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Abstract.

BACKGROUND: since the beginning of COVID-19 outbreak a growing number of symptoms and deficits associated with
the new pathology have emerged, among them cochlear damage in otherwise asymptomatic COVID-19 patients has been
described.

OBJECTIVE: to investigate general and audiovestibular symptoms and sequelae in healed patients, and to seek for any sign
of residual or permanent hearing or vestibular loss.

METHODS: we reviewed the data coming from 48 Covid-19 patients whose nasopharyngeal swabs have turned negative,
all employed at our facility, that opted in for a free screening of audiovestibular symptoms oftered by our hospital after the
aforementioned report was published. The screening included a tonal pure tone audiometry, a vHIT and SHIMP test, as well
as a survey including known symptoms and audiovestibular symptoms.

RESULTS: general symptoms as reported by our patients largely reflect what reported by others in the literature. 4 (8.3%)
patients reported hearing loss, 2 (4.2%) tinnitus, 4 dizziness (8.3%), 1 spinning vertigo (2%), 1 dynamic imbalance (2%), 3
static imbalance (6.3%). Most audiovestibular symptoms have regressed. Thresholds at pure tone audiometry and vHIT gain
were within normality range in all post-Covid-19 patients.

CONCLUSIONS: even if some patients suffer from audiovestibular symptoms, these are mostly transitory and there is no
clear evidence of clinically relevant persistent cochlear or vestibular damage after recovery.
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1. Introduction

Since the beginning of the COVID-19 outbreak [3,
4, 8, 21], and subsequent declaration of pandemic
status by the WHO [22], thousand of research groups
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gology Division, Azienda Ospedaliera Universitaria di Sassari,
Viale an Pietro 07100 Sassari, Italy. Tel.: +39 3492931723; E-mail:
davide.rizzo@aousassari.it.

all over the world have profused an enormous and
probably unprecedented collective effort in order to
retrieve as much data and scientific knowledge as pos-
sible both on COVID-19 and the responsible virus:
Sars-Cov-2 [23]. Among the relevant results, an ever
growing list of presenting and associated symptoms
has been described, allowing for an early diagnosis in
atypical cases, self awareness of potentially infected
people, and better care of symptoms and lesions that
would otherwise pass unnoticed [15].
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Along with the early described and commonest res-
piratory and flu-like symptoms (fever 88.5%, cough
68.6%, myalgia/fatigue 35.8%, expectoration 28.2%,
dyspnea 21.9%, sore throat up to 44.4% and nasal
congestion up to 25%) [7, 10], some interesting clin-
ical presentations often seen by specialists and not
general practitioners have emerged. The list includes
GI symptoms (diarrhea, nausea, vomiting, abdomi-
nal pain) in 8,7% of patients according to a recent
meta-analysis (range 3-39.6% [7, 14, 19, 20]; ophth-
almologic (conjuntivitis) in 1.1% of patients [9]; neu-
rological symptoms in 36.4% of patients, including
central nervous system manifestations (dizziness
16.8%, headache 13.1%, impaired consciousness
7.5%, acute cerebrovascular disease 2.8%, ataxia
0.5%, and seizure 0.5%), peripheral nervous system
manifestations (taste impairment 5.6%, smell impair-
ment 5.1%, vision impairment 1.4%, and nerve pain
2.3), and skeletal muscular injury manifestations
10.7% [11]. Notably dizziness, taste impairment and
smell impairment are symptoms usually first seen and
evaluated by otolaryngologists, and higher percent-
ages of these symptoms can be detected through
specific tests usually performed by otolaryngologists
[1,5,6, 18].

Another potentially neglected symptom of COV
ID-19, namely hearing loss, has been recently repo-
rted [13]. Specifically the Author noted a difference
on high frequencies pure tone threshold and TEO
AEs amplitude between asymptomatic COVID-19
patients (tested during the active phase of the in-
fection) and controls. He hypothesised that Sars-Cov-
2 may have deleterious effects on cochlear hair cell
functions, despite the patient being asymptomatic.

Considering the evidence of potentially unnoticed
hearing loss, and of other neurological symptoms
described in the literature, we decided to offer to
our hospital’s personnel who previously contracted
COVID-19 afree screening for audiovestibular symp-
toms and deficits. We also asked them to fill in an
anamnestic questionnaire to highlight other poten-
tial neurological and general symptoms and sequelae.
The present study is an analysis of the data collected
during the screening.

