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Introduction: The symptoms of COVID-19 are primarily respiratory system disorders. Sensorineural hearing loss can be caused by
COVID-19, as other symptoms in the nervous system. Hearing loss may also be the only symptom or complication of this disease or
the symptoms of long COVID-19. The study aimed to assess hearing in patients after COVID-19 infection.

Material and Methods: The study conducted ENT and full hearing assessment in COVID-19 infection. All patients underwent
complete audiological diagnostics, including threshold tonal audiometry, tympanometry, otoacoustic emissions, and auditory brainstem
evoked potentials (ABR) tests. The study group included 58 patients aged 23 to 75 years who were diagnosed with COVID-19
infection six months before inclusion in the present study and reported post-COVID-19 hearing impairment.

Results: There were statistically significant differences between the control and study groups. Sensorineural hearing loss was found in
65.5% of the tonal audiometry test. The stapes reflex was absent in almost 20% of post-COVID-19 patients. The analysis of ABRs
demonstrated longer latencies of wave III, V, and time intervals I-III, I-V in post-COVID-19 patients.

Conclusion: COVID-19 can damage the inner ear as well as the auditory pathway. Hearing loss may be the only symptom of
COVID-19 or be a late complication of the disease due to postinfectious inflammation of the nerve tissue as a symptom of long
COVID-19. Prolonged conduction of the auditory pathway shows the affinity of the virus to the nervous system as a symptom of long
COVID. 1t is advisable to perform hearing diagnostics in patients after COVID-19 and provide them with specialist care.
Keywords: hearing loss, tinnitus, long COVID-19, SARS-CoV-2

Introduction

Coronavirus 2 (SARS-CoV-2) is a virus that has caused pandemic. In September 2022, more than 610 million cases were
diagnosed.' The pathophysiology of the disease includes viral infection of the upper and lower respiratory tract and an
over-response of the immune system or autoimmunity.” The symptoms vary,” and most patients suffer from mild
inflammation. The infection may lead to severe lung damage, acute respiratory distress syndrome (ARDS), and multi-
organ failure.> Long COVID-19 occurs more than four weeks after COVID-19 or reappears after a temporary
improvement.* The damaging effect of COVID-19 on the inner ear has been confirmed, but its pathogenesis and
occurrence remain unclear.’ The virus can damage the organ of Corti, stria vascularis, and spiral ganglia,’ and
COVID-19 was associated with sudden sensorineural hearing loss (SSNHL), which may be the sole or one of the
symptoms of COVID-19.?

Diseases of the inner ear and hearing loss rarely affect young and middle-aged patients. Sensorineural hearing loss
often affects the elderly, although this problem is often overlooked by patients and doctors. Hearing loss causes
a significant reduction in the quality of life, and may also be one of the first symptoms of serious neurological diseases
such as cerebral ischemic disease. SSNHL is usually caused by thromboembolism and also exposure to noise, ototoxic
drugs, ear or head trauma, inflammatory diseases of the ear, or viral diseases.” Many authors point to the problem of

Infection and Drug Resistance 2023:16 1931-1939 1931
Received: 7 January 2023 © 2023 Dorobisz et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT Php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 28 February 2023
Published: 31 March 2023

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-9369-8994
http://orcid.org/0000-0001-8056-1198
http://orcid.org/0000-0003-3043-4806
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Dorobisz et al Dove

hearing impairment after COVID-19; however, according to the meta-analysis,® there is no study that would accurately
assess the inner ear after COVID-19. Most of the research is based on pure tone audiometry or speech audiometry,
without the performance of objective tests- otoacoustic emission test and auditory brainstem evoked potentials test. In
addition, it was analyzed whether vaccination against COVID-19 can cause sensorineural hearing loss.” The impact of
COVID-19 on cranial nerve palsy is also being considered.'® The aim of the study was to assess the impact of COVID-19
on the inner ear, especially sensorineural hearing loss and the damage in the auditory pathway, focusing on assessing only
patients reporting hearing loss after COVID-19. The study also aimed to assess which part of the hearing organ was
damaged, which frequencies it concerned, and how the signal transmission in the central nervous system changed.

