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Mugwort is a common pollen allergen in western China, and this study aimed to investigate the patterns of molecular sensitization to major grass pollen allergens (mugwort, ragweed, bermuda grass, and timothy grass) and cross-reactive carbohydrate determinants (CCD) in children who were sensitized to mugwort in western China. Serum-specific IgE (sIgE) of major allergen components and CCD were detected among 121 mugwort SPT-positive children via the EUROBlotMaster system if the mugwort-sIgE was positive (MSP). A CCD inhibition test was further performed on the serum of patients with positive CCD-sIgE. Latent class analysis was used to identify the patterns of potential sensitization to major grass pollen allergens. Of a total of 100 patients with mugwort-sIgE positive (MSP), 52.0, 41.0, and 31.0% of them were positive to Art v 1, Art v 3, and Art v 4, respectively. An optimal model with three latent classes was determined using grass pollen allergens, components, and CCD. The sensitization patterns can be summarized as (1) MSP and cosensitized to ragweed, bermuda grass, and timothy grass (23.74%); (2) MSP and cosensitized to Art v 1 (54.08%); (3) MSP and cosensitized to Art v 4, Cyn d 12, Phl p 12 (22.18%). Additionally, CCD sIgE levels had a significant positive correlation with ragweed, bermuda grass, and timothy grass (P < 0.05), and CCD-Inhibitor can highly inhibit the above allergens sIgE. Our findings suggest that Art v 4 was the typical cross-reaction component of mugwort, which is cosensitized to Phl p 12 and Cyn d 12. A wide cross-reaction among ragweed, bermuda grass, and timothy grass caused by CCD was observed.
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INTRODUCTION

It is reported that the incidence of many allergic diseases, such as allergic rhinitis and asthma, is widely increased worldwide in the past decades, especially in children (1, 2). A multicenter study was performed in China to show that the prevalence rate of asthma in most urban children increased by about 0.5 and 1.5 times from 1990 or 2000 to 2010 years, respectively (3), which poses a substantial health burden to children.

In the late summer or autumn, mugwort releases a large amount of pollen, which can not only float in the air, but also cause cough, wheezing, runny nose, and other allergic symptoms and, therefore, brings great trouble to patients with allergic diseases. Mugwort (Artemis vulgaris) is widely distributed in Europe, North America, and some parts of Asia. Previous studies report that the sensitization rate of mugwort in Italy is 17% (4) and even can reach 44.3% in Hungary (5). Furthermore, in Germany and Switzerland, mugwort is also one of the important causes of allergy (6–8). A multicenter study conducted in northern China showed that about 24% of subjects in patients with asthma and/or rhinitis were sensitized to a skin prick test (SPT) for mugwort (9). The results of the serum allergen chip of 100 allergy patients from China showed that mugwort-sIgE had the highest reactivity among pollen allergens (10). Additionally, the positive rate of sIgE of mugwort can reach 88% in 50 serum samples from patients with allergic rhinitis caused by grass pollen from Beijing, China (11).

Concurrent sensitization of multiple allergens is a natural phenomenon (12). For instance, it is very common that ragweed, bermuda grass, timothy grass, and mugwort are simultaneously positive among allergic patients (13–15). The effective identification of molecular sensitization patterns among allergic children would be beneficial for guild diagnosis and therapy. Although component-resolved diagnosis (CRD) has been introduced into the allergy discipline in many studies, most of them focus on the components of a specific allergen, and to our best knowledge, few studies investigate the components of allergens in different pollens. A large-scale epidemiology investigation reveals that the prevalence patterns of allergen sensitization in China are highly complicated, which results in regional differences in the distribution of allergens (16). The western region of China is characterized by long latitude and longitude, distributed in different temperature zones with rich vegetation types and numerous characteristic pollen species. Meanwhile, the economic conditions in western China are relatively backward; thus, there is no well-conducted research to comprehensively explore the associations between pollens and allergy in this area.

CRD technology was utilized to detect the serum sIgE of mugwort, bermuda grass, timothy grass, and ragweed allergen components and cross-reactive carbohydrate determinants (CCD) simultaneously, which aimed to obtain the pollen allergen component map and to investigate the associations between different pollen allergen components and CCD-sIgE. In addition, the diagnostic indexes of pollen allergen specificity were determined by CCD inhibition test.



MATERIALS AND METHODS


Study Design

This was a cross-sectional study, and the samples originated from four medical centers in the western region of China, including Lanzhou, Yinchuan, Xi'an, and Kunming. Child patients with mugwort sensitization from the Allergy Information Repository of the State Key Laboratory of Respiratory Disease (AIR-SKLRD) (17) during January 2020 to December 2020 in western China were included by the following inclusion criteria: (1) patients with a history of pollen exposure and respiratory allergic symptoms, such as wheezing, dyspnea, sneezing, runny nose, nasal obstruction, or nasal itching; (2) SPT of mugwort was positive and sIgE level of mugwort was larger than 0.35 kU/L; (3) aged 0–15 years. Additionally, patients with specific immunotherapy, cancer, autoimmune diseases, and parasitic diseases were excluded. Last, a total of 100 child patients aged 3–15 years sensitized to mugwort underwent sIgE detection, and the test allergens, including mugwort and allergen components (Art v 1, Art v 3 and Art v 4), ragweed and allergen components (Amb a 1), bermuda grass and allergen components (Cyn d 1 and Cyn d 12), and timothy grass and allergen components (Phl p 1, Phl p 4, Phl p 5, Phl p 7, and Phl p 12), and CCD. The diagnosis of asthma and allergic rhinitis were based on the Guidelines of Global Initiative for Asthma (GINA) (18) as well as Allergic Rhinitis and its Impact on Asthma (ARIA) (19), respectively.



