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Abstract
Background: Understanding differences in sensitization profiles at the molecular al-
lergen level is important for diagnosis, personalized treatment and prevention strate-
gies in allergy.
Methods: Immunoglobulin E (IgE) sensitization profiles were determined in more than 
2800 sera from children in nine population-based cohorts in different geographical 
regions of Europe; north [BAMSE (Sweden), ECA (Norway)], west/central [PIAMA 
(the Netherlands), BiB (the United Kingdom), GINIplus (Germany)], and south [INMA 
Sabadell and Gipuzkoa (Spain) and ROBBIC Rome and Bologna (Italy)] using the 
MeDALL-allergen chip.
Results: Sensitization to grass pollen allergen, Phl p 1, and to major cat allergen, Fel d 
1, dominated in most European regions whereas sensitization to house dust mite al-
lergens Der p 1, 2 and 23 varied considerably between regions and were lowest in the 
north. Less than half of children from Sabadell which has a hot and dry climate were 
sensitized to respiratory allergens, in particular house dust mite allergens as com-
pared to Gipuzkoa nearby with a more humid climate. Peanut allergen Ara h 1 was the 
most frequently recognized class 1 food allergen in Northern/Western Europe, while 
the fruit allergens Pru p 3, Act d 1 and 2 were prominent in Southern and Western/
Central Europe. Ves v 5-sensitization dominated in North and West/Central Europe.
Conclusion: We show regional, exposome- and climate-dependent differences in 
molecular IgE-reactivity profiles in Northern, Western/Central and Southern Europe 
which may form a molecular basis for precision medicine-based approaches for treat-
ment and prevention of allergy.

K E Y W O R D S
allergen molecules, Europe, exposome, IgE reactivity, MeDALL chip, sensitization profile

G R A P H I C A L  A B S T R A C T
Sera from nine population-based birth cohorts representing Northern, West/Central, and Southern Europe were analyzed for IgE to more 
than 170 micro-arrayed allergen molecules. The sensitization map revealed exposome- and climate-dependent sensitization profiles, with 
strong regional differences. The results form a molecular basis for precision medicine-based approaches for prevention and treatment of 
allergy.
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1 | INTRODUC TION

The prevalence of allergic diseases was increasing worldwide.1–3 
One may expect that allergic sensitization profiles differ between 
regions in Europe, due to variations in life style, genetics and the 
‘exposome’, defined as the total exposure of the human body to 
environmental factors, in particular individual allergen molecules.4 
Understanding the sensitization patterns and their evolution over 
time in different regions is important for accurate diagnosis and 
will form the basis for novel treatment and prevention strategies 
across Europe.

In 2010, the European Union-funded project “MeDALL” 
(Mechanisms of the development of allergies) was initiated, 
a framework for research institutions specialized on various 
“omics”-technologies to join forces with groups conducting birth 
cohorts (https://cordis.europa.eu/proje​ct/rcn/96850/​facts​heet/
en). This gave us the unique opportunity to compare the molec-
ular IgE sensitization profiles from 9 different population-based 
cohorts located in different geographical regions of Europe; 
Northern [BAMSE5 (Sweden), ECA6 (Norway)], West/Central 
[PIAMA7 (the Netherlands), BiB8 (the United Kingdom), GINIplus9 
(Germany)], and Southern [INMA10 Sabadell and Giupuzcoa (Spain) 
and ROBBIC11 Rome and Bologna (Italy)] Europe. Together these 
cohorts comprised sera from more than 2800 children between 
the age of 1 and 16 years, allowing to compare also to some extent 
the evolution of sensitizations from early childhood to adoles-
cence in the different regions of Europe. For this comprehensive 
IgE testing, a customized allergen microarray, the MeDALL-chip, 
was developed that covered 176 allergens and proved superior 
regarding sensitivity and coverage of allergen molecules as com-
pared to available diagnostic tests.12,13 The results of our analysis 
provide for the first time a comprehensive, high-resolution atlas 
of IgE-sensitization rates and patterns from the general popu-
lation from different regions of Northern, Western/Central and 
Southern Europe.