Materials and Methods

Control Group
The control group consisted of 60 healthy patients aged 38 to 69 years. People classified in this group did not report any
middle ear disease, hearing impairment, dizziness or balance disorders; otolaryngological examination showed no
pathology; otoscopic examination showed normal eardrums. Patients from the control group have never had a test-
confirmed COVID-19.

Study Group

The study group included 58 patients aged 23 to 75 years (mean 48) who had had COVID-19 disease up to 6 months
before, as confirmed by the COVID-19 real-time polymerase reaction test- these were patients with confirmed long
COVID-19. Women constituted the majority of the respondents (56.9%). These patients came to the audiology clinic or
the emergency room, directed by a general practitioner. These patients contracted COVID-19 six months before and
reported persistent hearing and balance disorders afterward.

The inclusion criteria were patients with hearing loss or tinnitus, at least 18 years of age, recovered from a mild to
moderate COVID-19 infection confirmed by a positive polymerase chain reaction (PCR) test, and referred to an
audiology clinic or acute medical emergency.

The exclusion criteria were patients with prior otological or neurological problems, hospitalized for COVID-19,
presence of hearing loss or dizziness prior to COVID-19, coexisting mental, cardiovascular or circulatory diseases, those
with a history of cranial trauma, meningitis, and patients taking ototoxic drugs. One patient with a history of
hospitalization in the intensive care unit was excluded from the study.

The study was approved by the bioethical committee of Wroclaw Medical University, Poland, 1036/2021. The study
was conducted in accordance with the Declaration of Helsinki, and all participants were informed about the purpose of
the study and gave their written consent.

The medical history covered the current disease, chronic diseases and past diseases, with particular emphasis on the
pathology of the middle and inner ear, as well as conditions that may affect the sense of hearing, as well as disorders of
taste, smell, and vision. Hearing damage risk factors, such as exposure to noise at work and the use of ototoxic drugs,
were also assessed. Each patient underwent an otolaryngological examination. A hearing was assessed by tonal threshold
audiometry, tympanometry, otoacoustic emission, and auditory brainstem evoked potentials test (BERA). The severity of
hearing impairment in tonal threshold audiometry was classified according to the British Society of Audiology as 2040
dB-mild, 41-70 dB moderate, 71-95dB severe and above 95dB as profound sensorineural hearing loss.'" Only patients
with type A tympanometry results were included in the study after the exclusion of conductive hearing loss. During the
study stapedius reflexes were assessed, the frequencies used to trigger the reflex were 500Hz, 100Hz, 2000Hz and
4000Hz. Acoustic reflex measurements provide information about the function of the middle and inner ear, vestibuloco-
chlear and facial nerve function, as well as brainstem function. The normal reflex threshold was considered to be 70—100
dB HL of pure tone. In the otoacoustic emission study, transient-evoked otoacoustic emission (TEOAE) and distortion
product otoacoustic emission (DPOAE) were used. Otoacoustic emissions testing evaluates the response of the cochlea to
a tonal pulse or click given by the probe. The test detects sensorineural hearing loss of cochlear origin. Signal-to-noise
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ratio (SNR) above 6dB was considered normal. The following standards were adopted in the BERA study, that norms
have been standardized in the laboratory:

e wave [- <1.9 ms latency,

e V- wave latency <6.2 ms

e interval I-III- <2.6 ms,

e interval III-V- <2.4 ms,

e |-V interval- <4.6 ms,

e interaural difference in interval values - <0.2 ms,
e interaural difference in wave latency V- <0.4 ms,

Statistical Analysis
The STATISTICA v. 13.3 program (TIBCO Software Inc., Palo Alto, Ca, USA) was used to perform the statistical
analysis.

