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The neonatal T-cell system is capable of responding to allergens at birth,
indicating the occurrence of prenatal sensitization, and the cytokine
pro®le of these responses is skewed towards the Th-2 type. This response
is further modi®ed by postnatal exposure to different types of allergens.
In relation to inhalant allergen (employed by HDM) the low level fetal
Th-2 responses in non-atopics appear to be down-regulated rapidly after
birth, parallel to an increase in allergen-speci®c IFN-c production. In
contrast, atopics appear to consolidate their initial Th-2 responses, and
around the age of 6 exhibit a cytokine response pro®le similar to the
adult pattern. A pre-existing de®ciency in IFN-c production may be one
of the key factors determining the postnatal persistence of Th-2
responses in atopics.
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Prenatal sensitization to environmental allergens

Evidence has been accumulating in the last few
years that allergic sensitization may occur very
early in life. Cord blood mononuclear cells
(CBMC) have been shown to proliferate in res-
ponse to a range of inhalant and dietary allergens
(1, 2). We have detected proliferation to crude
house dust mite (HDM) in 46% of cord blood
samples, to Ovalbumin (OVA) in 42% and to the
major HDM allergen Der p1 in 73% (3). Studies
(4) have suggested that fetal T-cell priming can be
initiated as early as 22 weeks of gestation. We have
recently obtained direct evidence for the fetal
origin of the allergen-responder cells in CBMC by
genotyping of T cell clones derived from allergen-
stimulated bulk cultures (3). These ®ndings are
collectively consistent with initial allergen-speci®c
T-cell sensitization occurring before birth, a
potential key factor in the develop-ment of the
adult atopic pro®le (5).

Analysis of the cytokine responses from cord
blood cells in the study cited above (3) has shown
that CBMC produce, at low level, a range of Th-2
type cytokines in response to in vitro stimulation
with allergens. Production of mRNA encoding
IL-4, IL-5 and IL-9 in response to HDM and
OVA was detected. At the protein level, produc-

tion of IL-6, IL-10 and IL-13 to the same aller-
gens was also observed. The production of cyto-
kines was detected in CBMC from babies with
and without familial risk of atopy. In CBMC,
IL-10 and IL-13 were produced mainly by CD4+
T cells, while IL-6 came mostly from non-CD4+
T cells. Overall, IFN-c response to allergens, as
seen by RT-PCR, was almost undetectable in
cells from most of the neonates.

This low level Th-2 skewed response in neo-
nates may be a consequence of the intrauterine
environment. Th-2 type cytokines appear to be
required for a successful pregnancy, probably by
virtue of their antagonistic effects against prod-
uction of Th-1 cytokines, which are toxic for
the placenta (6). Th-2 cytokines produced by the
placenta or other pregnancy-related tissues may
in¯uence fetal sensitization (7). Also, the low dose
of allergens which are likely to reach the fetus from
the maternal circulation may prime the immune
system preferentially for a Th-2 response (8).

Allergen response after environmental exposure

Responses to allergens appear to be radically
modi®ed following postnatal exposure. While
proliferative responses to HDM and OVA are
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detected at birth, with age the responses to OVA
decrease, while there is an increase in responses
to HDM (9). By adulthood, using serum-free
medium, proliferation to HDM can be detected in
virtually all individuals, independent of atopy
(10). Furthermore, in a local cohort of around
2000 children followed from birth, at the age of 6
years, 35% of the children had a positive skin
prick test (SPT) to one or more inhalant allergen
(HDM, cat dander, mould or rye grass). In
contrast, only 2% showed positive SPT to OVA.
We also have shown that with age there is a
shrinkage in the number of OVA peptides that
were recognized at birth (11, 12).

However, this low or absent proliferative res-
ponse to OVA is accompanied by covert cytokine
responses. After in vitro restimulation with OVA,
we observed production of IL-6 and IL-10 pro-
tein (by ELISA) and IL-13 mRNA (by RT-PCR)
from PBMC from 6-year-old children who are
not atopic to OVA (unpublished).

The distinct patterns of OVA (food) and HDM
(inhalant) proliferative responses may be a con-
sequence of dose of allergen, usually high doses
for food versus low for inhalant, and route of
administration (13). These factors may favour
diverse patterns of sensitization and long term

response to different groups of environmental
allergens.

Cytokine responses to HDM in atopic and non-atopic
children

As mentioned previously, low level Th-2 skewed
responses to HDM can be observed at birth
in most newborns, and proliferative responses
increase with age. At the protein level, our studies
on 6-year-old children showed that after in vitro
stimulation with HDM, PBMC from atopic
children produce several Th-2 type cytokines,
concurrently with IFN-c (11). Non-atopic chil-
dren showed low or undetectable production of
Th-2 type cytokines, accompanied by IL-6, IL-10
and IFN-c responses (14) (Fig. 1).

What happens during the period between birth
to the age of 6, where cytokine pro®les resemble
that of the adult, albeit at a lower level? Our
earlier cross sectional study (15) and more recent
longitudinal data (12), suggest that atopic child-
ren manifest a delayed ``maturation'' of their
cytokine responses. Analysis of HDM-induced
cytokine responses by CBMC from children who
exhibit atopic symptoms at the age of 2 years

Fig. 1. HDM-induced cytokine protein production by HDM-SPT positive (n530) and HDM-SPT negative (n529) groups at 6
years of age. The 25th and 75th percentiles are indicated. Lines extending from the boxes indicate the highest and lowest values,
excluding outliers (circles) and extreme cases (squares). The line across the box represents the median value. ***P,0.0001.
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showed lower initial cytokine production in
comparison to children without symptoms. This
was evident for IL-4 (by RT-PCR) and IL-6,
IL-10 and IL-13 (by ELISA) (12).

Our group have shown previously that T cell
clones derived from infants and young children at
risk of atopy produce less IFN-c and IL-4 than
those not at risk (15). Similar ®ndings have sub-
sequently been reported for polyclonally stimu-
lated CBMC from neonates at risk of atopy (16),
and for allergen stimulated CBMC from sub-
jects who develop atopy in early childhood (17).
We observed a slower postnatal up-regulation
of IFN-c responses to HDM in children who
develop atopic symptoms at age 2 years (12). At
least part of this de®cit in IFN-c production is
due to the CD4+ T cells themselves (12).

The de®ciency in IFN-c production in children
at risk of atopy may play a key role in the main-
tenance of dominant Th-2 type responses during
early postnatal life. It has been shown that IFN-c
is able directly to inhibit Th-2 responses (18), and
IFN-c de®ciency early in life may thus contribute
to a favourable environment for persistence of
fetal Th-2 type responses to allergens encountered
during this period. It is of interest to note in this
context that neonates at risk of atopy also show
de®cient production of IFN-c in response to
bacterial products (19). Work from our group has
also found that children with high serum IgE
levels have a de®cient response to DPT vaccina-
tion (20). These observations indicate that differ-
ences in immune function, already present at
birth, may determine the nature of the inter-
actions between the growing child and environ-
mental and infectious agents.
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