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Abstract

Allergic rhinitis (AR) is a widespread allergic condition, with its prevalence continuing to rise globally. This
disease has a significant impact on patients' quality of life. Understanding the underlying pathophysiology
is important to develop better-targeted therapies. For decades, the primary assumption has been that an
allergy is caused by unbalanced and overactive immunological responses against allergens, driven mainly by
activated T helper 2 (Th2) cells and due to aberrant T-regulatory cells. The more recent hypothesis that is
gaining attention relies on the dysregulation of the epithelial barrier, which might result in allergen uptake
as a primary defect in the pathogenesis of allergic reactions. The nasal epithelial barrier is considered a
crucial first line of defense in the upper airway, as it protects the host’s immune system from exposure to
allergens. Thus, this review will discuss AR’s epidemiology, predisposing factors, clinical manifestations,
laboratory characteristics, and pathogenic mechanisms.
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Introduction And Background

Allergic rhinitis (AR) is an IgE-mediated inflammatory disorder of the nasal mucosa, resulting from immune
system dysregulation caused by the infiltration of allergen and cytokine production imbalance [1-

5]. According to several studies [6-8], AR can have various detrimental effects on a person’s quality of life,
affecting mood and daily activities, lowering scholastic performance, limiting social interaction, and
increasing financial costs.

Survey methodology

This review focuses on AR, its clinical and laboratory characteristics, and its pathophysiological
mechanisms. All articles were searched and reviewed by two researchers (NSMA and COSS) using electronic
databases such as PubMed and Google Scholar. The references mentioned in this review were obtained from
databases up to 2023. The following keywords were used in this review: allergic rhinitis, epidemiology,
predisposing factors, diagnostic criteria, pathophysiology, epithelial barrier, and tight junction.

Review
Epidemiology of AR

AR is the most common of all allergic diseases, affecting around 10%-40% of the population globally. It has
been estimated that 25% of children and 40% of adults worldwide suffer from AR [9]. AR prevalence in the
Western population is estimated to be about 30% [5]. In the United States, the prevalence of AR varies from
9% to 42% [10] and is the third most common chronic disease among children and adolescents [11]. In the
United Kingdom, the prevalence reaches 26% in adults, with a peak in the third and fourth decades of life
[12,13].

Across the African continent, research indicates significant prevalence rates, with up to 20% of young people
in South Africa affected and 9.1% in Ghana [14-16]. AR also affects a substantial population in Asia, ranging
from 27% in South Korea [17] to 32% in the United Arab Emirates [18]. In addition, a survey conducted across
the Asia-Pacific regions found that 2.5% of the population in the Philippines and 13.2% in Australia had a
physician diagnosis of AR [19]. In Malaysia, the prevalence of AR is 7.1% in adults, 11.2% among primary
school students aged 7 to 12, and 31.7% to 55.5% in junior high school students [19,20]. There are variations
between nations, perhaps due to variations in immune responses and allergens.

Predisposing factors of AR

AR is commonly found in all age groups, from early childhood to adolescence to late adulthood [9,21,22].
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AR’s prevalence was found to peak between the ages of 16 and 24, and it significantly declined in both men
and women in the 65-84 age group [23-26]. According to a systematic review and meta-analysis, AR’s
prevalence in adults was not sex-specific [27]. However, in childhood, there is a male predominance, but
after age 15, females are more affected [28-30]. Female students had a 42.8% higher chance of having AR
than male students, according to survey results among university students in Turkey with a mean age of
20.71 #3.12 years [31].

Exposure to cigarette smoke reportedly can worsen allergic airway inflammation [32]. According to previous
studies, cigarette smoke directly damages the epithelial cells and results in increased permeability, the
release of cytokines and chemokines, and shifted lymphocyte balance toward T helper 2 (Th2) cells [33].
Additionally, cigarette smoke exacerbates nasal allergic reactions while increasing the production of IL-5
and the level of serum IgE [34-36].

The increasing prevalence of allergies has been associated with the increased prevalence of obesity [37-39].
Studies demonstrated that leptin, which is an adipokine and a fat-related hormone, was associated with
allergen exposure and subsequently associated with AR’s severity [40,41].

Clinical manifestations of AR

AR is closely associated with other allergic diseases, such as asthma and atopic dermatitis, due to shared
immune dysregulation, particularly IgE-mediated inflammation [42]. Exposure of the nasal mucosa to
allergens results in the production of IgE, activation of eosinophils, and degranulation of mast cells and
basophils [43]. These events lead to the release of histamine, leukotrienes, and prostaglandins, which
subsequently result in the production of clinical manifestations [44]. Sneezing, watery anterior rhinorrhea,
nasal itching, nasal obstruction, and postnasal drip are the most common clinical manifestations [44-

46]. Additionally, AR patients frequently experience non-nasal manifestations, including chronic cough;
persistent headache; eye, ear, and throat symptoms; and cognitive impairment [9,47].

Based on the allergen that triggers the symptoms, AR is typically classified as either seasonal (SAR) or
perennial (PAR) [48,49]. Animal dander or house dust mites (HDMs) (Dermatophagoides pteronyssinus, D.
farinae, and Blomia tropicalis) are the most frequent causes of PAR, which affects patients year-round, while
pollen allergens are the primary cause of SAR, affecting patients during specific seasons [3,50].

Laboratory characteristics and diagnostic criteria of AR

Typically, the presence of total and specific IgE in the serum supports the diagnosis of AR. Previous studies
have shown that AR patients have higher total IgE levels than nonallergic individuals [51,52]. Multiple tests,
including in vivo skin tests such as the skin prick test (SPT) and intradermal test (IDT) and in vitro serum
specific immunoglobulin E (ssIgE) assays, can be used to identify the specific allergens that cause the
development of IgE antibodies in AR [53,54]. SPT and ssIgE assays are the most common diagnostic
approaches. Both tests have high specificity and sensitivity in determining the sensitization to common
allergens [53,55].

SPT is considered the primary method to diagnose sensitization in AR [3]. It is the most frequently used and
effective test for ssIgE antibody detection due to being rapid, simple, and affordable [54,56]. The test is
performed by introducing specific allergens into the skin of allergic individuals using a lancet. Dermal mast
cells degranulate as a result of the cross-linking of allergen-specific IgE bound to their membrane receptors
[54], which results in the rapid release of histamine and other mediators. This induces an immune response
that is clinically characterized by a wheal and flare that can be measured to determine the degree of
cutaneous sensitization [54].

