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ABSTRACT

Allergies are increasing, and despite deeper insights into the
immunologic basis of these diseases, preventive measures are not
yet efficient. As the induction of allergic diseases is often trig-
gered in early childhood, perinatal or prenatal preventive strate-
gies would be beneficial. We investigated the transfer of inhalant
and nutritive allergens across the human placenta. For this
purpose, the maternal side of a placental cotyledon was perfused
in vitro with an allergen-containing medium, and a specific
ELISA was used to detect the allergens on the fetal side. Both
allergens evaluated, birch pollen major allergen Bet v1 and the
milk allergen beta-lactoglobulin, could be shown to cross the
placenta. The nutritive allergen beta-lactoglobulin was not only
transferred across the placenta in all eight experiments, but was
also detectable within the first minutes of perfusion. The peak

There is increasing evidence that the prevalence of allergic
diseases is currently rising at an unprecedented rate (1-3). It is
also becoming clear that this rise is largely restricted to devel-
oped countries, a phenomenon that is widely believed to be
linked to a western lifestyle (4). Eliciting agents, preferentially
environmental allergens, are predominantly found in indoor
environments. Recently, concern has been raised as to any
priming effects of exposure to environmental influences even
before birth; that is, through the placenta.

Allergen-specific T cell proliferation in cord blood cells has
been demonstrated by many groups and for many different
allergens (5—15). Inhalant and nutritive allergens in the form of
crude extracts [birch pollen (5, 7), house dust mite (§8—10, 15),
timothy grass pollen (5, 7), cat fur (5, 7), BLG (5, 7, 13, 16),
alpha-casein (13), beta-casein (13), kappa-casein (13), BSA
(5-7, 13), and ovalbumin (5, 7, 11, 15, 16)] and in the form of
recombinant allergens [Lol p1 (9), Der p1 (9), Bet vl (14), and
Phl p1 (14)] has been studied. A line of evidence now supports
the hypothesis that fetal T cells are exposed during gestation to
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allergen concentration on the fetal side could be increased by
addition of human immunoglobulin. For the inhalant allergen Bet
v1, transfer was observed in two of 10 placental experiments, and
only if human immunoglobulin was added. A pulsatility wave
with a frequency of 30-35 min suggested an active transfer
mechanism. We conclude that allergens are actively and selec-
tively transferred across the placenta. Therefore, controlled ma-
ternal allergen exposure might offer new ways to induce toler-
ance to specific allergens in the fetus. (Pediatr Res 48: 404—407,
2000)

Abbreviations
Bet v1, major allergen of Betula verrucosa
BLG, beta-lactoglobulin

maternally derived allergens. These allergens may be ingested
or inhaled by the mother (14). The time at which maternofetal
allergen exposure takes place in the course of a pregnancy is
less clear. The current knowledge suggests early times during
gestation, presumably around wk 20 of gestation (5, 14),
Szépfalusi et al. unpublished experiments).

The occurrence of prenatal T cell priming and its possible
impact on later allergic status has been the subject of many
rather contradictory papers (5—15). The immunologic mecha-
nisms involved in this process are not clear. They may involve
allergen or peptide transfer through the placenta. Alternatively,
stimulation of fetal allergen-specific T cells by anti-idiotypic
antibodies is conceivable (17). A recent hypothesis discusses
the possibility of a dia-amniotic fluid transfer of maternal IgE
antibodies with allergen-presentation through the fetal gut-
associated immune system via high-affinity IgE-receptor-
bearing dendritic cells (18).

The aim of the present study was to investigate the transfer
of inhalant and nutritive allergens across the placenta with the
help of a placenta model (19-21). For that purpose, after
delivery the placenta of healthy mothers was dually perfused.
Allergen, diluted in medium, was perfused on the maternal
placenta side while the eluate with the transferred allergen was
collected on the fetal side. For some experiments, the addition
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of human Ig to the allergen-containing medium was used to
study a potential increase of allergen transfer via [gG-mediated
mechanisms. BLG as a nutritive allergen and birch pollen
major allergen Bet vl were used because we and others have
gained substantial research data with these two allergens, as
described in recently published experiments on cord blood T
cells (5, 8, 13, 14, 16).

