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Background: Pollen is the most common outdoor allergen that causes allergic rhinitis and asthma, which seriously affects patient quality of life and extensive cross-reactivity occurs between pollen allergens.



Methods: The study enrolled 84 patients with respiratory allergies and at least one pollen allergy who visited the clinic. Specific-IgE was detected via immunoblotting in the sera of patients with positive respiratory allergies to pollen. IgE of the components and cross-reactive carbohydrate determinants (CCD) were evaluated using a fluorescence-encoded microsphere assay.



Results: Our results suggest that Artemisia absinthium, Artemisia vulgaris, Humulus scandens, Amaranthus, Parietaria micrantha allergies are most common in the northern region, and that weed pollen remains the major pollen allergen in the northern region. Among the different age groups, the positive rate of Platanus pollen allergens was significantly higher in patients ≤18 years of age than in those aged >18 years (55.56% vs. 9.17%, χ² = 0.55, p < 0.027). Patients with allergic rhinitis and asthma had an increased positive rate for Betula pollen allergen (20.00% vs. 37.93 χ² = 7.87, p = 0.005) and Platanus pollen allergen (27.27% vs. 51.72%, χ² = 11.05, p = 0.0008) than those with allergic rhinitis alone, although the allergen positivity rate did not significantly differ between sexes. In addition, the positivity of sIgE of allergen components did not reveal a correlation with clinical symptoms and anti-CCD IgE positivity was 1.19% (1/84) among all patients.



Conclusion: The study found the distribution characteristics of common pollen allergens in Beijing among patients of different ages and genders and with different allergic diseases, as well as the relationship between pollen allergen components and symptoms. The positivity rate of CCD for respiratory allergic diseases in Beijing was not high as well.
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1 Introduction

Allergic diseases usually involve pathological changes, such as dysfunction or tissue damage, caused by continuous stimulation of the organism with specific allergens or restimulation with the same allergen (1). The incidence of allergic diseases has been increasing annually, and approximately one-third of children in developed countries suffer from at least one allergic disease that seriously affects their lives (2).

Allergens (outdoor, indoor, and occupational allergens, etc) are the main causes of allergic diseases and can induce allergic rhinitis, dermatitis, asthma, and pollen-food allergy syndrome (3). Pollen is the main outdoor allergen that causes seasonal allergic diseases and affects human health worldwide. The distribution of pollen allergens varies regionally, owing to differences in geography and climate. In Europe, >11% of the population has a pollen allergy, which primarily manifests as allergic rhinitis or asthma (4). In China, Artemisia, Chenopodium, and Humulus are the most common pollen types among patients with pollen-induced allergic rhinitis, with a prevalence rate of 18.5% for pollen-related allergic rhinitis (5), and Artemisia pollen exhibits the highest association among major pollen species contributing to seasonal allergic asthma (6). The prevalence of artemisia pollen allergy in Europe ranges from 10%–14% (7) while the prevalence in the grassland area of Inner Mongolia in China is 14.38% (8), although some high-prevalence areas, this can reach >50% (9). In addition, the most common allergen in southern and eastern China is the house dust mite while pollen sensitization is high in central, northern, and northwestern China (10, 11).

Different pollen allergens share the same sensitization phenomenon, mainly owing to allergen cross-reactivity. Allergen cross-reactivity refers to allergens from different pollens inducing the same antigen–antibody reaction, which consequently induces similar allergic symptoms. In addition, a specific class of cross-reactivity is caused by sugar chains on allergen molecules, typically cross-reactive carbohydrate (CCDs) and α-Gal antigenic determinants. CCDs are widely found in glycoproteins of plants and animals (e.g., pollen, bees, soybeans, peanuts, epithelium of cats and dogs, acorns) and can induce the production of CCD-specific IgE antibodies that cross-react with various allergens, whose biological significance is still unknown (12). α-Gal antigenic determinants are present on galactose-alpha-1,3-galactose, which is the main hematological molecule on erythrocytes of nonprimate mammals, such as pigs, cattle, sheep, cats, and dogs. Induced IgE can be produced by CCDs, the main blood-grouping substance in red blood cells. The induced production of IgE can cause severe delayed-type allergic reactions (13). CCD-induced sIgE is disruptive for screening pollen allergens. A Chinese study of the sensitization pattern of serum samples from patients with allergic diseases found that the pollen CCD positivity rate reached 39.4%, and the analysis found that CCD was associated with sensitization rows of ambrosia artemisiifolia and quinoa pollen (14). Therefore, the influence of CCD-IgE should be considered when a mismatch is present between serological test results and clinical manifestations.

