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Abstract

Introduction: In childhood, the so-called allergic march in-
volves progression from IgE sensitization to allergy-related
symptoms. Both IgE sensitization and relevant clinical symp-
toms are required for the diagnosis of allergy, but concor-
dance between test results and clinical symptoms varies
greatly, creating challenges for the diagnostics and for the
prediction of outcomes. We assessed the prevalence of IgE
sensitization and allergy symptoms, concordance between
2 IgE sensitization testing methods, and predictive value of
these tests in relation to clinical symptoms in young Finnish
children. Methods: The current study included 2 series of
children: a birth cohort, in which the participants were fol-
lowed prospectively from birth up to 3 years, and a young
children cohort observed from 3 to 5 years of age. They were
regularly monitored for sensitization by measuring serum

allergen-specific IgEs (slgEs) and performing skin prick tests
(SPTs). The emergence of atopic dermatitis, wheezing, and
symptoms associated with food allergies was recorded. Re-
sults: Over the first 5 years of life, the prevalence of sIgE sen-
sitization was 46%, while it was 36% for positive SPTs. Dis-
ease prevalence was 26% for atopic dermatitis, 25% for
wheezing, and 19% for symptoms associated with food aller-
gies. Concordance between sIgE and SPT results was good
for aeroallergens, but poor for dietary allergens. The associa-
tion between clinical symptoms and sensitization was stron-
ger at 5 years than at 3 years of age. The proportion of chil-
dren with concordant combinations of allergy symptoms
and sensitization markers in contrast to those with discor-
dant combinations increased from 3 to 5 years. Conclusion:
In early childhood, testing for IgE sensitization predicts aller-
gy-related symptoms in an age-dependent manner, but not
particularly well. Tests predict symptoms caused by aeroal-
lergens clearly better than those caused by dietary allergens.
The clinical relevance of sensitization testing in early life is
therefore limited in the prediction of true allergy.

© 2021 S. Karger AG, Basel

karger@karger.com
www.karger.com/iaa

© 2021 S. Karger AG, Basel

il
Karger~

Mikael Knip

Pediatric Research Center, Children’s Hospital, University of Helsinki
Haartmaninkatu 8

FI-00290 Helsinki (Finland)

mikael.knip @ helsinki.fi

Downloaded by: C. Alessandri - 87218
94.38.55.252 - 2/12/2021 8:05:01 AM



Introduction

Allergic diseases affect children worldwide, especially
in the Western world, where the prevalence of atopic dis-
eases has been rising rapidly over the last decades [1, 2].
The prevalence of allergic diseases in Finland is among
the highest in Europe, and a remarkable difference in
their prevalence exists between Finland and its neigh-
bouring areas in Russia [3]. Instigators that promote rap-
id increase in the prevalence of immune-mediated dis-
eases, including allergies, are still poorly understood, but
combined with genetics, environmental factors appear to
strongly influence the development of these disorders
(4].

The so-called allergic march describes disease pro-
gression starting in infants with atopic dermatitis, sen-
sitization to dietary allergens, and clinical food aller-
gies, advancing to wheezing and aeroallergen sensitiza-
tion during the toddler years, and continuing to allergic
rhinitis and asthma later in childhood [5, 6]. Early sen-
sitization has been shown to increase the risk of future
allergic diseases, asthma in particular [7]. Children with
maternal and paternal history of allergy have an in-
creased risk to develop allergies [8]. Other known risk
factors are male gender and birth by caesarean section
[9, 10].

Diagnosis of allergic disease requires relevant symp-
toms combined with appropriate IgE sensitization, indi-
cated by the appearance of allergen-specific IgE (sIgE) in
the serum or a positive skin prick test (SPT). Neither test
alone, without clinical symptoms, is, however, diagnostic
for allergic diseases. These indicators are often used inter-
changeably despite their inconsistent comparability;
some studies have indicated good [11-13] and others
poor concordance [13-17]. Both methods have their ad-
vances: sIgE testing is often easily available and is inde-
pendent of the assessed person’s medication or skin con-
dition, while SPTs are fast, inexpensive, and require no
blood samples. However, to avoid misinterpretation,
SPTs should be performed only by well-trained medical
staff [18].

The aim of this study was to evaluate how well IgE sen-
sitization predicts early-life allergy-related symptoms
such as atopic dermatitis, symptoms associated with food
allergies, and wheezing in childhood. In addition, we ex-
amined childhood sensitization patterns in Finland and
assessed the concordance of the results obtained by sIgE
and SPT methods.
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Materials and Methods

Study Design and Cohorts

As a part of the prospective DIABIMMUNE study, 1961, Finn-
ish children born between 2006 and 2010 were included in the cur-
rent analyses [19]. All included children had at least one of the
following data available: sIgE measurements, SPT, or allergy ques-
tionnaires answered. The local ethics committee (Ethics commit-
tee, Helsinki and Uusimaa Hospital District) had approved the
study before starting any study procedures. The parents of the chil-
dren gave their written informed consent to their child’s participa-
tion in the study.

In the birth cohort (BC), 386 children carrying human leuko-
cyte antigen (HLA)-conferred susceptibility to type 1 diabetes
(T1D) were observed from birth up to the age of 3 years. HLA
genotypes were assessed from cord blood, and all BC children par-
ticipating in the follow-up carried haplotypes conferring a strong
or moderate risk for T1D, that is, a combination of DR3-DQ2
([DR3]-DQA1*05-DQB1*02) and DR4-DQ8 (DRB1*04:01/02/04/
05/08-DQA1*03-DQB1*03:02/4) haplotypes indicating a strongly
increased risk or alternatively DR4-DQ8/X (X = DR4-DQS8 or a
neutral haplotype) or DR3-DQ2/Y (Y = DR3-DQ2 or a neutral
haplotype) indicating moderately increased risk [20, 21]. Children
visited the study centre at the age of 3, 6, 12, 18, 24, and 36 months
for clinical examination, blood sampling, and evaluation of the
study diary and questionnaires [22].

