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Purpose: Although allergic diseases in children are on the rise, there has been no comprehensive investigation of the allergens 
affecting children with allergic diseases in central China. Therefore, we aimed to analyze the distribution of serum allergen species 
among children with allergic conditions in central China to inform the prevention, diagnosis, and treatment of childhood allergies.
Patients and Methods: A total of 9213 children (5543 males with 2.88 ± 0.04 years old and 3670 females with 2.91 ± 0.05 years 
old) underwent allergen screening, and serum allergen-specific IgE (sIgE) antibodies were detected using an automated fluorescent 
enzyme immunoassay system.
Results: Our findings revealed a total sIgE-positive rate (sIgE-PR) of 57.83%, with mixed food (42.10%), egg whites (30.83%), milk 
(28.97%), mixed dust mites (24.57%), and mixed molds (23.20%) being the most prevalent source of allergens. The sIgE-PR for 
common sources of allergens exhibited significant sex-based differences, with males having greater susceptibility than females 
(p<0.05). Dust mites were the primary source of inhaled allergens, whereas egg white was the predominant source of food allergens. 
Sources of food allergens were most dominant among infants (0–3 years old); sIgE-PRs for most source of food allergens decreased 
with age, whereas those for most source of inhaled allergens increased. The autumn sIgE-PRs for mixed molds, weed pollen 
combinations, and tree pollen combinations were significantly higher than those found in other seasons (p<0.05).
Conclusion: Our findings suggest that sources of allergens profiles in children with allergies vary across age groups and seasons. 
Understanding these patterns can improve the effective prevention of childhood allergies.
Keywords: allergen, childhood allergies, IgE antibodies, source of food allergens, allergy prevention

Introduction
In recent decades, the global prevalence of allergic diseases has risen.1 Over 30% of the general population is affected by 
allergic diseases, making it one of the top three diseases requiring focused research and prevention efforts.2–4 The 
prevalence of common allergen species in children is as high as 40%-50% in children, who are at a higher risk than adults 
for various allergic diseases such as allergic rhinitis, atopic dermatitis, and allergic asthma.5,6

Neglected allergic disease can have substantial consequences for children’s health and in extreme cases can result in 
death, creating substantial psychological stress and financial strain for both children and their families. Primary risk 
factors for allergic diseases include exposure to sources of inhaled allergens such as dust mites, pollen, and dander or 
consumption of food antigens such as eggs, milk, and wheat.7,8 Recognizing allergen types and distribution patterns and 
taking measures to avoid high-risk sources of allergens can help prevent reactions. Thus, the serum-specific 
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Immunoglobulin E (sIgE) test, known for its speed and simplicity, is widely employed as a standard and reliable method 
for identifying specific allergen.9 The prevalence of allergic diseases is strongly associated with various environmental 
allergen sources and direct contact, inhalation, or ingestion exposure levels. However, the vast territory of China, the 
wide variety of natural allergen sources, as well as the differences in geographical environment, climate and dietary 
habits, has led to significant regional differences in allergic diseases distribution.10,11

As a comprehensive investigation of the types of allergen affecting children with allergic diseases in central China has 
not yet been conducted, we examined the serum sIgE test results of 9213 children in the region to analyze the types of 
allergen species affecting children and to explore the distribution of sources of allergens across various ages, sexes, and 
seasons. We aimed to offer essential insights for the prevention, diagnosis, and treatment of allergic diseases in children 
in central China.

Material and Methods
Participants
Between March 2022 and March 2023, children with allergic symptoms such as cough, rash, itching, and respiratory 
issues who were treated in the Henan Children’s Hospital Affiliated with Zhengzhou University, a tertiary hospital 
located in a major city in central China. The hospital is approved as the National Children’s Regional Medical Center and 
is known as the Henan Children’s Medical Center. Thanks to the country’s comprehensive children’s medical insurance 
system, children from various socio-economic backgrounds are able to receive treatment at this center. The center is one 
of the largest children’s hospitals in central China, serving patients from Henan and neighboring provinces, making it 
a representative sample of children in central China. Allergic diseases, such as eczema, atopic dermatitis, urticaria, 
respiratory tract infections, food allergies, and allergic asthma, were diagnosed according to the consensus on diagnosis 
and management of allergic diseases in children.12 A total of 9213 children with comprehensive data were included in the 
subsequent analysis.