With the rapid development of molecular technology in recent years, allergen-component proteins have been discovered and characterized. Allergen component-resolved diagnosis, also known as component-resolved diagnosis (CRD), has received widespread attention as a new method for detecting allergen component–specific IgE. CRD uses natural or recombinant single-component allergens, rather than crude extracts of allergens, to detect sIgE, and can avoid nonallergenic interference in crude extracts to detect allergenic substances in these extracts (15). CRD contributes to the precise diagnosis of allergic diseases and may provide a basis for the precise treatment of allergic diseases.

In this study, we used fluorescently labelled microspheres in enzyme-linked immunosorbent assay format to detect allergen-specific IgE and focus on the epidemiology of pollen allergens in allergic diseases in the northern region of China.



2 Materials and methods


2.1 Study population

This study was approved by the Medical Ethics Committee of the Peking Union Medical College Hospital (JS-3353). Sera was collected from 84 patients who visited the Department of Metabolic Reactions of Peking Union Medical College Hospital between January 2023 and December 2023 and used to study CCD adsorbents in the diagnostic testing of sera components from patients with hay fever.



2.2 Patient inclusion criteria

The inclusion criteria were a history of pollen allergy and respiratory symptoms after exposure to pollen; serum sIgE to pollen from one of Cupressus funebris, Platanus, Betula, Ambrosia artemisiifolia, Humulus scandens, and Artemisia vulgaris>0.35KUA/L(ImmunoCAP system, Thermo-Fisher, Sweden) was accepted as sufficient and can be combined with other pollen allergies, although the dust mite and fungal sIgE was <0.35KUA/L. Exclusion criteria were recent omalizumab injections for symptom control, immunodeficiencies, or autoimmune diseases, and an inability for blood sample collection due to severe allergic reactions.



2.3 Hand collection and preservation of serum samples

In total, 2 ml of patient venous blood was collected, allowed to stand for 2 h at room temperature, and then centrifuged 3,000 rpm at 4℃ for 10 min. The upper fraction was removed and divided into 300-ml aliquots for storage at −80℃.



2.4 Detection of IgE to tree and grass pollen allergens

The sIgE concentration of pollen allergens in sera of patients with allergic diseases was detected using an allergen-specific IgE detection kit (Immunoblotting Method) from Hangzhou Zheda Dixun Biological Gene Engineering Co. The s-IgE of allergic components were also detected using allergen-component specific IgE detection from Hangzhou Zheda Dixun Biological Gene Engineering Co.



2.5 Statistical analysis

Data were processed using GraphPad Prism and SPSS23.0 statistical software. Normal information was expressed as mean ± standard deviation while non-normal measurements were expressed as median (interquartile range), and counts were expressed as percentages. Comparisons between groups were made using chi-square test or Fisher's exact probability method; a p-value < 0.05 was considered different.




3 Results


3.1 Patient demographic characteristics

Eighty-four eligible patients were enrolled in this study, including 42 males and 42 females, with a mean age of 24.78. Patients were divided into two groups according to their age: 48 patients were ≤18 years old and 36 patients were >18 years old. Patients were primarily from Beijing, China. In total, 55 patients had allergic rhinitis while 29 had allergic rhinitis and asthma. Demographic characteristics of the patients are presented in Table 1.


