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Purpose: To investigate the major allergen components associated with birch pollen allergy in northern China and elucidate clinical 
relevance to pollen food allergy syndrome (PFAS).
Methods: Fifty-eight patients were recruited for a cross-sectional study and categorized into two groups: PFAS group and non-PFAS 
group, as well as apple allergy group and non-apple allergy group. The sIgE levels of birch pollen and its components, namely Bet v 1, 
Bet v 2, Bet v 4, and Bet v 6, were analyzed.
Results: Among 58 participants, 44 individuals (75.9%) reported PFAS. 32 out of 44 (72.7%) participants reported apple allergy. Bet 
v 1 exhibited the highest sensitization rate at 82.8%, followed by Bet v 2 (29.3%) and Bet v 6 (1.7%). The combined sensitization rate 
for Bet v 1 and/or Bet v 2 was 93.1%. A total of 77.6% of the subjects demonstrated sensitization to single component, while 19.0% 
exhibited sensitization to two components. The sIgE levels of birch pollen and Bet v 1 were significantly elevated in PFAS group 
compared to non-PFAS group (p=0.001, p<0.001, respectively), as well as in apple-allergic and non-apple-allergic group (p<0.001, 
p<0.001, respectively). The optimal cut-off values for birch pollen and Bet v 1 sIgE were determined to be 7.09 kUA/L (with 
a sensitivity of 84.1% and specificity of 78.6%) and 5.11 kUA/L (with a sensitivity of 75.0% and specificity of 85.7%) when 
diagnosing PFAS. In terms of apple allergy, the optimal cut-off value were 9.40 kUA/L (with a sensitivity of 81.3% and specificity of 
76.9%) and 6.53 kUA/L (with a sensitivity of 84.4% and specificity of 84.6%), respectively.
Conclusion: The predominant sensitization pattern is mono-sensitization to Bet v 1, but when considering immunotherapy, Bet v 2 
should also be taken into account. Bet v 1 serves as a valuable biomarker for diagnosing PFAS and apple allergy.
Keywords: birch pollen, allergen component, Bet v 1, pollen food allergy syndrome, apple allergy

Introduction
Pollen-related allergic diseases afflict 30% to 40% of the global population.1 Birch belongs to the family Betulaceae and 
Fagaceae. Birch pollen allergy is a prevalent form of pollinosis worldwide, resulting in significant impairment of health- 
related quality of life for affected individuals.2–4

Birch is predominantly distributed across Europe, North America and Asia.2,5 The dispersal period of birch pollen 
ranges from March to May, with a sensitization rate in the general population ranging from 8% to 16%.2,4,6 Birch pollen 
predominantly elicits allergic rhinitis (AR), allergic conjunctivitis, and asthma. In particular, Class 2 food allergy, also 
known as pollen food allergy syndrome (PFAS), is becoming increasingly prevalent due to the extensive cross-reactivity 
between birch pollen and various foods.7–10 PFAS is triggered by cross-reactive allergens present in pollen, uncooked 
fruits and vegetables, grains, as well as tree nuts.7,11,12 For birch pollen, apple is the food most likely to trigger PFAS.13

Component resolved diagnosis (CRD) can elucidate the molecular mechanisms of allergens and differentiate the 
phenotypes of birch pollen allergy.14 To date, a total of seven allergen components derived from birch pollen have been 
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identified, with Bet v 1 being recognized as the major allergen. Studies on birch allergen components have demonstrated 
their usefulness in predicting disease phenotype and guiding birch allergen immunotherapy.15,16

In northern China, the prevalent pollen allergens were weed/grass pollens with a sensitization rate of 24.0% for 
mugwort and 21.2% for goosefoot, 17.7% for maize, 17.0% for salix.6 In addition to those pollens, birch pollen allergy 
was comparable to that in Europe, with a prevalence of 11.3%.3,6 Meanwhile, there is a relative lack of research on birch 
pollen allergy in our country, with only one study conducted in southern China17 and two in northern China.18,19 The 
previous studies had a restricted sample size and solely concentrated on Bet v 1, disregarding other birch pollen allergen 
components such as Bet v 2 and Bet v 4. Additionally, the clinical relevance between birch allergen component and food 
allergy has not been fully investigated. Thus, further investigation is necessary to fully explore the clinical implications 
of birch pollen allergen components.

