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Purpose: Allergic diseases are a major global public health issue with a rising pediatric prevalence. This study explored the allergen 
sensitization profiles, cross-reactivity, and polysensitization patterns among pediatric patients with allergic diseases in Suzhou, China, 
to inform precision prevention and treatment.
Methods: This cross-sectional study included 510 children aged 1–15 years suspected of having allergic diseases such as atopic 
dermatitis (AD), allergic rhinitis (AR), and allergic asthma (AS). Serum-specific IgE (sIgE) was measured for 12 aeroallergens and 14 
food allergens. Component-resolved diagnosis (CRD) was performed for house dust mite (HDM)/Dust mite allergens in 120 patients.
Results: Of the 510 children, 378 (74.12%) tested sIgE-positive. The mean age of the sIgE-positive patients was 7.03 ± 2.79 years, 
with a male-to-female ratio of 1.35:1. Among the sIgE-positive patients, 56.08% had AD, 87.83% had AR, and 29.37% had AS. 
Aeroallergen sensitization (90.48%) was significantly higher than food allergen sensitization (48.15%), with HDM being the most 
common aeroallergen (71.96%). CRD showed high positivity rates for Der p 1 and Der f 1 (both 95.83%) in 120 HDM/Dust mite- 
sensitized patients. Age significantly affected sensitization patterns: younger children had higher Egg and Cow’s milk sensitization 
rates, while aeroallergen (including HDM, Dust mite, and Cat dander) sensitization increased significantly with age. Most allergens 
showed no gender-related differences. Polysensitization was common, with 65.34% (247/378) of patients being sensitized to three or 
more allergens. Significant cross-reactivity was observed between certain aeroallergens and food allergens, such as a strong correlation 
between Der p 10 and Shellfish (ρ = 0.88) and moderate correlations between Ragweed and Sesame/Peanut (ρ = 0.53, 0.48, 
respectively).
Conclusion: In Suzhou, allergic children show high sIgE positivity and polysensitization rates. Allergen sensitization varies with age, 
highlighting the need for age-specific diagnostics and CRD for precision medicine. Extensive cross-reactivity exists between 
aeroallergens and food allergens.
Keywords: allergic diseases, children, cross-reactivity, component-resolved diagnosis, precision medicine, age-dependent

Introduction
Allergic diseases have become a significant global public health issue. In recent years, the prevalence of allergic 
conditions, including those affecting children, has been increasing globally due to environmental changes and lifestyle 
modifications.1,2 This trend has significantly impacted patients’ quality of life. Atopic dermatitis (AD), allergic rhinitis 
(AR), and allergic asthma (AS) are the most common allergic disorders. Worldwide, AR affects over 500 million 
individuals, and AS affects 300 million cases.1 AD, a chronic inflammatory skin disease, affects approximately 20% of 
children and 7–14% of adults.1 In China, the prevalence of allergic diseases has risen particularly rapidly, now 
approaching or even exceeding that in Western developed countries.1,3
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The progression of allergic diseases from early childhood food allergies to later respiratory allergies, known as the 
“allergic march,” is influenced by allergen exposure and factors such as age and gender.1,4 Studies have shown that 
allergen sensitization patterns vary regionally and are closely linked to immune maturation and environmental exposure 
dynamics.5,6 In Suzhou’s pediatric population, the manifestation of the allergic march, shaped by local factors, is not well 
understood. Suzhou, located in eastern China, is a region known for its economic development, humid subtropical 
climate, and rapid urbanization. These factors may contribute to unique patterns of allergen distribution in the area. 
Urbanization can increase exposure to indoor allergens like House dust mite (HDM) due to higher indoor humidity and 
changes in the indoor microflora, leading to a high prevalence of allergic diseases. Polysensitization, which is sensitiza
tion to three or more allergens,7 is common in pediatric allergic diseases and presents challenges in diagnosis and 
management. Understanding polysensitization patterns and cross-reactivity is important for developing effective preven
tion and treatment strategies. Current research indicates that common aeroallergens in Eastern China include HDM.8,9 

However, comprehensive investigations into the distribution characteristics of allergen-specific IgE (sIgE) and their 
correlation with diseases remain insufficient.1,9 Notably, systematic studies on pediatric allergen distribution, cross- 
reactivity, and polysensitization patterns are lacking,9 which impedes the advancement of precision medicine strategies.

