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from tinnitus unrelated to
COVID-19
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Background and aim: COVID-19 is a respiratory disease caused by the new
coronavirus SARS-CoV-2, for which the first cases were reported in China,
by December 2019. The spectrum of clinical presentations is wide, ranging
from asymptomatic cases to a severe acute respiratory syndrome, sometimes
with multiple systems involvement. Viral infections, including those related
to respiratory virus, may cause hearing loss and, by extent, considering its
pathophysiology, tinnitus. A systematic review on inner ear related symptoms
in patients with COVID-19 reported 4.5% occurrence rate of tinnitus, with high
variance of prevalence between the studies. Our aim is to further explore the
relationship between COVID-19 and tinnitus. For this purpose we analyzed a
sample of people who had suffered from a COVID-19 infection in the city of
Volta Redonda, Brazil. In detail, we compared those with new onset tinnitus
during or after the COVID-19 infection with those without tinnitus and those
with tinnitus onset before the COVID-19 infection.

Methods: Fifty-seven patients over 18 years old and previously diagnosed
with COVID-19 confirmed by a RT-PCR test were included. Patients
were subdivided in three groups: no tinnitus (NT), tinnitus that already
existed before COVID-19 (chronic tinnitus, CT) and tinnitus that arose
during or after COVID-19 (post-COVID-19 tinnitus, PCT). Data concerning
COVID-19 symptoms, drugs prescribed for COVID-19, tinnitus characteristics,
comorbidities and other otological symptoms were collected. For all the
patients, tonal audiometry and otoacoustic emissions were performed.
Tinnitus patients fulfilled the Tinnitus Handicap Inventory (THI) and
visual-analog scales (VAS) for loudness and distress. Patients with CT answered
a simple question about the worsening of their tinnitus after COVID-19.

Results: PCT was reported by 19.3% of the patients, while 22.8% reported
CT. No statistical difference was found between CT and PCT concerning
hearing function, tinnitus characteristics and tinnitus distress. There was also
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no statistically significant difference between PCT and NT with respect to
COVID-19 symptoms and pharmacological COVID-19 treatment. Patients with
CT reported worsening of their tinnitus after COVID-19.

Conclusion: As with other viral infections, inner ear symptoms may be
associated with COVID-19. In our sample patients with tinnitus onset before
COVID-19 and those with tinnitus onset during or after COVID-19 did not
differ significantly in their clinical characteristics and their hearing function,
suggesting that tinnitus occurring in the context of a COVID-19 infection is
not related to a unique pathophysiological mechanism. The comparison of
COVID-19 patients, who developed tinnitus with those who did not develop
tinnitus did not reveal any differences in COVID-19 symptoms or COVID-19
treatment. Thus, there was no hint, that a specific expression of COVID-19
is closely related to post COVID-19 tinnitus onset. Although some drugs
used to treat tinnitus are known to damage the inner ear cells (especially
hydroxychloroquine), we did not see any relationship between the intake of
these drugs and tinnitus onset, eventually due to the short prescription time
and low doses. Among those patients who had tinnitus before COVID-19
30,8% reported worsening after COVID-19. Overall, tinnitus emerging in the
context of a COVID-19 infection seems not to differ from tinnitus unrelated
to COVID-19. For further exploring the relationship of tinnitus and COVID-19,

large population based studies are warranted.

tinnitus, hearing loss, COVID-19, SARS-CoV-2, coronavirus infection

Introduction

COVID-19 is a respiratory disease caused by the new
coronavirus SARS-CoV-2, for which the first cases were reported
in China, by December 2019 (1). The spectrum of clinical
presentations is wide, ranging from asymptomatic cases to a
severe acute respiratory syndrome, sometimes with multiple
systems involvement (2). Until March 15th 2022, 536,590,224
cases, with 6,316,655 deaths were reported worldwide, and
31,611,769 cases, with 668.693 deaths in Brasil (3).

Most frequently reported symptoms include fever, fatigue,
myalgia, nasal congestion, rhinorrhea and sore throat (1, 2).
Reports of olfactory disorders, including anosmia, hyposmia
and dysgeusia, were also frequent, especially with the first
waves of infection and probably due to the virus action
at the olfactory neuroepithelium, in a similar way to other
respiratory tract viral infections (4, 5). In moderate cases,
dyspnea may arise, sometimes requiring hospitalization, due
to the reduction in blood oxygen saturation (6). More severe
cases show severe dyspnea, requiring orotracheal intubation
and, sometimes, tracheotomy, and other organs, like the heart,
the brain and the kidneys, can be affected (2, 6). In these
multiple system cases, other pathophysiological mechanisms,
like disseminated intravascular coagulation and immunological
mechanisms (the “cytokines storm”) have been implicated (6).
Over the course of the COVID-19 pandemic several virus
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variants emerged, with differences in contagiousness and in its
clinical manifestations (7).

