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Lymphoproliferative responses in cord blood and at one year:
no evidence for the effect of in utero exposure to dust mite
allergens
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Summary

Background Maternal allergen exposure beyond the 22nd week of pregnancy may be
important in foetal T cell priming. Allergen-specific cord blood mononuclear cell (CBMC)
immunoproliferative responses without corresponding bacterial antigen responses (tetanus
toxoid), have been suggested as evidence of in utero sensitization.

Objectives To investigate the relationship between lymphoproliferative responses at birth
and at 1 year with maternal and 1-year infants house dust mite allergen exposure.
Methods Home visits and dust sampling were performed by the 20th week of pregnancy,
immediately after birth, and then at 1 years of age. Der p 1 was assayed using a two-site
immunometric ELISA. CBMC immunoproliferative responses (AIM V serum-free
medium; 1 x 10° cells/well) were measured for 225 neonates (171 had a high risk of
atopy (HR) — both parents skin test positive; 59 had a low risk of atopy (LR) — both parents
skin test negative, no history of atopy) by 3H-Thymidine (1uwCi/well) incorporation after
stimulation in primary culture with phytohaemagglutinin (PHA) (1 pwg/mL), house dust
mite [HDM] extract (30 pg/mL), immunopurified Der p 1 (30 pg/mL), Tetanus toxoid
(TT) (aluma free, 30 Lf/mL) or vehicle. Blood was collected from 144 infants at the age of
1 years and stimulated proliferative responses were assessed using the same procedure.
Results PHA-stimulated lymphoproliferative response was significantly lower in HR
compared to LR neonates (mean difference 38%, 95% CI 15%—54%; P = 0.003);
significantly lower proportion of positive CBMC responses to HDM occurred in LR than in
HR neonates (30.4% vs. 46.6%; P = 0.034). There was no relationship between Der p 1
levels in maternal bed and CBMC immunoproliferative responses, despite the 21 000-fold
range of maternal Der p 1 exposure. No significant differences in magnitude, or in
proportion of positive responses to any stimulant were observed between the neonates at
low, medium or high tertile of allergen exposure. Immunoproliferative responses at birth
were not predictive of 1-year PBMC responses. There was no relationship between
maternal allergen exposure in pregnancy and l-year PBMC proliferative responses.
However, the proportion of positive proliferative responses at 1 years significantly
increased with increasing infant Der p 1 exposure at 1 years.

Conclusion These results indicate that the magnitude of immunoproliferative responses
are unrelated to maternal mite allergen exposure and cannot be used as evidence for in
utero sensitization to inhalant allergens. The immunoproliferative responses at 1 year seem
to shift away from the genetically influenced responses at birth towards responses to
specific stimulants which correlate with environmental exposure to those specific
stimulants. These data support the concept of sensitization to inhalant allergens occurring
in early life, but not in utero.
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Introduction

In order to understand the development of atopic diseases
and design successful strategies for primary prevention it is
essential to establish when the initial imprinting on the
immune system occurs [1,2]. In epidemiological studies,
early infancy has been identified as a critical period for
primary sensitization [2—4] although sensitization to
allergens can occur at any age. Immunoproliferation
studies, reporting differential stimulation of peripheral
blood mononuclear cells (PBMC) from young infants by
mitogens and a variety of allergens, have produced data
which reinforce the concept of an early sensitization
window to allergen exposure [5—8].

It has been suggested that initial priming of the T cell
system to environmental allergens may occur before birth
[9-17]. Over the past few years a series of immunopro-
liferation studies reported differential stimulation of cord
blood mononuclear cells (CBMC) by mitogens and a
variety of allergens [2,9-11]. However, it must be
emphasized that lymphoproliferative responses do not
necessarily imply sensitization has occurred. Cytokine
expression profiling of CBMC immunoproliferative
responses has revealed a strong Th2 bias at birth, associated
with very low levels of the Thl cytokine IFN-y [12—15].
Clonal characterization studies have demonstrated that
these responses are neonate-specific and not due to
maternal contamination of cord blood [2]. The greater
Th2 bias and the lower IFN-vy levels were reported in high-
risk vs. low-risk neonates [13—15]. Furthermore, reduced
IFN-vy production by antigen-stimulated CBMC has been
associated with subsequent development of allergic disease
[16,17].

