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A B S T R A C T   

Background: No comprehensive multicenter study of sensitization patterns among patients with 
allergic rhinitis (AR) to various common pollen allergens was available nationwide, and risks 
factors of pollen-induced allergic rhinitis (PiAR) in mainland China was unclear. This study aimed 
to fill this gap. 
Methods: A multicenter study was performed on 736 AR patients aged below 18 from four regions 
of mainland China. Patients completed a standardized questionnaire asking for the environmental 
risk factors and AR severity, and undertook skin prick tests (SPT) with 14 common pollen 
allergens. 
Findings: Among the 736 patients, 341 patients (46.33%) suffered at least one positive pollen 
allergen sensitization. The positive rate of pollen allergens was significantly higher in the high- 
age group (Damato et al., 2007; Wang et al., 2018; Luo et al., 2016; Demoly et al., 2011; 
Sampson and Albergo, 1984; Li et al., 2009; Luo et al., 2021; Ziska and Beggs, 2011; Melén et al., 
2020; Jensen-Jarolim, 2017; Rönmark et al., 2017; Ge et al., 2017) [6-17] than the low-age group 
( ≤ 5), while no significant difference was found between the sexes. The sensitizations to pollen 
allergens varied widely among four geographical areas. The positive rate was higher in north 
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China and west China than in east China, and south China had the lowest positive rate. The region 
of residence, ages, ethnic minorities, history of pollen exposure, the material of living room floor 
and material of pillow were statistically significant risks of PiAR. 
Interpretation: This study provides new insights into the pollen allergens sensitization character-
istics in AR and the factors affecting PiAR in mainland China.   

1. Introduction 

Allergic rhinitis (AR) is one of the most common chronic disorders in the pediatric population and up to 40% of children are 
affected worldwide [1]. The occurrence of allergic diseases during childhood not only has persistent adverse effects on daily life, such 
as poor sleep quality and absence from school, but also increases the risk of sleep disordered breathing, and is associated with multiple 
co-morbidities like asthma, eczema, and otitis media [2]. Pollen is one of the common triggers of allergic rhinitis, and pollen-induced 
allergic rhinitis (PiAR) imposes a considerable burden on public health. High-risk atopic individual exposure to pollen leads the upper 
respiratory tract to release allergic mediators such as histamine and then triggers allergic reactions [3]. Allergic rhinitis caused by 
pollen exposure affects 60 million people per year and costs exceed 3 billion in medicine every year in the United States [4]. In Europe, 
33 million people are sensitive to ragweed and the number is predicted to be more than double by 2041 to 2060(5). The types and 
concentrations of airborne pollens varied due to vegetation, geography, temperature, and climate [6]. 

China has a vast territory with significant differences in topography and climate, leading to differences in vegetation diversity and 
regional distribution. Though several studies have described the prevalence of pollen sensitization in China, most of them just focused 
on limited specific types of pollen allergens or in one geographic region of China [7,8]. One study conducted in the grasslands of north 
China found out that the most common pollen types among PiAR patients were artemisia, chenopodium, and humulus scandens [7]. 
Another study figured out that Cynodon dactylon was the most common grass pollen allergen among AR and/or asthma patients in 
south China [8]. Few studies focused on the pollen allergen distribution in east China and west China. The association of pollen 
allergenicity and the severity of AR was unclear. The correlation between skin index of pollen allergen sensitization and the severity of 
AR could offer a more precise diagnosis base for the clinicians. Exposure to pollen was considered to be a cause of PiAR, but few study 
figured out the influence of genetic characteristics and environmental exposure on the occurrence of PiAR. Finding out the factors 
affecting the development of PIAR and taking preventive measures could effectively reduce the prevalence of PIAR. Therefore, there is 
a strong need for a study to comprehensively investigate the pollen sensitization characteristics, to explore the association between 
pollen allergen sensitization and the severity of AR, and to explore the risks factors of PiAR across mainland China, not just limited to a 
few specific pollen allergens or in a specific geographic region of China. Here we conducted a multicenter study to address this need in 
the research on allergy. 

