
Frontiers in Neurology 01 frontiersin.org

A systematic review of the clinical 
evidence for an association 
between type I hypersensitivity 
and inner ear disorders
Bin Zeng 1,2,3, Ewa Domarecka 1, Lingyi Kong 1, Heidi Olze 1, 
Jörg Scheffel 2,3, Sherezade Moñino-Romero 2,3, 
Frank Siebenhaar 2,3 and Agnieszka J. Szczepek 1,4*
1 Department of Otorhinolaryngology, Head and Neck Surgery, Charité - Universitätsmedizin Berlin, 
Corporate Member of Freie Universität Berlin and Humboldt Universität zu Berlin, Berlin, Germany, 
2 Institute of Allergology, Charité - Universitätsmedizin Berlin, Corporate Member of Freie Universität 
Berlin and Humboldt-Universität zu Berlin, Berlin, Germany, 3 Fraunhofer Institute for Translational 
Medicine and Pharmacology ITMP, Allergology and Immunology, Berlin, Germany, 4 Institute of Health 
Sciences, Collegium Medicum, University of Zielona Góra, Zielona Góra, Poland

Inner ear disorders have a variety of causes, and many factors can contribute to 
the exacerbation of cochlear and vestibular pathology. This systematic review 
aimed to analyze clinical data on the coexistence and potential causal interaction 
between allergic diseases and inner ear conditions. A search of PubMed and 
Web of Science identified 724 articles, of which 21 were selected for full-text 
analysis based on inclusion and exclusion criteria. The epidemiologic evidence 
found overwhelmingly supports an association between allergic disease and 
particular inner ear disorders represented by a high prevalence of allergic 
reactions in some patients with Ménière’s disease (MD), idiopathic sudden 
sensorineural hearing loss (ISSHL), and acute low-tone hearing loss (ALHL). In 
addition, patients with MD, ISSHL, and ALHL had higher levels of total serum IgE 
than healthy subjects. Finally, in some cases, changes in cochlear potential may 
have been induced by antigen exposure, while desensitization alleviated allergy 
and inner ear-related symptoms. The exact mechanism of interaction between 
the auditory/vestibular and immune systems is not fully understood, and further 
clinical and basic research is needed to understand the relationship between the 
two systems fully.
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1 Introduction

The mammalian inner ear is a structure that allows auditory and balance perceptions. 
Located in the temporal bone, it consists of the cochlea, responsible for the auditory function, 
semi-circular canals that sense a rotary motion, and the vestibule comprising utricle and 
saccule that detect forward or backward and downward or upward movements, respectively 
(1). Another component of the inner ear is the endolymphatic sac, which is an extension of 
the cochlear duct and is responsible for adsorbing the endolymph produced by the cochlear 
stria vascularis and the dark cells of the vestibule (1). Multiple disorders can affect the inner 
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ear, resulting in hearing loss and tinnitus (2) or dizziness (3). Some of 
these conditions are associated with exposure to ototoxic substances 
[e.g., heavy metals or organic solvents (4)] or ototoxic medications 
[e.g., aminoglycoside antibiotics or cisplatin (5)], some others with 
noise exposure (noise-induced hearing loss (6)) and aging 
[presbyacusis (7)]. Interestingly, hearing loss can also be caused by an 
autoimmune inner ear disease (AIED), a rare condition associated 
with bilateral or asymmetric progressive hearing loss and the presence 
of autoantibodies or autoreactive T cells in the circulation (8, 9). 
Finally, hereditary hearing and balance disorders can 
be non-syndromic or syndromic, such as Usher syndrome (10) or 
Alport syndrome (11).

Among the less understood inner ear disorders are Ménière’s 
disease (MD), idiopathic sudden sensorineural hearing loss (ISSHL), 
and acute low tone hearing loss (ALHL). All three of these disorders 
affect patients’ ability to communicate and, over time, make them 
candidates for cochlear implantation. MD is a disorder that affects the 
entire inner ear, negatively impacting hearing and balance and 
manifesting as episodes of vertigo and fluctuating hearing symptoms: 
low- to mid-frequency sensorineural hearing loss, tinnitus, and 
fullness in the ear (12). Having an estimated prevalence of 0.19% 
among insured persons in the USA, MD is reported mainly by adults 
(commonly aged 40–60 years), and only about 3% of cases occur in 
persons younger than 18 (13–16). As the number of episodes 
increases, the fluctuating hearing symptoms get more pronounced and 
permanent, resulting in unilateral deafness (17). Unfortunately, about 
half of the patients with unilateral MD develop contralateral disease 
over time, ultimately leaving them with bilateral deafness (17). 
Research into understanding the pathological mechanism leading to 
MD began almost a century ago. In 1938, the histopathological 
findings in temporal bones of patients with MD were described 
independently by Hallpike in England (18) and Yamakawa in Japan 
(19). Both groups found endolymphatic hydrops, which refer to a 
swelling of the cochlear duct (scala media) in the MD patients (20). 
Endolymphatic hydrops may lead to the temporary rupture of the 
Reissner membrane, resulting in the mixing of endolymph and 
perilymph and a decrease in the endocochlear potential, leading to 
clinical symptoms. Although the endolymphatic hydrops in patients 
with MD is characteristic of this disease, its etiology has not yet been 
well elucidated. Contemporary treatment of MD is mainly 
symptomatic and involves dietary restrictions, intratympanic injection 
of steroid or ototoxic medications, systemic use of betahistine, 
diuretics, vestibular neurectomy, or endolymphatic sac surgery (17). 
The concept of allergy being one of the factors contributing to MD’s 
pathogenesis was first proposed by Duke (21). Over the past decades, 
researchers have studied and reviewed this interesting hypothesis 
(22–27).

ISSHL is a unilateral auditory condition accompanied by 
fullness in the ear and tinnitus and is sometimes associated with 
vestibular symptoms. ISSHL has an incidence of 5–20 per 100,000 
people annually (28). The pathophysiology of this disease remains 
largely unknown. In some cases, the reasons might be tracked to 
vestibular schwannoma, multiple sclerosis, stroke, infections of the 
central nervous system, and others. Even though spontaneous 
recovery may occur, local or systemic corticosteroid therapy is 
often used as the treatment of choice. However, only a proportion 
of treated patients recover (28). The hypothesis about the role of 
allergy in the etiopathogenesis of ISSHL was posed in 2006 by 

Lombardi et al. (29), who suggested that local (cochlear) allergic 
inflammation could cause SSHL. ALHL is often viewed as a 
subtype of ISSHL, with the main difference being that it does not 
affect high but low frequencies. Some ALHL patients develop 
tinnitus and vertigo and progress to MD over the years (30). The 
transformation of ALHL to MD has recently been associated with 
elevated serum IgE antibody levels, suggesting a possible 
association with allergy (31). In addition, the frequent positive 
response of ALHL patients to corticosterone therapy was suggested 
to link this type of hearing loss and the immune system (32, 33).

Allergic reactions refer to undesirable responses of the immune 
system and are classified into four types of hypersensitivity (34): Type I: 
immediate hypersensitivity or anaphylaxis; Type II: cytotoxic or 
antibody-dependent hypersensitivity; Type III: immune complex 
disease and Type IV: delayed-type hypersensitivity. Type 
I hypersensitivity is a rapid allergic reaction provoked by re-exposure to 
a specific type of antigen, with hay fever or allergic asthma as classic 
examples. It is driven by the IgE class of antibodies specific to a particular 
antigen bound to mast cells or basophils via the high affinity receptor 
for IgE, FcεRI. Cross-linking of the receptor by an antigen induces their 
degranulation and rapid release of inflammatory mediators including 
histamine and various proteases. Common environmental and food 
allergens are typical triggers of type I hypersensitivity reactions.

In recent years, there have been reports of immune system cells 
residing in the inner ear of humans and animals under steady-state 
conditions. These include lymphocytes, macrophages (35, 36), 
neutrophils, B-, T-, NK-, myeloid cells (33), and mast cells (37, 38). 
Immune cells can also infiltrate the cochlea from the periphery after 
noise exposure (39). The precise role of resident immune cells is not 
well understood. Still, the ability of peripheral myeloid-derived cells 
to colonize or infiltrate the inner ear suggests the existence of an 
interconnection between the auditory sensory and immune systems.

In the present study, we asked if there a relationship between 
allergic diseases and inner ear function. To answer this question, 
we conducted an extensive literature search to identify evidence of a 
possible association between allergies and inner ear disorders, or lack 
thereof. We  were interested in which inner ear disorders were 
observed to be comorbid with allergic disorders and which allergic 
disorders were observed to be comorbid with inner ear disorders. 
We  were also interested in how the hearing or vestibular system 
responds to treating allergic diseases in comorbid patients.

2 Materials and methods

2.1 Search strategy

This study’s literature review was conducted in June 2023, using 
two databanks: the US National Library of Medicine – National 
Institutes of Health (PubMed) and the Web of Science. The keywords 
included the following keywords:

 • “Mast cell” AND “hearing loss” OR “Vertigo” OR “Tinnitus” OR 
“Endolymphatic hydrops” OR “Ménière disease”

 • “IgE” AND “hearing loss” OR “Vertigo” OR “Tinnitus” OR 
“Endolymphatic hydrops” OR “Ménière disease”

 • “Allergy” AND “hearing loss” OR “Vertigo” OR “Tinnitus” OR 
“Endolymphatic hydrops” OR “Ménière disease”
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Full-text articles were downloaded when the title, abstract, or 
keywords indicated that the study qualifies for this study.

2.2 Selection criteria

2.2.1 Inclusion criteria
 • Articles published before June 2023
 • Original research

2.2.2 Exclusion criteria
 • Literature review, case report, letter to Editor, and editorials
 • Full text not available (no online access, or the local library was 

unable to obtain a copy via library networks)
 • Articles written in a language other than English

 • Animal studies

Our search identified 724 studies in total. After removing 
duplicate studies, two individual reviewers independently screened 
the titles and abstracts of the remaining 609 articles. After applying 
the selection criteria, 21 articles were included in the analyses 
(Figure 1).

3 Results

3.1 Characteristics of included studies

The research teams that published the 21 articles included in this 
review were based in Europe, North America, Asia, and Africa. 
Seventeen publications (81%) had open or free access.