TABLE 1 Demographic characteristics of enrolled patients.
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3.2 Distribution of pollen allergen sIgE in patients

Of the 84 patients enrolled, 33 (34.74%) were allergic to Helianthus annuus, 13 (13.68%) to Xanthium strumarium, 5 (5.26%) to Acer miyabei Maxim, 26 (27.37%) to Betula, 9 (9.47%) to Zelkova serrata, 1 (1.05%) to Quercus, 13 (13.68%) to Ulmus pumila, 34 (35.79%) to Platanus, 11 (11.58%) allergic to Salicaceae, 21 (22.11%) allergic to Populus, 10 (10.53%) allergic to Fraxinus americana, 12 (12.63%) allergic to Morus alba, 5 (5.26%) allergic to Aesculus hippocastanum, 29 (30.53%) allergic to Ambrosia artemisiifolia, 65 (68.42%) allergic to Artemisia absinthium, 62 (65.26%) allergic to Artemisia vulgaris, 46 (48.42%) to Humulus scandens, 19 (20.00%) to Plantago asiatica, 55 (57.89%) to Amaranthus tricolor, 36 (37.89%) to Parietaria micrantha, and 21 (22.11%) to Urticafissa (Figure 1). Our results suggest that allergies to Artemisia absinthium, Artemisia vulgaris, Humulus scandens, Amaranthus tricolor, and Parietaria micrantha are most common in the northern region and that weed pollen remains the major pollen allergen in the northern region.
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FIGURE 1
Positivity rates for pollen allergens in sIgE.




3.3 Distribution of pollen allergen positivity in different age groups and gender groups

The results of pollen allergen sIgE testing in different age groups showed that the positivity rate of Platanus pollen allergen was significantly higher in patients ≤18 years old than in those >18 years old (55.56% vs. 9.17%, χ2 = 0.55, p < 0.027), which indicates that the positivity rate of pollen sIgE gradually decreases with age (Table 2). No significant difference was found in the positivity rate of the other pollen types between the two age groups (p > 0.05). We analyzed the pollen allergen positivity rates with regard to patient gender and found no significant differences in the allergen positivity rates between genders (all p-values were >0.05) (Supplementary Table S1).


TABLE 2 Distribution of allergens among different age groups.

[image: Table 2]



3.4 Positive distribution of pollen allergens in different diseases group

Our results showed that patients with allergic rhinitis and allergic rhinitis combined with asthma had been predominantly exposed to pollen of Helianthus annuus, Betula, Platanus, Salicaceae, Ambrosia artemisiifolia, Artemisia absinthium, Artemisia vulgaris, Humulus scandens, Amaranthus tricolor, Parietaria micrantha. Betula (20.00%: 37.93%, χ2 = 7.87, p = 0.005) and platanus pollen allergen positivity (27.27%: 51.72%, χ2 = 11.05, p = 0.0008) in patients with allergic rhinitis and asthma were significantly higher than those in the allergic rhinitis group. The remaining pollen allergen positivity rates did not significantly differ between the two disease groups (Table 3).


TABLE 3 Distribution of allergen positivity between different disease groups.
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3.5 Positivity of different allergen components and the relationship between sIgE of components and different diseases

For the 84 patients with pollen allergies, the positivity rate of Art v 1 in artemisia sIgE–positive patients was 67.86% (38/56), Art v 3 was 41.07% (23/56), Amb a 1 in dwarf ambrosia artemisiifolia sIgE–positive was 52% (13/52), Bet v 1 was 72.73% (16/22) and Bet v 2 was 9.09% (2/22) in birch sIgE–positive patients, Pla a 1 in platanus sIgE–positive patients was positive in 16.67% (5/30), and anti-CCD-IgE was positive in 1.19% (1/84) of all patients (Figure 2A).The positive rate of sIgE of Art v 1 was not significantly different in patients with different airway symptoms (p = 0.09) and Art v 3 did not show any statistically significant differences either (p = 1.00) (Figure 2B). The positivity of sIgE of Bet v 1 and Bet v 2 was not different significantly between different airway diseases (Figure 2C).
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FIGURE 2
(A) Positive rate of pollen components sIgE. (B) Positive rate of Art v 1 and Art v 3 within different disease groups. (C) Positive rate of Bet v 1 and Bet v 2 within different disease groups. Compared by chi-square test, the positive rate of each whole disease group was analyzed.