Allergen Test
Eleven inhaled allergen sources and nine sources of food allergen were tested. The specific IgE antibody testing kits for 
inhaled and food allergen sources were provided by ThermoFisher. Clinicians selected the most suitable allergen species 
based on the disease type and economic status of the patients. Therefore, not every patient was tested for all 20 allergen 
species. Inhaled allergen sources included Dermatophagoides pteronyssinus, Dermatophagoides farinae, dog dander, cat 
dander, Blattella germanica, mixed dust mite (D. pteronyssinus and D. farinae), mixed animal fur (cat, horse, cow, and 
dog dander), mixed molds (Penicillium chrysogenum, Cladosporium herbarum, Aspergillus fumigatus, Candida albicans, 
Alternaria species, and Helminthosporium species), mixed grasses (ragweed, mugwort, French chrysanthemum, dande-
lion, and autumn unicorn grass), and mixed trees (Alnus incana, Corylus avellana, Fagales, Ulmus americana, Salix 
caprea, and Populus deltoides). Food-allergen sources included egg white, milk, wheat, peanut, soybean, shrimp, crab, 
sesame, and mixed food (egg white, milk, peanut, wheat, fish, and soybean).

Serum allergen-specific immunoglobulin E (sIgE) levels were assayed using ImmunoCAPTM (Phadia, Uppsala, 
Sweden) with uniform and standardized procedures according to the manufacturer’s instructions. The ImmunoCAP 
system detects allergen-specific IgE in vitro with the advantages of high sensitivity, high specificity and high stability. It 
has been recognized as the “gold standard” for the in vitro diagnosis of allergic conditions by the World Health 
Organization and the European Society of Allergy and Clinical Immunology. The detection range of the 
ImmunoCAPTM is 0.10–100 KUA/L. As per the method recommendation, results were divided into seven levels: level 
0 (0~0.35 KUA/L), level 1 (0.35~0.70 KUA/L), level 2 (0.70~3.50 KUA/L), level 3 (3.5~17.5 KUA/L), level 4 (17.5~50 
KUA/L), level 5 (50~100 KUA/L), and level 6 (≥100KUA/L). The sIgE results were considered sensitization-positive for 
values of 0.35 KUA/L or more. The total IgE concentration was measured using a Cobas 8000 modular analyzer (Roche 
Diagnostics, Rotkreuz, Switzerland). The percentage of eosinophils was determined using an automatic Mindray BC- 
7500 analyzer (Upper Bio-Tech, Shanghai, China).
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Data Analysis
Data were categorized and analyzed using R version 4.2.3. Percentages were used to depict categorical values, and the 
chi-square test was used to assess the variance among groups. The Spearman correlation method was used to assess the 
correlation between sIgE levels and other clinical and laboratory parameters. Statistical significance was set at p<0.05.

Results
Demographic Characteristics
In total, 9213 children with allergic diseases (5543 males, and 3670 females) were enrolled. Participants were divided into 
five age groups: “infants” (0 month–1 year; n = 3457), “toddlers” (>1–3 years; n = 2382), “preschool children” (>3–6 years; 
n = 1993), “school-aged children” (>6–12 years; n = 1307), and “adolescents” (>12–18 years; n = 74; Table 1). Eczema, 
atopic dermatitis, and urticaria were the most common symptoms, followed by respiratory tract infections, food allergies, 
and allergic asthma (Figure 1A). Among the tests of sources of inhaled allergens, single-type allergies reached 14.53%, 
followed by multiple allergies (12.4%) and double allergies (7.04%) (Figure 1B). Among the tests of sources of food 
allergens, multiple allergies reached 26.05%, followed by double allergies (16.1%) and single-type allergies (8.19%) 
(Figure 1C).