2  |  MATERIAL S AND METHODS

2.1  |  Cohorts and design of the study

Immunoglobulin E measurements were performed retrospec-
tively on sera from 2855 children, aged 1–16 years, from nine 
different birth cohorts representing the northern, west/cen-
tral and southern part of Europe. Two cohorts from Northern 
Europe, BAMSE5 (Sweden) and ECA6 (Norway), 3 cohorts from 
Western/Central Europe, PIAMA7 (the Netherlands), BiB8 (the 
United Kingdom), and GINIplus9 (Germany), as well as four co-
horts from Southern Europe, INMA10 (Spain, Guipuzcoa and 
Sabadell) and ROBBIC11 (Italy, Bologna and Rome) were in-
cluded and information regarding the cohorts can be found in 
references5–11 (Figure 1). For individual cohorts, blood collection 
had been scheduled for different ages. This allowed us to some 
extent to also investigate IgE sensitization between children of 

1, 4, 7–12 and 15–16 years of age. The exact location, participant 
age and numbers of analyzed sera of each cohort are summarized 
in Table 1. Sera were randomly picked within each cohort taking 
into consideration that only sera from children who were born in 
the region and spent at least the first year of life there were ana-
lyzed. Furthermore, we aimed at a gender balance regarding the 
samples. In those cohorts where different time points were stud-
ied sera were taken from children for whom samples were availa-
ble at each of the time points of sampling. For each of the cohorts 
ethics approval and written informed consent from the parents 
or legal guardians of the children was available for the analysis of 
allergen-specific IgE.5–11 The analysis of pseudonymized serum 
samples was performed at the Department of Pathophysiology 
and Allergy Research, Medical University of Vienna, Austria in a 
centralized manner with permission of the Ethics committee of 
the Medical University of Vienna, EK1641/2014. Possible limi-
tations of the study are mentioned in Section  4 (https://www.
strob​e-state​ment.org/).

2.2  |  MeDALL-chips

The customized MeDALL-chips were obtained from Phadia Austria 
GmbH, Part of Thermo Fisher Scientific ImmunoDiagnostics, A-1220, 
Vienna, Austria. Allergen microarrays were prepared according to 
the ImmunoCAP ISAC technology with some slight modifications 
and had been compared with traditional forms of allergy diagnosis 
in earlier studies.12,13 More detailed information can be found in the 
supplementary information about quality controls and subsequent 
measures (Tables S1 and S2).

F I G U R E  1  Regions covered by the analyzed MeDALL-birth 
cohorts. Names of the respective cohorts and red circles indicate 
the regions that were covered by the study populations.
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2.3  |  Data analysis

All analyses were performed using IBM SPSS Statistics for Windows, 
version 25.0 (IBM Corp.). First, allergen molecules were grouped ac-
cording to their exposure route. We identified a group of respira-
tory allergens, food allergens and ‘other’ allergens, which induce 
sensitization via different routes, including insect and latex aller-
gens. Cross-reactive Carbohydrate Determinant (CCD)-bearing al-
lergen molecules were analyzed as a separate group. Please note 
that the terms CCD marker and MUXF3 (i.e., Ana c 2.0101) are used 
in a synonymous manner throughout the manuscript and differ 
from the term “CCD-bearing allergen” which designates a protein 
allergen containing protein-bound CCDs. For each cohort and age 
group, allergic sensitization rates (percentage of IgE-positive sub-
jects) were calculated for each allergen. All allergen molecules were 
ranked based on the sensitization frequencies and listed by group 
(Tables  S3–S6). The median (minimum–maximum) ISU levels were 
also provided. From these tables, the 10 highest ranked primary (i.e., 
non-cross-reactive) allergens were extracted for each cohort and 
age (Figures 2–5). For these allergen molecules, the percentage of 
subjects with IgE levels were grouped according to ISU class ranges 
(low ≥ 0.3–1 ISU, moderate = 1–15 ISU, high > 15 ISU).

