& frontiers | Frontiers in

") Check for updates

OPEN ACCESS

EDITED BY
Enza D'Auria,
Vittore Buzzi Children’s Hospital, Italy

REVIEWED BY

Hontian Wang,

Capital Medical University, China

Zhaowei Yang,

Guangzhou Institute of Respiratory Health,
China

*CORRESPONDENCE

Wendong Hao
hwdokgood@hotmail.com

Kai Guan
dr_guankai@126.com

'These authors have contributed equally to
this work

RECEIVED 12 January 2025
ACCEPTED 17 March 2025
PUBLISHED 10 April 2025

CITATION

Cui L, Gao N, Bai C, Zuo Y, Hao W and Guan K
(2025) A randomized controlled trial
evaluating prophylactic treatment of Artemisia
pollinosis using azelastine hydrochloride and
fluticasone propionate nasal spray.

Front. Allergy 6:1559201.

doi: 10.3389/falgy.2025.1559201

COPYRIGHT
© 2025 Cui, Gao, Bai, Zuo, Hao and Guan. This
is an open-access article distributed under the
terms of the

. The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with
these terms.

Frontiers in

Clinical Trial
10 April 2025
10.3389/falgy.2025.1559201

A randomized controlled trial
evaluating prophylactic treatment
of Artemisia pollinosis using
azelastine hydrochloride

and fluticasone propionate

nasal spray

Le Cui***', Na Gao", Cairong Bai*, Yali Zuo*, Wendong Hao"** and
Kai Guan'***

'Department of Allergy, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences
& Peking Union Medical College, Beijing, China, Beijing Key Laboratory of Precision Medicine for
Diagnosis and Treatment on Allergic Diseases, Peking Union Medical College Hospital, Beijing, China,
*National Clinical Research Center for Dermatologic and Immunologic Diseases, Beijing, China,
“Department of Allergy, The First Affiliated Hospital of Xi'an Jiaotong University, Yulin Hospital, Yulin,
China

Background: Prophylactic treatment for pollinosis is advantageous for managing
nasal symptoms in patients with seasonal allergic rhinitis. Inadequate control of
rhinitis symptoms increases the risk of acute asthma attacks. Nevertheless, there
is limited research on the use of nasal glucocorticoids and antihistamines for the
preventive treatment of pollinosis.

Objective: This study aimed to assess the efficacy of prophylactic treatment for
nasal symptoms and acute asthma attacks by enrolling patients with Artemisia
pollinosis to use a combined device of azelastine hydrochloride and
fluticasone nasal spray prior to the pollen season.

Methods: The study was registered at Chictr.org.cn (ChiCTR2300073758).
A total of 120 patients with Artemisia pollinosis were randomly assigned to
either a prophylactic treatment group or a control group at a 1:1 ratio. In the
prophylactic treatment group, the nasal spray was initiated approximately two
weeks before the onset of the pollen season.

Results: During both the pollen season and the concurrent medication period,
the prophylactic treatment group presented significantly lower total nasal
symptom scores (TNSS) (means of 597 and 5.94) than the control group
(means of 7.86 and 7.80) (P=0.015 and 0.016). Although the prophylactic
treatment group had a lower asthma attack rate than the control group, the
difference was not statistically significant (P = 0.284).

Conclusions: Prophylactic treatment with azelastine hydrochloride and
fluticasone propionate nasal sprays can alleviate nasal symptoms and may
reduce acute asthma attacks during the pollen season.

Clinical Trial Registration: | ], identifier (ChiCTR2300073758).
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Pollinosis is caused by allergies to plant pollen, and patients
often experience symptoms such as sneezing, conjunctival
redness, and wheezing. These symptoms can significantly impair
daily activities and quality of life. Pollinosis has become a
common disease in European and American countries, and it is
also increasing in some Asian regions. Baba and Matsubara et al.
reported that the prevalence of Japanese cedar pollinosis
increased from 16.2% in 1998 to 26.5% in 2008 and 38.8% in
2019, whereas the prevalence of pollinosis other than Japanese
cedar pollinosis increased from 10.9% to 15.4% and 25.1%,
respectively (1). A survey conducted by Wang Xueyan et al. in
Inner Mongolia grassland in 2015 revealed that the average
prevalence of AR in Inner Mongolia grassland was 32.4%, and
the rate of pollinosis was as high as 18.5% (2). Given the burden
of pollinosis (3), particularly in regions with high pollen counts,
effective prophylactic treatments are urgently needed.