In the young children’s cohort (YCC), 1,575 children repre-
senting the general population were followed from 3 to 5 years of
age. They were HLA genotyped at the age of 3 years, but no selec-
tion for follow-up was based on the HLA genotypes. Five percent
of the subjects in the YCC did not have reliable HLA data available
(no results [n = 3] and inconclusive results [n = 73]). Children vis-
ited the study centre at the age of 3 and 5 years. Children who at
the 3-year visit tested positive for T1D- and/or coeliac disease-as-
sociated antibodies and/or showed at least 2 positive sIgE results
(20.35 kU/L) against common allergens were re-examined with
their controls at the age of 4 years. Cases and controls were matched
for age, gender, HLA genotype, and time of the 3-year visit. How-
ever, this subcohort was not analyzed within its case-control set-
ting in this study.

Allergy Symptom Evaluation

The prevalence of allergy-related symptoms was evaluated by
using a modification of the standardized questionnaire by the In-
ternational Study of Asthma and Allergies in Childhood (ISAAC)
[23]. For the BC children, the questionnaire was filled out by their
parents at the age of 24 and 36 months, and for the YCC children
at the age of 4 and 5 years. In the current study, we focused on
atopic dermatitis, wheezing, and symptoms associated with food
allergies reported until the end of respective follow-up. Symptoms
associated with food allergies were evaluated based on parental re-
ports of urticaria, angioedema, flushing, pruritus, contact derma-
titis, dermatitis herpetiformis, manifestation or worsening of atop-
ic dermatitis, wheeze, abdominal pain, vomiting, diarrhoea/loose
stool, or flatulency as reactions to certain foods.

IgE Measurements

Total and sIgE antibodies were analyzed from serum by using
the ImmunoCAP® fluoroenzyme immunoassay, according to the
manufacturer’s instructions (Phadia Diagnostics, Thermo Fisher
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Scientific, Waltham, MA, USA). All IgE measurements were per-
formed in a blinded manner in relation to the clinical data. Values
2110 kU/L for total IgE (tIgE) and >0.35 kU/L for sIgEs were con-
sidered positive. Serum IgE against 6 allergens (cat, egg, milk,
birch, timothy, and dust mite [Dermatophagoides pteronyssinus])
was analyzed at the age of 6, 18, and 36 months in the BC. Peanut
was added to the test panel for analyses performed at 18 and 36
months and dog at 36 months. Approximately 92% of this cohort
had IgE analyses performed. In the YCC, IgE against all these 8 al-
lergens was analyzed at 3 and 5 years of age and at the age of 4 in
the subcohort for case-control comparison. tIgE was assessed at
the age of 3 years in both cohorts. In the YCC, nearly all children
(99%) had IgE analyses performed. Children positive for sIgE were
further classified as positive to aeroallergens (cat, dog, dust mite,
birch, and timothy) and/or positive to dietary allergens (egg, milk,
and peanut).

Skin Prick Tests

At the age of 3 years in the BC and at the age of 4 and 5 years
in the YCC, skin tests with 9 allergens (birch, timothy, cat, dog,
dust mite, egg white, milk, peanut, and wheat flour) were per-
formed by the prick technique utilizing commercial extracts (Stal-
lergens; ALK Copenhagen). Histamine dihydrochloride (10 mg/
mL) was used as the positive control and allergen solvent as the
negative control. A skin wheal reaction 3 mm or more in diameter
was considered positive, if the positive and negative controls gave
relevant results. Children from both cohorts were further classified
as positive to aeroallergens (birch, timothy, cat, dog, and dust
mite) and/or dietary allergens (egg white, milk, peanut, and wheat
flour). Around 71% (n = 273) of the BC children and 28% (n = 447)
of the YCC children had SPTs performed.

Statistical Analyses

Analyses were conducted by using IBM SPSS Statistics, version
22.0 and 25.0 (IBM Corp., Armonk, NY, USA). Children with no
data of allergy-related symptoms, or sIgE or SPT, were excluded
from those analyses in question. Categorical variables were ana-
lyzed by using the x*> and Fisher’s exact tests. Changes in prevalence
rates were assessed by using the McNemar test for paired samples.
The Mann-Whitney U test and the Kruskal-Wallis test were ap-
plied for non-parametric variables, and these are marked in the
results with medians and interquartile range. The agreement be-
tween sIgE sensitization and SPT was tested with Cohen’s kappa
statistics (k) for dichotomous variables and with correlations
(Spearman’s rho) for continuous variables. Logistic regression
models were performed as multivariate models for each test at each
age, when possible. The models were adjusted for gender, delivery
route, and parental allergy symptoms and reported with odds ra-
tios (OR) and 95% confidence intervals (95% CI). A p value <0.05
was considered statistically significant.

Results

Cohort Description

The prevalence of sIgE positivity against at least one
common specific allergen during the follow-up from
birth to 3 years in the BC or from 3 to 5 years of age in the
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Table 1. Prevalence (%) of allergy-related outcomes until the end
of respective follow-up (from birth to 3 years in the BC and from
3 to 5 years in the YCC)

BC YCC pvalue

sIgE sensitization, n 355 1,566
Any allergen 456  46.0 0.954
Aeroallergen 189 30.7 <0.001
Dietary allergen 41.7 394 0.462
Sensitized to both 149 24.1 <0.001
Simultaneous sensitization for
>2 allergens 21.7 245 0.290
SPT sensitization, n 273 447
Any allergen 223 447 <0.001
Aeroallergen 147  41.6 <0.001
Dietary allergen 16.1 27.7 <0.001
Allergy symptoms, n 304 1,366
Atopic dermatitis 276 262 0.662
Wheezing 29.9 245 0.056
Symptoms associated with food allergies 22.0 18.4 0.174
Any of these 3 allergy signs 53.0 464 0.045
All of these 3 allergy signs 59 51 0.674
Allergy symptoms and sensitization, n 304 1,366
Symptoms and positive sIgE/SPT 30.6 28.8 0.591
Symptoms and negative sIgE/SPT 224 17.6 0.062
No symptoms and positive sIgE/SPT 214 193 0.462
No symptoms and negative sIgE/SPT 257 343 0.005

Significant p values are bolded. sIgE, allergen-specific IgE; SPT,
skin prick test; BC, birth cohort; YCC, young children’s cohort.

