
Dezfouli et al. World Allergy Organization Journal (2020) 13:100483
http://doi.org/10.1016/j.waojou.2020.100483
Open Access

Linking cross-reactivity clusters of food and
respiratory allergens in PAMD@ to asthma
and duration of allergy
Shadan Ghandizadeh Dezfoulia,b, Nadine Mothes-Lukscha,c, Annika N. Jensenc, Eva Untersmayra,
Michael Kundib and Erika Jensen-Jarolima,c,d*
aInst
Path
Vien
*Co
Cen
Univ
erika
Full
ABSTRACT

Background: Component resolved diagnosis, recently redefined as precision allergy medicine
diagnosis — PAMD@, may help understanding allergic cross-reactivity patterns among poly-
sensitized patients and their clinical implication.

Objective: We aimed to investigate similarities among allergens by empirically determining the
occurrence of co-sensitization patterns and to relate them to clinical features, in particular to
asthma.

Methods: A retrospective cohort study in 1057 participants suspected to have allergic sensiti-
zation was performed in Vienna.To define cross-reactivity patterns, cluster analysis for 671 patients
who showed reaction to at least one of the allergens in ISAC112 was performed and followed by
multivariate logistic regression analysis to relate clusters and clinical symptoms, in particular cur-
rent asthma.

Results: We determined 18 cross-reactivity clusters, comprising of 6 food, 10 respiratory, and 2
other clusters of allergens. Overall, 14% of the cohort patients were positive for 1 cross-reactivity
cluster and 23% to 2 or more clusters. Multisensitized patients who were sensitized to PR-10
allergen proteins in addition to Bermuda timothy grass pollen clusters showed the highest asso-
ciation with asthma (odds ratio, 4.22 and 95% CI: 2.32–7.68) and an increase of 10 years of the
duration of allergy increased the odds for a combined sensitization to PR-10 cluster and Bermuda-
timothy cluster by 1.27 (95% CI: 1.06–1.53).

Conclusion: Similarities among IgE positivity patterns determined by ISAC112 revealed 18 cross-
reactivity clusters. This PAMD@ approach allowed prediction of clinical features and revealed that
certain cross-reactivity patterns are related to duration of allergic symptoms.
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INTRODUCTION

According to the World Health Organization
(WHO),1 globally approximately 300 million
individuals suffer from asthma and 400 million
from allergic rhinitis. In addition, over 250 million
individuals are expected to have a food allergy. It
is estimated that by 2025 half of the European
population may have one or another form of an
allergy.2 Therefore, diagnosis and treatment of
allergy are a major public health issue.

In 1989, molecular allergy diagnosis evolved by
cloning allergen-encoding complementary DNAs,
which led to improvement of the IgE-mediated
allergy diagnosis.3 Comprehensive examination
of reaction pattern to diverse recombinant
allergens could assist physicians in decisions
regarding the most suitable treatment modality
or allergen specific immunotherapy.4 Interactions
between host factors, including genetics and
epigenetics, skin barrier, microbiome, infectious
disease history, and environmental factors
contribute to the individuals’ specific IgE profile.5

Molecular diagnosis provides a new way to
recognize cross reactivity phenomena and co-
sensitization in a “sensitization profile” of the IgE
mediated responses of patients. As a method of
precision allergy medicine diagnosis (PAMD@), it
has increasingly entered daily clinical routine.6

A comprehensive assessment of the IgE reaction
patterns could not only help to establish the IgE
cross-reactivity on a molecular basis but also to
determine similarities of the various allergens. It
has been documented that PAMD@ may provide a
more accurate and detailed test in IgE mediated
allergic patients in comparison to skin prick tests.7

To the best of our knowledge only 1 study has
applied the method of cluster analysis on the
larger sets of reactions to allergen molecules.8

We conducted cluster analyses within 3 groups
of the allergen molecules of ISAC112 stratified as
food, respiratory, and other allergens.

Clusters of reactivity could be used in 2 ways:
direct analysis of molecular similarities between
allergens and detection of multisensitized and
polysensitized patients in association with the
clinical appearance.

Because of the significant number of allergens,
it is not feasible to check all molecular similarities
between them, eg, for the 112 allergens of ISAC
the number of pairs to check is 6216; therefore,
guiding comparisons by empirically determining
the occurrence of co-sensitization patterns would
be of great help. On the other hand, relationships
between clusters of reactivity to food and respira-
tory allergens could elucidate the process of
developing multisensitization and
polysensitization.

