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influenza A, or influenza B occurred in 47 women

and the corresponding figure for CMV was 117 (77%).

1gG-Ab activity toward the studied inft

with an undetectable (<0.1 KU/ = 102) cord-blood Ig]

pregnancy.

There is general agreement that the frequencies
of allergic and hypersensitivity reactions  are
increasing, especially in the industrialized parts of
the world (1). The reasons for this increase in the
morbidity of allergic diseases are still largely
unknown, although heredity and various environ-
mental factors are assumed (o be of importance (
2). Allergic reactions which are due to the presenc
in serum ol IgE antibodies (IgE-Ab) against com-
mon allergens in our cnvironment — i.e., atopic
allergy (3) are commonest during childhood.
Much interest has focused on IgE sensitization in
children. It has >ntly been shown that T cells in
cord blood (CB) respond both to food allergens (4)
and to inhalant allergens (5). This has been taken
as cvidence of intrauterine priming of the immune
system. Furthermore, the fetus is considered capable
of IgE production from wy 11 of gestation (6),
and IgE is believed not to pass the placental barrier
(7). Conscquently, the presence of IgE in CB is
thought to be a sign of fetal IgE synthesis (7).
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“The importance of maternal infections with Toxoplasma gondii,
cytomegalovirus (CMV), Parvovirus B1Y. respiratory syneytial virus (RSV),
was studied in 153 pregnant
women. No case of specific 1pM activity or viral DNA in cord blood,

ing a congenital infection, was found. From gestational week 15 10
delivery, maternal 1gG-Ab seroconversion to Parvovirus B19, RSV,

At delive
signs of past infection with 7. gondii were observed in 29 (19%) women,

women with positive [gG scroconversion during pregnancy or positive
ctious agents at delivery did not
differ significantly among infants with an increased (21.3 KU/ #=51) or

show that genctic and other environmental factors probably have a greater
influcnee on fetal [gE synthesis than do maternal infections during
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The CB-IgE level has been shown to be
influcnced by factors such as sex. ethnicity.
month of birth, maternal medication, and maternal
smoking during pregnancy (8-10). However, there
arc few studies on the effect of maternal infections
during pregnancy on fetal IgE synthesis, although
infections with cytomegalovirus (CMV), herpes
simplex virus, rubclla virus, respiratory syncytial
virus (RSV)., and Toxoplasma gondii arc all
assumed to induce IgE-Ab production (11-15).
On the other hand, CB-IgE levels are not
influenced by maternal infections with hepati
B during pregnancy (16), and scrum levels ol 1gE
do not differ significantly among nonpregnant
adults with or without 7. gondii infections (17).
Thercfore, the present study aimed to determine
whether the occurrence of common viral infections
— ie.. CMV, RSV, Parvovirus B19, influenza A,
and influenza B - and infections with 70 gondii
during pregnancy correlated to synthesis of fetal
IgE.




Material and methods
Mothers

Some 896 women having a mean age of 29 (range
17-45) years participated in the study. The women
were included consceutively from 8 February to 16
June 1993, when they attended the maternity ward
at Nacka Hospital in Stockholm, Sweden.

During the stay at Nacka Hospital, the parti-
cipating familics answered a questionnaire on the
family history of allergic discases (bronchial asthma,
rhinoconjunctivitis, atopic dermatitis, urticaria, and
food allergy) among first-degree relatives. The
smoking habits of the fathers and the pregnant
women were also recorded.

Sampling of maternal blood

A maternal serum sample, taken at gestational
weeks 1215, was obtained from the department
of virology ol Huddinge Hospital, Stockholm. In
the Stockholm area. all pregnant women at this
gestational age are tested for immunity to rubcella.
At delivery, a venous blood sample was taken
from cach woman. All sera were stored at =20°C,
pending analys

Infants

Some 901 infants were born, including five pairs of
twins. There were 450 girls and 451 boys: all infants
were full-term.