Our study investigated the pollen allergen sensitization characteristics of allergy rhinitis among children from 11 hospitals located 
in four geographic regions of mainland China. In this study, the influence of sex, age and regions variants was investigated. Further, the 
effect of pollen allergens on allergic rhinitis severity was discussed. The association between PiAR and potential risk factors such as 
age, sex, ethnicity, parental allergy history, environmental exposure was explored. Compared with previous studies, this was a 
multicenter cross-sectional study concentrated in pollen allergens sensitization among AR in different regions of mainland China tested 
a variety of allergens including four grass pollens, six tree pollens and four weed pollens. Some of the pollen allergens included were 
common pollen allergens in mainland China and others were pollen allergens in northern and western parts of China, where plants 
were relatively widely distributed. The result of the study provided new insights into the pollen allergens sensitization characteristics 
in AR and the factors affecting disease manifestation and gave important clues for the prevention and immunotherapy of pollen al-
lergens in mainland China. 

2. Methods 

2.1. Study population and definitions 

This was a multicenter study conducted from October 2019 to March 2021 in 9 provinces with 11 participating centers from four 
geographic regions covering tropical, subtropical, warm-temperate, mid-temperate, cold-temperate, plateau sub-frigid, plateau 
temperate zones of mainland China. A total number of 736 children with clinical AR aged below 18 were included in this study. Clinical 
AR was defined as patients with classic symptoms of AR including sneezing, nasal congestion, rhinorrhea, and nasal pruritus, alongside 
ocular symptoms, such as redness and itching of eyes and lachrymation. Patients aged 0–5 were defined as the low-age group and 
subjects aged 6–17 were the high-age group. Patients attending outpatient clinics at 11 medical centers diagnosed with AR were 
eligible for enrolments in the study. After giving informed consent, the physicians or research nurses used a standardized questionnaire 
asking for demographic characteristics, birth mode, parental history of allergy, exposure to smokers, environmental factors, AR 
severity to conduct a clinical evaluation of AR patients. Parents were asked to help children fill in the questionnaire if children could 
not complete it independently. The severity of AR was assessed using the Allergic Rhinitis Control Test (ARCT), which was included in 
the questionnaire. ARCT evaluated the level of severity of the allergy rhinitis over the last 2 weeks by five items scored from 1 to 5, 
which were associated with impairments in patients’ daily activities and uses of rescue and other AR medication [9]. Then, skin prick 
tests (Inmunotek, Inmunotek SL, Spain) were performed by the nurses for all the recruited patients (N = 736). The positive numbers of 
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Table 1 
Pollen allergens sensitization characteristics in sex and age.  

Allergen  Total Grass pollen Tree pollen Weed pollen 

Cynodon 
dactylon 

Phragmites 
communis 

Phleum 
pratense 

Triticum 
aestivum 

Betula 
verrucosa 

Populus 
alba 

Ulmus 
campestris 

Salix 
fragilis 

Cupressus 
sempervirens 

Platanus 
acerifolia 

Ambrosia 
artemisiifolia 

Artemisia 
vulgaris 

Chenopodium 
album 

Brassica 
napus 

Overall n 
(%) 

341 
(46.33) 

159 
(21.60) 

69 (9.38) 86 
(11.68) 

65 
(8.83) 

115 
(15.63) 

148 
(20.11) 

153 
(20.79) 

112 
(15.22) 

53 (7.20) 120 
(16.30) 

155 (21.06) 231 
(31.39) 

154 (20.92) 110 
(14.95) 

Sex 
Female n 

(%) 
110 
(44.35) 

49 
(19.76) 

22 (8.87) 26 
(10.48) 

16 
(6.45) 

29 
(11.69) 

48 
(19.35) 

47 
(18.95) 

28 
(11.29) 

17 (6.85) 40 
(16.12) 

47 (18.95) 78 
(31.45) 

52 (20.97) 34 
(13.71) 

Male n 
(%) 

231 
(47.34) 

110 
(22.54) 

47 (9.63) 60 
(12.30) 

49 
(10.04) 