In this report, we aimed to not only describe the
association between polysensitization and multi-
sensitization but also to link them with the duration
of clinical allergy and asthma. Hence, we bridge
specific IgE determination with a precise clinical
evaluation.6 The main research questions we
attempted to answer were:

1. Is sensitization to food and respiratory allergen
clusters related to occurrence of asthma?

2. How does duration of allergy affect the sensiti-
zation pattern and development of cross-
reactivity and multisensitization?
METHODS

Study design and population

This retrospective cohort and single-center
study was conducted during 2012–2015 in an al-
lergy clinic in Vienna. Of the 1412 suspected
allergic patients, the whole set of data as well as
ISAC112 results were available for 1057 patients.
The study protocol was approved by the Ethics
Committee of the Medical University Vienna (EK
2002/2012).
Allergic sensitization

ImmunoCAP ISAC112

Specific IgE levels of the patients' sera samples
were measured against 112 allergen molecules
according to the manufacturer's protocol (Thermo
Fisher Scientific Inc, Phadia AB, Uppsala, Sweden).
Semi-quantitative results of the sIgE levels were
defined as negative for values less than 0.3 ISU and
otherwise as positive. The 112 ISAC allergens were
categorized into food allergens including: nuts,
wheat, soy, apple, peach, kiwi, egg, milk, chicken,
cod fish, shrimp, and airborne allergens including:
birch pollen, timothy and Bermuda grass pollen,
olive, mugwort, plantain, ragweed, pellitory, plane
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Median (IQR) or
n (%)

Age at first visit (years) 38; (21–50)

Sex (Male) (%) 544 (51.5)

Body mass index-mean (BMI
kg/m2)

23.29 (20.06–
26.29)

Family history of the allergy
Father 198 (18.7)
Mother 240 (22.7)
Mother and father 72 (6.8)

Smoking status
Never smoker 72.1
Former smoker 14.1
Smoker 13.2

Duration of the allergy
(years)

104–23

Age at onset of the allergy
(years)

209–34

Asthma 133 (12.6)

Comorbidities
Diabetes 27 (2.6)
Gastroesophageal reflux 184 (17.4)
Gastritis 74 (7.0)
Migraine 177 (16.7)
Hypertension 125 (11.8)

Positive to any ISAC112
allergen

671 (63.5)

Multisensitized 242 (22.9)

Polysensitized 148 (14.0)

Table 1. Characteristics of the cohort (n ¼ 1057)
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tree, cat, dog, horse, cow, mouse, molds, house
dust mites, and other allergens including: latex,
honey bee, and wasp.
Skin prick test

Skin prick test was carried out for 10% of the
patients. In the skin provocation test, whole ex-
tracts of the respiratory and food allergen panels
have been used (ALK Abello, Hoersholm,
Denmark).

Based on clinical history and results of the
ISAC112, alder, birch, hazel, ash, grasses, mug-
wort, ragweed (ambrosia), buckhorn plantain,
house dust mites, cat, dog, and Alternaria among
airborne allergens and hazelnut, peanut, wheat
flour, egg, cow milk, soy, and cod fish from nutri-
tional allergens were tested in skin prick test as
reported previously.9

Statistical methods

Cluster analysis

Analyses were performed using the anonymized
data file applying SPSS 25.0 (IBM Corp. USA) and
Stata 13.1 (StataCorp, USA). Specific IgE concen-
trations were dichotomized at a cut-off of �0.3 ISU.
Allergens were grouped into respiratory, food, and
other allergens. Within these groups of allergens
dissimilarity indices for pairs of allergens were
computed using the Lance & Williams metric.
Bottom-up agglomerative clustering with com-
plete linkage as amalgamation rule was applied. A
distance cut-off of 0.2 was arbitrarily chosen (sim-
ilarity of 80%). This procedure led to the extraction
of 6 food reactivity clusters, 10 respiratory, and 2
other cross reactivity and co-sensitization clusters.
Assignment of a patient to a cluster was positive if
the patient was positive to at least 80% of the al-
lergens within a cluster. In addition, we performed
supervised cluster analysis restricting allergens to
those belonging to the tropomyosin, PR-10, or
profilin type similar to the analysis performed by
Scala E et al (2011) and Scala E et al (2010)8,10 and
added those of the cupin-, prolamin-, or lipocalin-
superfamilies. Furthermore, since patients could
not be clustered in distinct groups aligned to these
types of allergens, we performed cluster analyses
within types following the same methodology as
described above.

