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Allergic diseases are common among small children, but it is still un-
clear how immunoglobulin E (IgE) antibodies to ambient allergens are
distributed in a population-based prospective material of children at

4 years of age. The study is based on 75% (n = 4089) of all eligible
children from northern Stockholm, born between 1994 and 1996 in pre-
defined geographical areas. Data on exposure and outcome were
obtained by parental questionnaires when the child was 3 months and
4 years of age. Of the 92% who responded to the 4 years of age ques-
tionnaire, serum was obtained in 88% of these children for analysis of
IgE antibodies performed with Pharmacia CAP system™ (Phadiatop®
and food mix fx5®). An antibody level >0.35 kU /I was considered as
positive. A positive Phadiatop® or fx5® was found in 24% of the 4 years
old children. A rather poor correlation was found between the two tests
(r = 0.39). Occurrence of IgE antibodies >3.5 kU/1 for both Phadiatop®
and fx5® in combination could predict any suspected allergic disease
[asthma, rhinitis, atopic eczema dermatitis syndrome (AEDS)

and allergic reaction to food] to 97.4%. However, the presence of
>3.5 kU /1 of Phadiatop® or fx5® used as single tests only, was far less
efficient to predict any allergic disease. The two mixes of airborne and
food allergens were also associated, not only to the severity of the
allergic disease in terms of number of organ involved, but also to the
severity of recurrent wheeze, in particular in boys with a positive
Phadiatop® who exhibited significantly limited peak flows compared to
those with a negative test.

Already at the age of 4, one child in four is sensitized to an allergen as
assessed by Phadiatop® or food mix (fx5%). The presence of IgE anti-
bodies seems not only to predict allergic diseases in this age group, but
also relates to severity of such diseases, in particular to asthma.
Notable, there was a poor correlation between Phadiatop® and fx5®
that needs to be considered when identifying allergic diseases in young
children. The study demonstrates that quantification of IgE antibodies
in blood may be beneficial, not only to diagnose allergic diseases in
young children, but especially to serve as a marker of severity of
asthma.
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Allergic diseases constitute a major cause of
morbidity in industrialized countries. Thus, sec-
ondary preventive measures, such as early diag-
nosis, early treatment and patient education have
for some period of time been in focus. They are
considered as the cornerstones of such strategies
(1).

Early sensitization to certain foods followed by
sensitization to airborne allergen seems to predict
evolving manifest respiratory disease later in
childhood (2, 3). Such predictive sensitization
has also been shown for children with early signs
of allergic disease and development of airway
hyper-responsiveness measured by the age of
8 years (4). As it is believed that early treatment
and patient education may reduce the risk for
deterioration of manifest allergic disease and that
the prerequisite for this is early diagnosis, it seems
important to scrutinize the possible tools and their
optimal use for diagnosis in allergic disease (5).

The aim of this study was to investigate the use
of quantification of immunoglobulin E (IgE)
antibodies in 4-year-old children participating in
a prospective, longitudinal population-based
birth cohort study (BAMSE) in relation to
classification of allergic disease and severity of
such disease (6).

Material and methods
Study subjects

Between 1994 and 1996, 4089 newborn infants
were included in a prospective population-based
study (BAMSE). Study design, description of
study base, enrolment, criteria for inclusion and
the procedure of data collections are described in
detail elsewhere (7-9).

The ethical committee of Karolinska Institute,
Stockholm, Sweden, had approved the study.

Questionnaire

At the median age of 2 months of the children,
data on various and allergic heredity was reques-
ted. When the children were 1-, 2- and 4-year-old,
questionnaires were mailed to all the parents
focusing on symptoms often related to IgE
mediated allergic diseases including asthma, rhi-
nitis, rhino-conjunctivitis, atopic eczema derma-
titis syndrome (AEDS) and reactions to food.
According to the responses, the symptoms of the
children were classified as asthma, AEDS, rhini-
tis and suspected allergic food reactions (SARF).
The questions utilized in the forms were either
taken from the International Study of Asthma
and Allergies in Childhood (ISAAC)-question-
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naire or from questionnaires previously pub-
lished by our group (10-12).

