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ABSTRACT
Introduction: COVID-19 is a pandemic disease caused by a novel coronavirus, presenting a
wide range of symptoms. Most of the reported symptoms are commonly related to the respiratory
system; however, over time, the disease has shown new diverse signs and symptoms. Recent studies
have suggested that COVID-19 may affect the auditory and vestibular systems. Besides, little is
known about symptoms that persist after the recovery. This study aimed to investigate the general
characteristics and especially auditory and vestibular symptoms in young COVID-19 patients over
a 3-month follow-up.
Materials and Methods: A total of 300 participants aged 25-45 years took part in this cohort
study. They were diagnosed with COVID-19, according to radiographical abnormalities on CT scan
and or PCR test, and were in good health based on medical history. Patients who had a history of
hearing loss, vertigo, tinnitus, or any disease associated with auditory and vestibular disorders and
who were hospitalized and received drugs were excluded. We collected patients’ demographics,
some common symptoms, and their complaints (acute phase), and 1 month and 3 months later
(follow-up phases) using a checklist of symptoms. The participants were asked to describe their
chief complaints and, in particular, whether they had any complaints of hearing problems, tinnitus,
rotatory vertigo, and aural fullness, or even changes in these symptoms over these periods.
Results: Auditory and vestibular symptoms were observed in a small percentage of COVID-19
patients and were not their chief complaints. Overall, among 300 patients, only about 5% of patients
(15 cases) expressed rotatory vertigo, 4% (12 cases) aural fullness, 2.66% (8 cases) tinnitus, and
2.66% (8 cases) hearing problem in the acute phase. However, these symptoms disappeared almost
in all participants in the follow-up phases (0 to 3 cases). In addition, none of these symptoms were
the patients’ chief complaints.
Conclusion: Only a small percentage of COVID-19 patients complained of auditory and vestibular
symptoms. It needs to be determined whether these complaints are due to the effects of the virus
itself, medications, or stress. The persistence of some symptoms, such as fatigue even after 3
months, indicates the long-term impact of the COVID-19 virus, which necessitates further studies.
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1. Introduction

OVID-19 is a pandemic infectious disease
caused by a novel coronavirus that started
from the city of Wuhan in China and then
quickly spread worldwide [1]. At present
(26 December 2021), 6,184,762 COVID-19
patients with 131,400 dead cases have been formally reported in Iran. Coronavirus affects different body organs
and is associated with a wide range of symptoms and
signs, including respiratory, cardiologic, and gastrointestinal, as well as olfactory and gustatory symptoms [2].
It has also become a serious health threat worldwide as
mortality increases dramatically [1].
Although respiratory symptoms comprise shortness of
breath, coughing, and sore throat, common symptoms
among the infected patients, some evidence demonstrates that the coronavirus may also lead to some neurological complications. This is a mysterious virus, and
new symptoms are being discovered, and perhaps other
symptoms are on the way. In a study of 214 COVID-19
patients with varying degrees of respiratory involvement,
36.4% had symptoms of neurologic manifestations that
involved the central nervous system, peripheral nervous
system, and skeletal muscles [3]. Among neurological
symptoms, olfactory symptoms, ageusia, and headaches
were the most common symptoms, but dizziness, neuralgia, altered mental status, paresthesia, gait abnormalities,
ocular symptoms have also been observed [4].
Recently, some cross-sectional and case-report studies
suggest that COVID-19 may involve the auditory and
vestibular systems [1, 5-16]. Symptoms mentioned in
the literature indicate the involvement of auditory and
vestibular systems in COVID-19 patients include hearing loss, tinnitus, and rotatory vertigo, or a sense of imbalance. Interestingly, brainstem involvement was reported several years ago for other types of coronavirus
[17]. Some studies also suggest neuro-auditory involvement in the new COVID-19 virus [1, 2]. Guillain-Barre
syndrome, which is a neurological disease associated
with COVID-19, is also shown auditory neuropathy
[18]. COVID-19 patients often complain of smell and
taste disorders that suggest a direct neuropathic effect of
the COVID-19 virus [6].
Although several pathophysiological theories have
been suggested for the effects of the COVID-19 virus
on the auditory and vestibular systems [2, 19], the coincidence of hearing loss or audio-vestibular disorders
with COVID-19 does not provide enough evidence for
the effects of the virus on the auditory and vestibular sys-
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tem. Some factors other than the COVID-19 virus may
impact the auditory and vestibular systems. In cases who
complain of tinnitus or Sudden Sensory-Neural Hearing Loss (SSNHL), factors like anxiety and stress have
a close relationship with tinnitus [20], SSNHL [21], and
vertigo [22]. Therefore, auditory and vestibular complications cannot be attributed solely to the effects of COVID-19 on these systems. On the other hand, there is also
concern about the medications used to treat COVID-19
symptoms that pose potential jeopardy to the auditory
system. This study aimed to investigate the general characteristics besides auditory and vestibular symptoms in
young patients with COVID-19 in a 3-month follow-up
period to shed light on the possible short-term and longterm effects of the COVID-19 virus on general health
especially on the auditory and vestibular system.