Statistical evaluation of clinical features

Clusters, to which more than 5% of the patients
reacted, were selected for further analysis. Fre-
quency of these cluster assignments were deter-
mined and presented as percent positivity.

The relationship between a history of asthma or
other clinical features as the outcome variable and
cluster assignments was analyzed by multiple lo-
gistic regression adjusted for sex, age, family his-
tory of atopy, smoking, and BMI. Cluster positivity
in relation to duration of the allergy was also
analyzed by multiple logistic regression adjusted
for age at onset of allergy. In the subset of patients



no Clusters name Allergen molecules Sensitization
pattern

Biochemical name and
function

Food clusters

132 Soybean-nuts-fruits Ara h 8, Cor a 1.0101,
Cor a 1.0401, Gly m 4,
Mal d 1, Pru p 1

Cross reactivity PR-10 proteins

2 Cod-walnut-
sesame

Gad c 1, Jug r 1, Ses i 1 Co- sensitization Beta parva albumin- 2S
albumin

2 Peanut-soybean Ara h 3, Gly m 5, Gly m 6 Cross-reactivity Cupin- Beta conglycinin-
Glycinin

7 Peanut Ara h 2, Ara h 6 Molecular
spreading

Conglutin (2S albumin)

7 Hazelnut-peach Cor an 8, Pru p 3 Cross reactivity nsLTP

2 Kiwi-chicken Act d 1, Gal d 3 Co- sensitization Cystein protease,
Ovotransferrin

Respiratory clusters

76 House dust mite Der f 1, Der f 2, Der p 1,
Der p 2

Cross reactivity and
Molecular
spreading

Cysteine protease,
Neimann-Pick-type C2
protein

150 Bermuda-timothy Cyn d 1, Phl p 1, Phl p 4 Cross-reactivity
and Molecular
spreading

Beta expansins,
Glycoprotein (Berberine
bridge enzyme)

53 Birch-timothy-
mercury

Bet v 2, Phl p 12, Mer a 1 Cross reactivity Profilin

20 Horse-mouse Equ c1, Mus m 1 Cross reactivity Lipocalin

3 Dog-cat Can f 3, Fel d 2 Cross reactivity Serum albumin

223 Alder-birch Aln g 1, Bet v 1 Cross reactivity PR-10 proteins

1 Cattel-horse Bos d 6, Equ c 3 Cross reactivity Serum albumin

121 Timothygrasspollen Phl p 5, Phl p 6 Molecular
spreading

22 Birch-timothy Bet v 4, Phl p 7 Cross reactivity Polcalcin

38 Cypress-planetree Cup a 1, Pla a 1 Co- sensitization Pectate lyase, Putative
invertase inhibitor

Others

10 Herring worm-
cockroach

Ani s 3, Bla g 7 Co- sensitization Tropomyosin, Nitrile
specifier

1 Latex Hev b 5, Hev b 6.01 Co- sensitization Acidic protein, Hevein
precursor

Table 2. Results of cluster analysis
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for whom skin prick test results were available,
descriptive analyses of positivity to allergen clus-
ters from ISAC and SPT results are presented. Re-
sults of logistic regression are presented as odds
ratios (OR) and 95% confidence intervals. Results
with associated p-values below 5% were consid-
ered significant.
RESULTS

Characteristics of the cohort

Overall, between 2012 and 2015 n ¼ 1057 pa-
tients (544 male and 513 female) presenting with
allergy symptoms and screened for specific IgE
using the ISAC112 microarray, were included.
Subjects' age ranged from newborn to elderly (0–
100 years) with a median age of 38 years (inter-
quartile range IQR; 21–50). Duration of allergy as
by patients’ reports varied between less than 1
year to more than 70 years. Clinical history of
asthma has been recorded for 12.6% of the pa-
tients. Overall, 63% were positive to at least 1
allergen, 14% reacted to 1 cross-reactivity cluster
and were considered polysensitized. Multi-
sensitization accounted for 22.9% who reacted to
at least 2 clusters. (Table 1).
Fig. 1 Dendrogram of the 18 cross-reactivity and co-sensitization cluste
and PR-10 respiratory cluster
Polysensitization and/multisensitization to food
and respiratory clusters (cross-reactivity or co-
sensitization).