The aim of this investigation was to examine the major allergen components and sensitization patterns of birch pollen 
in northern China, as well as their differences and clinical significance between individuals with and without PFAS.

Materials and Methods
Study Population
A cross-sectional study was conducted, enrolling 58 patients with birch pollen allergy who were admitted to the 
Department of Allergy at Beijing Shijitan Hospital from March 2022 to February 2023. Inclusion criteria: (1) Patients 
with a confirmed diagnosis of AR with or without asthma according to Allergic Rhinitis and Its Effects on Asthma 
(ARIA) or GINA; (2) Serum sIgE levels for birch pollen at least 0.7 kUA/L, with or without sensitization to other pollen 
allergens; (3) Typical symptoms of spring pollen allergy for a minimum of two years, with or without autumn pollen 
allergy symptoms. The spring allergic symptoms are induced by tree pollens, including birch, cypress, plane, popolus, 
willow, ash and others. Similarly, the autumn symptoms are triggered by pollens such as mugwort, scandent hop, 
goosefoot and ragweed. Exclusion criteria: (1) Previous history of allergen immunotherapy specific to pollen; (2) Present 
upper respiratory tract infection or chronic sinusitis; (3) Absence of typical spring seasonal allergy symptoms; (4) The 
serum sIgE tests for birch pollen indicate a level below 0.7 kUA/L.

PFAS and Non-PFAS
Based on a compelling medical history of immediate reactions following the consumption of the suspected food, skin 
prick tests or food-specific IgE tests, and necessary oral food challenges, patients were categorized into PFAS and non- 
PFAS groups. According to clinical symptoms following ingestion of allergenic foods, patients were classified into two 
groups: localized symptom group with oral mucosal symptoms; systemic symptom group with systemic symptoms 
including urticaria, angioedema, laryngeal edema, respiratory distress, gastrointestinal disorders or circulatory collapse 
indicative of anaphylaxis. Furthermore, patients were classified into two groups based on their apple allergy status: the 
group with apple allergy and the group without apple allergy.

Questionnaire
Under the guidance of an allergy specialist, patients or their legal guardians were asked to complete a questionnaire 
regarding their social demographics, clinical history of AR and asthma, comorbidities, and family medical history. 
Furthermore, PFAS questionnaire including the related foods (fruits, vegetables, legumes, grains, nuts and others), type 
and timing of symptoms onset was finished.20

Ethics Statement
Each participant or their legal guardian provided written informed consent, and the Ethics Committee of Beijing Shijitan 
Hospital, Capital Medical University granted approval for this study (No. 2022–081).
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Birch Pollen and Allergen Component sIgE Assay
All enrolled participants underwent ImmunoCAP (ThermoFisher Scientific, Uppsala, Sweden) screening for birch pollen 
allergen and its components Bet v 1, Bet v 2, Bet v 4, and Bet v 6 in peripheral blood samples. Specific IgE levels greater 
than 0.35 kUA/L were considered positive.

Statistics Analyses
Statistical analysis of the data was conducted using SPSS 25.0 software package and Prism 8.0 software. Categorical data 
were presented as numbers (n) and percentages (%), while quantitative data were analyzed using either mean and 
standard deviation (SD) or median and interquartile range (IQR). The significance of frequencies was calculated using 
the chi-square test, medians were compared using the Mann–Whitney U-test, and means were compared using the t-test 
when comparing two different groups. Pearson correlation analysis was conducted. Receiver operating characteristics 
(ROC) curves were used to assess the diagnostic value of the sIgE levels of birch pollen and its components. The 
statistical significance was determined using a significance level of p<0.05.

Results
Clinical Characteristics of Study Population
A total of 58 participants (31 males, mean age 30.4 ± 14.4 years) were enrolled in the study. The demographic 
characteristics are presented in Table 1. Of these, 16 individuals (27.6%) reported pollen allergy symptoms exclusively 
during spring, while 42 participants (72.4%) experienced symptoms both in spring and autumn. Additionally, 14 subjects 
(24.1%) had comorbid asthma with AR, whereas the remaining 44 participants (75.9%) only had AR.