In vitro laboratory testing for ssIgE antibodies is performed using commercially available test panels [56,57].
The ssIgE test can identify the presence of IgE antibodies that bind to molecular elements or allergens [54].
Despite being more expensive than SPT, the ssIgE test is beneficial for patients when skin testing is
unavailable or impossible to perform due to extensive skin diseases or other causes that can complicate skin
testing [58,59]. In addition, the ssIgE test is not affected by antihistamine drugs, which is useful for patients
who are unable to stop the medications [54].

Other tests to consider include the IDT test, which can also detect IgE-mediated allergies [54]. In this test, a
minute amount of allergen is injected intradermally with a needle to form a small bleb. The outcome
measured is an increase in the size of the wheal-and-flare reactions after 20 minutes [54,60]. Additionally, if
both in vitro and in vivo tests are negative or inconclusive, a basophil activation test can be performed.
Basophils have been recognized as important effector cells in immediate hypersensitivity reactions [54]. The
degranulation of basophils can be detected and quantified by the flow cytometry technique [54,61].

A definitive diagnosis of AR is made based on symptoms such as sneezing, nasal itching, and watery
rhinorrhea; physical findings, including edematous intranasal mucosa; and identification of specific
causative allergens based on in vivo skin tests such as SPT or in vitro ssIgE assays [62], as recommended by
the Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines [9].
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Pathophysiologic mechanism of AR
Early and Late Phase of AR

AR’s pathogenesis is complex, consisting of early- and late-phase allergic reactions. The early phase begins
with allergen sensitization. Soluble allergens from inhaled pollen and other aeroallergens are rapidly eluted
upon contact with the mucous membranes of the nasal mucosa, which induces the production of IgE
antibodies and triggers the humoral response [63,64]. The invaded allergens are processed by antigen-
presenting cells (APCs), such as dendritic cells (DCs) at a mucosal site, activating naive CD4+ T cells to
become Th2 cells [64,65]. This induces Th2 cells to secrete cytokines such as IL-4 and IL-13 [64,65]. This
process converts the B cells into allergen-specific IgE-producing plasma cells, which then produce IgE
antibodies [65]. IgE antibodies will subsequently bind to mast cells and basophils [64]. Degranulation of mast
cells and basophils occurs upon re-exposure to the same allergen. This process is initiated by cross-linking of
specific IgE antibodies on FceR1 by their relevant allergen [64-66].

In this early phase, the interaction triggers a cascade of reactions in which mast cells and basophils release
mediators, such as histamine, chemokines, cytokines, and adhesion molecules, leading to increased
leukocyte production in the bone marrow [65,66]. The rapid onset of acute nasal symptoms like nasal
congestion, rhinorrhea, or itching are produced by the substances that act on the vessels and glands of the
nose [64].

The early-phase allergic reaction is usually followed by the late-phase response, which occurs four to

six hours after antigen stimulation. The late-phase response is characterized by prolonged symptoms such as
sneezing, rhinorrhea, and sustained nasal congestion lasting 8-24 hours. Local Th2 lymphocyte activation by
DCs leads to the release of chemokines and cytokines that orchestrate the influx of inflammatory cells, such
as eosinophils, basophils, neutrophils, T cells, and B cells, to the mucosa and increase the number of allergen
targets [65]. The mucosa becomes more sensitive to allergens and environmental irritants. In addition,
allergen exposure further stimulates IgE production [65]. In a series of time-dependent phases, these effector
cells, mediators, and cell signaling molecules work in a complex network of interactions that result in
specific symptoms and the inflammatory morphology of AR [66]. AR’s pathophysiology is presented in
Figure 1.
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FIGURE 1: The pathophysiology of allergic rhinitis

TSLP: thymic stromal lymphopoietin; IL: interleukin; IgE: immunoglobulin E; Th2 cell: type 2 helper T cell

Image created with BioRender.com.

Nasal Epithelial Barrier Disruption

The nasal epithelial barrier plays a vital role in both innate and adaptive mucosal immunity through the
activation of functional molecules such as pro-inflammatory cytokines, chemokines, and growth factors
[67]. This epithelial barrier seals the nasal passage and underlying tissue to prevent the entry of pathogens,
allergens, and other foreign particles, as well as restrict the intercellular passage of fluid by connecting the
epithelial cells [46,68].

The physical barrier mainly comprises different junctional complexes that connect the epithelial cells [69].
Tight junctions (TJs) are multiprotein complexes located on the most apical side of epithelial cells. They
comprise transmembrane proteins like claudins, occludin, junctional adhesion molecules, and intracellular
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proteins such as ZO-1, Z0O-2, ZO-3, and tricellulin. Additionally, C-interacting proteins seal off the
paracellular space between the epithelial cells [46,69]. Adherens junctions (AJs) are a form of cell-cell
adhesion structures, constituted of E-cadherin and the cytoplasmic p120-, B-, and a-catenin [69,70]. AJs
form apical junctional complexes with TJs, which control the epithelial cell-to-cell contact, actin
cytoskeleton regulation, intracellular signaling pathways, and transcriptional regulation [69]. Desmosomes
are found beneath the apical junctional complexes, which are specialized for strong adhesion and
responsible for the mechanical stability between adjacent cells [69,71]. These cell junctions collaborate to
create the intracellular connection between the cells to limit the passage of foreign molecules and protect
the underlying tissue from exposure to harmful and allergenic stimuli [46,68]. The structure of the epithelial
barrier is illustrated in Figure 2.

Occludin

g@ 70-1/20-2/0-3
Tight junction -
70-1/20-2/Z0-3
Claudin
OO
D@—==—

JAM

Adherens junction -

— /E-cadherin

FIGURE 2: The interaction of TJs with either one of the ZO proteins at
the epithelial cells.

TJs: tight junctions; ZO: zonula occludens

Image created with BioRender.com.

Dysfunction of these epithelial barriers may contribute to allergic disease by increasing exposure of the
underlying tissue to environmental allergens [46]. Epithelial barrier disruption has been linked to various
human diseases such as inflammatory bowel disease, celiac disease, and functional dyspepsia [72-74]. In
allergic diseases, the disruption is observed in the epithelial cells of patients with atopic dermatitis, asthma,
chronic rhinosinusitis, and AR [46,75,76].

Screening studies using microarray gene expression, RNA sequencing, and nasal mucus proteomics have
suggested barrier dysfunction’s role in AR [5,68,77,78]. Multiple studies have found decreased expression of
epithelial cell junction protein in AR [5,68]. Immunohistochemical and immunoblotting studies reported a
decrease in E-cadherin expression in the nasal epithelium of patients with AR [52]. Previous studies saw
decreased ZO-1 and occludin expression as measured by reverse transcription-quantitative polymerase chain
reactions and weak immunofluorescence staining in AR biopsy specimens [68,79]. As a result of the
breakdown of TJs, inflammatory cells may flood into the lumen, causing tissue injury or inflammation [76].