sIgE

Serum samples of patients were obtained by 10-min-centrifugation at 3,000 g of venous blood collected with separation gel containing vacutainer tubes. Aliquots of serum were stored at −80°C in AIR-SKLRD. The serum sIgE levels were detected by the EUROBlotMaster system (EUROIMMUN Medizinische Labordiagnostika AG, Lübeck, SH, Germany) according to the instructions provided by the manufacturer. Art v 1 and Amb a 1 were natural components and the others were recombinant components. Levels of sIgE were expressed in kU/L, and results of sIgE class based on RAST classification were defined as follows: Class 0, <0.35 kU/L; Class 1, 0.35–0.70 kU/L; Class 2: 0.70–3.50 kU/L; Class 3: 3.50–17.50 kU/L; Class 4: 17.50–50.00 kU/L; Class 5: 50.00–100.00 kU/L and Class 6: ≥100.00 kU/L.



CCD Inhibition Test

1:20 Anti-CCD absorbent (EUROIMMUN Medizinische Labordiagnostika AG, Lübeck, SH, Germany) was added to the samples to be tested, and then mixed well and incubated at room temperature (18–25°C) in a shaker for 1 h. Immediately afterward, sIgE of mugwort and allergen components (Art v 1, Art v 3 and Art v 4), ragweed and allergen components (Amb a 1), bermuda grass and allergen components (Cyn d 1 and Cyn d 12), and timothy grass and allergen components (Phl p 1, Phl p 4, Phl p 5, Phl p 7, and Phl p 12), and CCD were tested via the EUROBlotMaster system. The inhibition rates of CCD on pollen allergens were calculated by (sIgE after CCD inhibition minus the corresponding values before CCD inhibition and then divide by before levels) (20, 21).



Statistical Analysis

Quantitative data were presented as median (first quartile, third quartile) because of their apparent skewed distribution, and the Mann–Whitney U-test was utilized to perform group comparison. Categorical data were reported as a frequency and percentage proportion, and the Chi-square test (χ2) was used to compare the variance of data among the groups. A Venn diagram was created to depict the overlap sensitization of mugwort allergen components. Spearman correlation analyses were performed to investigate the associations among different grass pollen allergens and CCD. Latent class analysis (LCA) was utilized to select optimal potential sensitization patterns using 15 grass pollen allergens or components and CCD based on the lowest BIC and interpretability.

All tests were two-sided and P < 0.05 was considered statistically significant. Statistical analyses were conducted with SPSS 25.0 (Chicago, IL) and SAS 9.4 software. The figures were drawn by R-studio 1.2.5001 (Copyright 2009–2018 R-studio, Inc.).




RESULTS


Clinical Characteristics of Study Patients and Molecular Sensitization Patterns of Mugwort

Among the mugwort-sIgE positive patients (n = 100), 65% of them were boys. The median (first quartile, third quartile) age was 7 (6, 10) years. A total of 43 children were diagnosed with allergic rhinitis and 20 as asthma in this study, additionally, 37% (n = 37) of sIgE positive children suffered from rhinitis and asthma comorbidity. We divided all participants into preschool- (42%) and school-aged children (58%) according to the cutoff age of 6 years: 52.0% (52/100), 41.0% (41/100), and 31.0% (31/100) showed positive sIgE to Art v 1, Art v 3, and Art v 4, respectively. The details can be seen in Table 1.


Table 1. The characteristics of patients with mugwort sensitization.
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The cosensitization rate of the three mugwort component allergens (Art v 1, Art v 3, and Art v 4) reached 10.0% (Figure 1A). The sIgE level of mugwort in Art v 1–positive patients (52.0, 16.1–62.5 kU/L) was significantly higher than that in Art v 1–negative patients (13.1, 2.5–32.5 kU/L) (P <0.001). Similarly, the sIgE level of mugwort in Art v 3–positive patients (43.0, 15.8–60.0 kU/L) was significantly higher than that in Art v 3–negative patients (15.3, 2.8–52.0 kU/L) (P = 0.004) (Figure 1B). However, no significant difference in sIgE level was observed between Art v 4–positive and –negative patients.


[image: Figure 1]
FIGURE 1. The cosensitization of mugwort and its components. (A) The Venn diagram shows the number of patients what were cosensitized. (B) The comparison of different mugwort sIgE levels between positive (+) and negative (–) patients in Art v 1, Art v 3, and Art v 4.




Mugwort SIgE-Positive Patients' Cosensitization With Other Grass Pollen Allergens and Components

From Table 1, we can conclude that 36.0% (36/100) of mugwort-sensitized patients had ragweed sIgE-positive, and only 13.9% (5/36) of ragweed sIgE-positive patients showed Amb a 1–positive. Besides this, these five patients also presented Art v 3–positive. Moreover, 42.0% (42/100) of mugwort-sensitized patients had bermuda grass sIgE-positive, among which 21.4% (9/42) showed Cyn d 1–positive and 38.1% (16/42) showed Cyn d 12–positive. Moreover, these 16 Cyn d 12–positive patients were combined with Art v 4 and Phl p 12 positives. Additionally, a total of 36 patients showed timothy grass sIgE-positive, of which 44.4% (16/36) were found to be Phl p 12 positive, 27.8% (10/36) showed Phl p 1 positive, and 11.1% (4/36) showed Phl p 4 positive. It can be observed that 4 Phl p 4-positive patients were combined with Art v 3, ragweed, bermuda grass, and CCD positive. The results also suggest that only 5.6% (2/36) of participants with timothy grass sIgE-positive showed Phl p 5 and Phl p 7 positives.



