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Introduction: COVID-19 may have many nonspecific symptoms, such as hearing loss, tinnitus and dizziness. This
study aims to investigate the effects of SARS-CoV-2 on the hearing thresholds of patients with COVID-19.
Methods: A total of 20 patients aged 20-55 years who were diagnosed with COVID-19 were included in this study.
The relationship between the pure-tone thresholds of patients before and after COVID-19 was evaluated.

Results: There was no statistically significant difference between bone conduction pure-tone thresholds in all
frequencies before and after COVID-19.

Conclusion: SARS-CoV-2 has no effects on the hearing thresholds in patients with non-hospitalized mild COVID-
19 disease. Further studies are needed to investigate the possible effects of SARS-CoV-2 on the auditory system.

1. Introduction

In late December 2019, a group of pneumonia cases of unknown
etiology was reported in Wuhan, China [1]. This life-threatening dis-
ease, called COVID -19, was caused by severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) and spread worldwide [2]. World
Health Organization declared the pandemic on 11 March 2020 due to
alarming spread [3]. Since then, COVID-19 has threatened people's lives.
Patients with COVID-19 have nonspecific complaints of other respira-
tory infections. Fever, cough, fatigue and shortness of breath sore are the
main symptoms [4,5]. Other symptoms include muscle ache, headache,
confusion and sore throat [4,5]. There are publications reporting that
half of the patients have a loss of smell and taste [6]. Nasal congestion
and rhinorrhea are very rare, unlike other upper respiratory infections
[4]. However, some patients with COVID-19 present with other
nonspecific symptoms as hearing loss [7], tinnitus [7], dizziness [7],
keratoconjunctivitis [8], cutaneous [9] and gastrointestinal findings [5].
Our knowledge of this disease is limited and we can face many clinical
manifestations. As studies on the disease increase, previously unknown
effects of the disease are understood day by day.

Viral infections are known to affect the audiovestibular system [10].
Although the effects of SARS-CoV-2 on the audiovestibular system are
not known exactly, coronaviruses have been reported to be neuro-tropic

and neuro-invasive [11,12]. Therefore, it may have effects on the
auditory system. This study aims to investigate the effects of SARS-CoV-
2 on the hearing thresholds of patients with COVID-19. To our knowl-
edge, this is the first study on this topic in the literature.

2. Methods

The present study was conducted in the ENT clinic of the tertiary
education and research hospital. A total of 20 patients aged 20-55 years
who were diagnosed with COVID-19 were included in this study. Pa-
tients who had a pure-tone audiometry test in our clinic in the last 12
months and subsequently had COVID-19 disease were included. Patients
with a history of hearing loss, chronic ear disease and ear surgery were
excluded from this study. All patients underwent otoscopic examination,
pure-tone audiometry and tympanograms. SARS-CoV-2 diagnostic
confirmation of all patients was performed by real-time reverse
transcriptase-polymerase chain reaction (RT-PCR) technique on naso-
pharyngeal swab sample. All of the participants were outpatients with
mild COVID-19 disease. Pre-COVID-19 pure-tone thresholds values were
used as control.

Pure-tone audiometry was performed with the GSI AudioStar Pro
device. Air conduction pure-tone thresholds were tested at 250 Hz, 500
Hz, 1000 Hz, 2000 Hz, 4000 Hz and 8000 Hz. Bone conduction pure-
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tone thresholds were tested at 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz.
The average pure-tone thresholds at 500 Hz, 1000 Hz and 2000 Hz were
used to estimate the level of hearing impairment. Tympanometry was
performed in a quiet room using the Maico MI34 device. All post-COVID-
19 audiometric investigations were performed by the same audiologist.

This study was performed in accordance with the requirements of the
declaration of Helsinki after obtaining approval by the Ethics Committee
of the tertiary research hospital (decision number 2011-KAEK-25 2021/
03-07). Informed consent was obtained from all patients.

Data analysis was performed using the SPSS software, version 23.0
(Statistical Package for the Social Sciences, Chicago, IL, USA). Paired t-
test was used to evaluate the relationship between pure-tone thresholds
before and after COVID-19. p-Value <0.05 was considered statistically
significant.

