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Abstract 
The etiology of Meniere disease (MD) is unknown. Among the several factors which can provoke 
the disease is a pathological immune response. Objective: To investigate whether MD is due to a 
pathological immune reaction. Materials and methods: Immunological assay (IA) was evaluated in 
a consecutive study on 159 patients with MD (mean age 47.8. years) and the results compared 
with those from 26 patients operated on because of vestibular schwannoma (VS, mean age 54.1 
years), who served as a control group. In cases of MD, transtympanic electrocochleography (ECoG) 
and hearing threshold were measured. Results: The average hearing level (HL) in the affected ears 
of patients with MD was 30 dB. Evidence of abnormal plasma protein pattern was found in 127 MD 
patients (80%). Elevations were found in β1-globulin (54.5%), β2-globulin (26.5%), α2-globulin 
(34.3%), γ-globulin (17.3%), complement (CH100, 36.4%) and antinuclear antibodies (ANA, 
43.4%). The onset of the disease did not correlate with the level of the plasma protein neither with 
the level of IgG titers. Conclusion: Elevated certain plasma proteins in patients with Meniere’s 
disease could be a sign that Meniere’s disease is a consequence of pathological immune reaction. 
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1. Introduction 
Autoimmunity has been suggested to cause a Meniere disease (MD) [1]. The immune reaction can damage the 
inner ear structures by involving sensitized lymphocytes and circulating antibodies. In addition, these are proba- 
bly associated with different structures of the inner ear such as the cochlear and vestibular nerve as the inner ear 
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is in an immunologically protected environment. This may result in a prolonged immune response with recurrent 
fluctuating hearing loss, attacks of vertigo and tinnitus, as first described by McCabe [2]. An immune response 
may also arise in the vicinity of the endolymphatic sac, which can alter the function of the sac and may later re- 
sult in derangement of homeostasis of inner ear fluid [3]. 

The present study examined whether subjects with MD have pathological immune reaction related to the ele- 
vation of antibodies. A group of patients with HL due to VS was used as a control group. 

2. Subjects and Methods  
2.1. Subjects 
One hundred and fifty-nine patients (range 22 - 81 years, mean 47.8 years) were chosen for this consecutive 
study. They were diagnosed as having MD (102 right-sided, 53 left-sided and 4 bilateral) on the basis of Ameri- 
can Academy of Otolaryngology—Head and Neck foundation (AAO-HNS 1995) criteria [4]. The onset of MD 
disease varied from 2 to 6 years. 

The control group was composed of 26 patients (range 30 - 72 years, mean 54.1 years) having a sudden or 
progressive sensorineural hearing loss at high frequency. The diagnosis of VS was established by performing an 
MRI imaging. The patients underwent subsequently a tumor removal. 

The protocol regarding admission of patients into the study was accepted by the local Ethics Committee of the 
University Hospital of Helsinki. 

2.2. Methods 
The basic immune assay in our study was the titration of status measurements of immunoglobulins A, G and M, 
complement components C3 and C4, rheumatoid factors (RF) and antinuclear antibody (ANA).  

The immunoglobulins IgA, IgG and IgM were evaluated by immunoturbidimetric technique. Complement 
function was measured by gel-hemolysis assay according to Meri [5] and antinuclear antibody (ANA) was 
measured by immunofluoresecence [6]. Serum proteins were analyzed by total protein assay and electrophoresis 
on cellulose-acetate membrane resulting in percentage values for albumin, α1, α2, β1, β2 and γ globulin. The 
complements were analyzed by the immunoturbometry method. The antibodies to nuclear antigens (ANA) were 
analyzed by indirect immuno-fluorescence techniques, CRP was analyzed by the immunoturbidimetric, and 
rheumatoid factor was tested by latex agglutination test and anti-streptolysin- by sheep red cell hemolysis assay 
[7]. Direct test of Coombs was performed on patients’ red cells by agglutination with polyvalent anti-serum-im- 
munoglobulin and anti-serum complement (C3b/C3d) [8]. Since cold agglutinin can cause red blood cells to 
clump only at temperature lower than 37˚C, the test was performed by cooling the tube to where the blood of the 
patient was collected in ice water for 30 - 60 seconds, and evaluated for clumped red blood cells with a micro- 
scope. 

All the patients underwent conventional clinical audiometry conducted in a soundproof room, and transtym- 
panic electrocochleography (ECoG) under microscopic visualisation. Details of audiometry and ECoG recording 
techniques were published elsewhere [9].  

