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Purpose: Many plant food allergens contain homologs to the major birch allergen Bet v 1; therefore, the majority of patients with
birch pollen allergy suffer from oral allergy syndrome. We studied the relevance of sensitization of Bet v 1 and co-sensitization with
profilin concerning the clinical manifestations of an oral allergy syndrome.
Patients and Methods: A total of 1119 patients with a positive skin prick test to birch and diagnostic for specific IgE to the allergen
components Bet v 1 and profilin were analyzed retrospectively regarding complaints in the upper and lower airways, with demographic
data as well as oral and gastrointestinal allergy symptoms.
Results: Patients with simultaneous specific IgE to the allergen components Bet v 1 and profilin have to deal more often with an oral
allergy syndrome and intestinal reactions. They also suffer more frequently and severely from rhinitis symptoms and show a higher
tendency for asthma. No increased number of systemic reactions was seen.
Conclusion: Patients with birch allergy recognizing both allergens have more probabilities of suffering from an oral allergy
syndrome, and allergologists should be aware of this in order to give better advice to their patients.
Keywords: oral allergy syndrome, clinical relevance of allergens, birch pollen sensitization, profilin co-sensitization, component
resolved diagnostic

Introduction
Oral allergy syndrome (OAS) has been clinically recognized as a unique presentation of food allergy for more than 80
years and remains a significant diagnostic and therapeutic challenge to both practicing and research allergologists.1–3

OAS represents the most common food allergy in adults, with a prevalence in patients with pollen allergies ranging from
9.6% to 55% worldwide.4 Symptoms of OAS are usually limited to the oropharyngeal area and occur shortly after
ingesting a raw fruit or vegetable.3 Typical symptoms are itching, tingling and/or swelling of the lips, tongue, palate or
throat, but also reactions beyond the oral cavity eg laryngeal swelling with dyspnea, eczema, circulatory problems or
gastrointestinal complaints may occur. And even though considered rare, severe reactions have also been reported,
including anaphylaxis in up to 1.7% as stated in a survey by Ma et al.3,5 OAS is caused by an IgE cross-reactivity
between an aeroallergen and a characteristically similar plant-derived protein like the pathogenesis-related or pathogen
response (PR) proteins (eg PR-10).3 A key member of the PR-10 family is the major birch tree allergen Betula verrucosa
(Bet v 1). Another cause of OAS was uncovered when Valenta et al cloned and identified a novel birch allergen, Bet v 2.6

Bet v 2 was found in patients with and without birch allergy and led to the realization that a larger, non-PR-related
protein family was capable of causing OAS: the profilins. Profilins are panallergens, present in almost all eukaryotic cells
and responsible for cross-reactivity between pollen, latex and plant foods, and considered to be an important confounding
factor in extract-based diagnosis.7 Profilin food allergy is thus considered to be a secondary effector of primary
respiratory allergic disease.8,9 It is known that around 70% of birch allergic individuals develop allergic symptoms
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against certain foods containing homologous cross-reactive allergens to the major birch allergen Bet v 1.10–12 Still, the
clinical relevance of sensitization to Bet v 1 versus co-sensitization to Bet v 1 and profilin concerning OAS remains
unclear. The aim of this study was to analyze the relationship between oral allergy syndromes and the specific IgE pattern
towards Bet v 1 and profilin in patients with positive skin prick test (SPT) to birch. Further, we questioned whether
component-resolved diagnostics might add a benefit to the clinical diagnosis of OAS.

Materials and Methods
The Department of Oto-Rhino-Laryngology, Head&Neck Surgery of the Ludwig-Maximilians-University in Munich runs
an anonymized allergy database that contains all patient information and diagnostic results. We retrospectively scanned
this database for patients who had a positive skin prick test (SPT) to birch between September 2002 and April 2018.
A total of 1148 patients had received diagnostics for specific IgE to the allergen components Bet v 1 and profilin (Bet v 2
and/or Phl p 12). Based on the serological pattern, we divided the patient collective into the following groups: Bet v 1
positive and profilin negative (group A, n=800 patients), Bet v 1 positive and profilin positive (group B, n=121 patients),
as control group Bet v 1 negative and profilin negative (group C, n=198 patients) and Bet v 1 negative and profilin
positive (group D, n=29). As we wanted to have a look at the relevance of profilin in context of birch pollen allergic
patients, individuals with characteristics “Bet v 1 -/profilin +” were not informative in our context, and therefore this
group was not analyzed. The final study cohort included 1119 patients.