The cluster analysis of 671 allergic patients, who
showed reaction to at least 1 of the allergen mol-
ecules in ISAC112, revealed 18 sensitization clus-
ters: 6 clusters of food allergens, to which 152 of
all patients reacted, in addition, 379 subjects
reacted to at least 1 cluster of respiratory allergens.
Furthermore, 11 patients showed a positive reac-
tion to 2 clusters of neither respiratory nor food
allergens that were grouped into “other” allergens.
We introduced clusters with the name of the
allergen sources. Details of the clusters including
structure of the allergen molecules, cross-
reactivity, and co-sensitization and molecular
spreading patterns are shown in Table 2 and
Fig. 1.

Polysensitization to food, cross reactivity, and co-
sensitization

The most common food cross-reactivity pattern
comprised peanut-, hazelnut-, soybean-, and
apple-peach allergens assigned the name “soy-
bean-nuts-fruits” (Ara h 8, Cor a 1.0101, Cor a
1.0401, Gly m 4, Mal d 1, Pru p 1) to which 132
rs. The strongest correlation was found between PR-10 food pattern



Fig. 2 Percent positivity of reactions to ISAC112 allergens in patients with asthma (n ¼ 133)
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subjects exhibited a positive reaction. The 5 other
polysensitization patterns comprising of 20 pa-
tients included: “cod-walnut-sesame” group (Gad
c 1, Jug r 1, Ses i 1), “peanut-soybean” (Ara h 3, Gly
m 5, Gly m 6), “peanut” (Ara h 2, Ara h 6), “hazelnut-
peach” (Cor an 8, Pru p 3), “kiwi-chicken” (Act d 1,
Gal d 3).
Polysensitization to respiratory allergens, cross
reactivity, and co-sensitization

Overall, sensitization to respiratory clusters was
frequently seen; the highest prevalence belonged
to “alder-birch” (Aln g 1, Bet v 1) with 223 patients.
The second and third common cross reactivity
clusters were “Bermuda-timothy” (Cyn d 1, Phl p 1,
Phl p 4) with 150 patients and “timothy grass pol-
len” (Phl p 5, Phl p 6) with 121 patients. Overall, 76
individuals reacted to the house dust mite group
and 53 to the “birch-timothy-mercury” pattern (Bet
v 2, Phl p 12, Mer a 1). To “cypress-plane tree” (cup
a 1, Pla a 2) 38 were found positive and to other
clusters 11 patients (Table 2).
Relationship between clusters

Correlation between food and respiratory
allergen clusters revealed a remarkable relation-
ship between “alder-birch” and “soybeen-nuts-
fruits” clusters (Fig. 1). In other words, 130
patients reacted to the “soybean-nuts-fruits”
cluster and to “alder-birch” simultaneously.
Furthermore, 43% of the subjects who reacted
to “soybean-nuts-fruits” also showed sensitization
to the Bermuda-timothy cluster, 29% to timothy
grass pollen, and 23% to birch-timothy-mercury.
All patients positive for any PR-10 allergens were
also positive for Bet v 1.

The number of patients who were sensitized to
both Bermuda-timothy and timothy grass pollen
clusters was 83. But 44.7% of the patients who
reacted to Bermuda-timothy did not react to
timothy grass pollen and 31% of those sensitized
to the Phl p 5- Phl p 6 group (timothy grass pollen)
were not co-sensitized to Bermuda-timothy (Cyn
d 1- Phl p 1- Phl p 4). Further analysis identified
that multisensitization was common (84%) among
patients, who reacted to “Bet v 2, Phl p 12, Mer a
1”. (See also Fig. 1).
Supervised cluster analysis for PR-10 molecules

In addition to unsupervised cluster analysis, we
performed a supervised hierarchical clustering on
PR-10 molecules including respiratory and food
PR-10 allergens. The findings suggested reactions
to these molecules in 2 distinct clusters: 1 cluster
comprising the kiwi, peanut, celery, and soybean
allergens and the other cluster hazelnut, tree pol-
len, birch pollen, peach, and apple allergens.
Similarity between these 2 clusters was less than
30% (Fig. 3).