2. Material and methods

Aim of the study was to assess the presence of per-
sistent audiovestibular damage in healed COVID-19
patients, and the distribution and onset of other gen-
eral and neurological symptoms. We retrospectively

analysed the audiovestibular data of 48 COVID-19
patients, tested within 2 weeks from the second neg-
ative swab, and compared them with 28 age-sex mat-
ched voluntary controls from the same health workers
population. All the patients were employees of our
hospital that contracted COVID-19 and opted in for a
free screening of audiovestibular symptoms, offered
during the COVID-19 outbreak that heavily hit our
Institution (Azienda Ospedaliera Universitaria) and
our province (Sassari, Italy). The screening was per-
formed between April and May. Inclusion criteria for
the screening were: being employee of our hospital,
and previous history of COVID-19, with 2 consecu-
tive negative RT-PCR on nasopharyngeal swabs [16]
(performed with an interval of at least 48 hours), in
order to avoid unnecessary risk for the operators inv-
olved. Inclusion criteria for the subsequent retrospe-
ctive study was acceptance of the informed consent,
involving also treatment of personal data and anony-
mization. As for the control group, inclusion criteria
were no previous history of audiovestibular symp-
toms and acceptance of the informed consent as well.
Therefore, before the instrumental tests anamnes-
tic data were collected from all patients. A wide range
of general, neurological and audiovestibular symp-
toms and their characteristics were systematically
investigated (Table 1). When one or more symptoms
were reported, the patient was asked to clarify if the
symptom was still ongoing, if it started as a presen-
ting symptom (“‘early onset”), or if it occurred during
the disease or after the clinical and molecular rem-
ission (“late onset”). Before testing, all patients un-
derwent an otological examination. Tympanometry
and cochleo-stapedial reflexes testing (Clarinet, Inv-
entis Biomedica) were performed to rule out middle
ear pathology. Tonal audiometries (Amplaid A319
TDH) were performed by the same audiology tech-
nician, with a validated technique as described els-
ewhere [2]. Both air (from 250 to 8000 Hz) and bone
(250 to 4000 Hz) conduction thresholds were mea-
sured. VHIT was performed always with the same
instrument (EyeSeeCam, Interacoustics) by the same
experienced otolaryngologist, following the manuf-
acturer manuals and the on screen indications from
the proprietary software (Interacoustics). Gain thr-
eshold for vestibular loss was set at any value lower
than 0,6 at 60 ms, as described elsewhere [12, 17].

2.1. Statistical analysis

Descriptive statistics, and ANOVA to compare au-
diological and vestibular data between patients and



Table 1

Overview of reported symptoms. Total number of patients is 48. Absolute number and percentage inside round brackets are reported. Early onset symptoms were those present at diagnosis, late
onset those appeared during or toward the end of the clinical course of the pathology. Patients were specifically asked to report only symptoms of new onset or significant variations of

pre-existing symptoms (applies only to audiovestibular symptoms). *stands for unknown data (patients didn’t remember - were unsure)