2. Materials and Methods
In this descriptive cohort study, 300 young adults aged
25-45 years were recruited. They were diagnosed with
COVID-19 according to Reverse Transcription-Polymerase Chain Reaction test (RT-PCR) and or Computed
Tomography (CT) and were in good health based on
medical history. We enrolled a homogeneous group of
relatively healthy and non-hospitalized individuals. The
patients who reported a history of hearing loss, vertigo
and tinnitus or any risk factor for auditory and vestibular system disorders (e.g. noise exposure, use of ototoxic
drugs) and also who were hospitalized and received any
ototoxic drugs were excluded to preclude the impact of
aging, ototoxicity, and any contributing factors. Health
status (diabetes and high blood pressure, anemia, thyroid
disease) was also checked. They were recommended to
rest, quarantined for 2 weeks, and use a lot of liquids.
After the acute phase, all patients who met the World
Health Organization (WHO) criteria for discontinuation
of quarantine were followed up for after 3 months from
May to August 2020. We collected and calculated demographics, symptoms on admission (acute phase) and
after 1 month and 3 months (follow-up phases) using a
well-design checklist (face-to-face interview in acute
phase and a phone survey in follow-up phases).
The checklist was specially designed to quantify the
common symptoms and auditory and vestibular symptoms in these individuals. The subjects were simply
asked about all symptoms they experienced in each period. They were asked to explain common symptoms
such as dizziness, fatigue, fever, malaise, olfactory
symptoms, dry cough, ageusia, dyspnea, headache, nausea and vomiting, chest pain, and anorexia, sore throat,
breathing difficulty, diarrhea, ear pain, memory dysfunc-
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When the patients were asked to describe if they have
any signs of audio-vestibular disorders such as tinnitus, rotatory vertigo, aural fullness, hearing problem,
or changes in these symptoms, only about 14.33% of
patients generally expressed complaints of these symptoms. In the acute phase, rotatory vertigo was the most
common complaint among the patients (5%), and some
patients expressed other symptoms, including aural fullness (4%), tinnitus, and hearing problem (2.66%) (Table
1 and Figure 2). The patient’s audio-vestibular complications reduced significantly in the follow-up phases,
especially after 3 months, so that some of the symptoms,
like the hearing problem, disappeared completely. After
3 months, rotatory vertigo, tinnitus, and aural fullness
were observed in just one or two patients. These participants expressed no severe sudden hearing loss. All
patients who had complained of a change in hearing
condition expressed that as being slight or mild.

tion, and skin complications or other symptoms that
they experienced during each phase and determine their
chief complaints. In addition, the patients were asked if
they had any symptoms of the auditory and vestibular
systems, such as aural fullness, tinnitus, rotatory vertigo, hearing problems, or changes in these symptoms
in these periods. The checklist included questions explicitly asking about the type of dizziness they experienced to differentiate true vertigo with vestibular origin
from other causes of dizziness. We asked the patients
to describe the feelings of true vertigo (the sensation of
spinning or rotational movement of the self or the surroundings), which originate from the vestibular system
or other feelings of dizziness (unsteadiness, imbalance,
disequilibrium, swimming, light-headedness, and floating) that has a non-vestibular origin. In addition, questions about when the symptoms began, how often the
symptoms occurred, how long the symptoms last, and
questions about provoking factors, associated symptoms, drug, and medical history were also asked. The
obtained data were analyzed using descriptive statistics.