Allergen Sensitization Profiles
The overall sIgE-PR rate was 57.83% (5328/9213) (33.98% with at least one positive source of inhaled allergens and 
50.33% with at least one positive food allergen). Mixed dust mites (24.57%), mixed molds (23.2%), and D. farinae 
(21.81%) were the most common source of inhaled allergens in the Zhengzhou area, followed by D. pteronyssinus 
(19.73%), mixed grass (16.44%), and mixed trees (14.37%). The most common food allergen species were mixed foods 
(42.1%), egg white (30.83%), milk (28.97%), wheat (16.16%), and sesame (13.61%; Figure 2 and Table S1). More 
positive results belonged to classes 1–3 than to higher classes. D. farinae, D. pteronyssinus, mixed molds, dog dander, 
and mixed grasses elicited reactions in classes 4–6 (38.89%, 28.25%, 23.26%, 17.54%, and 15.16%, respectively), 
indicating a relatively high level of a strong positive reaction.

Age Differences Among Allergen Profiles
In comparing the differences in sensitization to inhaled and food allergen species among the five age groups, we found an 
association between age and allergic sIgE-PR. The sIgE-PRs of mixed food, egg white, and milk were highest in those 
aged 0–1 years and >1-3 years. In children between the ages of 3 and 6 years, the highest sIgE-PRs for food and inhaled 
allergen species were for mixed food and mixed molds. The sIgE-PRs of mixed dust mites and D. farinae were highest in 

Table 1 Characteristics of Participants

Item n Percentage (%)

Age group

0–1 year 3457 37.52

>1-3 years 2382 25.85
>3-6 years 1993 21.63

>6-12 years 1307 14.19

>12-18 years 74 0.8
Sex

Male 5543 60.16

Female 3670 39.84
Season

Spring (March - May) 2389 25.93

Summer (June - August) 2870 31.15
Autumn (September - November) 1740 18.89

Winter (December - February) 2214 24.03
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those aged >6-12 and >12-18 years, respectively (Figure 3 and Table S2). Significant statistical differences were 
observed in the sIgE-PRs for each specific allergen species (except wheat) among the various age groups (p<0.05). 
The sIgE-PRs against D. pteronyssinus, D. farinae, dog dander, B. germanica, mixed grasses, mixed trees, Phadiatop 
complex, crab, and shrimp increased with age. The prevalence of egg white, milk, wheat, and mixed foods decreased 
with increasing age after 3 years (p<0.05). Notably, before the age of 12 years, the sIgE-PRs for most inhaled allergen 
species showed an increasing trend with age, whereas the positive percentage for food allergen species showed 
a decreasing trend with age (Figure 3). Although it was not significant, the correlation between the positivity rate of 
inhaled allergen species and age exhibited a trend that was opposite that between the positivity rate of food allergen 
species and age (Figure 3B).

In our investigation of the effect of age on the prevalence of sensitization, compared with 0–1 year-old children, the 
sIgE-PR of all allergen species in children increased with age and was statistically significant before 6 years of age 
(p<0.05). Particularly, sIgE-PR of D. pteronyssinus increased significantly with age (p<0.05; Table 2).

Sex Differences Among Allergen Profiles
The overall prevalence of sensitization to inhaled and food allergen species was higher in males (60.47%) than females 
(54.99%), with a statistically significant difference in the sIgE-PRs of allergen species between the sexes (p<0.05; 

Figure 1 Disease composition of clinical diagnosis and sources of allergens. Disease composition of clinical diagnosis (A) and composition of inhaled (B) and food allergen 
species (C). The numbers in parentheses represent the number of cases and the percentage, respectively.
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Figure 4 and Table S3). Males showed higher rates of sensitization to inhaled and food-allergen species than females. In 
both males and females, house mites D. pteronyssinus, and D. farinae, had the highest sIgE-PRs for inhaled allergen 
species, whereas milk, egg, and wheat had the highest sIgE-PRs for food allergen species (Figure 4).