The consistency of the distributions of quantitative parameters with the normal distribution was verified using the
Shapiro—Wilk test. P <0.05 was adopted as the critical level of significance. Depending on the distribution, quantitative
variables are presented in tables and graphs as means (M) and standard deviations (SD) or medians (Me) and lower (Q1) and
upper (Q3) quartiles. The significance of differences in average values in two groups for parameters with a distribution
significantly different from the normal or with heterogeneous variances was checked using the Mann—Whitney test.

For qualitative variables (nominal and ordinal), the counts (n) and proportions (%) were calculated and presented in
the contingency tables (multi-way). The independence of the two variables was verified using the Pearson chi-square test
or Fisher’s exact test. In the case of four-field tables, the values of the odds ratios and their 95% confidence intervals were
additionally estimated.

Single- and multi-factor logistic regression was used to describe the relationship between the values of the
explanatory variables (risk factors) and the probability of exceeding the norms of air and bone conduction and the
norm of the threshold of hearing in tonal audiometry. The cut-off values for continuous variables were determined after
the analysis of the ROC curves. P <0.05 was assumed as significant in all statistical tests.

Results

Medical History Analysis
Study Group
In the study group, 50% of patients reported hearing loss, while tinnitus occurred in 77% of patients, including
unilateral in 43.1% of patients, and bilateral in 32.8% of patients. Smell disturbances were noticed by 10 patients
(17.2%), and taste disturbances by 8 (13.8%). As many as 20 patients reported visual disturbances, which constituted
34.5% of patients.

People in the control group had no history of middle or inner ear diseases, hearing loss, tinnitus, dizziness or balance
disorders. No abnormalities were found in the ENT examination. The tympanic membrane was normal in all patients in

the control group.

Analysis of the results of Tonal Threshold Audiometry

In 38 patients, sensorineural hearing loss was found in the pure tone audiometry, which constitutes 65.5% of patients
in the study group. For the frequency of 250Hz, mild sensorineural hearing loss was found in 15% on the left side to
17% on the right side in patients with long COVID-19. For the frequency of 500Hz, mild sensorineural hearing loss
was found in 24% of patients on the right side and in 27% of patients on the left side, and moderate sensorineural
hearing loss was found in 5% of patients on the right side. On the left side, for the frequency of 500Hz, in the group
of patients with long COVID-19, 5% were also diagnosed with profound sensorineural hearing loss. For the
frequency of 1000Hz in the study group, mild sensorineural hearing loss was found in about 20% of patients.
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Moderate or severe sensorineural hearing loss for this frequency was reported in 3-5% of patients. For the
frequency of 2000 Hz, mild sensorineural hearing loss was found in 15-20% of patients, moderate sensorineural
hearing loss in 5—8%. Severe or profound sensorineural hearing loss at 2000Hz was reported in a total of 10% of
patients. Mild sensorineural hearing loss for the frequency of 4000Hz was found on the right side in 15.5% of
patients from the study group and in 19% of patients on the left side. Moderate sensorineural hearing loss for 4000
Hz in the right ear was found in 10% and in the left ear in 14% of patients with long COVID-19. Severe
sensorineural hearing loss at 4000 Hz was observed in 7% of patients on the right side and in 3.4% on the left
side. Profound sensorineural hearing loss was found in 7% of long-term COVID-19 patients. Mild sensorineural
hearing loss for 6000Hz was found in 12-13% of patients, similarly to moderate sensorineural hearing loss. Severe
sensorineural hearing loss for 6000Hz occurred in 3.4% of long-COVID-19 patients. Profound sensorineural hearing
loss at 6000Hz on the left side occurred in 8.5% of patients and in 1.7% of patients on the right side. However, for
the highest frequency - 8000Hz, mild sensorineural hearing loss occurred in 21% of patients from the study group
on the right side and in 12% on the left side. Moderate sensorineural hearing loss for 8000Hz on the right side was
present in 10% of patients and in 19% of patients on the left side. Severe sensorineural hearing loss for 8000Hz
concerned 5-6% of patients. Profound sensorineural hearing loss at 6000 Hz occurred in 3% of patients on the right
side and in 10% on the left side. Patients from the study group were diagnosed mainly as mild or moderate
sensorineural hearing loss, hearing disorders more often concerned medium and higher frequencies (Table 1). In the
control group, on the other hand, one patient had mild hearing loss. The differences between the study group and the
control group were statistically significant. In the multivariate logistic regression analysis, it was found that the
factors influencing the increased risk of exceeding the norm in the pure tone audiometry test are COVID-19.