Sampling of cord blood (CB)

Cord blood (CB) from the umbilical vein was
obtained by needle aspiration from all nconates.
Aspiration was used to reduce the risk of maternal
contamination of CB (18). Scrum was separated
and stored at =20°C, pending analysis.

/ lobuli
Immunc

.
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IgA. The serum concentration of IgA (mg/l) was
determined by sandwich ELISA. as described pre-
(19). The upper normal limit of the CB-IgA
level was set at 14 mg/l. calculated as the geometric
mean plus three standard deviations (SD) in 20
neonates with maternal atopic heredity and CB-
IgE <0.1 KU/ (19). An 1gA value above 14 mg/l
was taken as an indication of possible contami-
nation of CB with maternal blood.

IgE. The 1gE level (kU/) in CB was analyzed
in single samples with CAP-FEIA. modified by
an extended standard curve but otherwise in accord-
ance with the recommendations of the manufacturer
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(Pharmacia Diagnostics. Uppsala. Sweden). The
lower detection limit of the test was 0.1 kU/I. CB-
IgF levels exceeding 1.3 KU/l (= geometric mean
plus 2 SD) (20) were analyzed in duplicate.

1gG antibodies to viruses. Malternal sera. in dilution
1100, were analyzed for Parvovirus B19 TeG-Ab
activity against recombinant antigen (Dakopatts.
Copenhagen, Denmark), according to the instru
tions of the manufacturer, and by the anti-
immunoglobulin ELISA  technique for 1gG-Ab
activity against RSV (21). influenza A HINT and
H3N2, and B virion antigens (22). A net absor-
bance value 20.2. exceeding 3 SD of repeated
titrations, was considered a positi . and
a difference between paired sera of this magnitude
was thought to indicate a significant rise in anti-
bodi

1gG-Ab activity against CMV (nuclei extract
antigen) and against 7 gondii was analyzed by the
anti-immunoglobulin ELISA technique (23) and by
direct agglutination (BioMerieux. Paris, France).
respectively. A positive reaction at serum dilution
17100 (CMV) and >1/20 (7. gondii) was taken as
an indication of past infection.

IgM antibodies 10 viruses

CB was assayed for IgM activity against CMV
(enzyme-labeled nuclei extract antigen) (24). against
Parvovirus B19 by the p-capture ELISA technique
(Dakopatts, Copenhagen, Denmark). and against
T. gondii by the p-capture immunosorbent technique
GA. BioMericux. Paris. ance). A positive
sult, according to the criteria of the assay. was
considered 1o indicate viral-specific 1aM activity.
The serum dilution was 1/20.

Polvmerase chain reaction (PCR)

Parvovirus B19 DNA was assayed in serum by the
nested PCR technique with primers in the VP/
oene (25).

Study design

High and low CB-IgF groups. The infants  were
divided into two subgroups according 1o the results
of the CB-IgE determinations: high CB-IgE
group — infants with CB-IgE levels 2 1.3 KU/ low
CB-IgE group - infants with no detectable 1gE in
CB. i.c.. CB-IgE < 0.1 kU/L. For cach infant in the
high CB-IgE group, two “control™ infants with no
detectable 1gE levels were selected [rom the same
cohort. The selection was stratified according to
sex. but was otherwise performed at random. The
selected CB samples in the high and low CB-IgE
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groups were checked for maternal contamination
by determination of CB-IgA.

Serologic signs of maternal infection with  the
selected viral agents and T. gondii. The IgG-Ab
activities against influenza A and B, RSV, and
human Parvovirus B19 at gestational weeks 12-15
and at delivery were simultancously determined in
serum samples from the mothers of the children in
the high and low CB-IgE groups (Table 1). The
number of women with serologic signs of 1gG-Ab
seroconversion or a significant IgG-Ab rise was
determined.