For SPT the solutions by ALK-Abelló, Wedel, Germany had been used. We had performed SPT to birch, hazel, alder,
ash, timothy grass, rye, mugwort, pellitory, ragweed, Dermatophagoides pteronyssinus, Dermatophagoides farinae, dog,
cat, Alternaria and Aspergillus. The SPT has been considered positive with a wheal ≥3 mm in diameter (divided into the
following categories: ≥3 to 4 mm; ≥4 to 5 mm; ≥5 to 6; ≥6 mm) in combination with histamine dihydrochloride solution
at 1 mg/mL as positive control and allergen-free saline solution as negative control, read 20 min after application.13,14

The procedure and classification were in line with European standards and published guidelines.13,14 The FEIA
(fluorescence enzyme immunoassay) method was used to detect IgE reactivity to allergen components Bet v 1 and
profilin (Bet v 2 and/or Phl p 12) with a commercially available test kit (UniCAP, Thermo Fisher Scientific, Freiburg,
Germany). All procedures were in accordance with the manufacturer'ś instructions. Results were reported as concentra-
tions (kU/L).

Further, the medical history was registered, partially by a standardized clinical history questionnaire containing
demographic data, living environment, complaints of the upper and lower airways, gastrointestinal symptoms and oral
allergy symptoms. The clinical symptoms were assessed by a standardized questionnaire (an extended version of the
standardized German adapted version of the Rhinoconjunctivitis Quality of Life Questionnaire by Juniper). Oral allergy
syndrome was verified by means of case history only by using a standardized interview. We documented patient-reported
immediate adverse reactions after ingestion of plant foods. Overall, the following fields of interest were interrogated:
diagnosis from the allergic symptom complex, general experience with food, reactions to food, allergic rhinitis and atopic
comorbidities (Table 3).

The present study has been performed in accordance with the ethical standards as laid down in the 1964 Declaration
of Helsinki and its later amendments or comparable ethical standards. All patients provided written informed consent for
the use of their anonymized data for scientific research and gave consent to publish these results. The ethics committee of
the medical faculty of the Ludwig-Maximilians-University Munich has exempted this study from requiring ethical
approval (project number 21–1019 KB) due to the use of already in clinical routine acquired fully anonymized data.

Statistical analysis was performed using R, version 3.5.1 (R Core Team (2018), Vienna, Austria) and Excel
(Microsoft, Redmond, WA, USA). The parametric Pearson’s chi-square test was utilized for testing statistically
significant differences between the groups. A p-value of <0.05 was considered significant.

Results
The database query with the above-mentioned inclusion criteria resulted in 1119 patients. Table 1 summarizes the
demographic and clinical data of the study population. The three groups are very comparable with regard to demographic
aspects – with a well-balanced gender distribution and age range, including a similar percentage of children under 12
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years. In terms of the SPT wheal diameters to birch, groups A and B were comparable, whereas group C showed some
differences (Table 2). Regarding mono-, oligo- and poly-sensitization (Table 1), group A contained more than twice as
many mono-sensitized patients as the other groups. Group B only showed around one-third of oligo-sensitized and
a much higher number of poly-sensitized patients compared to similar results in groups A and C. The discomfort
intensity during tree pollen season increased in all groups from February to April (Table 1).