3  |  RESULTS

3.1  |  Frequencies of detectable molecular IgE 
sensitization to respiratory allergens and class I food 
allergens vary in the cohorts and increase by age 
but without major qualitative alterations within the 
cohorts with follow-up samples

Sensitizations to respiratory allergen molecules at 4 years of age 
were lowest in the INMA Sabadell cohort and highest in the BiB 
cohort (Figure 2). Sensitization to house dust allergen molecules at 
4 and 7–12 years were low in the Nordic birth cohorts BAMSE and 
ECA but frequent in the other birth cohorts (Figure  2). Regarding 
class I food allergen molecules peanut allergens were frequently rec-
ognized in the BAMSE and BiB cohort but not in the other cohorts 
(Figure 3). Percentages of allergic sensitization and allergen-specific 
IgE levels increased with age in a similar manner in those cohorts 
where follow-up samples were available. However, no major changes 
in the qualitative sensitization profiles (i.e., hierarchies of IgE sensiti-
zations) were observed between different age groups (Figures 2–5).

3.2  |  Grass pollen allergens are the major pollen 
allergens in almost all European regions

The top-10 primary respiratory allergen molecules ranked by sensitiza-
tion rate are shown in Figure 2. Timothy grass allergens were prominent 
in all cohorts from the age of 4, except in INMA Sabadell. At the age of 
7–12 years, children in all cohorts were sensitized to the allergens Phl TA
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    |  5KIEWIET et al.

p 1, 5b, 6, 2, 11 and 12 (Table S3). Phl p 1 was the dominant allergen 
throughout all the cohorts. However, frequencies of IgE sensitization 
to Phl p 1 were highest in PIAMA, followed by BAMSE and ECA, and 
were lowest in the southern cohort ROBBIC. Phl p 7 was recognized in 
northern and western/central cohorts, but not in southern ones.

3.3  |  Sensitization to tree and weed 
pollen allergens in the different European 
regions reflects the quality of allergen 
exposure, the exposome

The birch pollen allergen Bet v 1 was already an important allergen 
in the northern cohort BAMSE at a young age. As much as 12.5% of 
the 4 year olds had IgE reactivity against Bet v 1. In all other cohorts 
IgE recognition frequency of Bet v 1 was low. However, frequencies 
increased with age in all cohorts for which follow-up samples were 
available (i.e., ECA, PIAMA, BAMSE). At 12 years of age, Bet v 1 was 
also recognized by 19% of the children in the west/central cohort 
PIAMA, and at 15–16 years Bet v 1 was the second or third most 
recognized marker allergen in all cohorts from Northern, Central and 
Western Europe (around 25% in GINI, BAMSE and ECA; Figure 2).

In contrast, olive allergen Ole e 1-specific IgE was mainly 
detected in the southern cohorts. Both at the age of 4 and 
7–12 years, Ole e 1 sensitization was higher in INMA and ROBBIC 
respectively, compared to all other cohorts. In addition, the cy-
press allergen Cup a 1 was prominent in the ROBBIC Rome cohort 
(Figures 2 and 5).

Regarding weed pollen allergens we found that the major mug-
wort allergen, Art v 1 was quite frequently recognized by children 
from the BAMSE and ECA cohort (Table S3 and Figure 2) and the 
major Parietaria allergen, Par j 2, showed frequent IgE reactivity in 
children from the ROBBIC cohort in Rome which fits to the vegeta-
tion profiles in these areas. Interestingly, the major ragweed aller-
gen, Amb a 1, did not seem to be relevant in the cohorts tested by us.

3.4  |  Fel d 1 is an important indoor allergen in 
almost all European regions whereas frequencies of 
sensitization to house dust mite allergens vary 
considerably

The cat allergen Fel d 1 was the most frequently recognized 
pet allergen molecules in all cohorts and ages except for INMA 

F I G U R E  2  Overview of the 10 most frequently recognized primary respiratory allergens per cohort. The cohorts are organized based on 
age and region. For each cohort, allergens are ranked based on sensitization rate. Each bar shows the percentage of subjects with IgE levels 
within the different ISU classes (yellow ≥ 0.3–1 ISU, orange = 1–15 ISU, red > 15 ISU).
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6  |    KIEWIET et al.