Relationship between clusters and clinical
symptoms (asthma, duration of allergic symptoms).

https://doi.org/10.1016/j.waojou.2020.100483


Fig. 3 Dendrogram of the PR-10 allergens. There are two distinct clusters linked at about 22% similarity only
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For the analysis of a relationship to clinical fea-
tures only clusters were considered to which at
least 5 percent of the subjects were sensitized.

Except for the “Birch-timothy-mercury” pattern
that showed a statistically not significantly
increased risk for asthma (odds ratio 1.87; 95% CI:
0.91–3.91), all other clusters were significantly
related. (Table 3). A particularly strong relationship
was found for PR-10 food and respiratory proteins
in combination with Bermuda-timothy (odds ratio
4.22; 95% CI:2.32–7.68). (Table 3). Smoking did
not confound these relationships.

Fig. 2 shows frequency of the reactions to
ISAC112 allergens in patients with asthma.

Additional multivariate analyses showed that
sensitization to “Bermuda-Timothy”, “alder-birch”
and reaction to “soybean-nuts-fruits” and
“Bermuda-Timothy” was significantly associated
with increasing duration of the allergy. (Table 4). In
addition, there was a highly significant (p < 0.001)
relationship between duration of allergy and the
number of sensitizations with about one
additional sensitization by 10 years increase of
the duration of allergy.
DISCUSSION

Findings of our study demonstrate reactivity
clusters to various allergen molecules and corre-
lation between food and respiratory cross-
reactivity patterns. Moreover, we defined several
polysensitization and multisensitization clusters.

Grass pollen (Phl p1 and Cyn d1) and Bet v1
were the most prevalent airborne allergens among
our large cohort of suspected allergic patients,
which is consistent with a previous study among
adolescents in Salzburg, Austria.11 We found
sensitization to Fel d 1 and Ole e 1 as the
second common major airborne allergens. Mal
d 1, Pru p 1 and Ara h 8, in accordance with a
study in southern Sweden, accounted for the
most common food allergen sensitization. Our
data also support the observation that
sensitization to major food allergens is not as
common as those to respiratory allergens.11,12

The association between sensitizations to aller-
gens we obtained in our cohort, could often be
confirmed by their biological structures. Most
clusters could be established as due to cross-
reactivity between allergens, co-sensitization, or
molecular spreading. Nevertheless, in some in-
stances no cross-reactivity between allergen mol-
ecules within a cluster could be found, for instance,



Sensitization/co-sensitization to clusters Crude OR (95% CI) Adjusteda OR (95% CI)

Soybean-nuts-fruits 2.75 (1.76–4.29) 2.67 (1.68–4.25)

House dust mite 2.15 (1.21–3.81) 2.43 (1.32–4.48)

Bermuda- timothy 2.05 (1.31–3.21) 2.02 (1.27–3.21)

Birch- timothy- mercury 1.66 (0.81–3.40) 1.87 (0.91–3.91)

Alder- birch 2.05 (1.38–3.05) 1.98 (1.31–2.98)

Timothy grass pollen 1.65 (0.99–2.73) 1.76 (1.05–2.96)

Soybean-nuts- fruits & Bermuda- timothy 4.24 (2.38–7.56) 4.22 (2.32–7.68)

Soybean-nuts- fruits & Alder- birch 2.81 (1.80–4.39) 2.74 (1.73–4.36)

Bermuda- timothy & Alder- birch 2.60 (1.53–4.44) 2.60 (1.51–4.50)

Alder- birch & Timothy grass pollen 2.60 (1.37–4.92) 2.77 (1.44–5.35)

Bermuda- timothy & Timothy grass pollen 2.06 (1.18–3.61) 2.27 (1.28–4.04)

Table 3. Results of logistic regression analysis of cluster positivity and asthma risk CI: Confidence Interval, OR: Odds Ratio a. adjusted for sex, age at
first visit, family history of allergy, smoking and BMI