The results of reported clinical manifestations of allergies and allergic symptoms are shown in Table 3. Comparing
groups A and B, there is a statistically significant difference concerning the incidence of local symptoms of an OAS
including oral itching, oral swelling and of the systemic symptoms gastrointestinal discomfort in favor of group B,
whereas there was no statistically significant difference in the incidence of systemic reactions to food in in terms of
anaphylactic symptoms as circulation disorders, dyspnea and skin reactions. Concerning diagnosis from the allergic
symptom complex, food allergy and allergic rhinitis were statistically significantly more frequent in group B; looking at
allergic rhinitis symptoms in detail, nose itching and seasonal discomfort were reported significantly more frequently
among the patients in group B. In concordance with significantly more symptoms reported in group B, the rate of realized
allergen-specific immunotherapy was statistically higher in group B (n=53 of 121, 43.80%) compared to group A (n=217

Table 1 Demographic and Clinical Data of the Three Study Groups

Characteristics A (Bet v 1+/ Profilin -) B (Bet v 1+/ Profilin +) p C (Bet v 1-/Profilin -) p

n=800 n=121 n=198

Number total 1119 (n, %) 800 (69.7%) 121 (10.5%) 198 (17.3%)

Gender

Male (n, %) 417 (52.1%) 59 (48.8%) 0.490 104 (52.5%) 0.920

Female (n, %) 383 (47.9%) 62 (51.2%) 0.490 94 (47.5%) 0.920

Age (years) (mean) 45 (range: 7–92) 39 (range: 10–84) 40 (range: 6–81)

Children (≤12 yrs) 18 (2.3%) 3 (2.5%) 0.875 7 (3.5%) 0.300

Monosensitized to birch 45 (5.6%) 3 (2.5%) 0.147 5 (2.5%) 0.073

Oligosensitized (to 2–3 allergens) 172 (21.5%) 8 (6.6%) <0.001 39 (19.7%) 0.578

Polysensitized (to ≥4 allegens) 583 (72.9%) 110 (90.9%) <0.001 154 (77.8%) 0.160

Cosensitization

Grass (Poaceae) 564 (70.5%) 116 (95.7%) <0.001 163 (82.3%) <0.001

Ash (Oleaceae) 381 (47.6%) 89 (73.6%) <0.001 65 (32.8%) <0.001

Herbs (Mugwort, Plantain) 353 (44.1%) 88 (72.7%) <0.001 100 (50.5%) 0.106

Mite (D. pter, D. farinae) 436 (54.5%) 76 (62.8%) 0.086 116 (58.6%) 0.300

Animal dander (dog, cat) 574 (71.8%) 98 (81.0%) 0.033 132 (66.7%) 0.159

Molds (Aspergillus, Alternaria, Cladosporium) 195 (24.4%) 44 (36.4%) 0.005 72 (36.4%) <0.001

Discomfort intensity during birch pollen

season

Februrary 16.3% 14.9% 7.6%

March 37.5% 36.4% 11.6%

April 49.4% 57.0% 21.2%

Notes: p<0.05, statistically significant (bold font).

Table 2 SPT Values to Birch in the Study Cohort

SPT Wheal Diameter A (Bet v 1+/ Profilin -) B (Bet v 1+/ Profilin +) C (Bet v 1-/Profilin -)

To Birch in mm n=800 n=121 n=198

≥3 to 4 111 (13.9%) 18 (14.9%) 124 (62.6%)
≥4 to 5 196 (24.5%) 33 (27.3%) 53 (26.8%)

≥5 to 6 217 (27.1%) 28 (23.1%) 12 (6.1%)

≥6 276 (34.5%) 42 (34.7%) 9 (4.5%)
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of 800, 27.13%; p<0.001). In spite of this result, patients assessed the positive outcome of their hyposensitization
similarly (group B: n=18 of 121 (33.96%); group A, n=73 of 273 (33.64%)).

Patients from group A compared to the control group (group C) also suffered statistically significantly more often from
OAS symptoms, such as oral itching and oral swelling, and diagnosis from the allergic complex, such as allergic rhinitis and
food allergy. Regarding anaphylactic symptoms, patients from group A seem to be more frequently affected; however, only
concerning dyspnea was a statistically significant difference to group C revealed. In terms of rhinitis symptoms, group
A mentioned statistically significantly more often seasonal discomfort. An equal number of realized hyposensitization (group
A: n=217 of 800, 27.13%; group C: n=40 of 198, 20.20%), and positive outcome of hyposensitisation (group A: n=73 of 273,
26.74%; group C: n=13 of 40, 32.50%) was also reported by group A when compared to group C.