The 1gG-Ab activities against CMV and 7. gondii
were screen-tested in the sclected maternal sera
sampled at delivery (Table 1). Positive titers — ie.,
CMV = 1/100 and T. gondii =z 1720 — were taken as
an indication of past infection.

Serologic signs of fetal infection with Parvovirus
B19, T. gondii, and CMV. IgM-Ab activitics in CB
against Parvovirus B19, CMV and 7. gondii. indi-
cating congenital infection, were studied (Table 1).
IgM-Ab levels against CMV and T. gondii were
analyzed only if the corresponding maternal serum
sample showed positive TgG-Ab activities at deli-
very (CMV 2 1/100; 7. gondii = 1/20). CB IgM-Ab
levels against Parvovirus B19 were analyzed in 15
intants, randomly sclected from among those
whose mothers had an 1pG-Ab level >1/100 at
delivery (Table 1).

Presence of Parvovirus B19 DNA in CB. Children
of mothers with verified (IgG-Ab seroconversion)
Parvovirus B19 infection during pregnancy were
tested for Parvovirus B19 DNA in CB with PCR.

Table 1 Suidy design. Determination of lg-Ab levels of antibody activities in
matemnal serum samples from qestational woeks 1215 and delivery and Igh-Ab
fevols in GB samples against T gondi and selected viral agents

Watenal iyG-Al analys)

Infant Igh-Aly analysis

Gost woeks 1215 Delivery Cord bluort
Congenital inlections
T, goadi ND A A

ND A A
Parvovis 419 A A Aty
Ot matemal vial infecrinns

A A D
Influenza A A A NO
Influcza B A A ND
A analysis done; N —analysis not dune; * analysis was done if mother o 196

A against T, gonedi (9294 or against CMV [n—117) a1 delivery; ** analysis was
done on 15 CB samples from infants with Panvovinis B19 positive mothus: | PCR
analysis was done in samples from children of four mothers with seroingic signs
of Parvovirus infction during pregnancy.
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Ethics

The study was approved by the ethics committee
at Sodersjukhuset, Stockholm, Sweden. Informed
consent was given by the parents before the subject
entered the study.

Statistical analysis

uare test or. in the case of small expected
frequencics, Fisher's exact test was used (o evaluate
hypotheses of variables in contingency tables. A
P value (1wo-tailed) < 0.05 was considered signili-
cant.

Results
Iligh and low CB-IgE groups

Fifty-onc infants (6%) (33 boys and 18 girls) had a
CB-IgE level 2 1.3 kU/Land were placed in the high
CB-IgF group (Table 2). Among 245 (27%) infants
with undetectable CB-IgE levels (i.c., CB-1gE
< 0.1 kU, 102 infants (66 boys and 36 girls) were
randomly sclected. Thesc infants were placed in the
low CB-IgF group. Both groups were comparable
with regard to smoking habits of the parents
(‘fable 2) and gestational age. However, maternal
atopic heredity was significantly (P<0.01, chi-
square) more [requent among the infants in the
high CB-IgE group, and there were significantly
(P<0.05) more atopic siblings in the same group of
infants. Besides, significantly (£<0.01. chi-square)
more infants in the high CB-IgE group were
born in February—April than April—Junc, as com-
pared 1o the infants in the low CB-IgE group
(‘Table 2).

Serologic signs of maternal 1gG-Ab seroconversion
to RSV, Parvovirus B19, and influenza A and B
between gestational weeks [2—15 and delivery

The numbers ol paired maternal serum samples
available for ai were 47 and 99 in the high
CB-IgE group and low CB-IgE group, respectively
(Table 3).