In our further exploration of sex differences in the prevalence of sensitization among different age groups, we found 
significant differences in the sIgE-PRs of allergen species between males and females in all age groups, with the 
exception of dog dander, cat dander, mixed dust mite, mixed animal fur, Phadiatop complex, crab, and shrimp. There 
were also significant sex-specific differences in the 0–1 and >1-3 years age groups in the sIgE-PRs of egg white, wheat, 
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Figure 2 Percentage of allergen-detected results and levels in allergen-positive children. The percentage of allergen-detected results (A) and different levels in the allergen- 
positive children with allergic diseases (B). Phadiatop is not a natural source of allergens, but a mixture of several different inhaled allergens. More than 90% of common 
allergens in the air are embedded in the same CAP and determined by CAP system.
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Figure 3 Percentage of inhaled and food allergen species in children with allergic diseases by age. Percentage of inhaled and food allergen species among different age groups 
(A) and Spearman correlation between the allergen species based on the percentages of allergen species in different age groups (B). The numbers at the bottom left indicate 
Spearman correlation coefficients. Phadiatop is not a natural source of allergens, but a mixture of several different inhaled allergens. More than 90% of common allergens in 
the air are embedded in the same CAP and determined by CAP system. *P < 0.05.
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soybean, peanut, sesame, and mixed food. In the >3-6 years age group, the prevalence of the main inhaled allergen 
species (except dog dander, cat dander, mixed animal fur, and Phadiatop complex) and the main food allergen species 
(except crab and shrimp) in males was significantly higher than that in females. However, sex-based differences in 
sensitization to all allergen species (except soybeans) were not observed in patients aged >12-18 years (Table 3).

Season Difference of Allergen Profiles
The prevalence of sensitization to most inhaled and food allergen species had significant differences among seasons, 
except for B. germanica and milk (p>0.05). Compared with all other types of allergens, the mixed food group had the 
highest rate of sensitization in all seasons. Mixed molds, mixed grasses, mixed trees, Phadiatop complex, soybean, 
peanut, crab, shrimp, and sesame had the highest sIgE-PR values in autumn (p<0.05). D. pteronyssinus, D. farinae, dog 
dander, cat dander, mixed dust mites, mixed animal fur, wheat, and mixed food showed the highest sIgE-PR values in 
winter (p<0.05), whereas eggs showed the highest sIgE-PR values in spring (p<0.05; Figure 5A and Table S4). The 
correlation between the positivity rate of inhaled allergen species and season did not exhibit the opposite trend compared 
to the correlation between the positivity rate of food allergen species and season (Figure 5B).

The Relationship Between sIgE and Other Indicators in Serum
In measuring the concentration of total sIgE and percentage of eosinophils to reveal the correlation between sIgE and 
other indicators in 3826 children who underwent all tests simultaneously, there was a significant positive correlation 

Table 2 The Effect of Age Groups on the Prevalence of Allergen Sensitization

Age group Positive rates (%) Regression 
coefficient

Standard 
error

P OR 95% CI

All sources of allergens
0~1 years 49.46% (1710/3457) – – – 1.00 –

>1~3 years 63.77% (1519/2382) 0.587 0.055 0.000** 1.798 1.616–2.001
>3~6 years 65.18% (1299/1993) 0.648 0.058 0.000** 1.912 1.707–2.143

>6~12 years 61.06% (798/1307) 0.471 0.066 0.000** 1.602 1.407–1.823

>12~18 years 59.46% (44/74) 0.404 0.239 0.091 1.498 0.938–2.395
Dermatophagoides pteronyssinus
0~1 years 1.2% (5/417) – – – 1.00 –
>1~3 years 8.21% (51/621) 1.998 0.473 0.000** 7.373 2.917–18.634

>3~6 years 22.31% (238/1067) 3.164 0.456 0.000** 23.656 9.680–57.810

>6~12 years 38.46% (265/689) 3.942 0.457 0.000** 51.5 21.042–126.048
>12~18 years 43.24% (16/37) 4.41 0.559 0.000** 62.781 20.987–187.802

Notes: Logistic analysis: *p <0.05, **p <0.01.