4 Discussion

With rapid urbanization in China, changes in vegetation types due to urban greening have affected the characteristics of pollen allergies in various regions. A wide range of pollen-producing species are abundant in northern China, and pollen-induced allergic diseases are having an increasing impact on people. In this study, we included 84 patients with pollen allergy whose symptoms manifested as respiratory diseases. First, we analyzed pollen allergen sensitization in patients with respiratory allergic diseases in Beijing and showed that patients with allergic rhinitis and those with allergic rhinitis combined with asthma in the northern region of China were mainly allergic to tree and weed pollens, of which Platanus, birch, and Salicaceae pollen were the major tree pollen allergens, and Artemisia absinthium, Artemisia vulgaris, Humulus scandens, Amaranthus tricolor, Parietaria micrantha and Helianthus annuus were the major weed pollens causing hay fever, which dominate in the development of allergic diseases.

Platanus is widely planted as an urban tree in many cities, including Beijing, and is considered to be one of the main pollen allergens causing spring hay fever (16). Our results showed that Platanus pollen is one of the major tree pollen sources of respiratory allergy, and the positive rate of Platanus pollen allergy was higher in patients with allergic rhinitis combined with asthma than in those with allergic rhinitis alone, which may be related to the course of the pollen allergy. In addition, our results showed a higher positive rate for plane tree pollen in the immature group, which was significantly different from that in the adult group, suggesting that minors may be more sensitive to Platanus pollen allergens.

In the present study, the positive rate of birch pollen allergen was second only to that of Platanus. Birch pollen is a common allergen causing allergic rhinitis in spring, which is mainly distributed in the central and northern regions of China, and the positive rate of birch pollen sensitization ranged from 7% to 25% in a cross-sectional study (17, 18). Birch pollen is the most important allergenic pollen in Europe and the positive rate of the birch pollen skin prick test in Switzerland is up to 54% (19). In addition, Salicaceae is a major silvicultural species for protection forests and saprophytic forests and is a common tree species for urban greening in China. Our study also showed that pollen plays a major role in pollen allergies. Salicaceae is a common tree species or urban greening in China, being planted widely in many regions, and Salicaceae is the principal afforestation species for protection forests and Suzheng productive forests. Our study found that Salicaceae pollen was one of the major pollen allergens in the northern region of China (20).

Artemisia pollen is the main allergen causing hay fever in summer and autumn in China because of the wide distribution of vegetation, large pollen volume, and strong allergenicity, which seriously affects human health (21). Our study found a positive rate of Artemisia allergy as high as 65.26% in patients with respiratory symptoms, which may indicate that with the cultivation of Artemisia plants, Artemisia pollen allergy will become more serious in the northern part of China. Humulus pollen, which has been linked to adverse effects on human health, is also the most prevalent pollen species during the summer and autumn months in the northern regions of the country. Our study revealed that the positive rate of Humulus pollen allergy was 48.42%. Furthermore, the presence of certain unidentified pollens is also affecting patients with pollen allergies during the autumn season. These include Amaranthus pollen, which has been observed from May to August. Our findings indicate that the high positivity rate of this pollen may be a contributing factor to the prevalence of pollen allergies during the summer months. Wallflower pollen, a prevalent allergen in the Mediterranean region and a significant contributor to the prevalence of hay fever in European countries such as Italy and Spain, has been inadequately studied in China (22, 23). Our results showed a high positive rate of wallflower pollen allergy, suggesting that this may be one of the pollens responsible for allergic diseases in the Beijing region.

