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Introduction
Abstract

In 1984, Helicobacter pylori (H. pylori) were first discovered
in the stomachs of patients with gastritis and stomach ulcers

Background: Sudden Sensori-neural Hearing Loss (SSHL) is
an abrupt failure of the cochlear function of unknown
etiology. Possible causes include chronic infections
leading to increased systemic levels of cytokines, which
could damage the cochlear pumps H*, K*- and Na*, K*-
ATPases. Helicobacter pylori infection stimulates systemic
cytokine production. Proton pumps in cochlea and
stomach are almost identical.

Methods: We examined 18 consecutive SSHL patients, 18
matched controls for serum antibodies to Helicobacter
pylori, and to the H*, K*-ATPase, and “blasted” the human
proton pump against Helicobacter epitopes in the protein
database at NCBI.

Results: Seventeen SSHL patients (94.4%) and ten controls
(55.5%) were Helicobacter pylori positive (P=0.008,
OR=13.6). Anti-H*, K*-ATPase autoantibodies were
present in six SSHL patients (33.3%) and one control
(5.5%) (P=0.043, OR=8.5). Significant homologies were
found between human proton pump and various bacterial
ionic pumps. Notably, up to one fourth of Helicobacter
pylori infected patients produce autoantibodies to the
gastric proton pump, i.e., H* K*- ATPase.

Conclusion: Helicobacter pylori infection may be related
to an increased risk of SSHL.

Keywords: Helicobacter pylori; Infection; Autoantibodies;
Cytokines; H*-ATPase; lonic pump; H*, K*-ATPase; Na*, K*-
ATPases; Sudden deafness.

by Marshall and Warren [1]. It is a microaerophilic, helix-
shaped curved rod, spirochaete-like Gram negative bacterium,
around 3 micrometres (m) long and with a diameter of around
0.5 um. It is able to obtain energy by oxidizing the H,
molecular by hydrogenase and it produces oxidase, catalase,
and urease; the urease enzyme produced allows H. pylori to
improve its colonization by altering the organism
microenvironment [2].

Since 1984, it was the subject both of investigation of basic
biochemical and clinical research and of debate. Its relevance
to peptic ulcer disease, gastritis, and gastric malignancy is
indisputable [3].

The incidence and prevalence of H. pylori infection, its mode
of transmission, and any risk factors have been studied and the
results hold that the prevalence

e Varies in relation to the location of the study group and the
characteristics of the population studied [4].

* Increases with age [5] and correlates positively with a low
socioeconomic status during childhood [6].

It has been highlighted that the acquisition of H. pylori
occurs during childhood, via fecal-oral or oral-oral route, and
probably the gastro-oral route plays a fundamental role in
transmission [7]. Some studies highlight the relevant
prevalence of the infection, e.g. a study of 619 blood donors in
Turin [8] found an overall prevalence of infection of 51% in
males and 27% in females, whilst anti-CagA was found in
17.4% and 18.7% respectively.

Moreover, cecropins produced by H. pylori inhibit the
growth of competing organisms [9], as well as a P-type ATPase,
which helps prevent excessive alkalinization of the
microenvironment by urease [10]. This last result allowed to
hypothesize a role played by H. pylori in other diseases and
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some evidences has also been pointed out; indeed, this
bacterium was shown to survive within monocytes and
polymorphonuclear cells, thereby potentially travelling
throughout the body [11-13].

The aim of this paper is to highlight the possible relation
between the H. pylori and the Sudden Sensorineural Hearing
Loss (SSHL). SSHL, also known as sudden deafness, consists in a
rapid hearing impairment encompassing not less than 30 dB,
concerning at least three continuous frequencies and
developing in three days maximum [14]. This disease, whose
estimated annual incidence is 5 to 20 cases per 100.000
individuals [15], has a dramatic impact on a mainly young and
otherwise healthy population. Nevertheless, only 10% to 15%
of patients attain an etiological diagnosis [16], e.g. ototoxic
drugs, trauma, cancer, immunological [17,18] or metabolic
disorders are the most frequent etiological causes reported.

The anatomic site responsible for the functional loss is
cochlea. Cochlear damage has been correlated with viral
infections [19], mainly by Herpes viridae, such as
Cytomegalovirus [20]. Experimental and clinical evidences
indicate that a reduction in cochlear blood supply may lead to
cochlear ischemia [21,22] and eventually SSHL [23]. In cases
characterized by ischemic lesions, cardiovascular risk factors,
such as hypertension, hyperlipidemia, hyperhomocysteinemia,
as well as local inflammatory status, may often be involved.