Figure 4 Composition of the sources of allergens by sex Composition of the sources of allergens in male (A) and female (B) children with allergic diseases. The numbers in 
parentheses represent the number of cases and the percentage, respectively. Phadiatop is not a natural source of allergens, but a mixture of several different inhaled 
allergens. More than 90% of common allergens in the air are embedded in the same CAP and determined by CAP system.
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Table 3 Sex and Age Differences of Positive Rates (%)

Sources of 
allergens

Number of sIgE-positive patients (%)

0~1 years p >1~3 years p >3~6 years p >6~12 years p >12~18 years p

Male Female Male Female Male Female Male Female Male Female

Dermatophagoides 
pteronyssinus

4 

(0.96%)

1 

(0.24%)

0.454 36 

(5.80%)

15 

(2.42%)

0.144 157 

(14.71%)

81 

(7.59%)

0.048* 184 

(26.71%)

81 

(11.76%)

0.026* 12 

(32.43%)

4 

(10.81%)

0.16

Dermatophagoides 
farinae

5 
(1.19%)

1 
(0.24%)

0.32 38 
(6.14%)

16 
(2.58%)

0.136 180 
(16.81%)

89 
(8.31%)

0.013* 188 
(27.25%)

98 
(14.20%)

0.566 13 
(35.14%)

4 
(10.81%)

0.098

Dog dander 2 

(0.76%)

1 

(0.38%)

0.877 14 

(2.54%)

6 

(1.09%)

0.385 40 

(3.87%)

29 

(2.80%)

0.74 76 

(12.08%)

37 

(5.88%)

0.65 5 

(16.13%)

13.23% 0.083

Cat dander 6 

(2.32%)

4 

(1.54%)

0.865 20 

(3.64%)

7 

(1.28%)

0.143 38 

(3.70%)

29 

(2.82%)

0.591 54 

(8.56%)

29 

(4.60%)

0.988 2 

(6.90%)

0 

(0.00%)

0.129

Blattella germanica 4 
(1.49%)

2 
(0.75%)

0.853 9 
(1.61%)

7 
(1.25%)

0.681 30 
(2.88%)

9 
(0.86%)

0.027* 19 
(2.95%)

11 
(1.71%)

0.902 3 
(10.00%)

1 
(3.33%)

0.351

Mixed dust mite 4 

(1.39%)

0 

(0.00%)

0.133 45 

(7.21%)

17 

(2.72%)

0.06 209 

(16.81%)

113 

(9.09%)

0.014* 236 

(29.61%)

114 

(14.30%)

0.226 12 

(28.57%)

6 

(14.29%)

0.28

Mixed molds 23 

(1.45%)

10 

(0.63%)

0.607 195 

(12.35%)

108 

(6.84%)

0.03* 421 

(24.08%)

270 

(15.45%)

0.007** 278 

(22.20%)

219 

(17.49%)

0.001** 9 

(14.29%)

4 

(6.35%)

0.265

Mixed animal fur 16 
(5.61%)

10 
(3.51%)

0.796 57 
(9.24%)

28 
(4.54%)

0.293 97 
(7.78%)

64 
(5.13%)

0.785 97 
(11.93%)

50 
(6.15%)

0.693 7 
(17.50%)

1 
(2.50%)

0.055

Mixed grasses 3 

(1.03%)

0 

(0.00%)

0.195 27 

(4.23%)

12 

(1.88%)

0.312 168 

(13.40%)

77 

(6.14%)

0.001** 165 

(20.52%)

53 

(6.59%)

<0.001** 9 

(21.95%)

6 

(14.63%)

0.885

Mixed trees 1 

(0.34%)

1 

(0.34%)

0.667 30 

(4.70%)

12 

(1.88%)

0.169 143 

(11.44%)

64 

(5.12%)

0.002** 143 

(17.79%)

47 

(5.85%)

<0.001** 6 

(14.63%)

4 

(9.76%)

0.775

Phadiatop 20 
(1.38%)

10 
(0.69%)

0.796 91 
(8.97%)