8 Dezfouli et al. World Allergy Organization Journal (2020) 13:100483
http://doi.org/10.1016/j.waojou.2020.100483
Fel d 1 and Ole e 1. Major cross-reactivity clusters
between PR-10 food allergens consist of Ara h 8,
Cor a 1.0101, Cor a 1.0401, Gly m 4, Mal d 1 and
Pru p 1. In this group, patients sensitized to 7 food
allergen molecules in addition to cluster 12, which
included 2 pollen allergens from the PR-10 protein
family, namely Bet v 1, the most prevalent PR- 10
allergen, and Aln g 1. Associations between PR-10
molecules have been explained previously,13–15

however, in our study cross-reaction to Gly m 4
was very common in combination with apple and
hazelnut sensitization. The second food-allergen
cluster comprising major fish allergen (Gad c 1),
walnut (Jug r 1), and sesame (Ses i 1), could be due
structural similarities between the nut and fish al-
lergens 2S albumin and parvalbumin beta homo-
logues. Cross reactivity between walnut and
sesame has been described.13 Since co-
sensitization of the cod fish allergens and nuts
has not been reported yet, we evaluated its simi-
larity according to the UniProt knowledgebase:
We detected 22 identical positions and 40 similar
positions between Gad c1 and Jug r 1.

A multicenter prospective study in Europe
described about 60% of children being allergic to
nuts showing co-sensitization to peanut, tree nut,
and sesame.16 Nonetheless, in order to find an
explanation for the empirical association between
the allergens belonging to albumin proteins in
cluster 2, more studies along with in vitro in-
vestigations are required. We present cross-
reactivity between Ara h 3 major peanut allergen
and soybean allergens Gly m 5 and Gly m 6 in
cluster 3. This concurs with previous findings that
demonstrate sequence similarities of the legumin
like proteins17 and are also consistent with a
previous study among 66 patients with peanut
allergy in Austria.18

Molecular spreading phenomena have already
been explained for grass pollen sensitization and
house dust mites. Peanut comprises of 16 types of
allergen molecules from 8 different protein fam-
ilies. We found Ara h 2 and Ara h 6 in one cluster,
which are known as 2S albumin proteins. Sensiti-
zation to 2 molecules from the same family could
suggest “molecular spreading”. Ara h 2 has been
classified up to now as the most potent allergen in
this family.19–21 In a previous study in Austrian
peanut-allergic patients more than 70% were
sensitized to Ara h 2 and Ara h 6 molecules.18

Nonspecific lipid transfer protein cross-reactivity
between Cor a 8 and Pru p 3 could be assumed to
be the basis for our fifth cluster. This is in good
agreement with Spanish and Italian studies sug-
gesting Pru p 3 as a strong sensitizer in combina-
tion with peanut and hazelnut sensitization.22,23

https://doi.org/10.1016/j.waojou.2020.100483


Sensitization/co-sensitization to clusters Crude OR (95% CI) Adjusteda OR (95% CI)

Soybean-nuts- fruits 1.20 (1.05–1.38) 1.14 (0.99–1.32)

House dust mite 0.98 (0.80–1.19) 0.88 (0.72–1.08)

Bermuda- timothy 1.28 (1.12–1.46) 1.16 (1.01–1.33)

Birch- timothy- mercury 0.92 (0.74–1.16) 0.82 (0.65–1.02)

Alder- birch 1.23 (1.09–1.38) 1.21 (1.07–1.38)

Timothy grass pollen 1.02 (0.87–1.18) 0.91 (0.78–1.07)

Soybean-nuts- fruits & Bermuda- timothy 1.38 (1.16–1.65) 1.27 (1.06–1.53)

Soybean-nuts- fruits & Alder- birch 1.21 (1.05–1.39) 1.14 (0.99–1.32)

Bermuda- timothy & Alder- birch 1.36 (1.16–1.59) 1.25 (1.07–1.48)

Alder- birch & Timothy grass pollen 1.14 (0.93–1.40) 1.04 (0.85–1.28)

Bermuda- timothy & Timothy grass pollen 1.08 (0.91–1.28) 0.97 (0.81–1.16)