The chance of exceeding the norm at any frequency in the pure tone audiometry test by a person who suffered from
COVID-19 is over sixty times higher compared to a healthy person who did not suffer from COVID-19 (OR = 63.2).

Table | Evaluation of the Pure Tone Threshold Audiometry Test

Right Ear Left ear
Study Group Control Group SvsC Study Group Control Group SvsC
P P
N =58 N =60 N =58 N =60
n % n % n % n %
250 Hz: 0.001 0.002
I. Normal hearing 46 79.3 60 100.0 44 75.9 60 100.0
2. Mild hearing loss 10 17.2 0 0.0 9 15.5 0 0.0
3. Moderate hearing loss | 2 34 0 0.0 | 1.7 0 0.0
4. Severe hearing loss 0 0.0 0 0.0 | 1.7 0 0.0
5. Profund hearing loss 0 0.0 0 0.0 3 52 0 0.0
500 Hz: <0.001 <0.001
I. Normal hearing 41 70.7 60 100.0 35 60.3 60 100.0
2. Mild hearing loss 14 24.1 0 0.0 16 27.6 0 0.0
3. Moderate hearing loss | 3 52 0 0.0 3 52 0 0.0
4. Severe hearing loss 0 0.0 0 0.0 | 1.7 0 0.0
5. Profund hearing loss 0 0.0 0 0.0 3 52 0 0.0
1000 Hz: 0.001 <0.001
I. Normal hearing 44 75.9 59 98.3 42 724 60 100.0
2. Mild hearing loss 12 20.7 | 1.7 1 19.0 0 0.0
3. Moderate hearing loss | 2 34 0 0.0 0 0.0 0 0.0
4. Severe hearing loss 0 0.0 0 0.0 2 34 0 0.0
5. Profund hearing loss 0 0.0 0 0.0 3 52 0 0.0
(Continued)
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Table | (Continued).

Right Ear Left ear
Study Group Control Group SvsC Study Group Control Group SvsC
P P
N =58 N =60 N =58 N =60
n % n % n % n %
2000 Hz: <0.001 <0.001
1. Normal hearing 40 69.0 60 100.0 40 69.0 60 100.0
2. Mild hearing loss 12 20.7 0 0.0 9 15.5 0 0.0
3. Moderate hearing loss | 5 8.6 0 0.0 3 5.2 0 0.0
4. Severe hearing loss | 1.7 0 0.0 3 52 0 0.0
5. Profund hearing loss 0 0.0 0 0.0 3 52 0 0.0
4000 Hz: <0.001 <0.001
I. Normal hearing 39 67.2 60 100.0 33 56.9 60 1000
2. Mild hearing loss 9 15.5 0 0.0 1 19.0 0 0.0
3. Moderate hearing loss | 6 10.3 0 0.0 8 13.8 0 0.0
4. Severe hearing loss 4 6.9 0 0.0 2 34 0 0.0
5. Profund hearing loss 0 0.0 0 0.0 4 6.9 0 0.0
6000 Hz: <0.001
1. Normal hearing 41 70.7 60 100.0 35 60.3 60 100.0
2. Mild hearing loss 7 12.1 0 0.0 <0.001 8 13.8 0 0.0
3. Moderate hearing loss | 7 12.1 0 0.0 8 13.8 0 0.0
4. Severe hearing loss 2 34 0 0.0 2 34 0 0.0
5. Profund hearing loss | 1.7 0 0.0 5 86 0 0.0
8000 Hz: <0.001 <0.001
I. Normal hearing 35 60.3 60 100.0 30 517 60 100.0
2. Mild hearing loss 12 20.7 0 0.0 7 12.1 0 0.0
3. Moderate hearing loss | 6 10.3 0 0.0 I 19.0 0 0.0
4. Severe hearing loss 3 52 0 0.0 4 6.9 0 0.0
5. Profund hearing loss 2 34 0 0.0 6 10.3 0 0.0

