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Background: Children are the age group with the highest prevalence of allergy diseases. There is currently a lack of knowledge
regarding monosensitization and polysensitization characteristics in children. In this study, we investigated the characteristics and
differences between monosensitization and polysensitization in children in Weifang, eastern China.

Objective: To demonstrate the basic features of monosensitization and polysensitization in children. To explore the inherent and
clinical parameter differences between monosensitized and polysensitized children.

Material and Methods: A total of 6030 individuals with a physician-determined need for allergy testing were tested for 15 common
allergens, including 9 aeroallergens and 6 food allergens. A total of 938 allergen-positive children aged 1 month to 18 years were
eventually included in this analysis. Complete blood count results from the same time as the allergen test were derived from the
computerized medical records. Intrinsic features such as age, gender, sIgE, T-IgE, and clinical parameters such as eosinophil
percentage, eosinophil count, basophil percentage, and basophil count were compared.

Results: The results showed that dust mite-related allergens, mould-related allergens, and tree and grass pollen-related allergens were
the most prevalent allergens among monosensitized children. Additionally, the results of the combined pattern of polysensitive
childhood allergens indicate the most common two allergens that were present together included dust mites and mould-related
allergens, dust mite and Artemisia pollens, and dust mite and Humulus scandens pollens. Polysensitization can result in higher
sIgE, T-IgE and eosinophil levels.

Conclusion: In conclusion, we provide a basic overview of allergens in monosensitized and polysensitized children. These findings
provide new insight into the management of allergic diseases, particularly from the standpoint of polysensitization.
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Introduction

In recent years, the prevalence of allergic diseases has drastically increased worldwide, making it one of the most
prevalent chronic diseases affecting the health of children.! Allergic diseases, also called atopic diseases (“atopic™ refers
to the genetic susceptibility to developing allergy-related diseases), include allergic rhinitis, allergic conjunctivitis,
allergic asthma, atopic dermatitis, food allergies, and urticaria.” Numerous studies have demonstrated that the high
prevalence of allergic diseases is a significant risk factor for respiratory disorders,’ tic disorders,* and autism spectrum
disorders,” and they deserves widespread attention.

It is estimated that immunoglobulin E (IgE)-mediated allergy is the most common allergic disease, triggered by trace
allergens, affecting approximately 30% of the world’s population. In addition, it plays a significant role in the diagnosis
of allergic diseases and serves as the foundation for allergen-specific immunotherapy (AIT).° Remarkably, IgE triggered
by allergens can stimulate basophil and mast cell mediator release in the earliest phases of allergic inflammation by
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binding to high affinity surface receptors (FcRI). Furthermore, IgE can also enhance allergen-specific T-cell responses by
binding to FceRI or the low affinity receptor CD23 on the surface of antigen-presenting cells (APCs) in the later stages of
allergic inflammation. According to studies from Europe, the United States, and the Netherlands, polysensitization
(multiple IgE-positive) is more widespread in the general population than monosensitization (single IgE-positive).”*
However, there have only been a handful of studies that have examined the characteristics of polysensitized children.
Moreover, there is a correlation between the distribution of allergens and specific geographic locations, and it is crucial to
comprehend the allergen profile of the allergy illnesses that are prevalent in China.

Therefore, the aim of this study was to describe the pattern profile of monosensitization and polysensitization for common
allergens in 938 IgE-positive children. Increasing evidence suggests that elevated levels of total serum IgE (T-IgE)’ and
eosinophils'® are linked to allergic illnesses, although the underlying patterns remain elusive. In this study, intrinsic features
such as age, gender, sIgE, and T-IgE and clinical parameters such as the eosinophil percentage, eosinophil count, basophil
percentage, and basophil count were compared between children with monosensitization and those with polysensitization.

Materials and Methods

Study Populations

Between January 7, 2021, and November 16, 2022, 6030 individuals with a physician-determined need for allergy testing
at the Weifang People’s Hospital served as the study’s primary data source. The ethics committee of Weifang People’s
Hospital (KYLL2021120) approved the study. Children with a single positive allergy or multiple positive allergies
ranging in age from one month to eighteen years were the focus of this research. A total of 495 single allergen-positive
children and 443 multiple allergen-positive children were included after eliminating the allergen-negative population,
removing duplicate test results, and screening for allergen-positive results.

