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1. Introduction

Abstract

Objective: This study retrospectively analyzes serum-specific IgE levels in chil-
dren with adenoid hypertrophy in Qingdao, China. It aims to identify common al-
lergens and examine their correlation with the severity of hypertrophy. Methods:
The serum concentration of allergen-specific IgE in 392 children with adenoid hy-
pertrophy in Qingdao, China, from April 2022 to June 2023 was measured. The
children were grouped according to sex, age, and visit time, and the distribution
characteristics of serum allergens in children with adenoid hypertrophy were de-
scribed. Moreover, according to the degree of adenoid obstruction of the choana
under nasopharyngeal fibre endoscopy, the children were divided into three groups:
mild, moderate, and severe, to explore the correlation between the allergen level
and the degree of adenoid hypertrophy. Results: The rates of positivity for food
allergens and inhaled allergens in children with adenoid hypertrophy in Qingdao,
China were 72.2% and 73.5%, respectively. Milk was the most common allergen
(52.3%). The subgroup analysis revealed that school-aged children were signifi-
cantly more likely to be positive for allergens than preschool-aged children
(P<0.05). The rate of positivity for wheat/buckwheat, Sycamorea/ash in summer,
and artemisia in autumn was higher than that in the other seasons (P<0.05). The
multivariate linear regression results for allergen grade showed that the OR value
of grade 1 allergy to milk was 3.203 (P<0.05). Conclusions: Milk, the combination
of moulds, Dermatophagoides farina, Dermatophagoides pteronyssinus, and
Blomia tropicalis are the most common allergens in children with adenoid hyper-
trophy in the Qingdao area. There are significant differences in the distribution of
common allergens according to age, and milk is the most important risk factor. Fur-
thermore, our findings indicate that milk allergy is a significant risk factor for ade-
noid hypertrophy (OR=3.203, P<0.05).
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Adenoids are the peripheral lymphoid tissue of the posterior wall of the nasopharynx and an important part of the
Waldeyer ring, which plays a key role in immunity to inhaled pathogens in early life [1]. Adenoid hypertrophy (AH),
a common disease in children, is usually characterized by symptoms such as nasal congestion, mouth breathing,
snoring during sleep, and even apnoea [2, 3]. Its aetiology has not been fully elucidated, but an increasing number of
studies have shown that the proportion of positive allergens in children with AH is high and that the degree of
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hypertrophy is greater than that in children without allergies [4]. Compared with normal children, children with AH
have a significant increase in the rate of positivity for common inhalant and food allergens. Some studies have shown
that allergens may be important causes of AH, and such research is crucial for the prevention and treatment of this
disease [5, 6]. To date, little is known about the relationship between AH and allergies despite the increasing level of
attention. In this study, 392 children with AH in Qingdao Kaitai Otolaryngology Head and Neck Surgery Hospital
were selected as the research objects, and the serum-specific IgE test results were retrospectively analysed to clarify
the allergen spectrum of children with AH in the Qingdao area, and to explore the correlation between the degree of
hypertrophy and allergen test results. In addition, we selected Qingdao as our study site due to its location on China's
eastern coast, characterized by a humid climate, distinct seasons, and diverse allergen exposure, offering representa-
tive environmental and population features. The findings not only inform local pediatric health management but also
provide valuable insights for regions with similar climatic and environmental conditions.

2. Materials and Methods
2.1 Clinical data

A total of 392 children who were diagnosed with AH in the outpatient department of Qingdao Kaitai ENT Head and
Neck Surgery Hospital from April 2022 to June 2023 were enrolled in this study.

The inclusion criteria were as follows: (1) age from 1 to 14 years; (2) Presence of AH symptoms and confirmed
adenoid enlargement on Nasopharyngeal fiberoscopy; (3) serum-specific allergen detection; (4) voluntary participa-
tion in the study.

The exclusion criteria were as follows: (1) obvious mental disorders; (2) space-occupying lesions of the posterior
nostril; (3) congenital dysplasia; (4) abnormal nasal anatomy.

2.2 Grouping

The patients were divided into a preschool group (< 6 years old) and a school-age group (= 6 years old). The samples
were divided into three groups according to the time of examination: the spring group (March-May), the summer
group (June-August), the autumn group (September-November), and the winter group (December-February of the
following year). The degree of adenoid obstruction was divided into mild (< 60%), moderate (60%-79%), and severe
(80%-100%).

2.3 Methods and result determination

Inhaled allergens in the serum were detected via the Medweis Analysis Co., Ltd. allergen-specific 1gE antibody de-
tection kit (immunoblotting). These allergens include Dermatophagoides farina, Dermatophagoides pteronyssinus ,
Blomia tropicalis, cat dander, dog dander, cockroach, silk, dwarf ragweed, artemisia, Humulus scandens, quinoa/ret-
roflexus, juniper/birch, Sycamolium/white wax, tree combination](alder/willow/beech/oak/walnut), herb combina-
tion (junegrass/Ryegrass/ladder grass), tree combination 2 (Acer compound/mulberry/acacia/Elm/Phellodendron),
the combination of moulds (Candida/Penicillium notarum/Cladosporium/Alternarial/Aspergillus niger), Aspergillus
fumigatus and other 18 allergens; food allergens included egg yolk, egg white, milk, peanut/soybean, sesame,
wheat/buckwheat, nut combination (cashew/pistachio/hazelnut/almond/walnut), beef/mutton, fish/shrimp/crab, fruit
combination (peach/apple/mango/litchi/strawberry) and 10 other allergens.