Records identified from

Databases (n = 724)

Registers (n = 0)

Records removed before 
screening:

Duplicate records (n = 115)

Records screened (title and 
abstract screening, n = 609)

Records excluded during the first 
screening of title and abstract:
(n=567)

Reasons for exclusion: language 
other than English, wrong 
publication type (e.g., review, 
letter to the editor), background 
article, wrong study design, 
wrong population)

Reports assessed for eligibility 
(full text screening, n = 42)

Reports excluded:

Case report (n = 8)

Animal study (n = 5)

Off-topic (n = 4)

Full text not found* (n=4)

Studies included in review

(n = 21)

Identification of studies via databases and registers
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FIGURE 1

The PRISMA diagram (40) visualizing the literature selection process. “n” signifies the number of publications. *(Full text not found): the publication was 
not available online, and the local library and national library network could not provide a reprint.
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TABLE 1 Characteristics of the studies included in this review.

References Design
Case-
controlled

Type of study Study focus
Disease 
studied

How was the 
information about 
inner ear Status 
obtained

How was the 
information about 
immune status 
obtained

Viscomi and Bojrab (41) Prospective No Immune challenge/

interventional

Allergies in otologic 

patients

MD Pure-tone audiometry, speech 

discrimination, ECochG

Medical history, challenge with 

allergen

Gibbs et al. (42) Prospective No Immune challenge/

interventional

Allergies in otologic 

patients

MD ECochG Medical history, challenge with 

allergen

Derebery (43) Prospective Yes Immune challenge/

interventional

Allergies in otologic 

patients

MD Not stated Questionnaire

Noell et al. (44) Prospective Yes Immune challenge/

interventional

Allergies in otologic 

patients

MD ECochG Medical history, RAST

Eaton et al. (45) Prospective No Immune challenge/

interventional

Allergies in otologic 

patients

MD ECochG Medical history, RAST

Topuz et al. (46) Prospective No Immune challenge/

interventional

Allergies in otologic 

patients

MD Pure-tone audiometry, speech 

discrimination, ECochG, reporting 

inner ear symptoms

SPT, challenge with allergen

Howard et al. (47) Prospective No Observational Allergies in otologic 

patients

MD Medical history Medical history, RAST, total IgE 

levels

Derebery and Berliner 

(48)

Prospective Yes Observational Allergies in otologic 

patients

MD Medical history Survey

Boulassel et al. (49) Prospective Yes Observational Allergies in otologic 

patients

MD Medical history ELISA (antigen—food allergens, 

detection—atni-IgG, anti-IgA)

Keles et al. (50) Prospective Yes Observational Allergies in otologic 

patients

MD Medical history FACS analysis of PBMCs, 

cytokine ELISA

Toubi et al. (51) Prospective Yes Observational Allergies in otologic 

patients

ISSHL Medical history Indirect IFA, SPT, total IgE

Sen et al. (52) Prospective Yes Observational Allergies in otologic 

patients

MD Questionnaire Questionnaire

Di Berardino and 

Cesarani (53)

Prospective Yes Observational Allergies in otologic 

patients

MD Medical history SPT

Keles et al. (54) Prospective Yes Observational Allergies in otologic 

patients

ISSHL Medical history Flow cytometry, ELISA (total 

IgE, IL4, IL10, and IFN-γ), SPT

Ma et al. (31) Prospective Yes Observational Allergies in otologic 

patients

ALHL Medical history, ECochG Total IgE, specific IgE

Roomiani et al. (55) Prospective Yes Observational Allergies in otologic 

patients

MD Medical history Total IgE, specific IgE

Lasisi and Abdullahi (15) Retrospective No Observational Otologic conditions in 

allergy patients

AR Medical records Medical records

Singh et al. (56) Prospective Yes Observational Otologic conditions in 

allergy patients

AR Pure-tone audiometry with 

extended high frequencies (0.250–

16 kHz), tympanometry, OAE, 

ABR

Medical records

Karabulut et al. (57) Prospective Yes Observational Otologic conditions in 

allergy patients

AR Pure-tone audiometry SPT, medical records

Sahni et al. (58) Prospective Yes Observational Otologic conditions in 

allergy patients

AR Pure-tone audiometry, OAE Medical records

Mahajan et al. (59) Prospective Yes Observational Otologic conditions in 

allergy patients

AR Pure-tone audiometry OAE, ABR Medical records

Studies were sorted by publication date. MD, Ménière’s disease; ISSHL, idiopathic sudden sensorineural hearing loss; ALHL, acute low tone sensorineural hearing loss; AR, allergic rhinitis; 
IFA, immuno-fluorescence assay; RAST, radioallergosorbent test; SPT, skin prick testing; ECochG, electrocochleography; OAE, otoacoustic emissions; ABR, auditory brainstem responses.

Twenty studies used a prospective design, one used a retrospective 
design, and 15 used case controls (Table 1). Fifteen studies were purely 
observational, whereas six applied anti-allergic interventions or 
antigen challenges to observe otologic changes; 16 focused on the 
characterization and presence of allergies in patients with otologic 
conditions, and five addressed the presence of otologic conditions in 
allergic patients. Only four papers were published in the last 5 years, 
while the rest were published between 1992 and 2013.

Ten publications examined the epidemiologic relationship 
between allergy and inner ear disease, six studied the 
immunopathologic relationship, one article focused on the effect of 
allergy treatment on MD, and four articles used electrocochleography 
to document changes in inner ear function after intranasal challenge 
in patients with MD.

The sex ratio and age range of study participants varied among the 
included studies. Thirteen (62%) articles had a female/male ratio > 1 
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(range 1.1:1–3.8:1), one (5%) article had a female/male ratio 1:1, four 
(19%) had a female/male ratio < 1 (range 0.3:1–0.9:1) and three articles 
did not report gender. Regarding the age range, 17 (80%) of the studies 
enrolled subjects between 30 and 60 years, two (10%) included 
subjects younger than 30 years, and the other two did not mention the 
age of the patients. Medians and interquartile ranges (IQRs) could not 
be calculated because age reporting varied between articles, ranging 
from reporting only the mean and standard deviation to reporting the 
age of individual patients to reporting only the age range.

3.2 Epidemiology

Ten studies focused on the epidemiological aspect of the 
association between allergy and inner ear disease (Table 2). Four of 
these studies examined hearing function in patients diagnosed with 
allergic rhinitis (AR)/nasal allergy, while the other six focused on the 
prevalence of allergy in patients with inner ear conditions.

A study published in 1997 by Howard et al. (47) analyzed the data 
of 186 patients seen for dizziness (66%), tinnitus (63%), hearing loss 
(49%), ear fullness (48%), MD (27%), balance disorders other than 
dizziness (21%), and Eustachian tube dysfunction (4%). The authors 
found a 38% prevalence of immunoglobulin E-mediated 
hypersensitivity in a group of patients seen for neuro-otologic 
symptoms, not sinus symptoms. This prevalence was within the range 
for unspecified rhinitis (14–63.3%) or AR (3.5–54.5%) reported in the 

United States (60). Later, in 2000, Derebery et al. found the prevalence 
of airborne allergy among MD patients to be 41.6% (n = 734), which 
was higher than in the general population (31.5%) or in the population 
of patients attending an otologic clinic for other symptoms (27.6%; 
n = 172) (48). This observation was supported in 2005 by Sen et al. 
(52), who showed by questionnaire that the prevalence of allergy in 
patients with MD was 51.9%, which was significantly higher than in 
the age- and sex-matched controls (23%; p < 0.05) or that found in the 
general population. Approximately half of the allergies reported by 
patients with MD were attributed to food allergies, and the other half 
to airborne allergies. Topuz et  al. found that all 48 MD patients 
included in the study were atopic according to skin prick testing (SPT) 
for food and inhalant allergens (46). Importantly, none of the patients 
tested had noticed allergic symptoms. Finally, Di Berardino et  al. 
performed SPT in patients with definite MD. The antigens used 
included several common inhalants, bovine milk proteins, ovalbumin, 
wheat flour, tomato, potato, apple, carrot, and gliadin (53). This study 
showed 82.7% of MD patients were positive for one or more allergens.

Four studies have investigated the prevalence of hearing 
dysfunction in patients with allergies. Lasisi et al. (15) performed a 
retrospective analysis of patients with known nasal allergies. In this 
study, clinical diagnoses of inner ear disorders were made in 95 of 144 
patients included in the study (66%) and comprised 25 cases of 
idiopathic tinnitus (17.4%), 17 cases of idiopathic sensorineural 
hearing loss (SHL) (11.8%), 13 cases of idiopathic vertigo (9%), 11 
cases of benign paroxysmal positional vertigo (7.8%), 9 cases of MD 

TABLE 2 Characteristics of studies linking allergy and inner ear disease. The number of patients and controls is shown, and the main findings are presented.

References Study group Control group Main findings

Howard et al. (47)
Patients with otologic 

disorders, n = 186
None

38% of patients had evidence of inhalant allergy

Derebery and and 

Berliner (48)
MD patients, n = 734

Patients with otologic problems 

than MD, n = 172

59.2% of MD patients reported possible airborne allergy, 40.3% had or suspected 

food allergies, and 37% had had confirmatory skin or in vitro tests for allergy. 