Table 4. Results of logistic regression analysis of various sensitization patterns on duration of allergy. Odds ratios for an increase of the risk
of having the respective sensitization pattern by an increase of 10 years of the duration of allergy CI: Confidence Interval, OR: Odds Ratio
a. adjusted for age at onset of allergy
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Interestingly, the last cluster among food aller-
gens that was identified consists of kiwi and egg
white proteins. Allergy to egg and chicken among
children have been frequently reported but there
are only few studies about the cross-reactivity or
co-sensitization for egg white allergens such as Gal
d 3. Act d 1 is one of the main allergens from 13
types of green kiwi fruits allergen molecules that
have already been recognized. It is a molecule with
30 kDa belonging to the cysteine proteases.24 Kiwi
fruit allergens not only could act as a trigger for
different symptoms but they could also increase
the risk of sensitization to other allergens. So far
cross-reactivity between kiwi fruits and a variety
of fruits, vegetables, nuts and seeds has been re-
ported.25 We found no previous report about an
association between Act d 1 and Gal d 3.
However, about 119 similar and 65 identical
positions between these two proteins were found
according to UniProt database. Hence, further
studies are needed to assess the sequence
similarity between these molecules and their
three-dimensional structures.

Consistent with previous studies, cluster 7 illus-
trates both phenomena, molecular spreading and
cross reactivity, among sensitized patients. Der-
matophagoides pteronyssinus has been reported
as an important allergen in asthma.26–28 Because
ISAC112 chip comprises only Der p 1, Der p 2,
Der f 1 and Der f 2, we could not determine the
association between all different potential HDM
allergens.

Cluster 8 shows co-sensitizations among oligo
molecular sensitization to timothy grass pollens Phl
p1, Phl p 4, and Bermuda pollen allergens. Previ-
ous studies proposed cross-reactivity between Cyn
d 1 and Phl p 1, besides Ph l p 1 is an initiator
allergen in at least 75% of cases.27,29–31 We
confirmed these findings but also found Phl p 5
and Phl p 6 in a separate cluster, possibly due to
molecular spreading and with lower tendency to
cross reactivity with Bermuda pollen.

Within profilin cross-reactivity we observed IgE
sensitization to Bet v 2, Phl p 2, and Mer a 1. This is
in close agreement with previous studies.31,32 In a
Manchester cohort study, Hev b 8 together with
Mer a 1 was a dominant allergen in the profilin
group in accordance with our findings.

Cluster 10 displays reactivity to lipocalins.
Common lipocalin reactivity allergens like Can f 1,
Can f 2, Equ c 1, Fel d 4 and Mus m 1 were re-
ported.33 In a study in West Sweden the most
prevalent cross-reactivity lipocalin allergens were
Fel d 4 and Equ c 1.34 Among lipocalin allergens,
we demonstrate cross-reactivity between Equ c 1
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and Mus m 1. Sensitizations to furry animals are
prevalent and the second most common group are
serum albumin allergens of dander and fluid.
There are minor allergens belonging to mamma-
lian animals and include Equ c 3 (horse), Bos d 6
(bovine), Can f 3 (dog), and Fel d 2 (cat) and Sus s 1
(pig).35 Our study provides additional support for
cross-reactivity among mammalian albumin aller-
gens and confirms reactivity between Can f 3 and
Fel d 2 as a typical association between minor al-
lergens in cluster 11.36

Cluster 13 represents a new finding about the
relation between Equ c 3 (equine) and Bos d 6
(bovine). In addition to the cat-pork syndrome,
clinical co-sensitization between cow meat and
milk allergy and association between horse allergy
and cat or dog sensitization have been pro-
posed.37 In one study, more than half of the
patients who reacted to Equ c 3 were also
sensitized to cat or dog.38

Our cluster of “Aln g 1 and Bet v1” is in complete
agreement with previous findings.39 Cluster 15
shows cross-reactivity between birch pollen (Bet v
4) and grass pollen (Phl p 7), calcium binding al-
lergens, which are restricted to pollen allergens.
Phl p 7 as a minor allergen in the timothy group is
highly cross reactive with other polcalcin allergens
(like Bet v 4) and hence our results support earlier
studies.40,41 We also observed co-sensitization
between cypress (Cup a 1) and plane tree (Pla a
1) in cluster 16. Major allergen Cup a 1, belonging
to pectate lyase along with nonglycosylated major
allergen Pla a1 could suggest co-sensitization by
tree pollen allergens.42 Tropomyosin cross-
reactivity between Ani s 3 (worm allergen) and
Bla g 7 (German cockroach) cluster supports other
findings about similarities between tropomyosin.43

The latex cluster probably illustrates co-
sensitization between Hev b 5 as a major
allergen, heat stable and acidotic protein with
unknown biologic function and Hev b 6.01 the
major allergen belonging to chitinases.44

The relationship between clusters, especially
between food and respiratory clusters, suggests a
powerful correlation between PR-10 food and
respiratory allergens. We found that all patients
sensitized to the “soybean-nuts-fruits” cluster
reacted to “alder-birch”. Only less than 40% of
patients reacting to Bet v 1 and Aln g 1 did not
show sensitization to the PR-10 food cluster.