86 
(17.62) 

100 
(20.49) 

106 
(21.72) 

84 
(17.21) 

36 (7.38) 80 
(16.39) 

108 (22.13) 153 
(31.35) 

102 (20.90) 76 
(15.57) 

X2  0.47 0.60 0.04 0.36 2.20 3.95 0.07 0.61 4.02 0.01 0.00 0.82 0.00 0.00 0.32 
P-value  0.491 0.440 0.841 0.547 0.138 0.047 0.790 0.436 0.045 0.913 1.000 0.366 1.000 1.000 0.574 
Age 
0–5 n 

(%) 
81 
(36.49) 

39 
(17.57) 

13 (5.86) 13 
(5.86) 

13 
(5.86) 

26 
(11.71) 

38 
(17.12) 

31 
(13.96) 

27 
(12.16) 

14 (6.31) 26 
(11.71) 

24 (10.81) 43 
(19.37) 

33 (14.86) 21 
(9.46) 

6–17 n 
(%) 

260 
(50.58) 

120 
(23.35) 

56 (10.89) 73 
(14.20) 

52 
(10.12) 

89 
(17.32) 

110 
(21.40) 

122 
(23.74) 

85 
(16.54) 

39 (7.59) 94 
(18.29) 

131 (25.49) 188 
(36.58) 

121 (23.54) 89 
(17.32) 

X2  11.83 2.73 4.06 9.67 2.99 3.28 2.73 8.41 1.97 0.21 4.44 19.21 20.52 6.54 6.92 
P-value  <0.001 0.099 0.044 0.002 0.084 0.070 0.219 0.004 0.160 0.644 0.035 <0.001 <0.001 0.011 0.009 

Notes: significant difference: P < 0.05. 
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SPT among different regions were 52 (N = 71) in north China, 239 (N = 367) in west China, 43 (N = 193) in east China and 7 (N = 105) 
in south China. The wheal and flare results were recorded at 20 min and the orthogonal diameter greater than or equal to 3 mm were 
considered as SPT positive [10]. Skin index was calculated (SI = mean size of allergen weal/mean size of histamine wheal). To control 
the accuracy of the SPT results, the nurse carefully checked the patient’s medical history to ensure that the patient did not take an-
tihistamines or oral steroids in the last 7 days before SPT. Fourteen pollen allergens were tested in this study including four grass 
pollens (Cynodon dactylon, Phragmites communis, Phleum pratense, Triticum aestivum), six tree pollens (Betula verrucosa, Populus alba, 
Ulmus campestris, Salix fragilis, Cupressus sempervirens, Platanus acerifolia), and four weed pollens (Ambrosia artemisiifolia, Artemisia 
vulgaris, Chenopodium album, Brassica napus). Patients with one of the following items were excluded: 1. subjects with severe skin 
damage who could not conduct skin prick test; 2. subjects whose recent medications had affected the results of SPT; 3. subjects with 
immunodeficiency or autoimmune diseases; 4. subjects with a history of severe systemic allergic reactions. PiAR was confirmed by the 
following three items: 1. medical allergy history; 2. clinical symptoms; 3. positive SPT for at least one pollen allergen [7]. 

The study was approved by the ethics committees of the First Affiliated Hospital of Guangzhou Medical University (GYFYY-2018- 
93) and other 10 participating centers (2018-090, 2018–97, 2018-122, 20190577, KY201902, 2019-0328 F, 2019–03, 2019-03-2, 
2019–04, KY-2021-008-04). This study was conducted in accordance with the Declaration of Helsinki. Subjects younger than 18 
years of age, written informed consents were obtained from their parents or legal guardian. 

2.2. Statistical analysis 

Multiple imputation was conducted to deal with missing data in the questionnaire. The positive SPT for pollen allergens was 
calculated as percentages. Chi-square test and Fisher’s exact test were used to estimate the differences between the rates of sensiti-
zation. The association between skin index of pollen allergen sensitizations and the severity of AR were explored by Spearman cor-
relation analysis. Bivariate regression model and multiple regression model were used to investigate the association between PiAR and 
risk factors. All analyses were done using R studio 3.6.2. 