It has been suggested that maternal allergen exposure
beyond the 22nd week of pregnancy may play an important
role in foetal T cell priming [18]. The allergen-specific
differences in CBMC immunoproliferative responses
between neonates at high and low risk of developing
allergic disease, and the fact that immunoproliferative
responses to the bacterial antigen controls (e.g. tetanus
toxoid) were not observed, have been suggested as
evidence of in utero sensitization to inhalant allergens
[12,18,19]. This would suggest that the neonate immune
system could be committed, rather than merely biased,

towards the development of atopic disease. This has
important implications for disease prevention, indicating
that any prophylactic intervention(s) need to be implemen-
ted before the second and third trimesters of pregnancy.

If CBMC proliferation differences are due to in utero
sensitization resulting from in utero aeroallergen exposure,
then their magnitude should reflect maternal exposure over
the time concerned. In the current study, we investigated
the relationship between lymphoproliferative responses at
birth and 1 year with maternal and 1-year infant HDM
allergen exposure to evaluate if there is any link between
them.

Methods

The National Asthma Campaign Manchester Asthma and
Allergy Study (“*“MAAS) is a prospective study which
follows the development of asthma and other atopic
disorders in a cohort of infants. All mothers were screened
for eligibility at ‘Booking’ antenatal visits (8th-10th week
of pregnancy). The study was explained to the parents, the
informed consent obtained, and both parents were inter-
viewed for a detailed allergy history and skin tested. Skin
tests were performed by prick method and the extracts of
the four most common inhalant allergens (D. pteronyssinus,
cat, dog, mixed grasses) and negative and positive
(Histamine dihydrochloride 10 mg/mL) controls were used
(Bayer, Elkhart, IN, USA). Test sites were inspected after
15 min and the size of reaction recorded as the mean of the
longest and the midpoint orthogonal diameters. Wheal
diameter at least 3 mm greater than negative control was
regarded as positive response.

The infant cohort

Allocation to study groups for the prospective follow-
up Couples who agreed to take part in the study were
allocated to risk groups according to their atopic status and
a history of allergic disease.

Group A: high-risk, both parents atopic, i.e. skin test
positive; no pets Couples were identified as ‘high-risk’
and eligible for the study if the following criteria were met:
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(1) both parents atopic (skin test positive); (2) mother
sensitized to at least one of the indoor allergens (dust mite,
cat and/or dog). Exclusion criterion was current or future
cat and/or dog ownership.

This group was entered into a prospective, prenatally
randomised parallel group study investigating whether
living in a low allergen environment reduces the risk of
primary sensitization and the development of asthma and
other atopic diseases. The participants were randomised
before 16th week of pregnancy either to the full HDM
allergen avoidance (Active group) or a control group. In
order to be the most effective in achieving a low allergen
environment, an integrated allergen avoidance regime was
devised for the Active group of this study. The nature of
interventions and the outcomes in terms of reduction in
allergen levels are described in detail elsewhere [20].

Group B: high-risk, both parents atopic, i.e. skin test
positive; cat and/or dog in home This group included the
couples whose child would be at high risk of developing
allergic disease, and in addition were cat and/or dog
owners. Thus, the only difference compared to Group A
was pet ownership.

Group C: low-risk, both parents non-atopic, i.e. skin test
negative; no history of atopy This group included the
couples whose child would be at low risk of developing
allergic disease. Couples were identified as eligible for
Group C of the study if the following criteria were met: (1)
both parents non-atopic (skin test negative) (2) negative
family history of atopic disorders.

Home wvisits and assessment of environmental allergen
exposure After recruitment (between 12th and 16th week
of pregnancy) a home visit was made, when dust sampling
was performed and an environmental questionnaire com-
pleted. All homes were visited again immediately after
birth, and then at 1 years of age. Dust samples from the
parental bed, neonate’s bed, bedroom floor, nursery floor,
living room floor and upholstered furniture were collected
using a Medivac dust sampler (Medivac Plc, Wilmslow,
UK) with air-flow rate 45 L/ s through a 355-pm diameter
mesh screen on to a 5-pm vinyl filter, enabling the
collection of fine dust samples. The filters were supported
in a plastic dust trap located behind the cleaner nozzle. A 1-
m? area of carpet and mattress (upper part) were each
sampled for 2 min Samples were transferred into a
preweighed Petri dish, weighed, coded and stored at
—35 °C until extraction. One hundred mg of fine dust
was extracted with 2 mL borate-buffered saline with 0.1%
Tween 20, pH 8.0 (BBS-T). For samples less than 50 mg
1 mL. BBS-T was added. Samples between 50 mg and
100 mg were extracted in the proportional amount of BBS-

T (1 : 20). The dust was resuspended using a vortex mixer.
Samples were then mixed end over end on an orbital rotator
for 2 h at 25 °C before being centrifuged for 20 min at
1100 g at 4 °C. Supernatants were removed and stored at
— 35 °C for future analysis of allergen content.