Table 1 Demographic Characteristics of Birch Pollen Allergy Subjects Between PFAS and Non-PFAS Group

variants Total (n=58) PFAS (n=44) Non-PFAS (n=14) p

Age, media (IQR) 30 (17.75, 38.25) 29 (16.25, 38) 35 (22.75, 43) 0.143
Gender, male (%) 31 (53.4) 24 (54.5) 7 (50.0) 0.766

Seasonality, n (%) 0.004

Spring 16 (27.6) 8 (18.2) 8 (57.1)
Spring and autumn 42 (72.4) 36 (81.8) 6 (42.9)

Combined diseases, n (%) 0.786
Only AR 44 (75.9) 33 (75.0) 11 (78.6)

AR+asthma 14 (24.1) 11 (25.0) 3 (21.4)

Symptoms, n (%)
Local 23 (52.3)

Systemic 21 (47.7)

Allergic foods, n (%)
Fruits 38 (86.4)

Vegetables 26 (59.1)

Nuts 11 (25.0)
Legumes 8 (18.2)

Grains 5 (11.4)

Allergen component positive rate, n(%)
Bet v 1 48 (82.8) 39 (88.6) 9 (64.3) 0.036

Bet v 2 17 (29.3) 16 (36.4) 1 (7.1) 0.036

Bet v 4 0 (0) 0 (0) 0 (0) NA
Bet v 6 1 (1.7) 0 (0) 1 (7.1) NA

Numbers of positive allergen components (%) 0.002

0 3 (5.2) 0 (0) 3 (21.4)
1 45 (77.6) 34 (77.3) 11 (78.6)

2 10 (17.2) 10 (22.7) 0 (0)

Abbreviations: NA, not available; PFAS, pollen food allergy syndrome; AR, allergic rhinitis.
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In addition, according to the questionnaire results, 44 out of 58 participants (75.9%) reported experiencing PFAS 
reactions, with fruits being the most common trigger (n = 38, 86.4%), followed by vegetables (n = 26, 59.1%), nuts (n = 
11, 25.0%), legumes (n = 8, 18.2%), and grains (n = 5, 11.4%). Among them, 32 out of 44 (72.7%) participants who 
experienced PFAS reactions reported apple allergy. Based on the severity of symptoms induced by culprit foods, PFAS 
was categorized into three groups: localized symptom group (n = 23, 52.3%), systemic symptom group (n = 21, 47.7%) 
(Table 1). All subjects in the PFAS group who presented with systemic symptoms exhibited both spring and autumn 
pollen allergy symptoms.

Analysis of sIgE for Birch and Its Allergen Components
The overall sensitization rate for the four birch allergen components was 94.8%. Bet v 1 had the highest sensitization rate 
of 82.8%, followed by Bet v 2 (29.3%) and Bet v 6 (1.7%). All subjects tested negative for Bet v 4. The positive rate of 
Bet v 1 and/or Bet v 2 was 93.1% (Figure 1A). A significant positive correlation was observed between the serum levels 
of sIgE for birch pollen and Bet v 1 (r= 0.898, p< 0.001), while no significant correlation was found between the levels of 
sIgE to birch pollen and sIgE to Bet v 2, Bet v 4, or Bet v 6 (Figure 1B).

Birch Pollen Allergen Component Sensitization Pattern
Among the 58 subjects, 77.6% exhibited sensitization to single allergen component, while 19.0% were sensitized to two 
components. Four patterns of sensitization were observed, as depicted in Figure 1C. Among those affected, 63.8% exhibited 

Figure 1 Sensitization rates (%) and sIgE levels (kUA/L) of various allergen components of birch pollen. 
Notes: (A) sIgE levels of birch allergen components. Bet v 1 had the highest levels among the four components. Sensitization rate of different birch pollen allergen 
components with Bet v1 as the major component (82.8%), followed by Bet v 2 (29.3%); (B) The correlation among birch pollen allergen and different allergen components; 
Bet v 1 sIgE level was positively correlated. ***p < 0.001; (C) Birch allergen component sensitization pattern. 63.8% were mono-sensitized to Bet v 1, 10.3% were mono- 
sensitized to Bet v 2, 19.0% were both sensitized to Bet v 1 and Bet v 2. Only 1 patient (1.7%) was positive to Bet v 6; (D) Venn diagram of different allergen components.
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Bet v 1+/Bet v 2- while 10.3% displayed Bet v 2+/Bet v 1-. Additionally, a further 19.0% showed Bet v 1+/Bet v 2+. One 
patient (1.7%) tested positive for Bet v 6, as illustrated in Figure 1C and Table 1. Furthermore, 5.2% of patients exhibited 
negative results for all four allergen components. Notably, the prevailing pattern observed was Bet v 1-positive while being 
negative for both Bet v 2 and Bet v 4 (Figure 1D).