The pathophysiologic mechanisms leading to SSHL are not
fully understood. Cochlear endolymph is characterized by an
extraordinary high extracellular concentration of potassium
(140-180 mEg/L) and low concentrations of sodium (13-16
mEq/L) resulting in the generation of a high resting potential,
called endocochlear potential. Potassium ions circulate from
the endolymph into the sensory hair cells, causing the
depolarization of plasma membrane and transduction of
sound waves into electrical impulses. Endocochlear potential
drives K* to flow towards the hair cells along a voltage gradient
that must be continuously maintained by recycling K* back into
the endolymph [24]. Re-absorptive pathways contributing to K
* cycling involve K* channels [25], a Na*, K*-ATPase [26] and an
H*, K*-ATPase [27]. K* recycling requires an anatomic structure
called the spiral ligament, which is located within the cochlea;
its integrity is mandatory for the correct functions of the
vascular structure (stria vascular) and as a consequence of the
entire organ of Corti.

Among all the factors that could regulate the ion flux in the
channels, cytokines deserve particular attention. They may
alter ion homeostasis within the spiral ligament [28,29] leading
to a modified functional status that may alter the activity of
gap junctions. The importance of spiral ligament is supported
by the observation that mutations of genes encoding for the
cochlear connexins are associated with hereditary deafness
[30].

All the conditions characterized by increased levels of
inflammatory cytokines in the blood stream could contribute
to determine a cochlear damage. Helicobacter pylori (H. pylori)
infection is the most diffused chronic bacterial infection
worldwide, after dental caries. H. pylori is a gram-negative,
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micro-aerophilic and acidophilic bacterium present in the
stomachs of approximately half the world’s population [31,32].
It is the only microorganism capable of living in the hostile
gastric environment of man for the entire host’s life [3,32] and
causes acute and chronic gastritis that greatly increases the
risk of peptic ulcers and gastric cancer [3,32,33]. The cellular
and humoral immune response to the infection stimulates the
secretion of chemokines, thus contributing to enhance the
systemic inflammatory status [34,35]. The inflammatory and
immune response may also trigger or exacerbate diseases of
organs and systems different and far from the digestive
apparatus, concurring to determine acute myocardial
infarction [36-38], ischemic stroke of non-cardioembolic origin
[39,40] pre-eclampsia [41] (a cerebral ischemia condition of
mother and fetus). H. pylori infection is a condition in which
autoimmunity is exalted. For instance, patients with H. pylori
chronic gastritis frequently develop antibodies to the gastric H
*,K*-ATPase, which, in the long run, could lead to an
autoimmune gastritis [42]. Autoimmunity is often based on
the phenomenon of molecular mimicry between human and
bacterial antigens, and it is known that sharing epitopes can
work like a trigger for certain autoimmune diseases. Some of
us have recently discovered the existence of a linear homology
between a main component of sperm flagellum, B-tubulin, and
different antigens of H. pylori and have hypothesized that an
immune cross reactivity may determine the association
between H. pylori infection and male infertility [43].

In this study, we have investigated on the possible
association between H. pylori infection and development of
SSHL, prompted by the observations that

e H. pylori chronic infection determines an increased,
permanent inflammatory status in terms of raised amounts
of circulatory cytokines;

e Cytokines could possibly damage the cochlea;

e The gastric H*, K*-ATPase is structurally similar to the
cochlear proton pump (PP), which could therefore be
damaged by autoantibodies induced by the infection.

To support the conjecture that anti-gastric H*, K*-ATPase
antibodies could also injure the cochlear PP through antigen
mimicry, we compared the aminoacid (aa) sequence of human
H*, K*-ATPases with the sequences of proteins putatively
encoded by H. pylori strain 199, whose nucleotidic sequence is
available at NCBI. As the cochlear auditive potential is also
maintained by a Na*,K*-ATPase, we also aligned the aa
sequence of this ionic pump.

Materials and Methods

Case-control study

Thirty-six subjects attending the Clinic of Otolaryngology of
the Turin University, Italy, from January to December 2005 and
gave their consent to the study were examined.
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Patients

Eighteen consecutive patients (11 females and 7 males,
mean age 46.3 years), were diagnosed with SSHL. The
procedures followed were in accordance with the Helsinki
Declaration of the World Medical association. Inclusion and
exclusion criteria are reported in Table 1.