YCC was 28.5% for aeroallergens and 39.8% for dietary
allergens, altogether 45.9%. A total of 22.4% of children
were positive for both groups of allergens, while 24.0%
showed positivity for at least 2 allergens simultaneously.
The prevalence of positive SPT was somewhat higher for
aeroallergens, 31.4%, compared to dietary allergens,
23.3%, altogether 36.3%. The prevalence of symptoms re-
ferring to allergy was 26.5% for atopic dermatitis, 25.4%
for wheezing, and 19.1% for symptoms associated with
food allergies. Almost 50% of the children had experi-
enced at least one of the 3 main symptom categories and
around 5% had experienced all 3 of them. Background
characteristics of both cohorts can be seen in online
suppl. Table 1 (for all online suppl. material, see www.
karger.com/doi/10.1159/000512109).

Children in the YCC had more often positive IgE an-
tibodies to aeroallergens and to both dietary and aeroal-
lergens as well as positive SPT during the follow-up, but
slightly less symptoms (Table 1). At the age of 3 years,
children in the BC tended to be more often sensitized to
specific allergens when compared to children in the YCC,
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Table 2. Comparisons between the BC
and the YCC at the age of 3 years in

prevalence for sIgE positivity and tIgE
values

BC YCC p value

sIgE, n 294 1,554

Sensitized to any allergen, % 41.2 35.1 0.057

Sensitized to aeroallergen, % 20.4 15.5 0.045

Sensitized to dietary allergen, % 34.7 28.7 0.046

Sensitized to both, % 13.9 9.1 0.014
tIgE, n 297 1,556

tIgE value, kU/L (median; IQR) 25.6; 11.1-75.1 24.6;10.2-63.2 0.275

Significant p values are bolded. IQR, interquartile range; sIgE, allergen-specific IgE;
tIgE, total IgE; BC, birth cohort; YCC, young children’s cohort.

while tIgE levels were not different between these 2 co-
horts (Table 2). The prevalence of sIgE and SPT sensitiza-
tion for each allergen is shown in online suppl. Table 2.
In the YCC, sIgE sensitization increased from 35.1% at
the age of 3 years to 39.3% at the age of 5 years (p = 0.001).
This increase in prevalence was seen for aeroallergens
(15.6 vs. 24.2%, p < 0.001) but not for dietary allergens
(28.6 vs. 29.1%, ns). In SPT, no change in prevalence was
observed between the age of 4 and 5 years (any allergen
42.6 vs. 41.4%, ns). Seventy-nine percent of those show-
ing positive sIgE results at 3 years of age showed them also
at 5 years. In SPTs, 85% of those positive at the age of 4
years were also positive at 5 years, but since the cohort at
the age of 4 years was highly selected, this result is not di-
rectly comparable with the persistence of positive sIgEs.

Clinical Symptoms and Sensitization

A total 0f 29.2% of the children had experienced atop-
ic dermatitis, wheezing, or symptoms associated with
food allergies and were sensitized (sIgE or SPT), while
32.7% had neither clinical nor sensitization markers indi-
cating allergies. The proportion of children having symp-
toms and negative sIgE/SPT results was 18.4%, while the
proportion of children without symptoms but positive
sIgE/SPT result was 19.7%. There were more symptom-
free and sIgE/SPT-negative subjects in the YCC, com-
pared to those in the BC (Table 1). The proportion of
children with or without symptoms and with or without
sensitization was approximately a fourth for each combi-
nation in the BC, but 2 years later in the YCC, the propor-
tion of concordant combinations (symptoms and sensiti-
zation or neither) was clearly higher than the proportion
of discordant combinations.

The specificity (range 50-95%) for sIgE and SPT to
detect symptoms referring to allergy (atopic dermatitis,
wheezing, and symptoms associated with food allergies)
was in general higher than the sensitivity (range 13-87%),
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indicating that negative sIgE/SPT results exclude allergy-
related symptoms better than positive sIgE/SPT results
which confirm such symptoms (Tables 3, 4). Compared
to sIgE results, SPT tended to have higher sensitivity and
specificity, especially at 3 years of age. Sensitivity was also
higher at the age of 5 years than at the age of 3 years. Sen-
sitivity and specificity of sIgE and SPT in the assessment
of wheezing were only significant at the age of 5 years.

Children who experienced atopic dermatitis, wheez-
ing, symptoms associated with food allergies, any of these
3 allergy signs, or all 3 of these allergy signs showed in
general higher tIgE and sIgE and larger SPT wheal size at
the age of 3 years (BC) and 5 years (YCC), compared to
those without the symptom in question (online suppl. Ta-
ble 3). These results were more significant at 5 years
(YCC) than at 3 years (BC). In the BC, wheezing was not
significantly associated with sIgE or SPT results at the age
of 3 years.