Briefly, by excluding individuals with negative allergen results and those over the age of 18 from the primary
population data, we included 1295 children who tested positive for allergens. For repeated examinations of children, only
the earliest test results were considered. Then, 495 children with single specific immunoglobulin E (sIgE) positivity
(monosensitization group) and 443 children with multiple sIgE positivity (polysensitization group) were included in the
analysis using 0.7 as the cut-off value for serum sIgE. To eliminate potential confounding variables, we excluded from
this study a subset of polysensitized children who became monosensitized after a cut-off value of 0.7 screening.
A diagram of the procedure for including participants in the study population is shown in Figure 1.

T-IgE and slgE Tests

Participants in this study will undergo the following standardised process for allergen testing. Peripheral venous blood
collected aseptically from the subject by a medical professional is immediately transferred to the laboratory for
serological allergen screening. Briefly, peripheral venous blood samples were aseptically drawn from 2-4 mL, clotted
at room temperature, and centrifuged at 3600 rpm for 4 minutes to separate the serum for allergen testing. According to
the manufacturer’s instructions, T-IgE and sIgE were measured using a standard procedure with the assistance of an
allergen sIgE antibody detection kit (Beijing Macro-Union Pharmaceutical Co. Ltd., China).

All participants will be tested for T-IgE levels and 15 common allergens, including 9 aeroallergens and 6 food
allergens. These allergens were artificially classified into five categories in this study as follows: dust mite-related
allergens (cockroach, mixture of house mite and dust mite), mould-related allergens (mixture of Penicillium notatum,
branch spore mildew, Aspergillus fumigatus and Alternaria), animal-related allergens (cat epithelium and dog epithe-
lium), food-related allergens (milk, egg white, soybeans, peanuts, sea shrimp, mixture of fish and crab), and tree and
grass pollen-related allergens (Artemisia pollen, Humulus scandens pollen, ragweed pollen, and mixture of poplar,
willow, and elm). A T-IgE level greater than 100 IU/mL is considered abnormal.

According to the manufacturing instructions, the results are classified into seven classes: level 0 (<0.35 IU/mL), level
1 (0.35—<0.70 TU/mL), level 2 (0.70—<3.50 IU/mL), level 3 (3.5—<17.5 IU/mL), level 4 (17.5—<50 IU/mL), level 5 (50—
<100 IU/mL), and level 6 (=100 IU/mL). For this study, in line with other studies, we assessed sIgE levels >0.70 IU/mL
(level 2 and higher) to be positive. This is because using 0.35 IU/mL as the threshold for determining positive
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Figure | Study population.

sensitisation is highly sensitive but less specific for diagnosing allergy.''"'> Additionally, we separated the sIgE levels
into two categories as follows: the low-level group (levels 2 and 3) and the high-level group (levels 4, 5 and 6).

Complete Blood Count

Complete blood count results obtained at the same time as the allergen test were included in this analysis and were
derived from the computerised medical records of the Weifang People’s Hospital. Eventually, 224 and 212 complete
blood count results from the monosensitization and polysensitization groups, respectively, were included in this study.
The four indications for complete cell counts were compared, including the eosinophil percentage (%), eosinophil count
(10°/L), basophil percentage (%), and basophil count (10%/L). Importantly, we found that the data had three reference
ranges, including one reference range with only one result. Therefore, we conducted a group analysis based on the
reference values, and only the results for one reference range were excluded.

Statistical Analysis

Statistical analysis and data visualisation for this study were performed using IBM SPSS Statistics version 22 and GraphPad
Prism 8 and are presented as the mean + standard error of the mean (SEM). Percentages were employed to describe categorical
values, and chi-square tests were used to test for differences between variables such as gender, sIgE, T-IgE and eosinophil
percentage, with a two-tailed value of p<0.05 considered significant. For comparisons of the collected numerical variables, the
Wilcoxon signed-rank test and Student’s ¢-test were performed, and a two-tailed value of p<0.05 was considered statistically
significant. Significance *p<0.05, **p<0.01, and ***p<0.001. NS means no statistical difference.

Results

Characteristics of the Study Population
Between January 7, 2021, and November 16, 2022, a total of 938 children with a median age of 7 (IQR 7) were included
in this retrospective study. We divided the participating children into five age groups according to their developmental
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stage and the atopic march theory:'? 32 infants (1 month—1 year), 103 toddlers (>1-3 years), 333 preschool children (> 3—
6 years), 297 school-aged children (>6—12 years), and 173 adolescents (>12—-18 years). Preschool children and school-
aged children were the groups with the highest prevalence.