The top three triggers of the OAS in groups A and B were the same foods, with nuts as number one trigger followed by
apple and stone fruits. Among patients in group C, the most frequent triggers of oral allergy syndrome symptoms were also
nuts but were followed by stone fruits (peach, cherry, nectarine, apricot, plum or yellow plum), carrot and kiwi (Table 4).

Discussion
Profilin sensitization seems to be on the rise, as shown by a more recent study that found a prevalence of 30% among an
unselected population of pollen-allergic adults, and as suggested also by the markedly increasing prevalence of patients
showing multiple pollen sensitization in in vivo or in vitro routine diagnostic tests.15,16 Overall, these recent findings

Table 3 Reported Clinical Manifestations of Symptoms of the Study Population Group A Compared to Group B and C (Percentage in
Parentheses)

A (Bet v 1+/ Profilin -) B (Bet v 1+/ Profilin +) p C (Bet v 1-/Profilin -) p

n=800 n=121 n=198

Diagnosis from the allergic
symptom complex

Allergic rhinitis 463 (57.9) 84 (69.4) 0.021 88 (44.4) 0.001

Allergic asthma 194 (24.2) 39 (32.2) 0.077 39 (19.7) 0.207

Food allergy 198 (24.8) 45 (37.2) 0.005 14 (7.1) <0.001

General experience with food

Food aversion 286 (35.8) 53 (43.8) 0.107 57 (28.8) 0.078

Reactions to food

Local reactions to food in
terms of OAS

Oral itching 241 (30.1) 55 (45.5) 0.001 24 (12.1) <0.001

Oral swelling 136 (17.0) 35 (28.9) 0.003 10 (5.1) <0.001

Systemic reactions to food

Allergic dyspnea 90 (11.2) 18 (14.9) 0.315 10 (5.1) 0.014

Asthma attack 188 (23.5) 38 (31.4) 0.077 53 (26.8) 0.385

Allergic skin reaction 93 (11.6) 18 (14.9) 0.382 13 (6.6) 0.052

Gastrointestinal discomfort 131 (16.4) 35 (28.9) 0.001 22 (11.1) 0.084

Circulation disorders 77 (9.6) 12 (9.9) 1.000 15 (7.6) 0.450

Allergic rhinitis

Nasal obstruction 457 (57.1) 71 (58.7) 0.823 111 (56.1) 0.849

Nasal secretion 419 (52.4) 68 (56.2) 0.492 96 (48.5) 0.367

Sneezing spell 424 (53.0) 76 (62.8) 0.055 98 (49.5) 0.421

Nose itching 326 (40.8) 63 (52.1) 0.024 80 (40.4) 0.994

Throat secretion 296 (37.0) 45 (37.2) 1.000 75 (37.9) 0.883

Seasonal discomfort 489 (61.1) 96 (79.3) <0.001 96 (48.5) 0.002

Perennial discomfort 326 (40.8) 49 (40.5) 1.000 80 (40.4) 0.994

Atopic Comorbidities

Eczema 69 (8.6) 14 (11.6) 0.377 18 (9.1) 0.946

Atopic dermatitis 95 (11.9) 16 (13.2) 0.784 19 (9.6) 0.437

Notes: p<0.05, Statistically Significant (Bold Font).
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highlight the importance of testing for profilin in patients showing pollen sensitization in order to understand more about
its clinical relevance.15,16 Although there are several studies comparing the serological pattern of patients in regard to Bet
v 1 and profilin, to the best of our knowledge there are no specific studies about the effect of an additional profilin
sensitization concerning OAS symptoms.17–19

Patients sensitized to birch with specific IgE to the allergen components Bet v 1 and profilin were more frequently
affected by mucosal reactions through foods in terms of local (oral itching and oral swelling) and intestinal reactions. To
evaluate the patient's individual risk of a severe reaction in terms of a systemic anaphylaxis we analyzed the incidence of
systemic reactions. Systemic anaphylactic reactions, however, did not occur more often in this group. This result leads to
new knowledge that in our opinion is important in terms of consulting patients after having diagnosed a birch pollen
sensitization with positive Bet v 1 and profilin.