Viral infections, including those related to respiratory
virus, are known to cause hearing loss and consequently also
tinnitus in some cases (8, 9). This association is particularly
evident in diseases such as epidemic parotitis and measles,
but was also described in herpes zoster, coxackie B infections,
acquired immunodeficiency syndrome (AIDS) and influenza
(10-12).

The pathophysiology behind hearing loss associated with
viral infections involves multiple mechanisms and is not fully
understood, as of yet (8). Most of the times, the hearing loss is
sensorineural, probably due to direct hair cell damage, patients’
inflammatory response, or ototoxicity of drugs used to treat the
infections (8). Hearing loss in the context of viral infections is
also related to individually increased susceptibility to bacterial
and fungal infections (8). The hearing losses range from mild
to severe, and may be either temporary or permanent (8, 10).
In a recent article, the possibility of subclinical auditory changes
in COVID-19 infected patients was suggested, considering the
findings of reduction of the otoacoustic emissions in some
patients (13).

More recently, a long lasting set of symptoms, the so-
called “long COVID-19” syndrome, has been described (14).
Among the symptoms attributed to “long-COVID-19” are
audio-vestibular symptoms such as hearing loss (7.6%), tinnitus
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(14.8%), and vertigo (7.2%) (15). Moreover, coronaviruses have
been shown to cause peripheral neuropathy (15).

The aim of this article is to compare the characteristics
of tinnitus patients who developed tinnitus during or after
a COVID-19 infection with those who had tinnitus already
before their COVID-19 infection. Furthermore, we compared
patients who developed tinnitus after COVID-19 with COVID-
19 patients who did not develop tinnitus with respect to their
COVID-19 symptoms and treatment.

Patients and methods

Study design

Cross-sectional.

Setting

ENT private clinic. All patients attending the clinic, for
any kind of symptom or disease, between November 2020 and
November 2021 were asked about a RT-PCR confirmed case of

COVID-19, and, when the answer was positive, were invited to
participate in the study.

Inclusion criteria

- Age equal or superior to 18 years old.
- Positive COVID-19 RT-PCR test.

Exclusion criteria

- Patients not willing or not able to give informed consent.

Clinical data (assessed by authors 1 and 2)

Clinical data were assessed in interviews with a template

questionnaire containing the following information:

- Demographics
- COVID-19 symptoms (fever, fatigue, dysphnea,
cough, olfactory  symptoms, rhinorrhea, nasal

congestion, myalgias),

- COVID-19 treatment

- For patients reporting tinnitus: tinnitus duration, laterality,
periodicity, onset, type of sound, associated otological
symptoms (dizziness and ear fullness), visual-analog scale
for loudness and distress, brazilian portuguese validated
version of the Tinnitus Handicap Inventory (16).

- For patients that had tinnitus before the COVID-19
infection, a simple question was answered by the patients:
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“Did your tinnitus worsen during or after the COVID-
19 infection?”.

- General Health: comorbidities (arterial hypertension,
diabetes mellitus, dyslipidemia, hypothyroidism, obesity
and chronic pulmonar disease), psychiatric disorders (self-
reported treatment for anxiety and/or depression).

- Habits: smoking, caffeine consumption.

- Otoscopy and pneumatic otoscopy.

Audiological data (assessed by authors 3
and 4)

- Pure tone audiometry (Amplaid A177 Plus, TDH 49H
headphones, B71 bone conductor).

- Speech  testing (Amplaid A177 Plus, TDH
49H headphones).
- Distortion products otoacoustic emissions (DPOAE,

Interacoustics Otoread).

For the pure tone audiometry, the criteria of the American
Speech-Language. Association were employed (Silman &
Silverman for types of audiometric curves and Lloyd & Kaplan
for the grade of hearing loss) (17). Frequencies of 250 Hz,
500hZ, 1,500 Hz, 2,000 Hz, 3,000 Hz, 4,000 Hz, 6,000 Hz, and
8,000 Hz were tested in a sound isolated booth. For speech
testing, the speech detection threshold (SRT) was obtained
using the phonetic balanced words in Brazilian Portuguese. A
percentage of 92% or greater was considered as normal (18). The
DPAOQOE were obtained at 1,500 Hz, 2,000 Hz, 3,000 Hz, 4,000 Hz,
5,000 Hz and 6,000 Hz in a 2f1-f2 ratio, being f1 65 dB, and f2
55dB. The test was considered normal (“pass”) when the signal-
to-noise ratio was equal or > 3 in ate least four frequencies.