Guipuzcoa. At 4 years, the sensitization frequency to Fel d 1 was 
highest in BAMSE (8.7%), BiB (7.2%) and PIAMA (5.6%), whereas 
it was low in INMA Sabadell (1%) and INMA Guipuzcoa (0.5%; 
Figure  2). Around 20% of the oldest children (age 15–16 years) 
were sensitized to Fel d 1 in GINI, ECA and BAMSE (Figure 2 and 
Table S3). Sensitization to house dust mite allergens varied con-
siderably in the different regions. For the western/central and 
southern cohorts, the house dust mite allergens Der p 1, 2 and 
interestingly also Der p 23 were among the allergen molecules 
with the highest recognition frequencies (Figure  2). Also, Der 
p 5, 7, 15, and 37 were often recognized (Table  S3). However, 
house dust mite allergens were only minor allergens in the north-
ern cohort BAMSE at all ages. We also noted striking differences 
regarding sensitization to house dust mites in Southern Europe. 
In Sabadell which is close to Guipuzcoa in Spain, less than half 
of the children were sensitized to house dust mite allergens 
(Figure  2). In addition, the fungus allergen Alt a 1 was promi-
nent only in the southern cohorts. It was the most frequently 
recognized respiratory allergen in INMA Sabadell at 4 years and 
the second most recognized component in ROBBIC Bologna at 
7–12 years (Figure 2).

3.5  |  Genuine sensitization to peanut allergens is 
frequent only in certain regions

The top-10 class 1 food allergen molecules ranked by sensitization 
rate are shown in Figure 3. The major peanut allergen Ara h 1 was 
the most frequently recognized class 1 food allergen in the BiB co-
hort (6.8%) and the second most recognized in the BAMSE cohort 
(4.9%) at 4 years. In all other cohorts at this age the sensitization rate 
was very low. At older ages Ara h 1 was the most recognized allergen 
molecule in BAMSE, followed by Ara h 2. To a less extent it was also 
recognized in ECA, but not in western and southern cohorts. Other 
peanut components like Ara h 3, 6 and 9 were recognized in most 
cohorts, but in lower frequencies (Table S4).

In Southern Europe both at the ages of 4 and 7–12 years, as 
well as in Western/Central Europe, the kiwi allergens Act d 1 and 
2 were among the most frequently recognized class 1 food allergen 
molecules, but not in BAMSE. However, the peach allergen Pru p 3 
was the dominant class 1 food allergen in ROBBIC Rome, but not 
in ROBBIC Bologna at 7–12 years. Furthermore, the heat-stable and 
allergenic egg allergen Gal d 1 was most prominent in PIAMA at 
1  year. Cow's milk allergens are represented in all but one cohort 

F I G U R E  3  Overview of the 10 most frequently recognized type I food allergens per cohort. The cohorts are organized based on age and 
region. For each cohort, allergens are ranked based on sensitization rate. Each bar shows the percentage of subjects with IgE levels within 
the ISU classes (yellow ≥ 0.3–1 ISU, orange = 1–15 ISU, red > 15 ISU).
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    |  7KIEWIET et al.

(INMA Sabadell) at all ages, but mostly in less than 1% of the chil-
dren (Table S4). Besides class 1 food allergens, cross-reacting PR-10 
proteins like Cor a 10,401, Mal d 1 and Pru p 1 are among the most 
frequently recognized molecules in cohorts with high Bet v 1 sensi-
tization rates, due to cross-reactivity (Table S4).

