Although diminished
transfer of nutrients from mother to
fetus represents a plausible mecha-
nism to account for infection-induced
fetal growth retardation, other mech-
anisms may be involved, including ki-
nins, prostaglandins, lymphotoxins,
and other biologically active sub-
stances released into the extracellular
fluids during states of inflammation
or infection.

Better diagnostic methods are
needed to detect bacterial toxins that
may be involved in the pathogenesis
of fetal growth retardation. Diar-
rhea-producing enterotoxins formed
in the maternal gut by noninvasive
bacteria may exert indirect harmful
effects on the fetus. Enterotoxins
may diminish the intestinal absorp-
tion of dietary nuttients by the
mother, or diminish the rates of blood
flow to visceral and pelvie tissues.
Bacterial endotoxins also have impor-
tant vascular effects as well as many
effects on intermediary metabolism
of the host.'” The role of enteroviral
infections of the mother as a cause of
fetal growth retardation remains to
be assessed.

More epidemiological information
is also needed to define the true im-
portance of fetal growth retardation
in terms of its long-range effects. Al-
though “catch-up” growth can be

achieved by seme infants, this may be
inadequate despite good therapy and
a seemingly adequate intake of rutri-
ents. The studies at the Institute of
Nutrition of Central America and
Panama and elsewhere* ™ indicate
that the small-for-gestational-age in-
fant is at greater than normal risk if
it is born in economically deprived so-
cieties. Although five-year survival
fignres are poor for this group, rela-
tively little well-documented infor-
mation is available about the long-
term potential of these infants for
achieving tull physical and mentat de-
velopment if adequate nutrition is
provided for them.

Seientific studies in humans involv-
ing the use of dietary manipulation,
nutritional additives, or other pos-
sible therapeutic measures are among
the most difficult to design and inter-
pret. It would seem appropriate to
conduct limited specifie studies to de-
fine the nature and extent of any
gains, follow these with large-scale
field trials, and finally conclude
whether the intervention was effec-
tive. Only then could one argue realis-
tically for expenditure of time,
money, and effort on large-scale mea-
sures to correct fetal growth retarda-
tion.*

Current trials in lowland ladino
Guatemalan villages™** suggest that
caloric supplementation of the diet of
pregnant women improves the birth
weight of their infants. Protein sup-
plements do not seem to produce ad-
ditional henefits. Studies are needed
to determine if the caloric effect oc-
curs only when caloric deficiency is
profound.

Conclusion

Evidence is accumuiating that com-
bined maternal malnutrition and in-
fection can produce synergistic nega-
tive effects on fetal growth. Improved
diagnostic methods are needed to rec-
ognize subtle nutritional inadequa-
cies during pregnancy and the pres-
ence of infection in the mother or
fetus. Epidemiological daia must be
obtained to assess the magnitude and
extent of the problem in various pop-
ulations and geographical locations,
and to determine the types and se-
verities of various infectious pro-
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cesses that could contribute to fetal
growth retardation. Correlative data
are needed to provide additional in-
formation ahout possible pathogenic
mechanisms leading to fetal growth
retardation. Finally, carefully con-
trolled trials are necessary to deter-
mine efficacy of various prophylactic
or therapeutic measures in prevent-
ing or diminishing fetal growth re-
tardation,
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Animal Models for Investigation of
Latent Effects of Malnutrition

Paul M. Newberne, DVM, PhD

he selection of an animal model

for the collection of biomedical
data should be based on a careful
analysis of research requirements
and the specific characteristics of the
different animal species available for
use.! There are many examples in
which a disease doe= not naturally oc-
cur in animals but can be induced by
appropriate manipulation. Bat how
does one select the appropriate
model? Once it is chosen, how does
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one obtain the animals, keep them
healthy, and handle them properly in
a laboratory environment? An excel-
lent source of information is the Pro-
ceedings of a Workshop on Animal
Models for Perinatal Research, spon-
sored by the Perinatal Biology and
Infant Mortality Branch, National
Institute of Child Health and Human
Development.® 1 will present models
involving maternal nutrient depriva-
tion and its effects on the fetus and
young animal.

Congenital Hydrocephalus

Models for the study of congenital
hydrocephalus have been generally
unphysiologic and, therefore, some-
what unsatisfactory. In contrast, the

young born to vitamin A-deficient
mothers may be hydrocephalic at
birth or they may develop hydro-
cephalus a short time later because
of associated elevated cerebrospinal
fluid (CSF) pressure.*” Increased CSF
pressure is one of the earliest clinical
manifestations of vitamin A defi-
ciency, and, when induced in the
fetus, it sets in motion a series of
events that resvlts in hydrocephalus
at the time of tirth or shortly there-
after.