These prevalence rates were significantly higher than those found in the control 

group, of which 42.7% reported having or suspecting airborne allergies, and 25% 

had or suspected food allergies (p ≤ 0.005)

Keles et al. (50) MD patients, n = 48 Healthy volunteers, n = 46
Allergy history was found in 67.3% of the patients, while the ratio in the control 

group was 34.7%

Sen et al. (52) MD, n = 108 Other otologic problems, n = 100
52% of patients with MD reported allergy, which was significantly higher than 

allergy in the control group (23%, p < 0.001)

Topuz et al. (46) MD, n = 48 None
After the provocation, 30 (62.5%) patients had tinnitus and fullness in the diseased 

ear, and 6 (12.5%) patients had vertigo

Lasisi and Abdullahi 

(15)
AR, n = 144 None

Otologic symptoms found in 66% of subjects with AR: peripheral vestibular 

symptoms11.6%; idiopathic tinnitus 26.3%; idiopathic SHL 18%; cochlear hydrops 

6%; autoimmune inner ear disease 6%

Singh et al. (56) AR, n = 30 Healthy volunteers, n = 20
There is a higher prevalence of hearing loss and otoacoustic emission 

abnormalities in the AR group than in the controls

Di Berardino and 

Cesarani (53)
MD, n = 58

Healthy volunteers, n = 25

Multiple allergens sensitized 

patients, n = 25

82.7% of MD patients were positive for skin prick tests for one or more allergens

Sahni et al. (58) AR, n = 100 Healthy volunteers, n = 100 32% of AR patients had abnormal OAE

Mahajan et al. (59) AR, n = 100 Healthy volunteers, n = 50
AR patients had abnormal OAE in the frequencies between 1,481 and 8,000 Hz 

and identified prolonged wave I in ABR

MD, Ménière’s disease; BPPV, Benign paroxysmal positional vertigo; SHL, sensorineural hearing loss; AR, allergic rhinitis; ABR, auditory brainstem response; DPOAE, distortion product 
otoacoustic emission; OAE, otoacoustic emission.
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(6.3%), 8 cases of vestibular hydrops (5.6%), 6 cases of cochlear 
hydrops (4.2%), and 6 cases of autoimmune inner ear disease (4.2%). 
A recent umbrella review estimated the pooled prevalence of 
diagnosed tinnitus in adults worldwide to be  3.4% (61), so the 
diagnosis of idiopathic tinnitus in 17.4% of patients with allergies 
indicates a higher prevalence than in the general population. It is 
complex to compare the prevalence of SHL shown in the study by 
Lasisi et al. with the general population because the authors did not 
specify which subtype of sensorineural hearing loss was diagnosed 
(e.g., sudden, age-related, or noise-induced). The prevalence of 
idiopathic vertigo in the general population has been estimated to 
be  7% (62), close to the 9% observed in the study. However, the 
prevalence of benign paroxysmal positional vertigo in allergic patients 
(7.8%) was higher than the lifetime prevalence (2.4%) or the 1-year 
prevalence (1.6%) in the general population (63). The prevalence of 
MD in the general population ranges from 0.0035 to 0.513% (17). In 
contrast, the general population’s epidemiology of vestibular and 
cochlear hydrops remains unknown, but they are often associated with 
MD. Therefore, the reported prevalence of MD (6.3%) and both types 
of hydrops (5.6 and 4.2%) is higher than expected in the general 
population. Finally, autoimmune inner ear disease is also rare 
(incidence of 0.015%) (64), and its detection in 4.2% of allergy 
sufferers suggests that it is more common in this group of patients. In 
summary, the prevalence of inner ear disease was higher in Lasisi’s 
study than in the general population.

Singh et  al. (56) used inner ear-specific tests to compare the 
hearing abilities of 30 patients with AR and 20 age- and sex-matched 
healthy controls. Tests included otoacoustic emissions (OAE) which 
measure a byproduct of sound processing by the cochlea, and auditory 
brainstem response (ABR) which records the electrical activity 
occurring in eight cranial nerve and the auditory brainstem in 
response to sound stimulation. They found that 90% of AR patients 
had abnormal OAE in the frequencies between 1,003 and 3,991 Hz, 
consistent with cochlear damage. This was in contrast to healthy 
(AR-free) controls. In addition, there were also significant differences 
in the ABR, such as prolongation of the wave I latency, indicating 

cochlear damage in the AR patients, which was absent in the controls 
who had wave I values within the norm (65). von Brevern et al. (63) 
used the same audiometric tests to evaluate the hearing ability of 100 
AR patients and 50 controls. They also found that AR patients had 
abnormal OAE in the frequencies between 1,481 and 8,000 Hz and 
identified prolonged wave I in ABR. Finally, in a sample of 100 AR 
patients and 100 controls, Sahni et  al. (58) found that 35% had 
abnormal OAE compared to only 7% of controls. Despite the 
differences in the sample composition (age ranges: Singh et al. 17–45; 
Sahni et a. 10–40; Mahajani’s study provided only the mean age, which 
was 32.91 SD =12.40), which could have contributed to the differences 
seen, the primary trend of the findings supports the evidence that AR 
patients have a higher prevalence of ABR and OAE abnormalities 
consistent with sensorineural hearing loss than healthy controls.

3.3 Immunopathology

Six studies (28.6%) included in this review investigated immune 
parameters in patients with inner ear disease (Table 3). Boulassel 
et al. (49), Keles et al. (50), and Roomiani et al. (55) focused on MD 
patients. Keles et al. and Roomiani et al. showed that MD patients 
had a higher concentration of total serum IgE than healthy subjects 
or patients with otologic disorders other than MD. Keles also 
investigated cytokine profiles, allergic parameters, and lymphocyte 
subsets in blood and serum of 46 MD patients and 46 age-matched 
healthy controls. This study found that the mean level of total IgE in 
serum was significantly higher in MD patients (mean IgE 
concentration 267.10 ± 394.69 IU/mL) than in the controls (mean 
IgE concentration 97.78 ± 87.34, p < 0.05) and that there were more 
subjects in MD group with elevated total IgE (19/46, 41.3%) than in 
the control group (9/46, 19.5%). Furthermore, MD patients had 
more circulating CD4+ cells (mean 44.22% ± 8.86) than controls 
(mean 39.49 ± 4.85; p < 0.05), increased CD4+/CD8+ cell ratio (MD 
1.65 ± 0.71, controls 1.22 ± 0.24; p < 0.05), more circulating CD23+ 
cells (MD mean 10.09% ± 3.96, controls 6.82% ± 1.88; p < 0.05), and 

TABLE 3 Studies on the immunopathologic link between allergy and inner ear disorders.

References
Study 
group

Control 
group

Main findings

Boulassel et al. (49) MD, n = 29
Healthy volunteers, 

n = 29
Lack of significant increase in IgG or IgA antibodies against any common food allergen

Keles et al. (50) MD, n = 48
Healthy volunteers, 

n = 46

In MD patients: positive correlations between: CD23 and IgE, CD8 and IgE, CD4/CD8 and IgE, and CD23 

and CD8. Elevated total IgE. Increased numbers of CD4+ and CD23+ cells, greater CD4/CD8 ratio, increased 

IL-4

Toubi et al. (51)
ISSHL, 

n = 51

Healthy volunteers, 

n = 35

Significantly more ISSHL patients than controls have antinuclear and anti-thyroid antibodies. Presence of 

rheumatoid factor in 12%; anti-CL antibodies in 31%, anti-Bz GPI antibodies in 12% of ISSHL. Elevated 

total IgE in 27% and positive skin tests in 42% of patients.

Keles et al. (54)
ISSHL, 

n = 31

Healthy volunteers, 

n = 30

ISSHL group had positive correlations between IgE and CD23, IL10, IL4; IL4 and IL10, CD23+ and CD4+ 

cells; IL10 and CD23, CD4 (p = 0.000); 25.8% of patients had elevated total IgE levels, and 61.9% had a 

history of allergy

Ma et al. (31)
ALHL, 

n = 115
ISSHL, n = 127

Total IgE and specific IgE levels correlated with the SP/AP ratio in the ECochG of the ALHL group

Roomiani et al. (55) MD, n = 39
Healthy volunteers, 

n = 41

Elevated total IgE serum level in MD patients. Significant correlation between MD symptoms and serum 

immunoreactivity to allergens

MD, Ménière’s disease; SHL, sensorineural hearing loss; ISSHL, idiopathic sudden sensorineural hearing loss; ALHL, acute low tone sensorineural hearing loss; ECochG, electrocochleography.
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elevated blood concentrations of interleukin–4 (IL-4) (MD mean 
IL4 6.35 pg./mL ± 6.20, controls 2.67 pg./mL ± 0.65; p < 0.05). The 
test results for specific IgE levels were grouped into four categories: 
negative, mildly positive (specific IgE levels between 3.5 and 
17.5 IU/mL), positive (specific IgE levels between 17.5–50.0 IU/mL) 
and strongly positive (greater than 50 IU/mL). Interestingly, when 
tested for specific IgE levels, several MD patients were strongly 
positive for fungi (6, 13.0% of the group), fruit (2, 4. 3% of the 
group), cow’s milk (12, 26.0% of the group), wheat flour (2, 4.3% of 
the group), beef (2, 4.3% of the group), and rice (4, 8.6% of the 
group), while none of the controls tested strongly positive for any of 
the allergens. In addition, positive correlations were found between 
the counts of CD23+ cells and IgE, CD8+ cells and IgE, CD4+/CD8+ 
ratio and IgE, and CD23+ and CD8+ cells (p < 0.01 for 
each correlation).

Boulassel et al. (49), however, showed that MD patients had no 
significant increase in specific IgG and IgA antibodies against 
common allergens [gliadin, ß-lactoglobulin, soy, albumin, ovalbumin, 
DPT (house dust mite), and S. cerevisiae]. Yet, in contrast to the other 
publications, Boulassel et al. determined antibody titers in serum by 
ELISA, and did not used SPT to identify IgE sensitization.

