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Abstract
Introduction: Allergic sensitization in early life has been 
identified as a strong risk factor for subsequent asthma in 
childhood. It is still unclear why only a part of sensitized chil-
dren develop asthma, and the role of specific allergen mol-
ecules in asthma pathogenesis is ambiguous [Pharmacol 
Ther. 2009 Feb;121(2):174–84]. We assessed the sensitiza-
tion to multiple allergen molecules longitudinally and ex-
plored its relation to persistent asthma at 7 years. Methods: 
Seventy-two children included during an acute wheezing 
episode (cases) were followed prospectively from early pre-
school age (EPA) to age 7, and compared to 43 healthy con-
trols at EPA. Allergen molecules were analyzed at EPA and 
age 7 using ImmunoCAP Solid-phase Allergen Chip (ISAC). 
Asthma diagnosis at 7 years was based on symptoms, med-

ication, and spirometry. Results: At EPA, cases compared to 
controls showed a tendency toward having a higher preva-
lence of allergic sensitization (23.6% vs. 9.3%, p = 0.055). The 
prevalence of sensitization increased in cases from EPA to 7 
years (23.6% vs. 38.9%; p = 0.048) as well as the median 
number (range) of immunoglobulin E (IgE)-reactive mole-
cules 3 (3–14) versus 6.5 (1–21); p = 0.024. Sensitization to 
each additional molecule from EPA to the age of 7 was sig-
nificantly related to asthma at 7 (OR = 1.25, 95% confidence 
interval [1.01, 1.54]). Conclusion: Polysensitization, as-
sessed by allergen molecules, had a significant impact on 
persistent asthma at school age. The extent of sensitization, 
illustrated by molecular spreading from preschool to school 
age, was related to asthma diagnosis at 7 years in children 
with a history of wheezing at early life.
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Introduction

Asthma is a highly heterogeneous disease, character-
ized by variable airflow obstruction, bronchial hyperre-
sponsiveness, airway inflammation and in some cases air-
way remodeling [1]. The etiological mechanisms involved 
in the distinct phenotypical expressions of asthma consti-
tute an issue of ambiguity.

Asthma is the most common chronic disease of child-
hood and is often preceded by respiratory illness with 
wheeze in preschool age [2]. Two-thirds of preschool 
wheezers outgrow their symptoms by the age of 6 years 
and the remaining third develop asthma [3–5]. Although 
the role of environmental and host-specific agents in 
asthma pathogenesis has been studied extensively, the 
factors that determine the persistence of asthma in later 
childhood remain unclear [2, 6, 7]. A number of epide-
miological studies have shown a strong relationship be-
tween allergic sensitization and asthma [8–11]. Neverthe-
less, this relationship is inconsistent, and allergic sensiti-
zation seems to be neither necessary nor sufficient for the 
development of asthma [9, 12–15].

Allergic sensitization can be measured by skin prick 
tests or allergen-specific immunoglobulin E antibodies 
(IgE) in serum. IgE to either extract from whole allergen 
sources or to individual allergen molecules can be mea-
sured. The latter helps differentiate genuine sensitization 
against a certain allergen source from cross-reactivity due 
to homology between proteins from different allergen 
sources [16–18]. There are several techniques for molecu-
lar allergy diagnostics. ImmunoCAP Solid-phase Aller-
gen Chip (ISAC) is a comprehensive platform composed 
of 112 micro-arrayed allergens and utilizes only minute 
amounts of serum [17, 19].

Sensitization to airborne or food allergens in early life 
has been identified as strong risk factors for subsequent 
asthma diagnosis in a number of cohort studies [20–24]. 
However, it remains unclear why only a part of sensitized 

children develop asthma and which allergen molecules 
are involved in the asthma pathogenesis at an early stage. 
There can be numerous sensitizing profiles and distinct 
combinations of allergen molecules that differ in their as-
sociation with asthma [25–27]. Therefore, there is a need 
to further explore allergic sensitization on a molecular al-
lergen level and clarify its impact on the onset and persis-
tence of asthma.

The “Gene Expression in Wheezing and Asthmatic 
Children” (GEWAC) study started in 2008 and aimed to 
shed light on the complex etiology of preschool wheeze. 
Significant associations between subnormal levels of vita-
min D [28], elevated chitinase-like protein (YKL-40) lev-
els [29] as well as early infection with specific serotypes of 
RV [30] and acute wheeze have previously been shown in 
GEWAC cohort. In the current study, we assessed the 
sensitization profiles to a comprehensive panel of aller-
gen molecules from early preschool age (EPA) to school 
age and studied their relation to persistent asthma at 7 
years of age in the GEWAC cohort.

Materials and Methods

Study Design and Cohort
GEWAC is a longitudinal case-control study consisting of 156 

cases and 102 age-matched healthy controls, as previously de-
scribed [28, 29]. The cases (age 6–48 months) were enrolled at the 
pediatric emergency ward at Astrid Lindgren’s Children’s Hospi-
tal, Stockholm, Sweden, between 2008 and 2012 when presenting 
with acute wheeze. They came to a first revisit approximately 3 
months later, and have been followed prospectively until 7 years of 
age. The age-matched controls were recruited from the surgical 
day-care ward during the same time period before going through 
minor surgery. The controls were assessed at inclusion, and at the 
age of 7 years. Inclusion and exclusion criteria are found in Table 1.

The study population of the current study comprises 72 cases 
and 43 controls. Sera for analyses of allergen molecules were col-
lected both at the Early Preschool Age (EPA, sera available from 
either the time of inclusion [N = 7] or the first revisit [N = 65]) and 
at 7 years, when the children were also assessed regarding asthma 

Table 1. Inclusion and exclusion criteria, GEWAC study

Inclusion criteria Exclusion criteria

Cases 
(N = 156)

Age of 6–48 months
Acute symptoms of wheeze

Prematurity (birth before 36 gestational weeks)
Chronic disease
Simultaneous complications (e.g., sepsis, bacterial pneumonia)

Controls 
(N = 102)

Age of 6–48 months Prematurity (birth before 36 gestational weeks)
History of bronchial obstruction and asthma or known sensitization 
to airborne allergens



Allergen Molecules and Childhood 
Asthma

3Int Arch Allergy Immunol
DOI: 10.1159/000521324

diagnosis. Sera from the controls were available at the time of in-
clusion (N = 43/43) and at 7 years (N = 27/43) (Fig. 1).

Sample Collection
A standardized questionnaire regarding ethnicity, lifestyle, 

family history of asthma and allergies, breastfeeding, exposure to 
tobacco smoke, pets and previous infections, occurrence of atopic 
and asthmatic symptoms, use of asthma medication was filled out 
at the first revisit of cases and at inclusion of controls. Another 

standardized questionnaire regarding atopic symptoms as well as 
occurrence, frequency and duration of asthmatic symptoms and 
use of asthma medication during the preceding 12 months along 
with The Asthma Control Test (ACT) was filled out at the 7 years’ 
follow-up.