Investigations in our laboratory®
and elsewhere® have clearly estab-
lished that the incidence of congeni-
tal hydrocephalus in rabbits increases
as maternal vitamin A depletion pro-
ceeds; the vitamin A status of the
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mother can be correlated with the
incidence of neonatal hydrocephalus
(Figure). This model permits one to
monitor’ and control maternal blood
concentrations of the vitamin to pre-
dict development of fetal hydro-
cephalus and enables one to study
its induction. Young female Dutch
Belted rabbits, 6 to 8 months of age,
placed on a vitamin A-deficient diet
and bred when the serum vitamin A
concentration stabilizes at about 20ug
to 30ug/100 ml, will litter hydro-
cephalic young. Permitting serum
vitamin A concentration to decrease
below about 20pg/100 ml can result in
failure to conceive or to carry fetuses
to term, whereas serum vitamin A
concentrations of 35ug to h0pg/100 ml
usually result in clinically normal
neonates that develop hydrocephalus
later.

Signs and symptoms of vitamin A
deficiency hydrocephalus in the new-
born rabbit are essentially the same
as those observed in the human in-
fant. There is a distinet bulging over
the frontal lobes of the brain and a
general distortion of the shape of the
head with dilated ventricles, thinned
cerebral cortices, and often impaction
of brain substance into incisurae. If
the newborn appears normal but de-
velops the condition postnatally, the
general anatomic alterations develop
in a predictable pattern, culminating
in characteristic postnatal hydro-
cephaly. The CSF pressure is in-
creased to a variable degree in any
case, and surviving offspring some-
times develop opacity of the cornea
and lens of the eye.

During a series of experiments de-
signed to compare animal protein to
vegetable protein in rats, a signifi-
cant incidence of hydrocephaly and
other congenital anomalies was found
in young born to mothers fed soybean
me2! 4s a source of protein. This was
not Gue to the vegetable protein it-
self, but ultimately was traced to
vitamin B,. deficiency, which inter-
rupted normal growth and differ-
entiation of the fetal central nervous
system (CNS) and other tissues* Al-
though substantial numbers of ari-
mals were born with gross hydro-
cephaly, littermates and sometimes
entire litters were without grossly de-
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tectable hydrocephalus. However,
some of these developed the condition
postnatally. In many cases, the defect
was traced to occlusion of the aque-
duet of Sylvius"" and consequent dis-

tricles. In others, the aqueduet was
intact but gross hydrocephaly was
presen!. An inieresting observation
in these and in many nonhydroce-
phalic littermates was a sharp de-

tension of lateral and third ven-  crease or an absence of material se-

Relatinnship between maternal blood levels of vitamin A at conception and ncidence ot
gross "wdrocephalus in progeny at birth. Fractions represent number of animals aftected
per total number of znimals in litter.
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Table 1.—Effect of Prenatal Protein Deprivation on
Postnatal Response to Infection in Dogs
Pratein, gm/kg Body Weight*
" 125 375
No. of bitches with litters 8 6
Average No. of pups per litter 5.0 6.5
Average birth weight, kg 0.261 -+ 0.042 0.307 - 0.021
Average weight at 6 mo, kg 8.940.2 9.3+0.3
No. with paralytic encephalitis 26/35 12/35

* Protein amounts given to two groups during gestation; recommended amount (3.75 gm)
given to both groups during lactation.

Table 2.—tEffect of Lipotropes on Birth Weight, Growth, and Response to
Infection With Salmonelia typhimurium in Rats

Dietary Treatment Cumulative 9%,

(Lipotrope Status) ldortality (Days

— A - Postinfection)
Gestation and Post. No. of Av Weight at —_—
Lactation weaning Animals Infection, gm 7 14 30
Deficient Deticient 17 233 = 6* 100 100 100
Deficient Complete 20 240+ 8 B0 100 100
Marginal Marginal 62 248 % £ 50 80 a1
Marginal Complete 65 2857 40 73 90
Moderate Moderate 70 260=* 3 47 64 71
Moderate Complete 60 308=*4 20 20 35
Complete Complete 60 3034 10 20 25

" * Mean = SE.
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Table 3.—Phytohemagglutinin (PHA) Responsiveness of
Spleen Cells and Peripheral Lymphocytes