Table 1 Inclusion and exclusion criteria in the studied patients.

Inclusion Criteria Exclusion Criteria

Age <70 years Congenital hearing loss

Clinically normal tympanic membrane
and type A tympanogram

Meniére’s syndrome

Absence of external and medium ear
diseases

Professional noise exposure

Absence of CNS pathologies Transmissive hearing impairment

Absence of pontocerebellar angle
pathologies at NMR

Metabolic hearing impairment

Absence of ototoxic and CNS drug
use

Absence of cardioembolic risk factors

Absence of sound exposure and
trauma

Patients’ family history and life style were recorded. All
patients received general physical examination, clinical and
instrumental investigations necessary for the diagnosis of
SSHL. Instrumental examination consisted in pure-tone
audiometry (125 Hz, 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000
Hz and 8000 Hz; ISO standard Audiometer A309, Amplifon),
and impedance audiometry data (A702 Impedentiometer,
Amplifon). To exclude retrocochlear pathologies, each patient
underwent brain nuclear magnetic resonance (Siemens
Magneton-Expert 1 T, Erlangen, Germany).

The hearing loss degree was classified according to the
American Academy of Otolaryngology. Patients were assigned
to four groups depending on hearing impairment severity; mild
degree=loss higher than 15 dB and less than 40 dB, moderate
degree=between 40 dB and 60 dB, severe degree=between 60
dB and 90 dB and deep degree=higher than /90 dB. According
to the severity of hearing impairment patients were treated
with diuretics and oral or intravenous corticosteroids.

As controls, 18 subjects, 13 females and 5 males, (mean age
42 vyears) without hear impairment and autoimmune,
metabolic and circulatory disorders, who attended the
outpatient service of the same Clinic, were enrolled. They
were matched for age, sex and social background; they
underwent a general physical examination and pure tone
audiometry. All patients and controls were investigated for
serum antibodies against H. pylori and against H*, K*-ATPase.

Blood chemistry

The other tests performed included hemocytometry and
platelets count; blood levels of fasting glucose, fibrinogen,
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cholesterol, C-reactive protein (CRP), albumin, ferritin, uric
acid, folic acid, vitamin By, and erythrocyte sedimentation
rate. All values were obtained by standard laboratory methods.

Serology

A commercial test was used to determine serum antibodies
to the following pathogens: Cytomegalovirus, Herpes simplex
virus (IgM), Epstein-Barr virus (IgM), influenza virus A and B,
parainfluenza virus 1-3, Echo virus, Coxsackie virus, Hepatitis B
and C Viruses, Chlamydia pneumoniae, Mpycoplasma
pneumoniae and H. pylori. We also determined the presence
of anti-nuclear, anticardiolipin and anti-H*, K*-ATPase serum
antibodies (by a commercial ELISA kit, Eurimmune, Germany).
Anti-H. pylori antibodies were investigated using a commercial
ELISA kit (Eurospital, Trieste, Italy). To test the concept of
molecular mimicry in relation to the origin of autoantibodies
reacting with cochlear ATPase, the amino acid (aa) sequence of
human gastric H*, K*-ATPase was “blasted” in the protein
databases of Helicobacter pylori strains J99 at the National
Center for Biotechnology Information (NCBI), Bethesda, MD,
USA [44]. The identical sequences (at least five consecutive
amino acids) were recorded and aligned with the sequences of
the corresponding bacterial proteins. In some cases,
sequences longer than five amino acids were also included,
even if the alignment was interrupted by one or two non-
matching amino acids.

Statistical Analysis

A logistic regression analysis and the one-tailed Fisher exact
test were performed to calculate the odds ratio using the
statistical software SPSS v.13.0 Software (SPSS Inc., Chicago,
IL). P-values<0.05 were considered statistically significant.

Results

Nine patients out of the eighteen enrolled in the present
study developed unilateral and nine bilateral SSHL. Disease
severity in unilateral cases was mild or moderate in seven
patients, severe in one patient and deep in the other one; in
bilateral cases of hearing impairment, disease severity was
mild or moderate in one patient, severe in another one and
deep in the other seven patients. Four patients presented
hearing impairment at all frequencies; six had impairment for
high frequencies only, one patient for low frequencies and
seven for high and low frequencies (U shaped hearing loss). All
patients showed normal vestibular reflexes.