ELISA measurement of indoor allergens Der p 1 was
assayed using a two-site immunometric ELISA as pre-
viously described [21]. The standard used to establish the
control curve for Der p 1 assay (UVA 93/02) was
considered to contain 2500 ng Der p 1/mL (relative to
WHO/TUIS D. pteronyssinus standard NIBSC 82/518
which has been estimated to contain 12.5 g Der p 1 per
ampoule).

Assessment of stimulated proliferative responses

CBMC immunoproliferative responses were measured for
225 neonates (Group A, active, n = 55; Group A, control,
n = 49; Group B, n = 62; Group C, n = 59). Umbilical
cord blood was drawn within 10 min of birth and cell
separation commenced within the following 45 min. Cord
blood, with 1% heparin as anti-coagulant, was diluted
(1 : 1) with AIM V serum-free medium (Gibco BRL, Life
Technologies Ltd, Paisley, UK) and twice separated by
density gradient centrifugation (Ficoll Paque, Amersham
Pharmacia, Uppsala, Sweden). The resulting mononuclear
cells were stimulated (triplicate wells) at a density of
1 x 10° cells/well in primary culture (round-bottomed
microtitre plates, 37 °C, 5% CO,) 4. Proliferative responses
were assessed by 3H-Thymidine (1 wCi/well) incorpora-
tion after 3 days stimulation by the mitogen phytohaema-
glutinin (PHA, Murex, 1 pwg/mL); or 6 days stimulation by
HDM (D. pteronyssinus) extract (Bayer, 30 pg/mL), Der p
1 (affinity purified using a 4Cl monoclonal antibody,
30 wg/mL), Tetanus toxoid (alum free, Pasteur Merieux 30
Lf/mL) or glycerin vehicle. All stimulants except PHA
were analysed to exclude the possibility of endotoxin
contamination.

At the clinical follow-up visit at one year of age blood was
successfully collected from 144 infants (64 whose CBMC
responses had been determined), and stimulated proliferative
responses were assessed using an identical procedure. Skin
prick tests were performed in all infants with cord blood data
(D. pteronyssinus, cat, dog, mixed grasses — Bayer). Weal
diameter at least 2 mm in diameter greater than negative
control was regarded as positive response.

Data analysis

The proliferation and allergen data were found to follow a
log-normal distribution; the results are thus reported as
geometric means (GM). Der p 1 levels (total allergen
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recovered) in maternal mattress were used as the index of
maternal exposure during pregnancy, whilst the level in
infant mattress represented the measure of exposure of
infants at 1 years of age.

There has been considerable variation in reported
measures of positivity of stimulated immunoproliferative
responses in cord blood. The data were investigated using 6
different measures reported in the literature (stimulation
index (S) =3, SI=25  SI=2, Adpm = 1000,
Acpm = 1000 and SI = 2 + Adpm = 1000). Results for
all measures of positivity were very similar, so for ease of
presentation only SI = 3 analyses are presented here.
Immunoproliferative response data were assessed for
normality using Kolmogorov-Smirnoff test in addition to
examination of skew and kurtosis statistics. Log-trans-
formed SI values were normally distributed.

The data were analysed using the Statistical Package for
Social Sciences (SPSS) version 8.0. Statistical significance
was set at a conventional < 5% level.

Results

Summary responses for each stimulant and group are
shown in Table 1 (cord blood) and Table 2 (1 years
infants). There were no differences between the groups

(aANovA) in background (unstimulated) 3H-Thymidine
incorporation (log-normalized cpm) after 3 (cord, infants:
P = 0.648, 0.243) or 6 days (P = 0.510, 0.466) in primary
culture (data not shown; available on request).