Characterisation of Allergen Profiles in the Monosensitization Group

To explore the age distribution characteristics of the children in the monosensitization group, we categorised the 495
children into five age groups as follows: 20 infants (4.04%), 55 toddlers (11.11%), 188 preschoolers (37.98%), 151
school-age children (30.51%) and 81 adolescents (16.36%), with preschoolers constituting the greatest proportion. In
addition, bar and pie charts were employed to illustrate the distribution of allergens among monosensitized children,
including 15 allergens and the five major allergen groupings. The results showed that dust mite-related allergens (56%),
mould-related allergens (27%), and tree and grass pollen-related allergens (8%) were the most prevalent forms of single
s-IgE positivity among children under the age of 18 (Figure 2A and B).

After refining the age classification, the pattern of allergen occurrence in the monosensitization group was changed.
We observed a high proportion of food allergens in infants and toddlers. In particular, food-related allergens were present
in up to 75% of infant cases, suggesting that food-related allergies should be a focus of concern for allergy-related
diseases in infancy. Furthermore, it was discovered that allergens associated with dust mites play a preponderant role
across the entire duration of childhood, starting in early childhood and steadily increasing in prevalence throughout
childhood. Additionally, mould-related allergens are still the second most common allergens in children, although there is
a downwards trend after the age of 6 years. Notably, tree and grass pollen-related allergens were not detected before three
years but showed an almost linear increase on the timeline, suggesting that their peak may occur in adulthood. Finally, we
discovered that there were no significant differences in the proportion of pet-related allergens among the five age groups
(Figure 2C). Detailed information on the allergen profiles of the monosensitized groups is presented in Table S1.

Characterisation of Allergen Profiles in Polysensitization Groups

Additionally, the population features and age distribution of polysensitized children were investigated. A total of 443
children in the polysensitization groups are included in this study section, representing 47.23% of the entire experimental
population. The results showed that polysensitization is now as important as monosensitization for children with allergen
sensitization.

To investigate the distribution of different types of allergens, we subdivided the allergens that were in the polysensitization
group. By aggregating the 5 major allergen groups, we revealed that dust mite-related allergens (29%), mould-related
allergens (22%), and tree and grass pollen-related allergens (29%) were the predominant allergens in children with
polysensitization (Figure 3A). A more detailed allergen profile for the polysensitization group is displayed in Figure 3B
and C; mixture of house mite and dust mite were a major component. As illustrated in Figure 3D, the pattern of
polysensitization varied with age. Infancy is characterised by a higher occurrence of food-related allergens. In addition,
toddlers and preschoolers have a higher occurrence of mould-related allergens. Finally, school-age children and adolescents
have a higher occurrence dust mite-related allergens. Notably, we found that polysensitization was present throughout the
period from 1 month to 18 years of age, and polysensitization was observed even in infancy. Meanwhile, tree and grass pollen-
related allergens were not observed in infancy monosensitized children, but they were detected in infancy in polysensitized
children. Detailed information on the allergen profiles of the polysensitized groups is presented in Table S2.

In addition, the UpSetR package in R was used to illustrate the combined relationship between 15 allergens in the
polysensitization group.'* The results showed that the most common two allergens present together included dust mite
and mould-related allergens, dust mite and Artemisia pollens, and dust mite and Humulus scandens pollens. The most
common of the three allergen combinations in the polysensitization group were the combinations of dust mite, mould-
related allergens, and Artemisia pollens and the combination of dust mite, mould-related allergens, and Humulus
scandens pollens, as shown in Figure 4.
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The Difference Between Monosensitization Children and Polysensitization Children
In this section, we attempt to elucidate the differences in allergen profiles, gender, age, T-IgE, and clinical parameters of
eosinophils and basophils in monosensitized children and polysensitized children.

Differences in Age, Gender and Allergen Distribution
First, we applied the eulerr package in R'® (https://cran.r-project.org/web/

packages/eulerr/index.html) to display the overall distribution of allergens, with the black font representing the
distribution of allergens in monosensitized children and the remaining fonts representing the distribution in polysensi-
tized children. As shown in Figure 5, dust mite-related allergies had the highest proportion of monosensitized and
polysensitized children. Polysensitization is highly prevalent and difficult to differentiate from monosensitization in
children with allergen sensitization (Figure 6A).