Blood samples were collected from the cases and controls at 
each visit and analyzed at the laboratories of Clinical Chemistry, 
and of Clinical Immunology, Karolinska University Hospital, 
Stockholm Sweden. Serum analysis for 112 allergen molecules us-

Early preschool age (EPA)
Mean age 23 months,
range; 9–46 months
n = 72#
Questionnaires, np*samples,
CBC**, ISAC analyses.

7 years’ follow-up visit
n = 72

Questionnaires, np
*samples, CBC**,

ISAC analyses,
spirometry with
reversibility test

Asthma at
age 7 years

n = 49  

No asthma at
age 7 years

n = 23 

7 years’ follow-up visit
n = 27

Questionnaires,
CBC**, ISAC

analyses, spirometry
with reversibility test

Inclusion

Mean age 27 months, range;
9–45 months
n = 43
Questionnaires, CBC**, ISAC
analyses

Asthma at
age 7 years

n = 1  

No asthma at
age 7 years

n = 26
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Fig. 1. Flowchart GEWAC population included in the current study; the number of the cases and controls in-
cluded in the different timepoints. #The group of cases with available sera at the first revisit and at 7 years (n = 
65) was merged with 7 cases that provided sera at the emergency visit and at 7 years. Accordingly, the first time-
point of the longitudinal assessment of the cases is referred as the EPA. *Nasopharyngeal samples, **Complete 
Blood Counts.
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ing ImmunoCAP ISAC (Thermo Fisher Scientific, Uppsala, Swe-
den) was performed at the Thermo Fisher Scientific laboratory. 
The allergen-specific IgE level is expressed semiquantitatively in 
ISU (ISAC Standardized Units). The cutoff IgE ≥0.3 ISU was con-
sidered positive.

Spirometry and airway reversibility were performed using the 
Medikro Pro spirometer at the 7 years’ follow-up. Reversibility was 
evaluated 15 min after inhalation with 400 μg salbutamol using a 
spacer. The patient’s technique and quality of the spirometry were 
evaluated according to international guidelines [31]. If the test cri-
teria were not fulfilled, the test result was not included in the anal-
yses. The legal guardians were advised not to give their children 
asthma medication (salbutamol, corticosteroids or leukotriene an-
tagonists) up to 24 h before the revisit at 7 years of age.

Exposures and Outcomes
Heredity; history of asthma, eczema, inhalant, or food allergy 

in any of the parents or siblings. Heredity for atopy denotes his-
tory of at least one type of allergy or eczema in any of the parents 
or siblings.

Breastfeeding; exclusive breastfeeding during at least 4 months 
in infancy.

Tobacco smoke in utero; if the mother has smoked during preg-
nancy regardless of trimester.

Allergy symptoms; airborne allergy symptoms including rhini-
tis (sneezing, runny or blocked nose) and/or conjunctivitis, food 
allergy, and eczema (having dry skin in combination with a pru-
ritic rash for at least 2 weeks) during the last 12 months as report-
ed in the questionnaire at the respective revisit.

Allergic sensitization was defined as having an allergen-specific 
IgE level ≥0.3 ISU against at least one allergen molecule.

Asthma Definition
The definition of asthma at 7 years of age was based on Global 

Initiative for Asthma (GINA) guidelines [32] and included one 
mandatory criterion (a diagnosis of asthma by the study doctor, a 
pediatric allergist [KSH]) and 3 additional criteria: lower respira-
tory symptoms, medication for treatment of wheeze the preceding 
12 months or airway reversibility >12% after the use of broncho-
dilator with salbutamol. Lower respiratory symptoms were de-
fined as cough, shortness of breath, and nocturnal awakening 
caused by wheezing for 5 days or longer the preceding 12 months. 
All children that fulfilled the compulsory and at least one of the 
optional criteria (symptoms, medication or reversibility) were 
classified as having asthma.

Statistical Analyses
SPSS version 26 (IBM) was used. The prevalence of studied 

variables, expressed in percent of the total number of the available 
observations and the median number of positive IgE responses 
with ranges, were calculated for controls and cases at different 
timepoints. The median values of allergen molecule-specific IgE 
were calculated in groups of individuals sensitized to the respective 
molecule. 112 allergen molecules were ranked by prevalence and 
median value in the cases at 2 different time points; at EPA, and at 
7 years. Combined ranking was then applied by ranking the sum 
of ranks for prevalence and median value for each allergen mole-
cule. The χ2 test was used to analyse for significant proportional 
differences in categorical characteristics between 2 groups, and 
Fisher’s exact test was used on small sample sizes. An unpaired t 

test was used for numerical variables and a nonparametric test, 
Mann-Whitney, was used when assumptions for the unpaired  
t test were not met. p value <0.05 was considered significant. Odds 
ratios were calculated by univariate logistic regression and 95% 
confidence intervals (95% CI). Probability curves for asthma at 7 
years of age based on the number of sensitizing allergen molecules 
(whichever of the 112 molecules) were derived from the results of 
a univariate logistic regression.

Results

Baseline Characteristics and Assessment of the Allergic 
Sensitization in Cases Compared to Controls at EPA
The study population consists of 72 cases who were as-

sessed at EPA and age 7 as well as 43 controls investigated 
at EPA. No significant differences in demography, stud-
ied exposures, and atopic symptoms were observed be-
tween the 72 cases included and the 84 cases excluded 
from the current study population (online suppl. Table 
S1; see www.karger.com/doi/10.1159/000521324 for all 
online suppl. material). The included controls (N = 43) 
were significantly older (27 vs. 17 months, p < 0.001) and 
had a lower prevalence of heredity for asthma (10% vs. 
27%, p = 0.037) than the excluded controls (N = 59) (on-
line suppl. Table S1). Cases (N = 72) and controls (N = 43) 
differed significantly with respect to heredity for asthma, 
exposure to tobacco smoke during pregnancy, exclusive 
breastfeeding at 4 months, and previous Respiratory Syn-
cytial Virus infections (Table  2). The controls had no 
knowledge of sensitization to airborne molecules which 
was a prerequisite for inclusion (Table 1).

At EPA, cases compared to controls showed a tenden-
cy toward having a higher prevalence of allergic sensitiza-
tion (23.6% vs. 9.3%, p = 0.055) and being sensitized to a 
higher median number of molecules (3 [1–14] vs. 1.5 [1–
2], p = 0.082, Table 2). Furthermore, sensitization to ≥2 
molecules was noticed in a higher proportion of cases 
compared to controls (18.1% vs. 4.6%, p = 0.039). In total, 
sensitization against 37 different molecules was observed 
among cases, whereas the corresponding number in the 
controls was 6.