The response rate at the follow-up of the
questionnaire by 4 years of age was 92%. Only
data from the questionnaires at 2 months and
4 years of age will be used in this presentation.

Definitions

Asthma in this study was defined as at least four
episodes of wheezing the last 12 months
(ISAAC) or one episode with the treatment with
inhaled glucocorticosteroids during the last
12 months since this treatment will mask repea-
ted episodes. Severity of wheeze during the
12 last months was graded as; (i) no wheezing,
but medication; (ii) wheezing 1-3 times the last
12 months and/or medication of inhaled steroids;
(iii)) wheezing >4 times during the last 12 months
independent of medication. Furthermore, evalu-
ation of the severity of asthma included the
degree of impairment of lung function (peak flow
measurements — see below).

Rhinitis was defined according to the ISAAC-
questionnaire as runny, itchy or blocked nose
during the last 12 months without ongoing cold.

Except for abdominal pain, vomiting and
diarrhoea, SARF were defined as specific symp-
toms exacerbating at least twice in relation to
ingestion of food.

Aatopic eczema dermatitis syndrome was
defined as itchy rash for at least 2 weeks with
typical distribution (face/outer limbs/folds of
elbows or behind the knees/wrists or fronts of
ankles) and dry skin; and/or doctor’s diagnosis
of eczema. This definition has been proven to
have high sensitivity (92%) and specificity
(100%) compared with clinical diagnosis by a
dermatologist (8).

Measurements of sensitization

At 4 years of age, the children were invited to a
clinical examination including a blood and lung
function test. Of the 3720 families that answered
the questionnaire of their child at the age of
4 year, 2965 parents accepted and showed up for
further examination of their child. Blood samples
were obtained from 2614 (64%) children. A total
of 137 denied blood tests and in another 214
sampling failed. Serum IgE antibodies to inhal-
ant allergens were analysed with Phadiatop®
(a mixture of cat, dog, horse, birch, timothy,
mugworth, Dermatophagoides pteronyssinus and
Cladosporium allergens), and to the most com-
mon food allergens with fx5%, (a mixture of milk,
egg white, soya bean, peanut, fish and wheat
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allergens), Pharmacia CAP System'™ (Pharma-
cia Diagnostics AB, Uppsala, Sweden and Phad-
iatop® and fx5® are trade marks belonging to
company) according to the instructions by the
manufacturer. A positive result was defined as
>0.35 kUA/l. Between children tested for serum
IgE antibodies and children not tested, there
were no statistically significant differences in the
4 years prevalence of asthma, rhinitis, AEDS or
SARF. There was no difference in background
factors, such as heredity and various environ-
mental exposures, between those who responded
to the 4 years of age questionnaire, examination
and blood test compared with those who did not.

Statistical analysis

Spearman rank correlation coefficient was calcu-
lated between the results obtained with Phadi-
atop and fx5.

Logistic curves were fitted for the IgE antibody
levels in relation to the likelihood of presence of
allergic diseases basically as described elsewhere
(13, 14).

The chi-square test was used to test for
difference between two proportions, and logit
modelling was used to test for trend. Computer-
ized statistical analysis was performed with
Statistical Software: release 7.0 (College Station,
TX, USA) and SAS System V 8.01.

Results

At 4 years of age 8.7% of the boys and 5.3% of
the girls had asthma. A total of 1152 children
(31.7%) exhibited at least one manifestation of
recurrent wheeze, rhinitis, AEDS or SARF.
Three hundred and seventy children (10.2%)
were classified as having at least two such
manifestations and 85 of the children (2.3%) at
least three. Eleven (0.3%) children were reported
to have manifestations of both asthma, rhintis,
AEDS and SARF. Little overlap was seen
among asthma and AEDS; only 91 individuals
(2.5%) suffered from both. Among children with
rhinitis 16 children (11.6%) were also suffering
from asthma or AEDS.