Statistical analysis

The descriptive analysis of the collected data was presented
in tables. Numerical data were expressed by central trend
and dispersion measurements, and the categorical data were
expressed by frequency (1) and percentuals (%).

Patients were subdivided in three groups: no tinnitus (NT),
patients who already had tinnitus before COVID-19, lasting for
at least 3 months (chronic tinnitus, CT) and patients whose
tinnitus arose on the time lapse of up to 1 month after COVID-
19 infection confirmation (post-COVID-19 tinnitus, PCT).

- for the analysis of the possible relationship between drugs
used by the patients with the intention to treat COVID-19 and
tinnitus development, patients were subdivided in two groups,
one including the NT patients and the other including the
PCT patients.
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Inferential analysis included the following
methods

- for the comparison between the three groups (NT, CT
and PCT) concerning the numerical data, the Kruskal-Wallis
ANOVA (non-parametric) was employed, as well as the Dunn
multiple comparisons test (non-parametric). Categorical data
were analyzed with the Fisher exact test.

- for comparison between the two tinnitus groups (CT and
PCT). The Mann-Whitney (non-parametric) was employed for
the numerical data and the Fisher exact test was employed
for categorical data. Non-parametrical tests were applied
because the variables didn’t show normal Gaussian distribution,
according to the rejection of the normality hypothesis by the
Shapiro-Wilk test and graphical analysis of the histogram.

- The significance level was established at 5% and the
statistical analysis was processed with the 26 version of the
statistics software SPSS.

Ethics

The study was approved by the Ethical Committee of the
UNIFOA, Fundagio Oswaldo Aranha, Volta Redonda, R], Brazil
(Project Number CAAE 32526620.6.0000.5237). The study was
consistant with the Helsinki Declaration for human rights, and
all the patients filled in the informed consent after all the study
aspects were clarified by the researchers.

Results

Fifty seven patients were included. Tables 1,2 show
demographic and clinical characteristics of the sample in the
different subgroups.

Considering the patients with chronic tinnitus, nine (69.2%)
of them reported that their tinnitus didn’t get worse after the
COVID-19 infection, while four (30.8%) reported worsening.

The comparison between the three groups (NT, CT, and
PCT) showed no significant differences concerning gender,

TABLE 1 Numerical variables for the whole sample (n = 57).

Variable NT

n/%  Median 1QI n/%
Age (years) 33/579 45 34 - 60 13/228
Tinnitus duration (months) 13
VAS loudness 13
VAS distress 13
THI score 13

10.3389/fneur.2022.974179

ethnics, year of COVID-19 infection (2020 and 2021), otologic
associated symptoms, comorbidities, habits and self reported
anxiety and/or depression.

When comparing the two groups of tinnitus patients (CT
and PCT), no statistically significant diferences were found with
respect to tinnitus characteristics such as laterality (bilateral
tinnitus most prevalent in CT and PCT groups) and periodicity
(constant tinnitus most prevalent in both groups). Concerning
tinnitus onset, sudden onset was more prevalent on PCT and
gradual onset on CT. The most prevalent type of tinnitus sounds
were whistle (30.8%) on CT and wheezing (45.5%) on PCT. Only
one case of pulsatile tinnitus was reported, by a patient with
chronic tinnitus.

Concerning tinnitus associated symptoms, such as dizziness,
headaches and insomnia, no statistically significant differences
were found between the CT and PCT groups.

Concerning audiometric parameters and otoacoustic
emissions, both CT and PCT were associated with hearing
loss. Mild sensorineural hearing loss, with a descendant
audiogram, was the most frequently found type, both in CT
and PCT (Table 3). The SRTs medians were normal in all the
three subgroups. Figures 1-3 show, respectively, the average
audiograms for NT, PCT, and CT. Ivermectin, azythromicin,
nitazoxanide and hydroxychloroquine were, in this order, the
most frequently drugs used by the patients with the purpose to
treat COVID-19 (Table 4).

Discussion

The COVID-19 pandemic hugely affected the entire world.
It had not only an impact on the health systems, but also on
social and cultural life, economy and psycological well-being. A
plethora of acute and chronic, mild and severe, temporary and
permanent COVID-19-related symptoms was described, many
of them in the otolaryngological domain, and, among those,
some audiovestibular symptoms, including tinnitus (19). In this
pilot study we aimed to investigate the emergence of tinnitus in
the context of a COVID-19 infection.