Symptom Yes No Early onset Late onset Persistent Regressed
Fever 16/48 (33.3%) 32/48 (66.6%) * * 0/16 (0%) 16/16 (100%)
Dyspnea 9/48 (18.7%) 39/48 (81.2%) * * 0/9 (0%) 9/9 (100%)
Cough 21/48 (43.7%) 27/48 (56.2%) * * 0/21 (0%) 21/21 (100%)
Thoracic pain 8/48 (16.6%) 40/48 (83.3%) * * 0/8 (0%) 8/8 (100%)
Asthenia 21/48 (43.7%) 27/48 (56.2%) * * 0/21 (0%) 21/21 (100%)
Myalgia 17/48 (35.4%) 31/48 (64.5%) * * 0/17 (0%) 17/17 (100%)
Diarrhea 15/48 (31.2%) 33/48 (68.7%) * * 0/15 (0%) 15/15 (100%)
Conjuntivitis 4/48 (8.3%) 44/48 (91.6%) * * 0/4 (0%) 4/4 (100%)
General malaise 19/48 (39.5%) 29/48 (60.4%) * * 0/19 (0%) 19/19 (100%)
Sore Throat 17/48 (35.4%) 31/48 (64.5%) * * 0/17 (0%) 17/17 (100%)
Headache 24/48 (50%) 24/48 (50%) * * 1/24 (4.2%) 23/24 (95.8%)
Cutaneous rash 6/48 (12.5%) 42/48 (87.5%) * * 0/6 (0%) 6/6 (100%)
Hypo-Anosmia 21/48 (53.8%) 27/48 (56.2%) 4/21 (19.1%) 17/21 (80.9%) 3/21 (14.3%) 18/21 (85.7%)
Hypo-Ageusia 18/48 (37.5%) 30/48 (62.5%) 2/18 (11.1%) 16/18 (88.9%) 2/18 (11.1%) 16/18 (88.9%)
Tinnitus 2/48 (4.2%) 46/48 (95.8%) * * 1/2 (50%) 172 (50%)
Hearing loss 4/48 (8.3%) 44/48 (91.6%) * * 1/4 (25%) 3/4 (75%)
Dizziness 4/48 (8.3%) 44/48 (91.7%) 0/4 (0%) 4/4 (100%) 0/4 (0%) 4/4 (100%)
Spinning vertigo 1/48 (2%) 47/48 (98%) 0/1 (0%) 1/1 (100%) 0/1 (0%) 1/1 (100%)
Static imbalance/ 3/48 (6.3%) 45/48 (93.7%) 2/3 (66.7%) 1/3 (33.3%) 1/3 (33.3%) 2/3 (66.7%)
disequilibrium

Dynamic imbalance/ 1/48 (2%) 47/48 (98%) 1/1 (100%) 0/1 (0%) 0/1 (0%) 1/1 (100%)
disequilibrium

Head motion intolerance 0/48 (0%) 48/48 (100%) * * * *
Visually triggered 0/48 (0%) 48/48 (100%) * * * *
dizziness
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control group were performed. The comparison
included single main frequencies from pure tone
audiometry, cochleo-stapedial reflexes, PTA - aver-
age of 0.5, 1, 2 and 4kHz for the two ears, and
VHIT values. For all tests a statistically significant
difference was assumed for p <0.05. Statistical anal-
ysis was performed using the JASP software, release
0.12.2.

3. Results

Mean age of the whole patient group was 45 (STD
9.6), 37 (77%) were female, 11 (23%) were male.
Reported symptoms are summarized in Table 1. None
of the patients required hospitalization for Covid-19.

Controls were age and sex matched. 7 patients were
excluded from the audiological comparison with the
control group for a reportedly pre-existing hearing
loss. Among the remaining 41 patients, 4 (8.3%)
reported subjective hearing loss and 2 (4.2%) tinnitus.
1 patient with hearing loss and 1 with tinnitus reported
persistent symptoms. Anyway, all the patients who
reported transient or persistent tinnitus or hearing
loss, had a normal hearing threshold at the time of our
testing (ASHA classification [24]). 41 patients and 28

Table 2

controls, were compared as for PTA and also by single
frequency. No differences between patients and con-
trols were recorded as for PTA (p=0.094). The
only frequency with significantly higher thresholds in
former Covid-19 patients was 0.25kHz (p <0.016),
while controls had significantly higher thresholds for
2kHz (p 0.042) and 4kHz (p 0.029) (Table 2). The
average difference between the two groups for the
aforementioned frequencies was respectively 1.4 dB,
1.6 dB and 3.2 dB which is definitely not clinically
relevant.