Of the 2614 children, 414 (15.8%) and 400
(15.3%) were found to be positive for fx5 and
Phadiatop, respectively. Six hundred and twenty
seven (24%) were positive for any of the mixes of
airborne and food allergens, and 187 (7.1%)
children were found to be positive for both
Phadiatop and fx5. If the allergen specific IgE
levels for Phadiatop was 17.5 kUA/l or more,
more than 70% of the children exhibited as
positive fx5 (Fig. 1). Even if a trend is obvious,
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Fig. 1. Association between allergen-specific immunoglob-

ulin E levels measured by Phadiatop and fx5 in 2614 chil-
dren at age 4.
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Fig. 2. Likelihood (positive predictive value) of at least one
of four suspected allergic diseases at certain immunoglob-
ulin E levels among children at the age of 4.

there was a poor correlation between quantita-
tive levels of Phadiatop and fx5 (r = 0.39). Of the
boys 18.6% and of the girls 15.0% were positive
to either Phadiatop or fx5.

Positive predictive likelihood of allergic disease

The likelihood of getting symptoms in relation to
the IgE antibody level has been modelled (Fig. 2)
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Fig. 3. Probability (positive predictive value) of least one of
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and consequently for results of >3.5 kU,/I for
either Phadiatop or fx5 the positive predictive
likelihood (ppl) was >0.6. For results 250 kU A/l
such predictive value was >0.8. With the empha-
sis to get extended information for the use of
quantitative IgE, and classification of allergic
disease, the combination of being negative or
positive to either the mix of airborne allergens or
food allergens or both was used (Fig. 3). As the
number of children with IgE results >3.5 kU4/1
for both Phadiatop and fx5 was limited, alloca-
tion was made into three groups: (i) <0.35 kUn/I,
(i1) 20.35-<3.5 kUA/l and (iii) =3.5 kU4/1 fol-
lowing grading into radio-allergo-sorbent test
(RAST) classes. Of those who were negative for
either the mix of airborne allergens or food
allergens, still 535 (27.7%) were classified as
having recurrent wheeze, rhinitis, AEDS or
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SARF (Fig. 3). However, if both Phadiatop and
fx5 were highly positive (3.5 kU 4/1) the ppl was
0.97, as compared with Phadiatop or fx5 used
separately and with the same IgE antibody level
of 3.5 kUA/I (ppl 0.71 and 0.81, respectively).
With the use of Phadiatop 2>3.5 kU,/l the
likelihood to be classified as having asthma only
was 0.25. However, when a high level of
>3.5 kU4/1 for fx5 was combined with a similar
level of Phadiatop the ppl value was more than
twofold higher (0.51) (Fig. 4). For classification
of AEDS and rhinitis an only marginally higher
value was found for the combination of the mixes
of airborne and food allergens compared with
only one of the tests (data not shown). For
likelihood to predict classification of SARF there
seemed to be an added value to use Phadiatop in
combination with fx5 (Fig. 4). Combination of
Phadiatop and fx5 values 23.5 kUA/l for both
tests revealed a predictive value for classification
of SARF of almost 0.79. This is to be compared
with a predictive value of 0.66 and 0.67, if fx5 at
levels of 3.5 and 217.5 kU A/l was used alone.

Levels of IgE antibodies and severity of asthma

From the questionnaire data it was possible to
allocate children with asthma into different
groups of severity, which was not possible for
the other allergic manifestations. Among chil-
dren with asthma, i.e. 24 episodes of wheeze
during the last 12 months, 25.8% exhibited
serum concentrations of allergen specific IgE of
>3.5 kU4/l measured by the mix of airborne
allergens, compared with only 8.7% among those
with fewer episodes of wheeze, p < 0.0001. For
IgE levels between 0.35 and 3.5 kU,/l to
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Fig. 4. Probability (positive predictive value) of asthma and suspected allergic reactions to food at certain immunoglobulin E

levels.
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Fig. 5. Proportion of suspected allergic diseases, i.e. asth-
ma, rhinitis and atopic eczema dermatitis syndrome
(AEDS), in relation to different levels of Phadiatop. Because
of a few number of children with two or all three suspected
allergic diseases the upper level was set at > 3.5 kU/L.

airborne allergens (Phadiatop) no such trend was
seen (data not shown). For fx5 and concentra-
tions above 3.5 kU,/1 and association with
severe asthma the same pattern was seen, chil-
dren with >4 episodes of wheeze exhibited
positivity in 14.4% compared with 4.8% among
children with 0-3 episodes of wheeze during the
last 12 months, p = 0.0004.

