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ABSTRACT

There js evidence that fetal antigenic stimulation and intrauterine infection is

much more frequent in developing rural populations than in industrialized socicties. A similar
contrast is observed for postnatal intestinal infection that is significantly greater in the less
developed areas. The differences arc explained by the divergence in environmental sanitation
and personal hygicne. Intestinal infection is important in that diarrheal discasc is one of the
main factors leading 1o malnutrition. It is apparent that for developing nations to attain better

nutrition, much of the present burden of intestinal infection needs to be controlied.
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Under optimal conditions the fetus is well
protected from the infectious environment
of the mother and her surroundings. How-
cver. a varicty of factors. some only sus-
pected. permit occasional infection of the
mcmbrances or the fetus itself. The develop-
ment of technology to identify viral infec-
tions in the mother and in the unborn has
demonstrated an increasing number of viral
agents causing prenatal infection, and has
shown that the fetus is not so invulnerable
as we once thought.

Often, infection in the mother does not
cause chinical manifestations in the fetus,
although interruption of pregnancy, pre-
term delivery, fetal growth retardation, cm-
bryopathy. overt discase, and sequelac on
growth and performance may occur (1-5).

After birth there is an increased opportu-
nity for infection and the beginning of a
serics of mantfestations of host-parasite in-
teractions.  Microbial invasion. including
viral infection, influences the development
of immunce competence of the host, and at
the saume time, exerts profound cffects on
his nutrition, growth, development, and sur-
vival (0-8).

This paper will touch on some aspects of
antenatal and carly postnatal infection with
spectal relerence to viruses, and will give
particular attention to the phenomenon as
observed or expected in developing, prein-
dustrial socictics. Part of the data to be
presented  have been obtatned from  the
long-term prospective observation of chil-
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dren of an Indian village in Guatemala (Y-
11) and from prevalence obscrvations. of
hospitalized children in Costa Rica (12).
The problem of viral infection in the fetus,
infant, and preschool child will be discussed
first in more advanced, industrial socictics,
and then in the less developed onces, placing
cmphasis on the latter.

Antenatal viral infection

The concept of fetal sterility has been
challenged with the apparent finding, that
“Ctype™ particles are a common occurrence
in human fetal tissues (13) and that they
may be transmitted in utcro to increase risk
of degenerative discase in later life. Aside
from this biological possibility, viruscs have
a relatively well-defined course of action in
the human host, to which the responsc is
inflammation, ccll proliferation, and necro-
sis. with the corresponding scquclac (1-35,
14, 15).

Industrialized countries. Studics in socie-
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lies living under conditions of good sanita-
tion have shown that synthesis of immuno-
globulin M (IgM) by the fctus. frequently a
responsc to intrauterine infection, is a rare
event (16, 17). Detailed prospective obscr-
vations in the lower sociocconomic strata,
however, indicate that intrauterine infection
is not so rare (18). Evidently there is quite
an impressive incidence of maternal infec-
tion which becomces cvident through sys-
tematic scrological or clinical prospective
study (19, 20). Many antenatal viral infec-
tions arc silent in the mother and without
apparcnt conscquences on the fctus, al-
though a considerable number of infants in
industrial nations arc born handicapped or
wvill become so as a result of antenatal
infection (21-23). A large number of viral
agents (‘Table 1) have been found to cause
intrauterine infection and damage to the
fetus (1-5. 21. 23): the list has a good
possibility of enlarping.

Preindustrial countries. Of the very few
studics done on this aspect in developing
nations. most were circumscribed to the
hospital environment and did not ade-
quatcly represent the rural population. In
onc rural Indian village of Guatemala, pro-
spective obscervations were carricd out that
arc probably representative of the situation

TABLE |
Viral agents infecting th fz,lus

Polio. u\xs.uklc A L(\XR.!L'\lL I! uhnwllls
Western-, Eastern-, Venezuelan-cquine encephalitis
Lymphacytic choriomeningitis

Influenza, mumps, measles

Rubella

Cyvtomegalovirus, herpes simplex, varicella-zoster
Smallpox, vaceinia
Hcp.|t|t|< AL thllltN 3

7 Virological.,
dence. .

<<_mlngu.tl or tpulcmmlnpcal cvi-

TABLIC 2

Incidence nf mh ctious discase during pre gnancy, 82 women,

Uiy 1t

Trimester of
bactersal

Pregnancy infrction® dysenterey
st R (LOY 7(9)
nd R (10) 9(11)
drd 6(7) 13 (16)
Incidence. per 100 27 36
p'l't gn.muu

* From Url’llh.l et al. Am. J.

of urine.