3. Results 

3.1. Pollen allergens sensitization characteristics 

The pollen allergens in sensitization characteristics in the whole studied population and in subgroups in sex and age were shown in 
Table 1. Among 736 AR patients, 341 (46.33%) patients had at least one positive pollen sensitization among the 14 pollen allergens. 
The overall positive SPT responses to the 14 pollen allergens in mainland China from highest to lowest was 31.39% for Artemisia 
vulgaris, 21.60% for Cynodon dactyl, 21.06% for Ambrosia artemisiifolia, 20.92% for Chenopodium album, 20.79% for Ulmus campestris, 
20.11% for Populus alba, 16.30% for Platanus acerifolia, 15.63% for Betula verrucosa, 15.22% for Salix fragillis, 14.95% for Brassica 
napus, 11.68% for Phleum pratense, 9.38% for Phragmites communis, 8.83% for Triticum aestivum, 7.20% for Cupressus sempervirens. 
There was a significant difference (P < 0.05) between the males and the females in the positive rate of Betula verrucosa allergen and 
Salix fragilis allergen. The males witnessed a higher but not significant positive rate of all pollen allergens than females except Artemisia 
vulgaris allergen and Chenopodium album allergen. Overall, the positive rate of pollen allergen was significantly higher in the high-age 
group than in the low-age group. There was a significant difference (P < 0.05) between the high-age group and the low-age group in 

Table 2 
Pollen allergens sensitization characteristics in regions.  

Region East China West China North China South China X2 P 

N n (%) N n (%) N n (%) N n (%)   

At least one pollen allergen sensitization 43 22.28 239 65.12 52 73.24 7 6.67 184.00 <0.001 
Sensitization to pollen allergens by SPT 
Grass pollen 
Cynodon dactylon 14 7.25 117 31.88 25 35.21 3 2.86 75.90 <0.001 
Phragmites communis 4 2.07 55 14.99 9 12.68 1 0.95 35.39 <0.001 
Phleum pratense 6 3.11 71 19.35 9 12.68 0 0.00 48.59 <0.001 
Triticum aestivum 6 3.11 52 14.17 7 9.86 0 0.00 31.10 <0.001 
Tree pollen 
Betula verrucosa 10 5.18 91 24.80 13 18.31 1 0.95 56.91 <0.001 
Populus alba 8 4.15 117 31.88 22 30.99 1 0.95 91.48 <0.001 
Ulmus campestris 14 7.25 108 29.43 29 40.85 2 1.90 78.19 <0.001 
Salix fragilis 5 2.59 91 24.80 16 22.54 0 0.00 71.74 <0.001 
Cupressus sempervirens 4 2.07 44 11.99 5 7.04 0 0.00 28.34 <0.001 
Platanus acerifolia 5 2.59 98 26.70 17 23.94 0 0.00 79.17 <0.001 
Weed pollen 
Ambrosia artemisiifolia 6 3.11 116 31.61 33 46.48 0 0.00 117.58 <0.001 
Artemisia vulgaris 10 5.18 183 49.86 38 53.52 0 0.00 183.91 <0.001 
Chenopodium album 9 4.66 119 32.43 26 36.62 0 0.00 98.54 <0.001 
Brassica napus 7 3.63 87 23.71 16 22.54 0 0.00 63.27 <0.001 

Notes: significant difference: P < 0.05; N: the number of positive cases; n (%): the percentage of positive cases. 
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the positive sensitization of Phragmites communis allergen, Phleum pratense allergen, Ulmus campestris allergen, Platanus acerifolia 
allergen, Ambrosia artemisiifolia allergen, Artemisia vulgaris allergen, Chenopodium album allergen and Brassica napus allergen. 