Previous studies have shown that the use of mometasone
furoate aqueous nasal spray (4), fluticasone furoate nasal spray
(5), and montelukast sodium (6) in advance for prophylactic
treatment before the pollen season is helpful for relieving
symptoms and increasing the number of asymptomatic days
during the pollen season. In addition, if asthma patients are
complicated with AR, the risk of needing emergency treatment,
hospitalization or systemic use of glucocorticoids due to acute
asthma attacks increases (7).

A fixed-dose combination of azelastine hydrochloride and
fluticasone propionate (FDC-AzeFlu) delivered via one device is
indicated for moderate-to-severe seasonal allergic rhinitis (SAR)
and perennial allergic rhinitis. The advanced formulation of the
nasal spray circumvents the need for individual administration of
multiple drugs. In Asian countries, the use of FDC-AzeFlu is
increasing, and in mainland China, it was approved and started
to be used in 2022 (8). However, few studies have investigated
FDC-AzeFlu for the prophylactic treatment of pollinosis.

In North China, Artemisia pollen is the most common and
abundant pollen type and has the largest peak concentration of
total
monitoring (9,

autumn pollen according to daily airborne pollen
). Artemisia pollen had the highest positive
specific IgE (sIgE) rate, up to 78.6%, in patients with autumn
pollinosis in North China (11). In our study, patients with
Artemisia pollinosis in Yulin city, Shaanxi Province, were
selected to use FDC-AzeFlu in advance before the pollen season
to evaluate the effect of prophylactic treatment on nasal

symptoms and acute asthma attacks during the pollen season.

2.1 Study population

According to previous literature reports, the average nasal
symptom scores of the prophylactic treatment group (n=116)
and the control group (n=115) during the pollen season were
0.7 and 1.8 respectively (P<0.01) (4). The significance level a
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was set at 0.05 (two-sided), and the test power (1-B) was set at
0.8. It was estimated that the initial sample size for each group
was approximately 54 cases. Considering the dropout rate of
10%, the adjusted sample size for each group was 60 cases.
Therefore, a total of 120 Artemisia pollinosis individuals
(51 males and 69 females) aged 12-65 years (mean age, 36.0
years) were recruited into the study. The participants were
living in Yuli city and patients attending the First Affiliated
Hospital of Xi'an Jiaotong University, Yulin Hospital (Yulin,
Shaanxi, China). The inclusion criteria were as follows: (1) male
or female aged 12 years and above; (2) AR was diagnosed
through typical clinical symptoms (repeated sneezing, runny
nose, stuffy nose or itchy nose) and signs, and the symptoms
occurred mainly in autumn; and (3) The serum sIgE test for
dust mites and molds was negative, while the Artemisia sIgE
test was positive. Specific IgE values of 0.35KkU/L or greater
were considered positive. The exclusion criteria were as follows:
(1) individuals who have received or were currently undergoing
allergen-specific ~immunotherapy; (2) receiving anti-IgE
monoclonal antibodies or anti-IL4/IL13 monoclonal antibodies
in the past six months or currently; (3) pregnant or lactating;
and (4) having malignant tumors or other serious liver, kidney,
heart, hematopoietic, neurological, or mental illnesses.