3.6  |  Wasp allergen Ves v 5 and other insect 
allergens are dominant allergen molecules in 
Northern and Western/Central Europe at all ages, 
but not in Southern Europe

The top-10 of other primary allergen molecules ranked by sensitiza-
tion rate are shown in Figure 4. Ves v 5 sensitization from a young 
age was most frequent in the northern cohorts. Ves v 5 was most 
prevalent in BAMSE at the age of 4 (2.3%). In 7–12 year-old children 
Ves v 5 sensitization was around 7% in BAMSE, ECA and PIAMA, 
but low in ROBBIC Bologna and ROBBIC Rome. This frequency re-
mained stable at the age of 15–16 years in BAMSE, but increased in 
ECA (17.5%). In many cohorts the paper wasp allergen Pol d 5 was 
recognized as well due to cross-reactivity with Ves v 5 (Table S5).

At the age of 7–12, recognition of latex components (Hev b 1, 3, 
5, 6.01, 8) was observed in all cohorts, although most frequencies 
were below 2%. The latex profilin, Hev b 8, was the most frequently 
recognized allergen in both ROBBIC cohorts (around 2%), in the 
same frequency as the cross-reacting grass pollen profilin Phl p 12. 
At the older age of 15–16 years, children from the northern cohort 
showed a sensitization rate of around 4% against Hev b 6.01, but this 
was not observed in GINI.

3.7  |  Sensitization to CCD-bearing allergens is 
dominated by grass pollen nPhl p 4 in Northern, 
Central and Western Europe and by nCup a 1 
in the south

The timothy allergen nPhl p 4 was the most frequently recognized 
CCD-bearing allergen in all cohorts and in all age groups, except 
in ROBBIC Rome and INMA Sabadell (Figure  5). The sensitiza-
tion rate increased with age in a similar manner in these cohorts 
(4 years: 2.8–4%, 7–12 years: 12.9% - 20%, 15–16 years: 19–28.9%; 
Table S6). Furthermore, the tree-derived CCD-bearing allergen Cup 

F I G U R E  4  Overview of the 10 most frequently recognized primary other allergens per cohort. The cohorts are organized based on age 
and region. For each cohort, allergens are ranked based on sensitization rate. Each bar shows the percentage of subjects with IgE levels 
within the ISU classes (yellow ≥ 0.3–1 ISU, orange = 1–15 ISU, red > 15 ISU).
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8  |    KIEWIET et al.

a 1 (Cypress) was found to be prominent in the ROBBIC Rome cohort 
(15.7%) with approximately the double percentage compared to Phl 
p 4, while sensitization frequencies were low in all other cohorts. A 
frequently recognized CCD-containing food allergen was the wal-
nut allergen Jug r 2. It was detected in all cohorts and age groups, 
mostly in relatively low frequencies (≤4.5%). Interestingly, sensitiza-
tion rates to the pure CCD marker MUXF3 were similar in all cohorts 
and rather low (i.e., approximately 1–2%; Table S6).

4  |  DISCUSSION

This study provides the first comprehensive overview of IgE-
sensitization profiles at the molecular level in representative 
population-based cohorts of children and adolescents (n > 100 for 
each region) living in Northern, Western/Central and Southern 
Europe.

We found strong regional differences regarding IgE sensitiza-
tions to respiratory allergens (e.g., low IgE sensitization to house 
dust mite allergens in the Northern cohorts) which can be attributed 
to the climate in certain areas. Likewise, IgE sensitizations to class 

1 food allergens varied which may depend on peculiarities of food 
consumption with some cohorts showing high IgE sensitization rates 
to genuine peanut allergen molecules (e.g., BAMSE, BiB) whereas 
peanut sensitization was lower in the other cohorts.

Striking regional differences regarding molecular IgE sensitiza-
tion profiles in the different cohorts were observed. There are only 
few previous studies which have analyzed molecular IgE sensitiza-
tion profiles in population-based cohorts from individual countries 
(e.g., the United Kingdom, Germany, Italy) which in fact confirm the 
molecular sensitization patterns which we observed for these coun-
tries.14–16 However, there is only one study which involved different 
regions of France and demonstrated that there can be important 
differences regarding molecular sensitization profiles based on dif-
ferences in the regional exposome. In fact, Siroux et al.17 showed 
that the sensitization profile of people from five different regions 
even within on country (i.e., France) differed significantly, which was 
reflected in the differences in vegetation between the studied areas. 
Also in our study the exposome and in particular the climate seemed 
to show local differences as observed between the cities of Rome 
and Bologna as well as Sabadell and Gipuzkoa in Italy and in Spain, 
respectively.