54 
(5.33%)

0.112 82 
(16.94%)

68 
(14.05%)

0.21 82 
(24.33%)

50 
(14.84%)

0.06 4 
(19.05%)

5 
(23.81%)

0.528

Egg white 820 

(24.70%)

440 

(13.25%)

0.002* 562 

(25.35%)

352 

(15.88%)

0.007** 310 

(17.25%)

211 

(11.74%)

0.256 69 

(5.96%)

41 

(3.54%)

0.947 0 

(0.00%)

1 

(1.69%)

0.305

Milk 537 

(16.43%)

298 

(9.12%)

0.068 669 

(30.35%)

442 

(20.05%)

0.045* 349 

(19.29%)

222 

(12.27%)

0.043* 75 

(6.38%)

58 

(4.93%)

0.171 2 

(3.39%)

0 

(0.00%)

0.157

Wheat 419 
(12.50%)

166 
(4.95%)

<0.001** 243 
(10.75%)

125 
(5.53%)

0.001** 233 
(12.59%)

108 
(5.84%)

<0.001** 128 
(11.04%)

49 
(4.23%)

0.002** 1 
(1.75%)

4 
(7.02%)

0.126

Soybean 111 

(3.26%)

35 

(1.03%)

<0.001** 93 

(4.03%)

39 

(1.69%)

0.003** 113 

(9.38%)

47 

(3.90%)

<0.001** 100 

(8.40%)

33 

(2.77%)

0.001** 0 

(0.00%)

5 

(8.33%)

0.016*

Peanut 150 

(4.42%)

46 

(1.35%)

<0.001** 145 

(6.31%)

69 

(3.00%)

0.003** 189 

(10.04%)

83 

(4.41%)

<0.001** 145 

(12.32%)

49 

(4.16%)

<0.001** 2 

(3.39%)

6 

(10.17%)

0.116

Crab 3 
(0.15%)

2 
(0.10%)

0.989 17 
(1.40%)

7 
(0.58%)

0.213 21 
(1.77%)

6 
(0.51%)

0.073 10 
(1.49%)

7 
(1.04%)

0.615 1 
(3.57%)

2 
(7.14%)

0.724

Shrimp 10 

(0.31%)

11 

(0.34%)

0.172 36 

(1.66%)

19 

(0.88%)

0.249 38 

(2.30%)

20 

(1.21%)

0.205 34 

(3.36%)

15 

(1.48%)

0.24 2 

(4.26%)

6 

(12.77%)

0.175

Sesame 108 

(5.60%)

36 

(1.87%)

<0.001** 105 

(8.71%)

57 

(4.73%)

0.08 163 

(13.94%)

68 

(5.82%)

<0.001** 116 

(17.52%)

43 

(6.50%)

0.009** 2 

(7.14%)

4 

(14.29%)

0.595

Mixed food 923 
(28.26%)

503 
(15.40%)

0.003** 762 
(34.91%)

483 
(22.13%)

<0.001** 492 
(28.05%)

320 
(18.24%)

0.006** 228 
(20.09%)

107 
(9.43%)

0.007** 3 
(5.26%)

7 
(12.28%)

0.146

Notes: Phadiatop is not a natural source of allergens, but a mixture of several different inhaled allergens. More than 90% of common allergens in the air are embedded in the same CAP and determined by CAP system. Chi-square test: 
*p <0.05, **p <0.01.
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between total IgE and all types of allergen-specific IgE and a positive correlation between eosinophilic percentage and 
most food allergen-specific IgE (except crab), but no correlation with all inhaled allergen species (Table 4).

Discussion
Over recent decades, the incidence of allergic diseases has been increasing considerably worldwide. Detection of sIgE 
has been used widely in clinical practice to identify different sensitization profiles and avoid triggering factors. However, 
sensitization to different allergen species varies in different populations according to age, sex and season. This study 
showed the most common inhaled allergen species in children in central China were dust mites, molds, and dust mite 
mixtures. However, there were seasonal and sex-based differences.