3. Results

A total of 20 patients, seven male and 13 female, diagnosed with
COVID-19 were included in this study. Hearing thresholds of 40 ears
were evaluated. The mean age of the patients aged 20-55 was 36.25 +
9.06 years. Tympanograms of all ears were type A and none of them had
middle ear pathology before and after COVID-19. The time of per-
forming pure-tone audiometry before COVID-19 was between 1 and 12
months, and after COVID-19, it was between 3 and 12 months.

Half of the patients (10 patients) included in this study presented
with loss of smell and taste. Other complaints of the patients were as
follows fatigue in eight patients, sore throat in five patients, cough in
five patients, tinnitus in four patients, fever in four patients, headache in
four patients, dizziness in three patients, joint pain in three patients,
back pain in two patients, ear fullness in two patients, hearing loss in one
patient. The patient, who described hearing loss during COVID-19, was
evaluated six months after COVID-19. This patient had no complaints
and her hearing thresholds were normal.

No statistically significant difference was found between the bone
conduction pure-tone thresholds measured before and after COVID-19 at
all frequencies (500 Hz, p = 0,482; 1000 Hz, p = 0,147; 2000 Hz, p =
0,057; 4000 Hz, p = 0,063). Fig. 1 shows the bone conduction pure-tone
audiometric thresholds for both pre- and post-COVID-19 groups. Simi-
larly, there was no statistically significant difference between the air
conduction pure-tone thresholds between 1000 Hz and 8000 Hz fre-
quencies before and after COVID-19 (1000 Hz, p = 0,069; 2000 Hz, p =
0,406; 4000 Hz, p = 0,900; 8000 Hz, p = 0,131). However, better
hearing thresholds were determined after COVID-19 at 250 and 500 Hz
frequencies in air conduction pure-tone thresholds. The mean air con-
duction pure-tone hearing thresholds before and after COVID-19 at a
frequency of 250 Hz were 16 and 11.62, respectively (p = 0,000). At
500 Hz, it was 14.37 and 11.12, respectively (p = 0,001). Fig. 2 shows
the air conduction pure-tone audiometric thresholds for both pre- and

The Bone Conduction Pure Tone Thresholds

dB

2000Hz 4000Hz
Pre-Covid-19 test 7,25 7,12 10,12 14
Post-Covid-19 test 7,87 85 11,75 17,37

Fig. 1. The bone conduction pure-tone audiometric thresholds for both pre-
and post-COVID-19 groups.
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post-COVID-19 groups. The average value of mean bone conduction
thresholds at 500 Hz, 1000 Hz, 2000 Hz was 8.16 + 5.74 and 9.37 + 5.5
(p = 0,121) before and after COVID-19, respectively. The average values
of the mean air conduction thresholds were 14.41 + 5.92 and 12.37 +
6.96 (p = 0,018) before and after COVID-19. Fig. 3 shows audiograms of
mean thresholds at each frequency obtained before and after COVID-19.

Thirteen of the patients used only favipiravir treatment for five days,
1600 mg twice a day on the first day and 600 mg twice a day on the
following days. In addition to favipiravir treatment, two patients used
hydroxychloroquine treatment, 200 mg twice a day, for five days. Five
patients did not receive any drug treatment. When the pre- and post-
COVID-19 bone conduction hearing thresholds of 15 patients using
favipiravir treatment were compared, no significant difference was
found in all frequencies (500 Hz, p = 0,879; 1000 Hz, p = 0,284; 2000
Hz, p = 0,134; 4000 Hz, p = 0,120).

4. Discussion

The studies conducted during the COVID-19 pandemic show that
SARS-CoV-2 infection affects the central nervous system, peripheral
nervous system and muscle. Headache, decreased responsiveness,
anosmia, hyposmia, hypogeusia and dysgeusia are common central
nervous system symptoms of coronavirus infection. The rare cases where
COVID-19 infection affects the peripheral nervous system and muscles
are Guillain-Barré syndrome, Miller Fisher syndrome, polyneuritis cra-
nialis and rhabdomyolysis. Studies suggest that the neurological find-
ings of the SARS-CoV-2 virus have a direct neurotropic effect and a
secondary effect of the virus [13,14]. Although it is still unknown how
the virus affects the audiovestibular system, the literature on the subject
is expanding.