Differences of sIgE Levels Between PFAS and Non-PFAS Group
Birch pollen sIgE levels in patients with PFAS (median 14.45 kUA/L; range 1.13–100 kUA/L) were significantly higher 
than those of non-PFAS patients (median 3.14 kUA/L; range 0.86–45.70 kUA/L, p=0.001). Similarly, Bet v 1 sIgE levels 
were significantly elevated in patients with PFAS (median 10.79 kUA/L; range 0–100 kUA/L) compared to non-PFAS 
patients (median 1.11 kUA/L; range 0.01–40.9 kUA/L, p<0.001) (Figure 2A).

Birch pollen sIgE levels were significantly higher in patients with apple allergy (median 19.65 kUA/L; range 1.13– 
100 kUA/L) than those without apple allergy (median 4.75 kUA/L; range 0.86–45.70 kUA/L, p<0.001). Similarly, Bet 
v 1 sIgE levels were significantly elevated in patients with apple allergy (median 13.80 kUA/L; range 0.02–100 kUA/L) 
compared to non-allergic patients (median 1.80 kUA/L; range 0.00–40.9 kUA/L, p<0.001) (Figure 2B). No statistically 
significant differences were observed between the two groups in terms of sIgE levels for Bet v 2, Bet v 4, and Bet v 6.

Meanwhile, no statistically significant differences were observed in sIgE levels of birch pollen and its four 
components between the localized and systemic groups of PFAS subjects.

The Diagnostic Value of Birch Pollen and Bet v 1 for PFAS
The diagnostic efficacy of sIgE levels for various birch pollen allergen components was evaluated using ROC curves, as 
depicted in Figure 3. ROC analysis revealed that both birch pollen and Bet v 1 sIgE levels had consistent areas under the 
curve (AUC, 0.791; 95% CI: 0.629–0.952, p=0.001 and AUC, 0.789; 95% CI: 0.648–0.929, p=0.001 respectively) in 
diagnosing PFAS. The optimal cut-off values for birch pollen sIgE and Bet v 1sIgE were determined to be 7.09 kUA/L 
(84.1% sensitivity, 78.6% specificity) and 5.11 kUA/L (75.0% sensitivity, 85.7% specificity), respectively (Figure 3A). 
The AUC of Bet v 2 was found to be insignificant.

Regarding the diagnosis of apple allergy, the AUC values for birch and Bet v 1 sIgE levels were found to be 0.828 
(95% CI 0.717–0.939, p<0.001) and 0.847 (95% CI 0.738–0.957, p<0.001), respectively. The optimal cut-off value for 
birch pollen sIgE was 9.40 kUA/L, with 81.3% sensitivity and 76.9% specificity, and for Bet v 1sIgE, it was 6.53 kUA/L, 
with 84.4% sensitivity and 84.6% specificity (Figure 3B).

Figure 2 Differences of sIgE levels of birch pollen and its allergen components in participants with food allergy and those not. 
Notes: (A) comparison of sIgE levels of birch pollen, Bet v 1, Bet v 2 between PFAS and non-PFAS group. (B) comparison of sIgE levels of birch pollen, Bet v 1, Bet v 2 
between AA and non-AA group. 
Abbreviations: PFAS, pollen food allergy syndrome; AA, apple allergy.
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Discussion
Till now, seven allergen components in birch pollen has been identified (Table S1).21 In this study, the major allergen 
components of birch pollen in northern China were investigated. Bet v 1 was identified as the most predominant allergen, 
while sensitization to Bet v 2 and Bet v 6 was relatively infrequent.