In order to demonstrate how sensitization markers
predict allergy-related symptoms in early life, logistic re-
gression models adjusted for gender, route of delivery,
and parental allergy symptoms were analyzed (Table 5).
Sensitization tests predicted allergy symptoms better at
the older age in the YCC than at the younger age in the
BC. Among the allergy-related symptoms, sensitization
tests were weakest at predicting wheezing, especially at a
young age. Interestingly, sensitization to dietary allergens
by SPTs seemed to predict symptoms associated with
food allergies clearly better than with sIgE especially at 5
years of age (OR: 7.1, 95% CI: 3.7-13.5 vs. 1.9, 1.4-2.6).

Concordance of sIgE and SPT Results

The best concordance of sIgE and SPT results was ob-
served for aeroallergens, as 87% of the results were com-
patible (shown in Fig. 1). For dietary allergens, 68% of the
results were compatible and for any allergens 74%. The
agreement between these 2 tests varied from fair to almost
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Table 3. Sensitivity and specificity of serum sIgE and SPT sensitizations and positivity for both of them in the

evaluation of allergy symptoms at 3 years of age in the BC

Data available,
n

Sensitivity,
% (95% CI)

Specificity,
% (95% CI)

Atopic dermatitis

sIgE** 304 63.1 (51.9-73.4) 54.5 (47.7-61.3)
sIgE aero*** 304 36.9 (26.6-48.1) 84.1 (78.6-88.7)
sIgE dietary* 304 56.0 (44.7-66.8) 57.7 (50.9-64.3)
SPTH** 273 38.7 (27.6-50.6) 83.8 (78.0-88.7)
SPT aero*** 273 28.0 (18.2-39.6) 90.4 (85.4-94.1)
SPT dietary** 273 28.0 (18.2-39.6) 88.4 (83.1-92.5)
Both*** 273 37.3(26.4-49.3) 85.9 (80.2-90.4)
Both aero*** 273 26.7 (17.1-38.1) 92.4 (87.8-95.7)
Both dietary** 273 26.7 (17.1-38.1) 88.9 (83.6-92.9)
Wheezing
sIgE 304 51.6 (40.9-62.3) 50.2 (43.3-57.1)
sIgE aero 304 23.1(14.9-33.1) 78.9 (72.8-84.2)
sIgE dietary 304 47.3 (36.7-58.0) 54.5 (47.5-61.3)
SPT 273 25.6 (16.8-36.1) 79.1 (72.6-84.7)
SPT aero 273 16.3 (9.2-25.8) 86.1 (80.3-90.7)
SPT dietary 273 19.8 (12.0-29.8) 85.6 (79.7-90.3)
Both 273 23.3 (14.8-33.6) 80.7 (74.4-86.1)
Both aero 273 12.8 (6.6-21.7) 87.2 (81.5-91.6)
Both dietary 273 18.6 (11.0-28.4) 86.1 (80.3-90.7)
Symptoms associated with food allergies
sIgE** 304 65.7 (53.1-76.8) 54.0 (47.4-60.5)
sIgE aero*** 304 43.3 (31.2-56.0) 84.4 (79.1-88.8)
sIgE dietary** 304 61.2 (48.5-72.9) 58.2 (51.7-64.6)
SPTH#** 273 46.7 (33.7-60.0) 84.5(78.9-89.1)
SPT aero*** 273 33.3(21.7-46.7) 90.6 (85.9-94.2)
SPT dietary*** 273 43.3 (30.6-56.8) 91.5 (87.0-94.9)
Both*** 273 46.7 (33.7-60.0) 86.9 (81.6-91.1)
Both aero*** 273 33.3 (21.7-46.7) 93.0 (88.7-96.0)
Both dietary*** 273 43.3 (30.6-56.8) 92.5 (88.1-95.6)
Any of these 3 allergy signs
sIgE* 304 56.5 (48.5-64.3) 56.6 (48.1-64.9)
sIgE aero*** 304 29.8 (22.9-37.5) 87.4 (80.8-92.4)
sIgE dietary 304 50.9 (42.9-58.9) 59.4 (50.9-67.6)
SPpTH** 273 30.7 (23.4-38.7) 87.8 (80.7-93.0)
SPT aero** 273 21.3(15.1-28.8) 93.5 (87.6-97.2)
SPT dietary*** 273 23.3 (16.8-30.9) 92.7 (86.6-96.6)
Both*** 273 29.3 (22.2-37.3) 90.2 (83.6-94.9)
Both aero*** 273 19.3 (13.3-26.6) 95.1 (89.7-98.2)
Both dietary*** 273 22.7 (16.2-30.2) 93.5 (87.6-97.2)
All of these 3 allergy signs
sIgE 304 61.1 (35.7-82.7) 50.3 (44.4-56.3)
sIgE aero* 304 44.4 (21.5-69.2) 79.7 (74.6-84.2)
sIgE dietary 304 55.6 (30.8-78.5) 54.5 (48.6-60.4)
SPT** 273 53.3(26.6-78.7) 79.5 (74.0-84.2)
SPT aero** 273 46.7 (21.3-73.4) 87.2 (82.5-91.0)
SPT dietary** 273 46.7 (21.3-73.4) 85.7 (80.8-89.7)
Both** 273 53.3 (26.6-78.7) 81.4 (76.1-86.0)
Both aero*** 273 46.7 (21.3-73.4) 89.1 (84.7-92.7)
Both dietary** 273 46.7 (21.3-73.4) 86.4 (81.6-90.4)

The highest percentages for sensitivity and specificity for each allergy symptom category are bolded. sIgE,
allergen-specific IgE; SPT, skin prick test; BC, birth cohort. * p < 0.05. ** p < 0.01. *** p < 0.001 with °.
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Table 4. Sensitivity and specificity of serum sIgE and SPT sensitizations and positivity for both of them in the
evaluation of allergy symptoms at 5 years of age in the YCC

Data available,
n

Sensitivity,
% (95% CI)

Specificity,
% (95% CI)

Atopic dermatitis
SIgE***
sIgE aero
sIgE dietary
SPT aero***
SPT dietary***
Both***
Both aero
Both dietary***