There are two hypotheses regarding the destabilization of the TJs: direct proteolysis and disruption by
inflammatory cytokines [46]. Invading allergens, such as HDM allergens, contain protease, which is capable
of disrupting the T] molecules [80-82]. Proteolytic activity can be explained by the action of HDM cysteine
proteinase antigen D. pteronyssinus [80]. This HDM proteases can reduce Th1 polarization by mediating Th2-
biased immune responses [83,84]. For example, D. pteronyssinus deconstructs the IL-2 receptor involved in
Th1 proliferation to promote Th2 proliferation [83]. D. pteronyssinus has been reported to cleave
extracellular domain sites in occludin and claudin-1, leading to the degradation of TJs in the epithelium.
This results in increased epithelial permeability, thus increasing the accessibility of the dendritic APCs
residing beneath the epithelial barrier [80]. Furthermore, D. pteronyssinus has also been shown to cause a
time-dependent breakdown of T] and ZO-1 mislocalization from TJ [85].
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Furthermore, serum levels of IL-13 and IL-4, both of which are classical Th2 cytokines, are elevated in AR
patients [86]. IL-13 and IL-4 stimulation increased the expression of transient receptor potential vanilloid 4
(TRPV4) channels in cultured normal epithelial cells [87]. TRVP4 is a calcium-permeable channel found in
respiratory epithelial cells [87,88]. TRVP4 expression was found to be higher in AR patients compared to the
healthy control group [87]. Der p 1 reduced the expression of ZO-1 and E-cadherin after 24-hour stimulation
in the presence of the TRVP4 agonist GSK1016790A. This indicates that the increase of TRVP4 in AR
patients may exacerbate the destruction of the epithelial barrier caused by HDM-mediated activation of
TRPVA4 [87].

IL-33 is another inflammatory cytokine that has been implicated in AR pathogenesis. It is constitutively
expressed and localized in the nucleus of nasal epithelial cells. IL-33 is known to induce Th2 cytokine
production in Th2 cells, eosinophils, and mast cells [89]. In Japan, increased IL-33 expression has been
found in the serum of SAR patients, thus revealing the association between IL33 and AR [90]. Using the
ragweed pollen-induced murine model, IL-33 was constitutively expressed in nasal epithelial cells and
showed an accumulation of eosinophils and basophils [89]. In addition, the IL-33 level was increased in the
sinus mucosa and significantly correlated with the total nasal symptom score in HDM-sensitized AR
patients [91]. Intranasal administration of IL-33 showed decreased expression of occludin and ZO-1 in
control mice [92].

Conclusions

AR is highly prevalent globally. A deeper understanding of AR’s pathophysiology, including the roles of
immune responses and environmental triggers, is essential for developing more effective treatment
strategies. Insights into the involvement of the nasal epithelial barrier in AR pathogenesis highlight the
importance of exploring barrier integrity as a potential therapeutic target. Future research focused on this
aspect could lead to innovative and practical approaches to managing AR, ultimately improving outcomes
and quality of life for affected patients.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Noor Suryani Mohd Ashari
Drafting of the manuscript: Noor Suryani Mohd Ashari, Che Othman Siti Sarah
Supervision: Noor Suryani Mohd Ashari

Acquisition, analysis, or interpretation of data: Che Othman Siti Sarah

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: Noor Suryani Mohd Ashari declare(s) a
grant from Universiti Sains Malaysia (USM) of Research University. (1001.PPSP.8012285). Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

Acknowledgements

This article is a part of a student thesis by COSS. NSMA and COSS conceived, designed the manuscript
and reviewed drafts of the paper, prepared the figures, wrote the manuscript, and approved the final draft.

References

1. Pawankar R, Mori S, Ozu C, Kimura S: Overview on the pathomechanisms of allergic rhinitis . Asia Pac
Allergy. 2011, 1:157-67. 10.5415/apallergy.2011.1.3.157

2. Varshney ], Varshney H: Allergic rhinitis: an overview. Indian J Otolaryngol Head Neck Surg. 2015, 67:143-9.
10.1007/s12070-015-0828-5

3. Small P, Keith PK, Kim H: Allergic rhinitis. Allergy Asthma Clin Immunol. 2018, 14:51. 10.1186/s13223-018-
0280-7

4. Laulajainen-Hongisto A, Toppila-Salmi SK, Luukkainen A, Kern R: Airway epithelial dynamics in allergy and
related chronic inflammatory airway diseases. Front Cell Dev Biol. 2020, 8:204. 10.3389/fcell.2020.00204

5. Wang Ms ], Kang Ms X, Huang Ms ZQ, et al.: Protease-activated receptor-2 decreased zonula occlidens-1
and claudin-1 expression and induced epithelial barrier dysfunction in allergic rhinitis. Am ] Rhinol Allergy.
2021, 35:26-35. 10.1177/1945892420932486

2024 Siti Sarah et al. Cureus 16(10): €71409. DOI 10.7759/cureus.7 1409 60of 9


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.5415/apallergy.2011.1.3.157
https://dx.doi.org/10.5415/apallergy.2011.1.3.157
https://dx.doi.org/10.1007/s12070-015-0828-5
https://dx.doi.org/10.1007/s12070-015-0828-5
https://dx.doi.org/10.1186/s13223-018-0280-7
https://dx.doi.org/10.1186/s13223-018-0280-7
https://dx.doi.org/10.3389/fcell.2020.00204
https://dx.doi.org/10.3389/fcell.2020.00204
https://dx.doi.org/10.1177/1945892420932486
https://dx.doi.org/10.1177/1945892420932486

Cureus

Part of SPRINGER NATURE

10.

11.

12.

13.

14.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Elango S: Recent trends in the diagnosis and management of allergic rhinitis . Med ] Malaysia. 2005, 60:672-
6.

Léger D, Annesi-Maesano I, Carat F, et al.: Allergic rhinitis and its consequences on quality of sleep: an
unexplored area. Arch Intern Med. 2006, 166:1744-8. 10.1001/archinte.166.16.1744

Roger A, Arcala Campillo E, Torres MC, et al.: Reduced work/academic performance and quality of life in
patients with allergic rhinitis and impact of allergen immunotherapy. Allergy Asthma Clin Immunol. 2016,
12:40. 10.1186/513223-016-0146-9

Brozek JL, Bousquet |, Agache I, et al.: Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines-2016
revision. | Allergy Clin Immunol. 2017, 140:950-8. 10.1016/j.jaci.2017.03.050

Settipane RA, Charnock DR: Epidemiology of rhinitis: allergic and nonallergic. Clin Allergy Immunol. 2007,
19:23-34.