Bet v 1 and its homologs belong to the family of pathogenesis-related proteins 10 (PR-10).16,22 Our study has 
demonstrated that Bet v 1 is the predominant allergen component in northern China, which is consistent with the findings 
of previous studies conducted in Europe, Japan and South Korea.17,18,23–29 The regional differences in the birch pollen 
allergen sensitization rate are shown in Figure 4 including Japan,25 Korea,30 Italy,24 Switzerland3, Czech,26 Austria,3 

France,3 Russia,31 southern China.17 A gradient of Bet v 1 sensitization rate was observed, with a higher prevalence in 

Figure 3 The results of the ROC analysis indicate that birch pollen allergen components can serve as reliable predictors for PFAS and apple allergy. 
Notes: The diagnostic value of allergen components with PFAS (A) and apple allergy (B). 
Abbreviation: ROC, receiver operating curve.

Figure 4 Regional variations in sensitization rates to birch allergen components.
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the northern region and a lower prevalence in the southern region. In Czech Republic,26 89.9% of patients tested positive 
for Bet v 1, while in southern Italy, the proportion decreased to 58%.3,24 In regions situated further south, such as 
Uganda, the rate of sensitization to Bet v 1 was observed to be 26%.27 Similar results have been observed in China, with 
a sensitization rate of 82.4% for Bet v 1 in northern China18 and 82.8% in our study, while the rate was less than 50% in 
southern China.17

A gradient of sensitization rate is also observed among other birch pollen allergen components. While Bet v 1 
predominates in the northern region, Bet v 2 and Bet v 4 are more prevalent in the southern area.24,27 Bet v 2 belongs to 
the profilin family, thus its sensitization rate is elevated in regions with high prevalence of grass pollen allergy and PFAS. 
In fact, a study conducted in southern Italy reported a significantly higher Bet v 2 positive rate compared to northern Italy 
(52.3% vs 6.1%).24 Similarly, another investigation carried out in Guangzhou, southern China17 revealed an even higher 
Bet v 2 positive rate of 42.3%, surpassing our own findings. Taken into account, when considering the CRD-based 
precise diagnosis and therapy of birch pollen, it is crucial to take regional variations into consideration.

The sensitization pattern of birch allergen components differs from that of other allergens, such as dust mite, grass or 
weed pollen, which exhibit multi-sensitization.14,32,33 In 40–60% of individuals allergic to birch pollen, mono-sensitization 
to Bet v 1 has been reported. This study found that 63.8% of participants were mono-sensitized to Bet v 1. Thus, a birch 
allergen immunotherapy based on Bet v 1 would suffice for most individuals with birch allergy. However, 10.3% of our 
participants exhibited mono-sensitivity to Bet v 2, which may be attributed to the high prevalence of weed/grass pollen 
allergy in northern China. Therefore, a screening of sIgE for Bet v 1 and Bet v 2 is imperative when considering birch 
allergen immunotherapy to prevent ineffective treatment in individuals with mono-sensitivity to Bet v 2.

Food allergy due to birch pollen-related cross-reactivity was common in Central-Northern Europe and Asia.8,9,34,35 In 
our study, the prevalence of PFAS in birch pollen allergy subjects was 75.9%, which is comparable to that observed in 
Europe.36 Bet v 1 frequently cross-reacts with several proteins in Rosaceae fruits, such as apple (Mal d 1), pear (Pyr c 1), 
apricot (Pru ar 1), cherry (Pru av 1).13,23 Therefore, Bet v 1 sIgE levels has been shown by multiple studies to effectively 
distinguish between individuals with PFAS or apple allergies and those without food allergies.16,30 Bet v 1 sIgE levels 
were significantly elevated in patients with PFAS compared to non-PFAS patients in our study which was consistent with 
previous studies.19,36 The greater the risk of developing food allergy. The present study demonstrated that Bet v 1 sIgE 
levels exhibited a consistent AUC of 0.789 in diagnosing PFAS, as revealed by ROC analysis. Notably, previous studies 
reported AUC values of 0.863 for Bet v 1 by Junda Li et al19 and 0.925 in Korean patients,30 which aligns with our 
findings. The optimal cut-off value of Bet v 1 sIgE level was 15.1kUA/L in Korea,30 17.4 kUA/L in Italy36 and 5.11 
kUA/L in our study. The optimal cut-off value may vary across different studies and regions.