Potentially confounding variables among patients and
controls were analyzed (Table 2). None of patients and
controls had elevated systolic blood pressure; three patients
(16.6%) and no control had a diastolic blood pressure higher
than 90 mmHg. Hypercholesterolemia was present in 6
patients (33.3%), elevated levels of LDL in three patients
(16.6%), high CRP and erythrocyte sedimentation rate levels in
four patients (22.2%). All the patients were negative for anti-
nuclear and anti-cardiolipin antibodies and for high titer serum
antibodies to Cytomegalovirus, Herpes simplex virus, Epstein-
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Barr virus, Influenza virus A and B, Parainfluenza virus 1-3, causing sexually-transmitted diseases, C. pneumonia and M.

Echo virus, Coxsackie virus, hepatitis B and C viruses, viruses pneumoniae.
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Figure 1 Most significant alignments of human gastric H+, K+-ATPase and Na+, K+-ATPase —transporting-subunit alpha-3 with
copper-transporting P-type ATPase (gene id: 889106 copA) from H. pylori. When two proteins are made up by at least five
identical (or with the same chemical properties) amino acids in sequence they are considered homologous. Query: tubulin
amino acid sequence; Subject: amino acid sequence of the bacterial protein; the numbers in the sequence represent the
initial and final positions of amino acid; + indicates that the aligned amino acids are different, although, from an antigenic
point of view, they are similar; identities represent the percentage of identical amino acids in the two compared sequences;
positives indicate the percentage of amino acids that share the same behavior from an antigenic point of view; gaps mean the
number of intervals lacking linear homology between two homologous sequences.

N J

All patients except one (94.4%) and ten controls (55.5%) antibiotic therapy (Table 2) are known confounding variables.
tested positive for antibodies against H. pylori (P=0.008, The level of significance remained high even after correction
OR=13.6, 95% Cl, 1.32-335.70). Sex, age, smoke, hypertension, by multivariate analysis for the following confounding
familiarity for cardiovascular diseases and stroke, previous variables (data not shown). No correlation between
episodes of ischemic heart disease, stroke and previous
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audiometric patterns and the presence of H. pylori infection
was observed (data not shown).
Table 2 Prevalence of potentially confounding factors in patients and controls.
Variables Sex Mean Smokers (%) Previous HID/Stroke Diastolic High total High
Age drug Familiarity Hypertension Cholesterol CRP &
therapy ESV
M| F
No Yes Ex
Patients 7| 11| 463 68 | 23 9 22.7% 36.4% 16.6% 33.3% 22.2%
Control 5| 13| 4241 72 | 28 0 0% 4.8% 0% 0% 0%

Antibodies against H*, K*-ATPase were present in six out of
eighteen patients (33.3%) one out of eighteen controls (5.5%)
(P=0.043, OR=8.5, 95% Cl 0.80-213.00), all of whom infected.
The prevalence of autoantibodies among the H. pylori infected
patients and controls were 35.3% (six of seventeen) and 10%
(one of ten), respectively (P=0.161, OR=4.9, 95% Cl:
0.42-129.70).

The alignment between the aa sequences of the two human
ionic pumps and the proteins expressed by H. pylori strain J99
showed significant homologies with several antigens, most of
which were ionic pumps themselves (Figure 1). In particular,
both the human ATPases aligned in a very significant manner
with the product of H. pylori gene 889106 copA, a copper-
transporting P-type ATPase (E=3 x 10710 for the H*, K*-ATPase
and=2 x 1011 for the Na*, K*-ATPases, (Figure 1). Homologous
tracts spanned two large segments of the entire bacterial
copper-transporting pump. The two sections of the H*, K*-
ATPase that aligned were 28% and 21% identical and 51% and
42% similar (Figure 1). The two homologous fragments of the
Na* K*-ATPase were 32% and 20% identical and 60% and 44%
similar (Figure 1). Similarity refers to identical amino acids and
amino acids sharing similar chemical properties.

Discussion

Sudden Sensorineural Hearing Loss (SSHL) mostly occurs
among young and otherwise healthy active population,
impairing an important organ of sensory perception. Every
year, about 4000 new cases occur in USA, almost all
concerning people aged 30 to 60 years. The potential causes of
SSHL are numerous and range from viral infections to ischemic
disorders [21-23]. The mechanisms of damage are basically
unknown. There is evidence that the full activity of the
cochlear H* K*-ATPase is of basilar importance for a correct
function of the organ of Corti. Such a pump is active in
fibrocytes of the spiral ligament, in the stria vascularis and in
the spiral ganglion [45]. The expression of H*, K*-ATPase in
cells of the stria vascularis contributes to maintain the
physiological intracellular pH and the endolymph homeostasis
and generate the endocochlear potential [27,45].