Three other studies focused on the association between idiopathic 
sudden sensorineural hearing loss (SSHL or ISSHL) and allergies. 
Consistent with the hypothesis of Lombardi et al. (29), Keles et al. 
evaluated the role of allergy in SSHL by serum cytokine profile, 
allergic parameters, and characterization of lymphocyte subsets in a 
sample of 31 SSHL patients and 30 age-matched healthy control 
subjects (54). The SSHL patients had a significantly higher percentage 
of CD23+ circulating lymphocytes (median 9.05, range 4.82–17.15) 
than the controls (median 5.40, range 2.50–18.17), p < 0.001, as well as 
CD4+ cells (SSHL patients median 43.7%, range 36.32–58.37; controls 
median 38.60, range 30.10–49.10; p < 0.001). In addition, in SSHL 
patients, strong positive correlations were found between the IgE 
levels, the numbers of CD23+ cells, and the serum concentrations of 
IL-4 and IL-10 (p < 0.001). IL-4 and IL-10 concentrations correlated 
and with numbers of CD23+ and CD4+ cells p = 0.000. This finding was 
consistent with a prospective follow-up study by Toubi et al. (51). In 
this study, 27% of SSHL patients (14/51) had significantly higher levels 
of total IgE compared to 8% of controls (3/35); p = 0.03. Six of the 14 
patients with elevated IgE had a positive SPT for at least one allergen, 
but only three reported clinical symptoms. In the study of Ma et al., 
which included 115 patients with acute low-tone sensorineural 
hearing loss (ALHL) and 127 subjects with “conventional,” high-
frequency idiopathic SSHL, differences in total and specific IgE levels 
were found between these two groups (31). ALHL patients had a mean 
of 66.47 IU/mL of total IgE (IQR 24.56–180.96), whereas SSHL 
patients had 27.01 IU/mL of total IgE (IQR 6.76–84.25), p = 0.000. 
Moreover, the levels of specific IgE significantly differed between the 
groups, being 9.42 AU/mL in the ALHL group (IQR 1.42–22.23) and 
0.68 AU/mL in the SSHL group (IQR 0.39–2.6), p = 0.000.

The electrocochleography (ECochG), provides an objective 
information about the summation potential (SP, reflecting distortion 
products from outer hair cells) and action potential (AP, reflecting 
fluid balance in the inner ear) in the cochlea. An elevated SP/AP ratio 
indicates endolymphatic hydrops (41). In the ALHL patients, the IgE 
levels positively correlated with the SP/AP ratio measured by ECochG 
(multiple regression model R2 = 0.413, p = 0.001 for specific IgE, 
p = 0.001 for total IgE) (31).

3.4 Impact of antigenic stimulation or 
allergy treatment on inner ear disorders

We identified seven studies in which allergic challenges and /or 
anti-allergy interventions were used, and the outcome measures were 
otologic tests (Table 1). In the first study in 1992, Viscomi and Bojrab 
(41) monitored inner ear responses to antigenic stimulation in five 
MD patients using ECochG. All of the patients had a high SP/AP 
when they were challenged by intracutaneous injection with the 
antigens to which they were allergic, which included milk, wheat, soy, 
egg, and corn. In a study conducted by Howard et al. (47), patients 
with allergies were identified by a radioallergosorbent test (RAST) 
testing of 186 individuals with otologic disorders that included 
tinnitus, vertigo, fluctuating hearing loss, aural fullness, MD, 
perilymphatic fistula, multiple sclerosis, and, and posterior cranial 
fossa circulation compromise. Of the 186 subjects, 78 (36%) were 
RAST-positive. From seven MD patients with proven IgE-mediated 
allergy who agreed to immunotherapy (protocol not described in the 
paper), all reported a subjective improvement in their otologic 
symptoms. In another study performed in 1999 by Gibbs et al. (42), 
seven MD patients with known inhalant allergies were identified and 
challenged via the nasal mucosa for 20 min with patient-specific 
allergens (not specified). ECochG performed after the challenge 
indicated an SP/AP ratio elevation in four of seven MD patients. In 
2001, Noell et al. (44) followed the study of Gibbs et al. and identified 
eleven MD patients with comorbid inhalant allergy using RAST for 15 
index antigens. Patients were divided into short-term (0–6 months of 
allergy desensitization) and long-term (at least 12 months of allergy 
desensitization) groups, and their inner ear function was assessed with 
ECochG after intranasal challenge with a specific antigen. The results 
derived from this study are inconclusive, mainly because of the lack of 
a complete dataset. Still, the protocol developed by the authors was 
used in another paper published by Topuz et al. (46), who included 
five MD patients with inhalant allergy. Still, the sample was more 
homogeneous this time, as none of the patients were desensitized. The 
authors consistently observed increased SP/AP in all patients after 
nasal challenge with a patient-specific allergen. However, despite this 
increase, only one patient developed audio-vestibular symptoms. 
Topuz et al. (46) performed ECochG in 48 MD patients, separately for 
each ear (80 MD-affected and 16 MD-unaffected ears) immediately 
before and after the SPT. The SP/AP ratio indicative of endolymphatic 
hydrops was elevated in 23 MD-affected and three unaffected ears 
before the prick test and in 62 MD-affected and 13 unaffected ears 
after the prick test. A provocation test was performed in addition to 
the prick test, but the results were not different from those after the 
prick test. Although a control group of healthy subjects was lacking, 
these results support the role of antigenic stimulation in 
episodes of MD.

Howard et al. (47) evaluated the effect of anti-allergic therapy on 
otologic symptoms in 113 MD patients, where those with food 
allergies were treated by elimination of the allergenic factor, a rotating 
diet, or oral desensitization, and those with respiratory allergies were 
treated by desensitization to inhalant allergens. Compared to 
pre-treatment data, patients improved significantly 24 months after 
treatment in both allergic symptoms (improvement in runny nose, 
sore throat, eczema, pre-post comparison p < 0.001) and MD 
symptoms (decreased frequency of dizziness and tinnitus p < 0.005; 
decreased severity of dizziness, decreased tinnitus and unsteadiness 
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per-post comparison, p < 0.001) and interference with daily activities 
(pre-post comparison p < 0.001). When compared to the 
non-desensitized control MD patients, the number of patients with 
significantly improved vertigo was greater in the treated MD group 
(p < 0.05). In comparison, the number with significantly worse vertigo 
was substantially lower (p < 0.001). There were fewer MD subjects with 
worse tinnitus in the treated group than in the untreated group 
(p < 0.001) and significantly fewer with allergy complaints (p < 0.01).

3.5 Presence of inner ear disorders in 
patients with allergies

Five studies (15, 56–59) focused on inner ear disorders in patients 
with allergies (Table 4). Three studies (56, 58, 59) showed that pure 
tone audiometry, otoacoustic emissions, and ABR were abnormal in 
patients with allergic rhinitis compared with healthy non-allergic 
controls, strongly suggesting inner ear pathology. One study (15) 
showed a high prevalence of various inner ear disorders in AR patients 
(see section 3.2). Finally, a study by Karabulut et al. (57) used pure-
tone audiometry in a sample of AR patients and found a statistically 
significant difference between the hearing ability of 58 AR patients 
and 31 healthy controls at one frequency, 8,000 Hz, however, no 
differences were found for speech discrimination or other 
parameters tested.

4 Discussion

This work aimed to review the clinical evidence for an association 
between allergic diseases and inner ear disorders. Based on a search 
of two databases and inclusion and exclusion criteria, we identified 21 
records suitable for our review. Most of the studies identified have 
focused on the prevalence and characterization of allergic symptoms 
in patients with inner ear disorders, namely MD, ISSHL, and 
ALHL. The remaining five publications examined inner ear disorders’ 
incidence or grade in patients with AR.

4.1 Epidemiological link between allergic 
diseases and inner ear disorders

The answer to our main question posed at the beginning of 
this work (“Is there a relationship between allergic diseases and 
inner ear disorders?”) is “yes.” All but two papers (49, 57) found 
supportive evidence of a possible association between allergy and 
inner ear disorders. The backing evidence included an increased 
prevalence of allergic disorders (airborne or food allergies) in 
persons with MD, ISSHL, and ALHL (48, 50–54) and an increased 
prevalence of inner ear disorders in AR patients (15, 56, 58, 59) 
when compared to the control groups or general population. In 
Derebery’s study (48), 41.6% of 734 unselected patients with MD 
reported having airborne allergies, 17.6% having suspected 
airborne allergies, and 40.3% having suspected food allergies. 
Wheat, milk, corn, egg, yeast, and soy were the most common 
food allergens identified in that study. Corroborating the results 
of Di Berardino and Cesarani (53) reported that 82.7% of MD 
patients (48/58) were positive for airborne or food allergens. 
Moreover, elevated levels of total and specific IgE were found in 
patients with MD, ISSHL and ALHL (31, 50, 54, 55) when 
compared to the controls, whereas the study by Ma et  al. (31) 
found that total and specific IgE levels positively correlated with 
the SP/AP ratio and were predictors of ALHL recurrence and its 
transformation to MD.

In the first paper that did not provide supportive evidence for the 
link between allergies and inner ear disorders, the authors used serum 
samples from MD patients to investigate the levels of typical food 
allergen-specific IgG and IgA but did not explore the levels of total or 
specific IgE (49). Therefore, it cannot be concluded that the food allergy 
does not affect MD patients (66). The authors of the second paper used 
pure tone audiometry in the frequencies between 250 and 8,000 Hz, and 
found a difference in one frequency (8,000 Hz) between AR patients and 
healthy age-matched controls (57), suggesting that the AR patients have 
better hearing ability in that particular frequency. The authors speak of 
“hearing loss” in healthy subjects and the absence of hearing loss in AR 
patients. Nevertheless, these results should be interpreted with caution. 

TABLE 4 Studies on the audiological profile of patients with allergic diseases.

References Study group Control group Inner ear examination Main findings

Sahni et al. (58) AR, n = 100

Exposed to a similar 

environment but were not 

suffering from AR, n = 100

Pure-tone audiometry, impedance 

audiometry, OAE

32 AR patients had SHL (4,000 and 

8,000 Hz). 32 patients had abnormal 

OAE

Mahajan et al. (59) AR, n = 100

Exposed to a similar 

environment but were not 

suffering from AR, n = 50

Pure-tone audiometry with 

extended high frequencies (0.250–

12,000 Hz), OAE and ABR

SHL, abnormal ABR and abnormal 

DPOAE

Singh et al. (56) AR, n = 30

Exposed to a similar 

environment but were not 

suffering from AR, n = 30

Pure-tone audiometry with 

extended high frequencies (0.250–

16,000 Hz), OAE and ABR

SHL, abnormal TOAE and DPOAE, 

abnormal ABR

Lasisi and Abdullahi (15) Nasal allergy, n = 144 None
Pure-tone audiometry (250–

8,000 Hz)

66% of patients had otologic symptoms: 

26.3% idiopathic tinnitus, 18% 

idiopathic SHL, 6% cochlear hydrops, 

and 6% autoimmune inner ear disease

Karabulut et al. (57)
AR patients with positive 

skin prick test, n = 58

AR patients with negative skin 

prick test, n = 31

Pure-tone audiometry at 250, 500, 

1,000, 2,000, 4,000, and 8,000 Hz 

and immittance measures

AR patients had a lower pure-tone 

threshold in one frequency of 8,000 Hz

AR, allergic rhinitis; SHL, sensorineural hearing loss; OAE, otoacoustic emission; ABR, auditory brainstem response; DPOAE, distortion-product otoacoustic emission.
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The first reason for this is that the WHO definition of hearing loss is 
based on the average of the hearing thresholds at the four specific 
frequencies (500, 1,000, 2,000, and 4,000 Hz) measured in the “better” 
ear (67). However, Karabulut’s study compared the average for either 250 
and 500 Hz, 500, 1,000, and 2,000 Hz, or 4,000 and 8,000 Hz; therefore, 
the WHO standards cannot be applied. The second reason is that the 
authors defined hearing loss differently from the WHO (67), namely as 
greater than 15 dB, whereas the WHO defines it as greater than 20 dB in 
the better ear and greater than 35 dB in the worse ear.