Tinnitus was explained as a high-pitched or a lowpitched sound with no specific pattern and was not bothersome. As mentioned, dizziness was more common
than rotatory vertigo among participants. This condition
was mainly explained as imbalance, disequilibrium,
swimming, and light-headedness. None of the audio-vestibular symptoms were patients’ chief complaints, and
they were associated with other common symptoms. In
addition, there was no relationship between each audiovestibular symptom and other common symptoms. The
results were quite variable; for example, a patient with
aural fullness complained of cough, light-headedness,
fatigue, and the other patient expressed symptoms such
as headache, fever, and olfactory symptoms. None of the
patients who were negative for audio-vestibular symp-

3. Results
The Mean±SD age of the patients was 37.3±16.55
years. Almost all patients presented with at least one of
the symptoms, and none of them were asymptomatic.
The participants had no history of any disease related
to audio-vestibular disorders (e.g. diabetes, high blood
pressure). Table 1 presents the frequency of self-reported auditory and vestibular symptoms compared with the
other common symptoms. The frequency of general and
audio-vestibular symptoms is clearly illustrated in Figures 1 and 2, respectively.
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Figure 1. General complaints of patients with COVID-19 infection in the acute and follow-up phases
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Table 1. Patient’s complaints following COVID-19 infection in acute and follow-up phases (n=300)

Infection Phase, No. (%)
Symptoms

Audio-vestibular

Other symptoms

Acute

Follow-Up
(After 1 Month)

Follow-Up
(After 3 Months)

Rotatory vertigo

15(5)

3(1)

2(0.66)

Aural fullness

12(4)

2(0.66)

1(0.33)

Tinnitus

8(2.66)

2(0.66)

1(0.33)

Hearing problem

8(2.66)

2(0.66)

0(0)

Fatigue

100(33.33)

41(13.66)

25(8.33)

Dizziness

87(29)

23(7.66)

10(3.33)

Fever

85(28.33)

0(0)

0(0)

Malaise

83(27.66)

30(10)

17(5.66)

Olfactory symptoms

57(19)

26(8.66)

6(2)

Dry cough

56(18.66)

34(11.33)

19(6.33)

Ageusia

49(16.33)

6(2)

1(0.33)

Dyspnea

42(14)

21(7)

12(4)

Headache

40(13.33)

13(4.33)

5(1.66)

Chest pain

35(11.66)

18(6)

7(2.33)

Nausea and Vomiting

35(11.66)

4(1.33)

0(0)

Anorexia

24(8)

2(0.33)

0(0)

Breathing difficulty

20(6.66)

10(3.33)

5(1.66)

Sore throat

19(6.33)

2(0.66)

0(0)

Diarrhea

17(5.66)

0(0)

0(0)

Ear pain

14(4.66)

2(0.66)

0(0)

Memory dysfunction

4(1.33)

4(1.33)

1(0.33)

Skin complications

2(0.66)

0(0)

0(0)

toms in the acute phase developed such problems in
follow-up phases.

4. Discussion
The findings of the present study showed that among
300 young COVID-19 patients, only a few of them complained of auditory and vestibular symptoms in the acute
phase as well as follow-up phases, and most had complaints of other symptoms. In exploring auditory and
vestibular complaints, about 5% of patients (15 cases)
expressed rotatory vertigo, 4% (12 cases) aural fullness,
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2.66% (8 cases) tinnitus, and 2.66% (8 cases) hearing
problems in the acute phase. However, these symptoms
were reduced to 0 to 3 cases in follow-up phases. None
of these symptoms were the chief complaint of patients.
They did not exist alone and were accompanied by other
symptoms.
According to the available literature, some studies investigated the auditory and vestibular complications due
to the COVID-19 infection; they have primarily included
case reports and cross-sectional studies. Preliminary reports were obtained from a case or several cases. Recent
studies have reported auditory and vestibular symptoms
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Figure 2. Auditory and vestibular complaints of patients with COVID-19 in the acute and follow-up phases