Cord blood mononuclear cells immunoproliferative
responses

Significant differences were observed in the pattern of
CBMC immunoproliferative responses between neonates at
high risk (Groups A and B), and those at low risk (Group
C). PHA-stimulated lymphoproliferative response was
significantly lower in HR that LR neonates (Fig. 1a: mean
difference 38%, 95% CI 15%-54%; P = 0.003). A
different pattern of response was observed for HDM-
stimulated lymphoproliferative response: i.e. a significantly
lower proportion of positive CBMC responses to HDM
occurred in low-risk neonates compared to those at high
risk (Fig 1b and 30.4% vs. 46.6%; P = 0.034).

No differences between the groups were found in CBMC
responses to immunopurified Der p 1 (Fig. 2a), Tetanus
toxoid (Fig. 2b) or vehicle control.

In utero exposure to Der p 1 and CBMC proliferative
responses in high-risk infants No effect of maternal HDM

Table 1. Stimulated immunoproliferative responses (SI) in CBMC at birth in four groups of infants

Group

Group A (active)
(n=155)
SI: GM (95%CT)

Group A (control)
(n = 49)
SI: GM (95%CT)

Group B
(n = 62)
SI: GM (95%CT)

Group C
(n=59)
SI: GM (95%CI)

Stimulant Proportion SI = 3 Proportion SI = 3 Proportion SI = 3 Proportion SI = 3

HDM 2.66 2.62 3.33 2.47
(2.12-3.33) (2.04-3.37) (2.69-4.12) (1.95-3.12)
46.2% 37.5% 54.1% 30.4%

Der p 1 1.37 1.52 2.11 1.40
(0.99-1.90) (1.18-1.96) (1.58-2.83) (1.03-1.90)
21.2% 20.8% 34.4% 26.8%

PHA 367 441 443 665
(288-467) (325-599) (337-582) (512-864)
100% 100% 100% 100%

TT 1.99 2.08 2.63 227
(1.68-2.37) (1.71-2.52) (2.17-3.20) (1.85-2.80)
28.8% 31.3% 36.1% 28.6%

Vehicle 0.79 0.86 0.86 0.88
(0.67-0.94) (0.76-1.04) (0.77-0.96) (0.77-1.02)
2.2% 0% 1.8% 3.9%

Group A: high-risk, no pets, active HDM allergen avoidance; Group A: high-risk, no pets, control; Group B: high-risk; cat and/or dog in

home; Group C: low-risk. Proportion of positive responses (SI = 3) is also shown.
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Table 2. Stimulated immunoproliferative responses (SI) in PBMC at 1 years of age in four groups of infants

Group

Group A (active)
(n = 32)
SI: GM (95%CT)

(n = 33)

Group A (control)

SI: GM (95%CI)

Group B
(n = 38)
SI: GM (95%CT)

Group C
(n=27)
SI: GM (95%CT)

Stimulant Proportion SI = 3 Proportion SI = 3 Proportion SI = 3 Proportion SI = 3

HDM 2.99 3.74 292 3.07
(2.25-3.98) (2.73-5.13) (2.15-3.97) (2.29-4.12)
41.9% 54.5% 45.9% 51.9%

Der p 1 0.86 1.00 0.67 0.82
(0.58-1.28) (0.73-1.36) (0.52-1.16) (0.59-1.13)
3.7% 7.1% 3.0% 4.8%

PHA 906 1358 899 888
(598-1372) (837-2203) (596-1757) (563-1402)
100% 100% 100% 100%

TT 18.9 14.5 16.3 12.2
(12.9-27.8) (8.4-25.0) (9.9-26.9) (7.0-21.0)
100% 83.3% 84.8% 84.6%

Vehicle 1.03 0.94 1.07 1.01
(0.80-1.33) (0.78-1.14) (0.82-1.40) (0.83-1.23)
3.4% 0% 9.4% 4.2%

Group A: high-risk, no pets, active house dust mite allergen avoidance; Group A: high-risk, no pets, control; Group B: high-risk; cat and/
or dog in home; Group C: low-risk. Proportion of positive responses (SI = 3) is also shown.

allergen exposure during second and third trimester of
pregnancy upon CBMC immunoproliferative responses
was observed using any of a range of approaches to
analyse potential relationships.

No correlation was be found between log-transformed SI
and Der p 1 levels regardless of stimulant (Fig. 3).
Although there was 21 000-fold difference in the maternal
Der p 1 exposure (0.05-1050 wg/g), this did not appear to
affect the CBMC responses to either dust mite extract,
affinity purified Der p 1, or any other stimulant.