Tritiated Thymidine Incorporation

Trial ~ A -
Source Diet No. Control PHA

N Spleen Normal 1 3,590 % 234 45,244 += 1,300
2 8,425+ 819 68,812 %+ 2,996

Spieen Marginal lipotrope 1 4,878+ 266 2,034 % 330

2 24,068 206 80,915 = 895
Blood Normal 1 1,689 =95 100,152 =* 3,602
Blood Marginal lipotrope 1 1,635=* 109 33,614 = 4,486

creted by the subcommissural organ,”
a specialized area of ependyma lo-
ated on the anteroinferior surface of
the midbrain where the third ven-
tricle continues into the cerebral
aqueduct.”

Susceptibility to Viral Infections

Delayed  effects of intrauterine
malnutrition have been shown in the
progeny of female beagles fed less
than the recommended amount of
protein during gestation, followed by
a normal protein level at the time of
whelping and during lactation. Pups 6
months of age challenged with canine
distemper virus showed increased
susceptibility to viral encephalitis
(Table 1). The mechanism for this is,
as yet, undefined.

Anti-Salmonella Host Defenses

Using diets severely deficient or
marginally deficient in lipotropes
(choline and methionine), female rats
were reared and allowed to breed and
deliver offspring. When the offspring
reached young adult age, they were
infected with a strain of Salmonella
typhimurium (Table 2). Dietary re-
striction resulted in diminished host
defenses. Paired feeding studies deni-
onstrated that the differences were
not a result of reduced food intake af-
ter birth but of intrauterine depriva-
tion. Furthermore, the defect was not

entirely relieved by postnatal food
supplementation.”

The immune response of marginal
lipotrope progeny was then investi-
gated.” Table 3 illustrates in vitro re-
sponsiveness of spleen and peripheral
lymphocytes to phytohemagglntinin.
In both cases, marginal lipotrupes
decreased lymphocyte transformation
in response to the mitogen. Both mar-
ginal lipotrope and marginal protein
diets fed to pregnant rats resulted in
similar carry-over to the offspring of
defects in the thymic-dependent arm
of the lymphatic system (Table 4).

Demyelination Sy:dromes

We have also used the rat as a
model to investigate the myelination
process in the CNS.

When yourg female rats were
placed on a copper-deficient diet,'
reared to a 180- to 200-gm body
weight, and bred to normal males,
their offspring became copper
deficient and exhibited characteristic
clinical signs and symptoms as they
grew to weaning,”** including
tremor, spontaneous body move-
ments, and a loss in aggressive ten-
dencies. Histologically, focal areas of
necrosis and decreased myelination in
the brain correlated well with symp-
toms and appeared to develop from
prior foci of hemorrhage. Hemor-
rhagic necrosis of the liver and car-

diac hemorrhage were also present in
the newborn. In older deficient ani-
mals, ventricular myocardium and
septae were noticeably thinned, and
there was severe, widespread vascu-
lar diiation.

In the brain, substantial decreases
in typical myelin lipids, sulfatide and,
in particular, galactocerebroside par-
alleled the deficit in myelin. The
composition of gangliosides and phos-
pholipids was unchanged, but galac-
tosylation of ceramide in vitro was
depressed - in the copper-deficient
brain.'

The copper-deficient rat may serve
as a model in the investigation of
poorly understood demyelination en-
cephalitides. In addition, these stud-
jies suggest a role for copper in the
CNS.

Conclusion

There is an important role for
animal models in biomedical studies
in our continuing efforts to better
understand human disease. In each
model discussed in this article, the im-
portance of the matiernal organism to
the welfare of the offspring is central
and unmistakable. The fact that un-
favorable prenatal and periratal in-
fluences can have far-reaching latent
effects on the progeny must be ac-
corded increased attention.

This investigation was supported in part by
US Army R and D contract DA-49-193-MD-2560,
and Public Health Service grants GM 01133, ES-
00597, ES-00056, HDA-106917, AM-07136, and A-
39417.
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which in turn led to the increase in in-
fant mortality. Additionally, Dr. Newberne
raised the issue that simple elevation of
birth weight alone may not improve aur-
vival, He cited evidence from animal hus-
bandry where this could not be achieved.
However, Drs. Rush and Béhar pointed out
that there was a distinetion hetween peri-
natal mortality, which is affected by birth
weight, and postnatal mortality, which re-
sults from ¢ variety of factors and depends
on the degree and quality of sunitation, in-
cidence of diarrhea, availability of medical
treatment, and other factors.