Galli S], Tsai M, Piliponsky AM: The development of allergic inflammation . Nature. 2008, 454:445-54.
10.1038/nature07204

Bauchau V, Durham SR: Prevalence and rate of diagnosis of allergic rhinitis in Europe . Eur Respir J. 2004,
24:758-64. 10.1183/09031936.04.00013904

Eriksson J, Ekerljung L, Ronmark E, Dahlén B, Ahlstedt S, Dahlén SE, Lundbéck B: Update of prevalence of
self-reported allergic rhinitis and chronic nasal symptoms among adults in Sweden. Clin Respir J. 2012,
6:159-68. 10.1111/j.1752-699X.2011.00269.x

Ait-Khaled N, Odhiambo |, Pearce N, et al.: Prevalence of symptoms of asthma, rhinitis and eczema in 13-
to 14-year-old children in Africa: the International Study of Asthma and Allergies in Childhood Phase III.
Allergy. 2007, 62:247-58. 10.1111/].1398-9995.2007.01325.x

Abokyi S, Koffuor G, Ntodie M, Kyel S, Gyanfosu L: Epidemiological profile and pharmacological
management of allergic conjunctivitis: a study in Ghana. Int ] Pharm Biomed. 2012, 3:195-200.
Appiah-Thompson P, Amuquandoh A: Prevalence and socioeconomic impact of allergic rhinitis among ear,
nose, and throat patients of a tertiary hospital. Cureus. 2023, 15:e49768. 10.7759/cureus.49768

Chong SN, Chew FT: Epidemiology of allergic rhinitis and associated risk factors in Asia . World Allergy
Organ . 2018, 11:17. 10.1186/s40413-018-0198-z

Alsowaidi S, Abdulle A, Shehab A, Zuberbier T, Bernsen R: Allergic rhinitis: prevalence and possible risk
factors in a Gulf Arab population. Allergy. 2010, 65:208-12. 10.1111/j.1398-9995.2009.02123.x

Katelaris CH, Lai CK, Rhee CS, et al.: Nasal allergies in the Asian-Pacific population: results from the
Allergies in Asia-Pacific Survey. Am J Rhinol Allergy. 2011, 25:3-15. 10.2500/ajra.2011.25.3674

Prasad V, Abdullah M, Nordin F, Subha ST: Prevalence, causes and treatments of allergic rhinitis in
Malaysia: a literature review. Egypt | Otolaryngol. 2022, 38:

Eriksson ], Bjerg A, Lotvall ], Wennergren G, Ronmark E, Torén K, Lundbéck B: Rhinitis phenotypes
correlate with different symptom presentation and risk factor patterns of asthma. Respir Med. 2011,
105:1611-21. 10.1016/j.rmed.2011.06.004

Blomme K, Tomassen P, Lapeere H, et al.: Prevalence of allergic sensitization versus allergic rhinitis
symptoms in an unselected population. Int Arch Allergy Immunol. 2013, 160:200-7. 10.1159/000339853
Droste JH, Kerhof M, de Monchy JG, Schouten JP, Rijcken B: Association of skin test reactivity, specific IgE,
total IgE, and eosinophils with nasal symptoms in a community-based population study. The Dutch ECRHS
Group. | Allergy Clin Immunol. 1996, 97:922-32. 10.1016/50091-6749(96)80066-2

Olivieri M, Verlato G, Corsico A, Lo Cascio V, Bugiani M, Marinoni A, de Marco R:  Prevalence and features of
allergic rhinitis in Italy. Allergy. 2002, 57:600-6. 10.1034/j.1398-9995.2002.23537 .x

Cazzoletti L, Ferrari M, Olivieri M, et al.: The gender, age and risk factor distribution differs in self-reported
allergic and non-allergic rhinitis: a cross-sectional population-based study. Allergy Asthma Clin Immunol.
2015, 11:36. 10.1186/513223-015-0101-1

Pakkasela J, [Imarinen P, Honkamaki ], et al.: Age-specific incidence of allergic and non-allergic asthma.
BMC Pulm Med. 2020, 20:9. 10.1186/s12890-019-1040-2

Pinart M, Keller T, Reich A, et al.: Sex-related allergic rhinitis prevalence switch from childhood to
adulthood: a systematic review and meta-analysis. Int Arch Allergy Immunol. 2017, 172:224-35.
10.1159/000464324

Ford ES, Mannino DM, Homa DM, Gwynn C, Redd SC, Moriarty DG, Mokdad AH: Self-reported asthma and
health-related quality of life: findings from the behavioral risk factor surveillance system. Chest. 2003,
123:119-27. 10.1378/chest.123.1.119

Jensen-Jarolim E, Untersmayr E: Gender-medicine aspects in allergology. Allergy. 2008, 63:610-15.
10.1111/§.1398-9995.2008.01645.x

Keil T, Bockelbrink A, Reich A, et al.: The natural history of allergic rhinitis in childhood . Pediatr Allergy
Immunol. 2010, 21:962-9. 10.1111/j.1399-3038.2010.01046.x

Kef K, Giiven S: The prevalence of allergic rhinitis and associated risk factors among university students in
Anatolia. ] Asthma Allergy. 2020, 13:589-97. 10.2147/JAA.S279916

Mehta H, Nazzal K, Sadikot RT: Cigarette smoking and innate immunity . Inflamm Res. 2008, 57:497-503.
10.1007/s00011-008-8078-6

Strzelak A, Ratajczak A, Adamiec A, Feleszko W: Tobacco smoke induces and alters immune responses in
the lung triggering inflammation, allergy, asthma and other lung diseases: a mechanistic review. Int |
Environ Res Public Health. 2018, 15:10.3390/ijerph15051033

Oryszczyn MP, Annesi-Maesano I, Charpin D, Paty E, Maccario ], Kauffmann F: Relationships of active and
passive smoking to total IgE in adults of the Epidemiological Study of the Genetics and Environment of
Asthma, Bronchial Hyperresponsiveness, and Atopy (EGEA). Am | Respir Crit Care Med. 2000, 161:1241-6.
10.1164/ajrccm.161.4.9905027

Saulyte ], Regueira C, Montes-Martinez A, Khudyakov P, Takkouche B: Active or passive exposure to tobacco
smoking and allergic rhinitis, allergic dermatitis, and food allergy in adults and children: a systematic
review and meta-analysis. PLoS Med. 2014, 11:e1001611. 10.1371/journal.pmed.1001611