Our previous study focused on the sensitization patterns of HDM components and their associations with specific 
allergic diseases such as AD, AR, and AS in children, providing a comprehensive insight into HDM-induced allergic 
responses at the molecular level.10 However, the study was limited to HDM components and did not explore a wider 
range of allergen sensitization, including other aeroallergens, food allergens, or their complex interactions between them. 
This study aims to investigate the major types of allergens, distribution patterns, sensitization characteristics, cross- 
reactivity profiles, and polysensitization epidemiological features among allergic children in Suzhou through population- 
based analysis. The findings will elucidate regional pediatric allergen sensitization patterns and provide scientific 
evidence for precision prevention, diagnosis, and treatment of childhood allergic diseases in this area.1,9,11 Since effective 
allergy management requires locally relevant epidemiological data,1,8 this research holds significant implications for 
optimizing strategies for preventing and controlling allergic diseases in the region.1–4,8,9,11

Materials and Methods
Study Population and Design
This study recruited 510 pediatric patients with suspected allergic diseases who visited the pediatric department of 
Suzhou Hospital, Affiliated Hospital of Medical School, Nanjing University, between January 2023 and December 2023. 
Suspicion was based on clinical symptoms and physician assessment. All participants underwent serum allergen testing, 
and a total of 378 patients with confirmed allergic diseases were ultimately included in the study. The inclusion criteria 
were as follows: (1) diagnosed with allergic diseases, such as AD, AR, and AS, by pediatric specialists based on 
established clinical guidelines;12–14 (2) children with AD exhibited positive reactions to at least one aeroallergen or food 
allergen, whereas those with AR or AS demonstrated positive reactions to at least one aeroallergen. Patients who had 
underlying diseases such as immune disorders or potential malignant tumors, or who were currently undergoing 
biological therapies (eg, omalizumab, dupilumab), and/or allergen-specific immunotherapy, were excluded from the 
study. Sensitization to three or more allergens is known as polysensitization.7

The study protocol was approved by the Ethics Committee of Suzhou Hospital, Affiliated Hospital of Medical School, 
Nanjing University (IRB2024058), and informed consent was obtained from the guardians of all subjects. The study was 
conducted in accordance with the guidelines of the Declaration of Helsinki.

Detection of Serum sIgE and the HDM Component sIgE
Blood samples were collected from all patients and left to clot at room temperature for 30 minutes. Afterwards, the blood 
was centrifuged at 3000×g for 10 minutes to isolate the serum. The BioCLIA® magnetic particle chemiluminescent 
allergen detection platform from HOB Biotech Group Corp., Ltd. (Suzhou, China) was used to measure the concentra
tions of sIgE against 12 aeroallergens and 14 food allergens in serum samples. This detection platform has an intra-assay 
coefficient of variation (CV) below 10% and a limit of detection (LOD) of less than 0.1 kU/L.10 The 12 aeroallergens 

https://doi.org/10.2147/JAA.S556612                                                                                                                                                                                                                                                                                                                                                                                                                                                               Journal of Asthma and Allergy 2026:19 2

Xu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



tested included: HDM, Dust mite, House dust, Alternaria, Cat dander, Dog dander, Willow, Ragweed, Cockroach, 
Artemisia, Cypress and Aspergillus fumigatus. The 14 food allergens tested included: Egg, Cow’s milk, Wheat, Sesame, 
Shrimp, Crab, Peanut, Strawberry, Soybean, Codfish, Pistachio, Almond, Lamb and Beef.

For children positive for HDM and/or Dust mite, the sIgE concentrations of Der p 1, Der f 1, Der p 2, Der f 2, Der 
p 5, Der p 7, Der p 10, Der p 21, and Der p 23 in serum samples were determined. The protein chip method, using the 
DX-Autoblot 50 automatic immunoassay analyzer, was employed in 120 cases, with reagents and instruments provided 
by Hangzhou Zheda Dixun Biological Gene Engineering Co., Ltd. The detailed methodology for the detection assay has 
been previously reported in the literature.15

The concentration of sIgE is expressed in standardized units of kU/L and categorized into levels 0 to 6 based on its 
concentration. A positive result is determined when the sIgE concentration is ≥ 0.35 kU/L. The levels are defined as 
follows: Level 0: sIgE < 0.35 kU/L; Level 1: 0.35 kU/L ≤ sIgE < 0.70 kU/L; Level 2: 0.70 kU/L ≤ sIgE < 3.50 kU/L; 
Level 3: 3.50 kU/L ≤ sIgE < 17.50 kU/L; Level 4: 17.50 kU/L ≤ sIgE < 50.00 kU/L; Level 5: 50.00 kU/L ≤ sIgE < 
100.00 kU/L; Level 6: sIgE ≥ 100.00 kU/L.