Grading and interpretation of the results: Grade 0(<0.35 IU/ml), grade 1(0.35-0.69 IU/ml), grade 2(0.70-3.49
1U/ml), grade 3(3.50-7.49 1U/ml), grade 4(17.5-49.9 IU/ml), grade 5(50.0-100.0 IU/ml) and grade 6(>100 IU/ml).
The reference range for healthy people was slgE<0.35 IU/ml(negative), and a score of 1 or higher was considered
positive.

2.4 Statistical methods

Data were processed and analysed using SPSS 27.0 software. Categorical variables were compared between groups
using the chi-square test. To control for potential confounding variables, multivariate analysis was performed by
adjusting for significant covariates identified in univariate analysis, such as age and tonsillar hypertrophy. An ordinal
logistic regression analysis was then conducted using the forced entry method to assess potential factors influencing
the severity of AH in children. An alpha level of 0.05 was set for all analyses, with P < 0.05 indicating statistical
significance.
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3. Results
3.1 General characteristics of 392 children with AH

This study included 392 children (237 males, 155 females) aged 1-14 years (mean age 6.51 £+ 2.59 years), categorized
based on specific indicators. The proportion of AH cases seeking medical advice is the highest in spring (36.5%,
145/392), while the lowest was observed in winter (9.9%, 39/392). Severe and moderate hypertrophy accounted for
44.9% (176/392) and 25.0% (98/392) of cases, respectively (Table 1).

Table 1. General data of 392 children with AH

General data Groups n Percentage (%)

Male 237 60.5

Gender
Female 155 39.5
Pre-school 164 41.8

Age

School 228 58.2
Spring 143 36.5
Summer 126 32.1

Seasons
Atumn 84 21.4
Winter 39 9.9
Mild 118 30.1

AH hypertrophy degree Moderate 98 25

Severe 176 449

3.2 Overall distribution of serum allergen sIgE in 392 children with AH

The overall serum allergen-specific IgE (sIgE) positivity rate was 91.33% in 392 children with AH, with food aller-
gens and inhalation allergens showing positivity rates of 72.2% and 73.5%, respectively. Co-occurrence of food and
inhalation allergens was observed in 53.83% of cases. The top five allergens with the highest positivity rates were
milk, the combination of moulds, Dermatophagoides farina, Dermatophagoides pteronyssinus, and Blomia tropicalis
(Figure 1).
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Figure 1. The distribution of serum allergen sIgE in 392 children with AH.
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3.3 Distribution of serum allergens sIgE in 392 children with AH in different seasons

The allergen positivity rates across seasons were 90.91% (130/143) in spring, 92.06% (116/126) in summer, 90.48%
(76/84) in autumn, and 92.31% (36/39) in winter. There was no statistically significant difference among the four
seasons (y>=0.242, P>0.05). However, three allergens exhibited significant seasonal variations: wheat/buckwheat
positivity rates were higher in summer, while Artemisia showed higher positivity rates in autumn compared to other
seasons. What’s more, Sycamorea/Pekiness in summer exhibited a higher positivity rate, and the difference was sta-
tistically significant (P<0.05) (Table 2).

Table 2. Distribution of positive serum allergens in different season groups (N=392, n)

Number of positive Sycamore/white ash

Groups(N) cases Wheat/buckwheat Artemisia wood
Spring (143) 130 9 5 7
Summer (126) 116 21 4 12
Autumn (84) 76 4 10 1
Winter (39) 36 5 2 1
x — 11.361 9.267 7.851
P — 0.010 0.026 0.049

3.4 Distribution of serum allergens sIgE in 392 children with AH in different age groups

The serum allergen positivity rate was significantly higher in school-age children (93.86%, 214/228) compared to
preschool children (87.80%, 144/164) (y’=4.415, P <0.05). School-age children also showed significantly higher
positivity rates for milk, Dermatophagoides farinae, Dermatophagoides pteronyssinus, Blomia tropicalis, Artemisia,
tree combination 1, herb combination, and mould combinations than preschool children (P <0.05) (Table 3).

Table 3. Distribution of positive serum allergens across different age groups (N=392, n)

Number of positive Dermatophagoides ~ Dermatophagoides

Groups(N) cases Milk farina pteronyssinus Blomia tropicalis

Pre-school (164) 144 98 35 37 25
School (228) 214 107 79 92 63

X — 6.290 8.191 13.673 8.408

P — 0.012 0.004 <0.001 0.004
Pre-school (164) 144 3 0 2 54
School (228) 214 18 13 12 105

x — 6.922 9.672 6.604 6.817

P — 0.009 0.002 0.010 0.009

3.5 Ordinal logistic regression analysis of the degree of AH and allergen grade in 392 children

The OR values for grade 1 sensitization to milk, peanut/soybean, and Humulus scandens were 3.203, 0.001, and
0.001, respectively (P<0.05). No significant associations were observed between other allergen grades and AH se-
verity (Table 4).