4.2 Inner ear disorders associated with 
allergies

In search of an answer to our second question (in which inner ear 
disorders have the allergic disorders been observed and vice versa), 
we identified three inner ear disorders that have been studied in relation 
to allergy: MD, ISSHL, and ALHL. All three are rare, heterogenous, and 
lacking animal models, which are the reasons for the many blank spots 
on the map of their pathogenesis. Because of the heterogeneity of MD 
(e.g., differences in the number of episodes per week, year, or lifetime; 
variable duration; laterality), many attempts have been made to classify 
it. One of the recent classifications divided unilateral MD into five 
subtypes (68), but the presence or absence of allergies, although noted 
by the authors as worthy of further research, was not used in this 
classification. Allergy (presence of hay fever) was considered an essential 
factor associated with MD [odds ratio (OR) 3.1] in the cluster analysis, 
which identified two clusters of MD and has associated hay fever with 
cluster 2, along with low-frequency tinnitus, stress-induced vertigo, 
bilateral tinnitus, depression, autoimmune disease, drug intolerance, 
and migraine (69). In addition, a recent review on allergy and MD, 
published as we were preparing our work for submission, explored this 
issue in depth and confirmed the importance of allergy in the diagnosis 
and etiology of MD (70). Furthermore, a recent meta-analysis identified 
allergies (defined as asthma, allergic asthma, and AR) as important risk 
factors for MD (OR = 2.27) (71).

Much less is known about the association of allergies with both 
types of sudden hearing loss: ISSNHL and ALHL. Apart from the 
evidence collected, we found a recent paper showing that the risk of 
developing ISSNHL is higher in patients with asthma than in controls 
(72). Although this was a longitudinal follow-up study using a 
retrospective cohort and health insurance records, and no information 
was provided on the type of asthma, based on other studies (73), it can 
be assumed that about 50% of the asthma cases were due to type 
I hypersensitivity disorders. No new research could be identified at the 
beginning of 2024, reflecting the rarity of both diseases and either lack 
of interest or resources in the research community. However, it would 
be very interesting to confirm or deny such an association since some 
of the ALHL patients progress to developing full-blown MD (30). The 
open question is whether allergy increases the odds ratio for such 
transformation and, if so, whether timely allergy treatment could 
prevent progression to MD.

4.3 Effects of allergic modulation on the 
inner ear function

In response to our third question (“How does the hearing or 
vestibular system respond to treatment of allergic diseases in comorbid 

patients?”), we  found evidence that systemic allergic provocation 
induces cochlear fluid changes in MD patients consistent with 
endolymphatic hydrops (41, 42, 44, 45, 74). Interestingly, some but not 
all MD patients responded to the allergic provocation test with vertigo 
and a sense of fullness in the cochlea (46). Moreover, the most 
clinically interesting phenomenon, namely successful desensitization 
in MD patients, was associated with a decrease in the number of MD 
episodes and an improvement in the patient’s quality of life (43, 47).

4.4 Effects of allergy on the middle ear 
function

This review focused strictly on sensorineural hearing loss, defined 
as a pathology that causes hearing loss and involves either the cochlea, 
vestibulocochlear nerve, auditory brainstem, or central auditory 
structures. However, the hearing problems commonly reported in 
people with allergies are caused by conductive hearing loss due to 
middle ear disorders, which were not the focus of this review. The two 
types of hearing loss (conductive and sensorineural) can 
be distinguished by otoscopy, fork tests such as the Rinne test (75), the 
Weber test (76), and bone- and air-conduction pure tone audiometry 
(77, 78). Conductive hearing loss associated with allergy can often 
be caused by Eustachian tube obstruction due to allergic edema of the 
mucosa (79). Another cause of allergic conductive hearing loss may 
be otitis media facilitated by allergic processes (80). Finally, chronic 
suppurative otitis media (CSOM), a persistent inflammatory disease 
often associated with allergy and the most common cause of acquired 
hearing loss in developing countries (81) can lead to both, conductive 
and sensorineural hearing loss (82).

4.5 Possible mechanisms involved in 
allergy-mediated inner ear disorders

The clinical observations reviewed here provide only some clues 
as to the mechanisms by which the allergic disease may induce 
ISSNHL, ALHL, and MD (Figure 2), including increased serum total 
(ISSNHL, ALHL, and MD) and specific (ALHL and MD) IgE 
concentrations; increased numbers of circulating CD23+ cells 
(ISSNHL and MD); the ability of antigen challenge to provoke disease 
symptoms (MD); and finally, some efficacy of desensitization in 
reducing disease symptoms (MD).

Complementary information was provided by in vitro studies 
using dissected vestibular apparatus, which showed significantly 
higher levels of IgE and CD23 at protein and mRNA levels in MD 
patients than in vestibular schwannoma patients (83). The same study 
has shown that CD23 expressed on the polarized murine hair cell line 
HEI-OC1 effectively transports IgE across the cell (83) and that IL-4 
accelerates this transport by increasing CD23 expression. The 
phenomenon of IgE transcytosis by CD23 has been documented in 
other types of human epithelial tissue, such as respiratory (84) or 
intestinal (85) epithelia, and blocking IgE transcytosis inhibits the 
onset and progression of allergic airway inflammation in mice (86). In 
addition, the levels of proinflammatory/proallergic cytokines (IL-4, 
IL-5, IL-10, and IL-13) were higher in the macula, ampulla, and 
endolymphatic sac dissected from patients with MD than in the 
specimens from patients with vestibular schwannoma (83). A recent 
study performed protein analysis at the single cell level using flow 
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cytometry-based clustering of blood cells from MD patients based on 
granulocyte/lymphocyte ratio (high and low). They found that 
stimulation of peripheral blood cells isolated from MD patients with 
a common mold or bacterial antigen produced significantly more IL-4 
and IL-6  in patients with a high granulocyte/lymphocyte ratio 
compared to the MD group with a low ratio or healthy controls (87). 
The preferential production of IL-4 and IL-6 indicates the creation of 
Th2-friendly environment during immune responses and in particular 
that involved in isotype switch and IgE production by B/plasma cells 
(88). Finally, studies using animal models demonstrated that a local 
antigen sensitization can induce symptoms such as nystagmus, 
endolymphatic hydrops or hearing loss (89–92).

4.6 Clinical implications

Our literature review suggests the need for specialized allergy 
testing in patients with MD, ISSHL, and ALHL. Identification of 
patients with allergic features can be used as a basis for specific 
anti-allergy therapy (primary outcome) with secondary outcome 
being inner ear symptoms. This type of therapy was used by 
Derebery in form of allergen desensitization with the secondary 
outcome MD symptoms (43). Desensitization is only one of the 
currently available treatments for allergies, among which biologic 

therapies have begun to dominate in recent years. One of the 
biologic therapies (dupixent/dupilumab) inhibits IL-4 and IL-13 
signaling by specifically binding to the alpha subunit of the IL-4 
receptor. Elevated levels of both interleukins have been found in 
stimulated peripheral blood cells of patients with MD and an 
increased granulocyte/lymphocyte ratio. Therefore, it can 
be  speculated that in this type of patient, the use of dupixent/
dupilumab may effectively reduce the signaling of both cytokines, 
which is potentially important in the progression of MD. Another 
biological drug, omalizumab, inhibits the binding of IgE to the 
high- and low-affinity receptors expressed on eosinophils, mast 
cells, and basophils and thus blocks IgE-induced signaling. 
Interestingly, in all inner ear diseases included in the current review 
study, serum IgE levels (non-specific or specific) were higher than 
in the control groups. Admittedly, this does not necessarily mean 
that IgE is crucial in all patients with MD, ISSHL or ALHL, but it 
may be in some.

Supporting this line of thought is a published clinical case of a 
patient with NSAID-exacerbated respiratory disease in whom 
sensorineural hearing loss and tinnitus unexpectedly resolved after 
therapy with dupilumab directed at respiratory symptoms (asthma 
and rhinosinusitis with polyps) (93). Another case report found a 
successful use of omalizumab for otologic symptoms in a patient with 
MD and cutaneous mastocytosis (94). Given the extremely small 

FIGURE 2

Schematic presentation of key data mined in this paper the presence of type I hypersensitivity-associated symptoms in patients affected by one of 
three auditory disorders: MD (Meniere’s disease), ALHL (acute low-tone hearing loss) and idiopathic SSHL (sudden sensorineural hearing loss). Four 
parameters were included: the concentration of total IgE in serum measured by ELISA, the concentration of specific IgE in serum measured by ELISA, 
the percentage of CD23+ cells in the circulation and the changes in otologic symptoms in reaction to antigenic challenge. IU, international units; IQR, 
interquartile ranges; [c], concentration. Created with BioRender.com.
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number of papers on the subject, it remains to be determined in what 
type of patients this type of therapy can be used.

4.7 Study limitations

One of the significant pitfalls of our review is that we did not 
systematically assess levels of evidence or extract meta-analytic data. 
This is due to the wide variation in studies, reflecting different 
standards of study design and reporting in the 1990s and the first 
decade of this century when the majority of the included manuscripts 
were published, as opposed to contemporary design. Another 
drawback was the small number of studies that met our inclusion 
criteria, exposing that MD, ISSHL, and ALHL are all rare and non-life-
threatening diseases.