METHODS

Obstetric history. The obstetric history had been uneventful
for the women whose placentas were perfused, and they were
taking no drugs. In particular, placentas were only enrolled in
the study if there were no signs of maternal infection, no
chronic disease necessitating continuous drug use, and no sign
of fetal distress. Maternal allergy history was recorded. The
kind of anesthesia encompassed analgesic drug medication (in
30%), epidural anesthesia (40%), and no medication (30%).
All placentas used were from term deliveries with a placental
weight of 500 to 800 g.

Placentas. Placentas from uncomplicated term pregnancies
were obtained after vaginal delivery or cesarean section. Pla-
cental transfer of the allergens BLG and Bet vl was investi-
gated with a double-sided open ex vivo perfusion model (19—
23). For an experiment to be included in the analysis, arterial
inflow had to equal venous outflow. Evans blue, a dye not
capable of crossing the placental barrier, was added to the
maternal circuit to macroscopically document the integrity of
the membranes at the beginning and the end of each experi-
ment, thereby excluding gross leakage. Perfusion with the
allergen-containing medium was continued throughout the ex-
perimental period. Studies on placentas after delivery have
been approved by the institutional review board.

Medium. The perfusion medium contained 11 g of techne-
tium-Medium 199 (Biochrom KG, Berlin, Germany), 3 g of
bovine albumin (Behringwerk AG, Marburg, Germany), 20 g
of dextran-T 40 (Pharmacia, Uppsala, Sweden), 10 mL of
sodium hydrogen carbonate 8.4%, and 1000 mL of distilled
water. To achieve oxygen saturation, the solution was aerated
with 95% oxygen and 5% carbon dioxide for at least 30 min in
a water bath at 37°C. The pH was adjusted by addition of
bicarbonate and 1 M HCI to pH 7.4.

Allergens. A nutritive and an inhalant allergen of compara-
ble molecular weight were chosen. Birch pollen major allergen
Bet vl (Betula veruccosa, MW 17 kD) was added at a con-
centration of 0.2 wg/mL, and cow’s milk whey protein BLG
(MW 18.5 kD) was used at a concentration of 2.0 mg/mL. The
allergen concentrations were deduced from very few publica-
tions in animal models. In the first 10 min, samples of fetal
perfusate were collected every minute, and thereafter in inter-
vals of 5 min. In some experiments, human Ig (Octagam,
Octapharma, Vienna, Austria) as a source of polyclonal anti-
bodies was added to the perfusate at a final concentration of
10%.

Allergen determination by ELISA. The concentrations of
BLG and Bet vl were measured by ELISA techniques. Both
assays were established or adjusted in our laboratory. For the
detection of Bet v1, the following antibodies were used: mono-
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clonal mouse anti-Bet vl (BIP 1), polyclonal rabbit anti-Bet
v1, and swine anti-rabbit alkaline phosphatase (Sigma Chem-
ical Co., St. Louis, MO, U.S.A.). For the detection of BLG, the
following antibodies were used: rabbit-anti-BLG (affinity
purified) and rabbit anti-BLG alkaline phosphatase (Bethyl,
Montgomery, AL, U.S.A.). The assays for BLG and Bet v1 had
a sensitivity of 5 ng/mL and 0.2 ng/mL, respectively.

RESULTS

General. Eighteen preparations fulfilled the perfusate recov-
ery criteria. 10 of the 18 were used to study maternal to fetal
Bet vl clearance, and eight were used to measure maternal to
fetal BLG clearance. All placentas were term and from other-
wise healthy mothers delivering at the General Hospital of
Vienna. The allergic history was registered.