The detailed data of positive pollen allergens sensitization among different regions were shown in Table 2. The positive rate of SPT 
among different regions were 73.24% (52/71) in north China, 65.12% (239/367) in west China, 22.28% (43/193) in east China and 
6.67% (7/105) in south China. For all pollen allergens, the positive rate was high in north China and west China with around 5% to 
70%. The most common pollen allergen in these two regions was Artemisia vulgaris with 53.52% and 49.86%, respectively. In north 
China, Ambrosia artemisiifolia, Ulmus campestris, Chenopodium album, Cynodon dactylon and Populus alba showed a high positive rate 
which exceeded 30% with 46.48%, 40.85%, 36.63%, 35.21% and 30.99%, respectively. In west China, Chenopodium album, Cynodon 
dactylon, Populus alba and Ambrosia artemisiifolia had a high positive rate of 32.43%, 31.88%, 31.88% and 31.61%, respectively. In east 
China, the positive rate of all pollen allergens was low at below 10% and the positive rate in south China was the lowest at below 5%. 
Cynodon dactylon and Ulmus campestris were the most common pollen allergens in east China (7.25% and 7.25%, respectively) and 
south China (2.86% and 1.90%, respectively). In south China, the studied subjects only tested positive for five pollen allergens 
including Cynodon dactylon (2.86%), Ulmus campestris (1.90%), Phragmites communis (0.95%), Betula verrucosa (0.95%) and Populus 
alba (0.95%) among 14 pollen allergens. There was a significant difference (P < 0.05) among different regions in the positive rate of 
each pollen allergen. 

3.2. Pollen allergen sensitization and the severity of AR 

The association between pollen allergen sensitization and the severity of AR were explored using Spearmen correlation analysis, 
and the result was shown in Fig. 1. The severity of AR was correlated with the skin index of reactivity to all pollen allergens, and all 
Spearmen correlation coefficients were above 0. Skin index of sensitization to Cynodon dactylon, Triticum aestivum, Betula verrucosa, 
Populus alba, Salix fragilis, Cupressus sempervirens, Ambrosia artemisiifolia, Artemisia vulgaris and Brassica napus were significantly 
positively correlated with the severity of AR (P < 0.05) with Spearman correlation coefficient of 0.11, 0.09, 0.12, 0.14, 0.17, 0.12, 
0.09, 0.09 and 0.11, respectively. The symptom severity of AR patients was significantly different in different seasons (P < 0.001). The 
AR severity score of patients in summer and autumn was significantly higher than that in spring and winter (Table 3). 

3.3. Factors associated with pollen-induced allergic rhinitis 

Associations between PiAR and potential risk factors were shown in Table 4 and Table S1. In multiple regression analysis, compared 
with living in east China, living in north China and west China was associated with a higher risk of PiAR (aOR = 5.95, 95% CI: 
2.95–12.32; aOR = 4.44, 95% CI: 2.55–7.83), while living in south China had a lower risk of PiAR (aOR = 0.30, 95% CI: 0.11–0.70). 
The high-age group was displayed a positive correlation with the risk of PiAR (aOR = 1.95, 95% CI: 1.31–2.90). Ethnic minorities were 
at a greater risk of PiAR (aOR = 2.23, 95% CI: 1.14–4.62) compared with Han nationality. History of pollen exposure was displayed to 
increase the risk of PiAR (aOR = 2.10, 95% CI = 1.41–3.16). Living room with carpet, and pillow made of the plant showed higher risks 
of PiAR (aOR = 2.21, 95% CI: 1.12–4.42; aOR = 1.74, 95% CI: 1.06–2.85) compared with the most common materials. 

4. Discussion 

Countrywide epidemiological data on pollen allergens were scarce and risks factors of PiAR in mainland China were unclear. This 

Fig. 1. Correlations between skin index of pollen allergen sensitizations and the severity of AR with Spearman’s analysis. Legends: r: Spearman 
correlation coefficient; significant difference: P < 0.05. 
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multicenter study detected four grass pollens, six tree pollens and four weed pollens, which covered the majority of pollen allergen 
types and could provide a more comprehensive map of pollen allergens sensitization distribution in mainland China. 

46.33% of AR patients showed positive SPT reactions to pollen in mainland China. In our study, Artemisia vulgaris, one of the weed 

Table 3 
Relationship between different seasons and AR severity score.  