Longitudinal Assessment of Allergic Sensitization 
Profiles in the Preschool Wheezers (Cases)
Demography and data on exposure and serum analy-

ses at EPA and 7 years in the 72 cases are demonstrated 
in Table  2. The prevalence of allergic sensitization in-
creased from 23.6% at EPA to 38.9% at 7 years (p = 0.048, 
Table 2, shown in Fig. 2a). The median number of mol-
ecules with IgE reactivity in each sensitized case increased 
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from 3 (1–14) at EPA to 6.5 (1–21) at age 7 (p = 0.024, 
Fig. 3a). The prevalence of sensitization to ≥2 molecules 
increased from 18.1% to 33% (p = 0.036) and the total 
number of allergen-specific IgE responses increased from 
37 at EPA to 65 at age 7. Fifty-four percent (N = 39) of the 
cases were sensitized to the same number of molecules at 
EPA and age 7, whereas 39% (N = 28) were sensitized to 
more molecules and 7% (5) to fewer molecules at 7 years.

When applying combined ranking, the highest ranked 
molecule was Mal d 1 (apple) at EPA, and Bet v 1 (birch) 
at 7 years (online suppl. Tables S2, S3). Ara h 2 (peanut) 
and Bet v 1 were among the 3 highest ranked molecules 
at both timepoints (online suppl. Tables S2, S3). The 
prevalence of IgE reactivity to the most prevalent air-

borne molecules increased significantly from EPA to 7 
years’ age (Bet v 1; 4.2% vs. 20.8%, p = 0.002, Fel d 1 [cat]; 
2.8% vs. 13.9%, p = 0.016, Phl p 1 [timothy grass]; 0% vs. 
19.4%, p < 0.001) whereas sensitization to peanut mole-
cules (Ara h 1, Ara h 2, Ara h 3 and Ara h 6), developed 
at EPA, did not change significantly over time (p = 1.000, 
p = 1.000, p = 0.719, p = 1.000 respectively, Fig. 2a).

Assessment of the Allergic Sensitization in the 
Preschool Wheezers at EPA in Relation to Asthma at  
7 Years (Cases)
The prevalence of asthma at the age of 7 years was 

68.1% among the cases. Although no significant differ-
ence in the prevalence of allergic sensitization at EPA 
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Fig. 2. Trajectory of allergic sensitization in 
cases from EPA to the age of 7. The preva-
lence of allergic sensitization, sensitization 
to airborne molecules*, food molecules ** 
and to each of the highest ranked molecules 
at EPA and at 7 years in all included cases 
(N = 72) (a), in cases without asthma diag-
nosis at 7 years (N = 23) (b), and in cases 
with asthma diagnosis at 7 years (N = 49) 
(c). *Sensitized to at least one of the air-
borne molecules; Phl p 1, Phl p 2, Phl p 4, 
Phl p 5, Phl p 6, Phl p 11, Phl p 12, Aln g 1, 
Bet v 1, Cor a 1.01, Cry j 1sens, Cup a 1, Ole 
e 7, Ole e 9, Pla a 1, Pla a 2, Pla a 3, Art v 1, 
Art v 3, Mer a 1, Can f 1, Can f 2, Can f 3, 
Can f 5, Equ c 1, Fel d 1, Fel d 2, Fel d 4sens, 
Mus m 1, Alt a 6, Asp f 3, Asp f 6, Der f 1, 
Der f 2, Der p 1, Der p 2, Der p 10, Bla g 2, 
and Bla g 7. **Sensitized to at least one of 
the food molecules; Gal d 1, Gal d 2, Gal d 
3, Gal d 5, Bos d 4, Bos d 5, Bos d 6, Bos d 
8, Bos d L, Pen m 1, Pen m 2, Ana o 2, Ber 
e 1, Cor a 1.04, Cor a 8, Cor a 9, Jug r 1, Jug 
r 3, Jug r 2, Jug r 3, Ses i 1, Ara h 1, Ara h 2, 
Ara h 3, Ara h 6, Ara h 8, Ara h 9, Gly m 4, 
Gly m 5, Gly m 6, Act d 1, Act d 2, Act d 8, 
Api g 1, Mal d 1, Pru p 1, and Pru p 3.
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was noticed between the groups of cases with and with-
out asthma at 7 years (Table 2), sensitization to each ad-
ditional molecule from EPA to the age of 7 was signifi-
cantly related to asthma at 7 years (OR 1.25, 95% CI 
[1.01, 1.54], p = 0.04; Fig. 4a). Interestingly, the median 
number of molecules with IgE reactivity increased sig-
nificantly from 3 (1–14) at EPA to 10.5 (1–21) at age 7, 
in each sensitized case with asthma at 7 years (p = 0.038, 
Table 2; Fig. 3b) whereas no significant change was no-
ticed in cases without asthma at 7 years (p = 0.257, Ta-
ble 2; Fig. 3b). Furthermore, a significantly greater in-
crease in the number of IgE reactivities to allergen mol-
ecules from EPA to 7 years was noticed in cases sensitized 
against Ara h 2 (p = 0.003), Ara h 6 (p = 0.003), Bet v 1 
(p = 0.042), or Fel d 1 (p = 0.033) at EPA compared to 
those not being sensitized against any of these mole-
cules, which were among the highest ranked molecules 
at both time points (online suppl. Table S2). In addition, 
all children sensitized to ≥1 of the peanut molecules Ara 
h 1, Ara h 2, Ara h 3, and Ara h 6 at EPA (N = 7, 9.7%) 
received an asthma diagnosis at the age of 7 (p = 0.089, 
Fig. 2b, c).

Assessment of the Allergic Sensitization in the 
Preschool Wheezers at 7 Years and Its Relation to 
Asthma Diagnosis at 7 Years (Cases)
The prevalence of allergic sensitization at 7 years did 

not differ significantly between the asthma and the non-
asthma group at 7 years (p = 0.127, Table 2). However, the 
prevalence of sensitization to Bet v 1 (20.8%) at 7 years 
was significantly higher among the cases with asthma 
than those without asthma (N = 14 [28.6%] vs. N = 1 
(4.3%), p = 0.027, online suppl. Table S3; Fig. 2b, c). More-
over, the number of sensitizing molecules in each case at 
7 years (6.5 [1–21]) was significantly associated to asthma 
at the same age (OR 1.20, 95% CI [1.02, 1.42], p = 0.043; 
Fig. 4b). Notably, the cases with sensitization to ≥6 mol-
ecules at 7 years (N = 15, 20.8%) were more likely to have 
asthma (p = 0.027, OR = 8.80, 95% CI [1.08, 71.70]) than 
those sensitized to <6 molecules.

Discussion

In the cross-sectional part of our study, the prevalence 
of sensitization to ≥2 molecules at EPA was significantly 
higher in children with preschool wheezing compared to 
the healthy controls. The longitudinal approach focused 
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on the assessment of the sensitization profiles in children 
with a history of wheezing at preschool age, their develop-
ment over time and subsequent risk for asthma at school 
age. Using the comprehensive ISAC platform, we noticed 
that the number of sensitizing allergen molecules in-
creased over time in cases. Furthermore, the range and 
the median number of molecules with IgE reactivity in-
creased from EPA to 7 years. Interestingly, sensitization 
to each additional molecule from EPA to the age of 7 was 
significantly related to asthma at 7 years. Finally, sensiti-
zation to Bet v 1 and the number of sensitizing molecules 
at 7 years were significantly associated to asthma diagno-
sis at the same age.