Statistical Analysis
Statistical analysis was conducted using SPSS 26.0 (IBM SPSS, Chicago, IL, USA). Categorical data were presented 
as frequencies and percentages, and intergroup comparisons of positive rates were performed using either the chi- 
square (χ2) test or Fisher’s exact test. A p-value of <0.05 was considered statistically significant. The Spearman rank 
correlation coefficient was used to measure the correlation between two allergens, which helped to infer potential 
cross-reactivity (eg, strong or moderate positive correlations suggest possible cross-reactivity). The strength of the 
Spearman correlation was interpreted as follows: 0.80–1.00 (very strong), 0.60–0.80 (strong), 0.40–0.60 (moderate), 
0.20–0.40 (weak), and 0.00–0.20 (negligible). The correlation matrix diagram was created using the “corrplot” 
package in R (http://www.r-project.org/, R Foundation for Statistical Computing, Vienna, Austria).

Results
Characteristics of the Study Population
From January 2023 to December 2023, 510 patients suspected of allergic diseases were tested for specific allergens. 
These patients were aged between 1 and 15 years. Among them, 378 patients (74.12%) tested positive for sIgE, with 217 
males (57.41%) and 161 females (42.59%). This yielded a male-to-female ratio of 1.35:1. The average age of the patients 
was 7.03 ± 2.79 years (Table 1).

The patients were categorized into three age groups: 0–4 years, 5–9 years, and ≥10 years, with sIgE positivity rates of 
78.70%, 74.91%, and 67.57%, respectively. The 0–4-year age group had the highest sIgE positivity rate. 84.39% of 
patients showed sensitization to two or more allergens, with the most common being sensitization to three allergens 
(21.16%) and two allergens (19.05%). Polysensitization represented 65.34%. Monosensitization was seen in only 15.61% 
of patients (Table 1).

Among the 378 patients with positive sIgE, 56.08% were diagnosed with AD, 87.83% with AR, and 29.37% with AS, 
as illustrated in Figure 1.

Epidemiology of Allergens
The distribution of allergen sensitization is shown in Figure 2. Overall, the sensitization rate of aeroallergens (90.48%, 
342/378) was significantly higher than that of food allergens (48.15%, 182/378). The top five aeroallergens were HDM 
(71.96%), Dust mite (67.99%), House dust (51.06%), Alternaria (38.36%), and Cat dander (13.23%). The most common 
food allergens were Egg (32.28%), Cow’s milk (25.66%), Wheat (11.90%), Sesame (9.52%), and Shrimp (6.61%) 
(Figure 2A). The sIgE levels were primarily grades 1, 2, and 3 for allergens with a sensitization rate exceeding 5%, as 
shown in Figure 2B.
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Among the 282 patients sensitized to HDM and/or Dust mite, 120 patients received component-resolved diagnosis 
(CRD). The highest positive rates were for Der p 1 and Der f 1 (both 95.83%), followed by Der p 2 (86.67%), Der f 2 
(85.83%), and Der p 23 (62.50%), as indicated in Figure 2C.

Age- and Gender-Related Sensitization Characteristics
The sensitizing allergens were divided into three age groups. Children aged 5–9 showed the highest overall sIgE 
positivity rate (57.67%), while those aged ≥10 showed the lowest (19.84%). In children, the detection rate of HDM 
increased with age, similar to Dust mite (P < 0.05). Additionally, the detection rate of Cat dander followed a similar 
pattern to that of HDM for pet-related allergens (P < 0.05), with a generally lower positivity rate than mite allergens. 
Moreover, age was also found to have correlations with various other aeroallergens, although no statistically significant 
differences were observed. Food allergens showed a different sensitization pattern compared to aeroallergens. Younger 
children had higher sensitization rates for Egg and Cow’s milk (P < 0.05). In the gender-stratified analysis, significant 
differences in sensitization rates were only seen for Alternaria and Ragweed (P < 0.05), with no significant gender-related 
differences noted for other allergens. There were also no significant differences in disease distribution across the various 
allergens (Table 2).