2.3. Statistical Methods 
Correlation between HL, EH, symptoms of MD, and circulating IC and antiviral titers were examined by using 
Spearman’s matrix. Elevated titers of antibodies against neuroviruses in patients with MD were compared with 
those of controls by means of analysis of variance (ANOVA). Findings were considered to be statistically sig- 
nificant when p was less than 0.05.  

3. Results 
Average HL in the speech area in the affected ear, or the worst ear in bilaterally affected patients, was 30 dB 
(+−20.1 dB) and in the unaffected side or less affected side, 16 dB (+−9.4 dB) in patients with MD.  

In MD, ECoG assessed an EH (SP/AP ratio > 0.35) in 54 percent of patients, 30 percent were having SP/AP < 
0.35 and in 16 percent, the trace of ECoG was not clear to permit an adequate evaluation of SP/AP result (SP 
and AP trace not clear) (Figure 1). 
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Immune assay was only performed in patients with MD and according to normal limits on immunoassay (Ta- 
ble 1), one hundred and twenty-seven patients (80%) showed evidence of abnormal immunity status (Table 2). 
Pathological occurrence in the immunological assay was observed in 34.3% of the patients as regards 
α2-globulin, 54.5% (β1-globulin), 26.5% (β2-globulin), 17.3% (γ-globulin), 14.1% (IgM), 13.1% (IgA), 36.4%  

 

 
Figure 1. Number of patients with endolymphatic 
hydrops and without endolymphatic hydrops assessed 
by electrocochleography. Number of patients without 
clear trace of electrocochleography are also presented. 

 
Table 1. Normal limits of immunoassay titers.                                                                

Measured item Normal limits Measured item Normal limits 

Protein 60 - 85 g/liter Complement 100 50 - 130 U/ml 

Albumin 24 - 47.6 g/liter Complement 3 0.5 - 1.5 g/liter 

α1-globulin 0.7 - 3.4 g/liter Complement 4 0.15 - 0.5 g/liter 

α2-globulin 3 - 9.3 g/liter Antinuclear antibody Titer < 10 [units] 

β1-globulin 3 - 7.6 g/liter Rheumatoid factor (RF), nephelometric Waaler-Rose <20 [units] < 45 [units] 

β2-globulin 1.8 - 5.1 g/liter C-reactive Protein 0 - 10 mg/liter 

γ-globulin 6 - 17 g/liter Anti-streptolysin-O <300 IU/ml 

IgG 8 - 18 g/liter Direct Coombs’ test negative 

IgM 0.6 - 2.7 g/liter S-Cold-Hemaglutination Titer < 8 

IgA 0.5 - 4.1 g/liter Viscosity 1.14 - 1.15 [units] 

 
Table 2. Abnormality rates in immunological assays results in patients with Meniere disease (N = 159).                  

Assay Abnormality Rate (%) Assay Abnormality Rate (%) 

Protein 
Albumin 

α1-globulin 
α2-globulin 
β1-globulin 
β2-globulin 
γ-globulin 

7 
5 
7 

34.3 
54.5 
26.5 
17.3 

IgG 
IgM 
IgA 

CH100 
C3 
C4 

ANA 

7 
15 
13 

36.4 
3 
5 

43.4 
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(CH100), and 43.4% (ANA). The β1-globulin was the only abnormality which correlated significantly with 
hearing threshold. When the level of β1-globulin was low, hearing threshold was moderate-to-severe or severe 
and when the level of β1-globulin was high the level of hearing loss was mild-to moderate (Figure 2).  

Levels of β1-globulin titer was low in patients with EH (high SP/AP ratio) and high in patients without EH 
(normal SP/AP ratio) when hearing threshold was severe. β1-globulin titer was almost the same in patients with 
EH and without EH when the hearing threshold was mild-to-moderate and from moderate-to-severe (Figure 3). 
There was a difference in the level of the β1-globulin titer in patients with and without EH when hearing thre- 
shold was severe was statistically significant (p < 0.05).  
 

 
Figure 2. Percent of pathological levels of β1-globulin titers corres- 
ponding to different levels of hearing threshold in patients with Meniere 
disease.                                                      

 