The prevalence rates for allergic sensitization in the 
cases and controls at EPA are in the same range as in the 
previous population-based cohort studies in preschool 
age [33–35]. However, the asthma prevalence at the age 
of 7 years in our cohort is strikingly higher than previ-
ously reported in other cohorts of preschool wheezers [3, 
36]. Nevertheless, the reported prevalence of asthma at 7 
years in our study (68.1%) is as high as the ditto reported 
in a Dutch cohort of children with severe wheezing at 
early life (67%) [37]. The original GEWAC cohort is char-
acterized by a high prevalence of recurrent wheezing 
(79%), and wheezing episodes that prompted inpatient 
care as well as hospitalization at inclusion (prevalence; 
81%). These factors are recognized as predisposing for 
persistent asthma at school age [11, 38, 39]. Consequent-
ly, GEWAC can be considered as a high-risk cohort.

We found that food sensitization seems to dominate in 
EPA, whereas the prevalence of airborne sensitization in-
creases markedly over time and surpasses the prevalence 
of food sensitization at school age. These observations are 
in line with other studies using IgE reactivity to a number 
of allergen extracts to define the allergic sensitization [14, 
33].

Noteworthy, the prevalence and the type of sensitiza-
tion as well as the asthma prevalence vary depending on 
socioeconomic status, extent of urbanization, ethnical or-
igin, and geographic region [10, 13, 15, 40, 41]. Interest-
ingly, not only the occurrence of allergic sensitization or 
asthma but also the strength of the association between 
these entities is shown to vary among different popula-
tions [13], which reflect the crucial role of genetics and 
environmental factors in atopy and asthma development.

Our main findings suggest that polysensitization, cap-
tured by molecular allergy diagnostics, has a crucial im-
pact on both preschool wheezing and persistent asthma 
at school age, both cross-sectionally and longitudinally. 
Our results comply with previous reports regarding the 

effect of early polysensitization on allergic multimorbid-
ity including wheezing as early as at 2 years of age [42, 43]. 
Extract-based testing in cohorts of preschool wheezers 
has shown early polysensitization to be linked to persis-
tent asthma at school age [42, 44, 45]. In addition, studies 
are pointing to the advantages of molecular allergy testing 
when assessing the allergic sensitization, particularly for 
polysensitized individuals [46] and the subsequent risk 
for atopic disease including asthma [25, 26, 47]. Our re-
sults regarding association between the median number 
of molecules with IgE reactivity at 7 years and asthma at 
the same age are in line with another cross-sectional 
study, which showed that children with asthma at 11 
years were sensitized to significantly more allergen mol-
ecules at the same age than children without asthma [26]. 
Moreover, 2 cross-sectional Swedish studies underline 
the role of polysensitization by showing that the number 
of sensitizing dog allergen molecules was significantly re-
lated to the risk for reported asthma [48] and that sensi-
tization to multiple lipocalin components was associated 
to severe asthma [49].

According to our results (online suppl. Table S2), no 
significant association between sensitization against any 
of the highest ranked molecules at EPA and asthma at 7 
years was found. The age at inclusion in our study ranged 
from 6 months to 4 years with 36% (26/72) of cases being 
≥24 months old when tested for allergic sensitization. 
Due to small sample of children being younger, the im-
pact of sensitization below 2 years of age on later asthma 
development could not be clarified. Nevertheless, sensiti-
zation to Bet v 1 at 7 years was shown to be significantly 
associated to asthma at the same age (online suppl. Table 
S3). There is conflicting evidence about the role of sensi-
tization to specific allergen molecules in asthma develop-
ment. On the one hand, a study by Fontanella et al. [26] 
suggests that the pattern of interactions between mole-
cule-specific IgE responses within each cluster of allergen 
molecules may predict asthma rather than the single mol-
ecule-specific IgE reactivity. On the other hand, several 
other studies have shown that sensitization to specific al-
lergen molecules has a significant association as well as a 
predictive value for asthma [34, 50]. The identified “high-
risk” allergen molecules comprise perennial allergens 
such as allergen molecules from pets [51], house dust 
mites [52], as well as pollens, and foods [34].

Using molecular diagnostics, we have demonstrated 
the development of molecular spreading among the chil-
dren with a history of preschool wheezing in relation to 
the probability of persistent asthma at the age of 7. How-
ard et al. [18] have shown that the number of sensitizing 
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allergen molecules increases across different age points 
in childhood. However, it is still unclear how the mo-
lecular spreading influences the atopic march in the 
growing child. Longitudinal studies have shown that the 
initial IgE reactivity to a group of initiator allergen mol-
ecules may stay mono-molecular or expand to an oligo- 
or even poly-molecular stages [52, 53]. Our findings sug-
gest that Bet v 1, Ara h 2, and Ara h 6, and Fel d 1 (cat) 
may have served as “initiator” molecules, triggering mo-
lecular spreading from EPA to school age and thereby 
affecting the development of persistent asthma at the age 
of 7 years.

Among the strengths of our study are the prospective 
design and the two-dimensional approach that allowed 
multiple comparisons between children suffering from 
acute wheeze and healthy controls, cross-sectionally and 
longitudinally. This approach enabled the assessment of 
allergic sensitization at different age points and its im-
pact on two main clinical outcomes, preschool wheezing 
and persistent asthma at the age of 7. To our knowledge, 
this study is one of few studies which assess allergic sen-
sitization longitudinally, from early childhood to school 
age, using analyses of 112 allergen molecules. Another 
asset was that the asthma diagnosis was according to the 
GINA guidelines and judged by the same pediatric al-
lergologist. The included lung function measurements 
are objective parameters contributing to high internal 
validity.

Because of the size of our study population, we had 
limited statistical power to adjust for potential confound-
ers or even detect effect modification by these factors. 
Our sample size was restricted by the availability of sera 
which potentially introduced selection bias. This is re-
flected in the age difference between the case and the con-
trol group, with the group of cases being slightly younger 
than the controls, which derived from the original age-
matched groups. Furthermore, the measures of allergic 
sensitization in controls might be underestimated and the 
observed differences from the case group might be over-
estimated since known sensitization to airborne allergens 
at EPA was an exclusion criterion for the control group. 
Moreover, the use of standardized questionnaires filled 
out at the revisits to report symptoms and medication 
during a year may have introduced recall bias. As men-
tioned above, the features of the GEWAC cohort at inclu-
sion indicate its high-risk nature which limits the external 
validity of this study. Nevertheless, zooming in the mo-
lecular sensitization profiles in a selected population with 
predominantly severe preschool wheeze makes this study 
unique in the field.

Conclusion

Polysensitization assessed on a molecular allergen lev-
el has a significant impact on both early-life wheezing and 
persistent asthma at school age. The notion of molecular 
spreading from preschool to school age is apparent and 
seems to contribute significantly to the risk for asthma at 
the age of 7 years in individuals with a history of wheez-
ing in early life. Our results point to Bet v 1, Ara h 2, and 
Ara h 6, and Fel d 1 as potential markers of molecular 
spreading through which they may affect the course of 
asthma disease. Future research is warranted to shed light 
on “high risk” allergen molecules or sensitization profiles 
that may pave the way for novel prevention and therapeu-
tic strategies.