Dr. Faulk raised the possibility that the
survival of low-birth-weight infants may
produce an older population with as yet un-
defined immunologic impairment. He sug-
gested that a group of such surviving chil-
dren should be studied for the presence of
subtle immunologic lesions. Finally, Dr.
Mata made a plea that the discussants of
this workshop disseminate information to
their peers in other professions in order to
underscore to the world the serious conse-
yuences of malnutrition and infection. He
thought that these problems should become
a concern not only of those in the health
profession, but also of the economists, jur-
ists, educators, and socially aware people
in all walks of life.
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Summary of the Workshop Conference

W. Page Faulk, MD

ur conference was opened by Dr.
Béhar, who told us that 25 years
ago the Institute of Nutrition of Cen-
tral America and Panama (INCAP)
was focusing on the school-age child;
interest then shifted to the preschool
child, and then to the first two years
of life. He reminded us that today the
emphasis is on embryonic develop-
ment. His remarks defined our task:
to delineate the measurements of fe-
tal and perinatal growth as a func-
tion of environmental, maternal, and
placental indices. He aptly pointed
out that one cannot undertake such
an investigation by studying only the
newhorn, because a neonate is in fact
9 months old.

Dr. Gordon spoke to us on the ques-
tion of nutritional individuality. He
summarized his comments by saying
that nutrition permeates all aspeets
of life, and that malnutrition is a
community problem. I was interested
to notice that he also referred to the
newborn as being 9 months old, and
pointed out that the Chinese consider
their newborns to be 1 year of age at
birth,

Nutritiona! and Socioeconomic
Factors During Pregnancy

Dr. Behrman talked to us ahout the
placenta in malnutrition, and re-
viewed several aspects of placental
transport. He made the point that
physiologic adaptation of a mother to
environmental stress is often ad-
justed to the disadvantage of the
fetus. The release of maternal cate-
cholamines, for example, could cause
vasoconstriction and compromise the
fetal cireulation. This is important in
terms of current concepts of the nor-
mal structure and function of the pla-
centa. The placenta is not only an or-
gan that contains arteries and veins
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with smooth muscles that are sensi-
tive to various sympathomimetic sub-
stances, but it also contains a lot of
free and randomly distributed myosin
and aggregates of actincmyosin in
blood vessels and throughout the so-
called mesenchymal stroma.' Thus, an
increase in maternal sympathomi-
metic substances in the blood could
cause vasoconstriction not only of the
placental vessels but of the entire or-
gan. This could result in compromised
fetal circulation and possible fetal
wastage.

Next, Dr. Ousa reported that sub-
stances that are necessary for the
differentiation and proliferation of
tissues, and that cross the placenta
(for example, iron) should be given in
large amounts during pregnancy.
Other substances, such as vitamin A,
do not seem to be transported very
well across the placenta, but one can
make up for this deficiency by giving
vitamin A to ecither the lactating
mother or the child.

Similar observations were reported
by Dr. Arroyave. He told us about
iron and vitamin A deficiencies dur-
ing pregnancy, and showed that vita-
min A is probably not transported
across the placenta. He extended his
observations to riboflavin and various
amino acids. In Guatemala, iron and
calories are two of the principal defi-
ciencies in pregnancy.

During the course of these com-
ments, I could not help but think of
previous work on vitamin A regard-
ing its effects on tissue differ-
entiation,* adjuvanticity,’ labilization
of lysosomes,* virus susceptibility,
and the immune response.” Perhaps
the elegant studies of Drs. Qusa and
Arroyave will stimulate new efforts
in this important ares of human biol-
ogy.

The next area for consideration
was that of the socioeconomic and cul-
tural determirants as factors in preg-
nancy and its outcome. Dr. Rush
plunged us into a quandary by show-
ing that it is very difficult, if at all

possible, to accept many of the exist-
ing definitions of malnutrition. 1
think his skepticism, which he main-
tained with some vigor throughout

-the conference, was useful. We often

talk rather glibly about malnutrition,
and when pinned down about what it
really means, we tend to climb back
onto our favorite hobbyhorses. He
showed us that many of these, al-
though commonly used, are subject to
sericus doubt, and he put forward the
use of energy expenditure and energy
balance coeflicients as more accept-
able definitions.