5 Conclusion

This systematic review summarizes the clinical evidence linking 
respiratory and food allergy to inner ear diseases such as MD, ISSHL 
and ALHL. Our findings suggest the possible existence of immune 
factors in the pathogenesis of inner ear conditions, and that allergy 
may be a likely source of inflammation in patients with inner ear 
disease. Further clinical research on the role of the immune system in 
the etiopathogenesis of inner ear diseases is needed to establish a 
definitive link between the two diseases, to improve the classification 
of inner ear diseases and to apply new treatments.

Author contributions

BZ: Data curation, Formal analysis, Investigation, Visualization, 
Writing – original draft, Writing – review & editing. ED: Formal 
analysis, Investigation, Writing – review & editing. LK: Formal 
analysis, Investigation, Writing – review & editing. HO: Resources, 
Writing – review & editing. JS: Writing – review & editing, Project 

administration, Supervision. SMR: Writing – review & editing, Project 
administration, Supervision. FS: Writing – review & editing, Project 
administration, Supervision. AJS: Conceptualization, Formal analysis, 
Methodology, Visualization, Project administration, Resources, 
Supervision, Writing – review & editing.

Funding

The authors declare financial support was received for the 
research, authorship, and/or publication of this article. We 
acknowledge financial support from the Open Access Publication 
Fund of Charité – Universitätsmedizin Berlin.

Conflict of interest

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.

Publisher’s note

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.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1378276/
full#supplementary-material

References
 1. Moini J, Piran P. Chapter 12 - auditory system In: J Moini and P Piran, editors. 

Functional and clinical neuroanatomy. London, UK: San Diego, US; Cambridge, US; 
Oxford, UK. Academic Press is an imprint of Elsevier (2020). 363–92.

 2. Musiek FE, Shinn JB, Baran JA, Jones RO. Disorders of the auditory system.  
San Diego, CA, USA: Plural Publishing (2020).

 3. Smouha E. Inner ear disorders. NeuroRehabilitation. (2013) 32:455–62. doi: 
10.3233/NRE-130868

 4. Nies E. Ototoxic substances at the workplace: a brief update. Arh Hig Rada Toksikol. 
(2012) 63:147–52. doi: 10.2478/10004-1254-63-2012-2199

 5. Rybak LP, Ramkumar V. Ototoxicity. Kidney Int. (2007) 72:931–5. doi: 10.1038/
sj.ki.5002434

 6. Sliwinska-Kowalska M, Davis A. Noise-induced hearing loss. Noise Health. (2012) 
14:274–80. doi: 10.4103/1463-1741.104893

 7. Bowl MR, Dawson SJ. Age-related hearing loss. Cold Spring Harb Perspect Med. 
(2019) 9:a033217. doi: 10.1101/cshperspect.a033217

 8. Ciorba A, Corazzi V, Bianchini C, Aimoni C, Pelucchi S, Skarżyński PH, et al. 
Autoimmune inner ear disease (AIED): a diagnostic challenge. Int J Immunopathol 
Pharmacol. (2018) 32:205873841880868. doi: 10.1177/2058738418808680

 9. Solares CA, Hughes GB, Tuohy VK. Autoimmune sensorineural hearing loss: an 
immunologic perspective. J Neuroimmunol. (2003) 138:1–7. doi: 10.1016/
S0165-5728(03)00077-8

 10. Castiglione A, Möller C. Usher syndrome. Audiol Res. (2022) 12:42–65. doi: 
10.3390/audiolres12010005

 11. Gregorio V, Caparali EB, Shojaei A, Ricardo S, Barua M. Alport syndrome: clinical 
Spectrum and therapeutic advances. Kidney Med. (2023) 5:100631. doi: 10.1016/j.
xkme.2023.100631

 12. Lopez-Escamez JA, Carey J, Chung WH, Goebel JA, Magnusson M, Mandala M, 
et al. Diagnostic criteria for Meniere's disease. J Vestib Res. (2015) 25:1–7. doi: 10.3233/
VES-150549

 13. Meyerhoff WL, Paparella MM, Shea D. Ménière's disease in children. Laryngoscope. 
(1978) 88:1504–11. doi: 10.1002/lary.1978.88.9.1504

 14. Akagi H, Yuen K, Maeda Y, Fukushima K, Kariya S, Orita Y, et al. Ménière's disease 
in childhood. Int J Pediatr Otorhinolaryngol. (2001) 61:259–64. doi: 10.1016/
S0165-5876(01)00576-6

 15. Lasisi AO, Abdullahi M. The inner ear in patients with nasal allergy. J Natl Med 
Assoc. (2008) 100:903–5. doi: 10.1016/S0027-9684(15)31403-6

 16. Wang C, Wu CH, Cheng PW, Young YH. Pediatric Meniere's disease. Int J Pediatr 
Otorhinolaryngol. (2018) 105:16–9. doi: 10.1016/j.ijporl.2017.11.029

 17. Espinosa-Sanchez JM, Lopez-Escamez JA. Chapter 19 - Menière's disease In: JM 
Furman and T Lempert, editors. Handbook of clinical neurology. 137: Elsevier (2016). 
257–77.

https://doi.org/10.3389/fneur.2024.1378276
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1378276/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1378276/full#supplementary-material
https://doi.org/10.3233/NRE-130868
https://doi.org/10.2478/10004-1254-63-2012-2199
https://doi.org/10.1038/sj.ki.5002434
https://doi.org/10.1038/sj.ki.5002434
https://doi.org/10.4103/1463-1741.104893
https://doi.org/10.1101/cshperspect.a033217
https://doi.org/10.1177/2058738418808680
https://doi.org/10.1016/S0165-5728(03)00077-8
https://doi.org/10.1016/S0165-5728(03)00077-8
https://doi.org/10.3390/audiolres12010005
https://doi.org/10.1016/j.xkme.2023.100631
https://doi.org/10.1016/j.xkme.2023.100631
https://doi.org/10.3233/VES-150549
https://doi.org/10.3233/VES-150549
https://doi.org/10.1002/lary.1978.88.9.1504
https://doi.org/10.1016/S0165-5876(01)00576-6
https://doi.org/10.1016/S0165-5876(01)00576-6
https://doi.org/10.1016/S0027-9684(15)31403-6
https://doi.org/10.1016/j.ijporl.2017.11.029


Zeng et al. 10.3389/fneur.2024.1378276

Frontiers in Neurology 12 frontiersin.org

 18. Hallpike CS, Cairns H. Observations on the pathology of Ménière's syndrome: 
(section of otology). Proc R Soc Med. (1938) 31:1317–36. doi: 10.1177/003591 
573803101112

 19. Yamakawa K. Uber die pathologische Veranderung bei einem Meniere-Kranken. 
J Otolaryngol Jpn. (1938) 44:2310–2.

 20. Salt AN, Plontke SK. Endolymphatic hydrops: pathophysiology and 
experimental models. Otolaryngol Clin N Am. (2010) 43:971–83. doi: 10.1016/j.
otc.2010.05.007

 21. Duke WW. MÉNIÈRE'S syndrome caused by allergy. JAMA J Am Med Assoc. 
(1923) 81:2179–81. doi: 10.1001/jama.1923.02650260021006

 22. Derebery MJ. The role of allergy in Meniere's disease. Otolaryngol Clin N Am. 
(1997) 30:1007–16. doi: 10.1016/S0030-6665(20)30143-2

 23. Ruckenstein MJ. Immunologic aspects of Meniere's disease. Am J Otolaryngol. 
(1999) 20:161–5. doi: 10.1016/S0196-0709(99)90064-9

 24. Derebery MJ, Berliner KI. Allergy and its relation to Meniere's disease. Otolaryngol 
Clin N Am. (2010) 43:1047–58. doi: 10.1016/j.otc.2010.05.004

 25. Derebery MJ. Allergic and immunologic features of Meniere's disease. Otolaryngol 
Clin N Am. (2011) 44:655–66, ix. doi: 10.1016/j.otc.2011.03.004

 26. Banks C, McGinness S, Harvey R, Sacks R. Is allergy related to Meniere's disease? 
Curr Allergy Asthma Rep. (2012) 12:255–60. doi: 10.1007/s11882-012-0258-3

 27. Weinreich HM, Agrawal Y. The link between allergy and Meniere's disease. Curr Opin 
Otolaryngol Head Neck Surg. (2014) 22:227–30. doi: 10.1097/MOO.0000000000000041

 28. Rauch SD. Idiopathic sudden sensorineural hearing loss. N Engl J Med. (2008) 
359:833–40. doi: 10.1056/NEJMcp0802129

 29. Lombardi C, Tansini A, Passalacqua G. Seasonal sensorineural hearing loss 
associated with allergic rhinitis: a case report. J Allergy Clin Immunol. (2006) 117:468–9. 
doi: 10.1016/j.jaci.2005.10.026

 30. Stölzel K, Droste J, Voß LJ, Olze H, Szczepek AJ. Comorbid symptoms occurring 
during acute low-tone hearing loss (AHLH) as potential predictors of Menière's disease. 
Front Neurol. (2018) 9:884. doi: 10.3389/fneur.2018.00884

 31. Ma Y, Sun Q, Zhang K, Bai L, Du L. High level of IgE in acute low-tone 
sensorineural hearing loss: a predictor for recurrence and Meniere disease 
transformation. Am J Otolaryngol. (2021) 42:102856. doi: 10.1016/j.amjoto.2020.102856

 32. Chang J, Yum G, Im HY, Jung JY, Rah YC, Choi J. Short-term outcomes of acute 
low-tone sensorineural hearing loss according to treatment modality. J Audiol Otol. 
(2016) 20:47–52. doi: 10.7874/jao.2016.20.1.47

 33. Fuse T, Aoyagi M, Funakubo T, Sakakibara A, Yoshida S. Short-term outcome and 
prognosis of acute low-tone sensorineural hearing loss by administration of steroid. ORL 
J Otorhinolaryngol Relat Spec. (2002) 64:6–10. doi: 10.1159/000049079

 34. Rajan TV. The Gell-coombs classification of hypersensitivity reactions: a re-
interpretation. Trends Immunol. (2003) 24:376–9. doi: 10.1016/S1471-4906(03)00142-X