Wheezing
sIgE aero
sIgE dietary’
SPT aero***
SPT dietary***
Both***
Both aero
Both dietary***

kokk
kokok

kkk

ksksk

Kk k

Kk k

Symptoms associated with food allergies

SIgE***
sIgE aero
sIgE dietary’
SPT aero***
SPT dietary***
Both***
Both aero
Both dietary***

kekok
ok k

kokk

Any of these 3 allergy signs

SIgE***
sIgE aero
sIgE dietary
SPT aero***
SPT dietary***
Both™***

Both aero***
Both dietary***

kkk
kokok

All of these 3 allergy signs

SIgE***
sIgE aero
sIgE dietary
SPT aero***
SPT dietary***
Both***
Both aero
Both dietary***

kokk
kokok

kkk

1,366
1,366
1,366
429
429
429
429
429
429

1,366
1,366
1,366
429
429
429
429
429
429

1,366
1,366
1,366
429
429
429
429
429
429

1,366
1,366
1,366
429
429
429
429
429
429

1,366
1,366
1,366
429
429
429
429
429
429

66.2 (61.0-71.1)
50.0 (44.7-55.3)
58.9 (53.6-64.1)
64.9 (56.8-72.4)
61.7 (53.5-69.4)
48.7 (40.6-56.9)
64.3 (56.2-71.8)
60.4 (52.2-68.2)
47.4 (39.3-55.6)

61.7 (56.2-66.9)
47.3 (41.8-52.8)
55.1 (49.6-60.5)
65.9 (56.9-74.1)
62.7 (53.6-71.1)
46.0 (37.1-55.1)
65.1 (56.1-73.3)
58.7 (49.6-67.4)
45.2 (36.4-54.3)

71.4 (65.4-76.9)
57.9 (51.6-64.1)
62.7 (56.4-68.7)
77.5 (68.6-84.9)
71.2 (61.8-79.4)
64.9 (55.2-73.7)
76.6 (67.6-84.1)
69.4 (59.9-77.8)
62.2 (52.5-71.2)

61.8 (57.9-65.6)
46.2 (42.3-50.2)
54.7 (50.8-58.7)
62.1 (55.7-68.3)
58.0 (51.5-64.3)
42.8 (36.5-49.3)
61.3 (54.9-67.5)
55.6 (49.1-61.9)
41.2 (34.9-47.6)

77.1 (65.6-86.3)
70.0 (57.9-80.4)
70.0 (57.9-80.4)
87.2 (72.6-95.7)
84.6 (69.5-94.1)
84.6 (69.5-94.1)
87.2 (72.6-95.7)
82.1 (66.5-92.5)
84.6 (69.5-94.1)

58.9 (55.8-62.0)
73.8 (71.0-76.5)
65.4 (62.3-68.3)
66.5 (60.6-72.1)
69.8 (64.0-75.2)
84.0 (79.1-88.1)
68.7 (62.9-74.2)
73.5 (67.8-78.6)
85.5 (80.7-89.4)

56.9 (53.8-59.9)
72.4 (69.5-75.1)
63.6 (60.5-66.5)
64.0 (58.3-69.4)
67.3 (61.7-72.6)
79.9 (74.9-84.2)
66.0 (60.4-71.3)
69.6 (64.1-74.8)
81.5 (76.7-85.7)

57.7 (54.8-60.6)
73.3 (70.6-75.9)
63.9 (91.0-66.7)
66.7 (61.2-71.8)
68.9 (63.5-73.9)
85.2 (80.8-88.9)
68.6 (63.1-73.6)
72.0 (66.7-76.9)
86.2 (81.9-89.8)

64.6 (61.0-68.1)
79.5 (76.4-82.4)
70.9 (67.5-74.2)
78.0 (71.3-83.7)
80.1 (73.6-85.6)
91.9 (87.0-95.4)
80.6 (74.2-86.1)
83.3 (77.2-88.4)
93.0 (88.3-96.2)

53.9 (51.2-56.7)
69.6 (67.0-72.1)
60.6 (57.9-63.2)
59.5 (54.4-64.4)
62.8 (57.8-67.6)
77.9 (73.5-82.0)
61.3 (56.2-66.1)
65.6 (60.7-70.3)
79.5 (75.1-83.4)

The highest percentages for sensitivity and specificity for each allergy symptom category are bolded. sIgE,

allergen-specific IgE; SPT, skin prick test; YCC, young children’s cohort. *** p < 0.001 with x>
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Table 5. Logistic regression model predicting the likelihood of allergy-related symptoms by the age of 3 years in the BC and by the age