 
Figure 3. Relationship between β1-globulin and hearing threshold in pa- 
tients with endolymphatic hydrops (summating potential/action potential 
ratio (SP/AP ratio > 30%)) and in patients without EH (normal SP/AP ra- 
tio). Mean ± errors of mean values are shown.                          
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4. Discussion 
Inner ear immune reactions may play a significant role in various types of inner ear disorders, such as progressive 
bilateral sensorineural hearing loss [10], MD [11] and delayed EH [12]. Derebery et al. (1991) demonstrated sig- 
nificantly elevated levels of CI complexes among 30 patients with MD when compared with 20 control subjects 
[13]. Brookes et al. (1985) found immune complexes in 55% of patients with MD and in only 3% of control 
subjects [14]. Dornhoffer et al. (1993) showed that IgG deposits could be detected in the endolymphatic sac (ES) 
of 40% of patients undergoing shunt surgery [15]. Savastano et al. (2006) has demonstrated that autoimmune 
response may be a pathogenetic factor in MD occurrence by affecting the endolymphatic sac [16]. They found in 
more than half of the serum of the sample group of MD patients the presence of high value of CI complexes 
presented by an increase level of T-helper compared to cytotoxic cells, with an increase in the CD4/CD8 ratio. 
Whereas the level of the rest on of immune level like erythrocyte sub-population, cryoglobuline level, the com- 
plement level, the lymphocyte sub-populations, the cytoglobulines, the CI complexes , organ and non-organ au- 
toantibodies, level if IgG, Erythrocyte sedimentation rate, C-reactive protein, rheumatoid factor, complement 
fractions and cryoglobuline were either negative or non-significant in the considered cohort of MD suffering pa- 
tients.  

In our study, elevation of β1-globulin levels was new finding which was not reported before. It was found in 
more than half cases (54.5%). Furthermore, β1-globulin was the only abnormality which correlated significantly 
with hearing loss at all frequencies and with the SP/AP ratio. The β1-globulin fraction in electrophoresis con- 
tains products of several different proteins. Usually the β1-globulin level is increased during iron-deficiency 
anemia, pregnancy and estrogen therapy [17]. An increase in the β1-globulin level may also be caused by break- 
down of complement C3, in which C3c migrates in the β1 band and causes an increase in its intensity [17]. Oth- 
er known components in the β1 band are cold insoluble proteins, but their role in MD is unknown. In another 
hand, it has been reported that some women with MD can experience a worsening of MD symptoms during 
pregnancy [18] has revealed a possible nuance between MD and pregnancy.  

As the etiology of MD is still unknown, this can motivated researcher to make further studies in attempt to 
find news causative agents in MD. This demonstrates that the etiology of MD is more complex and obscure by 
the fact that new causative agents are revealed continuously. In some other studies, MD was associated to par- 
ticular human leucocyte antigen haplotypes like thyroid autoimmunity [19]. Other studies have incriminated the 
effect of inhalant and food allergy to MD [20]. 

In animal experiments, Tomiyama et al. (16) demonstrated that severe inflammatory cellular infiltration oc- 
curred in the sac from 8 h to day 3 after a secondary keyhole limpet hemocyanin (KLH) challenge to the sac. 
These authors demonstrated that increased vascular permeability occurred on day 2 after the secondary KLH 
challenge. Histology revealed significant staining of IgG and C3 on the sensory epithelium of the vestibule. An 
increase in hearing threshold was confirmed by ECoG. The hearing threshold was significantly increased in as- 
sociation with elevation of perilymphatic antibody levels in the early phase of the secondary immune reaction in 
the ES, indicating that the elevation of hearing threshold was dependent on the intensity of a type III immune 
reaction. Consequently, an elevation of perilymph antibody levels in the early phase suggests that there is a large 
quantity of harmful immune products, enough to damage the inner ear sensory organs, and that elevation of CI 
complexes is linked to the immune response [21].  

There was no statistical difference of IgM antibodies between MD patients with and patients without EH. This 
was related to the cases of our study group patients who were mainly old cases of MD. Eventually, we consi- 
dered that the acute phase of antibodies reaction during which the IgM antibodies manifestation is involved has 
subsided.  

The weakness of our study is that the majority of cases of MD patients were old cases. This study would be 
more relevant if the number of news cases was important to find out objectively about what is happening at the 
level of the immune system during the acute phase of MD manifestation, what kind and what most immune sys- 
tem factors are incriminated during this phase. It is seldom that new cases of MD patients are addressed imme- 
diately to ENT clinic, unfortunately most cases of MD are treated by ordinary and classic therapy at the first 
health care sector where the diagnosis of MD is established on the basis of clinical symptomatology and no ad- 
vanced investigations was performed. Hence the cases of MD at ENT clinics are mostly old cases with severe 
symptomatology in which the classical MD therapy did not have effect or cases addressed for further investiga- 
tions to confirm MD.  

In conclusion, MD is caused by a complex pathological immune reaction. During the early phase of the im- 
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mune reaction, one can assume to find high levels of CI complexes, and low hearing threshold level and SP/AP 
ratio. Later, when the immunological process is subsiding, there comes a worsening of hearing threshold with 
normalization of EH whereas circulating ICs will be reduced at that time. 
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