2.2 Study design

The eligibility and medical history of the 120 patients were
assessed, after which they were randomly assigned to either a
prophylactic treatment group or a control group at a 1:1 ratio using
a computer-generated random sequence with sealed envelopes. To
standardize the allergen testing method during the statistical
process, measurements of sIgE for pollen (Artemisia and other tree,
grass, and weed pollen), mites (Dermatophagoides pteronyssinus and
Dermatophagoides farinae), and molds (Alternaria alternata and
Aspergillus  fumigatus) were retested by immunoblotting assays
(Euroline, Medizinische LabordiagnostikaAG) at the initial visit on
July 21. Autumn weed pollinosis was anticipated at the end of July
or the beginning of August. Patients in the prophylactic treatment
group started using the nasal spray on July 21, approximately two
weeks prior. Meanwhile, upon exhibiting moderate or more severe
nasal symptoms, the control group was instructed to begin using
FDC-AzeFlu the following day. The observation period ended on
September 25th, when the pollen season ended, and all patients
stopped nasal spraying. The recommended dosage was 1 spray per
nostril twice daily, and each spray contained 137 pug of azelastine
hydrochloride and 50 pg of fluticasone propionate (Shufeimin®,
Changfeng PharmTech, Inc,; Suzhou, China).

The present study was registered at Chictr.org.cn
(ChiCTR2300073758). The ethical review was approved by the
Institutional Review Board of the First Affiliated Hospital of
Xi’an Jiaotong University, Yulin Hospital (2023014). Informed
consent was obtained from each patient and the parents of all
the participating children. Patients or the public were not
involved in the design, or conduct, or reporting, or dissemination
plans of our research.
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2.3 Data collection and definition

All the patients were free of symptoms at the screening and kept
electronic diaries from July 21 to September 25. Runny nose, nasal
congestion, sneezing, and nasal itching were evaluated on a 4-point
scale (0=no symptoms, 1=minimal, well-tolerated symptoms,
2 =bothersome but tolerated symptoms, and 3 =severe and hard
to tolerate symptoms, causing interference with activities of daily
living or sleeping). The total nasal symptom score (TNSS) was
calculated as the sum of these individual symptom scores, ranging
from 0 to 12 points (1-3 indicating mild symptoms, 4-12
indicating moderate to severe symptoms). Acute asthma attack is
defined as the need for oral or intravenous administration of
glucocorticoids, emergency treatment, or hospitalization due to
asthma. In parallel, daily pollen counts were performed throughout
the study via a 7-day volumetric spore trap (Burkard Scientific
Equipment, Hertfordshire, England). The pollen monitoring point
was located at Yulin Hospital, which was located in the center of
Yulin city.

2.4 Statistical analysis

Categorical data were compared via the y* test. ANOVA was
used to analyze continuous data. The TNSS between groups were
ANOVA. The
correlation coefficient was used to measure the linear relationship

compared via repeated-measures Pearson
between two continuous variables. Statistical analyses were

performed with SPSS version 13 (SPSS Inc., Chicago, USA).

3 Results

Among the 120 participants with Artemisia pollinosis, 3
withdrew from the study because of poor compliance, and 10 were
not included in the analysis because of incomplete data. Therefore,
107 patients were documented with complete data for atopy and
provided full data during the follow-up period. The demographic
characteristics (age and sex) of the patients in the prophylactic
treatment group and the control group were comparable (Table 1).
Patients in both groups had similar histories of AR and asthma
(Table 1), and there were also no significant differences between
the groups regarding atopy (Table 1).

The pollen count results are shown in Figure 1. According
to pollen monitoring, the pollen concentration began to
increase on August 4th (24 /m?) and then fluctuated within the
range of 30-137 /m’. There were three thunderstorms and
strong winds on August 25th, September 6th, and September
10th, causing a sharp increase in the pollen concentration.
On September 24th, the pollen concentration significantly
decreased to 6 /m’. On July 31st, the nasal symptoms of the
control group significantly worsened, and the TNSS score
increased to 6.13. On August 1st, the nasal spray was distributed,
and medication was started.

During both the pollen period (from August 4th to September
23rd) and the concurrent medication period (from August 1st to
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TABLE 1 Characteristics of the patients in the study.