of 5 years in the YCC

Atopic dermatitis Wheezing Symptoms associated Any of these 3 All of these 3

with food allergies allergy signs allergy signs

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
BC
6 months
sIgE aero 4.3 0.7-26.8 2.1 0.4-11.0 1.9 0.3-12.5 na na 2.3 0.2-25.3
sIgE dietary 35 1.7-7.0 1.3 0.6-2.6 8.5 4.0-18.3 5.5 2.3-13.1* 32 1.1-9.6
18 months
sIgE aero 2.6 0.9-7.1 0.6 0.2-1.9 1.7 0.6-4.9 0.9 0.3-2.6 4.9 1.2-20.0
sIgE dietary 2.2 1.2-39 1.8 1.0-3.1 4.1 2.2-7.7 3.2 1.8-5.6 2.0 0.7-6.0
36 months
sIgE aero 3.0 1.5-5.8 1.0 0.5-2.0 3.3 1.7-6.5 2.7 1.4-5.3 3.2 1.0-9.9
sIgE dietary 1.1 0.6-1.9 1.0 0.6-1.8 1.5 0.8-2.8 0.9 0.5-1.6 1.3 0.4-3.9
SPT aero 2.9 1.3-6.5 1.0 0.4-2.2 2.0 0.8-4.8 2.5 1.0-6.1 39 1.0-15.4
SPT dietary 2.0 0.9-4.4 1.5 0.6-3.1 6.2 2.8-14.1 2.7 1.2-6.4 3.0 0.8-11.7
YCC
3 years
sIgE aero 1.6 1.2-2.3 1.7 1.2-2.3 1.7 1.2-24 2.1 1.5-2.9 2.0 1.1-3.5
sIgE dietary 2.2 1.7-2.9 1.7 1.3-2.3 2.6 1.9-3.5 2.3 1.8-3.0 2.7 1.6-4.5
5 years
sIgE aero 2.6 1.9-3.5 1.9 1.4-2.6 34 2.5-4.7 29 2.2-3.9 3.9 2.2-6.9
sIgE dietary 1.7 1.3-2.3 1.5 1.1-2.0 1.9 1.4-2.6 2.0 1.5-2.5 2.7 1.6-4.8
SPT aero 2.2 1.3-3.8 1.8 1.0-3.2 2.1 1.1-4.0 2.8 1.6-4.8 2.0 0.6-6.8
SPT dietary 3.7 2.0-6.7 3.0 1.6-5.5 7.1 3.7-13.5 8.8 3.5-22.3 16.1 4.9-52.7

All models are adjusted for gender, delivery route, and parental allergy symptoms. Each multivariate logistic regression model is specific for testing age
and test (sIgE/SPT). Significant odds ratios are bolded. BC, birth cohort; CI, confidence interval; OR, odds ratio; sIgE, allergen-specific IgE; SPT, skin prick
test; YCC, young children’s cohort. * Univariate logistic regression model due to unreliable results for sIgE aero.

Fig. 1. Proportion of children (n = 720) having concordant and
discordant sIgE and SPT results during the follow-up from birth
to 3 years or from 3 to 5 years of age. Allergens are divided as sen-
sitization to any allergen, to aeroallergens (birch, timothy, cat, dog,
and dust mite), and to dietary allergens (egg white, milk, peanut,

and wheat flour; wheat flour was only tested with SPT). The cutoff

for positivity was 0.35 KU/L for sIgE and 3 mm wheal size for SPT.

sIgE, allergen-specific IgE; SPT, skin prick test.
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perfect agreement (k = 0.37-0.87), showing higher sIgE/
SPT agreement for aeroallergens (k = 0.69-0.87) than for
dietary allergens (x = 0.37-0.43; online suppl. Table 4).
Overall, agreement between sIgE and SPT results was
stronger at 5 than at 3 years of age.

When assessing the diagnostic tests based on continu-
ous variables, values for sIgE and the SPT wheal size cor-
related positively for all allergens (online suppl. Table 5).
The strongest correlations (rho >0.60) were seen for
birch, timothy, cat, and peanut at the age of 5 years in the
YCC. In the BC, tests for egg white showed the strongest
correlation (rho = 0.51). Children with positive SPT at 3
(BC) or 5 years (YCC) had higher tIgE and sIgE values at
the age in question, compared to children with negative
SPTs (p < 0.001 for all allergens).

Discussion

The overall prevalence of sIgE sensitization was high,
with close to half of all children being sensitized during
the follow-up, that is, from birth up to 3 years of age and
from 3 to 5 years of age, agreeing with the prevalence rates
reported in earlier studies in Finland [12, 24]. The preva-
lence of positive SPT's was slightly lower than the preva-
lence of sIgE sensitization, also agreeing with previous
results from Finland [12, 25, 26]. The prevalence for al-
lergy symptom, wheezing, and atopic dermatitis in par-
ticular was slightly higher in previous studies from Fin-
land than in our study, most probably because these stud-
ies were carried out among school children [12, 26].

Our sensitization rates agree well with the principles
of the so-called allergic march, with dietary allergen sen-
sitization rates being higher at a young age while aeroal-
lergen sensitization starts to increase after 3 years of age.
Sensitization rates for sIgE increased from 3 to 5 years of
age, while SPT positivity rates did not increase between 4
and 5 years. This is quite contrary to what was seen in
Denmark, where sIgE positivity remained stable and SPT
increased from 3 to 5 years [27]. In early childhood, the
spectrum of allergy-related symptoms seems to be broad-
er, more unspecific, and more difficult to interpret than
at 5 years of age. For example, SPTs and sIgE for dietary
allergens at 5 years of age seem to predict symptoms as-
sociated with food allergies and also other allergy-related
symptoms better than at the age of 3. Wheezing in early
life, when the respiratory tract is not yet fully developed,
is often a sign of a virus infection, but can also be an IgE-
mediated reaction to an allergen. However, wheezing in
early life seems to be quite unspecific in relation to aller-
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gies since it does not relate well to sensitization tests at all,
especially before the age of 3 years. This shows how the
allergic march and the development of true allergy are
still dynamic at 3 years of age, but 2 years later, allergy
symptoms and sensitization tests together give a more ac-
curate profile of allergies. This could reflect on develop-
mental processes in early childhood, for example, early
production of antibodies in the intestinal mucosa that
disappear due to the progression of tolerance and matu-
ration. The persistence of sensitization, both in terms of
sIgE and SPT, between 3 and 5 years of age was quite high.