The difference in allergens between the two groups is the subject of our next section, as shown in Table 1. We
investigated whether there were differences in age and gender between monosensitized children and polysensitized
children. The findings revealed that polysensitization was more prevalent among males only when they were school-
aged. In contrast, there were no significant differences in gender or age between the two groups (Figure 6B).

Next, we compared the two groups in terms of the proportion of egg allergens in the infant group, which accounted
for the highest percentage of food allergies in infants, and discovered no significant differences (Figure 6C). Then, we
analysed the differences between the two groups for dust mite-related allergies, mould-related allergens, and tree and
grass pollen-related allergens, as these were the most prevalent allergens between the ages of 1 and 18. Our results
showed that the proportion of dust mite-related allergens was significantly higher in the polysensitized children than in
the monosensitized children, particularly in preschool children (p=0.001), school-aged children (p=0.007), and adoles-
cents (p=0.001). Similarly, the proportion of mould-related allergens was significantly higher in children with poly-
sensitization than in children with monosensitization (Figure 6D). Although there was no significant difference in
antibody concentrations to allergens between the two groups, the polysensitized children had greater levels of sIgE
(Figure 6E). Tree and grass pollen-related allergens yielded similar experimental results (Figure S1). Additional details
on the intrinsic differences between the monosensitization and polysensitization groups can be found in Table S3.

The Difference in the Levels of sIgE

Based on the phenomena depicted in the violin plot, we compared the levels of sIgE in monosensitized and poly-
sensitized children. Our findings demonstrated that the high level of sIgE generated by monosensitization or polysensi-
tization varies with age and allergen type (Figure 6F and G). For instance, polysensitization in toddlers (p=0.020) and
adolescents (p=0.018) can result in higher levels of sIgE in response to allergens related to dust mite allergens. However,
monosensitization can result in higher levels of sIgE in preschoolers (p=0.026). Notably, the difference in the high level
of sIgE is insufficient to create a difference in sIgE concentration between children with monosensitization and
polysensitization. Similarly, among mould-related allergens, polysensitization in preschool children (p=0.030) can
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cause higher levels of sIgE accompanied by differences in the concentration of sIgE. Detailed information on sIgE levels
in the monosensitization and polysensitization groups is presented in Figure S2 and Table S4.

The Difference in the Clinical Parameters of Eosinophils and Basophils

To determine the difference in clinical parameters between monosensitized children and polysensitized children, T-IgE
and the clinical parameters related to allergies in the complete blood count were further analysed, including the
eosinophil percentage, eosinophil count, basophil percentage, and basophil count. The results demonstrated
a significant difference in the T-IgE, eosinophil percentage, and eosinophil counts between monosensitized and poly-
sensitized children (Table 2).

We found that polysensitized children could produce up to a 93.00% T-IgE elevation, which was significantly higher
than that of monosensitized children (77.98%) (Figure 7A). This phenomenon was also accompanied by an increase in
T-IgE levels, which was significantly different between the two groups (Figure 7B). We further confirmed that
polysensitization can produce an increase in eosinophil percentage and eosinophil count using 224 and 212 complete
blood counts results from the polysensitization and monosensitization groups, respectively (Figure 7A). Remarkably,
only the group with a large range of reference values demonstrated this phenomenon (Figure 7C and D). Thus, we
hypothesised that the extensive range of reference values accentuates the distinction between polysensitization and
monosensitization.

404 https: Journal of Asthma and Allergy 2023:16

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=405549.docx
https://www.dovepress.com/get_supplementary_file.php?f=405549.docx
https://www.dovepress.com
https://www.dovepress.com