3 patients were excluded from the vestibular com-
parison due to a pre-existing history of vertigo and
vestibular damage. 45 patients and 28 controls, for
a total of 146 vestibules were analysed. 5 patients
(10.4%) reported one or more vestibular symptoms,
namely dizziness in 4 cases (8.3%), spinning vertigo
in 1 case (2%), dynamic imbalance in one case (2%)
and static imbalance in 3 cases (6.3%). Most of the
symptoms had a late onset (at least 1 week after the
diagnosis of Covid-19), except for dynamic and sta-
tic imbalance mostly reported as early symptoms
(Table 1). Most vestibular symptoms were transient
and resolved at the time of the screening, only one
case reported a persistent sensation of isolated
static imbalance. Gain values for most patients with

Statistical output of ANOVA test comparing Tonal Audiometry (dB), PTA (dB), Cochleo
Stapedial reflexes (dB), vHIT values for each canal and SHIMP between cases and controls.
Significant values marked in bold

Parameter Mean Value: Std. Deviation: P
Cases - Controls Cases - Controls

PTA 10.503 - 11.585 2.831-2214 0.094
0,25 kHz 11.585 -10.179 2.945 - 0.656 0.016
0,5kHz 12.073 - 10.893 3.255 - 1.696 0.083
1kHz 9.695 — 10.268 3.122 -0.787 0.346
2kHz 9.573 - 11.250 2.953 -3.758 0.042
4kHz 10.671 — 13.929 4.403 - 7.681 0.029
6kHz 11.707 — 14.464 6.160 -7.916 0.109
8kHz 12.012 - 16.339 7.870 - 10.661 0.057
Ipsi 0,5 kHz 89.610 — 89.732 10.951 - 13.563 0.967
Ipsi 1 kHz 88.659 — 90.625 6.522 — 13.081 0.412
Ipsi 2kHz 90.610 - 91.875 8.381 - 13.534 0.633
Ipsi 4kHz 95.549 - 95.714 10.055 - 12.245 0.951
Contra 0,5 kHz 92.927 - 93.750 8.022 - 10.240 0.710
Contra 1 kHz 92.439 —94.554 6.459 —9.838 0.284
Contra 2 kHz 92.439 -92.232 6.162 — 8.508 0.907
Contra 4 kHz 100.366 — 100.714 10.179 - 12.835 0.901
Gain 60 ms LSC Right 0.856 — 0.836 0.134-0.211 0.629
Gain 60 ms LSC Left 0.883 — 0.838 0.119-0.164 0.197
Gain 60 ms RA 0.799 - 0.950 0.256 - 0.120 0.040
Gain 60 ms LP 0.857 - 0.854 0.261 - 0.199 0.967
Gain 60 ms LA 0.973-0.914 0.167 - 0.177 0.216
Gain 60 ms RP 0.920 - 0.993 0.219 - 0.094 0.139
SHIMP Gain 60 ms LSC Right 0.843 - 0.766 0.167 - 0.270 0.151
SHIMP Gain 60 ms LSC Left 0.818 - 0.745 0.166 — 0.257 0.159
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reported vestibular symptoms were normal, except
for one patient that experienced transient dizziness,
asymptomatic at the time of the screening, that had
a gain reduction (0.45) of the left posterior semicir-
cular canal at vHIT, but didn’t show overt or covert
saccades. None of the other subjects presented overt
or covert saccades. When comparing gains between
patients and controls the only significant difference
has been recorded in the VHIT gain of the right ante-
rior canal (p 0.04) (Table 2, with an average difference
of 0.15 (+/-0.07).

4. Discussion

One of the most important aspects while investi-
gating a novel disease as COVID-19, is to properly
describe the associated symptoms. This allows for an
early diagnosis, identification of cases with atypical
presentation, and treatment of deficits and bothering
symptoms that might otherwise pass unnoticed, lost
in the bigger picture of a worrisome and potentially
lethal pathology. All of the symptoms reported by our
patients had already been described in the literature,
and most of them fall within the expected percentages
[7,11,15,20]. Notably we recorded a markedly lower
percentage of patients reporting fever (33%) in com-
parison to what is reported by others (81, 8— 100%)
[7]. This is not surprising, as most of our patients were
diagnosed during the screening for Sars-Cov-2 infec-
tion among the personnel of our hospital, and none of
them had been critically ill. Therefore, we consider
our data concerning “typical” and general manifesta-
tion of the disease largely confirmative of what has
already been reported by others. Also, critical illness
in any case would markedly increase the chance of
organ dysfunction from more general mechanisms,
including hearing loss, so our study is not aimed to
define audiovestibular sequelae of the whole Covid-
19 patient population, but only of non-hospitalized
less critical patients.

Taste and smell related symptoms, in a cohort of
patients including those enrolled in the present study
have already been discussed elsewhere [18], with an
upcoming article discussing follow up and persis-
tence of those symptoms.