CT PCT p value
Median 1QI n/%  Median 1QI
58 39 - 64 11/193 53 4 - 67 0.12
36 12 120 10 1,5 1 53 0.0001
6 45 - 6 10 5 38 7.8 0.97
5 25 - 8 10 5 38 - 10 0.26
28 12 - 47 10 37 1 - e 0.47

NT, no tinnitus; CT, chronic tinnitus; PCT, post-COVID-19 tinnitus; IQI, interquartile interval; VAS, visual analog scale; THI, Tinnitus Handicap Inventory.

Statistically significant data are indicated in bold.
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TABLE 2 Compares COVID-19 symptoms of the NT and PCT groups
(Fisher exact test).

Variable NT PCT pvalue
n % N %

Fever

Yes 16 48.5 7 63.6 0.30

No 17 51.5 4 36.4

Cough

Yes 21 63.6 7 63.6 0.65

No 12 36.4 4 36.4

Dysphnea

Yes 7 21.2 5 45.5 0.12

No 26 78.8 6 54.5

Olfactory loss

No 8 242 2 18.2 0.99

Hyposmia 10 30.3 3 27.3

Anosmia 15 45.5 6 54.5

Parosmia

Yes 9 27.3 3 27.3 0.64

No 24 72.7 8 72.7

Nasal congestion

Yes 13 394 8 72.7 0.057

No 20 60.6 3 27.3

Rhinorrhea

Yes 10 30.3 3 27.3 0.59

No 23 69.7 8 72.7

Sore throat

Yes 12 36.4 4 36.4 0.63

No 21 63.6 7 63.6

Fatigue

Yes 18 54.5 8 72.7 0.24

No 15 45.5 3 27.3

Myalgias

Yes 13 394 7 63.6 0,15

No 20 60.6 4 36.4

NT, No tinnitus; PCT, Post-COVID-19 tinnitus.
Statistically significant data are indicated in bold.

Considering the prevalence of tinnitus following COVID-19,
data are very heterogeneous, ranging from 1.2% (19) to 23.2%
(20), and many studies didn’t achieve high quality standarts.
A meta-analysis published by April 2021 reported an event
rate of 4.5% for tinnitus among COVID-19 patients (21). The
prevalence of tinnitus emerging in the context of a covid-19
infection was rather high in our sample (19.3% of PCT) (21, 22)
presumably due to a selection bias, as study participants were
recruited among patients presenting at an ENT clinic. Some
authors pointed out that COVID-19-related tinnitus may be a
transient phenomenon (19).

In addition to a potential direct effect of the SARS-CoV2 on
tinnitus, also COVID-19 related social, cultural and psycological
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TABLE 3 The comparison of otoacoustic emissions findings between
the three groups (NT, CT and PCT).

NT CT PCT
DPOAE RE
Normal 24 75.0 5 38.5 5 45.5 0.039
Abnormal 8 25.0 8 61.5 6 54.5
DPAOE LE
Normal 22 68.8 2 15.4 6 54.5 0.005
Abnormal 10 31.3 11 84.6 5 45.5

Fisher exact test

NT, no tinnitus; CT, chronic tinnitus; PCT, post-COVID-19 tinnitus; RE, right ear; LE left
ear; DPOAE, distortion product otoacoustic emissions.
Statistically significant data are indicated in bold.
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FIGURE 1
Average audiogram of NT group patients. Right ear thresholds in
red, left ear in blue.

factors may play a role. An online multicenter survey conducted
mainly in North America and Europe (23) evaluated the effects
of COVID-19 infection on patients who already had tinnitus
before COVID-19, and for 40% of them tinnitus got worse,
which is partially in line with our findings (30% of worsening).
In addition, this study reported that 32% found their tinnitus
to be more bothersome due to COVID-19-related fears and
restrictions. This is in line with the findings from a longitudinal
study, in which patients were investigated before the COVID-19
pandemic and shortly after the beginning of the pandemic (24).
At this time tinnitus patients reported more tinnitus complaints,
even if they were not affected by a COVID-19 infection (24).
Our data concerning general COVID-19 symptoms are in
line with most of the studies (20) that investigated COVID-19
patients during a similar period of data collection. Noticeably,
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during the course of the pandemic the prevalence of the various
virus variants changed, which in turn had an effect on expression
of symptoms (7).

Advanced age, comorbidities, such as diabetes mellitus,
cardiovascular disease, chronic pulmonar disease, and habits,
such as tabagism, have been described as impacting factors in
the development of complicated COVID-19 (6, 25). In our study
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TABLE 4 The comparison of their use between the groups.