Comparison of log-transformed SI values (ANOVA)
revealed no significant difference at birth between the three
high-risk groups for any of the stimulants used (Table 1).
Similarly, there was no difference in the proportion of
positive responses between HR groups for any of the
stimulants used (Chi-square test; Table 1), whilst there were
major differences in maternal Der p 1 exposure [20].

In order to examine further the effect of maternal Der p 1
exposure upon CBMC responses, proliferation data were
stratified with respect to tertiles of allergen exposure during
the first and second and third trimesters of pregnancy
(Fig. 4). Comparisons were made of all neonates, HR
neonates only and LR neonates only. No significant
differences in magnitude or proportion of positive
responses to any of the stimulants were observed between
the infants at low, medium or high level of exposure.

Using logistic regression analysis, positive immunopro-
liferative responses in HR infants for any of the stimulants
were not significantly associated with (1) maternal
smoking, (2) number of days before or after due delivery
date that the baby was born, (3) maternal age, (4) quarter of
the year when child was born or, (5) energy types used at
home. Furthermore, no significant association was found
between positive immunoproliferative response to any of
the stimulants at birth and (1) degree of maternal atopy as
assessed by total IgE levels, (2) degree of paternal atopy as
assessed by total IgE levels, (3) birth weight and, (4) sex of
the neonate. We found no effect of maternal Der p 1
exposure on HDM/PHA, Der p 1/PHA and TT/PHA ratios.

CBMC proliferative responses were not predictive of
skin prick test results at 1 years, regardless of stimulant,
allergen solution or analysis method, although this may
simply reflect the low incidence of positive skin test results
at this early age (HR infants: 1.1% mite, 3.7% dog, 4.7%
cat, 0% pollen).

PBMC proliferative responses in high-risk infants at
1 years of age

There were no significant differences between the groups in
1-year PBMC responses to any stimulants, including PHA
(Table 2). Furthermore, no significant differences were
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Fig. 1. PHA 1 pg/mL (a) and HDM

30 pwg/mL (b) stimulated
immunoproliferation in four groups of
infants (gp 1: Group A: high-risk, no pets,
active HDM allergen avoidance; gp 2:
Group A: high-risk, no pets, control; gp 3:
Group B: high-risk; cat and/or dog in
home; gp 4: Group C: low-risk).
Proportion of positive responses (SI = 3,
SI = 2.5,and SI = 2 + Adpm = 1000) is
also shown.
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Fig. 3. Stimulated CBMC proliferation results expressed in stimulation indices to PHA (a), HDM (b), immunopurified Der p 1 (c) and
tetanus toxoid (d) in relation to maternal Der p 1 exposure during second and third trimester of pregnancy.

found between HR and LR infants in magnitude of PBMC
responses or the proportion of positive responses to any of
the stimulants (Table 2).

Prediction of 1 years PBMC responses from CBMC
responses and maternal exposure Immunoproliferative
responses at birth were not related to l-year PBMC
responses using the 64 cases where longitudinal data was
available:

1 There was no significant correlation between prolif-
eration at birth and 1 years, except for a very weak negative
correlation for Der p 1 (data not shown, available on
request).

2 Positive response at birth did not predict positivity at
one year of age (e.g. HDM — 54% of positive at birth were
negative at 1 years, 40% of negative at birth were positive
at 1 years).

There was no correlation between maternal Der p 1
exposure before birth and one year proliferative responses
to any stimulant.

Infant dust mite allergen exposure and immunoproliferative
responses at age 1 years No correlation was found
between SIs and allergen levels, regardless of stimulant
or infant group. To further examine the effect of allergen
exposure upon PBMC responses, proliferation data were
stratified with respect to tertiles of infant mite allergen
exposure (mattress Der p 1-total allergen). There were
significant differences in the proportion of positive
responses between infants exposed to low, medium and
high Der p 1 levels for HDM, but not other stimulants
(35.4%, 53.8% and 60.7% in low, medium and high
exposure group, respectively, P = 0.024; Fig. 5).

Discussion

In the current study we demonstrate for the first time that
the level of maternal dust mite allergen exposure during
pregnancy did not affect CBMC immunoproliferation.
Regardless of the approach to the analysis, the data
resembled a random distribution, with no impact of
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maternal mite allergen load. Thus, if in utero sensitization
to mites occurred, it was not detectable by CBMC
immunoproliferation.