The predominant component in apple has been identified as Mal d 1, and there is a strong correlation between the sIgE 
level of Mal d 1 and Bet v 1.13 In this study, Bet v 1 sIgE levels was higher in apple allergy group with a cut-off value of 
6.53 kUA/L (84.4% sensitivity and 84.6% specificity). The symptoms elicited by food proteins similar to Bet v 1 are 
typically not severe in nature. A multi-center study in southern Europe20 found 70% of PR-10 related PFAS was oral 
symptoms only. However, more than 40% of subjects in our cohort exhibited generalized symptoms that may not be 
attributed to Bet v 1. Mal d 3, a lipid transfer protein (LTP), although not considered a major allergic component, has been 
associated with an elevated risk of severe allergic reactions to apple, particularly in southern European regions such as 
Spain.37,38 Conversely, in regions abundant with birch trees, sensitization to Mal d 3 may not necessarily indicate severe 
reactions to apple but rather to peach or nuts.19,39,40 According to a study conducted by Deng et al,41 LTPs (Pru p 3, Mal 
d 3, etc) have been identified as the primary food allergens associated with mugwort pollen-related food allergy in China 
due to their homology with Art v 3.42 In our study, five subjects with PFAS were found to be negative for Bet v 1 sIgE with 
a high sIgE level of mugwort in these patients, suggesting the potential involvement of LTPs in their condition.

There was a debate of clinical significance of Bet v 2. Study of no differences was found in PFAS and non-PFAS 
group in our study which was consistent with another study in northern China.19 A study on the clinical relevance of Bet 
v 2 has shown that sensitization to Bet v 2 without prior sensitization to Bet v 1 is not associated with allergic symptoms 
during birch pollen season, whereas symptoms are present during grass pollen season.43 Thus, sensitization to Bet v 2 
primarily reflects cross-reactivity with profilin and may serve as an indicator of poly-sensitization, but lacks clinical 
relevance in the context of AR. Routine diagnosis and therapy of birch pollen allergy is generally based on the 
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assessment of Bet v 1. However, Bet v 2, a panallergen should be taken into consideration when confirming a diagnosis 
of birch pollen allergy, and especially when prescribing allergen immunotherapy.

The occurrence of Bet v 4 sensitivity is relatively uncommon, with a prevalence ranging from 5% to 11% among 
individuals allergic to birch pollen.26 In our study, only one patient had a Bet v 4 sIgE level greater than 0.1 kUA/L, 
indicating that this component is a minor allergen in the northern region of China. Bet v 4 is homologous to Amb a 9, 
Amb a 10, Art v 5, and Che a 3 which are minor allergens found in ragweed, mugwort, and goosefoot pollen in China.42 

Therefore, poly-sensitization to tree/grass/weed pollen may be attributed to Bet v 4. Bet v 6 is a member of the isoflavone 
reductase family and may cause cross-reactivity with food allergens in a subset of patients. Our data clearly indicate that 
the sensitization rate of Bet v 6 is less than 2%, and Bet v 6 does not offer significant diagnostic value. Only one 
participant in this study exhibited a positive sIgE response to Bet v 6, while testing negative for Bet v 1 and Bet v 2. The 
patient is currently asymptomatic for food allergies, but presents with multiple seasonal allergies to pollen during the 
spring and autumn. A larger sample size may be necessary to elucidate the clinical significance of minor allergens, such 
as Bet v 4 and Bet v 6.

This study has several limitations. First, a relatively small sample size was enrolled in this study with an increasing 
risk of bias. Second, the diagnosis of PFAS was based on clinical history, questionnaires, and tests for allergen sIgE, open 
food challenge, instead of a double-blind placebo controlled food challenge. There may be a risk of recollection bias, 
potentially leading to an exaggeration of food allergic reactions and symptoms. Further investigations involving a large 
sample size are imperative to comprehensively explore and address these issues in a meticulously designed study.

Conclusion
In conclusion, the present study has demonstrated that Bet v 1 is the predominant allergen component in the northern 
region of China. The predominant sensitization pattern is mono-sensitization to Bet v 1, but when considering 
immunotherapy, Bet v 2 should also be taken into account. Furthermore, a notable disparity in the sensitization to 
birch allergens and Bet v 1 was observed between individuals with or without PFAS and apple allergy. Measuring sIgE 
levels of allergen components can be an effective tool for managing birch pollen allergy with PFAS.
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