The Correlation of Different Major Grass Pollen Sensitization and CCD Testing Results

Figure 2 shows there was a moderate correlation between Art v 1 and mugwort (rs = 0.62, P < 0.001), whereas Art v 3 and Art v 4 had a weak correlation with mugwort (rs = 0.28, P = 0.307; rs = 0.18, P = 0.375, respectively). Moreover, the results also suggest that there was a significant correlation between Art v 3-sIgE and Amb a 1-sIgE (rs = 0.32, P = 0.001). It is confirmed that Cyn d 12-sIgE was highly correlated with Art v 4-sIgE (rs = 0.78, P < 0.001) and Phl p 12-sIgE (rs = 0.84, P < 0.001). Additionally, the results also reveal that Phl p 12-sIgE was highly correlated with Art v 4-sIgE (rs = 0.88, P < 0.001).


[image: Figure 2]
FIGURE 2. Spearman correlation analysis among various grass pollen allergens and CCD. The numbers in the figure are Spearman's correlation coefficient.


16.0% (16/100) of mugwort-sensitized patients showed CCD sIgE positive in this study. The comparison of clinical characteristics and grass pollen allergen component's sIgE testing results between CCD positive patients and negative ones are described in Table 1. Compared with those who were CCD-negative, children with positive CCD results had significant higher positive rates of Amb a (87.5 vs. 26.2%), Cyn d (100.0 vs. 31.0%), Phl p (75.0 vs. 28.6%), Phl p 4 (25.0 vs. 0%) and lower of Art v 1 (18.8 vs. 58.3%). Spearman correlation analysis reveals (Figure 2) that the sIgE level of CCD was significantly negatively correlated with the sIgE level of Art v 1 (rs = −0.3, P = 0.002), and significantly positively with ragweed (rs = 0.5, p < 0.001), Amb a 1 (rs = 0.23, P < 0.019), Bermuda (rs = 0.56, P < 0.001), timothy (rs = 0.39, P < 0.001), and Phl p 4 (rs = 0.53, P < 0.001).



Cosensitization Patterns of Major Grass Pollen Allergen Components and CCD

The results of LCA revealed that there were the lowest BIC in the model with three potential classes (Supplemental Table 1). Based on the results of conditional probabilities (Table 2, Figure 3) and allergen sensitization patterns, the three latent classes were labeled as (1) mugwort-sIgE positive and co-sensitized to ragweed, bermuda grass, timothy grass (23.74%); (2) mugwort-sIgE positive and co-sensitized to Art v 1 (54.08%); (3) mugwort-sIgE positive and co-sensitized to Art v 4, Cyn d 12, Phl p 12 (22.18%).


Table 2. Conditional probabilities of pollen sensitization patterns and outcomes in children who sensitized to mugwort.

[image: Table 2]


[image: Figure 3]
FIGURE 3. Sensitization patterns identified by latent class analysis. Class proportions shown in the figure are computed based on most likely class membership.




CCD Inhibition Test

The CCD inhibition test was carried out on the pollen allergens and components that were significantly positively correlated with the level of CCD-sIgE. The results show that the self-inhibition rate of CCD was more than 97%, almost completely. The median (first quartile, third quartile) inhibition rates of CCD on ragweed, Amb a 1, bermuda grass, timothy grass, and Phl p 4 sIgE were 72.4% (44.0, 97.2%), 97.7% (42.9, 99.9%), 89.7% (49.9, 99.1%), 96.0% (48.7, 99.9%) and 98.7% (97.%, 99.6%), respectively (Figure 4).


[image: Figure 4]
FIGURE 4. The sIgE levels of major grass pollen allergens before and after CCD inhibition.




Mugwort Cosensitization With Other Grass Pollen Allergens or Components in Different sIgE Levels

Among 100 mugwort sIgE-positive patients, 21.0, 44.0, and 35.0% showed mild sensitization (Class 1–2), moderate sensitization (Class 3–4), and severe sensitization (Class 5–6), respectively. The higher the mugwort sIgE level, the higher the positive rates in Art v 1, Art v 3, Art v 4, Cyn d 12, and Phl p 12, and the lower in bermuda, timothy, and CCD. However, there was no significant difference in positive rates of other allergens among three different mugwort sIgE levels (mild, moderate, and severe sensitization) except Art v 1 (P < 0.05; Figure 5). In addition, the multi-allergen (2 or above) sensitization rates of patients with mild, moderate, and severe sensitization were 61.9, 56.8, and 88.6%, respectively (P = 0.007).


[image: Figure 5]
FIGURE 5. The positive rate of grass pollen allergens in different sIgE levels. The classifications are defined as follows: Class 0, <0.35 kU/L; Class 1, 0.35–0.70 kU/L; Class 2: 0.70–3.50 kU/L; Class 3: 3.50–17.50 kU/L; Class 4: 17.50–50.00 kU/L; Class 5: 50.00–100.00 kU/L and Class 6: ≥100.00 kU/L. *, P < 0.05. CCD, cross-reactive carbohydrate determinants; CRD, component-resolved diagnosis; sIgE, specific IgE; AIR-SKLRD, Allergy Information Repository of State Key Laboratory of Respiratory Disease; Art v, Artemisia vulgaris; Amb a, Ambrosia artemisiifolia; Cyn d, Cynodon dactylon; Phl p, Phleum pratense; AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; rs, Spearman's correlation coefficient.