 35. Liu W, Danckwardt-Lillieström N, Schrott-Fischer A, Glueckert R, Rask-Andersen 
H. Distribution of immune cells including macrophages in the human cochlea. Front 
Neurol. (2021) 12:781702. doi: 10.3389/fneur.2021.781702

 36. Urata S, Okabe S. Three-dimensional mouse cochlea imaging based on the 
modified Sca/eS using confocal microscopy. Anat Sci Int. (2023) 98:309–17. doi: 10.1007/
s12565-023-00703-z

 37. Szczepek AJ, Dudnik T, Karayay B, Sergeeva V, Olze H, Smorodchenko A. Mast 
cells in the auditory periphery of rodents. Brain Sci. (2020) 10:697. doi: 10.3390/
brainsci10100697

 38. Sleeckx JP, Shea JJ, Peremans JM. The mast cells of the inner ear. Acta 
Otorhinolaryngol Belg. (1976) 30:443–9.

 39. Rai V, Wood MB, Feng H, Schabla NM, Tu S, Zuo J. The immune response after 
noise damage in the cochlea is characterized by a heterogeneous mix of adaptive and 
innate immune cells. Sci Rep. (2020) 10:15167. doi: 10.1038/s41598-020-72181-6

 40. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. 
BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

 41. Viscomi GJ, Bojrab DI. Use of electrocochleography to monitor antigenic challenge 
in Menière's disease. Otolaryngol Head Neck Surg. (1992) 107:733–7. doi: 
10.1177/019459988910700604.1

 42. Gibbs SR, Mabry RL, Roland PS, Shoup AG, Mabry CS. Electrocochleographic 
changes after intranasal allergen challenge: a possible diagnostic tool in patients with 
Meniere's disease. Otolaryngol Head Neck Surg. (1999) 121:283–4. doi: 10.1016/
S0194-5998(99)70186-5

 43. Derebery MJ. Allergic management of Meniere's disease: an outcome study. 
Otolaryngol Head Neck Surg. (2000) 122:174–82. doi: 10.1016/S0194-5998(00)70235-X

 44. Noell CA, Roland PS, Mabry RL, Shoup AG. Inhalant allergy and Meniere's 
disease: use of electrocochleography and intranasal allergen challenge as investigational 
tools. Otolaryngol Head Neck Surg. (2001) 125:346–50. doi: 10.1067/mhn.2001.119142

 45. Eaton DA, Roland PS, Mabry RL, Shoup AG. Electrocochleography and intranasal 
allergen challenge as investigational tools in patients with inhalant allergy and Ménière's 
disease. Laryngoscope. (2003) 113:33–6. doi: 10.1097/00005537-200301000-00006

 46. Topuz B, Ogmen G, Ardiç FN, Kara CO. Provocation of endolymphatic hydrops 
with a prick test in Meniere's disease. Adv Ther. (2007) 24:819–25. doi: 10.1007/
BF02849975

 47. Howard BK, Mabry RL, Meyerhoff WL, Mabry CS. Use of a screening RAST in a 
large neuro-otologic practice. Otolaryngol Head Neck Surg. (1997) 117:653–9.

 48. Derebery MJ, Berliner KI. Prevalence of allergy in Meniere's disease. Otolaryngol 
Head Neck Surg. (2000) 123:69–75. doi: 10.1067/mhn.2000.105715

 49. Boulassel MR, Alost M, Tomasi JP, Deggouj N, Gersdorff M. No increased serum 
levels of antifood antibodies in patients with Ménière's disease. ORL J Otorhinolaryngol 
Relat Spec. (2001) 63:19–24. doi: 10.1159/000055701

 50. Keles E, Gödekmerdan A, Kalidağ T, Kaygusuz I, Yalçin S, Cengiz Alpay H, et al. 
Meniere's disease and allergy: allergens and cytokines. J Laryngol Otol. (2004) 
118:688–93. doi: 10.1258/0022215042244822

 51. Toubi E, Ben-David J, Kessel A, Halas K, Sabo E, Luntz M. Immune-mediated 
disorders associated with idiopathic sudden sensorineural hearing loss. Ann Otol Rhinol 
Laryngol. (2004) 113:445–9. doi: 10.1177/000348940411300605

 52. Sen P, Georgalas C, Papesch M. Co-morbidity of migraine and Ménière’s disease 
– is allergy the link? J Laryngol Otol. (2005) 119:455–60. doi: 10.1258/0022215054273133

 53. Di Berardino F, Cesarani A. Gluten sensitivity in Meniere's disease. Laryngoscope. 
(2012) 122:700–2. doi: 10.1002/lary.22492

 54. Keles E, Sapmaz E, Godekmerdan A. The role of allergy in the etiopathogenesis of 
idiopathic sudden sensorineural hearing loss. Eur Arch Otorrinolaringol. (2013) 
270:1795–801. doi: 10.1007/s00405-012-2189-y

 55. Roomiani M, Dehghani Firouzabadi F, Delbandi AA, Ghalehbaghi B, Daneshi A, 
Yazdani N, et al. Evaluation of serum immunoreactivity to common indigenous Iranian 
inhalation and food allergens in patients with Meniere's disease. Immunol Investig. 
(2022) 51:705–14. doi: 10.1080/08820139.2020.1869252

 56. Singh S, Nagarkar AN, Bansal S, Vir D, Gupta AK. Audiological manifestations of 
allergic rhinitis. J Laryngol Otol. (2011) 125:906–10. doi: 10.1017/S0022215111001137

 57. Karabulut H, Acar B, Dagli M, Karadag AS, Baysal S, Karasen RM. Investigation 
of hearing in patients with allergic rhinitis. Iran J Allergy Asthma Immunol. (2011) 
10:29–33.

 58. Sahni D, Verma P, Bhagat S, Sharma V. Hearing assessment in patients of allergic 
rhinitis: a study on 200 subjects. Indian J Otolaryngol Head Neck Surg. (2022) 74:125–31. 
doi: 10.1007/s12070-020-01890-1

 59. Mahajan A, Manhas M, Kalsotra P, Kalsotra G, Gul N. A prospective study of 
audiological manifestations in patients of allergic rhinitis. Indian J Otolaryngol Head 
Neck Surg. (2022) 74:1256–61. doi: 10.1007/s12070-020-02343-5

 60. Savouré M, Bousquet J, Jaakkola JJK, Jaakkola MS, Jacquemin B, Nadif R. 
Worldwide prevalence of rhinitis in adults: a review of definitions and temporal 
evolution. Clin Transl Allergy. (2022) 12:e12130. doi: 10.1002/clt2.12130

 61. Jarach CM, Lugo A, Scala M, van den Brandt PA, Cederroth CR, Odone A, et al. 
Global prevalence and incidence of tinnitus: a systematic review and meta-analysis. 
JAMA Neurol. (2022) 79:888–900. doi: 10.1001/jamaneurol.2022.2189

 62. Lempert T, Neuhauser H. Epidemiology of vertigo, migraine and vestibular 
migraine. J Neurol. (2009) 256:333–8. doi: 10.1007/s00415-009-0149-2

 63. von Brevern M, Radtke A, Lezius F, Feldmann M, Ziese T, Lempert T, et al. 
Epidemiology of benign paroxysmal positional vertigo: a population based study. J 
Neurol Neurosurg Psychiatry. (2007) 78:710–5. doi: 10.1136/jnnp.2006.100420

 64. Vambutas A, Pathak S. AAO: autoimmune and autoinflammatory (disease) in 
otology: what is new in immune-mediated hearing loss. Laryngos Invest Otolaryngol. 
(2016) 1:110–5. doi: 10.1002/lio2.28

 65. Sanfins MD, Colella-Santos MF, Ferrazoli N, Rezende A, Donadon C, Gos E, et al. 
Latency and Interpeak interval values of auditory brainstem response in 73 individuals 
with Normal hearing. Med Sci Monit. (2022) 28:e937847. doi: 10.12659/MSM.937847

 66. Kanagaratham C, El Ansari YS, Lewis OL, Oettgen HC. IgE and IgG antibodies as 
regulators of mast cell and basophil functions in food allergy. Front Immunol. (2020) 
11:603050. doi: 10.3389/fimmu.2020.603050

 67. Humes LE. The World Health Organization's hearing-impairment grading system: 
an evaluation for unaided communication in age-related hearing loss. Int J Audiol. 
(2019) 58:12–20. doi: 10.1080/14992027.2018.1518598

 68. Frejo L, Martin-Sanz E, Teggi R, Trinidad G, Soto-Varela A, Santos-Perez S, et al. 
Extended phenotype and clinical subgroups in unilateral Meniere disease: a cross-
sectional study with cluster analysis. Clin Otolaryngol. (2017) 42:1172–80. doi: 10.1111/
coa.12844

 69. Phillips J, Murdin L, Khondoker M, Grant K, Shepstone L, Sims E, et al. Cluster 
analysis to identify clinical subtypes of Ménière's disease. Laryngoscope. (2024). 
doi: 10.1002/lary.31272 [Epub ahead of print].