The number of women with TgG-Ab seroconver-
sion and/or the number of women with significant
rises in 1gG-Ab levels against the sclected viral
agents during the observation period are presented
in Table 3. In two women belonging to the low
CB-IgE group, 1g(r scroconversion against RSV
was detected, indicating infection with RSV during
pregnancy. Four women had infection with Parvo-
virus B19, one in the high CB-IgE group and three
in the low CB-1gE group. Two women in each
group had IgG-seroconversion against influenza A.




table 2. Demographic data of wfants in igh and low CE-lgL. oroups

Higit CBIgE Low CHIgE
CO-gE (KU =13 =01
n il 07
Sex WY1 i /18 665/36
Dale of birth (%)
& Fob-15 Apil EN
16 April-15 June a
Atopie heredity (%)
Watemal 350
Paternal "
Siblings a
Smokens (%)
Mother 2 19

Father 15 15

P00 “*P<0.01 {chi-square analysis}.

Interestingly. there were 30 women, nine in the
high CB-1gE group and 21 in the low CB-IgE
group, with scrologic signs of infection with influ~
enza B during pregnancy. The number of pregnant
women showing serologic evidence of infection with
these viruses was about the same in the two study
groups (chi-square analysis or Fisher’s exact test).

Maternal IgG-Ab activity in serum at delivery and
Jetal IgM-Ab activity in CB against T. gondii and
various viral agents

Twenty-nine women were 1pG seropositive against
T. gondii (Table 4). Ninc belonged to the high CB-
IgE group and 20 to the low CB-IgE group
(NS=not signilicant, chi-squarc analysis). None of
the corresponding 29 CB samples lmd IgM-Ab
activity against 77 gondii.

Almost all the selected women were seropositive
1o RSV and influenza A and B at delivery (Table
4), indicating that these viral infections are wide-
spread in the community. In contrast, only 117
women, 42 in the high CB-IgE group and 75 in
the low CB-IgE group, were seropositive to CMV
at delivery (NS, chi-square analysis). No casc of
IgM-anti-CMV in CB was demonstrable. Nincty-

Table 3. Number of womun with 1g6 seroconversion against Panovirus B19, RSV,
and influenza A and B between gestational weeks 12-15 and delivery in relaliog
to number of women tested

High CB-gt Low Chigh Ps
Parvovitus 19 147 3199 NS
RSV 047 29 NS
Influenza A 217 2199 NS
Influenza & 911 21799 NS

§ Fisher'

exact test and chi-square analysis; NS = not significant

Infections and fetal IgE

two women, 26 in the high CB-IgkZ group and 66
in the low CB-lgk group were seropositive to
Parvovirus B19 (NS, chi-squarc analysi: but
among 13 infants, selected at random among those
whose mothers had a positive TaG-Ab test against
Parvovirus B19. the corresponding CB-TgM  test
was negative.

DNA Parvovirus B19 determined by PCR

There were four women with 1gG seroconversion
to Parvovirus B19, indicating maternal infection
during pregnancy. However, the PCR test for Par-
vovirus BI19 DNA in the corresponding CB samples
was negative.

Maternal contamination of CB samples

All results so far presented were obtained without
taking into consideration possible maternal con-
tamination of CB. For this reason, all data were
recvaluated on the basis of the CB-IgA results,
where a CB-IgA level > 14 mg/l was regarded as
ble maternal contamination. In the low CB-
IgE group. there were no samples with signs of
contamination. However, in the high CB-IgE
group, four (8%) CB samples had clevated CB-
IgA. Exclusion of these sera did not alter the
significance of the results (data not shown).

Influence of a positive history of atopic discase
among first-degree relatives

When neonates without atopic heredity among
first-degree relatives were excluded. 40 (78%) and

Table 4. Presence {positive) and absence (negative) of matemal gG-Ab iovels at
dolivery and fetal lgh-Ab levels in CB against T godii and various viruse:
retation to high and low CR-igL. levels

Mother Noanate
196 Ap IgM Ab
Tested agent el pos g pos e
T ondi thah 9 2 [ El
Low k) 2 0 kAl
oy High a 9 0 a
Low 75 7 0 75
Pavvints High 7 % 4 6
Low 66 3% 0 9
RSV High w0 1 ND ND
Low 0m 1 ND ND
Influenza A High il 0 ND ND
Low 10 1 ND ND
nftuenza B High bl 0 ND ND
tow 100 2 D ND

No siguificant qroup differences were found (Tisher's exact test and ehi-square
anglysis). ND— analysis not donc
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68 (67%) infants were left in the high and low
CB-IgE groups. respectively. However, including
only infants with a positive family history of atopic
disease did not significantly change the distribution
of infections with the various viral agents or
T. gondii between study groups (data not shown).