Kim YS, Kim HY, Ahn HS, et al.: The association between tobacco smoke and serum immunoglobulin E
levels in Korean adults. Intern Med. 2017, 56:2571-7. 10.2169/internalmedicine.8737-16

2024 Siti Sarah et al. Cureus 16(10): €71409. DOI 10.7759/cureus.7 1409 70of9


https://pubmed.ncbi.nlm.nih.gov/16515128/
https://dx.doi.org/10.1001/archinte.166.16.1744
https://dx.doi.org/10.1001/archinte.166.16.1744
https://dx.doi.org/10.1186/s13223-016-0146-9
https://dx.doi.org/10.1186/s13223-016-0146-9
https://dx.doi.org/10.1016/j.jaci.2017.03.050
https://dx.doi.org/10.1016/j.jaci.2017.03.050
https://pubmed.ncbi.nlm.nih.gov/17153005/
https://dx.doi.org/10.1038/nature07204
https://dx.doi.org/10.1038/nature07204
https://dx.doi.org/10.1183/09031936.04.00013904
https://dx.doi.org/10.1183/09031936.04.00013904
https://dx.doi.org/10.1111/j.1752-699X.2011.00269.x
https://dx.doi.org/10.1111/j.1752-699X.2011.00269.x
https://dx.doi.org/10.1111/j.1398-9995.2007.01325.x
https://dx.doi.org/10.1111/j.1398-9995.2007.01325.x
https://www.researchgate.net/publication/235626074_Epidemiological_profile_and_pharmacological_management_of_allergic_conjunctivitis_A_study_in_Ghana
https://dx.doi.org/10.7759/cureus.49768
https://dx.doi.org/10.7759/cureus.49768
https://dx.doi.org/10.1186/s40413-018-0198-z
https://dx.doi.org/10.1186/s40413-018-0198-z
https://dx.doi.org/10.1111/j.1398-9995.2009.02123.x
https://dx.doi.org/10.1111/j.1398-9995.2009.02123.x
https://dx.doi.org/10.2500/ajra.2011.25.3674
https://dx.doi.org/10.2500/ajra.2011.25.3674
https://doi.org/10.1186/s43163-022-00361-4
https://dx.doi.org/10.1016/j.rmed.2011.06.004
https://dx.doi.org/10.1016/j.rmed.2011.06.004
https://dx.doi.org/10.1159/000339853
https://dx.doi.org/10.1159/000339853
https://dx.doi.org/10.1016/s0091-6749(96)80066-2
https://dx.doi.org/10.1016/s0091-6749(96)80066-2
https://dx.doi.org/10.1034/j.1398-9995.2002.23537.x
https://dx.doi.org/10.1034/j.1398-9995.2002.23537.x
https://dx.doi.org/10.1186/s13223-015-0101-1
https://dx.doi.org/10.1186/s13223-015-0101-1
https://dx.doi.org/10.1186/s12890-019-1040-2
https://dx.doi.org/10.1186/s12890-019-1040-2
https://dx.doi.org/10.1159/000464324
https://dx.doi.org/10.1159/000464324
https://dx.doi.org/10.1378/chest.123.1.119
https://dx.doi.org/10.1378/chest.123.1.119
https://dx.doi.org/10.1111/j.1398-9995.2008.01645.x
https://dx.doi.org/10.1111/j.1398-9995.2008.01645.x
https://dx.doi.org/10.1111/j.1399-3038.2010.01046.x
https://dx.doi.org/10.1111/j.1399-3038.2010.01046.x
https://dx.doi.org/10.2147/JAA.S279916
https://dx.doi.org/10.2147/JAA.S279916
https://dx.doi.org/10.1007/s00011-008-8078-6
https://dx.doi.org/10.1007/s00011-008-8078-6
https://dx.doi.org/10.3390/ijerph15051033
https://dx.doi.org/10.3390/ijerph15051033
https://dx.doi.org/10.1164/ajrccm.161.4.9905027
https://dx.doi.org/10.1164/ajrccm.161.4.9905027
https://dx.doi.org/10.1371/journal.pmed.1001611
https://dx.doi.org/10.1371/journal.pmed.1001611
https://dx.doi.org/10.2169/internalmedicine.8737-16
https://dx.doi.org/10.2169/internalmedicine.8737-16

Cureus

Part of SPRINGER NATURE

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Noal RB, Menezes AM, Macedo SE, Dumith SC: Childhood body mass index and risk of asthma in
adolescence: a systematic review. Obes Rev. 2011, 12:93-104. 10.1111/j.1467-789X.2010.00741.x

Peters U, Dixon AE, Forno E: Obesity and asthma. ] Allergy Clin Immunol. 2018, 141:1169-79.
10.1016/j.jaci.2018.02.004

Gogna M, Han YY, Forno E, Celedon JC: Is obesity related to allergic rhinitis?. ] Allergy Clin Immunol. 2015,
135:140. 10.1016/j.jaci.2014.12.1392

Ciprandi G, De Amici M, Tosca MA, Marseglia G: Serum leptin levels depend on allergen exposure in
patients with seasonal allergic rhinitis. Immunol Invest. 2009, 38:681-9. 10.3109/08820130903107965
Hsueh KC, Lin Y], Lin HC, Lin CY: Serum leptin and adiponectin levels correlate with severity of allergic
rhinitis. Pediatr Allergy Immunol. 2010, 21:e155-9. 10.1111/j.1399-3038.2009.00878.x

Paller AS, Spergel JM, Mina-Osorio P, Irvine AD: The atopic march and atopic multimorbidity: many
trajectories, many pathways. J Allergy Clin Immunol. 2019, 143:46-55. 10.1016/j.jaci.2018.11.006

Meng Y, Wang C, Zhang L: Recent developments and highlights in allergic rhinitis . Allergy. 2019, 74:2320-8.
10.1111/all.14067

Min YG: The pathophysiology, diagnosis and treatment of allergic rhinitis . Allergy Asthma Immunol Res.
2010, 2:65-76. 10.4168/aair.2010.2.2.65

Naclerio RM, Bachert C, Baraniuk JN: Pathophysiology of nasal congestion . Int ] Gen Med. 2010, 3:47-57.
10.2147/ijgm.s8088

London NR Jr, Ramanathan M Jr: The role of the sinonasal epithelium in allergic rhinitis . Otolaryngol Clin
North Am. 2017, 50:1043-50. 10.1016/j.0tc.2017.08.002

Spector SL, Nicklas RA, Chapman JA, et al.: Symptom severity assessment of allergic rhinitis: part 1 . Ann
Allergy Asthma Immunol. 2003, 91:105-14. 10.1016/s1081-1206(10)62160-6