Drug NT PCT pvalue
N % N %

HCQ

Yes 6 182 2 182 0.99

No 27 81.8 9 81.8

AZY

Yes 16 485 7 63.6 0.30

No 17 51.5 4 36.4

IVE

Yes 22 66.7 9 81.8 0.29

No 11 333 2 18.2

NIT

Yes 10 30.3 5 455 0.29

No 23 69.7 6 54.5

HCQ, hydroxychloroquine; AZY, azythromicin; IVE, ivermectin; NIT, nitazoxanide;
NTno tinnitus; PCT, post-COVID-19 tinnitus.

we could not identify any COVID-19 symptoms associated with
tinnitus in the context of COVID-19. Our data don’t support a
potential association between pre-existing depression and post-
COVID-19 tinnitus, but these data must be interpreted with
extreme caution, as depressive symptoms were not assessed
with a validated depression questionnaire. On the other hand
a mediating effect of depression on tinnitus development seems
plausible (23, 24).

The association between tinnitus and anxiety/depression is
well-known (26) and was associated with COVID-19-related
tinnitus elsewhere (26). Also, the impact of COVID-19-related
distress on tinnitus, including the fears of getting seriously ill
and psychological effects of social isolation, has been extensively
described elsewhere (23).

Many drugs have been re-purposingly tried to treat COVID-
19, in an effort to reduce its morbidity and mortality. Most of
them were proved to be innefective or are still being tested, with
no proven efficacy, as yet, a fact that has been subject of intense
scientific and political debates (27, 28). The most frequently
used drugs to treat COVID-19 in Brazil are hydroxychloroquine,
azythromicin, ivermectin, and nitazoxanide (28, 29). Of those,
hydroxychloroquine, a drug used as anti-malaric and anti-
rheumatic, has been linked to ototoxicity, and, subsequently,
tinnitus (30). Our data does not show an association between
the intake of drugs during the COVID-19 infection and post-
COVID-19 tinnitus. However, the lack of an association must be
interpreted with caution, considering the small sample size.

As for the evaluation of tinnitus burden of COVID-19
related tinnitus, data are still very scarce. One single study
(20) reported a visual-analog scale (VAS) mean score of 5 for
patients with post-COVID-19 tinnitus, not specifying if the
scale referred to tinnitus loudness or distress. In our sample
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the mean distress-related VAS was in a similar range, both
for chronic and post-COVID-19 tinnitus. Also, we didn’t find
statistically significant differences between chronic and post-
COVID-19 tinnitus patients concerning distress and loudness
VAS and THI scores, though THI scores are slightly higher
on a descriptive level in post-COVID-19 tinnitus patients
(average 37 score, compared to 28 for chronic tinnitus
patients). This could be related to the shorter duration of
tinnitus in the post-COVID-19 tinnitus group, as it has been
shown that THI scores decrease typically with increasing
duration of tinnitus (31). Both tinnitus groups fall in the
mild impact tinnitus group (32), and the THI scores are in
a similar range as samples of previous studies from the same
institution (33).

Concerning tinnitus characteristics, according to our data
post-COVID-19 tinnitus is very similar to chronic tinnitus,
as bilateral and constant tinnitus prevail on both groups.
This differs from the data of another study (20), in which
intermittent tinnitus was more prevalent on post-COVID-19
tinnitus patients. Sudden onset was more frequent on post-
COVID-19 tinnitus in our data, providing a hint for a clearly
defined temporal relationship.

There is a direct relationship between tinnitus and hearing
loss, and most of the tinnitus patients have abnormal
audiometries (26, 34). COVID-19, much like other virus
infections, may cause hearing loss, which has been reported in
3.1% to 8.3% of the general COVID-19 cases (19, 21) and in
13.2% of the post-hospitalization patients (35). Our data show
a higher prevalence of hearing loss in both chronic and post-
COVID-19 tinnitus patients, which is in line with most of the
tinnitus studies (9, 26, 29, 36), although this prevalence may
be related to the fact that data was collected in an ENT clinic.
The post-COVID-19 tinnitus patients are mostly associated with
mild sensorineural descendant curve audiometry, which is also
in line with other studies (19, 20, 37). However, we cannot
conclude from our data, whether the observed hearing loss was
related to the COVID-19 infection or preexisting.

We are well-aware of the weaknesses of this pilot study,
which include the small size and a potential selection bias of
the sample, the diagnosis of depressive and anxiety symptoms
only via medical history and the cross-sectional design and
which all have to be considered in the interpretation of
the data.