Further, these patients suffered more frequently and severely from rhinitis symptoms and showed a higher tendency
of developing asthma compared to birch-sensitized patients without IgE reactivity towards profilin. This is congruent to
other recent studies eg from Ruiz-Hornillos et al who found in a prospective case-control study that sensitization to
profilin seems to be a marker of severity in patients with rhinoconjunctivitis and asthma mediated by pollen.20 Previous
observations also have suggested the importance of profilin as a marker of evolution and early marker of asthma severity
which is in accordance to our results with a higher rate of self-reported asthma among patients sensitized to
profilin.16,21,22

In order to give an even more detailed recommendation to our patients, we also took an explicit look into the food
categories that provoked an oral allergy syndrome. Patients belonging to groups A and B reported as the three main food
triggers nuts, apple and stone fruit. In group C food triggers were reported rarely; mentioned were mainly nuts followed
by stone fruit, carrot and kiwi. This finding is in accordance to the molecular association concerning cross-reactivity to
homologous proteins described by Worm et al.23

With regard to allergen-specific immunotherapy, the panallergen-positive group had a significantly higher hyposensi-
tization rate and higher success rate, which proves acceptable to us because of their higher psychological strain, having
more frequent and more severe symptoms.

Although our data do not allow a conclusion whether profilin sensitization is a marker for a more severe and complex
allergic disease or a causal factor by itself, it appears probable that profilin sensitization might play a more important role
in the severity of allergic symptoms, especially in OAS caused by birch sensitization, than generally supposed.
Consequently, component-resolved diagnostics might be a helpful diagnostic tool in terms of oral allergy syndrome to
better advise birch-sensitized patients concerning their expected perspectives and limitations of their allergy and potential
treatment options.

However, there are certain limitations to our study. It is retrospective, and information on clinical manifestations of
allergic symptoms in the study population were based on a questionnaire and, therefore, exposed to potential recall bias
and over-reporting. In addition, asthma and OAS could not be confirmed by lung tests and double-blind, placebo

Table 4 Ranked Triggers of Oral Allergy Syndrome in This Cohort

Food A (Bet v 1+/ Profilin -) B (Bet v 1+/ Profilin +) C (Bet v 1-/Profilin -)

n=800 n=121 n=198

1 Nuts 189 (23.6%) 28 (23.1%) 8 (4.0%)

2 Apple 144 (18.0%) 26 (21.5%) 1 (0.5%)
3 Milk products 67 (8.4%) 14 (11.6%) 18 (9.1%)

4 Stone fruits* 53 (6.6%) 11 (9.1%) 2 (1.0%)

5 Cherry 38 (4.8%) 1 (0.8%) 1 (0.5%)
6 Carrot 36 (4.5%) 13 (10.8%) 2 (1.0%)

7 Kiwi 28 (3.5%) 6 (5.0%) 2 (1.0%)

8 Alcohol 16 (2.0%) 2 (1.7%) 7 (3.5%)

Notes: *Peach, cherry, nectarine, apricot, plum or yellow plum.
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controlled food challenges because data used in this study had been collected during the routine practice in our outpatient
clinic. Furthermore, it did not take into consideration the profile of sensitization to the most relevant foods.

Conclusion
Since the first case report, OAS has been a challenging diagnosis to the practicing allergologists because of its many
clinical, diagnostic and therapeutic considerations. Our data show that patients with birch allergy recognizing the
allergens Bet v 1 and profilin have greater probability of suffering from an oral allergy syndrome, and allergologists
should be aware of this in order to give better advice to their patients.

Abbreviations
OAS, oral allergy syndrome; SPT, skin prick test; HDM, house dust mite; FEIA, fluorimetric enzyme-linked
immunoassay.
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