Characteristics Control | P value

Prophylactic

treatment
group (n = 54)

Age, y, mean + SD 37.2+9.73 35.0+13.54 0.327
Sex, n (%)
M 24 (44.4%) 18 (34.0%) | 0267
F 30 (55.6%) 35 (66.0%)
Duration of AR, s 10.8 +£9.73 10.2+9.73 0.595
Mean + SD
Diagnosis of asthma, n (%) 2,342.6% 2,037.7% 0.608
Family history of allergies, n (%) 814.8% 1,120.8% 0.421
sIgE levels with Artemisia, n (%)
1 (0.35-0.7 kU/L) 5(9.3%) 7 (13.2%) 0.775
2 (0.7-3.5 kU/L) 11 (20.4%) 12 (22.6%)
3 (3.5-17.5 KU/L) 10 (18.5%) 13 (24.5%)
4 (17.5-50 kU/L) 18 (33.3%) 14 (26.4%)
5 (50-100 kU/L) 10 (18.5%) 7 (13.2%)

September 24th), the prophylactic treatment group presented
significantly lower TNSS (mean, 5.97 and 5.94) than the control
group (mean, 7.86 and 7.80) (P=0.015 and 0.016) (Figure 1).
Furthermore, the use of additional medications (antihistamines
and antileukotrienes) for breakthrough nasal symptoms was
slightly less common for the prophylactically treated patients, but
this difference was not statistically significant (Table 2).

During the pollination period, 41 (38.3%) participants
experienced asthma attacks. The prophylactic treatment group
had a lower asthma attack rate than the control group, but this
difference was not statistically significant (Table 3).

4 Discussion

Pollen syndrome is an inflammatory reaction caused by the
inhalation of corresponding pollen allergens into the respiratory
tract, and the concentration of pollen allergens is a key factor in
the onset of pollinosis symptoms. Ouyang Yuhui et al. reported
that Artemisia pollen had a small pollen dispersal period of
approximately 2 weeks before the pollination period, followed by
a peak period of 4 weeks (12). The amount of Artemisia pollen
during the peak period accounted for 76.2% of the total. The
nasal mucosa of patients with pollinosis can have the lightest
persistent inflammatory reaction because of the continuous
stimulation of allergens during the period of small amounts of
pollen scattering (13). Canonica proposed minimal persistent
inflammation in AR; that is, the nasal mucosa of AR patients
consistently exhibits mild allergic inflammation (13). Storms
et al. reported that inflammatory infiltration occurred in the
nasal mucosa of SAR patients without symptoms (14). Studies
have shown that early intervention therapy plays an important
role in improving nasal mucosal inflammation, to some extent by
inhibiting the expression of intercellular adhesion molecule 1
(ICAM 1) and the infiltration of eosinophils (15). Consistent
with previous studies investigating prophylactic treatments using
mometasone furoate aqueous nasal spray, fluticasone furoate
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FIGURE 1
The TNSS of the control group and the prophylactic treatment group were positively correlated with pollen concentration, with Pearson correlation
coefficients of 0.386 and 0.385, respectively. The daily TNSS was significantly lower in the prophylactic treatment group during both the pollen period
(from August 4th to September 23rd) and the concurrent medication period (from August 1st to September 24th).

TABLE 2 Rates of
pollination period.

use of additional medication during the

Use of P
additional | value
medication,
n (%)
34 (64.2%)
28 (51.9%)

No use of
additional
medication,
n (%)

19 (35.8%)
26 (48.1%)

Control group 0.198

Prophylactic treatment group

TABLE 3 Rates of asthma attacks during the pollination period.

Asthma P
attack, n (%) value

23 (43.4%) 0.284

18 (33.3%)

Non asthma

attack, n (%)

30 (56.6%)
36 (66.7%)

Control group

Prophylactic treatment group

nasal spray, and montelukast sodium, our study demonstrates that
prophylactic treatment with FDC-AzeFlu effectively alleviates nasal
symptoms in patients with Artemisia pollinosis. However, due to
differences in study populations and sensitizing allergens, direct
comparisons with the preventive medications used in previous
studies are challenging (4-6).

There are no definite suggestions for specific drugs or period
for the prophylactic treatment of SAR. Generally, prophylactic

Frontiers in Allergy

treatment starts 2-4 weeks in advance and lasts for 4-8 weeks
until the end of the pollen period (16). In the early stage of
pollen pollination, that is, two weeks before the peak of pollen
dispersal, we treated patients with FDC-AzeFlu. The results
revealed that, compared with those of the control group, the
TNSS of patients in the prophylactic treatment group were lower.
Our study did not restrict the use of additional medications, such
as antihistamines and antileukotrienes, for breakthrough nasal
symptoms, which might bias the results. However, the control
group used more additional medication. Therefore, this bias does
not affect the results of this study.