Conclusion

There is a relevant proportion of COVID-19 patients who
reported tinnitus onset during or immediately after COVID-
19 infection. Post-COVID-19 tinnitus has similar clinical
characteristics as chronic tinnitus, which began unrelated from
a COVID-19 infection, and is not associated with a particularly
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greater distress. Neither any specific COVID-19 symptoms
nor COVID-19 drug treatment predicted tinnitus development.
Further studies, with bigger samples and follow-up of COVID-
19-related tinnitus patients are warranted to further elucidate
the relationship of COVID-19 and tinnitus.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed
and approved by Ethical Committee of the UNIFOA, Fundagao
Oswaldo Aranha, Volta Redonda, RJ, Brazil (Project Number
CAAE  32526620.6.0000.5237). The
provided their written informed consent to participate in
this study.

patients/participants

Author contributions

RF and AA: Study design, data collection, and writing. PO,
AS, and GF: Data collection. NP, WS, and BL: Writing. All
authors contributed to the article and approved the submitted

version.

Funding

BL and WS received partial funding from the European
Union’s Horizon 2020 Research and Innovation Programme
Grant Agreement (No. 848261).

Acknowledgments

The authors thank Rosangela Noé, for the statistics. Marcelo
Rates, for critical analysis and suggestions. Centro Universitario
de Valenga, Faculdade de Medicina, for support. Instituto Lobus,
Unimed Volta Redonda, for support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fneur.2022.974179
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Figueiredo et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin HJ, et al
The origin, transmission and clinical therapies on coronavirus disease 2019
(COVID-19) outbreak - an update on the status. Mil Med Res. (2020)
7:11. doi: 10.1186/s40779-020-00240-0

2. Coronavirus disease 2019 (COVID-19) pandemic: increased transmission in
the EU/EEA and the UK - seventh update, 25 March 2020. Stockholm:ECDC; 2020.
European Centre for Disease Prevention and Control, Stockholm, 2020.

3. World Health Organization [https://COVID-1919.who.
int]. WHO Coronavirus Disease (COVID-19) Dashboard.
Available online at: https://COVID-1919.who.int/?gclid=

EATaIQobChMIktrOmKry6QIVxwaRChOsYg2iEAAYASAAEgIqjfD_BwE
(accessed June 20, 2022)

4. Heidari F, Karimi E, Firouzifar F, Kamushian P, Ansari R, Mohammadi
Ardehali M, et al. Anosmia as a prominent symptom of COVID-19 infection.
Rhinology. (2020) 58:302-3. doi: 10.4193/Rhin20.140

5. Klopfenstein T, Kadiane-Oussou NJ, Toko L, Royer PY, Lepiller Q, Gendrin
V;, et al. Features of anosmia in COVID-19. Med Mal Infect. (2020) 50:436-
9. doi: 10.1016/j.medmal.2020.04.006

6. Ge H, Wang X, Yuan X, Xiao G, Wang C, Deng T, et al. The epidemiology
and clinical information about COVID-19. Eur J Clin Microbiol Infect Dis. (2020)
39:1011-9. doi: 10.1007/s10096-020-03874-z

7. Raman R, Patel KJ, Ranjan K. COVID-19: unmasking emerging SARS-
CoV-2 variants, vaccines and therapeutic strategies. Biomolecules. (2021)
11:993. doi: 10.3390/biom11070993

8. Cohen BE, Durstenfeld A, Roehm PC. Viral causes of hearing
loss: a review for hearing health professionals. Trends Hear. (2014)
18:2331216514541361. doi: 10.1177/2331216514541361

9. Moller A. Tinnitus: presence and future. Prog Brain Res. (2007) 166:3-
16. doi: 10.1016/50079-6123(07)66001-4

10. Budzilovih GN, Liebermann AN. Herpes Zozter Oticus and facial paralysis
(Ramsay Hunt syndrome). Clinicopathologic study and review of literature. J
Neurol Sci. (1974) 20: 149-59. doi: 10.1016/0022-510X(73)90027-0

11. Chandrasekar SS, Connely PE, Brahmbhatt SS, Shah CS, Kloser PC, Baredes
S. Otologic and audiologic evaluation of human immunodeficiency virus infected
patients. Am ] Otolaryngol. (2000) 21: 1-9. doi: 10.1016/S0196-0709(00)80117-9

12. Langguth B, Stadtlaender H, Landgrebe M, Elgoyhen AB, Coors H,
Vielsmeier V, et al. Tinnitus and coxsackie B infections: a case series. Neuro
Endocrinol Lett. (2007) 28:554-5.