Diasrheir and

Discases € hildren 129: 558,
© Conjunctivitis. otitis media, skin infection, stomatitis,
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in similar rural arcas of the region. The
description of the village and its population
and of the mcthodologics used have been
given clscwhere (8-11, 24), and some of
the findings will be discusscd here.

Viral infection in the small village setting
is determinced in great part by the dcficient:
cnvironmental conditions influcncing women
from thc moment of conception. Even
though rural communitics arc relatively iso-
lated, particularly in nonindustrial, agricul-
tural socictics, present transportation facili-
tics provide cffective means of communica-
tion with the larger population centers.
Thus, a continuous supply of viral and mi-
crobial agents is insurcd (24). Agents are
brought into the community and spread by
person to person contact and other mccha-
nisms until susceptibles become immunized
and transmission is arrested. Some agents,
however, tend to persist, cither as latent or
silent infections (healthy and convalescent
carricrs) or in association with mild rccur-
rent discasc. Still others, like cytomepalovi-
rus infection, probably have always been
transmitted from mother to child in the
villages. Nevertheless. it is possible to con-
ccive that some isolated communitics were
frec from these and similar viral agents in
ancicnt times. :

The village mother does not escape the
force of infection. Table 2 summarizes the
infectious discasc.cxpericnce of a cohort of
82 village women studicd prospectively
(25). It is striking that in 30% of .the preg-
nant women, lower respiratory tract infec-
tion was noted, and in 36%, diarrhea or
dysentery. Undoubtedly, morbidity rates
arc much greater than thosc found in indus-
trial socictics (7())

It is not surprising that just as the village
women have greater opportunitics for infec-

Santa Maria Cauqué, 1972-1973°
. Ih-spirnlur_v.lr;u‘! infection .

Other
illncsses”

Upper Lower o .

17 (45) 3 (0) 7(9)

26 (32) 6 (7) 5 (6)

41 (S0) 14(17) 8 (10)
127 30 - 25

= 1P culnny fnrmlng units per milliliter
if l.pls.udu'. (percentage).

I‘)’l‘i
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tion during pregnancy than women in indus-
trial socictics, so too, their fctuscs are stim-
ulated by antigens more frequently. Table
3 shows the distribution of IgM gnd IgG in
umbilical cord serums of 250 consccutive
village newborns. Specimens with IgA val-
ucs above 0.09 mg/ml were removed from
the tabulation on the suspicion that they
might have been admixed with maternal
blood at the time of collection, which was
done by two traditional Indian midwives. It
is striking that 40% of the specimens had
clevated values of 1gM (24, 25). In fact,
1094 of the cases had values of 0.40 mg/ml
or greater, clearly indicating fctal antigenic
stimulation. Still, some of the spccimens
could have had admixture with maternal
blood. Then a more detailed study of con-
sccutive newborns in four rural lowland
mestizo  communitics. which had health
problems similar to those in the highland
village ., was conducted. Thts time blood was
obtained from the femoral vein within 3 or
4 days of delivery. and 1gM concentrations
were determined as in the preceding study
(26. 27). Again, a large numbcer of infants.,
specifically 15%. had unquestionable cvi-
denee of having been stimulated by antigens
in utero.

A prospective scrological study of 61 of
the 82 pregnant women mentioned above
rcvealed a 12% conversion rate to cytomeg-
aloviruses. herpesviruses and Toxoplasma
gondii (Table 4). No antibody responscs
were noted against rubella or syphilis; no
testing was made for any of the scveral
other dozen agents that may cause prenatal
infcction (3, 18, 23). What the data indicate
is the frequent occurrence of infection in
the prcgnant woman, and a likely infection

TABLE 3
Determination of IgM and IpG levels in 250 umbilical
cord serums from Santa Maria Cauqué, 1964-197 14"

A e

TIY TG

mg/m! f— e e mpg/ml —
vases () cises (')
< 0.20 149 (59.6) <4 36 (14.4)
0.20-0.39 76 (30.4) 10-14 148 (59.2)
0.40-0,59 o (6.4) 15-19 46 (18.4)
0.60-0.79 7 (2.8) 20-24 16 (6.4)
0.80-0.99 2 (0.8) 25-29 4 (1.0)

lated. ® From Mata and Villatero, Kroc Foundation
Serics 7. New York: Raven Press, 1977, p. 201,

* All scrums with IgA =010 mg/ml were not tabu--
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and/or antigenic stimulation of the fetus.
The events are apparently more [requent
than described for societies living under
better conditions.