Previous studies (Italy, Canada, China) reported the occurrence of
seasonal asthma and increased bronchial responsiveness from
seasonal pollen exposure in patients with pollinosis (17-19). AR
combined with asthma can increase the incidence of asthma-related
events, such as asthma attacks and emergency visits (7). AR
increases the dosage of medication for emergency treatment in
asthma patients (20). The combination of inhaled and nasal
steroids can significantly reduce the risk of asthma-related
emergency visits in asthma patients with rhinitis (21). Nasal
steroids combined with antihistamines can effectively reduce lower
respiratory tract inflammation in patients with SAR during the
pollen season (22).

04 frontiersin.org
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Our study revealed that the asthma attack rate was lower in the
prophylactic treatment group than in the control group, but this
The
explanations are as follows: (1) the influence of sample size,

difference was not statistically significant. possible
which may be statistically significant after the sample size is
increased appropriately; (2) asthma, which refers to the acute
attack of respiratory diseases such as asthma caused by
thunderstorm weather (23, 24). The symptoms are serious, and
the disease develops rapidly, usually manifesting as a group of
patients experiencing simultaneous asthma attacks. In this study,
thunderstorms were recorded on September 2, September 10 and
September 17, accompanied by a short-term sharp increase in
pollen concentration, and patients may have developed asthma.
Our study had several limitations. How prophylactic treatment
with FDC-AzeFlu might influence local inflammation, such as
inflammatory cell infiltration and the expression of cytokines in
nasal secretions, has not been thoroughly investigated. No
significant differences in asthma attack rates were observed in this
study. Beyond augmenting the sample size, the incorporation of
peak expiratory flow monitoring may provide valuable insights
into airway resistance. It is recommended that future studies

include these critical data to provide a more comprehensive analysis.

For patients with Artemisia pollinosis, prophylactic treatment
with FDC-AzeFlu can alleviate nasal symptoms and potentially
reduce acute asthma attacks during the pollen season.

The raw data supporting the conclusions of this article can be
obtained from the authors upon reasonable request.

The studies involving humans were approved by the
Institutional Review Board of the First Affiliated Hospital of
Xi’an Jiaotong University, Yulin Hospital. The studies were

1. Osada T, Okano M. Japanese cedar and cypress pollinosis updated: new allergens,
cross-reactivity, and treatment. Allergol Int. (2021) 70:281-90. doi: 10.1016/j.alit.2021.
04.002

2. Wang XY, Ma TT, Wang XY, Zhuang Y, Wang XD, Ning HY, et al. Prevalence of
pollen-induced allergic rhinitis with high pollen exposure in grasslands of Northern
China. Allergy. (2018) 73:1232-43. doi: 10.1111/all.13388

3. Karatzas K, Katsifarakis N, Riga M, Werchan B, Werchan M, Berger U, et al. New
European academy of allergy and clinical immunology definition on pollen season
mirrors symptom load for grass and birch pollen-induced allergic rhinitis. Allergy.
(2018) 73:1851-9. doi: 10.1111/all.13487

4. Graft D, Aaronson D, Chervinsky P, Kaiser H, Melamed ], Pedinoff A, et al. A
placebo- and active-controlled randomized trial of prophylactic treatment of

Frontiers in

10.3389/falgy.2025.1559201

conducted in accordance with the local legislation and

institutional requirements. The participants provided their

written informed consent to participate in this study.

LC: Data curation, Formal analysis, Writing - original draft. NG:
Data curation, Writing — original draft. CB: Data curation, Writing —
original draft. YZ: Data curation, Writing - original draft. WH:
Writing - review & editing. KG: Writing - review & editing.

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was funded by
the Peking Union Medical Foundation and National High-Level
Hospital Clinical Research Funding (2022-PUMCH-A-083).