13.  Mustafa ~MWM.  Audiological  profile  of  asymptomatic
COVID-19 PCR-positive case. Am ] Otolaryngol. (2020)
41:102483 doi: 10.1016/j.amjoto.2020.102483

14. Facing up to long COVID-19. Lancet. (2020)

396:1861. doi: 10.1016/S0140-6736(20)32662-3

15. Almufarrij I, Uus K, Munro KJ. Does coronavirus affect the audio-
vestibular system? A rapid systematic review. Int | Audiol. (2020) 59:487-
91. doi: 10.1080/14992027.2020.1776406

16. Paula Erika Alves F, Cunha F, Onishi ET, Branco-Barreiro FC, Gananga FF.
Tinnitus handicap inventory: adaptagdo cultural para o Portugués Brasileiro. Pro
Fono. (2005) 17:303-10. doi: 10.1590/S0104-56872005000300004

17. American Speech Language Association (ASHA). Guidelines for audiometric
symbols. (1990). Suppl. 2:25-30.

18. Ferreira LP. Tratado de Fonoaudiologia. Roca: Sdo Paulo (2009).

19. Gallus R, Melis A, Rizzo D, Piras A, De Luca LM, Tramaloni P, et al.
Audiovestibular symptoms and sequelae in COVID-19 patients. ] Vestib Res. (2021)
31:381-7. doi: 10.3233/VES-201505

20. Viola P, Ralli M, Pisani D, Malanga D, Sculco D, Messina L, et al.
Tinnitus and equilibrium disorders in COVID-19 patients: preliminary results.

Frontiersin Neurology

08

10.3389/fneur.2022.974179

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Eur Arch Otorhinolaryngol. (2021) 278:3725-30. doi: 10.1007/s00405-020-0
6440-7

21. Jafari Z, Kolb BE, Mohajerani MH. Hearing loss, tinnitus, and dizziness
in COVID-19: a systematic review and meta-analysis. Can J Neurol Sci. (2022)
49:184-95. doi: 10.1017/¢jn.2021.63

22. Vielsmeier V, Marcrum SC, Weber FC, Langguth B, Hintschich C.
Audiological effects of COVID-19 infection: results of a standardized interview
[published online ahead of print, 2021 Jul 21]. Can J Neurol Sci. (2022) 49:623-4.
doi: 10.1017/¢jn.2021.179

23. Beukes EW, Baguley DM, Jacquemin L, Lourenco MPCG, Allen PM,
OnozukaJ, et al. Changes in Tinnitus experiences during the COVID-19 pandemic.
Front Public Health. (2020) 8:592878. doi: 10.3389/fpubh.2020.592878

24. Schlee W, Holleland S, Bulla J, Simoes J, Neff P, Schoisswohl S, et al.
The effect of environmental stressors on tinnitus: a prospective longitudinal
study on the impact of the COVID-19 pandemic. J Clin Med. (2020)
9:2756. doi: 10.3390/jcm9092756

25. Adil MT, Rahman R, Whitelaw D, Jain V, Al-Taan O, Rashid E et al.
SARS-CoV-2 and the pandemic of COVID-19. Postgrad Med J. (2021) 97:110-
6. doi: 10.1136/postgradmed;j-2020-138386

26. Tunkel DE, Bauer CA, Sun GH, Rosenfeld RM, Chandrasekhar SS,
Cunningham ER, et al. Clinical practice guideline: tinnitus. Otolaryngol Head Neck
Surg. (2014) 151(2 Suppl):S1-40. doi: 10.1177/0194599814545325

27. Kim MS, An MH, Kim W], Hwang TH. Comparative efficacy and
safety of pharmacological interventions for the treatment of COVID-
19: a systematic review and network meta-analysis. PLoS MED. (2020)
17:€1003501. doi: 10.1371/journal.pmed.1003501

28. Popp M, Stegemann M, Metzendorf MI, Gould S, Kranke P, Meybohm P,
et al. Ivermectin for preventing and treating COVID-19. Cochrane Database Syst
Rev. (2021) 7:CD015017. doi: 10.1002/14651858.CD015017.pub2

29. Rocco PRM, Silva PL, Cruz FE Melo-Junior MAC, Tierno
PFGMM, Moura MA, et al. Early use of nitazoxanide in mild COVID-
19 disease: randomised, placebo-controlled trial. Eur Respir J. (2021)
58:2003725. doi: 10.1183/13993003.03725-2020

30. Prayuenyong P, Kasbekar AV, Baguley DM. Clinical implications of
chloroquine and hydroxychloroquine ototoxicity for COVID-19 treatment: a mini-
review. Front Public Health. (2020) 8:252. doi: 10.3389/fpubh.2020.00252