Furthermore, neonate CBMC immunoproliferation was not
limited to allergen stimulation — we observed naive responses
to tetanus toxoid equivalent to Der p 1 (i.e. 26.3% and 31.3%
of CBMC responded to Der p 1 and TT, respectively). This
result contrasts sharply with the recent findings by Prescott
et al. who reported positive responses to allergens (dust mite,
immunopurified Der p 1, Fel d 1, -lactoglobulin, ovalbumin
(OVA) and rye grass) in the absence of response to TT, and
consequently concluded that sensitization to allergens had
already occurred in utero [2]. The difference in observations
may be due to the concentration of TT used in two studies, as
the concentration used by Prescott et al. was 60 times lower
than the optimum established in our lab (0.5 vs. 30 Lf/mL)
[2]. Our data suggest that CBMC immunoproliferative
responses are not limited to allergens. Furthermore, as
exposure to TT is unlikely during pregnancy, it seems
plausible that this is a non-specific response reflecting how
many proteins are present for the T cells to react to (e.g.
HDM protein mixture elicited considerably greater response
than immunopurified Der p 1).

Indoor pollution (home heating and smoking) and birth
weight and gestational age, which could be linked with
immune system maturity and might affect in utero
sensitization had no effect on CBMC responses.

It has to be emphasized that the fact that proliferation is
not linked to in utero exposure to mite allergens cannot be
taken as evidence that raised/lowered CBMC immunopro-
liferation does not predispose neonates to subsequent
development of atopy.

As others have previously reported [2,5,10], we have
observed differences in CBMC proliferation between
infants at high and low risk of developing atopy (low risk
infants having higher mitogenic immune responses, yet
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Fig. 5. Proportion of positive PBMC immunoproliferative

responses to dust mite extract (SI = 3) at 1 years of age in low,
medium and high tertile of infant dust mite allergen exposure at
the age 1 years.

lower responses to mite allergen extract). This different
pattern of response did not appear to be due to environ-
mental mite allergen exposure. There are a limited number
of alternatives to explain these differences. A difference in
foetal environment because of the mother’s allergic disease
cannot be excluded, but there was little evidence for this, as
degree of parental atopy (assessed by the total serum IgE
level) had no effect on lymphoproliferation. Maternal
medication (e.g. steroids) or other environmental factors
(e.g. pet ownership or the type of fuel used in home) may
have an effect on uterine environment, but we did not find
the evidence to support this. A further possibility would be
a genetic difference in regulation of cell profile. There is
evidence that different cell profiles exist in high-risk and
low-risk neonates [5,22,23], and this could cause differ-
ences in response when mitogenic stimulation is compared
to antigenic, as different mechanisms are involved. A
strong suppressive effect of immature CD4 ™" cord blood T
cells on T helper function has been demonstrated [24]. It
can be hypothesized that the genetic risk of atopy is
associated with delayed postnatal maturation of T cell
competence [25]. It is possible that individuals who
subsequently develop atopy may inherit a greater number
or different profile of T cell receptors which react with
allergens (thus higher responses occur), whilst at the same
time there may be fewer cells in total. Alternatively, there
may be signal transduction differences with differential
expression of the cells and proteins involved in mitogenic
and antigenic responses [26,27].

It has been suggested that the subpopulation of high-risk
neonates that develop atopic disease by 1 years of age are
more likely to respond to dust mite, with their responses
being significantly above low-risk and high-risk neonates
that do not develop atopy [5]. In the current study we found
no evidence that the PBMC response at 1 years of age can
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be predicted from CBMC lymphoproliferative responses at
birth. Furthermore, dust mite allergen exposure before birth
did not predict 1-year PBMC responses. These observations
do not support the concept of in utero sensitization [1,28]
and they provide an interesting parallel to observations by
other groups that cord IgE levels, although variable at birth,
are not predictive of subsequent values [29].

There was no evidence that parental atopic status was
predictive of 1-year PBMC responses, indicating that
genetic factors are of less relevance to the magnitude of
PBMC responses at one year than CBMC responses at
birth. This observation also reinforces the impression that
1-year responses are ‘uncoupled’ from CBMC responses.