Analysis of Tympanometry results with the Study of the Stapes Reflex

In all the patients in the study and control groups, the tympanometry curves were normal - type A. However, the group
studied statistically significantly (p <0.05) more often showed the lack of stapes reflexes compared to the control group.
The stapedius muscle reflex was present in 80% of the patients in the study group, compared to the control group, where
the stapedius muscle reflex was recorded in all patients. These data are presented in Table 2.

Analysis of Otoacoustic Emission Test Results- TEOAE and DPOAE

The response in the otoacoustic emission study was compared between the control group and the study group. All
patients from the study group obtained the correct result. In the study group, almost 40% did not receive an answer. 13%
did not register responses unilaterally, while 25% - both sides. These data are presented in Table 3.

Analysis of Auditory Brainstem Evoked Potential Results

BERA scores were compared between the test group and the control group. The latency of wave III, V and time intervals
I-II, I-V was statistically significantly longer in patients after COVID 9 (Table 4). An analysis was then performed to
compare the number of normal and abnormal results in the test group versus the control group. Patients after COVID-19
disease obtained abnormal results significantly more often, especially wave I, I-1II and I-V latencies were significantly
(p <0.05) abnormal more often compared to the results of patients in the control group (Table 5 and Table 6).
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Table 2 Assessment of the Stapes Reflex

Right Ear Left Ear

Study Group | Control Group | B vs C Study Group | Control Group | S vs C

N =58 N = 60 P N =58 N =60 P

n % n % n % n %
500 Hz 52 89.7 60 100.0 0.012 50 86.2 60 100.0 0.003
1000 Hz | 50 86.2 60 100.0 0.003 53 91.4 60 100.0 0.026
2000 Hz | 52 89.7 60 100.0 0.012 51 87.9 60 100.0 0.006
4000 Hz | 43 74.1 60 100.0 <0.001 47 81.0 60 100.0 <0.001

Table 3 Results of Otoacoustic Emission Test

Otoacoustic Emission Test Study Group | Control Group | Chi-Square Test
Present 33 (61.1%) 60 (100.0%) p < 0.0001

No otoemission in the left ear 6 (11.1%) 0 (0.0%)

No otoemission in the right ear | | (1.9%) 0 (0.0%)

No otoemission in both ears 14 (25.9%) 0 (0.0%)

Table 4 Results of the Examination of Auditory Brainstem Evoked Potentials in the Test (S) and Control
(C) Groups and the Results of the Mann—Whitney Significance Tests

f (Hz) Right Ear Left Ear

Study Group | Control SvsCp Study Group | Control SvsC»p

N =55 ms group N = 60 N =55 ms Group N = 60

ms Ms

BAEP | 1.47 (1.4-1.5) 1.48 (1.4-1.6) 0.279 1.47 (1.4-1.5) 1.48 (1.4-1.5) 0.439
BAEP I 3.73 3.7-39) | 349 (34-3.7) <0.001 3.80 (3.7-3.9) | 3.58 (3.5-3.7) <0.001
BAEP V 5.73 (5.5-5.9) | 5.30 (5.1-5.8) <0.001 5.73 (5.6-5.9) | 5.48 (5.2-5.7) <0.001
BAEP I-II 227 (2.1-23) | 2.04 (1.9-2.3) <0.001 227 (2.1-2.5) | 2.07 (2.0-2.2) <0.001
BAEP -V | 1.93 (1.8-2.1) 1.86 (1.7-2.1) 0.195 1.93 (1.9-2.0) 1.88 (1.7-2.1) 0.509
BAEP |-V 420 (4.04.3) | 3.81 3.74.1) <0.001 420 (4.1-44) | 403 3.84.2) <0.001

Table 5 Results of the Auditory Brainstem Evoked Potentials.