Allergic disease results from hypersensitive reactions to inhalation or exposure to specific sources of allergens in the 
environment, the most common reactions being those mediated by IgE antibodies.13 The prevalence of allergic diseases 
has increased annually in recent years, causing enormous social and economic burdens.14 Additionally, different 
geographical environments, diets, and economic development statuses across different regions have led to large 
differences in the regional prevalence of allergen type.15–17 Therefore, it is critical to elucidate allergen-specific IgE 
distribution and characteristics of allergen species in specific regions, populations, and seasons for the diagnosis, 
treatment, and prevention of allergic disease.18–21

Allergen sensitization is not identical across different geographical regions.22 In the USA, the population is most 
sensitized to dust mites, house dust mites, and grass pollen; in Northern and Eastern Europe, cat dander, dog dander, and 
tree pollen are the most common;23,24 and in Western Europe, residents are most allergic to dust mites, house dust mites, 
and tree pollen.25–27 In this study, we found that the most common inhaled allergen species in children were dust mites, 
molds, and dust mite mixtures. Consistent with previous studies conducted in the US and Europe, the most commonly 
positive food allergen species found herein were milk, egg white, and wheat.28,29 Compared with other studies, 
sensitization to crabs and shrimp was relatively low, which may be related to the geographical environment of 
Zhengzhou, a central plain region in which many people prefer wheat and rice and are less interested in seafood. We 
also found that the sIgE-PR of sesame was higher than that of peanuts in Zhengzhou, which may be closely related to 
differences in diet structure, but was inconsistent with results reported in the literature.

This study showed that allergen types and sIgE-PRs vary by age. Food allergen species were the main reactants in 
infants and young children, and the sIgE-PRs of egg white and milk are much higher than those of other allergen species, 
which may be related to the increased permeability of the micromolecular proteins contained in eggs and milk. Children 
— particularly infants and young children— experience a period of growth and development. Due to insufficient 
gastrointestinal function, the intestinal mucosa of children is vulnerable to destruction, making them more susceptible 
to sensitization to such substances.30 However, the incidence of allergic diseases can be reduced to a certain extent by 
adhering to exclusive breastfeeding and the addition of complementary foods during infancy. With increasing age, 
children spend more time outdoors and are more likely to be exposed to various allergen species.31 The sIgE-PRs of food 
allergen species exhibited a downward trend and were replaced by mixed dust mites, tree pollen combinations, and other 
inhaled allergen species, which is consistent with domestic and foreign studies.32,33 Lastly, as rates of allergic reaction to 
cat and dog dander are increasing, it is recommended that families with allergic diseases try not to keep pets.

While the three most common allergen species in both males and females in this study were egg white, milk, and dust 
mites, the sex-specific sIgE-PRs for allergen species differed. Additionally, we found that males had a higher prevalence 
of allergic diseases than females, which is consistent with the results of other studies.34 Possible causes for this difference 
include lifestyle (exposure to different sources of allergens), genetic factors, sex hormone levels, environment, immune 
responses, and cross-reactivity. Previous studies have found that androgens have an anti-allergic effect and estrogen has 
a pro-allergic effect.35 During childhood, more males than females have allergic disease, whereas the number of female 
patients increases after puberty. However, the specific pathophysiological mechanisms behind these differences require 
further investigation.

This study showed that there were different types and sIgE-PRs of allergen species in children in different seasons, 
particularly for inhaled allergen species. The sIgE-PR of mixed molds was the highest in autumn, which may be related 
to the temperate continental monsoon climate of Zhengzhou. Long-term use of air conditioning and a lack of timely filter 
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Figure 5 Percentage of inhaled and food allergen species in children with allergic diseases by sex. Percentage of inhaled and food allergen species in children with allergic 
diseases among different seasons (A) and Spearman correlation between the allergen species based on the percentages of allergen species in different seasons (B). The 
numbers at the bottom left were Spearman correlation coefficients. Phadiatop is not a natural source of allergens, but a mixture of several different inhaled allergens. More 
than 90% of common allergens in the air are embedded in the same CAP and determined by CAP system.
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element replacement can foster mold reproduction; therefore, air quality, moisture, and ventilation must be considered in 
the living environments of children with mold allergies. Additionally, the sIgE-PR of the weed-pollen combination and 
tree-pollen combination was higher in autumn, which may be related to the peak pollen concentration in autumn in 
Zhengzhou, with high concentrations of pollen particles scattered in the air leading to an increased probability of 
sensitization. Therefore, children with pollen allergies are advised to wear a mask when going outside during the autumn 
pollen season.36 The sIgE-PR of dust mite mixed sources of allergens was the highest in winter, possibly because there 
were more haze days in winter, and dust could easily enter the room after a window is opened for ventilation, which is 
similar to research on children in Beijing.