Discussion
In this study. no correlation was found between
the CB-1gE levels and maternal infections during
pregnancy with various viral agents and 70 gondii.
This is of interest, since the level of total IgE in
serum has been shown to be elevated during the
acute phase ol some viral infections (26. 27).
Furthermore, infections with CMV, herpes simplex,
rubella. RSV, and 70 gondii arc usually associated
with the synthesis of antigen-specific IgE (11-15).
However, during the convalescent phase of a viral
infection, the total IgE level usually falls (26, 27),
and the assumed virus-specilic IgE seems to disap-
pear more rapidly from the circulation than the
corresponding virus-specific IgD and 1gG anti-
bodies (13). Thus, the determination of the CB- ILJ'
level may be influenced by a time factor, and viral
infcctions carly in pregnancy may Iead to a renor-
malized CB-IgE.

The absence ol correlation between maternal
infections during pregnancy and fetal 1gE res-
pons in linc with carlier obscrvations. Thus,
a lower incidence of clevated CB-IgE levels in
neonates ol hepatitis B-positive mothers than in
nconates of hepatitis B-negative mothers has been
reported (16). Morcover, the group of infants with
pu.nmluu,lv ruptured membranes, a condition where
the fetus is subject to transmission of maternal
infection, has not been associated with clevated
CB-IgE levels (28). Furthermore, rubella-specific
CB-IgE was detected in only one of 12 CB sera
from nconates with congenital rubella (13). Our
results refute those of a Russian study which found
maternal infections with herpes simplex virus to
stimulate fetal IgE synthesis (29). However, there
is cvidence that stressful events in utero can cause
alterations in lymphocyte function in the fetus,
including lymphocytes bearing the IgE-Fe receptor
(30). It has also been shown that T cells from
hepatitis B carriers during a viral infection can
produce a soluble factor that suppresses antibody
synthesis (31). It is speculated that such a maternal,
low-molecular-weight, soluble factor via placental
transfer may induce fetal T-cell suppression of 1gE-
production in utero (16). Furthermore. viral infe
tions usually stimulate THl-cells to synthesize
interferon-gamma and may, at the same time, have
an inhibitory effect on TH2-induced 1gE synthesis
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Rubella, 7. gondii, Parvovirus B19, and herpes-
virus agents - c.g. Epstein-Barr S
(EBV), and herpes simplex virus (HSV) — are all
known to cause congenital infections (33). Most
pregnant women in Sweden have cither had
rubella infection during childhood or adolescence
or have been vaccinated. Thus. rubella virus no
longer circulates in this community. and that is why
no congenital infection with rubella has been diag-
nosed in the Stockholm arca since 1985 (rubella
surveillance data; Swedish Institute for Infectious
Disease Control). Almost all fertile women have been
infected with EBV, and ~70-75% ol them with
HSV (33-35). Seroconversions during pregnancy
arc rare (Forsgren, unpublished data). Consc-
quently. it seems unlikely that maternal infections
with rubcella, EBV, and HSV, with or without a
congenital infection, would occur in our test popu-
lation. For this reason, we did not determine
antibody levels against thy viral agents in the
present investigation.