The results of the current study suggest that 1-year
PBMC mite allergen specific immunoproliferative
responses were greater with greater exposure to dust mites
at one year. This would be compatible with the hypothesis
of early sensitization occurring (or beginning to occur)
within the first year of life. Together with the lack of
responses at birth, this observation would not support the
hypothesis of early sensitization occurring in utero.

The best evidence of in utero sensitization to inhalant
allergens would be a relationship between response and
maternal exposure. It had been assumed that responses in
high-risk infants reflected exposure, but our data would not
support this. Furthermore, an effect was seen at 1 years
demonstrating that the lymphoproliferation system is
capable of responding to mite allergen exposure.

In conclusion, the results of the current study may
indicate that the magnitude of immunoproliferative
responses cannot be used as evidence for in utero
sensitization to inhalant allergens, but suggests that there
are differences at birth between neonates at high and low
risk of atopy, perhaps caused by genetic differences. It is
possible that these are due to mechanistic differences
between high-risk and low-risk neonates, both in antigenic
and in mitogenic responses, which predispose the former to
atopy development, especially if environmental conditions
in early life are unfavourable. The immunoproliferative
responses at 1 years seem to shift away from aeroallergen
exposure-independent (perhaps genetically influenced)
responses at birth towards responses to specific stimulants
which correlate with environmental exposure to those
specific stimulants. These data support the concept of
sensitization to inhalant allergens occurring in early life,
but not in utero.

Acknowledgements

National Asthma Campaign Manchester Asthma and
Allergy Study is funded by the National Asthma Campaign
(Grants no. 301 and 362). We thank the Moulton Charitable
trust for supporting this work We wish to thank Mrs

Bridget Simpson RN for keeping the cohort together; Mrs
Patricia Kissen for the collection of 1-year blood samples;
all of the obstetricians and midwives at Wythenshawe and
Stepping Hill Hospitals, without whose help this study
would not have been possible. We are grateful to Ms
Hellen Marolia, RN, Mrs Dawn Walsh, RN and Miss
Jacqui Campbell RN for their dedicated work during the
recruitment of the cohort; Miss Claire Hallam, Mrs Hayley
McGrory and Mr Samir Njemcevic, who did numerous
home visits; Elisabeth Hadley BSc and Ingrid Brutsche-
Carlen PhD for technical assistance; Dr Julie Morris for
statistical advice; Mr Paul Somerset for the technical help
in preparation of the manuscript; and all parents and
children for their exceptional devotion to the study.

References

1 Brown MA, Halonen MJ, Martinez FD. Cutting the cord: is
birth already too late for primary prevention of allergy. Clin
Exp Allergy 1997; 27:4—6.

2 Prescott SL, Macaubas C, Holt BJ et al. Transplacental
priming of the human imune system to environmental
allergens: universal skewing of initial T cell responses toward
the Th2 cytokine profile. J Immunol 1998; 160:4730-7.

3 Bjorkstén F, Suoniemi I, Koski V. Neonatal birch pollen
contact and subsequent allergy to birch pollen. Clin Allergy
1980; 10:581-91.

4 Korsgaard J, Dahl R. Sensitivity to house dust mite and grass
pollen in adults. Influence of the month of birth. Clin Allergy
1983; 13:529-36.

5 Miles EA, Warner JA, Jones AC et al. Peripheral blood
mononuclear cell proliferative responses in the first year of life
in babies born to allergic parents. Clin Exp Allergy 1996;
26:780-8.

6 Martinez FD, Stern DA, Wright AL, Holberg CJ, Tausig LM,
Halonen M. Association of interleukin—2 and interferon-vy
production by blood mononuclear cells in infancy with
parental allergy skin tests and with subsequent development
of atopy. J Allergy Clin Immunol 1995; 96:652.

7 Holt PG, Clough JB, Holt BJ et al. Genetic risk of atopy is
associated with delayed postnatal maturation of T-cell
competence. Clin Exp Allergy 1992; 22:1093.

8 Tang MLK, Kemp AS, Thorburn J, Hill DJ. Reduced
interferon-y secretion in neonates and subsequent atopy.
Lancet 1994; 344:983.

9 Kondo N, Kobayashi Y, Shinoda S et al. T. Cord blood
lymphocyte responses to food antigens for the prediction of
allergic disorders. Arch Dis Child 1992; 67:1003-7.