We heard next from Dr. Lechtig on
the sociveconomic variables in a de-
veloping country. He maintained that
maternal height and socioeconomic
status can be related to birth weight.
When he and his co-workers provided
caloric supplementation to shorter
mothers of lower socioeconomic class,
this resulted in a decrease in the
number of low-birth-weight infants.
Conversely, he showed that if they
gave caloric supplementation to taller
mothers  of higher socioeconomic
status, they were not able to alter the
birth weight significantly. These data
allowed him to lead us to the conclu-
sion that socioeconomic status could
be corsidered as a form of hiological
variable. Although this type of rea-
soning is often useful, I am compelled
to point out one exception to its use.
That is the example of Queen Anne,
the last Stuart monarch of England.
She was a tall and heavy woman, and
she was generally considered to be of
high sociocconomic status. It was also
rumored that she was well supple-
mented calorically. Queen Anne sus-
tained 17 pregnancies and only one of
these produced a child that survived
past the perinatal period.” This was
an unhealthy lad who died at the age
of 12 years. 1 do not tell that story
to detract from the Lechtig hypcthe-
sis, because as you may know, Queen
Anne had rather severe gout. As Dr.
Sinclair and several other people have
tried to point out, metabolic disease
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is an important correlate to birth
weight and intrauterine growth re-
tardation. However, if Queen Anne
had not been queen, and if she had
been short, poorly supplemented, but
still had gout, she would have fit
nicely into the Lechtig hypothesis
and would have further confused an
already complicated phenomenon,

The Problem of Infection

We next began to talk about infec-
tion during pregnancy. Dr. Kass told
us that the role of nutrition in the
production of low-birth-weight in-
fants must he juxtaposed against at
least two other factors. These are bac-
teriuria and genital T Mycoplasma
infection, both reversible by therapy.
This presented us with a clear ex-
ample of a nonnutritional effect on
the fetus that was reversible and that
seemed to be closely related to the
production of low-hirth-weight in-
fants.

He then made several comments on
the propensity of placentas to
Schwartzman reaction. The Schwartz-
man reaction can be generated by
products from Gram-negative bac-
teria, many of which reside in the
gastrointestinal traet. So it seems
that the ammunition for gene  ting a
Schwartzman reaction in placc itas at
some time during pregnancy is avail-
able, and it is possible that such
events might occur subclinieally dur-
ing so-called normal pregnancy.

If one studies sections of human
placentas with fluorescein-labeled
serum reacting with fibrinogen, one
finds massive depositions of fibrino-
gen.* This is seen not only around the
vessels and in basement membranes,
but in the arcas of so-called fibrinoid
necrosis. Placentas from children who
have sustained certain intrauterine
insults are filled with areas of fi-
brinoid necrosis, as, for example, in
erythroblastosis fetalis and congeni-
tal nephrosis.

We then heard from Dr. Stiechm on
the mysteries of fetal host defense
rrechanisms. He treated us to a nice
review of what is known about T- and
B-cell function, phagocytosis, opso-
nization, and complement metabolism
in the nconate. He came to the con-
clusion that the neonatal host defense
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system may not be as effective as that
in adults, but it is intact and can
function when necessary.

This point was rather well ampli-
fied by Dr. Chandra, who told us
about immunologic indices in neo-
nates who had been exposed to in-
trauterine growth retardation. Prac-
tically every one of the indices, except
perhaps B-cell funetion, was signifi-
antly depressed. He thought it pos-
sible that a fetus whose mother is
subjected to severe malnutrition, or
whose placenta is compromised be-
cause of inadequacies of flow may
have an impaired dévelopment.

This area strikes at the heart of our
workshop, because if Dr. Chandra's
point is indeed true, it would suggest
a plausible mechanism for the seem-
ingly higher incidence of neonatal
and infontile infections in low-hirth-
weight infants. This idea does not fit
into any unitarian type ol hypothesis,
but it is possible that the malnour-
ished mother compromises nutrition
of the fetus, and that the malnour-
ished child is compromised in the de-
velopment of his immune system.

We were then told by Dr. Plotkin
about the routes of fetal infection
and the mechanism of fetal damage.
Damage can be manifest in several
ways. First, a virus-infected cell could
undergo destruction. Second, cells
infected hy viruses can manifest
certain measurable metabolic defects.
Third, virus-affected cells may sustain
an inhibition in cell division. In the
case of fibroblasts, virus infection
could possibly compromise the growth
and differentiation of the connective
tissues. Fourth, viruses may cause im-
munosuppression. He then came to
the conclusion, which we all share,
that verified intrauterine virus infec-
tions can cause low birth weight, |
could not help but wonder if his com-
ments were relevant to the children
who had intrauterine infections, but
who have normal [gM level. We know
that IgM is produced carly in utero. If
the B cells are infected by a virus, is
it not possible that the virus may in-
terfere with the manufacture of 'gM?