DISCUSSION

In the past 30 years, the incidence of allergy has increased significantly in China, and it is confirmed that allergies are a major risk factor for many diseases, for instance, asthma (22). Of note, mugwort was the main pollen species causing seasonal allergic asthma in China, and 11.3% of patients with respiratory allergic disease in China were allergic to mugwort (9, 23–25). In this study, we first disclosed that the patterns of molecular sensitization to mugwort pollen and its cosensitization with other grass pollens (ragweed, bermuda grass, and timothy grass) in mugwort-sensitized child allergy patients in western China. The major findings are summarized in the following four points. (1) Art v 1 was the main allergenic component of mugwort-sensitized children in western China; (2) Art v 4 was the typical cross-reaction component that was cosensitized to Phl p 12 and Cyn d 12; (3) CCD may have less interference in the detection of mugwort, and there was wide cross-reaction between ragweed, bermuda grass, and timothy grass caused by CCD; (4) the higher the sIgE level of mugwort in clinical detection, the more likely the child is to be sensitized to the real allergenic components of mugwort.

CRD is an advanced method for the diagnosis of allergens, which is helpful in the personalized management and treatment of allergic diseases. At present, the routine diagnosis of allergy to mugwort in China mainly depends on a skin prick test, ImmunoCAP, or immunoblotting kit. CRD is rarely used to explore the sensitization patterns or to guide allergen immunotherapy among Chinese patients with mugwort allergy. Additionally, there are currently only two allergen components (Art v 1 and Art v 3) of mugwort on the market that can be used for CRD. To fill this gap, the EUROIMMUN system, a new CRD method, was used to analyze the sIgE-positive patients of mugwort in this study. EuroLine (EUROIMMUN Medizinische Labordiagnostika AG, Lübeck, SH, Germany), as an IgE determination system, is based on the principle of the immunoblotting assay, which only needs 150 μL of serum. This method is mainly used for a semi-quantitative in vitro assay of allergen-specific IgE and has good diagnostic efficiency (26, 27).

Currently, a total of seven kinds of mugwort allergens are listed in the International Union of Immunological Societies (IUIS) database (28). An early study in Europe has disclosed that 60%−80% of patients could recognize Art v 1, Art v 3, Art v 4, or Art v 6, and the cosensitization rate of more than three mugwort pollen allergens was up to 60% (29). Moreover, previous studies report that about 80%−95% of patients with mugwort allergy were Art v 1–positive (30–32), 35–85% were Art v 3-positive (33, 34), 36% were Art v 4-positive (35). It is confirmed that Art v 1 and Art v 3 were the main allergen components of mugwort, which can be used as specific markers of allergy of mugwort (33, 36, 37). In comparison with others, our findings suggest that the positive rate of mugwort components Art v 1 among mugwort-sensitized patients was obviously lower (52.0%) although the positive rate of Art v 3 (41.0%) and Art v 4 (31.0%) were similar with others. Additionally, the results also reveal that the higher degree of sensitization is associated with the higher positive rate of Art v 1. Therefore, we speculated that the lower positive rate of Art v 1 in ours may be attributed to the relatively low level of sIgE of mugwort.

Our study reported that mugwort-sensitized patients were also more probably positive for ragweed, bermuda, timothy, and CCD sIgE. We found that 13.9% of patients with ragweed allergen sensitivities were positive for Amb a 1, which is the true allergenic component of ragweed allergen. Besides this, those patients were also positive for Art v 3. However, previous studies show that more than 95% of ragweed-allergic patients have Amb a 1-IgE (29), and the positive reaction of ragweed sIgE in this study may be related to the cross-reaction of mugwort. Meanwhile, 21.4% of patients who are bermuda grass allergen-positive were positive for Cyn d 1, the true allergen component of bermuda grass, and 38.1% were positive for Cyn d 12. All patients with Cyn d 12-sIgE were concomitant with Art v 4- sIgE and Phl p 12- sIgE, and there was a high correlation between Cyn d 12, Art v 4, and Phl p 12 (rs > 0.75, P < 0.01). The results of LCA also supported the cosensitization of Cyn d 12, Art v 4, and Phl p 12. To our knowledge, we are the first to disclose that Art v 4 is the typical cross-reaction component of mugwort. The potential biological mechanism in Phl p 12, Art v 4, and Cyn d 12 belong to the prefibrin family, which has a highly conserved amino acid sequence. About 80% of the amino acid sequence of the prefibrin of plants from different sources is the same (38), and it can induce the IgE cross-reaction. In addition, 27.8 and 5.6% of patients who were positive for timothy allergens were positive for timothy components Phl p 1 and Phl p 5 as well as 44.4, 11.1, and 5.6% being positive for Phl p 12, Phl p 4, and Phl p 7, respectively. A similar study performed in Europe shows that Phl p 1 and Phl p 5 were the true allergenic components, and Phl p 4, Phl p 7, and Phl p 12 were cross-reactive components. Moreover, another study reports that the positive rate of Phl p 1 in patients with an allergy to timothy is 90–92% (39, 40). In comparison with others, the positive rate of Phl p 1 in this study is very low, and the positive rates of Phl p 12 and Phlp 4 are relatively high, which suggests the sensitization reaction to timothy is mainly caused by cross-reactive components.