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

seasonal allergic rhinitis with mometasone furoate aqueous nasal spray. J Allergy
Clin Immun. (1996) 98:724-31. doi: 10.1016/s0091-6749(96)70119-7

5. Haruna T, Kariya S, Higaki T, Makihara SI, Kanai K, Komatsubara Y, et al.
Determining an appropriate time to start prophylactic treatment with intranasal
corticosteroids in Japanese cedar pollinosis. Med Sci (Basel). (2019) 7:1-11. doi: 10.
3390/medsci7010011

6. Li L, Wang R, Cui L, Guan K. Efficacy of montelukast as
prophylactic treatment for seasonal allergic rhinitis. Ent-Ear Nose Throat.
(2018) 97:E12-6. doi: 10.1177/014556131809700713

7. Bousquet J, Gaugris S, Kocevar VS, Zhang Q, Yin DD, Polos PG, et al. Increased
risk of asthma attacks and emergency visits among asthma patients with allergic
rhinitis: a subgroup analysis of the investigation of montelukast as a partner agent


https://doi.org/10.1016/j.alit.2021.04.002
https://doi.org/10.1016/j.alit.2021.04.002
https://doi.org/10.1111/all.13388
https://doi.org/10.1111/all.13487
https://doi.org/10.1016/s0091-6749(96)70119-7
https://doi.org/10.3390/medsci7010011
https://doi.org/10.3390/medsci7010011
https://doi.org/10.1177/014556131809700713
https://doi.org/10.3389/falgy.2025.1559201
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/

Cui et al.

for complementary therapy [corrected]. Clin Exp Allergy. (2005) 35:723-7. doi: 10.
1111/j.1365-2222.2005.02251.x

8. Tantilipikorn P, Kirtsreesakul V, Bunnag C, Vangveeravong M,
Thanaviratananich S, Chusakul S. The use of azelastine hydrochloride/fluticasone
propionate in the management of allergic rhinitis in Asia: a review. ] Asthma
Allergy. (2024) 17:667-79. doi: 10.2147/JAA.S451733

9. Baoyu M, Haijuan H, Yongliang N, Kai G, Lianglu W, Bingshan Q, et al. Airborne
pollens in Shenmu county, Shanxi province in successive three years. Chin J Allergy
Clin Immunol. (2009) 3:249-53. doi: 10.3969/j.issn.1673-8705.2009.04.003

10. Haijuan H, Lianglu W, Hongyu Z. Analysis of airborne pollens in Beijing urban
area. Chin J Allergy Clin Immunol. (2008) 2:179-83. doi: 10.3969/j.issn.1673-8705.
2008.03.003

11. Jia Y, Haijuan H, Ruiqi W, Tao X, Fengmin Y, Lianglu W, et al. Value of
intradermal skin test and serum sIgE detection in diagnosing artimisia pollinosis.
Nat Med ] China. (2006) 86(25):1759-63. doi: 10.3760/j:issn:0376-2491.2006.25.01

12. Yuhui O, Erzhong F, Ying L, Luo Z. Onset feature and efficacy of early
interventional treatment of Artemisia pollinosis. Chin | Otorhinolaryngol Head Neck
Surg. (2014) 49:272-6. doi: 10.3760/cma.j.issn.1673-0860.2014.04.003

13. Canonica GW, Compalati E. Minimal persistent inflammation in allergic
rhinitis: implications for current treatment strategies. Clin Exp Immunol. (2009)
158:260-71. doi: 10.1111/j.1365-2249.2009.04017 x

14. Storms WW. Minimal persistent inflammation, an emerging concept in the
nature and treatment of allergic rhinitis: the possible role of leukotrienes. Ann
Allerg Asthma Im. (2003) 91:131-40. doi: 10.1016/S1081-1206(10)62167-9

15. Higaki T, Okano M, Makihara S, Fujiwara T, Haruna T, Noda Y, et al. Early
interventional treatment with intranasal corticosteroids compared with postonset
treatment in pollinosis. Ann Allerg Asthma Im. (2012) 109:458-64. doi: 10.1016/j.
anai.2012.08.016

Frontiers in

06

10.3389/falgy.2025.1559201

16. Pitsios C, Papadopoulos D, Kompoti E, Manoussakis E, Garris V, Petalas K, et al.
Efficacy and safety of mometasone furoate vs nedocromil sodium as prophylactic
treatment for moderate/severe seasonal allergic rhinitis. Ann Allerg Asthma Im.
(2006) 96:673-8. doi: 10.1016/S1081-1206(10)61064-2