Correlation Analysis of Allergens
A Spearman rank correlation analysis was conducted for allergens. Among the 378 sIgE-positive patients, cross- 
reactivity was observed between aeroallergens. Specifically, HDM and Dust mite showed a high positive correlation 
(ρ = 0.90), and both also had strong correlations with House dust (ρ = 0.80 and ρ = 0.81, respectively). Ragweed (a grass 
pollen) and Willow (a tree pollen) exhibited a moderate correlation (ρ = 0.55), while other tree pollens and grass pollens 
showed interrelated associations. Additionally, correlations were found between aeroallergens and food allergens. Der 
p 10 had a very strong correlation with Shrimp and Crab (ρ = 0.88 for both). Ragweed had moderate correlations with 

Table 1 General Characteristics of the Patient

Suspected 
Sensitization (n=510)

Confirmed 
Sensitization (n=378)

P

Gender 0.396

Male 277 217

Female 233 161
Age, n (%)

0~4y 108 (21.18) 85 (22.49) 0.670

5~9y 291 (57.06) 218 (57.67) 0.910
≥10y 111 (21.27) 75 (19.84) 0.540

Number of allergen sensitizations, n (%) –
Single – 59 (15.61)

2 – 72 (19.05)

3 – 80 (21.16)
4 – 60 (15.87)

5 – 33 (8.73)

6–10 – 62 (16.40)
≥11 – 12 (3.17)

Allergic diseases, n (%) –

AD 212 (56.08)
AR – 332 (87.83)

AS – 111 (29.37)

Abbreviations: AD, Atopic dermatitis; AR, Allergic rhinitis; AS, Allergic asthma.
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Figure 2 Allergen Sensitization Profiles in Pediatric Patients. (A) Prevalence of aeroallergens and food allergens among 378 children with allergic diseases. X-axis label: 
Sensitization Prevalence (%); Y-axis label: Allergen Category (Aeroallergens/Food Allergens); (B) Distribution of sensitization levels to common allergens with a prevalence 
rate exceeding 5%; (C) Percentage of patients sensitized to specific components of HDM among 120 HDM-positive children. X-axis label: Specific Components of HDM; 
Y-axis label: Sensitization Rate (%).

Figure 1 Venn Diagram of Allergic Disease Comorbidities in Pediatric Patients.
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Sesame (ρ = 0.53) and Peanut (ρ = 0.48), and Willow showed moderate correlations with Sesame (ρ = 0.60), Peanut (ρ = 
0.44), and Strawberry (ρ = 0.42). Within food allergens, Shrimp and Crab displayed a very strong positive correlation (ρ 
= 0.89).

Among the HDM components, Der p 1 had moderate correlations with Der p 2 (ρ = 0.51), Der f 1 (ρ = 0.47), and Der 
f 2 (ρ = 0.44), while Der p 2 and Der f 2 showed a very strong correlation (ρ = 0.90). Der p 5 showed a moderate 
correlation with Der p 21 (ρ = 0.48). However, Der p 7 and Der p 23 did not show significant correlations with other 
allergens (Figure 3).

Polysensitization Patterns
Among the 378 patients with positive sIgE results, 319 (84.39%) were sensitized to two or more allergens, with 
polysensitization present in 65.34% of cases. To investigate the polysensitization patterns of the most common allergens, 
this study analyzed the top five allergens with the highest positivity rates (excluding House dust), as shown in Figure 4. 
Among the five allergens (HDM, Dust mite, Alternaria, Cow’s milk, and Egg), 97.35% of individuals were sensitized to 
one or more allergens, with a polysensitization rate of 59.24%. Moreover, 43.21% of patients were sensitized to three 
allergens, 11.41% to four allergens, and 4.62% to all five allergens.

Out of the 120 patients who received CRD, 95.83% were found to have sIgE positivity to at least one of the five most 
common HDM components (Der p 1, Der f 1, Der p 2, Der f 2, and Der p 23). Among these 115 patients, 94.78% were 
identified as having polysensitization, with 4.35% sensitized to any three, 31.30% sensitized to any four, and 59.13% 
being sensitized to all five.

Discussion
This study investigates the allergen sensitization profiles of pediatric patients with allergic diseases in the Suzhou area, 
revealing epidemiological trends, distribution characteristics, and patterns of polysensitization. The results provide 
a comprehensive understanding of the allergen sensitization patterns in children in Suzhou, highlighting the high 
prevalence of sIgE positivity and common polysensitization. These findings are crucial for developing precision 
prevention and treatment strategies, emphasizing the importance of age-specific diagnostics and CRD to address unique 
sensitization profiles. By identifying key allergens and their sensitization patterns, the study provides valuable insights to 
guide the development of targeted interventions and improve the management of pediatric allergic conditions in Suzhou.