Acknowledgments

We would like to thank all the participating children and their 
parents/legal guardians for making this study possible. We also 
thank Ann Berglind for valuable assistance in collecting data and 
biological sampling.

Statement of Ethics

This study has ethical approval from the Regional Ethics 
Committee at Karolinska Institutet, Stockholm (Dnr 2008/378-
31/4 and Dnr 2014/399-31/3). Written and oral information 
about the study was provided to the parents, and written consent 
was obtained from parents and/or legal guardians prior to the 
study.

Conflict of Interest Statement

Anastasia Eleni Filiou, Idun Holmdahl, Anna Asarnoj, Kata-
rina Stenberg-Hammar, and Gunilla Hedlin have no conflicts of 
interest to declare. Marianne van Hage reports personal fees from 
Thermo Fisher Scientific, outside the submitted work. Niclas 
Rydell, Tina Ekencrantz, and Anders Sjölander are employees of 
Thermo Fisher Scientific. Dr Konradsen and Dr. Söderhäll report 
nonfinancial support from Thermo Fisher Scientific, during the 
conduct of the study.

Funding Sources

This work was financially supported by The Swedish Research 
Council, the Swedish Heart-Lung Foundation, Karolinska Institu-
tet, Konsul Th C Bergh Foundation, Freemason Child House 
Foundation in Stockholm, the Centre for Allergy Research at Kar-
olinska Institutet, the Samaritan Foundation, Sigurd and Elsa 



Allergen Molecules and Childhood 
Asthma

11Int Arch Allergy Immunol
DOI: 10.1159/000521324

Goljes Memorial Fund, Crown princess Lovisas association for 
Childcare, Axel Tielmans Memorial Fund, Region Stockholm 
(ALF project), the Cancer – and Allergy Foundation, The Swedish 
Asthma and Allergy Association’s Research Foundation, the Hes-
selman Foundation, and King Gustaf V 80th Birthday Foundation. 
The funding sources had no influence on the study design, the col-
lection, the analysis, the interpretation of the data, the writing of 
the manuscript, or the decision to submit the manuscript for pub-
lication.

Author Contributions

A.F., J.R.K., C.S., G.H., and K.S.-H. designed the study. A.F., 
J.R.K., and C.S. analyzed the data and performed statistical analy-
ses. All authors were involved in data interpretation. A.F., J.R.K., 
and C.S. drafted the manuscript. All authors critically evaluated 
and revised the final manuscript.

Data Availability Statement

Due to the nature of this research, participants of this study did 
not agree for their data to be shared publicly, so supporting data is 
not available.

References

  1	 Rådinger M, Lötvall J. Eosinophil progenitors 
in allergy and asthma:  do they matter? Phar-
macol Ther. 2009 Feb; 121(2): 174–84.

  2	 Jackson DJ, Gangnon RE, Evans MD, Roberg 
KA, Anderson EL, Pappas TE, et al. Wheezing 
rhinovirus illnesses in early life predict asth-
ma development in high-risk children. Am J 
Respir Crit Care Med. 2008 Oct 1; 178(7): 667–
72.

  3	 Martinez FD, Wright AL, Taussig LM, Hol-
berg CJ, Halonen M, Morgan WJ. Asthma 
and wheezing in the first six years of life. The 
Group Health Medical Associates. N Engl J 
Med. 1995 Jan 19; 332(3): 133–8.

  4	 Sherriff A, Peters TJ, Henderson J, Strachan 
D. Risk factor associations with wheezing pat-
terns in children followed longitudinally from 
birth to 3(1/2) years. Int J Epidemiol. 2001 
Dec; 30(6): 1473–84.

  5	 Matricardi PM, Illi S, Grüber C, Keil T, Nick-
el R, Wahn U, et al. Wheezing in childhood:  
incidence, longitudinal patterns and factors 
predicting persistence. Eur Respir J. 2008 Sep; 

32(3): 585–92.
  6	 Ducharme FM, Tse SM, Chauhan B. Diagno-

sis, management, and prognosis of preschool 
wheeze. Lancet. 2014 May 3; 383(9928): 1593–
604.

  7	 Loss GJ, Depner M, Hose AJ, Genuneit J, Kar-
vonen AM, Hyvärinen A, et al. The early de-
velopment of wheeze. Environmental deter-
minants and genetic susceptibility at 17q21. 
Am J Respir Crit Care Med. 2016 Apr 15; 

193(8): 889–97.
  8	 Burrows B, Martinez FD, Halonen M, Barbee 

RA, Cline MG. Association of asthma with se-
rum IgE levels and skin-test reactivity to al-
lergens. N Engl J Med. 1989 Feb 2; 320(5): 271–
7.

  9	 Pearce N, Pekkanen J, Beasley R. How much 
asthma is really attributable to atopy? Thorax. 
1999 Mar; 54(3): 268–72.

10	 Toskala E, Kennedy DW. Asthma risk factors. 
Int Forum Allergy Rhinol. 2015 Sep; 5 Suppl 
1(Suppl 1): S11–6.

11	 Bloom CI, Franklin C, Bush A, Saglani S, 
Quint JK. Burden of preschool wheeze and 

progression to asthma in the UK:  population-
based cohort 2007 to 2017. J Allergy Clin Im-
munol. 2021 May; 147(5): 1949–58.

12	 Kurukulaaratchy RJ, Fenn MH, Waterhouse 
LM, Matthews SM, Holgate ST, Arshad SH. 
Characterization of wheezing phenotypes in 
the first 10 years of life. Clin Exp Allergy. 2003 
May; 33(5): 573–8.

13	 Weinmayr G, Weiland SK, Björkstén B, 
Brunekreef B, Büchele G, Cookson WO, et al. 
Atopic sensitization and the international 
variation of asthma symptom prevalence in 
children. Am J Respir Crit Care Med. 2007 
Sep 15; 176(6): 565–74.

14	 Ballardini N, Bergström A, Wahlgren CF, van 
Hage M, Hallner E, Kull I, et al. IgE antibodies 
in relation to prevalence and multimorbidity 
of eczema, asthma, and rhinitis from birth to 
adolescence. Allergy. 2016 Mar; 71(3): 342–9.

15	 Papi A, Brightling C, Pedersen SE, Reddel 
HK. Asthma. Lancet. 2018 Feb 24; 391(10122): 

783–800.
16	 Konradsen JR, Nordlund B, Onell A, Borres 

MP, Grönlund H, Hedlin G. Severe childhood 
asthma and allergy to furry animals:  refined 
assessment using molecular-based allergy di-
agnostics. Pediatr Allergy Immunol. 2014 
Mar; 25(2): 187–92.

17	 Prosperi MC, Belgrave D, Buchan I, Simpson 
A, Custovic A. Challenges in interpreting al-
lergen microarrays in relation to clinical 
symptoms:  a machine learning approach. Pe-
diatr Allergy Immunol. 2014 Feb; 25(1): 71–9.