In Mustafa's study, which consisted of 20 asymptomatic COVID-19
patients, it was shown that hearing was affected especially at high fre-
quencies (4000-8000 Hz) and a significant decrease was found in
transient evoked otoacoustic emission (TEOAE) thresholds. The
researcher claimed that CoV-2, like other neurotropic viruses, caused
viral damage in the organ of Corti and hair cells, which was shown by
the effect in the otoacoustic emission results [15]. In another study,
worse mean hearing thresholds were found in hospitalized COVID-19
patients at high frequencies from 1000 Hz than the control group
[16]. Apart from these studies, literature data on the relationship be-
tween COVID-19 and the auditory system are mostly case reports. Sri-
wijitalai and Wiwanitkit reported the first reported case of sensorineural
hearing loss in an elderly individual with COVID-19 in the literature
[17]. In another study, otalgia, tinnitus and unilateral conductive
hearing loss in a patient with COVID-19 were reported [18]. Kilic et al.
stated that the PCR test was positive in one of the five patients who came
to the clinic with the diagnosis of sudden hearing loss during the COVID-
19 process [19]. Karimi-Galougahi et al. also reported six cases of uni-
lateral sensorineural hearing loss associated with COVID-19 disease
[20].

In our study, in which mild COVID-19 patients who were adminis-
tered outpatient treatment were evaluated, we showed that SARS-CoV-2
had no bad effect on hearing values. Unlike other studies in the litera-
ture, the patients' own audiometry values were used as control. We
found better mean air conduction hearing thresholds at 250 Hz and 500
Hz frequencies after COVID-19 although a statistically significant dif-
ference was found at these frequencies. We thought that this might be
because hearing thresholds were made by different audiologists at
different times. The fact that there is a difference between the mean air
conduction pure-tone hearing thresholds before and after COVID-19 at
both frequencies (250-500 Hz) is not more than 5 dB supports our claim.

Hydroxychloroquine and favipiravir used in the treatment of COVID-
19 may show potential ototoxic side effects. It has been reported in the
literature that unilateral or bilateral hearing loss or tinnitus may develop
due to the use of these drugs [21]. In our study, 13 of 20 patients used
favipiravir alone and two used favipiravir plus hydroxychloroquine
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The Air Conduction Pure Tone Thresholds
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Post-Covid-19 test 11,62 11,12
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11,75 14,25 21,87 30,25

Fig. 2. The air conduction pure-tone audiometric thresholds for both pre- and post-COVID-19 groups.

Hearing Thresholds

s Pre -Covid-19 bone conduction
4 pure tone thresholds

Post-Covid-19 bone conduction
pure tone thresholds

dB

Pre-Covid-19 air conduction
pure tone thresholds

Post-Covid-19 air conduction
pure tone thresholds

250Hz 500Hz

1000Hz

2000Hz 4000Hz 8000Hz
Fig. 3. The audiograms of mean thresholds at each frequency obtained before

and after COVID-19.

treatment. Five patients did not use any drug treatment for COVID-19.
When the pre- and post-COVID-19 hearing thresholds of 15 patients
receiving favipiravir treatment were compared, no statistically signifi-
cant difference was found. In conclusion, we found that the use of
favipiravir had no effect on hearing thresholds in patients with mild
COVID-19 disease who were not hospitalized.

This study has limitations, such as the small number of patients. Pre-
COVID-19 audiometry and post-COVID-19 audiometry were not per-
formed by the same audiologist, and the lack of standardization between
pre- and post-COVID-19 audiometry times was the other limitation.
Also, the absence of patients' otoacoustic emissions and speech audi-
ometry were other limitations. However, we should note that none of the
patients in this study reported a difference in their pre- and post-COVID-
19 hearing levels makes these limitations partially unimportant.

In conclusion, although we did not detect the effects of SARS-CoV-2
on the hearing thresholds in patients with non-hospitalized mild COVID-
19 disease, our study is a preliminary one. Further studies are needed to
investigate the possible effects of SARS-CoV-2 on the auditory system.
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