in one or a group of COVID-19 patients [1, 5-16]. Collectively, auditory and vestibular complaints in patients
following COVID-19 infection were reported in the literature, including hearing problems, acute otitis media,
otitis externa, tinnitus, and rotatory vertigo.
Rahman and Wahid described a 52-year-old who was
confirmed positive for COVID-19 with a complaint of
sudden onset left-sided hearing loss that was preceded
by gradually worsening tinnitus. The patient has no ear
pain, discharge, dizziness, vertigo, and no history of
head trauma or ototoxic medications during his quarantine [11]. In contrast, Degen et al. reported a 60-year-old
man who was positive for COVID-19, but the patient
had received two medications during his treatment with
reported ototoxic effects (azithromycin and furosemide).
The patient had no previous episodic or chronic hearing
impairment. His audiological assessment revealed complete deafness on the right side and profound sensorineural hearing loss on the left side, along with tinnitus.
Magnetic Resonance Imaging (MRI) scan showed pronounced contrast enhancement in the right cochlea and
a partially decreased fluid signal in the basal turn of the
right cochlea. Adjacent to the temporal bone, meningeal
contrast enhancement was seen at the base of the right
temporal lobe. Cochlear implant and intratympanic triamcinolone were used to treat auditory disorders in this
patient [7]. Fidan reported unilateral CHL in a young
case associated with otalgia and tinnitus [5]. Similarly,
Sun et al. also reported tinnitus in both ears of a COVID-19 patient [10]. Sriwijitalai and Wiwanitkit reported
a patient with a coincidence of neurosensory hearing loss
with COVID-19 [2]. In Iran, a survey was performed on
6 young cases with no previous medical problem or ototoxic drug history. Four patients had developed acute tinnitus and unilateral SNHL, and two cases complained of