18	 Howard R, Belgrave D, Papastamoulis P, 
Simpson A, Rattray M, Custovic A. Evolution 
of IgE responses to multiple allergen compo-
nents throughout childhood. J Allergy Clin 
Immunol. 2018 Oct; 142(4): 1322–30.

19	 van Hage M, Hamsten C, Valenta R. Immuno-
CAP assays:  pros and cons in allergology. J Al-
lergy Clin Immunol. 2017 Oct; 140(4): 974–7.

20	 Brockow I, Zutavern A, Hoffmann U, Grübl 
A, von Berg A, Koletzko S, et al. Early allergic 
sensitizations and their relevance to atopic 
diseases in children aged 6 years:  results of the 
GINI study. J Investig Allergol Clin Immunol. 
2009; 19(3): 180–7.

21	 Alduraywish SA, Standl M, Lodge CJ, 
Abramson MJ, Allen KJ, Erbas B, et al. Is 
there a march from early food sensitization to 
later childhood allergic airway disease? Re-
sults from two prospective birth cohort stud-
ies. Pediatr Allergy Immunol. 2017 Feb; 

28(1): 30–7.
22	 Bao Y, Chen Z, Liu E, Xiang L, Zhao D, Hong 

J. Risk factors in preschool children for pre-
dicting asthma during the preschool age and 
the early school age:  a systematic review and 
meta-analysis. Curr Allergy Asthma Rep. 
2017 Nov 18; 17(12): 85.

23	 Rodríguez-Martínez CE, Sossa-Briceño MP, 
Castro-Rodriguez JA. Factors predicting per-
sistence of early wheezing through childhood 
and adolescence:  a systematic review of the 
literature. J Asthma Allergy. 2017; 10: 83–98.

24	 Vermeulen EM, Koplin JJ, Dharmage SC, 
Gurrin LC, Peters RL, McWilliam V, et al. 
Food allergy is an important risk factor for 
childhood asthma, irrespective of whether it 
resolves. J Allergy Clin Immunol Pract. 2018 
Jul–Aug; 6(4): 1336–41.e3.

25	 Simpson A, Lazic N, Belgrave DC, Johnson P, 
Bishop C, Mills C, et al. Patterns of IgE re-
sponses to multiple allergen components and 
clinical symptoms at age 11 years. J Allergy 
Clin Immunol. 2015 Nov; 136(5): 1224–31.

26	 Fontanella S, Frainay C, Murray CS, Simpson 
A, Custovic A. Machine learning to identify 
pairwise interactions between specific IgE an-
tibodies and their association with asthma:  a 
cross-sectional analysis within a population-
based birth cohort. PLoS Med. 2018 Nov; 

15(11): e1002691.
27	 Roberts G, Fontanella S, Selby A, Howard R, 

Filippi S, Hedlin G, et al. Connectivity pat-
terns between multiple allergen specific IgE 
antibodies and their association with severe 
asthma. J Allergy Clin Immunol. 2020 Oct; 

146(4): 821–30.
28	 Stenberg Hammar K, Hedlin G, Konradsen 

JR, Nordlund B, Kull I, Giske CG, et al. Sub-
normal levels of vitamin D are associated with 
acute wheeze in young children. Acta Paedi-
atr. 2014 Aug; 103(8): 856–61.

https://www.karger.com/Article/FullText/521324?ref=1#ref1
https://www.karger.com/Article/FullText/521324?ref=1#ref1
https://www.karger.com/Article/FullText/521324?ref=2#ref2
https://www.karger.com/Article/FullText/521324?ref=2#ref2
https://www.karger.com/Article/FullText/521324?ref=3#ref3
https://www.karger.com/Article/FullText/521324?ref=3#ref3
https://www.karger.com/Article/FullText/521324?ref=4#ref4
https://www.karger.com/Article/FullText/521324?ref=5#ref5
https://www.karger.com/Article/FullText/521324?ref=6#ref6
https://www.karger.com/Article/FullText/521324?ref=7#ref7
https://www.karger.com/Article/FullText/521324?ref=8#ref8
https://www.karger.com/Article/FullText/521324?ref=9#ref9
https://www.karger.com/Article/FullText/521324?ref=10#ref10
https://www.karger.com/Article/FullText/521324?ref=11#ref11
https://www.karger.com/Article/FullText/521324?ref=11#ref11
https://www.karger.com/Article/FullText/521324?ref=12#ref12
https://www.karger.com/Article/FullText/521324?ref=13#ref13
https://www.karger.com/Article/FullText/521324?ref=14#ref14
https://www.karger.com/Article/FullText/521324?ref=15#ref15
https://www.karger.com/Article/FullText/521324?ref=16#ref16
https://www.karger.com/Article/FullText/521324?ref=17#ref17
https://www.karger.com/Article/FullText/521324?ref=17#ref17
https://www.karger.com/Article/FullText/521324?ref=18#ref18
https://www.karger.com/Article/FullText/521324?ref=18#ref18
https://www.karger.com/Article/FullText/521324?ref=19#ref19
https://www.karger.com/Article/FullText/521324?ref=19#ref19
https://www.karger.com/Article/FullText/521324?ref=20#ref20
https://www.karger.com/Article/FullText/521324?ref=21#ref21
https://www.karger.com/Article/FullText/521324?ref=22#ref22
https://www.karger.com/Article/FullText/521324?ref=23#ref23
https://www.karger.com/Article/FullText/521324?ref=24#ref24
https://www.karger.com/Article/FullText/521324?ref=25#ref25
https://www.karger.com/Article/FullText/521324?ref=25#ref25
https://www.karger.com/Article/FullText/521324?ref=26#ref26
https://www.karger.com/Article/FullText/521324?ref=27#ref27
https://www.karger.com/Article/FullText/521324?ref=28#ref28
https://www.karger.com/Article/FullText/521324?ref=28#ref28


Filiou et al.Int Arch Allergy Immunol12
DOI: 10.1159/000521324

29	 James A, Stenberg Hammar K, Reinius L, 
Konradsen JR, Dahlén SE, Söderhäll C, et al. 
A longitudinal assessment of circulating 
YKL-40 levels in preschool children with 
wheeze. Pediatr Allergy Immunol. 2017 Feb; 

28(1): 79–85.
30	 Stenberg-Hammar K, Niespodziana K, Sö-

derhäll C, James A, Cabauatan CR, Konrad-
sen JR, et al. Rhinovirus-specific antibody re-
sponses in preschool children with acute 
wheeze reflect severity of respiratory symp-
toms. Allergy. 2016 Dec; 71(12): 1728–35.