31. Simoes J, Schlee W, Schecklmann M, Langguth B, Farahmand D, Neff P. Big
five personality traits are associated with tinnitus improvement over time. Sci Rep.
(2019) 9:18234. doi: 10.1038/s41598-019-53845-4

32. Newman CW, Jacobson GP, Spitzer JB. Development of the tinnitus
handicap inventory. Arch Otolaryngol Head Neck Surg. (1996) 122:143-
8. doi: 10.1001/archotol.1996.01890140029007

33. Figueiredo RR, Azevedo AA, Penido
between tinnitus and arterial hypertension.
7:171. doi: 10.3389/fneur.2016.00171

34. Onishi ET, Coelho CCB, Oiticica ], Figueiredo RR, Guimaraes RCC, Sanchez
TG, et al. Tinnitus and sound intolerance: evidence and experience of a Brazilian
group. Braz ] Otorhinolaryngol. (2018) 84:135-149. doi: 10.1016/j.bjorl.2017.
12.002

35. Elibol E. Otolaryngological symptoms in COVID-19. Eur Arch
Otorhinolaryngol. (2021) 278:1233-6. doi: 10.1007/s00405-020-06319-7

36. McCormack A, Edmondson-Jones M, Somerset S, Hall D. A systematic
review of the reporting of tinnitus prevalence and severity. Hear Res. (2016)
337:70-9. doi: 10.1016/j.heares.2016.05.009

37. Munro KJ, Uus K, Almufarrij I, Chaudhuri N, Yioe V. Persistent
self-reported changes in hearing and tinnitus in post-hospitalisation COVID-
19 cases. Int ] Audiol. (2020) 59:889-90. doi: 10.1080/14992027.2020.17
98519

NO. Positive
Front  Neurol.

association
(2016)

frontiersin.org


https://doi.org/10.3389/fneur.2022.974179
https://doi.org/10.1186/s40779-020-00240-0
https://COVID-1919.who.int
https://COVID-1919.who.int
https://COVID-1919.who.int/?gclid=EAIaIQobChMIktr0mKry6QIVxwaRCh0sYg2iEAAYASAAEgIqjfD_BwE
https://COVID-1919.who.int/?gclid=EAIaIQobChMIktr0mKry6QIVxwaRCh0sYg2iEAAYASAAEgIqjfD_BwE
https://doi.org/10.4193/Rhin20.140
https://doi.org/10.1016/j.medmal.2020.04.006
https://doi.org/10.1007/s10096-020-03874-z
https://doi.org/10.3390/biom11070993
https://doi.org/10.1177/2331216514541361
https://doi.org/10.1016/S0079-6123(07)66001-4
https://doi.org/10.1016/0022-510X(73)90027-0
https://doi.org/10.1016/S0196-0709(00)80117-9
https://doi.org/10.1016/j.amjoto.2020.102483
https://doi.org/10.1016/S0140-6736(20)32662-3
https://doi.org/10.1080/14992027.2020.1776406
https://doi.org/10.1590/S0104-56872005000300004
https://doi.org/10.3233/VES-201505
https://doi.org/10.1007/s00405-020-06440-7
https://doi.org/10.1017/cjn.2021.63
https://doi.org/10.1017/cjn.2021.179
https://doi.org/10.3389/fpubh.2020.592878
https://doi.org/10.3390/jcm9092756
https://doi.org/10.1136/postgradmedj-2020-138386
https://doi.org/10.1177/0194599814545325
https://doi.org/10.1371/journal.pmed.1003501
https://doi.org/10.1002/14651858.CD015017.pub2
https://doi.org/10.1183/13993003.03725-2020
https://doi.org/10.3389/fpubh.2020.00252
https://doi.org/10.1038/s41598-019-53845-4
https://doi.org/10.1001/archotol.1996.01890140029007
https://doi.org/10.3389/fneur.2016.00171
https://doi.org/10.1016/j.bjorl.2017.12.002
https://doi.org/10.1007/s00405-020-06319-7
https://doi.org/10.1016/j.heares.2016.05.009
https://doi.org/10.1080/14992027.2020.1798519
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Tinnitus emerging in the context of a COVID-19 infection seems not to differ in its characteristics from tinnitus unrelated to COVID-19
	Introduction
	Patients and methods
	Study design
	Setting
	Inclusion criteria
	Exclusion criteria
	Clinical data (assessed by authors 1 and 2)
	Audiological data (assessed by authors 3 and 4)
	Statistical analysis
	Inferential analysis included the following methods
	Ethics

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