We further explore the positive rate of grass pollen allergens in patients with different sensitization levels of mugwort. The results show that the higher sIgE of mugwort is associated with the higher sIgE positive rate of Art v 1, Art v 3, Art v 4, Cyn d 12, and Phl p 12 while being associated with lower bermuda grass, timothy grass and CCD. Although the difference among three various classes of sIgE did not achieve significance except Art v 1, it still implies that the sIgE level of mugwort is associated with the risks of being allergic to mugwort to some extent. Moreover, our study reports a high proportion of mugwort-sensitized patients with multiple allergens, which should be paid much attention because of its potential clinical implications.

Additionally, our research shows that the positive rate of CCD in mugwort-sensitized patients was 16%, which was larger than the 9% reported by Ebo et al. (41). The inconsistency of the CCD test results may be due to the differences in regions or detection methods. The Spearman correlation analysis reports that CCD has a strong positive correlation with ragweed, Amb a 1, bermuda grass, timothy, and Phl p 4, and the CCD inhibition test further confirms that there was a strong cross-reaction between CCD and these allergens. In clinical practice, much attention should be paid to the correct identification of the false positive of pollen allergen caused by CCD. To reduce the false positive interference, it is highly necessary to react with anti-CCD antibody adsorbent first and then detect the allergen sIgE. The results suggest that the correlation between CCD and mugwort or its components in this study is poor. The possible reason may be that the role of CCD-sIgE is quite limited in mugwort-sensitized children in western China. Similarly, a recent study by Gao et al. (30) also shows that recombinant Art v 1 has a similar IgE binding ability in mugwort allergy patients, which suggests CCD-sIgE has little effect on Art v 1 binding.

Several limitations also exist in this study. We did not investigate the concrete geographical distribution and living environment of these patients or collect information on the course and severity of the disease. Nevertheless, to our knowledge, this study may be the first to use CRD on sensitization to detect grass pollen allergens in China children. Additionally, a CCD inhibition test was also performed in this study. In the United States and Europe, multiallergen sensitization is more common than single allergen sensitization in patients with moderate-to-severe respiratory diseases (42). A study in the Philippines shows that the multisensitization rate of inhaled allergens in patients with allergic rhinitis can even reach 97.4% (43). Because of the lack of relevant clinical data, our study did not analyze multiallergen sensitization rates and disease severity. Future studies are highly expected to continue this topic with efforts that circumvent the limitations in our study.

In conclusion, mugwort sIgE-positive patients were co-sensitized with ragweed, bermuda grass, timothy grass, and CCD sIgE-positive to varying degrees. Among mugwort sIgE-positive patients, Art v 1 has the highest positive rate; moreover, the level of mugwort sIgE was positively associated with the positive rate of Art v 1. The cross-reaction components of mugwort with other pollen allergens are mainly caused by Art v 4. Additionally, the correlation between mugwort and CCD is poor, suggesting that CCD has little interference in the detection of mugwort sIgE. However, ragweed, Bermuda, and timothy grass allergens have a wide range of cross-reactions caused by CCD.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

This study involving human participants was reviewed and approved by the Medical Ethics Committee of the First Affiliated Hospital of Guangzhou Medical University (GYFYY-2018-93), and all experiments were conducted following the relevant guidelines and regulations of the Ethics Committee. The patients/participants [legal guardian] provided written informed consent to participant in this study.



AUTHOR CONTRIBUTIONS

CL, XH, BS, and XZ designed the study. LW and WL completed the data management and data cleaning as well as interpretation. XH and XZ performed the statistical analysis. CL and XH drafted the manuscript. CL, BS, and XZ edited the manuscript. CL, XH, HZ, XS, and YY contributed to the revision of this manuscript. All authors contributed to the article and approved the final version.



FUNDING

This study was supported by the University of Macau (Grant Nos. FHS-CRDA-029-002-2017 and MYRG2018-00071-FHS) as well as the Science and Technology Development Fund, Macau SAR (File No. 0004/2019/AFJ and 0011/2019/AKP). This study was funded by the National Natural Science Foundation of China (Project No. 81871736, 81802076), Guangzhou Municipal Health Foundation (20191A011073), the Medicine and Health Care Technology Projects of Guangzhou (Project No. 2017A013010017), Guangzhou Science and Technology Foundation (Project Nos. 201804020043 and 202102010327), National Key Technology R&D Program (2018YFC1311900), Guangdong Science and Technology Foundation (2019B030316028), the Foundation of SKLRD (MS-2019-06 and Z-2022-09), and the Foundation of GYYY (ZH201904), ZNSA-2020012 and ZNSXS-20220013. The funders had no roles in study design, data collection, data analysis, interpretation and writing of the report.