The agreement between sIgE and SPT was good for aero-
allergens but fair for dietary allergens, also seen previously
in Finland [12]. Earlier studies in children from other coun-
tries have shown quite inconsistent results, with some re-
cent studies indicating good concordance for dietary aller-
gens [11], discordance for aeroallergens [14] and dietary
allergens [15], and moderate agreement for aeroallergens
together with variable agreement for dietary allergens [17].
Among the disconcordant results in our study, sIgEs were
more frequently positive and SPT's negative than the other
way around. The sensitivity and specificity for sIgE, SPT, or
both of them varied greatly in identifying allergy-related
symptoms. The specificities of the tests were in general
higher than the sensitivities. Sensitivity at 3 years was usu-
ally low, but it increased up to 5 years of age. Surprisingly,
by testing both sIgE and SPT compared to only one of them,
the sensitivity and specificity for allergic symptoms did not
increase remarkably. For symptoms associated with food
allergies, SPT sensitization seemed to be more reliable than
sIgE to predict symptoms both at 3 and 5 years of age ac-
cording to the logistic regression models. Among all chil-
dren with sIgE respective SPT dietary allergen sensitization,
28.4 and 60.1% had reported symptoms associated with
food allergies, similar to a previous report [28]. At 5 years
of age, children with positive SPTs for dietary allergens had
a higher risk to have symptoms associated with food aller-
gies than children with positive sIgE for dietary allergens. A
negative allergy test result is in general more reliable than a
positive result.

There seems to be an agreement that sIgE and SPT
should be used complementary, not interchangeably, and
they should preferably be quantified, not dichotomized
[29, 30]. For almost all 3 allergy symptom categories we
evaluated, values for tIgE, sIgE, and SPT diameters were
higher in children with such a symptom. However, tIgE
in children under 5 years should be interpreted with cau-
tion and preferable in relation to sIgE and age [17, 31].
Especially in older toddlers, aeroallergen sensitization
tested by sIgE or SPT is accurate in the evaluation of
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symptomatic allergies; neither test proved to be clearly
superior to the other. However, when in suspicion of food
allergies, sensitization tests are usually insufficient and
should therefore be used together with controlled oral
food challenges.

The aim of this study was not to evaluate the role of HLA
genetics in the development of allergic diseases, but the co-
hortinclusion criteria are partly based on genetics. Since the
younger children in the BC all carried an HLA-conferred
risk for autoimmunity, and the older children in the YCC
represented the general population, the results regarding
the BC from birth up to the age of 3 years cannot be direct-
ly generalized to the general population. However, these
HLA risk genotypes are common in the Finnish population,
and only a fraction of people carrying them will eventually
develop an autoimmune disease. In our earlier study [32],
we showed that children with HLA-conferred susceptibility
to autoimmunity are somewhat more frequently sensitized
compared to the general population at the age of 3. Accord-
ing to this and in contrast to the Th1/Th2 paradigm, our
observations indicate that children carrying HLA-con-
ferred susceptibility to autoimmune disease have not a pri-
ori reduced frequency of atopic and allergic manifestations.
One may speculate that the age-dependent differences we
found in this study could be even more prominent within
cohorts and during a longer follow-up. Unfortunately, the
study design did not allow us to follow both cohorts simul-
taneously from birth up to 5 years of age.

Our study has also other limitations. In order to be able
to evaluate sensitization patterns regarding sIgE as well as
SPT more accurately in both cohorts and to compare
those properly, it would have been useful to have each test
performed more regularly and especially at 3 years of age
in both cohorts. The study setting of the general popula-
tion versus a selected cohort was interesting, but a proper
case-control study with a similar follow-up timeline
would have provided benefits. Controlled oral food chal-
lenges were not available for proper diagnostics of food
allergies, but parental reports of symptoms associated
with food allergies were utilized. Parental reports of aller-
gy-related symptoms might allow subjectivity in the ques-
tionnaires. In order to identify those children at risk for
allergies at an early age, future studies need to evaluate
whether higher values of sensitization tests predict clini-
cal allergy outcomes more reliable.

To conclude, the spectrum of allergy-related symp-
toms in young children is broad, and symptoms do not
relate to allergy tests particularly well, indicating that the
development of true allergies is still dynamic and under
development in early childhood. The clinical relevance of

Clinical Allergy and Sensitization

sensitization testing in early life is therefore limited. The
agreement of sIgE and SPT was good for aeroallergens but
fair for dietary allergens, and neither test alone proved to
be clearly superior to the other to predict symptoms rel-
evant to allergy.
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Supplementary Material

TABLE S1 Characteristics of children in the birth cohort and young children’s cohort. Values

are medians and interquartile ranges, if not otherwise indicated.

Birth cohort

Young children’s

cohort
n=386 n=1575
Proportion of males (%) 50.5 52.0
Mother’s age at delivery, years 30.9 (28.5-34.2) 31.8(29.0-35.0)
Number of siblings at child’s birth 0(0-1) 1(0-1)
Gestational age, weeks 40.3 (39.3—-41.0) 40.0 (39.0-40.9)
Caesarean section (%) 9.6 20.8
Duration of breastfeeding, months 9.8 (4.7-12.2) 9.0 (6.0-12.0)
Birth weight, g 3578 (3258-3861) 3535 (3200-3890)
Birth length, cm 51 (49-52) 51 (49-52)
HLA risk group (%)
DR3-DQ2 / DR4-DQ8 9.1 2.1
DR4-DQ8 / X2 or DR3-DQ2 / YP 90.9 21.1
Non-risk genotypes - 76.9

@X=DR4-DQ8 or a neutral haplotype
b Y=DR3-DQ2 or a neutral haplotype

TABLE S2 Prevalence (%) of slge and SPT sensitisation for each
allergen at 3 and 5 years. Prevalence of sIgE sensitisation for each
allergen was compared between BC and YCC at the age of 3 year with
Chi-square test (significant differences are bolded).