F I G U R E  5  Overview of the most frequently recognized CCD-bearing allergens per cohort. The cohorts are organized based on age and 
region. For each cohort, allergens are ranked based on sensitization rate. Each bar shows the percentage of subjects with IgE levels within 
the ISU classes (yellow ≥ 0.3–1 ISU, orange = 1–15 ISU, red > 15 ISU).
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    |  9KIEWIET et al.

The fact that the climate in Sabadell is much more hot and dry18 
than in Gipuzkoa19 may be a reason why less than half of the children 
of the same age (i.e., 4 years) were sensitized to respiratory aller-
gens, in particular to house dust mite allergens. Thus frequencies of 
IgE sensitization to respiratory allergens in children at 4 years were 
especially low in the dry and hot region of Sabadell as compared to 
cohorts from North-, West- and Middle Europe.

When scrutinizing differences between the cohorts, we first ob-
served that Phl p 1, the major timothy grass pollen allergen, was the 
dominant allergen in all investigated regions due to the ubiquitous 
distribution of grasses. Phl p 1 has been suggested to initiate the 
sensitization process to timothy grass in pollen allergic children.20,21 
Furthermore, Phl p 1 is highly cross-reactive with group 1 allergens in 
different grass species and unlike other grass pollen allergen groups, 
group 1 allergens occur in all grass species,22 which is reflected in 
the high frequency of sensitization against grasses in general in all 
regions. However, sensitization against Phl p 1 and other timothy 
grass allergens were not detected in subjects of the INMA Sabadell 
cohort. Again, this it likely due to the dry and hot climate there.23

For tree pollen allergens significant differences in sensitization 
profiles were found between Northern/Central and Southern Europe, 
which clearly reflect the different tree exposomes in these regions. 
Birch trees are most common in Northern and Central Europe.24,25 In 
line with this, Bet v 1, the major birch allergen, was already prominent 
in the BAMSE and ECA cohorts (Northern Europe) at a young age, 
while it played a more significant role in PIAMA and GINI (Western/
Central Europe) in older children suggesting an increase of detectable 
IgE sensitization by age. However, for most of the cohorts we did not 
have follow up samples to draw firm conclusions regarding the lon-
gitudinal development of IgE sensitizations and the associated devel-
opment of symptoms. Such studies have been performed so far only 
for certain allergen sources and in certain cohorts5,26–29 and were 
not the topic of our study which aimed to provide a comprehensive 
picture of molecular IgE sensitizations in different regions of Europe.

In contrast to Northern Europe, Italy and Spain, where olive trees 
are responsible for a significantly part of airborne pollens,30 sensiti-
zation was observed in the INMA and ROBBIC cohorts. Cypress is 
another typical Mediterranean tree found above all in Italy31 which 
was reflected in the dominance of Cup a 1 sensitization mainly in 
Rome. Like for Gipuzkoa and Sabadell, two close regions in Spain, 
we noted strong differences regarding molecular IgE sensitization 
profiles between Bologna and Rome. In Bologna sensitizations to 
grass pollen allergens dominated whereas in Rome sensitization to 
house dust mite allergens were more frequent. We think that it is 
an important finding of our study that we detected strongly varying 
molecular IgE sensitization profiles even in regions which are close 
to each other within one country because this finding has import-
ant implications for precision medicine approaches such as allergen 
avoidance (e.g., house dust mite allergy) and accurate prescription of 
allergen-specific immunotherapy. Molecular diagnosis is especially 
important for the precise identification of the genuinely sensitizing 
allergen sources which can be obscured by cross-reactivity when al-
lergen extracts are used.