31	 Miller MR, Hankinson J, Brusasco V, Burgos 
F, Casaburi R, Coates A, et al. Standardisation 
of spirometry. Eur Respir J. 2005 Aug; 26(2): 

319–38.
32	 Gina Initiative for Asthma. Global streategy 

for asthma management and prevention;  
2021. p. 19–30. Available from:  http: //gin-
asthma.org/wp-content/uploads/2021/05/
GINA-Main-Report-2021-V2-WMS.pdf

33	 Nissen SP, Kjaer HF, Høst A, Nielsen J, 
Halken S. The natural course of sensitization 
and allergic diseases from childhood to adult-
hood. Pediatr Allergy Immunol. 2013 Sep; 

24(6): 549–55.
34	 Wickman M, Lupinek C, Andersson N, Bel-

grave D, Asarnoj A, Benet M, et al. Detection 
of IgE reactivity to a handful of allergen mol-
ecules in early childhood predicts respiratory 
allergy in adolescence. EBioMedicine. 2017 
Dec; 26: 91–9.

35	 Gabet S, Rancière F, Just J, de Blic J, Lezmi G, 
Amat F, et al. Asthma and allergic rhinitis risk 
depends on house dust mite specific IgE levels 
in PARIS birth cohort children. World Aller-
gy Organ J. 2019 Sep; 12(9): 100057.

36	 Taussig LM, Wright AL, Holberg CJ, Halonen 
M, Morgan WJ, Martinez FD. Tucson chil-
dren’s respiratory study:  1980 to present. J Al-
lergy Clin Immunol. 2003 Apr; 111(4): 661–
76;  quiz 76.

37	 Kappelle L, Brand PL. Severe episodic viral 
wheeze in preschool children:  high risk of 

asthma at age 5–10 years. Eur J Pediatr. 2012 
Jun; 171(6): 947–54.

38	 Csonka P, Kaila M, Laippala P, Kuusela AL, 
Ashorn P. Wheezing in early life and asthma 
at school age:  predictors of symptom persis-
tence. Pediatr Allergy Immunol. 2000 Nov; 

11(4): 225–9.
39	 Devulapalli CS, Carlsen KC, Håland G, 

Munthe-Kaas MC, Pettersen M, Mowinckel 
P, et al. Severity of obstructive airways disease 
by age 2 years predicts asthma at 10 years of 
age. Thorax. 2008 Jan; 63(1): 8–13.

40	 Salo PM, Arbes SJ Jr, Jaramillo R, Calatroni A, 
Weir CH, Sever ML, et al. Prevalence of aller-
gic sensitization in the United States:  results 
from the National Health and Nutrition Ex-
amination Survey (NHANES) 2005–2006. J 
Allergy Clin Immunol. 2014 Aug; 134(2): 350–
9.

41	 Mazzoni A, D’Elios MM, Mayaregua DR, 
Spinicci M, Strohmeyer M, Cosmi F, et al. 
Prevalence of allergy and asthma in a rural 
community of children and adults in Bolivian 
Chaco. Immunol Lett. 2019 Nov; 215: 45–7.

42	 Amat F, Vial A, Pereira B, Petit I, Labbe A, 
Just J. Predicting the long-term course of 
asthma in wheezing infants is still a challenge. 
ISRN Allergy. 2011; 2011: 493624.

43	 Gabet S, Just J, Couderc R, Bousquet J, Seta N, 
Momas I. Early polysensitization is associated 
with allergic multimorbidity in PARIS birth 
cohort infants. Pediatr Allergy Immunol. 
2016 Dec; 27(8): 831–7.

44	 Vial Dupuy A, Amat F, Pereira B, Labbe A, 
Just J. A simple tool to identify infants at high 
risk of mild to severe childhood asthma:  the 
persistent asthma predictive score. J Asthma. 
2011 Dec; 48(10): 1015–21.

45	 Schoos AM, Jelding-Dannemand E, Stok-
holm J, Bønnelykke K, Bisgaard H, Chawes 
BL. Single and multiple time-point allergic 
sensitization during childhood and risk of 
asthma by age 13. Pediatr Allergy Immunol. 
2019 Nov; 30(7): 716–23.

46	 Tripodi S, Frediani T, Lucarelli S, Macrì F, 
Pingitore G, Di Rienzo Businco A, et al. Mo-
lecular profiles of IgE to Phleum pratense in 
children with grass pollen allergy:  implica-
tions for specific immunotherapy. J Allergy 
Clin Immunol. 2012 Mar; 129(3): 834–9.e8.

47	 Patelis A, Borres MP, Kober A, Berthold M. 
Multiplex component-based allergen micro-
array in recent clinical studies. Clin Exp Al-
lergy. 2016 Aug; 46(8): 1022–32.

48	 Käck U, Asarnoj A, Grönlund H, Borres MP, 
van Hage M, Lilja G, et al. Molecular allergy 
diagnostics refine characterization of chil-
dren sensitized to dog dander. J Allergy Clin 
Immunol. 2018 Oct; 142(4): 1113–20.e9.

49	 Konradsen JR, Nordlund B, Onell A, Borres 
MP, Grönlund H, Hedlin G. Severe childhood 
asthma and allergy to furry animals:  refined 
assessment using molecular-based allergy di-
agnostics. Pediatr Allergy Immunol. 2014 
Mar; 25(2): 187–92.

50	 Schoos AM, Chawes BL, Melén E, Bergström 
A, Kull I, Wickman M, et al. Sensitization tra-
jectories in childhood revealed by using a 
cluster analysis. J Allergy Clin Immunol. 2017 
Dec; 140(6): 1693–9.

51	 Asarnoj A, Hamsten C, Wadén K, Lupinek C, 
Andersson N, Kull I, et al. Sensitization to cat 
and dog allergen molecules in childhood and 
prediction of symptoms of cat and dog allergy 
in adolescence:  a BAMSE/MeDALL study. J 
Allergy Clin Immunol. 2016 Mar; 137(3): 813–
21.e7.

52	 Posa D, Perna S, Resch Y, Lupinek C, Panetta 
V, Hofmaier S, et al. Evolution and predictive 
value of IgE responses toward a comprehen-
sive panel of house dust mite allergens during 
the first 2 decades of life. J Allergy Clin Im-
munol. 2017 Feb; 139(2): 541–9.e8.

53	 Posa D, Hofmaier S, Arasi S, Matricardi PM. 
Natural evolution of IgE responses to mite al-
lergens and relationship to progression of al-
lergic disease:  a review. Curr Allergy Asthma 
Rep. 2017 May; 17(5): 28.