Levels of IgE antibodies and multiple allergic diseases

Among children who were classified with any
suspected allergic diseases such as asthma, rhini-
tis, AEDS or SARF, 28.9% and 24.1% exhibited
a positive test to Phadiatop or fx5, respectively.
For those with at least 2, 3 or 4 suspected allergic
diseases the corresponding figures of positivity
were 44% and 65% and 79% for Phadiatop and
36%, and 58% and 79% for fx5, which indicates
a positive trend for number of diseases and
association between children positive to Phadi-
atop or fx5. By constructing four classes of
severity representing the number of diseases, 1-4,
with classification of no disease as the reference
value, we performed a test for trend, i.e. a trend
of having more manifestations of suspected
allergic disease the higher the IgE levels for
Phadiatop or fx5. For Phadiatop this resulted in
an odds ratio (OR) to have disease of 2.61 (95%
CI 2.32-2.93), and for fx5 an OR of 1.93 (95%
CI 1.72-2.15).

The proportion of infants with one manifesta-
tion of either asthma, rhinitis or AEDS and
the proportion with at least 2-3 of such
manifestations was found to have a significant

positive trend over the magnitude of allergen
specific IgE measured by Phadiatop (Fig. 5). The
p-value for trend was p-trend = 0.004 (0 vs. 1
disease) and p-trend <0.001 (0 vs. 2-3 diseases),
respectively.

Discussion

This study was based on a population-based
birth cohort of children followed longitudinally.
We found that almost one-third of the children at
4 years of age had symptoms related to any
suspected allergic disease and every fourth child
had allergen specific IgE. However, on an indi-
vidual basis there was a poor correlation between
the presence of IgE antibodies towards food and
inhalant allergens. In addition, the diagnostic
impact of quantitative compared with qualitative
analysis of allergen specific IgE antibodies was
higher. Furthermore, the predictive value of the
combination of Phadiatop and fx5 was higher
than for each test alone for any allergic disease
and the combination of the two tests was
associated with an increased severity of allergic
disease in terms of allergic organs involved.
Besides, presence of antibodies to both airborne
and food allergen was highly related to severity
of recurrent wheeze.

The IgE sensitization pattern, typically associ-
ated with atopy, has been demonstrated to be
characterized by an early beginning of sensitiza-
tion, as well as by the persistence of sensitization
(2, 3). Several prospective studies from birth and
early childhood have observed that the atopic
sensitization, i.e. ‘the atopic march’, starts with
IgE antibody synthesis against food allergens
followed by IgE antibody production against
inhalant allergens and subsequent development
of bronchial asthma (2, 3, 15-17). However, most
studies performed so far have been dealing with
risk groups and there are relatively few popula-
tion-based studies on the prevalence of IgE
sensitization during pre-school ages. In the pre-
sent study, almost every fourth child had IgE
antibodies and one of six had IgE antibodies that
were directed towards inhalant allergens (i.e.
positive Phadiatop). This is to be compared with
data from an other Swedish survey in 1993
studying the same age group and demonstrating
that 6% of the individuals had IgE antibodies to
inhalant allergens, which indicates an increase in
prevalence to inhalant allergens (16). Further-
more, in the multicenter allergy study (MAS)
study the corresponding values at 6 years of age
was 26% (2). Altogether, these data indicate an
increase in prevalence of IgE antibodies to
inhalant allergens in younger ages.
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Approximately two-thirds of asthmatic sub-
jects have been reported to be sensitized to at
least one inhalant allergen depending on age,
country etc. However, although 40% of children
are sensitized to inhalant allergens by early
school age, only 25-30% will have bronchial
asthma (18). It is therefore of interest to follow
IgE sensitization during early childhood in order
to be able to predict and to prevent the develop-
ment of respiratory diseases. In the present study
with children only aged 4 years, the likelihood
for recurrent wheeze, defined from the answers in
our questionnaire, was found to be 0.25 with the
use of Phadiatop >3.5 kU/l. However, the value
increased to 0.51 if Phadiatop was combined with
fx5 >3.5 kU/L.