The major cat allergen Fel d 1 was the most frequently recognized 
allergen among the furry animals. When comparing the European 
regions, Fel d 1 sensitization was most common in Northern and 
Central Europe already from a young age, while sensitization fre-
quencies were lower in Southern Europe. A similar profile was re-
cently also described for the Moscow region of Russia, where Fel 
d 1 was the most frequently recognized indoor allergen.32 The data 
is in line with a report showing that a higher percentage of people 
in Norway, Sweden and the United Kingdom had a cat during child-
hood.33 However, since multiple factors have been found to affect 
Fel d 1 levels, including keeping cats indoors, smoking habits and 
ventilation, it still remains unclear why Fel d 1 levels in house dust 
are lower in southern Europe.34 One possibility though may be that 
cats are less often kept indoor in these countries due to the climate.

The presence of house dust mite allergens, both Der p and Der 
f, depends on humidity.35,36 This is in line with our finding that IgE 
to the house dust mite allergens were almost absent in BAMSE, very 
low in Sabadell, present in ECA and PIAMA and most prominent in 
the BiB cohort from the United Kingdom. In most cohorts sensiti-
zation was observed against several of the major house dust mite 
allergens, Der p 1, Der p 2, and Der p 23, as well as against other 
house dust mite allergens, like Der p 4, 5, 7 and 10.37 Unlike house 
dust mites, the fungus Alternaria alternata, has shown to be an indoor 
allergen which grows better in a dry and warm climate. As a result, 
Alt a 1 was found to be one of the most important allergens only in 
the cohorts from Sabadell (Spain) and Bologna (Italy).

Regarding food allergens our study differs from the EuroPrevall 
study which has focused on food-allergic subjects and only few mo-
lecular analyses focusing on certain food allergens have been per-
formed within EuroPrevall.38 By contrast, our study has investigated 
random population samples from different parts of Europe for IgE 
sensitizations to food allergens. We found that Ara h 1 and 2 are 
clearly the most prominent allergens in BAMSE and BiB, but rare in 
the other cohorts. Geographical differences in clinical and immuno-
logical profiles of peanut allergens have been reported. Vereda et al. 
showed that peanut allergic patients from the US and Sweden rec-
ognized the storage proteins Ara h 1–3 more frequently compared 
to Spanish patients who were more often sensitized against the lipid 
transfer protein Ara h 9.39 We also noted that Ara h 9 sensitization 
was higher in the southern cohorts INMA Gipuzkoa and ROBBIC 
Rome compared to BAMSE. These differences are not only depend-
ing on the amount and timing of peanut consumption. A study from 
Sweden has shown that the increase in peanut sensitization over the 
years is not only due to increased peanut consumption.40 Differences 
in preparation of peanuts also plays a role. Roasted peanuts, which 
are consumed more in Sweden, the US and other western countries, 
contain more stable proteins and thus may have a higher allergenic-
ity.41 Regarding peanut differences of allergen contact via the skin 
may also be considered to be responsible for different sensitization 
rates in the different populations besides nutritional habits.42 High 
sensitization rates to peanut allergens and to the major fish allergen 
Gad c 1 in the BiB cohort from the United Kingdom as compared 
to other cohorts may be an example for such nutritional habits. 
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10  |    KIEWIET et al.

However, sensitization against the dominant shrimp allergen Pen m 
1 may reflect to some extent cross-reactivity with the tropomyosin 
Der p 10. In individual patients, specific IgE levels to Pen m 1 and Der 
p 10 and IgE cross-inhibition studies may inform which allergen may 
have been the genuinely sensitizing molecule. Act d 1 sensitization 
was found to be prominent only in southern Europe, where kiwifruit 
is grown locally, and especially Italy is known for its high kiwifruit 
consumption.43