BC YCC
sIgk SPT sIgkE SPT
3 years
Birch 15.0 7.3 11.3 NA
Timothy 5.3 5.1 3.1 NA
Cat 5.4 4.8 4.1 NA
Dog 7.3 5.9 4.4 NA
Dust mite 2.7 0.4 1.5 NA
Egg white 17.4 12.1 15.9 NA
Milk 32.0° 3.7 219° NA
Peanut 5.9 7.0 4.6 NA
Wheat flour NA 2.6 NA NA
5 vyears

Birch NA NA 18.1 29.6
Timothy NA NA 8.9 17.8
Cat NA NA 8.0 15.8
Dog NA NA 8.5 14.0
Dust mite NA NA 3.2 3.5
Egg white NA NA 14.3 10.0
Milk NA NA 20.8 3.0
Peanut NA NA 8.5 17.8
Wheat flour NA NA NA 6.3

2@ p<0.001 with Chi-square test

BC, birth cohort; sIgE, allergen-specific IgE; SPT, skin prick test; YCC,

young children’s cohort



TABLE S3 Relationship of IgE values and SPT diameters in children with clinical allergy symptoms. Results are
marked with P values calculated with the Mann-Whitney U Test. All significant values (bolded) indicate that
children with that allergy symptom show higher values of that particular allergy test, compared to children
without that symptom.

. Symptoms
food allergies
At 3 years (BC)
tigk 0.006 0.089 0.002 0.001 0.036
sIgE cat <0.001 0.322 <0.001 0.001 0.051
slgkE dog 0.006 0.045 <0.001 <0.001 0.019
sIgE egg 0.009 0.158 <0.001 0.001 0.158
slgE milk 0.653 0.447 0.266 0.470 0.493
sIgE peanut 0.002 0.427 0.002 0.109 0.027
sIgE birch 0.001 0.401 <0.001 0.001 0.002
sIgE timothy 0.002 0.654 0.004 0.046 0.034
slgE dust mite 0.100 0.122 0.002 0.045 0.010
SPT cat 0.027 0.936 0.136 0.104 0.119
SPT dog 0.001 0.616 <0.001 0.001 0.016
SPT egg <0.001 0.079 <0.001 <0.001 <0.001
SPT milk 0.002 0.570 <0.001 0.023 0.039
SPT peanut 0.043 0.309 0.001 0.082 <0.001
SPT birch <0.001 0.403 <0.001 <0.001 <0.001
SPT timothy 0.046 0.737 <0.001 0.064 <0.001
SPT dust mite 0.538 0.498 0.596 0.269 0.809
SPT wheat flour 0.009 0.021 <0.001 0.016 <0.001
At 5 years (YCC)
tigk <0.001 <0.001 <0.001 <0.001 <0.001
sIgE cat <0.001 <0.001 <0.001 <0.001 <0.001
sIgE dog <0.001 <0.001 <0.001 <0.001 <0.001
sIgE egg <0.001 <0.001 <0.001 <0.001 <0.001
slgE milk <0.001 <0.001 <0.001 <0.001 <0.001
sIgE peanut <0.001 <0.001 <0.001 <0.001 <0.001
slgE birch <0.001 <0.001 <0.001 <0.001 <0.001
slgE timothy <0.001 <0.001 <0.001 <0.001 <0.001
slgE dust mite <0.001 <0.001 <0.001 <0.001 <0.001
SPT cat <0.001 0.003 <0.001 <0.001 <0.001
SPT dog <0.001 <0.001 <0.001 <0.001 <0.001
SPT egg <0.001 <0.001 <0.001 <0.001 <0.001
SPT milk 0.022 0.004 <0.001 0.015 <0.001
SPT peanut <0.001 <0.001 <0.001 <0.001 <0.001
SPT birch <0.001 <0.001 <0.001 <0.001 <0.001
SPT timothy <0.001 0.006 <0.001 <0.001 <0.001
SPT dust mite 0.023 0.020 0.425 0.283 0.008
SPT wheat flour <0.001 <0.001 <0.001 <0.001 <0.001

BC, birth cohort; slIgE, allergen-specific IgE; SPT, skin prick test; tIgk, total IgE; YCC, young children’s cohort



TABLE S4 Strength of agreement between allergen-specific IgE and skin prick
test sensitisations. Significant P values are bolded.

Sensitisation to allergens n Kk ?(95% Cl) P
During the follow-up (age 0-3 or
720
3-5 years)
Any allergen 0.51 (0.46-0.54) <0.001
Aeroallergen 0.73 (0.67-0.76) <0.001
Dietary allergen 0.38 (0.34-0.40) <0.001
At 3 years of age (BC) 264
Any allergen 0.40 (0.29-0.48) <0.001
Aeroallergen 0.69 (0.56-0.76) <0.001
Dietary allergen 0.37 (0.25-0.45) <0.001
At 5 years of age (YCC) 396
Any allergen 0.65 (0.58—0.69) <0.001
Aeroallergen 0.87 (0.80-0.92) <0.001
Dietary allergen 0.43 (0.35-0.48) <0.001

@ ¥=0.21-0.40 indicates fair agreement, k=0.41-0.60 moderate agreement,
k=0.61-0.80 substantial agreement, k=0.81—-1.00 almost perfect agreement
BC, birth cohort; Cl, confidence interval; K, Cohen’s kappa coefficient; YCC,
young children’s cohort

TABLE S5 Correlations between SPT diameter and sIgE values for each allergen at 3
years in the BC and at 5 years in the YCC. Significant P values are bolded.

3 years (BC) 5 years (YCC)
Spearman’s rho P Spearman’s rho P
Birch 0.477 <0.001 0.763 <0.001
Timothy 0.376 <0.001 0.621 <0.001
Cat 0.403 <0.001 0.660 <0.001
Dog 0.387 <0.001 0.551 <0.001
Dust mite 0.108 <0.001 0.195 <0.001
Egg white 0.509 <0.001 0.442 <0.001
Milk 0.204 <0.001 0.180 <0.001
Peanut 0.341 <0.001 0.616 <0.001

BC, birth cohort; sIgE, allergen-specific IgE; SPT, skin prick test; YCC, young children’s
cohort
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