Table 2 Characteristics of Allergen Sensitization Distribution in Suzhou, China [n (%)]

Age p Gender p Allergic Diseases p

0–4 y 
(n=85)

5–9 y 
(n=218)

≥10 y 
(n=75)

Male 
(n=217)

Female 
(n=161)

AD 
(n=212)

AR 
(n=332)

AS 
(n=111)

HDM, n (%) 51 (60.0) 156 (71.6) 65 (86.7) <0.001 159 (73.3) 113 (70.2) 0.586 152 (71.7) 246 (74.1) 83 (74.8) 0.777

Dust mite, n (%) 47 (55.3) 149 (68.3) 61 (81.3) 0.002 150 (69.1) 107 (66.5) 0.662 149 (70.3) 233 (70.2) 79 (71.2) 0.980

Cat dander, n (%) 5 (5.9) 25 (11.5) 20 (26.7) <0.001 30 (13.8) 20 (12.4) 0.807 31 (14.6) 45 (13.6) 13 (11.7) 0.769

Dog dander, n (%) 7 (8.2) 22 (10.1) 9 (12.0) 0.732 24 (11.1) 14 (8.7) 0.560 22 (10.4) 35 (10.5) 14 (12.6) 0.803

Willow, n (%) 3 (3.5) 22 (10.1) 9 (12.0) 0.119 17 (7.8) 17 (10.6) 0.463 19 (9.0) 28 (8.4) 12 (10.8) 0.750

Alternaria, n (%) 31 (36.5) 84 (38.5) 30 (40.0) 0.898 73 (33.6) 72 (44.7) 0.037 80 (37.7) 126 (38.0) 41 (36.9) 0.982

Ragweed, n (%) 4 (4.7) 12 (5.5) 5 (6.7) 0.865 14 (6.5) 7 (4.3) 0.001 14 (6.6) 19 (5.7) 8 (7.2) 0.829

House dust, n (%) 37 (43.5) 115 (52.8) 41 (54.7) 0.277 117 (53.9) 76 (47.2) 0.235 109 (51.4) 179 (53.9) 60 (54.1) 0.831

Cow’s milk, n (%) 39 (45.9) 50 (22.9) 8 (10.7) <0.001 55 (25.3) 42 (26.1) 0.965 57 (26.9) 84 (25.3) 38 (34.2) 0.185

Egg, n (%) 45 (52.9) 66 (30.3) 11 (14.7) <0.001 70 (32.3) 52 (32.3) 1.000 72 (34.0) 102 (30.7) 46 (41.4) 0.116

Wheat, n (%) 11 (12.9) 23 (10.6) 11 (14.7) 0.602 27 (12.4) 18 (11.2) 0.830 35 (16.5) 41 (12.3) 23 (20.7) 0.081

Shrimp, n (%) 8 (9.4) 11 (5.0) 6 (8.0) 0.308 17 (7.8) 8 (5.0) 0.369 20 (9.4) 20 (6.0) 11 (9.9) 0.231

Crab, n (%) 8 (9.4) 9 (4.1) 3 (4.0) 0.177 13 (6.0) 7 (4.3) 0.636 15 (7.1) 16 (4.8) 7 (6.3) 0.531

Peanut, n (%) 5 (5.9) 8 (3.7) 6 (8.0) 0.269 15 (6.9) 4 (2.5) 0.087 14 (6.6) 18 (5.4) 6 (5.4) 0.831

Sesame, n (%) 9 (10.6) 19 (8.7) 8 (10.7) 0.823 25 (11.5) 11 (6.8) 0.174 25 (11.8) 27 (8.1) 13 (11.7) 0.299