Right Ear Left Ear
Study Group | Control Group | S vs C p | Study Group | Control Group | Svs C p
n % n % n % N %
BAEP I1>1.9 ms 5 9.1 0 0.0 0.023 2 4.0 2 33 1.000
BAEP V >6.2 ms 2 3.6 0 0.0 0.227 3 5.8 0 0.0 0.097
BAEP I-lIl >2.6 ms | 1.8 | 1.7 1.000 8 15.7 | 1.7 0.011
BAEP IlI-V >24 ms | 0 0.0 | 1.7 1.000 0 0.0 0 0.0 1.000
BAEP |-V >46 ms | 4 7.3 0 0.0 0.049 5 10.2 0 0.0 0.016
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Table 6 Results of the Auditory Brainstem Evoked Potentials- comparison of the left and right sides.

Interaural Difference in Interval and Latance Values | Study Group | Control Group | Svs Cp
n % n %

|BAEP I-lllyp - BAEP I-lly | > 0.2 ms 12 235 10 16.7 0.366

|BAEP 1lI-Vyp - BAEP llI-Vy,| > 0.2 ms 6 12.0 13 21.7 0.213

|BAEP 1-Vyp - BAEP |-V, | > 0.2 ms 10 20.4 14 233 0.8I18

|BAEP Vyp — BAEP V| > 0.4 ms 2 38 6 10.0 0.281

BAEP V / BAEP | > 1.5 0 0.0 0 0.0 1.000

Discussion

The patients in the study were 6 months after COVID-19, even if they had conductive hearing loss during the course
of the disease. It is noteworthy that despite frequent complaints of the Eustachian tube problems in the course of
COVID-19, the tympanometry results were normal in all patients, which confirms the absence of conductive hearing
loss components in the discussed patients, and confirms the significant effect of the virus on the nervous system and
the inner ear.

Many authors have shown that COVID-19 can lead to ENT disorders. ENT symptoms are known in COVID-19, but
little information is available about damage to the hearing organ. Osman Kilic et al'? indicated in their publication the
relationship between hearing loss and COVID-19. SSNHL after COVID-19 is mainly reported in the form of case
reports. Fance et al'® confirmed hearing loss in 40.5% of patients after COVID-19, diagnosing one-sided or bilateral
sensorineural hearing loss. In the discussed publication, sensorineural hearing loss was confirmed in 65.5%, also
confirming unilateral or bilateral hearing loss. However, one-sided changes were more frequent, as in other
publications.'>'*'¢ Bilateral hearing loss may be caused by the harmful effects of COVID-19 on the outer hair cells
of the cochlea.'” On the other hand, in another study evaluating hearing in long COVID-19 patients, air conduction
thresholds showed a typical threshold for the average age of the subjects.'® This study shows that tinnitus and vertigo are
significantly more common than hearing loss in long COVID-19.'®

In addition, it was analyzed whether vaccination against COVID-19 can cause sensorineural hearing loss.” The impact
of COVID-19 on cranial nerve palsy is also being considered.’

The evaluation of the otoacoustic emissions after COVID-19 infection shows that the absence of symptoms does not
guarantee the proper function of the cochlea.'” The reduced amplitude of the Transient evoked otoacoustic
emissions (TEOAEs) shows the significant effect of the virus on the outer hair cells.'” In our work, we also confirmed
the damage to the cochlea in the otoacoustic emission test. Other authors have also confirmed cochlea damage as
a possible complication of COVID-19.'” On the other hand, the work of Mostafa et al*® showed that COVID-19 most
likely has no effect on the hearing of a newborn baby whose mother underwent COVID-19 while pregnant.