Ciprandi G, Cirillo I, Vizzaccaro A, Tosca M, Passalacqua G, Pallestrini E, Canonica GW: Seasonal and
perennial allergic rhinitis: is this classification adherent to real life?. Allergy. 2005, 60:882-7.
10.1111/j.1398-9995.2005.00602.x

Dhong HJ: Classification of allergic rhinitis: what is most suitable in Korea? . Allergy Asthma Immunol Res.
2013, 5:65-7. 10.4168/aair.2013.5.2.65

Beard S: Rhinitis. Prim Care. 2014, 41:33-46. 10.1016/j.pop.2013.10.005

Shirasaki H, Kanaizumi E, Seki N, Himi T: Correlation of local FOXP3-expressing T cells and Th1-Th2
balance in perennial allergic nasal mucosa. Int ] Otolaryngol. 2011, 2011:259867. 10.1155/2011/259867

Lee HJ, Kim B, Im NR, et al.: Decreased expression of E-cadherin and ZO-1 in the nasal mucosa of patients
with allergic rhinitis: altered regulation of E-cadherin by IL-4, IL-5, and TNF-alpha. Am | Rhinol Allergy.
2016, 30:173-8. 10.2500/ajra.2016.30.4295

Wongpiyabovorn J, Suratannon N, Boonmee S, Chatchatee P: Comparison of specific IgE detection by
immunoblotting and fluorescence enzyme assay with in vivo skin prick test. Asian Pac | Allergy Immunol.
2018, 36:159-65. 10.12932/AP-270217-0035

Ansotegui IJ, Melioli G, Canonica GW, et al.: IgE allergy diagnostics and other relevant tests in allergy, a
World Allergy Organization position paper. World Allergy Organ J. 2020, 13:100080.
10.1016/j.waojou.2019.100080

Nam YH, Lee SK: Comparison between skin prick test and serum immunoglobulin E by CAP system to
inhalant allergens. Ann Allergy Asthma Immunol. 2017, 118:608-13. 10.1016/j.anai.2017.03.005

Bousquet |, Heinzerling L, Bachert C, et al.: Practical guide to skin prick tests in allergy to aeroallergens .
Allergy. 2012, 67:18-24. 10.1111/j.1398-9995.2011.02728.x

Bulat Lokas S, Plavec D, Riki¢ Piskovi¢ J, Zivkovi¢ ], Nogalo B, Turkalj M: Allergen-specific IgE
measurement: intermethod comparison of two assay systems in diagnosing clinical allergy. ] Clin Lab Anal.
2017, 31:22047. 10.1002/jcla.22047

Cox L, Nelson H, Lockey R, et al.: Allergen immunotherapy: a practice parameter third update . ] Allergy Clin
Immunol. 2011, 127:S1-55. 10.1016/j.jaci.2010.09.034

Mansfield L, Hutteman HR, Tyson S, Enriquez A: A multiallergen and miniscreen can change primary care
provider diagnosis and treatment of rhinitis. Am J Rhinol Allergy. 2012, 26:218-21.
10.2500/ajra.2012.26.3764

Tanno LK, Calderon MA, Smith HE, Sanchez-Borges M, Sheikh A, Demoly P: Dissemination of definitions
and concepts of allergic and hypersensitivity conditions. World Allergy Organ J. 2016, 9:24. 10.1186/s40413-
016-0115-2

Bridts CH, Sabato V, Mertens C, Hagendorens MM, De Clerck LS, Ebo DG: Flow cytometric allergy diagnosis:
basophil activation techniques. Methods Mol Biol. 2014, 1192:147-59. 10.1007/978-1-4939-1173-8 11
Okano M, Fujieda S, Gotoh M, et al.: Executive summary: Japanese guidelines for allergic rhinitis 2020.
Allergol Int. 2023, 72:41-53. 10.1016/j.alit.2022.11.003

Akuthota P, Weller PF: Eosinophils and disease pathogenesis. Semin Hematol. 2012, 49:113-19.
10.1053/j.seminhematol.2012.01.005

Han M, Lee D, Lee SH, Kim TH: Oxidative stress and antioxidant pathway in allergic rhinitis . Antioxidants
(Basel). 2021, 10:10.3390/antiox 10081266

Wheatley LM, Togias A: Clinical practice. Allergic rhinitis. N Engl ] Med. 2015, 372:456-63.
10.1056/NEJMcp1412282.Allergic

Watts AM, Cripps AW, West NP, Cox AJ: Modulation of allergic inflammation in the nasal mucosa of
allergic rhinitis sufferers with topical pharmaceutical agents. Front Pharmacol. 2019, 10:294.
10.3389/fphar.2019.00294

Toppila-Salmi S, van Drunen CM, Fokkens W], et al.: Molecular mechanisms of nasal epithelium in rhinitis
and rhinosinusitis. Curr Allergy Asthma Rep. 2015, 15:495. 10.1007/s11882-014-0495-8

Steelant B, Farré R, Wawrzyniak P, et al.: Impaired barrier function in patients with house dust mite-
induced allergic rhinitis is accompanied by decreased occludin and zonula occludens-1 expression. ] Allergy
Clin Immunol. 2016, 137:1043-53.e5. 10.1016/j.jaci.2015.10.050

Steelant B, Seys SF, Boeckxstaens G, Akdis CA, Ceuppens JL, Hellings PW: Restoring airway epithelial barrier
dysfunction: a new therapeutic challenge in allergic airway disease. Rhinology. 2016, 54:195-205.