The observation that increased levels of inflammatory
cytokines may damage the cochlea and that the cochlear
proton pump (PP) may be altered in cases of SSHL prompted
us to investigate a possible association between H. pylori
infection and such disease. In fact, 20% to 30% of patients

© Copyright iMedPub

infected by H. pylori present autoantibodies to the gastric H*, K
*-ATPase, which shares some epitopes with the bacterial
vacuolating toxin VacA [42]. Peptides expressing the same
function normally have conserved amino acid sequences, even
though they operate in different organs and even in different
organisms. We therefore hypothesized that antibodies raised
against the VacA protein, which have already been shown to
cross react with the gastric H*, K*-ATPase, could target the
cochlear ionic pump, with consequent damage of the organ of
Corti. Such a hypothesis is reinforced by the observation that
the cochlear H*, K*-ATPase and the bacterial ionic pump that
regulates the transport of copper, share a wide linear
homology (E=3 x 10719) (Figure 1). The flux of potassium in the
cochlear endolymph, however, is also regulated by a Na*, K*-
ATPase. The finding that the enzyme shows a highly significant
similarity (E=2 x 10°11) with the same type of bacterial ionic
pump and with other ATPases further supports our hypothesis
that antigen mimicry between bacterial and human epitopes
may cause cochlear disorder.

Monoclonal antibodies raised against H. pylori antigens
react with several different human tissues, including epithelial
cells [46] and endothelial ones, as Franceschi et al. [47] have
described the existence of an antigenic mimicry between the
vascular wall endothelium and H. pylori; some of us have
shown a linear homology between human B-tubulin — largely
diffused in the cytoskeleton of different cells - and H. pylori
CagA, VacA and flagellar proteins [43]. It is therefore possible
that the humoral immune response to certain H. pylori
antigens may cross react with the vascular endothelial cells
and inner ear antigens (such as PO-myelin and B-actin) — in
addition to the cochlear ionic pumps - and damage the
cochlear fine microstructure, leading to hearing impairment
[45].

Other possible mechanisms of cochlear damage associated
with H. pylori infection may involve the ability, exhibited by
this bacterium, to activate platelets and other coagulation
factors through which the infection may concur to cause
arterial obstruction with consequent ischemia [48].

Similar mechanisms have previously been reported to
explain the increased risk of myocardial infarction and stroke,
run by H. pylori infected patients [38,39]. In SSHL it has been
shown that systemic vascular and haematological
abnormalities may increase the risk of developing
sensorineural hearing loss and that disturbances of the
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cochlear microvasculature are a prominent etiopathological
factor in sudden deafness [49].

Another explanation for our finding that H. pylori infection is
associated with SSHL, is as a consequence of gastric atrophy.
This condition impairs the absorption of vitamin B;, -with
consequent hyper-homocysteinemia [50] and a correlation
between augmented systemic levels of homocysteine and
SSHL development is known.

Conclusion

Finally, it is known that H. pylori infection stimulates
immunocytes and the gastric epithelium to produce cytokines,
often at high levels [51]. The importance of inflammatory
stimuli in the development and progression of SSHL is
documented by the observation that proinflammatory
cytokines present in the perilymph of organ of Corti may act
directly on the vascular endothelial cells. Cytokines may act on
the fibrocytes of the spiral ligament to produce various
mediators that could activate inflammatory cells and vascular
endothelial cells. Activated cells, on their part, may participate
in the inflammatory cell trafficking from the circulation to the
site of inflammation; this may contribute to cochlear damage
in susceptible individuals [52], eventually leading to SSHL [53].

Our results confirm that patients with SSHL are almost
invariably infected by H. pylori and may produce antibodies
against the H*, K*- proton pump. To the best of our knowledge,
this is the first report of an association between H. pylori
infection and development of SSHL. Studies with larger
number of patients are needed to confirm the association that
we have shown and to ascertain the role (if any) of systemic
proinflammatory status and antibodies to the proton pump
and endothelial cells in the development of sensorineural
hearing loss.
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