Dove

Zhang et al

B p=0.035 - —
B p=0.363 p=0.358 p=0.438 - r 2'5826 P 2;061:. Monosensitized male children
80 NS e NS — — —— — Polysensitized male children
= 1 — [ ] [ ] == Monosensitized female children
g ¢ 0| == Polysensitized female children
B
=] )
S
< 8
-
5
1> 4 —
S — —
I —
A 20
Monosensitized Polysensitized ]
children children
0-18 y;ar; ;J—liye;rsi >7l-37ye7arsi >3.6 years  >6-12years > 12-18;'e;rs
C p=(1)\.11563 D T T T P=0.001 T
) p=0.007 **
80 50 : p=0.004 p=0.001 : P — : T :
L —— 1 p=002 e bl —
< < N e | | p<0.001 I
D o & o0 ! I [t !
%D 8 | | | | p<0.001
< w § o | | | [
3 5 | | | I
5 ~ I I I I
[ 201 I I | |
. . | | | |_| | |—|
Monosensitized Polysensitized T L T T  — T ——L T T —Lr
children children Dust Dust Dust Dust mi
E Egg white >1-3 years >3-6 years >6-12 years >12-18 years
T p=0.238 T p=0.414 ‘ p=0.029
I NS I NS | .
wd  p=0.09 I I — I —
NS
| | | E
g 2004 | | | =
= l 1l =
N
I I I
150 | | WA W A B
PR N 1 G s G ool A\ VAN
Foschoc S s MR S S 4 o SRR ALY G T 45000 AN <o il 3 T T
a b a b a b a b a b
>1-3years >3-6years  >6-12 years >12-18 years >1-3 years >3-6 years >6-12 years >12-18 years
F ?l Dust mites-related allergens Mould-related allergens
o b
p=0.020 p=0.026 p=0.310 p=0.232
N 704 — — —NS _ o NS p=0.883
%{0 p=0.018 % p=0.359 =0.960 ] NSy
& 60 S 20 — —
£ g mim
8 50 5 1
: 2 109 —
sin n £
T T T T T T T T
a b a b a b a b ! l; ! hl ! ‘; ! l;
>1-3 years >3-6 years >6-12 years >12-18 years a a a a
y Dust ?It lated “y y >1-3 years >3-6 years >6-12 years >12-18 years
Ga ust mites-related aflergens b Mould-related allergens
p=0.257 p=0.002 _ p=0.030
400 [ — 011 200 p=0.505 ——
p=0. ¢
3 =0.108 p=0.38
= 300- p=0.714 i — ° P -
£ 300 ™ E
=) . = 100+ . . .
= 200 . E E ¥
% . .- i
o = 'ELL o : e
e siig
T % % b 4 v b — — — 7
b b b b
>1-3 years >3-6 years >6-12 years >12-18 years § ? ? N
>1-3 years >3-6 years >6-12 years >12-18 years

Dust mites-related allergens

Mould-related allergens

Figure 6 Comparative analysis of monosensitized and polysensitized children. (A) Overview of the number of monosensitized and polysensitized children in the overall
cohort. (B) Gender differences in monosensitized and polysensitized children. (C) Percentage of eggs in infants among monosensitized and polysensitized children. (D)
Differences in the proportions of dust mite-related allergens and mould-related allergens among monosensitized and polysensitized children. E. Differences in serum
antibody levels to dust mite-related allergens and mould-related allergens in monosensitized and polysensitized children. (Ea): Dust mite-related allergens; (Eb): Mould-
related allergens. (F) Differences in the proportion of high levels of sIgE in monosensitized and polysensitized children. (Fa): Dust mite-related allergens; (Fb): Mould-related

allergens. (G) Differences in serum antibody levels of high levels of sIgE in monosensitized and polysensitized children. (Ga): Dust mite-related allergens; (Gb): Mould-related
allergens. Significance *p < 0.05, **p < 0.01, and ***p < 0.001.

Abbreviation: NS, no

statistical difference.

Finally, to explore whether the available clinical parameters could distinguish between monosensitized and poly-
sensitized children, we used the UMAP package'® in R for dimensionality reduction analysis and the ggplot package'’
for visualisation. The allergens from the dust mite-related allergies with the highest proportion, mould-related allergens,
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Table | Differences Between Monosensitized and Polysensitized Children