Hearing loss has been recently described as an
atypical sign of Covid-19 [13]. In the present series,
evaluating audiovestibular function in former Covid-
19 patients, a small percentage of subjects reported
a worsening or a new onset of tinnitus (4.2%) or
subjective hearing loss (8.3%), persistent in respec-

tively 50% and 25% even after resolution of the main
clinical picture. We performed a more in-depth anal-
ysis through a comparison of the patients’ pure tone
thresholds with an age-sex matched control group,
in order to highlight any deviation from normal-
ity. While we found a significant difference for 3
of the investigated frequencies, namely 0.25, 2 and
4kHz (with 2 and 4 kHz being slightly worse in the
control group), the difference was minimal, and all
patients fell within the range of normality for those
frequencies. We did not find a significant difference
for high frequencies as reported in the patients with
active SARS-CoV-2 infection. None of the patients
in the present series has an objectifiable hearing loss
attributable to Covid-19. These results suggest that, if
a cochlear damage is indeed present during COVID-
19, it tends to be transitory.

Being hearing and balance two functions of the
same audiovestibular system, we found it rational
to evaluate both functions together, also to increase
our ability to detect the purported Covid-19 medi-
ated damage of inner ear hairy cells. Dizziness, as a
generic symptom, has been reported by as much as
16.8% of patients in other series [11], it is present in
8.3% of patients in our series, while spinning vertigo
occurred only in 1 patient during the late phase of
the illness, and regressed by the time of the present
data collection, without any residuate at vHIT. No
clear reports of spinning vertigo in Covid-19 can be
found in the literature. Also, this is, to our knowledge,
the first reported instrumental evaluation of vestibu-
lar function in Covid-19 patients. A comparison of
VHIT values of cases and controls gave back only
one significant value, namely the VHIT gain of the
right anterior canal. While such statistical difference
is present, all the patients’ values for that canal fell
within the range of normality, and no covert or overt
saccades were detected. Our data suggest that no clin-
ically relevant signs of vestibular impairment can be
found in former Covid-19 patients. Whether a tran-
sitory vestibular loss with subsequent full recovery
is present in patients with COVID-19, and what is
the exact cause of the reported vestibular symptoms,
remains unknown, but mild vestibular symptoms such
as dizziness and imbalance might simply be the result
of the profound asthenia and fatigue often experi-
enced by COVID-19 patients.

Our research has some shortcomings and sources
of potential bias. It doesn’t allow an easy and direct
comparison with the only other paper covering audi-
ological symptoms [13], mainly because we couldn’t
perform diagnostic TEOAEs at our facility, and we
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did not test patients during the active phase of the
infection. However, while TEOAESs help define the
site of the audiological lesion (cochlear vs retro-
cochlear), it doesn’t add much to the definition of
clinically relevant hearing loss in COVID-19 patients.
Also, we only performed VHIT as a screening and
diagnostic test for vestibular loss. While notori-
ously sensible only to damage affecting response to
high frequency angular accelerations, VHIT has the
advantage of minimal discomfort for the patients,
quantifiable gain (numeric parameters), and exami-
nation of all semicircular canals and both branches of
the vestibular nerve [13]. It is well known that vHIT is
considered a complementary, and not alternative test
with respect to other vestibular testing methods, and
especially caloric balance, however caloric balance
is more invasive, uncomfortable for the patient, and
in the end less justifiable than vHIT in such a setting.
For audiological testing we couldn’t compare the test
to baselines that were not available for the patients,
therefore we used a control group to compare the
results, a less effective, but also the only available
method. We didn’t calculate an appropriate sample
size, opting instead to simply enroll all the patients
that underwent our free screening that fitted the inclu-
sion criteria for our observational study. Moreover,
the adhesion was of course on voluntary basis, and
did not represent a consecutive series of patients, but
it did include most of the affected personnel of our
Institution.

In conclusion, we think that even with all the ab-
ove mentioned limitations, we can still state with
a reasonable degree of confidence that even if an
audiovestibular involvement was present during CO
VID-19, no definite signs of such a damage can be
seen in recently recovered COVID-19 patients, who
had not been previously hospitalized.
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