BLG crosses the placenta in all experiments. The eluates of
the eight placental perfusions with BLG (500 mg/250 mL)
were analyzed with a sandwich ELISA using BLG-specific
antibodies in capture and detecting position. In all eight pla-
centa experiments, BLG was detected at the fetal side. Fur-
thermore, BLG appeared within the first minutes as shown by
its presence in the first eluate sample (Fig. 14). The initial
concentration varied between 50 and 250 ng/mL. A steady
increase of the BLG concentration was detected during the
observation period of 120 min (Fig. 14). Adding human serum
(in the form of pooled human serum prepared for iv. Ig
therapy) to the perfusion medium resulted in a slightly higher
initial BLG concentration in the first eluate with no additional
increase during the observation period (Fig. 1B). As shown in
Figure 1, all eluate curves show pulsatility peaks in 30- to
35-min intervals. Pulsatility peaks have been described for the
release of many hormones that are under hypothalamic control.
Although the pulsatility peaks in hormone release are more
pronounced, this observation may underline an active transport
mechanism operative in diaplacental allergen transfer.

Bet vl crosses the placenta occasionally and independently
of human Ig. The eluates of the 10 placental perfusions with
Bet vl (50 wg/250 mL) were analyzed with a sandwich ELISA
using Bet v1-specific monoclonal and polyclonal antibodies at
capture and detecting positions, respectively. Of 10 placenta
experiments, allergen transfer of Bet vl was observed in two
cases (Fig. 2). In contrast to the transfusion experiments using
BLG, Bet vl was only detectable on the fetal side if human
serum was added to the perfusion medium. This observation
may enforce the notion of a transport mechanism with involve-
ment of Ig receptors (transcellular transport, paracellular trans-
port). Neonatal Fc-receptor has been shown to be present and
involved in such transplacental mechanisms, and it could be
suggested that this mechanism is also operative in the observed
condition.

DISCUSSION

This study is the first to directly investigate allergen transfer
across the human placenta. For this purpose, an ex vivo pla-
centa model was used. The data show that allergen present in
the maternal blood circulation (as present in the perfusion
medium) is readily detected in the fetal blood circulation,
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Figure 1. 4, transplacental transfer of nutritive allergen (BLG) occurs uni-
versally. Placental cotyledons (n = 8) were perfused with BLG-supplemented
medium, and allergen transfer was detected by a BLG-specific ELISA. Three
representative experiments are shown (BLG 1, 2, and 3). Perfusion experi-
ments were performed for 120 min, and allergen detection was expressed as
OD, with 0.3 OD defined as background level of the assay. B, transplacental
transfer of BLG is enhanced by addition of human IgG and shows a pulsatility
wave curve. Placental cotyledons (n = 3) were perfused with BLG-
supplemented medium and human serum (Octagam, Actapharma, Vienna), and
allergen transfer was detected by a BLG-specific ELISA. Three experiments
are shown (BLG + IVIG 1, 2, and 3). Perfusion experiments were performed
for 120 min, and allergen detection was expressed as OD, with 0.3 OD defined
as background level of the assay.

providing direct evidence for transplacental maternofetal aller-
gen transfer. This finding was true for both allergens investi-
gated, which differed only in terms of permeability kinetics and
allergen concentrations used.

The incidence of allergic disease has increased during the
past 25 y, not simply as a result of increased awareness (1-3).
Beside a genetic propensity and the influence of environmental
allergens in countries with a western lifestyle, research has
focused on basic mechanisms governing allergic reaction. For
a disease beginning mostly early in infancy, it appears neces-
sary to first understand the cellular and molecular mechanisms
underlying the induction and expression of allergic reactions
(24). A line of evidence now supports the hypothesis that fetal
T cells are exposed during gestation to maternally derived
allergens. These allergens could be ingested or inhaled by the
mother (14). The time and way at which this allergen exposure
takes place in the course of a pregnancy is less clear. The
current knowledge suggests early time points during gestation,
presumably around wk 20 of gestation (5, 14), Szépfalusi et al.
unpublished experiments). Although transplacental passage of
allergens appears possible, the role of the placenta in the
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Figure 2. Transplacental transfer of inhalant seasonal allergen (Bet v1) re-
flects a rare phenomenon. Placental cotyledons (n = 10) were perfused with
Bet vl-supplemented medium, and allergen transfer was detected by a Bet
vl-specific ELISA. Six representative experiments are shown. Perfusion ex-
periments were performed for 120 min, and allergen detection was expressed
as OD, with 0.2 OD defined as background level of the assay.