10 Piccinni MP, Mecacci F, Sampognaro S et al. Aeroallergen
sensitization can occur during fetal life. Int Arch Allergy
Immunol 1993; 102:301-3.

11 Szepfalusi Z, Nentwich I, Gerstmayr M et al. Prenatal allergen
contact with milk proteins. Clin Exp Allergy 1997; 26:780-8.

12 Prescott SL, Macaubes C, Smallacombe T, Holt B, Sly PD,
Holt PG. Development of allergen-specific T-cell memory in
atopic and normal children. Lancet 1999; 353:196-200.

© 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 1194-1204



1204  F. I Smillie et al.

13 Prescott SL, Holt PG. Abnormalities in cord blood mono-
nuclear cytokine production as a predictor of later atopic
disease in childhood. Clin Exp Allergy 1998; 28:1313—6.

14 Warner JA, Jones CA, Jones AC, Miles EA, Francis T, Warner
JO. Immune responses during pregnancy and the development
of allergic disease. Pediatr Allergy Immunol 1997; 8 (Suppl.
10):5-10.

15 Rinas U, Horneff G, Wahn V. Interferon gamma production by
cord blood mononuclear cells is reduced in newborns with a
family history of atopic disease and is independent from cord
IgE levels. Paediatr Allergy Immunol 1993; 4:60—4.

16 Kondo N, Kobayashi Y, Shinoda S et al. Reduced interferoon
gamma production by antigen-stimulated cord blood cells is a
risk factor of allergic disorders — 6-year follow-up study. Clin
Exp Allergy 1998; 28:1340—4.

17 Warner JA, Miles EA, Jones AC, Quint DJ, Colwell BM,
Warner JO. Is deficiency of interferon gamma production by
allergen triggered cord blood cells a predictor of atopic
asthma? Clin Exp Allergy 1994; 24:423-30.

18 Jones AC, Miles EA, Warner JO, Colwell BM, Bryant TN,
Warner JA. Fetal peripheral blood mononuclear cell prolif-
erative responses to mitogenic and allergenic stimuli during
gestation. Pediatri Allergy Immunol 1996; 7:109-16.

19 Jones CA, Kilburn SA, Warner JA, Warner JO. Intrauterine
environment and fetal allergic sensitization. Clin Exp Allergy
1998; 28:655-9.

20 Custovic A, Simpson BM, Simpson A et al. Manchester
Asthma and Allergy Study: low allergen environment can be
achieved and maintained during pregnancy and in early life. J
Allergy Clin Immunol 2000; 105:252-8.

21 Luczynska CM, Arruda LK, Platts-Mills TAE, Miller JD,
Lopez M, Chapman MD. A two site monoclonal antibody
ELISA for the quantification of the major Dermatophagoides
spp. allergens, Der p I and Der f 1. J Immunol Meth 1989;
118:227-35.

22 Juto P, Strannegard O. T lymphocytes and blood eosinophils in
early infancy in relation to heredity for allergy and type of
feeding. J Allergy Clin Immunol 1979; 64:38—42.

23 Miles EA, Warner JA, Lane AC, Jones AC, Colwell BM,
Warner JO. Altered T lymphocyte phenotype at birth in babies
born to atopic parents. Pediatr Allergy Immunol 1994; 5:202—
8.

24 Clement LT, Vink PE, Bradley GE. Novel immunoregulatory
functions oof phenotypically distinct subpopulations of CD4+
cells in the neonate. J Immunol 1990; 145:102-8.

25 Holt PG. Postnatal maturation of immune competence during
infancy and childhood. Pediatr Allergy Immunol 1995; 6:59—
70.

26 Gerli R, Bertotto A, Spinozzi F et al. Phenotypic dissection of
cord blood immunoregulatory T-cell subsets by using a two-
colour immunofluorescence study. Clin Immunol Immuno-
pathol 1986; 40:429-35.

27 Bertotto A, Gerli R, Lanfrancone L et al. Activation of cord
blood T lymphocytes. Cell Immunol 1990; 127:247-59.

28 Holt PJ, Sly PD. Allergic respiratory disease: strategic targets
for primary prevention during childhood. Thorax 1997; 52:1—
4.

29 Chandra RK, Puri S, Cheema PS. Predictive value of cord blood
IgE in the development of atopic disease and role of breast
feeding in its prevention. Clin Allergy 1985; 15:517-22.

© 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 1194-1204