https://www.karger.com/Article/FullText/521324?ref=29#ref29
https://www.karger.com/Article/FullText/521324?ref=30#ref30
https://www.karger.com/Article/FullText/521324?ref=31#ref31
https://www.karger.com/Article/FullText/521324?ref=32#ref32
https://www.karger.com/Article/FullText/521324?ref=32#ref32
https://www.karger.com/Article/FullText/521324?ref=33#ref33
https://www.karger.com/Article/FullText/521324?ref=34#ref34
https://www.karger.com/Article/FullText/521324?ref=35#ref35
https://www.karger.com/Article/FullText/521324?ref=35#ref35
https://www.karger.com/Article/FullText/521324?ref=36#ref36
https://www.karger.com/Article/FullText/521324?ref=36#ref36
https://www.karger.com/Article/FullText/521324?ref=37#ref37
https://www.karger.com/Article/FullText/521324?ref=38#ref38
https://www.karger.com/Article/FullText/521324?ref=39#ref39
https://www.karger.com/Article/FullText/521324?ref=40#ref40
https://www.karger.com/Article/FullText/521324?ref=40#ref40
https://www.karger.com/Article/FullText/521324?ref=41#ref41
https://www.karger.com/Article/FullText/521324?ref=42#ref42
https://www.karger.com/Article/FullText/521324?ref=43#ref43
https://www.karger.com/Article/FullText/521324?ref=44#ref44
https://www.karger.com/Article/FullText/521324?ref=45#ref45
https://www.karger.com/Article/FullText/521324?ref=46#ref46
https://www.karger.com/Article/FullText/521324?ref=46#ref46
https://www.karger.com/Article/FullText/521324?ref=47#ref47
https://www.karger.com/Article/FullText/521324?ref=47#ref47
https://www.karger.com/Article/FullText/521324?ref=48#ref48
https://www.karger.com/Article/FullText/521324?ref=48#ref48
https://www.karger.com/Article/FullText/521324?ref=49#ref49
https://www.karger.com/Article/FullText/521324?ref=50#ref50
https://www.karger.com/Article/FullText/521324?ref=51#ref51
https://www.karger.com/Article/FullText/521324?ref=51#ref51
https://www.karger.com/Article/FullText/521324?ref=52#ref52
https://www.karger.com/Article/FullText/521324?ref=52#ref52
https://www.karger.com/Article/FullText/521324?ref=53#ref53
https://www.karger.com/Article/FullText/521324?ref=53#ref53


Table S1. An overview of the main characteristics of the cases and controls without 
and with available sera at EPA (excluded and included cases in the current study 
population respectively). P values for comparisons between included and excluded 
children in the case and control groups. a 69-72 cases/ 48-59 excluded controls/ 38-41 included 
controls. 

 

Variables at 
baseline (EPA) 

Cases  Controls 

Without 
available 
sera at 

EPA or 7 
years 

(N=84) 
 

 
With sera 
available 
at EPA 
and 7 
years 

(N=72) 
 

P value 

Without 
available 
sera at 

inclusion 
(N=59) 

 

With sera 
available 

at 
inclusion 
(N=43) 

 

P value 

Age (mean value in 
months)  

20 23 0.640 17 27 <0.001 

Gender (male)  
(% (N)) 

63.1 (53) 66.7 (48) 0.642 78.0 (46) 79.1 (34) 0.894 

Heredity asthma a  
(% (N)) 

37.5 (27) 40.0 (28) 0.760 27.1 (16) 10.0 (4) 
 

0.037 

Heredity atopy a (% (N)) 70.8 (51) 72.9 (51) 
 

0.789 50.8 (30) 55.0 (22) 
 

0.685 

Caucasian mother or 
father a (% (N))  

91.7 (66) 87.3 (62) 0.397 84.2 (48) 73.7 (28) 0.209 

Exclusive breastfeeding a 
(% (N)) 

68.6 (48) 53.6 (37) 0.071 62.7 (37) 78.0 (32) 0.103 

Smoking during 
pregnancya (% (N)) 

9.7 (7) 9.9 (7) 0.978 5.1 (3) 0.0 (0) 0.267 

Previous verified RSV 
infection a (% (N)) 

33.8 (24) 25.4 (18) 0.270 5.1 (3) 2.4 (1) 0.642 

Airborne allergy 
symptoms a  
(% (N)) 

6.9 (5) 5.6 (4) 1.000 1.7 (1) 0.0 (0) 1.000 

Food allergy symptoms a  
(% (N)) 

12.7 (9) 11.3 (8) 0.796 1.8 (1) 4.9 (2) 0.570 

Eczema a (% (N)) 16.7 (12) 21.1 (15) 0.496 6.8 (4) 7.3 (3) 1.000 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

 

 

 

 

 

Allergen 
Molecule 

Combined 
Rank  

Rank by 
prevalence 

Prevalence 
(%) N=72 

Prevalence 
(%) among 
sensitized 
individuals 
(n=17) 

Median 
value 
(ISU) 

Association to 
asthma 7 at 
years 
(p value) 
N=72 

Association to  
the increase in 
the number of 
IgE reactivities 
EPA vs 7 years 
(p value) 

Mal d 1 
(apple) 

1 4 2.8 11.80 9.54 1.000 0.122 

Ara h 2 
(peanut) 

2 2 5.6 23.50 5.61 0.299 0.003 

Bet v 1 
(birch) 

2 3 4.2 17.60 6.33 0.546 0.042 

Pru p 1 
(peach) 

2 4 2.8 11.80 7.31 1.000 0.122 

Ara h 8 
(peanut) 

3 5 1.4 5.90 4.51 1.000 0.472 

Ara h 6 
(peanut) 

4 2 5.6 23.50 2.73 0.299 0.003 

Fel d 1 
(cat) 

4 4 2.8 11.8 3.49 1.000 0.033 

Gal d 1 
(egg) 

8 1 8.3 35.3 1.02 0.657 0.014 

Ara h 1 
(peanut) 

10 1 8.3 35.3 0.78 0.167 <0.001 

 
 
 
 
 
 
Allergen 
Molecule 

Combined 
Rank  

Rank by 
prevalence 

Prevalence 
(%) N=72 

Prevalence 
(%) among 
sensitized 
individuals 
(n=28) 

Median 
value 
(ISU) 

Association to 
asthma at 7 
years 
(p value) 
N=72 

Bet v 1  
(birch) 

1 1 20.8 53.6 7.78 0.027 

Table S2. Allergen molecules ranked by applying combined rank by prevalence and median value as well as 
rank by only prevalence at EPA. Median value of specific IgE (ISU) among sensitized individuals. Boldfaces for 
ranked molecules up to 100% accumulative prevalence among sensitized cases. Association of sensitization 
against each of the allergen molecules at EPA to asthma at 7 years (p value). Association of sensitization 
against each of the allergen molecules at EPA to the increase in the number of IgE reactivities per case from 
EPA to 7 years (p value).  

Table S3. Allergen molecules ranked by applying combined rank by prevalence and median value as well as 
rank by only prevalence at 7 years. Median value of specific IgE (ISU) among sensitized individuals. Boldfaces 
for ranked molecules up to 100% accumulative prevalence among sensitized cases. Association of 
sensitization against each of the allergen molecules at 7 years  to ashma at 7 years (p value). 
 
 



Fel d 1  
(cat) 

2 4 13.9 35.7 12.14 0.153 

Ara h 2 
(peanut) 

3 9 6.9 17.9 33.77 0.170 

Ara h 1 
(peanut) 

4 8 8.3 21.4 25.67 0.167 

Ara h 6 
(peanut) 

4 9 6.9 17.9 28.38 0.170 

Ara h 3 
(peanut) 

5 9 6.9 17.9 19.67 0.170 

Phl p 1 
(timothy 
grass) 

6 2 19.4 50.0 4.33 0.525 

Mal d 1 
(apple) 

8 3 15.3 39.3 3.62 0.093 
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