Postnatal infection

From birth onwards the child can be
infected with viruses mainly through the
respiratory and alimentary routes. The risk
and probability of infection arc determined
by the nature of the ecosystem in which the
child lives.

Industrial countries. Due to a varicty of
conditions that determine clcanliness, early
infection with intecstinal viruses is a rela-
tively rare cvent in socicties of industrial
nations and in well-to-do scctors of the
urban arcas of developing countrics. This
fact undoubtedly contributes to the slower
ratc of “maturation™ of the scrum immuno-
globulins in children from industrial socie-
tics (2R). This circumstance favored the
assessment of pathogenicity of certain vi-
ruses tn the diarrheal syndrome, bcecause
viral infections occurred in relative isolation
from other infections that could make i
difficult to interpret the results. Thus, sev-
cral “filterable agents,” which, unfortu-
nately, arc not now availahle for identifica-
tion, were described in the pretissue culture
cra (20). The advent of cell cultures permit-
ted recognition of many scrotypes of enter-
oviruses and adcnoviruses in the causation
of diarrheca (30-33). It becamc apparent
fater that infection with cnteroviruses and
fecal shedding was a relatively common
cvent. particularly during the summer (34)
and among institutionalized individuals

TABLE 4
Incidence of antibody responses to specific apgents,” 61
women studicd through pregnancy Santa Maria
Cauqué, 1973

A ) N Nt
Cytomegaloviruses (CF) 2l s 3(5.9)
Herpes virus (CT9) o6lr 3(5.0)
Rubella virus (H1) Ol 0
T pallidum (VDRL) 61 0
Foxoplasima (FA) 6l 1 {1.6)
Total 61 7(11.5)

" 4-fold (or higher) rise in antibody titer. " From
Urrutia ct al. Am. J. Discases Children 129: 558,
1975, © Anticomplementary scra excluded.
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(35). Howcever, an intestinal “viral flora”
did not seem to exist in individuals living in
highly developed environments.

The identification of the calf diarrhea
virus (36) and its study by the clectron
microscope (EM) was the beginning of a
new cra in intestinal virology. The applica-
tion of immunc scra to viral preparations
permitted agglutination of the virions and
easicr obscrvation in the EM (37). Exami-
nation of fecal preparations of young chil-
dren by the EM revealed recovirus-like
agents or rotaviruscs (38, 39) and several
other viruscs, such as thc Norwalk agent
(40), astroviruses (41). and caliciviruses
(42). The agent of hepatitis A was also
demonstrated in fecal extracts (43), as well
as coronaviruses (44). adenoviruses, picor-
naviruscs. and bacterial viruses (45).

The relationship of these agents to diar-
rtheal discase s summarized Table 5.
Rotaviruses and 27nm particles arc agents
which appear to be important in the ctiology
of outbreaks of diarrhea in industrial coun-
trics. particularly in winter months.

Preindustrial countries: No village child
escapes carly intestinal infection. Delivery
occurs without any claborate preparation of
the mother. One study revealed that 25%
of the women may carry enteroviruses (8).
Maternal defecation. detected in almost all
of the dcliveries (24). provides ample op-
portunity for the infant to acquirc the vi-
ruscs she harbors.,

Early infection of the child’s intestinal
tract is cxpected under these conditions
(Table 6). Children’s fccal cxtracts were
inoculated into-primary human amnion, pri-
mary human kidney (post mortem) and
HEp-2 cclls (24). Among a cohort of 79
infants. one showed an infection with echo-
virus seven in the first day of life; the viral
concentration was 10* TCID,, pcr gram. Of

TABLE §
Viral agents in feces of children detected by electron
MiCTOSCOPY

A«nt i: |I|un \nlh dl |r|hv. a

A;:Lnl

Rm.wnusu (umlrus-hkc
duo-, orbiviruses)
27 nm particles (Norwalk)

‘n.': LIIdLI"I(. nulhrL.lks

Yes. outhreaks

Coronaviruscs Yes, endemic
Astroviruses Suspected
Caliciviruses Nnt knuwn
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54 infants 7% wcre shedding viruses in the
second day of life; one child had poliovirus
1 at a titer of 10° TCIDjg, per gram. Of 61
children 8% showed infections on the third
day of lifc, and these had large virus concen-
tration in their feccs.