The cochlea is usually damaged secondary to viral infection,?' but it should be remembered that it may involve the
auditory pathway,”> which was confirmed in the discussed study. Some authors noticed a statistically significant
difference in hearing high frequencies between the study and control groups.'” Hearing loss in the discussed study
concerned high frequencies more often and to a greater extent, but low and medium frequency hearing loss was also
diagnosed, similar relationships were noticed by other researchers.'” On the other hand, other authors noticed significant
differences only for the 1000 Hz frequency in patients after the COVID-19 group, compared to the control group.”
Mustafa et al'” showed a significant worsening of TEAOAE in patients with asymptomatic COVID-19. In the discussed
study, the patients also had an asymptomatic course of COVID-19, which indicates a high risk of neurotrophic
complications after the infection.

Many authors emphasize the important role of endothelium dysfunction and microthrombosis in the pathogenesis of
hearing loss.>* COVID-19 can damage various organs by binding to the ACE 2 receptor, including the cochlea, the
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auditory nerve and the central nervous system.”’ It has been proven that the process of deoxygenation of erythrocytes by
COVID-19 leads to hypoxia and further damage to the inner ear. However, according to Delgado-Roche et al*® during
COVID-19, the immune system is activated, which causes the destruction of cells and tissues. Cashman et al*’ consider
that the main cause of hearing loss caused by viral infection is inflammation of the auditory nerve and perineural tissue.
An important role in the inflammatory process is played by oxidative stress causing the production of ROS-reactive
oxygen species in cells and tissues, which can damage cells. ROS stimulate inflammatory processes, stimulating the
secretion of IL-6, IL-1beta and TNF-alpha. Both of these processes have been described in the course of COVID-19.

It has also been confirmed that ROS and pro-inflammatory cytokines are involved in the course of SSHL and tinnitus.
There is also a cytokine storm in COVID-19 that can affect postinfectious inflammation of neuronal tissue.

The BAEP test may show the effect of COVID-19 on brainstem. In our study, the extension of auditory conduction
time of brainstem evoked potentials confirms the thesis about postinfectious nerve damage. In the study by Gedik et all,?®
no significant differences were noticed in this test, but the latencies of waves I, III and V were prolonged in the study
group. Ozturk et all noted a similar relationship.’

The fact that there are abnormal stapedius reflex also supports this hypothesis.

1°? indicate that idiopathic SSNHL is more common in smokers. On the other hand, Nasser et al*' indicate

Umesawa et a
that smoking is not related to COVID-19 and its ENT complications. In the discussed study, most of the patients were non-
smokers, which shows that smoking was not really affected, and confirmed that the virus had a strong influence on hearing.

The risk of hearing impairment after vaccination against COVID-19 has also been shown, as well as after other
vaccinations, such as against the flu virus or diphtheria virus.>? This hypothesis may support the supposition that
COVID-19 damages the hearing organ.

Ototoxicity used in the treatment of remdesivir, ribavir, chloroquine and hydroxychloroquine plays an important role

in the pathogenesis of hearing loss after COVID-19, but patients were not subjected to this treatment in this study.

Limitations

The study did not examine patients prior to COVID-19 infection, it was based only on the history of the normal function of the
inner ear. The study included patients who had COVID-19 asymptomatically, it is worth comparing this group with patients who
had symptoms. The lack of long-term follow-up of our patients does not allow us to assess the further course of the disease.

Conclusions

COVID-19 can damage to the inner ear as well as the auditory pathway. Hearing loss may be the only symptom of
COVID-19 or be a late complication of the disease due to postinfectious inflammation of the nerve tissue as a symptom
of long COVID-19. Prolonged conduction of the auditory pathway shows the affinity of the virus to the nervous system
as a symptom of long COVID-19. It is advisable to perform hearing diagnostics in patients after COVID-19 and provide
them with specialist care.
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