ACKNOWLEDGMENTS

We would like to thank everyone involved in the collection, detection, and date management of the serum samples.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2022.816354/full#supplementary-material



REFERENCES

 1. Lai CK, Beasley R, Crane J, Foliaki S, Shah J, Weiland S. Global variation in the prevalence and severity of asthma symptoms: phase three of the international study of asthma and allergies in childhood (ISAAC). Thorax. (2009) 64:476–83. doi: 10.1136/thx.2008.106609

 2. Shu W, Li M, Li Z, Hu Y. Meta-analysis of asthma prevalence of children aged 0-14 in surveillance cities of China. Chin J Prevent Med. (2020) 54:875–83. doi: 10.3760/cma.j.cn112150-20191015-00788

 3. Chuan-he L, Jian-guo H, Yun-xiao S, Jun S, Min-na S, Yun G, et al. Comparison of asthma prevalence in children from 16 cities of China in 20 years. Chin J Pract Pediatr. (2015) 30:596–600. doi: 10.7504/ek2015080609

 4. Verini M, Rossi N, Verrotti A, Pelaccia G, Nicodemo A, Chiarelli F. Sensitization to environmental antigens in asthmatic children from a central Italian area. Sci Total Environ. (2001) 270:63–9. doi: 10.1016/S0048-9697(00)00798-1

 5. Burbach GJ, Heinzerling LM, Edenharter G, Bachert C, Bindslev-Jensen C, Bonini S, et al. GA(2)LEN skin test study II: clinical relevance of inhalant allergen sensitizations in Europe. Allergy. (2009) 64:1507–15. doi: 10.1111/j.1398-9995.2009.02089.x

 6. Pollinosis SGP. Clinical aspects and epidemiology. Contribut Allergy Clin. (1998) 87:1300–8.

 7. Schäfer T, Krämer U, Dockery D, Vieluf D, Behrendt H, Ring J. What makes a child allergic? Analysis of risk factors for allergic sensitisation in preschool children from East and West Germany. Allergy Asthma Proc. (1999) 20:23–7. doi: 10.2500/108854199778681477

 8. Krämer U, Link E, Behrendt H. Geographic and time trends of pollen count due to beeches, grass and mugwort (Artemisia) in Germany. Pneumologie. (2001) 55:229–30. doi: 10.1055/s-2001-13945

 9. Li J, Sun B, Huang Y, Lin X, Zhao D, Tan G, et al. A multicentre study assessing the prevalence of sensitizations in patients with asthma and/or rhinitis in China. Allergy. (2009) 64:1083–92. doi: 10.1111/j.1398-9995.2009.01967.x

 10. Gjesing B, Palazzo P, Mari A, Spangfort MD. Allergen micro-array detection of specific IgE reactivity in Chinese allergic patients. Chin Med J. (2011) 24:4350–54. doi: 10.3760/cma.j.issn.0366-6999.2011.24.039

 11. Han D, Lai X, Gjesing B, Zhong N, Zhang L, Spangfort MD. The specific IgE reactivity pattern of weed pollen-induced allergic rhinitis patients. Acta Otolaryngol. (2011) 131:533–8. doi: 10.3109/00016489.2010.539265

 12. Hu H, Hou X, Luo W, Li Y, Huang H, Huang X, et al. The molecule sensitized pattern of atopic dermatitis patients who co-sensitized to shrimp, cockroaches, crab and house dust mites. J Asthma Allergy. (2021) 14:993–97. doi: 10.2147/JAA.S326411

 13. Asero R, Wopfner N, Gruber P, Gadermaier G, Ferreira F. Artemisia and Ambrosia hypersensitivity: co-sensitization or co-recognition? Clin Exp Allergy. (2006) 36:658–65. doi: 10.1111/j.1365-2222.2006.02477.x

 14. Hao GD, Zheng YW, Gjesing B, Kong XA, Wang JY, Song ZJ, et al. Prevalence of sensitization to weed pollens of humulus scandens, artemisia vulgaris, and ambrosia artemisiifolia in northern china. J Zhejiang Univer Sci. (2013) 14:240–6. doi: 10.1631/jzus.B1200185

 15. Kowal K, Pampuch A, Sacharzewska E, Swiebocka E, Siergiejko Z, Siergiejko G, et al. Serum immunoglobulin E reactivity to cross-reacting panallergen components in north-eastern Poland patients pollen sensitized. Allergy Asthma Proc. (2020) 41:183–91. doi: 10.2500/aap.2020.41.200002

 16. Luo W, Wang D, Zhang T, Zheng P, Leng D, Li L, et al. Prevalence patterns of allergen sensitization by region, gender, age and season among patients with allergic symptoms in mainland China: a four-year multicenter study. Allergy. (2021) 76:589–93. doi: 10.1111/all.14597

 17. Hou X, Huang H, Hu H, Wang D, Sun B, Zhang XD. Short-term exposure to ambient air pollution and hospital visits for IgE-mediated allergy: a time-stratified case-crossover study in southern China from 2012 to 2019. EClinicalMedicine. (2021) 37:100949. doi: 10.1016/j.eclinm.2021.100949

 18. Bateman ED, Hurd SS, Barnes PJ, Bousquet J, Drazen JM, FitzGerald JM, et al. Global strategy for asthma management and prevention: GINA executive summary. Eur Respir J. (2008) 31:143–78. doi: 10.1183/09031936.00138707

 19. Brozek JL, Bousquet J, Agache I, Agarwal A, Bachert C, Bosnic-Anticevich S, et al. Allergic rhinitis and its impact on asthma (ARIA) guidelines-2016 revision. J Allergy Clin Immunol. (2017) 140:950–8. doi: 10.1016/j.jaci.2017.03.050

 20. Luo WT, Huang HM, Zheng PY, Zheng JP, Sun BQ. CCD inhibition test can improve the accuracy of the detection of pollen and seed food allergen-specific IgE in Southern China. J Asthma Allergy. (2021) 14:439–47. doi: 10.2147/JAA.S302920