This talk was logically followed by
the excellent papers of Drs. Alford
and Sever. Their information left the
clear message that intrauterine virus

infections occur, but when these are
compared to the number of low-birth-
weight  or intrauterine-growth-re-
tarded infants, they constitute a very
small group. Dr. Urrutia presented a
convineing study showing that low-
birth-weight infants had an excess of
infections. The conference gave some
consideration to this apparent para-
dox. These differences may merely re-
flect differences between industrial-
ized and developing socictios. They
could be a manifestation of the num-
ber of infections to which different
grouns of children are subjected, or a
phenomenon of the intactness of the
immune response. These observations
point out the sort of geopathologie
factors that are currently engaging
the attention of scientists and public
health authorities around the world.

Nutritional Interrelationships

We have then at least three vari-
ables that have been discussed as
determinants in the cause of low-hirth-
weight infants. One of these is nutri-
tional statuos, another is host defense,
and the third is the phenomenan of
intrauterine infections. These three
phenomena may or may not be inter-
related, but it will he difiicult to talk
about interrelationships uatil mere
information is accumulated.

Along these lines, we got very nice
informatior: fram Dr. Sinelair, who
told us that nutrition was patho-
genetieally associated with low birth
weight in a small percentage of his
cases. However, he found similar as-
sociations when he looked at either
high blood pressure in the mother or
maternal smoking. Thus, nutrition
does not seem to be the only variable,
and [ doubt that anyone went away
from this symposium thinking that it
is. Some of the major contributions in
this field have been made hy the IN-
CAP group, and severa! of these were
reported at this symposium. For in-
stance, Dr. Mata showed us that the
small-birth-weight infant often does
not catch up in growth, and his col-
leagues also showed that small-birth-
weight infants are at very high risk
for infectious diseases and suffer
greater morbidity and mortality than
infants of normal birth weight. Dr.
Lechtig showed us that the number of
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low-birth-weight infants can be de-
creased by caloric supplementation,
suggesting that nutrition, although it
is not the o=ly variable, is sirongly
associated with low birth weight. Fi-
nally, Dr. Lasky showed us that the
psychomotor developriient of these
children could be associated with
measurements in the mother, which
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could perhaps be related to infection
as measured by IgM levels.

In this symposium, we have done
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Paragraph and Table Omitted.-In the ar-
ticle, “Survival and Physical Growth in In-
faney and Early Childhood: Study of Birth
Weight and Gestational Age in a Guate-
malan Indian Village,” published in the
May JoUurNAL (129:561-566, 1975), two omis-
sions occurred.

On page 563, the following should have
appeared as the first paragraph after the
centerhead “Survival™ “A direct correla-
tion was noted between birth weight and
survival in the first year of life. Whereas
only one half of the infants of less than
2,000 gm birth weight survived the first
year of life, all those of 3,000 gm or more
lived through that period. Survival during
the neonatal period seemed to be associ-
ated with large weights (< 2,750 pm, Tuble
3). There were tv.o deaths in infants of
more than 2,750 gm, precipitated by infee-
tious diseases.”

CORRECTION

In the seventh line of the copy in the next paragraph, the
parenthetical reference to Table 3, should have been to Tuble 4.
Table 4, omitic! from the publizhed article, i~ printed Lelow,

Table 4.—Infant Deaths in Relation to Gestational Age,
Santa Maria Cauque, Guatemala, 1964-1973
Gesta- Period cf Life
tional - , —
Age, Neo. of 29 <29 Days- First
Weeks Intants Days 5 mo 6-11 mo Year
31-32 3 2 (667)° 0 o] 2 (667)
33-34 8 3 (375) 3 (375) 0 6 (750)
35-36 20 5 (250) 1 (50) 2 (100} 8 (400)
37-38 47 0 2(43) 0 2 (43)
39-40 261 € (27 7(27) 8(31) 21 (80}
41-42 77 0 1(13) 0 1(13)
Total 416 16 (38) 14 (34) 10 (24) 40 (96)

* Deaths, and «n parentheses, rate per 1,000 live births by gesta-

tional age categor,.
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