2024 Siti Sarah et al. Cureus 16(10): €71409. DOI 10.7759/cureus.7 1409

8of9


https://dx.doi.org/10.1111/j.1467-789X.2010.00741.x
https://dx.doi.org/10.1111/j.1467-789X.2010.00741.x
https://dx.doi.org/10.1016/j.jaci.2018.02.004
https://dx.doi.org/10.1016/j.jaci.2018.02.004
https://dx.doi.org/10.1016/j.jaci.2014.12.1392
https://dx.doi.org/10.1016/j.jaci.2014.12.1392
https://dx.doi.org/10.3109/08820130903107965
https://dx.doi.org/10.3109/08820130903107965
https://dx.doi.org/10.1111/j.1399-3038.2009.00878.x
https://dx.doi.org/10.1111/j.1399-3038.2009.00878.x
https://dx.doi.org/10.1016/j.jaci.2018.11.006
https://dx.doi.org/10.1016/j.jaci.2018.11.006
https://dx.doi.org/10.1111/all.14067
https://dx.doi.org/10.1111/all.14067
https://dx.doi.org/10.4168/aair.2010.2.2.65
https://dx.doi.org/10.4168/aair.2010.2.2.65
https://dx.doi.org/10.2147/ijgm.s8088
https://dx.doi.org/10.2147/ijgm.s8088
https://dx.doi.org/10.1016/j.otc.2017.08.002
https://dx.doi.org/10.1016/j.otc.2017.08.002
https://dx.doi.org/10.1016/s1081-1206(10)62160-6
https://dx.doi.org/10.1016/s1081-1206(10)62160-6
https://dx.doi.org/10.1111/j.1398-9995.2005.00602.x
https://dx.doi.org/10.1111/j.1398-9995.2005.00602.x
https://dx.doi.org/10.4168/aair.2013.5.2.65
https://dx.doi.org/10.4168/aair.2013.5.2.65
https://dx.doi.org/10.1016/j.pop.2013.10.005
https://dx.doi.org/10.1016/j.pop.2013.10.005
https://dx.doi.org/10.1155/2011/259867
https://dx.doi.org/10.1155/2011/259867
https://dx.doi.org/10.2500/ajra.2016.30.4295
https://dx.doi.org/10.2500/ajra.2016.30.4295
https://dx.doi.org/10.12932/AP-270217-0035
https://dx.doi.org/10.12932/AP-270217-0035
https://dx.doi.org/10.1016/j.waojou.2019.100080
https://dx.doi.org/10.1016/j.waojou.2019.100080
https://dx.doi.org/10.1016/j.anai.2017.03.005
https://dx.doi.org/10.1016/j.anai.2017.03.005
https://dx.doi.org/10.1111/j.1398-9995.2011.02728.x
https://dx.doi.org/10.1111/j.1398-9995.2011.02728.x
https://dx.doi.org/10.1002/jcla.22047
https://dx.doi.org/10.1002/jcla.22047
https://dx.doi.org/10.1016/j.jaci.2010.09.034
https://dx.doi.org/10.1016/j.jaci.2010.09.034
https://dx.doi.org/10.2500/ajra.2012.26.3764
https://dx.doi.org/10.2500/ajra.2012.26.3764
https://dx.doi.org/10.1186/s40413-016-0115-2
https://dx.doi.org/10.1186/s40413-016-0115-2
https://dx.doi.org/10.1007/978-1-4939-1173-8_11
https://dx.doi.org/10.1007/978-1-4939-1173-8_11
https://dx.doi.org/10.1016/j.alit.2022.11.003
https://dx.doi.org/10.1016/j.alit.2022.11.003
https://dx.doi.org/10.1053/j.seminhematol.2012.01.005
https://dx.doi.org/10.1053/j.seminhematol.2012.01.005
https://dx.doi.org/10.3390/antiox10081266
https://dx.doi.org/10.3390/antiox10081266
https://dx.doi.org/10.1056/NEJMcp1412282.Allergic
https://dx.doi.org/10.1056/NEJMcp1412282.Allergic
https://dx.doi.org/10.3389/fphar.2019.00294
https://dx.doi.org/10.3389/fphar.2019.00294
https://dx.doi.org/10.1007/s11882-014-0495-8
https://dx.doi.org/10.1007/s11882-014-0495-8
https://dx.doi.org/10.1016/j.jaci.2015.10.050
https://dx.doi.org/10.1016/j.jaci.2015.10.050
https://dx.doi.org/10.4193/Rhino15.376

Cureus

Part of SPRINGER NATURE

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

10.4193/Rhino15.376

Hartsock A, Nelson WJ: Adherens and tight junctions: structure, function and connections to the actin
cytoskeleton. Biochim Biophys Acta. 2008, 1778:660-9. 10.1016/j.bbamem.2007.07.012

Garrod D, Chidgey M: Desmosome structure, composition and function. Biochim Biophys Acta. 2008,
1778:572-87. 10.1016/j.bbamem.2007.07.014

Salim SY, Soderholm JD: Importance of disrupted intestinal barrier in inflammatory bowel diseases .
Inflamm Bowel Dis. 2011, 17:362-81. 10.1002/ibd.21403

Vanheel H, Vicario M, Vanuytsel T, et al.: Impaired duodenal mucosal integrity and low-grade inflammation
in functional dyspepsia. Gut. 2014, 63:262-71. 10.1136/gutjnl-2012-303857

Schumann M, Kamel S, Pahlitzsch ML, et al.: Defective tight junctions in refractory celiac disease . Ann N'Y
Acad Sci. 2012, 1258:43-51. 10.1111/j.1749-6632.2012.06565.x

de Boer WI, Sharma HS, Baelemans SM, Hoogsteden HC, Lambrecht BN, Braunstahl GJ: Altered expression
of epithelial junctional proteins in atopic asthma: possible role in inflammation. Can | Physiol Pharmacol.
2008, 86:105-12. 10.1139/y08-004

Soyka MB, Wawrzyniak P, Eiwegger T, et al.: Defective epithelial barrier in chronic rhinosinusitis: the
regulation of tight junctions by IFN-y and IL-4. ] Allergy Clin Immunol. 2012, 130:1087-96.e10.
10.1016/j.jaci.2012.05.052

Zhao R, Guo Z, Zhang R, et al.: Nasal epithelial barrier disruption by particulate matter €2.5 pm via tight
junction protein degradation. ] Appl Toxicol. 2018, 38:678-7. 10.1002/jat.3573

Tatsuta M, Kan-O K, Ishii Y, et al.: Effects of cigarette smoke on barrier function and tight junction proteins
in the bronchial epithelium: protective role of cathelicidin LL-37. Respir Res. 2019, 20:251. 10.1186/s12931-
019-1226-4

Siti Sarah CO, Nur Husna SM, Md. Shukri N, Wong KK, Mohd Ashari NS: Zonula occludens-1 expression is
reduced in nasal epithelial cells of allergic rhinitis patients. Peer]. 2022, 10:e13314. 10.7717/peerj.13314
Wan H, Winton HL, Soeller C, et al.: Der p 1 facilitates transepithelial allergen delivery by disruption of tight
junctions. J Clin Invest. 1999, 104:123-33. 10.1172/JCI5844

Roche N, Chinet TC, Belouchi NE, Julié C, Huchon GJ: Dermatophagoides pteronyssinus and bioelectric
properties of airway epithelium: role of cysteine proteases. Eur Respir J. 2000, 16:309-15. 10.1034/j.1399-
3003.2000.16b20.x

Okano M: Mechanisms and clinical implications of glucocorticosteroids in the treatment of allergic rhinitis .
Clin Exp Immunol. 2009, 158:164-73. 10.1111/j.1365-2249.2009.04010.x