Month (N) AR severity score (mean ± sd) P-value 

1-3 (183) 15.77 ± 4.79 <0.001 
4-6 (113) 18.74 ± 3.73* 
7-9 (161) 17.89 ± 4.11# 
10-12 (279) 16.19 ± 4.90 

Notes: significant difference: P < 0.05. 

Table 4 
Factors associated with pollen allergy among allergy rhinitis of children in mainland China.  

Predictors Frequency Bivariate Multivariable 

N (%) OR (95% CI) P-value aOR (95% CI) P-value 

Region 
East 193 (26.22) 1    
West 367 (49.86) 6.51 (4.39,9.82) <0.001 4.44 (2.55,7.83) <0.001 
North 71 (9.65) 9.55 (5.19,18.21) <0.001 5.95 (2.95,12.32) <0.001 
South 105 (14.27) 0.25 (0.10,0.54) 0.001 0.30 (0.11,0.70) 0.009 
Age 
0–5 222 (30.16) 1    
6–17 514 (69.84) 1.78 (1.29,2.47) <0.001 1.95 (1.31,2.90) 0.001 
Ethnic 
Han 677 (91.98) 1    
other 59 (8.01) 4.14 (2.29,7.95) <0.001 2.23 (1.14,4.62) 0.023 
Smoker 
Nonsmoker at home 374 (50.82)     
Smoker at home 362 (49.18) 1.34 (1.00,1.79) 0.050 1.13 (0.79,1.61) 0.501 
History of pollen exposure 
No 529 (71.88) 1    
Yes 207 (28.13) 2.54 (1.83,3.55) <0.001 2.10 (1.41,3.16) <0.001 
House age 
~2010 408 (55.43)     
2011–2015 217 (29.48) 1.14 (0.82,1.59) 0.424 1.14 (0.76,1.73) 0.521 
2016–2021 111 (15.08) 1.39 (0.91,2.11) 0.128 1.16 (0.70,1.95) 0.563 
Living area 
Rural area 198 (26.90) 1    
Urban area 538 (73.10) 1.51 (1.09,2.12) 0.014 1.31 (0.86, 2.01) 0.212 
cockroach 
No 527 (71.60) 1    
Yes 209 (28.40) 0.28 (0.20,0.40) <0.001 0.67 (0.42,1.06) 0.088 
Air conditioner 
No 272 (36.96) 1    
Yes 464 (63.04) 0.27 (0.20,0.37) <0.001 0.88 (0.56,1.39) 0.575 
Material of living room floor 
Tile or cement 524 (71.20) 1    
Wood material 113 (15.35) 1.05 (0.70,1.58) 0.803 1.14 (0.69,1.88) 0.603 
Composite material 44 (5.98) 0.83 (0.44,1.53) 0.548 0.79 (0.37,1.67) 0.533 
Carpet 55 (7.47) 1.54 (0.88,2.72) 0.131 2.21 (1.12,4.42) 0.023 
Material of pillow 
Synthetic materials 275 (37.36) 1    
Cotton 124 (16.85) 1.13 (0.73, 1.73) 0.588 1.58 (0.92,2.73) 0.101 
Sponge 101 (13.72) 0.52 (0.31, 0.84) 0.010 0.63 (0.34,1.16) 0.141 
Plant 187 (25.41) 3.39 (2.29, 5.06) <0.001 1.74 (1.06,2.85) 0.028 
Feather 49 (6.66) 0.51 (0.25, 0.98) 0.052 0.60 (0.26,1.36) 0.229 
Material of quilt 
Synthetic materials 161 (21.88) 1    
Cotton 420 (57.07) 1.09 (0.76, 1.58) 0.625 1.43 (0.88,2.33) 0.150 
Blanket 24 (3.26) 0.53 (0.21, 1.28) 0.171 1.67 (0.52,5.17) 0.380 
Other material 131 (17.80) 0.50 (0.31, 0.81) 0.005 1.31 (0.70,2.47) 0.403 