 21. Holzweber F, Svehla E, Fellner W, Dalik T, Stubler S, Hemmer W, et al. Inhibition of IgE binding to cross-reactive carbohydrate determinants enhances diagnostic selectivity. Allergy. (2013) 68:1269–77. doi: 10.1111/all.12229

 22. Chen Y, Wong GWK, Li J. Environmental exposure and genetic predisposition as risk factors for asthma in China. Allergy Asthma Immunol Res. (2016) 8:92–100. doi: 10.4168/aair.2016.8.2.92

 23. Li J, Huang Y, Lin X, Zhao D, Tan G, Wu J, et al. Influence of degree of specific allergic sensitivity on severity of rhinitis and asthma in Chinese allergic patients. Respir Res. (2011) 12:95. doi: 10.1186/1465-9921-12-95

 24. Wang R, Zhang H. Two hundred thousands results of allergen specific IgE detection. Chin J Allergy Clin Immunol. (2012) 1:18–23. doi: 10.3969/j.issn.1673-8705.2012.01.004

 25. Tang R, Sun JL, Yin J, Li Z. Artemisia allergy research in China. Biomed Res Int. (2015) 2015:179426. doi: 10.1155/2015/179426

 26. Di Fraia M, Arasi S, Castelli S, Dramburg S, Potapova E, Villalta D, et al. A new molecular multiplex IgE assay for the diagnosis of pollen allergy in Mediterranean countries: a validation study. Clin Exp Allergy. (2019) 49:341–9. doi: 10.1111/cea.13264

 27. Wongpiyabovorn J, Suratannon N, Boonmee S, Chatchatee P. Comparison of specific IgE detection by immunoblotting and fluorescence enzyme assay with in vivo skin prick test. Asian Pac J Allergy Immunol. (2018) 36:159–65. doi: 10.12932/AP-270217-0035

 28. Fu W, Gao Z, Gao L, Jin J, Liu M, Sun Y, et al. Identification of a 62-kDa major allergen from artemisia pollen as a putative galactose oxidase. Allergy. (2018) 73:1041–52. doi: 10.1111/all.13375

 29. Gadermaier G, Wopfner N, Wallner M, Egger M, Didierlaurent A, Regl G, et al. Array-based Profiling of ragweed and mugwort pollen allergens. Allergy. (2008) 63:1543–9. doi: 10.1111/j.1398-9995.2008.01780.x

 30. Gao ZS, Fu WY, Sun YM, Gao BY, Wang HY, Liu ML, et al. Artemisia pollen allergy in China: component-resolved diagnosis reveals allergic asthma patients have significant multiple allergen sensitization. Allergy. (2019) 74:284–93. doi: 10.1111/all.13597

 31. Leb VM, Jahn-Schmid B, Schmetterer KG, Kueng HJ, Haiderer D, Neunkirchner A, et al. Molecular and functional analysis of the antigen receptor of Art v 1-specific helper T lymphocytes. J Allergy Clin Immunol. (2008) 121:64–71. doi: 10.1016/j.jaci.2007.10.006

 32. Jimeno L, Duffort O, Serrano C, Barber D, Polo F. Monoclonal antibody-based ELISA to quantify the major allergen of artemisia vulgaris pollen, Art v 1. Allergy. (2004) 59:995–1001. doi: 10.1111/j.1398-9995.2004.00464.x

 33. Lombardero M, Garcia-Selles FJ, Polo F, Jimeno L, Chamorro MJ, Garcia-Casado G, et al. Prevalence of sensitization to artemisia allergens Art v 1, Art v 3 and Art v 60 kDa. Cross-reactivity among Art v 3 and other relevant lipid-transfer protein allergens. Clin Exp Allergy. (2004) 34:1415–21. doi: 10.1111/j.1365-2222.2004.02053.x

 34. Garcia-Selles FJ, Diaz-Perales A, Sanchez-Monge R, Alcantara M, Lombardero M, Barber D, et al. Patterns of reactivity to lipid transfer proteins of plant foods and artemisia pollen: an in vivo study. Int Arch Allergy Immunol. (2002) 128:115–22. doi: 10.1159/000059401

 35. Wopfner N, Willeroidee M, Hebenstreit D, van Ree R, Aalbers M, Briza P, et al. Molecular and immunological characterization of profilin from mugwort pollen. Biol Chem. (2002) 383:1779–89. doi: 10.1515/BC.2002.199

 36. Mohapatra SS, Lockey RF, Polo F. Weed pollen allergens. Clin Allergy Immunol. (2008) 21:127–39.

 37. Sastre J. Molecular diagnosis in allergy. Clin Exp Allergy. (2010) 40:1442–60. doi: 10.1111/j.1365-2222.2010.03585.x

 38. Chruszcz M, Kapingidza AB, Dolamore C, Kowal K. A robust method for the estimation and visualization of IgE cross-reactivity likelihood between allergens belonging to the same protein family. PLoS ONE. (2018) 13:e0208276. doi: 10.1371/journal.pone.0208276

 39. Westritschnig K, Horak F, Swoboda I, Balic N, Spitzauer S, Kundi M, et al. Different allergenic activity of grass pollen allergens revealed by skin testing. Eur J Clin Invest. (2008) 38:260–7. doi: 10.1111/j.1365-2362.2008.01938.x

 40. Constantin C, Quirce S, Poorafshar M, Touraev A, Niggemann B, Mari A, et al. Micro-arrayed wheat seed and grass pollen allergens for component-resolved diagnosis. Allergy. (2009) 64:1030–7. doi: 10.1111/j.1398-9995.2009.01955.x