17. Boulet LP, Cartier A, Thomson NC, Roberts RS, Dolovich J, Hargreave FE. Asthma
and increases in nonallergic bronchial responsiveness from seasonal pollen exposure.
J Allergy Clin Immun. (1983) 71:399-406. doi: 10.1016/0091-6749(83)90069-6

18. Crimi E, Voltolini S, Gianiorio P, Orengo G, Troise C, Brusasco V, et al. Effect of
seasonal exposure to pollen on specific bronchial sensitivity in allergic patients.
J Allergy Clin Immun. (1990) 85:1014-9. doi: 10.1016/0091-6749(90)90045-6

19. Zhihua W, Jia Y. Correlation of the Artemisia and Humulus Scandens pollen count
in the air and the severity of asthma symptoms in patients with autumnal pollinosis. Chin
J Allergy Clin Immunol. (2012) 6:10-7. doi: 10.3969/j.issn.1673-8705.2012.01.003

20. Price D, Zhang Q, Kocevar VS, Yin DD, Thomas M. Effect of a concomitant
diagnosis of allergic rhinitis on asthma-related health care use by adults. Clin Exp
Allergy. (2005) 35:282-7. doi: 10.1111/j.1365-2222.2005.02182.x

21. Adams RJ, Fuhlbrigge AL, Finkelstein JA, Weiss ST. Intranasal steroids and the
risk of emergency department visits for asthma. J Allergy Clin Immun. (2002)
109:636-42. doi: 10.1067/mai.2002.123237

22. Bencova A, Rozborilova E, Antosova M. Bidirectional link between upper and
lower airways in patients with allergic rhinitis. Eur J Med Res. (2009) 14(Suppl
4):18-20. doi: 10.1186/2047-783x-14-54-18

23. Xu YY, Xue T, Li HR, Guan K. Retrospective analysis of epidemic thunderstorm
asthma in children in Yulin, Northwest China. Pediatr Res. (2021) 89:958-61. doi: 10.
1038/s41390-020-0980-9

24. Marks GB, Colquhoun JR, Girgis ST, Koski MH, Treloar AB, Hansen P, et al.
Thunderstorm outflows preceding epidemics of asthma during spring and summer.
Thorax. (2001) 56:468-71. doi: 10.1136/thorax.56.6.468


https://doi.org/10.1111/j.1365-2222.2005.02251.x
https://doi.org/10.1111/j.1365-2222.2005.02251.x
https://doi.org/10.2147/JAA.S451733
https://doi.org/10.3969/j.issn.1673-8705.2009.04.003
https://doi.org/10.3969/j.issn.1673-8705.2008.03.003
https://doi.org/10.3969/j.issn.1673-8705.2008.03.003
https://doi.org/10.3760/j:issn:0376-2491.2006.25.01
https://doi.org/10.3760/cma.j.issn.1673-0860.2014.04.003
https://doi.org/10.1111/j.1365-2249.2009.04017.x
https://doi.org/10.1016/S1081-1206(10)62167-9
https://doi.org/10.1016/j.anai.2012.08.016
https://doi.org/10.1016/j.anai.2012.08.016
https://doi.org/10.1016/S1081-1206(10)61064-2
https://doi.org/10.1016/0091-6749(83)90069-6
https://doi.org/10.1016/0091-6749(90)90045-6
https://doi.org/10.3969/j.issn.1673-8705.2012.01.003
https://doi.org/10.1111/j.1365-2222.2005.02182.x
https://doi.org/10.1067/mai.2002.123237
https://doi.org/10.1186/2047-783x-14-s4-18
https://doi.org/10.1038/s41390-020-0980-9
https://doi.org/10.1038/s41390-020-0980-9
https://doi.org/10.1136/thorax.56.6.468
https://doi.org/10.3389/falgy.2025.1559201
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/

	A randomized controlled trial evaluating prophylactic treatment of Artemisia pollinosis using azelastine hydrochloride and fluticasone propionate nasal spray
	Introduction
	Materials and methods
	Study population
	Study design
	Data collection and definition
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