Table 4. Positive results in the multivariate analysis of the degree of AH and allergen grade

Types of aller- Allergen rating Regression co- Upper limit Lower limit P OR
gens efficient

Milk 1 1.164 9.207 1.114 0.031 3.203

Peanut/soybean 1 -7.53 0.509 0 0.031 0.001

Humulus 1 -6.949 0.275 0 0.016 0.001
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4. Discussion

In recent years, AH has shown a high prevalence in children and a significant increasing trend [7]. Numerous studies
have demonstrated that AH is closely associated with chronic and recurrent inflammation in the peri-adenoid region
[8], with allergic sensitization playing a significant role in this process [9-12]. This study comprehensively analysed
these factors from multiple perspectives.

4.1 Overall analysis of serum allergens in children with AH

In this study, 91.33% of the 392 children with AH tested positive for at least one serum allergen-specific IgE (sIgE),
highlighting a significant correlation between AH and allergic sensitization. Upon allergen exposure, the body initi-
ates an IgE-mediated immune response. Subsequent re-exposure rapidly activates this sensitized response, triggering
allergic reactions. This reaction induces local oedema of the adenoid, contributing to hypertrophy, which is consistent
with the research conducted by Lanye Hu et al. [13]. This study demonstrated positivity rates of 73.5% for inhalant
allergens and 72.2% for food allergens, with milk, moulds, and dust mites ranking among the top five allergens. It
underscores the significant roles of environmental and dietary factors in the pathogenesis of AH.

4.2 Seasonal and inhalant allergens

The incidence of AH exhibits seasonal variation. A number of studies have shown that mugwort is a predominant
respiratory allergen in affected children [14], and the allergen positivity rate increases significantly in summer and
autumn. In this study, Artemisia and planula/white wax emerged as the predominant seasonal allergens during sum-
mer and autumn in Qingdao. Therefore, it is recommended that children in Qingdao minimize outdoor activities
during peak allergy seasons, wear masks when outside, and keep doors and windows (including car windows) closed
during periods of high pollen levels [15]. According to relevant research reports [16], animal dander sensitization is
often concentrated in spring and summer, which is inconsistent with this study. This study found that sensitization to
cat and dog dander can occur year-round, suggesting that families of children allergic to animal dander should mini-
mize pet contact and implement additional protective measures.

This study also revealed that wheat sensitization rates in summer were greater compared to other seasons. In Qing-
dao, a large area of wheat is harvested in June each year. During this period, reducing wheat intake to reduce adenoid
stimulation is recommended.

4.3 Age and allergens

This study revealed that milk sensitization rates in school-age children were greater than in preschool children. This
is likely due to increased allergen exposure and elevated IgE levels in the external environment among school-aged
children, which aligns with the results reported by Miyuki Kono et al. [17]. These findings highlight the significant
role of food allergies, particularly milk, in stimulating AH. In susceptible children, the intestinal absorption of milk
allergens may activate the immune system [18] or alter gut microbiota [19, 20], potentially promoting adenoid hy-
perplasia and hypertrophy. This study further demonstrated that the severity of AH correlated with the grade of cow
milk allergy. These findings suggest that reducing milk intake in sensitized children may help mitigate AH risk,
though further longitudinal studies are warranted to confirm this relationship.

Numerous studies have identified dust mites as the most prevalent and dominant allergen, not only in China but
also worldwide [21-25]. In recent years, reduced indoor air circulation due to air conditioning use has contributed to
increased concentrations of dust mites and mould. School-aged children exhibited higher positivity rates for inhaled
allergens compared to preschool children, likely due to their broader activity range and exposure to environments
such as classrooms, which may harbor higher concentrations of dust mites and mould [26]. To mitigate this, regular
washing of bedding, clothing, and maintaining a dry, clean, and well-ventilated living environment are recommended.

Therefore, in developing preventive and treatment strategies, clinicians should consider recommending serum al-
lergen testing for children in Qingdao to identify sensitizations and reduce persistent adenoid stimulation. Addition-
ally, antiallergic medications can be utilized to manage AH symptoms, offering non-surgical treatment options and
minimizing surgical risks for children and their families.

5. Conclusion

In conclusion, this study delineated the allergen profile in children with AH in Qingdao and established a significant
correlation between milk allergens and hypertrophy severity, providing a robust theoretical foundation for the pre-
vention and management of this condition. However, as a single-center, single-city study, these findings are prelimi-
nary and insufficient to fully characterize the allergen profile in children with AH across the whole region.
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Additionally, retrospective studies cannot establish a causal relationship between AH and allergen sensitization. To
strengthen the theoretical foundation for prevention and treatment, future research should include larger, multi-re-
gional cohorts, longitudinal follow-ups, and genetic or immunological investigations to validate and expand upon
these findings.
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