 70. Xu W, Li X, Song Y, Kong L, Zhang N, Liu J, et al. Ménière’s disease and allergy: 
epidemiology, pathogenesis, and therapy. Clin Exp Med. (2023) 23:3361–71. doi: 
10.1007/s10238-023-01192-0

 71. Lopez-Escamez JA, Vela J, Frejo L. Immune-related disorders associated with 
Ménière's disease: a systematic review and Meta-analysis. Otolaryngol Head Neck Surg. 
(2023) 169:1122–31. doi: 10.1002/ohn.386

https://doi.org/10.3389/fneur.2024.1378276
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1177/003591573803101112
https://doi.org/10.1177/003591573803101112
https://doi.org/10.1016/j.otc.2010.05.007
https://doi.org/10.1016/j.otc.2010.05.007
https://doi.org/10.1001/jama.1923.02650260021006
https://doi.org/10.1016/S0030-6665(20)30143-2
https://doi.org/10.1016/S0196-0709(99)90064-9
https://doi.org/10.1016/j.otc.2010.05.004
https://doi.org/10.1016/j.otc.2011.03.004
https://doi.org/10.1007/s11882-012-0258-3
https://doi.org/10.1097/MOO.0000000000000041
https://doi.org/10.1056/NEJMcp0802129
https://doi.org/10.1016/j.jaci.2005.10.026
https://doi.org/10.3389/fneur.2018.00884
https://doi.org/10.1016/j.amjoto.2020.102856
https://doi.org/10.7874/jao.2016.20.1.47
https://doi.org/10.1159/000049079
https://doi.org/10.1016/S1471-4906(03)00142-X
https://doi.org/10.3389/fneur.2021.781702
https://doi.org/10.1007/s12565-023-00703-z
https://doi.org/10.1007/s12565-023-00703-z
https://doi.org/10.3390/brainsci10100697
https://doi.org/10.3390/brainsci10100697
https://doi.org/10.1038/s41598-020-72181-6
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1177/019459988910700604.1
https://doi.org/10.1016/S0194-5998(99)70186-5
https://doi.org/10.1016/S0194-5998(99)70186-5
https://doi.org/10.1016/S0194-5998(00)70235-X
https://doi.org/10.1067/mhn.2001.119142
https://doi.org/10.1097/00005537-200301000-00006
https://doi.org/10.1007/BF02849975
https://doi.org/10.1007/BF02849975
https://doi.org/10.1067/mhn.2000.105715
https://doi.org/10.1159/000055701
https://doi.org/10.1258/0022215042244822
https://doi.org/10.1177/000348940411300605
https://doi.org/10.1258/0022215054273133
https://doi.org/10.1002/lary.22492
https://doi.org/10.1007/s00405-012-2189-y
https://doi.org/10.1080/08820139.2020.1869252
https://doi.org/10.1017/S0022215111001137
https://doi.org/10.1007/s12070-020-01890-1
https://doi.org/10.1007/s12070-020-02343-5
https://doi.org/10.1002/clt2.12130
https://doi.org/10.1001/jamaneurol.2022.2189
https://doi.org/10.1007/s00415-009-0149-2
https://doi.org/10.1136/jnnp.2006.100420
https://doi.org/10.1002/lio2.28
https://doi.org/10.12659/MSM.937847
https://doi.org/10.3389/fimmu.2020.603050
https://doi.org/10.1080/14992027.2018.1518598
https://doi.org/10.1111/coa.12844
https://doi.org/10.1111/coa.12844
https://doi.org/10.1002/lary.31272
https://doi.org/10.1007/s10238-023-01192-0
https://doi.org/10.1002/ohn.386


Zeng et al. 10.3389/fneur.2024.1378276

Frontiers in Neurology 13 frontiersin.org

 72. Choi HG, Min C, Lee CH, Kim SY. Association of sudden sensorineural hearing 
loss with asthma: a longitudinal follow-up study using a national sample cohort. BMJ 
Open. (2022) 12:e047966. doi: 10.1136/bmjopen-2020-047966

 73. Douwes J, Pearce N. Epidemiology of respiratory allergies and asthma. Handbook 
of. Epidemiology. (2014):2263. doi: 10.1007/978-0-387-09834-0_50

 74. Iseli C, Gibson W. A comparison of three methods of using transtympanic 
electrocochleography for the diagnosis of Meniere's disease: click summating potential 
measurements, tone burst summating potential amplitude measurements, and biasing 
of the summating potential using a low frequency tone. Acta Otolaryngol. (2010) 
130:95–101. doi: 10.3109/00016480902858899

 75. Kong EL, Fowler JB. Rinne test. StatPearls. Treasure Island, FL: StatPearls 
Publishing LLC (2023).

 76. Wahid NWB, Hogan CJ, Attia M. Weber test. StatPearls. Treasure Island, FL: 
StatPearls Publishing LLC (2023).

 77. Isaacson JE, Vora NM. Differential diagnosis and treatment of hearing loss. Am 
Fam Physician. (2003) 68:1125–32.

 78. Michels TC, Duffy MT, Rogers DJ. Hearing loss in adults: differential diagnosis 
and treatment. Am Fam Physician. (2019) 100:98–108.

 79. Fireman P. Allergy induced eustachian tube and middle ear pathophysiology. N 
Engl Reg Allergy Proc. (1986) 7:246–52. doi: 10.2500/108854186778995293

 80. Oh JH, Kim WJ. Interaction between allergy and middle ear infection. Curr Allergy 
Asthma Rep. (2016) 16:66. doi: 10.1007/s11882-016-0646-1

 81. Nemati S, Jafari Shakib R, Shakiba M, Araghi N, Azimi SZ. Allergic rhinitis in 
adults with chronic Suppurative otitis media. Iran J Otorhinolaryngol. (2015) 
27:261–6.

 82. Subramaniam V, Ashkar A, Rai S. Cochlear dysfunction in chronic otitis media 
and its determinants. Iran J Otorhinolaryngol. (2020) 32:79–84. doi: 10.22038/
ijorl.2019.35045.2158

 83. Zhang N, Lyu Y, Guo J, Liu J, Song Y, Fan Z, et al. Bidirectional transport of IgE by 
CD23 in the inner ear of patients with Meniere's disease. J Immunol. (2022) 208:827–38. 
doi: 10.4049/jimmunol.2100745

 84. Palaniyandi S, Tomei E, Li Z, Conrad DH, Zhu X. CD23-dependent transcytosis 
of IgE and immune complex across the polarized human respiratory epithelial cells. J 
Immunol. (2011) 186:3484–96. doi: 10.4049/jimmunol.1002146

 85. Li H, Nowak-Wegrzyn A, Charlop-Powers Z, Shreffler W, Chehade M, Thomas S, et al. 
Transcytosis of IgE-antigen complexes by CD23a in human intestinal epithelial cells and its 
role in food allergy. Gastroenterology. (2006) 131:47–58. doi: 10.1053/j.gastro.2006.03.044

 86. Palaniyandi S, Liu X, Periasamy S, Ma A, Tang J, Jenkins M, et al. Inhibition of 
CD23-mediated IgE transcytosis suppresses the initiation and development of allergic 
airway inflammation. Mucosal Immunol. (2015) 8:1262–74. doi: 10.1038/mi.2015.16

 87. Flook M, Escalera-Balsera A, Rybakowska P, Frejo L, Batuecas-Caletrio A, Amor-
Dorado JC, et al. Single-cell immune profiling of Meniere disease patients. Clin Immunol. 
(2023) 252:109632. doi: 10.1016/j.clim.2023.109632

 88. Lebman DA, Coffman RL. Interleukin 4 causes isotype switching to IgE in T cell-
stimulated clonal B cell cultures. J Exp Med. (1988) 168:853–62. doi: 10.1084/jem.168.3.853

 89. Miyamura K, Kanzaki Y, Nagata M, Ishikawa T. Provocation of nystagmus and 
deviation by type I allergy in the inner ear of the guinea pig. Ann Allergy. (1987) 58:36–40.

 90. Tomiyama S, Yagi T, Sakagami M, Fukazawa K. Immunological pathogenesis of 
endolymphatic hydrops and its relation to Menière's disease. Scanning Microsc. (1993) 
7:907–19. discussion: 19–20

 91. Tomiyama S. Development of endolymphatic hydrops following immune response 
in the endolymphatic sac of the guinea pig. Acta Otolaryngol. (1992) 112:470–8. doi: 
10.3109/00016489209137428

 92. Tomiyama S, Kinoshita T, Jinnouchi K, Ikezono T, Gotoh Y, Pawanker R, et al. 
Fluctuating hearing loss following immune reaction in the endolymphatic sac of guinea 
pigs. ORL J Otorhinolaryngol Relat Spec. (1995) 57:122–8. doi: 10.1159/000276724

 93. Thorsberger M, Porsbjerg C, Yde J, Aanæs K. Effects on hearing and tinnitus 
following Dupilumab treatment of severe asthma with chronic rhinosinusitis. Rhinology. 
(2021) 4:73–6. doi: 10.4193/RHINOL/21.002

 94. Siebenhaar F, Kühn W, Zuberbier T, Maurer M. Successful treatment of cutaneous 
mastocytosis and Ménière disease with anti-IgE therapy. J Allergy Clin Immunol. (2007) 
120:213–5. doi: 10.1016/j.jaci.2007.05.011

https://doi.org/10.3389/fneur.2024.1378276
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1136/bmjopen-2020-047966
https://doi.org/10.1007/978-0-387-09834-0_50
https://doi.org/10.3109/00016480902858899
https://doi.org/10.2500/108854186778995293
https://doi.org/10.1007/s11882-016-0646-1
https://doi.org/10.22038/ijorl.2019.35045.2158
https://doi.org/10.22038/ijorl.2019.35045.2158
https://doi.org/10.4049/jimmunol.2100745
https://doi.org/10.4049/jimmunol.1002146
https://doi.org/10.1053/j.gastro.2006.03.044
https://doi.org/10.1038/mi.2015.16
https://doi.org/10.1016/j.clim.2023.109632
https://doi.org/10.1084/jem.168.3.853
https://doi.org/10.3109/00016489209137428
https://doi.org/10.1159/000276724
https://doi.org/10.4193/RHINOL/21.002
https://doi.org/10.1016/j.jaci.2007.05.011

	A systematic review of the clinical evidence for an association between type I hypersensitivity and inner ear disorders
	1 Introduction
	2 Materials and methods
	2.1 Search strategy
	2.2 Selection criteria
	2.2.1 Inclusion criteria
	2.2.2 Exclusion criteria

	3 Results
	3.1 Characteristics of included studies
	3.2 Epidemiology
	3.3 Immunopathology
	3.4 Impact of antigenic stimulation or allergy treatment on inner ear disorders
	3.5 Presence of inner ear disorders in patients with allergies

	4 Discussion
	4.1 Epidemiological link between allergic diseases and inner ear disorders
	4.2 Inner ear disorders associated with allergies
	4.3 Effects of allergic modulation on the inner ear function
	4.4 Effects of allergy on the middle ear function
	4.5 Possible mechanisms involved in allergy-mediated inner ear disorders
	4.6 Clinical implications
	4.7 Study limitations

	5 Conclusion
	Author contributions

	References