Entcric viral infection in ncwborns in-
crecases as a function of age; thcy become
chronic virus shedders by 6 months of age.
Figure 1 depicts the natural history of viral
infcction in 18 infants during their first year
of life. Some were practically free of infec-
tion for about 3 months, while others had
infections in the first weeks of life. The
prevalence of fecal excretion of viruses is in
Table 7. About 20% were shedding viruses
in the first 6 months of life; 42%. in the
sccond hall of the first year of life. and
53% in the third 6 months. The prevalence
was over S0% during the second and third
years of lifc. Most of the cytopathogenic
viruscs isolated were echo-like. The remain-
der were polio-. coxsackic-, and adenovi-

ruscs.
TABLE 6
Viruscs in meconium and feces within the first 3 days
of lifc. Santa Maria (_.luquc 1964-1966
ST T Vi com
Day of No. of Na. and % Viruses centration
life children positive isnlated loge TCIDy,
per gram
1st 79 1(1.3) 7 2
2nd 54 4 (7.4) Pl S
E6 3
L6 3
[-6 3
3rd 61 5(8.2) P1 + E6 4
L6 5
E7 3
E9 3
EtHl 5
TABLE 7

Fecal excretion of entcroviruses and adenoviruses by
6-month intervals, 45 children observed from birth to
3 years of age. S'mld Maria (.mquc 1964-1969

e n e ——

No of l.nlc.ruuruus Adcmwlru:c%
Age, " -
ruliv. [“ 'l' _ No, . No. .
Specimens pnslluc" f positive” ’
T 05 116 230 206 34 3.1
6-11 1162 483 41.6 46 3.9

§2.5 13 3.6
45.9 60 6.3
49.1 58 6.4
6| I 48 5.5

12-17 917 48|
18-23 953 418
24-29 908 446
30-35 867 ﬂ()

" Isolation in primary human amnion. primary hu-
man kidncy (post mortem) and HEEp-2 cell cultures.
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FIG. 1. Viruses shed in feces of 18 village infants (ordinate) obscrved during their first year of life (1. 24) in
Santa Maria Cauqué. Circles are enteroviruses and triangles, adenoviruses. Data are from weckly cultures of
fecal extracts inoculated onto primary human amnion, primary buman kidney (post mortem) and HEp-2 cells.
The prevalence of adenoviruses is likely higher than shown: the greater Iytic capacity of entcroviruses lowers the

probability of isolation of adenovirusces.

A recent study of hospitalized children in
Costa Rica revealed rare infection of the
intestine with the rotaviruses (12) (Fig. 2).
Fecal extracts prepared by treatment with
fluorocarbon were examined in formvar-
coated grids after negative straining. No
antibody treatment was necessary and vi-
ruses were casily detected by EM (Hitachi
FHU-12A). The preliminary results extended
with additional unpublished data indicate
that rotaviruses arc found primarily in
young children; most childeen in this study
were weaned at an carly age or were not
breast-fed at all.

In view of the frequent difficulty of show-
ing a clear causc-cffect relationship, the
significance of virus infection in diarrheal
discasc has been questioned. The clear cy-
topathogenic and Iytic capacity of viruses
make it untenable to disregard their partici-
pation in diarrhca. malabsorption. and coli-
tis. Part of the problem for instance. resides
in the finding of as many enteroviruses in
cascs of diarrhea as in the controls. Never-
theless, studics of well defined outbreaks
clearly show an association of scveral sero-
types of enteroviruses and adenoviruses,
and of rotaviruses and other agents with
diarrhcal syndrome.

In endemic diarrhea the role of enteravi-
ruses is difficult to demonstrate (46). The
rotaviruses appcar to have a much greater
pathogenic  potential than other cnteric
agents; in Costa Rican children they were
found only in diarrhea eprsodes, Table 8. 1t
should be emphasized that in this study the
controls were children of comparable age
from the same wards where the cases oc-
curred.