Notes: Only allergens with a prevalence rate exceeding 5% are included among individuals with positive sIgE results, with bolded values indicating statistical significance (p < 0.05).
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Our study found that aeroallergen sensitization was significantly higher compared to food allergen sensitization. 
Specifically, HDM and Dust mite had high sensitization rates of 71.96% and 67.99% respectively. This finding is 
consistent with studies from other regions, highlighting the important role of HDM in pediatric allergic diseases in 
economically developed eastern regions.16 The high sensitization rates for mite allergens may be attributed to their 
widespread presence in indoor environments and enzyme activity.17,18 The high humidity of Suzhou’s humid subtropical 
climate may impact the indoor dust microflora composition, resulting in a greater presence of HDM and related allergens. 
Notably, a high percentage of polysensitization was observed, indicating the widespread prevalence of multiple allergen 
sensitization among pediatric patients with allergic diseases in the Suzhou area. These findings are crucial for under
standing the natural course of allergic diseases and developing targeted intervention strategies, especially in the context 
of polysensitization and allergen cross-reactivity. Polysensitization may potentially increase the complexity and severity 
of allergic reactions, making diagnosis and management more challenging.19,20 Polysensitized children are at a higher 
risk of experiencing persistent symptoms and disease progression. It is important to prioritize polysensitized patients for 

Figure 3 Correlation Matrix diagram of Allergen sIgE Levels among 120 Pediatric Patients who underwent CRD. The matrix visually represents the Spearman rank 
correlation coefficients between various allergens. Blue indicates a positive correlation in the sIgE Levels of two allergens, while red indicates a negative correlation. The 
intensity of the color reflects the strength of the correlation. *p < 0.05; **p < 0.01; ***p < 0.001.
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interventions like allergen immunotherapy and provide personalized counseling to improve quality of life. Moreover, 
strong correlations (ρ > 0.6) were observed between aeroallergens, such as HDM and Dust mite or House dust, indicating 
potential cross-reactivity or co-exposure.21 The strong correlation between HDM and House dust could be due to the 
mixture of mite debris and other particles in House dust.22 Moderate correlations (ρ = 0.48–0.53) between Ragweed and 
Sesame/Peanut may be linked to the presence of “pollen-food allergy syndrome” (PFAS).23 Additionally, strong positive 
correlations were seen between certain food allergens, such as Shrimp and Crab, possibly attributable to structural 
similarities or shared immunological mechanisms among allergens.24 The correlation between Der p 10 and Shellfish (ρ 
= 0.88) is a potentially novel local sensitization pattern that has direct clinical screening implications for this population. 
Therefore, it is essential in clinical practice to conduct a detailed medical history, comprehensive allergen testing, and 
provide counseling on cross-reactivity for patients with allergic conditions, especially children. This approach helps 
identify all potential sensitizing factors and prevents the oversight of important allergens. Ultimately, it facilitates the 
development of more precise and individualized treatment plans.

Age was found to be a crucial factor in determining patterns of allergen sensitization in this study. We observed an 
“allergic march” phenomenon, with higher rates of sensitization to food allergens (especially Egg and Cow’s milk) in the 
0–4-year-old group compared to other age groups. As children reached 5 years old, sensitization rates to aeroallergens 
(particularly HDM and Dust mite) significantly increased with age. The group aged 10 and above showed the widest 
range of aeroallergen sensitizations. The age-related increase in sensitivity to aeroallergens such as mites may be related 
to long-term exposure to the environment or immune system maturation,25 while natural tolerance development may 
explain decreasing food allergen sensitization in older groups.26 Therefore, in the management of pediatric allergic 
diseases, an age-stratified approach should be adopted: for younger children (0–4 years), prioritize screening for common 
food allergens such as Egg and Cow’s milk; for school-aged children (≥5 years), emphasize detection of aeroallergens 
like mites and pollen; and for polysensitized patients, CRD should be considered to identify cross-reactivity risks and 
guide immunotherapy selection.27,28 This age-specific, personalized approach to diagnosis and treatment aligns with the 
natural course of allergic diseases and enables more precise diagnosis and intervention. Future studies should further 
investigate mechanisms linking environmental exposures, gut microbiota, and age-related changes in sensitization 
patterns.

Figure 4 Venn Diagrams of Sensitization Patterns to Major Allergens in Pediatric Patients. (A) This Venn diagram shows the polysensitization patterns among five common 
allergens: HDM, Dust mite, Egg, Cow’s milk, and Alternaria. (B) This Venn diagram displays the intersection of sensitization to five major HDM components: Der p 1, Der 
f 1, Der p 2, Der f 2 and Der p 23.
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In contrast to age, gender had a relatively minor impact on allergen sensitization patterns. In gender-stratified 
analyses, only sensitization rates to Ragweed and Alternaria exhibited significant differences (P<0.05). This finding is 
consistent with some reports of gender-based variations in pollen allergies.29 However, regarding the overall allergen 
profile, gender did not demonstrate a significant influence, suggesting that gender factors may play a minor role in the 
sensitization mechanisms of childhood allergic diseases.30–32