Notes: significant difference of Bivariate regression analysis: P < 0.15. 
Significant difference of multiple regression analysis: P < 0.05. 
OR: odds ratio. 
aOR: adjusted odds ratio. 
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pollens, was the most common pollen allergen in mainland China with a positive rate up to 31.39% (Table 1). Our study found that 
symptoms were most severe in patients with AR in autumn. Previous studies in China also found Artemisia, Chenopodium, and Humulus 
scandens were the top three pollens found in July, August and September [7]. These results indicated that Artemisia, Chenopodium, and 
Humulus scandens had aggravating effects on AR symptoms in autumn [7]. Compared with a previous study, there was a significant 
increase in the positive rate of grass pollens, tree pollens and weed pollens by year. A study conducted from 2006 to 2007 showed that 
the overall prevalence of Artemisia vulgaris positive rate among asthma or rhinitis was between 1.6% and 19.7% in children which was 
dramatically lower than our findings [11]. For Ambrosia artemisiifolia allergen, it also witnessed a growing positive rate from below 10% 
to 21.6% from 2006 to 2021(11). Similar tendency was showed for the grass pollens and tree pollens [11,12]. The continued rise of 
pollen sensitization was also found in Europe and it might result from climate change [5]. Warmer temperatures and higher levels of 
Carbon dioxide led to vigorously plant growth and pollen production [13]. 

The positive rate of pollen allergens was also higher in males than females except Artemisia vulgaris and Chenopodium album, but 
most of them did not have statistically significant differences. The positive rate of Artemisia vulgaris and Chenopodium album were quite 
similar between males and females. A population-based cohort study found that the significant difference of pollen sensitization among 
sexes gradually appeared by age [14]. It might be related to the difference in sexual hormones and lifestyle such as hormonal med-
ications and sports habits [15]. Further study needed to be carried out. 

Allergen sensitization varied in different life-course. The high-age group had a higher positive rate than the low-age group in all 
pollens among AR patients. Our result was consistent with a longitudinal study conducted in Northern Sweden which found that the 
positive rates of Phleum pratense, Artemisia vulgaris allergen and Betula verrucosa allergen increased from the aged 7–8 to 19(16). High 
incidence and persistence of the increasing prevalence of pollen allergen sensitization by age might be the potential explanation [16]. 

The pollen allergen sensitization characteristics were widely different in regions. Overall, the positive rate was higher in north 
China and west China than in east China, and south China had the lowest positive sensitization. Fourteen pollen allergens were 
detected positive in AR patients in north, west and east China, where only five pollen allergens positive in south China. The differences 
might result from geographic and climatic differences. On one hand, there were vast grasslands and forests in the northern and western 
regions of China which were the natural environment suitable for various plants growth. On the other hand, most of the northern and 
western parts of China belong to the temperate monsoon climate, the temperate continental climate, the plateau mountain climate, 
which had the characteristics of greater wind and relatively aridity and was more conducive to the spread of pollen [17,18]. In the 
northern and western parts of China, the positive rate of Artemisia vulgaris pollen was extremely high at around 50% (Table 2). 
Artemisia vulgaris, which were used for prevention of desertification, was significantly excessive due to its vegetation abundance [17]. 
The eastern and southern parts of China were plain areas with densely populated populations and low vegetation coverage. The 
southern part had a subtropical monsoon climate, with long rainy seasons and heavy rainfall, which reduced the spread of pollen. 
Cynodon dactylon was the most common pollen allergen in east China and south China. because it was widely grown for the 
improvement of urban infrastructure such as parks, lawns, golf courses [8]. 

Skin index of reactivity to Ambrosia artemisiifolia and Artemisia vulgaris pollens was significantly positively correlated with the 
severity of AR, which was consistent with a previous study [11]. It was found for the first time that the skin index of reactivity to 
Cynodon dactylon, Triticum aestivum, Betula verrucosa, Populus alba, Salix fragilis, Cupressus sempervirens and Brassica napus pollens was 
all significantly positively associated with the severity of AR. In addition, a previous study found that skin index of reactivity to mixed 
grass pollen and mixed tree pollen was not significantly associated with the severity of AR(11). In our study, grass pollens including 
Phragmites communis, Phleum pratense, tree pollens including Ulmus campestris, Platanus acerifolia, and weed pollen including Cheno-
podium album pollen were not significantly related to the severity of AR. Different types of pollen had different effects on patients with 
AR, and the reason might be related to the type of protein contained in each pollen [19]. Based on the geographic distribution of pollen 
allergy and association between pollen allergen sensitization and the severity of AR, it raised an emergent need to conduct prevention 
and treatment for the Artemisia vulgaris sensitization in north China and west China. 