vertigo. They suggested that these otological symptoms
are directly related to COVID-19 [7]. Kilic et al. also reported unilateral SNHL in five cases that were confirmed
positive for COVID-19 [10].
There are also studies with larger sample sizes. Mustafa evaluated 20 young patients who were confirmed
positive for COVID-19 but had no known symptoms.
They had no history of hearing loss or a history of any
known cause of hearing loss. Transient Evoked Otoacoustic Emissions (TEOAEs) were recorded, and it has been
found worst high-frequency pure-tone thresholds and the
worst TEOAE amplitudes in this group. He suggested
that COVID-19 infection could have deleterious effects
on cochlear hair cell functions despite being asymptomatic [9]. Lechien et al. evaluated 1420 young COVID-19
patients and observed that 6 and 5 cases complained of
rotatory vertigo and tinnitus, respectively [14]. Elibol et
al. explored otolaryngological symptoms in 155 young
COVID-19 patients and reported cough, anosmia, and
sore throat as the most common symptoms and tinnitus
as the least common Ear, Nose and Throat symptoms
[16]. They reported ear pain, tinnitus, and SSNHL in 4, 2,
and 1 patient, respectively [16]. Another study by Korkmaz et al. on 116 young and elderly COVID-19 hospitalized patients reported hyposmia/anosmia (37.9%) and
hypogeusia/ageusia (41.37%) as the most common otolaryngological findings. They also reported dizziness in
31.8%, tinnitus in 11%, true vertigo in 6%, and hearing
impairment in 5.1% of patients [17]. According to studies, despite some audio-vestibular symptoms, a few COVID-19 patients complain of these symptoms.
In addition, we also followed the patients for any delayed symptoms of the auditory and vestibular system.
The results showed a reduction of audio-vestibular
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symptoms in the follow-up phases, especially after 3
months, so that some of the symptoms, such as hearing loss, disappeared completely. No other studies have
investigated the incidence and rate of audio-vestibular
symptoms in several phases.
Although the pathophysiology of this involvement is
not known precisely, some theories have been suggested.
One of these theories suggests that the incidence of hearing loss following a viral infection that appears several
years after the infection could lead to a variable degree of
mild to profound hearing loss depending on the type of
virus and treatment [2]. They also suggested some theories about the possible mechanisms underlying the effect
of the COVID-19 virus on the auditory system as follows.
First, severe acute respiratory syndrome coronavirus 2
causes cytokine release when it binds to the surface receptor Angiotensin-Converting Enzyme 2 (ACE2). This
condition involves the hearing center when the inflammatory mediators’ released bind to the surface receptors
in the temporal lobe. Because ACE2 has been abundant
in the temporal lobe, this may involve the hearing centers. Second, as SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2) deoxygenates the erythrocytes,
there is a possibility that hypoxia in the auditory center
may lead to permanent damage and hearing loss. Third,
reduced perfusion to the auditory organs due to ischemia
[2]. In addition, the DNA of the herpes simplex virus has
been found in the vestibular nerve fibers in patients with
vertigo secondary to vestibular neuritis [6].
However, it has been suggested that the quality of current theories is poor to explain the effect of COVID-19
on the auditory and vestibular system due to underreporting, and there are major limitations [23]. Some
studies just reported hearing and vestibular symptoms
without further details. In addition, it is possible that factors other than the COVID-19 virus had an impact on
the auditory system. Stress, anxiety, and the ototoxicity
of medications are important factors considered. Tinnitus and its relation to stress and depression is a common
cause that makes it more likely that these patients experience tinnitus or make their tinnitus worse. There is also a
relationship between vertigo and SSNHL with stress and
anxiety. As mentioned before, many COVID-19 patients
may experience stress, anxiety, and depression as well.
Furthermore, there is concern about the medications
which are used for the treatment of COVID-19 symptoms
and should be considered, especially in hospitalized COVID-19 patients. Ototoxicity is a feature among some
drugs proposed for the COVID-19 treatment. In particular, chloroquine and hydroxychloroquine, azithromycin,
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and antiviral drugs such as remdesivir, favipiravir, and
lopinavir can potentially have ototoxic side effects [24].
Among them, chloroquine and hydroxychloroquine
have been widely used during the pandemic; previous
studies have shown side effects of these drugs, such as
sensorineural hearing loss, tinnitus, and or persistent imbalance. These side effects are sometimes temporary but
sometimes permanent [24-27]. However, the ototoxicity
of these drugs has been debatable. In some cases, certain combinations may lead to additive ototoxicity as an
adverse effect [27]. It has been suggested that the most
recent trial of quine family, hydroxychloroquine, has a
lower risk of ototoxicity [28]. Therefore, it is necessary
to monitor the usage of such drugs because hearing loss
and or tinnitus resulting from ototoxicity can be irreversible. Such side effects can be corrected if the medication
is stopped and appropriate therapy is instituted.
We performed our survey on a healthy young group
of patients that were not hospitalized and had no history
of ototoxic drug use to preclude the effects of ototoxicity and aging on auditory and vestibular symptoms. We
also followed up patients for 3 months to observe any
long-term symptoms of the COVID-19 virus, especially
on the auditory and vestibular systems. Auditory and vestibular complaints were observed in a few COVID-19
patients in all phases. The reported auditory and vestibular symptoms in COVID-19 patients probably resulted
from either ototoxicity of drugs or other psychological
factors like stress, anxiety, and depression that have a
close relationship with auditory and vestibular disorders.
The most common complaint among these participants
in all phases was fatigue. It is necessary to follow-up
patients for these types of common symptoms. Highquality studies are needed to investigate the effect of
COVID-19 on the auditory and vestibular systems and
pinpoint exactly whether the new coronavirus affects the
auditory and vestibular system as well as other organs of
the body in short and long periods.

5. Conclusion
In this study, auditory and vestibular complaints were
observed only in a small percentage of patients diagnosed
with COVID-19 in a 3-month follow-up period. It needs
to be determined whether these complaints are due to the
effects of the virus itself, medications, or stress. The persistence of some symptoms even after 3 months indicates the
long-term impact of COVID-19 and needs further studies.
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