We have searched for differences in sensitization for the sources of allergens with regard to sex, age and seasons 
group. Therefore, the prevention and treatment of allergen should consider the difference, combined with the clinical 
characteristics of children and laboratory testing, to make early diagnosis. Reasonable avoidance of high-risk the sources 
of allergens and the establishment of defensive barriers can reduce the pain and economic burden of children to a certain 
extent, and prevent and avoid more serious allergic diseases in adulthood.

This study had several limitations. First, only 20 sources of allergens were assessed, limiting comparability with other 
studies due to variations in allergen types and not all subjects were tested for 20 sources of allergens, which may lead to 
a certain degree of bias in the results of this study. Second, the study cohort was derived from a single center, not on 
behalf of all children with serum allergen sIgE distribution in central China. Furthermore, the study mainly focused on 
IgE-mediated sensitization and the potential underrepresentation of non-IgE-mediated mechanisms.37 Besides, the 
correlation between sIgE levels and the severity of allergic symptoms could not be explored as this study positive 
sIgE represent only sensitization, failed to combine clinical history confirm the actual circumstances of the clinical 
allergic. Thus, further research is warranted to carry out larger studies and more detailed questionnaire surveys, increase 
the types of allergen tested and conduct comprehensive analysis combined with clinical data of patients to provide more 

Table 4 Correlations Between the sIgE of Allergens and 
Other Indicators

Sources of allergens Eosinophil% Total IgE

Dermatophagoides pteronyssinus 0.03 0.369**
Dermatophagoides farinae 0.031 0.360**

Dog dander 0.019 0.118**
Cat dander 0.019 0.108**

Blattella germanica 0.039 0.230**

Mixed dust mite 0.033 0.353**
Mixed molds 0.02 0.202**

Mixed animal fur 0.025 0.218**
Mixed grasses 0.035 0.332**

Mixed trees 0.027 0.290**

Phadiatop 0.050* 0.211**
Egg white 0.155** 0.170**

Milk 0.064** 0.121**

Wheat 0.119** 0.184**
Soybean 0.048** 0.227**

Peanut 0.048** 0.185**

Crab 0.038 0.214**
Shrimp 0.031* 0.162**

Sesame 0.066** 0.352**

Mixed food 0.133** 0.221**

Notes: Phadiatop is not a natural source of allergens, but a mixture of 
several different inhaled allergens. More than 90% of common allergens in 
the air are embedded in the same CAP and determined by CAP system. 
Correlation analysis: *p <0.05,**p <0.01.
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basis for clinical diagnosis and treatment and prevention, realizing precision and personalized medicine. In addition, it 
should be pointed out that although we regard Phadiatop complex as a source of allergens, Phadiatop complex is not 
a natural source of allergens. It is a mixture of several different inhaled allergens. More than 90% of common allergens in 
the air are embedded in the same CAP and determined by CAP system.38,39

Conclusion
By defining the variations in allergen prevalence and investigating the distribution characteristics and trends of these allergen 
species based on age, sex, and season, we elucidated the pediatric allergen distribution patterns and demonstrated the 
prevalence of specific sensitization and risk groups in children with allergic symptoms in central China. This information 
should aid healthcare providers and public health officials in devising targeted interventions for allergies in children and serves 
as a foundational framework for enhancing the prevention, diagnosis, and treatment of allergic conditions.
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