Regarding venom allergens, our study provides new and unex-
pected information, since data on hymenoptera IgE sensitization are 
scarce, especially in children. We found that between 7 and 20% 
of 15–16 year olds from the northern cohorts showed IgE reactivity 
against the major wasp venom Ves v 5 while a considerably lower 
rate of sensitization was found at younger ages, which is in line with 
data reported previously.44 Although we did not have data from 
Southern Europe for the 15–16 year olds, Ves v 5 sensitization seems 
to be less frequent in this area at a younger age. The most important 
wasp species, belonging to the Vespula genus and responsible for 
Ves v 5 sensitization, have been found to be present all over Europe, 
but more precise data on their geographical distribution and pop-
ulation density are lacking, which makes it difficult to explain the 
observed differences in sensitization frequency.45 We speculate 
that children in Northern Europe could be more exposed to wasps, 
for example because they spend more time outdoors and in nature 
during the summer period.

With respect to IgE positivity to natural allergen molecules bear-
ing cross-reactive carbohydrate determinants (CCDs), similar rates 
were observed throughout all regions of Europe, with Phl p 4 being 
the most prominent CCD-bearing allergen. For these CCD-bearing 
allergen molecules, coming mainly from plants, it is impossible to dis-
tinguish IgE reactivity to the sugar moieties from antibody binding to 
the protein backbone at an individual level. However, only in south-
ern cohorts IgE levels to nCup a 1 were found to be indicative for 
true sensitization to those trees (cypress, cedar) or grasses (Bermuda 
grass) that are native in those regions. The remarkably high preva-
lence of IgE positivity to nJug r 2 in the German GINI-cohort can pre-
sumably be partly attributed to reactivity with CCDs present on this 
glycoprotein, while in other cohorts reactivity to nJug r 2 was paral-
leled by an increase of IgE to Jug r 1, indicative of genuine IgE sen-
sitization to walnut. Regarding the only CCD marker (i.e., MUXF3) 
which was tested in each of the cohorts a relatively low frequency 
(approximately 1–2%) of IgE reactivity was found indicating that for 
CCD-bearing allergens also protein IgE epitopes play a role.

It is one limitation of our study that not all children from whom 
sera had been collected had exactly the same age but this should 
not affect the major findings of the study which are that sensitiza-
tion profiles to allergen molecules seemed to vary regarding the al-
lergen exposome and climate in the different cohorts and remained 
largely unaltered over time. Another limitation of our study is that 
we have not taken into account the atopic background of the par-
ents of children when picking the serum samples from children but 
it seems that the atopic background of parents does not have such 

strong effects on allergic sensitization in children.46 Likewise, we 
have not stratified children according to genetic background, eth-
nicity, nutritional habits and environmental pollution. However, in 
a recent study we did not find much evidence that pollution would 
influence allergen-specific IgE sensitization.47 Other limitations of 
our study are that we make only descriptive comparisons without 
any adjustments and that the analyses were done only for available 
samples for arbitrarily selected cohorts. On the other hand one may 
consider the arbitrary analysis of children who were born and grew 
up in a region as a strength because it may provide real-life pictures 
of the local molecular sensitization profiles. Furthermore, to the 
best of our knowledge, our study revealing molecular sensitization 
profiles in a population-based cohorts of children from a continent 
represents the first of its kind in the world. A more detailed molec-
ular IgE sensitization map of Europe and other continents may be 
obtained in the future by cross-sectional analyses of random popu-
lations of patients who are recruited by questionnaires from several 
different regions of the individual countries with different climate 
and living habits. Like in our study the patients should have been 
born and grown up in the regions of investigation to inform about 
the influence of the exposome and climate conditions on allergic 
sensitization.

In conclusion, this comprehensive data-set of high-resolution 
IgE-sensitization patterns of several thousand children from 
population-based European birth cohorts, with a north, south and 
west/central gradient, provides a detailed overview of regional dif-
ferences in IgE-reactivity profiles of the general populations, which 
depend largely on the local exposome and climate. Since the method 
used for IgE detection was based on a commercially available plat-
form (ImmunoCAP ISAC), our data can be combined with existing 
and future data-sets from further cohorts based on this technology. 
Furthermore, our sensitization map of Europe may form a basis for 
molecular strategies for prevention and therapy of allergy.
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