In this study, the region of residence was associated with pollen-induced AR among AR patients. Living in north China and west 
China was positively associated with suffering from pollen-induced AR. It might be because of the mass pollen types and high pollen 
content in these areas. The high-age group was displayed as a risk factor. Ethnic minorities were at a greater risk of PiAR compared 
with Han nationality (Table 4). In our study, ethnic minorities were mainly concentrated in northern and western China, accounting 
for 14.08% and 12.43% of the northern and western study populations, respectively. While only 1.90% and 0.52% of the population 
were ethnic minorities in southern and eastern China. The greater risk of PiAR in ethnic minorities might be caused by different genetic 
makeup and lifestyle habits. A previous study found out that genetic variants greatly affected the development of autoimmune and 
inflammatory diseases [20]. Genetic predisposition might explain the differences. Ethnic minorities like the Tibetans and Mongolians 
were nomads and lived in the grasslands which increased the probability of exposure to pollens. History of pollen exposure was a 
significant risk of PiAR and it could be explained that pollens were a major cause of PiAR. 

There are four kinds of materials for the floor of the living room and tile/cement was the most common one. Carpet displayed a 
higher risk of PiAR. The potential interpretation was that there was an interaction between pollens and carpet, which might need 
further research. Among the five common material types of pillows, synthetic materials were the highest used and pillow containing 
plant was a risk factor of PiAR (Table 4). In addition, previous studies found that people living in urban areas were more likely to be 
affected by PiAR than people living in rural areas because of the urbanization and high level of vehicle emissions [21,22]. However, no 
statistically significant difference in PiAR sensitivity was found between AR patients living in urban areas and AR patients living in 
rural areas in this study (Table 4). It might be because of a higher smoking rate and frequency use of burning coal in the countryside in 
mainland China, which increased the pollution particulate matter content in the air [23,24]. 

There were several limitations in this study. The temporal and spatial distributions of allergic pollen types were both important for 

W. Luo et al.                                                                                                                                                                                                            



Heliyon 9 (2023) e14914

8

the prevention and diagnosis of allergic diseases. In this study, only the spatial distribution was explored. Further study could focus on 
the temporal distribution of pollen allergens to give a deeper insight into the prevalence patterns in mainland China and to help 
clinicians identify the triggering factors of allergic diseases more accurately and carry out the targeted treatment. In addition, the 
sample size was not large enough, but our finding was consistent with previous studies, which showed that the study subjects were 
representative [7,8]. 

In conclusion, around 50% of patients aged below 18 with AR had identifiable sensitizations to pollen detected by SPT. The positive 
rate of pollen allergens was significantly higher in the high-age group [6–17] than the low-age group ( ≤ 5), while no significant 
difference was found between the sexes. Overall, the positive rate among different regions from highest to lowest was 73.24% in north 
China, 65.12% in west China, 22.28% in east China and 6.67% in south China. The positive rate of skin reactivity to Ambrosia arte-
misiifolia, Artemisia vulgaris, Cynodon dactylon, Triticum aestivum, Betula verrucosa, Populus alba, Salix fragilis, Cupressus sempervirens and 
Brassica napus pollens was significantly associated with the severity of AR. The region of residence, ages, ethnic minorities, history of 
pollen exposure, material of living room floor and the material of pillow were significant risks of PiAR. This study revealed the pollen 
allergens sensitization characteristics in AR in mainland China and explored the factors affecting PiAR, providing important clues for 
the prevention and immunotherapy of pollen allergens in mainland China. 
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