Monosensitized Children Polysensitized Children p-value
Age M(IQR)
0-18 years 6 (6) (n=495) 7 (8) (n=443) p=0.031
01 years 0.79 (0.61) (n=20) 1 (0.42) (n=12) P=0.392
>|-3 years 3 (I) (n=55) 3 (0) (n=48) P=0.178
>3-6 years 5(l) (n=188) 5 (1) (n=145) P=0.474
>6-12 years 9 (3) (n=151) 9 (3) (n=146) P=0.807
>12-18 years I5 (3) (n=81) 15 (2.75) (n=92) P=0.566
Gender (Male/Female)
0-18 years 335/160 (67.68/32.32) 312/131 (70.43/29.57) P=0.363
0| years 10/10 (50.00/50.00) 8/4 (66.67/33.33) P=0.358
>|-3 years 35/20 (63.64/36.36) 34/14 (70.83/29.17) P=0.438
>3-6 years 124/64 (65.96/34.04) 111/34 (76.55/23.45) P=0.035
>6—12 years 110/41 (72.85/27.15) 108/38 (73.97/26.03) P=0.826
>|2-18 years 56/25 (69.14/30.86) 51/41 (55.43/44.57) P=0.064
Egg white(Number)
01 year 10 (50%) (n=20) 9 (75%) (n=12) P=0.163
Egg white (IU/mL)
01 year 3.54+3.09 4.60+4.25 P=0.624
House mite and dust mite (Number)
018 years 277 (55.96 (n=495) 332 (74.94) (n=443) P<0.001
>|-3 years 25 (45.45)(n=55) 31 (64.58) (n=48) P=0.502
>3-6 years 99 (52.66) (n=188) 103 (71.03) (n=145) P=0.001
>6—12 years 99 (65.56) (n=151) 116 (79.45) (n=146) P=0.007
>|2-18 years 52 (64.20 (n=81) 79 (85.87) (n=92) P=0.001
House mite and dust mite (IU/mL)
>|-3 years 29.39+34.39 52.20+56.22 P=0.087
>3-6 years 47.47£51.19 43.26+56.75 P=0.238
>6—12 years 40.28+36.37 54.29+60.63 P=0.414
>12-18 years 25.57+33.80 49.05+63.10 P=0.029
0-18 years 38.83+42.34 49.24+59.46 P=0.267
Mould-related allergens (Number)
>|-3 years 21 (38.18) (n=55) 32 (66.67) (n=48) P=0.004
>3-6 years 72 (38.30) (n=188) 109 (75.17) (n=145) P<0.001
>6-12 years 28 (18.54) (n=151) 80 (54.79) (n=146) P<0.001
>[2-18 years 9 (I1.11) (n=81) 35 (38.04) (n=92) P<0.001
0-18 years 132 (26.67) (n=495) 256 (57.79) (n=443) P<0.001
Mould-related allergens (IU/mL)
>|-3 years 7.78+14.03 11.75+29.70 P=0.604
>3-6 years 8.95+9.59 12.16+22.22 P=0.707
>6—-12 years 12.04£10.96 12.24+17.46 P=0.285
>|2-18 years 13.11£19.68 12.76£19.60 P=0.611
0-18 years 9.63x11.47 12.21+21.50 P=0.743

were chosen for further study. By sequentially adding the T-IgE, eosinophil percentage, eosinophil number and age, we
found that the available clinical information was not sufficient to distinguish between monosensitization and polysensi-
tization (Figure 7E and F, Figure S3).

Discussion

A growing number of studies indicate that the prevalence of allergy illnesses in children is continuously increasing and is
closely associated with allergen-specific IgE sensitization. IgE sensitization should be considered differently in mono-
sensitized and polysensitized individuals.'"® Our findings revealed the characteristics of allergens in monosensitized
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Table 2 Differences in T-IgE and Clinical Parameters Between Monosensitive and Multisensitive Children

T-IgE and Clinical Parameters Age Monosensitized Children | Polysensitized Children | p-value
T-IgE (Number) 0-18 years 386 (77.98) (n=495) 412 (93.00) (n=443) P<0.001
T-IgE (IU/mL) 0-18 years 338.77+(284.03) 509.52+351.35 P<0.001
Eosinophil percentage (Number) 0-18 years 69 (30.80) (n=224) 89 (41.98) (n=212) P=0.015
Eosinophil count (Number) 0-18 years 47 (20.98) (n=224) 64 (30.19) (n=212) P=0.027
Basophil percentage (Number) 0-18 years 10 (4.46) (n=224) 12 (6.66) (n=212) P=0.568
Basophil count (Number) 0-18 years 6(2.68) (n=224) 7(3.30) (n=212) P=0.702
Eosinophil percentage (0.50-5.0)(Percentage%) | 018 years 4.68+3.65 5.33+£3.94 P=0.098
Eosinophil percentage (0.00-9.0)(Percentage%) | 0—18 years 4.09+2.14 6.76+4.34 P=0.001
Eosinophil count (0.50-5.0) (Count) 0-18 years 0.37+0.34 0.42+0.41 P=0.107
Eosinophil count (0.50-5.0) (Count) 0-18 years 0.37£0.26 0.55+0.43 P=0.013