In this study, no child had scrologic signs ol
congenital infection with 7. gondii (1gM) or CMV
in assays with diagnostic sensitivity of 280% (24).
The prevalence of congenital infections with 7.
gondii outside Scandinavia, as well as in Finland
and in Norway, has been reported 1o be 0.1% (36).
The rate of congenital infections with CMV varics
between 0.4 and 2.4% (36, 37). In a previous study
in Sweden, the number ol congenital infections
with CMV was 0.5% (38). Furthermore, infections
with 7. gondii and CMV show no scasonal varia-
tions (34). Therefore, the prevalence ol congenital
infections with 72 gondii and CMV in this study —
i.e., no casc observed — corresponds to what would
be expected in a random sample of this size of
pregnant women.

Although no infant had congenital CMV infec-
tion, 77% of the women were seropositive. i.c., had
demonstrable 1gG-Ab against CMV at delivery
(Table 4). The corresponding 1gG seroprevalence
to 1. gondii was 19% (Table 4). Thesc ligures agree
with carlier Swedish studies (38, 39). We also found
that women who were seropositive for CMV and/
or T gondii were equally distributed between
mothers of infants in the low and high CB-1gE
groups.

Parvovirus B19 can cross the placenta to the
fetus, and a congenital ction often manifests
itsell by hydrops fetalis and severe anemia in the
neonate (40). Whether a congenital infection with
Parvovirus B19 is always associated with IgM
scroconversion in the fetus is debatable (41). On
the other hand, the identification of virus-specific
DNA with PCR has high sensitivi
(25). The annual seroconversion of Parvovir
infections in women of childbearing age has been




reported to be 1.5% (42): in pregnant women. the
infection spreads to the fetus in around 30% (41).
However, we were unable to identify a congenital
infection with Parvovirus B19 although we used
both IgM in CB (in a randomly sclected group of
infants) and PCR technology (in four infants whose
mothers had IgG seroconversion to Parvovirus
B19). This also indicates that congenital infections
with Parvovirus B19 are probably not associated
with fetal IgE synthesis.

The importance of infections with influenza A
and B in atopic diseases has been emphasized (43),
and IgE-mediated histamine release from human
basophils by viruses - i.c., influenza A — has been
described by Ida et al. (44). The number of sero-
conversions (o influenza B (Table 3) in the present
study indicates that during February to June 1993,
there was an epidemic of influenza B in the
Stockholm area.  This was verified by epidemio-
logic data from the medical authorities in
Stockholm (45). The same epidemiologic data
showed that the period chosen for the study was
characterized by a high prevalence of infections
with influenza A and RSV in the community. This
strengthened the view that the period sclected
during 1993 was the right one. Furthermore, the
reported infections were evenly distributed from
January to June 1993 (45). Thus, the observed
difference in time of birth among the infants in
the high and low CB-IgE groups has probably not
had any major influence on the results in our
study.

During recent years, much interest has focused
on RSV infections and the development of bron-
chial asthma during childhood (46). Such infections
are widespread in the population. Thus, it was not
surprising that almost all the women were sero-
positive (IgG) at delivery (Table 4), indicating
previous infection with RSV. Two women had
serologic signs of RSV infection during pregnancy,
but their infants were born with CB-IgE levels
below 0.1 kU/L

The number of infants with clevated CB-lgEE
levels in the present study was similar to that
in previous studies (8, 20). Possible maternal con-
tamination of CB as an cxplanation of clevated
CB-IgE levels is currently under debate (8. 18,
19, 47). Some authors have proposed that elevated
IgA levels in CB are of value in assessing maternal
contamination of CB (8). However, results [rom
our group indicate that this is doubtful (47).
Consi(lu’alion of possible maternal co ination

Infecti

s and fetal IgE

In summary. maternal infections with 7. gondii.
CMV, RSV, influenza A. influenza B. and Parvo-
virus B19. with or without spread of the infection
to the fetus. scem not to be correlated to CB-1gE
levels or to fetal IgE synthesis. Genetic and/or
cnvironmental factors, other than infections during
pregnancy, are pmlmhlv of greater importance for
inducing 1gE synthesis in utero.
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