Comment

The technological advance in virology and
immunology has permitted demonstration
that the human fetus is infected with viruses
with some frequency (18, 22, 23). Fetal
infection and antigenic stimulation scem to
be directly related to low sociocconomic
development and appear greater in prein-
dustrial tropical regions (25, 47) than in
industrial nations (16-18). The practical
consideration i< that the phenomenon of
antenatal infection contributes to fetal was-
tage. fetal malnutrition, premature delivery,
and scequelac. In fact, a very high incidence
of fetal growth retardation has been re-
corded in the Indian village from which
much of the data presentied herc were de-
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FIG. 2. Rotaviruses in a fecal extract of a Costa Rican child. Formvar preparation negatively stained with

phosphotungstic acid. x 160,000,

TABLE 8
Prevalence of viruses in feces of hospitalized children,
by age. San José. Costa Rica, January-March, 1976
-\i'ilh .ti.i;urrllu;':l ' i\'ilhnu; (-Ii;u"riu.;ﬂ“ o

Ape.

Mo, No. of Positive Nor. of Positive
s b Rota Adeno SRR Rota Adeno
()-S d R | 3 0 0
124 3 0 0 3 0 |
Total 14 2 2 10 0 l

™ One child also had picornovirus-like particles.

rived (46). However, how much of the
overall problem of low birth weight is due
to infection and to factors related to matet-
nal nutrition and infection background. re-
mains unknown. Maternal malnutrition, as
reflected by the mother’s height, appears to
be one of the most important factors in
causation of fetal malnutrition (46). Infec-
tion, in turn, is a determining component
of the nutritional status of the mother by a
varicty of mechanisms. including the restric-
tion of caloric intake in the anorexia that so
often accompanics infectious discase.

The cell-dependence and cytopathogenic
propertics of viruses appear incompatible
with the concept of a “normal™ viral flora
in postnatal lifc. Children in industrial na-
tions have a significantly lower incidence of
intestinal viral infection (34, 49) than their
counterparts in developing countries (406,
50, S1). The reasons are a better hygicne
and the scasonality of the climate in those
countrics. Childhood populations in under-
developed arcas are normally infected with
intestinal viruscs. particularly in the first
years of lifc. The phenomenon is probably
related to the precocious “maturation™ of
the serum immunoglobulins in rural popu-
lations (28).

Frequent viral infection. together with
bacterial and parasitic infections is a factor
in the high morbidity obscrved in traditional
socictics living in poverty. In the Guatema-
lan Indian village, surveillance of families
by a physician and nurses permitted accu-
rate collection of morbidity data (24). High
rates of diarrhca and -other illnesses were
observed since carly infancy, but especially
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during the weaning process (6 to 24
months). Breast-fecding in the first months
was an important factor in protection
against some of the infection observed (52).
During the peried of exclusive breast-feed-
ing. children were relatively free of disease,
and when discase occurred symptoms were
milder. Mortality, however, was very high
in preterm and small-for-gestational age in-
fants (24. 26, 48). Infectious discase has an
associated negative effect on the nutritional
statc of the child, which becomes more
important after 3 to 6 months of age in
breast-fed village infants. The damage of
infection, particularly when diarrhea is pres-
cnt. ts weight loss. arrcst in height, mcta-
bolic alterations in cell function. nutricnt
wastage. and nutrient diversion (6-11).
Weight loss in diarrheal discase is acute
and detectable within a few hours or days
from the onsct of discase. It results from
dehydration and loss of tissue mass, and
may become aggravated or persist for weeks
or cven months. Anorexia and despondency
arc symptoms’ commonly obscrved among
Il weanlings (24, 53). They are the main
factors in determiming reduction of caloric
and (to a significantly lesser extent) protein
intake (8. 52.53).

In a rceent analysis we have shown that

diminished caloric intake during illness is-

onc of the most important determinants of
malnutrition in the village (52, 53). The
decrease in intake cvident in the analysis
was mainly due to infectious discases such
as diarrhea. often.accompanicd by anorcxia.
These accounted for the more drastic low
caloric intakes among village children. On
the other hand. repetitive infections with
enteric agents are undoubtedly related to
the abnormalitics in the intestinal mucosa
acquirced by individuals in highly infectious,
tropical environments (54).

Lowcering the rates of intestinal infection
and diarrheal discase becomes incercasingly
important and prioritary in the process of
national development. It seems evident that
this cannot be accomplished by any means
but by an improvement in fliving conditions,
particularly personal hygiene and environ-
mental santtation. Actions along this line
will have a direct effect on the nutritional
status. On the other hand. there 1s no cvi-

MATA ET AL.

dence that an increasce in food intake will
have an effect on reducing intestinal infec-
tion and its associated clinical features (53).

¥
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