children and a combination of allergens in polysensitized children. The results demonstrated that dust mite-related
allergens, mould-related allergens, and tree and grass pollen-related allergens are the primary IgE sensitizers of allergy
diseases, with polysensitized children being more susceptible than monosensitized children. Additionally, a systematic
comparison was made between monosensitized and polysensitized children, including intrinsic allergen characteristics
and extrinsic clinical parameters. Polysensitization can result in higher sIgE, T-IgE and eosinophil levels, but this
difference is not enough to distinguish them from children with monosensitization. Nonetheless, the precise mechanisms
that lead to children suffering from allergy diseases and eventual monosensitization or polysensitization remain unclear.

The pattern of IgE sensitization in monosensitized children is different for children of different ages, and the patterns
identified for tree and grass pollen-related allergens were particularly interesting. At present, over 150 pollens have been
shown to produce allergic sensitization and are a common cause of seasonal allergic rhinitis and seasonal
conjunctivitis.'**® Recent studies have shown a strong association between pollen sensitisation and thunderstorm asthma,
which affects large numbers of people and can be fatal, emphasising the seriousness of pollen sensitisation.?'** The
distribution of allergic pollen has obvious regional characteristics, which are the result of natural flora patterns and
human landscaping. The global distribution of allergic pollen is still unclear.”® Our findings indicate that tree and pollen-
related allergens exhibit a near-linear increase with age in monosensitized children and the same proportion of
polysensitized children as dust mite allergens, indicating that they pose a significant threat to allergic disease.

Polysensitization is prevalent and difficult to differentiate in allergic disorders. Monosensitization means that some
atopic children are allergic to only one allergen, whereas sensitisation to more than one allergen is known as
polysensitization. A growing number of studies show that polysensitized children exhibit more severe atopic disease
and even clinical symptoms than monosensitized children.?**> Choosing the appropriate allergen-specific immunother-
apy (AIT) regimen for patients with polysensitization is currently challenging for clinicians.?® In this study, polysensi-
tization was shown to be of equal or even greater importance than monosensitization, as the study did not demonstrate
the Weifang spring prevalence of French sycamore. The exact causes of polysensitization are still a mystery.
Consequently, to paint a clear picture of the current state of polysensitization observed in clinical practice, our study
offers the combination of allergens in polysensitization. In addition, we have observed that it is difficult to differentiate
between polysensitization and monosensitization using conventional clinical measures such as T-IgE and eosinophils;
expensive and numerous allergen tests are necessary to make this distinction. Therefore, quick and low-cost tests for
polysensitization detection are critically needed.

There were some drawbacks in this study. First, it is possible that the tree and pollen-related allergen profiles and
polysensitization levels have been underestimated. This is because the test kits for commercial allergens did not contain
French sycamore, which is a typical Weifang spring allergen in our clinics. Second, the mechanisms that underlie
polysensitization were not investigated in our study; this will be the primary focus of future research. Finally, a wider
reference range of eosinophils demonstrated greater polysensitization positivity. Nevertheless, the fundamental reasons

underlying this finding have not been investigated in detail.
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Figure 7 Differences in T-IgE and clinical parameters in monosensitized and polysensitized children. (A) Differences in the percentage of positive numbers for T-IgE and
clinical parameters in monosensitized and polysensitized children. (a): Monosensitized children; (b): Polysensitized children. (B) Differences in T-IgE serum antibodies in
monosensitized and polysensitized children (n=938). (C) Differential analysis of the number of eosinophils percentage in monosensitized and polysensitized children. (D)
Differential analysis of the number of eosinophils count in monosensitized and polysensitized children. (E) Dimensional reduction analysis of monosensitized and

polysensitized children at low levels of dust mite-related allergens. (F) Dimensional reduction analysis of monosensitized and polysensitized children at low levels of mould-
related allergens. Significance *p < 0.05, **p < 0.01, and ***p < 0.001.

Abbreviation: NS, no statistical difference.

In conclusion, we provide a basic overview of allergens in monosensitized and polysensitized children. In addition,
we compared the intrinsic sIgE profile and clinical parameters such as the T-IgE, eosinophil percentage, eosinophil count,
basophil percentage and basophil count in monosensitized and polysensitized children. These findings provide new
insight into the management of allergic diseases, particularly from the standpoint of polysensitization.
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