We performed serum IgE assays for the major allergenic components of several pollens. Art v 1, the major allergenic component of Artemisia vulgaris, belongs to the family of defensin-like proteins, which are usually associated with natural immunity in plants and cause a strong inflammatory response in allergic reactions (24). Art v 3 belongs to the nonspecific lipid transfer protein type 1 (nsLTP) family, a cross-allergen that can cause food allergies associated with peaches (25). Our results showed that positivity rate of Art v 1 was high in patients allergic to artemisia species pollen, whereas that of Art v 3 was lower, but they did not show statistically significant difference in patients with different airway symptoms. Amb a 1 is the major allergenic component of ambrosia artemisiifolia pollen, and although our results showed that the positivity rates of ambrosia artemisiifolia pollen and of Amb a 1 were lower than that of artemisia species pollen, the clinical symptoms may be caused by lower ambrosia artemisiifolia pollen concentration, indicating that symptoms may have lower thresholds (26). Clinical symptoms may be more severe in patients with ambrosia Artemisiifolia pollen allergy because of the high ambrosia Artemisiifolia pollen concentration and long pollination season (27). But our results showed no significant difference in ambrosia Artemisiifolia positivity between the allergic rhinitis and allergic rhinitis combined with asthma groups. Pla a 1, the main allergen of Platanus pollen, is a putative convertase inhibitor, and we detected a low positive rate of sensitization to Pla a1, which differs from reported results. However, our results showed that Platanus pollen allergy was positive in 35.71% of patients. These results may be related to our detection method, which therefore needs to be changed, or one or more samples must be collected for further validation. The birch pollen allergen component Bet v 1 has cross-reactivity and can cause pollen-food allergy syndrome while another study found that 82.8% of patients with pollen-food allergy syndrome tested positive for Bet v 1 (28). In different European countries, the Bet v 1–positivity rate in birch pollen allergic patients ranges from 62% to 100%, depending on the region (29, 30). Bet v 2 is a member of the pan-allergen family of profilins. As one of the major allergenic components of birch pollen, Bet v 2 has extensive cross-reactivity with allergens in the profilin family of other pollen and food sources, such as Ambrosia artemisiifolia, and has been found to be a cross-reactivating agent in a wide range of food sources, including Ambrosia artemisiifolia (Amb a 8), Artemisia vulgaris (Art v 4), oranges (Cit s 2), and melons (Cuc m 2) (31, 32). In addition, the levels of sIgE positivity for Bet v 1 and Bet v 2 did not show a significant difference across the various airway diseases examined in this study.

Finally, we tested CCD-sIgE and found that only 1 out of 84 patients showed a positive result, which is different from the outcomes of previous studies. To ascertain the veracity of this outcome, we proceeded to test CCD-sIgE in 41 patients with pollen allergies and the results showed that all patients had CCD-sIgE test levels below 0.35 IU/ml (Supplementary Figure S1). However, a study of pollen sensitization patterns in southern China found a CCD positivity rate of 39.4% (14), which we hypothesize may be related to the pollen species present in different regions. The results indicate that the positivity rate of CCD-sIgE in pollen-sensitized patients in northern China is markedly low, and its utility in pollen-sensitized patients requires further validation.



5 Conclusions

Our study found that weed pollens and tree pollens are the main causes of airway allergic diseases, Platanus pollens appear to predominantly affect minors, while birch and Platanus pollens may severely impact both the upper and lower airways. Additionally, there was no significant correlation between different pollen types and gender. Our study did not reveal a correlation between allergen components and clinical symptoms, suggesting that further investigation with a larger sample size may be necessary. Furthermore, the prevalence of positive CCD-sIgE results in patients with respiratory allergic diseases in Beijing is relatively low. Additional research is required to confirm the clinical diagnostic value of anti-CCD sIgE.
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