The results of previous reports indicated
different patterns of sensitization, which are
related to rhinitis and asthma. In a cohort study
among children at school age it has been
demonstrated that polysensitization to respiratory
allergens is associated with asthma.45 A Korean
study found an association between
polysensitization to airborne allergens and
severity of asthma.46 As proposed in another
cohort from Melbourne, co-sensitization to com-
mon food and airborne allergens is significantly
related to respiratory allergic diseases.47 House
dust mites cross-reactivity increased the risk of
rhinitis and asthma as reported from the
Manchester asthma and allergy birth cohort
study.28 A recent epidemiologic study in
Stockholm in children 16 years old showed an
increasing risk for persistent rhinitis after
sensitization to Bet v 1 pollen allergen besides
increasing the number of PR-10 food allergens.13

Several risk factors are recognized for asthma;
however, a comprehensive risk assessment asso-
ciated with the sensitization patterns in allergic
patients has rarely been done. We assessed
sensitization to all clusters prevalent in more than
5% of the cohort and in asthmatic and symptom-
atic allergic patients. Approximately 12% of the
patients had a clinical history of asthma. The
highest odd's ratio for asthma was found for mul-
tisensitized patients with PR-10 allergens and
Bermuda-timothy cluster positivity. Besides sensi-
tization to house dust mite cluster (odd's ratio,
2.43), PR-10 allergens (odd's ratio, 2.67), Bermuda-
timothy cluster (odd's ratio, 2.02) and alder-birch
cluster (odd's ratio, 1.98) have been confirmed as
significant risk factors for asthma.

We addressed duration of allergy and sensiti-
zation patterns among allergic patients probably
for the first time. We found a remarkable correla-
tion between polysensitization to PR-10 clusters
and Bermuda-timothy cross-reactivity cluster with
increasing duration of the allergy. These findings
suggest that with increasing disease duration the
pattern of sensitization is broadening. On the other
hand, these results imply that expansion of sensi-
tization to multiple allergens could be responsible
for the maintenance of asthma symptomatology. If
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this is true, desensitization therapy should
commence, if feasible, in asthmatic patients as
early as possible.

As lifestyle factors may play a role in sensitiza-
tion to allergens, we included besides de-
mographic characteristics such as age and sex and
family history of asthma also BMI and active
smoking in multivariate analysis to adjust for these
possible confounders. As shown in Table 3. These
factors had little effect on the association between
sensitization clusters and asthma. There were,
however, some statistically significant differences
(results not shown) between smokers and
overweight/obese individuals and sensitization
patterns. Smokers were significantly less often
sensitized to birch-timothy-mercury cluster aller-
gens and overweight/obese individuals were
significantly less often sensitized to alder-birch
cluster allergens.

Our study has some limitations. Since we relied
on results from ISAC112, our analysis is restricted
to the allergens covered by this procedure. We
are, however, aware that the “Bermuda-timothy”
cluster could be affected by CCD recognition, as
natural (n) Cyn d 1, nPhl p 4, like nApi g 5, nCup a
1, and MUXF3, express cross-reactive carbohy-
drate determinants (CCDs), which could lead in
principal to nonspecific IgE binding.48,49 Our
results are from 1 large allergy clinic but may
have a different composition of patients than
seen in other institutions, therefore, further
progress can be expected from multicenter
studies. Another limitation is the fact that we
included cases of asthma diagnosed by a
physician but without having access to records of
their clinical assessment.

This study has highlighted that increasing the
duration of the allergy is related with development
of cross reactivity and polysensitization. Further-
more, polysensitization to food and/or respiratory
allergens are related to manifestation of asthma.

In conclusion, similarities among IgE positivity
patterns determined by ISAC112 revealed 18
cross-reactivity clusters. In line with the PAMD@
concept,6 this novel procedure allowed prediction
of clinical features and showed cross-reactivity
patterns and expansion of the reactivity to
different allergens is related to duration of
symptoms.
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