In 120 mite-sensitized patients who underwent CRD, Der p 1 and Der f 1 had a positivity rate of 95.83%, while Der 
p 2 and Der f 2 had rates of 86.67% and 85.83%, respectively. These rates are significantly higher than those of other 
components, which is consistent with global epidemiological studies and our previously published research on HDM 
component sensitization in children.10,11 Notably, the high positivity rate of Der p 23 in Suzhou is significantly higher 
than the 16.6% reported in northern China,15 which may be attributed to Suzhou’s humid subtropical climate, rapid 
urbanization, high indoor humidity, and local lifestyle. These factors are thought to influence the composition of indoor 
dust microflora and modulate HDM gut protein expression, enhancing the immunogenicity of Der p 23.33 In our prior 
study, we investigated the association between HDM components and specific allergic diseases, confirming that Der p 1, 
Der f 1, Der p 2, Der f 2, and Der p 23 are major contributors to HDM-induced allergies in this population.10 The high 
sensitization rates of Der p 1 and Der p 2 may be attributed to their biological functions as proteases or lipid-binding 
proteins, which are easily recognized by the immune system due to their major mite allergen status.34,35 Furthermore, Der 
p 23, a newly identified protein found in the gut with a positivity rate of 62.50%, may trigger sensitization through 
a separate mechanism.36 Our prior research has demonstrated a consistently high positive rate of Der p 23 in patients with 
AS, emphasizing that Der p 23 is a key component associated with the development of asthma and supporting its role as 
a potential biomarker for severe respiratory allergic reactions.10 Notably, the strong correlation between Der p 10 
(tropomyosin) and Shrimp/Crab (ρ = 0.88) not only highlights its predictive value in predicting cross-reactivity 
withShellfish hypersensitivity,16 but also suggests a potentially novel local sensitization pattern with direct clinical 
screening implications for children with mite allergies, helping to identify potential seafood allergy risks. However, Der 
p 7 and Der p 21 showed lower sensitization rates and weaker correlations, possibly due to their lower exposure levels or 
immunogenicity, and further validation is needed to determine their clinical significance.11,16

The present study has several limitations. First, the study population was recruited from a hospital setting and allergen 
testing was only conducted in patients suspected of having allergic diseases; moreover, skin prick tests were not 
performed. These factors introduce selection bias and limit the generalizability of our findings to the broader population. 
Future studies should consider recruiting participants from diverse settings and incorporating multiple diagnostic 
methods, including skin prick tests, to address these limitations. Second, the single-center study design may further 
compromise the generalizability of the findings. Multicenter studies are needed to address this limitation. Third, the lack 
of environmental exposure data precludes evaluation of associations between environmental factors and sensitization 
patterns. Future research should incorporate environmental monitoring to provide a more comprehensive understanding 
of the factors influencing allergen sensitization. Fourth, the cross-sectional design does not enable the determination of 
causal relationships between sensitization and disease progression, and the absence of clinical severity assessments 
restricts the analysis of correlations between sensitization levels and disease activity. Future research should consider 
a longitudinal design to assess disease severity, symptom progression, and treatment responses over time. It would also 
be beneficial to incorporate epitope mapping for key aeroallergens (such as HDM components and pollens) and food 
allergens (such as Shellfish and Egg) to identify common cross-reactive epitopes. This information can help in 
developing targeted therapies, including peptide immunotherapy and hypoallergenic allergen variants, customized to 
the region-specific cross-reactivity patterns observed in the pediatric population of Suzhou. This approach has the 
potential to advance precision medicine for pediatric allergic conditions.

Conclusion
This study found that HDM, Dust mite, and HDM components, such as Der p 1, Der f 1, Der p 2, and Der f 2, have 
a positivity rate of over 85%, and Der p 23 has a rate of up to 62.50%, making them the main allergens in children. It also 
showed a typical age-related pattern of sensitization, with infants and younger children being mainly sensitized to Egg 
and Cow’s milk, while school-aged children are more sensitized to aeroallergens. Polysensitization and cross- 
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sensitization are common, highlighting the need for age-specific diagnostic methods that incorporate CRD to identify 
cross-reactivity risks and guide immunotherapy. Additionally, individuals with multiple sensitivities should have long- 
term management strategies in place to achieve precision medicine for pediatric allergic conditions.
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