Our results are consistent with the findings of
Illi et al. recently reporting on the correlation
between IgE sensitization during early childhood
and the development of asthma up to 7 years
among 1314 high risk AEDS infants in the
MAS90 study (3). The diagnosis of asthma in
that study was based on questionnaire and on
bronchial histamine challenge. They found that
IgE sensitization to inhalant allergens alone
before 2 years of age was a poor predictor of the
development of bronchial asthma at 7 years of
age. However, when sensitization occurred before
2 years of age, the authors found that sensitiza-
tion to food allergens alone or in combination
with inhalant allergen was a strong predictor for
the development of asthma before school age. The
slight discrepancy of the results between our study
and that of Illi et al. might be dependent on at
what age the IgE antibody determinations were
performed and on our quantitative approach
giving more information than the qualitative one
used by Illi et al (3). Another and not unlikely
explanation might be differences in the definition
of bronchial asthma. We have chosen a rather
strict definition for bronchial asthma with at least
four episodes of wheeze during the last 12 months,
or one episode if the child had been treated with
inhaled steroids during the last 12 months.

The paediatric patient with more than two
organs involved, e.g. AEDS and asthma, AEDS
and food allergy, asthma and rhinitis, might
reflect an atopic constitution compared to those
with only asthma or AEDS in this age group.
This speculation was strengthened by our data as
that manifestations of hypersensitivity/allergic
disease involving more than one organ was more
likely to be associated with allergen specific IgE
measured by Phadiatop or fx5. This points to the
fact that allergic disease should be suspected in
children with symptoms of hypersensitivity from
several organs. Furthermore, severity of asthma
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has been shown to be associated with increased
proportions of sensitization to furred pets (19).
In this study, the number of episodes of wheeze
during the last year was associated with presence
and the levels of IgE antibodies, both for
airborne and food allergens. To our knowledge
these observations have not been shown before
and need to be studied and discussed further.
However, our data reinforce the importance of
sensitization as a predictor not only for recurrent
wheeze, but also recurrent episodes including
many episodes during the last year and limited
air flows. In our study, we were not able to
allocate children with difference in severity in
AEDS, SARF or rhinits. Whether or not the
same association is prevalent for other manifes-
tations besides recurrent and severe wheeze
cannot be shown at this level.

For the diagnosis of IgE-mediated allergy
there is an increasing interest in the usefulness
of quantitative determination of IgE antibodies.
So far most interest and knowledge have accu-
mulated in the diagnostic work regarding food
allergy (13, 20). However, publications consider-
ing the usefulness of quantitative IgE analysis in
inhalant allergy have also appeared (14, 21). In
the present study, quantitative analysis of IgE
was correlated to the presence of clinical symp-
toms of various allergic disecases based on the
answers in the questionnaire. The definitions of
the various allergic diseases were validated as
they were based on those used in the ISAAC
study and own validation (8). Our study shows
that the ppl of various allergic disease by analysis
of Phadiatop and fx5 increased with increasing
IgE concentrations and especially if the two tests
were combined and highly positive (=3.5 kU/I;
Fig. 3). Such a correlation has also been
observed by others (21-23). As early diagnosis
of atopy has been considered important, such
diagnosis in pre-school children must include
testing of both inhalant and food allergens (2, 3,
24). This needs to be emphasized as we found a
rather poor correlation, on individual basis in
positive/negative results, between Phadiatop and
fx5. Such results have also been observed in
previous studies, demonstrating the evolving
formation of IgE antibodies with moving speci-
ficity from food to inhalant allergen (2, 16, 25).

From our study it can be concluded that
quantitative IgE analysis seems promising for the
diagnosis of allergic diseases in young children,
but also for the severity of the disease. As IgE
antibody levels may vary between different age
groups, longitudinal studies that provide specific
IgE levels at different ages towards various
allergens need to be performed.
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