 41. Ebo DG, Hagendorens MM, Bridts CH, De Clerck LS, Stevens WJ. Sensitization to cross-reactive carbohydrate determinants and the ubiquitous protein profilin: mimickers of allergy. Clin Exp Allergy. (2004) 34:137–44. doi: 10.1111/j.1365-2222.2004.01837.x

 42. Calderón MA, Cox L, Casale TB, Moingeon P, Demoly P. Multiple-allergen and single-allergen immunotherapy strategies in polysensitized patients: looking at the published evidence. J Allergy Clin Immunol. (2012) 129:929–34. doi: 10.1016/j.jaci.2011.11.019

 43. Navarro-Locsin CG, Lim-Jurado M. Aeroallergen sensitization and associated comorbid diseases of an adult filipino population with allergic rhinitis. Asia Pac Allergy. (2018) 8:e25. doi: 10.5415/apallergy.2018.8.e25

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Liao, Hou, Wu, Luo, Zhang, Sun, Yu, Zhang and Sun. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-10-816354-g005.gif
Positive rate 06

. B anvasiz
gt

 anvamss

0t o L o L o (ot Y e ae® e






OPS/images/fped-10-816354-t001.jpg
Variables

Sex, n (%)
Male
Female
Age, n (%)
<6 years
6~ 15 years
Diseases, n (%)
AR
AS
AR+ AS
Region, n (%)
Lanzhou
YYinchuan
Xi'an
Kunming
Sensitization, n (%)
Artvi
Atv3
Atv4
Amba
Amba i
oynd
Cynd1
Cyndi2
Phip
Phip 1
Phip4
Phip5
Phip7
Phip 12

AR, allergic rhinitis; AS, asthma.

Total
N =100

65(65.0)
35(35.0)

42 (42.0)
58(58.0)

43(43.0)
20(200)
37(37.0)

29(200)
27 27.0)
23(23.0)
2121.0)

52(52.0)
41(41.0)
31(31.0)
36(36.0)
700
42 (42.0)
12(12.0)
20(200)
36(36.0)
15(15.0)
4(4.0)
220
22.0)
24(24.0)

CCD positive
N=16

12 (75.0)
4(250)

9(56.9)
7438)

8(50.0)
5(31.9)
3(188)

4(250)
7(43.8)
2(125)
3(188)

3(188)
8(50.0)
6(37.5)
14 (87.5)
3(188)

16 (100.0)
2(125)
4(250)
12 (75.0)
3(188)
4(25.0)
0(0.0)

1(63)
4(250)

Mugwort sensitized

CCD negative
N=84

53(63.1)
31(369)

33(303)
51(60.7)

35(41.7)
15(17.9)
34(405)

25(208)
20(23.8)
21(25.0)
18(21.4)

49(58.3)
33(39.3)
25(208)
22(26.2)
448
26(31.0)
10(11.9)
16 (19.0)
24 (28.6)
12 (143)
0(0.0)
224)
1(12)
20(23.8)

P-value

0.360

0.208

0.208

0.385

0.004
0.425
0.750
<0.001
0.140
<0.001
1.000
0.838
<0.001
0.939
<0.001
1.000
0.296
1.000





OPS/images/fped-10-816354-g003.gif
oz

om

o8

- °
—000 @

ax| v 0@ - O @0 @

032/ 038 023 e ° )

on xnom e @ 0@ OO
ossiom °
am oo °
o2 s oes o ni s e @ @
o200z | ozs mae
038 ass 026 033022 e

o8 020






OPS/images/fped-10-816354-g004.gif





OPS/images/fped-10-816354-t002.jpg
Pattern risk factors

[elen]

Artvi

Amba 1

Cynd

Cynd1

Cynd 12

Phip

Phip 1

Phip4

Phip5

Phip7

Phip 12

Latent class probabilties

Outcome

Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative

Class 1 (n =24)

0.4573
0.5427
0.34056
0.6595
0.3271
0.6729
0.0828
0.9172
0.7266
0.2734
0.0024
0.9976
0.9658
0.0342
0.1945
0.8055
0.0028
0.9972
0.5970
0.4030
0.2524
0.7476
0.0434
0.9566
0.0003
0.9997
0.0834
0.9166
0.0035
0.9965
0.2374

Class 2 (n = 54)

0.0011
0.9989
0.6785
03215
0.3916
0.6084
0.1294
0.8706
0.1012
0.8988
0.0371
0.9629
0.0184
0.9816
0.0616
0.9384
0.0016
0.9984
0.0505
0.9495
0.0902
0.9098
0.0002
0.9998
0.0001
0.9999
0.0001
0.9999
0.0923
0.9077
0.5408

Class 3 (n = 22)

0.2263
0.7737
0.3287
0.6713
0.5431
0.4569
0.0897
0.0103
05936
0.4064
0.2219
0.7781
0.8071
0.1929
0.1816
0.8184
0.8906
0.1094
0.8545
0.1455
0.1850
0.8150
0.1324
0.8676
0.0891
0.9109
0.0003
0.9997
0.8501
0.1499
0.2218

(1) Class1: MSP and co-sensitized to ragweed, bermuda grass, timothy grass; (2) Class2: MSP and co-sensitized to Art v 1; (3) Class3: MSP and co-sensitized to Art v 4, Cynd 12,

Phip 12.
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