Schulz O, Sewell HF, Shakib F: Proteolytic cleavage of CD25, the a subunit of the human T cell interleukin 2
receptor, by Der p 1, a major mite allergen with cysteine protease activity. ] Exp Med. 1998, 187:271-5.
10.1084/jem.187.2.271

Chapman MD, Wiinschmann S, Pomés A: Proteases as Th2 adjuvants. Curr Allergy Asthma Rep. 2007, 7:363-
7.10.1007/s11882-007-0055-6

Wan H, Winton HL, Soeller C, et al.: Quantitative structural and biochemical analyses of tight junction
dynamics following exposure of epithelial cells to house dust mite allergen Der p 1. Clin Exp Allergy. 2000,
30:685-98. 10.1046/j.1365-2222.2000.00820.x

Siti Sarah CO, Md Shukri N, Mohd Ashari NS, Wong KK: Zonula occludens and nasal epithelial barrier
integrity in allergic rhinitis. Peer]. 2020, 8:€9834. 10.7717/peerj.9834

Lee K, Byun ], Kim B, Yeon ], Tai ], Lee SH, Kim TH: TRPV4-mediated epithelial junction disruption in
allergic rhinitis triggered by house dust mites. Am J Rhinol Allergy. 2021, 35:432-40.
10.1177/1945892420964169

Cao S, Anishkin A, Zinkevich NS, et al.: Transient receptor potential vanilloid 4 (TRPV4) activation by
arachidonic acid requires protein kinase A-mediated phosphorylation. | Biol Chem. 2018, 293:5307-22.
10.1074/jbc.M117.811075

Haenuki Y, Matsushita K, Futatsugi-Yumikura S, et al.: A critical role of IL-33 in experimental allergic
rhinitis. ] Allergy Clin Immunol. 2012, 130:184-94. 10.1016/j.jaci.2012.02.013

Sakashita M, Yoshimoto T, Hirota T, et al.: Association of serum interleukin-33 level and the interleukin-33
genetic variant with Japanese cedar pollinosis. Clin Exp Allergy. 2008, 38:1875-81. 10.1111/j.1365-
2222.2008.03114.x

Asaka D, Yoshikawa M, Nakayama T, Yoshimura T, Moriyama H, Otori N: Elevated levels of interleukin-33
in the nasal secretions of patients with allergic rhinitis. Int Arch Allergy Immunol. 2012, 158 Suppl 1:47-50.
10.1159/000337764

Sugita K, Steer CA, Martinez-Gonzalez I, et al.: Type 2 innate lymphoid cells disrupt bronchial epithelial
barrier integrity by targeting tight junctions through IL-13 in asthmatic patients. ] Allergy Clin Immunol.
2018, 141:300-10.e11. 10.1016/j.jaci.2017.02.038

2024 Siti Sarah et al. Cureus 16(10): €71409. DOI 10.7759/cureus.7 1409

90f9


https://dx.doi.org/10.4193/Rhino15.376
https://dx.doi.org/10.1016/j.bbamem.2007.07.012
https://dx.doi.org/10.1016/j.bbamem.2007.07.012
https://dx.doi.org/10.1016/j.bbamem.2007.07.014
https://dx.doi.org/10.1016/j.bbamem.2007.07.014
https://dx.doi.org/10.1002/ibd.21403
https://dx.doi.org/10.1002/ibd.21403
https://dx.doi.org/10.1136/gutjnl-2012-303857
https://dx.doi.org/10.1136/gutjnl-2012-303857
https://dx.doi.org/10.1111/j.1749-6632.2012.06565.x
https://dx.doi.org/10.1111/j.1749-6632.2012.06565.x
https://dx.doi.org/10.1139/y08-004
https://dx.doi.org/10.1139/y08-004
https://dx.doi.org/10.1016/j.jaci.2012.05.052
https://dx.doi.org/10.1016/j.jaci.2012.05.052
https://dx.doi.org/10.1002/jat.3573
https://dx.doi.org/10.1002/jat.3573
https://dx.doi.org/10.1186/s12931-019-1226-4
https://dx.doi.org/10.1186/s12931-019-1226-4
https://dx.doi.org/10.7717/peerj.13314
https://dx.doi.org/10.7717/peerj.13314
https://dx.doi.org/10.1172/JCI5844
https://dx.doi.org/10.1172/JCI5844
https://dx.doi.org/10.1034/j.1399-3003.2000.16b20.x
https://dx.doi.org/10.1034/j.1399-3003.2000.16b20.x
https://dx.doi.org/10.1111/j.1365-2249.2009.04010.x
https://dx.doi.org/10.1111/j.1365-2249.2009.04010.x
https://dx.doi.org/10.1084/jem.187.2.271
https://dx.doi.org/10.1084/jem.187.2.271
https://dx.doi.org/10.1007/s11882-007-0055-6
https://dx.doi.org/10.1007/s11882-007-0055-6
https://dx.doi.org/10.1046/j.1365-2222.2000.00820.x
https://dx.doi.org/10.1046/j.1365-2222.2000.00820.x
https://dx.doi.org/10.7717/peerj.9834
https://dx.doi.org/10.7717/peerj.9834
https://dx.doi.org/10.1177/1945892420964169
https://dx.doi.org/10.1177/1945892420964169
https://dx.doi.org/10.1074/jbc.M117.811075
https://dx.doi.org/10.1074/jbc.M117.811075
https://dx.doi.org/10.1016/j.jaci.2012.02.013
https://dx.doi.org/10.1016/j.jaci.2012.02.013
https://dx.doi.org/10.1111/j.1365-2222.2008.03114.x
https://dx.doi.org/10.1111/j.1365-2222.2008.03114.x
https://dx.doi.org/10.1159/000337764
https://dx.doi.org/10.1159/000337764
https://dx.doi.org/10.1016/j.jaci.2017.02.038
https://dx.doi.org/10.1016/j.jaci.2017.02.038

	Exploration of Allergic Rhinitis: Epidemiology, Predisposing Factors, Clinical Manifestations, Laboratory Characteristics, and Emerging Pathogenic Mechanisms
	Abstract
	Introduction And Background
	Survey methodology

	Review
	Epidemiology of AR
	Predisposing factors of AR
	Clinical manifestations of AR
	Laboratory characteristics and diagnostic criteria of AR
	Pathophysiologic mechanism of AR
	FIGURE 1: The pathophysiology of allergic rhinitis
	FIGURE 2: The interaction of TJs with either one of the ZO proteins at the epithelial cells.


	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