permeability of particular allergens has not been investigated
yet in humans (5-15). In rat, Dahl et al. (25) have shown that
chicken ovalbumin and cow milk BLG fed orally to rats could
be readily detected in fetal blood. After a feed of 100 mg of
antigen, the antigen concentration in the maternal blood circu-
lation was 10-20 wg/mL, and the corresponding concentration
in the fetal blood circulation for the same antigen was 1-2
ug/mL. In our experiments, the ratio of allergen in the perfus-
ate (maternal circulation) and of allergen in the eluate (fetal
circulation) was 1000:1, illustrating that most of the allergen is
not transferred across the placenta. It is debatable whether
50-250 ng/mL of allergen detected in the eluate is sufficient to
induce an immune response, but it appears possible keeping in
mind the data of allergen-specific lymphoproliferation of cord
blood cells (5—-15). These papers have shown in common that
priming of fetal lymphocytes occurs ubiquitously irrespective
of a particular allergen dose. In human placenta investigations,
it has been shown previously that alpha-fetoprotein readily
crosses the placenta barrier, with a net permeability increase
from the fetal to maternal circulation (23). As the permeability
of alpha-fetoprotein was proportional to the coefficient of free
diffusion in water, a transfer by paracellular diffusion was
postulated.

In our experiments, we investigated two different allergens
of similar molecular weight and similar coefficient of free
diffusion in water: the perennial nutritive allergen BLG and the
seasonal inhalant Bet v1. This choice has been deduced from
recently published data on cord blood mononuclear cell reac-
tivity to these two allergens. Hence, we and others could
observe an ubiquitous cord blood cellular reactivity to BLG (5,
8, 13, 16), whereas only occasional and in these cases maternal
allergen exposure-dependent reactivity was detectable for Bet
vl (14). To explain these observations some hypotheses were
discussed. The perennial and therefore constant presence of
nutritive allergens in the maternal blood circulation throughout
gestation, e.g. BLG, may lead to constant transfer of BLG in
minute amounts and lead to priming of the fetal immune
system. On the other hand, for the seasonal allergen Bet v1 the
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situation is more restricted because the allergen exposure
period is short (depending on the birch pollen season). Here,
only those mothers exposed to the allergen could also transfer
the allergen via the placental barrier. Unfortunately, the use of
other inhalant and nutritive perennial allergens (house dust
mite allergen, ovalbumin) show that this hypothesis is not
operational universally. Although house dust mite allergen is
thought to be perennially present in the indoor environment,
published (9) and unpublished data (Kopp et al.; Herz, personal
communications) suggest that only a limited number of aller-
gen-exposed mothers transfer the allergen to the fetus leading
to a detectable T cell priming effect. In addition, with the
nutritive perennial allergen ovalbumin, only occasional cellular
reactivity was detectable in cord blood cells. Therefore, the
simple presence of allergen in the maternal blood circulation is
per se not sufficient to explain the different lymphoproliferative
reactivity rates in cord blood cells. To explain this, we propose
that the placental barrier plays an active role in the decision of
whether an antigen crosses the placenta or not. In that way, the
transplacental transfer of allergens may be part of a mechanism
protecting the fetus. Before birth, professional antigen-
presenting cells in the peripheral blood (dendritic cells) are not
equipped with a mature set of costimulatory molecules en-
abling them to present professionally antigen to circulating
antigen-specific T cells. Moreover, such stimulation of T cells
would lead to tolerance induction to those antigens encoun-
tered before birth. It is therefore tempting to speculate that
controlled maternal allergen exposure could actively induce
allergen-specific tolerance in the fetus. In fact, allergen avoid-
ance protocols by pregnant mothers have in the past not been
shown to be beneficial in avoiding subsequent development of
allergic disease in the child. This hypothesis is proposed as an
alternative pathway to the transamniotic transfer of maternal
IgE and potentially also allergens encountered by the mother,
which through gut-associated IgE receptor-mediated antigen
focusing would lead to induction of allergic sensitization (18).
In summary, both mechanisms, a transplacental allergen trans-
fer and a transamniotic IgE and allergen transfer, could be
operative together, and the balance between both systems
would skew toward tolerance induction or toward specific
allergic sensitization.

We thank Prof. Husslein (Vienna, Austria) for his help with
this study.
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